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Long non-coding RNA HOXA11-AS accelerates cell proliferation
and epithelial-mesenchymal transition in hepatocellular
carcinoma by modulating the miR-506-3p/Slug axis
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Abstract. Hepatocellular carcinoma (HCC) is an aggres-
sively malignant type of cancer with a complex pathogenesis.
Multiple studies have identified that IncRNA HOXA11-AS
is involved in the development of HCC. Nevertheless, the
pathological mechanisms of HOXA11-AS in the development
of HCC require further investigation. In the present study, the
role and underlying mechanisms of HOXA11-AS in HCC were
examined. RT-qPCR revealed that HOXA11-AS expression
was increased, while that of miR-506-3p was decreased in HCC
tissues and cells compared with that in adjacent non-tumor
tissues and normal hepatic cells. Dual-luciferase reporter
assay and RNA pull-down assay indicated that HOXA11-AS
directly interacted with miR-506-3p. miR-506-3p downregula-
tion reversed the inhibitory effects of HOXA11-AS deletion
on cell proliferation, invasion and epithelial-mesenchymal
transition (EMT), as shown by CCK-8 and Transwell assays,
as well as western blot analysis. Bioinformatics analysis and
dual-luciferase reporter assay indicated that Slug was a target
gene of miR-506-3p. The overexpression of Slug reversed
the effects of HOXA11-AS deletion on the viability, invasion
and the EMT of HCC cells. Taken together, the present study
demonstrates that HOXA11-AS functions as an oncogene to
promote the progression of HCC via the miR-506-3p/Slug
axis, providing a therapeutic target for patients with HCC.

Introduction

Hepatocellular carcinoma (HCC) is one of the most aggres-
sive types of cancer worldwide and accounts for >80% of
primary hepatic cancers. The majority causes of HCC are
liver cirrhosis, genetic alterations and living habits (1). It is
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characterized by a delayed diagnosis, complex pathogenesis,
vascular invasion, metastasis and multidrug resistance (2,3).
Although interventional prevention and therapeutic strategies,
including vaccination, surgical resection, transplantation and
immunotherapy have been adopted clinically, a high incidence
and low survival rate are still insurmountable challenges
for HCC (4-6). Therefore, the investigation of the biological
mechanisms responsible for the development of HCC and
the identification of novel biomarkers for HCC therapy are
urgently required.

Long non-coding RNAs (IncRNAs) refer to a class of
RNAs with >200 endogenous nucleotides in length. Despite
not having a protein coding capacity, they participate
in a series of physiological and pathological processes,
including epithelial-mesenchymal transition (EMT), stem
cell pluripotency reprogramming, RNA splicing, transcrip-
tional silencing/activation and chromatin remodeling (7-9).
Homeobox All antisense RNA (HOXA11-AS) is a highly
conserved gene that has been shown to be involved in the
regulation of post-transcription during tumorigenesis and
embryogenesis (10). The aberrant expression of HOXA11-AS
is associated with cell staging, and the metastasis and
invasion of various types of cancer, such as glioma, laryn-
geal squamous cell carcinoma (LSCC) and HCC (11,12).
For instance, HOXA11-AS expression has been shown
to be upregulated in glioma cells and the knockdown of
HOXAT11-AS markedly suppresses glioma cell proliferation
by regulating the miR-214-3p/EZH2 axis (9). Similarly, it has
been demonstrated that the overexpression of HOXA11-AS
significantly promotes cisplatin resistance by modulating
miR-454-3p/Stat3 in human lung adenocarcinoma cells (13).

IncRNAs exert effects on tumor progression through
various mechanisms, including their microRNA (miRNA/miR)
binding function. miRNAs are non-coding RNAs comprised
of 19-25 endogenous nucleotides. Typically, they function
as crucial regulators of various types of cancer, including
nasopharyngeal carcinoma (NPC), pancreatic ductal adeno-
carcinoma (PDAC) and HCC by complementary interacting
with their target genes (14,15). As oncogenes or suppressors,
miRNAs play essential roles in cell proliferation, differentia-
tion, metabolism and apoptosis. For instance, miR-BARTS8-3p
has been proven to induce EMT and to promote NPC cell
progression by deactivating immune response (16,17).
Inversely, the upregulation of miR-200b has been shown to
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inhibit HCC cell adhesion and migration by targeting high
mobility protein HMGB3 (18). Currently, miR-506 is regarded
as a novel biomarker for cancer diagnosis. Moreover, starBase
has indicated that miR-506-3p is a target gene of HOXA11-AS.
Thus, the physiological role of miR-506-3p in HCC was
investigated in the present study.

In the present study, the expression of HOXAI11-AS
and miR-506-3p was detected and the interaction between
miR-506-3p and HOXA11-AS or Slug was further investigated.
It was found that HOXA11-AS accelerates proliferation, inva-
sion and EMT in HCC by modulating the miR-506-3p/Slug
axis, thus providing possible, promising biomarkers for the
treatment of HCC.

Materials and methods

Tissue samples. A total of 39 pairs HCC tumor and corresponding
non-tumor tissue samples were obtained from patients recruited
from the Third Hospital of Hebei Medical University. The char-
acteristics of the patients with HCC are presented in Table I. The
patients had not received any pre-operative therapy and their
basic pathological characteristics were recorded. The recruited
patients signed written informed consent forms. All the proto-
cols were proved by the Ethics Committee of the Third Hospital
of Hebei Medical University.

Cells and cell transfection. The HCC cell lines, Huh7, Hep3B
and PLC/PRF/5, and the human hepatic epithelial cell line,
THLE-3, were purchased from ATCC. In addition, the HCC
cell line, MHCC97-H, was obtained from the Institute of
Biochemistry and Cell Biology, Chinese Academy of Sciences.
The Huh7, Hep3B and THLE-3 cells were maintained in
DMEM (Gibco; Thermo Fisher Scientific, Inc.) supplemented
with 10% FBS and 0.05% penicillin/streptomycin and incu-
bated in a 5% CO, incubator at 37°C. Small interfering RNA
(siRNA) targeting HOXA11-AS (si-HOXA11-AS, including
si-HOXAT11-AS#1: 5'-TCGTCACTCGGTGTTCTCACC
GAAA-3, si-HOXA11-AS#2: 5'-GCACGGTGACTTGAT
TACACTCTCT-3', and si-HOXA11-AS#3: 5'-CGGAAA
CGGCTAACAAGGAGATTTG-3") and siRNA negative
control (si-NC), pcDNA-HOXA11-AS overexpression vector
(HOXA11-AS) and negative control (Vector), pcDNA-Slug
overexpression vector (Slug) and its negative control (control)
were synthesized by Genepharma. The miRNA mimic
(miR-506-3p) and negative control (miR-NC), miR-506-3p
inhibitor (anti-miR-506-3p) and negative control inhibitor
(anti-miR-NC) were purchased from Guangzhou RiboBio Co.,
Ltd.0.2 ug of HOXA11-AS overexpression vector, Slug overex-
pression vector or pcDNA vector was transfected in Huh7 and
Hep3B cells (4x10* cells) with 0.5 pl of Lipofectamine 2000
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). 0.5 ug
of those oligonucleotides including si-HOXA11-AS, si-NC,
miR-506-3p, miR-NC, anti-miR-506-3p or anti-miR-NC was
transfected into cells using 0.6 ul of Lipofectamine 2000
(Invitrogen; Thermo Fisher Scientific, Inc.). After of 48 h
transfection, the transfected cells were used in subsequent
experimentats.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). The Huh7 and Hep3B cells were incubated with
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TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
to obtain the RNA. The All-in-One™ miRNA First-Strand
cDNA Synthesis kit (GeneCopoeia, Inc.) was applied to
synthesize cDNA and the qPCR was performed using
TagMan Gene Expression assay (Applied Biosystems).
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and U6
were used as internal controls. The amplification parameters
were as follows: Denaturation at 95°C for 10 min, followed by
40 cycles of denaturation at 95°C for 30 sec, annealing at 60°C
for 30 sec and extension at 72°C for 1 min. The primers used
were as follows: HOXA11-AS forward, 5'-GCCAAGTTGTAC
TTACTACGTC-3' and reverse, 5'-GTTGGAGGAGTAGGA
GTATGTA-3"; miR-506-3p forward, 5-CGGGCTAAGGCA
CCCTTCTG-3' and reverse, 5-GTGCAGGGTCCGAGGTAT
TC-3"; E-cadherin forward, 5'-GAGCCTGAGTCCTGCAGT
CC-3' and reverse, 5"TGTATTGCTGCTTGGCCTCA-3";
N-cadherin forward, 5'-GTGCCATTAGCCAAGGGAATT
CAGC-3' and reverse, 5-GCGTTCCTGTTCCACTCATAG
GAGG-3"; Vimentin forward, 5“-TGCCCTTGAAGCTGCTAA
CTAC-3' and reverse, 5'-CAACCAGAGGAAGTGCATCCA
G-3'; GAPDH forward, 5'-CCCACTCCTCCACCTTTGAC-3'
and reverse, 5'-GGATCTCGCTCCTGGAAGATG-3"; and U6
forward, 5'-GCUUCGGCAGCACAUAUACUAAAAU-3' and
reverse, 5-CGCUUCACGAAUUUGCGUGUCAU-3'. Relative
expression was calculated using the 2-22°4 method (19).

Western blot analysis. Total protein was isolated from tissues
and cell lines using RIPA lysis buffer (EMD Millipore). The
concentration of total protein was measured usinga BCA Protein
assay kit (Nanjing KeyGen Biotech Co., Ltd.). Protein (30 pg)
was separated by 12% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred onto poly-
vinylidene difluoride (PVDF) membranes (EMD Millipore).
The membranes were then blocked with 5% skim milk at
room temperature for 2 h. Subsequently, the membranes were
incubated with the following primary antibodies: E-cadherin
(1:1,000; cat. no. 14472), N-cadherin (1:1,000, cat. no. 13116),
Vimentin (1:1,000, cat. no. 5741), Slug (1:1,000, cat. no. 9585),
GAPDH (1:1,000, cat. no. 5174) (all from Cell Signaling
Technology, Inc.) overnight at 4°C. Following incubation
with the primary antibodies, the membranes were incubated
with a the goat anti-rabbit IgG H&L (HRP) (1:2,000, cat.
no. ab205718, Abcam) and goat anti-mouse IgG H&L (HRP)
(1:2,000, cat. no. ab205719, Abcam) secondary antibodies
for 40 min at room temperature. Finally, protein bands were
visualized using the Enhanced Chemiluminescence Plus kit
(EMD Millipore) and quantified by densitometric analysis of
protein signals using ImageJ version 1.49 (National Institutes
of Health).

Nuclear and cytoplasmic localization analysis. RNA was
isolated from the cell cytoplasm and nucleus using the
Cytoplasmic and Nuclear RNA Purification kit (Norgen
Biotek). Subsequently, total RNA in each fraction was
measured by RT-qRCR as described above. U6 and GAPDH
functioned as internal references for the nucleus and cytoplasm,
respectively.

Cell proliferation and invasion. CCK-8 and Transwell assays
were utilized for the evaluation of cell proliferation and cell
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Table I. Association between the clinical characteristics of the patients with hepatocellular carcinoma (n=78) and HOXA11-AS

expression.
HOXA11-AS expression
Parameter No. of patients High (n=40) Low (n=38) P-value
Age (years)
<60 44 15 29 0.479
=60 31 25 6
Sex
Male 37 27 10 0.535
Female 41 13 28
Tumor size (cm)
<7 46 12 34 0.032*
>7 32 28 4
Tumor staging (HCC)
I+II 36 10 26 0.019*
III 42 30 12

*P<0.05, using median expression level of HOXA11-AS as the cut-off value.

invasive ability. For CCK-8 assay, the transfected Huh7 and
Hep3B cells were seeded in 96-well plates (5,000 cells/well)
and continuously incubated for a further 24,48, 72 and 96 h in
a 5% CO, incubator at 37°C. After rinsing with PBS 3 times,
10 ul CCK-8 (5 mg/ml; Beyotime Institute of Biotechnology,
Inc.) were added to each well for 2 h. The absorption
at 450 nm was measured using a microplate reader (Bio-Rad
Laboratories, Inc). For Transwell assay, transfected Huh7 and
Hep3B cells (2x10° cells/well) in 200 pl serum-free medium
were seeded into the upper chamber pre-treated with Matrigel
(BD Biosciences). Complete medium with 10% FBS was
seeded into the lower chamber. After incubation for 24 h
at 37°C, the invasive cells in the lower chamber were stained
with 0.1% crystal violet (Sigma-Aldrich; Merck KGaA) at
room temperature for 10 min and counted using an inverted
microscope (Nikon Eclipse TS100; Nikon Corporation).

Luciferase reporter assay. StarBase (http://starbase.sysu.
edu.cn/starbase2/) and TargetScan (http://www.targetscan.
org/vert_71/) were used to screen the putative target.
Wild-type and mutant type sequences (HOXAI11-AS-Wt,
HOXA11-AS-Mut, Slug-Wt, Slug-Mut) were constructed and
cloned into the pGL3 basic vector (Invitrogen; Thermo Fisher
Scientific, Inc.). Huh7 and Hep3B cells were co-transfected
with the luciferase vectors and miR-506-3p mimics or miR-NC
for 24 h using Lipofectamine 2000 transfection reagent.
Luciferase activities were measured by a dual-luciferase assay
system (Promega). Firefly luciferase activities were normal-
ized to Renilla luciferase activities.

RNA pull-down assay. Biotinylated HOXA11-AS
(Bio-HOXA11-AS), miR-506-3p (Bio-miR-506-3p),
HOXAT11-AS Mut (Bio-HOXA11-AS-Mut), miR-506-3p Mut
(Bio-miR-506-3p-Mut), and negative control (Bio-miR-NC)
(Sangon Biotech Co., Ltd.) were transfected into the Huh7 and

Hep3B cells. Following incubation for 24 h, the transfected
cells were lysed, collected and incubated with Dynabeads
M-280 Streptavidin (Invitrogen; Thermo Fisher Scientific,
Inc.) for 10 min. The bound RNAs were then subjected to
RT-qPCR for quantification and analysis as described above.

Statistical analysis. All the data were collected and analyzed
using SPSS software (SPSS, Inc.) and GraphPad Prism 7
(GraphPad Inc.). Data are presented as the means + SD.
Comparisons between 2 groups were evaluated using a
Student's t-test. One-way ANOVA followed by Tukey's test
was used for differences among multiple groups. The corre-
lation between miR-506-3p and HOXA11-AS or Slug was
analyzed using Pearson's correlation coefficient. The associa-
tion between HOXA11-AS and the patient clinicopathological
characteristics were analyzed using the y? test or Fisher's exact
test. A P-value <0.05 (P<0.05) was considered to indicate a
statistically significant difference.

Results

HOXAII-AS is upregulated, whereas miR-506-3p is down-
regulated in HCC tissues and cell lines. To explore the roles
of HOXA11-AS and miR-506-3p in HCC, the expression of
HOXAI11-AS and miR-506-3p in 39 pairs of HCC tissues
and the corresponding non-tumor tissues was detected by
RT-qPCR.HOXA11-AS was upregulated, whereas miR-506-3p
was downregulated in the HCC tumor samples in comparison
to the non-tumor samples (Fig. 1A and B). Moreover, it was
found that HOX A11-AS negatively correlated with miR-506-3p
(r=-0.610, P<0.001) (Fig. 1C). Furthermore, the expression
of HOXA11-AS was significantly enhanced in the HCC cell
lines (Huh7, Hep3B, PLC/PRF/5 and MHCC97-H) compared
with the human hepatic epithelial cells, THLE-3 (Fig. 1D). On
the contrary, the expression of miR-506-3p was lower in the
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Figure 1. Expression of HOXA11-AS and miR-506-3p in HCC tissues and cell lines. (A and B) The expression of (A) HOXA11-AS and (B) miR-506-3p was
measured by RT-qPCR in 39 pairs of HCC tissues and adjacent non-tumor tissues. (C) Correlation between HOXA11-AS and miR-506-3p (r=-0.610, P<0.001).
(D and E) Expression of (D) HOXA11-AS and (E) miR-506-3p in HCC cell lines (Huh7, Hep3B, PLC/PRF/5 and MHCC97-H) and THLE-3 cells. (F) RT-qPCR
was used to assess the level of the cytoplasmic control transcript (GAPDH), nuclear control transcript (U6) and HOXA11-AS in the nuclear and cytoplasmic

fractions. "P<0.05 vs. respective control. HCC, hepatocellular carcinoma.

HCC cells than in the THLE-3 cells (Fig. 1E). The data also
suggested that HOXA11-AS was mainly located in the cyto-
plasm (Fig. 1F). These findings demonstrate that HOXA11-AS
and miR-506-3p play vital roles in HCC.

HOXAI11-AS directly interacts with miR-506-3p.
Bioinformatics prediction program StarBase was employed
to search the potential target miRNA for HOXA11-AS. It
was observed that miR-506-3p may bind to HOXA11-AS
(Fig. 2A). As shown in Fig. 2B, miR-506-3p exhibited
successful efficiency in both the Huh7 and Hep3B cells.
The luciferase activity in the HCC cells co-transfected with
miR-506-3p and HOXA11-AS-Wt was markedly suppressed
in comparison to the control group (Fig. 2C and D).
RNA pull-down assay exhibited that the enrichment of
HOXAT11-AS was observed in the HCC cells transfected
with Bio-miR-506-3p compared with Bio-miR-506-3p-Mut
or Bio-miR-NC transfection (Fig. 2E). Similarly, the
enrichment of miR-506-3p was observed in the HCC cells
transfected with Bio-HOXA11-AS (Fig. 2F). Furthermore,
it was observed that the expression of HOXAI11-AS
was decreased in the HCC cells transfected with
si-HOXA11-AS#1, si-HOXA11-AS#2, si-HOXA11-AS#3
compared with the si-NC group (Fig. 2G). Due to the
highest knockdown efficiency, si-HOXA11-AS#1 was
selected for use in subsequent experiments. It was found
that HOXA11-AS knockdown increased the expression of
miR-506-3p in HCC cells (Fig. 2H). Taken together, it was
thus concluded that miR-506-3p was negatively regulated
by HOXA11-AS.

HOXAI1I-AS promotes HCC progression by targeting
miR-506-3p. Subsequently, the regulatory mechanisms of
the HOXA11-AS/miR-506-3p axis were investigated in
the HCC cells. The successful transfection efficiency of
anti-miR-506-3p and HOXA11-AS in the HCC cells was
observed (Fig. S1A and B). The expression of miR-506-3p,
elevated by HOXA11-AS silencing, was reversed by transfec-
tion with miR-506-3p inhibitor (Fig. 3A and B), while the
increase in miR-506-3p expression induced by transfection with
miR-506-3p mimic was suppressed by the overexpression of
HOXAT11-AS in both the Huh7 and Hep3B cells (Fig. 4A and B).
The results of CCK-8 assay revealed that the inhibitory effects
of HOXA11-AS silencing on cell proliferation were blocked
by transfection with miR-506-3p inhibitor (Fig. 3C and D),
and the overexpression of HOXA11-AS reversed the inhibi-
tory effect of miR-506-3p upregulation on cell proliferation
(Fig. 4C and D). Moreover, cell invasion was suppressed by
HOXAT11-AS silencing; however, this effect was reversed
by transfection with miR-506-3p inhibitor (Fig. 3E and F).
In addition, the inhibition effect of miR-506-3p overexpres-
sion on cell invasion was abolished by the upregulation
of HOXAI11-AS (Fig. 4E and F). Furthermore, the protein
expression of EMT markers was examined by western blot
analysis in order to determine the effect of HOXA11-AS and
miR-506-3p on EMT in HCC cells. The mRNA and protein
expression of E-cadherin enhanced by HOXA11-AS silencing
was suppressed by transfection with miR-506-3p inhibitor, and
the decreased mRNA and protein expression of N-cadherin
and vimentin induced by HOXA11-AS silencing was promoted
by miR-506-3p downregulation (Fig. 3G-J). Moreover, the
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promotion of E-cadherin mRNA and protein expression,
and the inhibition of the mRNA and protein expression of
N-cadherin and vimentin induced by miR-506-3p overexpres-
sion were reversed by HOXA11-AS upregulation in both the
Huh7 and Hep3B cells (Fig. 4G-J). Collectively, these data
demonstrate that HOXA11-AS regulates cell proliferation,
invasion and EMT by targeting miR-506-3p.

Slug is a target gene of miR-506-3p. TargetScan predicted
that miR-506-3p contained a complementary sequence of
Slug (Fig. 5A). To confirm this prediction, wild-type Slug
(Slug-Wt) or mutant type Slug (Slug-Mut) was cloned into
the luciferase gene and co-transfected with miR-506-3p or
miR-NC. The luciferase activity was markeldy reduced in
the Huh7 and Hep3B cells co-transfected with Slug-Wt and
miR-506-3p compared with miR-NC group, while the lucif-
erase activity was not altered in the HCC cell co-transfected
with Slug-Mut and miR-506-3p (Fig. 5B and C). Moreover,

we found a negative relationship between miR-506-3p and
Slug (r=-5849, P<0.001) (Fig. 5D). In addition, western blot
analysis revealed that the protein expression of Slug was
decreased by miR-506-3p overexpression, which was reversed
by HOXA11-AS overexpression in the Huh7 and Hep3B cells
(Fig. 5E and F). These data indicate that HOXA11-AS targets
miT-506-3p to regulate Slug expression.

Slug attenuates the inhibitory effect on HCC progression
induced by HOXA1I-AS silencing. To examine the regulatory
effect of the HOXA11-AS/Slug axis on HCC cell proliferation,
invasion and EMT, the Huh7 and Hep3B cells were transfected
with si-HOXA11-AS+Slug, si-HOXA11-AS, si-HOXA11-AS
+ control and si-NC. Western blot analysis revealed that
overexpression of Slug significantly promoted Slug expres-
sion (Fig. SIC and D). Slug protein expression inhibited by
HOXAT11-AS silencing was recovered by Slug overexpres-
sion in the Huh7 and Hep3B cells, demonstrating that Slug
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overexpression reversed the inhibitory effects mediated by
HOXAT11-AS silencing (Fig. 6A and B). Moreover, the upregu-
lation of Slug reversed the inhibitory effects of HOXA11-AS
downregulation on the proliferation of HCC cells (Fig. 6C).
Similarly, Slug overexpression reversed the suppressive effects
on cell invasion induced by HOXA11-AS silencing (Fig. 6D).
Furthermore, the downregulation of HOXA11-AS promoted
E-cadherin mRNA and protein expression, but suppressed
N-cadherin and vimentin mRNA and protein expression in

the HCC cells; these effects were reversed by Slug overex-
pression (Fig. 6E-H). Overall, HOXA11-AS promoted HCC
cell proliferation, invasion and EMT by upregulating Slug
expression.

Discussion

Previous studies have identified that IncRNAs play funda-
mental roles as promoters or suppressors of the cell cycle,
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infiltration, differentiation and metabolism in various types
of cancer, including HCC (20-22). For example, UCAL1 has
been shown to function as a promoter to enhance HCC
cell migration and G1/S transition by improving CDK6
expression (23). Huang et al found that SNHG1 was highly
expressed in HCC tissues and cells, which served as an

oncogene in HCC progression (24). miRNAs have also
been confirmed to be involved in various cellular biological
behaviors, such as cell proliferation, differentiation and
death in HCC (25,26). For instance, miR-212 has been shown
to be expressed at low levels in HCC and to exert inhibi-
tory effects on tumor angiogenesis, migration and invasion
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by inactivating Wnt/b-Catenin signaling (27). Wang et al
suggested that miR-383 functions as a suppressor of HCC
cell growth (28).

In the present study, HOXA11-AS was found to be
significantly increased HCC in tissues and cells. Moreover,
HOXAT11-AS has been confirmed to function as a ceRNA to
participate in tumor progression by interacting with specific
miRNAs (29,30). For instance, HOXA11-AS upregulation
has been shown to regulate cell growth via targeting miR-761
in papillary thyroid cancer (31). HOXA11-AS has been
demonstrated to play a promoting role in the progression of
oral squamous cell carcinoma by sponging miR-98-5p (32).
Furthermore, HOXA11-AS has been proven to function as a
sponge for miR-125a-5p to upregulate PADI2 expression and
further promote colorectal cancer cell metastasis (33). In addi-
tion, Zhan et al demonstrated that sufficiency of HOXA11-AS
accelerated cell growth and EMT by suppressing miR-214-3p
in HCC (34).

StarBase predicted that miR-506-3p contained the poten-
tial binding sites of HOXA11-AS. The results indicated that

miR-506-3p was a target of HOXAI11-AS and negatively
regulated by HOXA11-AS. miR-506-3p has been identified to
play tumor suppressive role in several human cancers, such
as ovarian cancer and retinoblastoma (35,36). For example,
miR-506-3p has been demonstrated to suppress tumor
progression in prostate cancer and pancreatic cancer (37,38).
Furthermore, miR-506-3p has been shown to be down-
regulated in non-small lung cancer tissues and cells, and the
overexpression of miR-506-3p suppresses cell growth, migra-
tion and invasion (39). Consistent with these previous studies,
in the present study, miR-506-3p was found to be significantly
decreased in HCC tissues and cells. Moreover, HOXA11-AS
exerted promoting effects on cell growth, invasion and EMT
via sponging miR-506-3p in HCC.

Slug (Snai2), a member of the Snail family (transcription
factor of C2H2-type zinc finger), is a transcription factor
involved in the process of EMT. Accumulating evidence has
indicated that Slug is related to cell invasion and metastasis in
various types of tumor (40). For example, SNHGI1S5 regulates
Slug expression to enhance colon cancer progression (41).
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Figure 6. Slug abrogates the inhibitory effect on HCC progression induced

by HOXAT11-AS silencing. Huh7 and Hep3B cells were transfected with

si-HOXAI11-AS + Slug, si-HOXA11-AS, si-HOXA11-AS + control, or si-NC. (A and B) Slug protein expression in (A) Huh7 and (B) Hep3B cells at 24 h
post-transfection. GAPDH was used as an internal reference. The (C) proliferative and (D) invasive ability of transfected Huh7 and Hep3B cells were measured
by CCK-8 and Transwell assays, respectively. (E-H) mRNA and protein expression of the EMT markers E-cadherin, N-cadherin and vimentin in transfected
Huh7 (E and G) and Hep3B (F and H) cells was examined by RT-qPCR and western blot analysis. GAPDH was used as an internal reference. "P<0.05.

Moreover, a high expression of Slug has been observed in
HCC, which plays a promoting role in HCC progression (42).
In the present research, the results revealed that Slug was
a target gene of miR-506-3p. HOXA11-AS could sponge
miR-506-3p to regulate the expression of Slug in HCC cells.
Furthermore, Slug overexpression blocked the inhibitory
effects of HOXA11-AS downregulation on cell growth,
invasion and EMT.

In conclusion, the present study demonstrated that
HOXAT11-AS functioned as an oncogene to promote HCC
progression and EMT by elevating Slug expression via
targeting miR-506-3p. Furthermore, the regulatory mecha-
nisms of the HOXA11-AS/miR-506-3p/Slug axis in HCC

development were elucidated, providing promising biomarkers
for the diagnosis and therapy of HCC.
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