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ABSTRACT

Circ-BPTF (hsa_circ_0000799) is a novel circular RNA derived from BPTF exons. Although BPTF is a well-studied
predecessor gene, the characteristics and functions of circ-BPTF have not yet been reported. Here, we show
that expression of circ-BPTF is increased in bladder cancer (BCa) tissues and cell lines compared with
noncancerous tissues and cell lines. Consistently, BCa patients with higher expression levels of circ-BPTF were
found to have higher tumor grades and poorer prognosis. Functionally, knockdown of circ-BPTF inhibited tumor
progression in vitro and in vivo. Mechanistically, a target microRNA of circ-BPTF was confirmed to be miR-31-
5p, and miR-31-5p mimics partially reversed the effect of circ-BPTF. Furthermore, RAB27A was predicted and
shown to be a target of miR-31-5p, and circ-BPTF attenuated the anti-oncogenic effect of miR-31-5p and
consequently enhanced RAB27A expression. In summary, our findings reveal that circ-BPTF promotes BCa
progression through the miR-31-5p/RAB27A axis, suggesting that circ-BPTF may be a potential target for BCa
treatment.

INTRODUCTION

Bladder cancer (BCa) is one of the most prevalent
cancers worldwide, with an estimated incidence of
430,000 cases each year [1]. Despite improvements in
multiple therapeutic approaches such as surgery,
intravesical chemotherapy and immunotherapy, rates of
recurrence and progression within 5 years remain high
[2, 3]. Accumulating evidence suggests that BCa
represents a group of molecularly and clinico-
pathologically heterogeneous diseases [4]. Therefore,
understanding the molecular pathology of BCa is
critical for the diagnosis, classification and treatment of
this disease.

Circular RNAs (circRNAs), a class of noncoding RNAs
ubiquitous in the cytoplasm of various eukaryotic cells,
are mainly derived from exonic regions of protein-
coding genes [5]. The molecules are cyclized, lacking 5’
caps and 3’ poly (A) tails [6]. Due to their abundance
and stability in plasma and tissues, several circRNAs
have been considered potential biomarkers for the
diagnosis and prognosis of various cancers such as
hepatocellular carcinoma (HCC) [7] and gastroenteric
tumors [8].

Mechanistically, circRNAs are mainly regarded as
microRNA sponges, protecting their target genes from
cleavage by certain miRNAs [9]. More importantly, by
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regulating the cell cycle, signal transduction and
transcription, circRNA-miRNA  networks closely
correlate with the occurrence, progression and prog-
nosis of cancer [10]. For instance, the circRNA
¢SMARCAS5 promotes expression of TIMP3 by
sponging miR-17-3p and miR-181b-5p and therefore
inhibits the proliferation and migration of HCC cells
[7]. In glioblastoma, circNT5E reportedly binds directly
to miR-422a to abrogate its oncogenic activity [11].
Some circRNAs have also been found to exhibit their
regulatory functions through RNA-binding proteins
(RBPs) and can even serve as polypeptide-encoding
nucleic acids [12]. Despite the increasing number of
studies on circRNAs, there are few reports concerning
the biological role of circRNAs in BCa [13-17], which
needs to be explored.

circ-BPTF (hsa_circ_0000799) is a novel circRNA that
is derived from exons 21 to 27 of the bromodomain
PHD finger transcription factor (BPTF) gene via back-
splicing. Although this predecessor gene has been
investigated for its oncogenic role in lung adenocarci-
noma [18] and colon cancer [19], there is little
knowledge to date regarding circ-BPTF.

MicroRNAs (miRNAs) comprise a group of RNAs that
exert biological functions by binding to the 3’-UTR of
target mRNAs. miRNAs are known to have important
functions in multiple biological processes, including
suppressing or  stimulating tumor progression.
According to previous studies, miR-31-5p acts as a
tumor suppressor in BCa [20]. Specifically, enhanced
expression of miR-31-5p increases the sensitivity of
BCa to chemotherapy [20], whereas reduced expression
is associated with BCa progression and a poor prognosis
[21, 22]. Nevertheless, the regulatory pathways in
which miR-31-5p participates remain unclear.

RAB27A, an oncogene belonging to the Rab family, is
involved in protein transport and small GTPase-mediated
signal transduction [19]. Members of the Rab family are
involved in multiple processes in tumori-genesis [19].
According to previous studies, RAB27A is strongly
relevant to the progression of tumors, such as HCC [23],
pancreatic cancer [24] and melanoma [25]. In melanoma,
RAB27A serves as the target of miR-31-5p [26], and
studies have also shown that elevated levels of RAB27A
expression promote BCa proliferation and chemo-
resistance [27]. However, the reason why RAB27A is
overexpressed in BCa remains largely unknown.

In the present study, circ-BPTF was found to be
significantly overexpressed in BCa, and this circRNA
was closely associated with poor prognosis, tumor grade
and recurrence in BCa patients. Functional experiments
revealed that circ-BPTF promotes BCa progression in

vivo and vitro, and such BCa growth and metastasis
occurs through the miR-31-5p/RAB27A axis.

RESULTS
Characterization of circ-BPTF in BCa

To investigate the characteristics of circ-BPTF, qPCR
was performed with divergent primers, and agarose gel
electrophoresis (Figure 1A) and Sanger sequencing
(Figure 1B) on the PCR products were performed. The
results indicated that circ-BPTF was expressed in BCa
cell lines, confirming the back-splice junction of circ-
BPTF. Furthermore, we found circ-BPTF to be derived
from exons 21, 22, 23, 24, 25, 26, and 27 of the BPTF
gene (Figure 1C). Actinomycin D (Figure 1D) and RNase
R treatment assays (Figure 1E) showed that circ-BPTF
was more stable than was linear mBPTF. Moreover, ran-
dom hexamer or oligo dT (18) primers were used sepa-
rately in the reverse transcription assays with RNA from
the T24 cell line as the template. Compared to random
hexamer primers, the application of the oligo dT (18)
primers resulted in significantly reduced relative
expression of circ-BPTF (Figure 1F), though no signifi-
cant difference was observed for the mBPTF group. This
assay proved the absence of a poly (A) tail for circ-BPTF.

In addition, nuclear mass separation assay (Figure 1G)
and FISH (Figure 1H) for circ-BPTF showed the
circRNA to be predominantly located in the cytoplasm.
Moreover, to validate expression of circ-BPTF in BCa
cell lines, qPCR was performed. Circ-BPTF was signifi-
cantly increased in BCa cell lines than in normal uro-
thelial cell (SV-HUC-1) (Figure 1I). We also found that
the expression level of circ-BPTF was higher in 72 pairs
of human BCa tissues compared to corresponding
adjacent normal tissues (Figure 2A). Collectively, these
findings indicate that circ-BPTF is a circular, abundant
and stable transcript with strongly increased expression
in BCa.

Circ-BPTF is related to tumor grade and recurrence
and poor prognosis in BCa patients

To determine whether circ-BPTF correlates with the
prognosis of BCa, patients were divided into two groups
according to the expression level of circ-BPTF in BCa
tissues. Based on Kaplan-Meier survival analysis, the
group of patients with a high expression level of circ-
BPTF had worse overall survival (OS) than in the group
with low expression level of circ-BPTF (Figure 2B).
Additionally, expression of circ-BPTF correlated with
tumor stage and recurrence (Figure 2C, D), but not with
other features, including metastasis and tumor size
(Table 1). Overall, we concluded that higher expression
of circ-BPTF leads to a worse prognosis for BCa.
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Figure 1. Validation and characteristics of circ-BPTF in BCa cells. (A) Gel electrophoresis analysis of the PCR products of circ-BPTF and
linear BPTF. Divergent primers amplified circ-BPTF only in cDNA, whereas, convergent primers produced linear transcript in both cDNA and
gDNA. GAPDH was applied as a linear control. (B) Sanger sequencing of circ-BPTF products amplified by PCR. The back-splice junction site was
marked by the red arrow. (C) Schematic illustration showed that circ-BPTF was cyclized from exon 21 and exon 27 of BPTF. (D) The circular
and linear form of BPTF levels were examined by qPCR after exposure to Actinomycin D in T24 cells. (E) Circ-BPTF and linear BPTF levels were
detected by qPCR in T24 cells treated with or without RNase R. (F) gPCR analysis of circ-BPTF and linear BPTF using random or oligo dT (18)
primers in the reverse transcription process. (G and H) Circ-BPTF is mainly presented in the cytoplasm of T24 cells verified by nuclear mass
separation assay and FISH. (I) Expression of circ-BPTF in BCa cell lines (5637, EJ, UM-UC-3, T24) and normal urothelial cells (SV-HUC-1) was

detected by gPCR. Data indicate means + SEM. **P<0.01, ***P<0.001.

Circ-BPTF promotes BCa cell progression in vitro
and in vivo

After knocking down circ-BPTF, UM-UC-3 and T24
cells were divided into si-circ-BPTF and negative
control (NC) groups. Transfection had no obvious effect
on expression of its parent gene BPTF (Figure S1A).
The results of migration, invasion and wound-healing
assays indicated that the migratory and invasive abilities
of cells were inhibited in the silenced group (Figure 3A-
C). MTS assay also revealed that the proliferative
ability of the silenced group was suppressed compared
to the NC group (Figure 3D). Accordingly, in clone-
formation experiment, cells in the silenced group
formed fewer colonies than those in the NC group

(Figure 3E, F). In tumorous xenograft experiment, mice
injected with cells that knocked down for circ-BPTF
produced smaller and less massive tumors than mice
injected with NC group cells (Figure 4A-D). Taken
together, circ-BPTF promotes the progression of BCa in
vitro and in vivo.

miR-31-5p directly binds to circ-BPTF

The binding sites of circ-BPTF and miR-31-5p are
displayed in Figure 5A, as revealed by bioinformatic
database searches. To confirm binding between circ-
BPTF and miR-31-5p, a biotin-coupled probe pull-down
assay was performed. The results showed that miR-31-5p
was significantly enriched in the pulled down material
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compared to the control group, indicating that miR-31-5p
directly binds to circ-BPTF (Figure 5B). circ-BPTF was
also found to be co-localized with miR-31-5p in the
cytoplasm of BCa cells (Figure 5C). Furthermore, in a
dual-luciferase reporter assay, co-transfection of miR-31-
5p mimics and luciferase reporters containing circ-BPTF
in 293T cells significantly reduced luciferase intensity
(Figure 5D). These results suggest that miR-31-5p
directly binds to circ-BPTF.

miR-31-5p attenuates the function of circ-BPTF in
BCa cells

To find out whether miR-31-5p could reverse the
oncogenic effect of circ-BPTF, we co-transfected miR-
31-5p mimics and circ-BPTF into BCa cells. As shown
in Figure 6A-B, miR-31-5p mimics could partially
attenuate the migrative ability of circ-BPTF in BCa
cells. Besides, the proliferative ability of circ-BPTF was
also reversed by co-transfection of miR-31-5p (Figure
6C, D). Taken together, these data demonstrate that

Table 1. P<0.05 was considered significant.

miR-31-5p partially alleviates the oncogenic effects of
circ-BPTF in BCa.

Circ-BPTF promotes BCa progression through the
miR-31-5p/RAB27A axis

We screened RAB27A as a target of miR-31-5p using
bioinformatic  analysis (Figure 7A) and then
investigated whether circ-BPTF exerts its tumorigenic
effect through the miR-31-5p/RAB27A axis. Knock-
down of circ-BPTF decreased the expression of
RAB27A at both mRNA and protein levels (Figure 7B,
C). In addition, overexpression of miR-31-5p signi-
ficantly reduced RAB27A levels (Figure 7C).

Mechanistically, a dual-luciferase reporter assay
showed that co-transfection of miR-31-5p mimics and a
reporter containing the 3’-UTR ofRAB27A strongly
reduced luciferase activity, however, no obvious effect
on luciferase activity was found after co-transfection of
miR-31-5p mimics and mutated vectors (Figure 7D).

Characteristics Case circ-BPTF expression P
Low (36) High (36) value
Age(years) 0.2196
<65 26 10 16
>65 46 26 20
Gender 0.7531
Male 60 31 29
Female 12 5 7
Pathology stage 0.5936
pTa-pT1 19 11 8
pT2-pT4 53 25 28
Histological grade 0.0043
Low 22 17 5
High 50 19 31
Tumor size(cm) 0.2384
<3 36 21 15
>3 36 15 21
Lymph nodes status 1
Negative 55 28 27
Positive 17 8 9
www.aging-us.com 1967 AGING
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Figure 2. Circ-BPTF expression and its clinical significance in BCa. (A) The result of qPCR showed that circ-
BPTF was up-regulated in BCa tissues compared to the adjacent normal tissues (P < 0.001). (B) Kaplan-Meier analysis
demonstrated that patients with high circ-BPTF expression had poorer prognosis. Median expression of circ-BPTF in
cancerous tissues was used as a cutoff value in survival analysis. (C) Expression of circ-BPTF in muscle invasive
bladder cancer (MIBC) patients was notably higher than that in non-muscle invasive bladder cancer (NMIBC)
patients (P<0.001). (D) Expression of circ-BPTF was significantly higher in patients with recurrence (P<0.05).

Furthermore, rescue experiment confirmed that miR-31-
S5p partially reversed the effect of circ-BPTF on
RAB27A expression (Figure 7E). Overall, circ-BPTF
promotes BCa progression partially through the miR-
31-5p/RAB27B axis.

DISCUSSION

In the present study, we confirmed that circ-BPTF
serves as a miRNA sponge and promotes BCa
progression at least partly through the miR-31-
S5p/RAB27A axis. We observed a significant increase in
circ-BPTF expression in BCa tissues and cell lines
compared with normal adjacent tissues and cells.
Additionally, we found that overexpression of circ-
BPTF correlated with poor survival, high tumor stage
and tumor recurrence, suggesting that circ-BPTF exerts
an oncogenic effect in BCa.

Only a few circRNAs have been reported in BCa thus
far. For example, circ-ITCH can inhibit BCa
progression by sponging miR-17/miR-224 and
regulating p21 and PTEN expression [17]. Similarly,
circHIPK3 inhibits the migration, invasion, and
angiogenesis of BCa and suppresses BCa growth and
metastasis by sponging miR-558 [21]. These studies
demonstrate that circ-RNAs act as tumor suppressors,
contributing to BCa progression. Conversely, there are
few studies of oncogenic circ-RNAs in BCa. Indeed,
our study is the first to report that circ-BPTF expression
is increased in BCa, promoting progression of this
cancer.

Functionally, our gain- and loss-of-function experi-
ments showed that knocking down circ-BPTF
significantly inhibited progression of BCa cells in vitro,
which was verified by a xenograft experiment in vivo.
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Figure 3. Circ-BPTF promotes progression of BCa cells in vitro. (A, B and C) Effects of circ-BPTF on cell migratory and invasive
capabilities were assessed by transwell migration, Matrigel invasion and wound-healing assays. (D-F) MTS and clone-formation assays
showed that the proliferative ability was decreased in T24 and UM-UC-3 cells transfected with si-circ-BPTF. Data indicate the means +

SEM. *P<0.05, **P<0.01.

Taken together, these experiments substantiate that circ-
BPTF exerts oncogenic effects in BCa.

With regard to the mechanism, we selected miR-31-5p as
a potential target miRNA of circ-BPTF via bioinformatic
analysis. According to previous studies, the role of miR-
31-5p in tumorigenesis is controversial. For instance, a
previous study discovered that miR-31-5p promotes lung
cancer progression by directly targeting FIH [23], and
miR-31-5p can promote proliferation and aerobic
glycolysis in breast cancer [22]. However, miR-31-5p has
also been reported to enhance the sensitivity of BCa cells
to chemotherapy [24] and target RAB27A to inhibit
melanoma progression [26], which is consistent with our
data. RAB27A is an oncogene belonging to the Rab
family that is involved in protein transport and small
GTPase-mediated signal transduction in multiple pro-

cesses of tumorigenesis [25]. A previous study
demonstrated that elevated levels of RAB27A
expression promote BCa proliferation and chemo-
resistance [27]. Through bioinformatic analysis and
dual-luciferase reporter assays, we confirmed that miR-
31-5p is able to directly bind to the 3’UTR of RAB27A.
Using western blot analysis, we identified that
expression of RAB27A was down-regulated after
silence of circ-BPTF and overexpression of miR-31-5p.
Because RAB27A is known for its strong tumor-
promoting effect in BCa progression, we hypothesized
that the oncogenic effect that circ-BPTF exerts in BCa
can be partially attributed to a circ-BPTF/miR-31-
Sp/RAB27A axis. Therefore, we conducted a rescue
experiment showing that overexpression of circ-BPTF
increased RAB27A expression and that this can be
partially alleviated by miR-31-5p mimics in BCa cells.
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Data indicate means + SEM. *P<0.05, **P<0.01.

In general, we reveal that circ-BPTF exerts an onco-
genic function through a novel circ-BPTF/miR-31-
S5p/RAB27A axis in BCa. Because expression of circ-
BPTF was found to be associated with BCa prognosis,
this molecule possesses great potential in the diagnosis
and treatment of BCa, and further investigation is
warranted.

MATERIALS AND METHODS
Specimens
In total, 72 pairs of specimens of BCa tissues and

adjacent noncancerous tissues were obtained via radical
surgery of patients who were diagnosed with BCa and

had undergone no pretreatment at Sun Yat-Sen Memorial
Hospital, Sun Yat-Sen University between 2012 and
2017. All patients signed informed consent forms before
inclusion in the study. Prior to RNA extraction, the fresh
samples mentioned above were frozen in liquid nitrogen
for 5 mins and stored at -80 °C. The protocol and written
informed consent of the presented study were approved
by the Ethics Committee of Sun Yat-Sen Memorial
Hospital, Sun Yat-Sen University. Patients were followed
up from the date of surgery to the date of BCa
progression. Additionally, a cohort of 72 BCa patients
with  similar clinicopathological parameters was
followed. The follow-up time ranged from 1 to 70
months. The follow-up interval began on the date of
surgery and ended on the date of disease progression.
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GAPDH was used as a loading control. **P<0.01.

Total RNA extraction and quantitative real-time
PCR (qPCR)

Total RNA from frozen tissues and cells was
homogenized and isolated using RNAiso Plus (Takara,
Japan) according to the manufacturer’s instructions.
cDNA was synthesized using the PrimeScript RT
Reagent Kit (Takara, China) and microRNA First-Strand
cDNA Synthesis Kit (Sangon Biotech, China). gPCR
was performed with TB Green Premix Ex Taq (Takara,
China) with the following program: 95 °C for 10 min

and 40 cycles of 95 °C for 30 s, 55 °C for 30 s, and 72 °C
for 30 s. Each reaction was performed in triplicate.

Cell culture

Human BCa cell lines (UM-UC-3 and T24) purchased
from ATCC (USA) were used in this study. UM-UC-3
cells were maintained in DMEM (Gibco, USA) with
10% fetal bovine serum (FBS), and T24 cells were
maintained in 1640 medium (Gibco, USA) with 10%
FBS. Cell lines were incubated at 37 °C in 5% CO,.
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Cell transfection

Before transfection, cells were seeded into 6-well plates
at a density of 2x10° cells per well and cultured to 60-
70% confluence. For knockdown of circ-BPTF, a small
interfering RNA (siRNA) oligonucleotide targeting
circ-BPTF (si-circ-BPTF: AAGCUAGCAGGUACAG
GUGTT) and negative control siRNA were purchased
from GenePharma (Shanghai, China). siRNA
transfections were performed with 75 nm siRNA and
Lipofectamine RNAIMAX (Life Technologies, USA),
as previously described [20]. The pLKO.1 TRC cloning
vector (Addgene plasmid: 10878, China) was used to
generate short hairpin RNAs (shRNAs) against circ-
BPTF or the negative control. Lentivirus production and
infection were conducted according to the manufac-
turer’s protocol.

MTS assay

Transfected cells were seeded into 96-well plates at a
density of 1000 cells per well, and 10 pl of 96®
AQueous MTS Reagent Powder (Promega, Beijing,
China) was added to each well. After 3 hours of
incubation, we measured and recorded the absorbance
of each well at 492 nm as the OD value every 24 hours
for a total of 6 times; the manufacturer’s instructions
were followed. Each group was analyzed in triplicate.

Clone-formation assay

Transfected cells were seeded into 6-well plates at a
density of 1000 cells per well. After culturing for 7
days, the cells were fixed with 4% paraformaldehyde
and stained with 0.1% crystal violet. We then
photographed the plates and counted the number of
clones in each plate. Each group was analyzed 3 times.

Migration and invasion assays

Migration and invasion assays were performed using
transwell plates (Costar, USA). For the migration assay,
transfected cells were suspended in serum-free medium
at a concentration of approximately 400 cells per/ul and
seeded into the upper chambers of each transwell;
medium with 10% FBS as a chemoattractant was added
to the bottom chambers. After incubation for 24 hours,
the cells remaining in the top chambers were removed,
and the cells in the lower chambers were fixed with 4%
paraformaldehyde and stained with 0.1% crystal violet.
Afterwards, the assays were quantified by counting the
number of cells under a microscope at x 100 magnifica-
tion (Olympus, Japan). The conditions for the invasion
assay resembled those of the migration assay, except
that Matrigel (BD Biosciences, USA) was coated onto

each transwell before seeding, and the incubation time
was extended to 48 hours.

Xenograft experiments

Male BALB/c nude mice (4-6 weeks old, 18-22 g) were
selected and randomly divided into two groups (sh and
NC, 5 per group). Approximately 1x10” UM-UC-3 cells
transfected with sh-circ-BPTF or the negative control
were subcutaneously injected into the backs of the nude
mice. The width (W) and length (L) of tumors were
measured every week and then integrated into one
parameter as volume (V) using the formula V = (W? x
L)/2. Six weeks after the injection, the mice were
euthanized, and the weights of the tumors were
measured. The in vivo experiments were approved by
the Institutional Animal Care and Use Committee of
Sun Yat-Sen Memorial Hospital, Sun Yat-Sen
University (Guangzhou, China).

Biotin-coupled probe pull-down assay

To identify the downstream molecules of circ-BPTF, we
conducted a biotin-coupled probe pull-down assay.
Approximately 2x10" UM-UC-3 and T24 cells were
washed with ice-cold phosphate-buffered saline (PBS)
and lysed in lysis buffer before being incubated with 3
ug of pull-down probes at 25 °C. A biotinylated circ-
BPTF junction area-binding probe was used for the
experimental group, and the oligonucleotide probe was
used for the control group. After incubating with the
probes for 2 hours, cell lysates were incubated with
streptavidin magnetic beads (Life Technologies, USA)
for another 4 hours to pull down the biotin-coupled
RNA complex. The beads were washedS times with
lysis buffer, and the bound miRNAs in the pull-down
complex were then extracted and analyzed.

Fluorescence in situ hybridization (FISH)

Fluorescent probes targeting circ-BPTF (cy3-labeled)
and miR-31-5p (cy5-labeled) were designed for in situ
hybridization; 4,6-diamidino-2-phenylindole (DAPI)
was used to stain nuclei. Hybridization was performed
overnight following the manufacturer’s instructions
(GenePharma, China). Afterwards, the stained cells
were analyzed using a Zeiss LSM880 NLO (2 + 1 with
BIG) confocal microscope system (Leica Microsystems,
Germany).

Dual-luciferase reporter assay

Plasmids carrying wild-type circ-BPTF sequences or
wild-type RAB27A 3’UTR sequences plus miR-31-5p
mimics were co-transferred for the experimental group;
mutant sequences of the circ-BPTF or RAB27A 3’UTR
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plus miR-31-5p were co-transfected for the control
group. The manufacturer’s protocol was followed. At
24 hours after transfection, the dual-luciferase reporter
assay system (Promega, USA) was used to detect firefly
and Renilla luciferase activities. Relative luciferase
activity was calculated by comparing Renilla and firefly
luciferase activities.

Rescue experiments

BCa cells were divided into 3 groups. Circ-BPTF, circ-
BPTF plus miR-31-5p mimics and a nonsense control
were transfected into BCa cells using the method
described above. After incubation with the MTS for 3
hours, the OD value of each well for each group was
measured and recorded. Moreover, the expression of
RAB27A was assessed by qPCR and western blotting.

Statistical analysis

Statistical analyzes were conducted with SPSS 19.0
(IBM, SPSS, Chicago, IL, USA). Student’s t-tests (for
quantitative data) or Chi-square tests (for categorical
data) were used to analyze differences between two
groups. Survival curves were generated using the
Kaplan-Meier method, and the log-rank test was used to
assess significance. A P-value < 0.05 indicated
statistical significance.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.
FUNDING

This work was supported by grants from the National
Natural Science Foundation of China (Grant NO.
81572514, 81772728, 81772719, 81472384); the
National Natural Science Foundation of Guangdong
(Grant No. 2015A030311011); the Guangdong Science
and Technology Development Fund
(2017B020227007); and the Science and Technology
Program of Guangzhou (Grant No. 201604020158,
201604020177).

REFERENCES

1. Antoni S, Ferlay J, Soerjomataram |, Znaor A, Jemal A,
Bray F. Bladder cancer incidence and mortality: a
global overview and recent trends. Eur Urol. 2017;
71:96-108.
https://doi.org/10.1016/j.eururo.2016.06.010

2. Dy GW, Gore JL, Forouzanfar MH, Naghavi M,
Fitzmaurice C. Global burden of urologic cancers,
1990-2013. Eur Urol. 2017; 71:437-46.

10.

11.

12.

13.

14.

https://doi.org/10.1016/j.eururo.2016.10.008

Racioppi M, D’Agostino D, Totaro A, Pinto F, Sacco E,
D’Addessi A, Marangi F, Palermo G, Bassi PF. Value of
current chemotherapy and surgery in advanced and
metastatic bladder cancer. Urol Int. 2012; 88:249-58.
https://doi.org/10.1159/000335556

Inamura K. Bladder cancer: new insights into its
molecular pathology. Cancers (Basel). 2018; 10:100.
https://doi.org/10.3390/cancers10040100

Chen LL, Yang L. Regulation of circRNA biogenesis.
RNA Biol. 2015; 12:381-88.
https://doi.org/10.1080/15476286.2015.1020271

Qu S, Yang X, Li X, Wang J, Gao Y, Shang R, Sun W,
Dou K, Li H. Circular RNA: A new star of noncoding
RNAs. Cancer Lett. 2015; 365:141-48.
https://doi.org/10.1016/j.canlet.2015.06.003

Yu J, Xu QG, Wang ZG, Yang Y, Zhang L, Ma JZ, Sun SH,
Yang F, Zhou WP. Circular RNA cSMARCAS inhibits
growth and metastasis in hepatocellular carcinoma. J
Hepatol. 2018; 68:1214-27.
https://doi.org/10.1016/j.jhep.2018.01.012

Zhang Y, Liu H, LiW, Yu J, Li J, Shen Z, Ye G, Qi X, Li G.
CircRNA_100269 is downregulated in gastric cancer
and suppresses tumor cell growth by targeting miR-
630. Aging (Albany NY). 2017; 9:1585-94.
https://doi.org/10.18632/aging.101254

Han B, Chao J, Yao H. Circular RNA and its
mechanisms in disease: from the bench to the clinic.
Pharmacol Ther. 2018; 187:31-44.
https://doi.org/10.1016/j.pharmthera.2018.01.010

Li J, Yang J, Zhou P, Le Y, Zhou C, Wang S, Xu D, Lin
HK, Gong Z. Circular RNAs in cancer: novel insights
into origins, properties, functions and implications.
Am J Cancer Res. 2015; 5:472-80.

Wang R, Zhang S, Chen X, Li N, Li J, Jia R, Pan Y, Liang
H. CircNT5E acts as a sponge of microRNA-422a to
promote glioblastoma tumorigenesis. Cancer Res.
2018. Epub ahead of print.
https://doi.org/10.1158/0008-5472.CAN-18-0532

Meng S, Zhou H, Feng Z, Xu Z, Tang Y, Li P, Wu M.
CircRNA: functions and properties of a novel potential
biomarker for cancer. Mol Cancer. 2017; 16:94.
https://doi.org/10.1186/s12943-017-0663-2

Xu ZQ, Yang MG, Liu HJ, Su CQ. Circular RNA
hsa_circ_0003221 (circPTK2) promotes the
proliferation and migration of bladder cancer cells. J
Cell Biochem. 2018; 119:3317-25.
https://doi.org/10.1002/jcb.26492

Zhong Z, Huang M, Lv M, He Y, Duan C, Zhang L, Chen
J. Circular RNA MYLK as a competing endogenous
RNA promotes bladder cancer progression through

WWWw.aging-us.com 1974

AGING



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

modulating VEGFA/VEGFR2
Cancer Lett. 2017; 403:305-17.
https://doi.org/10.1016/j.canlet.2017.06.027

Okholm TL, Nielsen MM, Hamilton MP, Christensen
LL, Vang S, Hedegaard J, Hansen TB, Kjems J, Dyrskjgt
L, Pedersen JS. Circular RNA expression is abundant
and correlated to aggressiveness in early-stage
bladder cancer. NPJ Genom Med. 2017; 2:36.
https://doi.org/10.1038/s41525-017-0038-z

Yang X, Yuan W, Tao J, Li P, Yang C, Deng X, Zhang X,
Tang J, Han J, Wang J, Li P, Lu Q, Gu M. Identification
of circular RNA signature in bladder cancer. J Cancer.
2017; 8:3456-63. https://doi.org/10.7150/jca.19345

Yang C, Yuan W, Yang X, Li P, Wang J, Han J, Tao J, Li
P, Yang H, Lv Q, Zhang W. Circular RNA circ-ITCH
inhibits bladder cancer progression by sponging miR-
17/miR-224 and regulating p21, PTEN expression. Mol
Cancer. 2018; 17:19. https://doi.org/10.1186/s12943-
018-0771-7

signaling  pathway.

Dai M, Lu JJ, Guo W, Yu W, Wang Q, Tang R, Tang Z,
Xiao VY, Li Z, Sun W, Sun X, Qin Y, Huang W, et al. BPTF
promotes tumor growth and predicts poor prognosis
in lung adenocarcinomas. Oncotarget. 2015;
6:33878-92.
https://doi.org/10.18632/oncotarget.5302

Lee JH, Kim MS, Yoo NJ, Lee SH. BPTF, a chromatin
remodeling-related gene, exhibits frameshift
mutations in gastric and colorectal cancers. APMIS.
2016; 124:425-27.
https://doi.org/10.1111/apm.12512

Chen X, Gu P, Li K, Xie W, Chen C, Lin T, Huang J. Gene
expression profiling of WDR5 regulated genes in
bladder cancer. Genom Data. 2015; 5:27-29.
https://doi.org/10.1016/j.gdata.2015.05.003

Li Y, Zheng F, Xiao X, Xie F, Tao D, Huang C, Liu D,
Wang M, Wang L, Zeng F, Jiang G. CircHIPK3 sponges
miR-558 to suppress heparanase expression in
bladder cancer cells. EMBO Rep. 2017; 18:1646-59.
https://doi.org/10.15252/embr.201643581

Zhao Y, He J, Yang L, Luo Q, Liu Z. Histone
Deacetylase-3  Modification  of = MicroRNA-31
Promotes Cell Proliferation and Aerobic Glycolysis in
Breast Cancer and Is Predictive of Poor Prognosis. J
Breast Cancer. 2018; 21:112-23.
https://doi.org/10.4048/jbc.2018.21.2.112

Zhu B, Cao X, Zhang W, Pan G, Yi Q, Zhong W, Yan D.
MicroRNA-31-5p enhances the Warburg effect via
targeting FIH. FASEB J. 2018. Epub ahead of print.
https://doi.org/10.1096/fj.201800803R

Xu T, Qin L, Zhu Z, Wang X, Liu Y, Fan Y, Zhong S,
Wang X, Zhang X, Xia L, Zhang X, Xu C, Shen Z.

25.

26.

27.

MicroRNA-31 functions as a tumor suppressor and
increases sensitivity to mitomycin-C in urothelial
bladder cancer by targeting integrin a5. Oncotarget.
2016; 7:27445-57.
https://doi.org/10.18632/oncotarget.8479

Aizawa T, Komatsu M. Rab27a: a new face in beta cell
metabolism-secretion coupling. J Clin Invest. 2005;
115:227-30. https://doi.org/10.1172/1C124269

Asangani |IA, Harms PW, Dodson L, Pandhi M, Kunju
LP, Maher CA, Fullen DR, Johnson TM, Giordano TJ,
Palanisamy N, Chinnaiyan AM. Genetic and epigenetic
loss of microRNA-31 leads to feed-forward expression
of EZH2 in melanoma. Oncotarget. 2012; 3:1011-25.
https://doi.org/10.18632/oncotarget.622

Liu J, Gong X, Zhu X, Xue D, Liu Y, Wang P. Rab27A
overexpression promotes bladder cancer prolifera-
tion and chemoresistance through regulation of NF-
kKB signaling. Oncotarget. 2017; 8:75272-83.
https://doi.org/10.18632/oncotarget.20775

WWWw.aging-us.com

AGING



SUPPLEMENTARY MATERIAL
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Figure S1. Knockdown of circ-BPTF had no significant influence on expression of linear BPTF. (A) Circ-
BPTF knockdown only affected the circular transcript, with no significant influence on expression of linear BPTF.
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