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Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide, and it carries a poor prognosis. Clari-
fying the pathologic mechanisms of this disease will be beneficial for the diagnosis and treatment of HCC. LncRNA MEG8
is involved in several tumors but its role in HCC progression remains unknown. This study was designed to explore the role
and regulatory mechanisms of MEG8 in HCC progression. MTT, EdU, wound-healing, and transwell assays were employed
to analyze the proliferation, migration, and invasion of HCC cells. A luciferase assay was utilized to confirm the predicted
binding site. RNA immunoprecipitation and co-immunoprecipitation were employed to verify the binding between MEGS8
and miR-367-3p as well as 14-3-3( and TGFBR1. Real-time PCR and western blot were employed to detect the expres-
sion of interesting genes. Results revealed that MEG8 was increased in HCC tissues and cells, and was correlated with the
poor prognosis of HCC patients. Inhibiting MEGS significantly repressed the HCC cells’ ability to proliferate, migrate, and
invade. Moreover, MEGS8 sponged miR-367-3p to upregulate 14-3-3(, the binding of which suppressed TGFBR1 degrada-
tion, thereby enhancing TGFp signaling. In conclusion, this work exposed a novel role and regulatory mechanism of MEGS8

in HCC and provided new insight into the treatment of HCC.
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Hepatocellular carcinoma (HCC) is one of the most
common cancers worldwide. Although there are a variety of
therapies for HCC, such as surgical resection, radiotherapy,
and chemotherapy, the prognosis remains dismal due to
high recurrence rates and distant metastases [1]. There-
fore, clarifying the underlying mechanisms of HCC will aid
the development of new treatment strategies and improve
prognoses.

Long noncoding RNAs (IncRNAs) are a class of
non-coding RNAs with more than 200 nucleotides, and
emerging evidence has shown that they significantly impact
cancer progression [2]. Maternally expressed gene 8 (MEGS)
is IncRNA located in the maternally imprinted DIkI-Dio3
region on human chromosome 14932 [3]. In recent years,
a few studies have revealed the dysregulation and role of
MEGS in several tumors, such as lung cancer, pancreatic
cancer, colorectal cancer, and giant cell tumors [3-5]; its role
in HCC, however, remains unknown.

MicroRNAs (miRNAs) are a class of non-coding RNA
molecules with ~20-24 nucleotides that exert their effects by
targeting mRNA 3’ UTR [6]. miR-367-3p, a member of the
miR-302-367 cluster located at human chromosome 4q25
[7], is reported to be a protective factor in several cancers,
such as endometrial cancer and cervical cancer [8, 9]. In
HCC, miR-367-3p is reported to enhance the sensitivity of
HCC to the chemotherapeutic agent sorafenib by targeting
the 3> UTR of MDM2 [10], but the role of miR-367-3p in
the occurrence and development of HCC has not yet been
studied.

This study focused on the role and underlying mechanism
of MEGS8 in HCC. The results revealed that high expres-
sion of MEGS8 was correlated with a poor prognosis in HCC
patients and that inhibiting MEG8 suppressed the prolifera-
tion, migration, and invasion of HCC cells. Moreover, MEG8
sponged miR-367-3p to upregulate 14-3-3(, the binding of
which suppressed TGFPR1 degradation, thereby enhancing
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TGEFp signaling. These findings provided new insight into the
treatment of HCC.

Patients and methods

Patients and tissue samples. This study was approved by
the Ethics Committee of Hangzhou First People’s Hospital
(Hangzhou, China). Written informed consent was obtained
from all patients. Seventy-four pairs of HCC tissues and
adjacent normal tissues were obtained from primary HCC
patients who underwent surgical resection at Hangzhou
First People’s Hospital between August 2010 and January
2014. None of the patients received chemotherapy, immuno-
therapy, or radiotherapy before the surgical resection. All
samples were immediately frozen in liquid nitrogen and
stored at —-80°C. The clinicopathological features of the 74
patients are presented in Table 1.

Cell culture. Human LO2 hepatocytes and HepG2, Huh7,
HCCLM3, and HMCC-97H HCC cells were purchased from
the Institute of Cell Biology, Shanghai Institute for Biological

Table 1. Correlation between clinicopathological characteristics of HCC
and MEGS expression.

Number of patients

. Cases
Characteristics ~ MEGS8"s: MEGS8» p-value
=74 "1237)  (n=37)
Age (years)
<60 39 22 17
0.465
=60 35 15 20
Gender
Male 62 32 30
0.676
Female 12 5 7
HBV
Absent 16 6 10
0.317
Present 58 31 27
Serum AFP level (ng/ml)
<200 38 20 18
0.796
>200 36 17 19
Tumor size (cm)
<5 28 12 16
0.301
>5 46 25 21
Number of tumor nodules
1 54 22 32
0.016*
>2 20 15 5
Venous infiltration
Absent 43 13 30
0.009*
Present 31 24 7
Edmondson-Steiner grading
I+10 41 15 26
0.031*
I +1v 33 22 11
TNM stage
I+10 46 18 28
0.024*
1 +1v 28 19 9

*statistically significant

Sciences, China. LO2, Huh-7, and HCCLM3 were cultured
in DMEM (Gibco) with 10% fetal bovine serum (Biological
Industries), 100 IU/ml penicillin, and 100 pg/ml streptomycin
(Gibco) at 37°C under 5% CO,. HepG2 and HMCC-97H
were cultured in MEM medium (Gibco) with 10% fetal
bovine serum (Biological Industries), 100 IU/ml penicillin,
and 100 pg/ml streptomycin (Gibco) at 37 °C under 5% CO..

Cell treatment. MEG8 siRNA was synthesized by
GeneChem (Shanghai, China), and the miR-367-3p mimic
and inhibitor, 14-3-3{ siRNAs, and the plasmids containing
the 14-3-3( gene were synthesized by RiboBio (Guangzhou,
China); MG132 was purchased from Selleck (Shanghai,
China). Mimics, inhibitors, siRNAs, and plasmids were
transfected into cells using a ribo FECT™ CP transfection
kit (RiboBio) according to the manufacturer’s instructions.
MG132 was dissolved in DMSO and added directly into the
medium. After treatment for 24 h, the following experiments
were conducted.

Transwell assay. Transwell assay was used to analyze
the invasion ability of HCC cells. A Boyden chamber with
an 8um pore filter inserted in 24-well plates was used; the
surface of the filter was coated with 40pl Matrigel (1:10,
diluted in DMEM/MEM) at 37 °C overnight, and 700 ul 10%
FBS DMEM/MEM was added to each lower well. Cells in
100 ul DMEM/MEM without FBS were added to each upper
well. After incubation for 24 h at 37°C, cells on the upper
surface of the filters were removed, and cells on the lower
surface of the filters were fixed with 4% paraformaldehyde
and stained with crystal violet. Cells were imaged under an
inverted microscope.

5-ethynyl-20-deoxyuridine (EdU) assay. An EAU assay
kit (RiboBio) was used to analyze the proliferation ability of
the HCC cells. According to the manufacturer’s instructions,
cells were seeded into 96-well plates at appropriate cell densi-
ties and incubated with 50 uM EdU buffer at 37°C for 2 h.
Next, the cells were fixed with 4% formaldehyde for 30 min
and permeabilized with Triton X-100 (0.1%) for 30 min.
Finally, the EdU solution was added, and the cell nuclei were
stained with Hoechst. The staining results were visualized
using a fluorescence microscope.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. An MTT assay kit (Sigma-Aldrich)
was used to analyze the viability of the HCC cells. According
to the manufacturer’s instructions, cells were seeded into
96-well plates and incubated with 10yl MTT solution for
4 h at 37°C. Next, the formazan crystals were dissolved in
100 ul DMSO. Finally, Enzyme Immunoassay Analyzer was
employed to detect the absorbance at 570 nm.

Wound-healing assay. A wound-healing assay was used
to analyze the migration ability of the HCC cells. Cells were
seeded into 6-well plates, a wound was scratched using a
200 pl tip, and then the plates were washed three times with
PBS to remove the cell fragments. Finally, the cells were
cultured for 48 h, and the width of the wound was measured
and used to analyze the migration ability.
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Real-time PCR. Total RNA was extracted using TRIzol
reagent (Takara); then, 500 ng RNA was subjected to a
reverse transcription reaction by using the PrimeScript
RT reagent Kit (Takara) according to the manufacturer’s
instructions. Quantitative analysis was performed by using
SYBR Premix Ex Taq (Takara) in an ABI Prism 7300 system
(Applied Biosystems). PCR cycling conditions included an
initial incubation at 95°C for 30 s, followed by 40 cycles of
denaturation at 95°C for 5 s, then annealing at 60 °C for 31 s.
Data analysis was performed by the comparative Ct method
using the 7300 system SDS software. GAPDH and U6 were
used as endogenous controls. The primers were as shown in
Table 2.

Western blot. Protein was extracted using RIPA buffer
with 0.1% PMSE The protein contents in the supernatant
were measured with the BCA protein assay kit. The denatured
proteins (40 pug) were separated by 10% or 15% SDS-PAGE
and transferred to polyvinylidene fluoride membranes. After
blocking, the membranes were incubated with primary
antibodies overnight at 4°C and then incubated with the
corresponding HRP-labeled secondary antibody for 1 h. The
chemiluminescence signals were detected with the BeyoECL
Star (Beyotime). The densitometric analysis was conducted
with the ChemiDoc XRS+ system (Bio-Rad Co. Ltd. USA).
GAPDH was used as a loading control. The primary
antibodies were as follows: mouse anti-14-3-3( (Santa Cruz,
sc-293415, 1:500), mouse anti-E-cadherin (Abcam, ab1416,
1:1000), rabbit anti-Vimentin (Abcam, ab92547, 1:1000),
goat anti-Snail (Abcam, ab53519, 1:500), rabbit anti-Twistl
(Abcam, ab50581, 1:1000), rabbit anti-TGFPR1 (Abcam,
ab31013, 1:1000), rabbit anti-TGFPR2 (Abcam, ab186838,
1:1000), rabbit anti-p-Smad2/3 (Abcam, ab63399, 1:500) and
mouse anti-GAPDH (Beyotime, AF0006, 1:1000).

Co-immunoprecipitation. After protein extraction, 4 ug
of anti-14-3-3C antibody was added to 1 ml whole cell lysate
containing 1000 ug total protein and mixed well for pulling
down the complexes bound with 14-3-3(. After overnight
incubation at 4°C, the cell lysate was further incubated
with magnetic beads for 4 h at 4°C to collect the complexes.
Then, western blot was conducted to detect the expression
of TGFBR1 to confirm whether TGFPR1 binds with 14-3-3(.

RNA immunoprecipitation (RIP). A Magna RIP kit
(Millipore) was used to analyze the binding between MEGS8
and miR-367-3p. Cells were lysed with RIP buffer and then
incubated with anti-Ago2 antibody or IgG at 4°C overnight.
Next, the cell lysate was incubated with magnetic beads for
4hat4°C to pull down the complexes. Finally, TRIzol reagent
(Takara) was used to extract RNAs, and real-time PCR was
used to detect the enrichment.

Luciferase assay. The MEG8 cDNA containing the
wild-type (WT) or mutant-type (Mut) binding sequence
of miR-367-3p was cloned into the luciferase reporter gene
psiCHECK?2. Similarly, vectors containing 14-3-3({ 3> UTR
with the wild-type (WT) or mutant-type (Mut) binding
sequence of miR-367-3p were also synthesized. WT-MEG8

Table 2. Primers used in the study.

MEGS8 forward: 5’-CTCTGTGAATCAGGAGAGAAGA-3’
reverse: 5-TTCACCTTGGGGAAATGACC-3
TGFpR1 forward: 5’-GAGGAAAGTGGCGGGGAG-3
reverse: 5-CCAACCAGAGCTGAGTCCAAGTA-3
TGFpR2 forward: 5-TTTGGATGGTGGAAGGTCTC-3’
reverse: 5-GCAACAGCTATTGGGATGGT-3’
14-3-3¢ forward: 5-CCTGCATGAAGTCTGTAACTGAG-3’
reverse: 5-GACCTACGGGCTCCTACAACA-3’
GAPDH forward: 5-ACCCAGAAGACTGTGGATGG-3’

reverse: 5-TTCAGCTCAGGGATGACCTT-3
U6 forward: 5-CGAGCACAGAATCGCTTCA-3’
reverse: 5-CTCGCTTCGGCAGCACATAT-3’

or Mut-MEG8 was co-transfected with miR-367-3p mimic
or a negative control into HCCLM3 using a ribo FECT™
CP transfection kit (RiboBio) according to the manufac-
turer’s instructions. Similarly, WT-14-3-3( or Mut-14-3-3(
was co-transfected with miR-367-3p mimic or a negative
control into HCCLM3. After transfection for 48 h, the firefly
luciferase activity was detected using the Dual-Luciferase’
Reporter Assay System (Promega) according to the manufac-
turer’s protocol. The Renilla luciferase activity was used as an
internal control.

Statistical analysis. SPSS 22.0 or GraphPad Prism 8.0 was
used for the statistical analyses. Data were expressed as the
mean + SD. ANOVA or a two-tailed Student’s t-test was used
to compare quantitative data, and nonparametric x* tests were
used to compare qualitative data. The Kaplan-Meier method
and log-rank tests were employed to analyze the overall or
disease-free survival, and statistical significance was defined
as p<0.05.

Results

MEGS was increased in HCC and was correlated with a
poor prognosis in HCC patients. The expression of MEG8
in HCC tissues was examined first. As shown in Figure 1A,
MEGS8 was significantly increased compared with adjacent
normal tissues. Moreover, compared with human hepatocytes
(LO2), MEG8 was also increased in four types of HCC cells,
with the highest expression in HCCLM3 (Figure 1B). The
clinical analysis revealed that the high expression of MEG8
was strongly correlated with partial clinicopathological
parameters of HCC, including Edmondson Steiner grading,
venous infiltration, and the number of tumor nodules
(Table 1). In addition, the correlations between MEGS level
and overall survival (OS) and disease-free survival (DFS)
were analyzed. A significant negative correlation between
the MEGS level and OS or DFS was revealed (Figures 1C,
1D). All of the evidence indicated that the increase in MEGS8
was closely correlated with HCC progression and a poor
prognosis.
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Figure 1. High expression of MEGS8 was correlated with the poor prognosis of HCC patients. A) The expression of MEG8 in HCC and adjacent normal
tissues detected by real-time PCR (n=74). B) The expression of MEGS8 in hepatocytes and HCC cells detected by real-time PCR (n=3). C) The overall
survival rate of HCC patients with high and low expression of MEG8. D) The disease-free survival rate of HCC patients with high and low expression

of MEGS. *p<0.05, *p<0.01, **p<0.001

Inhibition of MEG8 suppressed proliferation, migra-
tion, and invasion of HCC cells. To investigate the role of
MEGS8 in HCC, MEGS siRNA was used to inhibit the expres-
sion of MEGS (Figure 2A). After inhibiting MEGS, the cell
viability of HCCLM3 was significantly suppressed (Figure
2B). Furthermore, the EdU analysis revealed that inhibiting
MEG8 repressed HCCLM3 proliferation (Figure 2C). To
explore whether MEG8 mediated the migration and invasion
in HCC cells, wound-healing and transwell assays were
performed. As shown in Figures 2D and 2E, inhibiting MEG8
also repressed the migration and invasion in HCCLMS3.
These results indicated that MEGS acted as a critical inducer
in the proliferation, migration, and invasion of HCC cells.

Considering that epithelial-mesenchymal transition
(EMT) is a significant contributor to migration and invasion
in cancers, we next examined the role of MEG8 in EMT. As
shown in Figure 2F, inhibiting MEG8 blocked EMT, as shown
by the increase in E-cadherin and the decreases in Vimentin,
Twist1, and Snail.

MEGS8 modulated proliferation and EMT of HCC cells
by sponging miR-367-3p. Bioinformatics analysis suggested
that miR-367-3p was a target of MEGS8 (Figure 3A). We found
that miR-367-3p was significantly decreased in both HCC
tissues and cells (Figures 3B, 3C). Further analysis demon-
strated a prominent inverse correlation between MEGS8 and
miR-367-3p in HCC tissues (Figure 3D). Moreover, inhib-
iting MEGS significantly increased miR-367-3p (Figure 3E).
These results suggested that miR-367-3p might be a target
of MEGS. To confirm this hypothesis, a luciferase assay was
performed. As shown in Figures 3F and 3G, the miR-367-3p
mimic significantly increased the expression of miR-367-3p

and decreased the luciferase activity of wt-MEGS, but it had
no effect on mut-MEG8. Considering that IncRNAs sponge
miRNAs via Ago2 protein, a RIP assay was conducted. As
shown in Figure 3H, both MEG8 and miR-367-3p were
abundant in the pellets pulled down by the Ago2-antibody.

Next, we examined whether miR-367-3p mediated the
role of MEGS in proliferation and EMT. As shown in Figures
3I-3K, the miR-367-3p inhibitor significantly repressed the
expression of miR-367-3p and canceled the inhibitory effect
of MEGS8 siRNA on EMT and proliferation. Additionally,
repressing miR-367-3p alone promoted EMT and prolifera-
tion. These results indicated that MEG8 promoted the prolif-
eration and EMT of HCC cells by sponging miR-367-3p.

14-3-3( was the target of miR-367-3p and enhanced
TGFp signaling by suppressing TGFR1 degradation.
14-3-3(, a subtype of the 14-3-3 proteins family, is critical
in cancer progression [11]. Bioinformatics analysis revealed
that 14-3-3( might be a target of miR-367-3p (Figure 4A).
We found that 14-3-3( was elevated in HCC tissues as well
as HCC cells (Figures 4B-4D). Overexpressing miR-367-3p
significantly decreased 14-3-3( in both mRNA and protein
levels (Figures 4E, 4F). Moreover, the luciferase assay further
confirmed the predicted binding site between miR-367-3p
and 14-3-3( (Figure 4G).

Since the transforming growth factor p (TGFp) signal is
recognized as the key inducer of the EMT process as well as
in the production of mitogenic growth factors [12, 13], we
explored whether 14-3-3( mediated the TGFp signal. After
repressing 14-3-3( (Figure 4H), the TGFp signal was signifi-
cantly reduced, characterized by decreases in TGFPR1 and
p-Smad2/3 (Figure 4I). However, TGFPR1 mRNA, TGFpR2
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detected by western blot (n=3). L) Co-immunoprecipitation analysis for examining the binding between 14-3-3{ and TGFBR1. **p<0.01, **p<0.001
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protein, and mRNA were not influenced (Figures 4I, 4J),
suggesting that 14-3-3( might mediate the TGF signal by
regulating TGFPRI1 protein at the posttranslational level.
Previous studies have confirmed that the TGFBRI1 protein
level is mainly regulated by its internalization and ubiquitina-
tion-mediated degradation [14]. In breast cancer cells, the
binding of 14-3-3( protects TGFBRI from ubiquitination-
mediated degradation [15]. In this study, we found that the
degradation of TGFPRI induced by repressing 14-3-3( was
canceled by the proteasome inhibitor MG132 (Figure 4K)
and that 14-3-3({ bound to TGFPR1 (Figure 4L). Moreover,
overexpressing 14-3-3( canceled the inhibitory effect of
MEGS siRNA on proliferation (Figure 4M). These findings
suggested that 14-3-3( enhanced the TGF signal by binding
to TGFPRI and repressing its degradation in HCC cells.

Discussion

Increasing studies have reported that IncRNAs play a
critical role in regulating cancer progression and may be
a potential biomarker in cancer diagnosis and prognosis
[16]. Some IncRNAs have been used for the diagnosis and
prognosis of certain cancers, and some IncRNA-based strate-
gies are being developed for anti-cancer uses. For example,
the urinary PCA3 has been used for prostate cancer diagnosis
with a sensitivity of 58-82% and a specificity of 56-76%
[17-19]. Intravesical injection of BC-819 plasmid, which
carries the gene for diphtheria toxin-A under the control of
the H19 regulatory sequence, effectively prevents new tumor
growth and prolongs recurrence time in bladder cancer
patients [20].

MEGS locates in the maternally imprinted DIkI-Dio3
region on human chromosome 14q32 [3]. A few studies have
revealed that the dysregulation of MEGS is closely correlated
with the progression of certain cancers. For instance, MEG8
is downregulated in colorectal cancer tissues and stromal
cells of giant cell tumors isolated from tissue samples [3, 5]. In
contrast, in TGFp-treated lung cancer and pancreatic cancer
cells, MEG8 has been shown to be increased and to act as a
critical promoter in the EMT process [4]. However, no studies
of MEGS in liver cancer have been conducted until now. In
this study, we found that MEGS8 was increased in HCC and
correlated with a poor prognosis of HCC patients, and inhib-
iting MEG8 suppressed the proliferation, migration, and
invasion of HCC cells. However, in activated hepatic stellate
cells (HSCs), injured hepatocytes (HCs), and fibrotic livers,
MEGS8 was found to be increased and to exert a suppres-
sive role on the activation of HSCs and the EMT process of
HCs [21], indicating that the role of MEGS in liver diseases
is complicated and worthy of further research. Mechanically,
as we know, IncRNAs act as competing endogenous RNAs to
sequester miRNAs. We found that miR-367-3p was a target
of MEGS8 and acted as a suppressor in the proliferation and
EMT process in HCC cells. Similarly, in a previous study,
miR-367-3p was shown to have a lower expression level in
metastatic HCC patients and highly invasive HCC cells, and
overexpressing miR-367-3p significantly reduced the intra-
hepatic and lung metastases in a mouse model with ortho-
topic HCC xenografts [10]. These findings exposed the key
role of miR-367-3p in HCC progression.

The 14-3-3 protein family is a class of acidic soluble proteins
(28-33 kDa) that includes seven isoforms in mammals (B, &, 1),
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Figure 5. The regulatory mechanism of MEGS in HCC cells.
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Y, 0, Tand {) [22]. The binding of 14-3-3 proteins mediates the
activity, cellular localization, and stability of their targets [23].
Multiple studies have demonstrated the critical role of 14-3-3
proteins in various cancers. While most of them present
tumor-promoting activity, 14-3-30 exerts the opposite effect
[24, 25]. In HCC, 14-3-3( has been shown to be upregulated
and to promote HCC progression [26, 27], but the under-
lying mechanism is still unclear. It is known that the TGFpR1
protein level is regulated mainly via its internalization and
ubiquitination-mediated degradation [14]. In breast cancer,
14-3-3( binds to TGFPRI and inhibits proteasome-mediated
TGFPRI1 degradation [15]. In this study, we also found that
14-3-3( bound to TGFPR1 and inhibited its degradation,
suggesting that 14-3-3( was a key enhancer of the TGFp
signal in HCC. In addition, 14-3-3( might also bind to Snail,
the key transcription factor of EMT, to directly mediate EMT
processes in HCC, as previous studies have confirmed that
most members of the 14-3-3 family, including ¢, bind to Snail
in 293 cells [28]. In addition, the other isoforms of 14-3-3
proteins were also confirmed to be critical inducers of prolif-
eration, migration, and invasion in HCC [29], suggesting that
14-3-3 proteins might be key therapeutic targets in HCC.
Recently, two novel compounds, RB-011 and RB-012, were
found to repress lung cancer progress in vitro and in vivo by
disrupting 14-3-3 dimers [30]; while their role in HCC has
not yet been studied, it may be worth further examination.

This study confirmed the role of MEGS in the prolifera-
tion, migration, and invasion of HCC cells for the first time
and uncovered a novel regulatory mechanism in which
MEGS8 enhanced TGFp signaling by sponging miR-367-3p
and canceling 14-3-3C suppression (Figure 5). This work
provided new insight into the treatment of HCC.
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