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Objectives: Long non-coding RNA (IncRNA) associated with microvascular invasion in
hepatocellular carcinoma (MVIH) has been recently reported to act as a predictor for the poor
recurrence-free survival of hepatocellular carcinoma (HCC) after hepatectomy. However, the
biological role of MVIH in the tumorigenesis of HCC is still unclear.

Methods: In the study reported here, MVIH expression levels were detected by real-time
polymerase chain reaction (PCR) in tumor tissue of HCC patients and in HCC cells, including
SMMC7721 and HepG2 cells. Cell viability and apoptosis were determined by MTT and termi-
nal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) methods, respectively. The
model of transplantation tumor of HepG2 cells in nude mice was used to evaluate the effects
of MVIH and miR-199a on HCC in vivo.

Results: MVIH expression was significantly increased and miR-199a expression was signifi-
cantly decreased in tumor tissue and HCC cells. si-MVIH inhibited HCC cell viability and
promoted cell apoptosis, but this effect was reversed by miR-199a inhibitor. Luciferase reporter
assay and RNA immunoprecipitation experiment showed that miR-199a had a direct binding
ability to MVIH RNA. In nude mice with transplantation, the tumor volume was reduced by
si-MVIH, and miR-199a inhibitor canceled this decrease.

Conclusion: MVIH promoted cell growth and inhibited cell apoptosis of HCC via inhibiting
miR-199a expression.
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Introduction
Hepatocellular carcinoma (HCC) is one of the most common solid tumors worldwide.
The occurrence of HCC in Asia and Africa accounts for the majority of all cases,'
and the annual increase of HCC incidence was 3.7% and 2.9% in men and women,
respectively, in the USA in the last decade.? More than half of the HCC burden has
been attributed to HBV infection,? and the epidemic of chronic HCV is closely linked to
the increase of HCC incidence in developed countries, including Japan, Italy, and the
USA.* Although significant progress has been made in the treatment of HCC, it is the
third leading cause of cancer-related deaths worldwide.’ Therefore, it is necessary to
determine the regulatory network underlying the development and progression of HCC,
which remains to be elucidated, for exploring new therapeutic strategies.

Emerging evidence has revealed that non-coding RNAs (ncRNAs) are fre-
quently regulated in various pathological processes, especially in tumorigenesis.’

submit your manuscript
Dove

http:

OncoTargets and Therapy 2015:8 2303-2310 2303
© 2015 Shi et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution — Non Commercial (unported, v3.0)
Al License. The full terms of the License are available at http://creati fl /by-nc/3.0/. Non- ial uses of the work are permitted without any further

permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php



http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OTT.S86807
mailto:shiyang999@126.com

Shi et al

Dove

The two major classes of ncRNAs are long ncRNAs
(IncRNAs) and small ncRNAs.® microRNAs (miRNAs), a
class of small ncRNAs, normally direct RNA-induced silenc-
ing complex (RISC) to the 3’UTR of target genes and regulate
their expression. Mounting evidence has demonstrated that
miRNAs take part in all stages and aspects of cancer cell
development, differentiation, apoptosis, and adhesion,” and
hence their possible use as diagnostic, prognostic, and predic-
tive biomarkers for cancers has been extensively studied.?
The new discovery of IncRNAs discloses a new understand-
ing of gene expression in cancers. The recent studies have
showed that IncRNAs, including HOTIR, MALTA-1, MEG3,
and HULC, are dysregulated in HCC and involved in cell
invasion, apoptosis, tumorigenesis, metastasis, prognosis,
and diagnosis.” 2

Microvascular invasion in hepatocellular carcinoma
(MVIH), located in the intron of the RPS24 gene and encod-
ing a protein that belongs to the S24E family of ribosomal
proteins, is an IncRNA associated with microvascular
invasion of HCC.*!* The present knowledge of MVIH is
limited. A recent study demonstrated that MVIH is gener-
ally overexpressed in HCC and serves as a predictor for the
recurrence-free survival of HCC after hepatectomy. An
increase in MVIH expression has also been observed in non-
small cell lung cancer.'> However, the molecular mechanism
of MVIH in HCC remains unknown.

Previous studies indicate that IncRNA may regulate
miRNA expression, subsequently modulating the target
genes of miRNAs at the post-transcriptional level.!>!6
miR-199a has been reported to function as tumor suppres-
sor. Bioinformatics analysis reveals MVIH contains one
conserved target site of miR-199a. In the study reported
here, we investigated the role of MVIH in expression of
FZD7, which is a downstream gene of miR-199a, provid-
ing a new insight to elaborate the molecular mechanism of
cancer development.

Materials and methods

Specimen collection

A total of 15 patients diagnosed with HCC who had under-
gone routine hepatic resection in the Affiliated Hospital of
Xuzhou Medical College from October 2013 to October 2014
were included in this study. Written informed consent was
obtained from all the participants, and the study was approved
by the Ethics Committee of the Affiliated Hospital of Xuzhou
Medical College. None of the patients had received preopera-
tive radiotherapy or chemotherapy prior to surgical resection.
The diagnoses of HCC were evaluated with conventional

clinical, histological diagnosis, differentiation, or cytological
criteria. The tumor tissues and corresponding adjacent non-
tumor tissues were collected in liquid nitrogen and stored at
—80°C immediately after resection.

Real-time polymerase chain reaction

The total RNA was isolated from tumor tissues or cells
using TRIzol® Reagent (Thermo Fisher Scientific, Waltham,
MA, USA). The produced cDNA was evaluated and quanti-
fied by spectrophotometry. Total RNA (1 pg) was used to
reverse transcribe to cDNA using an ImProm-II™ Reverse
Transcription System (Promega Corporation, Fitchburg, W1,
USA). The expression levels of MVIH and miR-199a were
determined on an Applied Biosystems 7500 Fast Real-Time
PCR System (Thermo Fisher Scientific) with a Power SYBR®
Green PCR Master Mix (Thermo Fisher Scientific). GAPDH
or U6 was used to act as a reference gene. The relative
expression levels of MVIH and miR-199a were calculated
with the 2724CT method. The specific sequences of primers
were as follows:

MVIH
Forward, 5'-AATTTTGCACATCTGAACAGCC-3" and
Reverse, 5-TTCAAAATCCCACTACGCCCA-3’

GAPDH
Forward, 5-GTCAACGGATTTGGTCTGTATT-3" and
Reverse, 5'-AGTCTTCTGGGTGGCAGTGAT-3’

miR-199a
Forward, 5'-GCCACAGTAGTCTGCACAT-3" and
Reverse, 5'-CAGTGCGTGTCGTGGAGT-3’

ué
Forward, 5’-GGGCAGGAAGAGGGCCTAT-3" and
Reverse, 5-AAAAATATGGAACGCTTCACGAATTTG-3’

Cell culture

Human liver cancer cell lines (HepG2 and SMMC7721)
and a normal liver cell line (HL-7702) were obtained from
the Institute of Biochemistry and Cell Biology, BIBS, CAS
(Shanghai, People’s Republic of China). No ethics statement
was required from the institutional review board for the use
of these cell lines. Cells were cultured in Dulbecco’s Modi-
fied Eagle’s Medium (DMEM) with 10% fetal bovine serum
(Gibco®; Thermo Fisher Scientific), 100 U/mL penicillin,
and 100 mg/mL streptomycin in humidified air at 37°C with
5% CO,.
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Vector construction

The constructed small interfering RNA-MVIH (si-MVIH)
vector and empty vector (negative control [NC]) were
synthesized by Inovogen Tech Co, Ltd (Beijing, People’s
Republic of China). The luciferase reporter vectors (pMIR-
MVIH-WT, pMIR-MVIH-Mut) were constructed by Takara
Biotechnology (Dalian) Co, Ltd (Dalian, People’s Republic
of China). The MVIH c¢cDNA fragment containing the pre-
dicted potential miR-199a binding sites or mutant sites was
amplified by real-time polymerase chain reaction (PCR)
method, and cloned into p-MIR-REPORT™ Luciferase
vector (Promega Corporation) according to the manufac-
turer’s instructions. The pcDNA-MVIH and pcDNA-NC
plasmids were prepared by Life Technologies (Beijing,
People’s Republic of China). The MVIH sequence was
cloned into the pcDNA3.1 vector by PCR method.

Cell transfection

When the HepG2 and SMMC7721 cells were cultured to
60%—70% confluence, the si-MVIH (or si-NC) was trans-
fected into the cells using Lipofectamine® 2000 (Thermo
Fisher Scientific) to co-incubate for 24 hours, and then the
cells were harvested to detect the cell viability and apoptosis.
The plasmids pcDNA-MVIH (or empty pcDNA) were trans-
fected into cells for 48 hours, and the cells were collected
to perform real-time PCR and Western blot experiments.
Luciferase reporter plasmid, wild-type luciferase reporter
plasmid (p-MIR-MVIH-WT), or mutant luciferase reporter
plasmid (pMIR-MVIH-Mut), was co-transfected with miR-
199a mimic into SMMC7721 or HepG2 cells for 48 hours,
and the luciferase activity was determined by GloMax® 96
Microplate Luminometer with Dual-Luciferase® Reporter
Assay System (Promega Corporation) according to the
manufacturer’s protocol.

MTT assay

The viability of SMMC7721 and HL-7702 cells was deter-
mined by MTT assay kit (Beyotime Biotechnology, People’s
Republic of China). The cells were incubated in 96-well
culture plates at a concentration of 1x10* cells/well. si-MVIH
was transfected into HepG2 or SMMC7721 cells for 48 hours,
and then the miR-199a inhibitor or NC was transfected into
cells for another 48 hours. After the transfection, 40 uL MTT
stock solution was supplemented into medium for 4 hours,
and then the supernatant was discarded and 200 UL dimethyl
sulfoxide (DMSO) was administrated. The absorbance was
recorded at 570 nm with a Multiskan® Spectrum (Thermo
Fisher Scientific).

Terminal deoxynucleotidyl transferase

dUTP nick end labeling method

The apoptosis of SMMC7721 and HL-7702 cells was detected
using a Colorimetric TUNEL Apoptosis Assay Kit (Beyotime
Biotechnology) according to the instructions. In brief, the
cells adherent on the slides were pretreated with CDMC, and
then fixed with 4% fresh paraformaldehyde for 30 minutes
at room temperature. After washing once with phosphate-
buffered saline (PBS), the fixed cells were immersed in 0.1%
Triton™ X-100 for 2 minutes at 4°C. H,O, (0.3%) in methanol
was used to rinse the cells for 20 minutes and PBS was used
to rinse them three times. The slides were incubated with
a mixed solution contained TdT and Bio-16-dUTP in TdT
buffer at 37°C for 60 minutes. The cells were rinsed with
PBS and incubated with streptavidin-horseradish peroxidase
conjugate to stop the reaction. The slides were stained with
diaminobenzidine for 10 minutes. The terminal deoxynucle-
otidyl transferase dUTP nick end labeling (TUNEL)-positive
cells were calculated.

RNA immunoprecipitation assay

RNA immunoprecipitation (RIP) was performed with a
Magna RIP™ RNA-Binding Protein Immunoprecipitation
Kit (EMD Millipore, Billerica, MA, USA). In brief, the cells
were lysed with RIP lysis buffer to obtain the cell lysis. The
protein was quantified using a Bradford Protein Assay Kit
(Beyotime Biotechnology). The whole cell extract was then
co-incubated with RIP buffer containing A + G magnetic
beads conjugated with human anti-Ago2 antibody (EMD Mil-
lipore) or NC normal mouse immunoglobulin G (IgG) (EMD
Millipore). Ago2 is a key component of the RISC complex.
An EZ-ECL kit was used to visualize Ago2 and IgG protein
expression. The immunoprecipitated RNA was isolated, and
real-time PCR was conducted to measure MVIH and miR-
199a in the precipitates.

Western blot analysis

The total protein from HepG2 and SMMC7721 cells were
lysed with RIPA lysis buffer (Beyotime Biotechnology),
which contained protease inhibitors. The protein quantity
was measured by bicinchoninic acid protein assay kit (Beyo-
time Biotechnology). The protein extracts were separated
using 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, and transferred to nitrocellulose membranes
and blocked in 5% nonfat milk prior to incubation with
the primary antibodies anti-FZD7 overnight at 4°C. After
being washed, the membrane was incubated with horserad-
ish peroxidase-conjugated secondary antibody for 2 hours.
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The protein expression was visualized using a BeyoECL
Plus ECL Kit (Beyotime Biotechnology). Beta-actin served
as the control protein.

Xenotransplant nude mice

The animal study was approved by the Committee on the
Ethics of Animal Experiments of the Affiliated Hospital of
Xuzhou Medical College. A total of 32 BALB/c nude mice
aged 6 weeks old were used to establish xenotransplant mice
with HepG2 HCC cells. The HepG2 cells were pretreated
with stable transfection of si-MVIH or si-control, and
then injected subcutaneously into the flanks of mice. Two
weeks after the injection, the miR-199a inhibitor or NC was
injected into the tumor sites. The tumor volume was recorded
every week, and it was calculated by the formula as follows:
tumor volume = TAB?/6 (in which A is the largest diameter,
B is the perpendicular diameter).
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Statistical analysis

All statistical analyses were performed with SPSS (v 18.0) soft-
ware. The measurement data were presented as mean + standard
deviation (SD). The statistical difference was analyzed by inde-
pendent-samples -test between two groups. A P-value <0.05
was considered to indicate significant difference.

Results
MVIH expression is elevated in HCC

MVIH and miR-199a expression was detected by real-time
PCR. As shown in Figure 1A, the MVIH level in HCC tissue
was 3.75-fold than that of normal tissue, and the miR-199a
level was 0.39-fold than that of normal tissue. The MVIH and
miR-199a expression levels were also detected in HCC cells.
As indicated in Figure 1B, SMMC7721 and HepG2 HCC cells
had a higher expression of MVIH and lower expression of
miR-199a compared with normal hepatocyte HL-7702 cells.
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Figure | The microvascular invasion in hepatocellular carcinoma (MVIH) and miR-199a expression in hepatocellular carcinoma (HCC) tissue and cells. The relative MVIH
and miR-199a expression levels were quantified by real-time polymerase chain reaction (PCR) in HCC tissue (n=15, A) and cells (n=3, B).

Note: **P<<0.01, versus normal tissue or normal hepatocyte HL-7702 cells.
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Downregulation of MVIH inhibits cell

viability and promotes cell apoptosis of
HCC cells

To investigate the role of MVIH in HCC, cells were trans-
fected with si-MVIH to downregulate MVIH expression.
The results showed that si-MVIH significantly inhib-
ited the cell viability of HepG2 and SMMC7721 cells
(Figure 2A and B), while markedly promoted the cell
apoptosis (Figure 2C and D). HCC cells supplemented with
miR-199a inhibitor, the decrease of cell viability and increase
of cell apoptosis induced by si-MVIH were reversed.

miR-199a targets MVIH in HCC cells

Bioinformatics analysis revealed MVIH contains one con-
served target site of miR-199a. To confirm this prediction,
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the wild-type sequence of MVIH (MVIH-WT) or its mutant
sequence (MVIH-Mut) was sub-cloned into the pMIR
luciferase reporter and then co-transfected with miR-199a
mimic into SMMC7721 or HepG2 cells. The relative
luciferase activity of pMIR-UCA1-WT was significantly
reduced after the transfection of miR-199a mimic. However,
no effect was observed in pMIR-UCA1-Mut (Figure 3A).
The RIP experiments was used to confirm whether both
MVIH and miR-199a might be in the RISC complex. The
results showed that MVIH and miR-199a were enriched to
more than 100 times in Ago2 pellets relative to control IgG
immunoprecipitates (Figure 3B), which demonstrated that
MVIH is present in Ago-2-containing RISC through asso-
ciation with miR-199a. In miR-199a mimic co-transfected
with pcDNA-MVIH (or pcDNA-NC) in SMMC7721 or
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Figure 2 Downregulation of microvascular invasion in hepatocellular carcinoma (MVIH) inhibits cell viability and promotes cell apoptosis of hepatocellular carcinoma
cells. siRNA-MVIH was transfected into hepatocellular carcinoma cells (HepG2 and SMMC7721) for 48 hours and then the miR-199a inhibitor or negative control (NC)
was transfected into hepatocellular carcinoma cells for another 48 hours. The cell viability was detected by MTT assay (A); the cell apoptosis was measured by terminal

deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) method (B).

Notes: *P<<0.05, versus with cells transfected with si-MVIH; #P<<0.05, versus with cells transfected with si-MVIH and NC.
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Figure 3 miR-199a targets 3’UTR of microvascular invasion in hepatocellular carcinoma (MVIH) in hepatocellular carcinoma cells. Luciferase reporter plasmid, wild-type
luciferase reporter plasmid (p-MIR-MVIH-WT) or mutant luciferase reporter plasmid (pMIR-MVIH-Mut), was co-transfected with miR-199a mimic into SMMC7721 or HepG2
cells; the relative luciferase activity was detected by luciferase reporter assay (A). HepG2 cells lysate was treated with antibody Ago2 or immunoglobulin (Ig) G, and then the
RNA immunoprecipitation was performed to detect the relative MVIH and miR-199a enrichment (B). Co-transfection of miR-199a mimic with pcDNA-MVIH or pcDNA-NC
into SMMC7721 or HepG2 cells; the concentrations of pcDNA-MVIH were | ug, 2 g, and 4 ug; the relative miR-199a level was quantified by real-time polymerase chain

reaction (C). The protein expression of FZD7 was detected by Western blot (D).

Note: **P<<0.01, versus the group treated with negative control (NC; A) or anti-IgG (B) or transfection of miR-199a with empty pcDNA (C).
Abbreviations: IP, immunoprecipitation; RIP, RNA immunoprecipitation; WB, western blot.

HepQG2 cells, the miR-199a expression level was significantly
inhibited by pcDNA-MVIH in a dose-dependent manner
(Figure 3C). However, FZD7, the target gene of miR-199a,
was upregulated by pcDNA-MVIH (Figure 3D).

MVIH and miR-199a participate in the

tumor growth in vivo

HepG2 cells were injected into nude mice to establish tumor
xenograft model. HepG2 cells were pretreated with stable
transfection with si-MVIH or si-control. As shown in Figure
4, the tumor growth of mice with si-MVIH transfection was
slower than that in mice transfected with si-control. In addi-
tion, the tumor volume in the si-MVIH group was 26.4% of
that in si-control group. To inject miR-199a inhibitor into

tumor sites during the period of tumor growth, it was found
that the decrease in tumor volume induced by si-MVIH was
reversed by miR-199a inhibitor.

Discussion

The new discovery of IncRNA transcripts has dramatically
increased our understanding of cell biology, especially in can-
cers. More than 200 nucleotides long, IncRNAs are closely
related to the regulation of protein-coding genes at chroma-
tin modification, transcriptional, and post-transcriptional
levels in various physiological processes.!” Recently, exten-
sive studies have been conducted on IncRNAs and their
molecular functions,'®?* and the emerging evidences show
numerous IncRNAs are altered in HCC."'!%2 Yuan et al has
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Figure 4 Microvascular invasion in hepatocellular carcinoma (MVIH) and miR-199a
participate in the tumor growth in vivo. HepG2 cells were stably transfected with
small interfering RNA-microvascular invasion in hepatocellular carcinoma (si-MVIH)
or siRNA-control. Two weeks after the injection with HepG2 cells (HepG2 cells
were pretreated with different treatments), the mouse model of transplantation
tumor was established. miR-199a inhibitor or negative control (NC) was injected
into the tumor sites (n=8).

Notes: *P<<0.05, versus the mice with si-control treatment; *P<<0.05, versus the
mice with si-MVIH + NC.

Abbreviation: si-MVIH+NC, siRNA-MVIH + negative control.

demonstrated that the MVIH overexpression is associated
with frequent microvascular invasion, higher tumor node
metastasis stage, and decreased recurrence-free survival.'
In the study reported here, we found MVIH was overex-
pressed in tumor tissue and cells of HCC. In addition, the
downregulation of MVIH could reduce the tumor volume
in vivo and decrease the cancer cell viability in vitro. These
findings are consistent with previous study.

Although the biological roles of IncRNAs in human
cancers have been identified, the molecular mechanisms
underlying cancers are complicated and still little known.
A growing number of studies have demonstrated that
IncRNAs may act as miRNA sponges or antagomirs to
be involved in the regulation of miRNAs and their target
genes.”** Kallen et al illustrated that the H19 IncRNA
harbors both canonical and noncanonical binding sites for
let-7 miRNA, and acts as a natural sponge for the regulation
of let-7 availability.? It is still unknown whether MVIH takes
part in cancer biology via regulation of miRNA expression.
Previously, abundant reports showed that miR-199a functions
as a tumor suppressor, promoting cancer cell apoptosis and
preventing cancer migration in cancers.”?’ Bioinformatics
analysis also revealed MVIH contains one conserved target
site of miR-199a. We detected the expression levels of
miR-199a in tumor tissue and cells of HCC, and the results
showed that miR-199a levels were significantly decreased.
We proposed MVIH might regulate HCC cells viability by

inhibiting the expression of miR-199a, which functions as an
miR-199a sponge. In in vitro experiments in which HCC cells
were supplemented with miR-199a inhibitor, the downregula-
tion of MVIH-induced decrease in cell viability and increase
in cell apoptosis were reversed. This result partly indicated
that MVIH interacted with miR-199a to play the role in regu-
lating cancer cell viability and apoptosis. To further prove our
hypothesis, the luciferase reporter assay was performed. As
expected, a direct binding ability of the miR-199a response
elements on the MVIH RNA was confirmed. Ago2 is a key
component of the RISC, and it can captures miRNAs which
are working as guide molecules for interaction with target
mRNAs. The RIP experiment produced even more evidence
for the association between MVIH and miR-199a in Ago2-
containing RISC. In the transplantation tumor mice, it was
found that the decrease of tumor volume induced by si-MVIH
was also reversed by the miR-199a inhibitor, which suggested
there was a reciprocity relationship between MVIH and
miR-199a. Taken together, these findings provide evidence
of MVIH acting as a miRNA sponge, linking the regulation
of gene expression in HCC pathogenesis.

To further investigate the effects of MVIH on the regu-
lation of miR-199a and its target mRNA expression, FZD7
was studied. FZD7 is a member of the “frizzled” gene family
encode 7-transmembrane domain proteins that are receptors for
Wnt signaling proteins.?® The alteration of FZD7 expression
has been reported to play a critical role in numerous human
cancers, including gastric cancer, breast cancer, colorectal
cancer, and so on.”>! Recently, FZD7 has been identified
to be a functional target of miR-199a and participate in cell
proliferation and cell cycle regulation of HCC.* In the study
reported here, miR-199a expression was inhibited by pcDNA-
MVIH, and FZD7 protein expression was upregulated after
the co-transfection of miR-199a mimic with pcDNA-MVIH
into HCC cells. Therefore, the alteration of FZD7 expression
mediated by MVIH and miR-199a was believed to be involved
in the tumorigenesis process of HCC.

Conclusion

The study found that MVIH was overexpressed in vitro and
in vivo of HCC, and MVIH acted as an miR-199a sponge
to promote HCC cell growth and inhibit cell apoptosis.
Further studies are needed to elucidate the precise mecha-
nism underlying the regulation of miRNAs and their target
genes by IncRNAs.
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