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a b s t r a c t

Accumulating evidence indicates that microRNAs are able to act as oncogenes or tumor suppressor genes
in human cancer. We previously reported that miR-520b was down-regulated in hepatocellular carci-
noma (HCC) and its deregulation was involved in hepatocarcinogenesis. In the present study, we report
that miR-520b suppresses cell proliferation in HCC through targeting the ten-eleven translocation
1 (TET1) mRNA. Notably, we identified that miR-520b was able to target 30-untranslated region (30UTR) of
TET1 mRNA by luciferase reporter gene assays. Then, we revealed that miR-520b was able to reduce the
expression of TET1 at the levels of mRNA and protein using reverse transcription-polymerase chain
reaction and Western blotting analysis. In terms of function, 5-ethynyl-2-deoxyuridine (EdU) incorpo-
ration and colony formation assays demonstrated that the forced miR-520b expression remarkably
inhibited proliferation of hepatoma cells, but TET1 overexpression could rescue the inhibition of cell
proliferation mediated by miR-520b. Furthermore, anti-miR-520b enhanced proliferation of hepatoma
cells, whereas silencing of TET1 abolished anti-miR-520b-induced acceleration of cell proliferation. Then,
we validated that the expression levels of miR-520b were negatively related to those of TET1 mRNA in
clinical HCC tissues. Thus, we conclude that miR-520b depresses proliferation of liver cancer cells
through targeting 30UTR of TET1 mRNA. Our finding provides new insights into the mechanism of
hepatocarcinogenesis.

© 2015 Elsevier Inc. All rights reserved.
1. Introduction

MicroRNAs (miRNAs) contain approximately 19e25 nucleotides
that suppress gene expression through RNA-induced silencing
complex mediated mRNA cleavage or translational repression in a
sequence-dependent manner [1,2]. The expression patterns of
miRNAs are often altered in different human tumors [3]. Many
1, ten-eleven translocation 1;
oxyuridine; miRNAs, micro-
XIP, hepatitis B X-interacting
kinase kinase 2; qRT-PCR,

T-PCR, reverse transcription-
ytosine.
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studies have shown that miRNAs are involved in variety of cellular
processes including proliferation, development, differentiation, or
tumorigenesis [4e6]. Emerging evidence reveals that miRNAs may
serve as a novel class of oncogenes or tumor suppressor genes
[7e11]. Hepatocellular carcinoma (HCC) is the second leading cause
of cancer-related mortality worldwide and the 5-year survival rate
even after surgery has been only 25%e39% [12,13]. Some reports
have demonstrated that miRNAs are essential in HCC progression
and directly contribute to cell proliferation and metastasis of HCC
by targeting a large number of critical protein-coding genes
[14e17]. Despite the growing evidence for identification of miRNAs
in hepatocarcinogenesis, limited information is available about
their roles and the underlying mechanisms in HCC development.
Hepatitis B virus (HBV) infection is one of the major causes of HCC.
Among the four proteins encoded by HBV, the HBV X protein (HBx)
is a multifunctional regulatory protein and plays a crucial role in
hepatocellular carcinogenesis. We have reported that HBx is able to
transform liver LO2 cells with partner survivin through tumor
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suppressor miR-520b and oncoprotein hepatitis B X-interacting
protein (HBXIP), in which miR-520b was down-regulated in HBx/
survivin-stably transfected LO2 cells [18]. MiR-520b can target
cyclin D1, mitogen activated protein kinase kinase kinase 2
(MEKK2), HBXIP and interleukin-8 in liver cancer and breast cancer
[19,20]. However, the role of miR-520b in hepatocarcinogenesis
remains poorly understood.

In this study, we investigated the role of miR-520b down-
regulation in hepatocarcinogenesis. We show that miR-520b de-
presses proliferation of liver cancer cells through targeting 30UTR of
TET1 mRNA. Our finding provides fascinating insights into the
mechanisms of hepatocarcinogenesis mediated by miR-520b.

2. Materials and methods

2.1. Cell lines and cell culture

The human immortalized liver LO2 were purchased from
Nanjing KeyGEN Biotech Co., Ltd (Nanjing, China). Previously, we
stably transfected pCMV-HBx and pcDNA3-survivin plasmids into
liver LO2 cells and termed it as LO2-X-S cells [18]. LO2 and LO2-X-S
cells were cultured in RPMI Medium 1640 (Gibco, Grand Island, NY,
USA) containing 100 U/ml penicillin, 100 mg/ml streptomycin and
10% fetal calf serum (FCS, Gibco, Grand Island, NY, USA) in 5% CO2 at
37 �C.

2.2. Plasmids and construction of the 30UTR of TET1

FH-TET1-pEF was a gift from Anjana Rao (Addgene plasmid #
49792). The fragment containing the target site of miR-520b in
30UTR of TET1 mRNA was subcloned into pGL3-control vector
(Promega, Madison, WI, USA) immediately downstream of the stop
codon of the luciferase gene to generate pGL3-TET1-wt. Mutant
construct of TET1 30UTR, carrying a substitution of 6 nucleotides
within the core seed sequence of miR-520b, was named as pGL3-
TET1-mut. The primers used in this study for construction were
as follows: pGL3-TET1 forward, 50-GCTCTAGAAAATCAAGACACAC
AGTG-30, reverse, 50-GTGGCCGGCCGTGAGAGGACACAGTAAA-30;
pGL3-TET1-mut forward, 50-AATAT ATATTTTAAATCGAGGTACTA
TTTTTAAAAGT-30, reverse, 50-ACTTTTAAAAATAGTA CCTCGATTTA
AAATATATATT-30.

2.3. Cell transfection

The cells were cultured in a 6-well, 12-well or 24-well plate for
24 h and then were transfected with plasmids, miRNAs or siRNAs.
All transfections were performed using Lipofectamine 2000 re-
agent (Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer's protocol. TET1 siRNA oligonucleotides and a non-specific
scrambled control (si-Ctrl), miR-520b (or anti-miR-520b), miRNA
control (miRNA Ctrl) and anti-miRNA control (anti-miRNA Ctrl)
were synthesized by RiboBio (Guangzhou, China). The siRNA du-
plexes sequences used were as follows: TET1 siRNA, 50-GCA-
TAUUCCU UUGAAAUAAdTdT-30.

2.4. Luciferase reporter gene assays

Cells were plated into 24-well plates (3 � 104 cells/well). After
24 h, the cells were co-transfected with the pRL-TK plasmid con-
taining the Renilla luciferase gene (Promega, Madison, WI, USA)
and various constructs containing the seed sequence or mutant
seed sequence of TET1 30UTR. At 48 h post-transfection, a standard
dual luciferase reporter assay was performed, and the results were
normalized using pRL-TK. All experiments were performed at least
three times.
2.5. Quantitative real-time polymerase chain reaction (qRT-PCR),
reverse transcription- PCR (RT-PCR)

Total RNA was extracted from the cells (or human clinical HCC
tissues) using Trizol (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer's protocol. Reverse transcription was performed us-
ing poly (A)-tailed total RNA and reverse transcription primer with
ImPro-II Reverse Transcriptase (Promega, Madison, WI, USA) ac-
cording to the manufacturer's instructions. RT-PCR analysis was
performed to detect the expression of TET1 mRNA in the cells
treatedwithmiR-520b or anti-miR-520b. The qRT-PCR analysis was
explored to test the expression of miR-520b and TET1 in human
clinical HCC tissues using Fast Start Universal SYBR Green Master
(Rox) (Roche Diagnostics GmbH Mannheim, Germany). The
expression of specific genes or miRNAs was tested by the
comparative Ct method using 2�DDCt. The primers used were as
follows: TET1 forward, 50-GATGACAGAGGTTCTTGCACAT-30,
reverse, 50-AGGTTGCACGGTCTCAGTGT-30; GAPDH forward, 50-CAT
CACCATCTTCCAGGAGCG-30, reverse, 50-TGACCTTGCCCACAGC
CTTG-30; miR-520b forward, 50-AAAGTGCTTCCTTTTAGAGGG-30,
reverse, 50- GCGAGCACAGAATTAATACGAC-30; U6 forward, 50-AGAG
CCTGTGGTGTCCG-30, reverse, 50-CATCTTCAAAGCACTTCCCT-30.

2.6. Western blotting analysis

Western blotting analysis protocol was described previously
[18]. The primary antibodies used were mouse anti-b-actin (Sig-
maeAldrich, St Louis, MO, USA), rabbit anti-TET1 (GeneTex, Irvine,
CA, USA). All experiments were repeated three times.

2.7. Cell proliferation analysis

Five-ethynyl-2'-deoxyuridine (EdU) incorporation assays were
carried out as described previously using the Cell-Light™ EdU
imaging detecting kit according to the manufacturer's instructions
(RiboBio, Guangzhou, China) [20].

2.8. Colony formation analysis

For colony formation analysis, 48 h after transfection with
indicated reagents, 1000 viable transfected cells were placed in 6-
well plates and maintained in complete medium for 2 weeks.
Once colonies were visible, they were stained with methylene blue
and photographed. All assays were repeated at least three times.
The colonies were counted using a dissecting microscope.

2.9. Patient samples

Twenty clinical HCC tissues and their corresponding noncan-
cerous liver tissues used in this study were obtained from Tianjin
First Center Hospital (Tianjin, China) after surgical resection.
Informed consents were obtained from each patient to approve the
use of their tissues for research purposes. The study protocol was
approved by the Institute Research Ethics Committee at Nankai
University.

2.10. Statistical analysis

Each experiment was repeated at least three times. Statistical
significance was assessed by comparing mean values (±SD) using a
Student's t test for independent groups and was assumed for
*P < 0.05, **P < 0.01, No significant (NS). The expression levels of
TET1 in tumor tissues and matched adjacent nontumorous tissues
were compared using the Wilcoxon signed rank test. The
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correlation between miR-520b levels and TET1 mRNA levels in HCC
tissues was determined with Pearson r.

3. Result

3.1. MiR-520b directly inhibits the expression of TET1 through
targeting its 30UTR

We have reported that miR-520b is down-regulated in LO2-X-S
cells (HBx/survivin-transformed liver LO2 cells) comparing with
liver LO2 cells and its target genes are associated with HCC [18].
Here, to better explore the role of miR-520b in the development of
liver cancer, we screened other target genes of miR-520b using
Targetscan and microRNA.org (http://www.targetscan.org/ and
http://www.microrna.org). TET1 was of particular interest, as it is
an important enzyme for epigenetic modification of DNA in cancer.
We identified the binding site of miR-520b in the 30UTR of TET1
mRNA (Fig.1A) and cloned the 30UTR of TET1mRNA and its mutants
into downstream of pGL3-control luciferase reporter gene vector
(named pGL3-TET1-wt or pGL3-TET1-mut), respectively (Fig. 1B).
The luciferase reporter gene assays demonstrated that miR-520b
significantly suppressed the firefly luciferase activities of pGL3-
TET1-wt in a dose-dependent manner, whereas it failed to work
when the target site was mutated in LO2-X-S cells (Fig. 1C).
Moreover, the inhibition of endogenous miR-520b by anti-miR-
520b resulted in increasing firefly luciferase activities of pGL3-
TET1-wt in LO2 cells, but the mutant not (Fig. 1D). Thus, our data
indicate that TET1 is one of the target genes of miR-520b in HCC.

3.2. MiR-520b is able to down-regulate TET1 in HCC cells

To further investigate the effect of miR-520b on TET1, we per-
formed the transient transfection of miR-520b in LO2-X-S cells. Our
data showed that miR-520b was able to decrease the expression of
TET1 at the levels of mRNA and protein in a dose-dependent
manner in LO2-X-S cells (Fig. 2A). Conversely, the expression of
TET1 was elevated in LO2 cells when endogenous miR-520b was
inhibited by anti-miR-520b (Fig. 2B), supporting that miR-520b can
Fig. 1. MiR-520b directly inhibits the expression of TET1 through targeting its 30UTR. (A, B)
generated at the TET1 30UTR as indicated. A TET1 30UTR fragment containing wild type or mu
the pGL3-control luciferase reporter gene vector. (C, D) The effect of miR-520b (or anti-miR-
was measured by luciferase reporter gene assays, respectively. Statistically significant differen
three times.
modulate the expression of TET1 in vitro. Meanwhile, the trans-
fection efficiency of miR-520b and anti-miR-520b was validated by
qRT-PCR in the cells (Fig. 2A and B). Taken together, we conclude
that miR-520b is able to down-regulate TET1 in HCC cells.

3.3. MiR-520b suppresses proliferation of HCC cells via TET1

It has been reported that miR-520b is implicated in tumor
growth [18e20]. Therefore, we are interested in whether miR-
520b inhibits proliferation of HCC cells through TET1. The EdU
assays manifested that cell proliferation was decreased when the
cells were treated with miR-520b, but TET1 overexpression could
rescue inhibition of cell proliferation mediated by miR-520b in the
cells treated with both miR-520b and FH-TET1-pEF [21]. Mean-
while, anti-miR-520b could increase cell proliferation and
cotransfection of TET1 siRNA was able to abolish anti-miR-520b-
induced acceleration of cell proliferation (Fig. 3A), suggesting
that miR-520b inhibits the proliferation of hepatoma cells relying
on TET1 in part. Taken a further step to reinforce our conclusion,
we performed colony formation assays. Our data revealed that
miR-520b could remarkably reduce colony formation ability of
LO2-X-S cells and the enforced TET1 expression resulted in the
increase of colony numbers of the cells transfected with miR-520b.
Furthermore, there was an increase of colony numbers in the anti-
miR-520b treated cells. In contrast, the increasing colony forma-
tion induced by anti-miR-520b could be blocked by TET1 siRNA
(Fig. 3B). The efficiency of TET1 siRNA was validated by Western
blotting analysis in the cells (Fig. 3C). Collectively, we conclude
that miR-520b is able to suppress cell proliferation through tar-
geting TET1 in hepatoma.

3.4. MiR-520b is negatively associated with TET1 in clinical HCC
tissues

Next, we analyzed the TET1 expression in 20 paired clinical HCC
and adjacent noncancerous liver tissues using qRT-PCR and
normalized against an endogenous control (U6 RNA). When
compared with their noncancerous counterparts, significant up-
The binding site of miR-520b in 30UTR of TET1 mRNA is shown in a model. Mutant was
tant (wt or mut) of the miR-520b-binding sequence was cloned into the downstream of
520b) on reporters of pGL3-TET1-wt and pGL3-TET1-mut in LO2-X-S cells or LO2 cells
ces are indicated: **P < 0.01; NS; Student's t test. The experiment was repeated at least
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Fig. 2. MiR-520b is able to down-regulate TET1 in HCC cells. (A) The mRNA and protein levels of TET1 were examined in LO2-X-S cells transfected with miR-520b by RT-PCR and
Western blotting analysis, respectively. The transfection efficiency of miR-520b was detected by qRT-PCR. (B) The mRNA and protein levels of TET1 were examined in LO2 cells
transfected with anti-miR-520b by RT-PCR andWestern blotting analysis, respectively. The transfection efficiency of anti-miR-520b was detected by qRT-PCR. Statistically significant
differences are indicated: **P < 0.01; Student's t test.
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regulation of TET1 was observed in all the 20 HCC samples (Fig. 4A).
Then we assessed the correlation between miR-520b and TET1. As
expected, we found that the levels of miR-520b exhibited a sig-
nificant negative correlation with the levels of TET1 mRNA (Pear-
son's correlation coefficient of �0.6737, p < 0.01) (Fig. 4B). Overall,
our finding indicates that the levels of miR-205 are negatively
associated with those of TET1 mRNA in clinical HCC tissues.
Fig. 3. MiR-520b suppresses proliferation of HCC cells via TET1. (A, B) Effect of miR-520b (o
determined by EdU and colony formation assays in LO2-X-S cells, respectively. (C) Interferen
Statistically significant differences are indicated: **P < 0.01; Student's t test.
4. Discussion

The development and progression of HCC involves the activation
of multiple pathways and molecular alterations of multiple genes
that are essential to cell biological processes [22,23]. MiRNAs play
crucial roles in HCC pathogenesis and their expression profiles can
be used for classification of cancers [3]. Identifying the miRNAs and
r miR-520b/TET1, anti-miR-520b, anti-miR-520b/TET1 siRNA) on cell proliferation was
ce efficiency of TET1 siRNA was detected by Western blotting analysis in LO2-X-S cells.



Fig. 4. MiR-520b is negatively associated with TET1 in clinical HCC tissues. (A) TET1 mRNA levels was examined by qRT-PCR in 20 cases of clinical HCC tissues and paired non-
tumorous tissues. (B) Correlation of miR-520b levels with TET1 mRNA levels was examined by qRT-PCR in 20 cases of clinical HCC tissues (Pearson's correlation coefficient,
r ¼ �0.6737). Statistically significant differences are indicated: **P < 0.01; Student's t test.
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their targets that are essential for HCC progression may provide
promising therapeutic opportunities. Our evidence has indicated
that the deregulation of miR-520b is involved in the hep-
atocarcinogenesis induced by HBx and survivin in LO2-X-S cells
[18]. In addition, our groups have observed that miR-520b is down-
regulated in HCC and may suppress the development of HCC
through targeting cyclin D1 and MEKK2 [20]. In the present study,
we are interested in the significance of miR-520b down-regulation
in hepatocarcinogenesis.

We first predicted the target genes of miR-520b by bioinfor-
matics’ method. Strikingly, TET1 was of our particular interest for
its particular functions in epigenetic modification of DNA during
the development of cancer. As expected, our data demonstrated
that miR-520bwas able to directly bind to the 30UTR of TET1mRNA.
Then, we further investigated the effect of miR-520b on TET1
expression in HCC cells. RT-PCR and Western blotting analysis
showed that the over-expression of miR-520b was able to down-
regulate the expression of TET1 at the levels of mRNA and pro-
tein. Furthermore, we uncovered that miR-520b targeted TET1
could contribute to proliferation of hepatoma cells. EdU and colony
formation assays indicated that low levels of miR-520b led to ac-
celeration of cell proliferation in HCC relying on its target gene
TET1. Then, we used HCC clinical samples to validate the above
conclusions as well. Interestingly, we observed that low levels of
miR-520b were correlated with high levels of TET1 in clinical HCC
samples. Methylcytosine dioxygenase TET1 as one member of TET
family of enzymes (TET1/2/3) participates in DNA demethylation by
catalyzing the conversion of 5-methylcytosine to 5-
hydroxymethylcytosine (5hmC), resulting in active or passive
DNA demethylation [24,25]. Previous study reported that TET1 was
partially down-regulated in 20 HCC samples [26]. Recently, another
report has shown that miR-29 family decreases protein levels of
TET1 through directly targeting its 30UTR. Paradoxically, their result
also demonstrated that over-expression of miR-29 were correlated
with the increase of TET1 in HCC cells and HCC tissues [27].
Nevertheless, TET1 is found to be over-expressed in diffuse intrinsic
pontine glioma, which is a malignant pediatric brain tumor with
dismal outcome [28]. It has been shown that TET1 silencing reduce
5-hmC levels and decrease cell proliferation in leiomyoma [29].
TET1 plays an indispensable oncogenic role in the development of
MLL-rearranged leukemia through coordination with MLL-fusion
proteins in regulating their critical co-targets, including homeo-
box A9/myeloid ecotropic viral integration 1/pre-B-cell leukemia
homeobox 3 genes [30]. However, TET1 also exerts tumor sup-
pressor function in lung, prostate, breast and gastric cancer
[31e33]. The controversial function remains unclear, which may be
partially explained by multifactorial etiology of cancer and the
complexity of clinical tissues.
Taken together, we validate that miR-520b is down-regulated in
HCC tissues.We further find that TET1 is one of target genes of miR-
520b, which is up-regulated in HCC tissues. MiR-520b is able to
suppress proliferation of hepatoma cells through targeting 30UTR of
TET1 mRNA. Thus, our finding provides new insights into the roles
of miR-520b in hepatocarcinogenesis.
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