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Purpose: Long non-coding RNAs have been found to be involved in bladder cancer
development. This article studied LINC00963 effects on bladder cancer progression to
provide a novel treatment target.

Patients and Methods: Totally 56 bladder cancer patients participated in this research.
Bladder cancer cells were transfected. Cell counting kit 8 assay and clone formation
experiment were used for cell viability and colony formation detection. Cell migration
and invasion were determined by Transwell experiment. LINC00963 distribution was
explored by cytoplasmic and nuclear extract isolation and quantitative real-time poly-
merase chain reaction. Luciferase reporter experiment and RNA pulldown experiment
were performed to detect the relationship between these two genes. The cancer genome
atlas analysis was used for the detection of metastasis-associated protein 1 (MTAI)
expression in bladder cancer.

Results: LINC00963 was seriously up-regulated in bladder cancer patients. High
LINCO00963 expression indicated high histological grade and low survival. LINC00963
was obviously up-regulated in bladder cancer cells. Knockdown of LINC00963 significantly
reduced bladder cancer cells viability, colony formation, migration and invasion. Luciferase
reporter experiment and RNA pulldown experiment revealed that LINC00963 promoted
MTA1 expression via directly inhibiting miR-766-3p. MTA1 was up-regulated in bladder
cancer patients. MTA1 up-regulation reversed the inhibitory effect of LINC00963 knock-
down on bladder cancer cell viability, migration and invasion.

Conclusion: LINC00963 functions as an oncogene in bladder cancer by regulating the miR-
766-3p/MTAL1 axis.
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Introduction
Bladder cancer is the 9th most common human malignant tumor worldwide and
about 386,000 new bladder cancer cases are diagnosed worldwide each year.' High
metastasis, recurrence and mortality poses a serious threat not only to patients’ lives
but also a heavy economic burden to the society.” Significant progress has been
made in the treatment of human malignancies in recent years, including bladder
cancer. However, the prognosis of patients with bladder cancer is far from
satisfactory.® Therefore, the exploration of new therapeutic targets for bladder
cancer is urgently needed for the improvement of prognosis.

Long non-coding RNAs (IncRNAs) are a class of RNA with a transcript length
of 200nt-100kb that do not have the function of encoding proteins.* It regulates

gene expression at multiple levels, including at transcriptional, post-transcriptional
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and epigenetic levels.” LncRNAs are involved in the
physiological and pathological processes of the body,
and its abnormal expression can result in a variety of
diseases.® Existing evidences have shown that one type of
IncRNA can be abnormally expressed in different types
of tumors, and multiple IncRNAs dysregulation can also
exist in the same type of tumor.”'® LINC00963 was
a novel IncRNA and its function in tumors has attracted
researchers’ attention until recent years. The activation of
the PI3K/AKT signaling pathway is one of the important
reasons for the development of various cancers. However,
it has been found that the PI3K/AKT signaling pathway
could be activated by LINC00963 in hepatocellular
Available data indicated that LINC00963
could facilitate ovarian cancer proliferation, epithelial—

carcinoma.''

mesenchymal transition and promote tumorigenesis and
radiation resistance of breast cancer.'>'* In cutaneous
squamous cell carcinoma and melanoma, LINC00963
was reported to function as a cancer-promoting factor
and predicted poor prognosis.'*!? Significantly increased
LINCO00963 expression was occurred in esophageal squa-
mous cell carcinoma, and knockdown of LINC00963
inhibited the growth of esophageal squamous cell carci-
noma in vitro and in vivo.'® Zhou et al'’ illustrated that
seriously up-regulated LINC00963 in osteosarcoma was
correlated with poor prognosis. However, the molecular
mechanism of LINC00963 in regulating bladder cancer
has not yet been elucidated.

Therefore, the function of LINC00963 in bladder cancer
has been studied in detail in this article. More importantly,
by investigating the effect of LINC00963 on the miR-766-
3p/metastasis-associated protein 1 (MTA1) axis, the poten-
tial molecular mechanism of LINC00963 in regulating the
development of bladder cancer was further verified. To our
knowledge, this article firstly researched the regulation of
bladder cancer development by LINC00963. This study
will provide a novel potential target for the treatment of
bladder cancer.

Patients and Methods

Patients and Tissues

Patients (n = 56) who were initially diagnosed with bladder
cancer were enrolled in this research. All patients had no
history of cancer-related diseases and no history of cancer-
related treatments such as radiotherapy or chemotherapy.
Tumor tissues and matched normal tissues (5cm from

bladder tumor margin) of all patients were collected during
surgery by partial (39 samples) or radical (17 samples)
cystectomy, followed by being immediately stored in liquid
nitrogen. All patients volunteered to participate in this study
and signed written informed consent. Correlation between
LINCO00963 expression and clinical features in BC tissues is
presented in Table 1. This research has been approved by
the ethics committee of Beijing Jishuitan Hospital and is in
line with the Helsinki Declaration.

Cell Culture

Human bladder epithelial cell line (SV-HUC1) and bladder
cancer cell lines (SW780, 5637, RT4, T24 and J82) were
all provided by the Cell Bank of the Chinese Academy of
Science (Shanghai, China), and maintained in dulbecco’s
modified eagle medium (DMEM) supplemented with 10%
fetal bovine serum (FBS) in a humidified incubator at 37°
C, 5% CO,.

Transfection

LINC00963 siRNA and relative negative control (NC),
miR-766-3p mimics and miR-766-3p inhibitors were pur-
chased from GenePharma (Shanghai, China). MTAI over-
expression sequence was inserted into the pcDNA3.1
vector (Realgene, Shanghai, China) strictly in line with
the manufacturer’s instructions. T24 and J82 cells dis-
persed in serum-free DMEM were transfected by miR-
766-3p mimics (miR-766-3p group), LINC00963 siRNA

Table | Correlation Between LINC00963 Expression and
Clinical Features in BC Tissues (N =56)
Parameters Low (n=27) High (n=29) P-value
Age 0.18
<60 19 15
260 8 14
Gender 0.59
Male 14 12
Female 13 17
Tumor Stage
Ta+TI 15 7 0.02*
T2-T4 12 22
Tumor Size
<3 22 13 0.006**
23 5 16

Note: *P <0.05, **P<0.01 was considered to be statistically significant.
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(si-LINC00963 group) and relative negative NC (si-NC
group). Lipofectamine 2000 reagent used for transfection
was obtained from Thermo Fisher Scientific (Waltham,
MA, USA). DMEM containing 10% FBS was used to
maintain these cells after 8 h of transfection and the
transfection efficiency was researched by qRT-PCR.

Cell Counting Kit 8 (CCK-8) Assay

T24 and J82 cells dispersed in DMEM containing 10% FBS
were plated into 96-well plates. After 24, 48 and
72 h incubation at 37°C, 5% CO,, 10 pL CCK-8 solutions
was added into each well for 2 h incubation at 37°C. The
optical density (OD) value was measured using a multi-well
plate reader at 450 nm. Higher OD value meant higher cell
viability.

Clone Formation Experiment

T24 and J82 cells dispersed in DMEM containing 10%
FBS (500 cells/mL) were seeded and cultured for
12 days. Then, cells attached to the bottom of petri
dishes were fixed for 10 min with 4% polyformalde-
hyde. Crystal violet (0.1%) was then added for 10 min
staining at room temperature. Colonies of more
than 50 cells were observed and counted under

a microscope.

Transwell Experiment

T24 and J82 cells dispersed in serum-free DMEM were
added into the upper chamber of 24-well transwell
insert. DMEM containing 10% FBS was added into the
lower chamber with a volume of 600 pL. After
24 h incubation at 37°C, 5% CO,, cells attached onto
the upper membrane were wiped using cotton swab, and
those migrated onto the lower membrane was fixed with
4% polyformaldehyde for 10 min. Crystal violet (0.1%)
was then used for 10 min staining. The number of
migrated cells was counted under a microscope in five
random non-overlapping fields of view. The relative cell
migration of calculated with the formula of (number of
migrated cells/50,000).

The relative cell invasion was also detected using the
method as described above. However, it was important to
note that, a layer of Matrigel (100 puL) was pre-spread on
the upper chamber.

Luciferase Reporter Experiment

The wild type (wt)-LINC00963 and mutant type (mut)-
LINCO00963 fragments containing the miR-766-3p binding
site were synthesized by GenePharma (Shanghai, China) and
were inserted into the luciferase reporter according to the
instructions. T24 cells transfected by miR-766-3p mimics
and NC were further subjected to cotransfection with wt-
LINCO00963 luciferase reporter and mut-LINC00963 lucifer-
ase reporter. After 48 h transfection at 37°C, 5% CO,, cells
were harvested to detect the luciferase activity using Dual
Luciferase Reporter Assay System. (Promega, USA)

In addition, the relationship between miR-766-3p and
MTA1 was also verified by the same operations as
described above. The wt-MTA1 and mut-MTA1 fragments
containing the miR-766-3p binding site were synthesized
by GenePharma (Shanghai, China).

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

Total RNA in cells/tissues were extracted via using Trizol
reagent (Solarbio, Beijing, China), and reverse transcribed by
using PrimeScript RT reagent Kit (TaKaRa, Shiga, Japan). The
gqPCR was conducted using the iQ5 quantitative PCR system
(Bio-Rad, Hercules, CA, USA) according to the following
procedures: 95°C for 30 s, followed by 40 cycles at 95°C for
15 s, 60°C for 30 s, and 72°C for 30 s. The primer sequences
were listed as follows: LINC00963, forward, 5'-GGTAAATC
GAGGCCCAGAGAT-3, reverse: 5'-ACGTGGATGACAGC
GTGTGA-3". miR-766-3p, forward, 5-ACA CTCCAGCT
GGGACTCCAGCCCCACAG-3', reverse: 5-CTCAACTGG
TGTCGTGGAGTCGGCAAT TCAGTTGAGGCTGAGGC-
3'. U6, forward: 5'-GTGCTCGCTTCGGCAGC-3', reverse:
5'-CAGTGCAGGGTCCGAGGT-3". MTAI, forward, 5-CC
AACATGTACAGGGTCGGA-3, reverse: 5'-GGTCCGGCC
TTATAGCAGAC-3'. GAPDH, forward, 5'-CGGAGTCAAC
GGATTTGGTCGTAT-3, reverse: 5'-AGCCTTCTCCATGG
TGGTGAAGAC-3". U6 was set as the internal control for
LINCO00963 and miR-766-3p. GAPDH was used as the inter-
nal control for MTA1. The relative expression of genes was

calculated by 27" method.

Statistical Analysis

All data were analyzed by SPSS 19.0 software (SPSS, Inc.,
Chicago, IL, USA) and presented in the form of mean +
standard deviation (SD). Kaplan-Meier analysis was used to
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analyze patients’ survival. Student’s t-test was used for the
comparison between two groups. The comparison at least
three groups was determined by one-way analysis of variance
(ANOVA). All experiments involved in this research were
repeated independently at least three times. P < 0.05 was set
as the threshold.

Results

LINC00963 Was Seriously Up-Regulated
in Bladder Cancer

LINCO00963 expression in tumor/normal tissues of blad-
der validated via qRT-PCR.
Obviously, the expression of LINC00963 was up-

cancer patients was
regulated in tumor tissues than that in normal tissues
(P < 0.05) (Figure 1A). Analysis of histological grades
showed that patients with high histological grade had
much higher LINC00963 expression than those with low
grade (P < 0.05) (Figure 1B). And

LINC00963 expression was upregulated in invasive

histological

bladder cancer tissues (Figure 1C). Meanwhile, patients
with high LINCO00963 expression were obviously asso-
ciated with lower 60 months survival (P < 0.05)

(Figure 1D). According to in vitro studies, seriously

higher LINC00963 expression was found in bladder
cancer cell lines (SW780, 5637, RT4, T24 and J82)
when relative to human bladder epithelial cell line
(SV-HUCI1) (P < 0.05) (Figure 1E).

Knockdown of LINC00963 Inhibited
Bladder Cancer Cells Viability, Colony

Formation, Migration and Invasion

Transfection efficiency was determined by qRT-PCR.
Relative to T24 and J82 cells of si-NC group, those of si-
LINC00963 group had prominently lower relative
LINC00963 expression (P < 0.05) (Figure 2A). Thus,
T24 and J82 cells were successfully transfected. Using
CCK-8 assay, T24 and J82 cells of si-LINC00963 group
exhibited markedly lower cell viability at 72 h than those
of si-NC group (P < 0.05) (Figure 2B and C). Clone
formation experiment showed that, relative to si-NC
group, T24 and J82 cells of si-LINC00963 group had
much lower relative colony formation (P < 0.05) (Figure
2D). Analysis from transwell experiment showed seriously
lower relative cell migration and invasion of si-
LINCO00963 group when compared with si-NC group

(P < 0.05) (Figure 2E and F).
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Figure | LINC00963 was seriously up-regulated in bladder cancer. (A) qRT-PCR showed obviously up-regulated expression of LINC00963 in bladder cancer tissues than
that in normal tissues. (B) Patients with high histological grade had much higher LINC00963 expression than those with lower histological grade. (C) Relative expression of
LINC00963 in non-muscle invasive bladder cancer and muscle-invasive bladder cancer tissues. (D) Patients with high LINC00963 expression were obviously associated with
low survival rate. (E) Seriously higher LINC00963 expression was found in bladder cancer cell lines (SW780, 5637, RT4, T24 and )82) when relative to human bladder

epithelial cell line (SV-HUCI). * P < 0.05.
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when compared with si-NC group. * P < 0.05.

LINC00963 Promoted MTAI Expression via binding site for MTA1 (Figure 3C). Luciferase reporter

Directly Inhibiting miR-766-3p Expression

LINCO00963 distribution in bladder cancer cells was
detected. As shown in Figure 3A and B, LINC00963 was
mainly distributed the cytoplasm. miRDB and
TargetScan predictions showed that LINC00963 possessed
the binding site for miR-766-3p and miR-766-3 had the

experiment was further used to validate the relationship
between two genes. The results exhibited that, compared
with miR-NC group, miR-766-3p obviously reduced the
in luciferase activity of wt-LINC00963 luciferase reporter
(P < 0.05), but had no obvious effect on luciferase activity

of mut-LINC00963 luciferase reporter (Figure 3D).
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Figure 3 LINC00963 promoted MTAI expression via directly inhibiting miR-766-3p expression. (A and B) LINC00963 distribution detection exhibited that LINC00963 was
mainly distributed in the cytoplasm. (C) The binding site between LINC00963 and miR-766-3p or between miR-766-3p and MTAI. (D and E) Luciferase reporter
experiment verified that miR-766-3p was a target gene of LINC00963 and MTAI was a target gene of miR-766-3p. (F) RNA pulldown assay showed that wt-biotin-miR-766-
3p had elevated LINC00963 enrichment. (G) Relative to si-NC group, much higher miR-766-3p expression was found in T24 and )82 cells of si-LINC00963 group. (H)
LINC00963 promoted MTAI expression via directly inhibiting miR-766-3p expression. * P < 0.05.

Similar results were also observed in effects of miR-766-
3p on wt-MTA1 luciferase reporter and mut-MTA1 luci-
ferase reporter (Figure 3E). In addition, RNA pulldown
assay showed that, wt-biotin-miR-766-3p significantly ele-
vated LINCO00963 enrichment than biotin-NC and mut-
biotin-miR-766-3p in T24 and J82 cells (P < 0.05)
(Figure 3F). Relative to si-NC group, much higher miR-
766-3p expression was found in T24 and J82 cells of si-
LINC00963 group (P < 0.05) (Figure 3G). Moreover,
prominently higher MTA1 expression was presented in
T24 and J82 cells of si-LINC00963 group and miR-766-
3p group when compared with si-NC group (P < 0.05).
However, relative to si-LINC00963 group and miR-766-3p
group, the expression of MTA1 in si-LINC00963 - miR-
766-3p group was
(P < 0.05) (Figure 3H).

inhibitor significantly increased

MTAI Up-Regulation Reversed The
Inhibitory Effect of LINC00963 Knockdown

on Bladder Cancer Progression

According to data from TCGA database, MTA1 expression
in bladder cancer tissues was remarkably up-regulated than
that in normal tissues (P < 0.05) (Figure 4A). Analysis from
56 bladder cancer patients also revealed significantly
up-regulated MTA1 expression in tumor tissues than that in
normal tissues (P < 0.05) (Figure 4B). Based on CCK-8
assay, it could be noticed that, compared with
si-LINC00963 group, T24 and J82 cells of si-LINC00963 +
0eMTA1 group had much higher cell viability at
72 h (P < 0.05) (Figure 4C and D). Prominently higher
migration and invasion was also observed in si-LINC00963
+ 0eMTAI1 group when relative to si-LINC00963 group
(P <0.05) (Figure 4E and F).
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Figure 4 MTAI up-regulation reversed the inhibitory effect of LINC00963 knockdown on bladder cancer progression. (A) According to data from TCGA database, MTAI
expression in bladder cancer tissues was remarkably up-regulated than that in normal tissues. (B) Analysis from 56 bladder cancer patients revealed significantly up-regulated
MTAI expression in tumor tissues than that in normal tissues. (C and D) CCK-8 assay showed that, compared with si-LINC00963 group, T24 and }82 cells of si-LINC00963
+ 0eMTAI group had much higher cell viability at 72 h. (E and F) Prominently higher migration and invasion was observed in si-LINC00963 + 0eMTAI group when relative

to si-LINC00963 group. * P < 0.05.

Discussion

In previous researches, many different IncRNAs had been
identified in bladder cancer, such as FOXD2-AS1, CAT266,
CAT1297, CAT1647, LINC00857 and BANCR.'**' One
of the main ways for IncRNAs to participate in tumor
development is to act as an endogenous competitive RNA
of microRNAs (miRNAs) and indirectly regulates gene
expression post-transcriptionally.” LINC00963 has been
found to be an oncogene in several human malignant
tumors, including breast cancer, hepatocellular carcinoma,
esophageal squamous cell carcinoma, etc.'*'%?* Similarly,
we initially confirmed in this paper that LINC00963 was
a cancer-promoting factor in bladder cancer and high
LINC00963 expression was prominently associated with
poor prognosis of patients. Previous data revealed that
LINCO00963, as a competing endogenous RNA, could reg-
ulate gene expression indirectly via targeting miRNAs in
a direct manner, thereby promoting tumor progression.'*'”
This research also demonstrated the role of LINC00963 as
a competing endogenous RNA in bladder cancer, which
facilitate the progression of bladder cancer via regulating
miR-766-3p/MTAL axis.

miRNAs are a kind of small non-coding RNA molecules
with 18-25 nucleotides in length.”> miRNAs can inhibit or
degrade mRNA translation via complementary base pair-
ing, which leads to post-transcriptional silencing of target
genes and thereby regulated cell differentiation, prolifera-
tion and apoptosis.>* miR-766-3p, as an important member
of miRNAs family, has recently received much attention
due to its vital roles in human malignant tumors. It has been
that miR-766-3p
decreased in hepatocellular carcinoma and was significantly

found expression was aberrantly
correlated with poor prognosis of patients. Wnt3a was
found to be a target gene of miR-766-3p, and in hepatocel-
lular carcinoma, miR-766-3p suppressed the tumor progres-
sion via inhibiting Wnt3a expression.”> Moreover, another
research also demonstrated the role of miR-766-3p as
a tumor suppressor in hepatocellular carcinoma, which
could alleviate the development of hepatocellular carci-
noma by directly inhibiting metastasis-associated protein 3
(MTA3).2® Chen et al?’ declared that highly methylated
miR-766-3p promoter was observed in renal cell carcinoma
tissues and reduced miR-766-3p expression was seriously
related to the poor prognosis of patients. Regarding the
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mechanism, the repression of miR-766-3p might facilitate
renal cell carcinoma cells proliferation through targeting
SF2. In this research, we noticed that miR-766-3p was
a tumor suppressor in bladder cancer and its expression
was directly suppressed by LINC00963. It was also worth
noting that miR-766-3p could directly repress the expres-
sion of MTAL in bladder cancer.

Interference or destruction of epigenetic homeostasis
causes abnormal gene expression, which lead to the acti-
vation of proto-oncogenes, suppression of tumor suppres-
sors and eventually tumorigenesis. This article indicated
that LINC00963 facilitated bladder cancer progression by
indirectly enhancing MTA1 expression via directly sup-
pressing miR-766-3p. The rescue experiment results illu-
strated that MTA1 up-regulation reversed the inhibitory
effect of LINC00963 knockdown on bladder cancer pro-
gression. Thus, MTA1 was a tumor-promoting gene for
bladder cancer. MTA1 has been found to be up-regulated
in several human malignancies and acted as a promoter of
tumor proliferation and metastasis. Nan et al*® discovered
that MTA1 facilitated the tumorigenesis and progression
of esophageal squamous cell carcinoma might be through
the activation of the MEK/ERK/p90RSK signaling path-
way. In oral squamous carcinoma, MTA1 was found to
induce epithelial-mesenchymal transition through acti-
vating the hedgehog signaling pathway.”” MTA1 expres-
sion was also up-regulated by IncRNA LUCATI in
cervical cancer, which exacerbated tumor cells prolifera-
tion and invasion.’® However, data on MTA1 affecting
bladder cancer development are currently scarcely
reported. Our research confirmed the carcinogenic role
of MTALI in bladder cancer. Of course, more researches
will be conducted in our future so as to confirm the
influence of MTA1 on important cancer-related signaling
pathways.

In conclusion, this research verified the function of
LINC00963 in bladder cancer and proved the related
mechanism. As a result, LINC00963 acted as a competing
endogenous RNA, which functioned as an oncogene in
bladder cancer by regulating the miR-766-3p/MTA1 axis.
Thus, the current paper explored a novel target for the
treatment of bladder cancer. However, there are some lim-
itations in our study. The correlation between LINC00963
expression and prognosis in HG non-invasive bladder can-
cer or CIS alone or associate should be investigated in the
future. And whether LINC00963 expression correlates with
inflammation status or obesity also requires research.
Whether LINC00963 has a role on BC in response to

BCG also remains unknown. And, whether LINC00963
plays potential impact in the era of immunotherapy and
NAC therapy pre cystectomy also needs to be determined.
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