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ZEB1 serves an oncogenic role in the tumourigenesis of HCC
by promoting cell proliferation, migration, and inhibiting
apoptosis via Wnt/β-catenin signaling pathway
Liang-yun Li1,2, Jun-fa Yang3, Fan Rong1,2,4, Zhi-pan Luo1,2,5, Shuang Hu1,2, Hui Fang6, Ying Wu5, Rui Yao1,2,3, Wei-hao Kong5,
Xiao-wen Feng1,2, Bang-jie Chen7, Jun Li1,2 and Tao Xu1,2

Zinc finger E-box-binding homeobox 1 (ZEB1), a functional protein of zinc finger family, was aberrant expressed in many kinds of
liver disease including hepatic fibrosis and Hepatitis C virus. Bioinformatics results showed that ZEB1 was abnormally expressed in
HCC tissues. However, to date, the potential regulatory role and molecular mechanisms of ZEB1 are still unclear in the occurrence
and development of HCC. This study demonstrated that the expression level of ZEB1 was significantly elevated both in liver tissues
of HCC patients and cell lines (HepG2 and SMMC-7721 cells). Moreover, ZEB1 could promote the proliferation, migration, and
invasion of HCC cells. On the downstream regulation mechanism, ZEB1 could activate the Wnt/β-catenin signaling pathway by
upregulating the protein expression levels of β-catenin, c-Myc, and cyclin D1. Novel studies showed that miR-708 particularly
targeted ZEB1 3′-UTR regions and inhibited the HCC cell proliferation, migration, and invasion. Furthermore, results of nude mice
experiments of HCC model indicated that miR-708 could inhibit tumor growth and xenograft metastasis model was established to
validate that miR-708 could inhibit HCC cell metastasis through tail-vein injection in vivo. Together, the study suggested that ZEB1
modulated by miR-708 might be a potential therapeutic target for HCC therapy.
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INTRODUCTION
According to the World Health Organization, HCC is the 5th most
common cancer and the 2nd most common cause of cancer-
related mortality worldwide [1, 2]. HCC has the characteristics of
invasion, metastasis, and frequent recurrence, accounting for
90% of primary liver cancer, and has become a major health
problem around the world [3]. There are many ways for HCC
treatment including medication and targeted therapy, but the
survival rate of HCC patients is still very low [4–6]. Therefore,
understanding the potential mechanisms of HCC initiation and
progression is critical to explore new therapeutic targets for
improving the survival rate of HCC patients. The development of
HCC is associated with these major factors: viral infections,
hereditary disorders, chemical toxins, and metabolic syndromes
[7]. These factors regulate the function of oxidative stress, the
inflammatory/immune system, and the epithelial–mesenchymal
transition (EMT) [8]. EMT is a process in which an epithelial cell
transforms into a mesenchymal cell and is involved in wound
healing, fibrosis, and metastasis (migration and invasion), leading
to tumor progression [9–12]. Furthermore, it is well known that
the induction of EMT markers (such as E-cadherin, Vimentin, and

N-cadherin) promote the development and progression of
cancer [13, 14].
As an activator of EMT, ZEB1, the member of zinc finger family,

encodes the zinc finger and homeodomain transcription
cytokine [15–17]. Numerous studies have demonstrated that
abnormal expression of ZEB1 in many types of liver disease
including hepatitis, liver fibrosis, and hepatitis C virus [18–20].
For example, ZEB1 was upregulated in liver fibrosis and
increased the secretion of IL-6 and TNF-α via the Wnt/β-catenin
signaling pathway [19]. The process of these diseases will
develop into HCC if the damage factor cannot be removed for a
long time [21]. Thereby, it is valuable to investigate the function
of ZEB1 in HCC. HCC is one of the digestive system cancers, in
other digestive system cancers, recent studies indicated that
ZEB1 increased the invasive activity of gallbladder cancer cell
[22]. In human colon cancer cell lines, ZEB1 promoted the ability
of invasive and migratory in vitro and metastases in vivo. In
addition, previous studies demonstrated that ZEB1 activated
EMT and played a key driving force in the development
of pancreatic tumors from early tumorigenesis to late metastasis
[23, 24]. Increased evidence has shown that ZEB1 plays a
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regulator role in metastasis of digestive system cancer.
Based on these observations, we hypothesized that ZEB1 may
serve a significant role in the tumorigenesis of HCC by activating
EMT [25–27].
MicroRNAs (miRNAs), short 20–22 nucleotides, were recognized

to hold essential parts in tumor progression by binding to the 3′-
untranslated region (3′-UTR) of the target mRNAs [28–31]. Analysis
of miRNA expression has identified a group of dysregulated
miRNAs in HCC [32]. According to the bioinformatics results
(TargetScan and miRDB) and our previous study showed that ZEB1
may be a target of miR-708. MiR-708 could specifically interact
with the 3′-UTR of ZEB1 mRNA to inhibit the expression of ZEB1
[33]. Therefore, the study explored the function role of ZEB1 in
HCC progression and regulatory mechanism. This study found that
ZEB1 dramatically enhanced the Wnt/β-catenin signaling pathway
and thereby aggravated HCC, which was regulated by miR-708.

MATERIALS AND METHODS
Specimen collection
The liver tissues were obtained from HCC patients undergoing
partial liver resection from the First Affiliated Hospital of Anhui
Medical University. Hematoxylin and eosin (H&E) was used to
detect the pathology of HCC tissues. The characteristics of the
patients are shown in Table 1. Clinically, we collected 370 HCC
patients with different stages and analyzed the expression level of
ZEB1, as shown in Table 2. The study was complied with the
standards set by the Helsinki Declaration approved by the Ethics
Committee of Health Medical Research (20190246) of Anhui
Medical University. All participants signed patients’ informed
consent.

Magnetic resonance imaging (MRI)
The patients received MRI using a 1.5-T (Magnetom Avanto,
Siemens Healthcare). For enhanced MRI scanning, patients were
injected with 0.025-mmol/kg gadoxetate disodium (Primovist;
Bayer HealthCare), followed by saline irrigation. T1-weighted

three-dimensional gradient echo imaging was acquired before
contrast injection and in the arterial, portal (50 s), transitional (3
min), and hepatobiliary phases (20 min) of contrast enhancement.

Cell culture
SMMC-7721 and HepG2 cells were purchased from Cell Bank at
the Chinese Academy of Sciences (Shanghai, China). Cells were
cultured according to previous study [34]. When the growth rate
of monolayer cells reached 80%, 0.25% of trypsin-treated cells was
added to divide SMMC-7721 cells into 2 groups, namely, high
expression miR-708 group (LV-miR-708 group) and negative
control group (LV-miR-NC group). Appropriate amount of lenti-
virus is added in the logarithmic growth phase of liver cancer cells.
After 3 days of infection, the expression of the reporter gene GFP
mediated by the lentiviral vector was observed. When the
infection rate reached above 95%, cells were further cultured for
subsequent experiments. hsa-miR-708 (MI0005543) lentiviral
vector was purchased from HanBio Technology (Shanghai, China).

Immunohistochemistry (IHC)
Ten percent neutral buffered formalin solution was used to fixate
HCC tissues for 24 h, after embedding in paraffin, and stained for
routine histology. HCC sections were deparaffinized with xylene
and dehydrated in decreasing concentrations of ethanol. Micro-
waving in citric saline for 15 min was used for antigen recovery.
The tissues were then blocked with 2% bovine serum albumin
(BSA) by incubation with primary antibodies against ZEB1 (1:100,
Abcam, UK) for 12 h at 4 °C. Then the HCC tissues were incubated
with the secondary antibody at 37 °C for 60 min. The expression
level of ZEB1 in the tissues was observed by 3,3′-diaminobenzi-
dine tetrahydrochloride staining. The sections were subsequently

Table 1. Characteristics of the analyzed HCC patients.

Characteristics Category Number %

Gender Female 24 60

Male 16 40

Ages (year) 30–50 4 10

50–70 22 55

>70 14 35

T stage T1 1 2.5

T2 8 20

T3 15 37.5

T4 6 15

Unknown 10 25

AFP (ng/mL) 0–7 12 30

>7 28 70

CEA (ng/mL) 0–6.5 25 62.5

>6.5 15 37.5

LYMPH (%) <20 31 77.5

20–50 9 22.5

HCT (%) <40 22 55

40–50 18 45

MCV (g) 80–100 30 75

>100 10 25

Table 2. Association of ZEB1 expression with the clinicopathological
parameters from HCC patients.

Variables Low ZEB1 group
n= 162

High ZEB1 group
n= 208

χ2 P value

Age(year) 0.538 0.463

≤ 60 74 103

>60 88 105

Gender 1.237 0.266

Male 114 135

Female 48 73

Metastasis 1.890 0.389

M0 122 144

M1 2 2

Mx 38 62

AJCC stage 5.495 0.064

I/II 122 134

III/IV 33 57

Null 7 17

Histologic grade 4.146 0.126

G1/G2 105 127

G3/G4 57 76

Null 0 5

Survival status 6.845 0.009

Alive 117 123

Dead 45 85

Bold values indicate statistical significance. If the P value <0.05, the data
were considered significant difference, and if the P value <0.01, the data
were considered different with strong significance.
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counterstained with hematoxylin for 5 min. After fixed with a gel,
the microscope was used for imaging.

Luciferase reporter assay
pHG-MirTarget-ZEB1-3′UTR plasmid and mutant 3′UTR-ZEB1 were
obtained from HonorGene Biotechnology (Changsha, Hunan,
China). HepG2 and SMMC-7721 cells were inoculated in a six-
well plate in advance. After that, ZEB1-3′UTR-WT plasmid gene
(200 ng), miR-708 mimics, or NC control (60 nmol) were chosen,
the same experiment was performed in the control group of
mutant 3′UTR-ZEB1. The luciferase activity was detected by using
the luciferase assay kit (Promega Corporation, Madison, USA).

RNA interference analysis
HepG2 and SMMC-7721 cells were seeded in six-well plate before
transfecting with ZEB1 siRNA (GenePharma, Shanghai, China) and
Negative Control siRNA (NC) (GenePharma, Shanghai, China) by
using LipofectamineTM2000 (Invitrogen, California, USA) according
to the manufacturer’s protocol. The sequences are as following:
ZEB1 siRNA: F: 5′-GUCGCUACAAACAGUUGUATT-3′, R: 5′-UACA

ACUGUUUGUAGCGACTT-3′.
NC siRNA: F: 5′-UUCUCCGAACGUGUCACGUTT-3′, R: 5′-ACGU-

GACACGUUCGGAGAATT-3′.
miR-708 mimics: F: 5′-AAGGAGCUUACAAUCUAGCUGGG-3′, R:

5′-CAGCUAGAUUGUAAGCUCCUUUU-3′.
miR-708 mimics NC: F: 5′-UUCUCCGAACGUGUCACGUTT-3′, R: 5′-

ACGUGACACGUUCGGAGAATT-3′.
miR-708 inhibitor: 5′-CCCAGCUAGAUUGUAAGCUCCUU-3′.
miR-708 inhibitor NC: 5′-CAGUACUUUUGUGUAGUACAA-3′.

Plasmid transfection
Overexpression plasmid of ZEB1 (P-CMV-ZEB1) was constructed
and stored in our laboratory (Anhui, China) [19]. The P-CMV vector
was used as an internal control. P-CMV-ZEB1 and P-CMV were
transfected in HepG2 and SMMC-7721 cells by using Lipofecta-
mine™2000 in accordance with the manufacturer’s instructions.

Western blotting
HepG2 and SMMC-7721 cells (1 × 105) were seeded in the six-well
plate and washed three times via cold phosphate-buffered saline
(PBS). Cells underwent cytolysis to total protein by protein lysate
(RIPA lysate: PMSF= 100:1) on ice for 30min. The protein was
extracted and subsequently was electrophoresed for 1 h. After
electrophoresis, the protein was blotted onto the PVDF membrane
by electrotransfer. After blocking the nonspecific protein binding
by BSA, the PVDF membrane was incubated overnight in the
diluted primary antibody, and the primary antibody dilution ratios
were ZEB1 (1:1000), Bax (1:1000), Bcl-2 (1:1000), PCNA (1:1000),
MMP2 (1:1000), MMP9 (1:1000), E-cadherin (1:1000), N-cadherin
(1:1000), Vimentin (1:1000), respectively. The protein was incu-
bated for 1 h with the secondary antibody, and then the immune-
reactive bands were detected by using the ECL-chemiluminescent
kit (ECL-plus, Thermo Fisher Scientific) [35].

Transwell migration assay
The bottom chamber of the Transwell system (Corning, NY, USA) is
filled with 500 μL of 20% FBS of culture medium. The cell
suspension in serum-free medium (200 μL, 4 × 104 cells) was
added to the upper chamber. The cells were fixed with 10%
neutral buffered formalin solution and colored with 0.1% crystal
violet after incubation for 24 h. The number of cells penetrating
the membrane was counted in five random fields. All experiments
were repeated three times.

EdU DNA incorporation assay
Cell proliferation was detected by using standard EdU DNA
incorporation assay. Exponentially growing HepG2 and SMMC-
7721 cells were plated on 13-mm glass coverslips, respectively.

Then, P-CMV-ZEB1, ZEB1-siRNA, miR-708 mimics, miR-708 inhibitor
and there NC were transfected into HepG2 and SMMC-7721 cells
with LipofectamineTM2000, respectively. After culture 24 h, the
cells were labeled with 50-μm EdU for 2 h, and then rinsed twice
with ice-cold PBS. After labeling, HepG2 and SMMC-7721 cells
were fixed in 4% paraformaldehyde for 30 min and rinsed with 2-
mg/mL glycine for 5 min, respectively, then permeabilised with 1%
Triton X-100 for 10 min, rinsed with PBS for 5 min. Apollo staining
was performed for 30 min and then Hoechst staining for 30 min.
The images were taken by fluorescence microscopy (Olympus,
Tokyo, Japan).

Transwell invasion assay
HepG2 and SMMC-7721 cells were inoculated into the upper
chamber with a serum-free medium at a density of 2 × 105 cells/
well. The bottom chamber is filled with 500 µL of 20% FBS culture
medium. After incubated in a 5% (v/v) CO2 incubator at room
temperature for 2 days, the noninvasive cells and matrigel were
removed in the upper chamber, and then the cells were fixed on
the lower surface with 10% neutral buffered formalin solution and
stained with 0.1% crystal violet . The invading cells was counted in
five randomly selected microscope fields. The experiments were
repeated three times.

Cell-cycle analysis
HepG2 and SMMC-7721 cells were, respectively, transfected with
P-CMV-ZEB1 and ZEB1 siRNA and their NC for 48 h. Before lysed,
the cells were cleaned with PBS and fixed with 75% cold ethanol
for 12 h at 4 °C. After centrifugation (1000 ×g, 5 min) and
resuspension, the cells were incubated with RNase and propidium
iodide (PI) (Beyotime, Shanghai, China) at room temperature for
30min protecting from light. The result was analyzed by the flow
assay (BD Biosciences, NJ, USA) and ModFit software (Verity
Software House, USA).

Flow cytometry
HepG2 and SMMC-7721 cells at logarithmic growth phase (2 ×
105/mL) were seeded in a six-well plate until grew with adherence.
The cells were digested by trypsin and centrifuged at 1000 rpm for
5 min. After wash with cold PBS, the cells were resuspended in 1×
binding buffer, then stained with 5-µL FITC Annexin V and 5-µL PI.
The flow cytometer (Beckman Coulter, USA) was used to detect
the apoptosis.

Xenograft tumor model in nude mice
Six-week-old male BALB/c nude mice were purchased and reared
under the Experimental Animal Center of Anhui Medical University
(Hefei, China). The animal testing procedures have been approved
by the Code of Ethics and reviewed and implemented according
to the guidelines of the Animal Care and Use Committee of Anhui
Medical University (number: LLSC20150348). The nude mice
were randomly divided into two groups: LV-miR-708 and LV-
miR-NC. After that, 200 µL of SMMC-7721 (LV-miR-708/ LV-miR-NC)
cells (5 × 106) were subcutaneously injected into the right flank of
each mouse. Eight weeks later, the mice were sacrificed and the
tumors were dissected for further evaluation.

Metastasis model
Thirty-six 5-week-old nude mice were housed under specific
pathogen-free conditions. SMMC-7721 cells were infected with
lentivirus miR-708-Null-LUC-PURO and LUC-PURO (Hanbio Biotech-
nology, Shanghai, China), respectively, and puromycin was used to
screen out the cells infected with lentivirus successfully. SMMC-
7721/miR-708-Null-LUC-PURO and SMMC-7721/LUC-PURO cells
(1 × 106) were injected into the tail veins of mice to evaluate the
effect of miR-708 on the metastasis ability of HCC cells. After
an intraperitoneal injection of luciferin (P1043, Promega, USA)
(150mg/kg), the mice were anaesthetized with 10% chloral hydrate.
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The bioluminescence of metastatic tumors was detected within
15min. An IVIS Lumina III Imaging System (Caliper Life Sciences,
USA) was used to observe the quantity and location of metastatic
tumors in living mice at 30min, 1 week, and 3 weeks after the
tumor cells were injected. The animal testing procedures have been
approved by the Code of Ethics and reviewed and implemented
according to the guidelines of the Animal Care and Use Committee
of Anhui Medical University (number: LLSC20150348).

Statistical analysis
Statistical data analysis was used by SPSS ver.18.0. The differences
in groups were checked by one-way ANOVA. The data were
performed as the mean ± standard error at least three times
independently. If the P value < 0.05, the data were considered
significantly different, and if the P value < 0.01, the data were
considered with strongly significant difference.

RESULTS
ZEB1 was aberrantly expressed in human HCC tissues
To investigate the role of ZEB1 in human HCC, the liver tissues of
HCC patients were obtained for the study. First, the results of MRI
showed that the size and shape of liver were irregular and the liver
fissures were widened. There were multiple low-density nodules
and masses scattered in the liver parenchyma. The portal vein wall
was slightly rough (Fig. S1a). Second, the results of H&E staining
displayed that there was a large area of necrosis in HCC tissues
(Fig. 1a, b). In addition, the results of TCGA showed that the mRNA
expression of ZEB1 was higher in HCC tissues compared to the
normal tissues, and the overall survival was significantly reduced
compared to the healthy people (Fig. S1b, c), suggesting that ZEB1
might play a key role in the progression of HCC. More importantly,
the cutoff value is determined by the ROC curve to ensure that the
Yoden Index is maximized. Patients in the high-risk group had a
significantly worse prognosis than those in the low-risk group
(Fig. S1d and Table 1). Clinically, we collected 370 HCC patients
with different stages and analyzed the expression level of ZEB1.
Statistical analysis showed that higher expression of ZEB1 in HCC
tissue was positively associated with survival status (P= 0.009).
However, there was no significant relationship between the
degrees of ZEB1 staining and metastasis, AJCC stage, histologic
grade, age, or the number of tumor (Fig. S1e and Table 2). In
general, the results suggested that ZEB1 was aberrantly expressed
in human HCC tissues.

ZEB1 was increased in HCC tissues and HCC cell lines
In the study, the expression level of ZEB1 was first analyzed in HCC
tissues and adjacent tissues. Results of IHC indicated that the
expression level of ZEB1 was upregulated in HCC tissues
compared to the adjacent tissues (Fig. 1c). These results were
confirmed by using Western blotting analysis (Fig. 1d). Then, the
protein expression level of ZEB1 was detected in HepG2, SMMC-
7721, and L02 cells. The results showed that the expression level
of ZEB1 in HCC cell lines was significantly increased compared to
L02 cells (Fig. 1e). In general, the finding revealed that ZEB1 was
increased in HCC tissues and HCC cell lines.

ZEB1 inhibited apoptosis of HCC cells in vitro
To detect the role of ZEB1 on cell apoptosis, ZEB1-siRNA and P-
CMV-ZEB1 were transfected, respectively, in HepG2 and SMMC-
7721 cells to decrease and increase the expression level of ZEB1.
The flow cytometry results showed that ZEB1-siRNA significantly
promoted cell apoptosis both in HepG2 and SMMC-7721 cells
(Fig. 1f). Moreover, Western blotting results showed that ZEB1-
siRNA increased the expression level of Bax and inhibited the
expression level of Bcl-2 in HepG2 and SMMC-7721 cells (Fig. 1g, i).
Interestingly, overexpression of ZEB1 remarkably inhibited the
expression level of Bax and promoted the expression level of Bcl-2

(Fig. 1h, j). Collectively, these results provided evidence that ZEB1
could inhibit cells apoptosis in HepG2 and SMMC-7721 cells.

ZEB1 promoted proliferation of HCC cells
EdU staining was used to detect the function of ZEB1 on the
proliferation of HepG2 and SMMC-7721 cells. The results showed
that ZEB1 siRNA significantly reduced the proliferation of HepG2
and SMMC-7721 cells compared to the ZEB1 NC group (Fig. 2a). In
addition, the study found that ZEB1 siRNA could obviously reduce
the expression level of cell proliferation marker PCNA (Fig. 2d, f). In
contrast, P-CMV-ZEB1 in HepG2 and SMMC-7721 cells could lead
to higher protein expression level of PCNA compared to the
control group (Fig. 2e, g). Next, the function of ZEB1 on the HCC
cell proliferation was detected by using the cell-cycle assay. The
flow cytometry results showed that ZEB1 siRNA significantly
increased the number of cells in the G0/G1 phase but decreased
the number in the G2/M phase of HepG2 and SMMC-7721 cells
compared to the NC group (Fig. 2b, c), indicating that ZEB1 siRNA
inhibited cell-cycle progression. In contrast, the percentage of cells
in the G2/M phase of HepG2 and SMMC-7721 cells transfected
with P-CMV-ZEB1 was increased compared to the control group
(Fig. 2b, c). In summary, these results indicated that ZEB1 can
actively promote the proliferation of HCC cells.

ZEB1 promoted migration and invasion of HCC cells
A series of detection methods are used to detect the effect of
ZEB1 on the migration and invasion of HCC cells. Transwell
migration analysis showed that ZEB1 siRNA caused significantly
less migration than the control group in HepG2 and SMMC-7721
cells (Fig. 2h). Next, the cells invasion was detected by using the
Matrigel-coated Transwell invasion test. The results showed that
ZEB1 siRNA reduced the ability of cells to invade through the gel
matrix into the adjacent chamber compared to the control group
(Fig. 2i). Conversely, P-CMV-ZEB1 increased cell migration and
invasion in HepG2 and SMMC-7721 cells (Fig. 2h, i). Moreover, the
results showed that P-CMV-ZEB1 significantly increased the
protein expression levels of MMP2/MMP9 in HepG2 and SMMC-
7721 cells (Fig. 2j, k), and the function of P-CMV-ZEB1 on MMP2/
MMP9 was reversed by knocking down ZEB1 (Fig. 2j, k). Taken
together, these data revealed that ZEB1 potentially promotes the
migration and invasion of HCC in vitro.

ZEB1 aggravated the process of EMT in HCC
EMT is essential for tumor-cell survival [36]. Thus, the relative
proteins of EMT were detected both in human HCC tissues and
HCC cell lines (HepG2 and SMMC-7721 cells). First, IHC and Western
blotting results indicated that the expression levels of N-cadherin
and Vimentin were upregulated whereas the expression level of
E-cadherin was downregulated both in human HCC tissues and
HCC cell lines (HepG2 and SMMC-7721 cells) (Fig. 3a–c). Subse-
quently, the function of the ZEB1 on EMT was detected in HepG2
and SMMC-7721 cells. ZEB1 siRNA promoted the expression level
of E-cadherin whereas inhibited the expression levels of N-cadherin
and Vimentin (Fig. 3d, f). Notably, the function of ZEB1 siRNA on
EMT could be reversed by P-CMV-ZEB1 (Fig. 3e, g). Collectively, the
data indicated that ZEB1 could aggravate the process of EMT both
in human HCC tissues and cell lines (HepG2 and SMMC-7721 cells).

ZEB1 is a direct target of miR-708 in HCC cells
Bioinformatics tools (TargetScan and miRDB) were used to predict
the target genes of miR-708. The miRNA target prediction
algorithm predicted that the 3′-UTR of ZEB1 mRNA contains
putative miR-708 binding sites (Fig. S2a). The 3′-UTR of ZEB1 was
cloned from it into the pmirGLO luciferase reporter vector to
confirm that whether miR-708 could regulate ZEB1 by combining
to the corresponding 3′-UTR. Then, the miR-708 or control
mimics were co-transfected with P-CMV-ZEB1 into HepG2 cells.
Double luciferase reporter assay was subsequently used to
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evaluate ZEB1 response to miR-708 (Fig. S2b). These findings
revealed that miR-708 mimics obviously declined ZEB1 luciferase
activity in HepG2 cells. Moreover, Western blotting result
demonstrated that miR-708 mimics downregulated the expression
level of ZEB1 in HepG2 cells. Conversely, miR-708 inhibitor
upregulated the expression level of ZEB1 in HepG2 cells (Fig. S2c).

Next, miR-708 mimics and P-CMV-ZEB1 were co-transfected in
HepG2 cells. Western blotting result revealed that the protein
levels of Bcl-2, MMP2/MMP9, and PCNA were obviously decreased
in the co-transfection group compared to the group transfected
with P-CMV-ZEB1. Meanwhile, the expression level of Bax in the
co-transfection group was significantly higher than that in the
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Fig. 1 ZEB1 was aberrantly expressed in human HCC tissues. a, b The H&E stain in human HCC tissues and adjacent tissues. The rectangular
image in the left panel was magnified in the middle and right panels. The scale was shown in the figure. Pannoramic SCAN 150 (3DHISTECH,
Budapest, Hungary) was used for the imaging. c The IHC of ZEB1 in human HCC tissues and adjacent tissues. The rectangular image in the left
panel was magnified in the middle and right panels. The scale was shown in the figure. Pannoramic SCAN 150 (3DHISTECH, Budapest,
Hungary) was used for the imaging. d The protein expression level of ZEB1 was measured by using Western blotting in human HCC tissues
compared to the adjacent tissues. e The protein expression level of ZEB1 was measured by using Western blotting in L02, HepG2, SMMC-7721
cells. Data are presented as the mean ± SD of three independent experiments. *P < 0.05, **P < 0.01, compared to the control group. ZEB1
inhibited the apoptosis of HCC cells. f Cell apoptosis was measured by using flow cytometry analysis in HepG2 and SMMC-7721 cells
transfected with ZEB1 siRNA. g–j The protein expression levels of Bax, Bcl-2, were measured by using Western blotting analysis in HepG2 and
SMMC-7721 cells transfected with P-CMV-ZEB1 and ZEB1 siRNA, respectively. Data are presented as the mean ± SD of three independent
experiments. *P < 0.05, **P < 0.01, compared to the control group.
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group transfected with P-CMV-ZEB1 (Fig. S2d). Thus, these results
further indicated that ZEB1 is a direct target of miR-708 in
HepG2 cells.

MiR-708 promoted apoptosis of HCC cells
To confirm the function of miR-708 on the cell apoptosis in HCC
cells, RT-qPCR result indicated that the expression level of miR-708
was downregulated both in human HCC tissues and HepG2 and
SMMC-7721 cells compared to the adjacent tissues and L02 cells,
respectively (Fig. S2e, f). After the establishment of miR-708

overexpression HCC line, the flow cytometry result indicated
that miR-708 mimics significantly promoted cell apoptosis both in
HepG2 and SMMC-7721 cells (Fig. 4a). Moreover, the results
showed that miR-708 mimics significantly inhibited the expression
level of Bcl-2, whereas promoted the expression level of Bax in
HepG2 and SMMC-7721 cells (Fig. 4c, e). Importantly, the function
of miR-708 mimics on cell apoptosis was reversed by miR-708
inhibitor (Fig. 4b, d). Collectively, these results provided evidence
that miR-708 could promote cell apoptosis in HepG2 and
SMMC-7721 cells.

Fig. 3 ZEB1 promoted the process of EMT in HCC. a IHC of E-cadherin, N-cadherin, and Vimentin in human HCC tissues and adjacent tissues.
b Western blotting analysis of E-cadherin, N-cadherin, and Vimentin in human HCC tissues and adjacent tissues. c Western blotting analysis of
E-cadherin, N-cadherin, and Vimentin in L02, HepG2, and SMMC-7721 cells. d–g The protein expression levels of E-cadherin, N-cadherin, and
Vimentin were detected in HepG2 and SMMC-7721 cells transfected with P-CMV-ZEB1 and ZEB1 siRNA, respectively. Data are presented as the
mean ± SD of three independent experiments. *P < 0.05, **P < 0.01, compared to the control group.
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MiR-708 inhibited proliferation of HCC cells
To detect whether miR-708 could affect cell proliferation in HCC
cells, EdU staining was used to detect the effect of miR-708 on the
proliferation of HepG2 and SMMC-7721 cells. The results showed

that miR-708 mimics significantly reduced cell proliferation in
HepG2 and SMMC-7721 cells (Fig. 4f). In addition, we found that
miR-708 mimics obviously decreased the expression level of
PCNA, a marker of cell proliferation (Fig. 4j, l). In contrast, miR-708
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inhibitor upregulated the expression level of PCNA compared to
the control group in HepG2 and SMMC-7721 cells (Fig. 4i, k).
Moreover, the function of miR-708 on HCC cell proliferation was
detected by using cell-cycle assay. Flow cytometry assay revealed
that miR-708 mimics could increase the larger G0/G1 population
and decrease the percentage of G2/M compared to the miR-708
NC group (Fig. 4g, h). In contrast, miR-708 inhibitor could decrease
the percentage of cells in the G0/G1 phase and increase the larger
G2/M population compared to the control group in HepG2 and
SMMC-7721 cells (Fig. 4g, h). These findings demonstrated that
miR-708 is negatively correlated with HCC cell proliferation.

MiR-708 inhibited migration and invasion of HCC cells
Transwell migration and Western blotting analysis were used to
detect whether miR-708 affects HCC cell migration and invasion. The
results showed that miR-708 mimics significantly caused less
migration compared to the control group, and miR-708 inhibitor
caused significantly higher migration compared to the control group
(Fig. 5a). Then, Matrigel-coated Transwell invasion test demonstrated
that miR-708 mimics decreased the ability of cells to invade across
the gel matrix into adjacent chambers compared to the control
group (Fig. 5a). In contrast, the miR-708 inhibitor increased cells
migration and invasion compared to the control group in SMMC-
7721 cells (Fig. 5a, b). Increasingly, evidence demonstrated that TGF-
β1 significantly induced EMT to promote migration and invasion of
HepG2 cells [37]. HepG2 cells were treated with TGF-β1 5 ng/mL for
24 h [38]. The results showed that TGF-β1 significantly induced EMT
to promote migration and invasion of HepG2 cells (Fig. S3a). miR-
708 mimics significantly decreased the ability of cells to migrate
across the gel matrix into adjacent chambers compared to the miR-
708 NC group. In the same way, miR-708 mimics also down-
regulated HepG2 cell migration and invasion after treated with TGF-
β1 5 ng/mL for 24 h, compared to the miR-708 NC group treated
with 5 ng/mL TGF-β1 (Fig. S3b). Subsequently, the expression level
of MMP2/MMP9 protein was examined in HepG2 and SMMC-7721
cells. The results showed that miR-708 mimics suppressed the
expression level of MMP2/MMP9 protein in HepG2 and SMMC-7721
cells (Fig. 5d, f), while miR-708 inhibitor upregulated the expression

levels of MMP2/MMP9 (Fig. 5c, e). In summary, miR-708 may inhibit
the migration and invasion of HCC cells in vitro.

ZEB1-activated Wnt/β-catenin signaling pathway regulated by
miR-708 in HCC cells
The activation of Wnt/β-catenin signaling pathway is closely related
to the proliferation, invasion, and migration of the progression of
tumor. Mechanically, the target genes of the Wnt/β-catenin
signaling pathway were examined by using the Western blotting
assay. In this study, IHC and Western blotting results showed that
the expression level of β-catenin in HCC tissues was higher
compared to the control group (Fig. 6a, b). Then, Western blotting
result revealed that the protein level of β-catenin in HepG2 and
SMMC-7721 cells was higher than that in L02 cells (Fig. 6c, d). In
order to detect whether the Wnt/β-catenin signaling pathway
was involved in the progression of HCC, the protein levels of
β-catenin, and its downstream targets c-Myc and Cyclin D1 were
detected in HepG2 and SMMC-7721 cells transfected with
ZEB1 siRNA and P-CMV-ZEB1, respectively. ZEB1 siRNA obviously
reduced the expression levels of β-catenin, c-Myc, and Cyclin D1
compared to the control group (Fig. 6i, k). Conversely, the expression
levels of β-catenin, c-Myc, and cyclin D1 were significantly
upregulated in HepG2 and SMMC-7721 cells transfected with
p-CMV-ZEB1 compared to the control group (Fig. 6j, l). Subsequently,
the expression levels of β-catenin and its downstream targets c-Myc
and cyclin D1 were measured in HepG2 and SMMC-7721 cells
transfected with miR-708 mimics and miR-708 inhibitor, respectively.
The results showed that the miR-708 mimics obviously reduced the
expression levels of β-catenin, c-Myc, and cyclin D1 (Fig. 6f, h). The
function of miR-708 mimics on the Wnt/β-catenin signaling pathway
was reversed by knocking down miR-708 (Fig. 6e, g). In summary,
these findings indicated that ZEB1 could positively activate the Wnt/
β-catenin signaling pathway, which was regulated by miR-708.

MiR-708 inhibited tumor growth in nude mice of HCC model
To detect the function of miR-708 on tumor formation in vivo, LV-
miR-708 was used to establish a stable miR-708 overexpressing
SMMC-7721 strain, and LV-miR-NC was used as a NC (Fig. 7a). First,
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LV-miR-708 was used for subcutaneous injection in nude mice,
while LV-miR-NC was used as a control to establish a tumor model
(Fig. 7b). As its diameter reached 1.0 cm, the tumors were excised
from nude mice. the tumor was photographed and the volume
was measured. The results showed that the tumor in the LV-miR-
708 group grew much slower than the control group (Fig. 7c, e).
The results of H&E staining showed that LV-miR-708 reduced the
degree of HCC compared to LV-miR-NC (Fig. 7d). In addition,
the IHC and Western blotting results showed that LV-miR-708
increased the expression level of E-cadherin and decreased the
expression levels of Vimentin and N-cadherin (Fig. 7d, g),
indicating that LV-miR-708 repressed the progress of EMT in nude

mice of HCC model. Furthermore, the results of Western blotting
demonstrated that LV-miR-708 inhibit HCC proliferation and
apoptosis in nude mice (Fig. 7h), and the expression level of
ZEB1 was decreased in nude mice injected with LV-miR-708-
transfected cells compared to the mice injected with LV-miR-NC-
transfected cells (Fig. 7f). Based on these observations, these
results demonstrated that miR-708 could inhibit tumor growth in
HCC model nude mice.

MiR-708 inhibited the process of EMT in HCC
The function of the miR-708 on the process of EMT was detected
in HepG2 and SMMC-7721 cells. Furthermore, miR-708 mimics

Fig. 6 ZEB1 activated Wnt/β-catenin signaling pathway in HCC cells. a The IHC of β-catenin in human HCC tissues and adjacent tissues.
The rectangular image in the left panel was magnified in the middle and right panels. b The protein expression level of β-catenin in human
HCC tissues and adjacent tissues was analyzed by Western blotting. c The protein expression level of β-catenin in L02 and HepG2 cells
was analyzed by Western blotting. d The protein expression level of β-catenin in L02 and SMMC-7721 cells was analyzed by Western blotting.
e–h The protein expression levels of β-catenin, c-Myc, and cyclinD1 were performed in HepG2 and SMMC-7721 cells transfected with miR-708
mimics and miR-708 inhibitor, respectively. i–l The protein expression levels of β-catenin, c-Myc, and cyclinD1 were detected in HepG2 and
SMMC-7721 cells transfected with ZEB1 siRNA and P-CMV-ZEB1, respectively. Data are presented as the mean ± SD of three independent
experiments. *P < 0.05, **P < 0.01, compared to the control group.
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promoted the expression level of E-cadherin whereas inhibited the
expression levels of N-cadherin and Vimentin (Fig. 8b, d). Notably,
the function of miR-708 mimics on EMT could be reversed by miR-
708 inhibitor (Fig. 8a, c). The data indicated that miR-708 could
inhibit the process of EMT in HepG2 and SMMC-7721 cells.

MiR-708 inhibited HCC cells metastasis in vivo
To further validate the role of miR-708 in HCC metastasis, we
performed animal experiments in nude mice. LV-miR-708 was
used to establish a stable miR-708 overexpression SMMC-7721 cell
line, and LV-miR-NC was used as a NC. First, a HCC metastatic
model was established by stable miR-708 overexpression SMMC-
7721 cell through tail-vein injection, while LV-miR-NC was used as
a control group. Luciferase signals were detected using IVIS
Lumina III Imaging on 30min, 1 week, and 3 weeks after injection.
Thirty minutes after injection, the tail-vein injection was confirmed
by the distributing luminescence signal throughout the body of
the mice (Fig. S4). Furthermore, results showed that HCC
metastasis was inhibited in the LV-miR-708 group (Fig. S4). In
mice of the LV-miR-NC group, the formation of metastatic lesions
was first detected on 1 week and 3 weeks after tail-vein injection.
The results demonstrated that HCC cell metastasis model showed
that overexpression of miR-708 inhibited the metastasis of HCC
cells compared to the control group. Therefore, miR-708 inhibited
the metastasis of HCC cells.

DISCUSSION
In recent years, the cognition of the mechanism of ZEB1 in cancer
evolution has been largely developed [39]. ZEB1 was one such EMT-
transcription factor, which was first reported in breast cancer
[40, 41], and it was also involved in the progression of lung cancer,
gastric cancer, and prostate cancer [42–44]. Our previous study
showed that ZEB1 aggravated liver fibrosis [19]. More than 80% of
HCC developed in fibrotic suggesting an important role of liver
fibrosis in the premalignant environment of the liver [25]. HCC is one
of the increasing major health problems in both developing and
developed countries [45]. Here, this study will find the relationship
between ZEB1 and HCC. In the present study, TCGA database
analysis showed that the mRNA expression level of ZEB1 was
upregulated in HCC tissues than in normal tissues. Furthermore,
clinical data from TCGA database confirmed that HCC patients in the
high-risk group had significantly worse prognosis than those in the
low-risk group. We collected the HCC tissues from the First Affiliated
Hospital of Anhui Medical University and the results of MRI proved
that there were multiple low-density nodules and masses scattered
in the liver parenchyma. H&E staining further demonstrated that

there was a large area of necrosis in human HCC tissues. Notably,
these results showed that the expression level of ZEB1 was
significantly increased both in HCC tissues and HCC cell lines
(HepG2 and SMMC-7721 cells).
MiRNAs could exert its biological function by mediating target

genes [46]. MiR-708 is correlated with cell proliferation, migration,
invasion, and EMT via targeting genes. For example, Wu et al.
identified that miR-708 could increase apoptosis of synovial fibroblast
MH7A cells and inhibit colony formation and migration [47].
Previous study found that miR-708 mimics decreased cell prolifera-
tion and invasion and promoted apoptosis in human glioblastoma
[48]. Bioinformatics tools (TargetScan and miRanda) were used to
predict the target genes of miR-708. The result found that ZEB1 may
be a direct target of miR-708. Therefore, the 3′-UTR of ZEB1 was
cloned into the pmirGLO luciferase reporter vector and co-
transfected into HepG2 cells with miR-708 and miR-NC, respectively,
to determine if miR-708 passed the corresponding 3′-UTR combines
to adjust ZEB1. Dual luciferase reporter assay revealed that miR-708
significantly decreased ZEB1 luciferase activity in HepG2 cells.
RT-qPCR and Western blotting analysis respectively confirmed ZEB1
as a functional target of miR-708. ZEB1 was identified as a target of
miR-708 and is negatively regulated by miR-708 at the posttranscrip-
tional level via a specific target site within the 3′-UTR of ZEB1.
However, the expression and the potential biological function of miR-
708 in HCC cells have not been fully elucidated. This study mainly
found that miR-708 was significantly downregulated in HCC tissues
and HCC cells (HepG2 and SMMC-7721 cells), while miR-708 mimics
could increase HCC cell apoptosis. Moreover, ZEB1 inhibited HCC
cell apoptosis by using Western blotting analysis and the flow
cytometry assay. On the one hand, EdU staining and Western
blotting were used to detect the function of miR-708 and ZEB1 on
the cell proliferation of HCC, these results determined that miR-708
could inhibit HCC cell proliferation by targeting ZEB1. On the other
hand, the results of Transwell migration and invasion assay
suggested that miR-708 repressed HCC cell migration and invasion
whereas ZEB1 promoted HCC cell migration and invasion, the
results of Western blotting were consistent with it. Furthermore, miR-
708 could inhibit the process of EMT both in human HCC tissues and
cell lines by targeting ZEB1. In vivo, nude mice received
subcutaneous injection of SMMC-7721 cells treated with LV-miR-
708 or control LV-miR-NC to establish tumor models. The results
demonstrated that the nude mice treated with LV-miR-708
significantly decreased the expression level of ZEB1 compared to
that in the control group. Furthermore, we have performed
animal experiments to validate that miR-708 can also inhibit
metastasis in vivo. The results demonstrated that overexpression
miR-708 inhibited HCC cell metastasis compared to the control
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group in HCC cell metastasis model. This approach provides novel
insights and potential treatment strategies for the progress of
HCC treatment. These data together indicated that miR-708
suppresses the metastasis and EMT of HCC cells through directly
targeting ZEB1.
Mechanically, increasingly studies have demonstrated that the

Wnt/β-catenin signaling pathway was involved in the develop-
ment of a variety of human cancers, including colorectal cancer,
breast cancer, prostate cancer, and HCC [49–53]. Various cellular
functions, such as apoptosis, proliferation, migration, and invasion,
were involved in Wnt-dependent carcinogenesis. The Wnt/β-
catenin signaling pathway participated in the progression of HCC
and malignant events such as the EMT, metastasis, and invasion
[54]. These results showed that the Wnt/β-catenin signaling
pathway has the latent prognosis and treatment value in HCC. The
experiment implicated that miR-708 could inhibit HCC prolifera-
tion, migration, and invasion by inhibiting β-catenin through the
Wnt/β-catenin signaling pathway, which could be proved by the
downregulated protein level of β-catenin in HepG2 and SMMC-
7721 cells. Furthermore, ZEB1 could increase the expression level
of β-catenin. The target genes of the Wnt/β-catenin signaling
pathway were c-Myc and cyclin D1 [55–57]. The results showed
higher protein expression levels of cyclin D1 and c-Myc in HepG2
and SMMC-7721 cells in HCC tissues. Moreover, ZEB1 siRNA
could weaken the expression levels of c-Myc and cyclin D1,
indicating that ZEB1 might mediate HCC cell proliferation,
migration, and invasion via the Wnt/β-catenin signaling pathway.
Based on these observations, we could conclude that miR-
708 inhibits HCC cells proliferation, migration/invasion via the
Wnt/β-catenin signaling pathway by targeting ZEB1.
To summarize, the data indicated that ZEB1 is essential for the

development of HCC regulated by miR-708 via the Wnt/β-catenin
signaling pathway in HepG2 and SMMC-7721 cells. In future
research, the study will focus on more features of ZEB1 in the
development of HCC. Based on the function of ZEB1, research on
targeted drugs of ZEB1 for HCC was subsequently carried out.
Understanding the functions of ZEB1 on inflammation, autophagy,
and other functions during HCC is a meaningful work, which can
provide a bright future for the treatment of HCC.
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