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Downregulation of hsa_circ_0000285 serves as a prognostic biomarker for
bladder cancer and is involved in cisplatin resistance
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Bladder cancer remains a very challenging disease to treat with the high rates of recurrence and progression associated
with current therapies. Although the association between bladder cancer pathology and circRNAs remains undetermined,
circRNAs signatures may be useful as prognostic and predictive factors and clinical tools for assessing disease state, treat-
ment response and outcome. This study investigates if these circRNAs can be used as biomarkers for bladder cancer diagnosis
and predicting treatment response. Herein, qPCR measured the expression of hsa_circRNA_100783, hsa_circ_0000285 and
hsa_circRNA_100782 in bladder cancer tissues. It was established that sa_circ_0000285, but not hsa_circRNA_100782 and
hsa_circRNA_10078, are significantly reduced in bladder cancer tissues and serum compared to adjacent tissues and healthy
controls. Moreover, hsa_circ_0000285 expression was lower in cisplatin-resistant bladder cancer patients than in those
who were cisplatin-sensitive. Here, hsa_circ_0000285 was associated with tumor size (p<0.001), differentiation (p<0.001),
lymph node metastasis (p=0.038), distant metastasis (p=0.004) and TNM stage (p=0.013). Further analysis showed that
hsa_circ_0000285 would be an independent prognostic factor for bladder cancer patient outcome. In conclusion, our study
indicates hsa_circ_0000285 may be a novel biomarker for bladder cancer because of its involvement in bladder cancer

chemo-sensitivity.
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Bladder cancer remains a very challenging disease,
with the high rates of recurrence and progression associ-
ated with current therapies [1]. Despite significant medical
advancement, conventional platinum-based chemotherapy
remains first line therapy for advanced urothelial carcinoma
[2]. However, cisplatin-resistance to this disease plagues
bladder cancer treatment [3]. Until recently, the potential
pathway or mechanism of bladder cancer was not deter-
mined, but the ability to characterize cancer genomes is now
providing insights into the genesis and molecular underpin-
nings of this disease [4]. Increasing evidence indicates that
aberrantly expressed non-coding RNAs, including miRNAs,
IncRNA and part of circRNAs, are responsible for cancer
initiation and progression; this includes bladder cancer [5].
Deregulated circRNAs can act either as tumor suppressors
or oncogenes to control cell proliferation, migration, and
metastasis [6]. In addition, circRNAs signatures may be
used as prognostic and predictive factors for cancers, thus
offering a potential clinical tool for assessing disease state

and predicting treatment response and clinical outcome
[7]. These results highlight the importance of circRNAs in
mediating oncogenic processes [8]. Therefore, further exami-
nation and validation of de-regulated circRNAs in bladder
cancer should provide insight into the fundamental drivers
of this disease.

circHIPK3 is an abundant circRNA produced from the
HIPK3 gene and it forms a circle through long intronic
complementary repeat elements [9]. Silencing circHIPK3
inhibits HuH-7, HCT-116 and HeLa cells proliferation [9].
However, circHIPK3 expression correlates with progres-
sion [10] but functions as a tumor suppressor in bladder
cancer by sponging miR-558 [11]. Therefore, circHIPK3’s
biological role appears specific in different cancer types.
Although previous studies have shown circHIPK3 is down-
regulated in human bladder cancer, it remains undetermined
if circHIPK3 can be detected in serum samples and if it is
associated with clinical features and chemotherapy response
as a non-invasive biomarker for bladder cancer.
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The HIPK3 gene locus formats hsa_circRNA_100783,
hsa_circ_0000285 and hsa_circRNA_100782, and their
genomic locations are listed in Supplementary Table 1. The
association between these circRNAs and bladder cancer
pathology remains undetermined, therefore we investigated
if these circRNAs could be useful as biomarkers for bladder
cancer diagnosis and predicting treatment response.

Patients and methods

Bladder cancer tissues and serum sample collection.
Samples were collected from 146 bladder cancer tissues and
98 adjacent tissues at The First Affiliated Hospital of Jiamusi
University. Serum samples from another independent
cohort, including 97 healthy people and 197 bladder cancer
patients, were also collected from this source. The medical
records of bladder cancer patients with clinical TNM staging
and survival information were then assembled. Cisplatin-
resistant bladder cancer patients were defined as those with
disease persisting more than 6 weeks and recurrent disease
more than 2 months after chemotherapy completion, and
cisplatin-sensitive bladder cancer patients were those
without these conditions. This project was approved by the
Ethic Committee of The First Affiliated Hospital of Jiamusi
University.

Cell lines. The normal bladder epithelial cells CCC-HB-2
and 6 bladder cancer cell lines (HTB-9, T24, J82, SW780 and
RT4) were obtained from the Chinese Academy of Sciences
Cellbank. Cells were grown routinely in RPMI-1640 medium
(Invitrogen, CA, USA) supplemented with 10% fetal bovine
serum (Gibco, CA, USA) and cultured in a 37 °C humidified
atmosphere of 5% CO,.

The cisplatin-resistant RT4 cell line (RT4/DDP) was
established in our laboratory. The RT4 cells (1x10°/ml) were
cultured for 24 h, and then treated with the initial concen-
tration of cisplatin (0.05pug/ml). The medium containing
gefitinib was changed every 2 to 3 days. After initial doses
were induced for two weeks, drug dosage was doubled, and
each dose was maintained for 2 weeks. The final concentra-
tion was increased to 0.5 pg/ml.

A B

T 3 © 44
H p=0.59 3

N (42
<] o]

~ N~ 34
o o

S 2 e

I I
s S 2
04 04

o e

5 M S

o o 14
= =

© ©

[0 Q

X 0 x 0

p=0.118

Quantitative PCR analysis. Trizol reagent (Invitrogen,
CA, USA) extracted total RNA from cells. ABScript II cDNA
First-Strand Synthesis Kit (cat no. RK20400, ABclonal
Biotechnology Co., Ltd, Wuhan, China) was used to reverse
transcript cDNA from 500 ng of RNA according to the
manufacturer’s protocol. The sequence of circRNA results
were acquired from the database “circBase”. The expression
of circRNAs was measured by SsoFast EvaGreen supermix
(cat no. 1725201, Bio-Rad Laboratories (Shanghai) Co.,
Ltd. Shanghai, China) according to manufacturers’ instruc-
tions. Expression of P-actin was used as an endogenous
control. QPCR was performed at the condition: 95°C for
3 min, and 39 circles of 95°C for 10s and 60°C for 30 s.
The following primers were used: 5-TATGTTGGTG-
GATCCTGTTCGGCA-3(forward), 5-TGGTGGGTAGAC-
CAAGACTTGTGA-3" (reverse) for circRNA_000285.
5-TATGTTGGTGGATCCTGTTCGGCA-3" (forward),
5-TGGTGGGTAGACCAAGACTTGTGA-3’ (reverse) for
circRNA_100782. 5-GCTGCGGCCTGACTCTAAG-3’
(forward), 5-TGTGCTTGATGGTGTCCCT-3’ (reverse) for
circRNA_100783. 5-TTGTTACAGGAAGTCCCTTGCC-3
(forward), 5-ATGCTATCACCTCCCCTGTGTG-3’ (reverse)
for B-actin.

Statistical analysis. Data from 3 independent experi-
ments processed in SPSS17.0 statistical software is expressed
as mean * SD, and overall survival rate estimates were calcu-
lated by the Kaplan-Meier method with log-rank test. The
clinical association between circRNA_000285 expression
and clinical-pathological variables in bladder cancer patients
was evaluated by chi-square test and differences between
groups was estimated by Student’s t-test or one-way ANOVA
depending on the conditions.A p<0.05 was statistically
significant.

Results

circRNA_000285 is down-regulated in bladder cancer
tissues and cell lines. We performed qPCR to measure
the expression of circRNA_000285, circRNA_100782 and
circRNA_100783 derived from HIPK3, in bladder cancer
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Figure 1. The circRNAs expression in bladder and adjacent tissues. QPCR was performed to measure the expression of hsa_circRNA_100782 (A),
hsa_circRNA_100783 (B) and hsa_circ_0000285 (C) in bladder cancer tissues (n=146) and adjacent tissues (n=98).
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Figure 2. The expression of hsa_circ_0000285 in serum samples. A) QPCR was performed to measure the expression of hsa_circ_0000285 in serum
samples from bladder cancer patients (n=197) and health subjects (n=97). B) The expression of hsa_circ_0000285 in serum samples from cisplatin-
sensitive bladder cancer patients (n=60) and cisplatin-resistant bladder cancer patients (n=50). C) QPCR was performed to measure the expression
of hsa_circ_0000285 in five bladder cancer cells, cisplatin-resistant RT4 cells (RT4/DDP) and normal bladder epithelial cells CCC-HB-2. *p<0.05 vs.
CCC-HB-2; #p<0.05. D) The Kaplan-Meier survival cure showed the survival rate in patients with high circRNA_000285 expression (n=72) and those

with low circRNA_000285 expression (n=125).

and adjacent tissues. We found that circRNA_000285 was
significantly decreased in bladder cancer tissues compared
to adjacent controls (Figure 1C), while the expression of
circRNA_100782 and circRNA_100783 was comparable in
these tissues (Figure 1 A, B). However, the host gene HIPK3
mRNA levels had no significant alterations in bladder cancer
tissues, serum samples or normal cell lines from adjacent
tissues, healthy controls and bladder cancer cell lines
(Supplementary Figure 1). We then measured the expression
of circRNA_ 000285 in bladder cancer cell lines and observed
that circRNA_000285 was significantly less in these bladder
cancer cell lines than in normal epithelial cells (Figure 2C).
circRNA_000285 is downregulated in serum
from bladder cancer patients. To investigate whether
circRNA_000285 is a useful non-invasive biomarker for
bladder cancer, we performed qPCR to detect the expression
of circRNA_000285 in an independent cohort, including 197
bladder cancer serum samples and 97 health serum samples.
circRNA_000285 was also significantly down-regulated in

bladder cancer serum samples compared with to healthy
samples (Figure 2A). It was established that circRNA_000285
level was decreased almost three-fold in cisplatin-resistant
patients (n=55) compared to the cisplatin-sensitives (n=50)
(Figure 2B); and the circRNA_000285 level in cisplatin-resis-
tant RT4 cells was lower than in parental cells (Figure 2C),
thus suggesting circRNA_000285 as a biomarker for bladder
cancer diagnosis and chemotherapy.

circRNA_000285 is associated with bladder cancer
patient clinical features. We next analyzed the associa-
tion between circRNA_000285 and bladder cancer clinical
features. Bladder cancer patients were divided into high
circRNA_000285 expression when it was higher than the
mean circRNA_000285 levels, and otherwise into the low
expression group. We established that circRNA_000285
expression was associated with tumor size (p<0.001), differ-
entiation (p<0.001), lymph node metastasis (p=0.038),
distant metastasis (p=0.004) and TNM stage (p=0.013)
(Table 1). We then investigated factors that predicate
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bladder cancer patient prognosis by univariate and multi-
variate analyses. Univariate analysis indicated that the serum
circRNA_000285 level (p=0.01), tumor size (p=0.02), differ-
entiation (p=0.03), lymph node metastasis (p=0.03), distant

Table 1. Clinical association between serum circRNA_000285 levels and
clinical--pathological variables of patients with bladder cancer.

serum circRNA_000285

X test

Variable Low expression High expression p-value
(n=125) (n=72)

Age 0.302
<50 56 38
>50 69 34

Gender 0.361
Male 74 48
Female 51 24

Tumor size <0.001
<3cm 47 49
>3cm 78 23

Differentiation <0.001
High 20 34
Moderate 43 23
Low 62 15

Lymph node metastasis 0.038
NO-1 52 41
N2-4 73 31

Distant metastasis 0.004
No 57 48
Yes 68 24

TNM stage 0.013
I-11 50 42
-1v 75 30

Table 2. Univariate analysis of prognostic factors of bladder cancer.

Variable Hazard ratio p-value
Age (250/<50) 1.03 0.18
Gender (Male/Female) 1.07 0.37
Tumor size (>3 cm/<3 cm) 2.24 0.02
Differentiation (low/high-moderate) 2.56 0.02
Lymph node metastasis (N2-4/N0-1) 2.76 0.03
Distant metastasis (Yes/No) 3.72 0.01
TNM stage (ITI-1V/I-II) 3.16 0.03
serum circRNA_000285 levels (Low/High) 3.21 0.01

Table 3. Multivariate analysis of independent prognostic factors of blad-
der cancer.

Variable Hazard ratio  p-value
Tumor size 2.54 0.01
Differentiation 2.26 0.04
Lymph node metastasis 2.73 0.02
Distant metastasis 3.88 0.01
TNM stage 2.93 0.01
serum circRNA_000285 levels 3.03 0.02

metastasis (p=0.01) and TNM stage (p=0.03) was signifi-
cantly associated with patient prognosis (Table 2); and multi-
variate analysis revealed that the serum circRNA_000285
level (p=0.02), tumor size (p=0.01), differentiation (p=0.04),
lymph node metastasis (p=0.02), distant metastasis (p=0.01)
and TNM stage (p=0.01) were independent factors in
predicting bladder cancer patient prognosis.

Finally, we analyzed the relationship between serum
circRNA_000285 levels and survival time in bladder
cancer patients. The Kaplan-Meier survival cure showed
that patients with high circRNA_000285 expression had
longer overall survival rate than those with low expression
(Figure 2D), thus defining circRNA_000285s critical role in
bladder cancer development.

Discussion

This study established that hsa_circ_0000285 is signifi-
cantly reduced in bladder cancer tissues and serum compared
with adjacent tissues and healthy controls. Its expression is
lower in cisplatin-resistant bladder cancer patients than in
cisplatin-sensitives and can therefore be an independent
prognostic factor for patient outcome. This, however, did not
apply to hsa_circRNA_100782 and hsa_circRNA_100783
which were also investigated.

Emerging evidence has revealed the function of circRNAs
in cancer and it may potentially serve as a required novel
biomarker and therapeutic target for cancer treatment
[12]. For example, circ-LDLRAD3 was up-regulated in
pancreatic cancer cell lines, tissues and plasma samples
and its high expression was significantly associated with
patient venous and lymphatic invasion and metastasis [13].
hsa_circ-0000520 is significantly down-regulated in gastric
cancer tissues, plasma and cell lines compared to controls,
and its expression was negatively associated with TNM
stage and plasma linked to CEA expression [14]. Further,
Chen G found that the circRNA_100782 was markedly
up-regulated in pancreatic ductal adenocarcinoma tissue
[15]. Down-regulation of circRNA_100782 inhibited BxPC3
cell proliferation and colony formation by down-regulating
the following miR-124 targets; interleukin-6 receptor
(IL6R) and signal transducer and activator of transcrip-
tion 3 (STAT3) [15]. These findings support that circRNAs
functions are cancer-specific.

Neo-adjuvant chemotherapy has increased over the
last decade, and based on level I evidence, cisplatin-based
neo-adjuvant chemotherapy is considered standard care
in bladder cancer [16]. While this cisplatin-based chemo-
therapy before radical cystectomy improves the overall
survival of bladder cancer patients, some patients do not
benefit from chemotherapy, and the pathological response to
neo-adjuvant treatment is a strong predictor of better disease-
specific survival. The identification of reliable biomarkers
enabling clinicians to identify patients who could benefit
from chemotherapy is a very important clinical task [17].
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Non-coding RNAs are important mediators of cispl-
atin-resistance in bladder cancer [18-19]. circTCF25
is up-regulated in bladder cancer and it suppresses
miR-103a-3p/miR-107, leading to the up-regulation of
thirteen targets of cell proliferation, migration and invasion;
thus suggesting circTCF25 as a new promising marker for
bladder cancer [20].

In addition, circRNA-MYLK and VEGFA were signifi-
cantly up-regulated and co-expressed in bladder cancer;
the circRNA-MYLK level was related to its stage and grade
progression and it binds directly to miR-29a and relieves
suppression for target VEGFA to activate the VEGFA/
VEGFR?2 signaling pathway. This accelerates cell proliferation
and migration and promotes epithelial-mesenchymal transi-
tion [21]. It was also found that circRNA BCRC4 expression
was lower in bladder cancer tissues than in adjacent normal
tissues. Its forced-expression promotes apoptosis, inhibits
viability and increases the miR-101 level which suppresses
EZH?2 expression. In addition, gambogic acid, a promising
natural anti-cancer compound in bladder cancer therapy,
increased BCRC4 expression in T24T and UMUCS3 cells
in a dose-dependent manner [22]. These results indicate
that circRNAs function as tumor suppressors or oncogenes
in bladder cancer and that they mediate anti-cancer drug
function.

Herein, we established that hsa_circ_0000285 expression
is lower in cisplatin-resistant bladder cancer patients than in
cisplatin-sensitives, and its expression is increased in bladder
cancer cell lines. Interestingly, hsa_circ_0000285 expression
is significantly down-regulated in RT4/DDP cells compared
with parental cells, and combined results indicate that hsa_
circ_0000285 may be a biomarker in predicting chemo-
therapy response.

circHIPK3 can regulate cell growth by sponging multiple
miRNAs, including miR-193a which is an important
mediator of cisplatin-resistance in bladder cancer cells by
suppressing AP-2 alpha, homeobox C9, lysyl oxidase-like 4
and the Notch signaling pathway [23-26]. We also observed
that while miR-124 is significantly decreased in cancer
tissues compared to adjacent tissues, miR-558 is significantly
increased (Supplementary Figure 2). MiR-124 and miR-558
are demonstrated circHIPK3 targets, but with opposite roles
in bladder cancer: miR-124 functions as tumor suppressor
and miR-558 acts as an oncogene [11, 27]. Therefore, the
manner in which hsa_circ_0000285 regulates miR-124 and
miR-558 expression requires further investigation. These
findings provide a possible mechanism for hsa_circ_0000285
in regulating bladder cancer cell proliferation and metas-
tasis; and most likely chemo-sensitivity, but this also requires
closer investigation

In conclusion, we established that hsa_circ_0000285
is significantly down-regulated in bladder cancer tissues
and plasma and this provides sufficient evidence for hsa_
circ_0000285 trial as a novel biomarker for bladder cancer,
and especially for its role in chemo-sensitivity.

Supplementary information is available in the online version
of the paper.
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