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Purpose: Long noncoding RNAs (IncRNAs) play an important role in the tumorigenesis and
progression of human cancer. This research was performed to investigate the role of LINC01296
in clinical characteristics, biological functions and molecular mechanisms of bladder cancer.
Materials and methods: In this study, expressions of LINC01296 in cancer tissues and
normal tissues were firstly compared using the Gene Expression Profiling Interactive Analysis
database. Subsequently, a microarray data analysis was performed to compare IncRNA and
mRNA expression profiles in four pairs of human bladder cancer samples. Then, quantitative
real-time polymerase chain reaction (QRT-PCR) was used to detect the expression of LINC01296
in bladder cancer tissues. The association between LINC01296 expressions and clinicopatho-
logical characteristics of bladder cancer was analyzed by Kaplan—Meier analysis and the Cox
proportional-hazard model. The biological functions and molecular mechanisms of LINC01296
in bladder cancer were studied by MTT assay, colony-formation assay, cell cycle analysis,
transwell migration assay, wound healing assay, qRT-PCR analysis and Western blot assay.
Results: The expression of LINC01296 was significantly higher in most cancer tissues than
that in adjacent normal tissues, and was positively correlated with clinical stages of the cancer
(P=0.016), lymph node metastasis (P=0.034), and pathologic grades (P=0.012). The increased
level of LINC01296 was associated with a poorer prognosis and shorter survival of the patients.
Multivariate analysis showed that the LINC01296 expression was an independent predictor of
overall survival in bladder cancer. Additionally, LINC01296 knockdown inhibited the prolifera-
tion, migration and progression of cell cycle of bladder cancer cells, and was involved in the
regulation of epithelial-mesenchymal transition.

Conclusion: The findings of this study suggested that LINC01296 promotes progression of
bladder cancer, and potentially acts as a biomarker and therapeutic target of bladder cancer.
Keywords: bladder cancer, long noncoding RNA, biological function, biomarker, therapeutic
target

Introduction

Bladder cancer is one of the most common malignancies worldwide. The incidence of
bladder cancer ranks eleventh among all malignant tumors and sixth among malignant
tumors in men.! The latest data from global cancer statistics indicate that the annual
new cases and deaths of bladder cancer are up to 440,000 and 150,000, respectively.
Bladder cancer is associated with different histopathological types and clinical mani-
festations, which make it more difficult to diagnose and treat.>> The most common
histopathological type of bladder cancer is urinary epithelial carcinoma. In addition,
the 5-year survival rate of patients with nonmuscular invasive bladder cancer is up
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to 85%, while the 5-year survival rate of patients with mus-
cular invasive bladder cancer is only 6% due to frequent and
distant metastasis.*”’ The mortality of patients with invasive
and metastatic bladder cancer remains high despite treatments
with surgery, radiotherapy, and chemotherapy.®

Less than 2% of the human genome contains protein
encoding genes, while the vast majority of the human genome
(98%) consists of nonprotein-coding RNAs (ncRNAs) that do
not encode any protein.’ In recent years, ncRNAs, including
small ncRNAs (eg, microRNAs) and long noncoding RNAs
(IncRNAs), have been shown to play a key role in various
biological processes, particularly in cancer.!®'* LncRNAs
are a type of ncRNAs longer than 200 nucleotides whose
RNA polymerase II transcripts do not contain an open read-
ing frame.'"” LncRNAs were originally thought to be the
“noise” of genome transcription with no biological functions.
However, an increasing number of studies have revealed that
IncRNAs take part in regulating gene expression at transcrip-
tional, post-transcriptional, and epigenetic levels by interact-
ing with DNA, RNA, and protein. The biological functions
of IncRNAs include chromosome silencing, genomic
imprinting, chromatin modification, transcriptional activa-
tion, transcriptional interference, and nuclear transport.'
LncRNAs have been demonstrated to play important roles in
the development and progression of bladder cancer, although
such roles of IncRNA in bladder cancer development remain
unclear and require further investigation. LINC01296, a novel
intergenic IncRNA located at chromosome 14q11.2, was pre-
viously discovered by microarray analysis. In this research, it
was demonstrated that IncRNA LINC01296 was aberrantly
expressed in bladder cancer tissues and positively associated
with clinical stages of bladder cancer, lymph node metastasis
and pathologic grades of bladder cancer. Furthermore, the
functional analysis revealed that LINC01296 could promote
the proliferation and metastasis of cancer cells in urothelial
carcinoma of bladder. Moreover, LINC01296 could promote
tumor development and progression through epithelial-
mesenchymal transition (EMT).

Materials and methods

Ethics statement

Written informed consent was obtained from all patients. The
protocol was approved by the Ethics Committee of Peking
University Shougang Hospital (Beijing, People’s Republic
of China).

Patient and tissue samples
A total of 78 cases of specimens, including 54 samples of
bladder cancer tissues and 24 samples of adjacent normal

bladder tissues, were obtained from Peking University
Shougang Hospital between July 2014 and July 2017 from
patients who had undergone surgical resection of bladder
cancer. The patients were diagnosed as having bladder
cancer based on the histopathological evaluation. All
collected tissue samples were immediately snap frozen
in liquid nitrogen after resection and stored at —196°C
for subsequent use. The methods used in this research
followed the requirements of relevant guidelines and
regulations.

Cell culture

The human bladder cancer cell lines (RT4, T24, and 5637)
were obtained from the central laboratories of Peking
University Third Hospital and Peking University First Hos-
pital. These cell lines were purchased from the Institute of
Biochemistry and Cell Biology of the Chinese Academy of
Sciences (Shanghai, People’s Republic of China). At 37°C
in a humidified air atmosphere containing 5% CO,, all cell
lines were grown and maintained in RPMI-1640 medium
or DMEM Medium (Gibco®; Thermo Fisher Scientific,
Waltham, MA, USA) supplemented with 10% fetal bovine
serum (Thermo Fisher Scientific), 100 U/mL penicillin
sodium, and 100 mg/mL streptomycin.

Total RNA isolation and quantitative
real-time polymerase chain reaction

(qQRT-PCR)

Total RNA was extracted from tissues and cultured cells
using a TRIzol reagent (Thermo Fisher Scientific) according
to the manufacturer’s protocols. For reverse-transcription
polymerase chain reaction (PCR), the reaction was carried
out in a final volume of 10 UL containing 1 pg total RNA,
7 UL nuclease-free water, 2 UL 5x RT Buffer, 0.5 uL RT
Enzyme Mix, and 0.5 uL Random Primer Mix, by using
a Rever Tra Ace qPCR RT Kit (Toyobo Co. Ltd, Osaka,
Japan). Reverse transcription was performed at 37°C for 60
minutes, followed by 98°C for 5 minutes and ice bath for
15 seconds according to the manufacturer’s instructions.
Quantitative real-time PCR (qRT-PCR) was performed on
an ABI 7500 (Thermo Fisher Scientific) instrument using a
KAPA SYBR Green FAST qPCR Kit (KAPA, Wilmington,
MA, US) according to the manufacturer’s instructions. The
reaction was performed in a 20 pL reaction volume contain-
ing 10 uL of KAPA SYBR® FAST qPCR Master Mix (2X)
Universal, 0.4 UL of PCR forward primer (10 uM), 0.4 uL of
PCR reverse primer (10 uM), 0.4 uL of ROX low, 8.8 UL of
double-distilled water, and less than 2 uL of template DNA.
The qRT-PCR protocol included an initial denaturation step
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(95°C for 3 minutes) and 40 cycles of denaturation (95°C for
15 seconds), annealing (58°C for 30 seconds) and extension
(72°C for 1 minute). GAPDH was used as the internal control.
The qRT-PCR values were normalized to GAPDH and cal-
culated using the 2722°T method. In this method, ACT is the
quantitative value of the target gene (LINC01296) relative
to the internal reference gene (GAPDH) in the experimental
group or the control group, while 2724¢T is the fold change of
the expression of the target gene (LINC01296) in the experi-
mental group when compared with that in the control group.
Each experiment was performed in triplicate and repeated
three times. The specific primers for PCR were as follows:
LINCO01296, forward 5'-ACTCCTGGCCTCAAACA

ATTATTC-3,
reverse, 5-AAGTGGGTAAGCTGAAACTGA
AAC-3;

GAPDH, forward, 5'-GAACGGGAAGCTCACTGG-3,
reverse, 5-GCCTGCTTCACCACCTTCT-3".
E-cadherin, forward, 5'-AATAGTGCCTAAAGTG
CTGC-3,

reverse, 5-AGACCCACCTCAATCATCCT-3".
N-cadherin, forward, 5-ATCCTACTGGACGGT
TCG-3,

reverse, 5’-TTGGCTAATGGCACTTGA-3".

Cell transfection
A LncRNA Smart Silencer targeting LINC01296 RNA
and a scramble control were synthesized by Guangzhou
RiboBio Co., Ltd (Guangzhou, People’s Republic of
China). The inhibitor and the control RNA were then
transfected into bladder cancer cell lines using Lipo-
fectamine 2000 (Thermo Fisher Scientific) according to
the manufacturer’s instructions. In brief, the cells were
cultured in six-well plates until their density reached 70%
prior to transfection. After the transfection, the cells were
harvested at 24 hours, 48 hours, and 72 hours for qRT-PCR
analysis. The RiboTM IncRNA Smart Silencer for human
LINCO01296 was a pool containing three siRNAs and three
antisense oligonucleotides:

siRNA-1 target sequence: GCACACTGTTTCAA

CTCTC

siRNA-2 target sequence: GCACTTCACTGTCA

CACTC

siRNA-3 target sequence: GCAGCTGGGATTTG

TAAGT

antisense oligonucleotides target sequence-1:

CCATAGGTCACCAGCTTCAC

antisense oligonucleotides target sequence-2:

GCTCAGCTTCCACACTCAGA

antisense oligonucleotides target sequence-3:
GGAGCTCAAAGGATGCATTT.

Cell proliferation assay

Cell proliferation was measured using a 3-(4,5-
dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay (Roche Applied Science, Mannheim,
Germany). The bladder cancer cells (T24 and 5637, 2,000
cells per well) transfected with IncRNA inhibitors were
seeded into 96-well plates, with each well containing 200
UL of a complete culture medium. Cell viability was tested
every 24 hours following the manufacturer’s protocol. The
assay was repeatedly performed in triplicate.

Colony-formation assay

For the colony formation assay, a total of 1,000 cells/well
were seeded into a six-well plate and maintained in a medium
containing 10% FBS. The medium was replaced every
4 days. After being cultured for 2 weeks, the medium was
removed and the cells were washed twice with phosphate
buffered saline (PBS), and then the colonies were fixed with
4% paraformaldehyde for 10 minutes and stained with 0.1%
crystal violet for 30 minutes. Finally, visible colonies were
examined and counted under a microscope. Each treatment
group was assessed in triplicate.

Cell cycle analysis

T24 and 5637 cells transfected with IncRNA inhibitors
were harvested at 48 hours after transfection. The cells were
washed with PBS and fixed in ethanol at 4°C overnight. The
cells were then stained with PI using the CycleTESTTM
PLUS DNA Reagent Kit (BD Biosciences, San Jose, CA,
USA) according to the protocol provided by the manufacturer.
Subsequently, the stained cells were analyzed by FACScan.
The percentages of the cells in G0-G1, S, and G2-M phases
were calculated and compared among different groups.

Transwell migration assay

Cell migration assays were performed in transwell chambers
(8-um pore size; EMD Millipore, Billerica, MA, USA).
In brief, the cells (4x10*) were collected at 48 hours after
transfection, resuspended in 200 UL of serum-free medium
and seeded in the upper chamber of a transwell, while a
culture medium (900 uL) containing 10% fetal bovine serum
was added to the lower chamber. After 24 hours of incuba-
tion at 37°C in a humidified atmosphere containing 5% CO,,
the cells remaining on the upper membrane of the transwell
chambers were removed with a piece of cotton wool, while
the cells that have migrated through the membrane were fixed
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with polyoxymethylene for 10 minutes and stained with 0.1%
crystal violet for 30 minutes before counting. Experiments
were independently repeated three times.

Wound healing assay

Bladder cancer cells transfected with IncRNA inhibitors
were collected after 48 hours of transfection and seeded into
six-well plates (1x10° cells per well). At 90%-95% conflu-
ence, the culture solution was discarded and the monolayer of
the cells was wounded by manually scraping with a 200 uL
sterile pipette tip. The cell monolayer was then washed with
PBS and cultured under standard conditions. At 0 hour,
18 hours, and 24 hours after the wound was generated, the
images of the cell monolayer were taken using a TH4-200
inverted microscope (Olympus Corporation, Tokyo, Japan),
and the migration rate was quantified using the distance
among the cells.

Western blot analysis

T24 and 5637 cells transfected with IncRNA inhibitors for
48 hours were washed twice with PBS before their total
protein was extracted using a RIPA buffer according to
instructions. The protein concentration was determined
using a BCA protein assay kit (Thermo Fisher Scientific),
and bovine serum albumin was used as the standard for the
assay. Sixty micrograms of protein was separated by 8%
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred onto 0.4-um nitrocellulose membranes (Sigma
Aldrich, St Louis, MO, USA), and then incubated with
specific primary antibodies. B-actin antibody was used as
control. Primary anti-B-actin, anti-E-cadherin, and anti-
N-cadherin antibodies were purchased from Santa Cruz
Biotechnology Inc. (Dallas, TX, USA).

Statistical analyses

Data from at least three independent experiments were pre-
sented as the mean & SD. All statistical analyses were carried
out using SPSS 20.0 (IBM Corporation, Armonk, NY, USA)
or GraphPad Prism five software (GraphPad Software Inc.,
LaJolla, CA, USA). The significance of difference between
two/multiple groups was evaluated using Student’s #-tests or
one-way ANOVA. Pearson’s chi-squared test was used for
the analysis of correlation between clinicopathological fea-
tures and LINC01296 expressions in bladder cancer patients.
Kaplan—Meier survival analysis was used for the analysis of
survival rates, while P-values were calculated by log-rank
test. Multivariate analysis was performed to evaluate the

correlation between clinical features, genetic features and
overall survival (OS) using a Cox proportional hazard model.
P<0.05 indicated significant difference.

Results

LncRNA LINCO01296 was upregulated in human bladder
cancer and was positively correlated with clinical stages of
bladder cancer, lymph node metastasis and pathologic grades
of bladder cancer.

In this study, using the Gene Expression Profiling Inter-
active Analysis (GEPIA) database, the relative expression
of LINCO01296 in human cancer tissues was compared
with that in normal tissues," and the results showed that
the LINCO01296 expression was significantly upregulated
in most cancer tissues, including bladder cancer tissues,
compared with that in adjacent normal tissues (Figure 1A
and B). Furthermore, the expression profiles of IncRNA and
mRNA in four pairs of human bladder cancer samples were
screened through a microarray data analysis (Figure 1C).
Subsequently, samples from a total of 78 subjects, including
54 cases of bladder cancer tissues and 24 cases of adjacent
normal tissues, were collected to measure the expression
levels of LINC01296 by qRT-PCR. The results showed that
LINCO01296 expressions were significantly upregulated in
bladder cancer tissues compared with adjacent nontumor
tissues (Figure 1D). To further investigate the correlation
between LINC01296 expressions and clinicopathological
features of bladder cancer, the above samples were divided
into high (above the mean, n=25) and low (below the mean,
n=29) LINC01296 expression groups (Figure 1E). As shown
in Table 1, the increased level of LINC01296 in bladder
cancer tissues was significantly correlated with advanced
stages of the cancer (P=0.016), lymph node metastasis
(P=0.034) and pathologic grades of the cancer (P=0.012)
(Figure 1F). However, LINC01296 expressions were not
associated with other factors, including gender (P=0.951)
and age (P=0.128), of bladder cancer patients (Table 1).

Relationship between LINCO01296
expressions and prognosis of patients
with bladder cancer

The association between LINC01296 expressions and
the prognosis of bladder cancer patients was evaluated
by Kaplan—Meier analysis and log-rank tests. The results
of Kaplan—Meier survival analysis indicated that high
LINCO01296 expressions were significantly associated with
worse OS compared with low LINC01296 expressions in
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Figure | LINCO01296 was upregulated in bladder cancer and the expression level of LINC01296 was correlated with clinicopathological features of bladder cancer patients.
Notes: (A) Comparison of relative expressions of LINC01296 in cancer and normal tissues using the GEPIA database. (B) Comparison of relative expressions of LINC01296
in bladder cancer and adjacent normal tissues using the GEPIA database. (C) A microarray containing 37,000 IncRNA and 34,000 mRNA probes was used to screen
differentially expressed IncRNAs in four pairs of bladder cancer patients. (D) Comparison of relative expressions of LINC01296 in 54 bladder cancer tissues and 24 normal
bladder tissues using qQRT-PCR. (E) Two groups were set up according to the mean expression of LINC01296 in tumor tissues. (F) The LINC01296 expression was
significantly higher in patients with a higher tumor stage, lymph node metastasis and a higher pathologic grade. *P<<0.05.

Abbreviations: BLCA, bladder urothelial carcinoma; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; GEPIA, Gene Expression Profiling Interactive Analysis; IncRNA,
long noncoding RNA; mRNA, messenger RNA; qRT-PCR, quantitative real-time polymerase chain reaction.

bladder cancer (Figure 2), indicating that LINC01296 may
play an important role in the prognosis of bladder cancer
patients. Furthermore, the correlation between OS of bladder
cancer patients and several other factors was evaluated by
COX univariate and multivariate analyses. The results of the
univariate analysis indicated that tumor stages, lymph node
metastasis, pathologic grades of bladder cancer, and the rela-
tive expression of LINC01296 were significantly associated
with OS of bladder cancer patients. The results of multivariate
analysis showed that a higher pathologic grade and a high
expression level of LINC01296 were independent risk fac-
tors for the prognosis of bladder cancer patients (Table 2).

LINCO1296 expressions in bladder

cancer cells
In preliminary experiments, it was found that LINC01296
expressions were similarly upregulated in bladder cancer

cell lines compared with normal bladder cell lines.?’ Subse-
quently, LINC01296 expressions in a panel of bladder cancer
cell lines, including RT4, T24 and 5637, were examined by
qRT-PCR analysis. It was found that LINC01296 expres-
sions were higher in 5637 and T24 cells than in RT4 cells
(Figure 3A). Thus, 5637 and T24 cell lines were selected
for subsequent experiments. Then, in order to verify the
role of LINC01296 dysregulation in bladder cancer cell
lines, LINC01296 expressions were knocked down in 5637
and T24 cells by short interference RNAs (siRNAs), while
the QRT-PCR analysis of LINC01296 expressions was per-
formed at 24 hours, 48 hours and 72 hours post-transfection.
The results showed that, compared with that in control cells,
the LINC01296 expression was most significantly reduced
by 48 hours of si-LINCO01296 transfection (Figure 3D
and E). Therefore, various cell lines were transfected by
si-LINC01296 for 48 hours in the subsequent study.
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Table | The correlation between LINCO1296 expressions and
clinicopathological characteristics of bladder cancer (n=54)

LINCO01296 expression
Characteristics | Low ex- | High ex- | Chi-squared | P-value
pression | pression | test
cases cases
All patients n=29 n=25
Gender 0.004 0.951
Male 16 14
Female 13 I
Age (years) 2.323 0.128
=55 14 7
>55 I5 18
Tumor stage 5.776 0.016
<M 12 3
=T2 17 22
Lymph-node 4.506 0.034
metastasis
Negative 23 13
Positive 6 12
Pathologic 6.268 0.012
grade
Low grade 18 7
High grade I 18

Knockdown of LINCO01296 inhibited the
proliferation of bladder cancer cells and
promoted cell cycle arrest

To further investigate the biological functions of LINC01296

in bladder cancer cells, an MTT assay was performed, and
the results showed that the viability of T24 and 5637 cells
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Figure 2 Kaplan—Meier survival analysis curves revealed an association between a
higher expression level of LINC01296 and a shorter overall survival (P<<0.001).

transfected with si-LINC01296 was significantly impaired
(Figure 3B and C). Similarly, the results of a colony forma-
tion assay indicated that the clonogenic survival of both
T24 and 5637 cell lines was apparently decreased following
the inhibition of LINC01296 (Figure 3F and G). Further-
more, to determine whether the effects of LINC01296 on
the proliferation of bladder cancer cells were mediated via
the effects of LINC01296 on cell cycle progression, a flow
cytometry assay was performed. The results showed that the
percentage of GO/G1 cells increased after bladder cancer cells
were transfected with si-LINC01296, along with decreased
proportions of cells in S and G2/M phases (Figure 3H and I).
In a word, these data indicated that LINC01296 could pro-
mote the proliferation and cell cycle progression of bladder
cancer cells.

Knockdown of LINCO01296 inhibited the
migration of bladder cancer cells via the
regulation of EMT

Migration and metastasis of cancer cells are an important
factor of cancer progression. To further clarify the effects
of LINC01296 on the metastasis of bladder tumor, wound
healing assay and transwell migration assay were con-
ducted. The results of wound healing assay and transwell
assay revealed that a decreased level of LINC01296 sig-
nificantly inhibited the migration of bladder cancer cells
(Figure 4A-D). These data showed that the knockdown of
LINCO01296 exerted a tumor-suppressive effect to inhibit
the migration of bladder cancer cells. Since EMT has been
shown to play an important role in cancer cell metastasis,
the effect of LINC01296 on EMT was investigated in this
study by analyzing the expression of EMT markers after the
knockdown of LINC01296. The results of qRT-PCR analysis
showed that LINCO011296 knockdown increased the mRNA
level of E-cadherin while decreasing the mRNA level of
N-cadherin (Figure 4E). The results of Western blot assays
suggested that the protein level of N-cadherin was decreased
in bladder cancer cells whose LINC01296 expression was
silenced (Figure 4F).

Discussion

As one of the most prevalent carcinomas worldwide, bladder
cancer is extremely sensitive to chemotherapy. Although cis-
platin and gemcitabine are widely used in the chemotherapy
of bladder cancer, the emergence of drug resistance greatly
limits their long-term effectiveness.?' Furthermore, invasive
bladder tumors with the ability to attack the muscularis
propria layer are more aggressive and lead to a much worse
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Table 2 Univariate and multivariate analyses on overall survival of bladder cancer patients (n=54)

Characteristics Univariate analysis Multivariate analysis

HR  [95%cl | P-value HR | 95%cCl | P-value
Gender
Male vs female | 0900 | 0443-1827 | 0.770 | | |

Age (years)
=55 vs >55 | 1.567 | 0.737-3.334 | 0.243 | | |

Tumor stage

<T2vs =T2 | 6.241 | 1.886-20.651 | 0.003 | 2.330 | 0.604-8.987 | 0.220

Lymph node metastasis

Negative vs positive |3007 | 1481-6.105 | 0.002 | 0879 | 0.387-2.000 | 0.759
Pathologic grade
Low grade vs high grade |7079 | 2870-17.457 | <0001 |5358 | 1.684-17.044 | 0.004
LINCO01296 expression
Low vs high |5742 | 2569-12832 | <0.001 |5017 [ 2063-12200 | <0.001
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Figure 3 LINCO01296 knockdown inhibited the proliferation of bladder cancer cells.

Notes: (A) Relative LINC01296 expressions in human bladder cancer cell lines (RT4, T24, and 5637). (B, C) MTT assays were performed to measure the proliferation
viability of T24 and 5637 cells after transfection. (D, E) qRT-PCR results of LINC01296 expressions following the treatment of T24 and 5637 cells with anti-LINC01296
siRNA. (F, G) Colony formation assays were used to measure the number of clone formation of bladder cancer cells after transfection. (H, I) Flow cytometry assays were
performed to analyze the cell cycle progression of T24 and 5637 cells after they were transfected with anti-LINC01296 siRNA. Data are presented as mean * SD of three
independent experiments. *P<<0.05, **P<<0.01.

Abbreviations: NC, negative control; qRT-PCR, quantitative real-time polymerase chain reaction; siRNA, short interference RNA.
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the onset of drug resistance and a high rate of cancer progres-
sion are major obstacles faced by the treatment of bladder
cancer, thus highlighting the urgent need for the discovery
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Figure 4 LINCO01296 knockdown suppressed the migration of bladder cancer cells.

Notes: (A, B) Transwell assays were used to measure the migration ability of T24 and 5637 cells transfected with si-LINC01296 or si-NC. (C, D) Wound healing assays
were used to measure the migration ability of T24 and 5637 cells transfected with si-LINCO01296 or si-NC. (E) qRT- PCR analyses were used to measure mRNA levels of
E-cadherin and N-cadherin following the treatment of bladder cells with anti-LINCO01296 siRNA. (F) Western blot assays were used to measure protein levels of E-cadherin
and N-cadherin following the treatment of bladder cells with anti-LINCO01296 siRNA. Data are presented as mean £ SD of three independent experiments. *P<<0.05,
**P<0.01.

Abbreviations: NC, negative control; qRT-PCR, quantitative real-time polymerase chain reaction.
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functions, such as proliferation, invasion, and metastasis of
cancer cells.?*? For bladder cancer, numerous IncRNAs have
been verified to take part in its carcinogenesis and develop-
ment. Luo et al*® firstly found that the levels of H19 and
inhibitors of DNA binding/differentiation 2 (ID2) are signifi-
cantly increased in bladder cancer tissues, while the upregu-
lation in H19 promotes the proliferation of bladder cancer
cells by regulating ID2 expressions. As a IncRNA involved
in bladder cancer metastasis, MALAT-1 is upregulated in
bladder cancer tissues compared with that in adjacent normal
tissues. Knockdown of MALAT-1 inhibits the in vitro inva-
sion of bladder cancer cells by decreasing the expression of
ZEB1, ZEB2 and Slug, which are shown to be associated with
EMT, and by increasing the level of E-cadherin.”” Previous
studies found that LINC01296 was upregulated in prostate
cancer, gastric cancer, and cholangiocarcinoma. Upregu-
lated LINC01296 was associated with a poor prognosis of
patients with these types of cancer and could promote the
proliferation and metastasis of cancer cells.'®**? Although
LINCO01296 has been studied in these types of cancer, the
possible role of LINC01296 in bladder cancer remains to be
clarified. In the present study, it was found that LINC01296
is upregulated in bladder cancer tissues, consistent with the
results of GEPIA analysis and microarray assay conducted
in the preliminary phase of this study. It was also indicated
that the LINC01296 expression was significantly higher in
patients with a higher clinical stage of bladder cancer, lymph
node metastasis and a higher pathologic grade of the cancer.
In addition, the results of Kaplan—Meier survival analysis
showed that the high LINC01296 expression was associated
with significantly worse OS. Furthermore, the results of uni-
variate and multivariate analyses showed that LINC01296
acted as an independent risk factor in bladder cancer patients.
A previous study also showed that the LINC01296 expres-
sion was significantly upregulated in bladder cancer cell lines
compared with that in normal bladder cell lines,? although
the biomedical functions of LINC01296 in bladder cancer
were not thoroughly studied in that study. This study focused
on the function research of LINC01296 in vitro. First, the
knockdown of LINCO01296 significantly inhibited the prolif-
eration and metastasis of T24 and 5637 cells, indicating that
downregulated LINC01296 expressions could suppress the
development of bladder cancer. The findings of this study
also showed that LINC01296 may function as an oncogenic
IncRNA in bladder cancer and potentially be considered
as a novel biomarker and therapeutic target of this disease.
Epithelial-to-mesenchymal transition plays an important role
in the invasion and migration of various tumors, including
bladder cancer.’*** Recent research studies have indicated

that IncRNA H19 plays a critical role in cancer metastasis
by regulating EMT and mesenchymal-to-epithelial transition
in bladder cancer.** Furthermore, LINC01296 could take
part in the metastasis of prostate cancer by regulating the
EMT process.'® In the present study, it was also found that
LINCO01296 played an important role in the EMT process
of bladder cancer, while the downregulation of LINC01296
could remarkably inhibit the EMT of T24 and 5637 cells,
thus decreasing the expression of N-cadherin and increasing
the expression of E-cadherin. This study mechanistically
affirmed that LINC01296 acts as a significant regulator of
EMT in bladder cancer. However, IncRNAs could interact
with DNA, RNA and protein to take part in the regulation of
gene expressions and to exert biological functions. Neverthe-
less, the binding partner of LINC01296 and the consequences
of LINCO01296 upregulation were not investigated in this
study. In addition, relevant signaling pathways responsible
for the role of LINC01296 in the induction of EMT were not
investigated. These issues should be studied in subsequent
investigations.

Conclusion

In conclusion, this study showed that LINC01296 expression
was significantly upregulated in bladder cancer tissues and
cells compared with normal bladder tissues and cells. In addi-
tion, the LINCO01296 expression was positively associated
with clinical stages of bladder cancer, lymph node metastasis
and pathologic grades of bladder cancer, indicating that the
overexpression of LINC01296 may be used as a negative
prognostic factor in bladder cancer patients. Knockdown of
LINCO01296 suppressed tumor progression through inhibit-
ing the proliferation, growth and migration of cancer cells,
indicating that LINC01296 played an important role in the
development of bladder cancer. Furthermore, upregulated
LINCO01296 expression could promote bladder cancer metas-
tasis through activating the EMT pathway. The results of this
study can help to deepen the understanding of bladder cancer
pathogenesis. In addition, it was shown that LINC01296
could be used as a molecular marker and a potential diag-
nostic/therapeutic target in the treatment of bladder cancer.
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