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ABSTRACT

Objective: To discuss the abnormal expression of Wnt inhibitory factor (WIF1) in he-
patocellular carcinoma cells and its regulating effect on the hepatocellular carcinoma
invasion and metastasis factors of tissue inhibitor of matrix metalloproteinases-3 (TIMP-
3) and caveolin-1.
Methods: RT-PCR and Western blot were employed to detect the expression of WIF1 in
six hepatocellular carcinoma cell lines of HepG2, Hep3B, Huh7, PLC/PRF/5, SMMC-
7721 and MHCC97 and the immortalized human liver cell line THLE-3. Besides, Lip-
ofectamine 2000 was employed to transfect the eukaryotic expression vector pcDNA3.1-
WIF1 and blank plasmid pcDNA3.1 into hepatocellular carcinoma cell lines. Transwell
assay was used to detect the effect of WIF1 on the invasion ability of hepatocellular
carcinoma cells; Western blot was used to detect the effect of WIF1 on the expression of
TIMP-3 and caveolin-1 in hepatocellular carcinoma cells, it also discussed the effect on
the expression of b-catenin.
Results: The expression of WIF1 in hepatocellular carcinoma cell lines was lower than
that in the normal liver cell lines (P < 0.01); while there was basically no expression of
WIF1 in the human highly metastatic cell line MHCC-97 and moderate expression in
HepG2 and SMMC-7721. Therefore, HepG2 and SMMC-7721 were chosen as the further
experimental cell lines. After transfecting the eukaryotic expression vector pcDNA3.1-
WIF1 and blank plasmid pcDNA3.1 into hepatocellular carcinoma cell lines, compared
with the blank plasmid group, the cell viability and invasion ability in the WIF1 group
were all reduced (P < 0.01), the expression of TIMP-3, caveolin-1 and mRNA were all
down-regulated (P < 0.01), and the expression of b-catenin was decreased (P < 0.01).
Conclusions: Because of down-regulation or missing of expression of WIF1 in hepa-
tocellular carcinoma cell lines, the up-regulation of WIF1 expression can significantly
inhibit the invasion and metastasis of HepG2 and SMMC-7721 of hepatocellular carci-
noma cell lines, which are related to the up-regulated expression of TIMP-3 and down-
regulated expression of caveolin-1 and may be realized through the Wnt/b-catenin
signaling pathway.
1. Introduction

A total of 90% of the malignant tumor in the primary liver
cells or intrahepatic duct cells is the hepatocellular carcinoma
(HCC), as the common solid tumor that ranks the fifth place in
the world. It has the bad prognosis and difficult clinical pre-
vention and treatment [1,2]. Most of HCC patients who received
the hepatectomy had a recurrence after the operation, leading to
the mortality at a high level. Its main reason is the invasion and
metastasis of HCC [3]. Accordingly, the in-depth research on the
mechanism of invasion and metastasis of HCC will be of critical
importance for the more effective prevention and treatment of
HCC and the improvement on the treatment of HCC.

Wnt gene was found by Nusse et al in 1982 during the in-
duction of mouse mammary carcinoma using the papilloma-
virus. Wnt signaling pathway is some kind of highly conserved
open access article under the CC BY-NC-ND
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Table 1

RT-PCR primers.

Gene Primer (50-30) bp

WIF1 For: ATCATCTTCTTAACTGGCATTGTG 328
Rev: AAAAATAAAAAAAACACGCT-3

TIMP-3 For: GGAATTCATGACCCCTTGGCTCGGG 648
Rev: GGAATTCAGGGTCTGGCGCTCAGGG

Caveolin-1 For:GACTTTGAAGATGTGATTGC 254
Rev: AGATGGAATAGACACGGCTG

GADPH For: AGCCACATCGCTCAGACA 314
Rev: TGGACTCCACGACGTACT
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signaling pathway in the multicellular eukaryotes to regulate the
process of many life activities. Wnt signaling pathway is in the
abnormally active state in HCC and most of HCC cells. Besides,
more and more researches have proved that the silenced
expression of inhibitory factors in the Wnt signaling pathway
might be the key cause for the abnormal activation of Wnt signal
[4–6]. As the secretory antagonist of Wnt signaling pathway, Wnt
inhibitory factor-1 (WIF1) was found on the human retina,
showing the high affinity with Wg and XWnt8. Previous re-
searches had proved that the expression of WIF1 protein and
mRNA had the lower expression in HCC tissue than the one in
the neighboring tissue, while the low expression of WIF1 was
related to the low overall survival rate. In addition, its expression
was reduced in HCC cell lines such as Huh7, HepG2, SMMC-
7721, MHCC97-L, Bel-7402 and PLC/PRF/5 [7,8], which
indicated that WIF1 might have the close relationship with the
occurrence and development of HCC. Furthermore, by up-
regulating the expression of WIF1, it could regulate the
expression of related proteins through Wnt/b-catenin signaling
pathway to significantly inhibit the invasion and metastasis
abilities of cervical carcinoma cells and prostate cancer cells
[9,10]. It is presumed that WIF1 may affect the invasion and
metastasis abilities of HCC cells through the related signaling
pathways.

The invasion and metastasis of tumors refer to the compli-
cated and multi-level biological process, while the degradation
of basement membrane or extracellular matrix is the precondi-
tion for the infiltration and metastasis of tumors. The tissue in-
hibitor of matrix metalloproteinases-3 (TIMP-3) is the member
of TIMPs, which can inhibit the degradation of extracellular
matrix by the matrix metalloproteinases (MMPs) to play the role
of anti tumor growth, invasion and metastasis. TIMP-3 had the
low expression in the plasma and tissues of patents with HCC
and its expression was even lower in the metastatic lesions [11],
which indicated that the low expression of TIMP-3 was closely
related to the invasion and metastasis abilities of HCC. The ways
of tumor metastasis include the lymphatic metastasis, hema-
togenous metastasis and implantation metastasis, where over
50% tumors were metastasized through the lymphatic channel.
More and more researches have proved the close relationship
between the caveolin-1 and lymphatic metastasis of tumors. The
high expression of caveolin-1 in HCC patients might be closely
related to the tissue differentiation, infiltration of portal vein,
infiltration of hepatic vein, intrahepatic metastasis and recur-
rence [12], which indicated the close relationship between the
expression of caveolin-1 and the occurrence and development
of HCC. In consequence, this study would further detect the
expression of WIF1 in HCC cell lines. Besides, by transfecting
the eukaryotic expression vector pcDNA3.1-WIF1, it was to
discuss its effect on the invasion and metastasis abilities of HCC
cell lines and the expression of TIMP-3 and caverolin-1 after the
over-expression of WIF1. In addition, the possible mechanism
would also be discussed.

2. Materials and methods

2.1. Reagents and instruments

The human HCC cell lines of HepG2, Hep3B, Huh7, PLC/
PRF/5 and SMMC-7721 and immortalized human liver cell line
THLE-3 were purchased from the Cell Bank of Type Culture
Collection of Chinese Academy of Sciences, with the registered
number TCHu72, TCHu106, TCHu182, TCHu119, TCHu52,
and GNHu40. MHCC97 was purchased from Institute of He-
patocellular Carcinoma, Medical College of Fudan University;
the rabbit anti TIMP-3, caveolin-1 and b-catenin antibodies from
Epitomics; the mouse anti GADPH antibody from Beyotime
Biotechnology; transwell chamber from Corning; the fetal
bovine serum, DMEM culture medium and trypsin from Gbico;
the crystal violet from Sigma; the biosafety cabinet from Thermo
Scientific; mini vertical electrophoresis tanks and mini Trans-
blot electrophoresis tank from Beijing Liuyi Instrument Fac-
tory; and ChemiDoc™ XRS gel imaging system from Bio-Rad.

2.2. RT-PCR

The total RNA was extracted by referring to the instruction
manual of trizol kit (Invitrogen) and the extraction was per-
formed in the condition without RNAase. Primers were shown
in Table 1. RNA was reversely transcripted into cDNA through
one-stop RT-PCR kit and then PCR amplification was per-
formed. A total of 5 mL amplification product was used for
further detection using 2% agarose gel. Primers were added into
25 mL PCR reaction system respectively, with the reaction
conditions of degeneration at 94 �C for 45 s, renaturation at
59 �C for 45 s and extension at 72 �C for 60 s, with 35 cycles.

2.3. Construction of WIF1 expression vector

Taking the cDNA of human placenta tissue as the template,
RT-PCR amplification was performed and then cloned into
pGEM-T Easy (Promega) vector. It was sequenced to obtain the
complete coding sequence of WIF1. The pcDNA3.1 plasmid
(Invitrogen) was connected with the fragments of target gene
after the amplification of WIF1. The double endonuclease re-
striction of BamH I and Xho I was performed and purified
respectively. The plasmid and fragments of target gene were
recovered, which were connected with T4 DNA ligase and then
cultured in LB flat plate that contained the ampicillin. The
positive clone was selected and sequenced to prove the suc-
cessful construction of eukaryotic expression vector pcDNA3.1-
WIF1.

2.4. MTT method

The HCC cell lines were seeded onto 96-well plate. When the
confluency of cells reached to 50%, it was to transfect
pcDNA3.1-WIF1 and blank plasmid with the transfection con-
centration of 50 ng and 50 ng using Lipofectamine 2000
(Invitrogen) respectively. A total of 48 h after the transfection,
20 mL 5 mg/mL MTT was added for the continuous culture of



Figure 1. Expression of WIF1 mRNA in HCC cell lines and normal liver
cells.
**Compared with the control group, P < 0.01.

Figure 2. Expression of WIF1 protein in HCC cell lines and normal liver
cells.
1: THLE-3; 2: HepG2; 3: SMMC-7721; 4: Hep3B; 5: PLC/PRF/5; 6: Huh7;
7: MHCC97.

Figure 3. Effect of WIF1 on viability of HCC cell lines.
**Compared with the control group, P < 0.01.
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4 h and then the culture medium was sucked out. Afterwards,
150 mL DMSO was added in each well and then it was shaken to
fully dissolve the crystals. CD value was measured at 560 nm of
analyzer of enzyme-linked immunosorbent assay.

2.5. Cell invasion assay

The Matrigel was evenly paved on the micromembrane of
Transwell chamber to be prepared as the gel for further use. The
HCC cell lines were seeded onto a 6-well plate. When the
confluency of cells reached to 50%, it was to transfect
pcDNA3.1-WIF1 and blank plasmid pcDNA3.1 with the trans-
fection concentration of 1 mg and 1 mg using Lipofectamine
2000 respectively. A total of 48 h after the transfection, cells
were digested and added in the upper chamber of Transwell,
while the lower chamber contained DEME medium with 5%
fetal bovine serum for further 24 h culture. Then the Transwell
chamber was taken out and washed, using the paraformaldehyde
for the fixation. It was then stained with the crystal violet. The
number of membrane-penetrating cells in five fields was counted
under the inverted optical microscope and the mean number of
cells for each field was calculated to represent the invasion
ability of cells.

2.6. Western blot assay

The HCC cell lines were seeded onto a 6-well plate, with
100 mL in each well. When the confluency of cells reached 50%,
it was to transfect pcDNA3.1-WIF1 and blank plasmid
pcDNA3.1 with the transfection concentration of 1 mg and 1 mg
using Lipofectamine 2000 respectively. 48 h after the trans-
fection, cells were scraped and centrifuged. Then the proper
RIPA lysis buffer was added in the collected cells. It was put in
Vortex instrument for 30 s of shaking every 10 min. After
40 min, it was centrifuged at 4 �C and 10 000 rpm for 10 min.
The supernatant was sucked carefully to obtain the total protein.
The protein concentration was measured by BCA kit. The pro-
tein loading buffer was treated with SDS gel electrophoresis and
then transferred by the wet method. Then the film was immersed
into the primary antibody solution for the incubation at 4 �C
overnight. After being washed, it was immersed into the sec-
ondary antibody solution for the incubation at the room tem-
perature for 1–2 h. Afterwards, the film was taken out and
washed, while ECL reagent was added on the film for exposure
in the gel imaging system. Statistics was performed on the gray
value of each antibody band using ‘Quantity One’ software.

2.7. Data analysis

The results were expressed as mean ± SD, with three repeats
for each set of data at least. The t test was employed and
P < 0.05 was meant to have significant difference. All data were
treated using SPSS 17.0.

3. Results

3.1. Expression of WIF1 in HCC lines and normal liver
cells

According to results of RT-PCR (Figure 1) and Western blot
(Figure 2), the expression of WIF1 in HCC cell lines of HepG2,
Hep3B, Huh7, PLC/PRF/5, SMMC-7721 and MHCC97 was all
significantly higher than the one in the immortalized human liver
cell line THLE-3 (P < 0.01); it had basically no expression in
the highly metastatic MHCC97 and moderate expression in
HepG2 and SMMC-7721. Therefore, these two cell lines were
chosen as the further research subjects.

3.2. Effect of WIF1 on viability of HCC cell lines

As shown in Figure 3, after transfecting pcDNA3.1-WIF1
into HepG2 and SMMC-7721 cell lines, the results of MTT
assay showed that the cell viability of HepG2 and SMMC-7721
was significantly reduced (P < 0.01).

3.3. Effect of WIF1 on invasion ability of HCC cell lines

As shown in Figure 4, compared with the control group, after
the up-regulated expression of WIF1, the number of HepG2 cells
into subarachnoid space was significantly reduced
213.47 ± 25.69 vs. 58.97 ± 6.45 (P < 0.01). As shown in
Figure 5, compared with the control group, after the up-
regulated expression of WIF1, the number of SMMC-7721



Figure 5. Effect of WIF1 on invasion ability of SMMC-7721 cell line.

Figure 7. Effect of WIF1 on expression of TIMP-3 and caveolin-1 protein
in HCC cells.
A: HepG2 cells; B: SMMC-7721 cells. Compared with the control group,
**P < 0.01.

Figure 8. Effect of WIF1 on Wnt/b-catenin signaling pathway of HCC
cells.
A: HepG2 cells; B: SMMC-7721 cells.

Figure 4. Effect of WIF1 on invasion ability of HepG2 cell line.
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cells into the subarachnoid space was significantly reduced
178.43 ± 21.08 vs. 39.60 ± 3.83 (P < 0.01).

3.4. Effect of WIF1 on expression of TIMP-3 and
caveolin-1 mRNA in HCC cells

As shown in Figure 6, the increased expression of WIF1
could lead to the up-regulated expression of TMP-3 mRNA and
down-regulated expression of caveolin-1 mRNA in HepG2 and
SMMC-7721 cells, with significant difference (P < 0.01).

3.5. Effect of WIF1 on expression of TIMP-3 and
caveolin-1 protein in HCC cells

As shown in Figure 7, the increased expression of WIF1
could lead to the up-regulated expression of TMP-3 protein and
down-regulated expression of caveolin-1 protein in HepG2 and
SMMC-7721 cells, with significant difference (P < 0.01).
Figure 6. Effect of WIF1 on expression of TIMP-3 and caveolin-1 mRNA
in HCC cells.
A: HepG2 cells; B: SMMC-7721 cells. **Compared with the control group,
P < 0.01.
3.6. Effect of WIF1 on Wnt/b-catenin signaling pathway
of HCC cells

As shown in Figure 8, the increased expression of WIF1
could lead to the down-regulated expression of b-catenin in
HepG2 and SMMC-7721 cells 0.875 ± 0.072 vs. 0.279 ± 0.043,
0.915 ± 0.102 vs. 0.302 ± 0.055, with significant difference
(P < 0.01).

4. Discussion

HCC is the malignant tumor with the bad prognosis, bringing
the great pain to patients and great inconvenience to medical
staff. Its pathogenesis has not been clear, but it is regulated by
many signaling pathways, in which Wnt signaling pathway is
some kind of highly conserved signaling pathway in the multi-
cellular eukaryotes to regulate the process of many life activities.
Wnt signaling pathway is in the abnormally active state in 60%–

70% of HCC cells. The silenced expression of inhibitory factors
in the Wnt signaling pathway might be the key cause for the
abnormal activation of Wnt signal [4–6]. As the typical inhibitory
factor of Wnt signaling pathway, WIF1 was firstly found on the
human retina and then proved in the bodies of rat, toad, and
zebra. Such gene is located on 12q14. The function of WIF1
is mainly mediated by WIF domain, which can compete with
Wnt ligand for being bound with fizzled receptor to block the
Wnt signaling pathway and thus inhibit the formation of
tumors. According to researches, the expression of WIF1 was
reduced or absent in many human tumors. Huang et al [8]

adopted RT-PCR to detect 105 HCC samples. The results
showed the decreased expression of WIF1 mRNA, which might
be related to the low overall survival rate. It also had the low
expression in SMMC-7721, Bel-7402, PLC and HepG2. Deng
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et al [7] performed RT-PCR detection and found the gradually
decreased expression of WIF1 in Huh7, HepG2, SMMC-7721
and MHCC97-L and then no such expression, which were all
lower than the ones in the normal tissues. Besides, qRT-PCR
was performed to detect 15 HCC tissues and neighboring
ones. Results also showed the lower expression in the cancer
tissues than the ones in the neighboring ones, which could fully
indicate the low expression of WIF1 in HCC tissue and HCC
cell lines and it might be closely related to the occurrence and
development of HCC. Accordingly, in this study, RT-PCR and
Western blot were employed to detect the expression of WIF1 in
six HCC cell lines of Huh7, HepG2, SMMC-7721, MHCC97,
PLC/PRF/5 and Hep3B and one immortalized human liver cell
line of THLE-3. Results showed the expression in HCC cell
lines than the one in THLE-3 and normal liver cell line. WIF1
had basically no expression in the highly metastatic MHCC97
and moderate expression in HepG2 and SMMC-7721, which
were in accordance with findings of Deng et al [7]. Therefore,
these two cell lines were chosen as the further research
subjects. Deng et al [7] transfected the eukaryotic expression
vector pcDNA3.1-WIF1 into HepG2 and SMMC-7721 and
found that the over-expression of WIF1 could significantly
inhibit the number of clones and the proliferation of tumor cells.
Hu et al [4] found that the transfection of recombinant adenoviral
vector Ad-WIF1-Fc into HCC cells could significantly down-
regulate the expression of E2F1, cyclin D1 and c-myc and
thus promote the apoptosis of tumor cells, reduce the micro-
vessel density, inhibit the expression of vascular endothelial
growth factor and stromal cell-derived factor-1 and thus inhibit
the angiogenesis and migration of microvascular endothelial
cells. But its effect on the invasion and metastasis abilities of
HCC cells has not been clear. The invasion and metastasis is the
key cause to affect the prognosis and overall survival rate of
patients with HCC. Therefore, this study is by constructing the
eukaryotic expression vector pcDNA3.1-WIF1 and transfecting
it into the HCC cell lines of HepG2 and SMMC-7721 through
the liposome. The results showed that the increased expression
of WIF1 could significantly inhibit the migration and invasion
abilities of HCC cells. Thus it further discussed the mechanism.

The invasion and metastasis of tumors refer to the multi-step
and multi-factor biological process, where the degradation of
extracellular matrix is the precondition for the infiltration and
metastasis of tumors. The degradation of extracellular matrix is
mediated by MMPs, while TIMP is the specific inhibitor of
MMP that can maintain the physiological function of normal
extracellular matrix. TIMP-3 is the member of TIMPs, which is
located at the human chromosome 22q12.3. It is bound with
MMPs to form the complex of MMP-TIMP, which can thus
inhibit the activity of MMPs, keep from the degradation of
extracellular matrix and inhibit the metastasis and spread of
tumors. The previous researches had proved its low expression
in the HCC tissue and cell lines. Besides, the expression of
TIMP-3 was gradually decreased in the in-situ HCC tissue,
portal vein thrombosis tissue and metastatic lymph node lesions,
which indicated that the low expression of TIMP-3 might be
related to the invasion and metastasis abilities of HCC [11].
Furthermore, some research also proved that the increased
expression of TIMP-3 could significantly inhibit the prolifera-
tion, invasion and metastasis of HepG2 and SMMC-7721 cells
[13]. In addition, Lin et al [14] transfected TIMP-3 into CT26
colon cancer cells through the adenoviral vector, which could
significantly inhibit the growth of tumor and hepatic metastasis.
Anania et al [15] proved that the recovered expression of TIMP3
in the thyroid carcinoma NIM1 cells could significantly inhibit
the adhesion, migration and invasion abilities of tumor cells
and also inhibit the angiogenesis and infiltration of
macrophages. It fully indicated that the up-regulated expres-
sion of TIMP-3 could significantly inhibit the invasion ability of
tumor cells. Accordingly, in this study, after transfecting the
eukaryotic expression vector pcDNA3.1-WIF1 into HCC cell
lines, it is found that, compared with the blank plasmid group, it
could significantly increase the expression of TIMP-3, which
could be regarded as one of mechanisms that it could signifi-
cantly inhibit the invasion ability of tumor cells after the
increased expression of WIF1.

Caverolin-1 is the important structural protein of Caveolae. It
is the flask-like caveolate structure that was found by Yamada
on the cell membrane. With diverse biological functions, it plays
the key role in the life activities of membrane transport,
cholesterol transport and signal transduction. Tang et al [12]

proved the high expression of caveolin-1 in HCC patients,
which might be closely related to the tissue differentiation,
infiltration of portal vein, infiltration of hepatic vein, intrahepatic
metastasis and recurrence. The transfection of eukaryotic
expression vector pcDNA3.1-caveolin-1 into HepG2 cells could
not only inhibit the apoptosis, but also up-regulate the expres-
sion of MMP-2, MMP-9 and vascular endothelial growth factor
to enhance the migration and invasion abilities of tumor cells.
Cokakli et al [16] performed the Immunohistochemistry and
Western blot and found that the expression of caveolin-1 in
the normal liver tissue, liver cirrhosis and HCC was gradually
increased, namely 5%, 45% and 66%. Patients with the high
expression of caveolin-1 had the high infiltration of portal vein.
The high expression of caveolin-1 in HepG2 and Huh7 cells
enhanced the motion and invasion ability of tumor cells and
regulated the expression of related proteins. It fully indicated the
close relationship between the expression of caveolin-1 and the
occurrence and development of HCC. The high expression of
Caverolin-1 was closely related to the highly metastatic HCC.
By down-regulating its expression, the metastasis of tumor
would be inhibited. Therefore, in this study, after transfecting
the eukaryotic expression vector pcDNA3.1-WIF1 into HCC
cell lines, it is found that, compared with the blank plasmid
group, it could significantly increase the expression of TIMP-3,
which could be regarded as one of the mechanisms that it could
significantly inhibit the invasion ability of tumor cells after the
increased expression of WIF1.

By up-regulating the expression of WIF1, it could inhibit the
Wnt signaling pathway and thus inhibit the TGF-b1-induced
epithelial–mesenchymal transition [17]. The increased
expression of WIF1 could significantly inhibit the expression
of target genes E-cadherin and vascular endothelial growth
factor of Wnt/b-catenin signaling pathway and the expression
of Wnt1 and TCF-4 in the cervical carcinoma, which could
thus inhibit the proliferation, angiogenesis and invasion of tumor
cells [9]. It indicated that WIF1 could inhibit the Wnt signaling
pathway to inhibit the invasion and metastasis abilities of
tumor cells. Accordingly, in this paper, after transfecting the
eukaryotic expression vector pcDNA3.1-WIF1 into HCC cell
lines, it is found that, compared with the blank plasmid group, it
could significantly inhibit the expression of b-catenin. In addi-
tion, TIMP-1 [18] and TIMP-2 [19] could affect the biological
behavior of normal cells and malignant tumor cells through the
Wnt/b-catenin signaling pathway, which indicated the certain
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relationship between TIMP-3 and Wnt/b-catenin signaling
pathway. The over-expression of caveolin-1 in the zebra fish
could interfere the nucleus transcription of b-catenin [20].
Caveolin-1 had the over-expression in the highly invasive HCC
cell lines and the over-expression could enhance the invasion
ability of HCC and thus promote the tumor formation and lung
metastasis of mice. It induced the formation of epithelial–
mesenchymal transition through Wnt/b-catenin signaling
pathway and thus promoted the HCC metastasis [21], which also
showed the close relationship between caveolin-1 and Wnt/b-
catenin signaling pathway. It thus indicated that the increased
expression of WIF1 in HCC cell lines could significantly up-
regulate the expression of TIMP-3 and down-regulate the
expression of caveolin-1 to inhibit the invasion and metastasis of
tumors, which might be realized through the Wnt/b-catenin
signaling pathway.
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