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Abstract: Clear cell renal cell carcinoma (ccRCC) is one of the leading causes of genitourinary cancer-related death,
largely due to the metastasis of ccRCC. Previous profiling study showed that IncRNAs are critical regulators in lots of
cancers. However, the roles of specific INcRNAs in ccRCC migration and invasion are still unknown. In this study, we
utilized the high-throughput genome sequencing to identify the potential differentially expressed IncRNAs in ccRCC
and further determined the underlying regulatory mechanism. We found that IncRNA SNHG14 was significantly
up-regulated in ccRCC cell lines in contrast to normal renal epithelial cells. By performing bioinformatics analy-
sis and luciferase reporter assays, we revealed that the transcription factor SP1 can bind to the promoter region
of SNHG14, resulting in the overexpression of SNHG14 in ccRCC. Functionally, enhanced expression of IncRNA
SNHG14 promoted cell migration and invasion through promoting N-WASP protein level. More importantly, RT-qPCR
and in situ RNA FISH analysis showed that SNHG14 was predominantly abundant in the cytoplasm of ccRCC cells.
The subsequent RNA immunoprecipitation assay, and gain or loss-function assays showed that SNHG14 functioned
as ceRNA to regulate N-WASP expression and cell motility ability via a miR-203-dependent manner. Our results imply
that SNHG14 is a critical IncRNA that promotes ccRCC migration and invasion via sponging miR-203 and elevating

N-WASP. Therefore, SNHG14 could serve as a promising therapeutic target for ccRCC.

Keywords: Clear cell renal cell carcinoma, LncRNA SNHG14, SP1, N-WASP, miR-203

Introduction

Renal cell carcinoma (RCC) is the most com-
mon malignancy of the kidney, and its incidence
is increasing [1]. It is estimated that approxi-
mately 37.7 men and 16.6 women per 100,000
Chinese people are diagnosed with RCC every
year [2]. Approximately 80-90% of RCCs are
clear cell renal cell carcinoma (ccRCC), with a
characteristic of high metastasis and relapse
rate compared with other RCC subtypes [3].
Localized ccRCC remains a surgical disease
and about 20%-30% patients who present with
limited disease at the time of nephrectomy
develop metastasis. Compared with other can-
cers, there are very few tumor and biomarkers
for ccRCC [4]; thus, early detection and treat-
ment are very important for patients with
ccRCC.

With the advanced development of whole ge-
nome and transcriptome sequencing technolo-
gies and the ENCODE project, it is more and
more clear that most of the genome DNA is rep-
resented in processed transcripts without or
lacking of protein-coding capacity [5]. Long
non-coding RNAs (IncRNAs), extensively tran-
scribed from the mammalian genome, have
gained widespread attention in recent years.
They serve as important and powerful regula-
tors of various biological activities and play criti-
cal roles in the progression of a variety of dis-
eases, including cancer [6, 7]. In the nucleus,
IncRNAs can act as scaffolds to bind to specific
proteins and to hire gene-modifying body to
silence or activate targeted genes [8]. In the
cytoplasm, IncRNAs may function as competing
endogenous RNAs (ceRNAs), thus inducing the
suppression of genes that targeted by specific
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Table 1. Information of the RT-qPCR primer sequenc-
es and siRNA sequences

RT-qPCR primer name

Primer sequence (5’-3’)

SNHG14 (Forward)
SNHG14 (Reverse)

GGGTGTTTACGTAGACCAGAACC
CTTCCAAAAGCCTTCTGCCTTAG

N-WASP (Forward) GAACGAGTCCCTCTTCACTTTC
N-WASP (Reverse) GTTCCGATCTGCTGCATATAACT
miR-203 (Forward) ACACTCCAGCTGGGGT
miR-203 (Reverse) TGGTGTCGTGGAGTCG

SP1 (Forward) TGGCAGCAGTACCAATGGC
SP1 (Reverse)

GAPDH (Forward) GCACCGTCAAGGCTGAGAAC
GAPDH (Reverse) ATGGTGGTGAAGACGCCAGT
U6 (Forward) CTCGCTTCGGCAGCACA

UG (Reverse) AACGCTTCACGAATTTGCGT
U1 (Forward) GGGAGATACCATGATCACGAAGGT
U1l (Reverse) CCACAAATTATGCAGTCGAGTTTCCC
SiRNA name SiRNA sequence (5’-3’)
si-SNHG14-(1) sense GCAAAUGAAAGCUACCAAU
si-SNHG14-(1) antisense  AUUGGUAGCUUUCAUUUGC
si-SNHG14-(2) sense GCACAAUAUCUUUGAACUA
si-SNHG14-(2) antisense  UAGUUCAAAGAUAUUGUGC
si-SNHG14-(3) sense CUAGAAUCCUAAAGGCAAA
si-SNHG14-(3) antisense  UUUGCCUUUAGGAUUCUAG
si-SP1 sense CCAACAGAUUAUCACAAAU
si-SP1 antisense GGUUGUCUAAUAGUGUUUA
si-N-WASP sense ACAACTTAAAGACAGAGAA
si-N-WASP antisense GCAAGAAATGTGTGACTAT

NC siRNA sense UUCUCCGAACGUGUCACGUTT
NC siRNA antisense ACGUGACACGUUCGGAGAATT

miRNAs [9]. To date, elucidating the deregulat-
ed IncRNAs and identifying their functions in
RCC are still an ongoing process in cancer
investigation.

Neural Wiskott-Aldrich syndrome protein (N-
WASP) is a key regulator of actin polymerization
and cytoskeletal remodeling [10]. WASP family
proteins are key regulators of actin polymeriza-
tion during cell adhesion and invasion through
activating Arp2/3 complex-mediated actin po-
lymerization [11]. Recent evidences also indi-
cate that N-WASP may be essential for tumor
metastasis [12]. However, the functional role of
N-WASP in ccRCC metastasis and the interac-
tion between N-WASP and IncRNAs are still not
well known.

In this research, we utilized the second-genera-
tion Hiseq sequencing followed by RT-qPCR
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assays to validate the imaginary that some
IncRNAs may be promising therapeutic tar-
gets in ccRCC. Furthermore, the identified
IncRNAs may improve and perfect the clini-
cal treatment strategy. Eventually, we iden-
tified the up-regulation of IncRNA SNHG14
in ccRCC cells, and the increased expres-
sion of IncRNA SNHG14 promoted ccRCC
cell migration and invasion through acting
as a ceRNA to promote N-WASP expres-
sion.

Materials and methods
Cell culture

Human ccRCC cell lines A-498, 786-0,
Caki-2, Caki-1 and human normal renal epi-
thelial cell line HK-2 were purchased from
the Chinese of Sciences in Shanghai. All
ccRCC cell lines were maintained in RPMI
1640 medium (Invitrogen, Carlsbad, CA,
USA) containing 10% fetal bovine serum
(FBS) (Sigma-Aldrich, St. Louis, MO, USA) at
37°C in a humidified chamber supplement-
ed with 5% CO,. Human normal renal epi-
thelial cell line HK-2 was grown in keratino-
cyte-SFM (Gibco, Invitrogen).

cDNA library construction and HiSeq se-
quencing analysis

Total RNA from four ccRCC cell lines and

one normal renal epithelial cell line was

extracted by one-step extraction using a
Trizol kit (Life Technologies, USA), and the purity
and quantity of RNA were determined by UV
spectrophotometry. cDNA library construction
and sequencing were performed according to
previously described methods [13].

RNA oligoribonucleotides and cell transfection

The small interfering RNAs (siRNAs) that tar-
get IncRNA SNHG14 were synthesized and
named as si-SNHG14 (Ribo Bio Corporation,
Guangzhou, China) and embedded with GFP
fluorescence for transfection quality control.
The si-Negative Control (si-NC) was also pro-
vided by Genechem Corporation. The IncRNA
SNHG14 overexpression plasmid (p-SNHG14)
and control vector (p-Vector) were also synthe-
sized by Ribo Bio (Guangzhou, China). The miR-
203 mimics and siRNAs that specifically target
N-WASP (si-N-WASP) and SP1 (si-SP1) were
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synthesized by GenePharma (Shanghai, China).
Forty-eight h after planting ccRCC cells into
24-well plate, 100 nM of specific RNA oligoribo-
nucleotides as well as negative controls were
transfected into the cells with Lipofectamine
3000 (Invitrogen) according to the manufactur-
er’s instructions. The sequences of siRNAs are
shown in Table 1.

Quantitative real-time PCR (RT-qPCR)

Total RNA from cells was isolated with TRIzol
reagent (Invitrogen) according to the manufac-
turer’'s instructions. RNA was reverse tran-
scribed using the SuperScript 1l1® (Invitrogen)
and then amplified by RT-gPCR with an SYBR
Green Kit (Takara Bio Company, Dalian, China)
on an ABI PRISM 7500 Sequence Detection
System (Life Technologies, Grand Island, NY,
USA). The gene expression levels were normal-
ized by GAPDH/UG expression. RT-qPCR results
were analysed and expressed relative to CT
(threshold cycle) values, and then converted to
fold changes. All the premier sequences are
shown in Table 1.

Luciferase reporter assay

The IncRNA SNHG14 promoter region construct
was amplified from genomic DNA of A498 cells.
The WT and mutated SNHG14 promoter con-
structs were cloned into the pGL4-basic re-
porter gene vector and verified by sequencing.
For the identification of interaction between
SNHG14 and miR-203, the N-WASP 3’ UTR
cDNA was amplified and cloned to pGL4 lucifer-
ase expression vector. Renilla was used as the
internal control for transfection efficiency.

RNA immunoprecipitation

Magna RIP™ RNA-Binding Protein Immuno-
precipitation Kit (Millipore, Billerica, MA, USA)
were used for RIP. ccRCC cells were lysed in
complete RNA lysis buffer, then cell lysates
were incubated with RIP immunoprecipitation
buffer containing magnetic beads conjugated
with human anti-Argonaute 2 (AGO2) antibody
(Millipore) or negative control mouse I1gG (Milli-
pore).

Fluorescence in situ hybridization analysis

A-498 and 786-0 cells were used for RNA FISH
analysis. Nuclear and cytosolic fraction separa-
tion was performed using a PARIS kit (Life
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Technologies), and RNA FISH probes were de-
signed and synthesized by Bogu according to
the manufacturer’s instructions. Briefly, cells
were fixed in 4% formaldehyde for 15 min and
then washed with PBS. The fixed cells were
treated with pepsin and dehydrated through
ethanol. The air-dried cells were incubated fur-
ther with 40 nM of the FISH probe in hybridiza-
tion buffer. After hybridization, the slide was
washed, dehydrated and mounted with Prolong
Gold Antifade Reagent with DAPI for detection.
The slides were visualized for immunofluores-
cence with an Olympus microscope.

Cell migration and invasion assays

For migration wound healing assay, ccRCC cells
were seeded in six well plates and cultured until
they reached confluence. Wounds were scra-
tched on the monolayer of cells using 20 uL
pipette tips. Plates were washed once with
fresh medium to remove non-adherent cells
after the cells had been cultured for 48 h, and
then photographed. For transwell invasion
assay, 100 ul matrigel (BD, USA) was firstly
added onto the bottom of the transwell cham-
ber (24-well insert; 8-mm pore size, Corning
Costar Corp), then 1x10° ccRCC cells in reduced
serum medium (Opti-MEM, Gibco) were placed
on the coated membrane in the chamber. RPMI
1640 plus 10% FBS, was placed in the bottom
wells as chemoattractants. After 24 h, cells
that did not migrate were removed from the top
side of the inserts with a cotton swab. Cells
that migrated through the permeable mem-
brane were fixed in methanol, stained with crys-
tal violet, and counted under a microscope at
20x magnification in random fields in each
well.

Western blot and antibodies

ccRCC cells treated with ESMC for 48 h were
lysed with RIPA lysis buffer containing prote-
ase inhibitor cocktail and phosphates inhibitor
cocktail on ice for 30 min, then lysis buffer was
collected, and centrifuged at 12000 g, 4°C for
10 min. The protein lysates were resolved by
SDS-PAGE, and separated proteins were trans-
ferred to PVDF membranes and blocked with
5% skimmed milk for 2 h. The primary antibod-
ies used for western blotting were rabbit anti-
human N-WASP antibody (1:1000; Cell Signaling
Technology), rabbit anti-human SP1 antibody
(1:1000, Cell Signaling Technology), and rabbit
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Figure 1. LncRNAs expression profile analysis. A. The heat map showed the top 44 most increased and 28 most
decreased IncRNAs in ccRCC cells in contrast to normal renal epithelial cells analyzed by Hiseq sequencing. B. Rela-
tive expression of INCRNA SNHG14 and LINCO0892 in ccRCC cell lines via RT-qPCR.

Table 2. Candidate IncRNAs selected on a basis of the Hiseq

respective antibody overnight at 4°C

analysis under gently shaking. Finally, the
. Regulation proteins were detected by using ho-

Seg-name Location (C.vs N.) Fold change P value rseradish peroxidase labeled sec-

SNHG14  Chri5q11.2  Up 422689 0.00005627 ~ ondaryantibodies and an enhanced

HOXALL-AS  Chr7pi5.2 Up 232731 0.00017935 f:rim"“m'”escence detection sys-

PURPL Chr5p14.1 Up 17.3405  0.00065962

GPC6-AS1  Chr13g31.3  Down 30.7465 0.00009357 Statistical analysis

LINCOO892 ChrXg26.3  Down 24.8801 0.00013587

FAM224B  ChrYq11.222  Down 15.4768  0.00095764 Kolmogorov-Smirnov test was used

C.: ccRCC cell; N.: Normal cell.

anti-human B-actin antibody (1:1000; Santa
Cruz Biotechnology, Santa Cruz, CA, USA).
Horseradish peroxidase-conjugated (HRP) anti-
rabbit antibodies (1:5000; Santa Cruz Biote-
chnology) were used as the secondary anti-
bodies. The blots were incubated with the
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to determine the normality of the
distribution of data in each group.
Date differences were shown in
median expression and were determined using
the Mann-Whitney U test or Kruskal-Wallis test.
Count dates were described as frequency and
examined using Fisher’s exact test. The results
were considered statistically significant at P<
0.05. All statistical analyses were performed

Am J Cancer Res 2017;7(12):2515-2525



LncRNA SNHG14 functions as a ceRNA in ccRCC

os]

A

T ol e

ey

| | 1
-1835 -1098 -326
C D
3 si-NC
3 si-SP1 s
5 1.2 O 1.2
I
‘03 Z 1.04
° w1
c 0.9 s
S < 0.8
@ S N
2 0.6 2 0.6
= 2
o il o 2 0.4
2 0.34 @
£ 2 0.2
. -}
& 0.0 2
A-498 786-0 4 A-498
F A-498
> 1.51 3 si-NC
3 [ si-SP1
k7]
L]
2 1.0
© *
g *
Q *
2 0.5
2
i
[7]
% 0.0 : Y "

E1 E2 E3

]
1

@
1

Relative expression of SP1
) B

o
T

= si-NC
3 si-SP1

-
w
]

-
o
1

o

Relative luciferase activity
o
1

o
o
T

A
W a6 A
T e e e -

L L T 1. & 0

“,“,'L N e 1 %6‘0 Gav;\.'l— Gav;\.'\

E

Luciferase(+)

SNHG14-PGL4 (3 sites) e e

Putative SP1 binding sites E1 (-1835): (TGCCCGCCCCC)
Putative SP1 binding sites E2 (-1098): (TCCCCACCCCC)
Putative SP1 binding sites E3 (-326): (GCCCCTCCCTC)

786-0

3 si-NC
B3 si-SP1

E1 E2 E3

Figure 2. LncRNA SNHG14 is activated by SP1 in ccRCC. A. SP1 binding site prediction in the SNHG14 promoter
region using JASPAR. B. The expression of SP1 in ccRCC cell lines and normal renal epithelial cells at transcript (left
panel) and protein (right panel) levels. C. SP1 was knocked down by the transfection of specific sSiRNAs. D. LncRNA
SNHG14 was down-regulated by knockdown of transcript factor SP1. E. Potential SP1 binding sites in the promoter
region of SNHG14 used for construction of luciferase vector containing the binding region. F. Luciferase activity was
significantly decreased in si-SP1-transfected cells compared with control vector in three binding sites.

with SPSS 17.0 software (SPSS Incorporation,

Chicago, IL). Error bars in figures represent

SD (Standard Deviation). "P<0.05; “*P<0.01;
“*P<0.001.

Results
LncRNAs expression profile analysis

We firstly sought to define the IncRNAs that
were differently expressed between ccRCC
cells and normal renal epithelial cells via high-
throughput Hiseq array. We identified 476
IncRNAs that were differentially expressed
between the two groups. Among these, the
expression of 72 IncRNAs showed more than
2-fold difference, including 44 IncRNAs that
were up-regulated and 28 IncRNAs that were
down-regulated (Figure 1A). Subsequently, we
focused on the six most dysregulated IncRNAs
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(Table 2), and RT-gPCR experiment was per-
formed to verify the potential differentially
expressed IncRNAs. As shown in Figure 1B,
IncRNA SNHG14 was significantly up-regulated
while LINCOO892 expression was significantly
suppressed in ccRCC cell lines in contrast to
the normal renal epithelial cells. However, our
preliminary results showed that ectopic ex-
pression of LINCOO892 had no significant
effect on ccRCC cell viability and motility (data
not shown), which inspired us to focus on the
biological significance of IncRNA SNHG14 in
ccRCC progression.

LncRNA SNHG14 is activated by SP1 in ccRCC

Although a lot of IncRNA dysregulation has
been reported in cancers, the regulators
involved in misregulation of these molecules
are not properly understood. Increasing evi-

Am J Cancer Res 2017;7(12):2515-2525
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Figure 3. Knockdown of SNHG14 suppresses ccRCC cell migration and invasion. (A) The siRNAs labeled with GFP
green fluorescence were transfected as described in Methods. (B) The silencing efficacy was evaluated by trans-
fection of three siRNAs of SNHG14. (C, D) Knockdown of SNHG14 significantly suppressed the migratory (C) and

invasive (D) ability of A-498 and 786-0 cells.

dence has revealed that several key transcrip-
tion factors contribute to IncRNA dysregulation
in the human cancer cells. Herein, we focused
on transcription factors binding to the SNHG14
promoter. Using the online transcription factor
prediction software JASPAR, we found that
there are several SP1 binding sites in the
SNHG14 promoter regions with high score
(Figure 2A). In addition, SP1 was up-regulated
in ccRCC cell lines in contrast to normal cells at
both transcript and protein level (Figure 2B).
Then, RT-gPCR showed that SP1 was inhibited
in ccRCC cells by transfection of specific si-SP1
vector in A-498 and 786-0 cells (Figure 2C),
and knockdown of SP1 suppressed the expres-
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sion of INcRNA SNHG14 in A-498 and 786-0
cells (Figure 2D). In addition, the SNHG14 pro-
moter region including 3 potential binding sites
of SP1 was inserted into a PGL4 luciferase
reporter vector (Figure 2E), and dual-luciferase
reporter analysis showed that knockdown of
SP1 could inhibit the luciferase activity (Figure
2F). These results indicated that the up-regula-
tion of SNHG14 in ccRCC cells may be induced
by SP1.

Knockdown of SNHG 14 suppresses ccRCC cell
migration and invasion

We chose A-498 and 786-0 cells for further
investigation, because these two cells had rela-

Am J Cancer Res 2017;7(12):2515-2525
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Figure 4. SNHG14 regulates ccRCC cell migration and invasion via targeting
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knockdown of SNHG14 at both mRNA and protein levels. C. SNHG14 was up-
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reversed by co-transfection of si-N-WASP in A-498 cells.

LncRNA SNHG 14 regulates
motility of ccRCC cells via
targeting N-WASP

To identify the underlying reg-
ulatory mechanism of SNH-
G14 in ccRCC cell migration
and invasion, we focused on
the metastasis-associated pr-
oteins. Our preliminary results
suggested that N-WASP was
also upregulated in ccRCC
cells (Figure 4A). Thus, we
wondered if SNHG4 exerted
the pro-metastatic function
through targeting N-WASP. As
expected, N-WASP was dram-
atically downregulated in cc-
RCC cells after the reduction
of SNHG-14 (Figure 4B). To
further identify the functional
interaction between SNHG14
and N-WASP, we generated
the IncRNA SNHG14 overex-
pressing vector and N-WASP
silencing vector (Figure 4C
and 4D). The results showed
that overexpression of SNH-
G14 promoted cell migration
and invasion ability, however,
this effect was dramatically
abrogated by the co-transfec-
tion of N-WASP silencing vec-
tor in ccRCC cells (Figure 4E).
This indicates that SNHG14
regulates cell migration and
invasion via elevating N-WASP
expression.

tively higher SNHG14 expression level than that LncRNA SNHG14 regulates N-WASP expres-

in other ccRCC cell lines. To determine the func- sion via a miR-203-dependent manner

tional role of SNHG14 in ccRCC, we designed

three different siRNAs and transfected these It is widely accepted that IncRNAs may function
three siRNAs into ccRCC cells (Figure 3A). As as ceRNA to further regulate the target mRNA
shown in Figure 3B, si-SNHG14-(3) showed of miRNAs. With this hypothesis, we firstly local-
the best silencing efficiency, and this SiRNA ized the expression of IncRNA SNHG14 in
was used for further studies (shortened as ccRCC cells. As shown in Figure 5A, RT-gPCR
si-SNHG14). We evaluated the function of analysis of nuclear and cytoplasmic IncCRNA
SNHG14 on cell migration and invasion. After showed that SNHG14 was mainly enriched in
transfection of si-SNHG14 for 48 h, a signifi- the cytoplasm section of ccRCC cells. More
cantly decreased number of ccRCC cells were importantly, our in situ RNA FISH analysis also
observed to migrate through the collagen mem- suggested that SNHG14 was expressed pre-
brane compared with control cells (Figure 3C). dominately in the cytoplasm part (Figure 5B).
Similar effects were also observed that a much Moreover, the RIP assay with AGO2 antibody in
smaller numbers of ccRCC invading through the ccRCC cells showed an enrichment of both
Matrigel-coated membrane (Figure 3D). SNHG14 and N-WASP (Figure 5C), indicating

2521 Am J Cancer Res 2017;7(12):2515-2525



LncRNA SNHG14 functions as a ceRNA in ccRCC

A A-498 786-0 B C

[ Cytoplasm [ Cytoplasm
120~ B3 Nuclear 20+ B8 Nuclear

100 00

80 80

40 40

20 20 786-0
0 0

5‘ b-

N N
<) Q <)

C‘F‘ %‘\‘2‘ 0?‘ QJ‘\Q‘

1
1

Anti-AGO2
Anti-lgG
Blank

5
o
£

Percent of RNA abundance
(2]
o

Percent of RNA abundance
[=2]
o

3I'GAUCACCAGGAUUUGUAAAGUGS N-WASP 3'UTR

| |
/ \ ™
2380 2432

D [ Mature miR-203 sequence (hsa-miR-203) ] E

seed1 seed 2 seed3 seed 4

[ (25227184) (25227250) (25225961) (25357’7’70]] ’ N-WASP J'UTR (2380) &' ugcuacgugauagauAUUUCl‘\g 3
hsa-miR-203 3'gaucaccaggauuugUAAAGUg 5
Ch” 5-p S Chri5-q hsa-miR-203 3 gaucaccaggauuuGUAAAG g5
é- . .\\ I “ .j . N-WASP 3'UTR (2432) 5 uaaagacuuucaauéAUUUéAu 3
Chr15q 11.2
<UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly>
F G [ Mock g siNe
3 si-SNHG14
>  1.5,53 NC mimics > 1.5, =3 NC mimics 5 [ SNHG14 20 ok
£ @ miR-203 mimics 3 B8 miR-203 mimics - 8 2
Z g 2 - T =
80 s § g 15
- 2 g 5
£ g H £
&g 2 2 £ 10
o= © £ c
3% 2 3 s
SE 2 S S 05
§ES E = -
o °
e« 00 0 0.0
Wild type  Mutant type Wild type  Mutant type SNHG14 N-WASP SNHG14 N-WASP
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were used as controls. B. Fluorescence in situ hybridization analysis of the subcellular location of SNHG14 in ccRCC
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that SNHG14 and N-WASP were both recruited reporter vector containing the mutant sequenc-
to RNA-induced mediating complexes based on es lacking miR-203 binding sites (Figure 5F).
AGO2 and may sponge with miRNAs. Subse- Moreover, RIP assay showed that SNHG14
quently, we sought to define the specific miR- overexpressing vector in A-498 cells caused
NAs. Based on miRanda and miRcode, we iden- inhibited enrichment of N-WASP by miR-203;
tified that miR-203 targeted the transcript of while knockdown of SNHG14 in induced a sig-
SNHG14 and N-WASP with high score (Figure nificant increase enrichment of N-WASP by miR-
5D and 5E). To verify that SNHG14 and N-WASP 203 (Figure 5G).

were both targeted by miR-203, we performed

luciferase reporter assay. We found that the MiR-203 is essential for the function of
luciferase activity were significantly suppressed SNHG14 in ccRCC cell migration and invasion
by overexpression of miR-203 at both SNHG14

and N-WASP wild type reporter, however, miR- After having validated the functional correlation
203 did not inhibit the luciferase activity of between SNHG14 and N-WASP, and the regula-

2522 Am J Cancer Res 2017;7(12):2515-2525
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sequencing. Furthermore, we
also uncovered that the in-
creased expression of SNHG-
14 was due to the activation
by the transcription factor
SP1. Mechanistic analysis in-
dicated that SNHG14 promot-
ed ccRCC cell migration and
invasion through specifically
sponging miR-203 and releas-
ing N-WASP protein.

LncRNAs have gained huge
attention in recent years due
to its aberrant expression in a

gzoo— — . -250 large range of cancers and
. — multiple roles in cancer initia-
T 150- -200 g tion, progression and metas-
S L 150 = tasis. LncRNAs could act as
T 100 ':5 activators or inhibitors to par-
.g -100 ', ticipate in a variety of biologi-
¢ 501 8 cal processes via interacting
= - 50 with DNAs, mRNAs, microR-
& 0 0 NAs or proteins [14]. During

Migration Invasion

Figure 6. Overexpression of SNHG14 promoted the cell migratory and inva-
sive ability of A-498 cells, however, this effects were reversed by co-transfec-

tion of miR-203 mimics.

tory interactions of SNHG14, miR-203 and
N-WASP, we further investigated the role of
miR-203 in the function of SNHG14. As shown
in Figure 6, the enhanced migratory ability
induced by overexpression of SNHG14 was
reversed by co-transfection of miR-203 mimics.
In addition, the increased cells that invading
through the Matrigel-coated membrane caused
by SNHG14 was also abrogated by co-expres-
sion of miR-203 mimics. Combining with the
above observations, we finally developed that
IncRNA SNHG14 promoted ccRCC cell motility
by inhibiting miR-203 and activating N-WASP.

Discussion

Early-stage ccRCC is curable by surgery; how-
ever, locally advanced or metastatic cancer is
chemotherapy resistant. To develop a novel
therapeutic drug for ccRCC, it is crucial to cl-
arify the underlying molecular mechanisms
involved in the development and progression of
ccRCC. In the present study, we identified and
validated the up-regulation of IncRNA SNHG14
in ccRCC cells based on high-throughput Hiseq

2523

recent years, more and more
new IncRNAs were identified
and functionally character-
ized. Based on the second-
generation sequencing meth-
od and subsequent RT-qPCR
validation, we found that IncRNA SNHG14 was
significantly up-regulated in ccRCC cells. Lnc-
RNA SNHG14, alternatively named UBE3A-ATS,
is located on chromosome 15q11.2, is rarely
reported. Previously, Qi et al. demonstrated
that SNHG14 may increase the expression of
PLA2G4A by inhibition of miR-145-5p, which
resulted in the activation of microglia cells in
cerebral infarction [15]. However, the expres-
sion and functional role of SNHG14 in cancer
progression were not well known. Therefore,
this study that identified the up-regulation of
SNHG14 in cancer may open a new avenue for
the cancer research.

We sought to define the underlying regulatory
mechanism of IncRNA SNHG14. Typically, ge-
nes were transcribed and activated by the re-
gulation of various factors. The activation or
silence of gene promoter area by specific pro-
moters is dramatically important for the gene
expression. Currently, the transcription of SN-
HG14 is regulated by many promoters. However,
no study has reported the promoter regulation
of SNHG14 gene, therefore, it is still unknown

Am J Cancer Res 2017;7(12):2515-2525
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why SNHG14 is up-regulated in cancers, which
of these promoters is predominantly used, and
how these promoters activate SNHG14 by bind-
ing to the specific promoter region. By using
bioinformatics databases including Jaspar dat-
abase, we screened for potential proto-onco-
genic transcription factor. We then focused on
SP1 transcription factor, because SP1 present-
ed relatively higher score than other regulators.
A few studies have revealed that IncRNA tran-
scription can also be regulated by SP1. For
example, Xu et al. demonstrated that SP1 binds
to the promoter region of IncRNA TINCR and
promote its transcription, inducing the enhan-
cement of cell proliferation [16]; Huang et al.
also found that LINCOO673 is activated by SP1
and exerts oncogenic properties by interacting
with LSD1 and EZH2 in gastric cancer [17]; Cai
et al. reported that IncRNA XIAP-AS1 promotes
XIAP transcription by XIAP-AS1 interacting with
SP1 [18]. In our study, we performed luciferase
reporter assays, and determined that SP1
could bind to the SNHG14 promoter region and
induce its transcription. Our findings combined
with previous studies suggest that the abnor-
mal activation of transcription factors may play
an important role in INncCRNA overexpression in
the human cancer cells.

We then determined the functional role of
IncRNA SNHG14, and found that knockdown of
SNHG14 suppressed ccRCC cell migration and
invasion. More importantly, the metastatic pro-
tein N-WASP was verified as the downstream
target of SNHG14. A large amount of evidence
indicated that N-WASP could promote cancer
metastasis in various cancer types. Liu et al.
clearly reported that a higher level of N-WASP
expression in the tumor was associated with
advanced stage and relatively poor survival
in ccRCC patients [19]. Both Bettencourt et
al. and Schwickert et al. demonstrated that
N-WASP was regulated by miR-142-3p and pro-
moted cancer cell migration and invasion [20,
21]. Our gain and loss functional assay also
validated that SNHG14 promoted ccRCC cell
invasive ability by activating N-WASP.

It is widely accepted that IncRNAs may function
as ceRNA to further regulate the target mRNA
of miRNAs. We then focused on the target
miRNA of SNHG14 and N-WASP. We used the
bioinformatics tool miRanda and miRcode and
identified that miR-203 targeted both SNHG14
and N-WASP sequences with high score. MiR-
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203, located at the chromosome 14g32.33, is
one of the most frequently mentioned miRNAs.
Previous studies have showed that miR-203
exhibited aberrant expression in multiple malig-
nancies compared with their normal tissues
[22]. Although the role of miR-203 in malignan-
cies is conflicting, miR-203 may acts as a tumor
suppressor in ccRCC. Xu et al. demonstrated
that miR-203 inhibits renal cancer cell prolifer-
ation, migration and invasion by targeting of
FGF2 [23]. Consistent with this study, our
luciferase reporter assay and ChlP assay cle-
arly showed that SNHG14 sponged miR-203
and subsequently induced the up-regulation
of N-WASP, a downstream targeted mRNA of
miR-203.

Finally, we evaluated the functional role of the
SNHG14/miR-203/N-WASP pathway in ccRCC
metastasis. The gain and loss functional assays
suggested that SNHG14 promoted ccRCC
migration and invasion through sponging miR-
203 and promoting N-WASP protein. In conclu-
sion, our integrated approach demonstrated
that IncRNA SNHG14 was up-regulated and
activated by SP1 regulator in ccRCC cells.
SNHG14 could promote ccRCC cell migration
and invasion as a ceRNA through sponging miR-
203 and releasing N-WASP. Therefore, IncRNA
SNHG14 can serve as a promising prognostic
marker or therapeutic target of patients with
ccRCC.
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