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1 | INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most common cancer
worldwide and the second most lethal cancer globally.>? Surgical

treatment is the most effective treatment for liver cancer, with a 5-
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Abstract

Hepatocellular carcinoma (HCC) is one of the most common and deadly malignant
tumors in the world, especially in China. Follistatin-like protein 5 (FSTL5) is a mem-
ber of the FSTL family, which is involved in cell proliferation, migration, differentia-
tion, and embryo development. We aimed to investigate the function and
underlying mechanism of FSTL5 in HCC. FSTL5 expression was determined by
immunohistochemistry staining in a liver cancer tissue microarray (TMA) and the
correlation between FSTL5 and the prognosis of HCC patients was analysed. Fur-
ther proliferation assay, colony formation assay, flow cytometry, and xenograft
tumor model were performed to investigate the bioeffects of FSTL5 in HCC in vitro
and in vivo. We found that FSTL5 expression was downregulated in HCC tissues
and positively correlated with the prognosis of patients with HCC at tumor node
metastasis stage I/ll. Overexpression of FSTL5 efficiently impaired HCC growth both
in vivo and in vitro with an exogenous manner. Mechanistic investigation demon-
strated that FSTL5 promoted HCC cell apoptosis in a caspase-dependent manner
and regulated Bcl-2 family proteins. These results indicate that FSTL5 may be a

potential novel target for HCC treatment, and a biomarker for tumor prognosis.
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year survival rate of approximately 30%.° The poor prognosis of
patients with HCC is largely owing to the high frequency of tumor
recurrence and distant metastasis after surgical resection.*> The suc-
cess of treating advanced HCC with sorafenib indicates that
molecular targeted therapy is feasible for this malignancy.® However,

the therapeutic effects of this agent are far from satisfactory.
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Therefore, it is of great importance to find novel diagnostic
biomarkers and therapeutic targets for HCC.

Follistatin-like protein 1 (FSTL1, also known as FRP), FSTL3 (also
known as FLRG), and FSTL5 compose the FSTL family.”~? Although
the function of FSTL family proteins is not fully understood, they
seem to take part not only in regulating physiological processes, such
as cell survival, proliferation, differentiation, and organ development,
but also in regulating carcinogenesis and metastasis.’>*> Hence,
FSTL family members are considered attractive therapeutic targets
and prognostic indicators.

FSTL5 was first discovered in adult and infant brain tissue in
1993, and it was partially sequenced.” Not until 2002 was the com-
plete FSTL5 gene sequence submitted to the Mammalian Gene Col-
lection Program (MGC).*® FSTL5 is located on human chromosome
4q (mouse chromosome 3), and its 4867-bp cDNA encodes a 93-kD
protein with 847 amino acid residues.?® FSTL5 was suggested to
denote poor prognosis in medulloblastoma, which suggests an onco-
genic role for this protein.t” Furthermore, Kim et al revealed that
FSTL5 mutations are associated with resistance to XPO1 inhibitors
in KRAS-mutant lung cancer.*® Recently, Zender et al demonstrated
that FSTL5 is a potential tumor suppressor gene in HCC by in vivo
RNAi screening.’? Additionally, Zhang et al found that FSTL5 is
downregulated and correlates with favourable prognosis in HCC.2°
In this study, to further investigate the potential clinical significance,
FSTL5 expression was determined by immunohistochemistry staining
in a liver cancer tissue microarray (TMA) and the correlation
between FSTL5 and the prognosis of HCC patients was analysed.
Furthermore, we explored the biological effect and underlying mech-
anism of FSTL5 on HCC growth with proliferation assay, colony for-
mation assay, flow cytometry, western blotting, and xenograft tumor
model in vitro and in vivo. Our study would provide a novel therapy

target and prognosis indicator for HCC.

2 | MATERIALS AND METHODS

2.1 | Clinical samples

Liver cancer TMA with survival data were purchased from Shanghai
Outdo Biotech Co. Ltd. (Shanghai, China, HLiv-HCC180Sur-02,
n = 180; HLiv-HCC180Sur-03, n = 180). Twenty-six HCC tumor tis-
sue samples with paired tumor tissue and normal tissue, which were
confirmed histologically, were collected from HCC patients who
underwent surgical resection at the West China Hospital from June
2009 to July 2013. Associated institutional ethics review board
approved the use of these samples and the informed consents were
obtained from all patients.

2.2 | Immunohistochemistry

Tissue microarray was analysed for FSTL5 expression by immunohis-
tochemistry (IHC) according to the manufacturer's recommendations
(Vector Lab Inc., Burlingame, CA, USA). The antibody used is anti-
FSTL5 (Abnova, Taipei, TW, China).

Immunohistochemistry score was evaluated by two pathologists
who were blinded to clinical information of the patients indepen-
dently. The expression of FSTL5 was evaluated by Semi-quantita-
tive analysis. IHC was scored according to both the proportion of
positively stained cells and the intensity of staining. The proportion
of cells was scored as follows: 0 (<5%), 1 (5%-25%), 2 (25%-50%),
3 (50%-75%), 4 (>75%). The intensity of staining was graded
according to the following criteria: 1 (weak), 2 (moderate), 3
(strong). The final score was calculated as the product of the pro-
portion of positive cells x the staining intensity score (range from
0 to 12) and was divided in 4 grades: - (score of 0, 1 and 2), +
(score of 3 and 4), ++ (score of 6 and 8) and +++ (score of 9 and
12).

2.3 | RNA extraction and reverse transcription PCR

Total RNA from the cell lines and human tissues was extracted using
Trizol (Invitrogen, Carlsbad, CA, USA). Total RNA was reverse tran-
scribed into cDNA using RevertAid First Strand cDNA Synthesis Kit
(Thermo Scientific, Waltham, MA, USA). PCR was performed accord-
ing to the manufacturer's instructions. FSTL5 primers: forward 5'-
GCAGCAACTGTGGGACAAAG-3’; reverse 5-CATGGCACCTAAGAC
TGGCA-3'. p-actin primers: forward 5-GGCATCGTGATGGACTCCG-
3’; reverse 5-GCTGGAAGGTGGACAGCGA-3'.

2.4 | Quantitative PCR and Western blotting

Quantitative PCR (qPCR) and western blotting were performed as
described previously.?* FSTL5 primers: forward 5-AACAACT-
CACGCTTCAAG-3’; reverse 5-TGTATGCTCCAGTATCTTCA-3'. -
actin primers: forward 5-TGGACTTCGAGCAAGAGATG-3’; reverse
5-GAAGGAAGGCTGGAAGAGTG-3'. The following primary antibod-
ies were used in the western blotting assays:Anti-FSTL5 antibody
(1:1000; Sigma, St. Louis, MO, USA), p-actin (1:5000; Santa Cruz
Biotechnology, Santa Cruz, CA, USA), proliferating cell nuclear antigen
(PCNA, 1:1000; Santa Cruz Biotechnology), Cleaved Caspase-3 (1:1000;
Cell Signaling, Boston, MA, USA), Cleaved Caspase-8 (1:1000; Cell Sig-
naling), Cleaved Caspase-9 (1:1000; Cell Signaling), Bax (1:1000; Cell
Signaling), Bad (1:1000; Cell Signaling), Puma (1:1000; Cell Signaling), P-
Bcl2(S70) (1:1000; Cell Signaling), P-Bcl2(T56) (1:1000; Cell Signaling).

2.5 | Xenograft tumors in nude mice

Studies were performed in accordance with institutional guidelines
concerning animal use and care. Bel7404 and SMMC7721 cells
(5 x 10° cells) stablely expressing FSTL5 or control were injected
subcutaneously into the flanks of female BLAB/c nude mice (5-week
old; Vital River Laboratories, Beijing, China). Tumor size was deter-
mined by collecting length and width with a sliding caliper every
3 days, and calculating the tumor volume (mm?®) using the formula:
length x (width)? x 0.52. After mice were sacrificed, tumors from
each animal were collected, weighed, and prepared for histopatho-
logical studies and western blotting.
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2.6 | Cell culture, transfection, plasmids, and
lentivirus

HepG2, SNU398, SMMC7721, Bel7402, Bel7404, QGY7703, and SK-
Hep-1 cell lines were obtained from the American Type Culture Collec-
tion (ATCC, Manassas, VA, USA). Cells were cultured in RPMI-1640
(Gibco, Long Sheng Industry Park, Beijing, China) with 10% FBS (Gibco,
Auckland, NZ, USA) with humidity at 37°C and 5% CO,. Cells were trans-
fected by X-tremeGENE HP DNA Transfection Reagent (Roche, Indi-
anapolis, IN, USA). Plasmids pcDNA3.1(+), and pcDNA3.1(+)-FSTL5 were
purchased from GenScript (Nanjing, China). Lentivirus (LV) and Lentivirus-
FSTL5 (Lv-FSTL5) were purchased from Hanheng (Shanghai, China).
SiRNA targeting FSTL5 were purchased from Ribobio (Guangzhou, China)
and used to transfect HCC cell line and LO2 cell following the instruction
of ribo FECT ™ CP transfection kit (Ribobio, Guangzhou, China).

2.7 |
assay

In vitro cell growth and colony formation

Cell growth was assessed with Cell Counting Kit-8 (CCK-8; Dojindo,
Shanghai, China) according to the manufacturer's protocol. Transfected
cells were seeded at 2 x 10° cells per well in 96-well plates. And then,
absorbance was measured at 450 nm at different time points with
microplate reader (Thermo Fisher scientific, Waltham, MA, USA).
Colony formation was assessed with crystal violet staining meth-
ods. Transfected cells were plated at 1000 cells per well into six-well
plates and cultured for approximately 14 days. And then, after crys-

tal violet staining, cell number of each well was counted.

2.8 | Flow cytometry assay for cell cycle and
apoptosis

Cells were seeded onto a 6-well plate and cultured.for cell cycle
analysis, cells were harvested and fixed with 70% ethanol. The cell
pellet was then treated with 50 Ig/ml propidium iodide (Pl; Sigma-
Aldrich, St. Louis, MO, USA) containing 0.1 mg/mL RNase A (Sigma-
Aldrich) and 0.1% Triton X (Sigma-Aldrich), which was followed by
flow cytometric analysis (BD Biosciences, San Jose, CA, USA). Cell
apoptosis was measured with Annexin V-Fluoresein isothiocyanate
(Annexin V-FITC) Apoptosis Detection Kit (KeyGEN, Nanjing, JS,
China). Cells were collected and suspended in Binding Buffer. Then
FITC Annexin V-FITC and Pl were added in sequence and mixed
according to the manufacturer's instructions. After incubation in dark
place, the stained cells were analysed by flow cytometry. A total of
30 000 events were analysed for each sample. Data were analysed
using FlowJo 9.1 software (Tree Star Inc., Ashland, OR, USA).

2.9 | Caspase-3 activity assay

Caspase-3 activity was measured by determining the level of chro-
mophore p-nitroaniline (pNA) after cleavage from the labelled substrate
acetyl-Asp-Glu-Val-Asp p-nitroanilide (Ac-DEVD-pNA) using Caspase-3
Activity Assay Kit (Beyotime, Shanghai, China) according to the

manufacturer's protocols. Collected cells were lysed with the lysis buf-
fer followed by centrifugation (16 000 g for 15 minutes at 4°C). After
that, the supernatant was transferred to pre-cooled centrifuge tube.
Caspase-3 activity was assessed following the proteolytic cleavage of

Ac-DEVD-pNA. Samples absorbance were measured at 405 nm.

2.10 | Statistical analysis

Statistical analysis was performed using the SPSS Statistics software
package (standard version 22.0; IBM, Armonk, NY, USA). The differ-
ences in categorical variables were analysed by chi-square test or
Fisher's exact test. The differences in continuous variables were
analysed by Student's t test or one-way analysis. The relationship
between FSTL5 expression and clinicopathological characteristics of
HCC patients was analysed by chi-squared test. Survival curves were
estimated by the Kaplan-Meier method and compared the difference
by log-rank test. The Cox proportional hazards regression model was
used to identify the independent prognostic factors. A P-value <0.05
was considered to indicate statistical significance.

3 | RESULTS

3.1 | FSTL5 expression is downregulated in HCC
tissues and cell lines

To investigate the expression of FSTL5 in liver cancer, IHC staining
was performed to detect FSCT5 expression in a liver cancer TMA
containing 180 samples. Then, we performed immunostaining grad-
ing analysis according to both the proportion of positively stained
cells and the intensity of staining (Figure 1A). According to the IHC
of the liver TMA, FSTL5 expression in tumor tissues was downregu-
lated related to normal liver tissues (n = 180, **P < 0.01) (Fig-
ure 1B). The proportion of patients with HCC with downregulated
FSTL5 expression in the tumor tissue was 94.4% (170/180 cases)
(Figure 1C). Meanwhile, FSTL5 mRNA expression in HCC patient tis-
sue obtained from West China Hospital was determined with gPCR
and the result showed that FSTL5 mRNA expression in tumor tissues
was also downregulated (n = 26, *P < 0.05) (Figure 1D). Out of 26
cases, the proportion of patients with HCC with downregulated
expression of FSTL5 mRNA in the tumor tissue was 69.2% (18/26
cases) (Figure 1E). Then, the expression of FSTL5 mRNA and FSTL5
protein was detected in six HCC cell lines by qPCR and western
blotting, respectively. Compared to normal human liver tissue, six
HCC cell lines (QGY7703, SMMC7721, SK-Hep-1, Bel7402,
Bel7404, and HepG2) barely expressed FSTL5 (Figure 1F and G).
These findings indicated that FSTL5 is downregulated in HCC.

3.2 | FSTL5 expression indicates favourable
prognosis of patients with HCC at tumor node
metastasis stage l/ll

To explore the clinical significance of FSTL5 in HCC, survival
analysis of TMA was conducted, which showed that FSTL5
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expression indicated favourable prognosis in patients with HCC
(Figure 2A). FSTL5 expression was associated with
tumor node metastasis (TNM) stage in patients with HCC (Fig-
ure 2B). Therefore, we further studied the prognostic value of
FSTL5 expression in patients with HCC at different TNM stages.

Moreover,

As shown in Figure 2C, FSTL5 expression was positively corre-
lated with prognosis of HCC at TNM stage I/l (n = 95, P < 0.01)
(Figure 2C), and there was no significant correlation with the
prognosis of patients with HCC at TNM stage WI/IV (n =75,

P = 0.43) (Figure 2D). Then, we found that FSTL5 expression
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level had no significant correlation with gender (n = 180), age
(n = 179), liver cirrhosis (n = 180), and tumor number (n = 179) in
HCC (Table 1). Nevertheless, FSTL5 expression was significantly
associated with tumor size (P = 0.0024), TNM stage (P < 0.0001),
and histological grade (P = 0.0037) (Table 1). The univariate and
multivariate analysis of factors associated with overall survival of
patients with HCC showed that FSTL5 also can be used as an
independent prognostic factor (P = 0.003) (Table 2). These find-
ings suggested that FSTL5 could be an independent prognostic
biomarker in HCC.
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3.3 | FSTL5 suppresses HCC cell line growth by
inducing apoptosis in vitro

To determine the functional role of FSTL5 in regulating HCC growth
in vitro, we transfected SMMC7721 and Bel7404 cells with an
FSTL5 overexpression plasmid, followed by CCK-8 and colony for-
mation assays. Western blotting confirmed the ectopic expression of
FSTL5 in FSTL5 overexpression plasmid transfected SMMC7721 and
Bel7404 cells (Figure 3A). CCK-8 results showed that, compared
with the control group, FSTL5 overexpression inhibited the growth
of SMMC7721 and Bel7404 cells (n = 6, ***P < 0.001, Student's
t test) (Figure 3B). The colony formation assay yielded similar results;
FSTL5 overexpression suppressed the colony formation ability of
SMMC7721 and Bel7404 cells (n = 3, ***P < 0.001, Student's t test)
(Figure 3C and D). CCK8 and colony formation results suggested
that FSTL5 inhibited HCC growth in vitro.

To further validate the mechanism by which FSTL5 inhibits
HCC growth, we assessed the effect of FSTL5 overexpression on
cell cycle, and apoptosis. Flow cytometry results showed that
FSTL5 overexpression in SMMC7721 and Bel7404 had no signifi-
cant effect on the cell cycle (n = 3) (Figure 3E). Forty-eight hours
after overexpressing FSTL5 in SMMC7721 and Bel7404 cells,
Annexin V-FITC/PI double staining was conducted. Flow cytometry
results showed that in SMMC7721 cells, the apoptotic cells in the
control group were only 1.91%, while the apoptotic cells in the
FSTL5 group increased up to 9.5% (n = 3, ***P < 0.001, Student's
t test) (Figure 3F). In Bel7404 cells, the apoptotic cells in the con-
trol group was 4.77%, while the apoptotic cells in the FSTL5

group increased up to 19.62% (n = 3, ***P < 0.001, Student's t
test) (Figure 3G). The above results clarified that FSTL5 inhibits
HCC growth by promoting HCC cell apoptosis, instead of influenc-
ing cell cycle.

3.4 | Knockdown of FSTL5 promotes HCC cell line
and LO2 growth in vitro

Next, three siRNAs targeting FSTL5 were purchased and used to
transfect FSTL5-overexpressed SMC7721 cell (SMC7721-FSTL5),
and the results suggested that siFSTL5-1 and siFSTL5-2 efficiently
knockdown FSTL5 expression in SMC7721-FSTL5 cell (Figure 4A).
Furthermore, western blotting results also confirmed the knockdown
of FSTL5 protein by siFSTL5-1 and siFSTL5-2 both in SMC7721-
FSTL5, Bel-7404-FSTL5, and LO2 cell (Figure 4B and D). CCK-8
assay indicated that knockdown of FSTL5 significantly promote
SMC7721-FSTL5, Bel-7404-FSTL5, and LO2 cell growth in vitro (Fig-
ure 4C and E). The above results indicated that knockdown of FSTL5

promotes HCC cell line and LO2 cell growth in vitro.

3.5 | FSTL5 induces caspase-dependent apoptosis
through regulating Bcl-2 family proteins in HCC

We explored the mechanism of how FSTL5 induces apoptosis in
HCC. Forty-eight hours after transfection with FSTL5 overexpression
plasmid, levels of Cleaved Caspase-3, -8, and -9 were increased in
SMMC7721 and Bel7404 cells (Figure 5A), whereas has no signifi-
cant effect on the expression of PCNA (Figure 5A). Furthermore,
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Bcl-2 family proteins including pro-apoptotic proteins Bax, Bad, and
Puma, and the anti-apoptotic protein Bcl-2 were also investigated.
FSTL5 downregulated the levels of the anti-apoptotic protein P-Bcl2
(T56) and P-Bcl2(S70), and upregulated the expression of the pro-
apoptotic proteins Bax, Bad, and Puma in the mitochondrial pathway
(Figure 5B). The caspase inhibitor Z-VAD-FMK effectively reversed

TABLE 1 Correlations of FSTL5 expression with clinical
characteristics of HCC patients

FSTL5 expression

Number of
Characteristics patients Low High P-value
Gender (%)
Male 152 (84.4) 72 (84.7) 80 (84.2) 0.9271
Female 28 (15.6) 13 (15.3) 15 (15.8)
Age (%)
<60 133 (74.3) 64 (76.2) 69 (72.6) 0.5866
>60 46 (25.7) 20 (23.8) 26 (27.4)
Cirrhosis (%)
No 130 (72.2) 66 (77.6) 64 (67.4) 0.1243
Yes 50 (27.8) 19 (22.4) 31 (32.6)
Tumor size (%)
<5cm 79 (44.1) 27 (32.1) 52 (54.7) 0.0024
>5 cm 100 (55.9) 57 (67.9) 43 (45.3)
Tumor number (%)
=1 165 (92.2) 76 (90.5) 89 (93.7) 0.425
>1 14 (7.8) 8 (9.5) 6 (6.3)
TNM stage (%)
171 95 (55.9) 31(39.2) 64 (70.3) <0.001
> 75 (44.1) 48 (60.8) 27 (29.7)
Histological grade (%)
Il 121 (67.2) 48 (56.5) 73 (76.8) 0.0037
>l 59 (32.8) 37 (43.5) 22 (23.2)

A P-value <0.05 was considered to indicate statistical significance. The
P-values were calculated in IBM SPSS Statistics 22.0 using chi-squared
test.
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the elevated Caspase-3 activity caused by FSTL5 overexpression in
SMMC7721 cells and prevented FSTL5-induced apoptosis (Figure 5C
and D). The above results showed that FSTL5 promoted cell apopto-
sis in a caspase-dependent manner through regulating Bcl-2 family
protein in HCC.

3.6 | FSTL5 recombinant protein promotes
apoptosis and regulates Bcl-2 family proteins in a
dose-dependent manner in HCC

FSTL5 was demonstrated as a secreted protein.20 Thus, recombinant
protein was used to treat the HCC cells and determine whether
FSCTL5 induce HCC cells apoptosis with a exogenous manner. As
shown in Figure 5A and B, in the presence of recombinant FSTL5
protein at doses of O, 2, 4, and 8 pg/mL, the apoptosis rates of
SMMC7721 cells were 1.89%, 4.21%, 8.39%, and 15.24% respec-
tively, and apoptosis rates of Bel7404 cells were 2.6%, 6.22%,
10.33%, and 14.66%, respectively (n =3, *P < 0.05, **P < 0.01,
##xP < (0,001, Student's t test) (Figure 6A and B). Western blotting
showed that different doses of FSTL5 recombinant protein increased
the levels of Cleaved Caspase-3, -8, -9, Bax, and Bad, meanwhile
decreasing P-Bcl2(S70) levels to varying degrees (Figure 6C and D).
The above results showed that the FSTL5 recombinant protein pro-
moted HCC cell apoptosis through regulating the caspase pathway
and Bcl-2 family protein in a dose-dependent manner.

3.7 | FSTL5 inhibits HCC tumor growth in vivo

To examine whether FSTL5 expression affected HCC growth in vivo,
we employed a gain-of-function approach to study FSTL5 function in
SMMC7721 and Bel7404 cells. The cells were infected with LV con-
taining either empty vector (LV-Ctrl) or a vector expressing human
FSTL5 (LV-FSTL5). Cells stably expressing the constructs were
selected by puromycin and named SMMC7721-control, SMMC7721-
FSTL5, Bel7404-control, and Bel7404-FSTL5. Western blotting, and
IHC showed that FSTL5 was efficiently expressed in SMMC7721-
FSTL5 and Bel7404-FSTL5 cells, but not in control cells (Figure 7A,

TABLE 2 Univariate and multivariate analysis of factors associated with overall survival of HCC patients

Univariate analysis

Multivariate analysis

Factors Hazard ratio (95% Cl)
FSTL5 0.571 (0.424-0.771
Gender 0.937 (0.625-1.405
Age 0.970 (0.691-1.362
Cirrhosis 0.804 (0.577-1.122
Tumor size

Tumor number
TNM stage

Histological grade

1.242 (0.718-2.148
1.720 (1.261-2.346

)
)
)
)
)
)
)
1.102 (0.803-1.512)

(
(
(
(
1.673 (1.237-2.263
(
(
(

P-value Hazard ratio (95% Cl) P-value

<0.001 0.601 (0.429-0.843) 0.003
0.753 0.949
0.86 0.994
0.2 0.638
0.001 0.513
0.439 0.761
0.001 1.654 (1.176-2.326) 0.004
0.549 0.689

Hazard ratios (95% confidence interval; Cl) and P-values were calculated using univariate or multivariate Cox proportional hazards regression in IBM

SPSS Statistics 22.0. A P-value <0.05 was considered to indicate statistical significance.



% | WILEY

LI ET AL

A B SMMG7721 Bel7404
= = Ctrl : = Ctrl
FSTLS s o, TFSTLS 15| ~FsSTs
a
& o1 o]
N 0 0.0
pActin S S T2 3 a 2 s 4
Days Days
C SMMC7721 D Bel7404
. 400 _ 400 ans
Ctrl g Ctrl g
£ 300 £ 300
= 3
o o
> 200 > 200
o o
FSTL5 8 100 FSTL5S 8 100
0
Ctrl FSTL5 Ctrl FSTL5
E
- C FSTL5 5.
1 G2 41 G2 gq‘ NS
= 4] < 601 gim
g 3
5 E 401 NS
= J —=
= 2| | E 150 NS
[4)] 1 [55]
g, N b | ©
= 0 04 06 08 0O 04 06 08 GO/G1 S G2/M
[ =
3 804
© G 162 9 NS
41 T 80
b 2
2 E 40- M5
o 24 c
m = 20- NS
[&]
0 y T . - . v 0-
0 04 06 08 0 04 06 08 GO/G1 S G2/M FIGURE 3 FSTL5 suppresses growth of
PE-A (10°) HCC cell lines by inducing apoptosis
E in vitro. (A) Western blotting showing
Ctrl . FSTLS 15 plasmid transfection efficiency. (B) CCK-8
H 104+ 1043; | g - assay results showing the growth curve of
. 10°] 0.74 103’2 263 | % 10 SMMC7721/B§I7404 cells after
~ ; : 4 transfection with pcDNA3.1(+)-FSTL5 or
g 102 102 | 3 = pcDNA3.1(4) (n = 5, ***P < 0.001,
3 : 3 ¥ =3 '
UE_} 01 by 47 01 - _ ‘ g Studen'ts t test). (C and D) Colony
1025 o el ‘ < " formation assay of SMMC7721/Bel7404
-10% 0 102 1"63 10° 102 0 1?)2 163 10¢ Ctrl ESTL5 cells after transfection with pcDNA3.1(+)-
Annexin V FSTL5 or pcDNA3.1(+) (n = 3,
##4P < 0,001, Student's t test). (E) Fl
G Cir FSTLS < udents £ test). (E) Flow
# : ; .25 cytometry assay to determine cell cycle
] ] . 3 £ 50 stages of SMMC7721/Bel7404 cells
10° 5 2.01 1033‘ % 72 hours after transfection with pcDNA3.1
3 ! ! g 2 (+)-FSTL5 or pcDNA3.A(+) (n = 3, NS,
N 1024 102:; g 10 Student's t test). (F and G) Flow cytometry
@ 0 ; 276 01 §_ 5 assay for apoptosis of SMMC7721/
| A i 3 il 0 Bel7404 48 hours after transfection with
0 102 10°* 104 0 102 10° 104 Ctrl FSTL5 pcDNAS3.1(+)-FSTL5 or pcDNA3.1(+)

Annexin V

B and E). FSTL5 overexpression remarkably decreased tumor volume
and weight of SMMC7721 cell xenografts by 53.1% and 46%,
respectively; tumor volume: control: 1357 + 434.9 mm® vs FSTL5:
636.6 + 102.7 mm®; and tumor weight: control: 0.815 + 0.104 g vs

(n = 3, *P < 0.001, Student's t test)

FSTL5: 0.44 + 0.04 g) (Figure 7C and D). FSTL5 overexpression also
decreased tumor volume and weight of Bel7404 cell xenografts by
441% and 51.4%, respectively; control:
397.2 + 106.1 mm?® vs FSTL5: 222 + 109.7 mm?; and tumor weight:

tumor  volume:
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FIGURE 4 Knockdown of FSTL5
promotes HCC cell line and LO2 growth
in vitro. (A) gPCR showing FSTL5 mRNA
expression in SMC7721-FSTL5 cells after
transfection siRNA targeting FSTL5 and
siNC (negative control) (n = 4, **P < 0.01,
Student's t test; ns, no significant
difference). (B) Western blotting analysis of
FSTL5 protein expression in SMC7721-
FSTL5 and Bel-7404-FSTL5 cells after
transfection siRNA targeting FSTL5 and
siNC. (C) CCK-8 assay results showing the
growth curve of SMC7721-FSTL5 and Bel-
7404-FSTL5 cells after transfection siRNA
targeting FSTL5 and siNC (n = 5

#**P < 0.01, Student's t test). (D) Western
blotting analysis of FSTL5 protein
expression in LO2 cells after transfection
siRNA targeting FSTL5 and siNC. (E) CCK-
8 assay results showing the growth curve
of LO2 cells after transfection siRNA
targeting FSTL5 and siNC (n = 5

##P < 0.01, Student's t test)

FIGURE 5 FSTL5 induces caspase-
dependent apoptosis and regulates Bcl-2
family proteins in HCC. (A and B) Western
blotting in SMMC7721/Bel7404 48 hours
after transfection with pcDNA3.1(+)-FSTL5
or pcDNA3.1(+). (C) SMMC7721 cells
were transfected with pcDNA3.1(+)-FSTL5
or pcDNAS.1(+), and then treated with

10 pM Z-VAD-FMK for 48 hours, and
caspase-3 activity was measured by a
Caspase-3 Activity Assay Kit (n = 3

##%P < 0.001, Student's t test). (D)
SMMC7721 cells were transfected with
pcDNA3.1(+)-FSTL5 or pcDNA3.1(+), and
then treated with 10 uM Z-VAD-FMK for
48 hours, and cell survival was measured
by CCK-8 assay (n = 3, ***P < 0.001,
Student's t test)
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FIGURE 6 FSTL5 recombinant protein promotes apoptosis and regulates Bcl-2 family proteins in a dose-dependent manner in HCC. (A and
B) Flow cytometry assay for apoptosis of SMMC7721/Bel7404 cells 48 hours after treatment with FSTL5 recombinant protein at various
doses, *P < 0.05, **P < 0.01, ***P < 0.001, Student's t test). (C and D) Western blotting analysis of SMMC7721/Bel7404 cells 48 hours after

treatment with FSTL5 recombinant protein at various doses

control: 0.321 + 0.074 g vs FSTL5: 0.156 + 0.026 g) (Figure 7F and
G). Subcutaneous tumor paraffin section IHC results showed that
PCNA staining in the FSTL5 group and control group were not sig-
nificantly different (n = 3), and FSTL5 upregulated levels of Cleaved
Caspase-3 (Figure 7H and 1). These results indicated that FSTL5
inhibited HCC tumor growth in vivo through promoting apoptosis.

4 | DISCUSSION

FSTL family members show altered expression in cancer. FSTL1 was
found to be downregulated in nasopharyngeal cancer?? but upregu-
lated in primary glioma.?® The expression of FSTL3 in endometrial
cancer is decreased at early stages, and increased in tumor capillar-
es.2* Furthermore, FSTL3 was elevated in the liver cancer,?® in inva-
sive breast cancer.?4?” Whereas, in patients with endometriosis and
ovarian cancer, FSTL3 mRNA expression is downregulated compared
with levels observed in healthy people.?® FSTL5 DNA copy number
and protein was demonstrated to be reduced in most patients with
HCC.*??° In our study, we first determined the FSTL5 mRNA
expression in HCC tissues and confirmed the consistency of FSTL5
mRNA and protein expression (downregulated) in HCC and HCC cell

lines. Furthermore, the clinical significance of FSTL5 expression in
patients with HCC was also investigated and suggested that FSTL5
was positively correlated with favourable prognosis in patients with
liver cancer, which is consistent with prior study by Zhang et al?® Of
note, our results firstly demonstrated that FSTL5 expression indi-
cated favourable prognosis of patients with HCC at TNM stage /I,
while it had no significant correlation with the prognosis of patients
with HCC at TNM stage lll/IV. This result may provide deep pro-
found result for understanding the clinical significance of FSTL5 in
HCC. But further investigations are needed to explain the opposite
results between our study and previous study by Remke et al, which
found that FSTL5 was positively correlated with the adverse progno-
sis of non-WNT/non-SHH medulloblastoma.*”

Zhang et al found that FSTL5 could promote HCC cell apoptosis
by affecting WNT/p-catenin signalling in vitro.2° In our study, we
first studied the effect of FSTL5 on HCC growth both in vivo and
in vitro and found that overexpressing FSTL5 could effectively inhi-
bit the growth of HCC cells and HCC xenografts. Tumor growth is a
complex biological process, and its main influencing factors are cell
cycle, and apoptosis.?’ Therefore, to explore the mechanism of
FSTL5 in inhibiting growth of HCC, we determined the effects of
FSTL5 on cell cycle and apoptosis of HCC in vitro. FSTL5 has no
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FIGURE 7 FSTL5 inhibits HCC tumor
growth in vivo. (A) Western blotting
showing FSTL5 expression in FSTL5 and
control SMMC7721/Bel7404 xenografts. (B
and E) IHC staining for FSTL5 in FSTL5-
expressing and control SMMC7721/
Bel7404 xenografts (scale bar = 50 pm). (C
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significant effect on cell cycle of HCC either in vivo or in vitro, evi-
denced by flow cytometry analysis and PCNA measuring. Mean-
while, our study showed that FSTL5 expression can effectively
promote the apoptosis of HCC cells and liver tumors. This is the first
study to demonstrate that FSTL5 could inhibit the xenograft tumor
growth of liver cancer by promoting HCC apoptosis, rather than
influencing cell cycle.

Excessive growth caused by cells evading apoptosis is an impor-
tant cause of tumor occurrence.?’ Cell apoptosis mainly includes the
extrinsic death receptor pathway and intrinsic mitochondrial path-
way.%° Extrinsic death receptor pathways are usually triggered by
ligands of the TNF family's death receptors, including TNF, Fas
ligands, and TRAIL3! The intrinsic mitochondrial pathway is usually
regulated by Bcl2 family members, which leads to Caspase pathway
activation by controlling mitochondrial membrane permeability and
cytochrome c release following activation of Caspase-9.32°> Both
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initiator caspases of the intrinsic and extrinsic result in their own
autoactivation which further activates Caspase-3, the effector cas-
pase.3® Here, we studied the downstream signalling pathway of
apoptosis. The overexpression of FSTL5 increased the levels of
Cleaved Caspase-3, -8, and -9. Since FSTL5 can effectively activate
important proteins in the caspase pathway, we speculated that
FSTL5-mediated apoptosis may be caspase-dependent. Therefore,
we used the pan caspase inhibitor Z-VAD-FMK to treat SMMC7721
cells overexpressing FSTL5 and found that Z-VAD-FMK could inhibit
cell FSTL5-induced apoptosis. These results suggested that FSTL5-
mediated cancer cell apoptosis occurs in a caspase-dependent man-
ner. However, whether and how the intrinsic and extrinsic apoptosis
pathways are involved in this process still needs to be determined in
our future study.

Among the Bcl-2 family members, the balance between pro-
apoptotic and anti-apoptotic members determines cell fate.®” Bcl-2
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responds to a series of apoptotic factors by inhibiting the release of
mitochondrial cytochrome ¢, which can promote cell survival.*® In
the process of apoptosis induced by T lymphocyte glucocorticoids,
Bcl-2 mutation at Thr56 or Ser87 can inhibit its anti-apoptotic activ-
ity.3? The phosphorylation of Bcl-2 induced by interleukin 3 and JNK
at Ser70 site is necessary to enhance anti-apoptosis activity.*® Bax
and Bad are important component of the process of inducing intrin-
sic apoptosis.***2 Puma can bind to anti-apoptotic Bcl-2 family
members to induce mitochondrial dysfunction and caspase activa-
tion.****¢ We found that FSTL5 lowered levels of the anti-apoptotic
proteins P-Bcl2(T56) and P-Bcl2(S70) and increased levels of pro-
apoptotic proteins Bax, Bad, and Puma with a exogenous manner.
Nevertheless, the mechanism underlying FSTL5 regulating Bcl-2 fam-
ily proteins requires further study.

In summary, we found that FSTL5 was downregulated in HCC
cell and HCC tissue and FSTL5 expression positively correlated with
good prognosis in patients with HCC at TNM stages /Il rather than
TNM stage II/IV. The results in vitro and in vivo show that the
FSTL5 inhibit HCC growth by promoting caspase-dependent apopto-
sis of HCC cells and regulating Bcl-2 family proteins in HCC, rather
than influencing cell cycle. Our study suggested that FSTLS5 is a
potential target and molecular marker for the diagnosis, treatment,
and prognosis predicting in HCC. However, a more detailed molecu-
lar mechanism remains to be elucidated in the further study.
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and approved by the Institutional Ethics Committee of the West
China Hospital of Sichuan University (China).

ACKNOWLEDGEMENTS

This work was supported by National Natural Science Foundation of
China (grant number 81472195) and Chongging Science and Tech-
nology Commission (grant number cstc2016jcyjA0155). We would
like to thank the native english speaking scientists of Editage Com-

pany for editing our manuscript.

CONFLICT OF INTEREST

The authors confirm that there are no conflicts of interest.

AUTHOR CONTRIBUTION

HXD and CLL conceived the project and supervised research. LD,
JFZ, YJZ, and YW drafted the manuscript. YL, LC, and HWT con-
tributed the original data. CLL, XZ, QNW, and QMY designed and
carried out the experiments. GS, FYC, and XLS collected the clinical
samples. YY and SZ were involved in statistical analysis. DCY and
YQW provided essential reagents or tools. All authors read and

approved the final version of the manuscript.

ORCID

Hongxin Deng

http://orcid.org/0000-0001-5094-1376

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Llovet JM, Zucman-Rossi J, Pikarsky E, et al. Hepatocellular carci-
noma. Nat Rev Dis Primers. 2016;2:16018.

. El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology

and molecular carcinogenesis. Gastroenterology. 2007;132:2557-

2576.

. Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet.

2012;379:1245-1255.

. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer J

Clin. 2015;65:5-29.

. Chen W, Zheng R, Baade PD, et al. Cancer statistics in China, 2015.

CA Cancer J Clin. 2016;66:115-132.

. Llovet JM, Ricci S, Mazzaferro V, et al.; SHARP Investigators Study

Group. Sorafenib in advanced hepatocellular carcinoma. N Engl J
Med. 2008;359:378-390.

. Shibanuma M, Mashimo J, Mita A, Kuroki T, Nose K. Cloning from a

mouse osteoblastic cell line of a set of transforming-growth-factor-
beta 1-regulated genes, one of which seems to encode a follistatin-
related polypeptide. Eur J Biochem. 1993;217:13-19.

. Schneyer A, Tortoriello D, Sidis Y, Keutmann H, Matsuzaki T, Holmes

W. Follistatin-related protein (FSRP): a new member of the follistatin
gene family. Mol Cell Endocrinol. 2001;180:33-38.

. Adams MD, Kerlavage AR, Fields C, Venter JC. 3,400 new expressed

sequence tags identify diversity of transcripts in human brain. Nat
Genet. 1993;4:256-267.

Oshima Y, Ouchi N, Sato K, Izumiya Y, Pimentel DR, Walsh K. Follis-
tatin-like 1 is an Akt-regulated cardioprotective factor that is
secreted by the heart. Circulation. 2008;117:3099-3108.

Liu S, Shen H, Xu M, et al. FRP inhibits ox-LDL-induced endothelial
cell apoptosis through an Akt-NF-{kappa}B-Bcl-2 pathway and inhi-
bits endothelial cell apoptosis in an apoE-knockout mouse model.
Am J Physiol Endocrinol Metab. 2010;299:E351-E363.

OQuchi N, Oshima Y, Ohashi K, et al. Follistatin-like 1, a secreted
muscle protein, promotes endothelial cell function and revasculariza-
tion in ischemic tissue through a nitric-oxide synthase-dependent
mechanism. J Biol Chem. 2008;283:32802-32811.

Trojan L, Schaaf A, Steidler A, et al. Identification of metastasis-asso-
ciated genes in prostate cancer by genetic profiling of human pros-
tate cancer cell lines. Anticancer Res. 2005;25:183-191.

Sundaram GM, Common JE, Gopal FE, et al. ‘See-saw’ expression of
microRNA-198 and FSTL1 from a single transcript in wound healing.
Nature. 2013;495:103-106.

Wei K, Serpooshan V, Hurtado C, et al. Epicardial FSTL1 reconstitu-
tion regenerates the adult mammalian heart. Nature. 2015;525:479-
485.

Strausberg RL, Feingold EA, Grouse LH, et al.; Mammalian Gene Col-
lection Program Team. Generation and initial analysis of more than
15,000 full-length human and mouse cDNA sequences. Proc Natl
Acad Sci USA. 2002;99:16899-16903.

Remke M, Hielscher T, Korshunov A, et al. FSTL5 is a marker of
poor prognosis in non-WNT/non-SHH medulloblastoma. J Clin Oncol.
2011;29:3852-3861.

Kim J, McMillan E, Kim HS, et al. XPO1-dependent nuclear export is
a druggable vulnerability in KRAS-mutant lung cancer. Nature.
2016;538:114-117.

Zender L, Xue W, Zuber J, et al. An oncogenomics-based in vivo
RNAi screen identifies tumor suppressors in liver cancer. Cell.
2008;135:852-864.


http://orcid.org/0000-0001-5094-1376
http://orcid.org/0000-0001-5094-1376
http://orcid.org/0000-0001-5094-1376

LI ET AL

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Zhang D, Ma X, Sun W, Cui P, Lu Z. Down-regulated FSTL5 pro-
motes cell proliferation and survival by affecting Wnt/beta-catenin
signaling in hepatocellular carcinoma. Int J Clin Exp Pathol.
2015;8:3386-33%94.

Zhao S, Jiang T, Tang H, et al. Ubiquitin D is an independent prog-
nostic marker for survival in stage IIB-1IC colon cancer patients trea-
ted with 5-fluoruracil-based adjuvant chemotherapy. J Gastroenterol
Hepatol. 2015;30:680-688.

Zhou X, Xiao X, Huang T, et al. Epigenetic inactivation of follistatin-
like 1 mediates tumor immune evasion in nasopharyngeal carcinoma.
Oncotarget. 2016;7:16433-16444.

Reddy SP, Britto R, Vinnakota K, et al. Novel glioblastoma markers
with diagnostic and prognostic value identified through transcrip-
tome analysis. Clin Cancer Res. 2008;14:2978-2987.

Ciarmela P, Florio P, Sigurdardottir M, et al. Follistatin-related gene
expression, but not follistatin expression, is decreased in human
endometrial adenocarcinoma. Eur J Endocrinol. 2004;151:251-257.
Grusch M, Drucker C, Peter-Vorosmarty B, et al. Deregulation of the
activin/follistatin  system in hepatocarcinogenesis. J Hepatol.
2006;45:673-680.

Razanajaona D, Joguet S, Ay AS, et al. Silencing of FLRG, an antago-
nist of activin, inhibits human breast tumor cell growth. Can Res.
2007;67:7223-7229.

Bloise E, Couto HL, Massai L, et al. Differential expression of follis-
tatin and FLRG in human breast proliferative disorders. BMC Cancer.
2009;9:320.

Torres PB, Florio P, Ferreira MC, Torricelli M, Reis FM, Petraglia F.
Deranged expression of follistatin and follistatin-like protein in
women with ovarian endometriosis. Fertil Steril. 2007;88:200-205.
Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation.
Cell. 2011;144:646-674.

Danial NN, Korsmeyer SJ. Cell death: critical control points. Cell.
2004;116:205-219.

Muppidi JR, Tschopp J, Siegel RM. Life and death decisions: sec-
ondary complexes and lipid rafts in TNF receptor family signal trans-
duction. Immunity. 2004;21:461-465.

Martinou JC, Youle RJ. Mitochondria in apoptosis: Bcl-2 family mem-
bers and mitochondrial dynamics. Dev Cell. 2011;21:92-101.
Takehara T, Tatsumi T, Suzuki T, et al. Hepatocyte-specific disrup-
tion of Bcl-xL leads to continuous hepatocyte apoptosis and liver
fibrotic responses. Gastroenterology. 2004;127:1189-1197.

Vick B, Weber A, Urbanik T, et al. Knockout of myeloid cell leuke-
mia-1 induces liver damage and increases apoptosis susceptibility of
murine hepatocytes. Hepatology. 2009;49:627-636.

Weber A, Boger R, Vick B, et al. Hepatocyte-specific deletion of
the antiapoptotic protein myeloid cell leukemia-1 triggers

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

WiILEY--2%

proliferation and hepatocarcinogenesis in mice. Hepatology.
2010;51:1226-1236.

Earnshaw WC, Martins LM, Kaufmann SH. Mammalian caspases:
structure, activation, substrates, and functions during apoptosis.
Annu Rev Biochem. 1999;68:383-424.

Korsmeyer SJ, Shutter JR, Veis DJ, Merry DE, Oltvai ZN. Bcl-2/Bax:
a rheostat that regulates an anti-oxidant pathway and cell death.
Semin Cancer Biol. 1993;4:327-332.

Murphy KM, Ranganathan V, Farnsworth ML, Kavallaris M, Lock RB.
Bcl-2 inhibits Bax translocation from cytosol to mitochondria during
drug-induced apoptosis of human tumor cells. Cell Death Differ.
2000;7:102-111.

Huang ST, Cidlowski JA. Phosphorylation status modulates Bcl-2
function during glucocorticoid-induced apoptosis in T lymphocytes.
FASEB J. 2002;16:825-832.

Deng X, Xiao L, Lang W, Gao F, Ruvolo P, May WS Jr. Novel role
for JNK as a stress-activated Bcl2 kinase. J Biol Chem.
2001;276:23681-23688.

Yang E, Zha J, Jockel J, Boise LH, Thompson CB, Korsmeyer SJ. Bad,
a heterodimeric partner for Bcl-XL and Bcl-2, displaces Bax and pro-
motes cell death. Cell. 1995;80:285-291.

Zha J, Harada H, Yang E, Jockel J, Korsmeyer SJ. Serine phosphory-
lation of death agonist BAD in response to survival factor results in
binding to 14-3-3 not BCL-X(L). Cell. 1996;87:619-628.

Jeffers JR, Parganas E, Lee Y, et al. Puma is an essential mediator of
p53-dependent and -independent apoptotic pathways. Cancer Cell.
2003;4:321-328.

Hemann MT, Zilfou JT, Zhao Z, Burgess DJ, Hannon GJ, Lowe SW.
Suppression of tumorigenesis by the p53 target PUMA. Proc Natl
Acad Sci USA. 2004;101:9333-9338.

Yu J, Wang Z, Kinzler KW, Vogelstein B, Zhang L. PUMA mediates
the apoptotic response to p53 in colorectal cancer cells. Proc Natl
Acad Sci USA. 2003;100:1931-1936.

Villunger A, Michalak EM, Coultas L, et al. p53- and drug-induced
apoptotic responses mediated by BH3-only proteins puma and noxa.
Science. 2003;302:1036-1038.

How to cite this article: Li C, Dai L, Zhang J, et al. Follistatin-
like protein 5 inhibits hepatocellular carcinoma progression by
inducing caspase-dependent apoptosis and regulating Bcl-2
family proteins. J Cell Mol Med. 2018;22:6190-6201.
https://doi.org/10.1111/jcmm.13906



https://doi.org/10.1111/jcmm.13906

