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overexpressed in ccRCC tissues and cell lines. High expression of
Ociated with unfavorable clinicopathological parameters and predicted
1nical outcomes in patients with ccRCC. Knockdown of CASC19 decreased ccRCC
ation, colony formation, migration, and invasiveness, as well as attenuated tumor
0. Mechanistically, CASCI9 functioned as a competing endogenous RNA and
gulated the expression of ETS proto-oncogene 1 (ETS1) through sponging microRNA-532
32). Furthermore, rescue assays revealed that inhibiting miR-532 or restoring ETS1
expression partially abolished the impacts of CASC19 knockdown on ccRCC cells.
Conclusion: The CASC19/miR-532/ETS1 regulatory pathway is crucial for the malignant
manifestations of ccRCC, which makes it an attractive target for potential treatments of ccRCC.
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Introduction

Renal cell carcinoma (RCC) that occurs in the renal cortex ranks as the third
leading cause of cancer-associated deaths globally.' RCC is characterized by the
absence of typical clinical symptoms, diversity of clinical manifestations, and lack
of response to radiochemotherapy.” It is estimated that there would be approxi-
mately 295,000 newly diagnosed RCC cases and 134,000 mortalities due to RCC
worldwide.? Clear cell RCC (ccRCC), the most common subtype of RCC, accounts
for nearly 80% of all diagnosed cases. Until now, multiple factors, such as smoking,
excessive drinking, hypertension, and obesity, have been verified to be implicated in
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ccRCC pathogenesis.* Nephrectomy remains the primary
therapeutic approach for ccRCC patients diagnosed at an
early stage. However, there is still lack of effective treat-
ment for ccRCC patients in the late stage.>® Despite the
tremendous development of treatment strategies, the prog-
nosis of ccRCC patients with local or distant metastasis
remains unfavorable, with a 5-year survival of less than
10%.” Hence, it is critical to understand in detail the
mechanisms underlying the occurrence and development
of ccRCC, as this knowledge will enable more effective
therapeutic strategies.

Non-coding RNAs (ncRNAs) are RNA transcripts that
do not code for proteins. According to their length,
ncRNAs are classified into two groups: small non-coding
RNAs (sncRNAs) and long non-coding RNAs (IncRNAs).
LncRNAs are a family of transcripts with a length over
200 nucleotides.® Although IncRNAs lack the functional
protein coding ability, lately they have been found to exert
crucial modulatory effects on cancer initiation and
progression.” LncRNAs may play oncogenic roles in
ccRCC progression when they are overexpressed, or
serve as tumor suppressors when their expression level is
attenuated.'”

MicroRNAs (miRNAs) are sncRNAs that are 20
nucleotides long."' miRNAs effectively regulate ge
expression by directly binding to the 3'-untranslajg i

all human tumor types.'>'2

gulation of various mi
nant phenotypes, havi c.le
Therefore, invesiigmsi
cal roles of I
itate the id
the treatment 8

CASC19 has 8

of gastric cancer,’

actlve therapeutic targets for
tents with this malignancy.
0 recognized as an important regulator

2122 3nd non-small

Olorectal cancer,
cell lung cancer.”® However, neither the expression pattern
nor the functional roles of CASC/9 in ccRCC have been
previously defined. In this study, we attempted to detect
CASC19 expression in ccRCC, assess the clinical value of
this parameter in patients with ccRCC, and determine the
functions of CASCI9 in ccRCC progression. In addition,
the molecular mechanisms underlying the oncogenic roles

ofCASC19 in ccRCC were elucidated in detail.

Materials and Methods

Patients and Samples

Fifty-one patients diagnosed with ccRCC that underwent
nephrectomy in the 161st Hospital of the People’s
Liberation Army between January 2014 and August 2015
were involved in this study. All samples were collected
randomly, and patients that received chemotherapy or radio-
therapy before surgical resection were excluded. The
obtained ccRCC and adjacent normal renal tissues were
immediately frozen in liquid nitrogen and then stored at

People’s Liberation Army.
obtained from all patients

ine serum (FBS), 100 pL/mL penicillin,
reptomycin (all from Gibco; Thermo

Manassas, VA, USA) and maintained in Keratinocyte
rum Free Medium (Gibco; Thermo Fisher Scientific,
Tnc., Waltham, MA, USA). All abovementioned cell lines
were grown at 37°C in a humidified atmosphere of 95% air
and 5% CO,.

Reverse Transcription-Quantitative
Polymerase Chain Reaction (RT-qPCR)

The extraction of total RNA was conducted by using TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) in accordance with the manufacturer’s instruc-
tions. NanoDrop 2000/2000¢ (Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) was utilized to determine total RNA
concentration. For miR-532 expression analysis, comple-
mentary DNA (cDNA) was prepared from total RNA by
using a miScript Reverse Transcription kit (Qiagen GmbH,
Hilden, Germany). Next, a miScript SYBR Green PCR kit
(Qiagen GmbH, Hilden, Germany) was employed to detect
miR-532 expression, with the universal small nuclear RNA
U6 as internal control. For the detection of CASC/9 and
ETSI mRNA levels, reverse transcription was carried out to
synthesize cDNA from total RNA by using a PrimeScript RT
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reagent kit, followed by qPCR with a SYBR Premix Ex
Taq™ kit (both from Takara Bio, Dalian, China). The level
of GAPDH was used as reference for CASCI9 and ETSI
expression levels. Relative gene expression was analyzed by
using the 2”44 method.**

Subcellular Fractionation Location

The Protein and RNA Isolation System (PARIS) (Life
Technologies, CA, USA) was employed to separate the
nuclear and cytosolic fractions of ccRCC cells in accor-
dance with the manufacturer’s instructions. After RNA
isolation, RT-qPCR was performed to evaluate the expres-
sion distribution of CASC/9 in ccRCC cells. GAPDH and
U6 were used as cytoplasmic and nuclear control tran-
scripts, respectively.

Transfection Experiments

c¢cRCC cells were inoculated into 6-well plates and incu-
bated at 37°C in the atmosphere of 95% and 5% CO, over-
night prior to transfection. The miR-532 mimics, miRNA
negative control (miR-NC), miR-532 inhibitor, and NC
inhibitor were constructed by Guangzhou RiboBio Co.,
Ltd. (Guangzhou, China).The ETS1 overexpression plas-

per every well. Cell proliferation was
48, and 72 h after seeding by adding 20 pL
solution (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) into each well. The plates were incu-
bated at 37°C in a humidified atmosphere of 95% air and 5%
CO,for another 4 h. The culture medium was removed and
replaced with 150 pL of dimethyl sulfoxide (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany). Finally, the absorbance
at a wavelength of 490 nm was detected by an ELISA
microplate reader (Bio-Rad Laboratories, Inc., Hercules,
CA, USA).

Colony Formation Assay

Transfected cells were collected and treated as above men-
tioned. In total, 1 X103 cells were seeded into each well of
the 6-well plates. After 2 week culture, cells were rinsed
with phosphate-buffered saline, fixed with 4% paraformal-
dehyde and stained with 0.1% crystal violet (Sigma-
Aldrich; Merck KGaA, Darmstadt, Germany). The formed
colonies were imaged and counted under an inverted light
microscope (Olympus Corporation, Tokyo, Japan).

fected ccRCC cells
48 h post-transfecty

5% air and 5% CO, for 24 h, and the invad-
then fixed with 4% paraformaldehyde and

.1% crystal violet. Five visual fields of each
shamber insert were randomly chosen, and the average num-
ber'® cells was counted under an inverted light microscope.
The migratory ability of ccRCC cells was determined by
using the same experimental steps as for the cell invasiveness
assay, except that the inserts were not coated with Matrigel.

Tumor Xenograft in Nude Nice

The short hairpin RNAs (shRNAs) targeting CASC/9 (sh-
CASC19) and NC shRNA (sh-NC; both from Genepharma
Biotech Co., Ltd.) were incorporated into a pLKO vector
to produce pLKO-sh-CASC19 and pLKO-sh-NC plas-
mids. The lentiviral constructs were cloned and purchased
from Genepharma Biotech Co., Ltd.

Nude mice (4-5 weeks old; 18-20 g) were bought from
the Shanghai Laboratory Animal Center (Shanghai, China)
and maintained in the specific-pathogen-free environment.
All experimental steps in animals and animal care proto-
cols were approved by the Animal Ethics Committee of
the 161st Hospital of People’s Liberation Army, and were
performed under supervise of the Animal Protection Law
of the People’s Republic of China-2009.A498 cells stably
transfected with sh-CASC19 or sh-NC were collected and
dispersed in phosphate buffer solution. A total of 1 x 107
cells resuspended in phosphate buffer solution were
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subcutaneously injected into the flank of nude mice. Each
group contained three mice. The width and length of the
formed xenograft were measured weekly by using
a Vernier caliper. The volume of each tumor xenograft
was calculated using the following equation: length x
width? x 1/2. All nude mice were euthanized at 4 weeks
post-inoculation and the tumor xenografts were dissected
out and weighed.

Bioinformatics Prediction and Luciferase

Reporter Assay

StarBase 3.0 (http://starbase.sysu.edu.cn/) was utilized for
the analysis of the IncRNA-miRNA interaction. The frag-
ments of CASCI9 containing the wild-type (wt) comple-
mentary or mutated (mut) miR-532 sequences were

amplified by Genepharma Biotech Co., Ltd. and subcloned
into the pmirGLO plasmid (Promega Corporation,
Madison, WI, USA). These chemically synthesized reporter
plasmids were defined as CASC19-wt and CASC19-mut,
respectively. ccRCC cells were inoculated into 24-well
plates one day before transfection. Cells were co-
transfected with miR-532 mimics or miR-NC, and
CASC19-wt or CASCI19-mut, by using Lipofectamigg

WI, USA). Renilla luciferase activity was
ization of the data.

Jersey, USA). Cells
supplemented with_an

. Following overnight incu-
bation at 4°C,
treated with proteir®ge K. The immunoprecipitated RNA
was isolated and quantified by RT-qPCR.

2 magnetic beads were collected and

Western Blot Analysis

Total protein was isolated using RIPA assay lysis buffer
(Beyotime Institute of Biotechnology, Shanghai, China).
Protein concentration was evaluated by a BCA protein
assay kit (Beyotime Institute of Biotechnology, Shanghai,
China). Equal amounts of protein were separated on 10%

SDS-PAGE gels and electrophoretically transferred onto
polyvinylidene fluoride membranes (Beyotime Institute of
Biotechnology, Shanghai, China). Subsequently, the mem-
branes were blocked with 5% skimmed milk diluted in Tris-
buffered saline containing 0.1% Tween-20 (TBST) and
incubated overnight at 4 °C with the following primary
antibodies (Abcam, Cambridge, UK): rabbit anti-human
ETS1 antibody (1:1000 dilution; cat. no. ab220361) and
rabbit anti-human GAPDH antibody (1:1000 dilution; cat.
no. ab181603). After rinsing with TBST, a horseradish per-

oxidase-conjugated secondary antibod Q00 dilution; cat.

minescence advanced
Fisher Scientific, Walt

ses were performed by using SPSS 20.0
k, NY, USA). The chi-squared test was

clinicopathological parameters in ccRCC
Phe differences between two groups were analyzed

oc test for multiple comparisons was utilized for the com-
parison of the differences between more than two groups.
The overall survival curves were plotted using the Kaplan-
Meier method and analyzed by the Log rank test. The
Spearman correlation analysis was used to examine the
association between CASCI9 and miR-532 levels in
ccRCC tissues. All statistical analyses were conducted with
a significance level of P< 0.05.

Results
High CASCI9 Expression Predicts Poor
Prognosis in ccRCC

To investigate the clinical relevance of CASCI9 expres-
sion in ccRCC, RT-qPCR was carried out to measure
CASC19 level in 51 pairs of ccRCC and adjacent normal
renal tissue samples. CASC/9 expression level was higher
in ccRCC tissues than in adjacent normal renal tissues
(Figure 1A). Relative CASC19 expression was also deter-
mined in ccRCC cell lines, and CASCI19 was found to be
upregulated in all three ccRCC cell lines when compared
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Figure | Upregulation of CASC/9 in ccRCC tissues and cell lines (A) Relative CASC/9
using RT-qPCR.(B) CASCI9 expression levels determined by RT-qPCR in three ccRCC

cell line HK-2. (C) ccRCC patients with high CASCI9 expression had much lower overall survival rate than those with low

significance of differences is indicated as follows: *P <0.05 and **P <0.01.

with its expression level in the normal human proximal
tubule epithelial HK-2 cell line (Figure 1B).

To analyze the relationship between CASC/9 and clinical
parameters in ccRCC, all 51 patients were separated into
either CASC19 high or CASC19 low expression groups. The
median value of CASCI9 expression level in the ccRCC
tissue was defined as the cutoff value. Correlation analyses
demonstrated that ccRCC patients with high CASCI19
expression tended to have larger tumor sizes (P =0.045),
more advanced TNM stage (P =0.012), and more freqRe
have lymph node metastasis (P = 0.003) (Table 1). In
tion, patients with ccRCC having high CASG

expression detected in 51 pairs of ccRCC and adjg
cell lines (786-O, Caki- 1, and A498) and the ng

goal renal tissue samples by
aximal tubule epithelial
= 0.038). Statistical

g, | The Correlation Between the Expression of CASCI9
linicopathological Parameters of Patients with ccRCC

exhibited much lower overall survival Clinicopathological Parameters | CASCI9 P value
low CASC19 expression (Figure 1 Expression
results implied that CASCI9 High | Low
rt in th i f
part in the progression of cc Conder 0779
Male 16 14
Knockdown of Female 10 I
ccRCC Cell Age 0.404
Formatio N <60 years 12 15
itr 2 60 years 14 10
In VItrg
Amond Tumor size 0.045
. . . <4 cm I 18
cell lines : 1gher CASC19 expression, so these > 4em s ;
two cell lincS@were chosen for the functional assays. As _
CASC19 was up¥gulated in both ccRCC tissues and cell Grade 0.089
lines, we hypothesized that CASC/9 might play a tumor- Grade 1+2 7 '3
. . . e Grade 3+4 19 12
promoting role in ccRCC progression. To verify this hypoth-
esis, 786-0 and A498 cells were transfected with si-CASC19 TNM stage 0.012
to silence endogenous CASCI9 expression. After transfec- :ITLIIV 77 ;8
tion, RT-qPCR analysis demonstrated that CASC/9 was sig-
nificantly knocked down in si-CASC19-transfected 786-O | Lymph node metastasis 0.003
and A498 cells relative to its level in cells transfected with si- ’:ega‘.t've :; il
NC (Figure 2A). By using the MTT and colony formation osttve
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Figure 2 Attenuation of 786-O and A498 cell proliferation, migrati

their targets. order to Investigate whether CASC/9
acts as a ceR we first determined the expression
distribution of CAWCI/9 in 786-O and A498 cells.
Subcellular fractionation location plus RT-qPCR analysis
indicated that CASCI9 was mainly distributed in the
cytoplasm of 786-O and A498 cells (Figure 3A).Next,
bioinformatics analysis was employed to search for the
miRNAs that might potentially interact with CASCI9. As
shown in Figure 3B, miR-532 was predicted to contain
a putative binding site for CASC79.Thus, miR-532 was
selected for further verification because this miRNA was

786-O A498

vitro by CASCI 9 knockdown (A) CASCI9 levels determined by RT-qPCR in 786-O
CASCI9 downregulation on the proliferation and colony formation of 786-O and
vasive capacities of 786-O and A498 cells measured by the cell migration and

gt as follows: *P<0.05 and **P <0.01.

revealed to be downregulated in ccRCC and participate in
cancer progression.*®

After confirming the efficiency of miR-532 mimics
(Figure 3C), we performed the luciferase reporter assay to
determine the interaction between miR-532 and CASC/9 in
ccRCC cells. We found that the luciferase activity was
strongly reduced in 786-O and A498 cells co-transfected
with miR-532 mimics and CASC79-wt (Figure 3D). In con-
trast, co-transfection with miR-532 mimics and CASC/9-mut
failed to affect luciferase activity. The RIP assay was applied
to further evaluate whether miR-532 and CASCI9 co-
localize in the same RNA-induced silencing complex. We
found that miR-532 and CASCI9 were enriched in the
AGO2-immunoprecipitated complex relative to that in the
IgG-immunoprecipitated one (Figure 3E). Furthermore,
miR-532 was significantly downregulated in ccRCC tissues
compared with its level in adjacent normal renal tissues
(Figure 3F). A correlation analysis indicated that CASC19
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1p between miR-532 and CASC19
in 786-O and A498 cells (Figure 3H).

ETS1 has be® identified as a direct target of miR-532 in
ccRCC.?® Therefore, we subsequently attempted to clarify
the effect of CASC19 on ETS1 expression. RT-qPCR and
Western blotting were performed to detect ETS1 mRNA and
protein expression in 786-O and A498 cells after transfection
with si-CASC19 or si-NC. The expression levels of ETSI
mRNA (Figure 4A) and protein (Figure 4B) after si-CASC19
treatment were significantly lower than those in si-NC-
transfected 786-O and A498 cells. Furthermore, ETSI

...uccaUGCUGUUCUUUGAAGGCAUu...

wild-type binding sequences
3

ugccAGGAUGUGAGUUCCGUAc &
...uccaUGCUGUUCUUUGUUCCGUAu... 3’

mutant binding sequences

mmiR-NC |
1.5,MmIR-532 mimics
A498

=
o

786-O  A498

y o¥ing RT- qPCR (B) The schematic of miR-532 wild-type (wt) and mutant (mut) targetlng sites
ected wn:h mlR 532 mimics or miR-NC were measured by RT- qPCR (D) LUC|ferase actlwty of the CASCI9-

mRNA expression was significantly higher in ccRCC tissues
than in adjacent normal renal tissues (Figure 4C). A positive
correlation between expression levels of CASC/9 and ETS!
mRNAs were identified in ccRCC tissue samples (Figure 4D;
r = 0.4738, P = 0.0004). The correlation between ETS/
mRNA and miR-532 in ccRCC tissues was also analyzed.
Spearman correlation analysis displayed that 7S/ mRNA
was inversely correlated with miR-532 in ccRCC tissues
(Figure 4E; r = —0.5296, P = 0.0010). To elucidate whether
CASC19 controls ETS1 expression via sponging miR-532,
the rescue assays were conducted in CASC19-deficient786-O
and A498 cells after further transfection with the miR-532
inhibitor or NC inhibitor. RT-qPCR verified the successful
silencing of miR-532 expression in 786-O and A498 cells
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that were transfected with the miR-532 inhibitor (Figure 4F).  (Figure 5B), migration (Figure 5C), and invasiveness
ETS1 mRNA (Figure 4G) and protein (Figure 4H) levels, (Figure SD) of 786-O and A498 cells. Next, ETS! overexpres-
which were decreased by CASC19 knockdown, were almost  sion plasmid pcDNA3.1-ETS1 or empty pcDNA3.1 plasmid
fully recovered in 786-O and A498 cells after their co- in combination with si-CASC19 was co-transfected into
transfection with the miR-532 inhibitor. Taken together, 786-O and A498 cells. Western blot analysis confirmed that
these results suggested that CASCI9 competitively sponged  transfection with pcDNA3.1-ETS1 resulted in a significant
miR-532 and thereby positively modulated ETS1 expression.  upregulation of ETS1 in 786-O and A498 cells (Figure 6A).

Functional experiments showed that the impacts of CASC19

CASC| 9 Exerts Its Cancer—Promoting knockdown on the proliferation (Figure 6B), colony formation
Roles in ccRCC Cells via Modulating the (Figure  6C), migration  (Figure 6D), and invasiveness
miR-532/ETS| Axis )

To investigate whether the oncogenic actions of CASC/9 in
ccRCC cells were mediated through the regulation of the miR-
532/ETS1 axis, a series of rescue assays were performed in
786-O and A498 cells. First, a combination of si-GASC19,
plus miR-532 inhibitor or NC inhibitor was co-transfected into
786-0 and A498 cells, and changes in the proliferation, migra-
tion, and invasiveness were evaluated. Inhibition of miR-532
expression abrogated the inhibitory effects of CASC79 knock-
down on the proliferation (Figure 5A), colony formation 19 or sh-NC into the flank of nude mice. The
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Figure 4 CASCI9 directly sponges miR-532 expression and thereby positively regulates ETS/ expression in ccRCC tissues. (A, B) Effects of CASCI9 silencing on ETSI
mRNA and protein expression levels in 786-O and A498 cells determined by using RT-qPCR and Western blotting, respectively. (C) Expression of ETS| mRNA in ccRCC
and adjacent normal renal tissues analyzed by using RT-qPCR. (D) Correlation between expression levels of CASC/9 and ETS/ mRNA in 51 samples of ccRCC tissues (r =
0.4738, P = 0.0004). (E) Correlation between expression levels of miR-532 and ETS/ mRNA in 5| samples of ccRCC tissues (r = —0.5296, P = 0.0010). (F) miR-532
expression levels in 786-O and A498 cells at 48 h after transfection with the miR-532 inhibitor or NC inhibitor. (G, H) ETS| mRNA and protein expression levels quantified
by RT-qPCR and Western blotting, respectively, in 786-O and A498 cells transfected with si-CASC19 and either the miR-532 inhibitor or NC inhibitor. Statistical significance
of differences is indicated as follows: *P <0.05 and **P <0.01.
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decrease in CASCI9 expression was confirmed in A498
cells stably transfected with sh-CASC19, as quantified by
RT-qPCR (Figure 7A). The volume (Figure 7B) and size
(Figure 7C) of tumor xenografts was strongly decreased in
the sh-CASC19 group compared with these parameters in
the sh-NC group. The weight of tumor xenografts was
measured when the nude mice were euthanized 4 weeks

si-CASC19+

si-CASC
R.532 nhi

786-O A498

i-N
s NRsc19+NG inhibitor
musi-CASC19+miR-532 inhibitor

hitﬂtor 300

*%

2007

100+

Invasive cell number

C19 and either miR-532 inhibitor or NC inhibitor determined in the MTT, colony

post-inoculation. The reduction of tumor weight was
observed in the nude mice that were inoculated with sh-
CASC19 stably-transfected A498 cells (Figure 7D).
In addition, expression of miR-532 was upregulated
(Figure 7E) in the sh-CASC19 group. Furthermore,
Western blotting indicated that ETS1 protein amount
was decreased in the sh-CASC19 tumor xenografts
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Figure 7 CASCI9 depletion impairs tumor growth of ccRCC cells in vivo. (A) CASCI 9 expression in A498 cells stably transfected with sh-CASCI9 quantified by using RT-
qPCR. (B) Weekly measurements of tumor xenograft volume. (C) Representative images of tumor xenografts obtained from ccRCC cells transfected with sh-CASCI9 and
sh-NC. (D) Tumor xenograft weight determined when the nude mice were euthanized at 4 weeks post-inoculation. (E) miR-532 expression level in tumor xenografts
quantified by using RT-qPCR. (F) Western blot analysis of ETS| protein expression in tumor xenografts. Statistical significance of differences is indicated as follows: *P <0.05
and **P <0.01.
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(Figure 7F). Collectively, silenced CASCI9 expression
impaired tumor growth of ccRCC cells in vivo.

Discussion
Dysregulation of IncRNAs in ¢ccRCC has been documented
in many studies.””*® LncRNAs may exert pro-oncogenic or
anti-oncogenic effects, and they play an important role in
promoting or preventing ccRCC progression.”’ ! Therefore,
detailed elucidation of IncRNA roles and mechanisms under-
lying dysregulation of IncRNAs in ccRCC may be instru-
mental for the development of promising novel therapeutic
approaches for patients with this disease. Although expres-
sion profiles of some IncRNAs associated with ccRCC have
been described previously, there are still numerous IncRNAs
with unclear expression pattern, whose roles in ccRCC have
not been clarified. In this study, we determined CASCI19
expression in ¢ccRCC and investigated the clinical impor-
tance of this IncRNA in patients with ccRCC. In addition,
we examined biological actions of CASC19 on the aggressive
features of ccRCC tumors and explored the mechanisms
underlying these effects.

CASC19 is a well-studied IncRNA in several human
cancer types. For example, CASC19 expression is increased

in advanced gastric cancer and apparently associatd
the higher pathologic TNM stage, pathologic T stage, |
node metastasis, and poor overall survivalZs

expressed in colorectal®'*

cancers.”> However, the e

lymph
ccRCd ASC19 expression had shorter
overall s than patients with low CASC19 expression.

been demonstrated to have pro-oncogenic
actions during c#cinogenesis and cancer progression. For
example, interference with CASCI9 expression restricted
colorectal cancer cell proliferation, migration, invasive-
ness and epithelial-mesenchymal transition in vitro.*'***
In non-small cell lung cancer, a reduction of CASCI9
expression suppressed cell growth and metastasis in vitro.>
Nevertheless, to the best of our knowledge, the roles of
CASCI19 in ccRCC have not been elucidated in detail.

Herein, data from functional experiments confirmed the

oncogenic actions of CASCI9 and demonstrated that
CASC19 promoted ccRCC cell proliferation, colony for-
mation, migration, and invasiveness in vitro, as well as
tumor growth in vivo.

It is well established that IncRNAs located in the cyto-
plasm affect a wide range of physiological processes by
acting as ceRNAs.>?> LncRNAs competitively bind to
miRNAs and consequently alleviate the impact of miRNAs
on their targets. As a result, the expression level of mRNAs
targeted by miRNAs increases.””> Hence, we subsequently

explored the highly complex mcgimmmaams underlying the

th, CASC19 positively modulated the expres-
n ccRCC cells, and the positive regulation
abrogated through sponging miR-532. These
provide sufficient evidence to demonstrate that
CASC19 functions as a miR-532 sponge and increases the
expression of E7S7 in ccRCC cells.

miR-532 attenuates ccRCC oncogenicity, but its level
is downregulated in ccRCC.?® Mechanistic studies vali-
dated ETSI as a gene directly targeted by miR-532 in
ccRCC.%® ETSI protein is a member of the ETS family
of transcription factors that directly interact with specific
DNA sequences containing a GGAA/T core motif.>* ETS1
is overexpressed in a number of human cancers, such as

4 35 and gastric cancer.>®

breast cancer,”® cervical cancer,
ETSI is upregulated in ccRCC®7 and has a promoting
effect on the malignancy of this cancer.'® In this study,
we found that E7S] expression was positively modulated
by CASC19 in ccRCC. Furthermore, our results revealed
that the miR-532/ETS1 axis is essential for the tumori-
genic activities of CASCI9 in ccRCC. Apparently, the
CASC19/miR-532/ETS1 regulatory pathway is crucial
for the malignant manifestations of ccRCC, which makes
it an attractive target for future drug discovery projects.
The use of siRNA in the tumor xenograft in nude nice
assay was a limitation in the present study. In our future
experiments, short hairpin RNA against CASC/9 will be

used to verify the in vivo results.
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Conclusion
In summary, CASC19 is overexpressed in ccRCC and high

~

level of its expression was associated with worse clinical
outcomes. CASC/9 functions as an oncogenic IncRNA

oo

that promotes the occurrence and development of ccRCC
by acting as a ceRNA for miR-532 and thereby promoting
ETS1 expression. Our findings substantially improve our
knowledge about the roles of CASC/9, miR-532, and

ETSI in ccRCC, as well as help to identify promising .

—_

novel therapeutic targets for ccRCC.
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