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Abstract
Epidemiological studies have associated infection with Schistosoma japonicum and S. mansoni with increased
risk of cancers of the liver and colon, although the mechanism of carcinogenesis remains unestablished. The livers of
mice experimentally infected with S. japonicum or S. mansoni were analysed for expression of Fas (CD95/APO-1)
and Fas ligand immunohistochemically and for apoptotic cell death by the TUNEL method. Fas expression was
significantly decreased in hepatocytes around the inflammatory area of egg granulomas; this decrease was most
prominent during the chronic phase of infection. Fas ligand was expressed in hepatocytes inside and outside
granulomas, especially from mice at the early stage of infection, but not in hepatocytes from uninfected mice. Abnormal
proliferation and Fas ligand expression were also observed in capillary bile ducts inside egg granulomas. Apoptotic
cell death of inflammatory cells and, less frequently, of hepatocytes was found both inside and around granulomas.
The rate of apoptotic cell death was high during the early stage of infection with S. mansoni, but decreased during
the chronic phase of infection. Our results suggest that schistosome infection causes alterations of the Fas-Fas
ligand system, one of the major apoptotic pathways, in mouse liver.
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Introduction
Schistosomiasis is widespread, especially in Asia, Africa
and Latin America (IARC, 1994, Ross et al., 2002). A report
of the World Health Organization in 1993 estimated that
200 million people were infected with schistosomes and that
600 million people were at risk of infection in 74 countries
(WHO, 1993). Although in recent years the endemic areas
have tended to decrease as a result of administration of
antischistosomal drugs such as praziquantel and new
strategies for prevention, rapid reinfection poses a threat to
younger age groups due to the slow maturation of natural
resistance (Wu et al., 1994; Etard et al., 1995; Jiang et al.,
1996; Ross et al., 2002).
Epidemiological studies have associated schistosome
infection with increased risk of cancers of the liver, colon

and urinary bladder (Ishii et al., 1989; IARC, 1994). Infection
with Schistosoma mansoni has been associated with giant
follicular lymphoma of the spleen, colorectal cancer,
hepatocellular cancer, cholangiocarcinoma and other
malignancies, whereas infection with S. japonicum has been
correlated with liver and colorectal cancers (IARC, 1994).
In addition, infections with S. intercalatum or S.
haematobium have been associated with hydronephrosis,
ovarian teratoma and urinary bladder cancer (IARC, 1994).
S. haematobium infection has been evaluated as carcinogenic
to humans by the International Agency for Research on
Cancer (IARC, 1994).
Several mechanisms have been proposed for
schistosome-mediated carcinogenesis. It has been suggested
that parasite eggs laid by adult worms are a major factor
contributing to the pathogenesis of schistosomiasis (IARC,
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1994). The parasite eggs, deposited in the liver and colon,
induce strong inflammatory reactions, which may result in
formation of severe lesions such as granuloma and fibrosis
in the tissue. Infection can also activate inflammatory cells
to generate factors (e.g. reactive oxygen and nitrogen species,
etc.) which kill parasites, but may at the same time damage
DNA and cells in surrounding tissues (Badawi et al., 1993;
Ohshima and Bartsch, 1994). Persistent DNA and tissue
damage may cause induction and accumulation of mutations,
leading to cancer development. However, so far only a few
laboratory studies have been carried out to investigate the
role of schistosome infection in carcinogenesis and the
carcinogenic mechanism remains unestablished.
Fas (APO-1 or CD95) is a 45-kDa transmembrane
protein belonging to the tumour necrosis factor (TNF) and
nerve growth factor receptor family (Itoh et al., 1991; Oehm
et al., 1992). The Fas ligand (FasL) is a member of the TNF
family of cytokines (Suda et al., 1993). Binding of the FasL
to its receptor Fas induces apoptosis in Fas-expressing target
cells (Nagata and Golstein, 1995; Nagata, 1997;). The FasFasL system plays a role in the deletion of T lymphocytes in
the peripheral immune system, in the down-regulation of
immune reactions, in T-cell-mediated cytotoxicity, and in
the elimination of Fas-expressing leukocytes in immune
privileged sites (Nagata and Golstein, 1995; Streilein, 1995;
Strand et al., 1996; Nagata, 1997; Wajant, 2002). Abnormal
functioning of the Fas-FasL system may, however, cause
deleterious effects (Nagata and Golstein, 1995; Nagata,
1997). Although the system has been relatively well
investigated in viral infections (Kishi et al., 1997; Sieg et
al., 1997; Hayashi and Mita, 2002), there have been only a
few investigations on Fas and FasL in relation to parasite
infection. In this paper, we present evidence indicating that
schistosome infection alters expression of Fas and FasL in
the liver, which may be associated with
hepatocarcinogenesis.

(kindly provided by Dr. Nakanishi. Kanazawa University,
Japan), which recognizes Fas extracellular domains of both
the mouse and human proteins. FasL polyclonal antibody
against human FasL, which also reacts with murine FasL,
was purchased from Santa Cruz Biotechnology (Santa Cruz,
CA). The avidin-biotin peroxidase method was applied.
Briefly, to stain with Fas antibody, sections were
deparaffinized and rehydrated. Endogenous peroxidase was
blocked by incubating the sections in 0.3% hydrogen
peroxide in absolute methanol for 30 min at room
temperature, followed by a brief wash in phosphate-buffered
saline (PBS). Tissue sections were treated with (a) 0.1%
trypsin-CaCl2 solution (pH 7.8, 37oC) for 15 min, (b) 5%
skim milk plus 0.1 % bovine serum albumin for 120 min,
(c) Fas antibody (dilution 1:1000 in PBS containing 0.1 %
bovine serum albumin) at 4oC overnight, (d) biotinylated
goat anti-rabbit IgG antibody, (e) avidin-biotin peroxidase
complex (ABC kit, Vector Lab. Inc., Burlingame, CA) and
(f) 3,3-diaminobenzidine tetrahydrochrolide (0.05% in 0.05
M Tris-HCl, pH 7.6) solution. The sections were
counterstained with hematoxylin, rehydrated and mounted.
For FasL staining, a high-temperature antigen unmasking
technique, instead of proteinase digestion, was applied to
enhance antigen retrieval. The sections were immersed in
0.01 M sodium citrate buffer (pH 6.0) and heated in a
pressure cooker for 10 min. FasL antibody (dilution 1:2000
in PBS containing 0.1 % bovine serum albumin) was used.
Specificities of antibodies against Fas and FasL were verified
using formalin-fixed, paraffin-embedded sections of mouse
tissues and human liver. Positive controls, i.e. human liver
for Fas immunohistochemistry and mouse testis, thymus and
spleen for FasL immunohistochemistry were consistently
positive, while negative controls, i.e., sections without
primary antibody and those with non-immunized rabbit
serum for Fas and FasL immunohistochemistry were
consistently negative.

Materials and Methods

Analysis of Apoptosis and Mitotic Cells
Apoptotic cells with DNA fragmentation were analysed
in the liver sections using the terminal deoxynucleotidyl
transferase-mediated dUTP-biotin nick end labelling
(TUNEL) method (Apop Tag, Oncor Inc., Gaithersburg,
MD). Cells were defined as apoptotic if the cell was labelled
positively in the whole nuclear area or formed an apoptotic
body. The number of apoptotic cells outside egg granuloma
were counted under a light microscope in more than ten highpower field areas (400x). Hepatocytes in division were also
quantified as % of mitotic hepatocytes.

Treatment of Animals
A total of 80 female C57BL/6JICO mice were obtained
from IFFA-CREDO (Lyon, France). They were divided into
three groups: (i) S. japonicum-infected group: 20 mice 9
weeks of age were infected through the shaved abdomen
with 20 cercariae of S. japonicum (Chinese strain); (ii) S.
mansoni-infected group: 40 mice 11 weeks of age were
exposed to 40 cercariae of S. mansoni (Puerto Rican strain)
by subcutaneous injection; (iii) uninfected group: 20 mice
were used as control. Faecal samples were collected from
each mouse to analyse for parasite eggs. Four to eleven mice
from each group were killed by cervical dislocation between
7 and 21 weeks after infection, and liver samples were fixed
in 10% buffered formalin and embedded in paraffin.
Immunohistochemistry
Immunohistochemical staining of Fas and FasL was
carried out using an anti-human Fas polyclonal antibody
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Results
Mice infected with S. mansoni or S. japonicum began to
excrete parasite eggs in their faeces less than 7 weeks after
infection. Egg granulomas were observed in the colon and
liver from the infected mice killed after seven weeks after
infection. Under the present experimental conditions, the
liver from mice infected with S. japonicum was darker in
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colour and showed more lesions than the liver of mice
infected with S. mansoni. Some S. japonicum-infected mice
died 8 weeks after infection, and all the remaining mice were
sacrificed at 9 weeks, whereas those infected with S. mansoni
were kept for 21 weeks.

Expression of Fas
Fas antigen was expressed in cytoplasmic membrane and
cytoplasm of hepatocytes from the liver of uninfected mice
(Figure 1A). Fas was also expressed in hepatocytes of the
mice infected with S. mansoni or S. japonicum. However,

Figure 1. Altered expression of Fas and FasL in the liver of mice infected with S. japonicum or S. mansoni.

A, Fas
expression in cytoplasmic membrane of hepatocytes in the liver of an uninfected mouse (15 weeks old) x300; B and C, decreased expression of Fas in the
liver from a mouse 9 weeks after infection with S. japonicum and in the liver from a mouse 12 weeks after infection with S. mansoni, respectively, x200;
D, FasL is expressed in bile duct cells, but not in hepatocytes of an uninfected mouse, x350; E and F, FasL expression in hepatocytes inside and outside
granulomas from a mouse 7 weeks after infection with S. japonicum, x350 and x200, respectively; G, proliferating capillary bile ducts, which show strong
FasL expression in the periphery of egg granuloma, especially in a mouse 21 weeks after infection with S. mansoni, x200; H, apoptotic cells observed
outside granuloma from the liver of a mouse 7 weeks after infection with S. mansoni, x450.

Asian Pacific Journal of Cancer Prevention, Vol 3, 2002

363

Qin Shao et al

its expression decreased significantly in the areas around
egg granulomas from the liver of some mice infected with
S. mansoni or S. japonicum (Figure 1B, C). This effect was
more prominent in the liver of mice after prolonged infection
with S. mansoni (Table I). Fas expression was also observed
in some inflammatory cells infiltrating in egg granulomas
(Figure 1B, C).
Expression of FasL
FasL was not expressed in normal hepatocytes, but was
expressed in bile ducts in uninfected mice (Figure 1D). In
infected mice, cytoplasmic membrane and cytoplasm of
hepatocytes and proliferating bile ducts inside and outside
granulomas expressed FasL (Figure 1E-G). FasL expression
was detected more frequently at seven weeks after infection
than at longer periods of infection with either S. mansoni or
S. japonicum (Table 1). Inflammatory cells in egg
granulomas also occasionally expressed FasL in infected
mice killed earlier than 12 weeks after infection.
Apoptotic Cell Death
In the liver of infected mice, apoptotic cell death of
inflammatory cells was detected especially inside
granulomas, whereas that of hepatocytes was found both
inside and around granulomas, but less frequently than
inflammatory cells (Figure 1H). The rate of apoptotic cell
death (mainly inflammatory cells) was significantly higher
in the liver of mice at seven and twelve weeks after infection
with S. mansoni and at nine weeks after infection with S.
japonicum, compared to that of uninfected mice. The
percentage of these apoptotic cells began to decrease at 12
weeks after infection with S. mansoni and reached the levels
of non-infected livers at 21 weeks.
Mitotic Index
Mitotic hepatocytes outside granulomas tended to
decrease at 9 weeks after infection with S. japonicum and
12 weeks after infection with S. mansoni, compared to
uninfected mice.

Discussion
Mice infected with either S. mansoni or S. japonicum
developed granulomatous inflammation in the liver. We have
studied expression of Fas and FasL, as well as apoptotic cell
death and mitosis in relation to egg granuloma formation in
the liver. We found that Fas expression in the areas around
egg granulomas decreased significantly during chronic
infection. The mechanism of this decreased expression of
Fas remains to be established. Only a few compounds,
including an immunosuppressive agent, FK506 (Yokoyama
et al., 1996), have been reported to down-regulate Fas
expression, although some compounds such as interferon-γ
and TNF-α up-regulate its expression in various cells
including hepatocytes (Maciejewski et al., 1995; Ortiz
Arduan et al., 1996; Yano et al., 1996). It is interesting to
note that various tumour cells, including human
hepatocellular carcinomas, have partially or completely lost
expression of Fas, which is constitutively expressed by
normal cells (Leithauser et al., 1993; Higaki et al., 1996;
Strand et al., 1996). Loss of Fas antigen may render tumour
cells less sensitive to Fas-mediated cytotoxicity of T
lymphocytes. In contrast, Fas expression in hepatocytes is
highly elevated in hepatitis B virus-related cirrhosis and in
acute liver failure (Galle et al., 1995).
In this study, expression of FasL, which is not observed
in hepatocytes of uninfected liver, was detected frequently
in hepatocytes both inside and outside granulomas in mice
infected with either S. mansoni or S. japonicum. In contrast
to Fas expression, FasL expression in hepatocytes was more
prevalent during the acute than the chronic phase of infection.
FasL has been reported to be expressed in activated T
lymphocytes (Suda et al., 1995) in several normal adult
tissues, including the thymus, lung, spleen, small intestine
etc. (French et al., 1996), in tumour cells including human
hepatocellular carcinomas, colon adenocarcinomas,
melanomas and glioblastomas (Hahne et al., 1996; Higaki
et al., 1996; Strand et al., 1996; Gratas et al., 1997; Niehans
et al., 1997; O'Connell et al., 1997) and in hepatocytes from

Table 1. Expression of Fas and Fas Ligand in Hepatocytes of Mice Infected with S. japonicum and S. mansoni
Infection

Age
(wk)

Weeks after
infection

No.
of animals
examined

Body wt
(g)
mean ± SD

Liver wt
(g)
mean ± SD

No. of animals
with decreased
Fas expression
(%)

No. of animals
with
FasL expression
(%)

Control
S. japonicum
S. japonicum
S. mansoni

15
15
18
18

7
9
7

6
8
8
9

19.1 ± 0.9
16.0 ± 1.2
16.7 ± 2.3
19.0 ± 1.0

0.98 ± 0.09
1.44 ± 0.17
1.44 ± 0.37
1.22 ± 0.98

0
1 (13)
2 (25)
1 (11)

0
7 (88)
3 (38)
6 (67)

Control
S. mansoni

24
24

12

6
9

21.0 ± 1.0
19.8 ± 1.4

1.05 ± 0.11
1.49 ± 0.13

0
2 (22)

0
2 (22)

Control
S. mansoni

32
32

21

4
11

19.9 ± 0.9
20.7 ± 1.4

1.05 ± 0.07
1.61 ± 0.23

0
5 (46)

0
0
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patients with alcoholic hepatitis (Galle et al., 1995). Tumour
cells expressing FasL may counterattack the immune system,
by actively killing lymphocytes via the Fas-FasL system
(French et al., 1996; Higaki et al., 1996; Strand et al., 1996;
Gratas et al., 1997; Niehans et al., 1997; O'Connell et al.,
1997). FasL expression can also be induced by cytostatic
drugs (Muller et al., 1997) as well as by reactive oxygen
species including hydrogen peroxide (Hug et al., 1997) in a
variety of cell lines.
Apoptotic cell death of inflammatory cells and, less
frequently, of hepatocytes was found both inside and around
granulomas. The rate of apoptotic cell death was high during
the early stage of infection with S. mansoni, but decreased
during the chronic phase of infection. FasL was expressed
in hepatocytes frequently during the acute phase of infection,
whereas Fas expression in the areas around egg granulomas
decreased significantly during chronic infection. Thus, the
expression of FasL in hepatocytes during the acute phase of
infection may contribute to apoptotic cell death of
hepatocytes through an autocrine (fratricide) mechanism.
Inflammatory cells may also be killed by interaction between
Fas-expressing leukocytes and FasL-expressing hepatocytes.
On the other hand, the decreased expression of Fas receptor
in hepatocytes around egg granulomas could contribute to
decreased apoptotic cell death during the chronic phase of
infection. This decreased apoptosis may result in prolonged
exposure of the cells to reactive oxygen and nitrogen species
produced by inflammatory cells, leading to increased DNA
damage and mutations, which contribute to cancer
development.
The altered expression of Fas and FasL may also have
effects on egg granuloma formation. It has been reported
that the responsiveness of T lymphocytes to mitogens and
egg antigens is impaired during the chronic stage of infection
with S. mansoni or S. japonicum (Warren et al., 1975; Olds
et al., 1989; Weinstock, 1992). As a result, newly formed
granulomas are less dynamic and are smaller in size during
the chronic stage than during the acute stage of infection.
This down-regulation of granuloma formation (termed
modulation) has been reported to be immunologically
regulated and to be dependent on the interaction of Th1 and
Th2 subsets of lymphocytes (Olds et al., 1989). Our results
suggest that altered expression of Fas and FasL after infection
with shistosomes may contribute to this modulation process.
Recent studies have shown that expression of FasL in colon
carcinoma cells suppresses the activity of cytotoxic T cells
and inhibits the generation of alloantibodies of both IgM
and IgG subclasses (Arai et al., 1997). Thus altered
expression of Fas-FasL could be involved in the modulation
process by modulating responsiveness of T lymphocytes as
well as by impairing the immune function.
In summary, loss of Fas expression and gain of FasL
expression observed during schistosome infection may affect
the mechanism of apoptotic cell death mediated by the FasFasL system in the liver. Hepatocytes with altered Fas-FasL
expression could escape from the immune system, resulting
in accumulation of DNA damage and genetic alterations.

Thus infection with schistosomes may be associated with
hepatocarcinogenesis through several factors such as
immune suppression, tumour-promoting activity from egg
antigen, carcinogens formed endogenously or present in the
environment, and altered metabolic and detoxifying
functions of the infected liver (Ishii et al., 1989; IARC, 1994;
Ohshima and Bartsch, 1994).
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