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Schistosoma japonicum protein SjP40 inhibits TGF-β1-induced
activation of hepatic stellate cells
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Abstract SjP40 is a major egg antigen of Schistosoma
japonicum. In the present study, the authors investigated the
effect of SjP40 in vitro on transforming growth factor-β1
(TGF-β1)- stimulated hepatic stellate cells (HSCs). LX-2, an
immortalized human HSC line, was treated with purified re-
combinant SjP40 (rSjP40) in the presence or absence of
TGF-β1. Quantitative real-time polymerase chain reaction
and western blot analysis were performed to determine mes-
senger ribonucleic acid and protein of fibrogenic genes and
TGF-β signaling pathway. The results showed that expression
of fibrogenic genes was significantly reduced by rSjP40. Fur-
thermore, rSjP40 also suppressed the TGF-β1-induced upreg-
ulation of Smads and ERK proteins. We also found that the
effect of rSjP40 on HSCs was similar to SB431542, an inhib-
itor of type I TGF-β receptor. In conclusion, the data suggest
that SjP40 attenuates HSC activation, which might be, at least
in part, mediated by inhibiting the TGF-β and ERK signaling
pathways.
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Introduction

Hepatic fibrosis represents a wound-healing process which
occurs in most types of chronic liver injury (Guyot et al.
2006). The most characteristic feature of hepatic fibrosis is
an excessive deposition of extracellular matrix (ECM) com-
ponents, due to an imbalance between the synthesis and deg-
radation of ECM (Tsukada et al. 2006). The activation of
hepatic stellate cells (HSCs) is a key event in the development
of hepatic fibrosis. In the course of hepatic fibrosis, many
factors have been identified as mediators of HSC activation.
Increasing evidence shows that transforming growth
factor-β1 (TGF-β1) is the most potent fibrogenic cytokine
to initiate HSC activation (Breitkopf et al. 2006; Inagaki and
Okazaki 2007). It has been reported that TGF-β1 stimulates
the synthesis of collagen type I alpha I (COL1A1), the major
component of ECM. Thus, inhibition of the TGF-β signal
pathway has become an effective strategy for the prevention
and treatment of hepatic fibrosis (Derynck and Zhang 2003).

Previous studies have demonstrated that schistosome eggs
or soluble egg antigens (SEA) exhibited an anti-fibrogenic
activity on TGF-β1-activated HSCs (Anthony et al. 2010,
2013; Duan et al. 2014). It has been reported by our lab that
SEA from Schistosoma japonicum (S. japonicum) inhibited
the proliferation of HSCs and suppressed the activation of
HSCs through the peroxisome proliferator-activated receptor
γ (PPARγ) and TGF-β signal pathway (Duan et al. 2014).
Since SEA has been identified as a complex of immunogenic
glycoproteins in which the P40 peptide is a major component
(Asahi and Stadecker 2003; Cass et al. 2007; Stadecker et al.
2001), we aimed to investigate the effect of P40 of
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S. japonicum (SjP40) on the human HSC line (LX-2). We also
explored the potential mechanism by which rSjP40 could in-
hibit the activation of LX-2 cells.

Materials and methods

Reagents

Recombinant human TGF-β1, which was obtained from
CHO cells, was purchased from Sigma-Aldrich (T7039,
USA). SB431542 (Selleck Chemicals, USA), which is a po-
tent and selective inhibitor of the TGF-β receptor I (TβR I),
was demonstrated to suppress TGF-β1-induced extracellular
matrix in different types of cells (Islam et al. 2014; Laping
et al. 2002; Zhao et al. 2006). Polyclonal antibodies against
alpha-smooth muscle actin (α-SMA), pro-collagen type I al-
pha 1 (pro-COL1A1), TβR I, TGF-β receptor II (TβR II), p-
Smad2/3, Smad4, and ERK were obtained from Santa Cruz
Biotechnology, USA. Primary antibody for p-ERK was pur-
chased from Cell Signaling Technology (USA).

Production and purification of rSjP40

The open reading frame of the SjP40 gene from S. japonicum
eggs was cloned into a pET-28a (+) vector and transformed into
Escherichia coli BL21 (DE3). Then the recombinant rSjP40
protein was expressed and purified by the Ni-NTA His•Bind
Resin (Novagen, USA) according to the instructions. After iden-
tified by western blot, the endotoxin of rSjP40 recombinant
protein was removed using polymyxin B-agarose beads (Sigma,
USA) following the suggested protocol.

Cell culture and treatment

The immortalized human HSC line LX-2 cells were preserved
in our lab (Wang et al. 2014) and were routinely cultured in
Dulbecco’s Modified Eagle Medium (DMEM, Gibco, USA)
supplemented with 10 % heat-inactivated fetal bovine serum
(FBS, Hyclone, USA). Cultures were incubated at 37 °C in a
humidified atmosphere of 5 % CO2, and the medium was
changed daily. For quantitative real-time PCR (qRT-PCR) and
western blot assay, LX-2 cells were seeded at a density of 1×
105 cells/ml into 6-well plates and incubated for 24 h, then
rSjP40 was added to the cells and incubated for 48 h in the
presence or absence of other reagents (10 ng/ml of TGF-β1 or
10 μg/ml of SB431542; Zhang et al. 2014; Zhu et al. 2014).

RNA extraction and qRT-PCR

Total RNA was extracted from cultured cells using the
Trizol RNA isolation reagent (Invitrogen, USA) according
to the manufacturer’s instructions. Extracted total RNA was

then reverse-transcribed to cDNA using the RevertAid First-
Strand cDNA Synthesis Kit with Oligo (dT) 18 primers
(Thermo Fisher Scientific, USA). An Eco Real-Time PCR
Sequence Detection System (Illumina, USA) was used for
qRT-PCR. The PCR products were amplified using SYBR
Premix Ex Taq Kit (Takara, Japan) with specific primers for
target genes. The expression levels of all the transcripts were
norma l i zed to tha t o f the housekeep ing gene
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) in
the same samples.

Western blot analysis

LX-2 cells exposed to rSjP40, TGF-β1, or SB431542 were
cultured for up to 48 h in DMEM with 10 % FBS. The
group of cells treated with PBS or DMSO was used as the
control. Cells were harvested and lysed on ice by RIPA lysis
buffer with 1 % phenylmethylsulfonyl fluoride (PMSF), and
the supernatant was collected after centrifugation. Then the
equal amounts of protein were subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to polyvinylidene difluoride (PVDF) membranes
(Merck, Germany). The membranes were blocked with 5 %
non-fat milk in TBST, and incubated with primary antibod-
ies at 4 °C overnight and subsequently with horseradish
peroxidase (HRP)-conjugated secondary antibodies and vi-
sualized using a chemiluminescence kit (Merck, Germany).
Band quantification analysis was performed by GeneTools
software from Syngene (UK). GAPDH was used as the
internal control.

Statistical analysis

All data were expressed as mean±SEM of three independent
experiments. The statistical analyses were performed with
one-way analysis of variance (ANOVA). Differences were
considered significant at p<0.05.

Results

rSjP40 inhibits α-SMA and pro-COL1A1 expression
in LX-2 cells

LX-2 cells were used to observe the effects of rSjP40 in the
present study, and the expression of α-SMA and pro-
COL1A1 in LX-2 cells was detected first. As noted in
Fig. 1a, we found that treatment of LX-2 cells with rSjP40 at
concentrations ranging from 5 to 20 μg/ml for 48 h resulted in
the inhibition of protein expression levels of α-SMA and pro-
COL1A1 in a dose-dependent manner. The messenger ribo-
nucleic acid (mRNA) expression levels of α-SMA and pro-
COL1A1 were also decreased in a dose-dependent manner
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after rSjP40 treatment (Fig. 1b). In addition, we also observed
that the cells treated with rSjP40 exhibited a more elongated
cell phenotype, while activated LX-2 cells with no treatment
displayed a flat phenotype (Fig. S1).

rSjP40 attenuates the expression of fibrogenic genes
in TGF-β1-activated LX-2 cells

Given that the expression changes of α-SMA and collagen
was observed after rSjP40 treatment, we explored whether
rSjP40 was able to inhibit the activation of HSCs provoked
by TGF-β1. LX-2 cells were treated with TGF-β1 (10 ng/ml)
and/or rSjP40 (20 μg/ml) for 48 h and the expression levels of
mRNA and protein were examined using the methods of qRT-
PCR and western blot. As shown in Fig. 2a, TGF-β1 in-
creased the expression of α-SMA protein in LX-2 cells,

compared with that of the control group. Co-treatment with
TGF-β1 and rSjP40 resulted in the decrease of α-SMA pro-
tein expression. Similar to α-SMA, rSjP40 suppressed pro-
COL1A1 expression in TGF-β1-activated LX-2 cells. The
results of qRT-PCR of α-SMA and pro-COL1A1 expression
were consistent with the protein results (Fig. 2b).

rSjP40 inhibits the activation of LX-2 cells
through TGF-β/Smad signaling pathway

To elucidate the underlying molecular mechanisms, we fur-
ther examined the expression changes of the TGF-β signaling
cascades. As shown in Fig. 3a, rSjP40 inhibited expression

Fig. 2 rSjP40 reduces the expression of fibrotic genes in TGF-β1-
activated HSCs. LX-2 cells were subjected to the treatment with
rSjP40(20 μg/ml) and/or TGF-β1 (10 ng/ml) for 48 h. a Western blot
was performed to determine protein expression levels ofα-SMA and pro-
COL1A1. GADPH was used as an invariant control. b qRT-PCR was
assessed to investigate mRNA expression levels of α-SMA and
COL1A1. GAPDH was used as the invariant control for calculating
fold changes in mRNA levels. *p<0.05 vs control (rSjP40-TGF-β1−);
#p<0.05 vs group of TGF-β1 treatment (rSjP40-TGF-β1+)

Fig. 1 Inhibitory effect of rSjP40 on α-SMA and pro-COL1A1 expres-
sion in LX-2 cells. a Western blot analysis for protein expression
levels of α-SMA and pro-COL1A1. GADPH was used as the internal
standard. b qRT-PCR analysis for transcript expression levels of α-SMA
and pro-COL1A1. GADPH was used as the internal standard for
normalization. *p<0.05, compared with control (0 μg/ml)
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levels of TβR I, TβR II, p-Smad2/3, and Smad4 in LX-2
cells. The increased expression levels of TβR I, TβR II, p-
Smad2/3, and Smad4 induced by TGF-β1 treatment were
strongly down-regulated by rSjP40 (Fig. 3a). rSjP40 showed
no effect on the expression of total Smad2/3 protein (Fig. 3a).
Based on the observation that rSjP40 inhibited the expression
of TGF-β receptors and its signal pathway, we hypothesized
that the function of rSjP40 was similar to SB431542, a spe-
cific inhibitor of TβR I. As shown in Fig. 3b, TβR I expres-
sion in LX-2 cells was antagonized after treatment with
rSjP40 or SB431542 (10 μg/ml) for 48 h. Likewise, both
rSjP40 and SB431542 caused the reduction of p-Smad2/3
and Smad4. Consequently, rSjP40 suppressed the production
of pro-COL1A1 and α-SMA mimicking SB431542 due to
the blockade of TGF-β cascades. The results also showed
that rSjP40 also amplified the inhibitory effect of SB431542
on TGF-β signaling cascades, to a certain extent. Taken to-
gether, these data further revealed that rSjP40 was capable of
inhibiting TGF-β1-induced HSC activation by blocking the

TGF-β1 receptor, thereby partly disruptting the TGF-β/Smad
signaling pathway.

rSjP40 inhibits TGF-β1-induced activation of LX-2 cells
through ERK signaling pathway

Previous study has shown that TGF-β1 enhanced the expres-
sion of ERK and then increased the phosphorylation and ac-
tivation of Smads (Derynck and Zhang 2003). The results
(Fig. 4a) in the present study also showed that TGF-β1 en-
hanced the expression of ERK in LX-2 cells. rSjP40 decreased
the expression of p-ERK in LX-2 cells and rSjP40 also nota-
bly reduced the increased expression of p-ERK induced by
TGF-β1 (Fig. 4a). However, rSjP40 showed no effect on the
expression of total ERK protein (Fig. 4a). Both rSjP40 and
SB431542 reduced the expression of p-ERK in LX-2 cells
(Fig. 4b). rSjP40 suppressed TGF-β1-induced HSC activation
by disrupting the TGF-β/ERK signaling pathway partly.

Fig. 3 Effect of rSjP40 on TGF-β1/Smad signaling pathway. a LX-2
cells were treated with rSjP40 in the presence or absence of TGF-β1.
The results showed that rSjP40 modulated the expressions of TβR I,
TβR II, p-Smad2/3, and Smad4 in TGF-β1 activated LX-2 cells.
*p<0.05 vs control (rSjP40-TGF-β1−); #p<0.05 vs group of TGF-β1

treatment (rSjP40-TGF-β1+). b LX-2 cells were treated with rSjP40 in
the presence or absence of SB431542. The results showed that rSjP40,
similar to SB431542, inhibited pro-COL1A1 and α-SMA expression by
blocking of TGF-β receptors. *p<0.05, compared with control (rSjP40-
SB431542−)
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Discussion

Hepatic fibrosis is the major pathological change in schistoso-
miasis, and previous studies have shown that schistosome eggs
trapped in hepatic sinusoids are widely thought to trigger fibrot-
ic processes (Anthony et al. 2012; Bartley et al. 2006; Burke
et al. 2009; Chang et al. 2006). Nevertheless, it has been found
recently that schistosome eggs prevented HSC fibrogenic re-
sponse, with the down-regulation of α-SMA and COL1A1 by
co-culturing HSCs and eggs (Anthony et al. 2010, 2013). Our
previous studies also demonstrated that S. japonicum SEA en-
gaged in anti-fibrotic activity by inhibiting HSC activation and
inducing HSC apoptosis (Duan et al. 2014; Wang et al. 2014).
Since SEA is a complex mixture, the main component(s) of
SEA eliciting an anti-fibrotic role within HSCs must be inves-
tigated. P40, a 40-kDa peptide, is a major component of schis-
tosome eggs, named as SmP40 in Schistosoma mansoni
(S.mansoni) or SjP40 in S. japonicum (Liu et al. 2006; Zhou
et al. 2010). SmP40 likely revealed the anti-pathology action in
schistosomiasis, since stimulation with SmP40 in PBMC re-
sulted in decreased IL-5 expression and increased IL-10 expres-
sion, both of these effects were associated with reduced fibrosis
(Abouel-Nour et al. 2006). However, these findings have not
established whether P40 could inhibit the activation of HSCs
directly. LX-2 cells are the most attractive HSC cell line for

fibrosis research, since they are spontaneously immortalized
during culturing, and they retain all the features of activated
HSCs, including the expression of α-SMA and the excessive
secretion of ECM (Castilho-Fernandes et al. 2011; Xu et al.
2005). Hence, in the present study, we explored the effects of
rSjP40 on LX-2 cells, and demonstrated that rSjP40 suppressed
HSC activation and the expression levels of α-SMA, and pro-
COL1A1 in LX-2 cells were all reduced.

Since TGF-β signaling plays an important role in SEA and
eggs of schistosome-induced inhibition of HSC activation,
subsequent experiments were also carried out to examine the
effect of rSjP40 on TGF-β1-induced myofibroblast transition.
We found that co-treatment with rSjP40 and TGF-β1 down-
regulated synthesis of α-SMA and pro-COL1A1, compared
with the group with TGF-β1 treatment alone. In the Smad-
dependent pathway, TGF-β1 causes a significant increase in
the number of TβR II and TβR I on the cell surface (Huang
et al. 2011). TGF-β1 binds to the receptors and phosphory-
lates Smad2 and Smad3, which form a complex with Smad4
and translocate into the nucleus, and then regulate specific
gene transcription (Schiller et al. 2004). Hence, TβR I and
TβR II play a pivotal role in initiation of TGF-β signal trans-
duction. Previous study has reported that blocking of TβR I
reduced collagen gene expression in both acute and chronic
models of liver fibrosis (de Gouville et al. 2005). In the present

Fig. 4 Effect of rSjP40 on TGF-β1/ERK signaling pathway. a LX-2
cells were treated with rSjP40 in the presence or absence of TGF-β1.
The results showed that rSjP40 modulated the expression of p-ERK in
TGF-β1 activated LX-2 cells. *p<0.05 vs control (rSjP40-TGF-β1-);
#p<0.05 vs group of TGF-β1 treatment (rSjP40-TGF-β1+). b LX-2

cells were treated with rSjP40 in the presence or absence of SB431542.
The results showed that rSjP40, similar to SB431542, inhibited p-ERK
expression in LX-2 cells. *p<0.05, compared with control (rSjP40-
SB431542−)

Parasitol Res (2015) 114:4251–4257 4255



study, we also found that rSjP40 inhibited the expression of
TβR I, TβR II, p-Smad2/3, and Smad4 in TGF-β1-activated
LX-2 cells. Then the activity of rSjP40 was compared with
that of SB431542, a kind of TβR I inhibitor which has been
used in previous studies to interrupt the TGF-β signal path-
way (Islam et al. 2014; Zhang et al. 2014). We also demon-
strated that the inhibitory effects of rSjP40 and SB431542 on
TGF-β signal associated proteins and target genes were par-
allel. rSjP40 even amplified the inhibitory effect of SB431542
on TGF-β signaling cascades.

It is to be noted that multiple complex signaling pathways
are involved in TGF-β1-induced HSC activation. In addition to
Smad-mediated transcription signaling, TGF-β1 and the
TGF-β receptors also modulate the activation of ERK, p38,
and JNK MAP kinases (Derynck and Zhang 2003; Mu et al.
2012). It has been demonstrated that TGF-β1 induced HSC
activation through ERK-MAPK signaling pathway (Liu et al.
2011). Abundant data have also demonstrated that the blockade
of HSC activation and liver fibrosis is due to inhibiting the
activation of ERK. For example, salvianolic-acid B performed
an anti-fibrosis effect by inhibiting phosphorylation of ERK in
HSCs stimulated with TGF-β1 (Lv et al. 2010). AKD-FD re-
duced the expression of ERK, p38, and JNK in fibrotic liver in
rats, thereby decreasing the deposition of ECM (Peng et al.
2013). In the present research, the results revealed that treat-
ment with TGF-β1 upregulated the expression of p-ERK pro-
tein in LX-2 cells. Blocking of TβR I with both rSjP40 and
SB431542 diminished the expression of p-ERK protein in LX-
2 cells. All the results indicated that the function of rSjP40 on
TGF-β1-activated HSCs is associated with the ERK pathway.

Overall, these observations lead to the suggestion that SjP40
attenuates TGF-β1-induced HSC activation in vitro and the
anti-fibrotic effect of SjP40 may be associated with the suppres-
sion of the TGF-β signal pathway. More studies are necessary
to clarify other biological actions of P40 from schistosomes.
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