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Abstract: Patients with hepatocellular carcinoma (HCC) have a poor survival rate because of its high invasion ability. 
Therefore, it is necessary to elucidate the mechanisms of HCC migration and invasion. Our previous study showed 
that follistatin-like 5 (FSTL5), which was associated with the prognosis of HCC patients, acts as an inhibitor of 
HCC cell proliferation. It also promotes the transition of cell morphology from mesenchymal to epithelial, which is 
associated with the process of mesenchymal-to-epithelial transition. In this study, we used two HCC cell lines (SK-
Hep1 and SMMC-7721) to explore the effect of FSTL5 on HCC invasion and migration. We found that up-regulated 
FSTL5 restrained HCC invasion and migration by transwell, wound healing, detachment, and attachment assays. 
Decreased expression of YAP was found upon over-expression of FSTL5, as well as inhibition of the Wnt/β-catenin 
signaling pathway. YAP is a downstream gene of the Wnt/β-catenin signaling pathway and plays an important role 
in HCC metastasis. Thus, we speculate that FSTL5 inhibits the invasion of HCC through the Wnt/β-catenin/YAP 
pathway. In conclusion, FSTL5 exerts an inhibitory effect on HCC metastasis and proliferation through the Wnt/β-
catenin/YAP pathway and may be a target gene for anti-tumor therapy.
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Introduction 

In general, hepatocellular carcinoma (HCC) is 
considered as one of the most common malig-
nancies and accounts for 90% of primary liver 
cancers [1]. In clinical practice, a large number 
of patients cannot undergo curative surgery 
because of metastasis, resulting in survival 
times of only 3-6 months [2]. Therefore, it is 
necessary to explore the underlying mecha-
nisms of metastasis in HCC to achieve a better 
treatment outcome for HCC patients.

As a member of the follistatin family, follista- 
tin-like 5 (FSTL5) is a protein that binds dire- 
ctly to activins. FSTL5 is an activin antagonist 
that inhibits the secretion of follicle-stimulat- 
ing hormone. It regulates cell differentiation 
and plays an important role in embryogenesis. 
Follistatin is a single glycosylated polypeptide 
chain of approximately 37 kDa and is not a 
member of the inhibin family. Very few studies 

have shown that FSTL5 is a tumor suppressor 
gene in tumor cells, except our own [3]. With a 
low expression level in HCC, FSTL5 has a sup-
pressive role in the proliferation of HCC cells.  
To further explore the function of FSTL5 in the 
invasion of HCC cells and its mechanism, we 
undertook this study. 

Materials and methods 

Cell culture

HCC cell lines SK-Hep1 and HepG2 were pur-
chased from the American Type Culture Col- 
lection (Portland, Oregon). SMMC-7721 cells 
were purchased from the Cell Bank of the 
Chinese Academy of Sciences. Cells were  
cultured in Dulbecco’s modified Eagle’s medi-
um (DMEM) supplemented with 10% fetal bo- 
vine serum (FBS) and penicillin/streptomycin  
at 37°C with 5% CO2 in a humidified incubator.
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Quantitative real-time PCR (qRT-PCR)

Trizol reagent (Takara, Dalian, China) was us- 
ed for total RNA extraction. The Prime Script 
RT-PCR kit (Takara) was used for reverse tran-
scription, according to the manu facturer’s in- 
structions. qRT-PCR analyses were performed 
with SYBR Premix ExTaq (Takara) on a VIIA7 
(Applied Biosystems Inc, USA). The primers in 
this study were as follows: GAPDH, forward, 
5’-GGAGCGAGATCCCTCCAAAAT-3’, reverse, 5’- 
GGCTGTTGTCATACTTCTCATGG-3’; FSTL5, for-
ward, 5’-TGAAGTGCACAGAGCTGCTT-3’, reverse, 
5’-AGCATATTTTTCATCTTGCTGTATTC-3’; YAP, for-
ward, 5’-ACCCACAGCTCAGCATCTTCG-3’, rever- 
se, 5’-TGGCTTGTTCCCATCCATCAG-3’. The rela-
tive expression of FSTL5 was analyzed by the 
comparative cycle threshold method, which 
was normalized to GAPDH mRNA levels.

Western blotting

Total protein was extracted using RIPA lysis  
buffer (P0013B, Beyotime, China) following the 
manufacturer’s protocol, and 30-50 µg of pro-
teins were separated by reduced SDS polya- 
crylamide gel electrophoresis and transferred 
onto a nitrocellulose membrane. Then, the me- 
mbrane was blocked in TBS buffer containing 
5% bovine serum albumin (Sangon, China) for  
1 h. The membrane was then incubated over-
night with primary antibodies against FSTL5 
(1:1000, Proteintech, USA), YAP (1:1000, Sig- 
naling Technology, USA), or GAPDH (1:5000, 
Cell Signaling Technology), followed by a horse-
radish peroxidase (HRP)-linked secondary anti-
body (Cell Signaling). An ImmobilonTM Western 
Chemiluminescent HRP Substrate kit (Milli- 
pore, Germany) was used for detection. 

Over-expression of FSTL5 in HCC cell lines 

The expression vector containing the open re- 
ading frame of FSTL5 was purchased from 
Genecopoeia (Guangzhou, China). SK-Hep1 
cells (5×105/well) were seeded in a 6-well pla- 
te and transfected with 2 µg of the over-expres-
sion vector using Lipofectamine Reagent (Invi- 
trogen, USA). After 48 h of incubation, stably 
transfected cells were selected by treatment 
with 2 µg/ml puromycin in DMEM for 2 weeks. 
Puromycin-resistant colonies were isolated by 
the limited dilution approach. They were ex- 
panded and then maintained in regular growth 
medium containing 2 µg/ml puromycin [3].

Recombinant human FSTL5 treatment

SMMC-7721 cells (4×103) were seeded in a 
96-well plate well and cultured in 90 µl and 1 
ml conditioned DMEM medium with 5% FBS 
(v/v). Cells were treated without or with 50 nM 
recombinant human FSTL5 (rFSTL5) (Prote- 
intech) to analyze cell migration and invasion 
abilities. 

Wound healing assay

HCC cells were seeded in a 12-well plate. At 
85%-90% confluence, a scratch wound was 
made on the surface of the plate with a pipet- 
te tip. Cells were cultured further in serum-free 
medium. Images were obtained at 0 and 24 h 
by microscopy. 

Cell attachment and detachment assays

For the attachment assay, HCC cells were se- 
eded in 12-well plates at 1×105 cells per well. 
Unattached HCC cells were washed out after 1 
h, and attached cells were collected by trypsin-
ization and counted under a microscope. The 
results are shown as a percentage of the at- 
tached cells compared with total cells. For the 
detachment assay, the cells were cultured for 
24 h and then treated with 0.05% trypsin for 3 
min. Then, trypsinization was stopped by add-
ing FBS, and detached cells were collected  
and counted under a microscope. The attached 
cells were treated with 0.25% trypsin and 
counted. These data are presented as a per-
centage of the detached cells to the total cells 
[4]. 

Transwell invasion assays

Twenty-four-well Transwell chambers (Corning) 
with a gelatin-coated polycarbonate membra- 
ne filter were used for invasion assays. Matri- 
gel (BD Biosciences) was applied to the upper 
chamber, and then HCC cells were seeded in 
serum-free medium while growth medium was 
added to the bottom chamber. After incuba- 
tion for 24 h, medium in the upper chamber 
was discarded and the cells were scrapped off 
with a cotton swab. The invaded HCC cells we- 
re fixed with 4% paraformaldehyde for 20 min 
and then stained with a Giemsa solution for 15 
min. The invaded cells were photographed and 
counted under a microscope in 10 randomly 
selected fields.
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Figure 1. Invasion ability and morphological changes of HCC cells. A. Transwell assays showed the invasion abil-
ity of various HCC cell lines. B. Migration of HCC cells. Cells were counted at ×100 magnification in more than 10 
microscopic fields. C. Cell morphology changes were observed by microscopy in SK-Hep1 cells of lenti-FSTL5 and 
control groups (×200). 

Statistical analysis

Data are shown as means ± standard deviation 
and comparisons between groups were made 
by Student’s t-test. A value of P<0.05 was con-
sidered as statistically significant.

Result 

Migration activities of HCC cell lines and ex-
pression of FSTL5

To compare migration activities, we conducted 
transwell assays using three HCC cell lines 
(HepG2, SMMC-7721, and SK-Hep1). SK-Hep1 
and SMMC-7721 cell lines had much higher 
migration compared with HepG2 cells in tran-
swell assays (Figure 1A and 1B). However, the 
expression of FSTL5 in SK-Hep1 and SMMC-
7721 cells was much lower than that in HepG2 
cells, although they all have low expression of 
FSTL5 as reported previously [3]. Therefore, we 
used SK-Hep1 and SMMC-7721 cells for the 
following assays.

We used an expression vector containing the 
open reading frame of FSTL5 to establish HCC 
cell lines over-expressing FSTL5 [3]. After over-
expression of FSTL5, the morphology of SK- 

Hep1 had changed compared with the group 
control. As depicted in Figure 1C, SK-Hep1  
cells in the lenti-FSTL5 group gained cell po- 
larity and showed decreased formation of ps- 
eudopodia, leading to an epithelioid appear-
ance. In contrast, the control group displayed 
an elongated, irregular fibroblastoid morpho- 
logy. 

Up-regulated FSTL5 enhances the invasion 
and migration activities of HCC cells

The morphology of cancer cells changes from 
epithelioid to fibroblastoid, indicating increased 
activities of invasion and migration. This change 
prompted us to explore the function of FSTL5 in 
HCC cell metastasis by assays to examine the 
invasion and migration abilities of HCC cells.

As depicted in Figure 2A, the transwell invasion 
assay showed that the lenti-FSTL5 group had 
much more cell migration compared with the 
control group. The same result was found in the 
rFSTL5 group (Figure 2B). The wound healing 
assay showed that cells of the control group 
covered the scratched area after 24 h of cul-
ture, but the lenti-FSTL5 group did not (Figure 
2C). In addition, the rFSTL5 group showed that 
FSTL5 had the same function in HCC cells as 
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Figure 2. Effect of FSTL5 on the invasion and migration activities of HCC cells. A. Transwell assays showed that up-
regulated FSTL5 inhibited HCC invasion in the lenti-FSTL5 group. B. Transwell assays showed the same results in 
the rFSTL5 group. C. Wound healing assays showed inhibition of FSTL5 in the lenti-FSTL5 group. D. The same results 
were obtained in the rFSTL5 group by transwell assays. *P<0.05 (with the statistical analysis method of Student’s 
t-test).

shown in Figure 2D. These results indicate that 
up-regulated FSTL5 expression in HCC cells 
inhibits cell invasion and migration abilities.

Stable FSTL5 over-expression in HCC cell lines 
lowers their detachment and attachment abili-
ties

Tumor cell detachment from the matrix is a  
pivotal event in cancer metastasis and often 
results in tumor recurrence. It is a hallmark of 
the tumor metastatic process when tumor cells 

attach to other organs. To confirm the function 
of FSTL5 in HCC migration, we carried out de- 
tachment and attachment assays. We found 
that a low number of cells in the rFSTL5 group 
had detached from the plate compared with 
the control group in the SMMC-7721 cell line.  
In addition, the number of cells attached to the 
plate in the rFSTL5 group was less than that in 
the control group (Figure 3A). The same result 
was obtained in the lenti-FSTL5 group as shown 
in Figure 3B.
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Figure 3. Detachment and attachment abilities of HCC cells. A. Both attachment and detachment assays showed 
that SMMC-7721 cells of the rFSTL5 group had a low adhesive capacity. B. The same result was obtained in the 
lenti-FSTL5 group. *P<0.05 (with the statistical analysis method of Student’s t-test).

FSTL5 inhibits the expression of YAP in HCC 
cell lines

To further explore whether the molecular ch- 
anges induced by over-expression of FSTL5 in 
HCC cells were consistent with their metasta-
sis, we detected YAP expression by qRT-PCR 
and western blot analyses. We found that the 
metastasis-related gene YAP was significantly 
reduced in lenti-FSTL5 and rFSTL5 groups at 
both gene and protein levels (Figure 4A-D). 
Expression of other genes, such as matrix me- 
talloproteinase (MMP) 1, MMP2, MMP3, and 
MMP9, showed no significant change in PCR 
assays (Figure 4E).

Discussion 

HCC is one of the most malignant tumors with 
characteristics of high invasion and chemore-

sistance, resulting in a poor prognosis for pa- 
tients [2, 5]. In the clinic, a large number of 
patients have a metastatic neoplasm in the 
liver, lungs, or other tissues when first referred 
to hospital, leading to a high proportion of un- 
resectable tumors in patients with 3-5 months 
of survival. Therefore, it is necessary and ur- 
gent to explore the mechanism of HCC me- 
tastasis. 

The FSTL family includes FSTL1-5 that all  
have similar functions in humans. A previous 
study showed that FSTL1 plays an inhibitory 
role in nasopharyngeal carcinoma cells in ter- 
ms of proliferation and invasion activities [6,  
7]. FSTL1 has been detected in ovarian can- 
cer, endometrial carcinoma, as well as clear 
cell and renal cell carcinomas, and functions  
as a potential tumor metastasis-associated 
gene [8-10] with important roles in inflamma-
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Figure 4. Influence of FSTL5 on the expres-
sion of YAP and MMPs. (A) qRT-PCR and 
western blot assays (C) showed inhibition of 
YAP in the lenti-FSTL5 group. The same re-
sults were obtained in the rFSTL5 group (B, 
D). (E) qRT-PCR assays showed no changes 
in the expression of MMPs in the lenti-
FSTL5 group. *P<0.05 (with the statistical 
analysis method of Student’s t-test).

tory diseases [11]. The high expression of 
FSTL1 in HCC is associated with its epithelial-
to-mesenchymal transition (EMT) [12]. FSTL3 
shows low expression in HCC and functions as 
a suppressive gene through binding to trans-
forming growth factor-β family genes [13]. 
Whether FSTL5 has the same characteristic in 
tumor cells is unclear. Studies have revealed 
high expression of FSTL5 in adult rat brain, ven-
tricles, neurons, and spinal cord, which is at- 
tributed to development of olfactory and ner-
vous systems [14, 15]. In addition, FSTL5 may 
function as a marker of poor prognosis in non-

WNT/Non-SHH medulloblastoma [16, 17] and 
plays an inhibitory role through extracellular 
matrix metabolism in bone marrow suppres-
sion [18].

By exploring the function of FSTL5 in HCC, we 
detected low expression of FSTL5 in HCC tis-
sues compared with adjacent tissues. Mo- 
reover, through up-regulated FSTL5 expres- 
sion, we found suppression of HCC cell prolif-
eration [3].

In terms of metastasis of tumors, especially 
malignant tumors, studies of FSTL5 are limit- 
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ed. We found that over-expression of FSTL5 
inhibits the invasion and migration activities  
of HCC. FSTL5 is structurally related to genes 
related to the extracellular matrix, such as 
MMP1 and MMP2, and the MMP inhibitor TI- 
MP1 [19]. Therefore, we detected the expres-
sion of MMPs by qRT-PCR in HCC upon over-
expression of FSTL5, but no significant chang-
es were found. Down-regulated FSTL5 activa- 
tes expression of YAP and contributes to re- 
duced sensitivity to XPO1 inhibitors in KRAS-
mutant lung cancer cells [20]. Expression of 
YAP is high in HCC and low in paracancerous 
tissue [21], which is inversely proportional  
compared with FSTL5 in HCC. YAP also has a 
critical role in HCC proliferation and chemo- 
sensitivity, and decreased expression of YAP 
correlates with inhibition of EMT in both HCC 
and mammary epithelial cells [22-24]. 

We evaluated the expression of YAP upon up-
regulation of FSTL5 in HCC. Reduced expres-
sion of YAP was found at both gene and prote- 
in levels, indicating that FSTL5 attenuates the 
expression of YAP in HCC (Figure 3B). In gener-
al, Wnt plays a pivotal role in destroying the 
structure of the complex comprising Axin,  
APC, and GSK3, resulting in accumulation of 
β-catenin in the nucleus, which regulates the 
expression of other downstream genes. YAP 
and TAZ work as partners in tumor cells, which 
have the same mechanism as β-catenin regu-
lated by Wnt [25-27]. 

Together with the results in our previous stu- 
dy, up-regulated FSTL5 inhibits the expression 
of β-catenin and GSK3β, indicating suppres-
sion of the Wnt/β-catenin signaling pathway. 
We speculate that FSTL5 plays a suppressive 
role in HCC migration and invasion by inhibit- 
ing YAP through the Wnt/β-catenin Signaling 
pathway.

The morphological changes in HCC upon over-
expression of FSTL5 led us to speculate that 
FSTL5 may also function as an inhibitor of  
EMT. As shown Figure 1C, the lenti-FSTL5 gr- 
oup gained cell polarity and decreased for- 
mation of pseudopodia, leading to an epitheli-
oid appearance. In contrast, the control group 
displayed an elongated, irregular fibroblastoid 
morphology. It is accepted that HCC acquires 
much more invasion and proliferation abilities 
upon EMT and vice versa [28]. Our finding is 
associated with this conclusion, which leads us 

to consider a relationship between FSTL5 and 
EMT in HCC. The detailed mechanism should 
be explored.

In conclusion, as a secretory glycoprotein, 
FSTL5 has low expression in HCC cells and 
plays a tumor-suppressive role during HCC pro-
liferation and invasion, as well as EMT. Thus, it 
may become a target gene for HCC treatment. 
Because of its suppression role, FSTL5 may be 
used in therapies such as endovascular em- 
bolotherapy therapy for liver cancer patients. 
Further study of FSTL5 as well as the detailed 
mechanism of EMT should be performed in 
animals.
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