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Nuclear paraspeckle assembly transcript 1 promotes
the metastasis and epithelial-mesenchymal transition
of hepatoblastoma cells by inhibiting miR-129-5p
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Abstract. The abnormal expression of nuclear paraspeckle
assembly transcript 1 (NEATI1) may serve critical func-
tions for the development and progression of various types
of human tumor. However, the expression and biological
function of NEAT1 in hepatoblastoma (HB) and the under-
lying mechanisms for the function of NEATI in HB remain
largely uncharacterized. In the present study, the results of
reverse transcription-quantitative polymerase chain reaction
revealed that the expression of NEATI was significantly
elevated in HB tissues. HB tissues with metastasis also
exhibited significantly increased levels of NEAT1 compared
with tissues without metastasis. The biological functions
of NEAT1 were then assessed using gain-/loss-of-function
studies. The results of in vitro assays revealed that inhibiting
NEATI1 expression reduced the migration and invasion of
HepG2 cells. By contrast, the induced expression of NEAT1
exhibited the opposite effect. The present study also demon-
strated that the inhibition of NEAT1 expression prevented the
epithelial-mesenchymal transition of HepG2 cells, whereas
forced expression of NEAT1 exhibited the opposite effect. In
addition, it was confirmed that NEAT1 could modulate the
expression of microRNA (miR)-129-5p in HepG2 cells, and
that NEAT1 may exert its effect on the metastatic behaviors
and epithelial-mesenchymal transition of HepG2 cells by
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inhibiting miR-129-5p. In conclusion, the present study
indicated that NEAT1 expression was aberrantly increased
in HB and that it may promote the metastasis of HB cells by
inhibiting miR-129-5p. Targeting NEAT1 may potentially be a
novel therapeutic option for treating patients with HB.

Introduction

Hepatoblastoma (HB), derived from undifferentiated hepatic
progenitor cells (1), is a highly malignant disease in the liver
and the most common type of hepatic malignancy in chil-
dren (2). Local and systemic metastasis are the critical causes
for the poor prognosis of this disease (3,4). Exploring the
molecular mechanisms underlying the metastatic process of
HB is critical for identifying novel biomarkers and therapeutic
targets of HB.

Long non-coding RNAs (IncRNAs) are a group of non-co-
ding RNAs >200 nucleotides in length, with a limited ability to
code protein (5). However, IncRNAs have been demonstrated to
serve important roles in various biological processes, including
cell proliferation, differentiation and motility (6). Emerging
evidence has demonstrated the aberrant expression of IncRNAs
in various types of human cancer (7,8). Deregulated IncRNAs
are involved in the growth, drug resistance and metastasis of
human cancers (9). However, the pathophysiological functions
of IncRNAs in HB remain largely uncharacterized.

Nuclear paraspeckle assembly transcript 1 (NEAT1), an
IncRNA occurring in the nucleus that forms the core struc-
tural component of the paraspeckle sub-organelles (10,11), was
revealed to be abnormally expressed in esophageal squamous
cell carcinoma (12), glioma (13), colorectal cancer (14) and
prostate cancer (15). The abnormal expression of NEAT1 was
significantly associated with the prognosis of patients with
cancer (12). However, the expression status, functional role and
underlying mechanisms in HB remain unknown.

In the present study, it was identified that the expres-
sion of NEAT1 was significantly upregulated in human HB
tissues, and the HB tissues with metastasis had significantly
increased expression level of NEAT1 compared with those
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without metastasis. Functionally, NEAT1 was revealed to
promote the metastatic ability and epithelial-mesenchymal
transition (EMT) of HB cells. Furthermore, the present study
elucidated that NEAT1 exerts its functional effect in HB cells
by inhibiting microRNA (miR)-129-5p.

Materials and methods

Clinical samples and cell culture. A total of 32 human HB
tissue samples and 15 normal liver tissues were obtained from
32 patients with HB who underwent surgical resection in
the Department of Surgery, Children's Hospital of Soochow
University (Suzhou, China) between January 2005 and
December 2010. The age range of HB patients was between
2 and 9 years old (mean age, 4.6 years), with 20 male and
12 female patients. Clinical specimens were stored at -80°C.
All samples were obtained subsequent to obtaining written
informed consent from every patient. The protocols involving
clinical samples were approved by the Ethics Committee of
Soochow University, in accordance with the Declaration of
Helsinki.

HepG2 HB cells, purchased from American Type Culture
Collection (ATCC; Manassas, VA, USA), were cultured in
RPMI-1640 medium (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) supplemented with 10% fetal bovine
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml
penicillin and 100 U/ml streptomycin. Cells were incubated at
37°C in a humidified incubator containing 5% CO,.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA was isolated from the HB tissues and
HepG2 cells using TRIzol (Thermo Fisher Scientific, Inc.)
according to the manufacturer's instructions. To investigate
the level of NEAT1 in HB tissues and HepG2 cells, cDNA
synthesis was performed using a cDNA reverse transcription
kit (Fermentas; Thermo Fisher Scientific, Inc.) according to
the manufacturer's instructions, and qPCR for 2 ng cDNA
was performed with SYBR-Green I (Takara Biotechnology
Co., Ltd., Dalian, China). cDNA was denatured at 95°C for
5 min and subjected to amplification (40 cycles of 98°C for
15 sec, 58°C for 30 sec and 72°C for 30 sec. The primers used
were: NEAT1 forward, 5-CTTCCTCCCTTTAACTTATCC
ATTCAC-3"' and reverse, 5'-CTCTTCCTCCACCATTACCAA
CAATAC-3'; and B-actin forward, 5-~AAAGACCTGTAC
GCCAACAC-3' and reverse, 5'-GTCATACTCCTGCTTGCT
GAT-3". f-actin was used as an endogenous control. Relative
gene expression was calculated using the 2224 method (16).
Each experiment was repeated at least 3 times.

To measure the relative miR-129-5p level in HepG2
cells, the TagMan MicroRNA Reverse Transcription kit
(Thermo Fisher Scientific, Inc.) was used according to the
manufacturer's instructions. qPCR was then performed, using
TagMan miR-129-5p and U6 RNA assays (Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions.
Primers for miR-129-5p (cat. no. CD201-0202) and U6 (cat.
no. CD201-0145) were obtained from Tiangen Biotech Co.,
Ltd. (Beijing, China). U6 was used as an endogenous control.

Cell transfection. Small interfering RNAs (siRNAs) against
NEATI (5'-UGGUAAUGGUGGAGGAAGAUU-3, 5'-GUG
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AGAAGUUGCUUAGAAAUU-3"), a scrambled negative
control siRNA (cat. no. siN05815122147-1-5), a miR-129-5p
inhibitor (cat. no. miR20000242-1-5) and a corresponding
negative control vector (cat. no. NC-miR20000242-1-5) were
purchased from Guangzhou RiboBio Co., Ltd. (Guangzhou,
China). A NEAT1-expressing vector and a control vector were
purchased from Invitrogen (Thermo Fisher Scientific, Inc.).
The aforementioned vectors were transfected into HepG2
cells with Lipofectamine 2000® (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions.

Transwell assay. The migration and invasion ability of HepG2
cells was measured with a Transwell assay. A total of 2x10°
HepG2 cells resuspended in serum-free medium were seeded
into Transwell inserts with 8-ym pores (EMD Millipore,
Billerica, MA, USA), whereas the lower chamber was filled
with 600 ul medium containing 10% FBS as an attractant.
For the invasion assay, the upper chamber was coated with a
mixture of RPMI-1640 medium and Matrigel (BD Biosciences,
Franklin Lakes, NJ, USA) at a ratio of 7:1. Cells were then
incubated in the previously described conditions (37°C in
a humidified incubator containing 5% CO,). At 36 h after
seeding, the migrated or invaded HepG2 cells on the lower
surface were stained with 0.1% crystal violet for 5 min at room
temperature, and cell numbers were counted from 10 random
fields of the lower surface of the filter using a light microscope
at x20 magnification.

Western blot analysis. Radioimmunoprecipitation assay lysis
buffer (Beyotime Institute of Biotechnology, Shanghai, China)
was used to extract protein from HepG2 cells, and protein
concentration was measured using a bicinchoninic acid kit
(Pierce; Thermo Fisher Scientific, Inc.), according to the
manufacturer's instructions. A total of 40 ug of protein from
each sample was separated on a Novex® 10% Tris-glycine
gel, then transferred to a nitrocellulose membrane (both from
Thermo Fisher Scientific, Inc.). The membrane was blocked
with 10% goat serum (BD Biosciences) at room temperature
for 30 min. The membranes were incubated with the following
primary antibodies overnight at 4°C: E-cadherin (1:1,000 dilu-
tion, cat. no. 3195; Cell Signaling Technologies, Inc., Danvers,
MA, USA), vimentin (1:1,000 dilution, cat. no. sc-5565) and
GAPDH (1:1,500 dilution, cat. no. sc-32233; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA). The membranes were
then incubated with anti-mouse (cat. no. 32430) or anti-rabbit
(cat. no. 65-6120) secondary antibodies (1:10,000 dilution;
Pierce; Thermo Fisher Scientific, Inc.) at room temperature
for 1 h, and immunoreactive signals were detected using the
Bio-Rad Gel imaging system (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). Quantifaction of immunoblots images
were performed using Image Lab software (version 6.0;
Bio-Rad Laboratories, Inc.).

Prediction of NEATI targets. The prediction of the target
miRNAs of NEAT1 was performed using starBase (http://star-
base.sysu.edu.cn/), a publicly available database of miRNAs.

Statistical analysis. All quantitative data are expressed as
the mean + standard deviation. GraphPad Prism 5 software
(GraphPad Software, Inc., La Jolla, CA, USA) was used to
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Figure 1. Expression status of NEAT1 in HB and non-cancer tissue. Differences in NEAT1 expression between (A) HB tissues and normal tissues, and (B) HB
tissues with and without metastasis. "P<0.05. HB, hepatoblastoma; NEAT1, nuclear paraspeckle assembly transcript 1.
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Figure 2. NEAT1 promotes the migration and invasion of HepG2 cells. (A) Transfection of NEAT1 siRNA significantly decreased NEAT1 expression in
HepG?2 cells. (B) Inhibition of NEAT1 significantly reduced the migration and invasion of HepG2 cells. Magnification, x20; n=3 repeats with similar results.
(C) NEAT1-expressing vector significantly increased the level of NEAT1 in HepG2 cells. (D) Overexpression of NEAT1 significantly increased the migration
and invasion of 5-8F cells. Magnification, x20; n=3. "P<0.05. NEAT1, nuclear paraspeckle assembly transcript 1; siRNA, small interfering RNA; NC, negative

control.

perform statistical analysis. Pearson's %> test (for enumerative
data) and Student's t-test (for quantitative data) were performed
in the present study. P<0.05 was considered to indicate a statis-
tically significant difference.

Results

NEATI expression is significantly upregulated in HB tissues.
NEAT! expression levels in 32 HB tissues and 15 non-tumor
tissues were measured by RT-qPCR. The expression level of
NEATI in HB tissues was significantly increased compared
with non-tumor tissues (P<0.05; Fig. 1A). The expression of
NEAT1 was then compared between HB tissues from patients
with and without metastasis. The results of RT-qPCR revealed
that HB tissues with metastasis had significantly increased
levels of NEAT1 compared with those without metastasis
(P<0.05; Fig. 1B). These data indicated that NEAT1 performs

an oncogenic role in HB and possibly contributes to the
metastasis of HB.

NEATI promotes the migration and invasion of HepG?2 cells.
Subsequent to confirming the aberrant expression of NEAT1
in HB tissues, the functional effects of NEATI in HepG2
cells were examined. Since HB tissues with metastasis had
significantly increased levels of NEATI, it was investigated
whether NEAT1 could promote the migration and invasion of
HepG2 cells. NEAT1-specific siRNA was used to inhibit the
expression of NEAT1 in HepG2 cells. Transfection of NEAT1
siRNA significantly reduced the expression level of NEAT1
in HepG2 cells (P<0.05; Fig. 2A). Transwell assays were then
used to investigate the alteration of the migration and inva-
sion of HepG2 cells subsequent to inhibiting the expression
of NEAT1. Transwell assays revealed that the downregulation
of NEAT]1 expression in HepG2 cells significantly reduced
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Figure 3. NEAT1 promotes the epithelial-mesenchymal transition of HepG2 cells. (A) Inhibition of NEAT1 significantly increased E-cadherin expression and
decreased N-cadherin expression in HepG2 cells. (B) Overexpression of NEAT1 decreased E-cadherin expression and increased N-cadherin expression in
HepG2 cells. "P<0.05. NEATI, nuclear paraspeckle assembly transcript 1; siRNA, small interfering RNA; NC, negative control.
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Figure 4. NEAT1 inhibits the expression of miR-129-5p in HepG2 cells. (A) NEAT1 contains a complementary sequence for miR-129-5p. (B) Inhibition of
NEAT]1 significantly increased the expression level of miR-129-5p in HepG2 cells. (C) Forced expression of NEAT] significantly decreased the expression
level of miR-129-5p in HepG2 cells. "P<0.05. NEAT1, nuclear paraspeckle assembly transcript 1; siRNA, small interfering RNA; NC, negative control.

the migration and invasion of HepG2 cells (P<0.05; Fig. 2B).
To confirm the modulatory function of NEAT1 in the meta-
static ability of HepG2 cells, a NEAT1-expressing vector was
used to overexpress NEAT1 in HepG2 cells. Transfection of
the NEAT1 vector significantly increased the expression of
NEATI in HepG2 cells (P<0.05; Fig. 2C), and resulted in a
significantly increased extent of migration and invasion of
HepG2 cells (P<0.05; Fig. 2D). Taken together, these data
indicated that NEAT1 may enhance the metastatic ability of
HepG2 cells.

NEATI contributes to the EMT of HepG2 cells. During the
last two decades, EMT, which was characterized as decreased
expression of epithelial marker (E-cadherin) and increased
expression of mesenchymal marker (N-cadherin), was recog-
nized as an important mechanism in cancer metastasis (17).
Since the data of the present study confirmed the enhancing
effect of NEAT1 on the metastatic ability of HepG2 cells, it
was subsequently explored whether NEAT1 expression could
promote the EMT of HepG2 cells. The results of western blot-
ting revealed that inhibition of NEAT1 in HepG?2 cells resulted
in significantly increased E-cadherin expression (P<0.05;
Fig. 3A) and decreased N-cadherin expression (P<0.05;
Fig. 3A). By contrast, overexpression of NEAT1 in HepG2
cells led to the decreased expression of E-cadherin (P<0.05;
Fig. 3B) and the increased expression of N-cadherin (P<0.05;
Fig. 3B). These data indicated that the expression of NEAT1
may promote EMT in HepG?2 cells.

Expression level of miR-129-5p in HepG?2 cells is modulated
by NEATI. It has been demonstrated that IncRNAs contain
complementary sequences to miRNAs and may inhibit the
expression and activity of miRNAs (18). To explore whether
NEAT]I has similar mechanisms in HepG2 cells, the predic-
tion of microRNA target sites was performed with the starBase
database. Among numerous potential microRNA targets, the
present study focused on miR-129-5p, as it had previously been
revealed to serve an important role in modulating the metas-
tasis and EMT of human cancer (19-21). As demonstrated in
Fig. 4A, NEATI contained a complementary sequence against
miR-129-5p. RT-qPCR was then used to confirm whether
NEAT!I affects the expression of miR-129-5p in HepG2 cells.
The results of RT-qPCR demonstrated that knockdown of
NEAT]1 significantly increased the expression of miR-129-5p
(P<0.05; Fig. 4B), while overexpression of NEAT1 signifi-
cantly reduced miR-129-5p level in HepG2 cells (P<0.05;
Fig. 4C). These results demonstrated that NEAT1 may inhibit
the expression of miR-129-5p in HepG2 cells.

NEATI exerts its functional effects on the metastasis and EMT
of HepG?2 cells through modulating miR-129-5p. To confirm
that NEATI1 exerts its functional effect in HepG2 cells by
modulating miR-129-5p, HepG2 cells transfected with NEAT1
siRNA were then transfected with an miR-129-5p inhibitor.
Transfection with the miR-129-5p inhibitor significantly
reduced the miR-129-5p expression of HepG2 cells (P<0.05;
Fig. 5A). Functionally, the inhibition of miR-129-5p in HepG2
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Figure 5. NEAT1 exerts its functional effects on HepG2 cells by inhibiting miR-129-5p cells. (A) miR-129-5p inhibitor significantly reduced the expression
level of miR-129-5p in HepG2 cells transfected with NEAT1 siRNA. (B) Inhibition of miR-129-5p reversed the inhibitory effects of NEAT1 knockdown on
the migration and invasion of HepG2 cells. Magnification, x20. (C) Inhibition of miR-129-5p abrogated the inhibitory effects of NEAT1 knockdown on the
epithelial-mesenchymal transition of HepG2 cells. n=3. "P<0.05. NEAT1, nuclear paraspeckle assembly transcript 1; NC, negative control.

cells transfected with NEAT1 siRNA reversed the inhibitory
effects of NEAT1 siRNA on the migration and invasion of
HepG2 cells. Furthermore, inhibition of miR-129-5p decreased
E-cadherin (P<0.05; Fig. 5B) and increased N-cadherin
(P<0.05; Fig. 5B) expression in HepG2 cells transfected
with NEAT1 siRNA, indicating that miR-129-5p inhibition
reversed the inhibitory effects of NEAT1-knockdown on EMT
of HepG2 cells. These data indicated that NEAT1 may not
only modulate the expression of miR-129-5p, but also exert
its functional effects on metastasis and EMT of HepG2 cells
through modulating miR-129-5p expression.

Discussion

The metastasis of HB is the major reason for the poor prog-
nosis of patients with HB (1-4). There are currently few
effective treatments available for patients with metastasis.
IncRNAs have been identified to serve an important role in
cancer development and progression (12,15). Exploring the
expression status and biological functions of IncRNAs in HB
may contribute to the identification of novel biomarkers and
therapeutic targets for patients with HB.

Among a number of cancer-associated IncRNAs, NEAT1
has been identified to be an oncogenic IncRNA; it may be
overexpressed in prostate cancer (22), colorectal cancer (20),
glioma (13) and esophageal squamous cell carcinoma (12), and
its overexpression was associated with poor prognosis of the
patients with cancer (12). In the present study, it was revealed
that NEAT1 was overexpressed in HB tissues. Notably, tumor
tissues from patients with metastasis were found to have

significantly increased expression levels of NEAT1 compared
with patients without metastasis, indicating its oncogenic
function and potential ability to promote metastasis in HB.
Previous studies have demonstrated that NEATI has
various biological functions in various types of human cancer.
For example, a previous study on prostate cancer revealed that
NEAT1 may promote the growth of prostate cancer by affecting
the epigenetic status of the target gene promoter (15). An
additional study on lung cancer demonstrated that NEAT1 was
associated with the apoptosis and cell cycle progression modu-
lated by miR-449a (23). NEAT] has also been reported to serve
a role in the regulation of the pro-tumorigenic hypoxia pheno-
type in breast cancer (24). Therefore, these previous studies
demonstrated that the biological role of NEAT1 in human
cancers varies between cancer types. In the present study, the
results of Transwell assays demonstrated that the knockdown of
NEAT! inhibits the migration and invasion of HB cells, while
overexpression of NEAT1 promotes the migration and invasion
of HB cells. In addition, the results of western blotting revealed
that NEAT1 may promote the EMT of HepG2 cells. Therefore,
the results of the present study demonstrated that NEAT1
promoted the metastatic ability and EMT of HB cells.
IncRNAs may act as a ‘sponge’ for miRNAs and regulate the
expression and function of miRNAs (22,25,26), thus affecting
the development and progression of various types of human
cancer. Therefore, it was investigated whether NEAT1 may exert
its functional effects on HB through similar mechanisms. Using
starBase, NEAT1 was revealed to contain a complementary
sequence of miR-129-5p, indicating that NEAT1 may regulate
the expression of miR-129-5p. RT-qPCR was then used to
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confirm whether NEAT1 regulates the expression of miR-129-5p
in HepG2 cells. The results of RT-qPCR revealed that the
knockdown of NEAT1 increased the level of miR-129-5p, while
overexpression of NEAT1 decreased the level of miR-129-5p
in HepG2 cells. These results demonstrated that NEAT1 may
inhibit the expression of miR-129-5p in HepG2 cells.

Since previous studies have confirmed that miR-129-5p
regulates the metastasis and EMT of cancer cells (19-21),
the present study investigated whether NEAT1 exerted its
functional effects on HepG2 cells through modulating the
expression of miR-129-5p. An miR-129-5p inhibitor was used
to inhibit the expression level of miR-129-5p in HepG2 cells
transfected with NEAT1 siRNA. The results of Transwell
assays revealed that inhibiting the expression of miR-129-5p
partially reversed the inhibitory effects of NEAT1 knockdown
on cell migration and invasion. Furthermore, the western
blotting results demonstrated that inhibiting miR-129-5p may
abrogate the inhibitory effects of NEAT1 knockdown on EMT.
These results indicated that NEAT1 may not only inhibit the
expression of NEAT1 in HepG2 cells, but also exert its func-
tional effects on HepG2 cells by modulating the expression of
miR-129-5p.

In conclusion, to the best of our knowledge, the present
study demonstrated for the first time that the expression of
NEATI is significantly elevated in HB tissues compared
with non-cancerous liver tissue. HB tissue from patients with
metastasis exhibited a significantly increased level of NEAT1
expression relative to HB tissue from patients that did not
exhibit metastasis. NEAT1 may promote the EMT and meta-
static behaviors of HB cells. Furthermore, NEAT1 may inhibit
miR-129-5p, and the functional effects of NEAT1 in HB may
be mediated by modulating miR-129-5p expression.
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