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Schistosoma japonicum soluble egg antigen inhibits TNF-α-induced
IL-34 expression in hepatic stellate cells
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Abstract
Hepatic fibrosis is characterized by the activation of the main collagen-producing cells of the liver, hepatic stellate cells, and is
associated with inflammation. Although the involvement of numerous inflammatory cytokines has been reported, IL-34 in
particular has recently been identified as a profibrotic factor in the development of hepatic fibrosis. Previous studies have found
that schistosome eggs can lead to transcriptional downregulation of fibrosis-associated genes, and based on this evidence, we
attempted to investigate whether or not IL-34 is regulated by soluble egg antigen (SEA). Our findings testified that SEA inhibited
TNF-α-induced expression of IL-34 at both the mRNA and protein levels. Furthermore, results from reporter assays and qPCR
experiments demonstrated that SEA impaired the activation of NF-κB triggered by TNF-α, as well as the transcription of
downstream genes. More importantly, SEA decreased the phosphorylation and degradation of IκBα induced by TNF-α, two
events that are hallmarks of canonical NF-κB activation. In conclusion, our results suggest that, in hepatic stellate cells, SEA
impairs NF-κB activation and thereby inhibits TNF-α-induced IL-34 expression. These findings reveal a previously unidentified
target and signaling pathway that support SEA’s involvement in hepatic fibrosis and provide a new clue to guide ongoing research
into the anti-fibrotic effects of SEA.
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Introduction

Hepatic fibrosis has been identified as a major cause of mor-
bidity and mortality worldwide. This disease results from a
reversible wound-healing response characterized by the accu-
mulation of connective tissue and extracellular matrix (ECM)
that occurs alongside chronic viral hepatitis, non-alcoholic

fatty liver disease (NAFLD), alcoholic liver disease, and
schistosomiasis. During the process of hepatic fibrosis, the
dominant pathogenic event is the activation of primary
ECM-producing cells, hepatic stellate cells (HSCs)
(Mederacke et al. 2013). In the past decade, numerous studies
have identified inflammation as a key component and contrib-
utor to the development of hepatic fibrosis (Seki and Schwabe
2015), in which fibrosis is promoted by different mechanisms
that involve multiple inflammatory cytokines, such as
transforming growth factor-β1 (TGF-β1) (Dooley and ten
Dijke 2012), interleukin (IL)-33 (McHedlidze et al. 2013),
IL-20 (Chiu et al. 2014), and IL-17 (Meng et al. 2012; Tan
et al. 2013).

Described for the first time in 2008 (Lin et al. 2008), IL-34
plays a vital role in several disparate systems, such as neuronal
protection (Luo et al. 2013), autoimmune disease (Ciccia et al.
2013; Xie et al. 2018), and cancer (Baghdadi et al. 2018; Zhou
et al. 2016). Recently, IL-34 has been identified as a
profibrotic factor in hepatic fibrosis. In liver lesions, it causes
the differentiation of monocytes into profibrotic type 2 mac-
rophages, preventing the destruction of activated HSCs byNK
cells, and thus increasing type I collagen (Preisser et al. 2014).
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Furthermore, a previous study found that IL-34 serves as an
independent marker of hepatic fibrosis in NAFLD patients
(Shoji et al. 2016), and another report found that, in patients
with chronic hepatitis B (HBV) infection, IL-34 is an indicator
of liver inflammation and fibrosis (Wang et al. 2018).

Previous research has demonstrated that both Schistosoma
mansoni (S. mansoni) and Schistosoma japonicum
(S. japonicum) eggs suppress the activation of HSCs, ulti-
mately leading to the transcriptional downregulation of
fibrosis-associated genes (Anthony et al. 2010, 2013).
Consistently, our preceding studies have suggested that solu-
ble egg antigen (SEA), a major complex mixture isolated from
S. japonicum eggs, inhibits the TGF-β1-induced activation of
human HSC line LX-2 cells, thus limiting the progression of
hepatic fibrosis (Duan et al. 2014). However, whether or not
IL-34 is regulated directly or indirectly by SEA has yet to be
determined.

In the current study, we found that SEA inhibited the IL-34
expression induced by tumor necrosis factor α (TNF-α) in
hepatic stellate cells. Mechanistically, SEA impaired the acti-
vation of NF-κB that was triggered by TNF-α, and hence
impeded the induction of downstream genes. Our findings
reveal a novel target and signaling pathway that involve
SEA, as well as provide a previously unidentified avenue to
research the anti-fibrotic effects of SEA.

Materials and methods

Reagents

We obtained the SEA of S. japonicum from the Jiangsu
Institute of Parasitic Diseases (China) and sterile-filtered it
before removing endotoxin using polymyxin B agarose
beads (Sigma, USA). The removal of endotoxin was verified
using Sensor chromogenic LAL endotoxin assay kit
(GenScr ip t , USA) . Recombinan t human TNF-α
(PeproTech, USA), rabbi t pAbs against GAPDH
(Goodhere, China) or IκBα (Santa Cruz Biotechnology,
USA), rabbit mAbs against p-IκBα (Cell Signaling
Technology, USA), mouse mAbs against IL-34 (Abcam,
UK), horseradish peroxidase (HRP)-conjugated anti-rabbit
IgG (Biosharp, China), and HRP-conjugated anti-mouse
IgG (Santa Cruz Biotechnology, USA) were purchased from
the indicated companies.

Constructs

The NF-κB luciferase reporter plasmid, mammalian expres-
sion plasmids for TNFR1, TRADD, RIP, and IKKβ were
kindly provided by Hongbing Shu (Wuhan University).

Cell culture

The LX-2 cells were purchased from the Xiang Ya Central
Experiment Laboratory (China) and the LO2 cells were
purchased from the Shanghai Institutes for Biological
Sciences (China). All cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM) (Gibco, USA), supple-
mented with 10% fetal bovine serum (Thermo, USA) at
37 °C in a humidified incubator with an atmosphere of
5% CO2.

Western blot

Cells were lysed in RIPA buffer that included protease in-
hibitor (1 mM) and phosphatase inhibitors (1 mM). Equal
amounts of protein extracts were separated by 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and then transferred to polyvinylidene difluoride
(PVDF) membranes. After blocking in 5% non-fat milk
for 1 h, the membranes were incubated with the indicated
primary antibodies at 4 °C overnight, and then incubated
with the indicated secondary antibodies for 1 h at room
temperature. After being extensively washed in TBS/
Tween 20, the protein bands were visualized with ECL re-
agents (Millipore, USA).

Reverse transcription-quantitative real-time PCR

Total RNA was isolated from cells using TRIzol reagent
(Invitrogen, USA) and then 4 μg was transcribed into
cDNA using a RevertAid First Strand cDNA Synthesis
Kit (Invitrogen, USA), according to the manufacturer’s in-
structions. Aliquots of cDNA products were subjected to
quantitative real-time PCR (qPCR) analysis to measure
the level of mRNA expression of the tested genes using a
SYBR Premix Ex Taq Kit (TAKARA, Japan) on a
S tepOneP lus Rea l -Time PCR Sys t em (App l i ed
Biosystems, USA). Gene-specific primer sequences were
as follows: GAPDH, 5′-GACAAGCTTCCCGTTCTCAG-
3′ (forward) and 5′-GAGTCAACGGATTTGGTCGT-3′
(reverse); IL-34, 5′-GTGCTTAGGCCTCTGTGGAC-3′
(forward) and 5′-GCCAAGGAAGATCCCAAGATA-3′
(reverse); IL-6, 5′-TTCTCCACAAGCGCCTTCGGTC-3′
(forward) and 5′-TCTGTGTGGGGCGGCTACATCT-3′
(reverse); CCL2, 5′-TGTCCCAAAGAAGCTGTGATC-3′
(forward) and 5′-ATTCTTGGGTTGTGGAGTGAG-3′
(reverse).

Reporter assays

LX-2 cells were seeded in 24-well plates and transfected on
the following day with Lipofectamine 2000 (Invitrogen,
USA), according to the manufacturer’s instructions. Empty
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control plasmid was added to ensure that each transfection
received an equal amount of total DNA. To normalize for
transfection efficiency, the pRL-TK (Renilla luciferase) re-
porter plasmid (0.2 μg) was added to each transfection.
Luciferase assays were performed using a dual-specific lu-
ciferase assay kit (Promega, USA). Firefly luciferase activi-
ties were normalized on the basis of Renilla luciferase
activities.

Statistical analysis

All experiments were analyzed by the Student’s t test. A p
value < 0.05 was considered significant.

Results

TNF-α induces transcription of the IL-34 gene in LX-2
cells

Previous reports have presented varying results on the
source of IL-34 in hepatic fibrosis (Preisser et al. 2014;
Shoji et al. 2016). We therefore used a human HSC line,
LX-2 cells, and a human hepatocyte line, LO2 cells, to
examine transcription of the IL-34 gene in response to
TNF-α, which is an identified cytokine that induces IL-34
expression (Chemel et al. 2012; Tian et al. 2013). Results
from qPCR experiments indicated that TNF-α increased
transcription of the IL-34 gene in LX-2 cells but not in
LO2 cells (Fig. 1). We therefore used LX-2 cells in the
experiments going forward.

SEA inhibits TNF-α-induced IL-34 expression

In order to verify whether or not SEA had an effect on IL-34
expression, LX-2 cells were left untreated or treated with SEA
and/or TNF-α, and then total RNA was extracted for further
analysis by qPCR. The data revealed that SEA treatment re-
sulted in a decrease in TNF-α-induced IL-34 gene transcrip-
tion in LX-2 cells, but had little effect on the transcription of

the IL-34 gene without TNF-α stimulation (Fig. 2a). Similar
results were obtained at the protein level when examining IL-
34 by western blot analysis (Fig. 2b). Together, these data
suggested that SEA inhibits TNF-α-induced IL-34
expression.

SEA inhibits TNF-α-induced NF-κB activation

Because activation of NF-κB is required for TNF-α-
induced IL-34 expression (Abdlla et al. 2015; Chemel
et al. 2012; Yu et al. 2014), we therefore wondered whether
or not SEAwas involved in TNF-α-induced NF-κB activa-
tion. In our reporter assays, SEA inhibited TNF-α-triggered
activation of NF-κB (Fig. 3a). Furthermore, SEA consis-
tently inhibited TNF-α-induced transcription of other
downstream genes, including IL-6 and CCL-2 (Fig. 3b).
These findings suggest that SEA inhibits TNF-α-induced
NF-κB activation. It has been previously reported that
TNF-α-induced NF-κB activation leads to phosphorylation
and degradation of IκBα (Hu et al. 2014; Zhang et al.
2014), and results of our western blot analysis showed that,
in LX-2 cells, TNF-α treatment resulted in an increase in
the phosphorylation and degradation of IκBα, when com-
pared to untreated cells. Although SEA had little effect on
the phosphorylation and degradation of IκBα, it did de-
crease the phosphorylation and degradation of IκBα in-
duced by TNF-α (Fig. 3c). This result not only suggested
that SEA modulates TNF-α-induced NF-κB activation, but
also indicated that SEA acts on an upstream signaling step
of IκBα or targeted IκBα directly. To further determine the
molecular mechanisms of SEA’s role in the regulation of
TNF-α-induced NF-κB signaling, we examined the effects
of SEA on the activation of NF-κB mediated by overex-
pression of several IκBα upstream molecules, including
TNF receptor I (TNFR-I), TNFR-associated death domain
protein (TRADD), receptor-interacting protein (RIP), and
inhibitor κB kinase β (IKKβ). Unexpectedly, the findings
showed that SEA failed to inhibit any of these molecules
(Fig. 3d).

Fig. 1 TNF-α induces transcription of the IL-34 gene in LX-2 cells. a and
b LX-2 or LO2 cells (1 × 106) were left unstimulated or stimulated with
increasing amounts of TNF-α for 36 h, and then total RNAwas extracted

for qPCR analysis. Graphs show the mean ± SD, n = 3. Double asterisks
indicate p < 0.01
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Discussion

Fibrosis is a wound-healing response to hepatic injury, occur-
ring in virtually all types of diseases in which hepatocellular
death occurs. Recent research on hepatic fibrosis has identi-
fied IL-34 as a profibrotic factor. It has been reported that IL-
34 is highly expressed in the serum of patients infected with
chronic HCV or HBV, and correlates with fibrosis (Seki and
Schwabe 2015; Wang et al. 2018). Additionally, IL-34 is also
highly expressed in the serum of NAFLD patients and was

found to increase along with the progression of hepatic fibro-
sis (Shoji et al. 2016). However, the source of IL-34 in hepatic
fibrosis has yet to be defined. In this study, TNF-α increased
the transcription of the IL-34 gene in a dose-dependent man-
ner in LX-2 cells but not in LO2 cells. These findings are
consistent with the results reported by Shoji et al. that, in
NAFLD patients with liver fibrosis, IL-34 is primarily
expressed in liver fibroblasts and that the level of IL-34 ex-
pression in liver fibroblasts and LX-2 cells increases in re-
sponse to TNF-α (Shoji et al. 2016).

Schistosome eggs and SEA are the primary pathogenic
factors for the hepatic fibrosis that occurs in schistosomiasis,
and have recently been heavily focused on for their potential
anti-fibrotic effects on activated HSCs (Anthony et al. 2010,
2013). In our previous studies, multiple mechanisms on the
anti-fibrotic effects of SEA have been elucidated. One study
suggests that SEA inhibits activation of HSCs through in-
creasing the expression of peroxisome proliferator-activated
receptor γ (PPARγ), an important adipogenic transcriptional
regulator involved in maintaining the quiescent HSC pheno-
type (Duan et al. 2014). Other studies suggest that SEA can
promote the apoptosis and senescence of HSCs to remove
activated HSCs, leading to attenuation of hepatic fibrosis
(Duan et al. 2016; Wang et al. 2014). In this study, we found
that SEA inhibited TNF-α-induced IL-34 expression
in vitro. Because IL-34 is capable of generating profibrotic
macrophages in vitro and then these macrophages induce
collagen type I synthesis by HSCs (Preisser et al. 2014), it
is therefore possible that SEA decreases profibrotic macro-
phages by inhibiting IL-34 expression, providing new in-
sight into the possible regulatory mechanism for the anti-
fibrotic effects of SEA.

Recent reports have also identified important roles for SEA
in multiple signaling pathways, including Toll-like receptor
(TLR) signaling (Chen et al. 2016; Correale and Farez
2009), TGF-β signaling (Duan et al. 2014), and Akt signaling
(Wang et al. 2014). The results of the current study suggested
that SEA is involved in TNF-α-triggered NF-κB signaling.
Previous studies have indicated that activation of NF-κB is
required for TNF-α-induced IL-34 expression. Furthermore,
treatment with pharmacological inhibitors of NF-κB results in
80% inhibition of TNF-α-induced IL-34 (Zwicker et al.
2015). NEMO is one component of the canonical IκB kinase
(IKK) complex that is the activator of NF-κB, and its knock-
out significantly inhibits the effects of TNF-α on IL-34 gene
expression (Chemel et al. 2012). Therefore, we reasoned that
SEA inhibited TNF-α-induced IL-34 expression by impairing
NF-κB activation. However, we failed to confirm with our
current data the exact molecular mechanism by which SEA
regulates the NF-κB activation triggered by TNF-α.
According to the findings of our reporter assays, SEA
inhibited TNF-α-triggered activation of NF-κB, but not the
activation of NF-κB mediated by TNFR-I or its downstream

Fig. 2 SEA inhibits TNF-α-induced IL-34 expression. a LX-2 cells (1 ×
106) were left unstimulated or stimulated with TNF-α (1 μg/ml) and/or
SEA (20 μg/ml) for 36 h, and then total RNA was extracted for qPCR
analysis. b LX-2 cells (1 × 106) were left unstimulated or stimulated with
TNF-α (1 μg/ml) and/or SEA (20 μg/ml) for 36 h, and then immunoblot
analysis was performed with the indicated antibodies. The histograms
show the relative intensities of the bands, which were quantitated by
densitometry using Image Lab, normalizing to GAPDH levels. Graphs
show the mean ± SD, n = 3. Asterisk indicates p < 0.05, double asterisks
indicate p < 0.01
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molecules. These results indicated that SEA might regulate
TNF-α-induced NF-κB signaling upstream of TNFR-I.
Since TNFR-I is the receptor of TNF-α, it is possible that
SEA might disrupt the interaction of TNF-α and its receptor.
Interestingly, we found that SEA inhibited TNF-α-induced
IL-34 expression, but not constitutive expression of IL-34 in
LX-2 cells. This observation may be due to low expression of
IL-34. Others have also demonstrated that, under physiologi-
cal conditions, IL-34 expression is weak or undetectable in the
liver (Wang et al. 2012). In addition, we cannot exclude the
possibility that SEA inhibits only ectopic expression of IL-34
in the inflammatory state, rather than its expression under
physiological conditions.

In conclusion, we have shown that SEA inhibits TNF-α-
induced IL-34 expression through impairing NF-κB

activation in hepatic stellate cells. Our studies reveal a previ-
ously unidentified target and signaling pathway involving
SEA and provide a new clue in the search to elucidate the
anti-fibrotic effects of SEA.
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Fig. 3 SEA inhibits TNF-α-induced NF-κB activation. a LX-2 cells (1 ×
105) were transfected with the NF-κB luciferase reporter plasmid (0.5 μg)
and pRL-TK reporter plasmid (0.2 μg). After 24 h post-transfection, cells
were left unstimulated or stimulated with TNF-α (1 μg/ml) and/or SEA
(20 μg/ml) for another 36 h at which point luciferase assays were per-
formed. b LX-2 cells (1 × 106) were left unstimulated or stimulated with
TNF-α (1 μg/ml) and/or SEA (20 μg/ml) for 36 h, and then total RNA
was extracted for qPCR analysis. c LX-2 cells (1 × 106) were left
unstimulated or stimulated with TNF-α (1 μg/ml) and/or SEA

(20 μg/ml) for 36 h before immunoblot analysis was performed with
the indicated antibodies. d LX-2 cells (1 × 105) were transfected with
the indicated expression plasmids (0.35 μg), NF-κB luciferase reporter
plasmid (0.5 μg), and pRL-TK reporter plasmid (0.2 μg) for 24 h, after
which cells were left unstimulated or stimulated with SEA (20 μg/ml) for
36 h before luciferase assays. The histograms show the relative intensities
of the bands, which were quantitated by densitometry using Image Lab,
normalizing to GAPDH levels. Graphs show the mean ± SD, n = 3.
Asterisk indicates p < 0.05, double asterisks indicate p < 0.01
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