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Abstract

Liver fibrosis is an important process that occurs in most types of chronic liver diseases and often results in the end stage of liver
diseases, such as cirrhosis, portal hypertension, and hepatocellular carcinoma. Sorafenib, a multiple tyrosine kinase inhibitor, has
been shown to inhibit liver fibrosis in multiple experimental fibrosis mouse and rat models. The aim of this study was to test the
therapeutic effect of sorafenib on liver fibrosis induced by infection with a parasite, Schistosoma japonicum, in mice. Mice were
percutaneously infected through the abdomen with Schistosoma cercariae to develop a schistosomula liver fibrosis model. Eight
weeks after infection, infected mice were treated with the anti-parasitic agent praziquantel for 2 days and sorafenib for 2 weeks.
Hepatic histopathological changes were assessed using hematoxylin and eosin (HE) and Masson’s trichome staining. The hepatic
expression levels of collagen I, collagen III, alpha-smooth muscle actin (x-SMA), platelet-derived growth factor (PDGF), and
PDGEF receptor-beta (PDGFR-[3) were analyzed by immunohistochemistry and western blot. Praziquantel administration alone
but not sorafenib reduced liver fibrosis, and the combination of praziquantel and sorafenib significantly attenuated liver fibrosis in
S. japonicum-infected mice. Moreover, sorafenib plus praziquantel markedly decreased the hepatic deposition of collagen and
expression of fibrogenic genes in these mice. In conclusion, the use of sorafenib following praziquantel treatment may represent a
potential therapeutic strategy for liver fibrosis induced by S. japonicum in patients.
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Introduction

Liver fibrosis is an important and common process that occurs
in most types of chronic liver diseases and results in the end
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stage of liver diseases including cirrhosis, portal hypertension,
and hepatocellular carcinoma (HCC). Accumulation of extra-
cellular matrix (ECM) proteins during the wound-healing re-
sponse to chronic injury leads to disruption of the normal
architecture of the liver, resulting in fibrosis progression and
subsequent cirrhosis (Bataller and Brenner 2005). Hepatic
stellate cells (HSCs) are known to play a major role in liver
fibrogenesis. They are activated in response to inflammatory
injury and acquire fibrogenic properties characterized by the
expression of alpha-smooth muscle actin (x-SMA) and the
secretion of excessive collagens and other ECM components
(Moreira 2007; Sato et al. 2003). During activation of HSCs,
platelet-derived growth factor (PDGF) was identified as the
main mediator of proliferation, and transforming growth fac-
tor beta (TGF-[3) was identified as the most important cyto-
kine stimulating fibrogenesis in HSCs (Borkham-Kamphorst
et al. 2004; George et al. 1999; Yoshiji et al. 2006).

The main causes of liver fibrosis are viral or parasitic in-
fection, cholestasis, metabolic diseases, and alcohol abuse.
Schistosomiasis is currently endemic in many countries and
represents a major global public health problem. In China,
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schistosomiasis is usually caused by the trematode
Schistosoma japonicum (Colley et al. 2014; Zhou et al.
2005). Hepatic schistosomiasis is characterized by typical
pathological changes including egg granuloma and hepatic
fibrosis at chronic and advanced stages, resulting in liver cir-
rhosis, portal hypertension, ascites, and splenomegaly
(Andrade 2009). Praziquantel (PZQ) is an effective drug
against all schistosome species and is used to treat schistoso-
miasis. However, although it acts against adult schistosome
worms, it has poor activity against immature schistosome lar-
vae and has only a limited effect on already developed liver
and spleen lesions (Cioli et al. 2014; Doenhoff et al. 2008).

Sorafenib, an inhibitor of multiple tyrosine kinase and the
vascular endothelial growth factor receptor, was approved for
the treatment of advanced HCC in 2007 (Guan and He 2011;
Hsu et al. 2014). Recently, several groups of investigators
have demonstrated that sorafenib also can inhibit liver fibrosis
in different rat and mouse models established by partial portal
vein ligation (Mejias et al. 2009), common bile duct ligation
(Hennenberg et al. 2011; Mejias et al. 2009; Su et al. 2015;
Thabut et al. 2011) and dimethylnitrosamine (Liu et al. 2015)
or CCly (Deng et al. 2013) injection. However, further studies
are needed to test the hypothesis that sorafenib plays an anti-
fibrotic role in natural models of liver fibrosis. In the present
study, we investigated the effect of sorafenib on liver fibrosis
induced by infection of S. japonicum in mice.

Materials and methods
Animals, parasite, and drugs

Female, specific-pathogen-free BALB/C mice at 8 weeks of
age weighing 18-20 g were purchased from the Hubei
Provincial Centre for Disease Control and Prevention,
Hubei, China (permission no. SCXK 2008-0004). All animals
were maintained according to the guidelines of the animal
facility at the Hubei Provincial Academy of Preventive
Medicine. All animal experiments were conducted in accor-
dance with the Guide for the Care and Use of Laboratory and
were approved by the Committee on the Ethics of Animal
Experiments of Hubei Provincial Academy of Preventive
Medicine (project no. M2014001). S. japonicum cercariae
were kindly provided by Dr. Dong from the Department of
Human Parasitology, Wuhan University, China. PZQ was pur-
chased from Nanjing Pharmaceutical Factory (catalog no.
20130110) and sorafenib was purchased from Gene
Operation, USA (IMA1044-0010MG).

Animal treatment

The animals were infected with S. japonicum according to a
previous study (Chen et al. 2013). Briefly, the mice were
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percutaneously infected with S. japonicum by placing a cov-
erslip carrying 20 + 1 cercariae in non-chlorine water on their
abdomens for 30 min. Mice treated with non-chlorine water
containing no cercariae were used as uninfected controls
(group A, n=10). Eight weeks after infection, the liver fibro-
sis model was successfully established according to our pre-
liminary experiment. Then, the infected mice were randomly
divided into four groups: the infected and untreated group
(group B, n=12), the sorafenib-treated group (group C, n=
12), the PZQ-treated group (group D, n=12), and the sorafe-
nib plus PZQ-treated group (group E, n=12). The mice in
group C were treated with an equivalent amount of normal
saline solution once a day for 2 days and then with sorafenib
(2 mg/kg/day) once a day for 2 weeks. The mice in group D
were treated with PZQ (150 mg/kg/day) for 2 days and then
continued receiving an equivalent amount of normal saline
solution once a day for 2 weeks. The mice in group E were
first treated with PZQ at the same dose and duration as group
D followed by treatment with sorafenib 2 mg/kg per day for
2 weeks. The normal control group and the infected control
group were given an equivalent amount of normal saline so-
lution from the beginning of treatment to the end of the exper-
iment. All drugs were intragastrically administered to the
mice. Sorafenib has a long half-life (24 to 48 h) and steady-
state concentrations are reached after 7 days. The dose and
duration of sorafenib administration were selected based on
an earlier study (Mejias et al. 2009). All animals were
sacrificed at the end of sorafenib treatment, and liver tissues
and serum were collected. Venous blood was centrifuged, and
the serum was stored at —20 °C until use. Parts of the liver
tissues were fixed in a 4% formaldehyde solution and the
remaining tissues were stored at — 80 °C.

Serum alanine aminotransferase (ALT) and albumin
(ALB) analysis

Mouse blood was collected and kept at room temperature for
1-2 h. The serum was separated by centrifugation at 3000 1/
min for 15 min. The level of serum ALT was detected by
Reit’s method (C009-2, Njjcbio, China), and ALB was detect-
ed using the bromo cresol green method (A028-2, Njjcbio,
China) according to the manufacturer’s protocol.

Histological analysis

Fixed liver tissues in 4% formaldehyde were routinely embed-
ded in paraffin and cut into 4-pum-thick sections. The tissue
sections were stained with hematoxylin and eosin (HE) or
Masson’s trichrome, respectively. The HE-stained liver sec-
tions were examined in all groups to count the mean number
of hepatic granulomas. At least 15 liver sections from five to
six mice in each group were assessed. For the same liver
section, five successive fields (10 x 10) were assessed to
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calculate the mean number of hepatic granulomas. Masson’s
trichrome-stained liver sections were used to estimate the he-
patic deposition of collagen. At least five successive fields in
each mouse and a total of five mice from each group were
assessed. The hepatic deposition of collagen was quantified by
the percentage of the area stained with blue color in all fields
(10 x 10) using Image-Pro Plus 6.0 according to the manufac-
turer’s protocol.

Immunohistochemistry

The method was based on the manufacturer’s protocol. The
liver tissue sections were dewaxed, dehydrated, washed in
phosphate-buffered saline (PBS) three times x 3 min, and
heated in a microwave oven for 10 min. Endogenous per-
oxidase was blocked with 3% hydrogen peroxide (H,O,).
Then, the sections were incubated with 5% normal goat
serum at room temperature for 10 min. The primary anti-
bodies (rabbit x-SMA antibody, BM0002; rabbit type I
collagen antibody, BA0325; rabbit type III collagen anti-
body, BA0326; rabbit PDGFR-b antibody, BA0276;
Bosider, Wuhan, China) were diluted 500-fold and then
applied and incubated overnight at 4 °C. The sections were
then washed with PBS three times. HRP-polymer anti-
mouse/rabbit immunoglobulin G (KIT-9710/9720/9730;
MAIXIN-BIO, China) was added to the sections and incu-
bated at room temperature for 15 min. After washing three
times X 5 min with PBS, the diaminobenzidine (DAB) so-
lution was applied as the chromogen. Negative controls
were incubated with PBS without the primary antibody.
Three or four random fields of portal tracts and the periph-
eries of granuloma tissues (the most serious areas of path-
ological damage) in each section were microscopically
evaluated at x100 magnification. The optical density
(OD) of the target protein was measured with Image-Pro
Plus 6.0. The OD was defined as the ratio of positive opti-
cal density (yellow) and total pixels, which represented the
quantity of the targeted protein.

Western blot analysis

Frozen liver tissues (150 mg) were homogenized on ice in
0.5 mL of lysis buffer (RIPA/PMSF = 100:1). After placement
on the ice for an hour, the homogenates were centrifuged at
12,000 r/min at 4 °C for 15 min. The protein concentration
was determined using the bicinchoninic acid assay. The sam-
ples (40 pg protein in each lane) were separated by sodium
dodecyl sulfate—polyacrylamide gel electrophoresis and trans-
ferred onto a nitrocellulose membrane. Non-specific binding
sites were blocked by incubation with Tris-buffered saline
(TBS) containing 5% non-fat milk for 2 h at room tempera-
ture. The primary antibodies (rabbit x-SMA monoclonal an-
tibody, ab32575, 1:2500; and rabbit PDGF monoclonal

antibody, ab32570, 1:2500; Abcam, UK) were applied and
incubated overnight at 4 °C. After washing three times X
10 min with 0.1% Tween—TBS, the secondary antibody (goat
anti-rabbit IgG, 1:30,000) was applied, followed by incuba-
tion for 1 h at room temperature. Then, the membranes were
washed three times x 10 min with 0.1% Tween-TBS.
Electrochemiluminescence reagents were used for detection.
Images were analyzed with Quantity One. The expression
levels of the target proteins were defined as the ratio of target
protein OD to (3-actin OD.

Statistical analysis

Statistical analyses were performed using GraphPad Prism
software version 5 (GraphPad Software Inc., San Diego,
CA). Significant differences were analyzed using the unpaired
Student # test and Mann—Whitney test. P values < 0.05 were
considered significant.

Results

Sorafenib plus PZQ treatment attenuated hepatic
inflammation and recovered liver synthetic function
in S. japonicum-infected mice

To evaluate inflammation and the synthetic function of the
liver in S. japonicum-infected mice, we analyzed the serum
levels of ALT and ALB in these mice. Compared to the unin-
fected mice, an increase in the serum level of ALT and a
decrease in the serum level of ALB were observed in the S.
Jjaponicum-infected mice (Fig. 1). However, by comparing the
serum levels of ALT and ALB in the groups of infected mice,
we found that administration of PZQ alone but not sorafenib
partially relieved inflammation and restored the synthetic
function of the liver. Moreover, we found that the serum levels
of ALT and ALB were totally recovered in the S. japonicum-
infected mice treated with sorafenib plus PZQ (Fig. 1).

Sorafenib plus PZQ treatment attenuated
the schistosomal hepatopathology in S.
japonicum-infected mice

Liver samples were harvested 24 h after the last treatment. The
livers from the S. japonicum-infected mice exhibited larger
sizes and numerous miliary gray nodules on their surfaces
(Fig. 2a). The livers from the infected mice treated with PZQ
showed smaller sizes and smooth surfaces compared with the
saline- or sorafenib-treated mice (Fig. 2a). To investigate the
typical schistosomal hepatopathology in the S. japonicum-in-
fected mice, the livers were fixed and stained with HE or
Masson’s trichrome (Fig. 2b, c). Next, we investigated the
mean numbers of hepatic egg deposition and granulomas in
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Fig. 1 Sorafenib plus PZQ treatment attenuated hepatic inflammation
and recovered liver synthetic function in S. japonicum-infected mice.
The mice were infected with S. japonicum and treated with PBS
(infected), sorafenib (infected + sor), PZQ (infected + PZQ), or
sorafenib plus PZQ (infected + PZQ + sor) according to the “Materials
and methods” section. Uninfected mice were used as normal controls

the liver tissues of infected and treated mice after staining with
HE. Compared with the S. japonicum-infected and untreated
mice, the infected mice treated with PZQ but not sorafenib
showed fewer egg granulomas. Interestingly, administration
of sorafenib after PZQ treatment further decreased the forma-
tion of hepatic egg granulomas (Fig. 2d). Fibrotic collagen
deposition around the egg granulomas was assessed by
Masson’s trichome staining, which stained collagen with blue
color. Consistently, the infected mice treated with PZQ but not
sorafenib showed reduced collagen deposition in the liver.
Moreover, in the livers of the mice treated with sorafenib plus
PZQ, collagen deposition was further decreased compared to
that in the untreated or PZQ-treated mice (Fig. 2e).

Sorafenib plus PZQ treatment markedly decreased
the expression of fibrogenic proteins in the livers of S.
japonicum-infected mice

The hepatopathology study suggested that sorafenib plus anti-
parasite treatment reduced hepatic inflammation and fibrosis
in S. japonicum-infected mice. To further determine how so-
rafenib plus PZQ inhibited liver fibrosis in these mice, we
conducted immunohistochemical studies and western blot to
investigate the hepatic expression levels of pro-fibrotic pro-
teins, such as collagen I, collagen III, x-SMA, PDGF, and
PDGF receptor-beta (PDGFR-f3).

Collagens I and III are two main ECM components pro-
duced by activated HSCs during chronic liver injury or in-
flammation. The expression levels of collagens I and III were
remarkably high in the livers from S. japonicum-infected mice
compared with those in uninfected mice (Fig. 3). Treatment
with PZQ alone but not sorafenib reduced the expression
levels of collagens I and III in the infected mice.
Interestingly, sorafenib plus PZQ treatment caused a profound
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(uninfected). The serum levels of ALT (a) and ALB (b) were analyzed
to evaluate inflammation and the synthetic function of the liver in these
mice. The bars represent the mean values and the standard errors of the
means obtained from each group of mice. Asterisks mark significant
differences between different groups (*p <0.05, **p <0.01, not
significant (n.s.) indicates p > 0.05)

decrease in collagen expression in these mice, which was con-
sistent with the reduced collagen deposition shown by
Masson’s trichome staining.

We also measured the protein expression of x-SMA, which
is expressed by activated HSCs when they gain a
myofibroblast-like phenotype in response to liver injury
(Mgjias et al. 2009). S. japonicum infection in mice led to
increased expression of x-SMA in the liver (Fig. 4a, d), sug-
gesting activation of HSCs. Anti-parasite treatment with PZQ
alone partially reduced the hepatic expression of a-SMA.
However, administration of sorafenib after PZQ treatment fur-
ther decreased the expression of x-SMA, suggesting that this
treatment inhibited HSC activation. These results were further
supported by our findings that sorafenib plus PZQ attenuated
the hepatic expression of PDGF (Fig. 4b, e) and its receptor
PDGF receptor-beta (PDGFR-f3) (Fig. 4c, f) in the S.
Jjaponicum-infected mice. PDGF, which is mainly produced
by hepatic Kupffer cells, is the predominant mitogen for acti-
vated HSCs (Bataller and Brenner 2005). Sorafenib plus PZQ
may inhibit activation of HSCs by decreasing the expression
of PDGF and PDGFR-{ in the liver. These immunohisto-
chemical studies were supported and confirmed via western
blot analysis showing that the hepatic expression of x-SMA
and PDGF was decreased by treatment with sorafenib and
PZQ in S. japonicum-infected mice (Fig. 5).

Discussion

In the present study, we investigated the antifibrotic effects of
sorafenib in a natural liver fibrosis model by infecting mice
with the parasite S. japonicum. The results show that sorafenib
treatment alone without anti-parasite treatment had little effect
on hepatic collagen deposition and the expression of
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Fig. 2 Sorafenib plus PZQ treatment attenuated the schistosomal hepato-
pathology in S. japonicum-infected mice. The mice were infected with S.
Jjaponicum and treated with PBS, PZQ, and sorafenib as described above.
a Gross morphology of liver tissues in each group. b, ¢ Representative
images of liver tissues in different groups stained with HE (b) and
Masson’s trichome (c). The original magnification is 100 in (b) and

profibrotic proteins, such as x-SMA, PDGF, and PDGFR-f3.
However, administration of the anti-parasite drug PZQ led to
reductions in egg granuloma formation and liver fibrosis as
shown by HE and Masson’s trichome staining. The expression
levels of x-SMA, PDGF, and PDGFR-f3 were also reduced by
PZQ treatment. Interestingly, after anti-parasite therapy, soraf-
enib treatment can further reduce egg granuloma formation
and hepatic collagen deposition and also decrease the hepatic
expression of profibrotic proteins.

The mechanisms of hepatic fibrosis induced by S. japonicum
infection are unclear. However, activation of HSCs is the key
process in liver fibrogenesis. Activated HSCs specifically express
cytoskeletal protein o-SMA as the marker of their activation and
produce extensive amounts of collagens, mostly types I and III,
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8+ e —
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Area of fibrotic
collagen deposition (%)
-y
1

24

%200 in (c). d The number of hepatic egg granulomas in different groups
of mice was calculated and expressed as per area of the liver (mm?). e
Hepatic collagen deposition was quantified using Image-Pro Plus 6.0
according to the manufacturer’s protocol. Asterisks mark significant dif-
ferences between different groups (*p < 0.05, **p < 0.01, not significant
(n.s.) indicates p > 0.05)

which deposit in the liver and contribute to liver fibrosis (Xu et al.
2014). The cytokine PDGF is the predominant mitogen for HSCs.
The binding of PDGF and its receptor PDGFR-(3 leads to activa-
tion of intracellular signal pathways, such as PI3K/Akt and
MAPK/ERK, which promote the activation and proliferation of
HSCs (Parsons et al. 2007). In our study, we evaluated liver
fibrosis by HE and Masson’s trichome staining and detected the
activation and function of HSCs by immunohistochemically
staining x-SMA, collagens, PDGF, and PDGFR-{3.

The anti-schistosome drug PZQ has been used to treat human
schistosomiasis for more than 30 years. In the S. japonicum-
infected mice model, PZQ efficiently killed adult worms and
alleviated schistosome egg accumulation in the liver (Zhu et al.
2015). In our study, we also found that PZQ treatment led to
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Fig. 3 Sorafenib plus PZQ treatment reduced collagen deposition in S. staining. The optical densities (ODs) of collagens I (¢) and I (d) were measured
Japonicum-infected mice. Mice were infected with S. japonicum and treated with Image-Pro Plus 6.0 according to the manufacturer’s protocol. The original
with PBS, PZQ, and sorafenib as described above. The hepatic expression of magnification is x200. Asterisks mark significant differences between different
two main ECM components, collagens I (a) and III (b), was analyzed by IHC groups (*p <0.05, *#*p < 0.01, not significant (n.s.) indicates p > 0.05)
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Fig. 4 Sorafenib plus PZQ treatment decreased the hepatic expression of optical densities (ODs) of the target proteins (d—f) were measured with

fibrogenic proteins in S. japonicum-infected mice. Mice were infected Image-Pro Plus 6.0 according to the manufacturer’s protocol. The original
with S. japonicum and treated with PBS, PZQ, and sorafenib as magnification is x200. Asterisks mark significant differences between
described above. The expression of fibrogenic proteins x-SMA (a), different groups (*p <0.05, **p <0.01, not significant (n.s.) indicates

PDGF (b), and PDGFR-f3 (¢) were detected by IHC staining. The p>0.05)

@ Springer



Parasitol Res (2018) 117:2831-2839 2837

d * e « f *
| | | |

ooty ns. 003y o ns. 003, x . NS,

8 T S T S T

§ o010{ +H—— § 0.024 ” § 0.021 2T

g . 5 S T g e

: i } { : Ao 2 00t e

< 0.005 < 0.01] <0

".J B ".J

3 3 3

Fig. 4 (continued)

fewer egg granulomas and reduced collagen deposition in the
liver as shown by HE and Masson’s trichome staining. In addi-
tion, PZQ exhibited antifibrotic effects by reducing collagen de-
position and the expression levels of a-SMA, PDGF, and
PDGFR-f3 in the liver, which is consistent with a recent study
showing that PZQ inhibited the expression of x-SMA, TGF-{3,
MMP9, TIMP1, IL-4, IL-10, IL-13, and IFN-y in the liver
(Liang et al. 2011). Elimination of adult schistosome worms from
mesenteric venules may contribute to the antifibrotic effects of
PZQ. Adult worms produce numerous schistosome eggs, which
reflux to the liver and mainly stimulate T cells to secret cytokines,
such as IL-4, IL-10, IL-13, and IFN-y. These cytokines lead to
activation of HSCs and infiltration of macrophages and eosino-
phils in the liver (Colley and Secor 2014; Secor 2005). The
activated macrophages and eosinophils surround the schistosome
eggs and promote the formation of granulomas, reflecting a typ-
ical hepatopathological change and an important process during
S. japonicum-induced liver fibrosis (Colley and Secor 2014).

Fig. 5 Sorafenib plus PZQ a

treatment decreased the hepatic 1 2
expression of x-SMA and PDGF
in S. japonicum-infected mice.
Mice were infected with S.
Japonicum and treated with PBS,
PZQ, and sorafenib as described
above. The expression of pro-
fibrogenic proteins x-SMA (a)
and PDGF (b) was detected by
western blot. Images were
analyzed with Quantity One. The
expression levels of the target
proteins were defined as the ratio
of target protein OD to {3-actin
OD. Asterisks mark significant
differences between different
groups (¥p <0.05, **p < 0.01, not
significant (n.s.) indicates p >

a-SMA

b-actin

a-SMA relative expression

- -—---—---

Sorafenib, an inhibitor of multiple tyrosine kinase and the
vascular endothelial growth factor receptor, has been shown to
inhibit liver fibrosis in different rat and mouse models (Mejias et
al. 2009; Su et al. 2015). Sorafenib inhibits liver fibrosis mainly
by modulating the activation, proliferation, and apoptosis of
HSCs. Sorafenib can directly inhibit the signal transduction of
PDGF, which is the predominant mitogen for HSCs (Mejias et
al. 2009). Furthermore, sorafenib reduced the proliferation but
enhanced the apoptosis of HSCs by downregulating Cyclin D1
and Cyclin-dependent kinase 4 (Cdk-4) while increasing the
expression of Caspase-3 and Bax (Wang et al. 2010). A recent
study suggested that sorafenib and its derivative SC-1 exhibit
antifibrotic effects by inhibiting the signal transducer and acti-
vator of transcription 3 (STAT3), which promotes HSC prolif-
eration. Importantly, overexpression of phopho-STAT3 was
found in chronic hepatitis B patients with advanced liver fibrosis
and was positively correlated with the severity of liver fibrosis
and the plasma IL-6 level (Su et al. 2015). In contrast, in our

b
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study, we found that sorafenib administration alone for 2 weeks
did not result in an antifibrotic effect in our model. However,
sorafenib treatment after eliminating worms using PZQ can fur-
ther alleviate hepatic inflammation and decrease hepatic fibrosis,
indicating that the persistence of parasites in the mesenteric ve-
nules blocked the antifibrotic effects of sorafenib. This finding
emphasizes the importance of eliminating pathogens to achieve
efficient antifibrotic therapy.

Several studies have also reported that two other tyrosine
kinase inhibitors, imatinib and genistein, exerted antifibrotic ef-
fects and improved liver fibrosis induced by infection of mice
with Schistosoma mansoni. Interestingly, unlike sorafenib, ima-
tinib alone can directly inhibit liver fibrosis in the absence of
PZQ treatment (El-Agamy et al. 2011). The direct anti-parasite
effect of imatinib against S. mansoni may contribute to the
prominent antifibrotic efficacy in this model (Beckmann and
Grevelding 2010; Buro et al. 2014). Imatinib was found to in-
hibit the expression of fibrogenic genes, such as collagen I, -
SMA, and PDGFR-f3 in HSCs (Kim et al. 2012). In our study,
sorafenib was also shown to inhibit the hepatic expression of
these genes, which may indicate that the same mechanism is
utilized by these two tyrosine kinase inhibitors. Two recent stud-
ies demonstrated that genistein significantly reduced the forma-
tion of egg granulomas and hepatic collagen deposition in mice
infected with S. japonicum (Wan et al. 2017) and S. mansoni
(Sobhy et al. 2018). In these studies, genistein treatment alone
resulted in a reduced area of fibrosis; however, when combined
with PZQ, genistein showed a stronger antifibrotic effect com-
pared to that observed in the controls or with genistein admin-
istration alone. Further analysis revealed that genistein inhibited
NF-kB signaling and subsequently decreased the expression of
MCP-1, TNF-«, and IL-10 (Wan et al. 2017). Together with
these studies, our study implied that the tyrosine kinase inhibi-
tors may serve as antifibrotic agents against schistosomiasis.

In conclusion, the combination of sorafenib and PZQ re-
duced hepatic pathological damage and liver fibrosis in mice
infected with S. japonicum. This study may provide a new
strategy to treat hepatic fibrosis attributed to schistosomiasis,
although further studies are needed to elucidate the mecha-
nisms and side effects of sorafenib.
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