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Abstract

Background/Aims: Previous studies have demonstrated that long non-coding RNAs (IncRNAs)
may play critical roles in cancer biology, including Hepatocellular carcinoma (HCC). The
HOXA cluster antisense RNA2 (HOXA-AS2) IncRNA plays an important role in carcinogenesis,
however, the underlying role of HOXA-AS2 in HCC remains unknown. The present study
examined the effects of HOXA-AS2 on the progression of HCC, and explored the underlying
molecular mechanisms. Methods: Quantitative real-time PCR was used to detect HOXA-AS2
expression in HCC tissues and cell lines. Furthermore, the effects of HOXA-AS2 silencing
and overexpression on cell proliferation, cell cycle, apoptosis, migration, and invasion were
assessed in HCC in vitro and in vivo. Furthermore, bioinformatics online programs predicted
and luciferase reporter assay were used to validate the association of HOXA-AS2 and miR-
520c-3p in HCC cells. Results: We observed that HOXA-AS2 was up-regulated in HCC tissues
and cell lines. In vitro experiments revealed that HOXA-AS2 knockdown significantly inhibited
HCC cells proliferation by causing G1 arrest and promoting apoptosis, whereas HOXA-AS?2
overexpression promoted cell growth. Further functional assays indicated that HOXA-AS2
significantly promoted HCC cell migration and invasion by promoting EMT. Bioinformatics
online programs predicted that HOXA-AS2 sponge miR-520c-3p at 3'-UTR with complementary
binding sites, which was validated using luciferase reporter assay. HOXA-AS2 could negatively
regulate the expression of miR-520c-3p in HCC cells. MiR-520c-3p was down-regulated and
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inversely correlated with HOXA-AS2 expression in HCC tissues. miR-520c-3p suppressed cell
proliferation, invasion and migration in HCC cells, and enforced expression of miR-520c-3p
attenuated the oncogenic effects of HOXA-AS2 in HCC cells. By bioinformatic analysis and
dual-luciferase reporter assay, we found that miR-223-3p directly targeted the 3'-untranslated
region (UTR) of Glypican-3 (GPC3), one of the key players in HCC. GPC3 was up-regulated
in HCC tissues, and was negatively correlated with miR-520c-3p expression and positively
correlated with HOXA-AS2 expression. Conclusion: In summary, our results suggested that
the HOXA-AS2/miR-520c-3p/GPC3 axis may play an important role in the regulation of PTC

progression, which could serve as a biomarker and therapeutic target for HCC.

© 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is one of the most malignant tumors, with a low 5-year
survival rate [1, 2]. Hepatic resection remains a potentially curative treatment for HCC, but
the prognosis for HCC has not significantly improved [3]. Tumour metastasis is one of the
major causes of the high mortality [4]. Although great progress has been achieved in the
study of the HCC in recent decades, the molecular mechanism underlying HCC metastasis still
remains elusive. Thus, there is an urgent need to develop new strategies to HCC treatment.

Long noncoding RNA (IncRNA) is a type of noncoding RNA greater than 200 nucleotides
inlength [5, 6]. Recent studies showed thatIncRNA can actas oncogenes or tumor suppressors
in malignant tumors, suggesting that the aberrant expression of IncRNAs is associated with
tumorigenesis of many types of cancers [7,8]. Abnormal IncRNA expressionand itsassociation
with various important clinicopathological parameters have been reported in HCC [9, 10].
Recently, increasing evidence has shown that HOXA cluster antisense RNA 2 (HOXA-AS2),
a lincRNA located between and antisense to the human HOXA3 and HOXA4 genes, promote
several tumorigenic features including survival, proliferation and invasion [11]. However,
the roles of IncRNA HOXA-AS2 on HCC progression and the related mechanisms are still
unclear. In this study, we explored the role of HOXA-AS2 in the regulation of proliferation,
migration and invasion of HCC.

Many studies have shown that IncRNAs can serve as a competing endogenous RNAs
(ceRNAs) to regulate microRNAs (miRNAs) [12, 13]. CeRNAs play a post-transcriptional
regulatory role in miRNA distribution on their targets. miRNAs are a class of 21-25
nucleotide small non-coding RNA with no protein-coding potential. miRNAs have crucial
roles in the regulation of gene expression through binding to the 3’-UTR of the target genes
[14]. Recent studies have also demonstrated that the dysregulation of miRNAs is involved
in a wide range of human cancers, including HCC. More and more studies had found that
miR-520c-3p influences the biological progression of various cancer cells [15]. Recent study
has demonstrated that miR-520c-3p negatively regulates epithelial-mesenchymal transition
(EMT) by targeting IL-8 to suppress the invasion and migration of breast cancer [16]. In
addition, miR-520c-3p could target the 3’-UTR of S100A4 and inhibits its expression and its
mediated migration and invasion of colorectal cancer [17].

The present study aimed to explore the ceRNA mechanism of HOXA-AS2 though miR-
520c-3p and revealed the functional relevance of miR-520c-3p and HOXA-AS2 in HCC. In this
study, we found that upregulation of HOXA-AS2 in HCC tissues and cells were associated with
tumor progression, and HOXA-AS2 could function as a ceRNA to regulate the expression of
Glypican-3 (GPC3) by competing for miR-520c-3p binding.
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Materials and Methods

Human tissue specimens

A total of 58 samples of HCC tissues and paired adjacent noncancerous liver tissues were obtained from
patients who underwent surgery at Department of Hepatobiliary Surgery, the Third Affiliated Hospital, Sun
Yat-Sen University between 2010 and 2016. All the patients were pathologically confirmed and the tissues
were collected immediately after they were obtained during the surgical operation, and then stored at -80°C
to prevent RNA loss. No systemic or local treatment had been received before operation. Both nontumor
and tumor tissues were histologically confirmed. Informed consent was obtained from each patient and was
approved by the Institute Research Ethics Committee at Sun Yat-Sen University.

Cell culture

HCC cell lines MHCC97L, Huh7, HepG2, HCCLM3, SMMC-7721, MHCC97H and normal liver cell lines
HL-7702 were from the tumor cell bank of Chinese Academy of Sciences. All the cell lines were grown in
Dulbecco’s modified eagle medium supplemented with 10% fetal bovine serum, 100 Ag/AL streptomycin,
and 100 Ag/AL penicillin (pH 7.2-7.4) in a humidified incubator containing 5% CO, at 37 °C.

RNA extraction and qRT-PCR assays

Total RNA was extracted from tissues or cultured cells using TRIZOL reagent (Invitrogen). For qRT-
PCR, RNA was reverse transcribed to cDNA by using a Reverse Transcription Kit (Takara, Dalian, China).
Real-time PCR analyses were performed with SYBR Premix Ex Taq (Takara, Dalian China). Results were
normalized to the expression of GAPDH. The sequence of the primers were as following: HOXA-AS2
(Forward: 5’-CCCGTAGGAAGAACCGATGA-3’, Reverse: 5-TTTAGGCCTTCGCAGACAGC-3) and GAPDH
(Forward: 5-GGGAGCCAAAAGGGTCAT-3’, Reverse: 5’-GAGTCCTTCCACGATACCAA-3’). The qRT-PCR assays
were conducted on an ABI 7500, and data collected with this instrument. Our qRT-PCR results were analyzed
and expressed relative to threshold cycle (CT) values, and then converted to fold changes.

Transfection

To perform effective lentivirus-mediated suppression of HOXA-AS2 in HCC cells, the following HOXA-
AS2 shRNA and scrambled control shRNA were inserted into the pLVX-tdTomato-Puro vector (Biowit,
Shenzhen, China): HOXA-AS2 shRNA#1 forward, 5’- GAGUUCAGCUCAAGUUGAACAUACA-3’ and reverse, 5’-
UGUAUGUUCAACUUGAGCUGAACUC-3’; shRNA#2 forward, 5'- AAACCUUGUAGAUAGCUUGAGCUGG-3’ and
reverse,5’-CCAGCUCAAGCUAUCUACAAGGUUU-3’; shRNA#3 forward, 5'- CAAGCUUGACAAGUUCAGCUCAA-3’
and reverse, 5’- UUGAGCUGAACUCUUGUCAAGCUUG-3’; The full-length complementary DNA of HOXA-AS2
was synthesized by Realgene (Nanjing, China) and subcloned into the pcDNA3.1 (+) vector (Invitrogen)
according to the manufacturer’s instructions. At 48 h post-transfection, cells were harvested for qRT-PCR
analysis.

CCK-8 cell viability assay

After transfection, the cells mixed with 10 ml of CCK-8 solutions per well and incubated for further
1 h at 37 °C. The amount of formazan dye generated by cellular dehydrogenase activity was measured for
absorbance at 450nm by a microplate reader (Molecular Devices, Sunnyvale, CA, USA). The optical density
values of each well represented the survival/proliferation of HCC cells.

Colony formation assays
For the colony formation assay, 500 cells were placed in six-well plates and maintained in complete
medium for 2 weeks. Colonies were fixed with methanol, stained with 0.1% crystal violet and counted.

Cell migration andinvasion assays

A total of 5x10* transfected cells were resuspended in 200 pl of serum-free medium and placed in the
upper compartment of a Transwell chamber (Corning; 24-well insert, pore size: 8 um). The lower chamber
was filled with 15% foetal bovine serum as a chemoattractant and incubated for 48 h for the migration assay
and 72 h for the invasion assay. For the invasion assay, the inserts were previously coated with extracellular
matrix gel (BD Biosciences, Sparks, MD, USA). At the end of the experiments, the cells on the upper surface
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of the membrane were removed, and the cells on the lower surface were fixed and stained with 0.1% crystal
violet. Five visual fields of each insert were randomly chosen and counted under a light microscope.

Western blotting

Total protein was extracted from cells using RIPA lysis buffer (Beyotime, Jiangsu, China). Samples of
cell lysate protein were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
and transferred onto polyvinylidene fluoride (PVDF) membranes. After blocking with 5% non-fat milk in
TBS-T, proteins were then labelled with anti-E-cadherin, anti-N-cadherin, anti-vimentin (1:1000; Abcam
Inc,, Cambridge, MA, USA) and anti-GAPDH (Cell Signaling Technology, Beverly, MA, USA) primary and
secondary antibodies and detected with Image Acquisition using Image Quant™ LAS 4000 (GE Healthcare
Life Sciences, Michigan, USA).

Animal experiments

The purchase of 4 week old female BALB/c nude mice was made from the Shanghai Experimental
Animal Center of Chinese Academy of Sciences (Shanghai, China). All of the experimental procedures were
carried out, subsequent to the approval received from the Animal Care and Experiment Committee of Third
Affiliated Hospital, Sun Yat-Sen University. The HCCLM3 cells were steadily transfected with HOXA-AS2
shRNA as well as negative control (GenePharma), in addition to subcutaneous injection into the posterior
flank of BALB/C nude mice (six mice in a group). Weekly measurements of tumour developments were taken.
Moreover, 5 weeks following the injection, the mice were euthanized and tumour weights were detected.

Luciferase reporter assays

StarBase v2.0 (http://starbase.sysu.edu.cn/) was used to predict the binding sites between LncRNA-
HOXA-AS2 and miR-520c-3p. The luciferase reporter assays were carried out with the help of the Dual-
luciferase Reporter Assay System (Promega, Madison, W1, USA). The wide-type HOXA-AS2 or mutant HOXA-
AS2 that had the predicted.

miR-520c-3p binding site was established and integrated into a pmir-GLO Dual-luciferase vector to
form the pmirGLO-HOXA-AS2-wild type (HOXA-AS2-wt) or pmirGLO- HOXA-AS2-mutant (HOXA-AS2-mut)
reporter vector. Cotransfection of HOXA-AS2-wt or HOXA-AS2-mut was carried out with miR-520c-3p
mimics or negative control into HCC cells with the use of Lipofectamine 2000. Subsequent to transfection
for a period of 48 hours, the luciferase activities were measured in accordance with the guidelines of the
manufacturer. In the same manner, pmirGLO-GPC3-wild type (GPC3-wt) or pmirGLO-GPC3-mutant (GPC3-
mut) were constructed, together with cotransfecting with miR-520c-3p mimics or negative control into
HEK293T cells. 48 hours following the transfection, the relative luciferase activities were detected.

Immunohistochemistry

For each patient sample, three paraffin sections of 5 um were prepared, one for hematoxylin and eosin
(HE) staining and the other two for immunohistochemical staining. PBS instead of primary antibodies was
used for negative control, and the breast cancer tissue was used for positive control. Sections were dewaxed
using xylene, followed by hydration with ethanol solutions and addition of EDTA for antigen retrieval. Later,
sections were blocked with normal goat serum for 30 min to eliminate non-specific binding. Sections were
incubated with primary antibody against GPC3 (Abcam, Cambridge, UK). Sections were then incubated
with biotin-labeled secondary antibodies for 30 min at room temperature, followed by staining with
diaminobenzidine (DAB). Finally, the sections were counterstained with hematoxylin. The result of staining
was determined by two doctors who did not know the clinical condition of patients. The proportions of
positive cells of 0, 1-5, 6-25,26-75, and 76-100 % were assigned with scores of 0, 1, 2, 3, and 4, respectively.
Scores of 0-2 were considered as negative expression, and scores of 3-4 were considered as positive
expression.

Statistical analysis

The presentation of the data has been made as the mean + SD from atleast three sovereign experiments.
Statistical analyses were carried out with the use of SPSS 18.0 software (SPSS, Chicago, IL, USA), together
with generating the graphs using GraphPad Prism 6.0 (GraphPad Prism, San Diego, CA, USA). The
relationship between HOXA-AS2 expression and clinical characteristics of HCC patients was evaluated with
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the application of the chi-squared test. Analyses were carried out for the dissimilarities between groups
through the application of Student’s t test, one-way ANOVA analysis and Pearson’s correlation analysis. P <
0.05 was considered statistically significant.

Results

LncRNA-HOXA-AS2 was up-regulated in human HCC tissues and cell lines

Firstly, we analyzed the expression levels of HOXA-AS2 in 58 paired human primary HCC
tissues and their corresponding nontumourous liver tissues by qRT-PCR analysis, and found
that HOXA-AS2 expression levels were upregulated in tumor tissues compared with normal
tissues (**P < 0.01; Fig. 1A). Next, we found that high expression of HOXA-AS2 was corrected
with distant metastasis (**P < 0.01; Fig. 1B). In addition, the relationships between HOXA-
AS2 expression and clinical characteristics in 58 patients with HCC were analyzed, and we
found that expression was significantly associated with distant metastasis (P= 0.025) and
TNM stage (P= 0.020) but not related to gender and age (Table 1). These results suggested
that HOXA-AS2 might be an oncogene in HCC.

To investigate whether the expression of HOXA-AS2 was altered in HCC, we measured
the expression of HOXA-AS2 in a panel of HCC cell lines by qRT-PCR. Our results showed
that HOXA-AS2 was increased in all of the 6 analysed HCC cell lines compared with the
normal liver cell lines HL-7702. Furthermore, HCCLM3 and MHCC97H cells (high metastatic
potential) showed the higher expression of HOXA-AS2, in relation to Huh7 and SMMC7721
cells (low metastatic potential) (P < 0.01; Fig. 1C).

To analyze the role of HOXA-AS2 in HCC, HCCLM3 and MHCC97H cells were stably
transfected with HOXA-AS2 shRNAs (respectively sh HOXA-AS2 #1, shHOXA-AS2 #2, or
shHOXA-AS2 #3) or empty vectors (sh-NC). We detected HOXA-AS2 expression at 48h post-
transfection by qRT-PCR analysis to analyze knockdown efficiency and revealed that shHOXA-
AS2 #2 had higher efficiency of interference than shHOXA-AS2 #1 and #3 group (Fig. 1D),
so we chose shHOXA-AS2 #2 subsequently for the following experiments. Meanwhile, we
induced ectopic overexpression of HOXA-AS2 by transfecting Huh7 cell lines with pcDNA-
HOXA-AS2 expression vector (Fig. 1E).

HOXA-AS2 promotes HCC cell proliferation in vitro

CCK8 assays showed that silencing of HOXA-AS2 expression significantly inhibited cell
proliferation of HCCLM3 and MHCC97H cells compared with the respective controls (Fig.
1F-G). Whereas, stimulated HOXA-
AS2  expression promoted Huh7
cell growth (Fig. 1H). Furthermore,
colony-formation assays also
indicated that clonogenic survival

Table 1. Correlation between HOXA-AS2 expression and
clinicopathologic characteristics of HCC patients

HOXA-AS2  expression

was significantly decreased following =~ Charcteristics Low High
silencing of HOXA-AS2 in HCCLM3 (0=20) (n=38)
and MHCC97H cells, but markedly Age,y
increased in Huh7 cells after =31 12 24 0.642
overexpression of HOXA-AS2 (P <  Semder
0.05, Fig. 11). Female 11 22 0. 820
Next, flow cytometric analysis  >"™A*"
220 11 20 0.235

was performed further to evaluate
whether HOXA-AS2 could impact

Tumor size

. >50 9 18 0.235
proliferation of HCC cells by altering ;NMc:age
cell-cycle progression or apoptosis. . s ;s 0.020
Compared with control cells, ] .
Distant metastasis
knockdown of HOXA-AS2 caused ‘
Yes 6 26 0.025

cell cycle arrest in GO/G1 phase 48
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Fig. 1. A: qRT-PCR showing expression level of HOXA-AS2 in HCC tissues and adjacent noncancerous tissues;
B: qRT-PCR showing expression level of HOXA-AS2 in metastasis tissues; C: qRT-PCR showing expression
level of HOXA-AS2 in HCC cell lines; D: HOXA-AS2 shRNAs was used to enhance efficiency of HOXA-AS2
knockdown in HCCLM3 and MHCC97H cells; E: ectopic overexpression of HOXA-AS2 by transfecting Huh7
cell lines with pcDNA-HOXA-AS2 expression vector; F: CCK8 assay showing knockdown of HOXA-AS2
inhibited cell proliferation of HCCLM3 cells; G: CCK8 assay showing knockdown of HOXA-AS2 inhibited
cell proliferation of MHCC97H cells; H: CCK8 assay showing overexpression of HOXA-AS2 promoted cell
proliferation of Huh7 cells; I: Colony-formation assays showed that silencing of HOXA-AS2 significantly
inhibited the colony-forming ability of HCCLM3 and MHCC97H cells, and overexpression of HOXA-AS2
significantly promoted the colony-forming ability of Huh7 cells; All tests were at least performed three
times. Data were expressed as mean * SD. **P<0.01.

hrs after transfection in HCCLM3 and MHCC97H cells (P < 0.01, Fig. 2A-B). Overexpression
of HOXA-AS2 increased the S-phase percentage and decreased GO/G1 phase percentage of
Huh7 cells (P < 0.01, Fig. 2C). In addition, the pro-apoptotic indexes of HOXA-AS2-silenced
HCCLM3 and MHCC97H cells were obviously increased (P < 0.01, Fig. 2D-E). As expected, the
cell apoptosis was markedly decreased in Huh7 cells by pcDNA 3.1-HOXA-AS2 (P < 0.01, Fig.
2F).

HOXA-AS2 promotes migration of HCC cell lines in vitro

The transwell assay showed that the migratory and invasive capacities of HCCLM3 and
MHCC97H cells dramatically decreased after deregulation of HOXA-AS2 (P < 0.01, Fig. 3A-
B). Furthermore, the transwell assay showed that overexpression of HOXA-AS2 treatment
significantly promoted the migration capacity of Huh7 cells compared to NC (P < 0.01, Fig.
3(C) suggesting that HOXA-AS2 could promote motility and migration of HCC cells. Because
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Fig. 2. A: The flow cytometry assay showed that HCCLM3 cells transfected with shHOXA-AS2 #2 had cell-
cycle arrest at the G1-GO phase in comparison with control cells; B: The flow cytometry assay showed that
MHCC97H cells transfected with shHOXA-AS2 #2 had cell-cycle arrest at the G1-GO phase in comparison
with control cells; C: The flow cytometry assay showed that Huh7 cells transfected with pcDNA 3.1-HOXA-
AS2 had cell-cycle arrest at the S phase in comparison with control cells; D: The flow cytometry assay
showed that HCCLM3 cells transfected with shHOXA-AS2 #2 had higher apoptotic rate in comparison with
control cells; E: The flow cytometry assay showed that MHCC97H cells transfected with shHOXA-AS2 #2 had
higher apoptotic rate in comparison with control cells; F: The flow cytometry assay showed that Huh7 cells
transfected with pcDNA 3.1-HOXA-AS2 had lower apoptotic rate in comparison with control cells; All tests
were at least performed three times. Data were expressed as mean * SD. *P<0.05, **P<0.01.

EMT is vital for cell invasion, we next examined whether silencing HOXA-AS2 expression
inhibited mesenchymal features. As expected, HOXA-AS2 knockdown decreased the
expression of Vimentin and N-cadherin, and increased E-cadherin expression in HCCLM3 and
MHCC97H cells (Fig. 3 D-E). Overexpression of HOXA-AS2 treatment significantly decreased
the expression of E-cadherin, and increased Vimentin and N-cadherin expression in Huh7
cells (Fig. 3F). Therefore, inhibition of HOXA-AS2 in HCC cells changed the cell morphology
from a mesenchymal to a more epithelial phenotype.

HOXA-AS2 promotes HCC cell proliferation in vivo

To further validate the function of HOXA-AS2, we injected HCCLM3 cells transfected
with either empty vector or shHOXA-AS2 #2 into male nude mice. Compared with the vector
control, deregulation of HOXA-AS2 significantly reduced tumor growth (P < 0.01, Fig. 4A-B).
After 20 days of growth, the average tumor weight in sh-HOXA-AS2 group was significantly
lower than that in the control group (P < 0.01, Fig. 4C). The average expression level of HOXA-
AS2 in sh-HOXA-AS2 group was lower than that in empty group (P < 0.01, Fig. 4D). Moreover,
the suppression of Ki-67 expression of tumor tissue in the sh-HOXA-AS2 group was also
observed via immunohistochemical staining (P < 0.01, Fig. 4E-F).

HOXA-AS2 inhibited miR-520c-3p expression in HCC

To investigate the effect of HOXA-AS2 on the expression of miRNAs, HCCLM3 and
MHCC97H cells were transfected with either empty vector or shHOXA-AS2 #2 for 48 hrs.
Hierarchical clustering of differentially expressed miRNAs is shown in Fig. 5A. Then, we
applied the online software starBase v2.0. to predict the miRNAs that interacted with HOXA-
AS2. Bioinformatics analysis of miRNA recognition sequences on HOXA-AS2 revealed the
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was detected by qRT-PCR. E,
IHC analysis were performed to
examine the expression levels
of Ki-67 in tumours of nude
mice. F Knockdown of HOXA-
AS2 significantly decreased the
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Fig. 5. A: HCCLM3 and MHCC97H cells were transfected with shHOXA-AS2 #2 for 48 hrs. Hierarchical
clustering revealed systematic variations in the expression of miRNAs. Numerous differentially expressed
miRNAs between control and shHOXA-AS2 #2 transfected U2HCC cells are shown on a scale from green (low)
to red (high); B: StarBase v2.0 results showing the sequence of HOXA-AS2 with highly conserved putative
miR-520c¢-3p binding sites; C: Expression levels of miR-520c-3p in different HCC cell lines were determined
by qRT-PCR; D: Silencing of HOXA-AS2 increased the expression level of miR-520c-3p in HCCLM3 and
MHCC97H cells; E: miR-520c-3p inhibited the expression of HOXA-AS2 in HCCLM3 and MHCC97H cells; F:
The wild-type or mutant miR-520c-3p-binding sites in HOXA-AS2 were inserted into pMIR-report luciferase
vector. Luciferase activity was detected in HCC cells co-transfected with miR-520c-3p or negative control
(miR-control) and reporter plasmids containing WT-HOXA-AS2 (wild type) or MUT-HOXA-AS2 (mutant
type). The normalized luciferase activity in the miR-control group was used as the relative luciferase activity.
All tests were at least performed three times. Data were expressed as mean #* SD. *P<0.05, **P<0.01.

presence of miR-520c-3p binding sites (Fig. 5B). Next, we measured the levels of miR-520c-
3p expression in various HCC cell lines. As shown in Fig. 5C, the expression of miR-520c-3p
was obviously decreased in HCCLM3 and MHCC97H cells, indicating the opposite result to
HOXA-AS2 expression.
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promoted cell invasion of invasion of Huh7 cells; All tests were at least performed three times. Data were
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To explore the regulatory relationship between HOXA-AS2 and miR-520c-3p, HCCLM3
and MHCC97H cells were transfected with either empty vector or shHOXA-AS2 #2, and qRT-
PCRwas used to detect the expression level of miR-520c-3p. The results showed that silencing
of HOXA-AS2 increased the expression level of miR-520c-3p in HCCLM3 and MHCC97H cells
(P < 0.01, Fig. 5D). Meanwhile, miR-520c-3p mimics also inhibited the expression of HOXA-
AS2 in HCCLM3 and MHCC97H cells (P < 0.01, Fig. 5E).
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For further confirmation, we used the luciferase assay to detect the direct binding
between HOXA-AS2 and miR-520c¢-3p. We cloned the wild type sequence of HOXA-AS2 or its
mutant sequence into the pMIR luciferase reporter, and co-transfected the reporter plasmid
(or the corresponding mutant reporter) and miR-520c-3p mimics (or negative control)
into HCCLM3 and MHCC97H cells, respectively. The results showed that miR-520c-3p
overexpression considerably reduced the luciferase activity of the HOXA-AS2-wt luciferase
reporter vector compared with negative control, while miR-520c-3p overexpression did not
pose any impact on the luciferase activity of HOXA-AS2-mt-transfected cells (P < 0.01, Fig.
5F). All these data demonstrated that HOXA-AS2 associated with the miR-520c-3p and may
function as a ceRNA.

miR-520c-3p inhibits HCC cell proliferation and invasion by targeting GPC3

Then, we detected the levels of miR-520c-3p in 58 pairs of HCC tissues together with
adjacent non-tumour tissues by the qRT-PCR assay. It was revealed by our findings that miR-
520c-3p expression was considerably downregulated in HCC tissues, in comparison with the
adjacent non-tumour tissuess (P<0.01; Fig. 6A), and miR-520c-3p expression was inversely
correlated with HOXA-AS2 expression in HCC tissues (R=-0.175, P=0.003, Fig. 6B). In addition,
the relationships between miR-520c-3p expression and clinical characteristics of HCC
patients were analyzed, and we found that lower miR-520c-3p expression was significantly
associated with distant metastasis (P = 0.0012) and TNM stage (P < 0.0001), which has a
negative relationship with HOXA-AS2. To validate whether miR-520c-3p could also inhibit
HCC cell proliferation and invasion, we used the mimic treatment to force the expression of
miR-520c-3p in HCCLM3 and MHCC97H cells, whereas knockdown the miR-520c-3p level
by treatment with miR-520c-3p inhibitor in Huh7 cells (P<0.01; Fig. 6C-E). Functionally,
the results of the CCK8 and transwell assays revealed that miR-520c-3p overexpression
markedly inhibits HCCLM3 and MHCC97H cell growth and invasion, which is consistent
with the results of HOXA-AS2 expression knockdown, whereas miR-520c-3p knockdown by
specific inhibitor promotes cell proliferation and invasion in Huh7 cells (P<0.01; Fig. 6F-K).

To identify potential target genes of miR-520c-3p, we searched for candidate genes
using TargetScan6.2 and miRBase miRNA databases. Bioinformatics analysis showed
that miR-520c-3p directly targets GPC3 (Fig. 7A). To confirm the predictions, a wild type
or mutant GPC3 3’ UTR luciferase reporter vector was conducted. GPC3-wt or GPC3-mut
was cotransfected with miR-520c-3p mimics or negative control into HEK293T cells. The
relative luciferase activity was remarkably reduced in cells co-transfected with the GPC3-
wt luciferase reporter and miR-520c-3p mimic than in the negative control cells. However,
inhibitory effects were abolished when 3'-UTRs that contained both mutant-binding sites
were co-transfected with miR-520c-3p, confirming that GPC3 is a target of miR-520c-3p
(P<0.01; Fig. 7B).

Furthermore, qRT-PCR analysis revealed that transfection of miR-520c-3p mimics
in HCCLM3 and MHCC97H cells led to a considerably reduction of GPC3 expression at
mRNA levels (P<0.01; Fig. 7C). Then, the qRT-PCR was performed to detect the expression
of GPC3 mRNA in 58 paired HCC tissues and corresponding nonneoplastic liver tissues.
GPC3 expression was significantly higher in HCC tissues compared with the adjacent non-
tumoral liver tissue (P<0.01; Fig. 7D). The immunohistochemistry results showed that GPC3
expression in HCC specimens was significantly upregulated compare with that in the adjacent
non-tumoral liver tissue (41/58 VS. 18/58, P<0.0001; Fig. 7E). Thereafter, the Pearson’s
correlation analysis indicated that miR-520c-3p expression level had inverse correlation
with the expression of GPC3 mRNA in HCC tissues. These evidences demonstrated that GPC3
was a direct target of miR-520c¢-3p in HCC.
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Fig. 7. GPC3 is a direct target of miR-520c-3p in HCC. A: Bioinformatics analysis revealed the predicted
binding sites between GPC3 and miR-520c-3p. B: Luciferase reporter assay demonstrated miR-520c-
3p mimics significantly decreased the luciferase activity of GPC3-wt in HEK293T cells. C: miR-520c-3p
overexpression in HCCLM3 and MHCCO97H cells decreased the mRNA expression of GPC3 compared to
negative control. D: GPC3 expression was significantly upregulated in HCC tissues compared with adjacent
normal tissues by qRT-PCR analysis; E: IHC analysis were performed to examine the expression levels of
GPC3 in HCC tissues and adjacent normal tissues; **P<0.01.

HOXA-AS2 controls the miR-520c-3p target, GPC3

HOXA-AS2 directly binds miR-520c-3p and inhibits its activity, and miR-520c-3p targets
GPC3. We therefore speculated whether HOXA-AS2 controls GPC3 expression in a miR-520c-
3p-dependent manner. Expectedly, forced expression of HOXA-AS2 significantly upregulated
endogenous GPC3 mRNA expression in Huh7 cells. Furthermore, forced expression of miR-
520c-3p abrogates HOXA-AS2-inducing upregulation of GPC3 (P<0.01; Fig. 8A). Inversely,
knockdown of HOXA-AS2 decreases GPC3 expression level in HCCLM3 and MHCC97H
cells. For the rescue experiment, we inhibited miR-520c-3p by the inhibitor in HOXA-AS2-
downregulated HCC cells (P<0.01; Fig. 8B-C).

To further verify whether this observed effect depends on the role miR-520c-3p
in regulating of the GPC3, 3'UTR, luciferase activity was assayed after cotransfection of
luciferase plasmid (GPC3-3’'UTR) with HOXA-AS2. Overexpression of HOXA-AS2, but not the
mutant, increases the relative luciferase activity, whereas forced expression of miR-520c-3p
abolishes this increase (P<0.01; Fig. 8D). HOXA-AS2 level is positively associated with GPC3
mRNA level. These results suggest that HOXA-AS2 positively regulates GPC3 expression by
competitively binding miR-520c-3p.
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It is becoming evident

Fig. 8. HOXA-AS2 positively regulates GPC3 expression through
modulating miR-520c-3p in HCC; A: The qRT-PCR analysis was
performed to examine the mRNA expression levels of GPC3 in
Huh7 cells transfected with pcDNA-HOXA-AS2 in the presence of
miR-520c-3p mimics or negative control; B: The qRT-PCR analysis
was performed to examine the mRNA expression levels of GPC3 in
HCCLM3 cells transfected with shHOXA-AS2 #2 in the presence of
miR-520c-3p inhibitors or negative control; C: The qRT-PCR analysis
was performed to examine the mRNA expression levels of GPC3 in
MHCC97H cells transfected with shHOXA-AS2 #2 in the presence
of miR-520c-3p inhibitors or negative control; D: GPC3-3’UTR and
pcDNA-HOXA-AS2 were co-transfected into HEK293T cells with
miR-520c-3p mimics or with a control vector to verify the ceRNA
activity of HOXA-AS2. All tests were at least performed three times.

that IncRNAs have been
demonstrated to play an
important in various human
pathophysiologic processes, especially carcinogenesis [18-20]. A number of recent papers
have revealed that HCC has also been shown to have differential IncRNA expressions [21, 22].
HOXA-AS2 was first identified in all-trans retinoic acid-treated NB4 promyelocytic leukemia
cells, and the functional role of HOXA-AS2 was demonstrated in various types of cancers [23,
24]. Lian et al. demonstrated that IncRNA-HOXA-AS2/EZH2/LSD1 complex may function as
an oncogene in pancreatic cancer cell proliferation, and also provides a potential therapy
target for pancreatic cancer [25]. Gao et al. found that HOXA-AS2 knockdown inhibited
malignant glioma behaviors and VM formation via the miR-373/EGFR axis [26]. However,
the expression and biological function of HOXA-AS2 in HCC are poorly understood. HOXA-
AS2 was found to be up-regulated in the HCC tissues and HOXA-AS2 was associated with poor
prognosis in HCC patients. In agreement with previous studies, we demonstrated that HOXA-
AS2 was significantly upregulated in the HCC tissues compared with the normal liver tissues.
In addition, increased expression of the HOXA-AS2 is associated with distant metastasis
and advanced TNM stage. in vitro functional assays showed that knockdown of HOXA-AS2
significantly inhibited cell proliferation, invasion and migration, while overexpression of
HOXA-AS2 promoted cell proliferation, invasion and migration in HCC cell lines. In addition,
HOXA-AS2 knockdown promoted significant arrest in the GO/G1-phase and resulted in an
obvious increase of apoptosis in HCC cell line, whereas overexpression has the opposite

Data were expressed as mean * SD. *P<0.05; **P<0.01.
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results, suggesting that HOXA-AS2 may play an oncogenic role in HCC. Several oncogenic
cues have been suggested could increase HCC cell growth and stemness through promoting
EMT process [27]. Our results showed that HOXA-AS2 impairs cell invasion and metastasis
through the regulation of EMT process. HOXA-AS2 can certainly increase the expression
level of vimentin and N-cadherin, and inhibit E-Cadherin expression.

LncRNAs are potentially implicated in determining cancer development through binding
with miRNAs that have a wide range of targets [26]. So we performed a microarray to screen
the HOXA-AS2-regulated miRNAs in HCC. Bioinformatics analysis and luciferase assays were
also used to validate the direct binding ability of the predicted miRNA response elements
on the full-length HOXA-AS2 transcript. We identified miR-520c-3p as a potential target of
HOXA-AS2. An observation for the existence of an inverse correlation between HOXA-AS2
and miR-520c-3p expressions in HCC tissues was made. More importantly, the gain and
loss function assay indicated that HOXA-AS2 can suppress the expression of miR-520c-3p,
and this interaction has a reciprocal effect. We also found that miR-520c-3p was a tumor
suppressor gene in HCC by suppressing cell proliferation and invasion, which was consistent
with results of knockdown of HOXA-AS2 expression in HCC cells.

In the present study, GPC3 was predicted as a downstream target of miR-520c-3p, which
was confirmed by luciferase reporter assay. We found that GPC3 was up-regulated in HCC
tissues and the mRNA expression level of HPC3 was negatively correlated with miR-520c-
3p expression, but positively correlated with HOXA-AS2 expression in HCC tissues. The
luciferase assay confirmed the existence of specific crosstalk between HOXA-AS2 and GPC3
mRNA through competition for miR-520c-3p binding.

Conclusion

In conclusion, our study identified HOXA-AS2 as an oncogene that performed a pivotal
function in cell proliferation and metastasis of HCC. Furthermore, HOXA-AS2 could positively
regulate GPC3 expression through modulation of miR-520c-3p in HCC cells. The HOXA-AS2/
miR-520c-3p/GPC3 regulatory network may shed light on tumorigenesis in HCC and may
contribute to the development of new efficient therapeutic approaches for HCC.
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