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Abstract. Although long non‑coding (lnc)RNAs have been 
reported to be involved in the pathological development of 
bladder cancer, the functions of lncRNA prostate cancer‑asso‑
ciated transcript 6 (PCAT6) and its underlying mechanism of 
action in bladder cancer remain unknown. The present study 
aimed to investigate the effect of PCAT6 in bladder cancer 
progression and explore its potential application as a novel 
treatment target. The expression of PCAT6 and miR‑143‑3p in 
bladder cancer tissues, adjacent normal tissues and cell lines 
was measured using reverse transcription‑quantitative PCR. 
Fluorescence in situ hybridization assay was used to detect 
the subcellular localization of PCAT6. MTT, EdU, Transwell 
and wound healing assays were conducted to assess the 
biological function of PCAT6 on cell proliferation, migration 
and invasion. Putative binding sites between miR‑143‑3p and 
PCAT6 or PDIA6 were predicted using starBase, Lncbase and 
TargetScan analyzes. Dual‑luciferase reporter assay was also 
used to confirm the potential binding between PCAT6 and 
miR‑143‑3p. RNA immunoprecipitation assay was performed 
to verify the possible interaction between PCAT6 and 
miR‑143‑3p. Western blotting was used to measure the expres‑
sion of PDIA6. The results demonstrated that the expression 
levels of PCAT6 were upregulated in bladder cancer tissues 
relative to those in adjacent normal bladder tissues. Knockdown 
of PCAT6 served a role in suppressing the proliferation, migra‑
tion and invasion of T24T and EJ bladder cancer cells. PCAT6 
knockdown contributed to a reduction of PDIA6 expression at 
the mRNA and protein levels compared with that in negative 

control‑transfected cells, whilst the miR‑143‑3p inhibitor 
partially mitigated this reduction effect. In addition, rescue 
experiments revealed that the miR‑143‑3p inhibitors reversed 
the effects of PCAT6 silencing on the malignant phenotypes 
of bladder cancer. Collectively, the results of the present study 
demonstrated that PCAT6 may serve an oncogenic role in 
bladder cancer via the miR‑143‑3p/PDIA6 axis. These results 
may provide a potential therapeutic target for the treatment of 
bladder cancer.

Introduction

Bladder cancer is one of the most common urinary malignan‑
cies worldwide and has a high recurrence rate. In the United 
States, the numbers of new cases and deaths due to bladder 
cancer in 2019 were reported to be 80,470 and 17,670, respec‑
tively (1). Muscle‑invasive bladder cancers represent 30% of all 
cases and are associated with a poor prognosis (2). Despite the 
recent progress in the treatment of bladder cancer, including 
surgery, radiation therapy, chemotherapy and immunotherapy, 
the prognosis of patients remains unsatisfactory, particularly 
for muscle‑invasive and metastatic bladder cancer (3‑5). The 
prognosis of bladder cancer is closely associated with the 
tumor stage; however, patients do not exhibit specific symp‑
toms at the early stage (6). Therefore, identifying potential 
early detection markers is important for effective treatment.

Long non‑coding (lnc)RNA represents a type of 
non‑coding RNA >200 nucleotides long that lacks 
protein‑coding capacity (7). To date, lncRNAs have been 
demonstrated to be associated with various intracellular and 
extracellular activities, such as gene transcription, mRNA 
splicing and tumorigenesis (8). In our previous studies, 
dysregulated lncRNAs, including growth arrest‑specific 5 
and sprouty4‑intron 1, have been demonstrated to serve 
crucial roles in the development and progression of bladder 
cancer (9,10). However, the roles and the underlying mecha‑
nisms of the action of lncRNAs in the progression of bladder 
cancer remain unknown.

The prostate cancer‑associated transcript 6 (PCAT6), a 
1.0‑kb intergenic lncRNA located at chromosome 1q32.1, was 
first detected in cervical cancer cells (11) and has been reported 
to be responsible for the regulation of radiosensitivity, cell 
proliferation and chemoresistance in various types of cancer, 
including breast (12), gastric (13) and cervical (14) cancer. 
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However, the functions performed by PCAT6 in bladder 
cancer have not been reported to date. Therefore, the present 
study aimed to clarify the role of PCAT6 in the progression of 
bladder cancer and the potential underlying mechanism.

Materials and methods

Tissue specimens. A total of 32 pairs of bladder cancer and 
adjacent normal tissues (3 cm from the tumor margin) were 
obtained from patients who underwent radical cystectomy 
(age range, 41‑84 years old; mean age, 62.1±11.7 years) 
at Wuhan Central Hospital (Wuhan, China) between 
January 2016 and September 2019. The patient clinical data 
are presented in Table I. Patients who had been treated with 
chemotherapy, laser therapy, cryotherapy or other anticancer 
modalities prior to the surgical procedure were excluded from 
the study. The specimens were classified according to the 
2004 World Health Organization Consensus Classification 
and Staging System (15). The research protocol was 
approved by the Ethics Committee of the Central Hospital 
of Wuhan, and written informed consent was obtained from 
each patient before enrollment. The expression of PCAT6 
in bladder cancer tissues was analyzed by Gene Expression 
Profiling Interactive Analysis (GEPIA 1.0; https://gepia.
cancer‑pku.cn/index.html) tools based on public data from 
the TCGA database (16).

Cell transfection. The human metastatic bladder cancer cell 
line T24T, which is a lineage‑related lung metastatic variant 
of invasive bladder cancer cell line T24, was provided by 
Dr Dan Theodorescu (Departments of Urology, University 
of Virginia, Charlottesville, VA, USA) in 2010 and main‑
tained at our laboratory as previously described (17‑19). The 
cell line was subjected to DNA tests and authenticated in 
our previous study (20). Human bladder cancer cell lines EJ, 
UMUC3, 5637 and the human immortalized uroepithelium 
cell line (SV‑HUC‑1) were purchased from ATCC in 2015 
and maintained at our laboratory. Cells were cultured in 
RPMI‑1640 medium (HyClone; Cytiva) containing 10% 
fetal bovine serum (HyClone; Cytiva) in humidified air 
containing 5% CO2 at 37˚C. Small interfering (si)RNAs 
designed to target PCAT6 (siPCAT6), negative control 
siRNA (siNC), miR‑143‑3p mimic (miR‑143‑3p), miRNA 
mimic negative control (mimic‑NC), miR‑143‑3p inhibitor 
(anti‑miR143) and control inhibitor (control) were obtained 
from Guangzhou RiboBio Co., Ltd.

When the cell confluence reached 80%, a total of 100 nM 
siPCAT6, 100 nM siNC, 50 nM miR‑143‑3p mimics, 50 nM 
anti‑miR143 or 50 nM of their corresponding negative 
controls were transfected into cells at 37˚C for 24 h using 
Lipofectamine® 3000 (Invitrogen; Thermo Fisher Scientific, 
Inc.) respectively. The sequences were as follows: siPCAT6, 
5'‑UGC AGC UCC GCU AUG GCC U‑3'; siNC, 5'‑UUC UCC 
GAA CGU GUC ACG UTT‑3'; miR‑143‑3p, 5'‑UGA GAU GAA 
GCA CUG UAG CUC‑3'; mimic‑NC, 5'‑UUC UCC GAA CGU 
GUC ACG UTT‑3'; anti‑miR143, 5'‑GAG CUA CAG UGC UUC 
AUC UCA‑3'; inhibitor control, 5'‑CAG UAC UUU UGU GUA 
GUA‑3'. After 48 h incubation at 37˚C, transfected cells were 
harvested and utilized for further experiments. The transfec‑
tion efficiency was determined by RT‑qPCR.

RNA extraction and reverse transcription‑quantitative (RT‑q)
PCR. Total RNA was extracted from tissues and cells using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) 
and reverse‑transcribed to cDNA using the Prime Script™ 
RT Reagent kit (cat. no. RR037A; Takara Biotechnology Co., 
Ltd.). The temperature protocol using for RT was as follows: 
37˚C for 15 min and 85˚C for 5 sec. For microRNA (miRNA) 
reverse transcription, miRNA First‑Strand cDNA Synthesis 
kit (cat. no. B532451; Sangon Biotech Co., Ltd.) was used 
according to the manufacturer's instructions. qPCR was 
performed using SYBR® Premix Ex Taq (cat. no. RR041A; 
Takara Biotechnology Co., Ltd.) on the StepOnePlus 
Real‑Time PCR System (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). The thermocycling conditions were as follows: 
Initial denaturation for 30 sec at 95˚C, followed by 40 cycles 
for 5 sec at 95˚C and 35 sec at 60˚C. GAPDH was used as 
an endogenous control for lncRNAs and mRNAs. The expres‑
sion levels of miRNA were normalized to those of U6. The 
primers used were as follows: PCAT6 forward, 5'‑CCC CTC 
CTT ACT CTT GGA CAA C‑3' and reverse, 5'‑GAC CGA ATG 
AGG ATG GAG ACA C‑3'; miR‑143‑3p forward, 5'‑GGG GTG 
AGA TGA AGC ACT G‑3' and reverse, 5'‑CAG TGC GTG TCG 
TGG AGT‑3'; PDIA6 forward, 5'‑GGA GGT CAG TAT GGT 
GTT CAG GGA T‑3'; and reverse, 5'‑CTG CCA CCT TGG TAA 
TCT TCT GGT C‑3'; GAPDH forward, 5'‑TGC ACC ACC AAC 
TGC TTA GC‑3' and reverse, 5'‑GGC ATG GAC TGT GGT CAT 
GAG‑3'; U6 forward, 5'‑CTC GCT TCG GCA GCA CA‑3' and 
reverse, 5'‑AAC GCT TCA CGA ATT TGC GT‑3'.

Fluorescence in situ hybridization. Cy3‑labeled mRNA 
probes for PCAT6 were designed and synthesized using 
cDNA as a template by Guangzhou RiboBio Co., Ltd 
(cat. no. lnc1cm001). Total RNA was isolated with RNAiso 
Plus (cat. no. 9109; Takara Biotechnology Co., Ltd.) from 
T24T cells and then reverse transcribed into cDNA with 
PrimeScript™ RT reagent Kit (cat. no. RR037A; Takara 
Biotechnology Co., Ltd.) as aforementioned. The probe 
sequence was is not publicly available. T24T and EJ cells were 
fixed in 4% paraformaldehyde for 30 min at 37˚C and incu‑
bated with 0.1% Triton X‑100 on ice for 10 min. In total, 2.5 µl 
PCAT6 probes (20 µM) were hybridized with the cells for 5 h 
in the dark at 37˚C. Sodium citrate buffer was then added to 
wash the cell for 5 min at 42˚C for three times in the dark. 
10 µl DAPI (5 µg/ml) was used to stain the nucleus for 10 min 
in the dark at room temperature. After washed with PBS for 
three times, images were captured using a Nikon A1Si Laser 
Scanning Confocal Microscope (magnification, x400; Nikon 
Instruments, Inc.).

MTT assay. The proliferative capacity of bladder cancer cells 
was evaluated by the MTT assay. At 48 h post‑transfection, 
T24T and EJ cells were plated into 96‑well plates at a density 
of 2,000 cells/well and incubated for 24, 48, 72 or 96 h. 
Subsequently, 20 µl MTT (5 mg/ml; EMD Millipore) was added 
in each well and cultured for 4 h. The culture medium was 
removed, and 150 µl DMSO was to dissolve the crystals. The 
absorbance was measured at 570 nm using a microplate reader.

5‑Ethynyl‑2'‑deoxyuridine (EdU) assay. Transfected T24T 
and EJ cells (1x105 cells/well) were seeded in 96‑well plates. 
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EdU (100 mmol/l; Guangzhou RiboBio Co., Ltd.) was added 
to the medium and incubated for 2 h at room temperature in 
the dark. Subsequently, the DNA contents of the cells were 
stained with 100 µl Hoechst 33342 (2 µg/ml; Guangzhou 
RiboBio Co., Ltd.) for 30 min at room temperature in the dark. 
Images were captured with a fluorescent microscope (magnifi‑
cation, x200; Olympus Corporation). The ratio of EdU‑stained 
cells to Hoechst‑stained cells was calculated to evaluate the 
cell proliferation.

Wound healing assay. At 48 h post‑transfection, T24T and EJ 
cells were seeded in a 6‑well culture dish (5x105 cells/well) in 
RPMI‑1640 medium (HyClone; Cytiva) containing 10% FBS 
(HyClone; Cytiva) at 37˚C. When the cell confluence reached 
90%, cells were mechanically wounded by passing a sterile 
200 µl plastic pipette tip through the monolayer with one stroke 
and incubated at 37˚C in serum‑free medium. The cells were 
washed with PBS to wash away the floating cells. The wound 
healing processes were observed under a light microscope 
(magnification, x100; Olympus Corporation) at 0 and 48 h 
after the scratch, and the distance was analyzed with ImageJ 
software (National Institutes of Health). The relative migra‑
tion rate (%)=(wound width at 0 h‑wound width at 48 h)/wound 
width at 0 h x100.

Cell invasion and migration assay. Transwell chambers 
uncoated or coated with Matrigel (cat. no. 353097 for migra‑
tion and cat. no. 354480 for invasion; 8‑µm pore size filter; 
BD Biosciences) were used to determine the cell migratory or 
invasive abilities, respectively. Transfected T24T and EJ cells 

were seeded in the upper chamber of the Transwell insert with 
serum‑free medium at a density of 1ⅹ104 cells/well. Medium 
supplemented with 10% fetal bovine serum was added to the 
lower chamber. Following 24‑h incubation at 37˚C with 5% CO2, 
cells on the upper surface of the membrane were removed with a 
cotton swab. The migratory cells in the lower chamber were fixed 
with 4% paraformaldehyde for 15 min at room temperature and 
stained for 15 min at room temperature using 0.1% crystal violet. 
The numbers of migrated and invasive cells were counted under 
a light microscope (magnification, x100; Olympus Corporation) 
and the cell numbers were counted in five random fields of view.

Dual‑luciferase reporter assay. The binding sites between 
miR‑143‑3p and PCAT6 were predicted and analyzed 
using Starbase 2.0 (https://starbase.sysu.edu.cn/) and 
Lncbase v.2 (https://carolina.imis.athena‑innovation.
gr/diana_tools/web/index.php?r=site%2Findex). The binding 
sites between miR‑143‑3p and PDIA6 3'‑untranslated regions 
(UTR) were predicted by TargetScan 7.1 (https://www.
targetscan.org/vert_71/). The sequences of PCAT6 and PDIA6 
3'UTR containing the potential wild‑type (WT) or mutant 
(MUT) binding sites of miR‑143‑3p were synthesized by 
Tsingke Biological Technology Co., Ltd. and then inserted into 
the pGL3 vector (Guangzhou RiboBio Co., Ltd.) to construct 
the luciferase reporter. The T24T and EJ cells were seeded at 
a density of 1x104 into 96‑well plates. The luciferase reporter 
(0.1 µg) and miR‑143‑3p mimics (40 nM) or mimic‑NC 
(40 nM) were co‑transfected into cells using Lipofectamine® 
3000 (Invitrogen; Thermo Fisher Scientific, Inc.). After 48 h 
of incubation at 37˚C, the transfected cells were harvested and 
assayed for luciferase activity using the dual‑luciferase reporter 
assay system (Promega Corporation). Firefly luciferase activity 
was normalized to Renilla luciferase activity.

RNA immunoprecipitation (RIP) assay. The EZMagna RIP 
kit (cat. no. 17‑701; EMD Millipore) was used to evaluate the 
target relationship between miR143‑3p and PCAT6. T24T and 
EJ cells were harvested, resuspended with RIP lysis buffer 
supplemented with RNase Inhibitor (Promega Corporation) on 
ice for 5 min and centrifuged at 22,000 x g at 4˚C for 10 min. 
In total, 40 µl protein A/G beads and 5 µg human anti‑Ago2 
antibody (cat. no. ab32381; Abcam) or 5 µg negative control 
normal IgG (cat. no. ab188776; Abcam) were incubated at 4˚C 
for 8 h in 900 µl RIP buffer, before 2 mg total protein in 
100 µl supernatant was added and incubated at 4˚C overnight. 
After brief centrifugation at 1,000 x g for 2 min at 4˚C, the 
samples were placed on a magnetic rack for 30 min at 4˚C. 
The supernatant was discarded and 500 µl RIP wash buffer 
was added to resuspend the beads, which was repeated five 
times. The supernatant was removed and samples were treated 
with proteinase K (cat. no. ST532; Beyotime Institute of 
Biotechnology.) on a shaker at 58˚C for 30 min. After centrifu‑
gation at 1,000 x g for 5 min at 4˚C, the supernatant was 
collected and 250 µl RIP buffer was added. A total of 400 µl 
mixture (phenol: Chloroform: Isoamyl alcohol, 125:24:1) was 
added to isolate the immunoprecipitated RNAs and the puri‑
fied RNAs were subjected to RT‑qPCR analysis.

Western blot assay. T24T and EJ cells were collected at 48 h 
post‑transfection and resuspended in RIPA lysis buffer 

Table I. Associations between PCAT6 expression levels and 
the clinicopathological characteristics of patients with bladder 
cancer.

 Expression of
 PCAT6, n
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameter Cases, n Low High P‑value

Sex    0.3702
  Male 23 19 4 
  Female 9 6 3 
Age    0.6833
  <55 12 10 2 
  ≥55 20 15 5 
Pathological stage    0.0101
  pTa‑T1 23 21 2 
  pT2‑T4 9 4 5 
Grade    0.6317
  Low 7 5 2 
  High 25 20 5 
Total 32 25 7 

The specimens were classified according to the 2004 World Health 
Organization Consensus Classification and Staging System. PCAT6, 
prostate cancer‑associated transcript 6.
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(Beyotime Institute of Biotechnology). The concentration of 
protein was determined using a bicinchoninic acid Protein 
Assay kit (Beyotime Institute of Biotechnology). In total, 50 µg 
of each protein samples were separated by 10% SDS‑PAGE 
and transferred onto polyvinylidene difluoride membranes 
(EMD Millipore). Following blocking with 5% skimmed milk 
(Beyotime Institute of Biotechnology) for 2 h at room tempera‑
ture, the membranes were incubated with primary antibodies 
against PDIA6 (1:2,000; cat. no. ab227545; Abcam) or GAPDH 
(1:5,000; cat. no. ab9485; Abcam) at 4˚C overnight. After being 
washed three times in TBS‑T (0.1% Tween‑20), the membrane 
was incubated with the HRP‑conjugated Goat Anti‑Rabbit IgG 
H&L secondary antibody (1:10,000; cat. no. ab97051; Abcam) 
at room temperature for 1 h before developing with an ECL 
kit (Beyotime Institute of Biotechnology). Data analysis was 
performed using ImageJ Software version 1.8.0 (National 
Institutes of Health) to evaluate the expression levels of 
proteins.

Statistical analysis. Data are presented as the mean ± standard 
deviation. Statistical analysis was performed by SPSS 17.0 
(SPSS, Inc.) and GraphPad Prism 7.0 (GraphPad Software, 
Inc.). All experiments were independently repeated in tripli‑
cate. χ2 test was applied to determine the associations between 
PCAT6 expression and the clinical parameters of patients 
with bladder cancer. Pearson correlation analysis was used 

to analyze correlation between the expression. Comparison 
between tumor and adjacent non‑cancerous tissues was 
analyzed using a paired Student's t‑test. Comparison between 
two independent groups was analyzed via unpaired Student's 
t‑test, whilst comparisons among multiple groups were calcu‑
lated by one‑way ANOVA followed by Tukey's test. P<0.05 
was considered to indicate a statistically significant difference.

Results

PCAT6 is upregulated in bladder cancer tissues and cell 
lines. In order to determine the functions of PCAT6 in bladder 
cancer, the expression levels of PCAT6 in 32 pairs of bladder 
cancer and adjacent normal tissues were first determined. The 
results demonstrated that the expression levels of PCAT6 were 
markedly increased in bladder cancer tissues compared with 
those in the matched adjacent normal tissues (Fig. 1A). This 
was consistent with data from GEPIA (Fig. 1B). Additionally, 
the expression levels of PCAT6 were associated with the path‑
ological stage, but not with other parameters such as sex, age 
or tumor grade (Table I). Subsequently, the expression levels of 
PCAT6 in four bladder cancer cell lines (T24T, EJ, UMUC3 
and 5637) and one human normal bladder epithelial cell line 
(SV‑HUC‑1) were detected; as demonstrated in Fig. 1C, the 
levels of PCAT6 expression were significantly higher in the 
bladder cancer cells compared with those in SV‑HUC‑1 cells. 

Figure 1. PCAT6 is upregulated in bladder cancer tissues and cell lines. (A) RT‑qPCR was performed to determine the levels of PCAT6 expression in 32 pairs 
of bladder cancer and adjacent normal tissues. (B) PCAT6 levels in bladder cancer and normal tissues were analyzed using GEPIA database. (C) The expres‑
sion levels of PCAT6 in four bladder cancer cell lines (T24T, EJ, UMUC3 and 5637) and a normal bladder epithelial cell line (SV‑HUC‑1) were determined 
by RT‑qPCR. (D) The subcellular localization of PCAT6 was analyzed by fluorescent in situ hybridization. Scale bar, 10 µm. Data are presented as the 
mean ± standard deviation from three independent experiments. *P<0.05 vs. tumor; #P<0.05 vs. SV‑HUC‑1. PCAT6, prostate cancer‑associated transcript 6; 
RT‑qPCR, reverse transcription‑quantitative PCR.
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Two cell lines, T24T and EJ, that exhibited the highest levels 
of PCAT6 expression were selected for further experiments.

Emerging studies have suggested that lncRNAs function 
through various regulatory mechanisms depending on their 
specific location in the cell (21,22). Therefore, the subcellular 
localization of PCAT6 in T24T and EJ cells was analyzed 
by fluorescent in situ hybridization. The results revealed that 
PCAT6 was mainly located in the cytoplasm (Fig. 1D).

Knockdown of PCAT6 suppresses bladder cancer cell 
proliferation, migration and invasion. To determine whether 
PCAT6 may affect the malignancy of bladder cancer, T24T and 
EJ cells were transfected with siPCAT6, and RT‑qPCR analysis 
demonstrated that the expression of PCAT6 was effectively 
inhibited (Fig. 2A). MTT and EdU assays were conducted to 
detect cell proliferation, which revealed that the knockdown 
of PCAT6 was suppressed cell proliferation compared with 
that in the siNC group (Fig. 2B and C). Subsequently, wound 
healing and Transwell assays were performed to determine the 
effects of PCAT6 on bladder cancer cell migratory capacity. 

As presented in Fig. 2D and E, knockdown of PCAT6 contrib‑
uted to a sharp decline in the migration of T24T and EJ cells 
compared with that observed in the corresponding siNC 
groups. In addition, PCAT6 depletion also contributed to the 
significant suppression of cell invasion compared with that in 
the siNC groups, as demonstrated by Transwell invasion assay 
(Fig. 2F). Taken together, these results demonstrated that 
PCAT6 may serve an oncogenic role in bladder cancer.

PCAT6 acts as a sponge for miR‑143‑3p in bladder cancer 
cells. To predict the possible downstream targets of PCAT6, 
the online bioinformatics tools starBase and Lncbase were 
used and the results demonstrated that miR‑143‑3p contained 
a binding site for PCAT6 (Fig. 3A). starBase was further 
used to determine that the expression levels of miR‑143‑3p 
were significantly downregulated in bladder cancer tissues 
compared with those in the adjacent normal tissues (Fig. 3B). 
These results were confirmed by RT‑qPCR assay in tissues 
from the patients included in the present study (Fig. 3C). 
In addition, Pearson's correlation analysis revealed a fair 

Figure 2. Knockdown of PCAT6 suppresses bladder cancer cell proliferation, migration and invasion. (A) The expression levels of PCAT6 following transfec‑
tion of siPCAT6 or siNC were determined by reverse transcription‑quantitative PCR. (B) MTT and (C) EdU assays were performed to detect cell proliferation 
after the knockdown of PCAT6. Cell migration ability was examined by (D) wound healing and (E) Transwell assays. Scale bar, 100 µm. (F) Cell invasive 
ability was analyzed by Transwell assay with Matrigel. Scale bar, 100 µm. Data are presented as the mean ± standard deviation from three independent experi‑
ments. *P<0.05 vs. siNC. si, small interfering RNA; NC, negative control; PCAT6, prostate cancer‑associated transcript 6.
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negative correlation between the expression levels of PCAT6 
and miR‑143‑3p in the bladder cancer tissues (Fig. 3D). In 
addition, higher levels of miR‑143‑3p were observed in T24T 
and EJ cells following PCAT6 knockout compared with those 
in the siNC‑transfected cells (Fig. 3E).

To confirm the relationship between PCAT6 and 
miR‑143‑3p, a dual‑luciferase reporter assay was performed. 
The WT and MUT sequences of PCAT6 were designed, and 
their binding sites to miR‑143‑3p are presented in Fig. 3F. As 
demonstrated in Fig. 3G, transfection with the miR‑143‑3p 
mimics induced a significant inhibition of the relative luciferase 
activity of WT‑PCAT6, but not MUT‑PCAT6, compared with 
that in the corresponding mimic‑NC groups. Furthermore, the 
RIP assay revealed that PCAT6 and miR‑143‑3p were enriched 
in the Ago2‑containing immunoprecipitants from T24T and 
EJ cells compared with the control IgG groups (Fig. 3H). 
These results suggested that miR‑143‑3p was a direct target of 
PCAT6 and negatively modulated by PCAT6.

PCAT6 upregulates the expression of PDIA6 via miR‑143‑3p. 
In order to determine the underlying mechanism of 
miR‑143‑3p‑mediated progression of bladder cancer, the down‑
stream targets of miR‑143‑3p were predicted using TargetScan 
software. As presented in Fig. 4A, PDIA6 contained a putative 
target sequence for miR‑143‑3p in its 3'‑untranslated region. 

Therefore, we hypothesized that PCAT6 may exert its roles 
in bladder cancer via the miR‑143‑3p/PDIA6 axis. To verify 
this hypothesis, dual‑luciferase reporter assay was performed, 
and the results demonstrated that the luciferase activity was 
suppressed following co‑transfection of WT‑PDIA6 and 
miR‑143‑3p compared with that in cells transfected with the 
mimic‑NC (Fig. 4B), indicating that PDIA6 was a direct target 
of miR‑143‑3p in bladder cancer cells. In addition, PCAT6 
knockdown led to a significant reduction of PDIA6 mRNA and 
protein expression levels, whereas this effect was reversed by 
the miR‑134‑3p inhibitors (Fig. 4C‑E). These results suggested 
that PDIA6 was a direct target of miR‑143‑3p, and the expres‑
sion levels of PDIA6 were positively modulated by PCAT6.

Inhibition of miR‑143‑3p reverses the siPCAT6‑mediated 
suppressive effects on the malignant phenotypes of bladder 
cancer cells. In order to determine whether PCAT6 affected 
bladder cancer cells via miR‑143‑3p, T24T and EJ cells were 
co‑transfected with the miR‑143‑3p inhibitor and siPCAT6. 
As demonstrated in Fig. 5A and B, knockdown of PCAT6 led 
to a significant inhibition of cell proliferation compared with 
that in the siNC‑transfected cells, whereas co‑transfection 
with miR‑143‑3p inhibitor reversed this effect. Similarly, the 
results of the wound healing and Transwell assays revealed 
that the inhibition of miR‑143‑3p reduced the inhibitory 

Figure 3. PCAT6 acts as a sponge of miR‑143‑3p. (A) miR‑143‑3p was the only common target of PCAT6 predicted by Lncbase and starBase online tools. 
(B) The expression of miR‑143‑3p in bladder cancer and normal tissues in starBase. (C) miR‑143‑3p levels in bladder cancer and adjacent normal tissues were 
detected by qRT‑PCR. (D) The correlation between PCAT6 and miR‑143‑3p was determined by Pearson's correlation analysis. (E) The expression levels 
of miR‑143‑3p were determined after the inhibition of PCAT6. (F) Putative binding sites between miR‑143‑3p and PCAT6 was identified using starBase. 
(G) Relative luciferase activities of bladder cancer cells following co‑transfection with WT or MUT PCAT6 reporter plasmid and miR‑143‑3p mimics or 
NC mimics were detected. (H) Interaction between miR‑143‑3p and PCAT6 was further confirmed by RIP assay. Data are presented as the mean ± standard 
deviation from three independent experiments. *P<0.05. miR, microRNA; si, small interfering RNA; NC, negative control; PCAT6, prostate cancer‑associated 
transcript 6; WT, wild‑type; MUT, mutant.
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Figure 4. PCAT6 upregulates the expression levels of PDIA6 via miR‑143‑3p. (A) The binding sites of miR‑143‑3p in 3'‑untranslated region of PDIA6 were 
predicted by bioinformatics analysis. (B) Luciferase reporter assays were performed following co‑transfection of the cells with WT‑PDIA6 or MUT‑PDIA6 
and miR‑143‑3p mimics or NC mimics. (C‑E) The (C) mRNA and (D and E) protein levels of PDIA6 were examined following transfection with siPCAT6 and 
anti‑miR143. Data are presented as the mean ± standard deviation from three independent experiments. *P<0.05. miR, microRNA; si, small interfering RNA; 
NC, negative control; PCAT6, prostate cancer‑associated transcript 6. WT, wild‑type; MUT, mutant; PDIA6, protein disulfide isomerase A6.

Figure 5. miR‑143‑3p inhibition reverses the effects of PCAT6 depletion on cell proliferation, migration and invasion. (A and B) Cell proliferation was 
determined by (A) MTT and (B) EdU assays following transfection with siNC, siPCAT6 or siPCAT6 + anti‑miR143. Scale bar, 100 µm. (C) Wound healing 
and (D) Transwell assays were performed to examine the effects of anti‑miR143 on cell migration inhibition induced by siPCAT6. Scale bar, 100 µm. (E) Cell 
invasive ability was analyzed by Transwell assay with Matrigel following miR‑143‑3p inhibition. Scale bar, 100 µm. Data are presented as the mean ± standard 
deviation from three independent experiments. *P<0.05 vs. siNC; #P<0.05 vs. siPCAT6 + control. miR, microRNA; si, small interfering RNA; NC, negative 
control; PCAT6, prostate cancer‑associated transcript 6.
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effect of PCAT6 knockdown on cell migration and invasion 
(Fig. 5C‑E). These results suggested that PCAT6 was effective 
in promoting the malignant behaviors of bladder cancer cells 
in a miR‑143‑3p dependent manner.

Discussion

Bladder cancer is one of the most common urinary malignan‑
cies worldwide with high morbidity and mortality rates (23). 
Recent studies have suggested that lncRNAs may serve essential 
roles in the development and malignant progression of bladder 
cancer (24,25). Therefore, the study of bladder cancer‑related 
lncRNAs may help identify early therapeutic targets. lncRNA 
PCAT6 is a lncRNA that has been reported to be upregulated in 
osteosarcoma and colorectal cancer (26,27) and has emerged as 
a critical regulator in tumorigenesis and cancer progression. For 
example, Bai et al (28) have demonstrated that PCAT6 promotes 
gastrointestinal stromal tumor cell proliferation and stemness, but 
inhibits apoptosis through the ceRNA mechanism and the activa‑
tion of the Wnt signaling pathway. Ma et al (14) have reported 
that PCAT6 facilitates the proliferation, migration and cisplatin 
resistance of cervical cancer cells and impedes their apoptosis via 
the PCAT6/miR‑543/zinc finger E‑box‑binding homeobox 1 axis. 
However, the understanding of the effects of PCAT6 on bladder 
cancer carcinogenesis is limited. In the present study, the expres‑
sion levels of PCAT6 were enhanced in bladder cancer tissues 
compared with that in adjacent normal tissues. The knockdown 
of PCAT6 suppressed bladder cancer cell proliferation, migra‑
tion and invasion. According to these results, PCAT6 may be a 
suitable putative diagnostic biomarker and therapeutic target for 
bladder cancer. However, further studies are required to deter‑
mine whether PCAT6 may regulate other biological behaviors of 
bladder cancer, such as apoptosis and chemoresistance.

To date, the ceRNA hypothesis has been extensively 
studied, and there increasing studies have analyzed the 
involvement of a complex network of lncRNA/miRNA/mRNA 
pathways in various types of human cancer, including bladder 
cancer (29‑31). In the present study, miR‑143‑3p was demon‑
strated to be a direct target of PCAT6 in bladder cancer. PDIA6 
belongs to the protein disulfide isomerase (PDI) family and is 
widely expressed in various types of human cancer, including 
breast cancer (32) and ovarian cancer (33). Increasing evidence 
suggests that PDIA6 is associated with the progression of 
various types of cancer (34‑35). For example, Kim et al (36) 
reported that inhibition of PDIA6 may transduce EGFR 
signaling by activating and inducing A disintegrin and metal‑
loprotease 17 during the migration and invasion of U87MG 
glioblastoma cells. Bai et al (37) have reported that PDIA6 is 
upregulated in NSCLC and inhibits cisplatin‑induced NSCLC 
cell apoptosis and autophagy via the MAP4K1/JNK/c‑Jun 
signaling pathway. In addition, PDIA6 has been demonstrated 
to be upregulated in bladder cancer, and its knockdown inhibits 
cell proliferation and invasion via the Wnt/b‑catenin signaling 
pathway (38). In the present study, the expression levels of 
PDIA6 were suppressed by PCAT6 silencing in bladder 
cancer cells. Furthermore, rescue experiments revealed that 
miR‑143‑3p knockdown reduced the anticancer effects of 
PCAT6 silencing on cell proliferation, migration and invasion, 
suggesting that miR‑143‑3p/PDIA6 axis may be crucial for the 
tumorigenic roles of PCAT6 in bladder cancer.

In conclusion, the results of the present study revealed that 
PCAT6 downregulation inhibited cell proliferation, migration 
and invasion by targeting the miR‑134‑3p/PDIA6 axis. These 
results may provide a new theoretical basis to explore the 
mechanism underlying the regulation of bladder cancer and a 
novel target for its diagnosis and treatment.
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