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Long non-coding RNA FOXD2-AS1 plays an oncogenic
role in hepatocellular carcinoma by targeting miR-206
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Abstract. Recently, long non-coding RNA (IncRNA) FOXD2
adjacent opposite strand RNA 1 (FOXD2-AS1) has been recog-
nized to function as an oncogene in several human tumors,
and FOXD2-AS1 dysregulation has been closely associated
with carcinogenesis and tumor progression. Nevertheless, the
correlation between the aberrant expression of FOXD2-AS1
and the prognosis of hepatocellular carcinoma (HCC) has not
yet been elucidated. In the present study, FOXD2-AS1 was
found to be overexpressed in HCC tissues, and FOXD2-AS1
overexpression resulted in significantly shortened patient
survival. FOXD2-ASI overexpression enhanced the viability
and metastasis of HCC cells in vitro and in vivo, as revealed
by MTT, wound healing and cell migration assays. In addition,
mechanistic studies revealed that FOXD2-AS1 upregulated the
expression of the miR-206 target gene annexin A2 (ANXA?2)
by acting as a miR-206 sponge. In summary, FOXD2-AS1 was
concluded to function as an oncogene in HCC and to upregu-
late ANXA?2 expression in part by ‘sponging’ miR-206.

Introduction

Hepatocellular carcinoma (HCC) is clinically considered a
lethal cancer that usually results in intra- and extrahepatic
metastasis and has a poor prognosis. Although a majority
of HCC cases occur in underdeveloped nations, HCC is the
most frequent cancer as well as the second leading cause of
mortality in China (1). Although earlier studies have revealed
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links between several genes and HCC, the underlying mecha-
nisms remain unexplored. Therefore, an understanding of the
underlying pathophysiological factors associated with HCC is
vital for uncovering novel prognostic biomarkers and devel-
oping therapeutic strategies.

The transcription of RNA from non-protein-coding
segments of DNA is one of the most crucial discoveries of
the postgenomic era (2). Protein-coding genes constitute
merely ~2% of the human genome, while a greater proportion
of the genome includes non-coding RNAs (ncRNAs) such as
long ncRNAs (IncRNAs). Recent research has revealed the
roles of IncRNAs in cancer; IncRNAs can act either as onco-
genes or as tumor suppressors. Several research groups have
established that metastasis-associated lung adenocarcinoma
transcript 1 (MALAT1) positively modulates growth, apop-
tosis, and migration in many cancers (3,4). On the other hand,
maternally expressed gene 3 (MEG3) was revealed to function
as a tumor inhibitor that promoted p53-mediated transactiva-
tion (5,6). IncRNA activated by transforming growth factor 3
(TGF-B) (IncRNA-ATB), which is an important regulator of
the invasion-metastasis cascade, was revealed to promote cell
invasion through its role as a competing endogenous RNA
(ceRNA) for zinc finger E-box-binding homeobox (ZEB) genes
and facilitated the colonization of disseminated HCC cells in
distant organs by binding to interleukin-11 (IL-11) mRNA (7).
A previous study found that FOXD2 adjacent opposite strand
RNA 1 (FOXD2-ASI) regulated tumor development in lung
cancer (8). In terms of microRNAs (miRNAs), endogenous
transcripts containing miRNA response elements (MREs)
have been proposed to interact with each other by acting as
miRNA sponges or as ceRNAs, thus forming large-scale
regulatory networks across the transcriptome (9). For example,
Tan et al demonstrated that the double-negative feedback loop
between IncRNA taurine upregulated 1 (TUGI) and miR-145
promoted epithelial to mesenchymal transition and radio-
resistance in human bladder cancer cells (10). Nevertheless,
the relationship between aberrant FOXD2-AS1 expression
and malignant behavior in HCC remains unclear, and the
mechanism underlying the oncogenic activity of FOXD2-AS1
warrants elucidation.
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We hypothesized that IncRNA FOXD2-ASI contributes to
HCC progression by acting as a miRNA sponge and, moreover,
that FOXD2-AS1 expression is increased in HCC tissues and
is correlated with inferior prognosis. Additional investigations
revealed that when overexpressed, FOXD2-AS1 functioned
like a ceRNA that enhanced cell viability and migration, thus
resulting in the upregulation of the annexin A2 (ANXA2)
protein, which was regulated by the targeting of miR-206
by FOXD2-ASI1. As a whole, this study established that the
upregulation of FOXD2-AS1 promoted the viability of HCC
cells in part through the role of FOXD2-ASI1 as a miR-206
sponge.

Materials and methods

Patients. During 2008-2010, a total of 140 HCC tissues and
the corresponding neighboring healthy hepatic tissues from
patients subjected to resection were acquired from the First
Affiliated Hospital of Xi'an Jiaotong University (Xi'an, China).
The patients were monitored via phone calls or visits every
6 months until their death or the completion of the study. The
patients had not undergone chemotherapy or radiotherapy
prior to surgery, and the tissue samples were subjected to path-
ological examination. Prior to the the study, the patients signed
written informed consent forms. In addition, the present study
was approved by the Ethics Committee of the First Affiliated
Hospital of Xi'an Jiaotong University (Xi'an, China).

Cell culture, cell transfection and MTT assay. Haoman liver
cancer cell lines (Hep3B, MHCC97-L., MHCC97-H, SK-HEP1
and HCCLM3) and a cultured normal liver cell line (HL7702)
were obtained from the Cell Bank of the Chinese Academy
of Sciences. These cells were cultured in RPMI-1640
medium containing 10% fetal bovine serum (FBS; Gibco;
Thermo Fisher Scientific, Inc. Waltham, MA, USA) at 37°C
in 5% CO,. Cells in the logarithmic growth phase were
monitored after being passaged every 2-3 days. The miRNA
mimics, inhibitors and small interfering RNAs (siRNAs)
were obtained from GenePharma Co., Ltd. (Shanghai, China).
Oligonucleotide and plasmid transfections were carried out
with Lipofectamine™ 2000 transfection reagent (Invitrogen;
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's instructions. Following transfection, the cells were
collected and used for subsequent studies. The siRNA oligo
sequences were as follows: siFOXD2-ASI1 sense, 5-GCGCG
GUUGUUGAGACCAAGG-3" and siFOXD2-AS1 antisense,
5'-UUGGUCUCAACAACCGCGCAG-3.

After transfection, cell proliferation was analyzed via a
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium
bromide (MTT) assay (Promega Corp., Madison, WI, USA)
according to the manufacturer's instructions. Cells (5x10° cells/
well) were seeded in 96-well plates and treated 24 h later.
After a further 24 h, 20 pl of 5 mg/ml MTT was added, and the
plates were placed in an incubator for 4 h. Next, the superna-
tant was aspirated and 200 pl of dimethyl sulfoxide (DMSO)
was added to the wells to dissolve the formazan. The optical
density (OD) was determined at 450 nm.

RNA isolation and quantitative real-time PCR (qRT-PCR).
RNA was extracted with TRIzol reagent (Invitrogen;
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Thermo Fisher Scientific, Inc.). After RNA extraction, first
strand cDNA was synthesized with a High Capacity cDNA
Reverse Transcription kit (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The mRNA and IncRNA expression analyses
were carried out by RT-PCR (11). qRT-PCR was carried out
with SYBR® Premix Ex Taq™ II (Takara Biotechnology Co.,
Ltd., Dalian, China) on a StepOne Plus Real-Time PCR System
(Applied Biosystems; Thermo Fisher Scientific, Inc.) following
the supplier's mRNA analysis protocols. GAPDH and U6 were
used as the endogenous controls for IncRNAs and miRNAs,
respectively. The qRT-PCR experiments were carried out in
triplicate, whereas the changes in the expression of the candi-
date genes were analyzed via the 2224 method (12). The
primer sequences were as follows: FOXD2-AS1 forward,
5" TGTTCGTGGGAAGAGGGTTG-3' and reverse, 5-TACCA
CTCCGGGAACTCTGT-3"; and GAPDH forward, 5'-ACTGC
CACCCAGAAGACT-3' and reverse, 5'-GCTCAGTGTAGCC
CAGGAT-3". qRT-PCR included an initial denaturation cycle
at 95°C for 2 min, followed by 35 cycles of denaturation at
98°C for 10 sec and annealing and extension at 60°C for 45 sec.

Vector construction and transfection. Full-length IncRNA
FOXD2-AS1 was amplified using Phusion Flash High-Fidelity
PCR Master Mix (Thermo Fisher Scientific, Inc.) and cloned
into pcDNA3.1 (Invitrogen; Thermo Fisher Scientific, Inc.);
the resulting vector was named pcDNA3.1-FOXD2-ASI.
FOXD2-ASI constructs mutated at the putative miR-206 target
site were generated with the appropriate primers. The resulting
vectors were sequenced and were named FOXD2-AS1-WT
(wild-type FOXD2-AS1) and FOXD2-AS1-Mut (mutated
FOXD2-AS1). siRNA targeting ANXA?2 was obtained from
GenePharma Co., Ltd. The double-stranded miRNA mimic
(miR-206) and the control miRNA (miR-con) were obtained
from GenePharma Co., Ltd. The vectors and miRNAs
were transfected into HCC cells using Lipofectamine 3000
(Invitrogen; Thermo Fisher Scientific, Inc.). The primers
used for cloning and plasmid assembly were as follows:
pCDNA/FOXD2-AS1-F, 5'-GGATCCCCTGTTCGGCGT
CTTGCAGCAGTGC-3') and pPCDNA/FOXD2-AS1-R, 5'-CTC
GAGGGAATGAATAACTTCAGTC-3..

Wound healing assay. The wound healing assay was carried
out to verify cell metastasis. First, cells (5x10° cells/well)
suspended in DMEM were cultured in 6-well plates as
confluent monolayers for 24 h. Subsequently, scratches were
made on the monolayer surface with a 200-ul pipette tip.
Images depicting cell migration across the scratches were
captured in 5 randomly selected fields at O and 24 h following
treatment.

Cell migration assay. To study the impact of IncRNA
FOXD2-AS1 on cell migration, Transwell assays were
performed with 8-um pore chambers (BD Biosciences,
Franklin Lakes, NJ, USA). For the Transwell assays, cells
in which IncRNA FOXD2-AS1 was either overexpressed
or knocked down were added to serum-free medium and
permitted to migrate in the direction of medium supplemented
with 10% FBS at 37°C for 24 h. The migrated cells were
treated with 100% methanol for 30 min, whereas the non-
migrated cells were removed. Subsequently, the cells on the
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underside of the membrane were stained with 0.1% crystal
violet for 20 min. The number of cells in 5 arbitrary fields
of each replicate was determined with a light microscope
(Nikon ECLIPSE 80i; x100 magnification). All experiments
were repeated three times.

RNA immunoprecipitation (RIP) assay. Hep3B cells were
used in the RIP assay along with an anti-Ago2 antibody
(Cell Signaling Technology, Inc., Danvers, MA, USA) and a
Magna RIP™ RNA-Binding Protein Immunoprecipitation kit
(EMD Millipore, Billerica, MA, USA). After antibody recovery
with protein A/G beads, qRT-PCR was carried out to quantify
FOXD2-ASI and the target miRNAs in the precipitate.

Bioinformatics analysis. The putative miRNA binding sites
on IncRNA FOXD2-AS1 were identified by DIANA soft-
ware (http://carolina.imis.athena-innovation.gr/diana_tools/
web/index.php) with the minimum cutoff score set at 0.802.

Luciferase reporter assay. The 3' untranslated regions
(3-UTRs) of FOXD2-AS1-WT and FOXD2-AS1-Mut were
cloned into the pGL3-basic luciferase reporter vector (Promega
Corp.). For the luciferase reporter assay, 100 ng of either the
FOXD2-AS1-WT vector or the FOXD2-AS1-Mut vector, along
with 100 nM miR-206 mimic and 20 ng of a Renilla luciferase
vector (Promega Corp.) as the control, were transfected into
cells by Lipofectamine 3000 (Invitrogen; Thermo Fisher
Scientific, Inc.). The relative luciferase activity was deter-
mined via a Dual-Luciferase reporter gene assay system by
normalization to the Renilla luciferase activity at 48 h after
transfection. Transfections were carried out in duplicate and
repeated three times.

Western blot analysis. Cell lysis was carried out in RIPA
buffer supplemented with a protease inhibitor (Roche
Diagnostics, Indianapolis, IN, USA) and heated at 95°C for
5 min. The protein concentration was quantified with a BCA
Protein Assay kit (Qiagen, Valencia, CA, USA), according
to the manufacturer's protocol. Lysates (40 ug protein) were
purified by 10% SDS-PAGE gels and transferred to nitro-
cellulose membranes over a subsequent 2-h time period.
Membranes were blocked in 5% skim milk in 1X TBST for
2 h at room temperature and incubated with ANXA2 (1:1,000
dilution; cat. no. 8235; Cell Signaling Technology, Inc.) and
GAPDH (1:2,000 dilution; cat. no. 5174; Cell Signaling
Technology, Inc.) primary antibodies at 4°C overnight. Next,
the membranes were rinsed three times with 1% TBST, incu-
bated with secondary antibodies (goat anti-rabbit [gG-HRP;0
1:10,000 dilution; cat. no. ab6721; Abcam, Cambridge, MA,
USA) at room temperature for 1 h and detected with enhanced
chemiluminescence (ECL) reagents (Pierce; Thermo Fisher
Scientific, Inc.). In addition, densitometry was employed to
quantify the intensity of the protein bands (Image Lab soft-
ware 4.1; Bio-Rad Laboatories, Inc., Hercules, CA, USA) and
normalize them to their respective GAPDH bands.

Xenograft tumor model. Twelve 4- to 6-week-old female
BALB/c nude mice were obtained from Shanghai SLAC
Laboratory Animal Co., Ltd. and maintained in a sterile
pathogen-free environment. The specific housing conditions
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were as follows: Temperature, 21+2°C; humidity, 30-70%; 12-h
light/dark cycle; the ingested food and water were sterile feed
and sterilized bottled water. Animals were fed ad libitum mouse
chow and given free access to water. All animal experiments
were performed with stringent adherence to the Guide for the
Care and Use of Laboratory Animals and were approved by
the Laboratory Animal Care Committee of the Xi'an Jiaotong
University (no. XJTULAC2018-462). We used 6 mice per
group. Control (LV-CON) and FOXD2-ASl1-overexpressing
(LV-FOXD2-AS1) HCC cells were trypsinized and harvested
in serum-free DMEM; 0.1 ml serum-free DMEM containing
3x109 cells was then administered by subcutaneous injection
into the right flank of the mice. Tumor growth was evaluated
by determining tumor diameters with a digital caliper, whereas
the tumor volume was determined using the following formula:
tumor volume = ab?/2, where a is the larger and b is the smaller
of the two dimensions. According to the Institutional Animal
Care and Use Committee guidelines, the maximum allowable
tumor size for mice is 4.2 cm®. The mice were sacrificed via
CO, inhalation 24 days after injection, and the tumors were
harvested by excision for further analysis.

Statistical analysis. Differences between the groups were
determined by one way ANOVA followed by LSD post hoc test,
the Wilcoxon signed-rank test, or Pearson's %> test as appro-
priate. Differences were regarded as statistically significant
for P-values <0.05. Pearson correlation analysis was used to
examine the association between FOXD2-AS1 expression and
miR-206. Overall survival (OS) curves were estimated using
the Kaplan-Meier method and the log-rank test. Cox propor-
tional hazard models were used, and P-values were determined
by SPSS 20.0 software (IBM Corp., Armonk, NY, USA).

Results

FOXD2-AS1 expression is increased in HCC and is linked to
inferior prognosis. To assess the involvement of FOXD2-AS1
in oncogenesis, we initially examined FOXD2-ASI expression
levels in 360 HCC tissue specimens in TCGA. To determine
the correlation between FOXD2-AS1 expression and clinico-
pathological characteristics, the FOXD2-ASI expression levels
were classified as low (n=252) or high (n=108) according to
the Youden index (Fig. 1A). Then, we analyzed the OS curves
to determine whether the FOXD2-AS1 expression level was
related to prognosis. As shown in Fig. 1B, high FOXD2-AS1
expression in HCC tissues was linked to shorter OS (P=0.0070,
log-rank test). Additionally, we determined the levels of
FOXD2-ASI in six HCC cell lines (Hep3B, MHCC97-L,
MHCC97-H, SK-HEP1 and HCCLM3); FOXD2-AS1 expres-
sion was considerably higher in all six HCC cell lines than in
the normal human liver cell line HL7702 (Fig. 1C). Of the six
HCC cell lines, SK-HEP1 and HCCLM3 cells had the highest
FOXD2-ASI expression, while Hep3B exhibited the lowest
FOXD2-AS1 expression. To explore whether FOXD2-AS1
is detectable in HCC, we studied its expression in 140 HCC
tissues and neighboring healthy hepatic tissues. As shown in
Fig. 1D, greater expression of FOXD2-AS1 was observed in
tumor tissues than in the neighboring healthy tissues (P<0.01).
These results indicated that FOXD2-AS1 likely plays a key
role in tumor progression in human HCC.
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Figure 1. Expression of FOXD2-AS1 in HCC and its relation to the prognosis of patients. (A) A total of 360 recruited HCC patients were separated into low
(n=252) or high (n=108) FOXD2-ASI1 expression groups according to the Youden index. (B) OS curves were analyzed by FOXD2-AS1 levels. Patients with
higher FOXD2-AS1 expression had a shorter survival time than those with lower expression (log-rank test; P=0.0070). (C) FOXD2-ASI expression was deter-
mined in HCC and normal liver cells. Data are presented as the mean + SD on the basis of at least 3 independent measurements. (D) FOXD2-AS1 expression

in 140 HCC tissue specimens and neighboring healthy liver tissues. “P<0.01.

FOXD?2-AS1 enhances the viability and migration of HCC
cells. To explore the involvement of FOXD2-AS1 in HCC
pathogenesis, Hep3B cells were selected for FOXD2-AS1 over-
expression, while SK-HEP1 and HCCLM3 were selected for
FOXD2-ASI silencing. The expression levels of FOXD2-AS1
were significantly higher in FOXD2-AS1-transfected cells
than in their vector-transfected counterparts (Fig. 2A), whereas
FOXD2-ASI1 expression was lower in siFOXD2-ASI1-trans-
fected cells (Fig. 2C). Subsequently, a cell counting assay
was conducted to examine the influence of FOXD2-AS1 on
cancer cell viability. The MTT assay revealed that compared
with that of the control cells, the growth of the FOXD2-AS1-
overexpressing Hep3B cells was notably enhanced (Fig. 2B),
whereas the downregulation of FOXD2-AS1 by siRNA effec-
tively inhibited the viability of SK-HEP1 and HCCLM3 cells
(Fig. 2D).

Next, to determine whether FOXD2-AS1 alters cell motility,
we studied cell migration using a wound healing assay and
Transwell chamber assay after the transfection of FOXD2-AS1
or siFOXD2-AS] into the indicated cells. The ectopic expres-
sion of FOXD2-AS1 markedly increased the migration of
Hep3B cells (Fig. 2G, left upper image). To quantify this
effect, we calculated the number of cells that migrated to the
underside of the Transwell chambers following transfection
with either the FOXD2-ASI-expressing vector or the control
vector. The migration of FOXD2-ASl-transfected cells was
significantly higher than that of the control vector-transfected
cells (P<0.05; Fig. 2G, left lower image), whereas the migration
of siFOXD2-AS1-transfected cells was considerably lower than
that of siRNA control (siCon)-transfected cells (Fig. 2G, right
images). Similarly, in the wound healing assay, FOXD2-AS1

promoted the migration of Hep3B cells while siFOXD2-AS1
decreased the migration of SK-HEP1 and HCCLM3 cells
(Figs. 2E and 2F). Overall, these results indicated that the
overexpression of FOXD2-AS1 enhanced biological behaviors
related to tumor progression in HCC cells in vitro.

FOXD2-AS1 functions as a molecular sponge of miR-206.
Recently, FOXD2-ASI1 has been reported to play a role in
cancer development by acting as a ceRNA for miRNAs (13).
To determine whether FOXD2-AS1 has an analogous role
in HCC, we predicted miRNA binding sites using DIANA
software, which is a miRNA target identification tool. We
identified 10 typical miRNAs and their corresponding target
sequences in FOXD2-AS1. The miRNA expression levels were
determined in pcDNA-FOXD2-ASI-transfected Hep3B cells
via qRT-PCR. Compared with their corresponding expres-
sion levels in pcDNA-NC-transfected cells, the miR-363,
miR-520a, miR-940, and miR-206 expression levels displayed
a considerable decrease in pcDNA-FOXD2-AS1-transfected
Hep3B cells (data not shown).

miRNA acts by tethering to Ago2, an essential part of the
RNA-induced silencing complex (RISC) that is vital to gene
silencing. Furthermore, miRNA targets can be separated from
the RISC by Ago2 coimmunoprecipitation (14). To determine
whether FOXD2-ASI1 associates with the RISC, we identified
miR-363, miR-520a, miR-940, miR-206, and FOXD2-ASI in
the Ago2 pellet. As revealed in Fig. 3A, miR-520a, miR-363 and
FOXD2-ASI1 expression was increased ~3-fold, whereas miR-206
expression was increased by >3-fold. Therefore, FOXD2-AS1
may be associated with the dysregulation of miR-206. For
further confirmation, we generated luciferase reporter vectors
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expressing FOXD2-AS1 with either WT (FOXD2-AS1-WT) or
mutant (FOXD2-AS1-Mut) miR-206 target sites (Fig. 3B). We
established that the corresponding FOXD2-AS1-Mut construct
did not suppress miR-206 expression (Fig. 3C), thus indicating
that miR-206 is a FOXD2-AS1-specific miRNA. Subsequently,
we quantified the expression levels of miR-206 in 120 HCC
tissues from the same set of patients described in Fig. 1D;
miR-206 expression was notably lower in the HCC tissues than
in the paired neighboring healthy liver tissues (Fig. 3D), and the
miR-206 level was significantly negatively correlated with the
FOXD2-AS1 level (Fig. 3E).

miR-206 reverses the growth-promoting effect of FOXD2-AS1
on HCC cells. To study the significance of miR-206 binding
in the FOXD2-ASl-related promotion of HCC progression,
we ectopically expressed miR-206 in stable FOXD2-ASI1-
overexpressing Hep3B cells and analyzed cell viability via
the MTT assay. The expression of miR-206 was detected
by real time PCR (Fig. 4A). The overexpression of miR-206

diminished the viability-promoting activity of FOXD2-AS1
(Fig. 4B); this effect was also observed in Hep3B (Fig. 4C)
cells in the Transwell assay. These results revealed that
FOXD2-AS1 promoted tumor progression partly via competi-
tive binding to miR-206.

FOXD2-ASI1 regulates the expression of the endog-
enous miR-206 target ANXA2. miR-206 operates as a tumor
suppressor in humans via the downregulation of ANXA?2 (15).
To establish whether FOXD2-ASI regulates HCC progression
by influencing miR-206 targets, we examined the impact of
FOXD2-AS1 on ANXA?2 expression. After transfection with
the FOXD2-ASI1 expression vector, the ANXA?2 expression in
Hep3B cells noticeably increased at the protein level but not
at the mRNA level (Fig. 5A and B). Additionally, transfection
with siFOXD2-ASI clearly reduced ANXA2 expression in
Hep3B cells at the protein level but not at the mRNA level
(Fig. 5A and B). Furthermore, similar to the overexpression
of miR-206 and FOXD2-AS1, the overexpression of ANXA?2
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Figure 4. FOXD2-AS1 promotes HCC cell growth by competitive binding to miR-206. (A) The expression of miR-206 was detected by real time PCR.
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least 3 independent measurements. “P<0.05, “P<0.01.
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Figure 5. FOXD2-AS1 modulates the expression of the miR-206 target ANXA?2. (A) After Hep3B cells were transfected with the FOXD2-AS1 expression
vector or with siFOXD2-AS1, the ANXA?2 protein levels were determined via western blotting. (B) After Hep3B cells were transfected with the FOXD2-ASI
expression vector or with siFOXD2-AS1, the ANXA2 mRNA levels were determined via gRT-PCR. (C) After Hep3B cells were transfected with the control
vector, FOXD2-AS1, or FOXD2-ASI combined with a miR-206 mimic, the ANXA?2 protein levels were determined by western blotting. (D) After Hep3B
cells were transfected with the control vector, FOXD2-AS1, or FOXD2-AS1 combined with a miR-206 mimic, the ANXA2 mRNA levels were examined by
qRT-PCR.
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was detected in the Hep3B cell lines by western blotting but
not by the measurement of the mRNA levels (Fig. 5C and D).
Therefore, these results indicated that FOXD2-AS1 eliminated
the suppression of ANXA?2 induced by miR-206 and induced
an oncogenic effect by modulating miR-206/ANXA2.

FOXD2-ASI upregulation promotes HCC cell growth in vivo.
FOXD2-AS1 promoted the viability and migration of HCC
cells in vitro. To elucidate the impact of FOXD2-AS1 on tumor
pathophysiology in vivo, HCC cells overexpressing FOXD2-AS1
or the appropriate control cells were injected into BALB/c nude
mice. As displayed in Fig. 6A and B, after 24 days, the tumor
growth in the FOXD2-AS1 xenograft group was considerably
greater than that in the LV-CON xenograft group; the mean
tumor volumes in the two groups were 387.45+161.41 mm?® and
245.34 + 125.64 mm’, respectively (P<0.01). After the 24 days,
the mean tumor weights in the FOXD2-AS1 group were
considerably higher than those in the LV-CON group (Fig. 6C).

Discussion

High-throughput RNA sequencing has revealed that approxi-
mately 70-90% of human DNA is transcribed into RNA ,but over
68% of the transcripts have been classified as ncRNAs (16,17).
Tens of thousands of IncRNAs, which are functionally defined
as transcripts having a length of >200 nucleotides and no
protein-coding capacity, exist; many of these are uniquely
expressed in differentiated tissues or specific cancers (16).
IncRNAs can exert either a negative or positive effect on gene
expression via several pathways (18). Currently, the vital role
of IncRNAs in the modulation of many pathophysiological
processes, such as proliferation, development, cell cycle and
apoptosis, has been recognized. In addition, IncRNAs play a
crucial role in human tumors by functioning as either tumor
suppressors or oncogenes (19). Hence, the elucidation of the
principal IncRNA-related mechanisms underlying HCC
generation and development is critical.

Significantly diverse IncRNA profiles may act as pheno-
typic signatures for the prognosis and treatment of multiple
cancers. GPC3-ASl1 is overexpressed in HCC due to a

probable enhancement in histone acetylation at the promoter
site; GPC3-AS1 overexpression results in the increased
transcription of GPC3 via PCAF and thus an enhanced level
of cellular proliferation and metastasis (20). SNHGI2 acts as
a miR-199a/b-5p sponge; SNHGI12 is upregulated in HCC,
thereby stimulating growth and hindering apoptosis. Thus, the
inhibitory effect of miR-199a/b-5p on MLK3 will be decreased,
in turn upregulating MLK3 and its targets in the NF-kB
signaling pathway (21). Via bioinformatics analysis combined
with in vitro and in vivo functional experiments, FOXD2-AS1
was found to contribute to the progression of colorectal cancer
by activating EMT and the Notch signaling pathway (22). In
addition, IncRNA FOXD2-ASI is considerably upregulated
in non-small cell lung cancer (NSCLC). Loss- and gain-of-
function assays revealed that FOXD2-AS1 enhanced NSCLC
cell growth and tumor progression; furthermore, FOXD2-AS1
modulated Wnt/B-catenin signaling in NSCLC cells (8). In the
present study, we demonstrated that FOXD2-AS1 upregulation
yielded an inferior clinical outcome in HCC patients; moreover,
FOXD2-AS1 could be a potential biomarker for prognosis.
Collectively, these results implied that clinical research on
IncRNAs needs to be conducted and that additional investiga-
tions should be planned to identify additional IncRNAs as key
prognostic molecular biomarkers and vital drug targets for HCC.

IncRNAs that act as ceRNAs or natural miRNA sponges
are major post-transcriptional modulators of gene expres-
sion that compete with each other for binding to the same
miRNAs (23,24). For instance, IncRNA Unigene56159
enhanced metastasis by operating as aceRNA for miR-140-5pin
HCC (25).IncRNA HOTAIR acted as a ceRNA for miR-331-3p,
thus regulating HER2 derepression and promoting tumor
progression in gastric carcinoma (26). In the present study, we
identified FOXD2-AS1 as an oncogenic player and illustrated
a formerly unknown mechanism linking FOXD2-AS1 with
miRNAs in HCC biology. By in vitro gain-and loss-of-function
studies, FOXD2-AS1 was established to be associated with
the miRNA-related regulatory network of HCC cell prolif-
eration. Our observation that FOXD2-AS1 promoted cancer
cell viability revealed a number of key aspects; for example,
FOXD2-ASI1 expression was extensively upregulated in HCC
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cells, thus indicating its prospective utility in HCC therapy.
Accordingly, the overexpression of FOXD2-AS1 markedly
promoted cell viability and migration in vitro. Moreover,
the knockdown of FOXD2-AS1 negatively regulated cell
migration. Subsequent mechanistic studies demonstrated that
FOXD2-ASI eliminated the inherent inhibitory activity of
miR-206 on ANXAZ2; furthermore, the impact of FOXD2-AS1
on viability and migration was abrogated via the transfection
of a miR-206 mimic. Further experiments confirmed that by
competing for binding to miR-206, the ANXA2 3'-UTR acted
as a ceRNA at the mRNA level in Hep3B cells, thus affecting
the expression of ANXA?2 at the protein level (Fig. 5).
Therefore, targeting IncRNA-based signaling pathways may
be a novel therapeutic strategy. However, the roles of IncRNAs
in HCC carcinogenesis have not been thoroughly explored. A
thorough investigation of the molecular mechanism under-
lying the initiation and progression of HCC is essential for
facilitating the exploitation of novel therapeutic targets.

To this end, a recent study established that FOXD2-AS1
was linked to miR-363-5p and regulated the expression of the
miR-363-5p target S1I00A, thus revealing that FOXD2-AS1
positively modulated post-transcriptional gene expression (13).
The exploration of whether FOXD2-AS1 may perform its role
in human tumors through interaction with miRNAs in addi-
tion to miR-363-5p would be of great interest.

In conclusion, this study indicated that FOXD2-AS1 expres-
sion could effectively predict the prognosis of HCC patients;
however, this result requires confirmation in future investigations
with a larger sample size. We employed mechanistic analysis
to reveal the contribution of FOXD2-ASI to the promotion of
HCC progression by its function as a miR-206 sponge, and we
illustrated a novel FOXD2-AS1/miR-206/ANXA2 signaling
pathway regulatory network in HCC. These results indicated that
FOXD2-ASl1 is akey prognostic molecular biomarker as well as a
vital drug target for HCC and that FOXD2-ASI1 could contribute
to the established crosstalk among conventional pathways.
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