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Abstract. Hepatocellular carcinoma (HCC) is a malignant
tumor located in the liver. Secreted frizzled‑related protein 4
(sFRP‑4) is associated with cancer occurrence, but the
relationship between sFRP‑4 and HCC is not completely
understood. The present study aimed to investigate the
role and mechanism underlying sFRP‑4 in HCC. sFRP‑4
mRNA expression levels were determined via reverse
transcription‑quantitative PCR and immunohistochemistry.
The Cell Counting Kit‑8 assay was performed to evaluate
HCCLM3 and Huh7 cell viability. Moreover, HCCLM3 and
Huh7 cell proliferation were assessed using the BrdU ELISA
assay kit, and cell apoptosis was measured via flow cytometry.
Western blotting was conducted to measure β ‑catenin and
GSK‑3β protein expression levels. The results demonstrated
that sFRP‑4 expression was significantly downregulated in
HCC tissues and cells compared with adjacent healthy tissues
and MIHA cells, respectively. Moreover, the results indicated
that compared with the control group, sFRP‑4 overexpression
inhibited HCC cell viability and proliferation, and accelerated
HCC cell apoptosis. Furthermore, the results suggested that
sFRP‑4 inhibited the Wnt/β ‑catenin signaling pathway by
upregulating GSK‑3β expression and downregulating β‑catenin
expression, thus restraining the malignant behavior of HCC
cells. In conclusion, the present study indicated that sFRP‑4
served a tumor suppressor role in HCC cells by restraining the
Wnt/β‑catenin signaling pathway.
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Introduction
Liver cancer is the third leading malignant tumor worldwide,
with a mortality rate of 8.2% and ~840,000 new cases
each year (1). As the most common form of liver cancer,
hepatocellular carcinoma (HCC) accounts for 90% of all cases
of primary liver cancer (2). HCC is considered as a severe
malignant tumor in China due to 55% morbidity rate (3).
Moreover, HCC morbidity has rapidly increased on a global
scale in the last five decades, partly due to hepatitis B or C virus
infection and cirrhosis associated with poor lifestyle (4‑6).
At present, the best treatment strategies available for HCC
include surgical resection and liver transplantation, but
the survival rate (6.9%) of patients with HCC is poor due
to its high recurrence and metastasis (7‑9). The molecular
mechanism underlying HCC carcinogenesis is not completely
understood. Therefore, improving the current understanding
of the molecular mechanism underlying HCC may aid with
the development of novel therapeutic strategies to improve the
prognosis of the disease.
Located on chromosome 7p14.1, secreted frizzled‑related
protein 4 (sFRP‑4) consists of a total of six exons (10). sFRP‑4
belongs to the SFRP family and contains a cysteine‑rich
domain that is homologous to the assumed Wnt‑binding site
of the frizzled proteins (11). Moreover, sFRP‑4 can regulate
the Wnt signaling pathway by directly binding to Wnt, thus
preventing Wnt from binding to its receptor (12,13). Increasing
evidence has suggested that sFRP‑4 could inhibit the canonical
Wnt signaling pathway, form silencing complexes and suppress
human cancer, including gastric (14), ovarian (15) and cervical
cancer (16), as well as mesothelioma (17) and cemento ossifying
fibroma (18). Several studies also reported that sFRP‑4 protein
was highly expressed in other types of cancer, including pros‑
tate cancer (19), pancreatic ductal adenocarcinoma (20), colon
carcinoma (21) and colorectal carcinoma (22). Therefore, the
aforementioned studies suggested that sFRP‑4 was differen‑
tially expressed in different types of cancer. Our preliminary
work demonstrated that sFRP‑4 expression levels were upreg‑
ulated in the serum obtained from patients with HCC. In
addition, the combined use of sFRP‑4 and α‑fetoprotein (AFP;
a standard serum marker of HCC) improved the accuracy of
HCC diagnosis (23). However, the functions and mechanism
underlying sFRP‑4 in HCC development were not investigated

2

WU et al: sFRP‑4/Wnt/β‑CATENIN IN HEPATOCELLULAR CARCINOMA

in our previous study. Therefore, the present study explored the
exact functions and mechanism underlying sFRP‑4 in HCC
using HCC clinical tissues and cell lines.
Furthermore, the Wnt signaling pathway can be classified
into two major types: Classical (β ‑catenin‑dependent) and
non‑classical ( β ‑catenin‑independent) (24,25). As a key
component of the classical pathway, β ‑catenin is strictly
regulated by a variety of protein complexes, including
GSK‑3β (26). In the absence of Wnt ligands, the Wnt/β‑catenin
signaling pathway is inactive and β ‑catenin is degraded
after sustained phosphorylation to maintain low levels in
the cytoplasm. Following Wnt induction, the Wnt/β‑catenin
signaling pathway is activated and the degradation process
of β ‑catenin phosphorylation is inhibited, resulting in
intracellular accumulation of β ‑catenin (27,28). As a key
member of the Wnt/β ‑catenin signaling pathway, GSK‑3β
can participate in the degradation of β ‑catenin, but when
the Wnt/β ‑catenin signaling pathway is activated, GSK‑3β
remains in an inhibitory state (29). Abnormal activation of the
Wnt/β‑catenin signaling pathway results in the carcinogenesis
and development of various types of cancer, including
gastric (30), colorectal (31), esophageal (32) and pancreatic
cancer (33), as well as HCC (34). Furthermore, it has been
reported that 30% of patients with HCC exhibited excessive
activation of the Wnt/β ‑catenin signaling pathway (35).
Therefore, exploring the molecular mechanism underlying the
Wnt/β‑catenin signaling pathway in HCC is important for the
identification of novel effective therapeutic targets.
After performing preliminary research on the clinical
significance and mechanism underlying sFRP‑4 in HCC, as
well as the regulatory mechanism underlying the Wnt/β‑catenin
signaling pathway in HCC, it was hypothesized that sFRP‑4
could restrain HCC progression, potentially via suppression
of the Wnt/β‑catenin signaling pathway. To verify the hypoth‑
esis, sFRP‑4 expression levels in HCC tissues and cells were
assessed. Therefore, the results of the present study may aid
with the identification of novel therapeutic targets for HCC.
Materials and methods
Clinical tissue samples. Tissue samples (47 paired HCC and
adjacent non‑cancerous tissues) were collected from patients
(age range, 41‑76 years) who were diagnosed with HCC at
the General Hospital of the Central Theater Command of the
People's Liberation Army (Wuhan, China) between June 2015
and December 2019, and 59.6% patients were >60 years old.
All patients had not received treatment with anticancer drugs
before surgical resection, and incomplete data were excluded.
After performing surgical resection, samples of HCC tissue and
samples of adjacent non‑cancerous tissue (>3 cm away from
the tumor site; cirrhosis tissue was excluded) were immediately
labeled and frozen until further analysis. All cases were diag‑
nosed histopathologically. The clinical characteristics of the
patients are presented in Table I. The present study was approved
by the Ethics Committee of the General Hospital of the Central
Theater Command of the People's Liberation Army (approval
no. [2020]024‑2). All patients provided written informed consent.
Cell lines and cell culture. The cell lines used in the present
study were purchased from BeNa Culture Collection

(Beijing Beina Chunglian Biotechnology Research Institute).
The following HCC cell lines were used: HCCLM3 (cat.
no. BNCC338460), Hep3B (cat. no. BNCC337952) and Huh7
(cat. no. BNCC337690). The MIHA immortalized normal
human liver cell line (cat. no. BNCC340123) was also used.
MIHA cells were cultured in RPMI‑1640 (Gibco; Thermo Fisher
Scientific, Inc.) supplemented with 10% FBS (Gibco; Thermo
Fisher Scientific, Inc.) and 100 U/ml streptomycin/penicillin
(Invitrogen; Thermo Fisher Scientific, Inc.). HCCLM3, Hep3B
and Huh76 cells were cultured in DMEM‑H (Gibco; Thermo
Fisher Scientific, Inc.) supplemented with 10% FBS and
100 U/ml streptomycin/penicillin. All cells were cultured at
37˚C with 5% CO2.
Cell transfection and IM‑12 treatment. sFRP‑4 small interfering
(si)RNA vector (si‑sFRP‑4; forward: 5'‑GGAGGAUCACAG
AAAUGUAGA‑3' and reverse: 5'‑UACAUUUCUGUGAUC
CUCCUA‑3'), sFRP‑4 overexpression vector (OE; sFRP‑4‑OE;
forward: 5'‑ATGCAAGCTTTTCCTCTCCATCCTAGTGGC
G‑3', reverse: 5'‑TCACGGGATCCTTCTTGGGACTGGCTG
GTTT‑3'), empty vector (pcDNA3.1) and non‑targeting siRNA
(si‑NC) were purchased from Guangzhou Funeng Gene Co.,
Ltd. Cells in the blank group were cultured under normal
conditions. A total of 5x104 HCCLM3 and Huh7 cells were
transfected with 100 nM si‑sFRP‑4, 1 µg/ml sFRP‑4‑OE or
negative control (NC) vectors containing 1 µg/ml empty vector
and 100 nM si‑NC using Lipofectamine RNAiMax (Thermo
Fisher Scientific, Inc.) at room temperature according to the
manufacturer's protocol. After 48 h transfection, the transfec‑
tion efficiency of si‑sFRP‑4 and sFRP‑4‑OE was assessed via
reverse transcription‑quantitative PCR (RT‑qPCR). At 12 h
post‑transfection, cells were treated with 1 µM IM‑12 (cat.
no. SML0084; Sigma‑Aldrich; Merck KGaA) for 36 h at 37˚C,
and the control group was treated with 1% DMSO.
RT‑qPCR. Total RNA was isolated from frozen tissues or
cultured cells using TRIzol® (Invitrogen; Thermo Fisher
Scientific, Inc.). RNA concentration was measured using
a spectrophotometer. Total RNA was reverse transcribed
into cDNA using SuperScript IV VILO Master Mix (cat.
no. 11756050; Invitrogen; Thermo Fisher Scientific, Inc.) at
50˚C for 10 min and 85˚C for 5 min. Subsequently, RT‑qPCR
was performed using PowerUp SYBR™ Green Master
Mix (cat. no. A25779; Applied Biosystems; Thermo Fisher
Scientific, Inc.) and an ABI 7500 Real Time PCR system
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The
thermocycling conditions were as follows: Initial denaturation
at 95˚C for 4 min, followed by 40 cycles of denaturation at
95˚C for 15 sec and annealing at 60˚C for 60 sec. The following
primers were used for qPCR: GAPDH forward, 5'‑CACCGT
AGCCTTCCGAGTA-3' and reverse, 5'‑GCCCTTGATGAG
CTGT TGA‑3'; and sFRP‑4 forward, 5'‑CAGAGGAGTG GC
TGCAATGA‑3' and reverse, 5'‑CTTGATGGGGCAGGATGT
GT‑3'. sFRP‑4 mRNA expression levels were quantified using
the 2‑∆∆Cq method (36) and normalized to the internal reference
gene GAPDH.
Immunohistochemistry (IHC) analysis. sFRP‑4 expression
in 47 paired HCC and adjacent non‑cancerous tissues was
assessed by performing IHC staining. Tissues was imbedded
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Table I. Association between sFRP‑4 expression and the clinical characteristics of patients with hepatocellular carcinoma.
sFRP‑4 expression

Characteristic

n (%)

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑--------‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑

High (n=20)

Low (n=27)

P‑value

Age (years)				
0.959
>60
19 (40.4%)
8 (40.0%)
11 (40.7%)
≤60
28 (59.6%)
12 (60.0%)
16 (59.3%)
Sex				0.824
Male
36 (76.6%)
15 (75.0%)
21 (77.8%)
Female
11 (23.4%)
5 (25.0%)
6 (22.2%)
Tumor diameter (cm)				
0.057
>5
39 (83.0%)
14 (70.0%)
25 (92.6%)
≤5
8 (17.0%)
6 (30.0%)
2 (7.4%)
Differentiation				0.133
Well
7 (14.9%)
5 (25.0%)
2 (7.4%)
Moderate
25 (53.2%)
11 (55.0%)
14 (51.9%)
Poor
15 (31.9%)
4 (20.0%)
11 (40.7%)
TNM stage				
0.002a
I
5 (10.6%)
4 (20.0%)
1 (3.7%)
II
18 (38.3%)
12 (60.0%)
6 (22.2%)
III
22 (46.8%)
4 (20.0%)
18 (66.7%)
IV
2 (4.3%)
0 (0.0%)
2 (7.4%)
Metastasis				
Positive
26 (55.3%)
6 (30.0%)
20 (74.1%)
0.003a
Negative
21 (44.7%)
14 (70.0%)
7 (25.9%)
AFP (IU)				
≤400
20 (42.6%)
13 (65.0%)
7 (25.9%)
0.007a
>400
27 (57.4%)
7 (35.0%)
20 (74.1%)
For sample sizes ≥5, the data were analyzed using the χ2 test. For sample sizes <5, the data were analyzed using the Fisher's exact test. aP<0.05.
sFRP‑4, secreted frizzled‑related protein 4; AFP, α‑fetoprotein.

in paraffin after 12 h of 10% neutral formalin fixation at
room temperature. Then, 5‑µm thickness tissue sections were
gradually dewaxed and hydrated with xylene and descending
ethanol. Sections were then treated with 10  mM citrate buffer
(cat. no. AP‑9003‑125, Lab Vision Corp.) at 95˚C for 5 min
to repair antigens via heat treatment. Then, slides washed in
deionized water three times for 2 min. Sections were incubated
in 3% hydrogen peroxide for 10  min at room temperature
to inhibit endogenous peroxidase activity. Subsequently,
non‑specific sites were blocked with 5% goat serum
(Chemicon International Inc.) for 30 min at room temperature.
Tissue sections were incubated with an anti‑sFRP‑4 primary
antibody (1:500; cat. no. ab217180; Abcam) at 4˚C overnight.
Following primary incubation, tissue sections were incubated
with a corresponding HRP‑conjugated secondary antibody
(1:1,000; cat. no. ab6721; Abcam) at 37˚C for 1 h. Protein
expression was visualized using the Pierce DAB Substrate
kit (cat. no. 34002; Thermo Fisher Scientific, Inc.). Finally,
tissue sections were counterstained with hematoxylin for
2 min at room temperature. Stained sections were observed
using an objective lens of a computer‑aided light microscope
imager (magnification, x200; Openlab; PerkinElmer, Inc.).

Images were scanned using ImageScope Version 10 software
(Aperio Technologies, Inc.).
Cell viability assay. HCCLM3 and Huh7 cell viability was
assessed using the Cell Counting Kit‑8 (CCK‑8) assay (cat
no. CK04‑13; Dojindo Molecular Technologies, Inc.) according
to the manufacturer's protocol. After transfection for 24 h,
HCCLM3 and Huh7 cells were seeded (5x103 cells/well) into
96‑well plates. Following incubation for 0, 24, 48 or 72 h at
37˚C with 5% CO2, 10 µl CCK‑8 solution was added to each
well and incubated for 2 h. Subsequently, cell viability was
assessed by measuring absorbance at a wavelength of 450 nm
using a microplate reader.
Cell proliferation assay. After 48‑h transfection, HCCLM3
and Huh7 cell proliferation was assessed by performing
the BrdU ELISA assay using the CytoSelect™ BrdU Cell
Proliferation ELISA kit (cat. no. CBA‑251, Cell Biolabs, Inc.)
according to the manufacturer's protocol. HCCLM3 and
Huh7 cells were seeded (1x104 cells/well) into 96‑well plates
for 48 h. Subsequently, 10 µl BrdU solution (X10) was added
to each well for 4 h at 37˚C. Following washing with PBS,
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cells were fixed and cellular DNA was denatured by incuba‑
tion with 100 µl Fix/Denature Solution for 30 min at room
temperature. Cells were then incubated with 100 µl anti‑BrdU
antibody for 1 h at room temperature, followed by incubation
with 100 µl secondary antibody for 1 h at room temperature.
Cell proliferation was assessed by measuring absorbance at a
wavelength of 450 nm using a microplate reader.
Cell apoptosis assay. HCCLM3 and Huh7 cell apoptosis
was assessed via flow cytometry using the Annexin V‑FITC
Apoptosis Staining/Detection kit (cat. no. ab14085; Abcam)
after transfection for 48 h. HCCLM3 and Huh7 cells were
seeded (5x10 4 cells/well) into a 6‑well plate and cultured
at 37˚C with 5% CO2. At 70‑80% confluence, cells were
incubated in 500 µl binding buffer containing 5 µl PI and
5 µl Annexin V‑FITC at room temperature for 10 min in the
dark. Apoptotic cells were analyzed via flow cytometry on
a FACSCalibur Flow Cytometer (BD Biosciences) using the
CellQuest Pro software (version 5.1; Becton, Dickinson and
Company) and the rate of apoptosis was calculated as the sum
of late apoptosis (Q1‑UR) and early apoptosis (Q1‑LR).
Western blotting. After 72‑h transfection, total protein was
isolated from HCCLM3 and Huh7 cells using RIPA lysis
buffer (Thermo Fisher Scientific, Inc.) and the protein super‑
natant was collected after centrifugation at 12,000 x g for
15 min at 4˚C. Total protein concentration was quantified
using the BCA kit (Thermo Fisher Scientific, Inc.). Then,
30 µg proteins per lane were separated via 8% SDS‑PAGE
and transferred to PVDF membranes, which were blocked
with 5% skimmed milk at room temperature for 1 h.
Subsequently, the membranes were incubated overnight
at 4˚C with the following specific primary antibodies:
Anti‑GSK‑3β (48 kDa; 1:1,000; cat. no. ab131356; Abcam),
anti‑β ‑catenin (94 kDa; 1:4,000; cat. no. ab16051; Abcam),
anti‑sFRP‑4 (40 kDa; 1:3,000; cat. no. ab154167; Abcam)
and anti‑GAPDH (36 kDa; 1:1,000; cat. no. ab8245; Abcam).
Following primary incubation, the membranes were incu‑
bated with the corresponding HRP‑conjugated secondary
antibodies (1:5,000; anti‑mouse IgG, cat. no. ab197767 and
anti‑rabbit IgG, cat. no. ab6721; Abcam) for 1 h at room
temperature. Protein bands were visualized using Pierce
ECL Western Blotting Substrate (Thermo Fisher Scientific,
Inc.) and the iBrightCL1000 imaging system (Thermo Fisher
Scientific, Inc.). Protein expression was semi‑quantified using
ImageJ software (version 1.48; National Institutes of Health)
with GAPDH as the loading control.
Statistical analysis. Statistical analyses were performed
using GraphPad Prism software (version 8.0.1; GraphPad
Software, Inc.). Data are presented as the mean ± SD from
three independent experiments. The paired Student's t test
was used to analyze comparisons between two groups. One
way ANOVA followed by Bonferroni's post hoc test was
used to analyze comparisons among multiple groups. The
χ2 or Fisher's exact test was used to compare clinical char‑
acteristics between patients with HCC with lower sFRP‑4
expression and patients with HCC with higher sFRP‑4
expression. P<0.05 was considered to indicate a statistically
significant difference.

Results
sFRP‑4 expression is decreased in HCC. To identify the
mechanism underlying sFRP‑4 in HCC, the expression of
sFRP‑4 in 47 paired HCC and adjacent non‑cancerous tissue
samples was analyzed via RT‑qPCR. sFRP‑4 expression was
significantly decreased by ~51% in HCC tissues compared
with adjacent non‑cancerous tissues (Fig. 1A). Subsequently,
IHC analysis was performed to assess sFRP‑4 expression
in HCC tissues, and images from eight randomly selected
paired HCC and adjacent healthy tissues are presented in
Fig. 1B. sFRP‑4 expression in tumor tissues was notably
lower compared with adjacent healthy tissues. According
to the mean value of sFRP4 (0.5) in HCC tumor tissues, as
determined via RT‑qPCR, patients with HCC were divided
into two groups: sFRP‑4 low expression (≤0.5) and sFRP‑4
high expression (>0.5). The results demonstrated that the
tissue expression level of sFRP‑4 was significantly negatively
associated with TNM stage, metastasis and AFP level in
patients with HCC (Table I). Moreover, the expression levels of
sFRP‑4 in a normal liver cell line (MIHA) and three HCC cell
lines (including HCCLM3, Hep3B and Huh7) were assessed.
The results in HCC cell lines were consistent with HCC
tissues. Compared with the MIHA cell line, the expression of
sFRP‑4 in HCC cell lines was significantly decreased. Among
the HCC cell lines, sFRP‑4 expression was downregulated to
the lowest levels in HCCLM3 (67%) and Huh7 (60%) cells
compared with MIHA cells (Fig. 1C). Therefore, HCCLM3
and Huh7 cell lines were selected for subsequent experiments.
Collectively, the aforementioned results indicated that sFRP‑4
expression was downregulated in HCC, which might exert
tumor‑suppressive functions.
sFRP‑4 restrains HCC cell viability and proliferation, but
accelerates HCC cell apoptosis. To investigate the influence
of sFRP‑4 on the function of HCC cells, HCCLM3 and
Huh7 cells were transfected with sFRP‑4‑OE or si‑sFRP‑4.
The transfection efficiencies of sFRP‑4‑OE and si‑sFRP‑4
are presented in Fig. S1. The RT‑qPCR results demonstrated
that sFRP‑4‑OE successfully increased sFRP‑4 expression
to a level ~3 times higher compared with the control group
(Fig. 2A). By contrast, si‑sFRP‑4 significantly reduced the
expression of sFRP‑4 by ~69% compared with the control
group. Subsequently, CCK‑8, BrdU ELISA and f low
cytometry assays were performed to evaluate the effect
of sFRP‑4 on HCC viability, proliferation and apoptosis,
respectively. The CCK‑8 assay results indicated that
HCCLM3 and Huh7 cell viability was significantly decreased
by sFRP‑4‑OE compared with the control group (Fig. 2B).
However, HCCLM3 and Huh7 cell viability was significantly
increased by si‑sFRP‑4 compared with the control group
at 48 and 72 h. At 48 h post‑transfection, alterations in cell
viability were more pronounced compared with the control
group (Fig. 2B), thus the BrdU ELISA assay was performed
to assess HCCLM3 and Huh7 cell proliferation at 48 h
post‑transfection (Fig. 2C). Following transfection with
sFRP‑4‑OE, the absorbance of HCCLM3 and Huh7 cells
at 450 nm was reduced by ~34% compared with the control
group. Moreover, sFRP‑4 knockdown significantly increased
the absorbance of HCCLM3 and Huh7 cells at 450 nm by ~58%
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Figure 1. sFRP‑4 is downregulated in HCC tissues and cells. (A) sFRP‑4 mRNA expression levels in HCC tissues and adjacent healthy tissues were measured
via RT‑qPCR (n=47). Data were analyzed using the paired Student's t test. (B) Immunohistochemistry was performed to evaluate sFRP‑4 expression in
8 paired HCC and adjacent healthy tissues. Images a01‑a08 represent HCC tissues and images b01‑b08 represent the corresponding adjacent healthy tissues
(magnification, x200). (C) sFRP‑4 mRNA expression levels in HCC cell lines (HCCLM3, Hep3B and Huh7) and a normal human liver cell line (MIHA) were
detected via RT‑qPCR. Data were analyzed using one‑way ANOVA followed by Bonferroni's post hoc test. Data are presented as the mean ± SD from three
independent experiments. *P<0.05 and **P<0.001 vs. MIHA. sFRP‑4, secreted frizzled‑related protein 4; HCC, hepatocellular carcinoma; RT‑qPCR, reverse
transcription‑quantitative PCR.

compared with the control group. The results demonstrated
that sFRP‑4 displayed an inhibitory effect on HCC cell
proliferation. Finally, flow cytometry was performed to assess
cell apoptosis. Compared with the control group, HCCLM3
and Huh7 cell apoptosis was significantly increased by
sFRP‑4 overexpression, resulting in an apoptosis rate of
20.19%±1.39 and 23.84%±1.83, respectively (Fig. 2D and E).
However, compared with the control group, HCCLM3 and
Huh7 cell apoptosis was significantly decreased by sFRP‑4
knockdown, resulting in an apoptosis rate of 1.32%±0.02 and
1.95%±0.12, respectively. In summary, the aforementioned
results indicated that compared with the control group,
sFRP‑4 overexpression decreased HCC cell viability and
proliferation, and accelerated HCC cell apoptosis, whereas
sFRP‑4 knockdown displayed the opposite effect.
sFRP‑4 inhibits the Wnt/β‑catenin signaling pathway in HCC.
The effect of sFRP‑4 on HCC carcinogenesis might alter the

associated signaling pathways. The Wnt/β‑catenin signaling
pathway is one of the most classic carcinogenic signaling path‑
ways (37). To explore whether sFRP‑4 downregulation in HCC
was mediated via regulation of the Wnt/β‑catenin signaling
pathway, the expression levels of key factors (GSK‑3β and
β ‑catenin) in the Wnt/β ‑catenin signaling pathway were
measured. The western blotting results demonstrated that
sFRP‑4 knockdown significantly decreased GSK‑3β protein
expression levels by >40% compared with the control group
(Fig. 3A and B). By contrast, sFRP‑4 knockdown significantly
increased β‑catenin levels by ~30% compared with the control
group. However, sFRP‑4 overexpression displayed the oppo‑
site effect, significantly increasing GSK‑3β expression levels
by ~30% and decreasing β‑catenin expression levels by ~50%
compared with the control group. The results demonstrated
that sFRP‑4 increased GSK‑3β expression and decreased
β‑catenin expression, suggesting that sFRP‑4 might suppress
the Wnt/β‑catenin signaling pathway in HCC cells. To further
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Figure 2. sFRP‑4 inhibits HCC cell viability and proliferation, and promotes HCC cell apoptosis. (A) Transfection efficiency of sFRP‑4‑OE and si‑sFRP‑4
in HCCLM3 and Huh7 cells. (B) Effect of sFRP‑4 on HCCLM3 and Huh7 cell viability, as evaluated by performing CCK‑8 assays. (C) Effect of sFRP‑4
on HCCLM3 and Huh7 cell proliferation, as evaluated by performing BrdU ELISA assays. Effect of sFRP‑4 on HCCLM3 and Huh7 cell apoptosis was
(D) evaluated via flow cytometry and (E) quantified. Data were analyzed using one‑way ANOVA followed by Bonferroni's post hoc test. Data are presented
as the mean ± SD from three independent experiments. *P<0.05 and **P<0.001 vs. CON. sFRP‑4, secreted frizzled‑related protein 4; HCC, hepatocellular
carcinoma; OE, overexpression; si, small interfering RNA; CCK‑8, Cell Counting Kit‑8; CON, blank control; NC, negative control (empty vectors and si‑NC);
OD, optical density.
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Figure 3. sFRP‑4 inhibits the Wnt/β‑catenin signaling pathway in HCC. GSK‑3β and β‑catenin protein expression levels in HCCLM3 and Huh7 cells trans‑
fected with sFRP‑4‑OE, si‑sFRP‑4 or NC were (A) determined via western blotting and (B) semi‑quantified. (C) GSK‑3β, β ‑catenin and sFRP‑4 protein
expression levels in HCCLM3 and Huh7 cells following treatment with IM‑12 or DMSO for 36 h were determined via western blotting and semi‑quantified.
Data were analyzed using one‑way ANOVA followed by Bonferroni's post hoc test. Data are presented as the mean ± SD from three independent experiments.
**
P<0.001 vs. CON or DMSO. sFRP‑4, secreted frizzled‑related protein 4; HCC, hepatocellular carcinoma; OE, overexpression; si, small interfering RNA;
NC, negative control (empty vectors and si‑NC); CON, blank control.

evaluate the effect of the Wnt/β ‑catenin signaling pathway
on sFRP‑4, IM‑12, a selective GSK‑3β inhibitor, was used to
activate the Wnt/β ‑catenin signaling pathway in HCCLM3
and Huh7 cells (Fig. 3C). The western blotting results
demonstrated that GSK‑3β protein expression levels were
significantly decreased by ~70%, whereas β‑catenin protein
expression levels were significantly increased by >2‑fold
following treatment with IM‑12 compared with DMSO, which
indicated activation of the Wnt/β‑catenin signaling pathway.
Furthermore, sFRP‑4 expression was significantly decreased
by ~50% in cells treated with IM‑12 compared with DMSO.
The results suggested negative feedback regulation of sFRP‑4
expression by the Wnt/β‑catenin signaling pathway.

sFRP‑4 inhibits HCC cell viability and proliferation, and
accelerates HCC cell apoptosis via the Wnt/β‑catenin signaling
pathway. To further investigate whether sFRP‑4 altered the
tumor phenotype of HCC cells via the Wnt/β‑catenin signaling
pathway, the effect of sFRP‑4 overexpression combined with
IM‑12 treatment on HCC cell viability, proliferation and
apoptosis was assessed by performing CCK‑8, BrdU ELISA
and flow cytometry assays, respectively. The CCK‑8 assay
results demonstrated that IM‑12 significantly reversed the
suppressive effect of sFRP‑4 overexpression on HCCLM3
and Huh7 cell viability (Fig. 4A). Similarly, the BrdU
ELISA assay results demonstrated that IM‑12 significantly
reversed the inhibitory effects of sFRP‑4 overexpression on
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Figure 4. sFRP‑4 inhibits HCC cell viability and proliferation, and promotes HCC cell apoptosis via the Wnt/β‑catenin signaling pathway. (A) HCCLM3 and
Huh7 cell viability following transfection with sFRP‑4‑OE and treatment with IM‑12 for 36 h was determined by performing CCK‑8 assays. (B) HCCLM3 and
Huh7 cell proliferation following transfection with sFRP‑4‑OE and treatment with IM‑12 for 36 h was determined by performing BrdU ELISA assays. HCCLM3
and Huh7 cell apoptosis following transfection with sFRP‑4‑OE and treatment with IM‑12 for 36 h was (C) determined via flow cytometry and (D) quantified.
Data were analyzed using one‑way ANOVA followed by Bonferroni's post hoc test. Data are presented as the mean ± SD from three independent experiments.
*
P<0.05 and **P<0.001 vs. CON; ##P<0.001 vs. sFRP‑4‑OE. sFRP‑4, secreted frizzled‑related protein 4; HCC, hepatocellular carcinoma; OE, overexpression;
CCK‑8, Cell Counting Kit‑8; CON, blank control; NC, negative control; OD, optical density; IM‑12, a selective GSK‑3β inhibitor.

HCCLM3 and Huh7 cell proliferation (Fig. 4B). HCCLM3
and Huh7 cell proliferation was significantly increased by
2.5‑fold in the sFRP‑4‑OE + IM‑12 group compared with the
sFRP‑4‑OE group. Additionally, cell apoptosis was analyzed

via flow cytometry. The results demonstrated that IM‑12
significantly reversed sFRP‑4 overexpression‑mediated induc‑
tion of HCCLM3 and Huh7 cell apoptosis (Fig. 4C and D).
Compared with the sFRP‑4‑OE group, the rate of apoptosis
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in HCCLM3 and Huh7 cells was decreased by ~90% in the
sFRP‑4‑OE + IM‑12 group. The aforementioned results further
suggested that sFRP‑4 inhibited the malignant behavior of
HCC cells by regulating the Wnt/β‑catenin signaling pathway.
Discussion
The present study demonstrated that sFRP‑4 expression was
significantly downregulated in HCC tissues and cells compared
with adjacent healthy tissues and MIHA cells, respectively.
Moreover, compared with the control group, sFRP‑4 overex‑
pression suppressed HCC cell viability and proliferation, but
facilitated HCC cell apoptosis. In addition, sFRP‑4 overexpres‑
sion increased GSK‑3β expression and decreased β ‑catenin
expression compared with the control group, which suggested
that sFRP‑4 inhibited the Wnt/β‑catenin signaling pathway.
IM‑12 (a selective of GSK‑3β inhibitor) was used to investigate
the inhibitory function of sFRP‑4. The results indicated that
sFRP‑4 inhibited the malignant behavior of HCC cells by
suppressing the Wnt/β‑catenin signaling pathway. Therefore,
sFRP‑4 may serve a negative regulatory role during HCC
carcinogenesis and development, which indicated that sFRP‑4
might serve as a promising therapeutic target for HCC.
sFRPs are a class of Wnt regulatory proteins that are often
downregulated in a variety of different types of cancer, such
as gastric (38), oral (39) and breast cancer (40), where they are
associated with tumor development and poor prognosis (41,40).
sFRP‑4, a member of the sFRP family, is an underlying
antagonist of the Wnt signaling pathway (13). Several studies
have reported that sFRP‑4 functions as a tumor suppressor in
various forms of cancer (42,43). For instance, in mesothelioma
and glioblastoma, the tumor suppressor role of sFRP‑4 has
been demonstrated. Cell functional experiments demonstrated
that sFRP‑4 overexpression displayed an inhibitory effect on
the malignant behavior of tumor cells (41,44). Furthermore, in
a study investigating HCC, the sFRP‑4 methylation level was
evaluated in 12 HCC cell lines and 19 HCC tissue samples.
The results demonstrated that sFRP‑4 methylation was present
in three HCC cell lines (HLF, CHC4 and CHC32) (45).
The methylation of sFRP family gene promoters led to
transcriptional silencing of the gene, thereby reducing its
expression (46). Therefore, it was hypothesized that sFRP‑4
might be abnormally expressed in HCC. In our previous work,
it was demonstrated that compared with healthy patients, the
expression of sFRP‑4 in the serum samples of patients with
HCC was obviously increased. After the diagnostic value of
sFRP‑4 in the serum was evaluated, the study demonstrated
that the combined use of sFRP‑4 and AFP (a standard serum
marker of HCC) could enhance the diagnostic accuracy of
HCC (23). However, whether sFRP‑4 is a tumor suppressor
or oncogene in HCC is not completely understood, thus
the mechanism underlying sFRP‑4 in HCC is unclear. In
the present study, sFRP‑4 expression was significantly
downregulated in HCC tissues and cells compared with
adjacent healthy tissues and MIHA cells, respectively. The
IHC assay results further demonstrated that the expression of
sFRP‑4 was notably reduced in HCC tissues compared with
healthy adjacent tissues. Therefore, the results of the present
study were contradictory to the results of our aforementioned
previous study that investigated serum expression levels of
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sFRP‑4. Although distinct methods were used to examine
sFRP4 expression in the two studies, including human
antibody arrays for serum detection, and RT‑qPCR and IHC
for tissue detection, both results were convincing. Therefore, it
was hypothesized that the distinct sFRP4 expression in HCC
tissues and serum might derive from the multiple sources
of serum sFRP4 according to the GeneCards description,
including liver, lung, spleen, bladder and reproductive organ,
which suggested that the high expression of sFRP4 in serum is
the result of multiple body tissues. However, it is possible that
compensatory increases in sFRP4 may be activated in other
body tissues and eventually result in the upregulation of sFRP4
in the serum of patients with HCC, thus the aforementioned
hypothesis requires further investigation.
The present study also demonstrated that sFRP‑4
knockdown not only enhanced HCC cell viability and
proliferation, but also suppressed HCC cell apoptosis
compared with the control group. However, sFRP‑4
overexpression displayed the opposite effect, which suggested
that sFRP‑4 might serve a tumor‑suppressor role during HCC
carcinogenesis and development. Overall, the results of the
present study were consistent with the results of previous
studies investigating the role of sFRP‑4 in glioblastoma and
mesothelioma (41,44).
In addition, numerous studies have reported that
excessive activation of the Wnt/β‑catenin signaling pathway
is associated with different types of human cancer, including
HCC (47,48). The Wnt/ β ‑catenin signaling pathway is
an intricate and precise regulation process, which is also
known as the canonical Wnt signaling pathway (37). The
activation of the Wnt/β ‑catenin signaling pathway can be
identified as downregulation of GSK‑3β and stabilization of
β‑catenin, which is negatively regulated by GSK‑3β (49,50).
Therefore, when the signaling pathway is inactive, GSK‑3β
and other proteins constitute a degradation complex that
contributes to the phosphorylation of β‑catenin, resulting in
the degradation of β ‑catenin. However, when the signaling
pathway is activated, this degradation complex is dissociated
and β ‑catenin degradation is suppressed, resulting in
accumulation of β‑catenin in the cytoplasm (51‑53). Notably,
as a mediator of the canonical Wnt signaling pathway,
β ‑catenin serves to activate a series of functional genes
via recruiting other transcriptional coactivators, such as
Bcl‑9 and Pygopus (54,55). Therefore, the expression level
of β ‑catenin is closely related to the active state of the
Wnt/β‑catenin signaling pathway (37).
Previous studies have also demonstrated that sFRP‑4
overexpression in cancer could decrease the expression
level of β ‑catenin (15,41,56). This finding was exemplified
by a study on ovarian cancer. Following treatment with
human recombinant sFRP‑4 treatment for 72 h in vitro,
sFRP‑4 protein expression levels were increased, whereas
β ‑catenin protein expression levels were decreased in the
nuclei of OVCAR3 cells, thus inhibiting the Wnt signaling
pathway. Furthermore, sFRP‑4 inhibited OVCAR3 cell
migration and EMT, and promoted cell adhesion (15). In
addition, another study analyzed the protein expression
levels of downstream components (GSK‑3β, phosphorylated
β ‑catenin and β ‑catenin) of the Wnt signaling pathway in
prostate, breast and ovarian cancer stem cells. The results
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indicated that following demethylation of sFRP‑4, the
expression levels of sFRP‑4, GSK‑3β and phosphorylated
β ‑catenin were enhanced, whereas the expression levels of
the non‑phosphorylated β‑catenin were decreased, resulting
in inhibition of the Wnt signaling pathway (38).
In the present study, compared with the control
group, sFRP‑4 overexpression significantly increased
GSK‑3 β expression and decreased β ‑catenin expression,
whereas sFRP‑4 knockdown significantly decreased
GSK‑3 β expression and increased β ‑catenin expression.
In sFRP‑4‑overexpression HCC cells, IM‑12 (an inhibitor
of GSK‑3β, which is the key protein of the Wnt signaling
pathway) was used, and the results suggested that sFRP‑4
inhibited HCC cell viability and proliferation, and induced
HCC cell apoptosis by inhibiting the Wnt/β‑catenin signaling
pathway. In addition, the results suggested that activation of
the Wnt/β ‑catenin signaling pathway displayed a negative
feedback effect on sFRP‑4 expression, thereby counteracting
the suppression of sFRP‑4 on the tumorous phenotype of
HCC cells.
To conclude, the present study elucidated the tumor
suppressor role of sFRP‑4 in HCC development. The results
suggested that sFRP‑4 inhibited HCC cell viability and
proliferation, and promoted HCC cell apoptosis by inhibiting
activation of the Wnt/β‑catenin signaling pathway. The results
of the present study might provide novel targets and theoretical
foundations for the development of HCC therapeutic strategies.
However, the results of the present study were limited as
only isolated clinical HCC tissues and cell lines were used;
therefore, the results of the present study should be verified
using in vivo experiments, and the sFRP‑4 methylation level
should be analyzed to further investigate the mechanism
underlying sFRP‑4 in HCC.
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