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Abstract: Non-coding RNA dysregulation is associated with many human diseases, including cancer. This study
explored the effects of INcRNA SNHG5 on clear cell renal cell carcinoma (ccRCC). We found that INcRNA SNHG5 is
upregulated in human ccRCC tissues and that INcRNA SNHG5 inhibition reduced ccRCC cell invasion and promoted
apoptosis in vitro. Bioinformatics database searching revealed that IncRNA SNHG5 is predicted to regulate the in-
teraction between miR-363-3p and Twist1. We further verified a ccRCC biomarker panel, which consists of IncRNA
SNHG5, miR-363-3p, and Twistl in ccRCC tissue samples. The direct SNHG5-miR-363-3p and Twist1-miR-363-3p
interactions were confirmed via dual-luciferase reporter assays. Additionally, functional assays demonstrated that
SNHG5 promotes cell invasion and inhibits apoptosis, while miR-363-3p inhibits cell invasion and promotes apopto-
sis via an interaction with Twist1. Furthermore, we found that Twist1l promotes tumor metastasis by regulating ma-
trix metalloproteinase (MMP)2 and MMP9 levels. Together, these results suggest that IncRNA SNHG5 may predict

ccRCC patient clinical outcome and serve as a novel anti-ccRCC therapeutic target.
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Introduction

Renal cell carcinoma (RCC) is a common excre-
tory system solid cancer, with high incidence
and mortality rate [1, 2]. Clear cell renal cell
carcinoma (ccRCC) is the most frequent histo-
logical subtype of RCC, accounting for approxi-
mately 75% of cases [3]. Currently, surgical
resection is the standard therapeutic option.
As nearly 30% of patients experience local and/
or distant recurrence and metastasis after
tumor resection, the overall survival of RCC
patients remains poor [4]. Thus, in-depth explo-
ration of the molecular mechanisms underlying
RCC tumor progression and discovery of reli-
able biomarkers that predict tumor metastasis
and invasion are urgently needed.

Non-coding RNAs are RNA molecules that not
code for proteins but play active roles in gene
regulation. Non-coding RNAs are classified
based on their length: microRNAs (miRNAs)

have a short mature form of 21-24 nucleotides,
and long non-coding RNAs (IncRNAs) refer to
those that are longer than 200 nucleotides [5].
Non-coding RNA has been reported to be
involved in the regulation of diverse cellular pro-
cesses, including cell growth and differentia-
tion, programmed cell death (apoptosis), and
migration [6, 7]. More specifically, some non-
coding RNAs have been found to regulate the
development and progression of human can-
cers [8-13]. For examples, the IncRNA SChLAP1
is a potential tissue-based biomarker for lethal
prostate cancer [8], while the IncRNA HIF1A-
AS2 is known to promote tumor invasion and
lymph node metastasis in gastric cancer [9].
The IncRNA small nuclear RNA host gene 5
(SNHGD), which is 524 nucleotides in length, is
comprised of six exons and encodes for the
small nucleolar RNAs (snoRNAs) U50 and U50’
[14]. Recently, aberrant expression of SNHG5
has been reported in various human cancers,
including colorectal cancer, malignant melano-
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ma, and gastric cancer [15-17]; However, the
underlying molecular mechanism of IncRNA
SNHG5 in RCC remain unknown. Analysis with
online software programs revealed that IncRNA
SNHG5 may be a target of miR-363-3p. Thus,
we sought to determine the function of IncRNA
SNHG5 in promoting tumorigenicity in ccRCC.

Materials and methods
Human ccRCC specimens

Forty primary tissue samples, including tumor
tissues and adjacent normal tissues, were
obtained from ccRCC patients from Shanghai
Ninth People’s Hospital. None of the patients
had received chemotherapy or radiotherapy
before surgery. The tumor specimens were col-
lected immediately after surgical resection and
stored in liquid nitrogen until usage. Clinical
sample cohorts used for this study were
approved by the Ethics Committee of Shanghai
Ninth People’s Hospital.

Cell culture

The normal human epithelial kidney cell line
HK-2 was obtained from the American Type
Culture Collection (ATCC). The human RCC lines
786-0, ACHN, SW13, and Caki-1 were obtained
from the Cell Bank of Type Culture Collection of
the Chinese Academy of Sciences (CCCAS).
HK-2, SW13, and 786-0 cells were cultured in
RPMI-1640 medium (Gibco) with 10% fetal
bovine serum (FBS, Gibco), 50 U/ml penicillin,
and 50 pg/ml streptomycin. ACHN cells and
Caki-1 cells were cultured in MEM medium
(Gibco) and McCOY’'s 5A medium (Gibco),
respectively, with 10% FBS, 50 U/ml penicillin
and 50 pg/ml streptomycin. All cells were cul-
tured and maintained in a sterile incubator at
37°C with 5% CO,,

Lentivirus infection

The 786-0 cells were cultured in 10-cm dishes
(5%10° cells/dish) overnight. The lentivirus was
added into the dishes at a multiplicity of infec-
tion (MOI) of 50 when the cells reached approx-
imately 60% confluence. The infection efficien-
cy was detected after 48 h by analysis of EGFP.
Cells used in experiments had a lentivirus
infection efficiency of >90%.

Transwell invasion assays
The invasion assays were performed using

Transwell chambers (Corning). The 786-0 cells

698

were seeded into upper chambers pre-coated
with Matrigel (BD) in serum-free medium in trip-
licate. Medium containing 10% FBS was added
to the lower chamber. After incubation for 24 h,
cells from the upper chamber surface were
removed, and the invaded cells on the lower
chamber surface were fixed and stained with
crystal violet.

Cell apoptosis

To determine apoptosis, cells were stained with
Annexin V and propidium iodide according to
the instructions for the Annexin V-APC detec-
tion kit (Shanghai R&S Biotechnology Co. Ltd.).
Briefly, 300 ul binding buffer was added into
each sample tube and mixed by shaking gently.
Then, 5 yl Annexin V-APC/PI was added and
incubated without light for 30 min. Finally, cell
apoptosis was detected by flow cytometry.

Non-coding RNA target prediction and lucifer-
ase reporter assays

The miRNAs that may target Twistl were pre-
dicted using TargetScan (http://genes.mit.edu/
targetscan/), PicTar (http://pictar.mdc-berlin.
de/), and miRanda (http://cbio.mskcc.org/cgi-
bin/mirnaviewer/mirnaviewer.pl). The 786-0 ce-
lls were seeded in 24-well plates and incubated
overnight, and then the cells were co-transfect-
ed with miR-363 mimic (miR-363 sequence)
and a 3'UTR reporter plasmid psiCHECK2-WT/
MU. Cell transfections were performed using
Lipofectamine® RNAIMAX (Invitrogen) with final
concentrations of 50 nM miR-363-3p mimic
and 200 ng psiCHECK2-WT/MU. The medium
was changed 6 h after transfection, and 48 h
later, these cells were collected for further lucif-
erase reporter assay analysis. The luciferase
activity was assessed using the Dual-Glo
Luciferase Assay system (Promega) according
to the manufacture’s protocol.

Quantitative RT-PCR

Total RNA was extracted using Trizol reagent
(Invitrogen) according to the manufacturer’s
protocol. For mRNA quantitative detection,
total RNAs were reversely transcribed using the
reverse transcription kit (Promega) according to
the manufacturer’'s protocol. Then, qRT-PCR
was performed using the SYBR Green Master
Mix (Takara), and hACTB was used as the inter-
nal control. For miRNA quantitative detection,
All-in-One™ miRNA qRT-PCR Detection Kit
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(GeneCopoeia Inc.) was used according to the
manufacturer’s instructions. The U6 snRNA
was used as an endogenous control for miRNA.
The AACt method was used to determine rela-
tive miRNA and mRNA expression, and fold
change was determined as 2-AACt.

Western blot

Total proteins were extracted from cells accord-
ing to protein extraction kit protocol (KEYGEN).
The protein concentration of each sample was
determined using a Bio-Rad protein assay sys-
tem. Equivalent quantities of proteins were
separated by 12% SDS-polyacrylamide gels,
transferred to nitrocellulose membranes that
were blocked with 10% non-fat milk, and incu-
bated overnight with the appropriate primary
antibodies. After incubation, membranes were
washed and incubated with the corresponding
horseradish peroxidase (HRP)-conjugated sec-
ondary antibody for 1 h at room temperature.
ECL detection reagent (Amersham LifeScien-
ces) was used to visualize the results. The fol-
lowing primary antibodies were used: anti-GAP-
DH, anti-Twist1, anti-matrix metalloproteinase
(MMP) 2, and anti-MMP9 (CST).

Statistical analysis

Data are presented as mean + standard error
of the mean (SEM) from three separate experi-
ments. When two groups were compared, the
differences between groups were analyzed
using Student’s t-test. All statistical analyses
were performed with SPSS 16.0 (SPSS Inc.).
The differences were considered statistically
significant at P<0.05.

Results

IncRNA SNHG5 is upregulated in ccRCC tis-
sues

In order to explore the potential role of IncRNA
SNHG5 in ccRCC, we analyzed 20 pairs of
human ccRCC tissues and non-tumor tissues.
The gRT-PCR analysis revealed that SNHG5
expression levels were significantly increased
in ccRCC tissues compared to those in non-
tumor tissues (Figure 1A). Next, we examined
IncRNA SNHG5 expression levels in both non-
malignant (HK-2) and malignant (786-0, Cakil,
and ACHN) cell lines (Figure 1B). We found that
INncRNA SNHG5 is overexpressed in the human
RCC cell lines compared to the healthy epithe-
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lial kidney cell lines. These data suggest that
SNHGS5 is involved in tumor development.

Knockdown of IncRNA SNHG5 inhibited RCC
cell invasion and promoted cell apoptosis by
targeting miR-363-3p

In our study, 786-0 RCC cells infected with shR-
NA-SNHG5 exhibited reduction of SNHG5 ex-
pression (Figure 1C) and significantly reduced
metastasis ability (Figure 1D). Meanwhile, the
apoptosis rate of shRNA-SNHG5-treated cells
was significantly enhanced (Figure 1E). Our
results showed that knockdown of the IncRNA
SNHG5 inhibited RCC cell invasion and promot-
ed cell apoptosis. To further explore the events
following IncRNA SNHG5 knockdown, we per-
formed bioinformatics analysis, revealing a cor-
relation between the IncRNA SNHG5 and miR-
363-3p. As expected, we found that miR-363-
3p was downregulated in the carcinoma tissues
compared to non-malignant tissue (Figure 2A).
We examined the influence of IncRNA SNHG5
silencing on miR-363-3p in cultured cells and
found that miR-363-3p was significantly in-
creased by knockdown of IncRNA SNHG5
(Figure 2B). Furthermore, IncRNA SNHG5 tar-
geted miR-363-3p in 786-0 cells as assessed
by a luciferase reporter assay. We found that
miR-363-3p and IncRNA SNHG5 have binding
targets. The luciferase assay data indicated
that miR-363-3p mimics repress the expres-
sion of a reporter gene containing WT 3’-UTR of
Twist1 (Figure 2C).

To confirm the role of the IncRNA SNHG5-miR-
363-3p interaction in ccRCC cell progression,
shRNA-SNHG5 was stably introduced into the
786-0 cell line. We then assessed the effects
of miR-363-3p and IncRNA SNHG5 on invasion
and apoptosis of 786-0 cells. We found that
inhibition of SNHG5 expression induced a sig-
nificant reduction in invasion ability and
increased the apoptosis rate, while downregu-
lation of miR-363-3p reversed these effects
(Figure 3A and 3B). Thus, our results suggest
that IncRNA SNHG6 promotes RCC cell invasion
and inhibits ccRCC cell apoptosis by targeting
miR-363-3p.

Twist1 is a direct target of miR-363-3p

We next sought to examine the role of miR-363-
3p in tumor progression. Bioinformatics analy-
ses indicated that the transcription factor
Twist1 was a good candidate for further investi-
gation based on the results of correlation anal-
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Figure 1. Effect of IncRNA SNHG5 on metastasis and apoptosis of RCC cells. (A) gRT-PCR results of IncRNA SNHG5
in human ccRCC tissues and non-tumor tissues. (B) The relative expression of IncRNA SNHG5 was determined in the
non-malignant (HK-2 and SW-13) and malignant (786-0, Cakil, and ACHN) cell lines. (C) The expression of IncCRNA
SNHG5 in 786-0 cells, cells treated with shRNA-NC, and cells treated with IncRNA SNHG5-shRNA was detected by
gRT-PCR. (D) Transwell assay was used to determine the metastasis/invasion ability of the cells described for (C).
(E) Apoptosis by the three cell groups was detected by flow cytometry. *P<0.05, **P<0.01.
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Figure 2. The miR-363-3p targeted the expression of INcCRNA SNHG5 in 786-0 cells. A. qRT-PCR results of miR-363-
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with shRNA-NC, and cells treated with INcRNA SNHG5-shRNA was detected by qRT-PCR. C. The binding sites of miR-
363-3p and IncRNA SNHG5-WT were detected using a luciferase reporter assay. *P<0.05, **P<0.01.

ysis. Firstly, to verify the correlation between
miR-363-3p and Twistl, Twist1l expression was
determined in the three sets of cells using
western blotting: miR-363-3p mimic group,
miR-363-3p inhibitor group, and control group.
Twistl was downregulated in the miR-363-3p-
overexpression cells, whereas this factor was
upregulated in the presence of miR-363-3p
inhibitor compared to the control cells (Figure
4A). These data demonstrate that Twistl
expression is regulated by miR-363-3p. In addi-
tion, a luciferase reporter assay was performed
to determine whether Twistl is a direct target
for miR-363-3p, as the 3'UTR region of the
Twistl mRNA contains a potential binding site
for miR-363-3p (Figure 2B). The luciferase
assay data indicated that miR-363-3p mimics
repress the expression of a reporter gene con-
taining WT 3’-UTR of Twist1 but not a reporter
containing a mutated 3’-UTR (Figure 2B). These
results demonstrate that Twistl is a direct tar-
get for miR-363-3p.
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Effect of Twist1l on metastasis and apoptosis
of RCC cells in vitro

In order to determine whether Twist1 is involved
in ccRCC development, we established shRNA
to interfere with the expression of Twistl in the
786-0 cell line and then assessed the effects
of Twistl on invasion of 786-0O cells in a
Transwell assay with Matrigel and on cell apop-
tosis using flow cytometry. Inhibition of Twistl
in 786-0 cells induced a significant reduction in
cell invasion (Figure 4C) and increased the
apoptosis rate (Figure 4D). It is well known that
invasion ability can promote tumor metastasis,
which is the main cause of death in patients
with ccRCC. Subsequently, immunohistochem-
istry analysis revealed that the Twistl expres-
sion ratio (60%, n=29) in metastatic RCC speci-
mens was significantly higher than that (30%,
n=36) in non-metastatic RCC specimens

(x>=15, P=0.01) (Supplementary Figure 2).
Furthermore, silencing miR-363-3p significant-
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ly decreased MMP2 and MMP9 protein levels
in 786-0 cells (Figure 4E). Together, these
results demonstrate that Twist1 regulates RCC
migration and invasion via the MMP2 and
MMP9 pathway.

Discussion

Accumulating data indicate that INncCRNAs are a
critical regulator of cancer-related processes;
however, the molecular mechanisms by which
IncRNA modulates the behavior of cancer cells
remain unknown. The IncRNA SNHG5 is one of
the most well-studied IncRNAs, and previous
studies showed that overexpression of IncRNA
SNHG5 promotes imatinib resistance in chron-
ic myeloid leukemia [18]. Depletion of SNHG5,
alternatively, induces cell cycle arrest and
apoptosis and limits tumor outgrowth in vitro
[46]. In our study, gRT-PCR showed that SNHG5
expression levels in ccRCC tissues were signifi-
cantly increased compared to normal tissues.
Knockdown of SNHG5 inhibited RCC cell inva-
sion and promoted cell apoptosis in vitro, in
agreement with previous studies in other cell
types. These findings indicate that SNHG5 may
function as an oncogene, and overexpression
of SNHG5 may contribute to RCC develop-
ment.

Several studies suggested that IncRNAs are
involved in tumor progression via competitive
inhibition of miRNAs by functioning as a molec-
ular sponge. For instance, IncRNA HOTAIR is
involved in the regulation of glycolysis via miR-
125/miR-143-HK2 in esophageal squamous
cell carcinoma progression [19], and IncRNA-
TTN-AS1 promoted Snail and FSCN1 expres-
sion by competitively binding to miR-133b [20].
In our study, miR-363-3p was downregulated in
the ccRCC tissues compared to the para-can-
cerous ccRCC tissues. Furthermore, downregu-
lation of MiR-363-3p using shRNA promoted
RCC cell invasion and inhibited cell apoptosis in
vitro. Thus, we concluded that IncRNA SNHG5
regulated RCC cell invasion and cell apoptosis
by targeting miR-363-3p.

Twistl, which is a basic helix-loop-helix (bHLH)
domain-containing transcription factor [21,
22], is indispensable for mesoderm specifica-
tion and differentiation during embryonic devel-
opment [22, 23]. Twistl plays a role in resis-
tance to apoptosis of thyroid cancer cells [24],
and more importantly, Twistl is expressed in
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multiple types of invasive cancer cells, inducing
the epithelial-mesenchymal transition (EMT)
and enhancing cell invasion and metastasis
[25, 26]. Furthermore, Twistl represses E-
cadherin expression and upregulates Bmil,
AKT2, YB-1, and WNT5A to drive EMT, cell
metastasis, and invasion [27-30]. Here, we con-
firmed a direct Twist1-miR-363-3p interaction
in dual-luciferase reporter assays, and func-
tional assays showed that Twist1 promotes cell
invasion and inhibits cell apoptosis in RCC cells
in vitro. Meanwhile, silencing Twist1 decreased
the expression of MMP2 and MMP9. Subse-
quently, immunohistochemistry analysis reveal-
ed that the Twistl expression in metastatic
RCC specimens was significantly higher than
that in non-metastatic RCC specimens
(Supplementary Figure 2), indicating that
INcRNA SNHG5 is involved in metastasis of
ccRCC in vitro and in vivo via regulation of the
miR-363-3p-Twist1 interaction.

In conclusion, we report that IncRNA SNHG5
affects the invasion and apoptosis of RCC by
regulating the expression of miR-363-3p, lead-
ing to aberrant expression of the transcription
factor Twistl. Elucidation of the effect of
IncRNA SNHG5 on ccRCC progression provides
insight into the mechanisms underlying ccRCC
carcinogenesis.
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Supplementary Figure 1. The original western bolt images for Figure 4E. The expression of MMP2 and MMP9 pro-

tein were measured and quantitated (right panel) following control shRNA treatment of shRNA downregulation of
miR-363-3p in 786-0 cells.

Non-metastatic RCC tissues Metastatic RCC tissues

Supplementary Figure 2. Inmunohistochemistry analysis was performed to analyze the Twist1 expression status.

The Twistl expression ratio (60%, n=29) in metastatic RCC specimens was significantly higher than that (30%,
n=36) in non-metastatic RCC specimens (x>=15, P=0.01).



