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Abstract

There is abundant evidence that long non-coding RNAs play important roles in the development of
tumors. In the present study, our main aim was to explore the relationship between IncRNA SNHG7 and
human bladder cancer cells, thus finding a novel target for bladder cancer therapy and diagnosis.
Expression of IncRNA SNHG7 was evaluated using real-time quantitative polymerase chain reaction in
bladder tumor tissues and paired adjacent normal tissues from 72 patients diagnosed with urothelial
bladder carcinoma. We analyzed the differences in expression according to grading and staging. Human
bladder cancer cell lines UMUC, 5637, T24 and SW780 were transiently transfected with IncRNA
SNHG?7-specific siRNA and negative control siRNA. The changes in malignant phenotypes in transfected
bladder cancer cells were determined using CCK-8 assay, wound-healing assay and ELISA. We found that
IncRNA SNHG7 was correlated with human bladder cancer. IncRNA SNHG7 was overexpressed in
bladder cancer tissues compared to paired normal tissues and expression of SNHG7 was higher in
high-grade than low-grade tumors. The malignant phenotypes were significantly inhibited when we
inhibited expression of INcRNA SNHG? in several bladder cell lines. SNHG?7 plays an oncogenic role in

human bladder cancer and may be a potential novel therapeutic target for treating bladder cancer.

Introduction

Bladder cancer is one of the most frequent types
of cancer worldwide in the male urinary system. The
most common histopathological type of bladder
cancer is urothelial carcinoma. Genetic and epigenetic
changes play important roles in the development and
progression of bladder cancer [1, 2]. At present,
surgery, chemotherapy and radiotherapy are widely
used to treat bladder cancer. However, such
traditional therapeutic approaches also cause severe
adverse effects as well as their tumoricidal effect in
bladder cancer. In order to treat bladder cancer
effectively and reduce the adverse effects,
molecular-targeted therapy has aroused much
attention from clinical scientists. Therefore, it is
necessary to find a series of effective molecules that

are highly correlated with the development of bladder
cancer.

Long non-coding RNAs (IncRNAs) are a special
kind of non-protein-coding RNA transcripts > 200 nt
in length [3]. In recent years, cancer biomarker
research has focused on ncRNAs, particularly on
IncRNAs, which play an important role in regulating
gene expression [4-7]. In addition, many studies have
reported that IncRNAs are related to malignant
phenotypes of cancer cells [8-11]. It has also been
reported that expression of IncRNAs is correlated
with cancer grading and staging. Therefore, IncRNAs
are considered to special regulatory elements for the
development of cancer. However, investigation of
dysregulation and function of IncRNAs in cancer has
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just begun and more research is urgently needed for
deeper understanding of the IncRNA regulatory
network.

SNHGY is a newly discovered IncRNA that is
closely related to the development and carcinogenesis
of several tumors, such as lung cancer [12], renal cell
carcinoma [13] and hepatocellular carcinoma [14]. In
our study, we found that SNHG7 was up-regulated in
bladder cancer tissues compared to the paired
adjacent normal tissues. We also found that
expression of SNHG?7 was higher in high-grade than
low-grade tumor tissues. SNHG7 was more abundant
in invasive than in non-invasive tumors. Therefore,
we supposed that SNHG7 might be a potential
effective biomarker in bladder cancer that could
enable effective molecular-targeted therapy.

Materials and Methods

Patient samples

We collected 40 tumor specimens from the
patients diagnosed with urothelial bladder carcinoma
who were treated with partial or radical cystectomy.
We preserved bladder cancer and paired adjacent
normal tissues from patients by snap-freezing in
liquid nitrogen immediately after surgical removal.
Each patient agreed to donate their tumor tissues for
our study and we obtained written informed consent
from them. Our study was approved by the
Institutional Review Board of our hospital.

Cell culture

The human bladder cancer cell lines SW780,
T24, UMUC and 5637 were obtained from the Institute
of Cell Research, Chinese Academy of Sciences,
Shanghai, China. All the cells ware cultivated with
minimal essential medium (Invitrogen, Carlsbad, CA,
USA) and supplemented with 10% fetal bovine serum
(FBS) (Invitrogen). The cell lines were grown in a 5%
CO; atmosphere.

Real-time quantitative polymerase chain
reaction (qRT-PCR)

Total RNA of cancer cells was extracted from the
tissue samples or cancer cell lines utilizing the TRIzol
reagent (Invitrogen). cDNAs were synthesized from
total RNA and extracted with the RevertAid™ First
Strand ¢cDNA Synthesis Kit (Fermentas, Hanover,
MD, USA). The primer sequences of IncRNA SNHG7
were shown as follows: IncRNA-SNHG7 primers
forward: 5-GTCAGCCGCATCTTCTTTTG-3,
reverse: 5'-GCGCCCAATACGACCAAATC-3}
GAPDH primers forward: 5-CGCTCTCTGCTCCTCC
TGTTC-3’, reverse: 5-ATCCGTTGACTCCGACCT
TCAC-3'. Real-time PCR was performed in a total
reaction volume of 20 pl including 0.4 pl forward

primer, 0.4 pl reverse primer, 0.4 pl ROX Reference
Dye, 1 pl First-Strand ¢cDNA, 10 pl 2% All-in-One™
gqPCR Mix (GeneCopoiea, Rockville, MD, USA) and
7.8 pl double-distilled water. The reactions were
performed and analyzed utilizing the ABI PRISM
7000 Fluorescent Quantitative PCR System (Applied
Biosystems, Foster City, CA, USA). We performed the
PCR in triplicate utilizing GAPDH as an internal
control. The expression of IncRNA-SNHG7 was
analyzed and evaluated relative to that of GAPDH
mRNA. All results are shown as the mean + SD of
three independent experiments.

siRNA transfection

IncRNA-SNHG? siRNA of was synthesized by
Genepharma (Suzhou, China). The siRNA sequences:
(sense) 5'-GCUGGAAUAAAGAGUAACAUU-3;
(antisense) 5-AAUGUUACUCUUUAUUCCAGC-3'.
We also purchased the negative control siRNA from
Genepharma. We incubated the cells and transfected
IncRNA-SNHG7 siRNA or negative control siRNA
into cells when they were grown to 70%-80%

confluence in tissue culture plates, using
Lipofectamine 3000 Transfection Reagent
(Invitrogen).

Cell proliferation assay

Cell proliferation was evaluated using Cell
Counting Kit-8 (CCK-8; Beyotime Institute of
Biotechnology, Shanghai, China). The cells were
cultivated in 96-well plates for 24 h with normal
medium. The cells were transfected with
IncRNA-SNHG? siRNA or negative control siRNA
when the cells grew to 70%-80% confluence with
Lipofectamine 3000. Ten microliters of CCK-8 (5
mg/ml) was added to each well after transfection at 0,
24, 48 and 72 h. The cells were incubated for 1 h and
ODysp was measured using a microplate reader
(Bio-Rad, Hercules, CA, USA). Finally, the ODusp
values were converted to cell numbers by utilizing
standard curves.

Apoptosis assay

Apoptosis was evaluated utilizing the Caspase-3
ELISA Kit (R&D, Minneapolis, MN, USA). The cells
were cultivated in 96-well plates for 24 h with normal
medium. The cells were transfected with
IncRNA-SNHG? siRNA or negative control siRNA
when the cells grew to 70%-80% confluence with
Lipofectamine 3000. At 48 h after transfection,
apoptosis was evaluated by measuring and analyzing
the activity of caspase-3. The microplate reader
(Bio-Rad) was used to measure ODas0. We calculated
the ratios between the ODso values of
IncRNA-SNHG7 siRNA transfected cells and those of
negative control siRNA transfected cells.
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Wound healing assay

Bladder cancer cell lines were transfected with
IncRNA-SNHG? siRNA or negative control siRNA
when the cells grew to 70%-80% confluence. The
monolayer cells were scratched and then cultivated
under normal conditions. We measured the migration
distance at 0, 12 and 24 h after scratching for each
bladder cancer cell line.

Transwell assay

A total of 104 SW780, T24, UMUC and 5637 cells
(~150 pl) were collected with serum-free medium and
spread into the upper chamber. We filled the lower
chamber with 600 ul of medium that contained 10%
FBS. We pre-coated the membrane with Matrigel
(Corning Inc., Corning, NY, USA) for 6 h at 37° C. The
plates were incubated at 37° C and allowed to grow
for 24 h. After 24 h, the membranes were fixed with
pre-cooled methanol and stained with crystal violet.

Western blotting

We lysed the bladder cancer cells using RIPA
protein extraction reagent (Beyotime, Beijing, China)
supplemented with protease inhibitor cocktail and
phenylmethylsulfonyl  fluoride  (Roche, Basel,
Switzerland). The Bio-Rad Protein Assay Kit was
utilized to measure the protein concentration. We
performed western Dblotting according to the
traditional western blot assay method [15]. GAPDH
was utilized as an internal control. Antibodies (1:1000)
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against p21, Bax and E-cadherin were purchased from
Cell Signaling Technology (Boston, MA, USA).

Statistical analysis

The differences in IncRNA-SNHG?7 expression
status between bladder cancer tissues and paired
adjacent normal tissues were analyzed utilizing a
paired samples t-test. The differences in
IncRNA-SNHG7  expression  between  cancer
subgroups were analyzed utilizing an independent
samples t-test. The CCK-8 assay was analyzed at each
time point using an independent samples ¢-test.
Wound healing and apoptosis assays were also
analyzed by an independent samples t-test. We
performed all these statistical tests using SPSS version
21.0. P < 0.05 was considered statistically significant.

Results

LncRNA-SNHG7 was overexpressed in
bladder cancer tissues

Expression of IncRNA-SNHG7 was measured by
qRT-PCR in 72 bladder cancer tissue samples.
IncRNA-SNHG? was overexpressed in bladder cancer
compared to paired adjacent normal tissues.
Expression status of IncRNA-SNHGY in each sample
(bladder cancer tissue/paired adjacent normal tissue)
is shown in Figure 1A and the clinical characteristics
of this set of patients are indicated in Table 1. We also
analyzed the differences in IncRNA-SNHG7
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Fig. 1. LncRNA-SNHG7 was overexpressed in bladder cancer. Relative In\cRNA-SNHG7 expression was detected by utilizing qRT-PCR. A: The heights of the columns
in the chart represent the log:-transformed fold changes (tumor/normal) in INcRNA-SNHG?7 expression in 72 patients. B: Expression of IncRNA-SNHG7 was significantly higher
in high-grade than low-grade cancer (P < 0.01). C: Expression of INcRNA-SNHG?7 was higher in invasive than in non-invasive cancer. Data are shown as mean + SEM.
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Fig. 2. Knockdown of IncRNA-SNHGT? inhibited cell proliferation. Cell proliferation was evaluated by CCK-8 assay. After transfection of INcRNA-SNHG7 or negative
control siRNA, we measured ODaso values and converted them to cell numbers. ANOVA was utilized to compare cell proliferation curves. A: Cell proliferation inhibition in
bladder cancer cell line SW780. B: Cell proliferation inhibition in bladder cancer cell line T24. C: Cell proliferation inhibition in bladder cancer cell line UMUC. D: Cell
proliferation inhibition in bladder cancer cell line 5637. Data are shown as mean * SD. Each experiment in all cancer cell lines was performed in triplicate for three independent

times. (*p<0.05, **p< 0.01, **p< 0.001)

expression according to grading and staging.
IncRNA-SNHG7 was highly overexpressed (3.4-fold
higher) in high-grade compared to low-grade tumors
(Fig. 1B). We also found that IncRNA-SNHG7
expression was 2.45-fold higher in invasive tumors
than in non-invasive tumors, (Fig. 1C).

Table 1. Correlation between IncRNA-SNHG7 expression and
clinical characteristics of bladder cancer patients

Parameters Group Total IncRNA-SNHG7 expression P value
High Low

Age (years) <60 29 25 4 0.440
>60 43 34 9

Gender Male 40 35 5 0.171
Female 32 24 8

Tumor size (cm) <3 cm 42 31 11 0.034
>3 cm 30 28 2

Histological grade Low 38 26 12 0.002
High 34 33 1

TNM stage I 24 14 10 0.001
1/11/1v 48 45 3

Lymphatic metastasis NO 31 20 11 0.001
N1 or above 41 39 2

Inhibition of cell proliferation by knockdown of
IncRNA-SNHG7

Bladder cancer cell lines SW780, T24, UMUC and
5637 were transfected with IncRNA-SNHG?7 siRNA or
negative control siRNA. At 48 h after transfection, we
analyzed  IncRNA-SNHG7  expression  using
qRT-PCR. The inhibitory rate (IncRNA-SNHG7/
negative control siRNA) was 83.22 £ 2.71 in SW780
cells, 79.45 + 3.02 in T24 cells, 80.02 = 2.91 in UMUC

cells and 77.23 + 1.98 in 5637 cells. We performed each
experiment in triplicate for three independent times.
We transfected the IncRNA-SNHG7 or negative
control siRNA into SW780, T24, UMUC and 5637 cell
lines. Changes in bladder cancer cell proliferation
were determined using the CCK-8 assay. Cell
proliferation arrest was observed in SW780 cells (Fig.
2A), T24 cells (Fig. 2B), UMUC cells (Fig. 2C) and 5637
cells (Fig. 2D).

Knockdown of IncRNA-SNHG7-induced
apoptosis

Bladder cancer cell lines SW780, T24, UMUC and
5637 were cultured and transfected with
IncRNA-SNHG? or negative control siRNA. After
transfection, we cultured these cells for 48 h. Changes
in apoptosis in SW780, T24, UMUC and 5637 cell lines
were determined by ELISA (Fig. 3). We concluded
that knock down of IncRNA-SNHG?7 in the bladder
cell lines induced apoptosis.

Motility changes induced by knockdown of
IncRNA-SNHG7

Changes in motility of bladder cancer cell lines
SW780, T24, UMUC and 5637 were detected and
analyzed by wound healing assay. We transfected
IncRNA-SNHG? and negative control siRNA into all
the bladder cell lines and cultured them for 48 h. We
performed the wound healing assay in monolayer
culture and then cultured the cells under normal cell
culture conditions. Decreased cell motility was
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observed in SW780, T24, UMUC and 5637 cell lines
(Fig. 4). We concluded that silencing IncRNA-SNHG7
repressed the motility of cancer cells.

Knockdown of IncRNA-SNHG7 inhibited cell
invasion

Changes in invasiveness of SW780, T24, UMUC
and 5637 cell lines were measured by Transwell assay.
We transfected IncRNA-SNHG? and negative control
siRNA into all the bladder cell lines and cultured
them for 48 h. We collected the cells and used them for
the Transwell assay, which showed that suppression
of IncRNA-SNHG? repressed the motility of cancer
cells (Fig. 5).

Knockdown of IncRNA-SNHG?7 increased
expression levels of Bax, p21 and E-cadherin
protein

In order to explore the potential downstream
targets that induced the above phenotypic changes
after inhibition of IncRNA-SNHG7, we utilized
western blotting to measure the protein expression
levels of Bax, p21 and E-cadherin, which are known to
be involved in the development of bladder cancer. As
previously reported, Bax protein plays an important
role in inducing apoptosis and is inhibited in a variety
of tumors [16]. To demonstrate the relationship
between IncRNA-SNHG?7 and Bax protein, we used
western blotting to detect the expression level of Bax
after knockdown of IncRNA-SNHG7. Compared to
the negative control group, the cells transfected with
IncRNA-SNHG? siRNA showed up-regulation of Bax
(Fig. 6). p21 is a hallmark of cell cycle regulation and
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acts as an inhibitor of cell growth [17]. Western
blotting showed that expression of p21 was
significantly increased when IncRNA-SNHG7 was
suppressed by siRNA (Fig. 6). As shown in a previous
study, E-cadherin serves as a strong suppressor of cell
migration [18]. We also found that expression of
E-cadherin was obviously increased after silencing
IncRNA-SNHG? (Fig. 6). These data suggested that
Bax, p21 and E-cadherin genes might serve as
potential downstream targets of IncRNA-SNHG?7, and
that IncRNA-SNHG7 plays a role in regulating
bladder cancer cell phenotypes by down-regulating
expression of Bax, p21 and E-cadherin protein.

Discussion

At present, cancer therapy is a major challenge
worldwide. In order to decrease the severe adverse
effects of traditional cancer therapy,
molecular-targeted therapy has aroused widespread
attention. Therefore, exploring tumor-related targets
is essential for the development of molecular-targeted
therapy in cancer. Recent studies have indicated that
IncRNAs can be key players in the development of
cancer formation. IncRNAs are highly correlated with
several human diseases through regulation of DNA
methylation, transcription and chromatin remodeling
[5, 19, 20]. Furthermore, increasing evidence shows
that IncRNAs are correlated with the expression of
some genes [21, 22]. Therefore, it has been confirmed
that IncRNAs have significant clinical potential to be a
group of cancer biomarkers and effective therapeutic
targets [23, 24].
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Fig. 3. Knockdown of IncRNA-SNHG7 induced apoptosis. Transfection of I\cRNA-SNHG?7 or negative control siRNA into bladder cancer cells for 48 h. We determined
the changes in apoptosis using ELISA. Apoptosis induction was observed in IncRNA-SNHG7 siRNA-transfected bladder cancer cell lines SW780 (A), T24 (B), UMUC (C) and
5637 (D) using ELISA (P < 0.01). Data are shown as mean * SD. We performed each experiment in all cell lines in triplicate for three independent times.
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Fig. 4. Knockdown of INcRNA-SNHG7 decreased cell motility. After transfection of IncRNA-SNHG7 or negative control siRNA, we used wound healing assay to
evaluate motility changes in bladder cancer cells. A: Representative images of wound healing assay in SW780 cell lines, and decreased motility was observed in SW780 cell lines
(P < 0.01). B: Representative images of wound healing assay in T24 cell lines, and decreased motility was observed in T24 cell lines (P < 0.01). C: Representative images of wound
healing assay in UMUC cell lines, and decreased motility was observed in UMUC cell lines (P < 0.01). D: Representative images of wound healing assay in 5637 cell lines, and

decreased motility was observed in 5637 cell lines (P < 0.01).

Several studies have characterized the oncogenic
properties of IncRNA-SNHG7. IncRNA-SNHG7
affects cancer formation by interacting with miR-5095
[25], miR-193b [26], FAIM2 [12], p15 and pl6 [27].
IncRNA-SNHG?7 produces an important effect on
cancer cells. In our study, we investigated the
potential relationship between IncRNA-SNHG7 and
the downstream proteins Bax, p21 and E-cadherin,
which contribute to cancer development in some way.
Our study also explained the possible mechanism by
which IncRNA-SNHG?7 affects the malignant
phenotypes of human bladder cancer. Therefore, we
suppose that IncRNA-SNHG? plays an important role
in the development of bladder cancer, and silencing

SNHG?7 may inhibit the malignant phenotypes of
bladder cancer cells. The important conclusions of our
study were that IncRNA-SNHG7 was more highly
expressed in bladder cancer tissues compared with
paired adjacent normal tissues. We also found that
expression of INncRNA-SNHG7 was higher in
high-grade than in low-grade cancer and that
IncRNA-SNHG7 expression was higher in invasive
than in non-invasive bladder cancer. We silenced
IncRNA-SNHG?7 by siRNA in the bladder cancer cell
lines SW780, T24, UMUC and 5637 and found that the
malignant phenotypes of these bladder cancer cells
were inhibited.
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Fig. 5. Knockdown of IncRNA-SNHG7 decreased cell invasion. After transfection of IncRNA-SNHG7 or negative control siRNA, Transwell assay was used to detect

invasiveness of bladder cancer cells. A. Representative images of Transwell assay in T24 cells. B. Representative images of Transwell assay in SW780 cells. C. Representative
images of Transwell assay in UMUC cells. D. Representative images of Transwell assay in 5637 cells.
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Fig. 6. Knockdown of FALI increased expression of p21, Bax and E-cadherin protein. After transfection of IncRNA-SNHG?7 or negative control siRNA, western
blotting was used to detect changes in expression of p21, Bax and E-cadherin in bladder cancer cells. A. Representative images of western blotting in T24 cells. B. Representative
images of western blotting in SW780 cells. C. Representative images of western blotting in UMUC cells. D. Representative images of western blotting in 5637 cells.

In conclusion, our study demonstrated that promote migration, proliferation and invasion and
IncRNA-SNHG7 serves as an oncogene that can  inhibit apoptosis of bladder cancer cells. The
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malignant phenotypes of bladder cancer cells were
inhibited by suppression of expression of
IncRNA-SNHG7 by utilizing siRNA. This finding
shows that IncRNA-SNHG? is an important factor for
bladder cancer progression, thus providing a
potentially useful target for treating bladder cancer.
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