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Overexpressed IncRNA FTX promotes the cell viability,
proliferation, migration and invasion of renal cell
carcinoma via FTX/miR-4429/UBE2C axis
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Abstract. The present study aimed to explore the role of
long non-coding (Inc)RNA FTX and ubiquitin-conjugating
enzyme E2C (UBE2C) in promoting the progression of
renal cell carcinoma (RCC) and the underlying regula-
tory mechanism. Relative levels of IncRNA FTX, UBE2C,
AKT, CDK1 and CDK6 in RCC cell lines were detected by
reverse transcription-quantitative (RT-q). Expression levels of
UBE2C, phosphorylated (p)-AKT/AKT, p-CDK1/CDK1 and
p-CDK6/CDK6 in RCC and paracancerous specimens and
RCC cells were measured by western blot or immunohisto-
chemistry assay. In addition, the proliferative rate, cell viability,
cell cycle progression, migratory rate and invasive rate of RCC
cells overexpressing IncRNA FTX by lentivirus transfec-
tion were determined by a series of functional experiments,
including the colony formation assay, MTT assay, flow cytom-
etry, Transwell assay and wound healing assay. The targeted
binding relationship in the IncRNA FTX/miR-4429/UBE2C
axis was validated by dual-luciferase reporter assay. By inter-
vening microRNA (miR)-4492 and UBE2C by the transfection
of miR-4429-mimics or short interfering UBE2C-2, the regu-
latory effect of IncRNA FTX/miR-4429/UBE2C axis on the
progression of RCC was evaluated. Finally, a xenograft model
of RCC in nude mice was established by subcutaneous implan-
tation, thus evaluating the in vivo function of IncRNA FTX
in the progression of RCC. The results showed that IncRNA
FTX and UBE2C were upregulated in RCC specimens and
cell lines. The overexpression of IncRNA FTX in RCC cells

Correspondence to: Professor Lanfeng Wang, Department of
Nephrology, First Affiliated Hospital of Gannan Medical University,
23 Qingnian Road, Zhanggong, Ganzhou, Jiangxi 341000,
PR. China

E-mail: czp15083737280@163.com

Key words: renal cell carcinoma, long non-coding RNA FTX,
ubiquitin-conjugating enzyme E2C, microRNA 4429

upregulated UBE2C. In addition, the overexpression of
IncRNA FTX promoted the cell viability and proliferative,
migratory and invasive capacities of RCC cells and acceler-
ated the cell cycle progression. A dual-luciferase reporter
assay validated that IncRNA FTX exerted the miRNA sponge
effect on miR-4429, which was bound to UBE2C 3'UTR.
Knockdown of UBE2C effectively reversed the regulatory
effects of overexpressed IncRNA FTX on the abovementioned
phenotypes of RCC cells. In the xenograft model of RCC, the
mice implanted with RCC cells overexpressing IncRNA FTX
showed a larger tumor size and higher tumor weight than those
of controls, while the in vivo knockdown of UBE2C signifi-
cantly reduced the size of RCC lesions, indicating the reversed
cancer-promoting effect of IncRNA FTX. Overall, the present
study showed that IncRNA FTX was upregulated in RCC and
could significantly promote the proliferative, migratory and
invasive capacities, enhancing the viability and accelerating
the cell cycle progression of RCC cells by exerting the miRNA
sponge effect on miR-4429 and thus upregulating UBE2C.
IncRNA FTX and UBE2C are potential molecular biomarkers
and therapeutic targets of RCC.

Introduction

Renal cancer is among the top ten malignant tumors in the
world, with 400,000 newly diagnosed cases annually (1). Renal
cell carcinoma (RCC) is a malignant tumor that originates in
the renal tubular epithelium, accounting for >90% of renal
cancer cases (2) and its incidence has gradually increased
in recent years (3). Although great strides have been made
on medical techniques where local RCC can be surgically
resected with a five-year overall survival of 76% (4), health
management of metastatic RCC is quite challenging in clinical
practice (5). The occurrence and development mechanism of
RCC is closely linked to the epigenetics, tumor heterogeneity
and carcinogenesis, immune infiltration and microenviron-
ment (6), with ~3% of cases having a family history (7). A
number of genes perform an abnormal expression in RCC, such
as the von Hippel-Lindau (VHL), which is often inactivated in
sporadic RCC by mutation or promoter hypermethylation (8),
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and BAP-1, which has important implications for utilization
of molecular testing, prognosis, future therapeutics and distin-
guishing clear cell (cc)RCC from other RCC (8.,9). Therefore,
early diagnosis and active development of effective therapeutic
targets have great significance to the research and clinical
diagnosis and treatment of RCC.

IncRNAs are noncoding RNAs >200 nucleotides long,
serving as key regulators in the physiological and patho-
logical processes of human beings (10). Increasing amounts
of evidence has shown that abnormally expressed IncRNAs
in RCC are crucially involved in cancer development and
progression (11-14). IncRNA FTX is upregulated in adeno-
carcinoma and gastric cancer, indicating that IncRNA FTX is
an oncogene (15,16). He et al (17) report that IncRNA FTX
is upregulated in RCC as an oncogene and its knockdown
inhibits the migratory and invasive capacities of RCC cells.
However, the specific molecular mechanism of IncRNA FTX
in the malignant progression of RCC remains to be elucidated.

Ubiquitin conjugating enzyme E2 C (UBE2C) is a compo-
nent of the ubiquitin proteasome system. As an essential factor
of the cell cycle regulatory E3, human anaphase promoting
complex/cyclosome (APC/C), UBE2C participates in the ubiq-
uitination modification of cyclins and mitosis-related factors,
thereby accelerating cell mitosis (18). Previous studies have
shown that the mRNA or protein level of UBE2C is abnor-
mally upregulated in a number of types of cancers with poor
clinical outcomes, including liver cancer, lung cancer, gastric
cancer, colon cancer and cervical cancer (19). UBE2C is a vital
gene involved in the development of RCC and is significant
to mediate the proliferation and migration of RCC cells (20).
However, the molecular mechanism between IncRNA FTX
and UBE2C in regulating the development of RCC remains to
be elucidated.

In the present study, by detecting the expression levels
of IncRNA FTX in the clinical specimens of RCC, it was
found that FTX was significantly upregulated. Furthermore,
IncRNA FTX was predicted using the StarBase to exert the
miRNA sponge effect on miR-4429 to upregulate UBE2C.
The present study further analyzed the in vitro and in vivo
functions of IncRNA FTX in RCC by intervening the expres-
sion levels of IncRNA FTX, miR-4429 and UBE2C in RCC
cells and establishing a xenograft model of RCC in nude mice
to explore the potential signaling and mechanisms of IncRNA
FTX/miR-4429/UBE2C axis.

Materials and methods

Sample collection. A total of six pairs of RCC and paracan-
cerous specimens that were <4 cm away from the margin of
RCC lesions were collected from patients with RCC (male
to female ratio: 2:1) who were surgically treated in the First
Affiliated Hospital of Gannan Medical University. All were
patients with RCC hospitalized in the First Affiliated Hospital
of Gannan Medical University hospital between March and
June 2020 and aged 48-60 years-old, with the median as 53.
Renal cancer tissues and adjacent tissues were removed after
surgical treatment without radiotherapy or chemotherapy. The
fresh tissues were immediately stored in liquid nitrogen and
stored in a refrigerator at -80°C after removal and then used
for reverse transcription-quantitative (RT-q) PCR, western

blotting or immunohistochemistry (IHC). The specimens were
fixed in 4% paraformaldehyde for 24 h at a room temperature
and dehydrated and transparentized with gradient concentra-
tions (30, 50, 75, 95 and 100%) of ethanol and xylene, and then
embedded in paraffin at 55°C to prepare 4-um tissue sections.
and some fresh specimens were subjected to the isolation
of total RNA and proteins for RT-qPCR and western blot-
ting, respectively. The present study was approved by Ethics
Review Committee of Scientific Research of Gannan Medical
College (number 2020075). All patients who participated were
informed of the content of the study and their written informed
consent was obtained.

Cell culture. RCC cell lines, including A498
(cat. no. BNCC338630; BeNa Culture Collection), A704
(cat. no. BNCC342393; BeNa Culture Collection), SN12C
(cat. no. BNCC341858; BeNa Culture Collection), 769-P
(cat. no. BNCC101643; BeNa Culture Collection), the human
renal fibroblast cell line KFB (cat. no. HTX2520; Otwo
Biotech), human proximal convoluted tubular cell line HK-2
(cat. no. BNCC338012; BeNa Culture Collection) and the 293T
cell line (cat. no. MZ-0005; Ningbo Mingzhou Biotechnology
Co., Ltd.) were used. Briefly, the cells were seeded in a 10-mm
culture dish and cultivated in DMEM (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% FBS (Gibco; Thermo
Fisher Scientific, Inc.) and 1% penicillin and streptomycin in a
humidified incubator containing 5% CO, and 95% air at 37°C.
The culture medium was replaced every 2 days. Cell passage
was conducted using trypsin at over 80% of confluence.

Cell transfection. miR-4429-mimics (5'-AAAAGCUGG
GCUGAGAGGCG-3") and mimic-negative control (NC;
5'-AAGUGUCACCGAUUCAAGACG-3'; RiboBio Co., Ltd.,
Guangzhou, China) and shUBE2C-1, shUBE2C-2, shUBE2C-3
and the empty vector was used as a shNC (Shanghai GeneChem
Co., Ltd.) were used in cell transfection performed following
the recommendations of Lipofectamine® 2000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.). Briefly, the cells
were seeded in a 12-well plate at a density of 5x10* cells/well
and cultured to 80% of confluence. After 4-h starvation in
serum-free DMEM (Gibco; Thermo Fisher Scientific), 100 nM
miR-4429-mimics, mimic-NC or 2 ug shUBE2C was incu-
bated with Lipofectamine® 2000 reagent (Invitrogen; Thermo
Fisher Scientific, Inc.) for 20 min, followed by incubation with
cells for 40 min at aroom temperature. Fresh serum-containing
DMEM (Gibco; Thermo Fisher Scientific) was replaced at 24 h
and the transfection efficacy was evaluated by RT-qPCR.

RT-gPCR. The cells were cultured at 80% of confluence for
RNA extraction. RNA extraction, cDNA synthesis and gPCR
were all performed according to the manufacturer's protocols.
Briefly, the total RNAs in cells were isolated using TRIzol®
(Thermo Fisher Scientific, Inc.) and 1 ug of the total RNA was
reversely transcribed to cDNA using a Takara PrimeScript RT
reagent kit. Subsequently, gPCR was performed using a SYBR
Premix Ex Taq II with T1li RNaseH (Takara Bio, Inc.) on an ABI
Prism 7500 system (Thermo Fisher Scientific, Inc.). In brief, the
total RNA induced with gDNA eraser and reversely transcribed
to cDNA in 42°C for 15 min and then subjected to thermal
cycles at 95°C for 15 min, followed by 40 cycles at 95°C for
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Table I. Sequences of primers used.

Genes

Sequences

IncRNA FTX-F
IncRNA FTX-R
miR-4429-F
miR-4429-R
UBE2C-F
UBE2C-R
Akt-F

Akt-R

CDKI1-F
CDKI1-R
CDKG6-F
CDK6-R
GAPDH-F
GAPDH-R
U6-F

U6-R

5-GTGTCTCTCTCTCTCTCTCTCTT-3'
5-CCTCTTCAGCAGTAGCATAGTT-3'
5'-GGGAGAAAAGCTGGGCTGAG-3'
5'-GGCCAGGCAGTCTGAGTTG-3'
5-CTGCCGAGCTCTGGAAAAAC-3'
5'-AGGAAAAATTAAAAAGACGACACAAG-3'
5'-CCTGAAGCTACTGGGCAAGGG-3'
5'-ACAAAGCAGAGGCGGTCGTG-3'
5'-CCTAGCATCCCATGTCAAAAACTTGG-3'
5-TGATTCAGTGCCATTTTGCCAGA-3'
5-TGCACAGTGTCACGAACAGA-3'
5'-ACCTCGGAGAAGCTGAAACA-3'
5'-AGAAGGCTGGGGCTCATTTG-3'
5'-AGGGGCCATCCACAGTCTTC-3'
5-CTCGCTTCGGCAGCACA-3'
5'-AACGCTTCACGAATTTGCGT-3'

IncRNA, long non-coding RNA; miR, microRNA; UBE2C, ubiquitin-conjugating enzyme E2C; F, forward; R, reverse.

5 sec, 60°C for 30 sec and 72°C for 40 sec and finally annealing
at 72°C for 10 min. The relative level was calculated using the
2-44¢ method with GAPDH or U6 as the internal reference (21).
All the experiments were performed in triplicate and repeated
three times. The primer sequences are shown in Table 1.

Western blotting. The total proteins in RCC cells or homog-
enate tissues were isolated using RIPA buffer (Beyotime
Institute of Biotechnology) containing PMSF and a protease
inhibitor. Protein concentrations were measured using a BCA
protein assay kit (Beyotime Institute of Biotechnology). Later,
50 ug of protein sample was loaded on 10% SDS-PAGE and
transferred on PVDF membranes at 300 mA. Nonspecific
antigens on PVDF membranes were blocked by immersing
in TBST (1% Tween) containing 5% skimmed milk in room
temperature for 1 h. After immunoblotting with primary anti-
bodies (1:1,000) at 4°C overnight and secondary antibodies
(1:1,000) at room temperature for 1 h. Finally, the membrane
was treated with chemiluminescent horse radish peroxidase
(HRP) substrate (cat. no. WBKLS0500; MilliporeSigma)
to visualize the protein bands and exposure was performed
using a Bio-Rad Universal Hood II Gel Doc Imaging system
(Bio-Rad Laboratories, Inc.) and the grey value was analyzed
using ImageJ 1.8.0.112 (National Institutes of Health). The
antibodies used in this study were purchased from ABclonal
Biotech Co., Ltd. and the catalog numbers were: UBE2C
(cat. no. A5499), AKT (cat. no. A17909), phosphorylated
(p)-AKT (cat. no. AP0140), CDK1 (cat. no. A0220), p-CDK1
(cat. no. AP0016), CDK6 (cat. no. A16357), p-CDK1
(cat.no. AP0326), GAPDH (cat. no. A19056) and the secondary
antibody HRP Rabbit Anti-Goat IgG (H+L) (cat. no. AS029).

Hematoxylin & Eosin (H&E) staining. RCC specimens were
fixed in 4% paraformaldehyde for 24 h at room temperature

and dehydrated and transparentized with gradient concentra-
tions (30, 50, 75, 95 and 100%) of ethanol and xylene, and then
embedded in paraffin at 55°C to prepare 4-pm tissue sections
for preparing tissue sections. Later, the sections were incu-
bated in xylene (20 min x2), anhydrous ethanol (5 min x2) and
75% ethanol (5 min x1). After washing in ddH,0O, the sections
were stained using the H&E staining kit (Sangon Biotech Co.,
Ltd.; cat. no. E607318). Briefly, the sections were stained with
hematoxylin for 5 min. After differentiation and bluing, the
sections were washed in ddH,O, dehydrated in 85 and 5%
ethanol sequentially and stained with eosin for 5 min. All the
staining was carried out in a room temperature. Finally, they
were incubated in anhydrous ethanol for three times, xylene
twice and mounted using neutral gum for observation under a
light microscope (XSP-8CA; Shanghai Optical Instrument Co.
Ltd.), five fields of view were randomly selected for each tissue
section and observed at x100 magnification.

Immunohistochemistry (IHC). The RCC sections were incu-
bated in xylene (15 min x3), dehydrated in anhydrous ethanol
(5 min x2), 85% ethanol (5 min x1) and 75% ethanol (5 min
x1) and washed in ddH,O. Antigen retrieval was performed
by pouring citrate buffer (pH 6.0; Sangon Biotech Co., Ltd.;
cat. no. E673000) on the sections at room temperature for
15 min. After incubation in 3% H,0, in the dark at 37°C for
25 min and blocking in 3% BSA (Sangon Biotech Co., Ltd;
cat. no. E661003) at 37°C for 30 min, the sections were incu-
bated with primary antibodies at 4°C overnight. On the next
day, they were washed in PBS (pH 7.4, 5 min x3) and incubated
with HRP-labeled secondary antibodies at room temperature
for 2 h. Later, the sections were counterstained with DAB and
hematoxylin at room temperature for 3 min. After dehydra-
tion in ddH,0, 75% ethanol (5 min x1), 85% ethanol (5 min
x1), anhydrous ethanol (5 min x2) and n-butanol (5 min x1)
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sequentially and permeabilization in xylene (5 min x1) at room
temperature, neutral gum was used for mounting. The posi-
tive staining of cells was observed under a light microscope
(XSP-8CA; Shanghai Optical Instrument Co. Ltd.), five fields
of view were randomly selected for each tissue section and
observed at x100 magnification. The antibodies used in this
experiment were purchased from ABclonal Biotech Co., Ltd.
and the catalog numbers were: UBE2C (cat. no. A5499) and
the secondary antibody (cat. no. AS029).

Lentivirus infection. The GV367 plasmid (Shanghai
GeneChem Co., Ltd.) was cut by Agel/Nhel and then the FTX
sequence or short hairpin (sh)FTX, shUBE2C1, shUBE2C2,
shUBE2C3 sequences were spliced to produce overex-
pressed lentivirus plasmids GV367-FTX and knocked down
plasmids GV367-shFTX (Shanghai GeneChem Co., Ltd.),
while the non-spliced GV367 was used as a blank control
(sequences were as listed: shFTX: 5'-CTGCTACGACAC
TGAATTC-3"; shUBE2C1: 5-CCTGCAAGAAACCTACTC
AAA-3"; shUBE2C2: 5'-CTTCTAGGAGAACCCAACA-3;
shUBE2C3: 5"TGATGTCAGGACCATTCT-3'; and the shNC:
5-AATTCTCCGAACGTGTCACGT-3'"). Lentivirus pack-
aging was performed using the second-generation lentivirus
packaging kit (GeneChem) at 37°C 15 min. The lentiviral
plasmid, packaging vector and envelope vector were mixed at
a 4:3:2 ratio for a total DNA mass of 20 g and incubated with
1 ml of Lenti-Easy Packaging Mix (Shanghai GeneChem Co.,
Ltd.) at 37°C for 15 min. The mixture was then incubated for
another 20 min in Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.) and applied to a 293T cell culture
medium for 6 h at 37°C. 293T cells were seeded in a 12-well
plate at a density of 2.5x10° cells/well and cultured to 80% of
confluence. Following the incubation in serum-free DMEM
for 4 h, the cells were transfected as mentioned above with
lentiviruses at 37°C for 3 days. The transfected cells were
filtered using a 0.45 uM mesh, which were concentrated by
ultracentrifugation at 70,000 x g at 4°C for 2 h. The super-
natant was collected for detecting viral titers. The A498 and
A704 cell lines were cultured to over 80% of confluence were
cultured with diluted lentiviruses at a multiplicity of infection
of 5 and with polybrene (MilliporeSigma) for 24 h and then
fresh culture medium was then used to replace the old medium
and the GFP-labeled cells with lentivirus transfection rate
>80% at 72 h were screened out, stable expressing clones were
selected using 4 ug/ml puromycin. The transfection efficacy of
IncRNA FTX was finally verified by RT-qPCR as described
above.

Measurement of intracellular reactive oxygen species
(ROS). To measure intracellular ROS, cells were stained with
DCF-DA and subjected to FACS analysis. Cells were plated
in 6-well plates at 1.2-2.0x10° cells/well depending on the
proliferation rate of the cell line. After 24 h of incubation, the
cells were treated with vehicle (DMSO) or varying concentra-
tions of CDODA-Me (0.5, 1, 2.5, or 5 uM) at 37°C for 3 h and
CDODA-Me-induced intracellular ROS were estimated by
adding 10 uM DCF-DA.

Inhibition of ROS inductions by GSH was determined
by pretreatment with 5 mM GSH for 3 h alone and then in
combination with 2.5 yM CDODA-Me at 37°C for 3 h. Cells

were then incubated with 10 uM DCF-DA at 37°C for 30 min
(at 2 h and 30 min to 3 h treatment time point) at 37°C.
Attached and floating cells were then harvested by trypsin-
ization and pelleted by centrifugation at 3,500 x g at 4°C for
5 min. The cells were then resuspended in ice-cold PBS and
DCF-DA fluorescence was detected using the FL1 channel of
an FC500 flow cytometer (FACSCalibur; BD Biosciences). All
experiments were performed in triplicate; data were analyzed
using Cell Quest software version (Molecular Devices, LLC,
version 5.1) and were shown as means + SEMs.

Colony formation assay. Cells were seeded in a 6-well plate at
a density of 5x10? cells/well and cultured for 15 days. Visible
colonies were fixed in 4% paraformaldehyde and stained using
0.2% crystal violet at 37°C. The number of colonies (>50 cells)
in three replicates per sample was calculated. Images of colo-
nies were captured under an inverted microscope.

MTT assay. The cells were seeded in a 96-well plate at a
density of 3x10° cells/well in 200 ul of DMEM. Briefly,
15 pl of MTT solution (15 mg/ml, Sangon Biotech Co., Ltd;
cat. no. A600799) was added at 6, 12, 18, 24, 30 and 36 h for
4-h cell culture at 37°C. After lysing in 150 pl of DMSO for
10 min at room temperature, the optical density at 490 nm was
measured using an HBS-1101 microplate reader (DeTie).

Flow cytometry for detecting cell cycle progression.
The cell cycle progression in RCC cells was measured
using a Cell Cycle Staining kit (Sangon Biotech Co., Ltd.;
cat. no. E607212). Briefly, the cells were washed in PBS, fixed
in 70% ice-cold ethanol and incubated using a commercial
kit in the dark at room temperature for 30 min. Cell cycle
progression was measured using FC500 flow cytometer
(FACSCalibur; BD Biosciences) and analyzed using FlowJo
v10 (FlowJo LLC).

Wound healing assay. The A498 and A704 cells were seeded
in a 12-well plate at a density of 1x10° cells/well. A 1 ml
sterile pipette tip was used to make an artificial wound on a
cell monolayer and then FBS-free DMEM was replaced. At 0,
12 and 24 h, cell migration was observed using an inverted
microscope and assessed by calculating the cell-free zone
using ImagelJ 1.8.0.112 software (National Institutes of Health,
Bethesda).

Transwell assay. Matrigel (Corning Life Sciences;
cat. no. 354234) diluted in serum-free DMEM at a ratio of
1:5 was precoated on the Transwell insert at 37°C and dried
for 4 h. Cell suspension was prepared in serum-free DMEM
at 1x10° cells/ml and 200 ul of suspension was added on
the top chamber and 500 xl of DMEM containing 10% FBS
was added on the bottom. After cell culture for 24 h, the
cells on the top chamber were wiped off using a cotton swab.
The penetrating cells were fixed in 4% paraformaldehyde
at room temperature for 20 min and stained using crystal
violet at room temperature for 10 min. After washing and
air drying, the cells were observed under a light microscope
(XSP-8CA; Shanghai Optical Instrument Co. Ltd.) and the
migratory cells were calculated in five randomly selected
fields per well.



ONCOLOGY REPORTS 48: 163, 2022 5

Dual-luciferase reporter assay. The targeting relationship
was predicted by StarBase 3.0 (https://starbase.sysu.edu.cn/)
and TargetScan 7.1 (https://www.targetscan.org/vert_71/).
Complementary sequences in the UBE2C 3'UTR and
promoter region of IncRNA FTX were amplified and
cloned in pGL3 3'UTR (Shanghai GeneChem Co., Ltd.) to
construct the wild-type (WT) plasmid pGL3-UBE2C-WT,
while the mutant-type (Mut) plasmid pGL3-UBE2C-Mut
was constructed using a site-directed mutagenesis kit
(Sangon Biotech Co., Ltd.; cat. no. B639281). WT plasmid
pGL3-FTX-WT and Mut plasmid pGL3-FTX-Mut were simi-
larly constructed. The aforementioned vectors were mixed with
the mimics or mimic-NC and Lipofectamine®2000 (Invitrogen;
Thermo Fisher Scientific, Inc.) for 20 min at room temperature.
Then, the cells were cotransfected with wild-type/mutant-type
plasmid and miR-4429-mimics/mimics-NC, respectively,
at 37°C in a humidified atmosphere containing 5% CO2 for
48 h, the plasmids was transfected at 500 ng per well and
the final concentration of mimic or mimic-NC was 20 nM.
Relative Firefly and Renilla luciferase activities were measured
using a Dual-Luciferase Reporter Gene Assay kit (Promega
Corporation). Relative luciferase activity was expressed as the
ratio of firefly luciferase activity to Renilla luciferase activity.

Xenograft model of RCC in nude mice. A total of 18 BALB/c
male nude mice (5-6 weeks old; ~15 g; Guangdong Medical
Laboratory Animal Center) were habituated in a specific
pathogen-free (SPF) environment with 12-h light/dark
cycle, at 22+2°C and in a humidity 30-70%. They had free
access to food and water. A suspension of RCC cells in PBS
(1x10® cells/ml) was prepared. Prior to inoculation, the cell
suspension was mixed with Matrigel (Corning Life Sciences;
cat. no. 354234) at a ratio of 1:1 and then 100 ul of mixture
was subcutaneously injected into the mouse lateral abdomen.
At four weeks later, the mice were sacrificed to collect the
subcutaneous tumors. When the mice quickly lost >20% of
their original body weight, could not eat and drink, exhibited
mental depression with hypothermia, experienced body organ
infection or severe liver failure, the experiment was halted
and the animals sacrificed. On day 30, a total of 18 mice were
sacrificed and no mice succumbed during the experiment. The
mice were sacrificed by intraperitoneal injection of sodium
pentobarbital with an injection dose of 200 mg/kg. According
to AVMA Guidelines for the Euthanasia of Animals: 2020
Edition, the death was confirmed by checking that their hearts
had stopped beating for 10 min and the respiratory arrest
was also observed. Their size was measured and they were
weighed and prepared for the following experiments. The
experiments were approved by Ethics Review Committee of
Scientific Research of Gannan Medical College (approval
number 2020075).

Statistical analyses. Statistical analysis was performed using
GraphPad Prism 8 (GraphPad Software, Inc.). Data were
normally distributed and are presented as the mean + SEM.
Comparisons between multiple groups were analyzed using
one-way ANOVA followed by Tukey's post hoc test or
Bonferroni correction. All experiments were performed in
triplicate and repeated three times. P<0.05 was considered to
indicate a statistically significant difference.

Results

IncRNA FTX and UBE2C are upregulated in RCC specimens
and cell lines. A total of six pairs of RCC and paracancerous
specimens were examined for the expression levels of IncRNA
FTX and UBE2C. RT-qPCR data showed that IncRNA FTX
and UBE2C mRNA expression were significantly upregulated
in RCC specimens than that of paracancerous specimens
(Fig. 1A and B). In addition, IHC data showed a significantly
higher positive expression of UBE2C in RCC specimens than
paracancerous specimens (Fig. 1C). Their expression levels
were further detected in RCC cell lines. Consistently, the
mRNA level of IncRNA FTX and UBE2C was significantly
higher in RCC cell lines compared with those of human renal
fibroblast cell line KFB and human proximal convoluted
tubular cell line HK-2 (Fig. 1D and E). The protein level of
UBE2C was also upregulated in RCC cell lines (Fig. 1F).
Collectively, IncRNA FTX and UBE2C were significantly
upregulated in RCC specimens and cell lines, indicating their
potential roles in the development of RCC.

IncRNA FTX promotes the proliferation, viability, cell cycle
progression, migration and invasion of RCC cells. After inter-
vening IncRNA FTX by lentivirus transfection, the malignant
phenotypes of RCC cells were evaluated. First, the transfection
efficacy of lentivirus was validated by RT-qPCR (Fig. 2A).
A colony formation assay proved that the overexpression of
IncRNA FTX significantly enhanced the proliferative capacity
of RCC cells (Fig. 2B). In addition, the overexpression of
IncRNA FTX increased the RCC cell viability as revealed by
the MTT assay (Fig. 2C). Compared with those of controls,
the cell ratio in G/G, phase was significantly reduced, while
that in G,/M phases increased, in RCC cells overexpressing
IncRNA FTX, indicating that the overexpression of IncRNA
FTX significantly accelerated the cell cycle progression of RCC
(Fig. 2D). Wound healing assay and Transwell assay results
showed the role of IncRNA FTX in promoting the migratory
and invasive capacities (Fig. 3A and B). While the intracellular
ROS test showed that there are no significantly differences
among the groups that treated by lentivirus (Fig. 3C). These
data indicated that IncRNA FTX served as an oncogene that
promoted the proliferation, viability, cell cycle progression,
migration and invasion of RCC cells.

IncRNA FTX exerts the miRNA sponge effect on miR-4429
to upregulate UBE2C. As predicted using the online tools
StarBase 3.0 and TargetScan 7.1, a binding site exists between
IncRNA FTX and miR-4429 and another binding site exists
between miR-4429 and UBE2C 3'UTR (Fig. 4A). A dual-lucif-
erase reporter assay validated that IncRNA FTX could
specifically bind to miR-4429 and the latter could specifically
bind to its downstream target UBE2C (Fig. 4B and C). The
overexpression of IncRNA FTX significantly downregulated
miR-4429 and upregulated UBE2C in RCC cells (Fig. 4D-G).
Notably, the transfection of miR-4429-mimics could signifi-
cantly downregulate the expression of UBE2C and effectively
reverse the effects on UBE2C of overexpressed IncRNA FTX
(Fig. 4H-J). The results showed that IncRNA FTX could bind
with miR-4429 and miR-4429 could directly bind with the
3'-UTR sequence of UBE2C and the above results suggested
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Figure 1. LncRNA FTX and UBE2C are upregulated in RCC specimens and cell lines. (A) Relative IncRNA FTX expression in tumor and adjacent tissues
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E2C; RCC, renal cell carcinoma.

that there is a signaling IncRNA FTX/mIR-4429/UBE2C in
RCC.

Knockdown of UBE2C effectively reverses the role of IncRNA
FTX in promoting the malignant phenotype of RCC cells.
shUBE2C-1, shUBE2C-2, shUBE2C-3 and shNC were synthe-
sized and their transfection efficacies were detected. RT-qPCR
and western blotting confirmed the best transfection efficacy of
shUBE2C-2 (Fig. 5A and B). Subsequently, the RCC cells were
co-transfected with si-UBE2C-2 and overexpression plasmid
of IncRNA FTX. A series of functional experiments further
indicated that the knockdown of UBE2C effectively reversed
the enhanced proliferative, migratory and invasive capacities,
viability and accelerated the cell cycle progression in RCC
cells overexpressing IncRNA FTX (Figs. 5C-E and 6A and B).
In addition, the expression of IncRNA FTX, miR-4429,
UBE2C and the upregulated phosphorylation levels of AKT,

CDK1 and CDKG6 by the overexpression of IncRNA FTX were
downregulated by the knockdown of UBE2C (Fig. 7A and B).
It was suggested that IncRNA FTX promoted the progression
of RCC by exerting the miRNA sponge effect on miR-4429,
thus upregulating UBE2C.

IncRNA FTX significantly affects the size and differentiation
of subcutaneous RCC in nude mice. A-498 cells with IncRNA
FTX overexpression or knockdown by lentivirus transfection
were first subjected to RT-qPCR for validating the transfection
efficacy (Fig. 8A). The transfected A-498 cells cultured to 80%
confluence were subcutaneously injected into nude mice. The
mice were sacrificed at day 30 for collecting tumor tissues.
Compared with those of controls, the subcutaneous tumor
tissues were larger and heavier in mice implanted with A-498
cells overexpressing IncRNA FTX, while those with IncRNA
FTX knockdown had smaller and lighter subcutaneous tumor
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Figure 2. LncRNA FTX promotes the proliferation, viability and cell cycle progression of RCC cells. (A) Transfection efficiency of lentivirus. (B) Cell
proliferation of RCC cell lines that overexpressed FTX. (C) Cell viability of RCC cell lines that overexpressed FTX. (D) Cell cycle distribution of RCC cell
lines that overexpressed FTX. "P<0.05; “"P<0.01; "“P<0.001; NS, not significant; RCC, renal cell carcinoma; FTX long non-coding RNA FTX.

tissues (Fig. 8B and C). Tumor tissues were then prepared for
sections and isolation of the total RNA and protein. It was
found that the mRNA levels of IncRNA FTX and UBE2C
were upregulated and miR-4429 was downregulated in
subcutaneous tumor tissues collected from mice implanted
with A-498 cells overexpressing IncRNA FTX. The mRNA

and protein levels of UBE2C were upregulated. In mice
implanted with A-498 cells with IncRNA FTX knockdown,
downregulated UBE2C was detected in subcutaneous tissues
(Fig. 8D-H). It was concluded that the in vivo overexpression
of IncRNA FTX significantly influenced the expression level
of UBE2C and the phosphorylation of AKT and CDKG6 in



8 CHEN et al: OVEREXPRESSED IncRNA FTX UPREGULATES UBE2C

A Untreated
t=0 h 80 _NS 80 -«
70 T 70 —= 1
A498 32 601 2 604
[3] ©
® 501 © 501
© ©
t=24 h § 40 § 40
© ©
5 30 5 304
(7] w
T 201 T 20
o o
104 104
t=0 h 04 — 04 —L
T X N~ T X
EE 8 $E 8
[0) > o) >
A704 = o = ©
= A498 = A704
t=24 h
NS NS
B 300 1 % 300 7 *%
250 4 L 2501 L
(%] [}
A498 = =
§ 200+ 52001
8 8
%5 150 5150
g )
€ 100 1 €100 1
z z
A704 50 50 ]
0! —_ 04 —L
s " 3 g * 3
C _ 150 150+ NS = £ ©
o] o]

N
—=— Atos a7os

100 1 100 1

Intracellular ROS (% of untreated)
Intracellular ROS (% of untreated)

50 4 50 4

0 —r— —y——r 0- —r— . —r——
o ~ k) N
e B R & STEERRKR &
T LW w o © L L W ow D
o o = o £ mao =
= > O = » 53 5 O
) G > G

A498 A704

Figure 3. LncRNA FTX promotes the migration and invasion of RCC cells. (A) Migration ability of RCC cell lines that overexpressed FTX (magnifica-
tion, x100). (B) Invasive ability of RCC cell lines that overexpressed FTX (magnification, x100). (C) Intracellular ROS level of RCC cell lines treated by
lentivirus. "P<0.05; “P<0.01; NS, not significant; RCC, renal cell carcinoma; FTX long non-coding RNA FTX; ROS, reactive oxygen species; t, time.

tumor tissues, accelerating the carcinogenesis by implanting  the cancer mortality in the world (22). Although the early

A-498 cells in nude mice. nonmetastatic RCC can be surgically treated, the recurrence
rate of RCC is <40%. Metastatic RCC has a poor prognosis
Discussion and low survival rate (23). Novel biomarkers for RCC micro-

environment and immunotherapy have been widely analyzed.
RCC is a globally prevalent type of cancer. More than 140,000  Targeted drugs including sunitinib (24) and bevacizumab (25)
deaths of RCC are reported every year, ranking 13th among that inhibit VEGF and its receptor VEGFR, sirolimus (26) that
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Figure 5. Knockdown of UBE2C effectively reverses the role of IncRNA FTX in the proliferation, viability, and cell cycle progression of RCC cells.
(A) Transfection efficiency of lentivirus. (B) UBE2C expression of RCC cell lines. (C) Colony formation of RCC cell lines that overexpressed FTX or knocked
down UBE2C. (D) Cell viability of RCC cell lines that overexpressed FTX or knocked down UBE2C. (E) Cell cycle distribution of RCC cell lines that
overexpressed FTX or knocked down UBE2C. "P<0.05; “P<0.01; **P<0.001; NS, not significant; UBE2C, ubiquitin-conjugating enzyme E2C; RCC, renal cell
carcinoma; FTX long non-coding RNA FTX; sh, short hairpin.
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inhibits mTOR and nivolumab (27) used in immune therapies
have been used for the treatment of metastatic RCC. It is
important to actively search for new biomarkers and thera-
peutic targets of RCC.

IncRNA FTX has been extensively evaluated as a vital
regulator of cancer cells. Chen et al (28) report that FTX is
abnormally overexpressed in osteosarcoma (OS) tissues and
cells that promote the proliferation and invasion and inhibits
the apoptosis of OS cells by regulating the miR-214-5p/SOX4
axis, indicating that FTX might be a potential therapeutic
target for OS. Zhao et al (29) show that IncRNA FTX promotes
the progression of colorectal cancer (CRC) by regulating the
miR-192-5p/EIF5A2 axis as an oncogene, providing new
insights into the pathogenesis of CRC. Jin er al (30) reveal
a novel ceRNA axis FTX/miR-200a-3p/FOXA2 in lung
cancer cells, validating the therapeutic potential of FTX in
lung cancer. In addition, FTX is upregulated in liver cancer,
RCC, glioma and hematological cancer (31) and the regulatory
effects of FTX on the invasion and migration of RCC cells has
been confirmed (17). The present study consistently showed
the presence of upregulated IncRNA FTX in RCC specimens.
In addition, it showed that the overexpression of IncRNA FTX
promoted the proliferation, cell cycle progression, migration
and invasion of RCC cells and upregulated UBE2C, p-AKT,

p-CDKI1 and p-CDK®6. In addition, the in vivo overexpression
of IncRNA FTX in RCC cells significantly enlarged the size
and increased the weight of subcutaneous tissues in nude mice.
Taken together, the findings demonstrated the vital function of
IncRNA FTX in aggravating the progression of RCC.

miRs have been previously confirmed to regulate the
expression levels of RCC-related proteins, which serve as
effective biomarkers for diagnosing, accurately determining
the molecular classification and predicting the prognosis of
RCC (32). miR-4429 is widely involved in the progression of
various types of tumors. Wang et al (33) found that miR-4429
inhibits the growth of prostate cancer cells by downregulating
DLX1 and inactivating the Wnt/p-catenin pathway. Li et al (34)
demonstrated that miR-4429 blocks the proliferation, migra-
tion, invasion and epithelial-mesenchymal transition (EMT)
process of CRC cells by targeting FOXMI1 to downregulate
SMAD?3. Cai et al (35) confirm that the silencing of IncRNA
SNHGI2 and overexpression of miR-4429 significantly
inhibit the proliferation, migration and invasion of RL95-2
cells by downregulating MMP2 and MMP9 and targeting
of the SNHG12/miR-4429 axis and can be used as a poten-
tial therapeutic target for endometrial cancer in the future.
Pan et al (36) also report that miR-4429 suppresses ccRCC
tumor progression and EMT by targeting CDK6. The present
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Figure 7. Knockdown of UBE2C effectively reverses the role of IncRNA FTX in gene expression of RCC cells. (A) Relative RNA expression of RCC cell lines
that overexpressed FTX or knocked down UBE2C; (B) Relative proteins expression of RCC cell lines that overexpressed FTX or knocked down UBE2C.
"P<0.05; "P<0.01; ""P<0.001; NS, not significant; RCC, renal cell carcinoma; FTX long non-coding RNA FTX; UBE2C, ubiquitin-conjugating enzyme E2C;
p-, phosphorylated; sh, short hairpin.
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tissues; (F) Relative UBE2C mRNA expression in mice-tumor tissues; (G) Relative UBE2C protein expression in mice-tumor tissues; (H) IHC of UBE2C in
mice-tumor tissues (magnification, x100). "P<0.05; “P<0.01; ““P<0.001; NS, not significant; IncRNA, long non-coding RNA; UBE2C, ubiquitin-conjugating
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study predicted and later confirmed that IncRNA FTX specifi-
cally targeted miR-4429 and the latter could specifically bind
to UBE2C 3'UTR using an online tool and dual-luciferase
reporter assay, respectively. IncRNA FTX overexpression was
able to downregulate miR-4429 and enhance the transcription
level of UBE2C. In addition, the overexpression of miR-4429
significantly reversed the promotive effect of IncRNA FTX on
the progression of RCC and expression level of UBE2C. It is
suggested that the regulatory function of IncRNA FTX in the
malignant progression of RCC depends on the miRNA sponge
effect on miR-4429 to upregulate UBE2C.

UBE2C has been widely studied in cancers due to its carci-
nogenic effect. Wang et al (37) found that UBE2C is highly
expressed in gastric cancer tissues. Silencing of UBE2C not only
inhibits the colony formation of gastric cancer cells, but also
DNA biosynthesis. In addition, miR-300 inhibits the progression
of gastric cancer by reducing the abundance of UBE2C mRNA.
Hu et al (38) report that the knockdown of UBE2C inhibits the
proliferation and invasion of prostate cancer cells, which is a
direct target of miR-381-3p. Icaritin downregulates UBE2C
and upregulates miR-381-3p in human prostate cancer cells.
Zhang et al (39) confirm that UBE2C is upregulated in rectal
cancer and that the knockdown of UBE2C significantly inhibits
the growth of xenograft tumor in mice. Previous studies support
the oncogenic role of UBE2C in RCC, although the specific
mechanism remains to be elucidated (20,39). The present study
also identified upregulated UBE2C in RCC specimens. Notably,
the knockdown of UBE2C effectively reversed the promoted
proliferation, viability, cell cycle progression, migration and
invasion induced by the overexpression of IncRNA FTX, as well
as upregulating p-AKT, p-CDK1 and p-CDKG®. It is suggested
that UBE2C was responsible for aggravating the malignant
progression of RCC through the FTX/miR-4429/UBE2C axis.
In addition, implantation of A-498 cells overexpressing IncRNA
FTX in nude mice resulted in enlarged subcutaneous tissues with
heavier tumor weight compared with those of controls. IncRNA
FTX also regulated UBE2C, p-AKT, p-CDKI1 and p-CDK®6 in
subcutaneous tissues. Taken together, the in vivo findings indi-
cate that IncRNA FTX significantly influenced the UBE2C level
and phosphorylation of AKT, CDK1 and CDK6 and promoted
the carcinogenesis of implanting A-498 cells in nude mice. The
effects of IncRNA FTX in promoting the malignant phenotype of
RCC could be significantly reversed by knockdown of UBE2C,
which indicated that the axis IncRNA FTX/miR-4429/UBE2C
could significantly influence the proliferation, viability, cell cycle
progression, migration and invasion of RCC cells and hence are
promising biomarkers and therapeutic targets for RCC.

In general, the present study examined the abnormally high
expression of IncRNA FTX in RCC, its promoting effects and
mechanism on RCC malignant phenotype. The results showed
that IncRNA FTX could significantly promote the cell viability,
proliferation, migration and invasion of RCC. IncRNA FTX
acted as a molecular sponge of miR-4429 and promoted the
process of RCC through the FTX/mir-4429/UBE2C axis.
However, due to the limited number of the clinical samples,
the correlation of clinical data could not be well demonstrated,
which might be the main limitation of the present study. In
addition, the present study did not test the expression level of
apoptosis-related genes, which would be another limitation
and a future research perspective.

In brief, IncRNA FTX and UBE2C are significantly upreg-
ulated in RCC specimens. Through the miRNA sponge effect
on miR-4429 to upregulate UBE2C, IncRNA FTX markedly
promoted the proliferation, viability, cell cycle progression,
migration and invasion of RCC cells, thus aggravating the
malignant progression of RCC. The findings indicated that
IncRNA FTX and UBE2C are promising biomarkers and
therapeutic targets for RCC.
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