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CUIQING SHANG, JINYAN ZHU*, CHUANHUA ZHANG, JINGDONG YUAN, JUAN YANG, QiaN HUANG, Y1PENG Liu*
Department of Urology, The No.1 Hospital of Wuhan, Wuhan, 430000, China
*Cuiqing Shang and Jinyan Zhu contributed equally to this work. They are co-first authors

ABSTRACT

Objective: Long non-coding RNA(IncRNA) has become a key regulatory factor for tumor progression. IncRNA SNHG7 is
considered to be a carcinogenic factor, but its role and mechanism in bladder cancer (BC) need to be further elaborated. To explore the
role and mechanism of IncRNA SNHG7 in BC.

Methods: PCR-qRT was used to detect the expression of SNHG7 and miR-34a in BC cells and normal cells. Stable and SNHG7
inhibitory vector and miR-34a over-expression vector were established and transfected into BC cells. CCK-8, traswell and flow cytometry
were used to observe the proliferation and apoptosis of transfected cells. Western blot was used to detect the changes of EMT markers
(E-cadherin, N-cadherin, Vimentin). The relationship between SNHG7 and miR-34a was determined using double luciferase report.

Results: SNHG7 was up-regulated in BC cells, while miR-34a was down-regulated. Inhibition of SNHG7 or over-expression
of miR-34a on cancer cells could inhibit the proliferation and invasion of cells and increase apoptosis rate. In addition, it could up-
regulate E-cadherin and down-regulate N-cadherin and Vimentin. Double luciferase reported that SNHG7 and miR-34a could be
targeted combined. Rescue experiments found that inhibition of miR-34a could reverse the biological function changes of cancer cells
caused by inhibition of SNHG?7.

Conclusion: SNHG7 can promote the proliferation, invasion, EMT and inhibit apoptosis of BC cells through miR-34a.
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Introduction

Bladder cancer (BC) is the most common uri-
nary system tumor in clinic, with high morbidity and
mortality”. According to the global cancer statistics
in 2018, 549,393 new cases and 199,922 deaths were
found in 2018, which is the 10th most common can-
cer in the world®. At present, although BC patients
can be treated by surgery, radiotherapy and chemo-
therapy, the recurrence rate and mortality rate of pa-
tients are still very high due to the characteristics of
BC with high metastasis® #. There is currently no
effective treatment for patients with recurrence or
metastasis. Therefore, it is very important to explore
the pathogenesis of BC and find potential therapeu-
tic targets to improve patient outcomes.

LncRNA(Long non-coding RNA) is a long-
chain non-coding RNA with a length of >200 nt®.
Although IncRNA cannot directly encode proteins,
it can participate in various biological processes
such as cell growth, embryonic development and tu-
morigenesis by regulating chromatin and transcrip-
tional and post-transcriptional gene expression®.
SNHG?7 is a member of IncRNA, located on chro-
mosome 9q34.3, with a length of 2157 bp™” SNHG7
is considered as a carcinogenic gene, which can pro-
mote the progress of various tumors. For example,
SNHG?7 can promote tumor metastasis and invasion
by up-regulating SOX4 in melanoma®. In renal cell
carcinoma, SNHG7 can play a role in promoting
cancer by negatively regulating CDKNIA expres-
sion®.
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In prostate cancer, SNHG7 can promote the
proliferation and cycle development of cancer cells
through miR-503/Cyclin D1 pathway”. SNHG7
is also considered as a carcinogenic gene in BC.
Some studies have found that SNHG7 expression is
up-regulated in BC tissues and cells and it is related
to tumor size, metastasis and staging. In addition, in-
hibition of SNHG7 can inhibit the proliferation of
cancer cells and promote apoptosis‘'?.

However, the biological mechanism of SNHG7
in BC progress still needs to be further clarified. In
this paper, we found that there are targeted binding
sites between SNHG7 and miR-34a through star-
Base3.0 gene prediction website. microRNA(miR) is
a highly conserved endogenous short-chain non-cod-
ing RNA, which can participate in and regulate cell
processes such as apoptosis, proliferation and differ-
entiation'>'¥, In tumors, miR has been widely stud-
ied as a carcinogenic or tumor suppressor gene and
it is considered as a therapeutic target for tumors®.
miR-34a is an important member of miR. The explo-
ration of the relationship between miR-34a and BC
has found that miR-34a is down-regulated in BC,
and it can inhibit the invasion and migration of can-
cer cells by up-regulating PTEN®?.

Based on the above, we have suspected that
SNHG?7 can promote BC progress through miR-34a.
In order to prove this conjecture, we have conducted
the following research'®.

Materials and methods

Cell source and treatment

Cell sources

BC cells UMUC3, T24, RT112, SW780 and
normal bladder epithelial cell SV-HUC-1 were pur-
chased from Shanghai Institute of Cell Research,
Chinese Academy of Sciences.

Cell culture

The above five cell lines were placed in
RPMI1640 medium (Gibco, USA) containing 10%
fetal bovine serum (PBS, Gibco, USA) and 1% pen-
icillin-streptomycin (100X, Solarbio, USA), respec-
tively, and cultured in an incubator at 37°C, 5% CO2,
and digested with 0.25% trypsin until the cell adher-
ence growth density reached 80%-90%.

Cell transfection

pcDNA 3.1 plasmid was used as a vector.
SNHG?7 inhibitory plasmid (si-SNHG7), miR-34a
over-expression plasmid (miR-34a-mimics) and

blank control (si-NC, miR-NC) were established, re-
spectively. The established cell lines were transferred
to 24-well plates. After 48 hours, Lipofectamine
2000(Invitrogen, USA) kit was used to transfect the
cell plasmid. The operation steps were strictly car-
ried out according to the kit instructions.

Detection methods

PCR-qRT

Total RNA was extracted from the target cells
with TRIzol reagent (Invitrogen, USA). Next, the pu-
rity, concentration and integrity of the extracted total
RNA were determined by UV spectrophotometer
and agarose gel electrophoresis. 5 pug of total RNA
was taken. Reverse Transcription was performed us-
ing the TagMan™ Reverse Transcription reagents kit
(Invitrogen, USA). The specific steps were carried
out strictly according to the kit instructions. SYBR _
Premix ExTaq II (Takara, Dali, China) and ABI
7500PCR (Applied Biosystems, USA) were used for
amplification. The amplification system was SYBR
Premix Ex Taq II (2X) 10puL, cDNA 2uL, each 0.8uLL
of upstream and downstream primers, and then Ster-
ile purified water was supplemented to 20 pL. The
amplification conditions were pre-denaturation at
95°C for 30s, denaturation at 95°C for 5s, anneal and
extension at 60°C for 30s, with a total of 40 cycles.
2-44¢ was used to analyze the data’”. SNHG7 used
GADPH as the internal reference and miR-34a used
U6 as the internal reference. The primer sequences
are shown in Table 1.

Grouping Forward Reverse

SNHG7 5-TTGCTGGCGTCTCGGTTAAT-3" 5’-GGAAGTC CATCACAGGCGAA-3’

GADPH | 5-AACGTGTCAGTGGTGGACCTG-3" | 5-AGTGGGTGTCGCTGTTGAAGT-3’

5’-CACGGACTCGGGGCATTTG- 5’-CTGTCTAGATCGCTTATCTTC-

miR-34a GAGATTTT-3' CCCTTGG3

u6 5’-CTCGCTTCGGCAGCACA-3’ 5’-AACGCTT CACGAATTTGCGT-3’

Table 1: Primer sequences.

Western blot assay

In each group, the cultured cells were collect-
ed. RIPA reagent and BCA kit (Thermo Scientifi, the
United States) were used to extract the total proteins
and test its concentration in each group. Subsequent-
ly, 6% SDS-PAGE was used for electrophoresis to
separate the protein to be detected and transfer it to
PVDF membrane.

The protein was sealed with 5% defatted milk
powder for 2 hours. E-cadherin (1: 1000), N-cadher-
in (1: 1000), Vimentin (1: 1000) and (-catenin (I:
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1000) primary antibody (Abcam, USA) were added
and sealed overnight in a refrigerator at 4°C. The
first antibody was removed by washing the film, and
HRP-conjugated goat anti-rabbit second antibody of
1:4000 (Abcam, USA) was added, incubated at 37°C
for 1h, and rinsed 3 times with PBS for 5 min each
time. Then, it was developed in dark room and waste
liquid on the membrane was removed. Development
was carried out according to the instruction of ECL
kit. The protein bands were scanned and the gray
values were analyzed in Quantity One.

Detection of cell proliferation

Cells were collected at 24 hours after transfec-
tion and their concentration was adjusted to 4*104
cells. The cells were spread on 96-well plates. 10pL
CCK solution (Shanghai Beyotime Biotechnology)
was added at 24 hours, 48 hours, 72 hours and 96
hours after transfection, and cultured at 37°C for 2
hours. Subsequently, the absorbance of each well
was detected by using enzyme-labeling instrument
(Molecular Devices, USA) at 490nm and the growth
curve was drawn.

Detection of cells invasion

After transfection for 24 hours, cells were col-
lected and their concentration was adjusted to 4*¥104
cells. The cells were inoculated into the upper cham-
ber. 200uL of culture solution was added into the up-
per chamber. 500mL of culture medium containing
20%FBS was added into the lower chamber. After
culture for 48 hours at 37°C, the substrates and cells
in the upper chamber that did not pass through the
membrane surface were wiped off, washed with PBS
for 3 times, fixed with paraformaldehyde for 10min,
washed with double distilled water for 3 times, dried
and stained with 0.5% crystal violet. The cell inva-
sion was observed under a microscope.

Apoptosis detection

The suspension with 1%106 cells /mL was pre-
pared, and the cells were fixed with precooled 70%
ethanol solution for 30 min.

The ethanol solution was removed. The cells
were incubated in Annexin V-FITC/7-AAD mixed
solution and incubated in dark for 5 minutes. FC-
500MCL flow cytometer system (BD, USA) was
used for detection. The experiment was repeated for
3 times to take the average value.

Detection of target genes
There were targeted binding sites between

SNHG7 and miR-34a through starBase3.0 gene pre-
diction website. The SNHG7-3'UTR wild type (Wt)
and SNHG7-3’UTR mutant (Mut), miR-34a-mimics
and miR-NC were transferred into BC cells using the
Lipofectamine™ 2000 kit.

After 48 hours, the luciferase activity in the
cells was detected using the dual luciferase reporter
gene assay kit (Promega, USA).

Statistical analysis

In this study, the data were input into the Graph-
Pad 7 (GraphPad Software, San Diego, USA) for data
statistics, analysis and drawing the required pictures.
Independent sample t test was used for comparison
between the two groups.

One-way anova was used for multi-group
comparison. LSD-t test was used for pairwise com-
parison. Multiple time points were expressed by
repetitive measurement and analysis of variance.
Bonferroni was used for back testing. The difference
was statistically significant with P<0.05.

Results and discussion

Expression of SNHG7 and miR-34a in BC
cells

PCR-qRT was used to detect the expression
of SNHG7 and miR-34a in BC cells UMUC3, T24,
RT112, SW780 and normal bladder epithelial cell
SV-HUC-1. It was found that SNHG7 was up-regu-
lated and miR-34a was down-regulated in the above
four BC cells. SNHG7 was expressed highest in
UMUCS cells, so it was selected for subsequent cell
experiments (Figure 1).
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Figure 1: Expression of SNHG7 and miR-34a in BC cel-
Is. Figure A, SNHG7 up-regulated in BC cells. Figure B,
miR-34a down-regulated in BC cells.

Note: “represents p<0.05.

Effects of SNHG7 on biological functions of
BC cells

In order to explore the effect of SNHG7 on BC,
UMUCS cells were treated with SNHG7 inhibition.
CCK-8, traswell and flow cytometry were used to
evaluate the proliferation, invasion and apoptosis of
transfected cells.
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The results showed that after the treatment
of UMUCS3 cells with SNHG7 inhibition, SNHG7
was down-regulated, the proliferation and invasion
abilities were weakened and apoptosis rate was in-
creased. Detection of EMT marker protein showed
that E-cadherin was elevated while N-cadherin and
Vimentin were down-regulated (Figure 2).
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Figure 2: Effects of SNHG7 on biological functions of
BC cells. Figure A, After the treatment of UMUC3 cells
with SNHG?7 inhibition, SNHG7 was down-regulated. Fi-
gure B, After the treatment of UMUCS3 cells with SNHG7
inhibition, the proliferation ability was weakened. Figu-
re C, After the treatment of UMUC3 cells with SNHG7
inhibition, the invasion ability was weakened. Figure D,
After the treatment of UMUCS3 cells with SNHG7 inhibi-
tion, the apoptosis rate was increased. Figure E/F/G: After
the treatment of UMUCS3 cells with SNHG?7 inhibition,
E-cadherin in the cells increased while N-cadherin and
Vimentin decreased.

Note: “represents p<0.05.

Relationship between SNHG7 and miR-34a

Results 2.2 showed that SNHG7 could promote
BC development, but the mechanism was not clear.
According to the prediction of starBase3.0 biological
website, there was a binding site between SNHG7
and miR-34a.

Therefore, the double luciferase activity test
was carried out to prove the connection between
them. The results showed that miR-34a-mimics
could inhibit SNHG7-3’'UTR Wt luciferase activity
in cells and had no effect on the SNHG7-3’'UTR Mut
luciferase activity.

In addition, PCR-qRT showed that miR-34a
was up-regulated after transfection of UMUCS3 cells
with si-SNHG?7. This indicated that SNHG7 could
target regulation of miR-34a (Figure 3).
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Figure 3: Relationship between SNHG7 and miR-34a.
Figure A, There was a binding site between SNHG7
and miR-34a. Figure B, miR-34a-mimics could inhibit
SNHG7-3’UTR Wt luciferase activity in cells and had
no effect on the SNHG7-3’UTR Mut luciferase activity.
Figure C, miR-34a was up-regulated after transfection of

UMUCS3 cells with si-SNHGT7.
Note: “represents p<0.05.

Effect of miR-34a on biological function of
BC cells

miR-34a was down-regulated in BC cells, sug-
gesting that miR-34a might participate in BC devel-
opment. In order to explore the role of miR-34a in
BC, UMUCS3 cells were over-expressed with miR-
34a to observe the effect of such treatment on the
biological function of cancer cells.

The results showed that after transfection of
UMUCS3 cells with miR-34a-mimics, miR-34a was
up-regulated, and cell proliferation and invasion were
enhanced and apoptosis rate was decreased. Detec-
tion of EMT marker protein showed that E-cadherin
was elevated while N-cadherin and Vimentin were
down-regulated (Figure 4).

Effects of simultaneous inhibition of SNHG7
and miR-34a on biological function of BC cells

In order to further understand the relationship
between SNHG7 and miR-34a, UMUCS3 cells were
treated with simultaneous inhibition of SNHG7 and
miR-34a to observe the changes of cell biological
functions. The results showed that the proliferation,
invasion and apoptosis of UMUC3 cells after trans-
fecting si-SNHG7+miR-34a-inhibitor were equiva-
lent to those of transfected si-NC cells. Compared
with transfected si-SNHG7 cells, the proliferation
and invasion ability were enhanced and apopto-
sis rate was decreased. Detection of EMT marker
protein showed that the expression of E-cadherin,
N-cadherin and Vimentin in UMUC3 cells after
transfection of si-SNHG7+miR-34a-inhibitor was
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not different from that of transfected si-NC cells,
while E-cadherin decreased and N-cadherin and Vi-
mentin increased compared with transfected si-SN-
HG?7 cells (Figure 5).

Figure 4: Effect of miR-34a on biological function of
BC cells. Figure A, After transfection of UMUC3 cells
with miR-34a-mimics, miR-34a was up-regulated. Figure
B, After transfection of UMUC3 cells with miR-34a-mi-
mics, the proliferation ability was decreased. Figure C,
After transfection of UMUC3 cells with miR-34a-mimi-
cs, the invasion ability was decreased. Figure D, After
transfection of UMUCS3 cells with miR-34a-mimics, the
apoptosis rate was increased. Figure E/F/G, After tran-
sfection of UMUCS3 cells with miR-34a-mimics, E-cadhe-
rin increased while N-cadherin and Vimentin decreased.
Note: “represents p<0.05.
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Figure 5: Effects of simultaneous inhibition of SNHG7
and miR-34a on biological function of BC cells. Figure
A/B/C, The proliferation, invasion and apoptosis of cel-
Is after transfecting si-SNHG7+miR-34a-inhibitor were
equivalent to those of transfected si-NC cells. Compared
with transfected si-SNHG?7 cells, the proliferation and
invasion ability were enhanced and apoptosis rate was
decreased. Figure D/E/F, The expression of E-cadherin,
N-cadherin and Vimentin in UMUC3 cells after tran-
sfection of si-SNHG7+miR-34a-inhibitor was not diffe-
rent from that of transfected si-NC cells, while E-cadherin
decreased and N-cadherin and Vimentin increased com-
pared with transfected si-SNHG?7 cells.

Note: “represents p<0.05.

LncRNA, as a long-chain non-coding RNA, has
been regarded as a “waste product” in the transcrip-
tion process due to its inability to encode proteins.
However, in recent years, more and more studies
have found that IncRNA can participate in biological
events through various mechanisms from the tran-
scription level to the post-transcription level'”'.

With the deepening understanding of IncRNA,
its imbalance is considered to be one of the impor-
tant factors for the development of various tumors
including BC"-2). SNHG7 is a newly discovered In-
cRNA, which plays the role of carcinogenic gene in
BC(11), but the specific mechanism still needs to be
further explored. Therefore, we designed this study
to explore the role of SNHG7 in BC and its related
mechanisms. The results showed that SNHG7 was
up-regulated in many BC cells. The inhibition of
SNHG?7 on cancer cells could inhibit cell prolifera-
tion and invasion and promote apoptosis.

More and more reports have found that IncRNAs
can be used as endogenous competitive RNA(ceR-
NA) of miRNA, and they can be used as molecular
sponge to competitively inhibit miRNA®?. In this
paper, the bioinformatics database analysis showed
that miR-34a and SNHG7 had targeted binding sites.
miR-34a was up-regulated after treatment of SNHG7
inhibition on cells. Dual luciferase report confirmed
that miR-34a could be targeted and regulated by
SNHGY7. In tumors, miR-34a is considered as a tumor
suppressor gene®:24. Previous reports have pointed
out that IncRNA can play an important role in tumor
through miR-34a. For example, IncRNA Lnc-OCl1
can promote the progress of the disease by inhibiting
miR-34a in ovarian cancer cells®. In breast cancer,
LncRNA UFCI promotes cancer cell growth, inva-
sion, migration and induces apoptosis by acting as
miR-34a sponge and then regulating CXCL10 ex-
pression®®- In esophageal squamous cell carcinoma,
LncRNA MNX1-ASI can promote the development
of the disease through miR-34a/SIRT1 axis®”.

First, we found that miR-34a was down-regulat-
ed in many BC cells. Up-regulation of miR-34a ex-
pression could inhibit the proliferation and invasion
of cancer cells and promote apoptosis. Subsequently,
BC cells were treated with simultaneous inhibition
of SNHG7 and miR-34a, which could reverse the ef-
fect of inhibition of SNHG7 on the biological func-
tion of cancer cells. This showed that SNHG7 could
promote BC progress by up-regulating miR-34a.

EMT is an important factor affecting tumor
growth, invasion and metastasis, of which miR is
an important regulatory factor affecting EMT pro-



2602

Cuiqing Shang, Jinyan Zhu et Al

cess®, It has been reported that miR-34a can inhibit
the EMT process of ovarian cancer cells®. As we
all know, N-cadherin, Vimentin and E-cadherin are
important markers of epithelial-mesenchymal transi-
tion (EMT), and the change of their expression can
indicate the situation of EMT. In this paper, the ef-
fects of SNHG7 and miR-34a on EMT of BC cells
were observed by detecting the expression changes
of EMT markers of the three. The results showed
that inhibition of SNHG7 or over-expression of miR-
34a could up-regulate the expression of E-cadherin
and inhibit the expression of N-cadherin and Vimen-
tin in BC cells. In addition, inhibition of miR-34a
could reverse the effect of inhibition of SNHG7 on
the expression of EMT markers. This indicated that
SNHG?7 could also promote the process of BC cells
to EMT by up-regulating miR-34a¢%.

This article was designed to discuss the role of
SNHG?7 in BC and its related mechanisms at the mo-
lecular level. Our results showed that SNHG7 could
promote BC cell proliferation, invasion, EMT and in-
hibit apoptosis through miR-34a, and SNHG7 could
become a therapeutic target for BC. Previous studies
have found that miR-34a can inhibit the progression
of breast cancer by activating Wnt/f3-catenin path-
way. Therefore, it was speculated that SNHG7 could
promote BC progress through miR-34a mediated
Wnt /B-catenin signaling pathway in this article, and
this speculation will be discussed in future experi-
mental design. There are some deficiencies in this
article. Firstly, the clinical value of SNHG7 was not
discussed. Secondly, there was no in vivo experiment
to observe the effect of SNHG7 on tumor growth.
These deficiencies are expected to be supplemented
in subsequent studies. To sum up, SNHG7 can pro-
mote the proliferation, invasion, EMT and inhibit ap-
optosis of BC cells through miR-34a.
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