Li et al. Cell Death and Disease (2020)11:685
https://doi.org/10.1038/541419-020-02840-z

Cell Death & Disease

ARTICLE Open Access

LncRNA SNAI3-AS1 promotes PEG10-mediated
proliferation and metastasis via decoying of miR-
27a-3p and miR-34a-5p in hepatocellular
carcinoma

Yarui Li', Dan Guo', Guifang Lu', Abu Taiub Mohammed Mohiuddin Chowdhury', Dan Zhang', Mudan Ren’,
Yifei Chen', Ruhua Wang' and Shuixiang He'

Abstract

During recent years, long noncoding RNAs (IncRNAs) have received focal attention due to their important function in cancer
regulation. Though the relation between IncRNA SNAI3-AST and the development of hepatocellular carcinoma (HCC) has
been described in our previous study, the role and the exact mechanism of SNAI3-AST are still unclear. In this study, gRT-PCR
analysis revealed that the expression of SNAI3-AST was elevated and was correlated with the levels of PEG10 in HCC tissues.
Through functional experiments, we determined that knockdown of SNAI3-AS1 and PEG10 inhibited the proliferation and
metastasis, whereas overexpression of SNAI3-AST and PEG10 promoted the proliferation and metastasis of HCC cells. In
addition, rescue experiments confirmed that upregulation of PEG10 partially restored cell function inhibition induced by
SNAI3-AST knockdown. Therefore, we hypothesized that PEG10 may be regulated by SNAI3-AST, which in turn mediates the
malignant biological processes of HCC cells regulated by PEG10. Further bioinformatics analysis and mechanistic experiments
showed that SNAI3-AST functions as a competing endogenous RNA (ceRNA) to activate PEG10 by acting as a sponge for
miR-27-3p and miR-34a-5p. In summary, our study revealed that SNAI3-AST is a tumor regulator of PEG10 in the progression
of HCC, and may contribute to the improvement of HCC diagnosis and therapy.

Introduction

Hepatocellular carcinoma (HCC) is the principal cause
of mortality among cirrhotic patients and the third cause
of cancer-related death worldwide”. Liver cancer is
divided into cholangiocarcinoma, HCC, and mixed HCC
according to different cell origin, and among them, HCC
is the most common type. The character of fast growth
and unobvious symptoms in the early stage takes the main
charge for the unfavorable diagnosis and prognosis of
HCC. Hepatocarcinogenesis is often described as a com-
plex step involving multiple genes and genetic alterations
that ultimately lead to malignant transformation of
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hepatocytes® . Despite significant advances in diagnosis
and management, the molecular biology of HCC remains
poorly understood. Therefore, looking for crucial tumor-
related molecular and identifying the underlying
mechanisms in HCC are urgently needed for molecular
diagnostics and targeted therapies.

Long noncoding RNAs (IncRNAs) are a type of tran-
scribed RNA molecules and with length of more than 200
nucleotides, which play a crucial role in cancer progres-
sion®’. LncRNAs are responsible for a number of biolo-
gical processes that involve the process of tumorigenesis
and metastasis by the epigenetic, transcriptional, and
post-transcriptional mechanisms®”. The competing
endogenous RNA (ceRNA) is the mostly recognized
working mechanism of IncRNAs. CeRNA theory hypo-
thesizes that RNA transcriptions include IncRNA
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communication through a new “language” mediated by
microRNA response elements (MREs)'’. Several IncRNAs
had been identified to take part in the pathogenesis of
HCC as oncogenes or tumor-suppressor genes through
competitive binding to miRNA'"'%, For example, our
previous study demonstrated that IncRNA SNHG5 func-
tions as an oncogene and promotes cell growth and
metastasis by binding miR-26a-5p'®. Although multiple
IncRNAs have been identified as a regulator in HCC
pathogenesis, the relationship between the majority of
IncRNAs and HCC is yet to be explored.

SNAI3-AS1 has been identified as an IncRNA that
located within the amplified 16q24 locus. Our previous
study detected that SNAI3-AS1 might act as a tumor
oncogene in HCC'. In order to further explore the
molecular mechanism of SNAI3-AS1 in HCC, we
screened SNAI3-AS1-related ceRNA molecules. Pater-
nally expressed gene 10 (PEG10), first identified as an
imprinted gene, was a potential biomarker in the pro-
gressive development of HCC'®. Simultaneously, bioin-
formatics analysis showed that PEG10 was the target gene
of miRNAs. In the current study, we focused on the
association of the IncRNA SNAI3-AS1 and PEGI0 in
HCC tumorigenesis. Besides, the role of SNAI3-AS1 and
PEG10 in HCC disease progression and outcome was
supported by the clinical, pathological, and expression
data that were obtained from the HCC patients. These
findings have exposed a novel regulatory mechanism of
SNAI3-AS1 in HCC.

Materials and methods
Patients and tissue samples

Forty-six cases of HCC tissues and matched para-tumor
tissues (3—5 cm distal to the edge of tumor) used in this
study were collected under the permission of primary
HCC patients during tumorectomy in the First Affiliated
Hospital of Xi'an Jiaotong University. Hospital ethical
committee approval and informed written consents were
obtained in all cases. The diagnosis was confirmed by
histopathology. The prognostic analysis data were
obtained from the KM plotter (http://kmplot.com/
analysis/index.php?p=background) database.

Cell culture

The human HCC cell lines and the immortalized
hepatic cells (Human) LO2 were obtained from the Chi-
nese Academy of Sciences Cell Bank (Shanghai, China).
The cells were cultured in the Dulbecco’s modified Eagle’s
medium (DMEM)/high glucose (Hyclone, USA) in a
humidified incubator at 37 °C temperature and 5% CO,
concentration. Ten percent FBS (fetal bovine serum;
Gibco, USA) and penicillin—streptomycin (100 U/mL and
100 pg/mL, respectively) were added in the DMEM/high-
glucose medium prior to culture.
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Plasmids and cell transfection

The siRNA (small-interfering RNA) against SNAI3-AS1
and PEG10, SNAI3-AS1 and PEGI10-overexpression plas-
mids and the SNAI3-AS1-knockdown plasmids (SNAI3-
AS1 shRNA with a corresponding negative control SARNA—
NC shRNA) were designed by GenePharma (Shanghai,
China). MiR-27a-3p mimics, miR-34a-5p mimics, NC mimic,
miR-27a-3p inhibitor, miR-34a-5p inhibitor, and NC inhi-
bitor were purchased from RiboBio (Guangzhou, China).
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) was
used for cell transfection by the manufacturer’s protocol. For
a stable cell transfection, the transfected cells were selected
by 5 pg/mL puromycin-containing medium. The puromycin-
resistant cell clones were established after 2 weeks. Quanti-
tative real-time PCR (qRT-PCR) analysis was applied to
detect gene expression level to value the silenced or over-
expression efficiency.

RNA isolation and qRT-PCR
Trizol reagent (Invitrogen, Carlsbad, CA, USA) was
used to extract the total RNA from the cultured cells and
the collected HCC tissues. The qRT-PCR was carried out
as previously described'®. The relative expression of genes
was calculated using the 274" method.
Primers sequences for PCR were as follows:
SNAI3-AS1—F 5-GCGTTATGTCGTTTGGTTGATG-3
SNAI3-AS1—R 5-TGGCAGGAATGAGGTGAGC-3’
B-actin—F 5-ATCGTGCGTGACATTAAGGAGAAG-3'
B-actin—R 5’AGGAAGGAAGGCTGGAAGAGTG-3’
PEG10—F 5-GGACCTGGATTGGAACGAG-3'
PEG10—R 5-GAGCAGACAGCGACTTGG-3'.

Cell-proliferation assays

The MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenylte-
trazolium bromide) assay was executed as previously
reported"®. For EdU incorporation assay, HCC cells were
seeded in 96-well plates (2x10%) supplemented with
complete growth medium and followed by different
transfection 24 h later, and then the procedure was carried
out according to the manufacturer’s protocol with EdU
detection kits (Keygen, Nanjing, China). Triplicate
experiments were performed for each assay.

Cell migration and invasion assays
Transwell assay

After cell transfection, 5 x 10* cells in serum-free medium
were seeded on uncoated (for migration assays) and
Matrigel-coated (for invasion assays; BD Bioscience, USA)
upper chambers (Merck Millipore), respectively. Culture
medium containing 10% FBS was supplemented into the
lower wells and incubated for further 24 h, followed by
wiping off the noninvaded or nonmigrated cells. Then the
filters were fixed in 90% ethanol for 10 min and stained by
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crystal violet for 15 min. Five random fields were counted per
chamber by using an inverted microscope (Leica, Germany).

Wound-healing assay

After transfection, the HCC cells were cultured for 24 h
to achieve 90% cell density in six-well plates. A 10-pl
sterile tip was used to scratch the culture plate and the
floating cells were washed off. The wound size was mea-
sured and photographed at 0, 24, and 48 h.

Western blot analysis

The total protein from the cultured HCC cells and the
tissue samples was isolated by RIPA (Beyotime, Haimen
China). Proteases and phosphatases were added to RIPA to
prevent protein degradation. BCA detection Kit (Keygen,
Nanjing, China) was used for qualification according to the
manufacturer’s protocol. Protein samples were loaded for
electrophoresis (5% gel for concentration and 10% for
separation). Following electrophoresis, the proteins were
transferred on a PVDF membrane (Merck Millipore) and
were blocked by 5% nonfat milk for 1h. Then the PVDF
membrane was incubated overnight at 4°C with the pri-
mary antibodies (PEG10; Abcam) at 1:1000 dilution. The
next day, the membrane was incubated with secondary
antibodies (a dilution rate of 1:5000; Zhuangzhi Biology,
China) for 1h at room temperature. The protein bands
were evaluated by ECL immunoblotting kit following the
manufacturer’s protocol (Millipore, USA).

Luciferase reporter assay

Cells were placed in 96-well plates and cultured to
60—80% confluence before transfection. Wild and mutant
reporter plasmids of SNAI3-AS1 (wt-SNAI3-AS1-luc,
mut-SNAI3-AS1-luc) and PEG10 (wt-PEG10-luc, mut-
PEG10-luc), which contain a miR-27a-5p or miR-34a-3p
binding sites, were individually synthesized by GeneChem
(GenePharma, Shanghai, China). The synthesized reporter
plasmids were co-transfected with miR-27a-5p or miR-
34a-3p mimics/inhibitor or mimic control/inhibitor con-
trol, respectively. Lipofectamine 2000 reagent (Invitrogen,
Carlsbad, CA) was used for transfection. The alteration of
the luciferase activity was devaluated in each group by
Dual Luciferase Assay Kit according to the manufacturer’s
protocol. Renilla luciferase activity was used as a control.

In vivo nude mouse models

Four-week aged nude mice (male) were purchased from
the “Animal Care and Use Committee of Dalian Medical
University Ltd”. All the mice were kept under sterile
specific-pathogen-free (SPF) environment. 1 x 10° cells with
stable knockdown of SNAI3-AS1 and with the corre-
sponding negative control were injected subcutaneously or
intravenously for the determination of tumor growth and
metastasis. The subcutaneous formatted tumor nodes
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(32 days) and the lungs from the metastatic group (60 days)
were harvested for further detection. The study was carried
out according to the Guide line for the “Care and Use of
Laboratory Animals of the National Institutes of Health”
and was approved by the Medical Ethics Committee of the
Experimental Animal Center of Xi'an Jiaotong University.

Statistical analysis

SPSS 23.0 (IBM, SPSS, Chicago, IL, USA) and GraphPad
Prism V7.0 (GraphPad Software, CA, USA) were used to
analyze the results. One-way ANOVA or Student’s ¢-test
was done to evaluate the difference between the groups.
The Kaplan—Meier test was used to assess survival curves.
The log-rank test was used to determine the statistical
differences between survival curves. Correlation between
two groups was analyzed using Pearson’s correlation
coefficient analysis. A two-tailed P <0.05 was considered
as statistically significant, and P < 0.01 was very significant.

Results
SNAI3-AS1 and PEG10 was upregulated in HCC tissues and
correlated with poor prognosis in HCC patients

We examined SNAI3-AS1 and PEG10 expression by qRT-
PCR in 46 pairs of HCC and matched adjacent normal tis-
sues. According to the qRT-PCR results, SNAI3-AS1 and
PEG10 were overexpressed in HCC tissues compared with
matched adjacent normal tissues (Fig. 1a, b). The data ana-
lysis has revealed a positive relationship between the
expression of SNAI3-AS1 and PEG10 in HCC tissues (Fig.
1c). Further, SNAI3-AS1 and PEG10 were also found to be
upregulated in HCC cell lines compared with immortalized,
normal human hepatic cell line LO2 (Fig. 1d, e). Besides,
western blotting verified that PEG10 protein was upregulated
in HCC cell lines (Fig. 1f). To analyze the relationship of
SNAI3-AS1 and PEGI10 expression about HCC patient’s
prognosis, the Kaplan—Meier and log-rank analyses (http://
kmplot.com/analysis/) were used to predict the overall sur-
vival (OS) of HCC patients. The results showed that patients
with higher SNAI3-AS1 and PEGI10 expression had shorter
OS than patients with low levels of SNAI3-AS1 and PEG10
(Fig. 1g, h). These data indicated that overexpressed SNAI3-
AS1 and PEG10 were associated with the development and
progression of HCC.

SNAI3-AS1 and PEG10 regulate cell proliferation,
migration, and invasion of HCC cells

To verify the effects of SNAI3-AS1 and PEG10 on the
biological function of HCC cells in vitro, the siRNAs were
synthesized for knocking down the expression of SNAI3-
AS1 and PEGI10 (Fig. 2a), and SNAI3-AS1- and PEG10-
overexpression plasmids were used for upregulation in
HepG2 and MHCC-97H cell lines (Fig. 2b). We investi-
gated the role of SNAI3-AS1 and PEG10 in proliferation
using MTT and Edu assays. The MTT assay showed that
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Fig. 1 High SNAI3-AS1 and PEG10 expression predicts poor HCC patients’survival. QRT-PCR analysis of SNAI3-AS1 (a) and PEG10 (b) expression
in 46 patients with HCC and matched adjacent normal tissues. **P < 0.01. ¢ The positive relationship between SNAI3-AST and PEG10 in HCC tissues.
QRT-PCR analysis of SNAI3-AST (d) and PEG10 (e) expression in HCC cell lines and the immortalized human hepatic cell line LO2, *P < 0.05; **P < 0.01.
f Western blot analysis of PEG10 expression in HCC cell lines and LO2. g, h Survival plots (Kaplan-Meier) based on SNAI3-AST and PEG10 expression
levels in HCC patients. The median level of gene expression is used as the cutoff.
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inhibition of SNAI3-AS1 and PEGI10 reduced cell pro-
liferation, while the overexpression of SNAI3-AS1 and
PEG10 promoted cell proliferation (Fig. 2¢, d). The result
of the Edu assay (Fig. 2e) showed similar results with
respect to proliferation; in addition, the overexpression
plasmid of PEG10 can partially restore the inhibitory
effect of siRNA-SNAI3-AS1 on the proliferation of HCC
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cells. These data suggested that SNAI3-AS1 and PEG10
promote the proliferation of HCC cells.

SNAI3-AS1 and PEG10 regulate cell migration and invasion
ability of HCC cells

The cell migration and the invasion ability of the HCC
cells were evaluated by Transwell and wound-healing
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assays. The results showed that overexpression of
PEG10 significantly promoted the migration and invasion
abilities of HCC cells, while the opposite phenomena were
observed when SNAI3-AS1 was knocked down (Fig. 3a,
¢). The wound-healing assay was used to assess the effect
of SNAI3-AS1 and PEGI10 on tumor cell mobility. After
24h of migration, inhibition of SNAI3-AS1 suppressed
cell migration, and upregulation of PEG10 promoted cell
migration (Fig. 3b, d). Moreover, the ability of migration
and invasion regulated by siRNA-SNAI3-AS1 could be
partially rescued by PEG10 upregulation. These data
suggested that SNAI3-AS1 and PEGI10 are able to pro-
mote the migration and invasion of HCC cells.

SNAI3-AS1 promotes HCC cell proliferation and migration
in vivo

We investigated the in vivo activity of SNAI3-AS1 in
nude mice. To confirm whether SNAI3-AS1 affects
tumorigenesis, HepG2 cells stably transfected with
SNAI3-S1-shRNA and NC were subcutaneously injected
into male nude mice. After 4 weeks, we found that
SNAI3-S1-shRNA dramatically inhibited tumor growth
compared with the NC group (Fig. 4a), and tumor weight
(Fig. 4b) and volume (Fig. 4c) were dramatically decreased
in the SNAI3-S1-shRNA group. In addition, an immu-
nostaining analysis of xenografted tumor tissues revealed
that SNAI3-S1 inhibition dramatically reduced Ki-67
expression, while it increased PEG10 expression com-
pared with the NC group (Fig. 4d). Next, we evaluated the
effects of SNAI3-S1 on HCC tumor metastasis using the
pulmonary nude mouse model. Hematoxylin and eosin
staining of lung sections and statistics showed that
SNAI3-S1 knockdown reduced the number and size of
visible lung metastases (Fig. 4e, f). These results demon-
strated that SNAI3-AS1 promotes HCC cell proliferation
and migration in vivo.

SNAI3-AS1 regulated PEG10 expression through the ceRNA
sponging of miR-27a-3p and miR-34a-5p

To further investigate the mechanism underlying the
role of SNAI3-AS1 and PEG10 in HCC tumorigenesis, we
used two database, starbase V3.0 (ref. ®) and TargetS-
can'” for biological information prediction, and found
that both SNAI3-AS1 and PEG10 are potential targets of
miR-27a-3p and miR-34a-5p (Fig. 5a). Next, the dual-
luciferase reporter assay was used to test whether SNAI3-
AS1 and PEGI10 are targets of miRNAs. The luciferase
assays showed that the luciferase activity was reduced in
HEK293T cells that were co-transfected with miR-27a-3p
or miR-34a-5p and SNAI3-AS1-WT or PEG10-WT;
in addition, the luciferase activity was increased in
HEK293T cells when co-transfected with miR-27a-3p
inhibitor or miR-34a-5p inhibitor and SNAI3-AS1-WT or
PEG10-WT. However, mutating these putative binding
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sites of miR-27a-3p and miR-34a-5p (SNAI3-AS1-Mut or
PEG10-Mut) resulted in compete abrogation of the above
effects (Fig. 5b). These results confirmed that miR-27a-3p
and miR-34a-5p target SNAI3-AS1 and PEGI10. Further-
more, western blot analysis showed that the upregulation
of miR-27a-3p and miR-34a-5p in HepG2 and MHCC-
97H cells triggered a significant decrease in PEG10 pro-
tein expression, while downregulation of miR-27a-3p and
miR-34a-5p increased PEG10 expression in HCC cells
(Fig. 5¢). As a rescue experiment, inhibition of miR-27a-
3p and miR-34a-5p expression in SNAI3-AS1-knockdown
cells reversed the decrease in PEG10 expression (Fig. 5d).
Taken together, we provided evidence that SNAI3-AS1
acts as an endogenous “sponge” by binding miR-27a-3p
and miR-34a-5p and thus abolishing miRNA-induced
repression of PEG10.

SNAI3-AS1 promotes HCC cell proliferation and metastasis
through miR-27a-3p and miR-34a-5p

Since we have demonstrated that SNAI3-AS1 pro-
moted HCC progression, and directly binds to miR-27a-
3p and miR-34a-5p, we next investigated the regulation
of HCC cell growth and metastasis by rescue experi-
ments. MTT assay was used to determine SNAI3-AS1-
siRNA HCC cell growth in response to miR-27a-3p and
miR-34a-5p inhibitor transfection. The results showed
that cell proliferation of HepG2 and MHCC-97H cells
was promoted with miR-27a-3p and miR-34a-5p inhi-
bition; however, the inhibitory effect of SNAI3-AS1-
siRNA on HCC cell growth could be partially restored by
miR-27a-3p and miR-34a-5p inhibition (Fig. 6a). Con-
sistent with the MTT assay results, the EQU (Fig. 6b) and
Transwell assays (Fig. 6¢, d) indicated that the inhibitory
effect of SNAI3-AS1-siRNA on HCC cell growth,
migration, and invasion could be partially restored by
miR-27a-3p and miR-34a-5p inhibition. Overall, these
results suggested that the function of SNAI3-ASI is
partially dependent on miR-27a-3p and miR-34a-5p in
HCC cells (Fig. 7).

Discussion

In recent years, the discovery of a large number of
noncoding RNA transcripts in the human genome has
dramatically changed our understanding of complex dis-
eases, including cancer biology. The dysregulation of
IncRNA in the tumor reflects the extent of disease pro-
gression to some extent and maybe an independent risk
factor for predicting the prognosis of patients'® ", For
example, HULC, the first discovered IncRNA, was speci-
fically highly expressed in liver cancer tissues*'. At the
same time, studies have shown that HULC is over-
expressed in colon cancer liver metastases and can be
detected in blood, which can be used as a molecular
marker for predicting liver metastasis of colon cancer®>*,
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ability of migration and invasion regulated by siRNA-SNAI3-AS1 could be partially rescued by PEG10 upregulation. *P < 0.05; **P < 0.01. Scale bars:
20 pm.

Other than this,

ment and progression.

a number of IncRNAs,
HOTAIR*, NEATT1 (ref. >°), and MALATT1 (ref. *°), have
been described to be involved in HCC disease develop-

such as

In the current study, we confirmed the marked upre-
gulation of the PEG10 and IncRNA SNAI3-AS1 in the
HCC. Of note, we believe that the gene expression

obtained from the fresh primary tumor samples without
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any prior HCC therapy increases the value of our work. In
addition, our data clearly indicate that the prognosis and
progression of HCC patients can be predicted by the
expression level of these two genes. These findings are
similar to other studies that the upregulation of IncRNAs
was correlated with a poor HCC prognosis.

LncRNAs unleash their functions in a wide variety of
mechanisms such as scafolding nuclear and cytoplasmic
complexes, co-transcriptional regulations, gene expres-
sion modulation, etc.””. Among these, one factor related
to IncRNAs that has received considerable attention is
the ceRNA hypothesis, which demonstrated that some
IncRNAs can serve as miRNA “sponges” by sharing
common MREs, thus achieving regulation of down-
stream target genes”® >’. These interactions influence
post-transcriptional regulation by inhibiting available
miRNA activity. For example, IncRNA LINC02418 can

Official journal of the Cell Death Differentiation Association

serve a value in the diagnosis of colorectal cancer by
regulating MELK expression and acting as a ceRNA®".
LncRNA HOTAIR functions as a miR-34a-5p sponge,
sequestering this miRNA and thereby down regulating
genes linked to apoptosis through the Notch signaling
pathway®?. In this study, we speculated that SNAI3-AS1
functions as a ceRNA by sponging miRNAs. To fully
uncover the molecular mechanism, we investigated the
effect of SNAI3-AS1 and PEG10 in hepatocarcinogen-
esis. Bioinformatics prediction combined with experi-
mental analysis indicated the interaction between
SNAI3-AS1/PEG10 and miR-27a-3p/miR-34a-5p. The
luciferase assay was used to confirm that miR-27a-3p/
miR-34a-5p target both SNAI3-AS1 and PEG10. Finally,
our studies indicated that SNAI3-AS1 acted as a com-
peting endogenous RNA for miR-27a-3p and miR-34a-
5p, thus increasing the expression of PEG10.
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Fig. 5 SNAI3-AS1 regulated PEG10 expression through the ceRNA sponging of miR-27a-3p and miR-34a-5p. a The binding sites between
SNAI3-AS1 or PEG10 and miR-27a-3p or miR-34a-5p, data from starbase V3.0 and TargetScan. b Luciferase reporter assay was applied to verify the
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has-miR-27a-3p binding sequence SNAI3-AS1 (511-517 bp)

SNAI3-AS13'UTRWT 5'-agggccatcccgaaACTGTGALt - 3!

LT

3'- ttcacagtgg CTTAAGTtccget - 5'

11
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In conclusion, using a combination of human-derived
data and in vivo/vitro approaches, our study revealed
the molecular axis comprising SNAI3-AS1 and PEG10
as a key player in HCC progression. We hope that the
future studies will validate SNAI3-AS1 as a predictive
biomarker in HCC progression and development.
Meanwhile, the present study first demonstrated that
SNAI3-AS1 could decoy two miRNAs (miR-27a-3p and
miR-34a-5p) to facilitate PEG10-mediated proliferation
and metastasis via a ceRNA network. This provides a
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novel insight into the mechanisms of hepatocarcino-
genesis and a better understanding for possibly potential
mechanisms of pathogenesis and molecular therapeutic
strategy for HCC.
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Fig. 7 Schematic representations of pathways modulated by
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HCC progression via a ceRNA pattern by sponging miR-27a-3p and
miR-34a-5p, which activate PEG10.
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