Oncology Research, Vol. 28, pp. 65-73
Printed in the USA. All rights reserved.
Copyright O 2020 Cognizant, LLC.

0965-0407/20 $90.00 + .00

DOI: https://doi.org/10.3727/096504019X15656904013079
E-ISSN 1555-3906

WWW.cognizantcommunication.com

Overexpression of the L ong Noncoding RNA FOXD2-AS1 Promotes
Cisplatin Resistance in Esophageal Squamous Cell Carcinoma
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Emerging evidence has demonstrated that long noncoding RNAs (IncRNAs) mediate the development of
esophageal squamous cell carcinoma (ESCC) via various pathophysiological pathways. This study explored the
impact of the INcRNA FOXD2-AS1 on cisplatin resistance in ESCC and its possible mechanisms. Upregulation
of FOXD2-AS was detected in patients with ESCC and ESCC cells that are resistant to cisplatin. In an in vitro
assay, knockdown of FOXD2-AS1 noticeably inhibited cell invasion and growth, triggered cell death, and
repressed the stimulation of the Akt/mTOR axis in cisplatin-resistant ESCC cells (TE-1/DDP). Conversely,
the overexpression of FOXD2-AS1 remarkably increased cell invasion and growth, repressed cell death, and
triggered the stimulation of the Akt/mTOR axis in TE-1/DDP cells. These findings, along with bioinformatics
and validation tests, showed that FOXD2-AS1 targeted miR-195 by acting as a competing endogenous RNA.
FOXD2-AS1/miR-195/Akt/mTOR axis plays a crucial role in resistance to cisplatin in ESCC cells, offering an

innovative strategy to treat ESCC.

Key words; FOXD2-AS1; Esophageal squamous cell carcinoma (ESCC); Cisplatin resistance;

miR-195; Akt/mTOR signal pathway

INTRODUCTION

Esophageal carcinoma (EC) is one of the most fre-
quent malignancies in the gastrointestinal tract, and it is
associated with poor clinical outcomes, even with early
diagnosis’. The main EC subtype in Asia is esophageal
cell carcinoma (ESCC)’. Despite remarkable progress
in surgical technologies and perioperative management,
its clinical outcome is still far from satisfactory due to
local relapse and distant metastasis®. The majority of
patients with ESCC receive their diagnosis in the termi-
nal stage, making only chemotherapy, adjuvant therapy,
and radiotherapy viable treatment options®. Cisplatin
(CDDP) is a platinum agent commonly applied for
ESCC, and its application, with and without other
agents, has led to a noticeable improvement in progno-
sis®. Nevertheless, acquired resistance to chemotherapy
is a frequent cause of treatment failure®’. Consequently,
avoiding resistance is crucial for prognosis®®. Therefore,

identifying useful markers of resistance and determining
the basic mechanisms influencing treatment response are
urgently needed.

It is commonly accepted that more than 90% of the
transcripts arising from the human genome do not encode
proteins®™, and long noncoding RNAs (IncRNAs) are cru-
cial RNAs that consist of more than 200 nucleotides™.
InNcRNAs are frequently expressed in various cells and
tissues and make essential contributions to multiple cell
functions, such as expression, differentiation, prolifera-
tion, cell cycle modulation, and apoptosis**™. Emerging
evidence has indicated that abnormal INcRNA expression
in malignancies is crucial for the initiation and develop-
ment of various malignancies™™’.

The IncRNA FOXD2 adjacent opposite strand RNA 1
(FOXD2-AS1) is 257 nucleotides in length and is located
at chromosome 1p33'. FOXD2-AS1 upregulation was
first discovered in gastric cancer (GC)" and was subse-
quently shown to be related to worse clinical outcomes in
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nasopharyngeal carcinoma, colorectal cancer, non-small
cell lung cancer (NSCLC), and bladder cancer (BC)™#%*%,
FOXD2-AS1 modulates cell death, cell proliferation, and
the invasion and migration of malignant cells, indicat-
ing that it could serve as a marker or promising target
for treating malignancies. However, our current under-
standing of the relationship between the expression of
FOXD2-AS1 and therapy resistance in ESCC is insuf-
ficient. Therefore, our study explored the activities of
INcRNA FOXD2-AS1 in ESCC cells that are resistant
to cisplatin and shed light on the possible mechanisms
underlying the initiation of ESCC.

MATERIALSAND METHODS
Clinical Samples

Tumor specimens and matched adjacent nonmalignant
tissues (ANCTSs) were acquired from 20 patients with
ESCC who were treated by esophagectomy. Diagnoses
were confirmed by two pathologists according to World
Health Organization (WHO) criteria. ANCTs were acquired
greater than 5 cm apart from the malignant fringe. All
participants (including 15 men and 5 women) were less
than 75 years old. They were newly diagnosed and had
received no previous therapy. Patient data and samples
were anonymous and were obtained in accordance with
ethical and legal guidelines. Informed consent was
obtained from all study participants, and the study was
approved by the ethics committee of Taihe Hospital
Affiliated to Hubei University of Medicine.

Cell Lines

The human ESCC cell line TE-1 was purchased from
the Chinese Academy of Science cell bank. Normal
esophageal epithelial cells (HEEpic) were purchased
from American Type Culture Collection (Manassas, VA,
USA). All cells were cultivated in RPMI-1640 at 37°C
with 5% CO,. All reagents used for cell cultivation were
purchased from GIBCO (St. Louis, MO, USA).

Generating Cisplatin-Resistant Cells

Cisplatin-resistant ESCC cells (TE-1/DDP) were gen-
erated by step-by-step exposure to increased concentra-
tions of cisplatin (Sigma-Aldrich, St. Louis, MO, USA)
as follows. The initial concentration of cisplatin was
2 mmol/L. The cells were then cultured in medium with-
out cisplatin for 3 days. If confluence was achieved at
the previous concentration, the cells were cultured with a
higher concentration (1.5- to 2.0-fold higher) of cisplatin.
The cisplatin concentration was increased step-by-step
every few passages until the concentration reached
35 mmol/L over a 2-month period. The TE-1/DDP cells
were 5.8-fold more resistant to cisplatin than the parent
TE-1 cells. The IC,, values for TE-1 and TE-1/DPP were
8.1 and 41.3 mmol/L, respectively.
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Transfection

For the knockdown (KD) assay, specific small inter-
fering RNAs (SiRNAs) directed toward FOXD2-AS1
(GCTTCCAGGTATGTGGGAA), a control siRNA (si-NC,
AGCCGCGAGCACACGAAGG), a miR-195 inhibitor,
and corresponding mimics were obtained from Thermo
Fisher Scientific (Waltham, MA, USA). Vectors for
overexpression of FOXD2-AS1 and a negative control
vector were obtained from the Ribo Bio Corporation
(Guangzhou, P.R. China). Cells were transfected with the
plasmid or oligonucleotide by utilizing Lipofectamine
2000 (Invitrogen, St. Louis, MO, USA).

Colony Formation Test

The cells were trypsinized (0.25%) and seeded into
six-well plates at 500 cells per well (250/ml). The cells
were then fixed with anhydrous ethanol for 10 min and
stained with crystal violet (0.1%) for 30 min. Colonies
with 50 cells were evaluated and reported as the ratio of
the quantity of colonies in the transfection group to that
of the control group, multiplied by 100.

Chemotherapy Resistance Test

TE-1 cells (1 x 10* cells) were seeded in 96-well plates
for the response investigation. Then the cells were incu-
bated with various concentrations of DDP for 48 h, and
cell survival was assessed by the CCK-8 assay. After a
1-h incubation with 10 pl of CCK-8 solution, the absor-
bance was measured. Percent survival was assessed by
multiplying the calculated value by 100. Proliferation
was reported according to the optical density (OD).

Flow Cytometry (FC)

Cells (1x10° were isolated from each specimen, sus-
pended in binding buffer, and stained with the Annexin-
V-FITC/Propidium lodide kit (BD Pharmingen, San
Diego, CA, USA). FC was performed to quantify positive
cells 48 h after transfection.

Cell Invasion Test

Transwell chambers containing 24 wells with poly-
carbonate membranes (8-um pore size; BD Biosciences,
San Diego, CA, USA) were used for the invasion test.
Matrigel (BD Biosciences)-coated Transwell chambers
were used for the assay. Cells in 200 pl of DMEM were
placed in the upper chamber, while 800 ul of DMEM
was placed in the bottom chamber. After a 24-h incu-
bation, nonmigrating cells that remained in the upper
chamber were removed with a cotton swab, while invad-
ing cells in the bottom were fixed with 4% paraform-
aldehyde and stained with crystal violet (0.1%). The
cells present in six randomly selected fields of every
well were counted, and the relative number of invading
cells is shown.
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Quantitative Real-Time Polymerase Chain
Reaction (QRT-PCR)

Total RNA was extracted from cells and tissues
using the ReliaPrep RNA Miniprep Systems according
to the manufacturer’s instructions (Promega, Madison,
WI, USA). The extracted RNA was quantified, and the
quality was assessed by measuring the A,z /A,q, With an
ultraviolet spectrophotometer. The RNA was reverse
transcribed to generate cDNA with the Primer-Script One-
Step RT-PCR kit. The sequences of the primers used are
FOXD2-AS1: forward (F), 5¢ TGT CTT ACA CTA CAG
CCC ATT TCC TT-3¢and reverse (R), 5¢CTG ATA CAA
GTGAAG CCACAT GCG-3¢ miR-195: F, 5¢ACAGAC
CGG TAC AAG TGC AGA-3¢and R, 5¢6GGT CGG CAT
ACA GCT AAT ACA-3¢ and GAPDH: F, 5¢TCC ACC
ACC CTG TTG CTGTA-3¢and R, 56ACC ACA GTC
CAT GCC ATC AC-3¢ Relative expression was quanti-
fied by SYBR green (Applied Biosystems, Billerica,
MA, USA) using a 500 Real-Time PCR System (Applied
Biosystems), and expression was normalized to GAPDH
using the 2" method.

Luciferase Reporter Test

Two recombinant luciferase reporter gene constructs,
pmir-GLO-FOXD2-AS1-WT and pmir-GLO-FOXD2-
AS1-MUT, were generated using a plasmid pmirGLO
vector (Promega, Beijing, P.R. China). The reporter
constructs and miR-195 mimics were cotransfected into
293T cells. After 48 h of incubation, luciferase activity
was assessed with the Dual-Luciferase Assay System
(Promega, Beijing, P.R. China) and normalized to Renilla
luciferase activity.

Xenograft Malignancy Models

BALB/c nude mice were provided by the Institute
of Laboratory Animal Sciences, Peking Union Medical
College (Beijing, P.R. China). Mice were maintained
under specific sterile conditions. The mice received a
subcutaneous injection of TE-1 cells (5x10%in 0.1 ml) in
their back. The tumor volume was assessed every 3 days
in the FOXD2-AS1-, Vector-, siFOXD2-AS1-, and siNC-
transfected groups (n=6 each). Tumor volume was deter-
mined based on the following formula: volume=0.5 x
length x width x width. Mice were sacrificed 21 days after
injection, and the tumors were isolated from all of the
animals and weighed, and prepared for assay. All proce-
dures related to the animals were performed in accordance
with the guidelines for the Care and Use of Laboratory
Animals of Taihe Hospital Affiliated to Hubei University
of Medicine.

Western Blotting (WB)

The proteins were quantified using the Bradford assay
(Bio-Rad, Hercules, CA, USA) prior to separation by
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standard SDS-PAGE. The separated proteins were then
transferred to a polyvinylidene difluoride (PVDF) mem-
brane. The protein blots were incubated overnight with
primary antibodies against MMP-9, AKT, mTOR, p-AKT,
p-mTOR, and b-actin (all from Cell Signaling Technology,
Beverly, MA, USA) in TBST at 4°C. Next, the blots were
incubated with the appropriate secondary antibodies
(conjugated to horseradish peroxidase, HRP). Enhanced
chemiluminescence (ECL) plus detection reagent (Pierce,
Rockford, IL, USA) was used to detect immunoreactive
bands, which were analyzed using the Omega 16ic Chemi-
luminescence Imaging System (Ultra-Lum, Claremont,
CA, USA).

Satistical Analysis

Data are reported as mean+ SEM. Differences between
groups were evaluated with a two-tailed unequal variance
Student’s t-test or ANOVA prior to Tukey’s post hoc anal-
ysis. A value of p<0.05 was considered to be significant.

RESULTS

FOXD2-ASL Expression Was Increased and miR-195
Expression Was Decreased in ESCC Cells and
Cisplatin-Resistant ESCC Cells

FOXD2-AS1 expression was examined in ESCC cells
and tissues. FOXD2-AS1 transcription was assessed
through gRT-PCR in 20 pairs of matched ESCC speci-
mens and surrounding normal tissues. The results showed
that FOXD2-AS1 transcription was remarkably higher in
the ESCC specimens than in the corresponding control
tissues (Fig. 1A). In addition, FOXD2-AS1 expression
was also compared in normal esophageal cells, ESCC
cells, and cisplatin-resistant ESCC cells (TE-1/DDP).
FOXD2-AS1 expression was upregulated in TE-1/DDP
cells compared to the parent TE-1 cells (Fig. 1C). In addi-
tion, gRT-PCR analysis showed that miR-195 expres-
sion was repressed in ESCC cells, regardless of cisplatin
resistance (Fig. 1B and D). The above findings demon-
strate that the expression of the IncRNA FOXD2-AS1
was increased in ESCC cells regardless of cisplatin
resistance, indicating that FOXD2-AS1 expression is
conversely related to miR-195 expression.

FOXD2-ASl1 Functions as a Molecular
Soonge for miR-195

Previous research has shown that IncRNAs can func-
tion as ceRNAs, promoting transcription by binding to
microRNAs (miRNAs)*. Bioinformatics method predic-
tion showed that miR-195 was able to bind to FOXD2-
AS1 (Fig. 2A), and gRT-PCR showed that repression
of FOXD2-AS1 expression remarkably upregulated
miR-195, while an increase in FOXD2-AS1 expression
noticeably downregulated miR-195 (Fig. 2B and C), sug-
gesting that FOXD2-AS1 represses miR-195 expression.
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Figure 1. FOXD2-AS1 expression is increased, whereas
miR-195 expression is inhibited in esophageal squamous cell
carcinoma (ESCC) cells and cisplatin-resistant ESCC cells.
(A) Quantitative real-time polymerase chain reaction (QRT-PCR)
was performed to assess the expression of FOXD2-AS1 in
20 pairs of ESCC specimens and matched surrounding non-
malignant tissues. (B) gRT-PCR was performed to assess the
expression of miR-195 in 20 pairs of ESCC specimens and
matched surrounding nonmalignant tissues. The results are
shown as means+SEM, n=20, **p<0.01 versus tumor speci-
mens. (C) gRT-PCR was performed to assess FOXD2-AS1
expression in normal esophageal cells (HEEC), ESCC cells
(TE-1), and cisplatin-resistant ESCC cells (TE-1/DDP). (D)
gRT-PCR was used to assess the expression of miR-195 in HEEC
cells, TE-1 cells, and TE-1/DDP cells. The results are shown as
means+ SEM. **p<0.01 versus the expression in HEEC cells.

Luciferase assays were performed in TE-1/DDP cells to
verify the association between miR-195 and FOXD2-
AS1. Transfection with a miR-195 mimic remarkably
repressed FOXD2-AS1 luciferase activity, while trans-
fection with a miR-195 inhibitor noticeably increased
FOXD2-AS1 luciferase activity (Fig. 2D and E), suggest-
ing that FOXD2-AS1 functions as a molecular sponge
for miR-195.

FOXD2-ASL Increased Cisplatin Resistance
in ESCC CellsIn \itro

Our previous assays showed that FOXD2-AS1 was
highly expressed in TE-1/DDP cells. Therefore, gain-
of-function and loss-of-function assays were performed
to investigate the complicated etiology of cisplatin
resistance. Knockdown (KD) of FOXD2-AS1 markedly
inhibited colony formation in TE-1/DDP cells (Fig. 3A
and B). In contrast, overexpression of FOXD2-AS1
remarkably increased colony formation by TE-1/DDP
cells (Fig. 3C and D). A CCK-8 survival assay showed
that cell proliferation was dose-dependently inhibited
by DDP. FOXD2-AS1 KD markedly inhibited the growth
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Figure 2. FOXD2-AS1 functions as a molecular sponge for
miR-195. (A) Bioinformation analysis showed the potential
interaction between FOXD2-AS1 and miR-195. (B) qRT-PCR
was performed to assess the expression of miR-195 in TE-1/
DDP cells that were transfected with a FOXD2-AS1-specific
SiRNA (si-FOXD2-AS1) or a negative control siRNA (si-NC).
(C) gRT-PCR was performed to assess expression of miR-195
in TE-1/DDP cells that were transfected with a FOXD2-AS1
expression vector (FOXD2-AS1) or a control vector (vector).
(D, E) A luciferase reporter assay revealed that miR-195 bound
to the 3¢UTR of FOXD2-AS1. The results are shown as the
means+SEM. **p<0.01 versus the control (vector) cells.

of DDP-supplemented cells when compared with con-
trol siRNA-transfected DDP-supplemented cells. Cells
that overexpressed FOXD2-AS1 showed better survival
(Fig. 3E and F). The above findings indicated that FOXD2-
AS1 aggravated cisplatin resistance in ESCC cells.

FOXD2-AS1 Inhibited the Death of ESCC Cells

Cells were transfected with a FOXD2-AS1 expression
vector to overexpress FOXD2-AS1 or a FOXD2-AS1-
SiRNA vector to KD FOXD2-AS1 expression to explore
the contribution of FOXD2-AS1 to cisplatin resistance.
The results showed that cell death was obviously altered
after transfection of the FOXD2-AS1 expression vector
or FOXD2-AS1-siRNA. Overexpression of FOXD2-AS1
inhibited cell death, while FOXD2-AS1 KD increased
cell death, both in the early and late stage (Fig. 4).

FOXD2-ASl1 Increased the Invasiveness of ESCC Cells

A Transwell assay was performed to evaluate the effect
of FOXD2-AS1 expression on cell invasion. Repression
of FOXD2-AS1 expression inhibited the invasiveness of
TE-1/DDP cells when compared with control cells,
whereas FOXD2-AS1 overexpression increased its
invasive ability (Fig. 5A-D). We also investigated the



FOXD2-AS1 PROMOTES CISPLATIN RESISTANCE IN EC

sHFOXDE-AST

FOXD2-AS1

a— Vecior
a— FOXDZ-AS1

2
{

2 8

Call viability (%)
Cell viability (%)

0 625 125 25 50 100 Cisplatin fugimi) 0 625 125 25 50 100 Cisplatin fug/mi

Figure 3. FOXD2-AS1 increased cisplatin resistance in ESCC
cells in vitro. (A) Cells were stained with crystal violet to
observe colony formation. (B) Quantitative assessment of col-
ony formation in TE-1/DDP cells transfected with FOXD2-AS1
SiIRNA (si-FOXD2-AS1) or negative control siRNA (si-NC).
(C) The cells were stained with crystal violet to observe colony
formation. (D) Quantitative assessment of colony formation
in TE-1/DDP cells transfected with a FOXD2-AS1 expression
vector (FOXD2-AS1) or a control vector (vector). (E) CCK-8
assay was performed to evaluate the survival of TE-1/DDP
cells transfected with si-FOXD2-AS1 or si-NC. (F) CCK-8
assay was performed to evaluate the survival of TE-1/DDP cells
transfected with FOXD2-AS1 or a control vector. The results
are reported as means+SEM. *p<0.05, **p<0.01 versus
the vector control.
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effect of FOXD2-AS1 on MMP-9 expression because of
the role of MMP-9 in invasion. WB showed that KD of
FOXD2-AS1 markedly inhibited MMP-9 expression in
TE-1/DDP cells, whereas the overexpression of FOXD2-
AS1 upregulated MMP-9 (Fig. 5E and F).

FOXD2-AS1 Promoted Stimulation of the AKT/mTOR
Axisin ESCC Cells

Emerging research has focused on the AKT/mTOR
axis due to its increased stimulation in resistant malig-
nancies®. Our research explored various major target
genes in the AKT/mTOR axis, such as p-AKT, p-mTOR,
AKT, and mTOR, to investigate whether FOXD2-
AS1 modulated resistance to cisplatin via the AKT/
MTOR axis. FOXD2-AS1 KD remarkably downregu-
lated p-AKT and p-mTOR in TE-1/DDP cells, whereas
overexpression of FOXD2-AS1 upregulated p-AKT
and p-mTOR (Fig. 6). The above findings suggested
that FOXD2-AS1 upregulated the AKT/mTOR axis in
TE-1/DDP cells, which could be the mechanism under-
lying FOXD2-AS1-mediated resistance to cisplatin in
ESCC cells.

FOXD2-ASl Increased Resistance to Cisplatin
in ESCC CellsIn Vivo

We examined whether KD of FOXD2-AS1 increases
cisplatin sensitivity in vivo. Nude mice were adminis-
tered a subcutaneous injection of TE-1 cells with either
high expression of FOXD2-AS1 (transfected with the
FOXD2-AS1-vector) or KD of FOXD2-AS1 expression
(transfected with FOXD2-AS1-siRNA), and the result-
ing xenograft tumors were examined. Mice were then
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Figure 4. FOXD2-AS1 inhibited the death of ESCC cells. (A) Annexin V-PI staining and flow cytometry were performed to assess
cell death in TE-1/DDP cells. (B) Quantitative assessment of cell death in TE-1/DDP cells transfected with FOXD2-AS1 siRNA (si-
FOXD2-AS1) or negative control siRNA (si-NC). (C) Annexin V-PI staining and flow cytometry were performed to assess cell death
in TE-1/DDP cells. (D) Quantitative assessment of cell death in TE-1/DDP cells transfected with the FOXD2-AS1 expression vector
(FOXD2-AS1) or a control vector (vector). The results are shown as the means+SEM. ~“p<0.01 versus NC (vector) group.
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Figure 5. FOXD2-AS1 promoted the invasion of ESCC cells. (A) A Transwell assay was performed to evaluate invasion in TE-1/
DDP cells. (B) Quantitative assessment of invading TE-1/DDP cells transfected with FOXD2-AS1 siRNA (si-FOXD2-AS1) or nega-
tive control siRNA (si-NC). (C) A Transwell assay was performed to evaluate invasion in TE-1/DDP cells. (D) Quantitative assess-
ment of invading TE-1/DDP cells transfected with the FOXD2-AS1 expression vector (FOXD2-AS1) or a control vector (vector).
(E) Representative immunoblot and quantitative evaluation of MMP-9 in TE-1/DDP cells transfected with si-FOXD2-AS1 or si-NC.
(F) Representative immunoblot and quantitative evaluation of MMP-9 in TE-1/DDP cells transfected with FOXD2-AS1 or the control
vector. The results are shown as the means+SEM. **p<0.01 versus the NC vector group.
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Figure6. FOXD2-AS1 promoted the invasion of ESCC cells. (A—C) Representative immunoblots (A) and quantitative assessment of
p-AKT (B) and p-mTOR (C) in TE-1/DDP cells transfected with FOXD2-AS1 siRNA (si-FOXD2-AS1) or the negative control siRNA
(si-NC). (D-F) Representative immunoblots (D) and quantitative assessment of p-AKT (E) and p-mTOR (F) in TE-1/DDP cells trans-
fected with the FOXD2-AS1 expression vector (FOXD2-AS1) or control vector (vector). The results are shown as the means+SEM.
**p<0.01 versus NC (vector) group.
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administered intraperitoneal injections of cisplatin (2 mg/
kg) twice weekly for 4 weeks after the 10-day inocula-
tion. The malignancy-counteracting impact was assessed
by examining the tumor volume and weight after treat-
ment. Tumor growth markedly decreased in the FOXD2-
AS1-siRNA group treated with cisplatin (Fig. 7A-C),
which was similar to the in vitro findings. In contrast,
overexpression of FOXD2-AS1 increased the tumor vol-
ume and weight.

DISCUSSION

EC is a frequent digestive malignancy, with high inci-
dence rates around the world®; in China, ESCC is the
most common subtype. Due to its therapeutic effects,
step-by-step chemoradiation before surgery has been
used to treat ESCC. Response to therapy is crucial to the
clinical outcome of patients who are treated with sur-
gery”, as resistance to cisplatin often hinders successful
ESCC treatment®. InNcRNAs are a family of RNAs that
do not encode proteins and have been shown to con-
tribute to various pathological conditions, particularly
malignancies®®. Previous studies have shown that the
INcRNA FOXD2-AS1 is overexpressed in breast cancer
(BC) and increases the proliferation, migration, and inva-
sion of BC cells via positive feedback with E2F1 and
Akt®. Therefore, our study was focused on exploring the
pathological impact of the IncRNA FOXD2-AS1 on cis-
platin resistance in ESCC.

Previous research has demonstrated that INcCRNAs
contribute to transcriptional and posttranscriptional reg-
ulation in ESCC**, Chemotherapy is one of the most
frequently applied approaches for treating terminal malig-
nancies. For ESCC, combination treatments, including
agents such as cisplatin, are essential to therapy®. In our
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study, overexpression of FOXD2-AS1 was detected in
ESCC tissues, and cell proliferation of cisplatin-resistant
ESCC cells was inhibited in a dose-dependent manner.
We confirmed, via gain-of-function and loss-of-function
assays, that FOXD2-AS1 overexpression increased the
inhibitory impact of cisplatin, increased migration, and
repressed cell death in ESCC cells, whereas FOXD2-
AS1 KD reduced the inhibitory impact of cisplatin,
repressed migration, and triggered cell death. KD of
FOXD2-AS1 obviously reduced tumorigenicity as well
as tumor volume and weight, and overexpression of
FOXD2-AS1 markedly increased tumor volume and
weight. Consequently, the above findings suggest that
FOXD2-AS1 mediates resistance to cisplatin in ESCC,
not only in vitro but also in vivo.

According to the National Comprehensive Cancer
Network (NCCN) guidelines, cisplatin is the most appro-
priate treatment option for distant metastasis of EC.
Nevertheless, the use of cisplatin is greatly hampered
by resistance®. Our research findings demonstrated that
KD of FOXD2-AS1 increased survival in vitro, remark-
ably repressed malignancy, and had a synergistic impact
with cisplatin in xenograft murine models. Nevertheless,
our current understanding of how FOXD2-AS1 induces
chemoresistance is insufficient. It is widely accepted that
irregularities in the AKT/mTOR axis contribute to cispla-
tin resistance in ESCC cells*®*®*, and our research showed
that FOXD2-AS1 triggers resistance to cisplatin in ESCC
mainly through the AKT/mTOR axis.

The dominant mode of action for IncRNAs on malig-
nant phenotypes is modulation of miRNA activity by
functioning as a ceRNA, and emerging research has
shown that IncRNAs can interact with miRNAs by act-
ing as a sponge and modulating their expression and
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Figure 7. FOXD2-AS1 promoted the invasion of ESCC cells. (A—-C) Representative image (A) and the tumor volumes (B) and
weights (C) in xenograft mice after injection of TE-1/DDP cells transfected with FOXD2-AS1 siRNA (si-FOXD2-AS1) or negative
control siRNA (si-NC) for 21 days. (D-F) Representative image (D) and the tumor volumes (E) and weights (F) in xenograft mice after
injection of TE-1/DDP cells transfected with FOXD2-AS1 expression vector (FOXD2-AS1) or a control vector (vector) for 21 days.
The results are shown as the means+SEM, n=6. *p<0.05 versus the NC (vector) group.
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functions® . Our research demonstrated that the INCRNA
FOXD2-AS1 sponged miR-195, as it was shown that
miR-195 targets FOXD2-AS1 and miR-195 was down-
regulated in ESCC cells and tissues. Previous research
has shown that miR-195 inhibits malignancy in pancre-
atic cancer and adrenocortical cancer’®*. Expression of
miR-195, which inhibited the survival, invasion, colony
generation, and migration of malignant cells, was down-
regulated in ESCC in vitro***®, Consequently, we hypoth-
esized that the FOXD2-AS1/miR-195 axis is a crucial
biological system.

In conclusion, this study explored the effect of the
IncRNA FOXD2-AS1 on cisplatin resistance in ESCC.
Our results showed that FOXD2-AS1 modulates the
AKT/mTOR axis and miR-195, indicating its importance
during the development of ESCC and suggesting an inno-
vative strategy to treat ESCC.
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