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Identification of urinary hsa_circ_0137439 as a potential biomarker and tumor 
regulator of bladder cancer 
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Cell-free circular RNAs (circRNAs) stably and abundantly exist in body fluids. In this study we aimed to investigate the 
potential of urinary cell-free circRNAs as a novel class of non-invasive disease biomarkers for diagnosis of bladder cancer. 
Differentially expressed circRNAs from 10 normal and 10 bladder cancer urine samples were firstly detected by microarray. 
Hsa_circ_0137439 was then screened and validated in 30 normal and 116 bladder cancer samples. A receiver operating 
characteristic (ROC) curve was used to evaluate the diagnostic value of hsa_circ_0137439. The Kaplan-Meier method was 
used to evaluate the significance of hsa_circ_0137439 in the prognosis of bladder cancer. We found that hsa_circ_0137439 
was significantly upregulated in bladder cancer samples. Moreover, increased expression of hsa_circ_0137439 was corre-
lated with higher tumor stage, higher tumor grade, higher lymph node status, and history of muscle-invasive bladder cancer 
(MIBC). Also, urinary cell-free hsa_circ_0137439 could not only differentiate bladder cancer from normal controls but also 
distinguish MIBC from non-muscle-invasive bladder cancer (NMIBC). Additionally, hsa_circ_0137439 in urine superna-
tant could serve as an independent prognostic predicator of recurrence-free survival and overall survival for patients with 
bladder cancer. Cell assays showed that hsa_circ_0137439 knockdown contributed to the inhibition of cell proliferation and 
migration via hsa_circ_0137439/miR-142-5p/MTDH axis. In conclusion, urinary cell-free hsa_circ_0137439 could be a 
promising biomarker for tumor diagnosis and prognostic assessment of bladder cancer patients. 
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Bladder cancer is one of the most common urogenital 
cancers. In 2008, approximately 386,300 people worldwide 
were diagnosed with bladder cancer, causing nearly 150,200 
deaths [1]. Currently, the diagnostic and surveillance strat-
egies for bladder cancer mainly rely on cystoscopy and 
urine cytology [2]. However, the former is rather invasive, 
costly, and difficult to detect flat lesions or carcinoma in situ 
(CIS), whereas the latter is more specific but fails to detect 
low-grade bladder cancer sensitively. Therefore, identifying 
novel noninvasive circulating biomarkers with high sensi-
tivity and specificity is extremely important for the diagnosis 
of bladder cancer [3].

Cell-free circular RNAs (circRNAs) are RNAs formed 
by back-splicing events as loops, and are found in all types 
of organisms [4, 5]. They differ from long noncoding RNA 
(lncRNA) and microRNAs (miRNAs) as they do not have 
the 5’ and 3’ end structures but represent covalently closed 
cyclic structures [5]. With newly developed technologies of 
high throughput sequencing and computational approaches, 

particularly RNA-sequencing, up to 30,000 circRNAs have 
been identified [6]. CircRNAs are widely involved in the 
regulation of human physiology and pathology by three 
main mechanisms including function as a miRNA sponge, 
a protein-binding molecule and a template for transla-
tion into polypeptides [7, 8]. It is possible that circRNA 
dysregulation influences the progress of various diseases, 
including cancer [9]. Importantly, the unique construction 
of circRNAs makes them insensitive to ribonucleases, which 
indicates circRNAs can exist in tissues and serum, and as 
a result could serve as biomarkers for human cancers [10]. 
Recently, studies have reported that circRNAs could serve 
as promising biomarkers in numerous types of cancers [11, 
12]. Li et al. showed that hsa_circ_0000729 was a potential 
prognostic biomarker in lung adenocarcinoma [11]. Hsa_
circ_0001445 could regulate the proliferation and migration 
of hepatocellular cancer and serve as a diagnostic biomarker 
[12]. However, few studies investigated the diagnostic value 
of circRNAs in bladder cancer.
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In this study, a novel circRNA hsa_circ_0137439 was 
firstly screened and analyzed in both normal and bladder 
cancer urine samples. We found that hsa_circ_0137439 was 
significantly upregulated in bladder cancer patients and 
positively correlated with higher tumor stage, higher tumor 
grade, higher lymph node status and history of MIBC. We 
further found that hsa_circ_0137439 was also a promising 
marker for distinguishing bladder cancer patients from 
normal volunteers and distinguishing NMIBC from MIBC 
patients. Moreover, we identified that the recurrence-free 
survival (RFS) and overall survival (OS) of patients with 
high expression of hsa_circ_0137439 was significantly 
shorter compared with low expression group. In conclusion, 
urinary cell-free hsa_circ_0137439 is a promising biomarker 
for tumor diagnosis and prognostic assessment of bladder 
cancer patients.

Patients and methods

Patients. A total of 116 bladder cancer urine samples and 
30 normal samples were collected from the First Affiliated 
Hospital of Anhui Medical University, from December 2016 
to May 2018. All samples were verified by histopathology. 
Tissue samples were stored at –80 °C before use. This study 
was approved by Ethics Committee of First Affiliated Hospital 
of Anhui Medical University.

Microarray analysis. CircRNA microarray analysis was 
performed using Human CircRNA Array v2.1 (CapitalBio 
Technology, China). Total RNA was quantified using 
NanoDrop ND-1000. The sample preparation and micro-
array hybridization were performed based on the Array-
star’s standard protocols. Briefly, total RNAs were digested 
with Rnase R (Epicentre Technologies, USA) to remove 
linear RNAs and enrich circular RNAs. Then, the enriched 
circRNAs were amplified and transcribed into fluorescent 
cRNA utilizing a random priming method (Arraystar Super 
RNA Labeling Kit). The labeled cRNAs were hybridized onto 
the Arraystar Human circRNA Array V2 (8x15K, Array-
star). After washing the slides, the arrays were scanned by 
the Agilent Scanner G2505C. Agilent Feature Extraction 
software (version 11.0.1.1) was used to analyze the acquired 
array images. Quantile normalization and subsequent data 
processing was performed using the R software limma 
package. Differentially expressed circRNAs were identified 
through Fold Change filtering. Hierarchical Clustering was 
performed to show the distinguishable circRNAs expression 
pattern among samples.

RNA Extraction and qRT-PCR. Total RNA was extracted 
from bladder cancer urine samples and normal samples 
using the TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s protocol. Total RNA from 
each specimen was quantified, and quality assurance was 
conducted using a NanoDrop ND2000 spectrophotom-
eter (NanoDrop, Wilmington, DE, USA). Reaction mixture 
(20 μl) containing 1 μg total RNA was reverse transcribed to 

cDNA using PrimeScript RT-polymerase (Takara, Dalian, 
China). qRT-PCR was performed using SYBR-Green 
Premix Ex Taq (Takara Bio, Nojihigashi, Kusatsu, Japan) 
and was monitored using the ABI PRISM 7500 Sequence 
Detection System (Applied Biosystems, Life Technolo-
gies, Waltham, MA, USA). The relative expression levels 
of circRNAs were determined by qRT-PCR. The sequences 
of the primers used in the qRT-PCR assay are shown. 
Hsa_circ_0137439  F:  5’-TGTGGATAGGGGAATGA-3’; 
Hsa_circ_0137439  R:  5’-GGCTGCTTTGCTGTTAC-3’. 
Gapdh F: 5’-GTCTCCTCTGACTTCAACAGCG-3’; Gapdh 
R: 5’-ACCACCCTGTTGCTGTAGCCAA-3’. The reaction 
conditions were as follows: 95 °C at 5 min for a preincubation 
and 40 cycles of 95 °C for 5 s, annealing temperature of 60 °C 
for primer pairs for 30 s, and 72 °C for 20 s. RNA levels were 
normalized using β-actin as the internal control.

Cell culture. The human bladder cancer cell lines, T24 
and 5637, were obtained from the ATCC. Cells were cultured 
in Dulbecco’s Modified Eagle Medium (DMED, GIBCO, 
China) supplemented with 10% FBS (GIBCO, China) and 
1% penicillin/streptomycin (Life Technologies Inc., USA). 
All cells were cultured at 37 °C under 5% CO2.

Cell viability assay. Cell viability was determined by 
a  3-(4,  5-dimethylthiazol-2-yl)-2,  5-diphenyltetrazolium 
bromide (MTT, Sigma) assay. In brief, cancer cells were 
seeded in 96-well plates in culture medium and incubated 
in 5% CO2 at 37 °C. After incubation for the indicated time, 
20 μl of MTT (5 mg/ml in PBS) was added into each well and 
incubated for 4 h. The supernatants were carefully aspirated, 
and 100 μl of dimethyl sulfoxide (DMSO) was added to each 
well. Absorbance values at 490 nm were measured on a 
Microplate Reader (Bio-Rad).

Cell cycle assay. Cells were collected, washed twice with 
1X PBS, and fixed in 70% ethanol at –20 °C. After 24 h of 
fixation, cells were incubated with RNase A (Takara Bio, Inc., 
Otsu, Japan) at 100 µg/ml in 1X PBS for 30 min at 37 °C. Cells 
were then stained with propidium iodide (PI; BD Biosciences, 
San Jose, USA) at 50 µg/ml for 30 min at room temperature. 
Subsequently, cells were analyzed for DNA content using a 
BD FACSCalibur™ flow cytometer (BD Biosciences).

Transwell assay. The cell migration ability was analyzed by 
a Transwell assay, which was performed in 24-well Transwell 
chambers (Corning, NY, USA). Cells in 200 µl serum-free 
medium were reseeded into the upper chamber. The lower 
chamber was filled with 600 µl medium with 20% FBS. After 
incubating for 24 hours, cells on the inner membrane were 
removed. The outer membrane was fixed with 4% parafor-
maldehyde and stained with 0.1% crystal violet solution. The 
cells were observed under a microscope and five fields were 
randomly selected to be photographed.

RNA immunoprecipitation (RIP) assay. RIP experiments 
were performed using the Magna RIP RNA‐Binding Protein 
Immunoprecipitation Kit (Millipore, Billerica, Massachu-
setts) according to the manufacturer’s instructions. Antibody 
for RIP assays of AGO2, or control IgG were from Millipore. 
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The co-precipitated RNAs were detected by quantitative real‐
time polymerase chain reaction (qRT‐PCR). The total RNAs 
were the input controls.

Dual‐luciferase reporter assay. The dual‐luciferase 
miRNA Target Expression vector pmirGLO (Promega, 
Madison, Wisconsin) was used to generate luciferase reporter 
constructs. Full length hsa_circ_0137439 sequence with wild‐ 
type (WT) and mutant type (Mut) miRNA binding site were 
obtained from Vigene Biosciences (Rockville, Maryland). 
Cells were seeded in 96‐well plates and co-transfected with 
wild‐type or mutated circRNA constructs and miR‐142‐5p 
mimic. Luciferase activity was measured with the dual‐lucif-
erase reporter assay system (Promega). Firefly luciferase 
activity was normalized against Renilla luciferase activity.

Statistical analysis. Statistical differences between 
independent groups were calculated by Mann-Whitney U 
test, Kruskal-Wallis test or Student’s t-test, as appropriate. 
AUC values, sensitivity, and specificity for cell-free hsa_
circ_0137439 were quantified by using receiver operating 
characteristic (ROC) analysis to assess its diagnostic efficiency 
in differentiating patients with bladder cancer from healthy 
controls. The optimal cutoff thresholds for diagnosis were 
obtained by Youden index [14]. Patients were equally divided 
into two groups based on their relative expression. RFS and 
OS curves were evaluated by the Kaplan-Meier method 

and the survival differences of patients in sub-groups were 
estimated by the log-rank test. Median expression values were 
selected as cutoffs among groups analyzed. All graphing and 
statistical analyses were carried out using SPSS 17.0. A p-value 
<0.05 (two-tailed test) was regarded as significant difference.

Results

Hsa_circ_0137439 was upregulated in bladder cancer 
samples. To discover the potential circRNAs associated with 
bladder cancer, urine samples from 10 healthy controls and 
10 bladder cancer patients were sent for microarray. As shown 
in Figure 1A, a total of 53 circRNAs were upregulated and 33 
circRNAs were downregulated in bladder cancer patients. Of 
the most significantly changed circRNAs, hsa_circ_0137439 
was filtered and the expression level is shown as Figure 1. The 
location of hsa_circ_0137439 is chr8:98673299-98708521, 
and the host gene is MTDH. The genome length is 35222 
bp and the spliced length is 5772 bp. To further evaluate 
the potential significance of hsa_circ_0137439, a total of 
30 normal controls and 116 bladder cancer samples were 
examined. As shown in Figure 1C, hsa_circ_0137439 was 
also remarkably increased in bladder cancer patients, which 
indicates that hsa_circ_0137439 is a potential bladder cancer 
associated circRNA.

Figure 1. Hsa_circ_0137439 was upregulated in bladder cancer urine samples. A) The cluster heat map shows the upregulated and downregulated 
circRNAs in bladder cancer samples. Red color indicates high expression level and blue color indicates low expression level. B) The relative expression 
level of hsa_circ_0137439 in the 10 normal control and 10 bladder cancer samples. C) The relative expression level of hsa_circ_0137439 in the total 30 
normal control and 116 bladder cancer samples.
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noninvasive biomarker for distinguishing bladder cancer 
patients from healthy controls with an AUC value of 0.890 
(95% CI=0.818–0.962). At the cut-off value of 1.360, the 
sensitivity was 87.93% and the specificity was 80.06%. We 
also evaluated the diagnostic value of differentiating NMIBC 
from MIBC. Data showed that the cell-free hsa_circ_0137439 
expression in the urine manifested an AUC value of 0.798 
with a sensitivity of 88.56% and a specificity of 73.45% at a 
cut-off value of 0.628 for identifying NMIBC from MIBC 
(Figure 2B).

Association of urinary cell-free hsa_circ_0137439 
expressions with the prognosis of bladder cancer patients. 
To further evaluate the clinical significance of cell-free hsa_
circ_0137439, the association between hsa_circ_0137439 
and RFS (recurrence-free survival) and OS (overall survival) 
was analyzed. As shown in Figure 3, Kaplan–Meier survival 
curves manifested that bladder cancer patients with high 
urinary cell-free hsa_circ_0137439 expressions had signifi-
cantly worse RFS (Figure 3A) and OS (Figure 3B) than 
those with low expression, indicating that cell-free hsa_
circ_0137439 was a potential biomarker for predicting the 
prognosis of bladder cancer.

Knockdown of hsa_circ_0137439 suppressed prolif-
eration and metastasis of bladder cancer cells. To further 
investigate the mechanism of hsa_circ_0137439 in bladder 
cancer, we silenced hsa_circ_0137439, and the effect on the 
proliferation and metastasis of bladder cancer cell lines was 
detected (Figure 4A). The proliferation ability of T24 and 
5637 cell lines was examined by MTT assay (Figure 4B) and 
cell cycle changes by flow cytometric analysis of PI histograms 
(Figure 4C). We found that knockdown of hsa_circ_0137439 
significantly inhibited the proliferation of both cell lines 
via induction of G1 phase cell cycle arrest. Transwell assay 
also presented that silencing hsa_circ_0137439 suppressed 
cell migration of T24 and 5637 cell lines (Figure  4D). 
In conclusion, our results suggested that knockdown of 
hsa_circ_0137439 suppressed proliferation and metastasis of 
bladder cancer cells.

Hsa_circ_0137439 could function as ceRNA via 
directly sponging miR‐142-5p. To explore the mechanism 
of hsa_circ_0137439 on the progression and metastasis of 
bladder cancer, we firstly explored the cellular location of 
hsa_circ_0137439. As shown in Figure 5A, we found that 
hsa_circ_0137439 was mainly located in cytoplasm, which 
indicated that hsa_circ_0137439 might function as ceRNA 
via directly sponging miRNA. A total of 5 circRNAs were 
predicted based on interactome [13], and the correla-
tions between circRNA and miRNAs were evaluated. As 
shown in Figure 5B, only miR-142 was negatively corre-
lated with hsa_circ_0137439 expression, which indicted 
that hsa_circ_0137439 might function as ceRNA via directly 
sponging miR‐142-5p. Because Ago2 is a key component of 
RNA induced silencing complexes [14], immunoprecipita-
tion was performed and both hsa_circ_0137439 and miR‐142 
could be pulled down by Ago2 antibody (Figure  5C). The 

Baseline characteristics and hsa_circ_0137439 expres-
sion of the 116 bladder cancer patients. The baseline 
characteristics of the 116 bladder cancer patients are shown 
in Table 1. The average age was 59.08 years, and 76.72% of 
the patients were male. To further investigate whether high 
expression of hsa_circ_0137439 was related to the clinical 
progression of bladder cancer, we analyzed the expression of 
hsa_circ_0137439 with the clinicopathological features. The 
expression of hsa_circ_0137439 showed no significant differ-
ence when age, gender and history of smoking were analyzed. 
However, increased expression of hsa_circ_0137439 was 
found in higher tumor stage (p<0.001), higher grade 
(p<0.001), higher lymph node status (p=0.035) and MIBC 
patients (p<0.001). These data suggested that upregulation of 
hsa_circ_0137439 was associated with malignant biological 
behaviors of bladder cancer patients.

Diagnostic efficacy of urinary cell-free hsa_
circ_0137439. Since the expression of hsa_circ_0137439 
was increased in bladder cancer samples and correlated with 
malignant biological behaviors, we further examined the 
diagnostic efficacy of urinary cell-free hsa_circ_0137439. 
As shown in Figure 2A, ROC curve analyses presented that 
urinary cell-free hsa_circ_0137439 could serve as a forceful 

Table 1. Urinary cell-free hsa_circ_0137439 expression and clinicopatho-
logic parameters in bladder cancer patients.

Variables Number 
of cases Percentage

Relative expression
Mena (95% CI)

p-value

Age 0.938
≤60 63 54.31 2.417 (2.148–2.686)
>60 53 45.69 2.435 (2.039–2.831)

Gender 0.347
Male 89 76.72 2.485 (2.212–2.759)
Female 27 23.26 2.227 (1.812–2.642)

Tumor stage <0.001
Ta 21 18.10 1.611 (1.252–1.969)
T1 20 17.24 1.811 (1.540–2.081)
T2 23 19.83 2.193 (1.786–2.600)
T3 29 25 3.059 (2.589–3.531)
T4 23 19.83 3.291 (2.626–3.956)

Tumor Grade <0.001
LOW 53 45.69 1.978 (1.673–2.283)
HIGH 63 54.31 2.802 (2.491–3.113)

Lymph node status 0.035
N0 71 61.21 2.289 (2.094–2.484)
N1 18 15.52 3.034 (2.484–3.921)
N2 13 11.21 2.568 (1.732–3.404)
N3 9 7.76 3.365 (2.310–4.420)
N4 5 4.31 2.844 (0.781–4.906)

N/MIBC <0.001
MIBC 54 46.55 2.954 (2.620–3.288)
NMIBC 62 53.45 1.996 (1.718–2.274)

MIBC (muscle-invasive bladder cancer); NMIBC (non-muscle invasive 
bladder cancer)
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miR-142-5p binding sequence on circRNA is shown as 
Figure 5D (upper panel), and the wild type (Wt) and mutant 
type (Mut) of binding sequence are shown in lower panel. 
Then dual reporter luciferase assay was performed in 293T 
cells co-transfected with both circRNA and miR‐142 mimics 
based on gradient method. As shown in Figure 5E, with the 
increasing amount of transfected miR‐142 mimics, lucif-
erase activities of circRNA‐wt were significantly decreased. 
However, luciferase activities of circRNA‐mut had no 
obvious change. Moreover, after circRNA knockdown and 
miR‐142-5p overexpression, we found the expression of 
hsa_circ_0137439 and miR‐142-5p showed negative corre-
lation (Figure 5F). In conclusion, our results suggested that 
hsa_circ_0137439 could function as ceRNA via directly 
sponging miR-142-5p.

Hsa_circ_0137439 promoted the proliferation and 
metastasis of bladder cancer cells via hsa_circ_0137439/
miR‐142-5p/MTDH axis. Since our data showed that 
miR-142-5p was a direct target of hsa_circ_0137439, we 
then explored the functions and mechanisms of miR-142-5p 
on the proliferation and metastasis of bladder cancer. 
As shown in Figure 6A, the inhibition of miR‐142-5p 
increased hsa_circ_0137439 level in both cell lines. To 
evaluate the function of miR‐215, cells were transfected 
with hsa_circ_0137439 siRNA and/or miR‐142-5p, then 
MTT and Transwell assay were performed. As shown in 
Figure 6B and 6C, miR‐142-5p could repress the functions 
of hsa_circ_0137439 in both proliferation and metastasis, 
which indicated that miR‐142-5p was a functional target 
of hsa_circ_0137439. Furthermore, bioinformatics predic-

Figure 2. ROC curve analysis based upon urinary cell-free hsa_circ_0137439 to evaluate the diagnostic value. A) Urinary cell-free hsa_circ_0137439 
yielded an AUC value of 0.890 with 87.93% sensitivity and 80.06% specificity in discriminating bladder cancer patients (n=116) from healthy control 
subjects (n=30). B) Urinary cell-free hsa_circ_0137439 generated an AUC value of 0.798 with 88.56% sensitivity and 73.45% specificity in distinguish-
ing NMIBC patients (n=62) from MIBC patients (n=54).

Figure 3. Kaplan-Meier survival analysis of bladder cancer patients according to urinary cell-free hsa_circ_0137439 expression. A) The RFS rate of 
bladder cancer patients according to cell-free hsa_circ_0137439 expression. B) The OS rate of bladder cancer patients according to cell-free hsa_
circ_0137439 expression. The log-rank test was used to compare the differences between subgroups.
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Figure 4. Effect of hsa_circ_0137439 knockdown on the proliferation and migration of bladder cancer cells. A) The efficiency of hsa_circ_0137439 
knockdown. B) Effect of hsa_circ_0137439 knockdown on the proliferation on bladder cancer cells based on MTT assay. C) Flow cytometry verified 
the cell cycle of T24 and 5637 cells. D) Transwell assay was performed to evaluate effect of hsa_circ_0137439 knockdown on cell migration. *p<0.05, 
**p<0.01, ***p<0.001.
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Figure 5. Hsa_circ_0137439 functioned as a ceRNA via directly sponging miR‐142-5p. A) Detection of subcellular location of hsa_circ_0137439 in both 
T24 and 5637 cell lines. B) The expression correlations between hsa_circ_0137439 and potential target miRNAs. C) Anti‐Ago2 RIP assay verified the 
combination between miR‐142-5p and hsa_circ_0137439. D) The predicted targeting sequence of miR‐142-5p on the hsa_circ_0137439 (upper panel); 
wild‐type (Wt) and mutant type (Mut) of binding sites. E) The luciferase reporter assay verified that hsa_circ_0137439 functioned as a ceRNA via direct 
sponging miR‐142-5p. F) Effect of circRNA knockdown and miRNA overexpression on expression of both hsa_circ_0137439 and miR‐142-5p. *p<0.05, 
**p<0.01, ***p<0.001.
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Figure 6. Hsa_circ_0137439 promoted the proliferation and metastasis of breast cancer cells via hsa_circ_0137439/miR‐142-5p/MTDH axis. A) Ex-
pression of hsa_circ_0137439 after hsa_circ_0137439 and miR‐215 inhibition. B) Effect of hsa_circ_0137439 and miR‐142-5p inhibition on cell pro-
liferation. C) Effect of hsa_circ_0137439 and miR‐142-5p inhibition on cell migration. D) The predicted correlation between miR‐142-5p and hsa_
circ_0137439. E) Expression of MTDH after hsa_circ_0137439 and miR‐142-5p inhibition. *p<0.05, **p<0.01, ***p<0.001.
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tion showed the potential combination of miR‐142-5p 
with MTDH (Figure 6D). Then mRNA expression level 
of MTDH was detected with real‐time PCR. As shown in 
Figure  6E, knockdown of hsa_circ_0137439 could signifi-
cantly decrease the expression of MTDH, and miR‐142-5p 
inhibitor increased MTDH expression level. Taken together, 
our results suggested that hsa_circ_0137439 could function 
via hsa_circ_0137439/ miR‐142-5p /MTDH2 axis.

Discussion

The identification of molecular markers in body fluids 
(e.g., serum and urine), which can be used as non-invasive 
diagnostic, prognostic and surveillance markers in cancer 
management, is one of the most ambitious challenges 
in oncology research [15]. To date, the increased interest 
in non-invasive biomarkers, allowed by the use of novel 
methodologies (such as next generation sequencing, 
single-cell sequencing approaches, and digital PCR) has 
greatly improved the translational potential of researches 
into clinical application [16, 17]. Recently, circRNAs have 
been considered as potential biomarkers in many kinds of 
tumors due to its stability in body fluids [10], such as in 
lung cancer [11, 18], pancreatic cancer [19], gastric cancer 
[20], and so on.

Based on previously studies, we thought that circRNAs 
might serve as novel biomarkers in cancers. However, most 
of studies mainly focused on the potential functions, and 
their clinical diagnostic value remains largely unknown, 
specifically in bladder cancer. In our study, we firstly found 
that hsa_circ_0137439 was remarkably upregulated in 10 
bladder cancer samples compared with 10 normal controls 
based on microarray, which was further verified in 116 
bladder cancer and 30 normal samples (p<0.001) by quanti-
tative RT-PCR assays. Clinicopathological features showed 
that the overexpression of hsa_circ_0137439 level was 
negatively associated with higher tumor stage, higher tumor 
grade, higher lymph node status, and history of MIBC, 
indicating hsa_circ_0137439 might contribute to malig-
nant behaviors of bladder cancer. We also evaluated whether 
hsa_circ_0137439 could act as a valuable biomarker for 
the diagnosis of bladder cancer. As shown in Figure 2, we 
demonstrated that hsa_circ_0137439 could distinguish not 
only bladder cancer patients from normal controls but also 
distinguish NMIBC from MIBC patients. Based on Kaplan-
Meier method, we also found that hsa_circ_0137439 could 
predict the prognosis of both RFS and OS in bladder cancer 
patients, in which high expression of hsa_circ_0137439 
suggested poor prognosis.

Also in this study, we took further steps to ectopically 
silence hsa_circ_0137439 in bladder cancer cells and then 
evaluated the functional role of hsa_circ_0137439 inhibition 
in cancer malignant behaviors. Then, through several in vitro 
assays, we showed that hsa_circ_0137439 inhibition signifi-
cantly suppressed both proliferation via induction of G1 phase 

cell cycle arrest and migration abilities (Figure 4). Based on 
our results, we also suggested that hsa_circ_0137439 could 
influence the malignant behaviors of bladder cancer cells.

Previous studies have reported that the possible mecha-
nisms of circRNAs are closely associated with the location 
of circRNAs in cells [21]. For example, lncRNAs that were 
located in cytoplasm might function as a miRNA sponge that 
interdicted the effects of miRNAs [22]. Based on the results 
of qRT‐PCR, we found that hsa_circ_0137439 was mainly 
located in cytoplasm, which indicated that the circRNA 
might also function as a ceRNA. Bioinformatics analysis 
showed a potential binding site to miR‐142-5p. We found 
hsa_circ_0137439 knockdown increased miR‐142-5p expres-
sion in bladder cancer cells. Further dual‐luciferase reporter 
assays and RIP assay confirmed the binding of miR‐142-5p 
to hsa_circ_0137439. The miR‐142-5p has been reported as 
a functional miRNA that could influence proliferation and 
migration in cancers, including pancreatic cancer, non‐small 
cell lung cancer, osteosarcoma, and so on [23–25]. These 
previous studies reported that inhibition of miR‐142-5p 
by hsa_circ_0137439 could suppress the proliferation and 
migration of breast cancer cells, which was coincided with 
our function experiments. Moreover, we found that MTDH, 
a crucial proto-oncogene in tumorigenesis, was be targeted 
by miR‐142-5p.

In conclusion, our study found a novel biomarker, 
which was positively correlated with malignant clinical 
characteristic of patients, could distinguish bladder cancer 
from normal control and predict the prognosis of both 
RFS and OS. Moreover, we found that hsa_circ_0137439/
miR-142-5p/MTDH axis was a tumor regulator, which 
contributed to the proliferation and migration of bladder 
cancer cells. In the future, we believe that by further 
studying the functions of circRNAs, we could improve our 
understanding of the mechanisms of disease associated 
with circRNAs and improve the diagnosis and prevention 
of circRNAs-associated diseases.
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