Oncology Research, Vol. 25, pp. 157-166
Printed in the USA. All rights reserved.
Copyright © 2017 Cognizant, LLC.

0965-0407/17 $90.00 + .00

DOI: https://doi.org/10.3727/096504016X14719078133203
E-ISSN 1555-3906

WWWw.cognhizantcommunication.com

This article is licensed under a Creative Commons Attribution-NonCommercial NoDerivatives 4.0 International License.

Knockdown of Long Noncoding RNA FTX Inhibits Proliferation,
Migration, and Invasion in Renal Cell Carcinoma Cells
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Renal cell carcinoma (RCC) is one of the most common kidney cancers worldwide. Although great progres-
sions have been made in the past decades, its morbidity and lethality remain increasing. Long noncoding RNAs
(IncRNAs) are demonstrated to play significant roles in the tumorigenesis. This study aimed to investigate the
detailed roles of IncRNA FTX in RCC cell proliferation and metastasis. Our results showed that the transcript
levels of FTX in both clinical RCC tissues and the cultured RCC cells were significantly upregulated and
associated with multiple clinical parameters of RCC patients, including familial status, tumor sizes, lymphatic
metastasis, and TNM stages. With cell proliferation assays, colony formation assays, and cell cycle assays,
we testified that knockdown of FTX in A498 and ACHIN cells with specific shRNAs inhibited cell prolifera-
tion rate, colony formation ability, and arrested cell cycle in the G /G, phase. FTX depletion also suppressed
cell migration and invasion with Transwell assays and wound-healing assays. These data indicated the pro-
oncogenic potential of FTX in RCC, which makes it a latent therapeutic target of RCC diagnosis and treatment
in the clinic.
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INTRODUCTION

Renal cell carcinoma (RCC) is among the most com-
mon forms of malignancies originating from the human
kidneys'. Owing to the help of abdominal imaging,
most RCC patients diagnosed at the early stages can
be surgically cured”. However, despite this impressive
progression made in the last few decades, the recov-
ery rate for patients who are diagnosed with metastatic
renal cancers remains very low, which makes RCC still
a refractory disease worldwide. The classification of
RCC has been recently updated according to morphol-
ogy characteristics, cell of origin, growth pattern, and
immunohistochemical staining®*. Of note, molecular
biomarkers (subtypes or loss-of-function mutations) are
widely studied by investigators and clinical workers
to find novel clues to diagnose RCC at the very
early stage™.

Of the total human genome, only 2% of genes can be
translated into proteins; however, approximately 80% of
genes can be transcribed into RNAs’. Thus, RNAs that
do not code for proteins (noncoding RNAs) are divided
into two categories according to their sizes, namely,

long noncoding RNAs (IncRNAs) and small noncoding
RNASs, the latter of which contains microRNAs and small
interfering RNAs*’. Both IncRNAs and small noncoding
RNAs are essential in the development of organisms.
IncRNAs are a class of RNAs that are composed of more
than 200 nucleotides in length and play significant roles
in gene transcription'’, translation'', posttranscriptional
control'?, and posttranslational modification".

Recently, aggregating evidence has demonstrated that
the aberrant expressions of various IncRNAs are associ-
ated with the tumorigenesis of RCC. Ellinger et al. found
that the transcript level of IncRNA Inc-ZNF 180-2 was
upregulated in advanced RCC tissues and associated
with progression-free survival, cancer-specific survival,
and overall survival in RCC patients'. Sakurai et al.
showed that the higher expressions of IncRNA DRAIC
were accordant with the longer disease-free survival in
human RCC patients. Their group also identified another
IncRNA, PCAT29, as a tumor suppressor in different
cancer types'’. However, the detailed mechanisms of
how these IncRNAs regulate the progression of cancers
remain unclear.

Address correspondence to Yang Li, M.D., Department of Urology, Linyi People’s Hospital, No. 27 Jiefang Road, Lanshan District, Linyi City,
Shandong Province, P.R. China. Tel: +86-0539-8078000; E-mail: ylll114444 @sina.com



158

In the present study, we aimed to identify the role of
another IncRNA, FTX, in RCC. The transcript levels of
FTX from 150 RCC patients who underwent surgeries and
cultured RCC cells were examined. Specific short hairpin
RNAs (shRNAs) were also included to knock down the
expression of FTX to further confirm the detailed effects
of FTX on cell proliferation and metastasis in RCC cell
lines A498 and ACHIN. Our results unraveled the pro-
oncogenic potential of FTX in RCC, which makes it pos-
sible to serve for the clinical diagnosis and treatment of
RCC patients.

MATERIALS AND METHODS
Human Samples

This study was approved by the ethics committee
of Linyi People’s Hospital (Shandong Province, P.R.
China). Samples from 150 patients with RCC who were
admitted in the Department of Urology and had under-
gone surgeries between 2012 and 2015 were collected.
No radiotherapies or chemotherapies were received
before the surgeries for each patient. After the surgeries,
RCC tissues together with their adjacent noncancerous
tissues were dissected immediately and frozen into lig-
uid nitrogen. All patients showed their full intentions to
participate in our study, and written informed consents
were also obtained.

Cell Culture and shRNA Transfection

The human RCC cell lines 786-0, A498, ACHIN,
and SN12PM6 were purchased from the American Type
Culture Collection (ATCC; Rockville, MD, USA), and
the Caki-2 RCC cell line was commercially obtained
from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, PR. China). Epithelial cell line HKC from
the human proximal renal tubules was also included as
a counterpart. All of these cell lines were cultured in the
recommended medium supplied with 10% fetal bovine
serum (FBS; Gibco, Grand Island, NY, USA) at 37°C in
a humidified 5% CO, incubator. Specific ShRNA against
human FTX was designed and synthesized by Invitrogen
(New York, NY, USA). Lentivirus containing specific
shRNAs against Z38 was packaged and testified by
GenePharma Co. (Shanghai, PR. China).

RNA Isolation and Real-Time Polymerase Chain
Reaction (RT-PCR)

Total RNAs from both clinical tissues and cultured
RCC cells were extracted by TRIzol reagent (TaKaRa,
Dalian, P.R. China) and quantified with NanoDrop 2000
(Thermo Scientific, USA) by collecting OD260 and
OD280. cDNAs were obtained by reverse transcription
with TaKaRa products. RT-PCR was then performed with
SYBR Premis Ex Taq Kit (TaKaRa) in the ABI 7900
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machine according to the manufacturer’s instructions.
The primers used were synthesized by Shenggong Co.
(Shanghai, P.R. China) and are as follows: FTX, 5'-TAT
GCC ACC TAG CCT TTC TAC A-3’ (forward) and
5’-ATC TCT TCA AAA GCG GCA TAA T-3’ (reverse);
GAPDH, 5-CAA GGT CAT CCA TGA CAA CTT
TG-3’ (forward) and 5’-GTC CAC CAC CCT GTT GCT
GTA G-3’ (reverse). GAPDH was included here as an
internal control.

Cell Proliferation

A498 and ACHIN cells (2,000 cells) were cultured
with 100 pl of culture medium supplied with 10% FBS
in 96-well plates and infected with lentivirus containing
scramble shRNA or specific shRNAs against FTX for
72 h. Cell proliferation rate was assessed with cell count-
ing kit-8 (CCK-8) following the manufacturer’s protocols
(Promega, USA). Briefly, 10 ul of CCK-8 was added into
each experimental well. Afterward, cells were incubated
at 37°C for 1 h, and the absorbance at 450 nm was deter-
mined by a microplate reader (Thermo Scientific).

Colony Formation Assay

A498 and ACHIN cells were transfected with sShRNAs
and cultured for an additional 72 h. Afterward, cells were
trypsinized to a single-cell suspension in culture medium
supplied with 10% FBS as well as 0.3% agar and then
seeded into six-well plates at a concentration of 3,000
cells/well. The plates were placed in a 37°C incubator with
5% CO, for 14 days. Colonies that contained more than
50 cells were counted under a Nikon light microscope.

Cell Cycle Analysis

A498 and ACHIN cells were seeded into six-well
plates with a density of 2x 10° cells/well and treated with
shRNAs upon attachment. Cells were cultured for 72 h
at 37°C and then washed with PBS three times and fixed
with 70% ethanol overnight at 4°C. On the second day,
a total of 100 ul of RNase was added to each well, and
cells were allowed to incubate for another 30 min at 37°C.
Afterward, 400 ul of propidium iodide dye was coincu-
bated with the cells for an additional 30 min at 4°C. Cell
cycle analysis was performed on the flow cytometer (BD
Biosciences, USA), and the results were analyzed by the
ModFit software (USA).

Transwell Assay

Cell migration and invasion were assessed by Transwell
chambers (pore size: 8§ pm; Corning Inc., Corning, NY,
USA). Both A498 and ACHIN cells were infected with
lentivirus containing specific shRNA against FTX or
scramble ShRNA and incubated for 72 h. Then cells
were washed with PBS, trypsinized, and collected with
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low-speed centrifugation (1,000 rpm, 4°C for 5 min).
Afterward, cells were resuspended in single-cell status
with serum-free media, and a total of 5x10* cells were
seeded onto the upper chamber, and 600 ul of DMEM
supplemented with 10% FBS was poured into the lower
chamber. After incubation for 24 h, cells were fixed with
ice-cold methanol and stained with crystal violet. The
cells on the upper surface of the membrane were wiped
off by cotton swabs. Cells that migrated through the mem-
brane were photographed and counted with a light micro-
scope (Nikon) with five random fields. For the invasion
assay, the membranes were precoated with Matrigel (BD
Biosciences) in a 37°C incubator for 6 h.

Wound-Healing Assay

A498 and ACHIN cells were seeded into six-well
plates and infected with lentivirus containing shRNAs.
Seventy-two hours posttreatment, cells were washed with
prewarmed PBS three times. A straight line was drawn at
the middle of each well with a 10-pl pipette tip. After wash-
ing with PBS, cells were photographed and placed back
in the 37°C incubator for an additional 24 h. Afterward,
images of A498 and ACHIN cells were captured under a
Nikon microscope at a magnification of 100x.

Statistically Analysis

All data were presented as the means *standard devia-
tion (SD) unless otherwise stated. Student’s z-test was
included to assess the statistical significance between
variables. All statistical analyses were analyzed with
the SPSS PASW Statistics 18.0 software (Chicago, IL,
USA), and values of p<0.05 were considered as statisti-
cally significant.

RESULTS

Long Noncoding RNA FTX Was Overexpressed and
Associated With Multiple Factors in Human RCC

Total RNAs were extracted from 150 clinical patients
and subjected to RT-PCR analysis to examine the expres-
sion of FTX. As shown in Figure 1A, the average tran-
script level of FTX in tumor tissues was approximately
fourfold higher than that in adjacent noncancerous tis-
sues. The expression of FTX was grouped as low and
high according to the median level of FTX in the 150
clinical RCC patients; thus, the 150 patients were classi-
fied into two groups: FTX"" group (n=68) and FTX"¢"
group (n=_82). Statistical analysis suggested that the high
transcript level of FTX was remarkably associated with
familial status, tumor size, lymphatic metastasis, and
TNM stage, while no obvious correlations were observed
between the expression of FTX and age, gender, marital
status, and lymph node in RCC patients (Table 1). Next,
five cell lines of RCC and a normal epithelial renal cell
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Table 1. The Correlations Between the Transcript Level of
FTX and the Clinical Parameters of RCC Patients

Transcript Level

of FTX
High Low
Clinical Parameters Cases (n=82) (n=68) p Value
Ages (years) 0.092
<65 99 59 40
265 51 23 28
Gender 0.669
Male 79 42 37
Female 76 40 31
Marital status 0.362
Single 10 4 6
Married 99 54 45
Separated 41 24 17
Familial status <0.001
Sporadic 109 44 65
Familial 41 38 3
Tumor size (cm) <0.001
<4 26 6 20
4-7 44 18 26
>7 80 58 22
Lymph node 0.062
NO 54 35 19
N1 96 47 49
Lymphatic metastasis <0.001
Absence 57 19 38
Presence 93 63 30
TNM stage <0.001
I-I 51 17 34
-1V 99 65 34

line were included. RT-PCR analysis revealed that the
transcript levels of FTX were notably increased in all of
the five RCC cell lines. It was also observed that A498
and ACHIN cells exhibited the highest expressions of
FTX compared with the control HKC cells (Fig. 1B);
thus, these two cell lines were selected for subsequent
functional analysis. These data indicated that the expres-
sion of IncRNA FTX was significantly upregulated in
human RCC and related with multiple clinical character-
istics of RCC patients.

Knockdown of FTX Inhibited Cell Proliferation
in RCC Cells

Next, we explored the detailed roles of FTX in RCC
tumorigenesis. To this end, two specific shRNAs against
FTX were synthesized and packaged into the lentivirus.
A498 and ACHIN cells were infected with the lenti-
virus containing shFTX or scramble shRNA (shNC)
and subjected to RT-PCR analysis. It was shown that
the transcript levels of FTX were decreased when cells
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Figure 1. Long noncoding RNA FTX was overexpressed in human renal cell carcinoma (RCC) tissues and cells. (A) Total RNAs were
extracted from 150 clinical RCC tissues and their adjacent noncancerous tissues and subjected to real-time polymerase chain reaction
(RT-PCR) analysis. The transcript level of FTX in the tumor tissues was fourfold higher than that in their noncancerous counterparts.
*p<0.05 versus Adjacent. (B) Five RCC cell lines and a control renal cell line HKC were included to assess the expression of FTX in
RCC cells by RT-PCR assays. A498 and ACHIN showed the highest transcript levels of FTX, while other RCC cells also presented
higher FTX expressions compared with HKC cells. *p<0.05 versus HKC cells.

were transfected with shFTX-1 or shFTX-2; however,
the inhibitory rates of shFTX-2 were only 26% and
17% in A498 and ACHIN cells, respectively (Fig. 2A).
Therefore, shFTX-2 was omitted for the subsequent
assays, and shFTX-1 was renamed as shFTX in the
later study. Afterward, CCK-8 assays were performed to
explore the effects of FTX on cell proliferation. There
was no significant disparity among the three groups in
the first 3 days; however, on the fourth day, cell prolif-
eration rate in the shFTX-treated group was suppressed
by 16% in A498 cells and 18.75% in ACHIN cells. Cell
proliferation was further retarded on the fifth day in

both cell lines by specific shRNA against FTX (Fig. 2B
and C). These results suggested that knockdown of FTX
in A498 and ACHIN cells inhibited cell proliferation
rate via CCK-8 assays.

Knockdown of FTX Inhibited Colony Formation and
Arrested Cell Cycle in the Gy/G,; Phase in RCC Cells

We further explored the role of FTX in RCC cells
with colony formation assays and cell cycle assays. As
shown in Figure 3A, a total of 248 colonies were formed
in untreated A498 cells, while only 105 colonies were
observed in shFTX-transfected A498 cells. A similar
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Figure 2. Knockdown of FTX inhibited cell proliferation in RCC cells. (A) Two specific ShARNAs were designed and transfected
into A498 and ACHIN cells. The transcript level of FTX was significantly decreased by shFTX-1 in both cell lines; however, only
little decline was observed by shFTX-2 transfection. *p<0.05 versus Control in A498 cells. #p <0.05 versus Control in ACHIN cells.
(B) Transfection of shFTX suppressed cell proliferation rate in A498 cells on the fourth and fifth days. (C) Transfection of shFTX sup-
pressed cell proliferation rate in ACHIN cells on the fourth and fifth days. *p<0.05 versus Control.
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Figure 3. Knockdown of FTX inhibited colony formation and arrested cell cycle in the Go/G, phase in RCC cells. (A) Colony forma-
tion assays showed that knockdown of FTX with specific shRNA inhibited the cell ability to form colonies in both A498 and ACHIN
cells. *p<0.05 versus Control in A498 cells. #p <0.05 versus Control in ACHIN cells. (B) shFTX treatment in A498 cells shifted cell
cycle from the S phase and G,/M phase to the Go/G; phase. (C) Transfection of shFTX in ACHIN cells arrested cell cycle in the Gy/G,
phase. *p<0.05 versus Control.
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phenomenon was also shown in ACHIN cells, which
suggested that FTX depletion inhibited the cell ability of
colony formation for both A498 and ACHIN cells. Next,
we found that treatment of shFTX in A498 cells shifted
more than 17% cells from the S phase and Go/M phase
to the Gy/G, phase (Fig. 3B). Likewise, cell percentage
in the Go/G; phase was enhanced by 17%, while 9% of
cells of the S phase and 8% of cells of the G»/M phase
were declined when ACHIN cells were infected with len-
tivirus containing shFTX (Fig. 3C). All of these results
revealed that knockdown of FTX in RCC cell lines A498
and ACHIN suppressed the cell ability to form colonies
and shifted cell cycles from the S phase and G,/M phase
to the Gy/G, phase. Together with the above observation,
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a conclusion was drawn that FTX depletion inhibited cell
proliferation in RCC cells.

Knockdown of FTX Suppressed Cell Migration and
Invasion in RCC Cells

Since the transcript level of FTX was associated with
the progressive clinical characteristics in RCC patients
(Table 1), we next detected the role of FTX in cell metas-
tasis in vitro. Our results showed that scramble RNA
(shNC) caused little effect on FTX expression in both
A498 and ACHIH cells. When cells were transfected with
shFTX, more than 250 of A498 cells and 220 of ACHIN
cells were retarded from migrating through the mem-
brane (Fig. 4A and B). Similarly, approximately 180 of
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Figure 5. Knockdown of FTX suppressed cell migration and invasion in RCC cells by wound-healing assay. (A) Representative
images of wound-healing assays in A498 cells. The pictures were captured 24 h posttransfection. (B) Quantification of wound-healing
assay for A498 cells showed that more than 60% cells were retarded to migrate upon shFTX transfection. (C) Representative images
of wound-healing assays in ACHIN cells. (D) Quantification of wound-healing assay suggested that more than 60% ACHIN cells were
suppressed to migrate upon shFTX transfection. *p<0.05 versus Control.
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A498 cells and 170 cells of ACHIN invaded through the
membrane in control cells, while only 70 of A498 cells
and 62 of ACHIN cells invaded onto the lower surface of
the membrane (Fig. 4C and D).

Afterward, wound-healing assay was also performed
to further confirm the effects of FTX on cell metastasis in
RCC cells. After 24 h posttransfection, wound closure for
A498 cells was retarded by approximately 60% by FTX
knockdown (Fig. 5A and B). Likewise, ACHIN cells
were also suppressed to migrate in the shFTX-treated
group (Fig. 5C and D). All of these data revealed that
knockdown of FTX with specific sShRNA suppressed cell
migration and invasive potential in RCC cells.

DISCUSSION

Cancer is a major health problem worldwide and the
second leading cause of death, only behind cardiovascu-
lar disease. RCC will account for over 63,000 new cases
and 14,000 deaths in the US in 2016'. It was estimated
that 5% (39,650) of newly diagnosed male cancer patients
and 3% (23,050) of female new cases would be RCC.
Although impressive progress has been made to extend
the life span and life quality of RCC patients, the 5-year
survival rates are 73% for patients in the very early stage
and 8% for those in the late stage'”'®. Thus, it is necessary
to find novel molecular biomarkers to diagnose RCC in
the very early stages.

IncRNA FTX is necessary for imprinted X-chromosome
inactivation (XCI) and is located in the cis-acting regula-
tory domain of the imprinted XCI and expressed from
inactive Xp'. Its importance has been shown in vari-
ous types of cancers, including breast cancer”, colorec-
tal cancer’, and HBV-related hepatocellular carcinoma
(HCC)™*. FTX is transcribed into multiple RNA iso-
forms and contains a cluster of two miRNAs (miR-374a
and miR-545) in intron 12. These miRNAs are well con-
served among different mammalians, and their expres-
sions were shown to be positively related with that of
FTX in HCC**. The FTX-miR-545 axis increases cell
proliferation rate and cell cycle progression by activating
the PI3K/Akt signaling pathway in human HCC cells™.
However, we did not include the detailed mechanisms of
how FTX regulated cell proliferation and metastasis in
RCC cells. It would be another interesting story, which
will be studied later in our group.

Our results showed that knockdown of FTX in A498
and ACHIN cells inhibited cell proliferation by CCK-8
assays and colony formation assays, as well as cell cycle
analysis (Figs. 2 and 3). Cell proliferation is always asso-
ciated with cell apoptosis; thus it is a pity that the role
of FTX in RCC cell apoptosis remains to be elucidated.
Moreover, the epithelial-mesenchymal transition (EMT)
process is critical in cell metastasis. We revealed in our
results that knockdown of FTX in RCC cells suppressed
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cell metastasis via Transwell assays and wound-healing
assays; however, whether the EMT process was involved
needed further explanations.

In all, our study suggested that the transcript level of
IncRNA FTX was upregulated in clinical RCC patients
and cultured RCC cells, and associated with familial sta-
tus, tumor size, lymphatic metastasis, and TNM stages in
RCC patients. Knockdown of FTX in A498 and ACHIN
cells suppressed cell proliferation rate and cell metasta-
sis. Our results indicated the pro-oncogenic potential of
FTX, which might make it a therapeutic target for RCC
diagnosis and treatment of RCC patients.
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