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Abstract: Follistatin-like 5 (FSTL5), a member of the follistatin family of genes, encodes a secretory glycoprotein. 
Previous study revealed that it might play a suppressive role in hepatocellular carcinoma (HCC). However, its clinical 
significances, biological functions and molecular mechanisms in HCC development are poorly understood. To gain 
insight to the functions of FSTL5 in HCC, We examined FSTL5 expression pattern in 117 HCC tissue samples. The 
results of immunohistochemical staining analysis showed that FSTL5 is more commonly down-regulated in HCC 
compared to adjacent tissues and further clinicopathological analysis showed that its expression level is closely 
correlated with tumor size, TNM stage, local infiltration and patient prognosis. Both gain function assays and recom-
binant human FSTL5 protein treatment assays in vitro revealed that over-expressing FSTL5 could inhibit the abilities 
of cancer cell proliferation and survival. Further, we found that those effects on HCC growth and survival are associ-
ated with Wnt/β-catenin signaling. Taken together, all of our results validate that FSTL5 plays a suppressive role in 
HCC and suggest that down-regulated FSTL5 could elevate abilities of growth and survival of HCC cells by activation 
of Wnt/β-catenin signaling. 
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Introduction

Hepatocellular carcinoma (HCC) is the sixth 
most common malignant neoplasm and the 
third most frequent cause of cancer death [1], 
while the rank even reached up to the second 
in china [2]. There are many risk factors such as 
viral infection, aflatoxin, alcohol have been 
identified could contribute to HCC [3]. Despite 
the developments in the detection and man-
agement of HCC, patients with HCC remain suf-
fered a bad life for current therapies. Thus, 
there remains further research for this malig-
nant tumor.

Both genetic alterations [4] and tumor specific 
microenvironment [5] contribute to the pro-
gressive biological behaviors of HCC cells and 
then result in different prognosis of HCC 
patients. There are many oncogenic and anti-
oncogenic genes have been identified by differ-
ent approaches during the past decades. In a 
previous publication, Zender et al. [6] combined 

short hairpin RNAs (shRNAs) and a mosaic 
mouse model functionally identified and vali-
dated 12 anti-oncogenic genes which had not 
been reported in cancer and Follistatin-like 5 
(FSTL5), as a suppressive gene was found in 
paper.

Follistatin-like 5 (FSTL5), a member of the fol-
listatin family of genes, encodes a secretory 
glycoprotein [7]. Previous studies revealed that 
FSTL5 is a marker of poor prognosis in non-
WNT/Non-SHH medulloblastoma [8]. Recently, 
Tomoyuki Ma. et al. reported that FSTL5 might 
play a role in maintaining odor perception in 
adult mouse [9]. While the clinicopathological 
significance and its biological functions and 
associated mechanisms in HCC have not 
reported to date. In current study, we analyzed 
the significance of clinicopathologic of FSTL5 in 
117 HCC samples and found it is correlated to 
tumor size, TNM stage and local infiltration. 
Further investigated for its biological functions 
reveal that FSTL5 could inhibit cell proliferation 
and promote cell apoptosis. To gain insight into 
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the mechanisms, we found FSTL5 inhibits Wnt/
β-catenin signaling. Taken together, our studies 

enlarge the knowledge of the understanding of 
FSTL5 in HCC, and give clues for further study 

Figure 1. FSTL5 is significantly down-regulat-
ed in HCC compared with adjacent tissues 
and is closely related to the prognosis of 
HCC. A. Representative pictures demonstrate 
FSTL5 is mildly expressed in HCC tissues 
while is significantly elevated in HCC. (Original 
magnification: 200×. Scale bars, 100 μm). 
B. Kaplan-Meier analysis of overall survival 
between FSTL5 negative or slightly positive 
patients and highly positives patients show a 
significant survival disadvantage expression 
in FSTL5 high expression group (P = 0.05).
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Table 1. Correlation between FSTL5 and key 
clinicopathological parameters

Variable
NRSN2 (n = 117)

Low High P value
Age ≤ 50 years 40 19 0.915

> 50 years 36 22
Gender Female 9 4 0.732

Male 67 37
Liver Cirrhosis Yes 61 34 0.725

No 15 7
Tumor size ≤ 5 cm 44 13 0.007*

> 5 cm 32 28
Local infilitration Yes 35 6 0.041*

No 72 3
TNM stage I 23 21 0.012*

II 24 4
III-IV 29 16

*p < 0.05.

to fully elucidate the role of FSTL5 in malignant 
tumor.

Materials and methods

Patients and specimens

All 117 samples were collected in Department 
of Hepatobiliary Surgery, the First Affiliated 
Hospital of Bengbu Medical College. All these 
samples were constructed into tissue microar-
ray (TMA). The median age of this cohort of 
patients was 50 years (range 17-65 years). All 
procedures were performed in accordance with 
the China Ethical Review Committee.

Immunohistochemical staining and analysis 

All 117 samples of HCC on a TMA slice were 
subjected to Immunohistochemical staining. All 
stained and analyzed methods were according 
to a previous report [10].

Cell culture

The HCC cell lines SK-Hep1, HepG2 were pur-
chased from American type culture collection 
(ATCC), SMMC-7721 and MHCC-LM3 was pur-
chased from Cell Bank of the Chinese Academy 
of Sciences. Cells were cultured in Dulbecco’s 
Dodified Eagle Medium (DMEM) supplemented 
with 10% fetal bovine serum (FBS) and penicil-
lin/streptomycin at 37°C in a humidified incu-
bator under 5% CO2 condition.

Quantitative real-time PCR

Total RNA were extracted from indicated HCC 
cell lines using Trizol reagent (Takara, Dalian, 
China) and reversely transcribed using Prime- 
Script RT-PCR kit (Takara) according to the 
manufacturer’s instruction. Quantitative real-
time PCR analyses were performed with SYBR 
Premix Ex Taq (Takara) on VIIA7 (Applied 
Biosystems Inc., USA). Primers for this study as 
follows: GAPDH, forward, 5’-GGAGCGAGATCCC- 
TCCAAAAT-3’; reverse, 5’-GGCTGTTGTCATACTT- 
CTCATGG-3’. FSTL5, forward, 5’-TGAAGTGCAC- 
AGAGCTGCTT-3’; reverse, 5’-AGCATATTTTTCAT- 
CTTGCTGTATTC-3’. The relative expression of 
FSTL5 was analyzed by the comparative cycle 
threshold method (ΔΔCT method), which was 
normalized to GAPDH.

Western blotting

Total protein were extracted using RIPA lysis 
buffer (P0013B, beyotime, China) followed the 
protocol and 30-50 µg of those proteins were 
separated by reduced SDS-PAGE, and trans-
ferred onto nitrocellulose membrane then the 
membrane was blocked in TBS buffer contain-
ing 5% BSA (sangon, China) for 1 hour. These 
membranes were incubated with primary anti-
bodies for FSTL5 (1:1000, protein tech, USA), 
β-catenin (1:1000, Cell Signaling Technology, 
USA), p-β catenin (1:1000, Cell Signaling 
Technology, USA), cleaved PARP (1:1000, Cell 
Signaling Technology, USA), GSK3β (1:1000, 
Cell Signaling Technology, USA), p-GSK3β 
(1:1000, Cell Signaling Technology, USA), 
GAPDH (1:5000, Cell Signaling Technology, 
USA) overnight, and then followed by horserad-
ish peroxidase (HRP)-linked secondary anti-
body (Cell signaling, USA). ImmobilonTM 
Western Chemiluminscent HRP Substrate kit 
(Millipore Corporation, Germany) was used for 
detection. 

Over-expressing FSTL5 in HCC cell line

The expression vector containing the open 
reading frame of FSTL5 was purchased from 
Genecopoeia (Guangzhou, China). 50×104 
SK-Hep1 cells seeded in 6-well plate were 
transfected with 2 µg over-pressing vector 
using Lipofectamine Reagent (Invitrogen, USA). 
After 48 h incubation, stably transfected cells 
were selected by administration of 2 µg/ml 
puromycin in DMEM for two weeks. The puro-
mycin -resistant colonies were isolated by a lim-
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ited dilution approach. They were expanded 
and then maintained in regular growth medium 
containing 2 µg/ml puromycin.

Recombinant human FSTL5 treatment

Cells were seeded into a 96-well plate at 4×103 
cells per well with 100 µl and 1 ml conditional 
medium with 5% FBS (v/v) and 0, 10 and 50 nM 
Recombinant human FSTL5 (rFSTL5) (Pro- 
teintech, USA) as indicated for following cell 
viability assays. For apoptosis assays, cells 
were cultured with DMEM didn’t containing any 
FBS but supplemented with 0, 10 and 50 nM 
rFSTL5 for 48 hours. For luciferase reporter 
assays, Recombinant FSTL5 or vehicle control 
was added 24 hours after transfection, and 
luciferase activity was determined.

Cell viability assay

Cells were seeded into a 96-well plate at 4×103 
cells per well with 100 ul complete medium and 
cultured at 37°C. The cell viability was quanti-
fied by addition 10 ul of cell counting kit (CCK8, 
Dojindo, Japan). After 1.5 hours incubation, the 
plates were monitored by Power Wave XS micro-
plate reader (BIO-TEK) at an absorbance 450 
nm.

Cell apoptosis assay

20×104 cells per well were cultured in 6-well 
plates with serum starvation for 48 hours. Then 
cells were harvested in complete DMEM medi-
um and centrifuged at 1000 rpm for 5 minutes. 
Each of those cell lines was washed with pre-
cooled PBS and stained with propidium iodide 

and Annexin V-FITC (BD Pharmingen, USA) fol-
lowing the manufacturer’s instructions. Then 
Flow Cytometry (FCM, BD Pharmingen) were 
subjected to analyze cell apoptosis.

Luciferase reporter assay

Stable over-expressing FSTL5 SK-Hep1 cells 
were seeded in 96-well plates and transfected 
with mixture of 100 ng TCF/catenin reporter 
plasmid (Wnt/β-catenin signaling) and 10 ng 
Renilla following the recommended protocol for 
the Lipofectamine 2000 transfection system. 
SMMC-7721 cells were treated with rFSTL5 
protein at a concentration of 50 nM. After 48 
hours of incubation, firefly and Renilla lucifer-
ase activities were measured using the dual-
luciferase reporter assay system (Promega, 
Madison, WI) from the cell lysates.

Statistical analysis

Data were presented as the means ± SD. 
Correlation of FSTL5 expression with clinico-
pathologic parameters was evaluated by chi-
square test. The student’s t-test was used for 
comparison between groups. P < 0.05 is con-
sidered to be statistically significant.

Results

The expression of FSTL5 is down-regulated in 
HCC and closely related to poor patient prog-
nosis

To compare the expression of FSTL5 in HCC tis-
sues and their adjacent tissues, we detect the 

Figure 2. The levels of FSTL5 in HCC cell lines. 
A. Relative mRNA expression of FSTL5 in four 
HCC cell lines, GAPDH as the reference gene. 
B. FSTL5 was detected in four HCC cell lines. 
GAPDH was used as a loading control.
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levels of FSTL5 in 117 HCC samples and their 
paired adjacent tissues by immunochemical 
staining. Stronger FSTL5 staining was detected 
in the adjacent tissues than HCC tissues 
(Figure 1A). To further investigate the clinical 
significance of FSTL5 in HCC, we analyzed the 
correlations between the FSTL5 expression 
status and clinicopathological characteristics 
of 117 HCC samples. Those samples were 
divided into two groups: the high expression 
group and low expression group. The results 
indicated that the expression levels of FSTL5 in 
the HCC tissues was closely associated with 
tumor size (P = 0.007), TNM stage ( P = 0.012) 
and local infiltration (P = 0.041) (Table 1). We 
then examined the correlation between FSTL5 
level and patient prognosis and found that 

patients with strong FSTL5 expression had 
higher rates of overall survival (P = 0.05) than 
patient with none or weak FSTL5 expression 
(Figure 1B). Taken together, these data strongly 
indicate that FSTL5 might play a suppressive 
role in HCC.

Over-expressing FSTL5 inhibits HCC cell prolif-
eration, promotes cell apoptosis

The significance of FSTL5 in HCC clinical pathol-
ogy reminds us to explore the cellular functions 
of FSTL5 in HCC cell lines. Firstly, we detected 
the expression level of FSTL5 in HCC cell lines, 
and found that FSTL5 was relative weakly 
expressed in SK-Hep1 cell lines (Figure 2). Then 
we over-expressing FSTL5 in the cell line and 

Figure 3. Over-expressing FSTL5 inhibits cancer cell proliferation and survival. A. FSTL5 levels were detected in SK-
Hep1 cells after over-expressing. B. Cell viability analysis of SK-Hep1 cells when FSTL5 heightened, as measured by 
CCK-8 assay. (Values are mean ± SD. **P < 0.01). C. Cell apoptosis was analyzed by Annexin-V/ PI staining and flow 
cytometric analysis. (**P < 0.01), Statistic data shown in right panel are means ± SD of apoptotic cell rates. Data 
are representative of three to five independent experiments.
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the FSTL5 levels were significantly increased 
(Figure 3A). We first examined the effect of 
over-expressing FSTL5 on HCC cell viability. The 
results showed that over-expressing FSTL5 
inhibits the cell proliferation significantly in 
SK-Hep1cells by Cell Counting Kit-8 (CCK8) 
assay (Figure 3B). To further explore the cellu-
lar functions about cell survival, we also per-
formed the cell apoptosis assays. The results 
showed us that elevated the level of FSTL5 
could promote cell apoptosis when deprived 
serum (Figure 3C).

Recombinant human FSTL5 protein inhibits 
HCC cell proliferation, promotes apoptosis

Considering the effects in HCC cell line when 
the over-expression of FSTL5, we used the 
rFSTL5 protein to confirm the cellular functions 
of FSTL5. Convincingly, we found that when 
treated with rFSTL5, the cellular viability of 
SMMC-7721 decreased (Figure 4A) and the 
number of apoptotic cells increased after starv-
ing cells by depriving serum (Figure 4B).

FSTL5 inhibits Wnt/β-catenin signaling path-
way in HCC cell line

Considering the decreased cell viabilities and 
the anti-apoptosis effect after FSTL5 over-

expressing and rFSTL5 treatment, we exam-
ined the change of Wnt/β-catenin pathway, 
which has been reported associated with HCC 
progression. Stable SK-Hep1 cells transfected 
with a Wnt/β-catenin reporter plasmid (TCF/
catenin plasmid) and negative control. As 
shown in Figure 5A, the Wnt/β-catenin path-
way was inhibited after over-expressing FSTL5. 
We further confirmed the inhibitory effect of 
FSTL5 on Wnt/β-catenin signaling by western 
blot assay (Figure 5B). The level of phosphory-
lated β-catenin and GSK3βwas increased, 
which indicates the degradation of β-catenin. 
Meanwhile, the cleaved PARP was significantly 
increased after FSTL5 over-expressing, which 
plays as an apoptosis marker. Convincingly, 
those results were confirmed by rFSTL5 protein 
treatment in SMMC-7721 cells, as shown in 
Figure 5C and 5D.

Discussion 

This is the first study focus on the biological 
functions and associated mechanisms of 
FSTL5 in HCC. FSTL5 is a poorly studied gene 
which had been identified as a tumor suppres-
sive gene in a Genome-wide shRNAs screen 
experiment [6]. However the cellular functions 
of FSTL5 haven’t been reported in tumor to 

Figure 4. Recombinant human FSTL5 protein inhibits 
cancer cell viability and survival in a dose-dependent 
manner. A. CCK-8 cell viability analysis was determined 
in SMMC-7721 cells when rFSTL5treatment. (Values are 
mean ± SD. *P < 0.05, **P < 0.01). B. Representative 
images of flow cytometric analysis of SMMC-7721 cell 
apoptosis when treated with indicated concentration of 
rFSTL5 protein. Statistical analysis are shown in right 
panel (**P < 0.01). Data are representative of three in-
dependent experiments.
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date. Our group investigates the clinical signifi-
cance of FSTL5 in HCC tissues and found that 
patients with higher FSTL5 expression more 

commonly indicate a relatively better prognosis 
and FSTL5 was closely correlated to tumor size 
and TNM stage, this clinicopathologic clues 

Figure 5. FSTL5 inhibits Wnt/β-catenin signaling. A. Representative dual-luciferase reporter assay showed that over-
expressing FSTL5 inhibits Wnt/β-catenin signaling. B. The expression of phosphorylation of β-catenin, GSK3β and 
cleaved PARP were examined after elevated the level of FSTL5 in SK-Hep1 cells. C. Representative dual-luciferase 
reporter assay showed that rFSTL5 protein inhibited Wnt/β-catenin signaling in SMMC-7721 cells (**P < 0.01). D. 
The expression of phosphorylation of β-catenin, GSK3β and cleaved PARP were examined after treated SMMC-7721 
cells with indicated concentration of rFSTL5 protein (**P < 0.01). Data are representative of three independent 
experiments.
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inspired us to explore the cellular functions and 
associated mechanisms in HCC.

We over-expressed FSTL5 in HCC cell line 
SK-Hep1 which relative weakly expressed this 
protein, and then employed these stable cells 
to conduct the cellular function assays in vitro. 
The findings in stable cells tell us that FSTL5 
plays an inhibitory role in HCC for it could inhibit 
cancer cell proliferation and promote malignant 
tumor cells to apoptosis. These inhibitory 
effects were confirmed by recombinant human 
FSTL5 protein treatment in cellular function 
assays in another HCC cell line SMMC-7721.

FSTL5, a member of the follistatin family of 
genes, encodes a secretory glycoprotein [7]. 
Previous studies revealed that other members 
of this family including FSTL1 and FSTL3 play 
an essential role in development, homeostasis, 
and congenital disorders [11, 12]. However, the 
biological functions of FSTL5 are poorly under-
stood, not mention to the associated mecha-
nisms. In a recent paper, Marc et al. reported 
that FSTL5 is a marker of poor prognosis in 
non-WNT/Non-SHH medulloblastoma [8] and 
FSTL5 transcripts were most up-regulated in 
Group C and Group D tumors with unfavorable 
prognosis, whereas WNT medulloblastomas 
showed marked down-regulation [13], these 
results remind us to explore the association 
between FSTL5 and Wnt signaling in HCC. As 
we known Aberrant activation of the Wnt/β-
catenin pathway has been implicated in tumor 
of multiple tissues including the brain, breast, 
colon, skin, and the liver [14] and 20% to 90% 
of HCCs display β-catenin activation [15, 16]. In 
current study, we performed luciferase reporter 
assays and found that Wnt/β-catenin signaling 
is inhibited when FSTL5 over-expressing or 
rFSTL5 treatment. These results suggest that 
FSTL5 could inhibit the activation of Wnt/β-
catenin signaling to inhibit cell proliferation and 
promote cell apoptosis in bad growth environ- 
ment.

As we known, the niche of a cancer cell plays 
important roles in cancer development. A major 
component of the niche is the extracellular 
matrix (ECM) [17]. Here we report an ECM pro-
tein FSTL5 plays a suppressive role in HCC 
through inhibits Wnt/β-catenin signaling, while 
unfortunately, it was down-regulated in HCC. 
However, the mechanism of why FSTL5 
decreased in HCC still remains to be elucidat-

ed. As we known, epigenetic alterations which 
including hypermethylation of the CpG islands 
in promoter regions, histone deacetylation, and 
microRNA alterations play an essential role in 
cancer progression [18-20], while experiments 
should be performed in further study.

In conclusion, FSTL5, a secretory glycoprotein 
was down-regulated in HCC and it exhibits 
tumor suppressive role during HCC progression 
and as a secretory glycoprotein, it might be an 
agent for HCC treatment.
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