Am J Cancer Res 2017;7(6):1310-1321
www.ajcr.us /ISSN:2156-6976/ajcr0056566

Original Article

MiR-874 inhibits metastasis and
epithelial-mesenchymal transition in
hepatocellular carcinoma by targeting SOX12

Tao Jiang?, Lian-Yue Guan?, Yan-Shuo Ye?, Hong-Yu Liu?, Rui Li?

1Departments of Hepatobiliary Surgery, China-Japan Union Hospital of Jilin University, 126 Xiantai Street, Chang-
chun 130033, China; 2Department of Thyroid Surgery, The First Hospital of Jilin University, 71# Xinmin Street,
Changchun 130021, China

Received April 18, 2017; Accepted May 12, 2017; Epub June 1, 2017; Published June 15, 2017

Abstract: MicroRNA-874 (miR-874), a novel cancer-associated microRNA (miRNA), has been reported to play a
suppressive role in multiple malignancies. However, its function in cell migration and invasion in hepatocellular
carcinoma (HCC) and the mechanisms responsible remain unclear. Here, we found miR-874 to be significantly
downregulated in HCC tissues and cell lines. Moreover, this decreased expression strongly correlated with clinical
stage and lymph node metastasis. Accordingly, ectopic expression of miR-874 in HCC cells markedly inhibited their
migration, invasion, and epithelial-mesenchymal transition (EMT). Concerning the underlying mechanism, SRY (sex-
determining region Y) -box 12 (SOX12) was identified as a direct target of miR-874, and its expression was found
to be inversely correlated with that of this miRNA in HCC cells. Importantly, SOX12 knockdown had an inhibitory
effect on HCC cells similar to that caused by miR-874 overexpression, whereas SOX12 overexpression in these cells
negated the suppressive effects of miR-874 on migration, invasion, and EMT. Overall, these findings demonstrate
that miR-874 inhibits metastasis and EMT in HCC by targeting SOX12, suggesting that this miRNA may constitute a

promising therapeutic target for this disease.

Keywords: miR-874, HCC, metastasis, EMT, SOX12

Introduction

Hepatocellular carcinoma (HCC) is one of the
most common malignancies and constitutes
the third most frequent cause of cancer-related
death [1, 2]. Although many advanced thera-
peutic strategies, such as hepatic resection
and liver transplantation, have been employed
in the treatment of HCC, its prognosis remains
unsatisfactory, principally due to systemic
metastasis and postsurgical recurrence [3].
Therefore, elucidating the molecular mecha-
nisms underlying HCC metastasis, which
remain poorly understood, is important to iden-
tify novel therapeutic targets and improve the
prognosis of this disease [3].

MicroRNAs (miRNAs) are a class of single-
stranded, non-coding endogenous RNAs that
inhibit gene expression at the post-transcrip-
tional level by directly binding to the 3’-untrans-

lated regions (3'UTRs) of messenger RNAs
(mRNASs), promoting their degradation or inhibit-
ing their translation [4]. miRNAs have been
shown to be actively involved in diverse cellular
processes, including proliferation, apoptosis,
metastasis, differentiation, and movement [5,
6]. Accumulating evidence suggests that dys-
regulation of miRNAs may play important roles
in the pathogenesis and tumorigenicity of vari-
ous human malignancies [7, 8]. miRNAs have
been implicated in the formation, growth, and
metastasis of HCC [9] and proposed as useful
diagnostic biomarkers and drug targets in this
condition [10]. Thus, investigating the function
of miRNAs in HCC may contribute to the iden-
tification of therapeutic targets for this
malignancy.

MicroRNA-874 (miR-874), a novel cancer-asso-
ciated miRNA, has been shown to be downregu-
lated in non-small cell lung cancer [11], colorec-
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tal cancer [12, 13], breast cancer [14], osteo-
sarcoma [15], gastric cancer [16, 17], and head
and neck squamous cell carcinoma [18], sug-
gesting that it plays a tumor-suppressive role
in human malignancies. A recent study has
revealed that expression of miR-874 is down-
regulated in HCC, and its overexpression inhib-
its HCC growth in vitro and in vivo [19]. However,
the function of miR-874 in HCC cell metastasis
and epithelial-mesenchymal transition (EMT)
has not yet been elucidated.

In the present study, miR-874 was found to be
downregulated in HCC tissues and cell lines.
Moreover, restoration of miR-874 expression
significantly inhibited metastasis and retarded
EMT in HCC cell lines. In addition, we provide
evidence that direct targeting of SOX12 by miR-
874 was responsible for these effects.

Materials and methods
Tissue samples

HCC tissues (n = 48) and pair-matched noncan-
cerous tissues were obtained from patients
having undergone routine curative surgery at
the First Hospital of Jilin University (Changchun,
China) between July 2014 and September
2016. Specimens were collected during sur-
gery, immediately frozen in liquid nitrogen, and
stored at -80°C until use. None of the patients
had received chemotherapy or radiotherapy
before surgery. Written informed consent was
obtained from all subjects, and this study was
approved by the Ethics Committee of Jilin
University.

Cell lines and cell cultures

HCC cell lines (SMMC-7721, Hep3B, HepG2,
and HCCLM3) and a human immortalized nor-
mal hepatocyte line (LO2) were obtained from
the Chinese Academy of Sciences (Shanghai,
China). All cells were cultured in Dulbecco’s
modified Eagle’s medium (DMEM; Gibco, Gai-
thersburg, MD, USA) supplemented with 10%
fetal bovine serum (FBS; HyClone, Logan, UT,
USA), 100 U/ml penicillin (Sigma-Aldrich, St.
Louis, MO, USA), 100 ug/ml streptomycin (Si-
gma-Aldrich), and 1% non-essential amino
acids (Invitrogen, Carlsbad, CA, USA). Culture
took place in an incubator containing a humidi-
fied atmosphere of 5% CO, in air at 37°C.
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Cell transfection

All RNA oligonucleotides were ordered from
GenePharma Co., Ltd. (Shanghai, China), includ-
ing an miR-874 mimic, a negative control mimic
(miR-NC), siRNA against SOX12 (si-SOX12), and
a scrambled negative control (si-NC). The over-
expression vector pcDNA3.1-SOX12 (lacking
the 3’UTR) was a kind gift from Dr. Peng Ju (Jilin
University). SMMC-7721 and HepG2 cells were
transiently transfected with the aforemen-
tioned oligonucleotides or the expression vec-
tor using Lipofectamine 2000 (Invitrogen)
according to the manufacturer’s instructions.
Transfection efficiencies were evaluated in
every experiment by qRT-PCR, performed 24 h
post-transfection.

RNA isolation and qRT-PCR

Total RNA and miRNA were isolated from HCC
cells with TRIzol Reagent (Invitrogen) and an
miRNeasy Mini Kit (Qiagen, Hilden, Germany),
respectively, according to the manufacturers’
protocols. miRNAs and mRNAs were reverse-
transcribed using a TIANScript RT Kit (Tian-
genBiotech, Beijing, China). miR-874 and U6
snRNA levels were determined with aTagMan
MicroRNA Assay (Applied Biosystems, Carlsbad,
CA, USA) using corresponding primers (Applied
Biosystems). Quantification of SOX12 and
GAPDH mRNA was performed using a miScript
SYBR Green PCR Kit (Qiagen) and the 7900
Real-Time PCR System (Applied Biosystems),
with primers that have been described previ-
ously [20]. Levels of miR-874 and SOX12
MmRNA were normalized to those of U6 snRNA
and GAPDH mRNA, respectively. Relative quan-
tification was performed using the 244t
method.

Wound healing assay

Transfected HCC cells were seeded in 6-well
plates and allowed to form a confluent mono-
layer. Subsequently, an artificial homogenous
wound was created by scratching the monolay-
er with a sterile plastic micropipette tip. The
wound was then photographed under a phase-
contrast microscope (Olympus, Tokyo, Japan)
immediately after scratching and 24 h later,
and its width was measured.

Am J Cancer Res 2017;7(6):1310-1321
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Figure 1. miR-874 is downregulated in human hepatocellular carcinoma (HCC) tissues and cell lines. A. Relative miR-
874 levels in HCC tissues (n = 48) and matched adjacent normal tissues were determined by quantitative RT-PCR
(qRT-PCR). B. qRT-PCR was used to compare miR-874 levels in HCC tissues from patients with and without lymph
node metastasis. C. qRT-PCR results showing miR-874 levels in HCC tissues from patients at different tumor-node-
metastasis stages. D. miR-874 expression in four HCC cell lines (SMMC-7721, Hep3B, HepG2, and HCCLM3) and a
normal hepatic cell line (LO2) was analyzed using gRT-PCR. U6 was used as a loading control. *P<0.05, **P<0.01.

Invasion assay

The invasion ability of HCC cells was evaluated
using transwell chambers (BD Biosciences,
Franklin Lakes, NJ, USA). Briefly, transfected
cells (1x10% per well) suspended in 100 pl
serum-free medium were seeded into the
Matrigel-coated (BD Biosciences) upper cham-
bers, and DMEM containing 20% FBS was
added to the lower chambers. Twenty-four
hours later, cells remaining on the upper sur-
face of the membrane were removed, and
those having migrated to the lower surface
were fixed in 70% ethanol, stained with 0.1%
crystal violet, photographed under an Axiovert
200 inverted microscope (Carl Zeiss Micros-
copy, Oberkochen, Germany) at 200x magnifi-
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cation, and counted in five randomly selected
fields of view.

Luciferase reporter assay

Prediction of potential miR-874 target genes
was performed using the publicly available pro-
gram TargetScan7.1 (http://www.targetscan.
org/). The ability of miR-874 to bind one of the
possible targets identified in this manner,
S0X12, was then experimentally tested with
luciferase assays. The human SOX12 3'UTR,
containing the putative miR-874 binding site,
was subjected to PCR cloning and inserted into
the pGL3 plasmid (Ambion, Austin, TX, USA),
with the resulting expression vector being
named WT-SOX12-3'UTR. An altered SOX12

Am J Cancer Res 2017;7(6):1310-1321
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Figure 2. miR-874 inhibits HCC cell migration and invasion. A. Expression of miR-874 in SMMC-7721 and HepG2
cells transfected with an miR-874 mimic or miR-NC, as determined by gRT-PCR. B. Migration of SMMC-7721 and
HepG2 cells was investigated using wound healing assays following transfection of an miR-874 mimic or miR-NC. C.
SMMC-7721 and HepG2 cell invasion activity was determined by transwell assays following transfection of an miR-

874 mimic or miR-NC. *P<0.05, **P<0.01.

3'UTR carrying a mutation in the miR-874
binding sequence was created using a Quik
Change Site-Directed Mutagenesis Kit (Stra-
tagene, Dallas, TX, USA) and inserted into the
pGL3 vector, with the resulting construct being
named MUT-SOX12-3'UTR. For the luciferase
reporter assays, HCC cells were co-transfected
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with an oligonucleotide (miR-874 mimic or miR-
NC) and one of the two reporter plasmids
(WT-SOX12-3'UTR or MUT-SOX12-3'UTR) using
Lipofectamine 2000. Forty-eight hours later,
cells were lysed and luciferase activity was
detected using a Dual-Luciferase Reporter
Assay Kit (Promega, Madison, WI, USA) accord-

Am J Cancer Res 2017;7(6):1310-1321
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Figure 3. SOX12 is a direct target of miR-874 in HCC cells. A. Predicted miR-874 binding sites in the 3’-untranslated
region (3’UTR) of the SOX12 mRNA sequence, and the mutations that were induced at these sites. B. Relative lucif-
erase activity was determined using SMMC-7721 and HepG2 cells co-transfected with a wild-type or mutant SOX12
3'UTR reporter plasmid and miR-874 mimic or miR-NC RNA oligonucleotides. WT: wild-type; MUT: mutant. C. SOX12
mRNA expression in SMMC-7721 and HepG2 cells transfected with an miR-874 mimic or miR-NC, as determined
by gRT-PCR. D. Levels of SOX12, E-cadherin, and Twist proteins in SMMC-7721 and HepG2 cells transfected with
an miR-874 mimic or miR-NC, as determined by western blotting using GAPDH as a loading control. Data from qRT-
PCR and western blot experiments were normalized to GAPDH mRNA and protein levels, respectively. *P<0.05,
**P<0.01.

ing to the manufacturer’s protocol. The activity Proteins were separated by electrophoresis
of firefly luciferase was normalized to that of on 10% SDS-polyacrylamidegels, before being
Renilla luciferase. transferred to polyvinylidene difluoride mem-

branes (MerckMillipore, Billerica, MA, USA).
Western blotting Blots were blocked with a 5% skim milk solu-

tion and incubated overnight with an antibody
Total protein was extracted from cultured cells against SOX12 (1:1000; Santa Cruz Biote-
and tissues in a protein extraction buffer chnology, Dallas, TX, USA), E-cadherin (1:1000;
(Beyotime Institute of Biotechnology, Jiangsu, Santa Cruz Biotechnology), Twist (1:2000, Cell
China) and quantified with a BCA Protein Assay Signaling Technology, Danvers, MA, USA)or
Kit (Pierce Biotechnology, Rockford, IL, USA). GAPDH (1:3000, Santa Cruz Biotechnology).
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Membranes were then exposed to the corre-
sponding horseradish peroxidase-conjugated
secondary antibodies for 2 h at room tempera-
ture. Protein bands were visualized using an
enhanced chemiluminescence system (Thermo
Fisher Scientific, Waltham, MA, USA) and X-ray
film. GAPDH was used as an internal control.

Statistical analysis

All statistical analyses were performed using
SPSS version 13 for Windows (SPSS Inc., Chi-
cago, IL, USA) and GraphPad Prism5 (GraphPad
Software Inc., San Diego, CA, USA). Differences
among groups were evaluated for statistical
significance using one-way ANOVA or two-tailed
Student’s t-tests, and Spearman’s rank correla-
tion analysis was employed to investigate cor-
relations between pairs of factors. Data are
expressed as the mean + standard deviation
(SD) from at least three independent experi-
ments. P values <0.05 were considered statis-
tically significant.

Results

miR-874 expression is downregulated in HCC
tissues and cell lines

To examine the status of miR-874 in HCC, tis-
sue samples from 48 cases of this disease
were tested by qRT-PCR. miR-874 expression
was found to be significantly lower in HCC tis-
sues than adjacent normal tissues (P<0.01,
Figure 1A). We also observed miR-874 expres-
sion to be lower in HCC tissues from patients
with lymph node metastasis (P<0.01, Figure
1B) and those at an advanced tumor-node-
metastasis (TNM) stage (P<0.01, Figure 1C).
We next compared the miR-874 expression lev-
els of four HCC cell lines (SMMC-7721, Hep3B,
HepG2, and HCCLM3) and LO2 cells. As shown
in Figure 1D, miR-874 levels in all HCC cell lines
were significantly lower than those in LO2
cells (Figure 1D). These data indicate that miR-
874 likely plays an suppressive role in HCC.
The HCC cell lines demonstrating the lowest
(SMMC-7721) and highest (HepG2) levels of
miR-874 expression were used for subsequent
experiments.

miR-874 suppresses HCC cell migration and
invasion

As miR-874 expression was found to be lower in
HCC tissues from patients with lymph node
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metastasis (Figure 1C), we hypothesized that
this miRNA may affect metastatic activity in
this disease. Therefore, to assess the effect of
miR-874 on migration and invasion, we trans-
fected SMMC-7721 and HepG2 cells with miR-
874 mimic or miR-NC oligonucleotides and car-
ried out wound healing and transwell invasion
assays. qRT-PCR showed significantly increa-
sed miR-874 levels in HCC cells transfected
with the miR-874 mimic, compared to those
transfected with the miR-NC (Figure 2A). In
addition, ectopic expression of miR-874 signifi-
cantly inhibited the migration and invasion
activity of both HCC cell lines (Figure 2B and
2C), indicating that miR-874 does indeed limit
the metastatic potential of HCC cells.

SOX12 is a target of miR-874 in HCC

To wunderstand the molecular mechanism
underlying the effects of miR-874 in HCC, we
searched for potential miR-874 targets using
TargetScan7.1. miR-874 was predicted to be
able to bind SOX12 mRNA; therefore, this gene
was chosen for further study (Figure 3A).
Luciferase reporter assays showed that miR-
874 overexpression decreased the luciferase
activity associated with the WT-SOX12-3'UTR
reporter construct (Figure 3B; P<0.05), but did
not affect that deriving from the MUT-SOX12-
3'UTR construct (Figure 3B). To further test
the association between miR-874 and SOX12,
we quantified expression of endogenous SOX12
in HCC cells transfected with the miR-874
mimic or miR-NC. Transfection of the miR-874
mimic resulted in dramatically decreased
expression of SOX12 at both the mRNA (Figure
3C) and protein level (Figure 3D) in both HCC
cell lines.

It has been reported that SOX12 overexpres-
sion promotes EMT by increasing the expres-
sion of Twist, which is known to induce this pro-
cess [21], and decreasing that of E-cadherin
[22]. Thus, we next used western blotting to
examine Twist and E-cadherin expression in
HCC cells transfected with the miR-874 mimic
or miR-NC. Overexpression of miR-874 was
found to increase expression of E-cadherin and
decrease that of Twist (Figure 3D), and may
therefore inhibit EMT. Taken together, these
data indicate that SOX12 is indeed a target of
miR-874 in HCC.

Am J Cancer Res 2017;7(6):1310-1321
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Figure 4. Expression of miR-874 is inversely correlated with that of SOX12 in HCC tissues. A. SOX12 mRNA expres-
sion in HCC tissues and matched normal tissues from 48 cases was determined by qRT-PCR, with GAPDH mRNA
being used as an internal control. B. The negative association between SOX12 mRNA levels and miR-874 expression
in HCC tissues (n = 48) was tested by Spearman’s correlation analysis. *P<0.05, **P<0.01.

SOX12 levels are upregulated in HCC tissues
and inversely correlate with miR-874 expres-
sion

Our next objective was to determine the levels
of SOX12 mRNA present in the 48 HCC tumor
tissue samples using qRT-PCR. SOX12 expres-
sion was significantly higher in the tumor
specimens than the adjacent normal tissues
(Figure 4A; P<0.01). Furthermore, two-tailed
Spearman’s correlation analysis demonstrated
that expression of SOX12 mRNA negatively cor-
related with that of miR-874 (Figure 4B; r =
-0.466, P =0.001).

S0X12 knockdown has similar effects to miR-
874overexpression in HCC cells

To investigate the role of SOX12 in HCC, we
knocked down its expression in HCC cells
using siRNA, the efficiency of which was veri-
fied by qRT-PCR and western blotting (Figure
5A and 5B). SOX12 knockdown was seen to
decrease HCC cell migration and invasion in
wound healing and transwell assays (Figure 5C
and 5D), and respectively reduce and increase
HCC cell expression of Twist and E-cadherin
proteins in a western blot analysis (Figure 5B).
In summary, knockdown of SOX12 replicated
the effects of miR-874 overexpression in HCC
cells.
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miR-874 attenuates HCC cell migration, inva-
sion, and EMT by targeting SOX12

To examine whether the inhibitory effects of
miR-874 on HCC cell migration, invasion, and
EMT were mediated by targeting of SOX12, we
rescued SOX12 expression in HCC cells trans-
fected with an miR-874 mimic using a SOX12
overexpression plasmid. Transfection of this
vector successfully mitigated miR-874 overex-
pression-induced restriction of SOX12 expres-
sion at both the mRNA (Figure 6A) and protein
level (Figure 6B). In addition, overexpression of
SOX12 rescued the migration (Figure 6C), inva-
sion (Figure 6D), and EMT activities (Figure 6B)
of cells from suppression by miR-874 overex-
pression. These findings suggest that overex-
pression of miR-874 attenuates HCC cell
metastasis and EMT by targeting SOX12, at
least in part.

Discussion

miRNAs have been shown to be involved in the
development and progression of HCC [23] and
have been proposed as novel diagnostic bio-
markers, effective prognostic factors, and
potential therapeutic targets in this disease
[24, 25]. Therefore, further investigations of the
functional effects of specific miRNAs in HCC
and the molecular mechanisms responsible
may facilitate the identification of novel mark-

Am J Cancer Res 2017;7(6):1310-1321
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ers and drug targets. In the present study, we
demonstrated that miR-874 expressionin HCC
tissues was significantly downregulated com-
pared to that in adjacent non-tumor tissues,
consistent with a previous study [19]. This
downregulation of miR-874 was also observed
in HCC cell lines. Our results, when considered
together with previous data concerning the
association between HCC and miR-874, strong-
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ly suggest that this miRNA plays a critical role in
the progression of HCC.

Frequent intrahepatic and distant metastases
are responsible for the poor overall survival of
HCC patients [26]. miRNAs have been found to
exert crucial effects on invasion and metasta-
sis in various human cancers [27, 28]. Previous
studies have reported that miR-874can inhibit

Am J Cancer Res 2017;7(6):1310-1321
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cell proliferation, migration, and invasion by tar- Jiang et al. revealed that ectopic miR-874
geting downstream genes [11-19]. For example, expression suppresses gastric cancer cell
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growth, migration, invasion, and tumorigenicity
via targeting of aquaporin-3 [17]. Moreover,
Dong et al. showed that this miRNA inhibits the
growth and metastasis of osteosarcoma cells
in part by targeting E2F transcription factor 3
[15]. Similarly, Zhang et al. demonstrated that
miR-874 functions as a tumor suppressor in
gastric cancer by inhibiting angiogenesis and
metastasis via the STAT3/VEGF-A pathway [16].
Therefore, we attempted to establish whether
miR-874 can affect the progression of HCC
through its modulation of the metastatic ability
of HCC cells. Our results showed that overex-
pression of miR-874 decreased migration and
invasion by cells of HCC lines, suggesting that
this miRNA can indeed suppress HCC cell
metastasis.

EMT is the biological process by which cancer
cells lose their epithelial polarity to assume a
mesenchymal phenotype, and constitutes a
crucial mechanism facilitating cancer cell
metastasis [29, 30]. It is characterized by
decreased expression of the epithelial marker
E-cadherin and increased expression of the
mesenchymal markers vimentin and N-cadherin
[29]. Twist proteins have been identified as
important in the induction of EMT and are fun-
damental to the regulation of carcinoma metas-
tasis [31]. In the present study, we found that
overexpression of miR-874, by increasing
expression of E-cadherin and concomitantly
decreasing that of Twist, may result in inhibition
of the EMT process.

To determine the route by which miR-874
exerts its anti-metastatic effect in HCC, we
used bioinformatics analysis to screen for
potential miR-874 target genes. One of the
resulting candidates, SOX12, was selected for
further investigation based on its biological
functions and expression patterns. The SOX12
protein is a member of the Sox (SRY-related
HMG-box) family of transcription factors and
has been shown to play an essential role in
embryonic development and cell fate determi-
nation [32]. Previous research has revealed
SOX12 expression to be elevated in HCC tis-
sues, with this upregulation being significantly
correlated with loss of tumor encapsulation,
microvascular invasion, and higher TNM stage
[22]. This same study showed that overexpres-
sion of SOX12 promotes HCC invasion and
metastasis by transactivating Twistl and
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FGFBP1 expression [22]. Such transactivation
of Twistl, along with inhibition of E-cadherin
expression, by SOX12 upregulation has been
shown to induce EMT [20, 22]. In the current
work, we confirmed SOX12 to be a functional
target of miR-874 by performing luciferase
reporter gene assays, qRT-PCR, and western
blot analysis. Furthermore, we found that
SOX12 levels were significantly higher in HCC
tissues and negatively correlated with miR-874
expression. In addition, SOX12 knockdown had
effects on HCC cells similar to those of miR-874
overexpression. Consistent with this, SOX12
overexpression rescued miR-874-induced in-
hibitory effects on HCC cell migration, invasion,
and EMT. Taken together, these data indicate
that miR-874 suppresses HCC cell metastasis
and EMT by directly targeting SOX12.

In conclusion, the present study provided fur-
ther evidence of the downregulation of miR-874
expression in HCC tissues and cell lines.
Moreover, it demonstrated that miR-874 inhib-
its HCC cell migration, invasion, and EMT by
suppressing SOX12 expression. These findings
suggest that miR-874 may prove to be an
attractive therapeutic target for the treatment
of HCC.
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