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IncRNA TINCR facilities bladder cancer
progression via regulating miR-7 and mTOR
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Abstract. Long non-coding RNAs (IncRNAs) have been
implicated in various human malignancies, but the molecular
mechanism of IncRNA TINCR ubiquitin domain containing
(TINCR) in bladder cancer remains unclear. The present study
found that the expression of TINCR was significantly increased
in bladder cancer tissues and cell lines, when compared with that
in adjacent normal tissues and normal urinary tract epithelial
cell line SV-HUC-1, respectively. Moreover, the high expression
of TINCR was associated with tumor metastasis and advanced
tumor, node, metastasis stage, as well as reduced overall
survival rates of patients with bladder cancer. Further investiga-
tion revealed that microRNA (miR)-7 was negatively mediated
by TINCR in bladder cancer cells. Silencing of TINCR expres-
sion significantly increased miR-7 expression and reduced
bladder cancer cell proliferation, migration and invasion, while
knockdown of miR-7 expression reversed the inhibitory effects
of TINCR downregulation on bladder cancer cells. mMTOR was
then identified as a target gene of miR-7 in bladder cancer, and
it was demonstrated that overexpression of mTOR reversed the
inhibitory effects of miR-7 on bladder cancer cells. In conclu-
sion, this study suggests that TINCR/miR-7/mTOR signaling
may be a potential therapeutic target for bladder cancer.

Introduction

Bladder cancer is a common human malignancy worldwide,
with an increasing incidence in recent years (1). Currently, the
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main treatment of bladder cancer is surgery, however due to
high rates of recurrence and metastasis, the overall survival
rate of patients with bladder cancer is still unsatisfactory (1-3).
Recently, various oncogenes and tumor suppressors have been
reported to have roles in the development and progression of
bladder cancer (4,5). Understanding the molecular mecha-
nisms may be beneficial for developing effective therapeutic
strategies for bladder cancer.

Long non-coding RNAs (IncRNAs) are a type of
non-coding transcripts containing >200 nucleotides, they
have been shown to serve important regulatory roles in
different types of cancer via interactions with microRNAs
(miRNAs/miRs) or proteins (6,7). Recently, the dysregulation
of IncRNA TINCR ubiquitin domain containing (TINCR) has
been observed in gastric (8), breast (9) and colon cancer (10),
and esophageal squamous cell carcinoma (11). Moreover, it has
been reported that TINCR levels are significantly increased
in bladder cancer, and that the inhibition of TINCR has the
ability to suppress bladder cancer cell proliferation while also
promoting cell apoptosis (12). miRNAs are also a type of
non-coding transcripts containing only 22-25 nucleotides. They
can directly interact with the 3'-untranslated region (UTR) of
their target mRNAs, and thus are important regulators in gene
expression. A large number of studies have demonstrated that
miRNAs participate in different cellular processes, such as cell
proliferation, survival, differentiation, motility and tumorigen-
esis (13-15). By mediating the expression of different target
genes, miR-7 serves different roles in various types of human
cancer (16-19). For instance, miR-7 functions as a tumor
suppressor in non-small cell lung cancer by inhibiting the
expression of paired box 6 (16). Conversely, miR-7 contributes
to colorectal tumorigenesis by targeting YY1 transcription
factor (18). mTOR, a serine/threonine kinase, belongs to the
PI3K-associated family. Previous studies have demonstrated
that mTOR is essential for the survival, proliferation, migra-
tion and invasion of tumor cells (20-22). Therefore, it has been
suggested that mTOR could be a potential therapeutic target in
the treatment of bladder cancer (20-22).

However, until now, the exact association between TINCR,
miR-7 and mTOR in bladder cancer remains unknown. The
present study explored the regulatory mechanism of TINCR
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underlying bladder cancer progression involving miR-7 and
mTOR. The present study demonstrated that the upregulation
of TINCR was associated with an aggressive tumor pheno-
type and poor prognosis in bladder cancer, and suggested that
TINCR promotes the malignant phenotypes of bladder cancer
by regulating the miR-7/mTOR axis.

Materials and methods

Clinical samples. The present study obtained approval
from the Ethics Committee of Shengli Hospital of Shengli
Petroleum Administration and all patients provided written
informed consent. Bladder cancer tissues and their matched
adjacent normal tissues were obtained from 53 patients during
surgical treatment between March 2010 and March 2012 at
Shengli Hospital. TNM staging for bladder cancer was used
in the present study (23). No patients received chemotherapy
or radiotherapy prior to surgery. The clinical characteristics of
the patient cohort are summarized in Table I.

Cell culture and transfection. The normal human urinary tract
epithelial SV-HUC-1 cell line and bladder cancer T24, HT-1376
and 5637 cell lines were obtained from the American Type
Culture Collection. These cell lines were cultured in DMEM
(Thermo Fisher Scientific, Inc.) with 10% FBS (Thermo Fisher
Scientific, Inc.) at 37°C with 5% CO,. Cell transfection was
conducted in T24 and 5637 cells with Lipofectamine® 2000
(Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol. In brief, T24 and 5637 cells (2x10° cells/well) were
seeded into 6-well plates, and transfected with 100 nM nega-
tive control (NC) small interfering (si) RNA (cat. no. 12935200;
Thermo Fisher Scientific, Inc.), 100 nM TINCR siRNA
(cat. no. AM16708; Thermo Fisher Scientific, Inc.), 100 nM
NC inhibitor (cat. no. 4464076, Thermo Fisher Scientific, Inc.),
100 nM miR-7 inhibitor (cat. no. 4464084; Thermo Fisher
Scientific, Inc.), 100 nM miR-NC mimic (cat. no. 4464058;
Thermo Fisher Scientific, Inc.), 100 nM miR-7 mimic
(cat. no. 4464066; Thermo Fisher Scientific, Inc.), 800 ng
blank pcDNA3.1 vector (cat. no. V79020; Thermo Fisher
Scientific, Inc.), or 800 ng mTOR expression plasmid (Yearth
Biotech; www.yearthbio.com). After cell transfection for 48 h,
reverse transcription-quantitative (RT-q)PCR was conducted
to examine gene expression levels.

RT-qPCR. Total RNA was isolated from tissues and cell lines
using TRIzol® Reagent (Thermo Fisher Scientific, Inc.), which
was reverse transcribed into cDNA with a PrimeScript RT
reagent kit (Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocols. Reverse transcription was performed
at 16°C for 30 min, 42°C for 30 min and 85°C for 5 min. SYBR®
Premix Ex Taq™ (Takara Biotechnology Co.,Ltd.) was used to
examine the expression of IncRNA, miRNA and mRNA. PCR
was initiated at 95°C for 3 min, followed by 40 cycles at 95°C
for 15 sec, 60°C for 30 sec; and 72°C for 15 sec. The relative
gene expression was determined using the 2224 method (24).
U6 was used as an internal reference for miRNA. GAPDH
was used as an internal reference for IncRNA and mRNA.
Primer sequences used were as follow: GAPDH forward,
5'-GCACCGTCAAGGCTGAGAAC-3' and reverse, 5'-ATG
GTGGTGAAGACGCCAGT-3"; TINCR forward, 5"-TGTGGC
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CCAAACTCAGGGATACAT-3' and reverse, 5'-AGATGA
CAGTGGCTGGAGTTGTCA-3"; U6 forward, 5'-CTCGCT
TCGGCAGCACA-3' and reverse, 5~ AACGCTTCACGAATT
TGCGT-3"; and mTOR forward, 5'-ATGCTTGGAACCGGA
CCTG-3' and reverse, 5S'-TCTTGACTCATCTCTCGGAGT
T-3'. Primers for miR-7 (cat. no. HmiRQP0785) were obtained
from FulenGen, Co., Ltd.

Cell proliferation, migration and invasion assays. Transfected
cells (5,000 cells/well) were seeded in 96-well plates, and a
Cell Counting Kit-8 (Dojindo Molecular Technologies, Inc.)
was used to detect cell proliferation, according to the manu-
facturer's instruction. The abundance at 450 nm was measured.
Cell migration and invasion were detected using Transwell
chambers with or without Matrigel (BD Biosciences). The
precoating was conducted at room temperature for 1 h. The
re-suspended transfected cells (1x10° cells) in serum-free
DMEM were added to the upper chamber, and the lower
chamber contained DMEM with 10% FBS. Cells were then
incubated at 37°C for 48 h. The migratory and invading cells
through the membrane were fixed using 70% methanol at
room temperature for 30 min, stained with 0.1% crystal violet
at room temperature for 10 min, and images were captured
under a light microscope (magnification, x200).

Bioinformatics analysis and luciferase reporter assay.
TargetScan software version 7.1 (www.targetscan.org) was
used for bioinformatics analysis. To clarify the association
between TINCR and miR-7, a QuikChange Site-Directed
Mutagenesis kit (Stratagene; Agilent) was applied to generate
the mutated miR-7-binding sites of TINCR. Then, the wild or
mutated TINCR was sub-cloned into a Dual-luciferase Target
Vector (Promega Corporation), generating the wild-type (WT)
or mutated (MT) TINCR luciferase reporter plasmid, respec-
tively. To clarify the association between miR-7 and mTOR, a
QuikChange Site-Directed Mutagenesis kit (Stratagene; Agilent)
was applied to generate the mutated miR-7-binding sites of
mTOR 3'UTR. The WT or MT mTOR luciferase reporter
plasmid was then generated. Cells were co-transfected as afore-
mentioned with miR-7 mimic or negative control miR mimic
(miR-NC), WT (or MT) TINCR reporter plasmid, WT (or MT)
mTOR 3'UTR reporter plasmid. At 48 h after cell transfection, a
Dual-Luciferase Reporter Assay System (Promega Corporation)
was used to examine the luciferase activities. The ratio of firefly
luciferase activity to Renilla luciferase activity was determined.

Western blotting. The cells were lysed using RIPA buffer
(Beyotime Institute of Biotechnology). Protein concentration
was determined using a BCA kit (Abcam). Proteins (60 ug
per lane) were separated using 12% SDS-PAGE, and then
transferred onto PVDF membranes (Thermo Fisher Scientific,
Inc.). The membranes were blocked with 5% dry milk in
Tris-buffered saline with 0.2% Tween-20 at 4°C overnight, and
then incubated with primary antibodies against mTOR (1:500;
cat. no. ab134903) and GAPDH (1:500; cat. no. ab8245) at
room temperature for 3 h, and then incubated with horseradish
peroxidase-conjugated goat anti-rabbit secondary antibody
(1:5,000; cat. no. ab6721) at room temperature for 1 h. All
antibodies were purchased from Abcam. Then, the signals
were visualized with an enhanced chemiluminescence kit
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Table I. Association between TINCR expression and clinicopathological characteristics in bladder cancer.
TINCR expression
Variables Cases (n=53) High (n=23) Low (n=30) P-value
Age 0.775
<55 19 9 10
=55 34 14 20
Sex 0.779
Male 33 15 18
Female 20 8 12
Grade 0.052
Well and moderately 40 14 26
Poor 13 9 4
Lymph node metastasis 0.009*
Negative 34 10 24
Positive 19 13 6
Distant metastasis 0.012¢
Present 5 5 0
Absent 48 18 30
TNM stage 0.002¢
I-1I 27 6 21
I-1v 26 17 9

TINCR, TINCR ubiquitin domain containing; TNM, Tumor Node Metastasis. *P<0.05 was considered to indicate a statistically significant

difference.

(GE Healthcare), and quantified using ImageJ software v1.46
(National Institutes of Health).

Statistical analysis. Statistical analyses were conducted
using SPSS 20.0 software (IBM Corp). Data in this study are
expressed as the mean + SD. A Student's t-test was used for
comparisons between two groups, and a one-way ANOVA
followed by a Turkey's post hoc test was used for comparisons
among >2 groups. A * test was used to analyze the asso-
ciation between gene expression and clinical characteristics
of patients. A Kaplan-Meier method followed by a log-rank
test was applied for the survival analyses. Spearman's correla-
tion analysis was also performed. P<0.05 was considered to
indicate a statistically significant difference.

Results

Upregulation of TINCR is associated with aggressive pheno-
types and poor prognosis in bladder cancer. To reveal the
function of TINCR in bladder cancer progression, the expres-
sion levels of TINCR in clinical tissue samples were examined.
The results of the RT-qPCR assays showed that the expression
of TINCR was significantly increased in bladder cancer tissues
compared to matched adjacent normal tissues (Fig. 1A).
Moreover, the TINCR levels were also increased in the bladder
cancer cell lines compared with those in the SV-HUC-1 cells
(Fig. 1B). Based on the median expression value (1.97) of
TINCR as a cut-off value, the patients with bladder cancer
were divided into high and low TINCR expression groups.

Moreover, the patients with median expression values were
included in high TINCR expression group. It was identified
that a high expression of TINCR was significantly associated
with advanced TNM stage and metastasis (Table I). Moreover,
the patients with a high TINCR expression exhibited poorer
survival rates compared with those with a low TINCR expres-
sion (Fig. 1C).

miR-7 is negatively regulated by TINCR in bladder cancer. The
function of TINCR in bladder cancer was then examined, as
well as the underlying molecular mechanism. Bioinformatics
analysis data showed that miR-7 could potentially bind to
TINCR, suggesting a possible interaction between TINCR
and miR-7 (Fig. 2A). T24 and 5637 cells were used in further
in vitro experiments. As TINCR was upregulated in bladder
cancer, a TINCR siRNA was transfected into T24 and 5637
cells to knock down TINCR. Following transfection, TINCR
expression levels were significantly downregulated in the
TINCR siRNA group compared with the negative control (NC)
siRNA group (Fig. 2B). Further investigation indicated that the
expression levels of miR-7 were significantly increased in the
TINCR siRNA group compared with the NC siRNA group,
suggesting that the miR-7 levels were negatively affected by
TINCR in bladder cancer cells (Fig. 2C). Moreover, the lucif-
erase reporter gene assay data showed that co-transfection of
miR-7 and WT TINCR luciferase reporter plasmid signifi-
cantly decreased luciferase activity (Fig. 2D and E). These
results indicated the association between TINCR and miR-7
in bladder cancer cells. It was then identified that miR-7 was
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Figure 1. Upregulation of TINCR in bladder cancer. (A) Expression of TINCR is increased in bladder cancer tissues compared with adjacent normal tissues.
“P<0.01 vs. Adjacent. (B) Expression of TINCR is increased in bladder cancer cell lines compared with SV-HUC-1 cells. “P<0.01 vs. SV-HUC-1. (C) Patients
with bladder cancer who had high TINCR expression exhibited poorer survival rates compared to those with a low TINCR expression. TINCR, TINCR
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Figure 2. TINCR negatively mediates the expression of miR-7 in bladder cancer cells. (A) Bioinformatics analysis identified that miR-7 may have a potential
binding site with TINCR. (B) Transfection with TINCR siRNA decreased the expression of TINCR in the T24 and 5637 cells. “P<0.01 vs. NC siRNA.
(C) Transfection with TINCR siRNA increased the expression of miR-7 in T24 and 5637 cells. “"P<0.01 vs. NC siRNA. (D and E) Transfection of miR-7
mimics inhibited the luciferase activity of the WT TINCR luciferase reporter gene plasmid, without affecting that of the MT TINCR plasmid in (D) T24 and
(E) 5637 cells. “P<0.01 vs. miR-NC. TINCR, TINCR ubiquitin domain containing; miR, microRNA; siRNA, small interfering RNA; NC, negative control;

WT, wild-type; MT, mutated.
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Table II. Association between miR-7 expression and clinicopathological characteristics in bladder cancer.
miR-7 expression
Variables Cases (n=53) High (n=26) Low (n=27) P-value
Age 0.398
<55 19 11 8
=55 34 15 19
Sex 0.779
Male 33 17 16
Female 20 9 11
Grade 0.054
Well and moderately 40 23 17
Poor 13 3 10
Lymph node metastasis 0.021*
Negative 34 21 13
Positive 19 5 14
Distant metastasis 0.051
Present 5 0 5
Absent 48 26 22
TNM stage 0.014*
I-1I 27 18 9
I-1v 26 8 18

miR, microRNA; TNM, Tumor Node Metastasis.*P<0.05 was considered to indicate a statistically significant difference.
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Figure 3. miR-7 expression is downregulated in bladder cancer. (A) miR-7 levels are lower in bladder cancer tissues compared with adjacent normal tissues.
“P<0.01 vs. Adjacent. (B) Expression of miR-7 is downregulated in bladder cancer cell lines compared with SV-HUC-1 cells. “P<0.01 vs. SV-HUC-1. (C) The
TINCR expression is inversely correlated with the miR-7 expression in bladder cancer tissues. TINCR, TINCR ubiquitin domain containing; miR, microRNA.

significantly downregulated in bladder cancer tissues and cell
lines (Fig. 3A and B). It was then demonstrated that there was

an inverse correlation between the expression of miR-7 and
TINCR in bladder cancer tissues (Fig. 3C), which further
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Figure 4. Knockdown of miR-7 attenuates the inhibitory effects of TINCR knockdown on bladder cancer cell proliferation. (A) T24 and (B) 5637 cells were
transfected with NC inhibitor, miR-7 inhibitor, miR-NC mimic or miR-7 mimic. Following transfection, the expression of miR-7 was examined. *P<0.01 vs. NC
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cell proliferation in (E) T24 and (F) 5637 cells. “P<0.01 vs. NC siRNA + NC inhibitor. TINCR, TINCR ubiquitin domain containing; miR, microRNA; NC,
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confirms their targeting relationship. In addition, low miR-7
expression was associated with advanced TNM stage and
lymph node metastasis (Table II).

miR-7 is involved in the TINCR-mediated bladder cancer
cell proliferation, migration and invasion. The regulatory
mechanism of TINCR and miR-7 underlying bladder cancer
cell proliferation and invasion was further studied. Firstly,
bladder cancer cells were transfected with an NC inhibitor,
miR-7 inhibitor, miR-NC mimic or miR-7 mimic. As shown in
Fig. 4A and B, transfection with a miR-7 inhibitor significantly
decreased miR-7 expression, and transfection with a miR-7
mimic significantly increased miR-7 expression in bladder
cancer cells. Then, bladder cancer cells were transfected with
NC siRNA + NC inhibitor, TINCR siRNA + NC inhibitor,
TINCR siRNA + miR-7 inhibitor. Following transfection, the
expression levels of TINCR were significantly downregulated
in the TINCR siRNA + NC inhibitor and TINCR siRNA +
miR-7 inhibitor groups, compared with the NC siRNA + NC
inhibitor group (Fig. 4C). Whereas, miR-7 was upregulated in
the TINCR siRNA + NC inhibitor group compared with the
NC siRNA + NC inhibitor group, which was reversed by trans-
fection with a miR-7 inhibitor (Fig. 4D). It was identified that
inhibition of TINCR repressed bladder cancer cell prolifera-
tion, which was reversed by miR-7 inhibition (Fig. 4E and F).
Moreover, knockdown of TINCR also suppressed cell

migration and invasion, which was reversed by knockdown of
miR-7 (Fig. 5). For cell migration, the number of migratory
cells were as follows: In Fig. 5SA, NC siRNA + NC inhibitor
(45.2+3.7), TINCR siRNA + NC inhibitor (23.4+1.8) and
TINCR siRNA + miR-7 inhibitor (49.9+5.1); and in Fig. 5B,
NC siRNA + NC inhibitor (46.3+3.5), TINCR siRNA + NC
inhibitor (27.2+3.6) and TINCR siRNA + miR-7 inhibitor
(50.4+3.4). For cell invasion, the number of invaded cells were
as follows: In Fig. 5C, NC siRNA + NC inhibitor (77.2+3.1),
TINCR siRNA + NC inhibitor (45.1+2.6) and TINCR siRNA
+ miR-7 inhibitor (79.4+2.9); and in Fig. 5D, NC siRNA + NC
inhibitor (82.4+2.9), TINCR siRNA + NC inhibitor (52.1£1.7)
and TINCR siRNA + miR-7 inhibitor (84.3+2.5). These
data suggest that miR-7 participates in the TINCR-mediated
bladder cancer cell proliferation, migration and invasion.

mTOR is a target gene of miR-7 in bladder cancer cells.
Recently, an increasing number of IncRNAs have been
reported to competitively inhibit the expression levels of
miRs by acting as ceRNAs, which could further mediate the
expression of the downstream target genes (7). Bioinformatics
analyses data have shown that the 3'UTR of mTOR mRNA
contained putative binding sites of miR-7 (Fig. 6A). The results
of the luciferase reporter gene assays showed that transfec-
tion of miR-7 mimics significantly inhibited the luciferase
activity of WT of 3'UTR of mTOR, without affecting the
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Figure 5. Knockdown of miR-7 attenuates the inhibitory effects of TINCR knockdown on bladder cancer cell migration and invasion. T24 and 5637 cells were
transfected with NC siRNA + NC inhibitor, TINCR siRNA + NC inhibitor, TINCR siRNA + miR-7 inhibitor. Following transfection, (A and B) cell migration
in (A) T24 and (B) 5637 cells, and (C and D) invasion capabilities in (C) T24 and (D) 5637 cells were examined using Transwell assays. Magnification for cell
migration and invasion, x200. “P<0.01 vs. NC siRNA + NC inhibitor. TINCR, TINCR ubiquitin domain containing; miR, microRNA; NC, negative control;

siRNA, small interfering RNA.

luciferase activity of MT of 3'UTR of mTOR (Fig. 6B and C).
Accordingly, mTOR is a direct target gene of miR-7 in bladder
cancer cells. Consistently, miR-7 overexpression led to the
downregulation of mTOR expression in bladder cancer cells,
while silencing of miR-7 expression increased mTOR expres-
sion (Fig. 6D-G).

mTOR participates in the miR-7-mediated malignant pheno-
types of bladder cancer cells. It was then studied whether
mTOR was a downstream effecter in the miR-7-mediated
proliferation and invasion of bladder cells. Firstly, bladder
cancer cells were transfected with a blank vector or mTOR
expression plasmid. As shown in Fig. 7A and B, transfection
with an mTOR expression plasmid significantly increased the
mRNA and protein levels of mTOR in bladder cancer cells
compared with the blank group. Bladder cancer cells were
co-transfected with miR-NC + blank vector, miR-7 mimic +
blank vector, or miR-7 mimic + mTOR plasmid. As shown
in Fig. 7C and D, the expression of mTOR was significantly
reduced after miR-7 overexpression, which was reversed by

transfection with the mTOR plasmid. Following this, it was
identified that cell proliferation was decreased by miR-7
overexpression, which was reversed by mTOR overexpres-
sion (Fig. 7E and F). Moreover, overexpression of mTOR
also reversed the miR-7-induced inhibition of migration and
invasion of bladder cancer cells (Fig. 8). For cell migration,
the number of migratory cells were as follows: In Fig. 8A,
miR-NC + blank vector (40.1+3.0), miR-7 mimic + blank vector
(23.3£1.9) and miR-7 mimic + mTOR plasmid (56.6+2.9); and
in Fig. 8B, miR-NC + blank vector (45.3+3.9), miR-7 mimic
+ blank vector (23.8+1.8) and miR-7 mimic + mTOR plasmid
(49.6%3.8). For cell invasion, the number of invaded cells were
as follows: In Fig. 8C, miR-NC + blank vector (55.2+2.2),
miR-7 mimic + blank vector (37.6+1.1) and miR-7 mimic +
mTOR plasmid (83.4+4.4); and in Fig. 8D, miR-NC + blank
vector (62.1+3.2), miR-7 mimic + blank vector (39.5+2.1) and
miR-7 mimic + mTOR plasmid (87.4+4.5). Therefore, the
present findings suggest that miR-7 plays an inhibitory role in
the malignant phenotypes of bladder cancer cells by directly
targeting mTOR.
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Discussion

The regulatory mechanism of TINCR during bladder cancer
progression is complicated. In the present study, it was
identified that the expression of TINCR was significantly
increased in bladder cancer tissues and cell lines, when
compared with that in adjacent normal tissues and normal
urinary tract epithelial cell line SV-HUC-1, respectively.
Moreover, the high expression of TINCR was associated
with tumor metastasis and advanced TNM stage, as well
as decreased survival rates of patients with bladder cancer.
Further investigation revealed that miR-7 was negatively
mediated by TINCR in bladder cancer cells. Silencing of
TINCR expression significantly increased the expression of

miR-7 and reduced bladder cancer cell proliferation, migra-
tion and invasion, while knockdown of miR-7 expression
eliminated the inhibitory effects of TINCR downregulation
on bladder cancer cells. mTOR was then identified as a target
gene of miR-7 in bladder cancer, and it was demonstrated
that overexpression of mTOR abolished the inhibitory effects
of miR-7 on bladder cancer cells.

Inrecent years, an increasing number of IncRNAs, including
TINCR, have been reported to serve critical roles in different
types of human cancer (25,26). For example, SP1-induced
upregulation of TINCR regulates gastric cancer cell prolifera-
tion and apoptosis (27). Loss of TINCR expression promotes
colorectal cancer cell proliferation and metastasis (28). The
present study identified that TINCR was upregulated in bladder
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Figure 7. mTOR is involved in miR-7-mediated bladder cancer cell proliferation. T24 and 5637 cells were transfected with a blank vector or mTOR expression
plasmid, following which the (A) mRNA and (B) protein levels of mTOR were measured. #P<0.01 vs. blank. T24 and 5637 cells were co-transfected with
miR-NC + blank vector, miR-7 mimic + blank vector, or miR-7 mimic + mTOR plasmid, following which the (C) mRNA and (D) protein levels of mTOR were
measured. Cell proliferation was measured in (E) T24 and (F) 5637 cells. “P<0.01 vs. miR-NC + blank. miR, microRNA; NC, negative control.

cancer, and that the increased expression of TINCR was corre-
lated with metastasis and advanced TNM stage, consistent with
the results from a previous study (12). Therefore, the upregula-
tion of TINCR may contribute to bladder cancer progression.
Moreover, it was found that the patients with bladder cancer
who had higher TINCR expression showed shorter survival
time, when compared with those with low TINCR expression,
suggesting that TINCR may be used as a potential prognostic
maker for bladder cancer. Functionally, it was demonstrated
that knockdown of TINCR inhibited the malignant pheno-
types of bladder cancer cells, which indicates that TINCR has
an important role in bladder cancer. In future experiments it
would be useful to study the function of TINCR in bladder
cancer in vivo using animal experiments. A limitation of this
study is that only samples of the tumor tissue and adjacent

tissue from the same patient were collected during surgical
resection. Thus, further studies comparing the expression
levels of TINCR in the normal population with tumor tissue
from patients would be beneficial.

It has been well-established that IncRNAs can interact with
miRNAs and thus affect their function (6,7). In the present
study, it was demonstrated that TINCR sponges miR-7 in order
to negatively regulate its expression in bladder cancer cells.
Moreover, miR-7 was identified to be significantly downregu-
lated in bladder cancer, which may be due to the upregulation
of TINCR, as it was observed that TINCR expression was
inversely correlated to the miR-7 expression in bladder cancer
tissues. Further investigation indicated that the inhibition of
miR-7 reversed the inhibitory effects of TINCR knockdown
on bladder cancer cells, suggesting that TINCR serves a role
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in promoting the malignant phenotypes of bladder cancer cells
by negatively regulating the expression of miR-7. In addition
to miR-7, miR-375 was also recently identified to interact with
TINCR in gastric cancer (8).

In addition, it was identified that mMTOR was a direct target
gene of miR-7 in bladder cancer cells, and that the overex-
pression of mTOR abolished the miR-7-induced inhibition
of bladder cancer cell proliferation, migration and invasion.
In fact, this targeting relationship has also been reported in
several other types of human cancer (29,30). For example,
miR-7 increases cisplatin sensitivity of gastric cancer cells by
suppressing the expression of mTOR (29). Glover et al (30)
reported that miR-7 functioned as a tumor suppressor and novel
therapeutic agent for adrenocortical carcinoma by targeting
mTOR and RAF]I. Therefore, the results of the present study
improved the understanding of the function of miR-7/mTOR
axis in human cancer.

In summary, the present study demonstrated that the
upregulation of TINCR was associated with an aggressive
tumor phenotype and poor prognosis in bladder cancer, and
suggested that TINCR promotes the malignant phenotypes of
bladder cancer by regulating the miR-7/mTOR axis. Therefore,

the TINCR/miR-7/mTOR signaling pathway may be a poten-
tial therapeutic target for bladder cancer.
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