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SUMMARY

The aim of this study was to evaluate the therapeutic effects of osteopontin neutralization treatment on schistosome-induced
liver injury in BALB/C mice. We randomly divided 100 BALB/C mice into groups A, B, C, D and group E. Mice in all
groups except group A were abdominally infected with schistosomal cercariae to induce a schistosomal hepatopathological
model. Mice in group C, D and group E were respectively administered with praziquantel, praziquantel plus colchicine
and praziquantel plus neutralizing osteopontin antibody. We extracted mouse liver tissues at 3 and 9 weeks after the ‘stool-
eggs-positive’ day, observed liver histopathological changes by haematoxylin-eosin and Masson trichrome staining and
detected the expression of osteopontin, alpha-smooth muscle actin (α-SMA) and transforming growth factor-beta (TGF-
β1) by immunohistochemistry, RT-PCR and Western blot. We found that praziquantel plus neutralizing osteopontin
antibody treatment significantly decreased the granuloma dimension, the percentage of collagen and the expression of
osteopontin, α-SMA andTGF-β1 compared to praziquantel plus colchicine treatment in both the acute and chronic stage of
schistosomal liver damage (P<0·05). So we believe that the combined regimen of osteopontin immunoneutralization and
anti-helminthic treatment can reduce the granulomatous response and liver fibrosis during the schistosomal hepato-
pathologic course.
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INTRODUCTION

Schistosomiasis japonica remains a considerable
threat to public health and economy in China and
some tropical countries despite the remarkable efforts
being made for its control (Garjito et al. 2008;
McManus et al. 2009; Bergquist and Tanner, 2010).
Schistosomal liver damage begins with the deposition
of schistosome eggs in the hepatic sinusoids, leading
to the granulomatous inflammation at the early stage
and periportal fibrosis at the progressive stage (Burke
et al. 2009). Human immune response to schistosome
eggs is regarded as the major cause of pathology in
schistosomiasis, although its original purpose is to
eliminate the eggs and neutralize pathogenic anti-
gens. Once the immune response is activated, it is un-
likely to be self-limiting because of the self-feedback
effect of immunocytes and the cascade reactions they

evoke (Coutinho et al. 2007; Xu et al. 2010). More
importantly, hepatic stellate cells are activated by
various cytokines, such as transforming growth
factor-beta (TGF-β1) during this course, and then
they synthesize numerous extracellular matrices,
mainly containing collagen, and ultimately lead
to liver fibrosis (Gabele et al. 2003; Paiva et al.
2010; Anthony et al. 2010). That is why a stan-
dard anti-helminthic treatment is normally ineffec-
tive in blocking the continuous schistosomal liver
damage and, in addition, praziquantel resistance is a
concern (Chapadeiro and Pitanga, 1996; Doenhoff
et al. 2002). Given that the anti-helminthic therapy
alone is not enought for schistosomiasis treatment,
to combine with other therapies that limit excessive
granulomatous reaction and block the development
of liver fibrosis is more important. Because the use
of anti-fibrosis drugs in hepatic schistosomiasis is
unsatisfactory, finding a new cytokine that is involved
in or promotes schistosomal hepatopathology as a
new therapeutic target may be a good strategy.

Osteopontin is a secreted phosphorylated glyco-
protein involved in physiological and pathological
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conditions, such as cell migration, granuloma for-
mation, tissue remodelling and immune regulation
(O’Regan and Berman, 2000; Giachelli and Steitz,
2000; Chabas, 2005). Our previous study (Chen,
2011) confirmed that the development of schistoso-
mal hepatopathology, including the granuloma for-
mation and liver fibrosis, was accompanied by a
dynamic expression of osteopontin, and it correlated
well with the expressions of both alpha-smooth
muscle actin (α-SMA) and TGF-β1. These results
suggest that osteopontin holds a key role in schisto-
somal hepatopathology.
In the present study, we investigated the potential

therapeutic effect of osteopontin immunoneutraliza-
tion combined with anti-helminthic, and compared
this with colchicine, the classic anti-fibrotic drug, on
schistosomal liver damage. The granulomatous re-
sponses and fibrosis degrees, as well as osteopontin
expression and some other potential promoters of
liver fibrosis, such as hepatic stellate cells (HSCs) and
TGF-β1, were also examined. A comparison of these
indices between groups will lead us to evaluate the
therapeutic effect of osteopontin immunoneutraliza-
tion on hepatic schistosomiasis.

MATERIALS AND METHODS

Parasite and laboratory animals

Six-week-old BALB/C female mice were purchased
from the Experimental Animal Center (Central
South University, Changsha, Hunan, China). All
animal experiments were performed in accordance
with the Chinese Council on the Animal Care Guide
for the Care and Use of Laboratory Animals.
Oncomelania hupensis harboring S. japonicum cercar-
iaewere obtained from theCenter for Schistosomiasis
Control and Prevention (Yueyang, Hunan, China).

Animal treatment

One hundred BALB/C mice were randomly and
averagely divided into 5 groups, including a sham
control group (group A), model control group (group
B), praziquantel treatment group (group C), prazi-
quantel plus colchicine treatment group (group D)
and praziquantel plus neutralizing osteopontin anti-
body treatment group (group E) (n=20 each). Mice
in groups B, C, D and group E were percutaneously
infected with S. japonicum by placing a glass slide
carrying 15±1 cercariae in non-chlorine water on its
abdomen for 20min. Mice in group A were treated
with non-chlorine water containing no cercariae.
All mice were kept at 20–25 °C in a 12-h light/12-h
dark cycle with free access to food and water. Mice
stools were collected daily after infection, made into
smears and observed under optical microscopy in
order to identify eggs. The day on which ‘stool-
eggs-positive’ first appeared was defined as ‘onset

day’. From onset day, praziquantel (500 mg/kg,
Nanjing Pharmaceutical Factory Co. Ltd, Nanjing,
China) was given daily for 2 days by intragastric
administration in groups C, D and group E. And
colchicine (200 μg/kg) was given daily by intragastric
administration until sacrifice in group D and a neu-
tralizing anti-mouse osteopontin antibody (50 μg/
mouse, R&D Systems China Co. Ltd, Shanghai,
China) was given once every other day by tail-vein
injection for a total of 3 times in group E (Kiefer et al.
2010). At 3 weeks (the most suitable time to observe
granulomatous responses according to a previous
study) and 9 weeks (the time fromwhich liver fibrosis
pathology tends to stabilize) after onset day, 10 mice
from each group were randomly selected and killed.
Liver tissues were extracted and cut into 2 parts: the
left lobes of the liver were fixed in a 4% paraformal-
dehyde solution for 12 h; the remaining portion of the
liver was preserved at −80 °C until use.

Histopathological study

Paraformaldehyde-fixed liver specimens were dehy-
drated in a graded alcohol series. Following xylene
treatment, the specimens were embedded in paraffin
blocks, cut into 5-μm thick sections, and placed
on glass slides. The sections were then stained with
haematoxylin-eosin (HE) and Masson trichrome
(MT) according to standard procedures. To describe
and evaluate liver pathological changes, a pathologist
who was blinded to the research design examined 10
different low-power fields of HE- and MT-stained
sections (selected fields were in almost the same
location) for each mouse. In addition, the percentage
of collagen calculated by a multimedia colour image
analysis system (Image-Pro Plus 6.0) wasmeasured as
a relative objective index to evaluate the degree of
liver fibrosis. EachMT-stained section was examined
at X100 magnification. Every field analysed con-
tained a granuloma, portal area, or a centrilobular
vein. Fibrotic areas were scanned and summed by the
software. The percentage of collagen was expressed as
the ratio of the collagen-containing area to the whole
area, and the result was determined as the mean of
10 different fields of each section. Furthermore, the
granuloma dimension was also measured at a mag-
nification of X100 using an ocular micrometer. Only
non-confluent granulomas containing eggs in their
centres were measured (von Lichtenberg, 1962).
Granuloma dimension=maximum width×maxi-
mum length. Mean granuloma dimension of each
section = sum of all granuloma dimensions in each
section/number of granuloma in each section.

Immunohistochemistry

Immunohistochemical staining was performed
with the PV-6001/6002 Two-Step IHC Detection
Reagent (ZSGB-BIO, China). The sections were

523Osteopontin neutralization reduces schistosomal liver damage

https://doi.org/10.1017/S0031182011002241 Published online by Cambridge University Press

https://doi.org/10.1017/S0031182011002241


de-waxed, dehydrated, immersed in citrate buffer
(0·01M, pH 6·0), heated at 100 °C in a microwave
oven 6×2min, incubated in 3% H2O2 in deionized
water for 10min to block endogenous peroxide
activity, and washed 2×3min with PBS. The
sections were then incubated overnight at 4 °C with
antibodies against osteopontin (mouse monoclonal;
1:300; Santa Cruz Biotechnology, USA), α-SMA
(mouse monoclonal; 1:300; Santa Cruz Biotech-
nology, USA), and TGF-β1 (rabbit polyclonal;
1:300; Santa Cruz Biotechnology, USA). After
washing 2×3min with PBS, the appropriate second
antibody was added to the sections and incubated at
37 °C for 30min. Then the sections were washed
2×3min with PBS and the colour was developed
with DAB for about 5min. Nuclei were lightly
counterstained with haematoxylin. Negative controls
included incubation with PBS without the primary
antibody. The integral optical density (IOD) was
measuredwith Image-Pro Plus 6.0, and the result was
determined as the sum of 5 different fields (1 in the
centre and 4 in the periphery) of each section. The
IOD of the target protein was defined as the sum of
the optical densities of all the positive pixels in the
image, which represents the quantity of the targeted
protein.

Reverse transcription PCR

Total RNA was extracted from frozen liver tissue
with TRIZOLReagent (Invitrogen, USA). Comple-
mentary DNA (cDNA) was synthesized from total
RNA using a ReverTra Ace-α-TM First Strand
cDNASynthesis kit (Toyobo, Japan). Relative quan-
tification of target gene expression was performed
using the housekeeping gene, glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) as an internal
control. The primer sequences were as follows: osteo-
pontin forward 5′-ccaggtttctgatgaacagt-3′ and reverse
5′-gtgtgtttccagacttggtt-3′, which yielded a fragment
of 193 bp; α-SMA forward 5′-atctggcaccactctttcta-3′
and reverse 5′-gtacgtccagaggcatagag-3′, which
yielded a fragment of 191 bp; TGF-β1 forward 5′-
agccctggataccaactatt-3′ and reverse 5′-aggaccttgctg-
tactgtgt-3′, which yielded a fragment of 186 bp; and
GAPDH forward 5′-aactttggcattgtggaagg-3′ and re-
verse 5′-ggatgcagggatgatgttct-3′, which yielded a
fragment of 132 bp. For the first step, the following
components were mixed to obtain the specified con-
centrations in a final 20 μl reaction volume: 1 μl of
denatured total RNA (1 μg/μl), 4 μl of 5× RT buffer,
2 μl of dNTP mixture (10mM), 1 μl of RNase
inhibitor (10U/μl), 10 μl of RNase-free H2O, 1 μl of
Oligo(dT)20 (10 pmol/μl), and 1 μl of ReverTra Ace.
The reaction was performed at 42 °C for 20min,
followed by 99 °C for 5min, and 4 °C for 5min. In
the second step, 1 μl of cDNA was mixed with 0·5 μl
of each sense and anti-sense primer (100 μmol/l each),

2 μl of dNTP mixture (2mM), 1·5 μl of MgCl2
(25 mmol/l), 2 μl of 10× PCR buffer, 0·5 μl of Taq
DNA Polymerase (500U), and 12 μl of PCR H2O.
PCR was performed as follows: denaturation at 95 °C
for 5min; 32 cycles of denaturation at 94 °C for 30 s,
annealing at 55 °C for 30 s, elongation at 72 °C for
30 s, and final elongation at 72 °C for 5min. The PCR
products were separated by electrophoresis on 1·5%
agarose gels (sample volume: 10 μl, voltage: 120 V)
and visualized with ethidium bromide staining and
ultraviolet illumination. We used gel optical density
analysis software (Gel-Pro 4.0) to scan and calculate
the IOD of strips. The relative mRNA expression of
osteopontin was represented as the ratio of osteo-
pontin:IOD and GAPDH:IOD, as were the α-SMA
and TGF-β1 levels.

Western blotting

Frozen tissue specimens (500 mg) were homogenized
on ice in 1ml of lysate prepared from a Total Protein
Extraction kit (ProMab, USA) and then ultrasoni-
cated for 3×3 sec. The crude protein fractions were
obtained by centrifuging the homogenates at 9000 g
for 10min at 4 °C. The supernatant was used as
the protein fraction. Gel samples were prepared
by mixing protein samples with sample buffer and
boiling at 100 °C for 3min. Nuclear and cytoplasmic
proteins were separated with 12% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) in running buffer. After electrophoresis, the
proteins were transferred to nitrocellulose membrane
(Pierce, USA) in transfer buffer at 300mA constant
current for 70min on ice. Non-specific binding sites
were blocked by incubating in PBS containing 5%
non-fat milk for 2 h at 37 °C. Membranes were then
incubated with primary antibodies (mouse mono-
clonal osteopontin antibody (1:500) (Santa Cruz
Biotechnology, USA), rabbit monoclonal α-SMA
antibody (1:200) (Ascend Biotechnology, China),
rabbit polyclonal TGF-β1 antibody (1:400) (Santa
Cruz Biotechnology, USA) and mouse GAPDH
monoclonal antibody (1:1000) (ProMab, USA))
overnight at 4 °C. The membranes were then washed
5×4min with PBS-Tween 20 (PBST) and incubated
with secondary antibody (HRP-conjugated goat
anti-mouse IgG antibody (1:50000) (Zymed, USA)
for osteopontin and GAPDH, HRP-conjugated
goat anti-rabbit IgG antibody (1:40000) (Santa
Cruz Biotechnology, USA) for TGF-β1 and HRP-
conjugated goat anti-rabbit IgG antibody (1:20000)
(Santa Cruz Biotechnology, USA) for α-SMA) for
1 h at 37 °C. After the membranes were washed for
5×4min in PBST, enhanced chemiluminescence
detection of the target protein was performed. The
film was scanned, and the image was analysed with
Gel-Pro 4.0. The relative levels of osteopontin were
represented as the ratio of osteopontin:IOD and
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GAPDH:IOD, and the same with the α-SMA and
TGF-β1 levels.

Statistical analysis

Statistical analysis was performed using SPSS 13.0
software. Data were expressed as means±S.D. A nor-
mality test was performed before statistical analysis.
Comparisons between groups and time-points were
performed using one-way analysis of variation
(ANOVA) (homogeneity of variance: S-N-K; hetero-
geneity of variance: Tamhane). P values less than
0·01 (heterogeneity of variance) or 0·05 were con-
sidered statistically significant.

RESULTS

Schistosomal hepatopathology

Schistosomal hepatopathological changes were de-
scribed by a senior pathologist according to both HE

and MT sections (Fig. 1, images). While group A
showed normal hepatocyte morphology (Fig. 1E–F),
other groups showed typical characteristics of
schistosomal hepatopathology such as granuloma
formation and collagen deposition in varying degrees
(Fig. 1A–D). At week 3, in group B, numerous
inflammatory cells such as neutrophils, lymphocytes
and eosinophils infiltrated around schistosome eggs,
shaping granulomas; massive collagen fibres wrapped
or stretched into granulomas or extended from
inflammatory lesions to the lobule (Fig. 1A). While
the quantity of inflammatory cells and collagen fibres
seemed fewer in group C and group D, group E
showed the most obvious reduction in the degree of
granuloma responses and fibrosis (Fig. 1C). At week
9, in group B, fibrocytes and collagen fibres became
the predominant feature of the granuloma, whereas
other cell types diminished in number (Fig. 1B).
When there was a decrease in the collagen deposition
in group C and group D animals, we could see only
sparse collagen interspersed among disintegrated

Fig. 1. Representative images of hepatopathological changes in groups A, B and group E over time. Images –HE
and MT staining. Graphs – data showing the degree of granuloma formation and liver fibrosis. Arrowheads show
granulomas, collagen fibres present a blue colour (MT staining), X100 original magnification. HE, haematoxylin &
eosin; MT, Masson trichrome.
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granulomas in group E (Fig. 1D). The collagen
percentage and the granuloma dimension showed a
similar change between groups over time (Fig. 1,
graphs).

Expression of osteopontin, α-SMA, and TGF-β1 by
immunohistochemistry

Only scarcely distributed cells with traces of the
osteopontin-positive staining were seen in group A
throughout the experiment (Fig. 2). At week 3, in
group B, large numbers of densely osteopontin-
stained cells surrounded and infiltrated into the egg
granulomas, accumulated in fibrotic areas and stret-
ched along fibrous septum. The quantity of osteo-
pontin gradually reduced following the sequence of
groups B, C, D and group E (Fig. 2 and Table 1)
(P<0·05). At week 9, in group B, there were still
many osteopontin-stained cells distributed in the
fibrotic granulomas and dispersed at the periphery of
them. However, the expression had weakened com-
pared to week 3 (P<0·05) (Fig. 2 and Table 1). The
quantity of osteopontin in group E decreased drama-
tically compared to the other 3 modelling groups
(Fig. 2 and Table 1) (P<0·05). Osteopontin ex-
pression showed no significant difference between
groups C and group D (P>0·05) and they both de-
creased substantially compared to group B (P<0·05)
(Table 1). Although minor discrepancies existed, the
expression of α-SMA and TGF-β1 were roughly
consistent with osteopontin (Fig. 2). Table 1 shows
the IODs of individual immune staining between
different groups along the time course. Results are ex-
pressed as IOD (×102 or ×103) and as the mean±S.D.

Expression of osteopontin, α-SMA and TGF-β1
mRNA (RT-PCR) and protein (Western blotting)

Again, similar changes were seen in the expression of
mRNA (RT-PCR) and protein (Western blotting)
(Fig. 3, left and right, A). The expression of both
osteopontin mRNA and protein in group C and
group D were significantly decreased compared to
group B (P<0·05). Group E had the lowest osteo-
pontin expression among all the modelling groups
(P<0·05), but its level was still relatively higher than
that in group A (P<0·05). The expression of α-SMA
and of TGF-β1 was generally consistent with osteo-
pontin. All detailed data are shown in Fig. 3B–D, left
and right.

DISCUSSION

Osteopontin is involved in various pathophysiol-
ogical events including inflammation and fibrosis
(Lorena et al. 2006; Morimoto et al. 2010). Our
previous preliminary study demonstrated that osteo-
pontin played an important role in the progress of
schistosomal hepatopathology and strongly corre-
lated with some potential pro-fibrosis factor such as
hepatic stellate cells and TGF-β1 (Chen, 2011).
Whether it is a positive promoter to schistosomal
liver damage, or just a result or manifestation of
this pathological process, has not been clarified.
Considering the pro-inflammation and pro-fibrosis
role osteopontin plays in other diseases (Singh et al.
2010; Ueno et al. 2010), we hypothesize its role to be
the former.Thus,weadopted themethodof immuno-
neutralization to block the action of osteopontin and

Fig. 2. Representative images and IOD data of immunostaining for osteopontin, α-SMA and TGF-β1 in groups A, B
and group E over time. Positive staining presents a yellow brown colour at X100 original magnifications. Table 1 shows
detailed IOD data. OPN, osteopontin; SMA: smooth muscle actin; TGF: transforming growth factor; IOD: integral
optical density.
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observed the changes in schistosome-induced hepato-
pathology to confirm our hypothesis and to evaluate
the feasibility of osteopontin immunoneutralization
as a treatment for hepatic schistosomiasis.
Egg granulomas and liver fibrosis are the most

basic characteristics of hepatic schistosomiasis
(Gryseels, 2006). Although an elaborate and inter-
nationally acknowledged criterion for the evaluation
of hepatic schistosomiasis has yet to be established at
present, we still find some indices we used in our
studies to be applicable and objective. The granu-
loma dimension undoubtedly reflects the intensity of
granulomatous responses that directly determine the
degree of fibrosis since fibrosis is originally a tissue-
repairing process to previous inflammatory injury
(Shimada et al. 2010). The percentage of collagen,
usually detected with Masson trichrome staining or
Sirius red staining, is a common index to assess the
extent of collagen deposition (Fornari et al. 2011).
During the granulomatous responses, hepatic stellate
cells transform into activated myofibroblast-like cells
characterized by the presence of α-SMA, secreting
large amounts of collagen (Reeves and Friedman,
2002; Bartley et al. 2006). In addition, TGF-β1, as
the most potent fibrogenic cytokine, increases follow-
ing HSC activation and stimulates the proliferation
and activation ofHSC to form a self-feedback cascade
reaction (Wada et al. 2004; Moreira, 2007). We have
every reason to believe that an effective therapy for
schistosomal liver damage should be able to reduce
granulomatous responses and collagen deposition,
and even ideally to inhibit HSC activation and TGF-
β1 expression.
In this study, we injected neutralizing anti-

osteopontin antibody at the time when the schisto-
some eggs reached the liver, which marks the
initiation of hepatic schistosomiasis. We selected 2
time-points for the observation, including 3 weeks
and 9 weeks after egg arrival as they, respectively,
represent the most obvious acute granulomatous re-
sponse phase and stable chronic fibrosis phase ac-
cording to previous studies. Praziquantel was used in
all the treatment groups as a basic aetiological
treatment. Colchicine, a classical anti-fibrosis drug,
was chosen as the control drug. Either colchicine or
osteopontin neutralization was combined with prazi-
quantel to compare the treatment effects. As the data
showed, praziquantel plus osteopontin neutralization
had the most remarkable effect in reducing granulo-
matous responses and collagen deposition, accom-
panied with a significant decrease of HSC activation
and TGF-β1 expression. This result clearly demon-
strates the feasibility and rationality of osteopontin
immunoneutralization for the treatment of schisto-
somal liver damage. In addition, it further confirms
that osteopontin has a pro-inflammation and pro-
fibrosis effect in hepatic schistosomiasis, although
the detailed mechanisms were still not entirely clear.
Some other reports seem to provide a few clues: aT
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Fig. 3. Profiles of osteopontin, α-SMA and TGF-β1 mRNA (RT-PCR) and protein (Western blotting) expression.
Left. Expression of the targeted mRNAs. Letter M representing DNA marker. Numbers 1–5 representing groups A, B,
C, D and group E at week 3. Numbers 6–10 representing groups A, B, C, D and group E at week 9. Right. Expression
of the proteins. Numbers 1–5 representing groups A, B, C, D and group E at week 3. Numbers 6–10 representing
groups A, B, C, D and group E at week 9.

528Bo-Lin Chen and others

https://doi.org/10.1017/S0031182011002241 Published online by Cambridge University Press

https://doi.org/10.1017/S0031182011002241


review summarizing the pathophysiological role of
osteopontin in hepatic inflammation and toxicity con-
cludes that osteopontin acts as a mediator of various
inflammatory cell infiltrations, including lympho-
cytes, neutrophils, and macrophages (Ramaiah and
Rittling, 2008). A recent in vitro study demonstrated
that osteopontin is required for the differentiation
and activity of myofibroblasts that are formed in
response to the profibrotic cytokine TGF-β1 (Lenga
et al. 2008).
In summary, through this study, osteopontin’s role

as a positive promoter of schistosomal liver damage
is further confirmed. Immunoneutralization aimed
at osteopontin, in combination with praziquantel
for the aetiological treatment, significantly alleviates
schistosomal damage in the liver. This combined
regimen of osteopontin immunoneutralization and
aetiological anti-helminthic treatment reveals a new
strategy and has the potential for a more effective
treatment of hepatic schistosomiasis, even though it
will be a long way for this regimen to become a new
clinical therapy for patients with schistosomiasis.
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