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Abstract

The long non-coding RNA (lncRNA) maternally expressed gene 3 (MEG3), a tumor suppressor, is critical for the carcinogenesis
and progression of different cancers, including hepatocellular carcinoma (HCC). To date, the roles of lncRNA MEG3 in HCC are
not well illustrated. Therefore, this study used western blot and qRT-PCR to evaluate the expression of MEG3, miR-9-5p, and
Sex determining Region Y-related HMG-box 11 (SOX11) in HCC tissues and cell lines. RNA pull-down and luciferase reporter
assay were used to evaluate these molecular interactions. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide and flow
cytometry detected the viability and apoptosis of HCC cells, respectively. The results showed that MEG3 and SOX11 were
poorly expressed but miR-9-5p was highly expressed in HCC. The expression levels of these molecules suggested a negative
correlation between MEG3 and miR-9-5p and a positive correlation with SOX11, confirmed by Pearson’s correlation analysis
and biology experiments. Furthermore, MEG3 could combine with miR-9-5p, and SOX11 was a direct target of miR-9-5p.
Moreover, MEG3 over-expression promoted cell apoptosis and growth inhibition in HCC cells through sponging miR-9-5p to up-
regulate SOX11. Therefore, the interactions among MEG3, miR-9-5p, and SOX11 might offer a novel insight for understanding
HCC pathogeny and provide potential diagnostic markers and therapeutic targets for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the third leading
cause of cancer-related deaths globally, accounting for
approximately 90% of liver cancer (1,2). There are a variety
of risk factors for HCC, mainly including obesity, smoking,
alcohol consumption, liver cirrhosis, and chronic infection
with hepatitis B and hepatitis C (3). Surgical resection,
orthotopic liver transplantation, transarterial chemoemboli-
zation, radiofrequency ablation, and systemic chemothera-
pies are available treatments for HCC patients (4). Never-
theless, metastasis and recurrence still occur in varying
degrees (4,5). New options to improve HCC patient survival
rate are still badly needed, and exploring the molecular
mechanisms of HCC may offer new insights into HCC
treatment.

Numerous reports suggest that the gene regulatory
networks are relevant for the development of cancer (6).
Long non-coding RNAs (lncRNAs; containing 4200 nucleo-
tides) are known as key regulators for various cellular proc-
esses at transcriptional, posttranscriptional, and epigenetic
levels (7,8). The regulation of lncRNA for biological

processes has diverse molecular mechanisms such as
RNA-RNA, RNA-protein, and RNA-DNA interactions (9).
For instance, lncRNA maternally expressed gene 3 (MEG3)
has been reported to function as a tumor suppressor in
various cancers such as hemangioma (10), osteosarcoma
(11), and thyroid carcinoma (12), and it can serve as a
ceRNA for miR-9-5p to mediate the progression of esoph-
ageal cancer (13) and prostate cancer (14). Although
lncRNA MEG3 has been demonstrated to be down-
regulated in HCC (15,16), the roles of the interaction
between MEG3 and miR-9-5p in HCC have not been
reported.

Sex determining region Y-related HMG-box 11 (SOX11)
is a type of structurally-related transcription factor and
belongs to group C of SOX family (17,18). SOX11 is critical
for regulating organ development, particularly in the ner-
vous system (19,20). Accumulating evidence shows that
SOX11 is involved in the biological processes of many
human cancers (21), whereas the impact of SOX11 on the
progression of different cancers is still controversial and
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seems to be determined by cancer types (18,22,23). It has
been reported that SOX11 is poorly expressed in HCC
tissues (24) and yet, the roles of SOX11 on HCC are not
well illustrated.

In the present study, we determined the expression
of MEG3, miR-9-5p, and SOX11 in HCC tissues, and
explored their interactions in HCC. Furthermore, we
detected the effect of these molecules on HCC cell growth
and apoptosis.

Material and Methods

Human specimens
A total of 30 pairs of hepatocellular carcinoma (HCC)

tissues and the corresponding adjacent normal tissues were
obtained from HCC patients undergoing surgery at the
Affiliated Hospital of North Sichuan Medical College (China).
None of the patients had received chemotherapy or radio-
therapy prior to surgery. Before surgery, written informed
consent was collected from HCC patients. This work was

approved by the Affiliated Hospital of North Sichuan
Medical College’s Ethics Committee. The clinical char-
acteristics of the HCC patients are summarized in Table 1.

Cell culture and transfection
Human embryonic kidney cell line (293T) and Human

HCC cell lines (SK-HEP-1 and Huh7) were purchased
from Institute of Biochemistry and Cell Biology (China),
and cultured in complete DMEM medium (Gibco, USA).
The plasmid for mediating MEG3 overexpression (pcNDA-
MEG3), the control plasmid (pcNDA-Vector), siRNAs for
knockdown of MEG3 (MEG3 siRNA1 and MEG3 siRNA2),
and the control siRNA (NC siRNA) were obtained from
GenePharma (China). After adding to twelve-well plates,
SK-HEP-1 and Huh7 cells were transfected with pcNDA-
MEG3, pcNDA-Vector, MEG3 siRNA1, MEG3 siRNA2,
or NC siRNA for 24–48 h using lipofectamine 3000
according to the manufacturer’s protocol (Invitrogen,
USA). The transfected cells were harvested for the follow-
ing experiments.

Table 1. Clinical characteristics of the hepatocellular carcinoma patients.

Characteristics Number of patients High MEG3 expression (%) Low MEG3 expression (%) P value

Gender 0.526

Male 23 10 (43.48) 13 (56.52)
Female 7 4 (57.14) 3 (42.86)

Age (years) 0.654
o55 18 9 (50.00) 9 (50.00)

X55 12 5 (41.67) 7 (58.33)
Tumor size (cm) 0.464
o5 15 8 (53.33) 7 (46.67)

X5 15 6 (40.00) 9 (60.00)
Serum AFP (ng/mL) 0.818
o20 7 3 (42.86) 4 (57.14)

X20 23 11 (47.83) 12 (52.17)
HBsAg 0.873
Negative 9 4 (44.44) 5 (55.56)

Positive 21 10 (47.62) 11 (52.38)
Liver cirrhosis 0.919
Absence 11 5 (45.45) 6 (54.55)
Presence 19 9 (47.37) 10 (52.63)

Histological differentiation 0.727
Well 4 2 (50.00) 2 (50.00)
Moderate 13 5 (38.46) 8 (61.54)

Poor 13 7 (53.85) 6 (46.15)
TNM stage 0.028
I + II 15 10 (66.67) 5 (33.33)

III + IV 15 4 (26.67) 11 (73.33)
Metastasis o0.001
No 15 12 (80.00) 3 (20.00)

Yes 15 2 (13.33) 13 (86.67)

Data are reported as number and percentage. Chi-squared test was used to compare groups.
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Quantitative real-time PCR (qRT-PCR)
Total RNA was isolated from each tumor sample and

HCC cells by TRIzol reagent (Invitrogen), and then
reverse transcribed with the First Strand cDNA synthesis
kit (New England Biolabs (Beijing) LTD., China). We
performed amplifications with a SYBR Green PCR kit
(Applied Biological Materials, Canada) according to the
manufacturer’s instructions on Applied Biosystems 7500
Real-Time PCR System (Applied Biosystems, USA). The
expression of RNA was normalized against GAPDH using
the 2-WWCt method. The PCR primers used are shown in
Table 2. Three separate experiments were performed.

Western blot
The tissues and cell lines of HCC were lysed by an ice-

cold RIPA lysis buffer (Beyotime, China) containing a pro-
tease inhibitor cocktail (Sigma-Aldrich, USA). The lysates
were quantified using BCA methods and equally loaded on
SDS-PAGE gels and electroblotted onto polyvinylidene
fluoride (PVDF) membranes. After blocking the membranes
with 5% skim milk powder, we incubated the membranes
with the primary antibodies (1:1000 dilution) against SOX11
(Epitomics, USA), Bcl-2 (Cell Signaling Technology, USA),
cleaved caspase-3 (Cell Signaling Technology), cleaved
PARP (Cell Signaling Technology), and GAPDH (Cell
Signaling Technology) overnight at 4°C. Next, we cultured
the membranes with HRP-conjugated secondary antibod-
ies for 2 h at 25°C. Finally, the membranes were visua-
lized using ECL-PLUS/Kit (GE Healthcare, USA) and the
protein was quantified using ImageJ software (National
Institutes of Health, USA).

RNA pull-down assay
RNA pull-down assay was used to detect whether

lncRNA MEG3 is relevant for miR-9-5p. In this assay, the
biotin-labeled MEG3, as a probe, or random pull-down
probe sequence, as negative control (NC), were reversely
transcribed via Biotin RNA labeling mix (Roche Diagnos-
tics, USA) and T7 RNA polymerase (Roche, Switzerland).
Subsequently, the samples were processed by RNase-
free DNase I (Roche) and then purified using the RNeasy
Mini Kit (Qiagen, USA). Huh7 and SK-HEP-1 cell lines

were lysed in RIPA buffer for 30 min and the lysates were
mixed with biotin-labeled MEG3 followed by incubating for
1 h at 4°C. Subsequently, the reaction mixture was
incubated with streptavidin agarose beads (Life Technol-
ogies, USA) for 1 h at room temperature. qRT-PCR was
utilized to measure the co-precipitated RNAs.

Luciferase reporter assay
30-untranslated regions (UTRs) of SOX11 including the

predicted wild-type (WT) binding sites of miR-9-5p or
mutant binding sites (Mut) were inserted into a luciferase
reporter vector (Promega, USA), designated as WT-
SOX11 and Mut-SOX11. HCC cells were collected 48 h
after co-transfection of miR-9-5p mimics or pcNDA-MEG3
along with luciferase reporter vectors. Then, the relative
luciferase activity of the cells was analyzed via the dual-
luciferase reporter system (Promega).

Cell viability assay
In the present study, we applied 3-(4,5-dimethylthiazol-

2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay to
evaluate the viability of HCC cells. Cells transfected with
MEG3 overexpression plasmid (MEG3), MEG3 + miR-9-
5p mimics, or siSOX11 were cultured with complete
DMEM medium in 96-well plates for 24, 48, and 72 h,
respectively. Next, the cells were treated with MTTsolution
(0.5%, dissolved in DMSO, Beyotime) and incubated for
another 4 h at 37°C. The absorbance of the samples was
assessed at 490 nm by a reader (EL 800 Universal
Microplate reader, BioTek, USA).

Flow cytometry
HCC cells were transfected with MEG3 overexpression

plasmid (MEG3), MEG3 + miR-9-5p mimics, or MEG3 +
siSOX11 for 48 h. These treated cells were harvested and
re-suspended in binding buffer. Next, annexin V-FITC and
propidium iodide (PI) were utilized to stain these cells.
Then, flow cytometry (FACSCanto II, BD Biosciences,
USA) was utilized to determine the apoptotic cells.

Statistical analysis
Data are reported as means±SD and were analyzed

by GraphPad Prism 7.0 software (GraphPad Software
Inc., USA). The significant difference between groups was
evaluated using Student’s t-test for a single comparison or
one-way analysis of variance (ANOVA) with Bonferroni
post-hoc test for multiple comparisons. A value of Po0.05
was considered statistically significant.

Results

Expression of MEG3, miR-9-5p, and SOX11 in HCC
tissues

To determine the expression of MEG3, miR-9-5p, and
SOX11 in HCC tissues, we analyzed their expressions
using qRT-PCR. The results revealed that the expression

Table 2. Primer sequence.

Primer Sequence (50-30)

MEG3 forward CTGCCCATCTACACCTCACG
MEG3 reverse CTCTCCGCCGTCTGCGCTAGGGGCT
miR-9-5p forward GTGCAGGGTCCGAGGT

miR-9-5p reverse GCGCTCTTTGGTTATCTAGC
SOX11 forward GGTGGATAAGGATTTGGATTCG
SOX11 reverse GCTCCGGCGTGCAGTAGT

GAPDH forward CAACGAATTTGGCTACAGCA
GAPDH reverse AGGGGTCTACATGGCAACTG
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levels of MEG3 and SOX11 were down-regulated but miR-
9-5p was highly expressed in HCC tissues compared to
the corresponding adjacent normal tissues (Figure 1A).
SOX11 was poorly expressed in HCC tissues compared to
the adjacent normal tissues, confirmed by western blot
(Figure 1B). Furthermore, Pearson’s correlation analysis
indicated that lncRNA MEG3 had a negative correlation
with miR-9-5p and displayed a positive correlation with
SOX11 in HCC tissues. There was a negative correlation
between SOX11 and miR-9-5p (Figure 1C).

MEG3 served as a sponge for miR-9-5p in HCC cells
The correlation between MEG3 and miR-9-5p was fur-

ther explored in HCC cells. Their interaction was firstly
determined by RNA pull-down assay and qRT-PCR.
Compared with the control RNA, a significant enrichment
of miR-9-5p in the MEG3 pulled-down pellet was observed
(Figure 2A). Thus, MEG3 could directly combine with miR-
9-5p.

As shown in Figure 2B and C, the expression of MEG3
was significantly up-regulated and down-regulated after

Figure 1. A, qRT-PCR detected the expression of MEG3, SOX11, and miR-9-5p in hepatocellular carcinoma tissues (HCC). B, Western
blot was utilized to measure the protein expression of SOX11 in five random HCC tissues. C, Interactions among SOX11, miR-9-5p, and
MEG3 were assessed by Pearson’s correlation analysis. Data are reported as means±SD. **Po0.05, ***Po0.01, vs adjacent tissue
(A, control group) (Student’s t-test). T: Tumor tissue.
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Figure 2. A, qRT-PCR detected the expression of
MEG3 in hepatocellular carcinoma (HCC) cells
transfected with pcNDA-MEG3 (MEG3) or control
vector. B, RNA pull-down assay was used to
determine the relative miR-9-5p enrichment in
HCC cells, and the mRNA level was measured
using qRT-PCR. C, qRT-PCR determined MEG3
expression in HCC cells transfected with MEG3
siRNA1, MEG3 siRNA2, or control siRNA (NC
siRNA). D, Relative expression of mi-9-5p was
assessed using qRT-PCR after HCC cells trans-
fection with pcNDA-MEG3 (MEG3), control vector,
MEG3 siRNA1, MEG3 siRNA2, or control siRNA
(NC siRNA). Data are reported as means±SD.
**Po0.05, ***Po0.01 vs control group (ANOVA).
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HCC cells transfected with pcNDA-MEG3 (MEG3) and
MEG3 siRNAs (MEG3 siRNA1 or MEG3 siRNA2),
respectively.

The interaction between MEG3 and miR-9-5p was
further assessed by qRT-PCR. Compared with the control
group, miR-9-5p expression in HCC cells was decreased
by the transfection of pcNDA-MEG3, while miR-9-5p expres-
sion in HCC cells was enhanced after MEG3 siRNAs
transfection (Figure 2D). Therefore, MEG3 served as a
sponge for miR-9-5p in HCC cells.

Relationship among MEG3, miR-9-5p, and SOX11 in
HCC cells

StarBase (ohttp://starbase.sysu.edu.cn/starbase2/index.
php4) and mirBase software (ohttp://www.mirbase.org4)
were used to predict the targeting relationship between
SOX11 and miR-9-5p (Figure 3A). As shown in Figure 3B,
miR-9-5p expression in 293T cells was significantly
up-regulated after miR-9-5p mimic transfection, and thus
the miR-9-5p mimic transfection was effective. Addition-
ally, the luciferase reporter assay suggested that HCC
cell lines (huh7 and SK-HEP-1) co-transfected with
miR-9-5p mimics and SOX11-WT showed a weakened
luciferase activity in comparison to the control group (miR
control mimics + SOX11-WT) (Figure 3C). Further-
more, western blot indicated that SOX11 expression was
decreased by miR-9-5p mimic transfection (Figure 3D).
Data suggested that SOX11 was a direct target of
miR-9-5p. In addition, the negative correlation between
SOX11 and miR-9-5p was consistent with results shown in
Figure 1C.

The relationship between MEG3 and SOX11 in HCC
cells was further validated by western blot. As shown in
Figure 3E, pcDNA-MEG3 greatly increased the expres-
sion of SOX11, whereas MEG3 siRNA decreased SOX11
expression in comparison to the control group. Hence,
MEG3 could enhance the expression of SOX11 and a
positive correlation between MEG3 and SOX11 was
consistent with results shown in Figure 1C.

MEG3 regulated the growth of HCC cells via mediating
miR-9-5p

To detect the role of MEG3 on HCC cells, MTT, flow
cytometry, and western blot were used in this study. MTT
assay revealed that MEG3 over-expression induced
by pcDNA-MEG3 transfection considerably inhibited the
viability of HCC cells, while the cell viability was reversed
by the introduction of miR-9-5p mimics (Figure 4A). Thus,
miR-9-5p mimics could inverse the inhibition of HCC cell
viability induced by MEG3 over-expression.

Flow cytometry analysis showed MEG3 over-expres-
sion (huh7 cell apoptotic rate, 31.15%; SK-HEP-1 cell
apoptotic rate, 33.47%) significantly induced the apoptosis
of HCC cell compared to MEG3 plasmid combined with

miR-9-5p mimics transfection group (huh7 cell, 18.69%;
SK-HEP-1cell, 22.56%) and the control group (pcDNA +
miR mimics) (huh7 cell, 18.19%; SK-HEP-1cell, 21.89%).
In addition, western blot demonstrated that the low
expression of the anti-apoptosis protein Bcl-2 induced by
MEG3 over-expression plasmid transfection was greatly
changed by the transfection of miR-9-5p (Figure 4C).
Furthermore, the expression of pro-apoptosis proteins
cleaved PARP and cleaved caspase-3 was up-regulated
by MEG3 over-expression plasmid transfection, whereas
co-transfection with pcDNA-MEG3 and miR-9-5p consid-
erably decreased their expression (Figure 4C). Collec-
tively, MEG3 over-expression promoted the apoptosis of
HCC cells, but this situation could be changed by miR-9-
5p mimics introduction.

Additionally, the high expression of SOX11 in MEG3
over-expression group was remarkably decreased by the
introduction of miR-9-5p mimics (Figure 4C). Therefore,
MEG3 over-expression inhibited the viability of HCC cells,
induced cell apoptosis, and enhanced SOX11 expression
by mediating miR-9-5p.

MEG3 regulated the growth of HCC cells via sponging
miR-9-5p to regulate SOX11 expression

On the one hand, it has been reported that SOX11
overexpression promotes apoptosis and growth inhibition
in HCC cell (24); on the other, a negative correlation
between MEG3 and miR-9-5p and a positive correlation
with SOX11 have been confirmed. We speculated that the
inhibition of MEG3 over-expression on HCC cells might be
through sponging miR-9-5p to regulate SOX11 expres-
sion. In Figure 5A and B, the transfection of SOX11 siRNA
(siSOX11) in HCC cells was effective, which was validated
by qRT-PCT and western blot. As shown in Figure 5C,
MEG3 over-expression inhibited cell viability and yet,
siSOX11 introduction inversed the situation. Thus, SOX11
knockdown could improve the viability in HCC cells trans-
fected with pcDNA-MEG3.

In addition, the apoptotic rates of Huh7 cells trans-
fected with control plasmid, pcDNA-MEG3, or combined
with siSOX11 were 23.6, 40.5, and 25.7%, respectively;
the apoptotic rates of SK-HEP-1 cells transfected with con-
trol plasmid, pcDNA-MEG3, or combined with siSOX11
were 23.5, 39.2 and 24.9%, respectively (Figure 5D).
Western blot further confirmed that the low expression
of Bcl-2 and the high expression of SOX11, cleaved
PARP, and cleaved caspase-3 induced by pcDNA-MEG3
transfection were changed via the introduction of siSOX11
(Figure 5E). Thus, MEG3 over-expression induced the
apoptosis of HCC cells, which could be changed by
knockdown of SOX11.

Collectively, MEG3 promoted apoptosis and growth
inhibition in HCC cell through sponging miR-9-5p to up-
regulate SOX11 expression.
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Discussion

This study observed the low expression of MEG3 and
SOX11 and the high expression of miR-9-5p in HCC.
A negative correlation between MEG3 and miR-9-5p and
a positive correlation with SOX11 were demonstrated.
MEG3 acted as a sponge of miR-9-5p, and SOX11 was a
direct target of miR-9-5p. Moreover, MEG3 regulated the
growth of HCC cells via sponging miR-9-5p to regulate
SOX11 expression.

The molecular mechanism of HCC pathology needs
to be explored, as HCC possesses a high mortality rate
and lacks effective therapies (1,2). lncRNAs have been
reported to be relevant with many cancer-related molecular
mechanisms (25). lncRNA regulatory networks (e.g. RNA-
RNA, RNA-protein, and RNA-DNA interactions) are critical
for cellular processes (9). In the present study, we selected
tumor suppressor lncRNA MEG3 and its related molecules
(miR-9-5p and SOX11) to explore the effects of those
interactions on HCC. We measured the expression of

MEG3, miR-9-5p, and SOX11 in HCC tissues. Compared
to the normal tissues, the results showed that MEG3 and
SOX11 were poorly expressed but miR-9-5p was highly
expressed in HCC tissues, which is consistent with
previous studies (24,26–28). In addition, their expression
levels indicated a negative correlation between MEG3 and
miR-9-5p and a positive correlation with SOX11.

Several studies suggest that lncRNAs can interact with
miRNAs and act as miRNAs sponges to regulate the
biological process of cancer (29). lncRNA MEG3 has
demonstrated to suppress cell proliferation and induce
cell apoptosis, leading to inhibition of tumorigenesis via
different regulatory mechanisms (10). MEG3 serves as a
ceRNA by sponging miR-183 to regulate the cell growth of
pancreatic neuroendocrine tumor (30). Additionally, the
interaction between MEG3 and miR-9-5p has been found
in prostate cancer, and MEG suppresses prostate cancer
progression via mediating miR-9-5p (14). Consistent
with previous reports, our study revealed that MEG3
could combine with miR-9-5p and serve as a sponge for

Figure 3. A, StarBase and mirBase software were applied to predict the targeting relationship between SOX11 and miR-9-5p. B, After
hepatocellular carcinoma (HCC) cells were transfected with miR-9-5p mimics or control mimics (miR mimics) for 48 h, the miR-9-5p
expression level was assessed using qRT-PCR. C, Luciferase reporter assay in HCC cell lines (huh7 and SK-HEP-1) was used to
evaluate the relationship between SOX11 and miR-9-5p. D, Western blot detected the protein expression of SOX11 in HCC cells
transfected with miR-9-5p mimics or control mimics (miR mimics). E, After HCC cells were transfected with pcNDA-MEG3 (MEG3),
control vector, MEG3 siRNA2, or control siRNA (NC siRNA), western blot was used to determine the SOX11 expression. Data are
reported as means±SD. ***Po0.01 vs control group (t-test).
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miR-9-5p. MEG3 negatively mediated miR-9-5p expres-
sion in HCC cells.

miRNAs regulate target gene expression to mediate
almost all key biological processes, e.g., cell differentiation,
apoptosis, and proliferation (31). Recently, studies have
shown that miR-9-5p is relevant to the progression of
several cancers (32). Li et al. (33) have found that miR-9-5p
can promote lung cancer cell proliferation and migration via
suppressing the target gene TGFBR2 expression. Wang
et al. have suggested that miR-9-5p mediates GOT1 to
suppress cell proliferation, invasion, and glutamine metab-
olism in pancreatic cancer (34). In this study, the results
showed that miR-9-5p was highly expressed in HCC
tissues and cells. Moreover, we used StarBase and
mirBase software to predict that SOX11 was a direct target
of miR-9-5p. The targeting relationship between SOX11
and miR-9-5p was further confirmed by luciferase reporter
assay, and this relationship was found for the first time.
Furthermore, the data demonstrated that miR-9-5p could
negatively mediate SOX11 expression in HCC cells.

The interactions among lncRNA, miRNA, and target
gene involved with the pathogenesis of cancers are
receiving more attention (35). For instance, lncRNA
UCA1 functions as a ceRNA to enhance mitochondrial
function and cell viability in bladder cancer by sponging
miR-195 to up-regulate ARL2 expression (36). MEG3 can
regulate the miR-214/AIFM2 axis to inhibit the growth of
lymphoblastic lymphoma (37). Our study further explored
the interactions among SOX11, miR-9-5p, and MEG3. The
results showed that MEG3 over-expression inhibited cell
growth and induced apoptosis through sponging miR-9-5p
to enhance SOX11 expression.

In conclusion, this study found that MEG3 was poorly
expressed in HCC tissues and cells. Moreover, MEG3
over-expression could regulate the miR-9-5p/SOX11 axis
to inhibit cell growth and induce apoptosis in HCC.
Therefore, our findings might provide novel molecular
mechanisms for understanding the tumorigenesis of HCC
and offer potential diagnostic markers and therapeutic
targets for HCC.

Figure 4. MEG3 regulated the growth of hepatocellular carcinoma (HCC) cells via mediating miR-9-5p. HCC cells were transfected with
pcNDA-MEG3 (MEG3) + control mimics (miR mimics), pcNDA-MEG3 (MEG3) + miR-9-5p mimics, or control vector + control mimics
(miR mimics), and then (A) the transfected cell viability was assessed using MTT. B, The transfected cell apoptosis was measured using
flow cytometry. C, The protein expression levels of BCL-2, cleaved PARP, cleaved caspase-3, and SOX11 were measured by western
blot. Data are reported as means±SD. **Po0.05, ***Po0.01 (ANOVA or t-test).
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Figure 5. MEG3 regulated the growth of hepatocellular carcinoma (HCC) cells through sponging miR-9-5p to regulate SOX11
expression. A, mRNA and (B) protein expression of SOX11 were assessed using qRT-PCR and western blot, respectively. HCC cells
were then transfected with pcNDA-MEG3 (MEG3) + siRNA control (NC), pcNDA-MEG3 (MEG3) + siSOX11, or control vector +
siRNA control (NC). C, Viability of HCC cells was detected by MTT. D, Apoptosis rate of HCC cells was determined using flow cytometry.
E, Protein expression levels of BCL-2, cleaved PARP, cleaved caspase-3, and SOX11 were measured using western blot. Data are
reported as means±SD. ***Po0.01 (ANOVA or t-test).

Braz J Med Biol Res | doi: 10.1590/1414-431X20198631

lncRNA MEG3 inhibits cell growth 9/11

http://dx.doi.org/10.1590/1414-431X20198631


References

1. Couri T, Pillai A. Goals and targets for personalized therapy
for HCC. Hepatol Int 2019; 13 125–137, doi: 10.1007/
s12072-018-9919-1.

2. Shimada S, Mogushi K, Akiyama Y, Furuyama T, Watanabe
S, Ogura T, et al. Comprehensive molecular and immuno-
logical characterization of hepatocellular carcinoma. EBio-
Medicine 2019; 40: 457–470, doi: 10.1016/j.ebiom.2018.
12.058.

3. Ozer Etik D, Suna N, Boyacioglu AS. Management of hepa-
tocellular carcinoma: prevention, surveillance, diagnosis,
and staging. Exp Clin Transplant 2017; 15: 31–35, doi:
10.6002/ect.TOND16.L9.

4. Malek NP, Sebastian S, Petra H, Manns MP, Greten TF. The
diagnosis and treatment of hepatocellular carcinoma. Dtsch
Arztebl Int 2014; 111: 101–106, doi: 10.3238/arztebl.2014.
0101.

5. Contratto M, Wu J. Targeted therapy or immunotherapy?
Optimal treatment in hepatocellular carcinoma. World J
Gastrointest Oncol 2018; 10: 108–114, doi: 10.4251/wjgo.
v10.i5.108.

6. Kalender Atak Z, Imrichova H, Svetlichnyy D, Hulselmans G,
Christiaens V, Reumers J, et al. Identification of cis-
regulatory mutations generating de novo edges in persona-
lized cancer gene regulatory networks. Genome Med 2017;
9: 80, doi: 10.1186/s13073-017-0464-7.

7. Yen Yp, Hsieh WF, Tsai YY, Lu Y, Liau E, Hsu H, et al. Dlk-1-
Dio3 locus-derived lncRNAs perpetuate postmitotic motor
neuron cell fate and subtype identity. Elife 2018; 7. pii:
e 38080, doi: 10.7554/eLife.38080.

8. Yu F, Geng W, Dong P, Huang Z, Zheng J. LncRNA-MEG3
inhibits activation of hepatic stellate cells through SMO
protein and miR-212. Cell Death Dis 2018; 9: 1014, doi:
10.1038/s41419-018-1068-x.

9. Wang F, Chainani P, White T, Yang J, Liu Y, Soibam B. Deep
learning identifies genome-wide DNA binding sites of long
noncoding RNAs. RNA Biol 2018; 15: 1468–1476, doi:
10.1080/15476286.2018.1551704.

10. Wan Y, Qiu M, Wang S, Pan C, Wang Y, Ou J. lncRNA
MEG3 Suppresses the tumorigenesis of hemangioma by
sponging miR-494 and regulating PTEN/ PI3K/AKT path-
way. Cell Physiol Biochem 2018; 51: 2872–2886, doi:
10.1159/000496040.

11. Shi Y, Lv C, Shi L, Tu G. MEG3 inhibits proliferation and
invasion and promotes apoptosis of human osteosarcoma
cells. Oncol Lett 2018; 15: 1917–1923, doi: 10.3892/ol.
2017.7463.

12. Wang C, Yan G, Zhang Y, Jia X, Bo P. Long non-coding RNA
MEG3 suppresses migration and invasion of thyroid
carcinoma by targeting of Rac1. Neoplasma 2015; 62:
541–549, doi: 10.4149/neo_2015_065.

13. Dong Z, Zhang A, Liu S, Lu F, Guo Y, Zhang G, et al. Aberrant
methylation-mediated silencing of lncRNAMEG3 functions as
a ceRNA in esophageal cancer. Mol Cancer Res 2017; 15:
800–810, doi: 10.1158/1541-7786.MCR-16-0385.

14. Wu M, Huang Y, Chen T, Wang W, Yang S, Ye Z, et al.
LncRNA MEG3 inhibits the progression of prostate cancer

by modulating miR-9-5p/QKI-5 axis. J Cell Mol Med 2019;
23: 29–38, doi: 10.1111/jcmm.13658.

15. He JH, Han Z, Liu J, Zhou J, Zou M, Lv Y, et al.
Overexpression of long non-coding RNA MEG3 inhibits
proliferation of hepatocellular carcinoma Huh7 cells via
negative modulation of miRNA-664. J Cell Biochem 2017;
118: 3713–3721, doi: 10.1002/jcb.26018.

16. Liu LX, Deng W, Zhou XT, Chen RP, Xiang MQ, Guo YT,
et al. The mechanism of adenosine-mediated activation of
lncRNA MEG3 and its antitumor effects in human hepatoma
cells. Int J Oncol 2016; 48: 421–429, doi: 10.3892/ijo.2015.
3248.

17. Mohanty A, Sandoval N, Phan A, Nguyen T, Chen RW,
Budde E, et al. Regulation of SOX11 expression through
CCND1 and STAT3 in mantle cell lymphoma. Blood 2018;
133: 306–318, doi: 10.1182/blood-2018-05-851667.

18. Yao Z, Sun B, Hong Q, Yan J, Mu D, Li J, et al. The role
of tumor suppressor gene SOX11 in prostate cancer.
Tumour Biol 2015; 36: 6133–6138, doi: 10.1007/s13277-
015-3296-3.

19. Kavyanifar A, Turan S, Lie D. SoxC transcription factors:
multifunctional regulators of neurodevelopment. Cell
Tissue Res 2018; 371: 91–103, doi: 10.1007/s00441-017-
2708-7.

20. Beekman R, Amador V, Campo E. SOX11, a key oncogenic
factor in mantle cell lymphoma. Curr Opin Hematol 2018; 25:
299–306, doi: 10.1097/MOH.0000000000000434.

21. Qu Y, Zhou C, Zhang J, Cai Q, Li J, Du T, et al. The
metastasis suppressor SOX11 is an independent prognostic
factor for improved survival in gastric cancer. Int J Oncol
2014; 44: 1512–1520, doi: 10.3892/ijo.2014.2328.

22. Oliemuller E, Kogata N, Bland P, Kriplani D, Daley F, Haider
S, et al. SOX11 promotes invasive growth and ductal
carcinoma in situ progression. J Pathol 2017; 243: 193–207,
doi: 10.1002/path.4939.

23. Balsas P, Palomero J, Eguileor Á, Rodríguez M, Vegliante
M, Planas-Rigol E, et al. SOX11 promotes tumor protective
microenvironment interactions through CXCR4 and FAK
regulation in mantle cell lymphoma. Blood 2017; 130: 501–
513, doi: 10.1182/blood-2017-04-776740.

24. Liu Z, Zhong Y, Chen Y, Chen H. SOX11 regulates apoptosis
and cell cycle in hepatocellular carcinoma via Wnt/b-catenin
signaling pathway. Biotechnol Appl Biochem 2019; 66: 240–
246, doi: 10.1002/bab.1718.

25. Bhan A, Soleimani M, Mandal SS. Long noncoding RNA and
cancer: a new paradigm. Cancer Res 2017; 77: 3965–3981,
doi: 10.1158/0008-5472.CAN-16-2634.

26. Zhuo H, Tang J, Lin Z, Jiang R, Zhang X, Ji J, et al. The
aberrant expression of MEG3 regulated by UHRF1 predicts
the prognosis of hepatocellular carcinoma. Mol Carcinog
2016; 55: 209–219, doi: 10.1002/mc.22270.

27. He JH, Han ZP, Liu JM, Zhou JB, Zou MX, Lv YB, et al.
Overexpression of long non-coding RNA MEG3 inhibits
proliferation of hepatocellular carcinoma Huh7 cells via
negative modulation of miRNA-664. J Cell Biochem 2017;
118: 3713–3721, doi: 10.1002/jcb.26018.

Braz J Med Biol Res | doi: 10.1590/1414-431X20198631

lncRNA MEG3 inhibits cell growth 10/11

http://dx.doi.org/10.1007/s12072-018-9919-1
http://dx.doi.org/10.1007/s12072-018-9919-1
http://dx.doi.org/10.1016/j.ebiom.2018.12.058
http://dx.doi.org/10.1016/j.ebiom.2018.12.058
http://dx.doi.org/10.6002/ect.TOND16.L9
http://dx.doi.org/10.3238/arztebl.2014.0101
http://dx.doi.org/10.3238/arztebl.2014.0101
http://dx.doi.org/10.4251/wjgo.v10.i5.108
http://dx.doi.org/10.4251/wjgo.v10.i5.108
http://dx.doi.org/10.1186/s13073-017-0464-7
http://dx.doi.org/10.7554/eLife.38080
http://dx.doi.org/10.1038/s41419-018-1068-x
http://dx.doi.org/10.1080/15476286.2018.1551704
http://dx.doi.org/10.1159/000496040
http://dx.doi.org/10.3892/ol.2017.7463
http://dx.doi.org/10.3892/ol.2017.7463
http://dx.doi.org/10.4149/neo_2015_065
http://dx.doi.org/10.1158/1541-7786.MCR-16-0385
http://dx.doi.org/10.1111/jcmm.13658
http://dx.doi.org/10.1002/jcb.26018
http://dx.doi.org/10.3892/ijo.2015.3248
http://dx.doi.org/10.3892/ijo.2015.3248
http://dx.doi.org/10.1182/blood-2018-05-851667
http://dx.doi.org/10.1007/s13277-015-3296-3
http://dx.doi.org/10.1007/s13277-015-3296-3
http://dx.doi.org/10.1007/s00441-017-2708-7
http://dx.doi.org/10.1007/s00441-017-2708-7
http://dx.doi.org/10.1097/MOH.0000000000000434
http://dx.doi.org/10.3892/ijo.2014.2328
http://dx.doi.org/10.1002/path.4939
http://dx.doi.org/10.1182/blood-2017-04-776740
http://dx.doi.org/10.1002/bab.1718
http://dx.doi.org/10.1158/0008-5472.CAN-16-2634
http://dx.doi.org/10.1002/mc.22270
http://dx.doi.org/10.1002/jcb.26018
http://dx.doi.org/10.1590/1414-431X20198631


28. Dong X, Wang F, Xue Y, Lin Z, Song W, Yang N, et al.
MicroRNA95p downregulates Klf4 and influences the
progression of hepatocellular carcinoma via the AKT
signaling pathway. Int J Mol Med 2019; 43: 1417–1429,
doi: 10.3892/ijmm.2019.4062.

29. Cao MX, Jiang YP, Tang YL, Liang XH. The cross-
talk between lncRNA and microRNA in cancer meta-
stasis: orchestrating the epithelial-mesenchymal plasticity.
Oncotarget 2017; 8: 12472–12483, doi: 10.18632/onco
target.13957.

30. Zhang YY, Feng HM. MEG3 suppresses human pancreatic
neuroendocrine tumor cells growth and metastasis by down-
regulation of Mir-183. Cell Physiol Biochem 2017; 44: 345–
356, doi: 10.1159/000484906.

31. Mohr AM, Mott JL. Overview of microRNA biology. Semin
Liver Dis 2015; 35: 3–11, doi: 10.1055/s-0034-1397344.

32. Li X, He L, Yue Q, Lu J, Kang N, Xu X, et al. MiR-9-5p
promotes MSC migration by activating beta-catenin signal-
ing pathway. Am J Physiol Cell Physiol 2017; 313: C80–
C93, doi: 10.1152/ajpcell.00232.2016.

33. Li G, Wu F, Yang H, Deng X, Yuan Y. MiR-9-5p promotes cell
growth and metastasis in non-small cell lung cancer through
the repression of TGFBR2. Biomed Pharmacother 2017; 96:
1170–1178, doi: 10.1016/j.biopha.2017.11.105.

34. Wang J, Wang B, Ren H, ChenW. miR-9-5p inhibits pancreatic
cancer cell proliferation, invasion and glutamine metabolism by
targeting GOT1. Biochem Biophys Res Commun 2019; 509:
241–248, doi: 10.1016/j.bbrc.2018.12.114.

35. Adams BD, Parsons C, Walker L, Zhang WC, Slack FJ.
Targeting noncoding RNAs in disease. J Clin Invest 2017;
127: 761–771, doi: 10.1172/JCI84424.

36. Li HJ, Sun XM, Li ZK, Yin QW, Pang H, Pan JJ, et al.
LncRNA UCA1 promotes mitochondrial function of blad-
der cancer via the MiR-195/ARL2 signaling pathway. Cell
Physiol Biochem 2017; 43: 2548–2561, doi: 10.1159/000
484507.

37. Fan FY, Deng R, Yi H, Sun HP, Zeng Y, He GC, et al. The
inhibitory effect of MEG3/miR-214/AIFM2 axis on the growth
of T-cell lymphoblastic lymphoma. Int J Oncol 2017; 51:
316–326, doi: 10.3892/ijo.2017.4006.

Braz J Med Biol Res | doi: 10.1590/1414-431X20198631

lncRNA MEG3 inhibits cell growth 11/11

http://dx.doi.org/10.3892/ijmm.2019.4062
http://dx.doi.org/10.18632/oncotarget.13957
http://dx.doi.org/10.18632/oncotarget.13957
http://dx.doi.org/10.1159/000484906
http://dx.doi.org/10.1055/s-0034-1397344
http://dx.doi.org/10.1152/ajpcell.00232.2016
http://dx.doi.org/10.1016/j.biopha.2017.11.105
http://dx.doi.org/10.1016/j.bbrc.2018.12.114
http://dx.doi.org/10.1172/JCI84424
http://dx.doi.org/10.1159/000484507
http://dx.doi.org/10.1159/000484507
http://dx.doi.org/10.3892/ijo.2017.4006
http://dx.doi.org/10.1590/1414-431X20198631

	title_link
	Introduction
	Material and Methods
	Human specimens
	Cell culture and transfection

	Table  Table 1. Clinical characteristics of the hepatocellular carcinoma patients
	Quantitative realhyphentime PCR lparqRThyphenPCRrpar
	Western blot
	RNA pullhyphendown assay
	Luciferase reporter assay
	Cell viability assay
	Flow cytometry
	Statistical analysis

	Results
	Expression of MEG3, miRhyphen9hyphen5p, and SOX11 in HCC tissues

	Table  Table 2. Primer sequence
	MEG3 served as a sponge for miRhyphen9hyphen5p in HCC cells

	Figure 1.
	Figure 2.
	Relationship among MEG3, miRhyphen9hyphen5p, and SOX11 in HCC cells
	MEG3 regulated the growth of HCC cells via mediating miRhyphen9hyphen5p
	MEG3 regulated the growth of HCC cells via sponging miRhyphen9hyphen5p to regulate SOX11 expression

	Discussion
	Figure 3.

	REFERENCES
	References
	Figure 4.
	Figure 5.
	References


