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Abstract. - OBJECTIVE: Long non-coding
RNAs (IncRNAs) have been demonstrated to
play critical roles in tumorigenesis of bladder
cancer (BC). Our research aimed to explore the
underlying mechanisms of IncRNA prostate can-
cer-associated transcript 6 (PCAT6) in BC.

PATIENTS AND METHODS: Real Time-quanti-
tative Polymerase Chain reaction (RT-qPCR) was
used to measure the levels of PCAT6 and miR-
513a in BC tissues and cells. The Kaplan-Meier
analysis was utilized to evaluate the overall sur-
vival time of BC patients. Besides, cell viability
was detected by Cell Counting Kit-8 (CCK-8) as-
say. Cell migration and invasion were evaluated
by wound healing and transwell assays. Further-
more, starBase and Dual-Luciferase reporter as-
say were used to determine the interaction be-
tween PCAT6 and miR-513a in BC cells.

RESULTS: PCAT6 expression was upregulat-
ed, while miR-513a was downregulated in BC
tissues and cell lines. BC patients with high ex-
pression of PCAT6 exhibited a shorter over-
all survival time compared with those patients
with low expression of PCAT6. Moreover, PCAT6
knockdown notably suppressed cell progres-
sion. In addition, PCAT6 inhibited miR-513a ex-
pression through direct interaction, and the si-
lencing of PCAT6 remarkably increased the ex-
pression of miR-513a. Finally, the knockdown of
miR-513a partly abolished PCAT6 silencing-in-
duced inhibitory effects on BC progression.

CONCLUSIONS: Our study illustrated that
PCAT6 knockdown inhibited cell progression
of BC by regulating miR-513a, suggesting that
PCAT6 might act as a prognostic biomarker and
therapeutic target for BC patients.
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Introduction

Bladder cancer (BC) is considered the most
common genitourinary malignancy in the

world!?. Despite great progress has been made
in the treatment for BC, patients in the ad-
vanced stage still face poor outcomes in the last
decade®*. Poor understanding of the pathologic
mechanism of BC progression is the major lim-
itation of BC treatment®¢. Therefore, it is pivotal
to understand the pathogenesis of BC and im-
prove patient prognosis.

Long noncoding RNAs (IncRNAs) are a
class of non-coding RNAs longer than 200
nucleotides’. The dysregulation of IncRNA
played a key regulatory role in tumor develop-
ment®'’. Huang et al'' indicated that IncRNA
LINCO00511 accelerated the development of
gastric cancer by promoting EZH2 expression
via sequestering miR-124-3p. Li et al'? report-
ed that ZEB2-ASI accelerated colon cancer
progression by regulating miR-188/TAB3 axis.
Liu et al® demonstrated that DLX6-ASI1 aggra-
vated laryngeal cancer progression by targeting
miR-26a. LncRNA prostate cancer-associated
transcript 6 (PCAT6) was indicated as an on-
cogene in cervical cancer', gastric cancer' and
hepatocellular carcinoma'é. However, the exact
mechanisms of PCAT6 in BC progression have
not been fully explored.

MicroRNAs (MiRNAs) are a family of small
non-coding RNAs of approximately 22 nucle-
otides in length!”'8, A series of miRNAs are
involved in the pathogenesis and development of
BC. Ning et al" revealed that miR-425 targeted
DKK3 to promote metastasis of BC cells. Guo et
al? illustrated that miR-22 impeded cell growth
and invasion of BC by targeting E2F3. Peng et al*!
showed that miR-4500 negatively regulated cell
proliferation and migration by targeting CCR7 in
BC. However, the regulation of miR-513a in BC
is still unclear.

In our study, we found that PCAT6 promoted
BC tumorigenesis by sponging miR-513a. These
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findings will provide a novel theoretical basis for
BC treatment.

Patients and Methods

Human Tissue Samples

A total of 21 paired BC tissues and adjacent
normal tissues were obtained from the First Peo-
ple’s Hospital of Changzhou. This research was
approved by the Ethics Committee of the First
People’s Hospital of Changzhou and all partic-
ipants signed informed consent forms in this
study.

Cell Culture

Human bladder epithelial immortalized cell
(SV-HUC-1) and BC cells (T24, EJ, 253j, and
5637) and 293T cells were obtained from Amer-
ican Type Culture Collection (ATCC; Manassas,
VA, USA). All cells were cultured in Roswell
Park Memorial Institute-1640 (RPMI-1640) me-
dium (HyClone, South Logan, UT, USA) and
supplemented with 10% fetal bovine serum (FBS;
Gibco, MD, USA) at 37°C in a humidified atmo-
sphere with 5% CO.,.

Cell Transfection

Short hairpin RNA shRNAs targeting PCAT6
(shPCAT6) and shNC synthesized by Sangon
(Shanghai, China). MiR-513a mimics with control
(NC mimics) and miR-513a inhibitor with control
(NC inhibitor) were obtained from Genechem
(Shanghai, China). The transfection was per-
formed using Lipofectamine 2000 (Invitrogen,
Thermo Fisher Scientific, Inc., Waltham, MA,
USA).

Real Time-quantitative Polymerase
Chain reaction (RT-gPCR)

Total RNA was extracted from tissues and
cells using TRIzol Reagent (Invitrogen, Ther-
mo Fisher Scientific, Inc., Waltham, MA, USA).
The RNAs were reverse transcribed to cDNAs
through a reverse transcriptase kit (TaKaRa, Da-
lian, Liaoning, China). RT-qPCR was performed
using the SYBR-Green PCR Master Mix kit
(TaKaRa, Dalian, China). The level of genes was
assessed using the 244t method.

Cell Counting Kit-8 (CCK-8)

T24 and EJ cells were seeded into 96-well
plates with 5x10° cells/well. Cell viability was
detected at 0, 24, 48, and 72 hours. 10 pL. CCK-

8 solution (Dojindo, Tokyo, Japan) was added
into each well for another 4 h. The absorbance
at 450 nm was recorded by a microplate read-
er (Thermo Fisher Scientific, Waltham, MA,
USA).

Wound Healing Assay

The transfected cells (1x10*/well) were cul-
tured in 6-well plates until growing to about
confluent of 90%. Then, the cells were scratched
with a pipette tip. Wound closure was viewed and
photographed at 0 and 24 hours.

Transwell Assay

BC cell invasion was measured by using tran-
swell chambers 8.0 um pore size; BD Bioscienc-
es, Franklin Lakes, NJ, USA) and Matrigel (BD,
Franklin Lakes, NJ, USA). Briefly, free-medium
contained cells were added into the upper cham-
ber coated with Matrigel, and 600 ul Dulbecco’s
Modified Eagle’s Medium (DMEM; Corning Life
Sciences, Costar, CA, USA) contained 10% FBS
(Gibco, Grand Island, NJ, USA) was added into
the bottom chamber. After 48 h, cells in the upper
chamber were removed, and cells in the lower
membrane were stained with 0.1% crystal violet.
Invaded cells were counted under a microscope
(Zeiss, Jena, Germany).

Luciferase Reporter Assay

The wild-type (WT) and mutant (Mut) target of
miR-513a in PCATG6 sequence was sub-cloned in-
to the pmirGLO Dual-Luciferase vector (Prome-
ga, Madison, WI, USA) to establish PCAT6-
Wt/Mut. Later, PCAT6-Wt/Mut reporters were
co-transfected with miR-513a mimics into 293T
cells by using Lipofectamine 2000 (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA,
USA). The activity of Luciferase was evaluated
by Dual-Luciferase reporter system (Promega,
Madison, WI, USA).

Statistical Analysis

Data were presented as the mean + standard
deviation (SD). Each experiment was performed
at least 3 times. Statistical analysis was carried
out with SPSS 16.0 (SPSS Inc., Chicago, IL, USA)
and GraphPad Prism (La Jolla, CA, USA). Com-
parisons between two groups were performed
by a Student’s r-test. Comparisons among three
groups were analyzed using one-way ANOVA
followed by Tukey’s test. p<0.05 was defined as
statistically significant.
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Results

LncRNA PCAT6 Was Highly Expressed in
BC Tissues and Cells

RT-qPCR was used to measure the expres-
sion of PCAT6 in BC, and the results indicated
that PCAT6 expression was upregulated in BC
tissues compared with the adjacent normal tis-
sue (Figure 1A). In addition, PCAT6 level was
higher in BC cell lines, especially T24 and EJ
cell lines, than that in normal bladder epitheli-
al cells (SV-HUC-1) (Figure 1B). Furthermore,
Kaplan-Meier analysis revealed that high level
of PCAT6 was associated with poor prognosis
of BC patients (Figure 1C). In conclusion, these
results suggested that PCAT6 was upregulated
in BC and the upregulation of PCAT6 predicted
poor prognosis in BC.

LncRNA PCAT6 Knockdown Inhibited
the Progression of BC Cells

To determine the biological function of PCAT6
in the development of BC cells, T24 and EJ
cells were transfected with shNC and shPCAT®6.
RT-qPCR was applied to confirm the transfection
efficiency (Figure 2A). Moreover, CCK-8 assay
revealed that PCAT6 knockdown inhibited the
viability of T24 and EJ cells (Figure 2B). Wound
healing and transwell assays indicated that the
silencing of PCAT6 markedly suppressed the
migration and invasion of BC cells (Figure 2C
and D). These data demonstrated that PCAT6
depletion inhibited the viability, migration and
invasion of BC cells.

PCAT6 Acted As MiR-513a Sponge in BC

Bioinformatics analysis was used to predict
the binding sites between PCAT6 and miR-513a
(Figure 3A). Moreover, the Luciferase activi-
ty was weakened after the co-transfection of
PCAT6-WT and miR-513a mimics in 293T cells
(Figure 3B), which confirmed the binding abil-
ity between PCAT6 and miR-513a. In addition,
miR-513a level was decreased in BC tissues and
cells (Figure 3C and D). Moreover, there was
a negative correlation between the expression
of PCAT6 and miR-513a in BC tissues (Figure
3E). RT-qPCR indicated that PCAT6 knock-
down enhanced the level of miR-513a in T24
and EJ cells (Figure 3F). In sum, our results
revealed that PCAT6 directly interacted with
miR-513a in BC.

Inhibition of MiR-513a Abolished
PCAT6 Knockdown-Induced
Suppressive Effects on BC Cells

To further investigate whether PCAT6 pro-
moted BC progression by regulating miR-513a,
T24 and EJ cells were transfected with shNC,
shPCAT6, shPCAT6-+miR-513a  inhibitor.
RT-qPCR assay showed that miR-513a inhib-
itor abolished the inhibitory effect of PCAT6
knockdown on PCAT6 expression (Figure 4A).
Furthermore, the silencing of miR-33a par-
tially restored shPCAT6-attenuated viability,
migration and invasion of BC cells (Figure
4B-D). Taken together, these data elucidated
that PCAT6 facilitated BC progression by ab-
sorbing miR-513a.
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Figure 1. LncRNA PCAT6 was highly expressed in BC tissues and cells. A, The expression of PCAT6 was measured in BC
tissues and normal tissues by qRT-PCR. B, The level of PCAT6 was detected in human bladder epithelial immortalized cell
(SV-HUC-1) and BC cells (T24, EJ, 253}, and 5637) by RT-qPCR. C, The survival rate of patients was analyzed in high or low

PCATG6 expression group. *p < 0.05.
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Figure 2. LncRNA PCAT6 knockdown inhibited the progression of BC cells. A, RT-qPCR verified the interference
efficiency of sh-PCAT6 in T24 and EJ cells. B, CCK-8 assay detected proliferation of T24 and EJ cells after transfection of
sh-PCAT6. C, Wound healing assay measured migration of T24 and EJ cells after transfection of sh-PCAT6 (magnification
x200). D, Transwell assay detected invasion of T24 and EJ cells after transfection of sh-PCAT6 (magnification x200).

%p < 0.05.

Discussion

BC is the fourth leading cause of cancer-re-
lated death among men worldwide??. In 2017, es-
timated 440,000 new cases and 130,000 deaths
from BC occurred worldwide®. Though multiple
therapeutic methods have been conducted in
medical treatment, patients with BC still have
poor outcomes*. Therefore, it is particularly
crucial to develop novel therapeutics for the
treatment of BC.

Long non-coding (IncRNAs) have been wide-
ly proved to be abnormally expressed in human
cancers, including BC*. Besides, IncRNAs can
exert its effect on the biological process by reg-
ulating downstream gene expression®. For ex-
ample, Liu et al?’ indicated that the knockdown

of LINCO00675 deteriorated the progression of
BC, and low expression of LINC00675 was
associated with worse survival rates. Wang et
al?® reported that IncRNA BCAR4 expression
was upregulated in BC cell lines, and it could
promote tumor development via modulating
miR-644a/TLX1 axis. Lou et al?’ reported that
TMPO-AS1-mediated miR-98 repression accel-
erated BC progression by upregulating EBFI.
It has been indicated that the dysregulation
of PCAT6 results in an imbalance between
cell proliferation and apoptosis. Huang et al*
showed that the upregulation of PCAT6 promot-
ed cell growth and inhibited cell apoptosis in
colon cancer. To the best of our knowledge, this
is the first study to show the function of PCAT6
in BC. We demonstrated that PCAT6 was upreg-
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Figure 3. PCATG6 acted as miR-513a sponge in BC. A, The potential binding sites of PCAT6 and miR-513a. B, Luciferase
activity was measured in 293T cells co-transfected with miR-513a mimics or NC mimics and PCAT6-WT or PCAT6-Mut. C,
The expression of miR-513a was detected in BC tissues and normal tissues by RT-qPCR. D, The expression of miR-513a was
detected in in human bladder epithelial immortalized cell (SV-HUC-1) and BC cells (T24, EJ, 253}, and 5637) by RT-qPCR. E,
The levels of miR-513a were negatively correlated with PCAT6 in BC tissues. F, RT-qPCR showed the expression of miR-513a

in BC cells transfected with shNC and shPCAT®6. *p < 0.05.

ulated in BC tissues and cells, and the high level
of PCAT6 was associated with poor prognosis
in BC. In addition, we found that PCAT6 knock-
down inhibited the proliferation, migration and
invasion of BC cells. In sum, these results illus-
trated that PCAT6 acted as an oncogene in the
progression of BC.

It is well known that IncRNA could serve
as a competing endogenous RNA (ceRNA) of
miRNA and suppress the miRNA function. To
further identify the potential mechanisms of
PCAT6 in the pathogenesis of BC, miR-513a
was predicted as a potential target of PCAT6
through starBase. Yang et al’! showed that miR-
513a overexpression remarkably suppressed the
proliferation of retinoblastoma cells. Dai et al*
showed that miR-513a stimulated cell apoptosis
by inhibiting APE1 expression in osteosarcoma.
However, the function of miR-513a in BC is still
unknown. In the present study, the miR-513a
level was downregulated in BC tissues and cell
lines. Moreover, we showed that PCAT6 inter-
acted with miR-513a and inhibited miR-513a
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expression in BC cells. Functional experiments
indicated that PCAT6 knockdown inhibited cell
viability, migration and invasion, whereas miR-
513a inhibitor abolished these effects. These
results indicated that the miR-513a axis contrib-
uted to PCAT6 driven stimulation of BC cell
progression.

Conclusions

Our study demonstrated that knockdown of
PCATG6 inhibited BC cell progression by target-
ing miR-513a. Our findings indicated that In-
cRNA PCAT6 might act as a valid prognostic
indicator and novel therapeutic target of BC.
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Figure 4. Inhibition of miR-513a abolished PCAT6 knockdown-induced suppressive effects on BC cells. A, RT-qPCR
analysis tested the expression of miR-513a in T24 and EJ cells. B, CCK-8 assay evaluated cell viability among shNC,
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%200). *p < 0.05.
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