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MicroRNA-552 promotes hepatocellular carcinoma
progression by downregulating WIF1
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Abstract. MicroRNAs (miRNAs/miRs) are involved in the
metastasis of hepatocellular carcinoma (HCC). In the present
study, it was demonstrated that miR-552 was upregulated in
HCC tissues. High miR-552 expression was associated with
malignant clinicopathological features and decreased survival
rates. The in vitro results indicated that miR-552 overexpres-
sion promoted migration, invasion and epithelial-mesenchymal
transition in Hep3B cells. However, the knockdown of miR-552
inhibited its oncogenic roles in Huh-7 cells. Additionally, Wnt
inhibitory factor 1 (WIF1) was demonstrated to be a direct
target of miR-552 in Hep3B and Huh-7 cells. Additional
experiments identified that miR-552 promotes [-catenin
expression by increasing the phosphorylation of GSK3p at
Ser9. In conclusion, the results suggested that miR-552 may
promote HCC progression by blocking WIF1-mediated
GSK3p dephosphorylation. miR-552 may be a biomarker for
predicting the outcomes of patients with HCC.

Introduction

MicroRNAs (miRNAs/miRs) are a class of RNAs measuring
<25 bp in length that do not have protein-coding functions (1).
Previous studies have demonstrated that miRNAs may regulate
cell proliferation, invasion, immune response and metabolism
in physiological and pathophysiological processes by binding
to the 3' untranslated region (3'-UTR) of targeting mRNAs to
decrease their expression (2).

Hepatocellular carcinoma (HCC) is a serious health burden
worldwide, particularly in Asia and Africa (3). Although
advanced therapeutic methods have been implemented in
previous years, clinical data indicate that patients suffering
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with metastasis usually have poor prognoses (4). Therefore, the
control of tumor metastasis is an important strategy to improve
the prognosis of HCC. At present, there is increasing evidence
that miRNAs serve critical roles in HCC metastasis (5,6). For
example, the downregulation of miR-1271 in HCC tissues was
associated with venous infiltration, and ectopic expression of
miR-1271 may inhibit invasion and lung metastatic nodules
formation (7).

miR-552, a novel cancer-associated miRNA, has been
studied primarily in colorectal cancer (CRC) (8). Functionally,
miR-552 was demonstrated to increase CRC cell migration
and invasion abilities (9). However, the functions of miR-552
in the metastasis of HCC and detailed mechanisms associated
with epithelial-mesenchymal transition (EMT), which is an
important mechanism for cell migration and invasion (10),
remains unclear.

The present study identified that miR-552 was upregulated
in HCC. High expression of miR-552 predicted poor overall
survival and disease-free survival in a 3-year follow-up period.
In vitro, miR-552 was demonstrated to increase migration,
invasion and EMT by targeting Wnt inhibitory factor 1 (WIFI).
Additionally, glycogen synthase kinase 3 (GSK3p)/B-catenin
signaling activation was confirmed as an important mechanism
for the oncogenic functions of miR-552.

Materials and methods

Ethical review. The use of clinical samples was approved by the
Ethics Committee of First Affiliated Hospital of Xi'an Jiaotong
University (Xi'an, China) according to the 1975 Declaration of
Helsinki. Written informed consent was obtained and signed
by each patient enrolled in the present study.

Clinical samples and cell lines. A total of 76 HCC tissues and
matched tumor-adjacent tissues were collected from 53 male
patients and 23 female patients who received surgery from
the Department of Hepatobiliary Surgery, First Affiliated
Hospital of Xi'an Jiaotong University between January 2010
and January 2014. Tissues were stored in liquid nitrogen.
Human immortalized normal hepatocyte cell line (LO2) and
HCC cell lines (Huh-7, MHCC97-L, Hep3B, MHCC97-H)
were purchased from the Institute of Biochemistry and Cell
Biology, Chinese Academy of Sciences (Shanghai, China) and
stored at the Centre for Translational Medicine at the First
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Affiliated Hospital of Xi'an Jiaotong University. Cells were
cultured with Dulbecco's modified Eagle's medium (DMEM;
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA)
supplemented with 10% fetal bovine serum (FBS; Gibco;
Thermo Fisher Scientific, Inc.) and 1% V/V penicillin/strep-
tomycin (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
in a humidified atmosphere containing 5% CO, at 37°C.

Cell transfection. miR-552 mimics (miR10003215-1-5;
miR-552), miR-552 inhibitor (miR20003215-1-5; miR-552-inhi),
negative control mimics (miR01201-1-5; miR-ctrl), negative
control inhibitor (miR02201-1-5; miR-ctrl-inhi), WIF1 small
interfering (si)RNA (stB0009885; si-WIF1) and negative control
siRNA (siN05815122147-1-5; si-ctrl) were purchased from
RiboBio Co. (Guangzhou, China). Negative control vectors
(Vec-ctrl) and WIF1 plasmids (SC119176) were obtained from
OriGene (Rockville, MD, USA). A total of 10 g mimics,
inhibitors, siRNAs or plasmids were used to transfect HCC
cells using Lipofectamine 3000 (Invitrogen; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol. After
48 h transfection, cells were harvested for further experiments.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) was used to isolate total RNA from tissues and
cultured cells. RT-PCR and qPCR were performed using the
Superscript III Reverse Transcriptase kit (Invitrogen; Thermo
Fisher Scientific, Inc.) and iTaq Universal SYBR-Green
Supermix kit (Bio-Rad Laboratories, Inc., Hercules, CA,
USA), respectively. The Bulge-Loop miR-552 RT-qPCR
Primer Set (Guangzhou RiboBio, Co.,Ltd., Guangzhou, China)
was applied to measure the miR-552 expression. The primer
sequences were as follows: WIF1 forward, 5'- GTGTGAAAT
CAGCAAATGCC-3' and reverse, 5'- GTCTTCCATGCCAAC
CTTCT-3"; and GAPDH forward, 5-CCAGGGCTGCTTTTA
ACTCT-3' and reverse, 5-GGACTCCACGACGTACTCA-3").
The thermocycling conditions were as follows: Initial denatur-
ation at 50°C for 2 min and enzyme denaturation at 95°C for
10 min, followed by 40 cycles: Denaturation at 95°C for 15 sec,
annealing at 60°C for 30 sec, elongation at 70°C for 1 min, and
a final extension at 72°C for 10 min. The 224 method (11)
was used to calculate the relative gene expression normalized
by GAPDH.

Western blot analysis. Cells were lysed with radioimmunopre-
cipitation assay lysis buffer (Xi'an Hut Biotechnology Co.,Ltd.,
Xian, China) and quantified with a BCA protein assay kit II
(cat.no.5000002; Bio-Rad Laboratories, Inc.). Protein samples
(40 ug) were separated by 10% SDS-PAGE gel and transferred
onto a nitrocellulose membrane (Invitrogen; Thermo Fisher
Scientific, Inc.) using Bio-Rad tank blotting system (Bio-Rad
Laboratories, Inc.). Membranes were blocked with 5% bovine
serum albumin (Sigma-Aldrich; Merck KGaA) with 1X TBST
(TBS with 0.1% Tween-20) for 2 h at room temperature. The
membranes were incubated with the appropriate primary
antibodies for a 1:1,000 dilution overnight at 4°C. Horseradish
peroxidase (HRP)-conjugated secondary antibodies at a
1:2,000 dilution were used to incubate the membranes for 1 h
at room temperature subsequent to washing them with TBST
(TBS with 0.1% Tween-20) 3 times for 10 min. The targeting
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proteins on the membrane were visualized with enhanced
chemiluminescent (ECL) reagents (EMD Millipore; Billerica,
MA, USA). Membranes incubated with ECL reagents were
wrapped in plastic wrap box and exposed to x-ray film.
Exposed x-ray films were then scanned to a black-and-white
figure by a scanner (LiDE 220, Canon, Inc., Tokyo, Japan). The
intensity of every protein band was calculated using Imagel
software [V1.8.0_112; National Institutes of Health (NIH),
Bethesda, MD, USA]. The corresponding GAPDH intensity
was used to calculate the relative intensity of the bands.

The primary antibodies used for the western blot analysis
were as follows: WIF1 (cat. no. ab155101) was purchased
from Abcam (Cambridge, MA, USA); epithelial cadherin
(E-cadherin; cat. no. 3195), vimentin (cat. no. 3932), GSK3p
(cat. no. 12456) and phosphorylated GSK3f (cat. no. 5558)
antibodies were purchased from Cell Signaling Technology,
Inc. (Danvers, MA, USA); and matrix metalloproteinase
(MMP)-2 (cat. no. sc-13594) and GAPDH (cat. no. sc-47724)
antibodies were purchased from Santa Cruz Biotechnology,
Inc. (Dallas, Texas, USA).

Immunohistochemical staining. Paraformaldehyde-fixed
paraffin-embedded HCC tissue sections were prepared by
Xi'an Hut Biotechnology Co., Ltd. and used for immunohis-
tochemical staining. WIF1 primary antibodies were diluted in
PBS at 1:100 to label the WIF1 at 4°C overnight. Biotinylated
goat anti-rabbit secondary antibodies (cat. no. SP-9001;
ZSGB-BIO; OriGene Technologies, Inc., Beijing, China) were
used to detect the primary antibodies. Complexes were detected
by HRP-streptavidin conjugates (ZSGB-BIO; OriGene
Technologies, Inc.) and visualized with DAB (ZSGB-BIO;
OriGene Technologies, Inc.). The final immunohistochemical
staining scores were calculated as described previously (12).

Wound healing assay. Following transfection, cells were
cultured in 6-well plates and grown to 80-90% confluence. A
wound across the middle of the well was created by a 200 ul
sterile pipette tip. Subsequently, cells were cultured with
serum-reduced (2% FBS v/v) DMEM in a humidified 5% CO,
incubator at 37°C for 0 and 48 h. Images were captured with
a phase-contrast microscope at a magnification of x40 and
analyzed by Image J software (V1.8.0_112; NIH).

Transwell assay. Transwell inserts (Nalge Nunc, Penfield, NY,
USA) were coated with Matrigel (BD Biosciences, Franklin
Lakes, NJ, USA) at 1 mg/ml on the upper layer and incubated
at 37°C for 30 min. Briefly, 3x10* cells were seeded into the
upper chamber with serum-reduced (2% FBS v/v) DMEM. A
total of 750 ul DMEM containing 10% FBS was added into
the lower chamber. Cells were then incubated in a humidified
5% CO, incubator at 37°C for 24 h. Chambers were fixed in
4% paraformaldehyde for 5 min at room temperature and then
stained with 0.3% crystal violet dye for 10 min. Non-invading
cells were removed by a cotton swab. Invaded cells were
counted under a light microscope at a magnification of x200.

Dual-luciferase reporter assay. TargetScan (http://www.
targetscan.org/) and MiRanda (http:/www.microrna.org) were
used to predict the target of miR-552. The predicted wild-type
WIF1 3'-UTR sequence corresponding with miR-552 and
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the mutant 3'-UTR sequence were synthesized and inserted
into the pEZX-MTO06 plasmid vector (GeneCopoeia, Inc.,
Rockville, MD, USA). Recombinant constructs, miR-552
mimics or miR-552 inhibitors were co-transfected into the
Huh-7 and Hep3B cells using Lipofectamine 3000 (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol. After 48 h, the cells were harvested, and luciferase
activity was measured using the Luc-Pair Duo-Luciferase
Assay kit 2.0 (GeneCopoeia, Inc.). Firefly luciferase activity
was normalized to Renilla luciferase activity.

XAV939 cell treatment. XAV939 (cat. no. X3004) was
purchased from Sigma-Aldrich; Merck KGaA, and dissolved
in dimethyl sulfoxide (DMSO; Sigma-Aldrich; Merck KGaA).
A total of 20x10* cells were seeded into 6-well plate and
cultured at 37°C overnight. XAV939 was used to treat cells at
a final concentration of 5 uM for 24 h. DMSO was used to treat
the cells as a control.

Statistical analysis. Continuous variables are presented
as the mean =+ standard deviation. Statistical analysis was
performed using SPSS version 21.0 software (SPSS Inc.; IBM
Corp., Armonk, NY, USA) or GraphPad PRISM 5 software
(GraphPad Software, Inc., La Jolla, CA, USA). Correlations
between miR-552 and clinical features were analyzed by
Pearson's ? test. The correlation between miR-552 and WIF1
expression was analyzed by Spearman correlation analysis.
The difference between two groups was analyzed using an
unpaired Student t-test. One-way analysis of variance was
used to compare the data among multiple groups, and the
Bonferroni method was used for the post-hoc test. Survival
analysis was performed using a Kaplan-Meier curve and
log-rank test. P<0.05 was considered to indicated a statistically
significant difference.

Results

Expression of miR-552 is upregulated in HCC tissues and
predicts poor prognosis. The expression of miR-552 in human
tissues was analyzed by RT-qPCR. A significant increase in
miR-552 in HCC tissues compared with the adjacent non-tumor
tissues was identified (Fig. 1A; P<0.01). The clinical signifi-
cance of miR-552 in patients with HCC was then investigated.
A total of two subgroups, miR-552 high expression group
(=zmean, n=50) and miR-552 low expression group (<mean,
n=26), in the cohort were divided according to the mean level of
miR-552. In Table I, the results from Pearson's ¥ test indicated
that high expression of miR-552 was associated with venous
invasion (P=0.035) and advanced Tumor Node Metastasis (13)
stage (III+IV; P=0.024), indicating that tumors with high
miR-552 expression levels may be more aggressive. Therefore,
the difference in miR-552 expression between aggressive
tissues (tumors with intrahepatic metastasis, bile duct invasion
or venous infiltration) and non-aggressive HCC tissues was
determined. As hypothesized, compared with non-aggressive
HCC tissues, miR-552 was significantly upregulated in aggres-
sive HCC tissues (Fig. 1B; P<0.05).

Furthermore, Kaplan-Meier survival curves were used to
describe the prognostic value of miR-552 in HCC. Patients
with high miR-552 expression exhibited a decrease in overall
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Table I. Clinical significance of miR-552 in hepatocellular
carcinoma.

miR-552
expression
High Low
Clinical features (n=50) (n=26) >  P-value
Sex 1.259 0.262
Male 37 16
Female 13 10
Age, years 1.284  0.257
<60 22 15
=60 28 11
Hepatitis B infection 1404 0.236
Absent 11 9
Present 39 17
Tumor size, cm 2.606  0.107
<5 27 19
>5 23 7
Liver cirrhosis 0.866  0.352
Absent 14 10
Present 36 16
Serum o fetoprotein 2.155 0.142
level, ng/ml
<400 20 15
=400 30 11
Venous invasion 4451 0.035
Absent 33 23
Present 17 3
Edmondson-Steiner 1.748  0.186
grading
I+11 19 14
II+IV 31 12
Tumor Node Metastasis 5077 0.024
stage
I+11 21 18
II+IV 29 8

survival [Fig. 1C, hazard ratio (HR)=2.541; 95% confidence
interval (CI) 1.442-4.478; P=0.001] and disease-free survival
(Fig. 1D; HR=2.435, 95% CI 1.390-4.263; P=0.002). These
data suggest that miR-552 is a potential biomarker for the
clinical outcome of patients with HCC.

miR-552 promotes the migration, invasion and EMT of HCC
cells. Next, qQPCR was used to demonstrate that miR-552 was
upregulated in all HCC cell lines with the exception of Hep3B
(Fig. 2A; P<0.05). miR-552 expression was then silenced in
Huh-7 cells (Fig. 2B; P<0.01) and overexpressed in Hep3B cells
(Fig. 2C; P<0.001).

Wound-healing and Transwell assays were used to deter-
mine the migration and invasion, respectively, in vitro. In
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Figure 1. Upregulation of miR-552 predicts worse prognosis in patients with HCC. (A) The expression of miR-552 was upregulated in 76 HCC tissues. (B) HCC
tissues with aggressive clinical features exhibited higher miR-552 expression levels compared with non-aggressive tissues. The patients in the miR-552
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Figure 2. Transfection of miR-552 inhibitors and mimics in HCC cells. (A) miR-552 expression was measured in the human immortalized normal hepatocyte
LO2 cell line and 4 hepatocellular carcinoma Huh-7, MHCC97-L, Hep3B, MHCC97-H cell lines by reverse transcription quantitative polymerase chain reac-
tion. (B) The expression of miR-552 was knocked down by transfecting its inhibitors into Huh-7 cells. (C) Transfection of miR-552 mimics increased miR-552
expression in Hep3B cells. “P<0.05, “P<0.01 and ""P<0.001. miR, microRNA;; ctrl, control; inhi, inhibitor.

was observed that downregulation of miR-552 decreased cell
migration (Fig. 3A; P<0.05) and invasion (Fig. 3B; P<0.05)
in Huh-7 cells. Conversely, the overexpression of miR-552
significantly promoted cell migration (Fig. 3C; P<0.05) and
invasion (Fig. 3D, P<0.05) in Hep3B cells. This result indi-
cated that miR-552 may be associated with tumor metastasis
in HCC.

Tumor migration and invasion are complex processes and
are regulated by several cellular processes, including a loss

of cell-cell adhesion that is frequently accompanied by the
downregulation of E-cadherin and upregulation of vimentin.
The western blot analysis results of the present study indi-
cated that knockdown of miR-552 increased E-cadherin
expression and decreased vimentin expression in Huh-7 cells
(Fig. 3E; P<0.05), whereas upregulation of miR-552 inhibited
E-cadherin, but induced vimentin expression in Hep3B cells
(Fig. 3F; P<0.05). These results indicate that miR-552 possesses
marked oncogenic functions in HCC cells.



B=| SPANDIDOS
‘,‘ PUBLICATIONS

Huh-7

miR-ctrl-inhi

miR-552-inhi
100 -

80
601
40
20

Residual area (%)

INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 42: 3309-3317, 2018

miR-ctrl-inhi

Hep3B
miR-552

C

miR-ctrl
100 4
80 -
60 -
40 -
20 -

Residual area (%)
—

miR-ctrl

E Huh-7
miR-ctrl-inhi  + -
miR-552-inhi __— +

E-cadherin

GAPDH | - a—

1.0
0.8
0.6
0.4
0.2

miR-ctrl-inhi
miR-552-inhi
*

Relative band intensity

E-cadherin Vimentin

3313

Huh-7
. . 80 - T
L
E 60 1
£ *
E 40 A
3
© 20
o
=
=0
= - —
= £ =
o - ]
0 3 2
o« T @
E E £
Hep3B
5807 .
i £
E 60 -
=
© 40 4
S T
© 204
:
2 3 8
¢ & o
F Hep3B 2 1.0 45 miR-ctrl
miR-ctrl  + - § 0.8 JmmmiR-552
iB- — + £
miR-552 = 06
o 04
@
o)
i

GAPDH | wwwss s

E-cadherin Vimentin
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WIF1 is a downstream target of miR-552 in HCC. miRNAs
may bind to the 3'-UTR and act as inhibitors to decrease
certain mRNASs expression. A total of 2 online MicroRNA
targets prediction tools, TargetScan (http://www.targetscan.
org/) and MiRanda (http://www.microrna.org), were used to
predict WIF1 as a downstream target of miR-552. As indi-
cated in Fig. 4A, knockdown of miR-552 increased WIF1
mRNA and protein expression in Huh-7 cells (P<0.05);
conversely, miR-552 overexpression decreased WIF1 expres-
sion in Hep3B cells (P<0.05). Additionally, the wild-type
and mutant-type dual-luciferase reporters were constructed
according the binding sequence between miR-552 and WIF1
3'-UTR (Fig.4B). As demonstrated in Fig. 4C, the dual-luciferase
reporter assay demonstrated that the downregulation of miR-552
increased the luciferase activity of wild-type WIF1 3'-UTR
(P<0.05), whereas the upregulation of miR-552 decreased the
luciferase activity of the wild-type WIF1 3'-UTR (P<0.05).
In either miR-552 knockdown or induction, there was no

significant change on the luciferase activity of mutant WIF1
3'-UTR. Furthermore, a negative correlation between miR-552
and WIF1 expression was confirmed by Spearman correlation
analysis (Fig. 4D; r=-0.703; P<0.001). These data provided
convincing evidence to suggest that WIF1 is a direct target of
miR-552 in HCC.

Oncogenic functions of miR-552 in HCC cells are mediated by
WIFI. To additionally investigate the underlying mechanisms
of miR-552/WIF1 axis on tumor progression, WIF1 expres-
sion was first inhibited in miR-552 downregulated Huh-7 cells
(Fig. 5A; P<0.05). The wound-healing and Transwell assays
were then repeated to indicate that WIF1 knockdown abro-
gated the inhibitory effects of migration, invasion and EMT
induced by miR-552 downregulation (Fig. 5B and C; P<0.05).
Subsequently, the same experiments were used to demonstrate
that WIF1 overexpression decreased the migration, invasion and
EMT in miR-552-upregulated Hep3B cells (Fig. 5D-F; P<0.05).
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GSK3p/B-catenin signaling is crucial to the functions
of miR-552 in HCC. Western blot analysis was used to
demonstrate that miR-552 knockdown decreased GSK3p
phosphorylation at Ser9 in Huh-7 cells (Fig. 6A; P<0.05).
The dephosphorylation of GSK3f inhibited f-catenin
expression (Fig. 6A; P<0.05). Conversely, miR-552 overex-
pression increased GSK3f phosphorylation and 3-catenin
expression in Hep3B cells (Fig. 6B; P<0.05). Additionally,
the inhibition of the GSK3p/p-catenin signaling pathway by
XAV939 (Fig. 6C; P<0.05) abrogated the oncogenic func-
tions of miR-552 overexpression on Hep3B cell migration
and invasion (Fig. 6D and E; P<0.05). XAV939 treatment also
inhibited miR-552-induced EMT in Hep3B cells (Fig. 6F;
P<0.05). Taken together, these data demonstrate that the
oncogenic functions of miR-552 in HCC cells were attributed
to a decreased activation of the GSK3p/p-catenin signaling
pathway, mediated by WIFI.

Discussion

The ectopic expressions of miRNAs in benign and malignant
diseases may deregulate cell adhesion and movement functions.
Anton et al (14) suggested that 2 adhesion associated genes,
junctional adhesion molecule 1 and fascin actin-bundling
protein 1, were inhibited following an overexpression of
miR-143 and miR-145 in cervical cells. This abnormal
regulation may destroy the cervical epithelial barrier, which
is an important protector of preterm birth (15). A number
of types of cancer (16), including HCC (17), also exhibited
increased migration and invasion abilities caused by aberrant
miRNA expression profiles, which are associated with cancer
metastasis and poor prognosis.

Among these miRNAs, miR-552 was identified as an
upregulated miRNA in colon cancer by principal component
analysis (18). Notably, compared with the level of miR-552
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Figure 5. Altered expression of WIFI abrogates the functions of miR-552 on hepatocellular carcinoma cells. (A) WIF1 expression was decreased by
WIFI1-specific siRNA transfection in Huh-7 cells expressing miR-552 inhibitors. (B) WIF1 knockdown promoted cell migration and invasion in Huh-7 cells
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in defective DNA mismatch repair (MMR) tumors, miR-552
expression is upregulated in proficient DNA MMR tumors (19).
This indicates that miR-552 has potential to regulate colon
cancer cell proliferation and invasion. In the present study,
it was identified that miR-552 was increased in HCC tissues,
particularly in tumors with portal vein invasion, lymph node
metastasis and other features of aggressive behavior. The
in vitro results of the present study also indicated that miR-552
may serve a pro-invasive role in HCC cells: The inhibition of
miR-552 not only decreased migration and invasion of Huh-7
cells but also impaired the EMT markers' expression, whereas

an overexpression of miR-552 increased the migration,
invasion and EMT of Hep3B cells.

The Wnt/p-catenin pathway involves a family of proteins
that is critical to a number of biological functions including
cell differentiation (20) and organogenesis (21). In HCC, the
Wnt/B-catenin pathway has been demonstrated to promote
cell proliferation, invasion and angiogenesis (22). The WIF1
gene, located on human chromosome 12ql4, encodes a
secreted protein that inactivates the Wnt/p-catenin signaling
pathway by binding to Wnt proteins (23). In the present study,
gPCR, western blot analysis and dual-luciferase reporter
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assay methods were used to confirm that WIF1 is a down-
stream target of miR-552. The clinical analysis also revealed
an inverse correlation between miR-552 and WIF1 protein
expression in HCC tissues. As miR-552 binds to the 3'-UTR
of WIF1 mRNA to form the RNA-induced silencing complex
(RISC), the miR-552/WIF1 RISC may lead to the degrada-
tion of WIF1 mRNA and arrest the subsequent translation
process. Therefore, miR-552 may downregulate WIF1 mRNA
and protein expression. As a critical Wnt antagonist, WIF1
is involved in the suppression of invasion in various cancer
cell lines (24). Similarly, the present study identified that the
altered expression of WIF1 abrogated the pro-invasive func-
tions of miR-552 on HCC cells. As WIF1 may abolish the
binding of the Wnt ligand to the LRP-5/6 receptors (25), we
hypothesized whether miR-552 knockdown may cause the
dephosphorylation of GSK3f at Ser9. As expected, miR-552
knockdown decreased GSK3[ phosphorylation and (3-catenin
expression. XAV939 has been previously confirmed as an
inhibitor of B-catenin (26). In the present study, XAV939
was used to treat Hep3B cells with miR-552 overexpres-
sion. The present study demonstrated that XAV939 also
inhibited the cell migration, invasion and EMT processes
induced by miR-552. As a transcription factor, §-catenin

may increase the expression of a number of EMT-associated
transcription factors (27), including zinc finger protein
SNAII, zinc finger protein SNAI2 and twist-related protein 1.
This may explain why miR-552 exhibits pro-invasive functions
in HCC.

In conclusion, miR-552 is highly associated with HCC
malignancies and has potential value to be a prognostic
biomarker for patients with HCC.
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