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miR-122 inhibits viral replication and cell proliferation in
hepatitis B virus-related hepatocellular
carcinoma and targets NDRG3
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Abstract. microRNAs (miRNAs) are short, non-coding RNAs
with post-transcriptional regulatory functions that participate in
diverse biological pathways. miR-122, a liver-specific miRNA,
has been found to be down-regulated in hepatocellular carci-
noma (HCC) and HCC-derived cell lines. In this study, miR-122
was down-regulated in the hepatitis B virus (HBV)-related
HCC cell line HepG2.2.15 compared to HepG2. NDRG3, a
member of the N-myc downstream-regulated gene (NDRG)
family, was up-regulated in HepG2.2.15 and was identified as
a target gene of miR-122. An inverse correlation between the
expression of miR-122 and the NDRG3 protein was noted in
HBV-related HCC specimens. The transfection of the miR-122
expression vector into the HepG2.2.15 cell line repressed the
transcription and expression of NDRG3, which subsequently
reversed the malignant phenotype of the cells. The replica-
tion of HBV, expression of viral antigens and proliferation of
cells were significantly inhibited by restoration of miR-122.
The data demonstrate that miR-122 plays an important role in
HBV-related hepatocarcinogenesis by targeting NDRG3. Thus,
miR-122 and NDRGS3 represent key diagnostic markers and
potential therapeutic targets for HBV-related HCC.

Introduction
Hepatocellular carcinoma (HCC) is one of the most aggressive

human cancers worldwide and accounts for 80-90% of liver
cancers (1,2). Since the 1990s, the rate of mortality associated
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with HCC has remained the third highest worldwide and the
second highest in China compared with all other cancers. The
5-year survival rate of HCC is less than 5%; almost 600,000
patients die each year (3). Therefore, investigation into the
pathogenesis of HCC is of great significance. The discovery
of microRNAs (miRNAs), a class of small non-coding RNAs,
identified a group of molecules that usually regulate target
genes post-transcriptionally by binding to the complementary
sequences (mostly in the 3'-UTR) of their target mRNAs
and induce mRNA degradation or translational repression
(4,5). miRNAs are involved in the regulation of the growth
and development of plants and animals as well as many other
complicated life processes (6). The regulation of miRNAs
also plays a key role in the occurrence of HCC (7). miR-122, a
liver-specific miRNA, accounts for 70% of the miRNAs in the
liver and is expressed at high levels in human and mouse liver,
primary cultured liver cells and liver cell lines (8,9). miR-122
impacts cell differentiation, proliferation, metabolism, stress
and other liver processes by regulating the expression of a large
number of target genes (10-12). Previous studies have shown
that miR-122 is down-regulated in HCC and HCC-derived
cell lines and contributes to hepatocarcinogenesis by targeting
genes including cyclin G1, SRF, IgfIR, Bcl-w and ADAM17
(13-16). As a novel target for inhibiting the development of
HCC, miR-122-based therapeutics may benefit the treatment
of HCC, excluding hepatitis C virus infection (17).

Hepatitis B virus (HBV) infection induces hepatitis,
cirrhosis and HCC, which are greatly detrimental to human
health and affect quality of life (18). Therefore, it is of great
importance to investigate the pathogenesis of HBV-related
HCC. In our previous study, taking advantage of the fact that
HBV-transgenic mice develop liver cancer spontaneously in the
first 20 months of life (19), we observed the dynamic profiles
of genes and miRNAs of HBV-transgenic mice as compared
to syngeneic BALB/c mice. The expression level of miR-122
was significantly down-regulated in the HBV-transgenic mice,
which was validated by real-time quantitative PCR. Levels of
miR-122 were also significantly decreased when the cell line
BEL7402 was transfected with the HBV expression plasmid,
as well as in HepG2.2.15, as compared to HepG2. These data
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motivated us to further elucidate the relationship among HBV
infection, miR-122 silencing and hepatocarcinogenesis. We
report here that miR-122 targets NDRG3, a member of the
N-myc down-regulated gene (NDRG) family. Transfection of
miR-122 into the HepG2.2.15 cell line reversed the malignant
phenotype of cells and inhibited the replication of HBV and
expression of viral antigens. Our data suggest an important
role for miR-122 in HBV-related hepatocarcinogenesis by
targeting NDRG3.

Materials and methods

Tissue samples and cell lines. Twenty-two pairs of tumor and
adjacent non-tumor tissues were obtained from patients with
HBV-related HCC at Shandong Provincial Hospital between
2008 and 2010. The tissue samples were snap-frozen in liquid
nitrogen immediately after resection and stored at -80°C until
use. HCC cell lines (purchased from the American Type
Culture Collection) were cultured using standard conditions
for HepG2 in Dulbecco's modified Eagle's medium (DMEM,;
Hyclone, China) and 100 U/ml penicillin and streptomycin.
HepG2.2.15 cells were cultured in Eagle's modified medium
(MEM; Hyclone, China) and 380 mg/l antibiotic G-418 sulfate
(Promega, USA), with 10% fetal bovine serum (FBS; Gibco,
USA) at 37°C in a 5% CO, incubator.

RT-PCR.Total RNA wasisolated by TRIzol reagent (Invitrogen)
according to the manufacturer's instructions. The first strand
cDNA synthesis kit ReverTra Ace-a (Toyobo) was used for
cDNA synthesis. PCR was performed in a single reaction using
a 10-ul volume. Primers for the amplification of the NDRG3
gene were: forward, 5'-GAGATCACCCAGCACTTTGC-3',
and reverse, 5'-AAGCTCCAGCTCCAACTCCA-3". The
human f-actin gene was used as an internal control and
amplified with the following primers: forward, 5'-ACACTGT
GCCCATCTACGAGGGG-3' and reverse, 5'-ATGATGGAG
TTGAAGGTAGTTTCGTGGAT-3".

PCR was conducted as follows: 94°C for 5 min, followed
by 30 cycles at 94°C for 30 sec, 55°C for 30 sec and 72°C for
30 sec. The PCR products were analyzed by electrophoresis on
a 1% agarose gel.

qPCR. Real-time quantitative PCR was performed to detect
the expression levels of miR-122 and NDRG3, respectively.
Total RNA was extracted by TRIzol reagent according to the
manufacturer's instructions.

For miR-122, an NCode VILO miRNA cDNA synthesis
kit (Invitrogen) was used to obtain cDNA. An all-in-one
miRNA qPCR primer set (GeneCopoeia) was used for
miRNA-122 amplification. The level of U6 RNA was assayed
to normalize the relative abundance of miR-122. PCR was
performed using an ABI 7000 real-time PCR detector
(ABI) with Express SYBR GreenER miRNA qRT-PCR kits
(Invitrogen). After 50°C for 2 min, 95°C for 2 min, 40 ampli-
fication cycles were performed at 95°C for 15 sec and 60°C
for 60 sec. Fluorescence was recorded automatically during
amplification, and the melting curve for the product was
obtained.

For NDRG3, the ReverTra Ace qPCR RT kit (Toyobo) was
used for reverse transcription. Primer Premier 5.0 was used
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to design primers for the NDRG3 gene: forward, 5'-GAGA
TCACCCAGCACTTTGC-3"' and reverse, 5-AAGCTC
CAGCTCCAACTCCA-3". The human f-actin gene was
measured as an internal control. gPCR was performed using
SYBR Premix Ex Taq Perfect Real Time (Takara) according
to the manufacturer's instructions. The cycling conditions
were as followed: denaturation at 95°C for 30 sec, followed
by 40 cycles of 95°C for 5 sec, 60°C for 31 sec. To quantify
the differences in NDRG3 mRNA levels in each group, the
LightCycler data point curves were compared to similar
analyses generated using a dilution standard.

Target prediction for miR-122. Computer-based programs
including TargetScan (http:/www.targetscan.org/), Pictar
(http://pictar.bio.nyu.edu/) and MiRanda (http://microrna.
sanger.ac.uk/) were used to predict potential targets for
miR-122. We focused on NDRGS3 as it appeared in the list
of up-regulated genes in HBV transgenic mice as compared
to BALB/c mice. The duplex of miR-122 and the 3'-UTR
of NDRG3 were predicted by RNAhybrid (http:/bibiserv.
techfak.uni-bielefeld.de/rnahybrid/).

miR-122 expression vector construction. According to the
sequence of precursor miR-122 cDNA provided by GenBank,
Primer Premier 5.0 was used to design the primers: forward,
5'-GTGACAATGGTGGAATGTGG-3' and reverse, 5'-AAA
GCAAACGATGCCAAGAC-3". The BLAST algorithm was
used to prevent the designed sequences from targeting other
gene transcripts. The restriction enzyme cutting site of BamHI
(Takara Bio) was added to the 5' prime end of the forward
primer; HindIll (Takara Bio) was added to the reverse primer
and three protecting bases were added: forward, 5'-CTAG
GATCCGTGACAATGGTGGAATGTGG-3' and reverse,
5'-CGCAAGCTTAAAGCAAACGATGCCAAGAC-3". The
primers were synthesized (BGI). Cell genomic DNA was
extracted by a cell genomic DNA extraction kit (Solarbio)
according to the manufacturer's instructions, and the target
gene fragments were amplified. PCR products were collected,
purified and digested by BamHI and HindIII and then ligated
into pSilencer3.1-H1 neo digested with BamHI and HindIII.
The product was denoted pS-miR122. Meanwhile, a control
vector with non-sense sequences was constructed and denoted
as pS-control. Vectors were propagated in DH5a cells and
then purified, digested and sequenced to ensure correct
construction.

Cell transfection. Vector transfection was carried out with
FuGENE 6 transfection reagent (Roche) according to the
manufacturer's instructions. Cells were trypsinized and plated
in 6-well plates at a density of 5.0x10* cells/ml (2 ml/well) for
24 h. Before transfection, culture medium was replaced with
Opti-MEM without serum (Gibco). pS-miR122 and pS-control
were transfected into the cells, with three wells for each group.
The cells were replenished with fresh medium containing FBS
and G-418 6 h after transfection for further detection.

Western blot analysis. Seventy-two hours after transfection,
cells were collected and analyzed by Western blot analysis to
assess NDRG3 expression. Cells were lysed with 1% RIPA
lysis buffer (Beyotime) in the presence of protease inhibi-
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Figure 1. The expression levels of miR-122 and NDRG3 are inversely correlated in HBV-related HCC. (A) Real-time quantitative PCR was performed to detect
the expression level of miR-122. The result shows that miR-122 is down-regulated in the HepG2.2.15 as compared to the HepG2 cell line (P<0.01). (B) The
RT-PCR results show that NDRGS3 is significantly up-regulated in HepG2.2.15 compared to HepG2 cells. (C) The RT-PCR results also show that NDRGS3 is
up-regulated in the HBV-related HCC tumor tissues (T1-T4), as compared to the adjacent non-tumor tissues (A1-A4) (P<0.01).

tors. Next, 20 mg of total protein was detected by Bio-Rad
protein assay, and 30 mg of each sample was separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
and then transferred onto a PVDF membrane (Bio-Rad). After
being blocked for 2 h at room temperature with a solution of
phosphate-buffered saline and 0.05% Tween-20 containing 3%
bovine serum albumin (BSA), the membranes were probed
with rabbit polyclonal antibodies (Abcam) against human
NDRGS3 protein and then with horseradish peroxidase-conju-
gated secondary antibodies against rabbit (Abcam), followed
by visualization with ECL.

HBsAg and HBeAg assay. The viral proteins hepatitis B
surface antigen (HBsAg) and e antigen (HBeAg) of the
supernatant from the transfected cells were quantified using
an ELISA kit (Autbio, Zhengzhou, China) according to the
manufacturer's instructions.

Detection of HBV-DNA by real-time PCR. Real-time PCR was
performed to detect the HBV-DNA level using an HBV PCR
fluorescence quantitative detection kit (Bioer) in the superna-
tant 48 h after transfection. Next, 100 ul of the supernatant
was collected according to the manufacturer's instructions.
The DNA was extracted for real-time PCR using an ABI 7000
real-time PCR detector (ABI). Then, 2 ul of DNA sample was
added to the mixture of 37.7 ul HBV PCR reaction solution,
0.3 pl Taq enzyme and 0.1 1 UDG enzyme. The PCR reac-
tion program was as follows: 37°C for 5 min, 94°C for 2 min,
95°C for 5 sec, 60°C for 40 sec, 40 cycles. The fluorescence
signal was collected at 60°C. The standard curve for each test
was obtained, and the correlation coefficient was >0.99. The
experiment was repeated three times.

Cell viability assay. Cell-Counting Kit 8 (CCK8) (Beyotime)
was used to observe cell proliferation after transfection, strictly
following the manufacturer's instructions. Cells were cultured

in 96-well plates; 0, 24,48, and 72 h post-transfection, samples
were assessed by the Bio-Rad protein assay.

Statistics. All experiments were performed in triplicate.
The data were statistically evaluated by analysis of variance
(ANOVA) and comparison of means (Student's t-test) at a
significance level of P<0.05. Both analyses were carried out
using SPSS 12.0 statistical software.

Results

The expression of miR-122 and NDRG3 in HBV-related HCC
is inversely correlated. The real-time qPCR assay showed
that miR-122 was down-regulated in the HepG2.2.15 cells as
compared to the HepG2 cells (Fig. 1A), which was in accor-
dance with the results of miRNA chips in BEL7402-1.1HBV
and the control BEL7402 cell line. The RT-PCR results showed
that NDRG3 was up-regulated in the HepG2.2.15 compared
to the HepG2 cells (Fig. 1B), which was consistent with the
results of the DNA microarray of the HBV transgenic mice
and control BALB/c mice.

To ensure that this finding is significant in clinical
patients, we demonstrated that NDRG3 was up-regulated in
HBV-related hepatocellular carcinoma tissues as compared
to the adjacent non-tumor tissues, as determined by RT-PCR
(Fig. 1C).

NDRG?3 is a candidate target gene of miR-122. By querying
MiRanda and TargetScan, NDRG3 was identified in both
programs as a target gene of miR-122. The prediction results
and scores are shown in Fig. 2A. The TargetScan also
showed the conserved binding sites on the 3'-UTR of NDRG3
across vertebrate species including the human, chimpanzee,
Rhesus and the mouse (Fig. 2B). This indicates that miR-122
targeting to NDRG3 may be evolutionarily conserved. The
free energy of miR-122 binding to the NDRG3 targeting site
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Figure 2. NDRG3 is a candidate target of miR-122. (A) By querying MiRanda and TargetScan, NDRG3 was identified in both programs as a potential target
gene of miR-122. The prediction results and score are listed. (B) The TargetScan prediction shows a common binding sequence on the 3'-UTR of NDRG3

conserved across vertebrate species, including the human, chimpanzee, Rhesus

and mouse. (C) The duplex of miR-122 and the 3'-UTR of NDRG3 are shown.

The free energy of miR-122 binding to the targeting site of NDRG3 was calculated using RNAhybrid (mfe, -25.8 kcal/mol).
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Figure 3. The expression level of NDRG3 is down-regulated by transfection with pS-miR122. (A) pEGFP-N1 was co-transfected with pS-miR122 into
HepG2.2.15 cells. Compared to the mock and untreated cells, the expression level of miR-122 48 h after pS-miR122 transfection was elevated in the
HepG2.2.15 cells (P<0.001). (B) RT-PCR was performed 48 h post-transfection. mRNA of NDRG3 in cells transfected with pS-miR122 was significantly
reduced compared to the mock and untreated cells (P<0.01). (C) The results of Western blot analysis show that the protein expression level of NDRG3 was
down-regulated 72 h after transfection with pS-miR122, as compared to the mock and untreated cells (P<0.01). (D) The level of NDRG3 mRNA was detected
by real-time qPCR 48 h post-transfection. The transcription of NDRG3 in cells transfected with pS-miR122 was significantly decreased, as compared to the

mock and untreated cells (P<0.01).

was calculated using RNAhybrid (mfe, -25.8 kcal/mol), and
the duplex of miR-122 and the 3'-UTR of NDRG3 was identi-
fied (Fig. 2C).

The expression level of NDRG3 is down-regulated by transfec-
tion of pS-miR122. To observe the transfection efficiency of
these vectors into HepG2.2.15, pEGFP-N1 was co-transfected
with pS-miR122 into HepG2.2.15 cells in 3-wells of another
6-well plate. Forty-eight hours after transfection, the expression
of Emerald green fluorescent protein (EmGFP) was detected
under fluorescence microscopy. The transfection efficiency of
these vectors into HepG2.2.15 cells was 45-55% in this study.
Forty-eight hours after transfection, the relative amount of
miR-122 was measured by real-time quantitative PCR analysis.

Compared with mock and untreated cells, the expression level
of miR-122 was elevated by transfection of pS-miR122 in the
cells (Fig. 3A).

The mRNA expression level of NDRG3 was detected by
RT-PCR and qPCR 48 h post-transfection. The result (Fig. 3B
and D) showed that the mRNA expression levels of NDRG3 in
cells transfected with pS-miR122 were significantly reduced
as compared to the mock and untreated cells. The NDRG3
protein level was determined by Western blot analysis 72 h
post-transfection (Fig. 3C), demonstrating that NDRG3 protein
was significantly reduced in cells transfected with pS-miR122,
as compared to the mock and untreated cells. These data
suggest that NDRG3 is one of the direct downstream targets
regulated by miR-122.
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Figure 4. Transfection of pS-miR122 inhibits HBV replication and the proliferation of HepG2.2.15 cells. (A and B) Transfection with pS-miR122 had signifi-
cant inhibitory effects on HBsAg and HBeAg as compared to the pS-control group (P<0.001). No obvious change was detected in the cells transfected with
PS-control (P>0.05). (C) The HBV-DNA level was inhibited by transfection with pS-miR122. Real-time fluorescence quantitative PCR was used to detect
HBV-DNA levels of cells 48 h post-transfection with pS-miR122. The copies of HBV-DNA were significantly decreased compared with the pS-control group
(P<0.05). (D) Proliferation of cells transfected with pS-miR122 was obviously inhibited as compared with pS-control transfection 48 and 72 h post-transfection.

HBeAg and HBsAg secretion and HBV DNA replication are
inhibited by transfection of pS-miR122. Forty-eight hours
after transfection, the concentrations of HBsAg and HBeAg in
the supernatant were detected using ELISA kits. Transfection
of pS-miR122 had significant inhibitory effects on the
expression of HBsAg and HBeAg (Fig. 4A and B), as compared
to the control group. Real-time fluorescence quantitative PCR
was performed to determine the HBV DNA level. The results
showed that HBV DNA replication of cells transfected with
pS-miR122 was reduced 48 h after transfection (Fig. 4C). No
obvious change was observed in the HepG2.2.15 cells trans-
fected with pS-control when compared to the non-transfected
cells (P>0.05).

Expression of miR-122 inhibits cell proliferation. Proliferation
of cells transfected with pS-miR122 was obviously inhibited
as compared to the pS-control at 48 and 72 h post-transfection
(Fig. 4D). These data confirmed that NDRG3 down-regulation
as a target of miR-122 significantly inhibited the proliferation
of HepG2.2.15 cells. Thus, miR-122 plays an important role in
HBV-related HCC by targeting NDRG3.

Discussion

The most abundant microRNA in the liver is miR-122, which
has been investigated extensively since 2002 to demonstrate
its biological functions and significance in various diseases
(9,20). The down-regulation or loss of miR-122 has been
found to contribute to hepatocarcinogenesis, suggesting that
miR-122 acts as a tumor-suppressor miRNA (14,16,21). In the

present study, we showed that miR-122 was down-regulated
in HBV-related HCC and targets NDRG3, suggesting that
miR-122 plays an important role in HBV-related hepatocar-
cinogenesis. The transfection of the miR-122 expression vector
into the HepG2.2.15 cell line repressed the transcription and
expression of NDRG3. Furthermore, the replication of HBV
and the expression of viral antigens, as well as proliferation of
cells, were significantly inhibited by the restoration of miR-122
and suppression of NDRG3.

The NDRG family was discovered in 2002 and contains
4 paralogs: NDRGI, 2, 3, and 4 (22). The NDRG family
shares a conserved Ndr domain. NDRG3 is expressed in
many organs, with the highest expression levels confirmed in
the testis and prostate of mice (23). It appears to be impor-
tant in mouse spermatogenesis, but the mechanism remains
unknown. NDRG3 was found to be a tumor promoter and its
overexpression may contribute to the malignant phenotype
of prostate cancer (24). However, the function of NDRG3
and its relationship to other cancer types remains unknown.
We found that NDRG3 was up-regulated in HBV-transgenic
mice during hepatocarcinogenesis, similar to the HBV carrier
state (unpublished data). In the present study, we showed that
NDRG3 was overexpressed in both clinical tumor specimens
of HBV-related HCC and the HepG2.2.15 cell line expressing
HBYV antigens. This finding suggests that NDRG3 may play a
role in HBV-related HCC and may be a candidate molecular
diagnostic biomarker and a potential therapeutic target for
further investigations. The inversely correlated expression
of miR-122 and NDRG3 in HBV-related HCC motivated us
to study the mechanisms in detail. By querying MiRanda
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and TargetScan, NDRG3 was identified in both programs
as a target gene of miR-122. Overexpression of miR-122 in
HepG2.2.15 cells silenced NDRG3 transcription and expres-
sion, which shows that NDRG3 is a novel target regulated by
miR-122. The mechanisms by which miR-122 inhibits NDRG3
should be investigated in further research, including the poly-
morphism at the miR-122 binding site in the 3' untranslated
region of NDRG3. The relationship between HBV infection
and miR-122 down-regulation should also be investigated
by elucidating the functional polymorphism in the promoter
region of miR-122, microRNA DNA methylation, and the site
at which HBV inserts into the human genome. Future studies
will elucidate the molecular pathogenesis during HBV infec-
tion and hepatocarcinogenesis.

Several target genes of miR-122 have been identified in
recent reports (13-16). The data imply that miR-122 could
serves as a potential therapeutic target. PCR-generated linear
DNA expression cassettes, which are free of antibiotic resis-
tance genes typically found in plasmid DNA, were used to
silence HBV replication in cell culture and in vivo (25). The
method may be helpful for the development of safe and effi-
cient anti-HBV gene therapy. We are currently evaluating the
effect of miR-122 transfection in vivo using a mouse model
induced by hydrodynamic-based tail vein injection, which
was used in a previous study for the liver protection of soluble
Death Receptor 5 (26). Consistent in vitro and in vivo data
may build the basis for future clinical practice. However,
miR-122 may be not suitable for patients with infection and
HCC induced by hepatitis C virus since the sequestration of
miR-122 in liver cells results in a marked loss of autonomously
replicating hepatitis C viral RNAs (27). Therefore, miR-
122-based therapeutics might be a double-edged sword in the
treatment of HCC. If such an approach is applied, the status of
HCYV infection in patients should be carefully assessed (17).

In conclusion, we found that during the process of HBV
infection and HCC occurrence, the suppression of miR-122
up-regulates the corresponding target gene, NDRG3. The
restoration of miR-122 expression effectively represses the
transcription and expression of NDRG3, as well as inhibits the
replication of HBV and the proliferation of cells. Further study
should be carried out to aid in the development of a new strategy
to prevent the chronicity of HBV infection and the develop-
ment of HCC. Such theoretical and experimental support may
improve the quality of clinical prevention and treatment.
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