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CELLULAR IMMUNE RESPONSE AND PATHOLOGY IN SCHISTOSOMIASIS
AURIAULT C.*, PANCRE V.*, WOLOWCZUK 1.*, ASSEMAN C.*, FERRU L* & VERWAERDE C.*

Summary :

In the present review, some aspects of the cellular response
following the murine Schistosoma mansoni infection are described.
Due to the peculiar route used by the schistosome fo infect its
definitive host, the skin appears as a critical site in which the
initial events of the host/parasite relationship occur and where the
immune response is initiated. Moreover, the induction and the
modulation of the granuloma formation,which represent the main
aspect of the pathology of this parasitic disease, is under the
control of several cellular populations in which CD4 and CD8 T
cells play a key role. The cytokines produced in response to the
parasite, such as IL7 in the skin and IFN v in the liver, seem to
influence the further development of immunity against Schistosoma
mansoni.

KEY WORDS : schistosoma, lymphocytes, Nk cells, cytokines, epitopes,
granuloma, fibrosis.

Résumé : IMMUNITE CELLULAIRE ET PATHOLOGIE DE LA SCHISTOSOMIASE
la schistosomiase, comme foutes les parasitoses, est une maladie
chronique du fait de I'adaptation du parasite & son héte. Au cours
de cette infection, I'héte développe néanmoins une réponse
immune pouvant aboutir & la destruction des jeunes larves de
schistosomes. De nombreux travaux réalisés chez le rat par
I'équipe du Pr. Capron & I'lnstitut Pasteur de Lille ont pu mettre en
évidence le réle important joué par la réponse humorale dans
cette immunité. Dans la présente revue, nous metons en relief que,
au cours de l'infection murine par Schistosoma mansoni, ['immunité
dirigée contre les larves de schistosomes ou les ceufs déposés
dans les fissus et engendrant des granulomes fibreux responsables
de la pathologie bilharzienne est contrélée par différentes
populations lymphoides.

les populations cellulaires et les cytokines produites ont été
étudiées a deux niveaux de l'infection : 1) dans la peau et ses
ganglions drainants qui représentent les sites ou est initiée la
réponse immune contre les larves de schistosome (schistosomules)
et ou donc s'instaure en premier lieu l'interaction héte/parasite ;
2) dans le foie ov la pathologie se manifeste principalement et ou
I'induction et la modulation de la réponse inflammatoire dirigée
contre les ceufs est sous le contréle de lymphocytes T CD4 (TH
et TH2) et CD8.

Consécutivement a l'infection, frois cytokines sont exprimées au
niveau de la peau, I'lFNy, 'll4 et I'lL7. Alors que les deux
premiéres disparaissent lorsque le parasite a quité le derme, I'll7
continue & éfre produite dans la peau jusqu'a 21 jours aprés
I'infection. Des expériences ou l'infection par S. mansoni est
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précédée par une injection unique d'IL7 au site d'infection ont
clairement mis en évidence que la production cutanée de cette
cytokine a une incidence profonde sur l'inferaction entre le
parasite et son hote vertébré. D'une part, il apparait que le
nombre de parasites arrivant & maturité est significativement
augmenté et que la migration du parasite est modifiée. D'autre
part, Ill7 inhibe la production d'IFN ef, & un degré moindre, la
production I'll4. La conséquence objectivable est une inversion
des profils isofypiques dans le sérum des animaux infectés, des
anticorps dont la production est dépendante des cytokines de type
TH1 vers la production d'anticorps dont la production est
dépendante de cytokines de type TH2. Indéniablement la peau
appardit étre un site privilégié pour la survie du parasite, ce qui
pourrait expliquer le maintien avec 'évolution du passage
transcutané des larves de schistosome au moment de l'infection.
D'autre part, I'l7 produite massivement dans la peau influence le
développement ultérieur de I'immunité vis-cvis de ce parasite en
favorisant la production d'anticorps d'isotypes TH2 dont il est
connu qu'ils inferviennent dans la destruction des larves. Ainsi,
bien qu'au cours de l'infection primaire la production d'IL7 soit
plutét bénéfique pour le parasite, cefte cytokine pourrait participer
a la mise en place d'une immunité protectrice a la réinfection
limitant ainsi la charge parasitaire, ce qui est nécessaire d la
survie du couple héte/parasite.

Une autre série de travaux nous a permis de montrer le réle
prépondérant joué par I'lFNY dans la modulation de la fibrose
hépatique au cours de la schistosomiase murine & S. mansoni. En
effet, I'injection de I'antigéne vaccinant Sm28GST ou de sa
séquence peptidique C-terminale 190-211 aboutit a une réduction
de la synthése de collagéne et du nombre de granulomes dans le
foie ainsi qu'a une survie des animaux infectés sans qu'une
augmentation notable de la production d’anticorps soit observée.
le transfert passif de lymphocytes spécifiques T CD4+ mais
également CD8+ reproduit I'effet protecteur de I'immunisation.
Ceci suggere que les deux souspopulations lymphocytaires T sont
impliquées, ce qui est confirmé par des expériences de déplétion
in vivo @ l'aide d'anticorps monoclonaux anti-CD4 et anti-CD8.
Ces cellules spécifiques de la Sm28GST ou du peptide 190-211
produisent essentiellement de I'lFNyy et un peu d'L2 et pas du tout
d'll4 en réponse a I'antigéne Sm28GST ou le peptide 190-211.
Lorsque I'immunisation est précédée par un fraitement par un
anticorps ant-IFN I'effet protecteur normalement conféré par la
Sm28GST est complétement annulé. Ainsi, il apparait que c’est
essentiellement par la production d'IFNy que les lymphocytes T
CD4+ et CD8+ spécifiques de cet antigéne inferviennent dans la
modulation de la fibrose mais également assurent la survie des
animaux infectés. La population cellulaire NK bien que reconnue
comme importante productrice d'IFNy intervient de maniére
perceplible dans la réduction de la fibrose, mais ne semble pas
agir par des mécanismes impliquant directement I'lIFNy.

MOTS CLES : schistosome, lymphocyte, cellules NK, cytokine, épitope,
granulome, fibrose.
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INTRODUCTION

n recent years, immunological studies in parasitic
models have clarified some of the components of
.. the host parasite interface, revealing it to be the
result of a permanent and delicate balance between
the parasite mechanisms of survival and the host fac-
tors of immunity. Although parasite models appear in
many respects as relevant systems for the investigation
of immunoregulatory mechanisms, the development of
safe and protective vaccines against the major parasitic
diseases has hitherto failed because of the complexity
of the host parasite relationships an association that
allows survival of both organisms.

This is notably true in schistosomiasis, a metazoan
infection that affect 200 million persons in the world
and that can be studied in various animal models
(Smithers & Terry, 1965). Schistosoma mansoni infec-
tion is characterized by the presence of adult worms
in the portal and mesenteric veins as the result of a
complex migratory cycle initiated by cutaneous pene-
tration of infective larvae (cercariae) living in water that
transform into schistosomula into the skin of an appro-
priate host (Fig. 1).

S. mansoni pathology is characterized by hepatic and
intestinal granuloma formation around deposited para-
site eggs and tissue fibrosis (Boros, 1989). The com-
bined use of rodent models such as the mouse and

the rat and of in vitro schistosomula culture during the
past decade has made possible precise analysis of the
immune mechanisms in the infection. The laboratory
models are currently described as « permissive »
(mouse) or « semi permissive » (rat) host according to
their capacity to allow the parasite to reach sexual
maturation and oviposition (Cioli et al., 1977). The pro-
tective immunity is directed against the larval pre or
post-lung stages and involved humoral components,
notably evidenced in the rat experimental infection
(Capron et al., 1981) whereas the mouse develops prin-
cipally cellular dependent protective mechanisms (Sher
et al., 1982; Wolowczuk et al., 1989). Much evidence
has pointed to the preponderant role of T lymphocytes
in both rat and mouse anti-schistosome immunity,
notably the strict thymic dependency of the essential
components of the protective mechanisms developed
against the schistosomula or for the granuloma for-
mation around the eggs (Fig. 2). Indeed, T helper lym-
phocytes have the ability to regulate the activity of
various cell populations either by promoting B cell pro-
liferation and differentiation, thus allowing the pro-
duction of specific antibodies of the adequate protec-
tive isotypes and antibody dependent cellular toxicity
(ADCC) (Capron et al., 1982) or by directly activating
effector cells through their receptors for the lympho-
kines they produce after antigenic stimulation (James
et al., 1983).
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Fig. 2. — Induction of the cellular response in schistosomiasis.

In the present article we will summarize some aspects
of the cellular response consecutive to the cercariae
penetration in the skin and the consequence in the
host/parasite relationship. Moreover we will focus the
role played by T lymphocyte sub populations (CD4
and more particularly CD8) elicited by Sm28GST a vac-
cinating molecule of Schistosoma mansoni. Finally,
the presentation of the major T cell epitopes and the
parameters of immunity they induced will be pre-
sented in the last chapter.

THE SKIN AND THE INITIATION
OF THE IMMUNE RESPONSE

he very peculiar infection route used by the

parasite S. mansoni, i.e. through the intact skin

of its definitive host, prompted us to question
whether penetration of cercariae and migration of
larvae through the skin intervene in the host/parasite
relationship. Indeed skin is an important part of the
immune system and the site of complex humoral and
cellular responses. Thus the schistosome infection site
can be regarded as a self-supporting immunological
organ comprised of keratinocytes, epidermal Lange-
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rhans cells and skin homing T cells supporting the idea
that epidermis could play a key role in the initiation
of the immune response to this parasite.

To answer this question a series of experiments were
carried out to compare the cytokine production in skin
from mice infected transcutaneously or intravenously
in comparison with non infected animals. The cyto-
kines studies were IL1, IL2, IL4, IL5, IL6, IL7, IL10, IFNy
and oTNF and their profiles were monitored for 90
days infection (Wolowczuk et al., submitted).

It was observed that certain cytokines such as IL1 and
oTNF were present only in the skin of infected mice
either after transcutaneous or intravenous infection. In
contrast, IL2, IL5 and IL10 were detected in none of
the samples at any time post infection. Interestingly,
IL4, IL7 and IFNy were found exclusively in the skin
transcutaneously infected mice. The maximal detection
of IL4 and IFNy in skin was observed 5 days following
parasite migration coinciding with larvae leaving the
skin for the lung. The striking observation of a long
lasting production of IL7, up to 21 days of infection
in the skin, led us to evaluate the role of this cytokine
in murine infection.

A single intradermal administration (0.3 pg) of recom-
binant IL7 was made at the site of injection prior to
parasite deposition on the skin. Amazingly this study
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demonstrated that in vivo IL7 treatment aggravated the
clinical course of murine schistosomiasis in C57bl6
mice, paralleled by an increased adult worm burden
and a more dramatic fibrosis in the liver. Regarding this
parasite-host interaction in the skin, this raised fasci-
nating questions. Indeed, this suggested that the cuta-
neous route of infection favoured the parasite during
the initial phases of the infection and that local pro-
duction of IL7 by dermal cells (presumably keratino-
cytes) has a positive effect on the survival of the
infected larvae. Moreover the presence of IL7 in skin
of infected mice would directly act on the migration
of the parasite within the infected host. Indeed the
results of perfusion of isolated livers at day 15 post
infection showed that there were less larvae in livers
of IL7 treated infected mice. Since the migration route
of the parasite has been shown to be involved in the
development of protective immunity, we are now
investigating in more detail the mechanisms controlled
by IL7, notably the regulation of adhesion molecules
in the skin or in the draining lymph nodes (Fig. 3).
In the mouse, the division of CD4+ T cells clones into
IL2 and IFNYy producing TH1 subset and IL4, IL5 and
IL10 producing TH2 subset is now well established
(Mossmann et al., 1986). The other consequence of the
presence of IL7 in the skin was the dramatic decrease
of TFNy and to a lesser extend of IL4 in the skin, the

draining lymph nodes and the sera of infected mice.
In the well documented model of percutaneous vac-
cination with irradiated cercariae, it has clearly been
demonstrated that protection against challenge infec-
tion is mediated by IFNy producing CD4+ cells (Mount-
ford et al., 1992). As a first event the strong reduction
of TFNy would lead to a less effective cell mediated
parasite killing in the lungs leading to a higher worm
burden consecutively in the liver. The second conse-
quence could be the emergence of TH2 type cells
occurring during S. mansoni infection, and characte-
ristic of the helminth infections, due to the modifica-
tion of the equilibrium between IFNy and the other
cytokines. The result was the modification in TH1-TH2
associated isotype profiles, respectively IgG2a and
IgG1, of egg antigen specific IgG. The IL7 dependent
decrease of IFNy being associated to a similar decrease
of IL12 in skin draining lymph nodes which both play
a major role in promoting TH1 differentiation, could
favour the development of TH2 cells and consecuti-
vely of the antibody isotypes under their control.

Thus, the skin appeared as a crucial site in which the
initial events of the host/parasite interaction occur.
Undoubtely, skin appears as a site necessary for the
parasite survival (at least at the first infection) but also
as an organ of immune sensitization following infec-
tion with S. mansoni. Even if might not itself be the
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Fig. 3. — Induction of the cellular response in the skin toward schistosome in C57 bl6 mice.

202

Parasite, 1996, 3, 199-208




site of complete initiation of the immune response to
this parasite, which occur in the skin lymph nodes,
these results showed that events in the skin could
influence the further development of immunity against
S. mansoni.

INDUCTION AND REGULATION

INDUCTION AND REGULATION OF THE GRANULOMA
FORMATION BY T LYMPHOCYTES IN MURINE
SCHISTOSOMIASIS

n mice the pathology of schistosomiasis is asso-
ciated with the continual daily production of viable
eggs by the intravascular worms. Many of the eggs
do not reach the external environment and cause an
inflammatory response when trapped in liver sinusoids
leading to predominantly cell-mediated granuloma for-
mation and ultimately to hepatic fibrosis (Philips et al.,
1986). This fibrosis involves the excessive deposition
of newly synthesized connective tissue matrix with col-
lagen being the major component (Wyler et al., 1987).
It is now admitted that this pathophysiologic scenario
is carefully regulated by multiple subpopulations of dis-
tinct subsets of T lymphocytes. Egg-induced granuloma
formation in the liver has been characterized as a
CD4+ cell mediated delayed-type hypersensitivity res-
ponse, which is maximal by 8 weeks after infection
(Mathew et al., 1986, 1990). Granuloma are then down
regulated by CD8+ lymphocytes (Chensue et al., 1981;
Fidel & Boros, 1990) so that by 16 to 20 weeks after
infection newly formed granuloma have decreased in
size. The presence of CD8+ cells was observed in both
early and chronic granulomas with an increased ratio
of CD8+ cells in chronic granulomas (Ragheb & Boros,
1989). The secretion of TH2-related cytokines which
follows egg deposition, is vigorous 8 weeks after infec-
tion whereas TH1-related responses which could limit
worm survival are suppressed (Pearce et al., 1991). IL10
production, which occur simultaneously with the
reduction in the IFNy response, may be responsible for
the observed suppression of TH1 cell cytokine syn-
thesis. TGFp, a cytokine with potent immunosuppres-
sive activity is also produced during the infection and
could contribute to this regulatory phenomenon (Czaja
et al., 1989). Later in infection, TH2 responses are
themselves down regulated (Grzych J.-M. et al., 1993).
Previous studies have implicated CD8+ cells in this sup-
pression (Colley, 1981) and it is possible that IFNy,
already shown to strongly influence TH1/TH2 ratio is
responsible for this decrease in IL4 and IL5 produc-
tion (Fong & Mossmann, 1990; Gajewski & Fitch,
1988). This indicate that expression of both protective
immunity and pathologic changes is regulated by a
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complex network of coordinated responses leading to
the concept of a cross regulatory circuit.

MODULATION

MODULATION OF THE GRANULOMA FORMATION BY
SM28GST specIFIC T CELLS

"%, 7 umerous efforts over the last decade have
|\ | focused in the elaboration of a reliable vacci

; @%%e ocused in the elaboration of a reliable vaccine
o able to protect humans against natural infec-
tion by S. mansoni. Although attenuated larvae can
induce a significant level of immunity in various expe-
rimental models (Taylor & Bickle, 1986) it is commonly
agreed that a non living defined vaccine would be
easier to produce on a large scale by recombinant DNA
technology, as well as being ethically more acceptable
in human populations (Murray, 1989). One of the pro-
mising candidate, the 28 kDa S. mansoni glutathion-
S-transferase (Sm28GST) (Taylor et al., 1988) molecule
has been the focus of several experimental studies allo-
wing a better understanding of its immunogenicity
and its biological function. The corresponding recom-
binant Sm28GST molecule induces a significant degree
of protection after being inoculated into permissive
host as hamster, mice and baboons or a semi-permis-
sive host such as the rat (Balloul er al., 1987,
Wolowczuk et al., 1989) and also strongly reduces the
egg induced-related pathologic changes (Boulanger et
al., 1991). Whereas protection against challenge infec-
tion is in part antibody (IgE and IgA) mediated (Dunne
et al., 1992) the role of T lymphocyte subpopulations
in the modulation of the liver pathology deserved to
be evaluated in the immunization procedures.

In a series of experiments we observed a marked
reduction in the number of granuloma and of fibrosis
in the liver of Schistosoma mansoni-infected mice after
immunization with a single dose of recombinant
Sm28GST (Pancré et al, 1994). Moreover immunized
mice seemed durably protected since they survived
more than 23 weeks after the death of control animals
while no relationship was noted between anti-
Sm28GST IgG and IgA antibody titers and the level of
protection obtained by this immunization protocol.
This supported the hypothesis of a role of Sm28GST
specific T cells in the reduction of the hepatic lesions.
Effectively, the adoptive transfer of Sm28GST specific
total T cell population, recovered 28 days after immu-
nization, reproduced this protective effect obtained.
Protection, although less marked was also obtained
after passive transfer of Sm28GST specific T cell sub-
population, but no significant difference in the level
of protection between mice given CD4+ T cells and
mice given CD8+ T cells was observed, suggesting that
both subpopulations were involved in the protection
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conferred by the total T cell population. In addition
in vivo T cell depletion experiments showed that anti-
CD4 and anti-CD8 treatment of mice led to an impor-
tant decrease in the Sm28GST mediated reduction of
the liver pathology. Our results suggest that the two
T cell subpopulations have a role in the expression of
the protection against hepatic damage. The tendency
of recombinant Sm28GST for preferential elicitation of
IFNy production by splenocytes indicated a probable
role for this antigen in directing the type of CD4TH1
but also CD8 T cell responses observed in early stage
of infection (Fig. 4).

IFNy is a potent inhibitor of collagen synthesis both
in vitro and in vivo and one can envisage a role for
this cytokine, secreted by Sm28GST specific CD4+ and
CD8+ cells in the observed reduction of the hepatic
damage. To evaluate this hypothesis, treatment of
immunized mice with an anti-IFNy antibody was car-

MHC class 2

7' \SnINGST peptides ————» |
(190-211)

ried out. This treatment suppressed the Sm28GST
induced protective effect and led to the rapid death
of anti-IFNy treated animals. Thus the neutralization of
IFNy during challenge response may shift the TH
balance toward domination by the TH2 subset and pro-
mote parasite survival. Moreover, the use of IFNy
under our experimental conditions of infection resulted
in a marked decrease in the hepatic damage and in
survival of the treated mice. This observation is in
accord with the results of Cazja et al. (1989) who
demonstrated that in murine schistosomiasis there was
a profound inhibition of collagen deposition accom-
panied by reductions in mRNA content for type I and
III procollagen after treatment by IFNY. The protective
role of Sm28GST specific CD8+ T cells in the murine
infection prompt us to evaluate the cytotoxic (CTL)
potentialities of these cells. We have shown that
Sm28GST was able to stimulate an antigen-specific,
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Fig. 4. — Pivotal role of y-IFN in the protection conferred by Sm28GST specific T lymphocytes in murine schistosomiasis.
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cytotoxic T cell response against Sm28GST-pulsed
P815 target cells in normal mice. Moreover, effector
cells induced in vivo were classical class 1 MHC res-
tricted CD8+ lymphocytes (Pancré et al., submitted).
We evidenced no spontaneous CTL activity against
Sm28GST-pulsed target cells during the course of the
infection by S. mansoni although Sm28GST is
expressed at different developmental stages of the
parasite. But we observed that immunization with
Sm28GST is sufficient to elicit a significant level of CTL
response for 6 weeks in infected mice. This experi-
mental approach should allow to appreciate the pre-
cise role of CD8+ T cells expressing cytotoxic functions
in a parasitic disease implicating a non intracellular
infective agent.

NK CELLS AND PATHOLOGY
IN SCHISTOSOMIASIS

s evoked above numerous studies evidence

that IFNy plays important immunoregulatory

functions in schistosomiasis. Natural killer cells
representing a major source of IFNy (Kobayashi et al.,
1989) the regulatory functions of these cells in schis-
tosomiasis have previously been studied in the lung
using an artificial model of synchronized granuloma eli-
cited by intravenous egg injections. This work showed
that the depletion of asialo-GM1+ cells, a surface marker
expressed by NK cells (but also by other populations
notably macrophages) (Suttles et al., 1986) leads to an
augmentation of primary granuloma size and TH2 cyto-
kine mRNA expression while decreasing TH1 cytokine
mRNA level. In our laboratory we investigated the
effect of in vivo NK1-1+ cell depletion both in the deve-
lopment of conventional granuloma in the liver and in
the immune response (Asseman et al., submitted). The
depletion was started before infection and maintained
throughout the chronic stage using the monoclonal anti-
body Pk136 directed towards NK-1.1 a surface marker
of the murine NK cells (Glimcher et al, 1977) also
expressed on a rare CD4+ T cell population (Yoshimoto
et al., 1995). The study was focused on possible modi-
fications in the liver pathology and of immune pro-
moters in regard to the capacity of NK cells to produce
IFNy but also as a source of IL4 from the CD4+ NK1.1
T cell population. It was shown that NK1.1+ cell deple-
tion caused perceptible modifications in the liver,
increasing collagen content and leading to the aboli-
tion of IL12 p40 and IL7 mRNA expression. Hepatic
mRNA expression of other cytokines-like IFNy, TNFo
and IL4 as well as humoral and cytokine responses in
sera of infected animals were not significantly different
between control monoclonal antibody and anti-NK1.1
treated animals. We also tested a model of immuniza-
tion using Sm28GST known to induce IFNy mediated
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protection associated with diminution of hepatic
fibrosis. In this situation treatment with anti-NK1 mono-
clonal antibody provoked a marked augmentation of
hepatic fibrosis in immunized mice although no alte-
ration of IFNy production was observed.

Taken together these results demonstrate that the
absence of NK1.1 cells might induce alterations of regu-
latory mechanisms during a chronic infection in immu-
nocompetent mice, that did not otherwize display any
appreciable variations of cytokine production. Never-
theless the role of NK cells probably not only occur
through the production of IFNYy since no modification
of IFNy production of this cytokine was observed after
treatment with anti NK1.1 monoclonal antibody. This
suggests that NK1.1 cells might locally participate in
regulatory mechanisms involved in the liver pathology
in schistosomiasis.

THE MOLECULAR TARGETS
OF THE EFFECTOR T LYMPHOCYTES

STRATEGY OF VACCINATION WITH SYNTHETIC
PEPTIDE CONSTRUCTIONS

ntigens are presented to T lymphocytes in the

form of peptides associated with either class

I or class I molecules (Berzofsky, 1985; Sette
et al., 1987; Bjorkman et al., 1987; Brown et al., 1993).
So the possibility of using synthetic peptides as vac-
cine against parasitic disease has evoked considerable
interest during the last decade. At this stage of the
study it seemed necessary to determine which part of
the Sm28GST molecule was the target of the response
leading to the reduction of the lesions observed in the
liver of infected mice. Previous peptide mapping of this
molecule has identified a number of major epitopes.
The 115-131 peptide contained both T and B cell
recognition sites when tested on a variety of animals
including rat, mice and monkey (Auriault et al., 1991).
Moreover, immunization with the octomeric construc-
tion (MAP-8) of the 115-131 fragment has been shown
to confer significant protection to rats against a chal-
lenge infection in term of a reduction of worm burden
(Wolowczuk et al, 1991). A study using PBL from
Kenyan patients infected by Schistosoma mansoni has
identified the 190-211 peptide as one of the main T
cell epitopes (Wolowczuk et al., submitted). The 24-
43 peptide has been described as being predomi-
nantly involved in T cell response in mice. In addition
immunization of mice with the 10-43 and 190-211
peptides induced a reduction in the number of intes-
tinal and hepatic eggs and their ability to hatch (Xu et
al., 1993). Other studies suggested that among the pep-
tides derived from the Sm28GST antigen, the 190-211
peptide representing the carboxylic end of the mole-
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cule, exhibited a real vaccinating potential, since this
sequence was able to reproduce the protective effect
obtained with the whole molecule (Xu et al., 1993;
Pancré et al, 1994). In particular at day 42 of infec-
tion, the level of collagen in the liver, associated to a
reduction of splenomegaly, of 190-211 peptide immu-
nized mice was close to that observed in normal mice;
moreover immunized mice seemed durably protected
since they survived more than one month after the
death of control animals. The protection that we
observed despite the absence of antibody production
strongly suggested a participation of cell dependent
mechanisms in the immunity conferred as was the case
when Sm28GST was used as immunogen. This was
confirmed after passive transfer of 190-211 peptide spe-
cific T cell enriched spleen cells which reproduced the
protective effect obtained after administration of the
190-211 peptide (Pancré et al., 19, 1994). Preliminary
results suggests that the protection conferred was
essentially due to CD8+ T cells and that IFNy plays a
key role in the process. Indeed spleen cells from 190-
211 peptide immunized mice produced essentially
IFNy after stimulation with Sm28GST. A weak pro-
duction of IL2 but no IL4 was recovered from the same
supernatants. The protocol of i.p. immunization was
initially used to induce CD8+ CTL. Thus one possibi-
lity could be that 190-211 CD8+ CTL have been
induced acting either directly or through the secretion
of cytokines such as IFNY. This hypothesis is presently
tested using Knock-out mice for MHC class II Bchain,
or B2-microglobulin.

In order to increase the immunogenicity of the 190-
211 peptide we decided to evaluate the protective pro-
perties of the 190-211 peptide modified by a lipidic
construct. Indeed it is known that the modification of
short synthetic peptides mixed in lipophilic adjuvant
or linked to P3CSS (Schmild et al., 1991) are best for
priming anti-virus CTL (Gao et al., 1991; Hart et al.,
1991). The 190-211 lipopeptide was compared to the
initial peptide for its capacity to reduce hepatic lesions
under the same experimental conditions. The protec-
tive effect of the 190-211 peptide was increased essen-
tially since it induced a more stable and durable reduc-
tion of the S. mansoni induced hepatic pathology and
a long term survival of infected animals.

To evaluate the qualitative aspects of the immune res-
ponse elicited by the 190-211 peptide used either free
or synthesized as a lipopeptide, the two peptidic forms
were injected in three different syngeneic mouse
strains: Balbc (H-29), CBA/N (H-2¥) and C57 Bl/6 (H-
2") using different routes of immunization (subcuta-
neous, oral and intraperitoneal). The analysis of T cell
responses was carried out by proliferation assay and
detection of mRNA specific for different cytokines,
whereas B cell response was evaluated by analysis of

the isotypic antibody response (Ferru et al., submitted).
Taken together the data obtained showed that immu-
nization with the free peptide mainly leads to a TH1
profile, while lipopeptide immunization leads to either
TH2, THO and TH1 profiles depending on the mouse
strains and the route of administration. Neither the T
cell proliferative response nor the antibody production
were significantly modified. Thus, the addition of a
fatty acid to the 190-211 peptide effectively increased
the global immunogenicity of this peptide but essen-
tially by enlarging the spectrum of cytokines produced
by the T cells rather than by increasing the prolifera-
tive response or the antibody production. These results
provide encouraging information for the possible use
of synthetic peptides in the imunoprophylaxis of schis-
tosomiasis.

CONCLUDING REMARKS

his review has pointed out the important role

played by helper cells in S. mansoni murine

infection. This experimental model have
demonstrated that TH1 and TH2 subset of T cells are
probably involved in protective immunity. Ongoing
studies are directed towards defining the phenotype of
the T cells that govern resistance or pathogenesis in the
human infection. Studies performed in subjects living
in areas endemic for Schistosoma mansoni (Rihet et al.,
1991; Dunne et al., 1992) and Schistosoma haemato-
bium (Hogan et al., 1991) showed that in human resis-
tance to reinfection is associated with high levels of
parasite specific IgE and that immunity increased with
age concomitantly with parasite-specific IgE mediated
immunity and by an antagonism between parasite spe-
cific IgE and IgG4 (Demeure et al., 1993). Other stu-
dies carried out in Kenya suggested that IL5 might also
be associated with protective immunity in subject older
than 14 years (Roberts et al., 1993). A recent study
demonstrate that parasite specific T cell clones isolated
from adult resistant to S. mansoni belong to the THO
subset and produced more IL4 that IFNy whereas clones
of a sensitized adult from a nonendemic area while
being also THO produced more IFNy than IL4. This sup-
port previous conclusions on the role of TH2 depen-
dent antibody isotypes such as IgE, but also suggests
that IFNy is required for full protection in human
(Coussinier-Paris and Dessein, 1995). Thus, human
resistance to S. mansoni infection seems associated with
Schistosoma specific T helper cells producing both L4
and IFNYy. Research on the basic immunology of schis-
tosomiasis allows a clearer understanding of the mecha-
nisms of resistance and also provides original and
important insight into the immune response and its
regulation in a complex pathology.
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