Bzl SPANDIDOS
7] ,§, PUBLICATIONS

ONCOLOGY REPORTS 41: 1638-1648, 2019
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Abstract. MicroRNAs (miRNAs) play critical roles in the
growth, metastasis and therapeutic resistance of liver cancer.
Accumulating evidence suggests that miR-498 is aberrantly
expressed in several human malignancies. However, the role
and underlying mechanism of miR-498 in liver cancer remain
unclear. In the present study, we investigated the potential roles
and clinical value of miR-498 in liver cancer. We found that
the miR-498 expression level was significantly lower in liver
cancer patient tissues than that in healthy control tissues. The
expression of miR-498 was also decreased in liver cancer cell
lines compared to that noted in a normal human normal liver
cell line. miR-498 overexpression markedly inhibited liver
cancer cell proliferation, migration and invasion. miR-498
overexpression induced cell cycle arrest and apoptosis while it
suppressed epithelial-mesenchymal transition (EMT) in liver
cancer cells. Bioinformatic analysis and luciferase reporter
assay further identified zinc finger E-box binding homeobox 2
(ZEB2) as a novel target of miR-498. Furthermore, ZEB2
knockdown recapitulated the inhibitory effects of miR-498
overexpression in liver cancer cells. ZEB2 overexpression
rescued the inhibition of liver cancer cell proliferation, migra-
tion, and invasion by miR-498, indicating that ZEB?2 acts as a
downstream effector of miR-498 in liver cancer cells. Thus, we
demonstrated that miR-498 suppresses the growth and metas-
tasis of liver cancer cells, partly at least, by directly targeting
ZEB2, suggesting that miR-498 may serve as a potential
biomarker for the diagnosis and therapy of liver cancer.
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Introduction

Liver cancer is the fifth most common cancer and the third
leading cause of cancer-related mortality worldwide (1).
Despite recent advances in disease diagnosis and treatment,
the long-term prognosis of liver cancer patients remains poor.
For advanced-stage liver cancer patients, the overall 5-year
survival rate is <5%. The main challenges for liver cancer
treatment include intrahepatic recurrence and metastasis,
which leads to the poor outcome for liver cancer patients (2).
The molecular mechanisms underlying liver cancer recurrence
and metastasis have not been fully elucidated.

The important roles of microRNAs (miRNAs) in
health and diseases have been revealed in the past decade.
miRNAs are important non-coding RNAs that negatively
regulate gene expression at the post-transcriptional or trans-
lational levels. miRNAs participate in the regulation of many
cellular processes, including cell proliferation, apoptosis,
migration and invasion. Increasing evidence suggests that
a variety of miRNAs are aberrantly expressed in human
malignancies, including liver cancer (3,4). The deregulated
expression of miRNAs is critically involved in the pathogenesis
of cancer. miRNAs may function as tumor-suppressor genes or
oncogenes, contributing to the development and progression of
liver cancer (5-7). Therefore, further study of the expression
pattern and roles of miRNAs may provide novel diagnostic
and therapeutic targets for liver cancer.

miR-498 has been previously shown to be abnormally
expressed in several human cancers. For instance, miR-498 is
downregulated in non-small cell lung (8), ovarian (9), esopha-
geal (10) and colorectal cancer (11). Low expression level of
miR-498 is associated with disease progression and poor clin-
ical outcome in cancer patients, indicating that miR-498 may
act as a potential tumor-suppressor gene. miR-498 has also
been shown to inhibit ovarian cancer cell growth by targeting
human telomerase reverse transcriptase (WTERT) (12) and
FOXO3 (13). However, it remains unknown whether miR-498
is involved in liver cancer growth and metastasis.

In the present study, we reported that miR-498 expression
was low in human liver cancer and miR-498 overexpression
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suppressed liver cancer cell growth in vitro and in vivo.
miR-498 overexpression induced cell cycle arrest and cell
apoptosis in liver cancer cells. Furthermore, miR-498 inhib-
ited liver cancer cell migration and invasion by reversing EMT.
Mechanistically, miR-498 targets zinc finger E-box binding
homeobox 2 (ZEB2), which consequently inactivates the
TGF-f/SMAD and Wnt/B-catenin pathways. These findings
provide a basis for the better understanding of the roles of
miRNAs in liver cancer and a new target for the diagnosis and
therapy of liver cancer.

Materials and methods

Microarray data analysis. Huoman microarray datasets
GSE59856 (14) and GSE26323 (15) were obtained from the
Gene Expression Omnibus (GEO database, http:/www.
ncbi. nlm.nih.gov/geo/). The GSE59856 dataset contained
the transcriptome data of 202 serum samples from 52 liver
cancer patients and 150 healthy controls. The GSE26323
dataset contained 6 samples of paired primary liver cancer
tissues and lung metastatic tissues. The data were normalized
by the Robust Multichip Average (RMA) algorithm (16). The
z-score of log2 format of normalized data was used for further
analysis.

Cell culture. Human normal liver cell line (HL-7702),
human liver cancer cell lines [HepG2 (hepatoblastoma) and
HCC-LM3 (hepatocellular carcinoma)] and human 293T cells
were purchased from the Institutes for Biological Sciences at
the Chinese Academy of Sciences (Shanghai, China). The cells
were cultured in high-glucose Dulbecco's modified Eagle's
medium (DMEM) supplemented with 10% fetal bovine serum
(FBS; Thermo Fisher Scientific, Inc., Waltham, MA, USA).
All the cells were cultured in a humidified incubator with
5% CO, at 37°C.

Gene transfection. Cells were seeded in 6-well plates at a
density of 2x10%/well and cultured overnight. The overex-
pressing plasmid and knockdown shRNA (Hanbio, Shanghai,
China) were transfected into the cells using LipoFiter transfec-
tion reagent (Hanbio) in serum-free medium. Cells were added
to complete medium at 6 h after transfection and cultured for
another 36 h.

Luciferase reporter assay. 293T cells were co-transfected
with miR-498 mimics and the luciferase reporter vector
containing wild-type (WT) or mutant (MUT) 3'-UTR of
ZEB2 as indicated. At 36 h after transfection, the cells were
lysed and the luciferase activity was detected using the
Dual-Luciferase Assay Kit (Promega Corporation, Madison,
WI, USA).

Cell cycle analysis. Cell cycle analysis was conducted with a
cell cycle detection kit (Fcmacs, Jiangsu, China). The trans-
fected cells were collected and fixed in 95% ethanol overnight.
Afterwards, the cells were stained with 50 yg/ml propidium
iodide (PI) for 30 min in the dark. The cell cycle distribu-
tion was analyzed on a flow cytometer (BD FACSCalibur;
BD Biosciences, San Jose, CA, USA) using CellQuest software
(BD Biosciences).
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Cell apoptosis assay. Cell apoptosis was determined using
the Annexin V-Alexa Fluor 647/PI apoptosis detection kit
(Fcmacs). The transfected cells were digested with collage-
nase, collected, and stained with Annexin V-Alexa Fluor 647
and PI for 15 min at room temperature. The cell apoptosis rate
was analyzed using flow cytometry.

Cell counting and cell colony formation assays. For the cell
counting assay, the transfected cells were seeded in 24-well
plates (1x10*/well) and were counted for 6 days. For the cell
colony formation assay, the transfected cells were seeded in
6-well plates (1x10°/well) and cultured for 10 days at 37°C. The
medium was changed every 3 days. At the end of the experi-
ments, the cells were fixed with 4% paraformaldehyde and
stained with 1% crystal violet. The number of colonies was
calculated under a Nikon Eclipse Ti-S inverted microscope
(Nikon Corp., Tokyo, Japan).

Transwell migration assay. The transfected cells were
collected and seeded into the upper Transwell chamber
(8 pm) (Corning Inc., Corning, NY, USA) at a density of
1x10° cells/well. The lower chamber was filled with 500 ul
culture medium supplemented with 10% FBS. The cells were
let to migrate for 12 h at 37°C. Then, the cells on the upper
surface of the membrane were removed with a cotton swab.
Then, the lower cells were fixed with formaldehyde and stained
with 1% crystal violet for 30 min at room temperature. The
number of migrated cells was counted under a Nikon Eclipse
Ti-S inverted microscope (Nikon Corp.).

Cell invasion assay. The diluted basement Matrigel
(BD Biosciences, Franklin Lakes, NJ, USA) was added into
each chamber and let to polymerize at 37°C for 30 min. The
transfected cells were seeded into the upper chamber at a
density of 2x10° cells/well. The lower chamber was filled with
500 pl culture medium supplemented with 10% FBS. The
cells were allowed to invade to the lower membrane for 24 h.
Subsequently, the cells on the upper surface of the membrane
were removed with a cotton swab. The lower cells were then
fixed with formaldehyde and stained with 1% crystal violet
for 30 min at room temperature. The number of invaded cells
was counted under a Nikon Eclipse Ti-S inverted microscope
(Nikon Corp.).

Quantitative real-time PCR. Total RNA was extracted using
TRIzol reagent (Thermo Fisher Scientific, Inc.) and reverse
transcribed into cDNA using miScript reverse transcription
kit (Bio-Rad Laboratories, Hercules, CA, USA). The relative
expression of target genes was detected on a Bio-Rad CFX96
quantitative real-time PCR system with the SYBR-Green
method (Qiagen, Inc., Valencia, CA, USA). PCR was conducted
at 95°C for 15 min, followed by 40 cycles of 94°C for 15 sec,
55°C for 30 sec, and 63°C for 30 sec. U6 and (-actin served
as internal controls. The expression of miR-498 was analyzed
by 242¢4 method. The sequences of the primers are listed in
Table 1.

Western blot analysis. The cells were collected and lysed with
RIPA buffer containing 1% protease inhibitors. Equal amounts
of proteins were separated on 12% SDS-polyacrylamide
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Table I. Primers used for qRT-PCR.

Gene Sequence (5'-3") Product size (bp) Annealing temperature (°C)

E-cadherin F: 5'-CGCATTGCCACATACACTCT-3' 252 55
R: 5-TTGGCTGAGGATGGTGTAAG-3'

N-cadherin F: 5'-AGTCAACTGCAACCGTGTCT-3' 337 55
R: 5'-AGCGTTCCTGTTCCACTCAT-3'

Vimentin F: 5'-GAGCTGCAGGAGCTGAATG-3' 344 55
R: 5'- AGGTCAAGACGTGCCAGAG-3'

Slug F: 5'-CCTGGTTGCTTCAAGGACAC-3' 395 55
R: 5-TCCATGCTCTTGCAGCTCTC-3'

Twist F: 5'-~ACGAGCTGGACTCCAAGATG-3' 484 55
R: 5'-GGCACGACCTCTTGAGAATG-3'

Snail F: 5'-GCGAGCTGCAGGACTCTAAT-3' 310 55
R: 5-GCCTCCAAGGAAGAGACTGA-3'

Bcl-2 F: 5-GGATCCAGGATAACGGAGGC-3' 150 55
R: 5-CCAGATAGGCACCCAGGGT-3'

Cyclin D1 F: 5'-CCGAGAAGCTGTGCATCTAC-3' 221 55

R: 5'-CTTCACATCTGTGGCACAGAG-3'

F, forward; R, reverse.

gels and transferred onto polyvinylidene fluoride (PVDF)
membranes, followed by blocking with 5% non-fat milk
for 1 h. The membranes were incubated with primary anti-
bodies overnight at 4°C. The following primary antibodies
were used: Anti-E-cadherin (cat. no. 4695S; Cell Signaling
Technology, Inc., Inc., Beverly, MA, USA), anti-N-cadherin
(cat. no. 4370S; Cell Signaling Technology, Inc.), anti-Bcl2
(cat. no. H-108; Santa Cruz Biotechnology, Dallas, TX, USA),
anti-cyclin D1 (cat. no. H-108; Santa Cruz Biotechnology),
anti-Slug (cat. no. 9585S; Cell Signaling Technology, Inc.,Inc.),
anti-Snail (cat. no. 3879S; Cell Signaling Technology, Inc.),
anti-vimentin (cat. no. 5741S; Cell Signaling Technology, Inc.),
anti-f-catenin (cat. no. 8480S; Cell Signaling Technology,
Inc.), anti-c-Myc (cat. no. 5605S; Cell Signaling Technology,
Inc.), anti-TGF-B1 (3711S; Cell Signaling Technology, Inc.),
anti-SMAD?2/3 (cat.no.8685S; Cell Signaling Technology, Inc.),
anti-p-SMAD2 (cat.no.3108S; Cell Signaling Technology, Inc.),
anti-p-SMAD3 (cat. no. 9520S; Cell Signaling Technology,
Inc.) and anti-GAPDH (cat. no. MB0O1; Bioworld Technology,
St. Louis Park, MN, USA). After incubation with the secondary
antibodies (anti-rabbit secondary antibody, cat. no. 31460; and
anti-mouse secondary antibody, cat. no. 31430; both from
Bioworld Technology) at 37°C for 1 h, specific protein bands
were visualized using an ECL chemiluminescent detection
system (Millipore, Shanghai, China).

Clinical samples. The serum samples from liver cancer (n=20;
12 male and 8 female patients; age range, 56-78 years old) and
sex- and age-matched healthy controls (n=20, 10 male and
10 female patients; age range, 53-72 years old) were obtained
from the Affiliated People's Hospital of Jiangsu University
between January 2018 and April 2018. Written informed

consent was obtained from all the patients and this study
was approved by the Institutional Ethics Committee of
Jiangsu University (ref. no. 2017003). The patients included in
the present study had not received any preoperative therapy.

Animal study. Ten male BALB/c nude mice (weight, 21-25 g;
aged 4-6 weeks) were purchased from the Model Animal
Research Center of Nanjing University (Nanjing,Jiangsu,China)
and maintained in specific pathogen-free (SPF) conditions in
accordance with the institutional policies. The mice received
sterile rodent chow and water ad libitum and were housed in
sterile filter-top cages with 12-h light/dark cycles. Control or
miR-498-transfected HepG2 cells were collected in PBS and
subcutaneously injected into the mice (2x10° cells/mice, n=5).
The mice were regularly fed and the tumors were measured
twice a week. The tumor volume was calculated using the
following formula: V (cm® = 1/2 x length x width?. The
protocol was approved by the Laboratory Animal Management
Committee of Jiangsu University.

Statistical analysis. All the results are expressed as the
mean + SD. Differences between experimental groups were
assessed by the Student's t-test or one-way analysis of vari-
ance (ANOVA) with the least significant difference (LSD)
t-test using GraphPad Prism version 5.0 software (GraphPad
Software, La Jolla, CA, USA). P<0.05 was considered as statis-
tically significant.

Results

miR-498 is downregulated in human liver cancer. We first
analyzed the expression levels of miR-498 in liver cancer
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Figure 1. miR-498 is downregulated in human liver cancer tissues, serum samples and cell lines. (A) Analysis of GEO dataset GSE59856 (n=52 for liver
cancer group; n=150 for healthy control group) showed decreased expression of miR-498 expression level in the serum samples of liver cancer patients.
(B) Analysis of GEO dataset GSE26323 showed decreased expression levels of miR-498 in lung metastasis tissues compared to paired primary tumor tissues
(n=3). (C) qRT-PCR analyses of miR-498 expression levels in paired liver cancer tissues and adjacent normal tissues (n=8). (D) qRT-PCR analyses of serum
miR-498 expression levels in liver cancer patients (n=20) and healthy controls (n=20). (E) qRT-PCR analyses of miR-498 expression in HepG2, HCC-LM3

and HL-7702 cells. “P<0.01, ""P<0.001.

patients using the microarray data downloaded from GEO
(GSE59856 and GSE26323). The results showed that miR-498
expression level was downregulated in the serum of liver cancer
patients compared to that from healthy controls (Fig. 1A).
miR-498 expression level was also lower in the metastatic
tumor tissues than that in the primary tumor tissues (Fig. 1B).
To validate the findings of the GEO data analysis, we detected
the expression of miR-498 in 8 pairs of liver cancer tissues and
adjacent normal tissues using qRT-PCR. As shown in Fig. 1C,
the expression of miR-498 was downregulated in 6 liver cancer
tissues compared to that noted in the adjacent normal tissues.
We further examined the expression of miR-498 in serum
samples from liver cancer patients and healthy controls. The
results showed that the expression levels of serum miR-498
were significantly lower in liver cancer patients than that in
healthy controls (Fig. 1D). Moreover, miR-498 expression levels
were detected in the normal liver cell line (HL-7702) and liver

cancer cell lines [HepG2 (hepatoma) and HCC-LM3 (hepa-
tocellular carcinoma)]. The expression levels of miR-498 in
HepG2 and HCC-LM3 cells were significantly lower than that
in the HL-7702 cells (Fig. 1E). Taken together, these findings
suggest that miR-498 is downregulated in liver cancer.

miR-498 overexpression inhibits the growth of liver cancer
cells. To investigate the roles of miR-498 in liver cancer,
we overexpressed miR-498 in HepG2 cells using gene
transfection. The efficacy of gene overexpression was vali-
dated (Fig. 2A). We then determined the proliferation abilities
of HepG2 cells using cell counting and colony formation
assays. The ectopic expression of miR-498 significantly inhib-
ited the proliferation rate of HepG2 cells (Fig. 2B). The results
of colony formation assay showed that HepG2 cells with
miR-498 overexpression formed significantly less colonies
than the control cells (P<0.01; Fig. 2C). Thus, these findings
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Figure 2. miR-498 overexpression inhibits the growth of liver cancer cells. (A) qRT-PCR analyses of miR-498 expression in control and transfected HepG2
cells. (B) Cell growth curves for HepG2 cells transfected with or without miR-498. (C) Colony formation assays for HepG2 cells transfected with or without
miR-498. (D) The growth curves of xenograft tumors in control and miR-498 overexpression groups. ‘P<0.05, “P<0.01, ““P<0.001.

indicate that miR-498 suppresses liver cancer cell prolifera-
tion in vitro. We further determined the effects of miR-498 on
liver cancer growth in vivo. As shown in Fig. 2D, the growth
rate of xenograft tumors in the miR-498 overexpression group
were significantly slower than that of xenograft tumors in in
the control group.

miR-498 overexpression induces cell cycle arrest and
apoptosis in liver cancer cells. We performed flow cytometric
analyses to determine the cell cycle distribution and apoptosis
of HepG2 cells with or without miR-498 overexpression.
The results of cell cycle analysis revealed that miR-498
overexpression in HepG2 cells significantly increased the
proportion of cells in the G1 phase (P<0.01) while decreased
that in the S phase (P<0.01) (Fig. 3A). We then evaluated
the effect of miR-498 overexpression on cell apoptosis. As
shown in Fig. 3B, miR-498 overexpression in HepG2 cells
significantly increased the percentage of apoptotic cells. We
determined the expression of cell cycle and apoptosis-related
genes and proteins using qRT-PCR and western blot analysis.

As shown in Fig. 3C and D, miR-498 overexpression led to a
decrease in the expression of cyclin D1 and Bcl-2 in HepG2
cells. Moreover, western blot results showed that miR-498
overexpression promoted the cleavage of PARP and caspase-3
in HepG2 cells (Fig. 3D). Taken together, these results indicate
that miR-498 overexpression inhibited liver cancer cell
proliferation by inducing cell cycle arrest and apoptosis.

miR-498 overexpression suppresses the metastatic abilities of
liver cancer cells. We next determined the effects of miR-498
overexpression on the metastatic potential of liver cancer
cells. Our Transwell migration assay results showed that the
miR-498 overexpression group had less migrated cells than
that of the control group (Fig. 4A). In addition, the results of
Matrigel invasion assays showed that miR-498 overexpression
also suppressed the invasion abilities of HepG2 cells (Fig. 4B).
Together, these data suggest that miR-498 has an inhibitory
role in liver cancer cell migration and invasion.

To further understand the mechanisms by which miR-498
overexpression inhibits liver cancer cell migration and
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Figure 3. miR-498 overexpression induces cell cycle arrest and apoptosis in liver cancer cells. (A) Flow cytometric analyses of cell cycles showed decreased
G1 phase in miR-498-transfected HepG2 cells compared to control cells. (B) Flow cytometric analyses of cell apoptosis showed more apoptotic cells in the
miR-498-transfected group than those in the control group. (C) qRT-PCR analyses of cyclin D1 and Bcl-2 gene expression in control and miR-498-overexpressing
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HepG2 cells. “P<0.01,"*P<0.001.

invasion, we determined the expression of EMT-related
factors in HepG2 cells with or without miR-498 overexpres-
sion. We found that miR-498 overexpression upregulated the
expression of E-cadherin gene while downregulated that of
N-cadherin, vimentin, Slug, Snail and Twist genes in HepG2
cells (Fig. 4C). Western blot results also confirmed the same
changes (Fig. 4D). These data indicate that miR-498 overex-
pression may inhibit EMT in liver cancer cells.

miR-498 targets ZEB2 in liver cancer cells. We searched
for potential target genes of miR-498 using the bioinfor-
matic algorithm TargetScan (http:/www.targetscan.org) and
miRDB (http:/www.miRDB.org) and identified ZEB2 as a
putative target of miR-498 (Fig. 5A). We further validated
the prediction using luciferase reporter assay. The 3'-UTR of

ZEB2 mRNA containing the wild-type (WT) or mutant (MT)
miR-498 potential binding site were cloned and inserted into
the luciferase reporter vector. The luciferase reporter assay
results showed that miR-498 overexpression significantly
decreased the activity of luciferase reporter gene in wild-type
but not the mutant group (Fig. 5B). In addition, miR-498
overexpression significantly reduced the expression of ZEB2
gene and protein in HepG2 cells (Fig. 5C and D). Moreover,
we found that miR-498 overexpression inhibited the expres-
sion of B-catenin and its downstream target c-Myc in HepG2
cells (Fig. SE). The expression levels of TGF-f1, p-SMAD2
and p-SMAD3 were also suppressed by miR-498 overexpres-
sion (Fig. 5F). These results indicate that miR-498 targets
ZEB2 to inactivate the Wnt/p-catenin and TGF-f/SMAD
pathways in liver cancer cells.
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Figure 4. miR-498 overexpression inhibits the metastatic potential of liver cancer cells. (A) Transwell migration assays showed impaired migratory abilities in
miR-498-overexpressing HepG2 cells. Magnification, x200. (B) Matrigel invasion assays showed decreased invasive abilities of HepG2 cells in the miR-498
overexpression group. Magnification, x200. (C) qRT-PCR and (D) western blot analyses of EMT-specific markers in HepG2 cells with miR-498 overexpres-

sion. “"P<0.01, " P<0.001.

ZEB?2 knockdown re-capitulates the inhibitory roles of
miR-498 in liver cancer cell proliferation, migration and
invasion. We further determined the role of ZEB2 in liver
cancer progression. The efficacy of ZEB2 knockdown in
liver cancer cells was validated (Fig. 6A). Cell counting and
colony formation assay results showed that ZEB2 knock-
down suppressed HepG2 cell proliferation (Fig. 6B and C).
In addition, ZEB2 knockdown in HepG2 cells decreased
the expression of cyclin D1 and Bcl-2 (Fig. 6D and E).
ZEB2 knockdown also suppressed the migration and
invasion of HepG2 cells (Fig. 6F). ZEB2 knockdown in
liver cancer cells increased the expression of E-cadherin
while decreased that of N-cadherin, vimentin, Slug, Snail,
and Twist (Fig. 6G and H). Moreover, ZEB2 knockdown
inactivated Wnt/B-catenin and TGF-f/SMAD pathways in
HepG?2 cells (Fig. 6I). These findings suggest that ZEB2

knockdown recapitulates the inhibitory roles of miR-498 in
liver cancer cells.

ZEB2 overexpression reverses the suppressive effects of
miR-498 on liver cancer cells. To further demonstrate that ZEB2
is a key target of miR-498 in liver cancer, we co-transfected
ZEB?2 and miR-498 into HepG2 cells (Fig. 7A). The results of
cell counting and colony formation assays showed that ZEB2
overexpresvicesion reversed the inhibition of proliferation by
miR-498 in liver cancer cells (Fig. 7B and C). In addition, ZEB2
overexpression restored the migratory and invasive abilities of
HepG?2 cells that were inhibited by miR-498 (Fig. 7D and E).
Moreover, ZEB?2 overexpression reversed the cyclin DI, Bcl-2,
N-cadherin, vimentin, Slug, Snail and Twist expression in the
miR-498-transfected HepG2 cells (Fig. 7F). These results
suggest that ZEB?2 is key target of miR-498 in liver cancer.
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Figure 5. miR-498 inhibits ZEB2 expression in liver cancer cells. (A) TargetScan software prediction of miR-498 downstream genes. The seed sequences
of miR-498 in the wild type (WT) or mutant type (MUT) of ZEB2 3'-UTR are indicated. (B) The WT or MUT ZEB2 3'-UTR were cloned into luciferase
reporter vector. The luciferase activity in 293T cells transfected with the WT (or MUT) ZEB2 vector and miR-498. (C) qRT-PCR and (D) western blot
analyses of ZEB2 expression levels in HepG2 cells transfected with miR-498. (E) Western blot analyses showed decreased expression of f3-catenin and c-Myc
in miR-498-transfected HepG2 cells. (F) Western blot analyses showed decreased expression of TGF-f3, p-SMAD?2 and p-SMAD3 in miR-498-transfected
HepG2 cells. “P<0.01, “"P<0.001. ZEB2, zinc finger E-box binding homeobox 2.
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Figure 6. ZEB2 knockdown re-capitulates the inhibitory roles of miR-498 in liver cancer cells. HepG2 cells were transfected with scramble or ZEB2 siRNA.
(A) qRT-PCR and western blot analyses of ZEB2 protein levels in control and ZEB2-knockdown HepG2 cells. (B) Cell counting and (C) colony formation
assays showed decreased proliferation abilities of ZEB2-knockdown HepG2 cells compared to the control cells. (D) qRT-PCR and (E) western blot analyses
of cyclin D1 and Bcl-2 levels in the control and ZEB2-knockdown HepG2 cells. (F) Transwell migration and Matrigel invasion assays showed decreased
migratory and invasive abilities of HepG2 cells in the ZEB2-knockdown group compared to the control group. Magnification, x200. (G) qRT-PCR and
(H and I) western blot analyses of EMT-specific markers, and Wnt/B-catenin and TGF-$/SMAD pathway proteins in control and ZEB2-knockdown HepG2
cells. “P<0.01, ""P<0.001. ZEB2, zinc finger E-box binding homeobox 2.
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Figure 7. ZEB2 overexpression reverses the inhibition of liver cancer cell proliferation, migration and invasion by miR-498. HepG2 cells were co-transfected
with miR-498 and ZEB2. (A) qRT-PCR analyses of miR-498 and ZEB2 expression in HepG2 cells. (B) Cell counting and (C) colony formation assays showed
increased proliferation abilities of HepG2 cells in the ZEB2 co-transfection group compared to the miR-498 group. (D) Transwell migration and (E) Matrigel
invasion assays showed increased migratory and invasive abilities of HepG2 cells in the ZEB2 co-transfection group compared to the miR-498 group.
(F) qRT-PCR analyses of cell proliferation-related and EMT-specific markers. “P<0.01, ""P<0.001. ZEB2, zinc finger E-box binding homeobox 2.

Discussion

In the past decade, various miRNAs have been identified to play
critical roles in the pathogenesis of liver cancer. For example,
miR-146a suppresses liver cancer metastasis by inhibiting
the nuclear accumulation of B-catenin and downregulating
NF-kB p65 (17). Wu et al demonstrated that miR-655-3p
targets ADAMIO to inhibit liver cancer growth (18). Yu et al
found that miR-195 targets YAP to inhibit EMT in liver cancer
cells (19). In the present study, we showed that miR-498
was frequently downregulated in liver cancer tissues and
serum samples. Moreover, we found that decreased miR-498

expression was associated with liver cancer progression. We
further investigated the function of miR-498 in liver cancer
and found that miR-498 overexpression significantly inhibited
the growth and metastasis of liver cancer cells in vitro and
in vivo, indicating that miR-498 acts as a tumor suppressor in
liver cancer. Although our preliminary results is in support
of this notion, the detection of miR-498 expression in a large
cohort of liver cancer tissue and serum samples need to be
performed in future studies.

Our data suggest that the downregulation of miR-498 may
contribute to the advanced progression of human liver cancer.
Similar findings have been reported in other types of human
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cancers. For instance, Wang et al found that miR-498 inhib-
ited the proliferation of non-small cell lung cancer (NSCLC)
cells (8). Gopalan et al found that miR-498 suppressed cell
proliferation in colorectal cancer (11). However, miR-498 is
found to act as an oncogenic miRNA that targets cell cycle
progression 1 (CCPGI) in retinoblastoma (20). miR-498
was found to be consistently upregulated in triple-negative
breast cancer (TNBC) cells and miR-498 knockdown led to
reduced proliferation in TNBC cells (21,22), suggesting that
the functional roles of miR-498 is tumor type-specific and cell
context-dependent.

Recurrence or metastasis is the major cause of the poor
prognosis of liver cancer patients. miRNAs have been previ-
ously suggested to play important roles in cancer metastasis.
We found that miR-498 overexpression decreased the meta-
static ability of liver cancer cells. EMT is a key mechanism
for cancer metastasis. During the process of EMT, the cancer
cells lose the characteristics of epithelial cells and acquire
the properties of mesenchymal cells. The previous studies
demonstrated that miRNAs can regulate the occurrence of
EMT in liver cancer. We found that miR-498 overexpression
increased E-cadherin expression and decreased N-cadherin
and vimentin expression. Furthermore, we confirmed that liver
cancer cells with miR-498 overexpression had significantly
lower level of several important EMT-related transcription
factors. These findings suggest that miR-498 could suppress
liver cancer metastasis by inhibiting EMT.

ZEB?2 is highly expressed in human cancers and plays
oncogenic roles (23,24). Several other studies have shown that
ZEB?2 is regulated by miRNAs. miRNA-30a-5p targets ZEB2
to promote the aggressiveness of clear cell renal cell carci-
noma (25). In papillary thyroid cancer, miR-335 expression is
decreased and its re-expression suppresses cancer cell growth,
migration and invasion by directly targeting ZEB2 (26).
Pang er al demonstrated that miR-154 targets ZEB2 to inhibit
liver cancer cell proliferation, migration and invasion (27).
Hu et al demonstrated that miR-204 targets ZEB2 to suppress
liver cancer cell growth and metastasis (28). Our results
showed that miR-498 overexpression markedly decreased the
expression of ZEB2 in liver cancer cells. We identified ZEB2
as a novel target gene of miR-498. We further showed that
ZEB?2 knockdown could re-capitulate the suppressive roles of
miR-498 in the proliferation, migration, and invasion of liver
cancer cells. In glioma cells, ZEB2 knockdown was found to
decrease B-catenin expression (29). Furthermore, Zhou et al
reported that miRNA-145 targets ZEB2 to inactivate the
Wnt/B-catenin pathway, inhibiting hepatic stellate cell acti-
vation and proliferation (30). In the present study, we found
that miR-498 overexpression inactivated Wnt/3-catenin and
TGF-B/SMAD pathways in liver cancer cells. miRNAs have
been suggested to regulate multiple molecular pathways that
are involved in the development and progression of tumori-
genesis (31). Whether miR-498 could regulate other targets
and pathways in liver cancer warrants further investigation in
future studies.

In conclusion, we demonstrated in the present study that
miR-498 acts as a novel tumor suppressor in liver cancer.
miR-498 inhibits the proliferation, migration, and invasion
of liver cancer cells, partly at least, via targeting ZEB2.
The present study not only provides novel insights into the
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mechanism underlying the development and progression of
liver cancer, but also suggests a promising diagnostic and
therapeutic target for liver cancer.
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