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miR-107 promotes hepatocellular carcinoma cell
proliferation by targeting Axin2
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Abstract: Background: A large number of studies demonstrated that microRNAs play important roles in the pro-
gression and development of human cancers. However, the expression level of miR-107 and its biological function
in hepatocellular carcinoma (HCC) remains unclear. Method: Quantitative real-time PCR (qRT-PCR) was used to
evaluate the expression level of miR-107 in HCC tissues and cell lines. Then, we explored the function of miR-107
to determine its potential roles on HCC cell proliferation in vitro. Luciferase reporter assay was used to confirm the
target gene of miR-107, and the results were validated in cell lines. Results: miR-107 was significantly up-regulated
in HCC tissues and cell lines. The enforced expression of miR-107 was able to promote cell proliferation in HepG2
cells. At the molecular level, our results suggested that expression of Axin2 was negatively regulated by miR-107.
Conclusion: Our observations suggested that miR-107 could promote HCC cells proliferation via targeting Axin2 and
might represent a potential therapeutic target for HCC.
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Introduction

Hepatocellular carcinoma (HCC), which acc-
ounts for about 95% of all primary liver can-
cers, has become the third most frequent
cause of cancer-related mortality worldwide [1,
2]. Each year, more than 700,000 patients are
diagnosed with HCC and more than 600,000
cases dead due to this malignancy around the
world [3]. Due to local invasion and intrahepatic
metastasis, HCC patients have a high incidence
of recurrence even after curative therapy and
the 5-year survival rate of HCC patients is only
approximately 5% [4]. Therefore, revealing the
molecular mechanism for the tumorigenesis of
HCC is indispensable for developing effective
therapy.

MicroRNAs (miRNAs) are a class of endogenous
expressed, small non-coding RNAs (18-25
nucleotides in length) that can regulate gene
expression at a post-transcriptional level [5].
Increasing evidence suggests that microRNAs
play important roles in the regulation of diverse
biological processes, such as cell proliferation,
cell cycle distribution, apoptosis, migration and

invasion [6, 7]. For example, Luo et al revealed
that miRNA-212 could inhibit osteosarcoma
cell proliferation and invasion [8]. Yu et al dem-
onstrated that miRNA-34a suppressed angio-
genesis in bladder cancer by directly targeting
CD44 [9]. Zhang et al suggested that miRNA-
301a promoted migration and invasion by tar-
geting TGFBR2 in human colorectal cancer [10].
However, understanding involvement of miR-
NAs in tumor carcinogenesis remains to be
resolved.

Accumulating evidence has suggested that
miR-107 might play critical roles in human can-
cers. For example, He et al showed that miR-
107 was down-regulated in glioma and up-regu-
lation of miR-107 could suppress glioma cell
growth through direct targeting of SALL4 [11].
Datta et al found that miRNA-107 functions as
a tumor-suppressor in head and neck squa-
mous cell carcinoma by down-regulation of pro-
tein kinase Ce [12]. Yamakuchi et al indicated
that forced expression of miR-107 inhibited
colon cancer growth by suppressing HIF-13
[13]. However, there are inverse reports about
the regulatory role of miR-107 in cancer pro-
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gression. Chen et al suggested that up-regula-
tion of miR-107 was associated with distant
metastasis and poorer clinical outcome in
breast cancer. Overexpression of miR-107 in
mammary epithelial cells promotes epithelial-
to-mesenchymal transition, leading to a highly
metastatic phenotype via regulation of Dicerl
[14]. Li et al revealed that miR-107 was
increased in gastric cancer and up-regulation
of miRNA-107 could induce gastric cancer cell
proliferation by targeting the transcription fac-
tor FOXO1 [15]. So, the role of miR-107 in can-
cer development seems to be complicated and
highly tissue-specific. Unfortunately, the expre-
ssion level of miR-107 and its biological signifi-
cance in HCC has been rarely investigated.

In the present study, we focused on the expres-
sion and function of miR-107 in HCC. Our data
revealed that miR-107 was up-regulated in HCC
tissues and cell line, indicating that miR-107
might act as a tumor oncogene in HCC progres-
sion. We identified that Axin2 is one of direct
target genes of miR-107. MiR-107 is able to pro-
mote proliferation of HCC cells by targeting
Axin2.

Materials and methods
Tissue specimens

A total of 20 paired cancer tissue specimens
and peripheral normal tissue samples were
obtained from patients with primary hepatocel-
lular carcinoma who received surgery at
Department of General Surgery, Huaihe Clinical
College of HeNan University. All samples were
immediately frozen and stored in liquid nitrogen
until use. None of the patients received
preoperative treatment. This study was
approved by the Ethics Committee of Huaihe
Clinical College of HeNan University and written
informed consent was obtained from all partici-
pants included in this study.

Cell culture and transfection

HCC cell lines (HepG2, HuH-7, and Hep3B) and
normal human liver cell line LO2 were pur-
chased from the American Type Culture
Collection (ATCC, Manassas, VA). Cells were
maintained in DMEM (Invitrogen, CA) supple-
mented with 10% FBS (Invitrogen), 100 U/ml
penicillin and 100 pg/ml streptomycin at 37°C
in a humidified incubator containing 5% CO,,.
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Transfection was performed using Lipofec-
tamine 2000 transfection reagent (Invitrogen)
following the manufacturer’s protocol. For miR-
107 functional analysis, HepG2 cells were
transfected with miR-107 mimics or negative
control (miR-NC) (Invitrogen). For Axin2 func-
tional analysis, the HepG2 cells were transfect-
ed with Axin2-specific interfering RNA (si-Axin2).
The sequences of siRNA were as follows: Axin2:
5-GCAGAGGGACAGGAATCAT-3'.

RNA extraction and quantitative real-time PCR

Total RNA was extracted from tissues or cell
lines using Trizol reagent (Invitrogen) according
to the manufacturer’s instruction. RNA was
then reversely transcribed into cDNA and the
quantitative real-time PCR (qRT-PCR) was per-
formed with SYBR Green master mix (Invitrogen)
using a 7500 Fast Real-Time Sequence detec-
tion system (ABI, Foster City, CA). TagMan
microRNA assays were used to evaluate the
expression level of miR-107. The relative
expression level of miR-107 and Axin2 was nor-
malized to that of the internal control U6 and
GAPDH, respectively, by using the 222t meth-
od. All experiments were conducted in
triplicate.

MTT assay

The in vitro proliferation of HepG2 cells trans-
fected with miR-107 mimics or si-Axin2 was
measured by the 3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyl tetrazolium bromide (MTT) assay
according to the manufacturer’'s protocol.
Briefly, treated cells were seeded onto 96-well
plates at a density of 2 x 102 cells per well and
maintained at 37°C in DMEM supplemented
with 10% FBS. Next, 20 pyL of MTT (0.5 mg/ml,
Sigma) was added to each well at different time
(24 h, 48 h, 72 h, 96 h) after seeding and the
plates were additional incubated for 4 h. Then,
after removed the medium, 150 yL of DMSO
(Sigma) was added to solubilize the crystals
and the absorbance was measured at 450 nm.
Each experiment was repeated in triplicate at
least.

Flow cytometry

Cell apoptosis was measured by using FITC-
Annexin 'V Apoptosis Detection Kit (BD
Biosciences) according to the manufacturer’s
instruction. Briefly, transfected cells were
washed twice with cold PBS and then stained
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Figure 1. miR-107 is up-regulated in HCC tissues and cell lines. A. miR-107 was significantly up-regulated in HCC
tissues (Tumor) compared with adjacent non-tumor tissues (Normal) determined by using qRT-PCR. B. miR-107 level
was significantly higher in HCC cell lines than that in normal human liver cell line LO2. Data were represented as
means * SD at least three independent experiments. *P<0.05.

with FITC-Annexin V and Pl (BD Biosciences).
Apoptotic cells were analyzed by using by FACS
Caliber flow cytometer (BD Bioscience). For cell
cycle analysis, cells after tranfection were har-
vested by trypsinization, washed in ice-cold
PBS and fixed in 75% ice-cold ethanol. Next,
the fixed cells were stained with Pl supplement-
ed with RNaseA (Sigma) and analysis of cell
cycle was performed by FACS Caliber (BD
Bioscience) following the manufacturer’s guide-
lines. At least three independent experiments
were performed.

Luciferase reporter assay

For luciferase reporter assay, the mutant-type
3-UTR of Axin2 was generated by using Quik
Change Site-Directed Mutagenesis kit (Stra-
tagene, CA) according to manufactory protocol.
The Axin2 3-UTR was amplified from human
genomic DNA and inserted into vector pGL3
using Xhol and Notl. HepG2 cells were plated
into 24-well plate and incubated for 24, then
co-transfected with miR-107 mimics or miR-NC
and pGL3-Axin2-3’-UTR or pGL3-mutant-Axin2-
3-UTR vector by using Lipofectamine 2000
(Invitrogen). Following transfection for 48 h,
cells were collected and the relative luciferase
activity was determined with Dual-Luciferase
Reporter System (Promega) in accordance with
manufacture’s instruction. All assays were con-
ducted in triplicate.

Western blotting

Cells were lysed using the mammalian protein
extraction reagent RIPA (Beyotime) supple-
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mented with a protease inhibitor cocktail
(Roche) and phenylmethylsulfonylfluoride (Ro-
che). Fifty micrograms of protein extracts were
separated by 10% SDS-PAGE, transferred to
0.22 mm nitrocellulose (NC) membranes
(Sigma) and incubated with specific antibodies.
Autoradiograms were quantified by densitome-
try (Quantity One software, Bio-Rad). The Axin2
antibody (1:1000) was purchased from Abcam.

Statistical analysis

All data were expressed as the mean + SD for
three independent experiments. Statistical
analyses of differences were performed by
Student’s t test or one-way analysis of variance
(ANOVA) using SPSS software (version 17;
Chicago). P values less than 0.05 were consid-
ered to be statistically significant.

Results

MIiR-107 is up-regulated in HCC tissues and
cell lines

The expression level of miR-107 in HCC tissues
and adjacent non-tumor tissues were deter-
mined by qRT-PCR. Our results showed that the
expression of miR-107 was significantly in-
creased in HCC tissues compared with that of
adjacent non-tumor tissues (P<0.05, Figure
1A). Then, miR-107 expression was also
explored in HCC cell lines (HepG2, HuH-7, and
Hep3B) and normal human liver cell line LO2.
We found that miR-107 was significantly evalu-
ated in HCC cell lines than that in normal cell
line LO2 (P<0.05, Figure 1B). These results
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Figure 2. MiR-107 promotes the proliferation of HCC cells. A. Overexpression of miR-107 in HepG2 cells was con-
firmed by using qRT-PCR. B. Cell proliferation of HepG2 cells was significantly increased after transfected with miR-
107 mimics compared with that in cells transfected with miR-NC. C. The apoptosis rate was markedly decreased in
HepG2 cells transfected with miR-107 mimics. D. Transient transfection of miR-107 mimics resulted in a significant
decrease in the cellular population in GO/G1 phase but a sharp increase in S phase. Data were represented as
means * SD at least three independent experiments. *P<0.05.

indicated that miR-107 was involved in the pro-
gression of HCC.

MIiR-107 promotes the proliferation of HCC
cells

To determine the biological role of miR-107 in
HCC progression, HepG2 cells were transfect-
ed with miR-107 mimics or miR-NC and the
miR-107 expression was confirmed by qRT-PCR
(Figure 2A). MTT assay indicated that overex-
pression of miR-107 significantly promoted the
proliferation of HepG2 cells (Figure 2B). Then,
we supposed that the promoted proliferation of
HCC cells was correlated with cell apoptosis
and cell cycle distribution. Flow cytometry
showed a markedly decrease in the percentage
of apoptosis cells tranfected with miR-107
mimics than that in HepG2 cells tranfected with
miR-NC (Figure 2C). For cell cycle analysis, our
results revealed that miR-107 overexpressing
cells had a significantly lower percentage of
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cells in the G1/GO phase and increased per-
centage of cells in the S phase compared to the
miR-NC transfected cells (Figure 2D).

Axin2 is a direct target of miR-107

To explore the underlying mechanisms through
which miR-107 promote the proliferation of
HCC cells, we used publicly available algorithms
(TargetScan 6.2) to predict the potential targets
of miR-107 and Axin2 was predicted to be one
of its targets (Figure 3A). Then, luciferase assay
results showed that miR-107 overexpression
could suppress the luciferase activity of pGL3-
Axin2-3-UTR reporter, while the luciferase
activity of pGL3-mut-Axin2-3’-UTR reporter
didn’t show a significant change compared to
control (Figure 3B). In addition, Western blot
showed that the expression of Axin2 was nota-
bly decreased in cells transfected with miR-107
mimics (Figure 3C). These data demonstrated
that miR-107 might acts its oncogenic role in
HCC via inhibiting the expression of Axin2.
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Figure 3. Axin2 is a direct target of miR-107. A. A schematic representation of the Axin2 3’-UTR that showed the
putative miRNA target site. B. A luciferase reporter assay showed the inhibitory effect of miR-107 on Axin2 3’-UTR
luciferase activity in HepG2 cells. C. The protein level of Axin2 in HepG2 cells after transfected with miR-107 mimics
or miR-NC. Data were represented as means * SD at least three independent experiments. *P<0.05.
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Figure 4. Effect of si-Axin2 on the proliferation of HCC cells. A. Expression of Axin2 was determined by qRT-PCR in

HepG2 cells after transfected with si-Axin2. B. Cell proliferation of HepG2 cells was significantly increased after
transfected with si-Axin2 compared with that in cells transfected with si-NC. C. The apoptosis rate was markedly
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decreased in HepG2 cells transfected with si-Axin2. D. Down-regulated expression of Axin2 resulted in a significant
decrease in the cellular population in GO/G1 phase but a sharp increase in S phase. Data were represented as
means * SD at least three independent experiments. *P<0.05.

Axin2 knockdown increases the proliferation
of HCC cells

To further verify the role of Axin2 in the progres-
sion of HCC, Axin2-specific interfering RNA (si-
Axin2) and its negative control (si-NC) were
transfected into HepG2 cells, respectively.
After transfected with si-Axin2, the expression
of Axin2 was dramatically decreased in HepG2
cells (Figure 4A). The MTT assay revealed that
the knockdown of Axin2 significantly promoted
the proliferation of HepG2 cells (Figure 4B).
Cell apoptosis assay showed that silencing of
Axin2 significantly inhibited apoptosis of HepG2
cells (Figure 4C). Furthermore, Cell cycle distri-
bution analysis showed that down-regulated
expression of Axin2 resulted in a significant
decreased in percentage of cells in GO/G1
phase and higher percentage of cells in the S
phase (Figure 4D). These results further con-
firmed that Axin2 is a target of miR-107 in HCC
cells.

Discussion

Hepatocellular carcinoma (HCC) is one of the
most frequent human malignant tumors in the
world, especially in China, where the incidence
of HCC is much higher than that in other Asian
countries [16]. Accumulating evidence suggest-
ed that expression levels of various miRNAs are
altered in HCC and miRNAs may play important
roles in the development and progression of
HCC. For example, miRNA-206 was reported to
down-regulated in HCC and overexpression of
miRNA-206 could suppress cell proliferation,
invasion, and migration, but promote cell apop-
tosis in HepG2 cells [17]. Yu et al demonstrated
that miR-543 was increased in HCC. They found
that forced expression of miR-543 could pro-
mote the proliferative and invasive potential of
HCC cells [18]. In addition, Lin et al showed that
mMiRNA-141 suppressed the proliferation and
invasion of HepG2 cells by repressing its target
HNF-3p [19].

In the present study, we focused on the role of
miR-107 in HCC. Fist, we analyzed miR-107
expression in HCC tissues and cells lines by
using gRT-PCR. Our results showed that the
expression level of miR-107 was significantly
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increased in HCC, indicating that miR-107 is
involved in the progression of HCC. Then, to
explore the biological function of miR-107 in
HCC cells progression, HepG2 cells were trans-
fected with miR-107 mimics. Our data revealed
that over-expression of miR-107 significantly
promoted cell proliferation of HepG2 cells.
These results suggested that miR-107 may act
as a tumor oncogene in the progression of HCC.

As we known, miRNAs exert their function by
interacting with the 3’-UTR of the target mRNA.
To further understand the underlying mecha-
nism of miR-107 in HCC, we explored the poten-
tial target of miR-107. As a member of
B-catenin/T-cell factorl4 dependent genes,
Axis inhibition protein 2 (Axin2) has comple-
mentary sequences of miR-107 core region. So
we hypothesis that Axin2 may be a candidate
target of miR-107 and the results of luciferase
assay and western blot suggested that Axin2 is
a direct target of miR-107.

Axin2 is a negative regulator of the canonical
Wnt/B-catenin signaling pathway, and func-
tions as a tumor suppressor in a number of
human cancers [20]. Koinuma et al showed
that epigenetic silencing of Axin2 is specifically
associated with carcinogenesis in colorectal
carcinomas [21]. Wei et al found that Axin2
expression was lower in ameloblastomas and
Axin2 may play an important role in the tumori-
genesis and progression of ameloblastoma
[22]. In our study, we found that Axin2 knock-
down significantly increased cell proliferation in
HepG2 cells. These results further confirmed
that Axin2 is a target of miR-107 in HCC.

Taken together, our study demonstrated that
miR-107 was evaluated in HCC tissues and cell
lines, and its ectopic expression of miR-107
could promote HCC cell proliferation. Fur-
thermore, we identified Axin2 as a direct target
of miR-107 in HCC. These results indicated that
miR-107 might involve in the tumorigenesis of
HCC and represent a potential therapeutic tar-
get for the HCC treatment.
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