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Abstract: Although abnormal expression of the long non-coding RNA (IncRNA) MEG3 has been reported in multiple
cancer types, the role of MEG3 in the pathobiology of hepatocellular carcinoma (HCC) remains unknown. This study
evaluated the expression of IncRNA MEG3 and a microRNA (miRNA-10a-5p) implicated in HCC metastasis in cancer
and carcinoma adjacent tissues of HCC samples (n=30 each) via in situ hybridization and quantitative RT-PCR. The
effects of overexpressing either MEG3 alone, or MEG3 in combination with miRNA-10a-5p, on the proliferation,
apoptosis, cell cycle progression, migration, and invasion of HepG2 cells were evaluated using functional assays.
Dual luciferase reporter assays and western blotting were employed to delineate the mechanisms of MEG3 and
miRNA-10a-5p regulation of key oncogenes and tumor suppressors in HCC cells. Compared to carcinoma-adja-
cent regions, MEG3 expression was downregulated in cancer regions of HCC samples; by contrast, miRNA-10a-5p
was overexpressed in cancer regions compared to tumor-adjacent areas. Furthermore, overexpression of MEG3
(a) decreased proliferation, migration, and invasion of HepG2 cells; (b) enhanced apoptosis and the proportion of
HepG2 cells in G1 of the cell cycle; (c) increased the expression of phosphatase and tensin homolog (PTEN), Bcl2-
associated X (Bax), and p53 proteins; and (d) decreased the expression of miRNA-10a-5p, AKT, p-AKT, Bcl-2, and the
matrix metalloproteinases (MMPs)-2 and -9. Furthermore, miRNA-10a-5p bound the 3-untranslated region of PTEN
mRNA and downregulated PTEN protein expression. Taken together, these data suggest that MEG3 regulates the
PTEN/AKT/MMP-2/MMP-9 signaling axis and contributes to HCC development by targeting miRNA-10a-5p.
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Introduction transcriptional “noise” of the genome [2].

Recent studies have indicated that even though

Cancer is the second largest cause of human
mortality, with only cardiovascular disease
claiming more lives. Globally, liver cancer is one
of the five most common malignancies, affect-
ing about 900,000 people. Hepatocellular car-
cinoma (HCC), which leads to the death of
700,000 people. is the third leading cause of
cancer-related deaths worldwide [1]. HCC is dif-
ficult to diagnose at an early stage, and this
challenge is the main cause of the high mortal-
ity from this disease. Long non-coding RNAs
(IncRNAs) are a class of transcribed RNAs that
are longer than 200 nucleotides, lack a clear
open reading frame, do not encode a protein,
and were therefore initially considered to be

IncRNAs do not encode proteins, these mole-
cules are involved in many intracellular signal-
ing processes, including chromatin modifica-
tion and transcriptional activation and interfer-
ence, and may also be involved in the develop-
ment of a variety of diseases, including cancer
[4-12]. Thus, IncRNAs have become a hot topic
in cancer research. MicroRNAs (miRNAs), on
the other hand, are non-coding RNAs that are
generally 20-24 nucleotides long and regulate
gene expression by binding to the 3’-untrans-
lated regions of specific mMRNA targets to either
inhibit the translation of the mRNAs or promote
their degradation [13]. Studies have shown that
miRNA mutations or ectopic expression are
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associated with a variety of human cancers.
Furthermore, miRNAs can function as tumor
suppressors or oncogenes and thus play an
important role in the development of cancer
[14].

In this study, we first evaluated the expression
of IncRNA MEG3 and miRNA-10a-5p in clinical
samples from HCC patients and examined the
relationship between IncRNA MEG3 and miR-
NA-10a-5p expression. Next, we explored the
molecular mechanism by which IncRNA MEG3
expression affects proliferation, migration, and
invasion of the HCC-derived cell line HepG2.

Materials and methods
Materials

The HepG2 HCC cell line was purchased from
American Type Culture Collection (ATCC). High-
glucose Dulbecco’s Modified Eagle Medium
(DMEM), fetal bovine serum (FBS), TRIzol, and
Lipofectamine TM 2000 transfection reagent
were purchased from GIBCO Antibiotic-Antimy-
cotic (100x) solution was purchased from
Invitrogen, and the qRT-PCR kit was purchased
from Takara. Thiazolyl blue (MTT), dimethyl sulf-
oxide (DMSO), and crystal violet were pur-
chased from Sigma.

Clinical samples

Clinical samples used in this study were derived
from 30 HCC patients who were treated in The
Third Affiliated Hospital of Sun Yat-sen Uni-
versity Hospital between November 2015 and
December 2016. Formalin-fixed paraffin-em-
bedded samples were used for evaluating
IncRNA MEG3 and miRNA-10a-5p expression in
cancer and carcinoma-adjacent areas via in
situ hybridization (ISH) assay. Cancer and carci-
noma-adjacent tissue samples were separated
prior to freezing for reverse transcriptase (RT)-
PCR analysis of IncRNA MEG3 and miRNA-
10a-5p expression.

ISH assay

Tissue sections were dewaxed, permeabilized
with pepsin, and rinsed in a 37°C water bath for
30 min. The samples were then dehydrated in
an alcohol gradient. After pre-hybridization at
37°C for 2 h, the digoxigenin (DIG)-labeled
IncRNA MEG3 and miRNA-10a-5p probes were
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hybridized overnight in a constant-temperature
water bath at 42°C. Tissue sections were then
incubated with biotinylated mouse anti-DIG
antibody in a water bath at 37°C for 1 h, fol-
lowed by washing with 0.5 moll hosphate-buff-
ered saline (PBS). Chromogenic visualization of
probe-target hybrids was performed following
the addition of diaminobenzidine (DAB) color
solution via observation of the resulting color
under the microscope. Finally, sections were
counter-stained using hematoxylin, dehydrat-
ed, mounted, and imaged using a microscope.

Cell culture

HepG2 cells were cultured in high-glucose
DMEM (containing 10% FBS, 100 U/mL penicil-
lin, and 100 mg/L streptomycin) in a humidified
incubator at 37°C and 5% CO,,. Culture medium
was replaced with fresh medium every 1-2 d,
when the cell cultures became 80-90% con-
fluent.

Cell treatments and groups

The IncRNA MEG3 sequence was synthesized
(add supplier) and cloned into the pcDNA3.1
vector. The empty pcDNA3.1 vector was utilized
as the control. The HepG2 cells were divided
into four groups: NC group (untransfected cells);
BL group (transfected with empty pcDNA3.1
vector DNA); IncRNA group (transfected with
plasmid for IncRNA MEG3 overexpression); and
IncRNA+miRNA group (transfected with plas-
mids for ectopic co-expression of INcRNA MEG3
and miRNA-10a-5p). Transfection was per-
formed using the Lipofectamine TM 2000 tr-
ansfection reagent according to the manufac-
turer’s instructions. Cells were transfected
24-48 h prior to being harvested for use in sub-
sequent analysis. RNA was extracted from cells
for evaluation of the expression levels of IncRNA
MEG3 and miRNA-10a-5p using quantitative
RT-PCR.

MTT assay

Cells from the NC, BL, IncRNA, and IncRNA+
miRNA groups were inoculated into 96-well
plates and cultured overnight at 37°C with 5%
CO, and saturated humidity. Thereafter, 20 pL
of 5 mg/mL MTT were added to each well, and
cells were incubated at 37°C for an additional 4
h. The culture medium in these wells was then
discarded, and 150 pL DMSO was added to
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each well. The plates were placed on a sample
oscillator for 10 min, and absorbance was mea-
sured at 490 nm.

Transwell invasion assay

Logarithmic growth phase cells from the NC,
BL, IncRNA, and IncRNA+miRNA groups were
trypisinized and resuspended in serum-free
medium at the same cell density. For each
experimental group, 100 uL of cell suspension
was seeded into the top compartment of the
Transwell chamber, and 600 yL of DMEM con-
taining 10% FBS was added into the bottom
compartment. Cells were incubated at 37°C for
24 h in an atmosphere containing 5% CO,. The
Transwell insert was then removed, and the
side of the insert facing the upper compart-
ment was carefully cleansed with a cotton swab
to remove culture medium and cells that had
not migrated through the insert. Cells that had
migrated through the filter pores to the under-
side of the insert were fixed for 20 min in 4%
poly methanol, stained with Giemsa, and then
photographed for quantitation of the number of
cells at high magnification.

Wound healing assay

Logarithmic growth phase cells from the NC,
BL, IncRNA, and IncRNA+miRNA groups were
trypsinized, pelleted by centrifugation, resus-
pended, and seeded at the same cell density
into the wells of 6-well plates. The plates were
incubated overnight at 37°C in an atmosphere
containing 5% CO,. Once the cells reached
80-90% confluency, a sterile tip of a 10 pL
pipette was used to gently scratch the cell
monolayer to create a “wound”. Care was taken
to ensure that the width of the scratch/wound
was nearly identical for all four experimental
groups. Cells were washed twice with PBS, and
the width of the wound was measured at O h at
low magnification in three different regions of
the wound. Wound widths were also measured
after culturing the cells for 24 h at 37°C, and
wound closure was quantified.

RT-PCR

To determine the expression levels of IncRNA
MEG3 and miRNA-10a-5p in cancer and carci-
noma-adjacent tissues from HCC patients, total
RNA was extracted using the TRIzol reagent.
Real-time PCR reactions were carried out in
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accordance with instructions provided by the
manufacturer of the fluorescence-based qRT-
PCR kit. The housekeeping gene, glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH),
was used as the endogenous reference gene
for the RT-PCR. The sequences of the primers
used for RT-PCR were as follows:

MEG3 F: 5-CTGCCCATCTACACCTCACG-3' and
R: 5-CTCTCCGCCGTCTGCGCTAGGGGCT-3’; mi-
RNA-10a-5p F: 5-CGCTACCCTGTAGATCCGAA-3’
and R: 5-GTGCAGGGTCCGAGGT-3’; and GAPDH
F: 5-AGCCACATCGCTCAGACAC-3' and R: 5'-
GCCCAATACGACCAAATCC-3'.

Western blot assay

Cells from the NC, BL, IncRNA, and IncRNA+
miRNA groups were lysed for 30 min on ice
using the RIPA lysis buffer (1 mL RIPA+10 uL
phenylmethylsulfonyl fluoride [PMSF]+10 uL
aprotinin). Total protein concentration in the
cell lysates was determined using the Bicin-
choninic Acid (BCA) assay, and 10 pg of total
protein was loaded into each lane. Proteins
were separated via 10% sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-
PAGE) before being transferred onto a polyvi-
nylidene fluoride (PVDF) membrane. Blocking
was performed for 1 h using 5% PBS-Tween
containing bovine serum albumin (BSA). The
membrane was then incubated with the prima-
ry antibody at 4°C overnight, followed by 3
washes using Tris-buffered saline (TBS)-Tween
(TBST). The membrane was then incubated
with the secondary antibody at room tempera-
ture on a shaker overnight. The next day, the
membrane was washed three times with TBST.
Proteins of interest were then detected using
the enhanced chemiluminescence (ECL) kit, fol-
lowed by autoradiography.

Dual luciferase reporter assay

In the dual luciferase reporter assay, the phos-
phatase and tensin homolog (PTEN)-luc plas-
mid contained the 3’-untranslated region of the
PTEN gene cloned downstream of the lucifer-
ase open reading frame. The plasmid for miR-
NA-10-5p overexpression was co-transfected
with  PTEN-luc into HepG2 cells using the
Lipofectamine TM 2000 transfection reagent
and controlled by Lipofectamine 2000 was
transfected into miRNA-10a-5p over expres-
sion and control of HepG2 cells and PTEN
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Figure 1. miR-10a-5p and MEG3 expression in clinical tissues. Photomicrographs showing the expression of (A)
IncRNA MEG3 and (B) miRNA-10a-5p in cancer and adjacent tissues by ISH. Quantitation of (C) IncRNA MEG3 and
(D) miRNA-10a-5p expression in cancer and adjacent tissues by RT-PCR. (E) The correlation between miRNA-10a-5p

and MEG3 in cancer tissues. ***: P<0.05. |0OD: integrated optical density.

silencing and control HepG2 cells, After 24 h,
cells were lysed, and the dual luciferase report-
er assay system was used to detect luciferase
activity.

Statistical analyses

Data are displayed as means + standard devia-
tion (SD). All statistical analyses were per-
formed using SPSS 17.0 statistical software
(SPSS, Chicago, IL, USA). The Student’s t-test
was used to evaluate the difference between
groups. A value of P<0.05 was considered sta-
tistically significant.

Results

Expression of IncRNA MEG3 is downregulated
in HCC

To gain insight into the potential role of INcCRNA
MEG3 in the pathobiology of HCC, we evaluated
the expression of IncRNA MEG3 in cancer and
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carcinoma-adjacent tissues of 30 HCC patients
via ISH. We also performed ISH for miRNA-
10a-5p in the same samples and examined the
relationship between the expression levels of
INcRNA MEG3 and miRNA-10a-5p. The expres-
sion of IncRNA MEG3 was significantly down-
regulated in cancer regions of HCC compared
to carcinoma-adjacent regions (Figure 1A). By
contrast, the expression of miRNA-10a-5p was
significantly higher in cancer tissues compared
to that in carcinoma-adjacent tissues (Figure
1B). We obtained concordant results for both
IncRNA MEG3 (Figure 1C) and miRNA-10a-5p
(Figure 1D) via RT-PCR. Furthermore, the ex-
pression of IncRNA MEG3 was negatively cor-
related with the expression of miRNA-10a-5p in
cancer regions of the HCC samples (Figure 1E).

Overexpression of IncRNA MEG3 decreases
proliferation of HepG2 cells

To better understand the effects of IncRNA
MEG3 expression on the proliferation of HCC

Am J Transl Res 2019;11(7):4089-4099
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Figure 2. Overexpression of IncRNA MEG3 decreases proliferation in HepG2
cells. A. Photomicrographs showing proliferation in HepG2 experimental groups.
B. Bar graphs depicting cell proliferation rate of the HepG2 experimental groups.
Bar graphs depict mean + SD of 3 times replicates. *: P<0.05.

cells, we transfected HepG2 cells either with an
empty vector (BL group) or with a IncRNA MEG3
overexpression construct (IncRNA group). We
also co-transfected HepG2 cells with con-
structs for IncRNA MEG3 and miRNA-10a-5p
overexpression (INCRNA+miRNA group), while a
fourth group of untransfected HepG2 cells
served as a control (NC group). Cell prolifera-
tion in the four groups was evaluated using the
MTT assay. The proliferation of the IncRNA
group was significantly reduced compared to
that of the NC group (P<0.05); however, there
were no significant differences in proliferation
among the NC, BL, and IncRNA+miRNA groups
(P>0.05; Figure 2).

Overexpression of IncRNA MEG3 enhances
apoptosis in HepG2 cells

To determine whether expression of IncRNA
MEG3 affects apoptosis of HCC cells, we
employed flow cytometry to quantify the pro-
portion of cells undergoing apoptosis. Indeed,
IncRNA MEG3 overexpression significantly in-
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IncRNA+miRNA

IncRNA IncRNA+miRNA

creased apoptosis in Hep-
G2 cells compared to the
proportion of apoptotic ce-
lls in the NC group (P<0.05;
Figure 3). Notably, there
were no significant differ-
ences in proportion of apo-
ptotic cells among the NC,
BL, and IncRNA+miRNA gr-
oups (P>0.05; Figure 3).

Overexpression of IncRNA
MEG3 increases the
proportion of cells in G1
phase of the cell cycle

Our data showing that over-
expression of IncRNA MEG3
reduces proliferation of He-
pG2 cells provided impetus
for us to evaluate the cell
cycle profiles in the four
experimental groups Vvia
two-color flow cytometry.
We observed that the pro-
portion of G1-phase cells in
the IncRNA group was sig-
nificantly higher than that
in the NC group (P<0.05;
Figure 4). We observed no
significant differences in the proportion of
Gl-phase cells among the NC, BL, and Inc-
RNA+miRNA groups (P>0.05; Figure 4).

HepG2 cells overexpressing IncRNA MEG3 ex-
hibit diminished cell migration and invasion

To gain a better understanding of the effects of
INcRNA expression on invasion and migration
of HEPG2 cells, we performed Transwell inva-
sion and wound healing assays, respectively.
The IncRNA MEG3-overexpressing cells had a
significantly diminished invasion capability
compared to the cells in the NC group (P<0.05;
Figure 5). Importantly, no significant differenc-
es in invasion were noted among the NC, BL,
and IncRNA+miRNA groups (P>0.05; Figure 5).
Interestingly, the rate of wound closure in Inc-
RNA MEG3-overexpressing cells was signifi-
cantly lower than that in untransfected cells in
the NC group (P<0.05), while no significant dif-
ferences in the wound healing rates (and thus,
the migration capacity) of cells in the NC, BL
and IncRNA+miRNA groups were detected
(Figure 6).

Am J Transl Res 2019;11(7):4089-4099
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Figure 3. Overexpression of INcRNA MEG3 increases apoptosis in HepG2 cells. The two-parameter (dual color fluo-
rescence) dot plots were obtained via flow cytometric analysis of cells from the indicated experimental groups. Bar
graphs depict mean * SD of 3 times replicates. ***: P<0.05.
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Figure 4. Overexpression of INcRNA MEG3 increases the proportion of HepG2 cells in G1 phase of the cell cycle.
Single parameter histograms depict the cell cycle profiles of cells from the indicated experimental groups. Bar
graphs depict mean + SD of 3 times replicates. *: P<0.05.
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Overexpression of IncRNA MEG3 results in de-
creased expression of miRNA-10a-5p

To determine whether IncRNA MEG3 overex-
pression has any impact on the expression of
miRNA-10a-5p and vice versa, we employed
quantitative RT-PCR to measure the expression
levels of these RNA molecules in our experi-
mental groups. Interestingly, overexpression of
INcRNA MEG3 resulted in a striking decrease in
the expression of MiRNA-10a-5p (Figure 7). Fur-
thermore, the expression levels of IncRNA
MEG3 and miRNA-10a-5p in the IncRNA group
were significantly different than levels in the NC
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Figure 6. Overexpression of In-
cRNA MEG3 decreases migration

—_ of HepG2 cells. Photomicrographs
showing results of wound healing
assay. Pictures were taken at O and
24 h after cell wounding. Bar graphs
depict mean + SD of 3 times repli-
cates. *: P<0.05.
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Figure 5. Overexpression of INcRNA MEG3
inhibits invasion of HepG2 cells. Photomi-
crographs showing results of Transwell
cell invasion assay for the indicated exper-
imental groups. Bar graphs depict mean +
SD of 3 times replicates. *: P<0.05.

IncRNA+miRNA group (P<0.05). In contrast,

no significant differences in
the expression levels of
INcRNA MEG3 and miRNA-
10a-5p were found among
the NC, BL, and IncRNA+
miRNA groups (P>0.05; Fi-
gure 7).

Overexpression of INcRNA
MEGS3 upregulates ex-
pression of PTEN, Bcl-2-
associated X (Bax), and
p53 proteins in HepG2
cells

Western blotting revealed

that the expression of PT-

EN, Bax, and p53 proteins

in the IncRNA group was
significantly higher than that in the NC group
(P<0.05); however, expression levels of AKT,
p-AKT, Bcl-2, matrix metalloproteinase (MMP)-
2, and MMP-9 proteins were significantly de-
creased in the IncRNA group compared to the
NC group (P<0.05; Figure 8). The relative expre-
ssion of these proteins were not significantly
differentamongthe NC, BL, and IncRNA+miRNA
groups (P>0.05; Figure 8).

miRNA-10a-5p downregulates expression of
PTEN

The 3’-untranslated region of PTEN was cloned
into the luciferase reporter vector downstream

Am J Transl Res 2019;11(7):4089-4099
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Figure 8. Overexpression of INcRNA MEG3 leads to an upregulation of PTEN, Bax, and p53 proteins and a downregu-
lation of AKT, p-AKT, Bcl-2, MMP-2, and MMP-9 proteins. A. Immunoblots show expression levels of the indicated
proteins. B. Bar graphs depict mean + SD of 3 times replicates. *: P<0.05.

of the luciferase gene. HepG2 cells transfected
with this reporter construct were co-transfect-
ed with miRNA-10a-5p mimics. The dual lucifer-
ase assay showed that miRNA-10a-5p expres-
sion significantly inhibited the activity of the
luciferase reporter construct, and this reduc-
tion in luciferase expression was abolished
when the reporter construct was co-transfect-
ed with a construct containing a mutated ver-
sion of the 3-untranslated region of PTEN
cloned downstream of the luciferase open
reading frame (Figure 9). These results suggest
that miRNA-10a-5p directly binds to the 3'-
untranslated region of PTEN and downregu-
lates PTEN protein expression.
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Discussion

With increasing information about IncRNAs,
more studies have indicated that tumor forma-
tion is dependent not only on the protein-cod-
ing genes but also to many IncRNA genes [15].
Although some IncRNAs have been found to
play a key role in the formation and develop-
ment of tumors, only a small proportion of
IncRNAs in our transcriptome have been stud-
ied at all, leaving many important issues to be
resolved. Here, we have examined the role of
IncRNA MEG3 in the development of HCC.

In the present study, the expression of IncRNA
MEG3 in HCC tissues was significantly lower

Am J Transl Res 2019;11(7):4089-4099
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than that in normal carcinoma-adjacent tis-
sues. In order to gain a better understanding of
how reduced expression of IncRNA MEG3 aff-
ects HCC carcinogenesis, we overexpressed
IncRNA MEG3 followed by in vitro functional
analysis. Our results demonstrate that overex-
pression of INcRNA MEG3 inhibits the prolifera-
tion, migration, and invasion of HCC cells. To-
gether, these findings suggest that IncRNA
MEG3 acts as a tumor suppressor gene in HCC
and that its absence or decreased expression
may drive the development of HCC. Therefore,
the IncRNA MEG3 plays a key role in the devel-
opment of liver cancer and may serve as a
potential therapeutic target for the treatment
of liver cancer, following further studies.

Over the past few years, many IncRNAs have
been discovered, and studies have indicated
that IncRNAs regulate gene expression and
many other biological processes in a variety of
ways [16-19]. Moreover, the expression of
these IncRNAs may provide proliferative advan-
tages to cells, leading to uncontrolled cell divi-
sion [20]. Therefore, INcRNAs were proposed to
help fill the gaps previously identified in tumor
oncogene and tumor suppressor gene net-
works. This study revealed that the IncRNA
MEG3 regulates the expression of miRNA-
10a-5p and plays an effective role in inhibiting
the proliferation, migration, and invasion of
HepG2 cells.

Recent studies reported that PTEN inhibits the
proliferation, migration and invasion of tumor
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PTEN3‘UTR-WT

cells [21, 22]. PTEN, which is located in the
human chromosome 1023 region, is consid-
ered a tumor suppressor gene, and numerous
studies have confirmed that PTEN controls
tumor cell growth and inhibits tumor invasion
and migration by interfering with multiple sig-
naling pathways [23-25]. Downregulation of
PTEN expression also results in the upregula-
tion of AKT pathway signaling [26, 27], which
normally inhibits the proliferation and migration
of tumor cells [28-30]. Our study found that
IncRNA MEG3 effectively promotes the expres-
sion of PTEN and inhibits the activity of AKT,
providing insight into a molecular mechanism
that may potentially underlie the inhibition of
proliferation, migration, and invasion of the
HepG2 liver cancer cell line. Bcl-2, Bax, and
p53 are downstream genes in the AKT signal-
ing pathway, and their expression directly gov-
erns the proliferation and apoptosis of tumor
cells. The p53 protein plays vital roles in regu-
lating cell division and apoptosis [31-33]. In this
study, we found that the overexpression of the
IncRNA MEG3 promotes the expression of Bax
and p53 proteins and inhibits the expression of
Bcl-2. This result supports the notion that
IncRNA MEG3 inhibits HepG2 cell proliferation
via the PTEN/AKT/Bcl-2/Bax/p53 signaling
pathway, leading to an accumulation of cells in
the G1 phase and eventually their death. At the
same time, we found that MEG3 inhibits expres-
sion of MMP-2 and -9. Studies have confirmed
that MMP-2 and -9 are directly involved in the
degradation of basement membrane, facilitat-
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ing tumor metastasis and invasion [34-37].
Therefore, we inferred that IncRNA MEG3 over-
expression inhibits HepG2 cell migration and
invasion via regulation of PTEN/AKT/MMP-2/9
signaling. Furthermore, the results of our dual
luciferase assay confirmed that the 3’-untrans-
lated region of PTEN is the target site of miRNA-
10a-5p. We conclude that MEG3 IncRNA plays
a role in the PTEN/AKT/MMP-2/9 signaling
pathway by targeting miRNA-10a-5p.

The results of this study confirmed that overex-
pression of INcRNA MEG3 leads to the inhibi-
tion of miRNA-10a-5p expression and the PT-
EN/AKT/Bcl-2/Bax/p53 and PTEN/AKT/MMP-
2/9 signaling pathways. Thus, the biology of
IncRNA MEG3 in HCC merits further study to
evaluate its potential to serve as a therapeutic
target for HCC.
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