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PROGRESS TOWARD THE DEVELOPMENT OF VACCINES
AGAINST PARASITIC DISEASESA REVIEW BASED ON STUDIES PERFORMED
BY PARTICIPANTS OF THE LAVERAN SEMINAR

LIANCE M.

Summary

Although significant advances have been made during the past

20 years, a better understanding of the orchestration of the
immune response against a parasite candidate vaccine is still
required for preparing vaccines which can induce the acquisition
and the persistence of sterile immunity, without producing side
effects in humans. This was, among others, one conclusion of the
discussions between Thesis students and scientists. Only some
aspects of the different steps of immune responses (recognition,
protective effector mechanisms, cell regulation, cytokine activities,
immunopathology, parasite escape mechanisms) are here revie-
wed. They are mainly related to malaria and schistosomiasis, but
also to othet parasitic diseases, for which several experimental
models have been developed.

KEY WORDS: vaccination. peptides. immunogenicity. parasitic diseases
cel-mediated immunity. immunopathology. parasite escape mechanisms.

INTRODUCTION
he second Laveran seminar entitled "Cellular
immunity to parasites and fungi effector
mechanisms, immunoregulation, immunopa-
thology". was held in "Les Pensiéres". Annecy
(Conferences Center of Fondation Marcel Mérieux,

the property of Charles Mérieux), under a giant pho-
tograph of Pasteur and colleagues, in 1-4 March 1994.
It was attended by 25 invited participants, bringing
together Thesis students and scientists to examine the
progress and the difficulties met in this field. This
paper outlines some of the multiple strategies under-
taken in order to either reduce the pathology induced
by parasites, or to optimize an anti-parasite vaccine
(for partially, at least, preventing infections). In the
past, the quest for parasite-vaccinating molecules was
essentially directed toward the cloning of potentially
protective polypeptides, and expression in multiple
vectors. Effectively, it is agreed that a non living, defi-
ned vaccine would be easy to produce on a large
scale by recombinant DNA technology, as well as
being ethically acceptable in human populations.
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Résumé  : ETATACTUEL DE LIMMUNOPROPHYLAXIE CONTRE LA PATHOLO-
GIE INDUITE PAR LESPARASITES: UNE REVIT. BASEESLR LESTRAVAUX DES
PARTICIPANTS DU SEMINAIRE: LAVERAN

Malgré les progres réalisés au cours des 20 derniéres années, la
compréhension des différentes composantes de la réponse immuni-
taire dirigée contre un antigéne parasitaire a potentiel

Elle estpourtant un prérequis pour espérer

vaccinant
demeure incomplete.
pouvoir traiter une population humaine par une molécule qui indui-
rait une immunité stérilisante de longue durée, etqui n'aurait pas
d'effet délétere. C'est I'une des conclusions retenue apres les débats
qui onteu lieu entrede jeunes  chercheurs etdes scientifiques confir-
més. Certains aspects seulement des étapesde la réponse immuni-
taire (reconnaissance, mécanismes protecteurs, régulation cellulaire,
activités des cytokines, processus pathologiques, évasion parasi-

taire) sont ici passés en revue, a propos de divers modeéles parasi-
taires, en particulier a propos du paludisme et de la bilharziose, et

en fonction des hotes, pour la plupart encore expérimentaux.

MOTS CLES: vaccination.
lulaire, immunopathologie.

peptides. immunogénicité.  parasitoses, immunité cel-

évasion parasitaire.

However, it is also necessary to examine the degree
of discrimination between self and nonself vaccina-
ting structures of the immune system, and to subse-
quently analyse the potential protective and
deleterious activities of these candidate vaccines.
Thus, range of topics related to different
steps of immune responses during various parasitic
diseases was addressed.

a broad

DATA ON MOLECULEVACCINES AND THEIR
RECOGNITION

S everal structural and biological characteristics

of an ideal molecule vaccine were described.

In the first instance, such a molecule must impair the
parasite life cycle. Immunization with the whole
molecule of the 28 kDa Schistosoma mansoni  glutha-
tione S-transferase (SM28 GST) not only reduces the
worm burden independently of its enzymatic activity
(implied in the detoxification of free radicals), but
also reduces female fecundity and egg viability, these
results being linked to the inactivation of the enzyma-
tic site (Capron, 1992). Numerous studies have
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concerned the antigens of Plasmodium falciparum.
Irradiated-sporozoite-induced protection may depend
more on antigens appearing when the parasites enter
the hepatocyte, than on antigens present on the spo-
rozoite. The liver stage antigen 3, specific to both liver
stages and sporozoites, induces the production of
antibodies, both in natural human malaria and in
immunized mice. These antibodies exert an inhibitory
effect on the entry of the sporozoite in cultured
human hepatocytes, as they inhibit the entry of P.
yoelii in murine hepatocytes (Pasquetto, pers. comm.).
The erythrocyte-binding antigen (EBA-175) may be a
receptor acting as a “bridge” between erythrocytes
and merozoites (Camus & Hadley, 1985), and some of
its specific antibodies obtained from immunized mice
inhibit erythrocyte invasion by this parasite stage.

Exogenous proteins require degradation to linear
peptide sequences and an effective binding of these
peptides to the polymorphic major histocompatibility
complex (MHC) class II molecules on the surface of
antigen presenting cells (APC) is requisite for activa-
ting T helper (Th) cells. Thus, molecule vaccines
must have a functional agretope i.e., the site of
contact between a peptide antigen and the MHC, in a
wide range of population. In this way, the SM28 GST
appears to be a promising molecule vaccine as it
induces protective immunity in rodents as well as in
cattle and in primates (Boulanger et al., 1991;
Bushara et al., 1993). MHC restriction of immune
recognition has been described for Plasmodium deri-
ved peptides injected to mice and an association of
low antibody responders to HLA-DR4 antigens during
human malaria vaccine trials also indicate the need to
abolish or reduce the MHC restriction of recognition
(Banic et al., 1994). According to C. Leclerc, we must
do better than nature (e.g., the parasites ?) does. One
strategy for increasing the diversity of peptide
sequences that can be presented without affecting the
corresponding functionally independent epitope is
the creation of “mixagretopes” (pool of an epitope
analogues). Thus, considering that the central parts of
2 out of 8 derived synthetic peptides of SM28 GST
serve as epitopes, amino acids located at the C- and
N-terminus of the peptides have been substituted by
others. Preliminary results show that spleen cells from
mice immunized with the mixagretope derived from
the peptide 190-211 can be stimulated by the initial
synthetic peptide (Ferru, pers. comm.). Other chemi-
cal modifications can be used to increase the antige-
nicity of peptides. Artificial constructions of antigens
could theoretically avoid the requirement of a carrier
molecule : in this way, a multiple construction of 8
copies of the peptide 115-131 of the SM28 GST was
successfully realized for in vitro proliferation tests
(Auriault et al., 1991). It has also been suggested that

lipid chains participate in stabilizing the antigen-
MHC-T cell receptor complex at the APC surface
during presentation, and coupling of palmitic acid to
peptides of SM28 GST increases the duration of the T
cell sensitization. Immunization of rabbits with such a
coupling to EBA 175-peptide 4 is, in some cases, fol-
lowed by an early, intense and long-lasting antibody
response (Gilardeau, pers. comm.). But the level of
protection against a challenge infection can also be
improved using adjuvants, some of them (BCG, alu-
minium hydroxyde) being authorized for human use.

Responses toward epitopes i.e., sites for contact bet-
ween a peptide antigen and the T cell receptor, could
depend on the processing by distinct APC, because of
their potential functional heterogeneity for Th subsets
(release of different stimulatory signals). The respec-
tive functional importance of dermal dendritic or
Langerhans cells and macrophages during the infec-
tion with Leishmania major is currently under study
(Belkaid, pers. comm.). Responses toward epitopes
are also related to genetic factors : as Th cells are
MHC class II restricted in their interactions with B
cells, and as cytotoxic T cells are MHC class 1 restric-
ted, their ability to induce T and/or B cell immunity
would be analysed with regards to the effector
mechanisms involved in each disease. It was reported
that the SM28 GST and some of its synthetic peptides
induce both T and B cell responses in infected rats,
mice, as well as in humans (Auriault et al., 1991). The
genetic status can also influence T cell responses after
immunization, as was shown or suggested, using
congenic strains of mice, regarding to the SM28 GST
(Auriault et al., 1991) and the EBA 175-peptide 4
(Gilardeau, pers. comm.), respectively.

In order to protect the majority of individuals, it also
appears suitable to encourage the development of
molecule vaccines expressed i) on the different stages
of a parasite : such is the case for the SM28 GST, an
excretory/secretory molecule brought to the adult
and the larval forms, where it is transiently expressed
(Balloul et al., 1987) ii) detected in most parasite iso-
lates of a same species, as is the p126 P. falciparum
antigen (Banic et al., 1994) iii) and expressed on dif-
ferent parasite species, as is the SM28 GST, present in
all species of schistosomes so far examined (Bushara
et al., 1993).

EFFECTOR MECHANISMS OF HOST-PROTEC-
TIVE IMMUNTY

T he immune system uses many mechanisms
for attacking pathogens, but not all of these
- are activated after either infection or immuni-
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zation. This finding, partially at least, explains the
necessity of long-term research to optimize vaccine
development. Moreover, contrasting results are often
obtained according to the experimental model used,
and these models were considerably discussed during
all the seminar time. For instance, how can in vitro
studies concerning the phagocytosis of yeasts by
macrophages be conducted ? One methodology was
described, using heat-killed yeasts, and a colorimetric
technique that allows the dicrimination between
ingested and adsorbed yeasts by host cells (Giaimis
et al., 1993; Giaimis, pers. comm.).

During schistosomiasis, antibody-dependent cell-
mediated cytotoxicity (ADCC) appears to be the main
mechanism of killing parasites (cytotoxic destruction
of shistosomulum targets) both in rat and human.
These ADCC systems involve macrophages, eosino-
phils, and platelets as cellular partners and IgE, ana-
phylactic subclasses of IgG, and IgA as humoral
components, while in humans, anti-SM28 GST IgG4
correlates with the lack of immunity and appears as
blocking antibodies (Auriault et al., 1991; Capron,
1992). Anti-SM28 GST IgA in vitro inhibit worm
fecundity, and the importance of human IgA antibo-
dies was underlined in Kenyan patients in whom
high IgA serum levels are associated with a reduced
number of faecal eggs (Renom, pers. comm.). Mice
provide an accurate model for studying liver granulo-
mas and fibrosis due to schistosomiasis. In these
hosts, the protective immunity mainly involves anti-
body independent cellular effector mechanisms
(Auriault et al., 1991). As reported by C. Auriault,
after immunization with the SM28 GST, an infection is
characterized by a reduced parasite burden, a decrea-
sed amount of liver collagen, and no change in the
humoral responses. This protection would be, at least
partially, mediated by IFN-y produced by CD8* cells.
During toxoplasmosis, cell-mediated immunity is also
believed to be the major protective mechanism. Cells
of the intestinal epithelium are the initial targets for
parasites released from cysts or oocysts. In rats with
an acute infection, enterocytes not only may act as
APC, but also as effector cells, when activated by
IFN-y, in preventing tachyzoite replication (Dimier et
Bout, 1993). Preliminary in vitro experiments suggest
that this enterocyte toxicity is also depending on sen-
sitized intestinal CD8 + T cells (Lepage, pers. comm.).

In malaria, it was initially demonstrated that antibo-
dies directed against a major component of the sur-
face of the sporozoite inhibit the parasite
development, but it appears now that liver-stage
parasites are an important target of cell effector
mechanisms (Renia et al., 1991).
mice with the Pyl peptide of P. yoelii led to an acti-
vation of lymph node CD4* and CD8* T cells which
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Immunization of

are able to eliminate liver-stage parasites in vitro.
Immunization does not protect mice against a chal-
lenge with sporozoites, but some Th1 and Th2 clones
specific for the peptide confer a significant degree of
protection in BALB/c mice. The mechanism(s) by
which T lymphocytes eliminate their targets remains
not well understood. Nevertheless, it is suggested that
CD4+ cells exert a direct antiplasmodial activity
(without the participation of IL-6 and IFN-y), media-
ted through antigen presentation within MHC class 11
molecules. Indeed, the parasite elimination from cul-
tured hepatocytes is reversed when protective cell
clones are analyzed in the presence of some anti-
class II antibodies (Renia et al., 1991, 1994). Other
antigens, heat shock-like proteins, are expressed on
the infected hepatocyte surface. They are the target of
ADCC, involving as cell killers the non-parenchymal
liver cells (Mazier et al., 1990). It has also been sug-
gested that macrophages and specific IgG1 participate
in such mechanisms (Marussig, pers. comm.). Non-
specific factors are also involved in protective immu-
nity, and it has been shown that, among others,
C-reactive protein protects against pre-erythrocytic
stages of malaria (Mazier et al., 1990).

IMMUNOREGULATION OF HOST EFFECTOR
MECHANISMS

I he identification by Mosmann and colleagues
of CD4+ Th1 and Th2 cell subsets a few years
; ago can explain partially, at least, the lack of
efficient vaccines so far developed against the major
parasitic diseases. They are characterized by the
secretion of different lymphokines and by their func-
tional behaviour : Th1 cells promote the synthesis of
IgG2a, can mediate delayed-type hypersensitivity and
activate macrophages whereas Th2 cells promote the
synthesis of IgG1, IgE, and IgA antibodies (Germann
et al., 1993). It is now established that a dysregulated
expansion of one or the other subset may be one rea-
son for the development of protective immunity or
pathology. Among factors involved in the differentia-
tion of T cells, genetic factors can determine the
development of humoral or cell-mediated immunity.
This was demonstrated during infection with L.
major, using mice with two distinct backgrounds.
Although the situation appears more complex at an
early stage, T CD4™% cells from the resistant C57BL/0
mice produce IFN-y and IL-2 (secreted by Thl cell
clones), whereas cells from susceptible BALB/c mice
produce IL-4 and IL-10 (secreted by Th2 cell clones)
at 5 weeks p.i. It appears that IFN-y has a central role
in the activation of macrophages to kill the intracellu-
lar amastigotes (Heinzel et al., 1991). Conversely, Th2
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responses are associated with resistance against the
infection with 7richuris muris (Hermanek et al., 1994).
Although diseases are often associated with a domi-
nant Th cell phenotype, in alveolar echinococcosis, for
example, Th1 and Th2 responses appear associated
throughout the infection (Emery, pers. comm.). The
site of antigenic challenge, the adjuvants used, and the
genetics of the host, are among many factors that can
bias Th cell responses in experimental models
(Bancroft, 1993). For instance, Th1l or Th2 cell clones
can be preferentially obtained from mice immunized
with the Pyl peptide according to their background
(Renia et al., 1991, 1993). It is obvious that parasite
influences are also involved in the T cell differentiation
toward the one or the other Th phenotypes. During
murine infection with S. mansoni, worms stimulate
Thl cell responses (as it is the case after vaccination
with irradiated cercariae) whereas eggs would induce
Th2 cell responses, as suggested by a low IL-4 and IL-
5 production during single sex infections (Capron,
1992). These observations highlight the importance of
a better understanding of this aspect of host-parasite
relationships if effective immunoprophylaxis with syn-
thetic peptides is likely to require reversal of a domi-
nant pattern of Th cell response. Regarding the host,
the regulation of the type of an immune response is
mediated by two major signals. 1L-12, mainly produced
by monocytes, has a major role in CD4* T cell diffe-
rentiation toward a Thl phenotype and induces IFN-y
production by natural killer cells (NK) and T cells. On
the contrary, IL-4, mainly produced by basophils and
mastocytes, not only promotes Th2 cell development
but also inhibits the differentiation of Th1 cells (Scott,
1993). What can be done in order to polarize a res-
ponse specific to a parasite (or to a protective peptide
derived parasite) toward Thl or Th2 cells ? According
to C. Leclere, several strategies for inducing Thl res-
ponses may be used. Administration of IL-12 or of
recombinant bacteria inducing 1L-12 (such as BCG)
may stimulate specific Th1 T cells. Administration of
neutralizing anti-1L-4 antibodies may also be helpful to
abrogate Th2 cells development. But because cells
producing different cytokines are not uniformly loca-
ted, the results of such immunomanipulations must be
examined in different organs, or at least in the spleen,
the most important organ in lymphocyte recirculation.
Preliminary results of in vivo treatments with anti-IL-4
antibodies were reported. In toxoplasmosis, the survi-
val of mice is increased, despite an unmodified para-
site burden (Villard, pers. comm.). During the early
stage of cutaneous leishmaniasis, the number of der-
mal macrophages is reduced, but not that of
Langerhans cells (Belkaid, pers. comm.).

Other cell types than T lymphocytes are involved in
immunoregulation during the course of several parasi-
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tic diseases. NK cells are triggered by Toxoplasma
gondii and L. major (among other pathogens) to pro-
duce significant levels of IFN-y (Bancroft, 1993). There
is no evidence for a NK-mediated cytotoxicity in mice
infected with S. mansoni (Abbe et al., 1983), whereas
IFN-y appears to have an important role in the resis-
tance of immunized mice. It could be postulated that
NK cell cytokine release is involved in the regulation
of the formation of the hepatic granulomas in this
model, and preliminary results seem to indicate that a
non specific in vivo NK activation increases the survi-
val of infected mice, and that in vitro specifically acti-
vated NK produce IFN-y (Assemarn, pers. comm.).

DELETERIOUS EFFECTS OF IMMUNE RESPONSES

" he effector molecules induced by the immune
- response can be very dangerous in contribu-

S ting to the pathology associated with various
parasitic infections. This data indicates the necessity
of the analysis of immunodominant sites on antigens
in order to avoid the use of those inducing delete-
rious host reactions.

In man as in mouse, an over-production of TNF is a
crucial event in the pathogenesis of cerebral malaria.
It experimentally appears to be the result of a cas-
cade of CD4™ T cell derived cytokines, 1L-3, GM-CSF
and IFN-y (Grau et al., 1990). TNF could induce nitric
oxide (NO) from endothelial cells, smooth muscle
cells, macrophages, and subsequently, by neurons.
NO, a potent effector molecule of macrophage acti-
vity against parasites in mice, also mediates neuro-
transmission, and it could contribute to increase
intracranial pressure, through vasodilatation of cere-
bral vessels. Moreover, the coma reversibility of
human cerebral malaria could be explained by a
reduced generation of NO in the central nervous sys-
tem (Clark et al., 1991). The involvement of NO in
murine cerebral malaria pathogenesis is under study
and, at present, it is not confirmed by the measure-
ment of nitrate nitrite in the urine of
Plasmodium infected mice. Treatment with competi-
tive inhibitors of nitric oxide synthase (the enzyme
that generates NO from L-arginine) also fails to
demonstrate its role (Asensio et al., 1993).
Conversely, in humans, preliminary results suggest
that an over-production of NO is associated with the
severity of the disease (Asensio, pers. comm.).

and

Because vaccines against tetanus and diphteria toxins
are among the most effective, because non living
defined vaccines are ethically more acceptable in
human population, and because a solid immunity
against Plasmodium sp. is difficult to induce (Edelman
et al., 1993), J.H.L. Playfair concentrates his work on
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the pathological mechanisms responsible for several
clinical forms of the disease and on the development
of an anti-toxic vaccine. Parasitised blood supernatants
induce TNF release from mouse macrophages or
human blood monocytes, and the factors involved in
this release are phospholipid molecules. Mice immuni-
zed with sub-toxic doses of these “toxic exoantigens”
produce antibodies which block the TNF induction. 60
% of mice immunized and challenged with the lethal
P. yoelii recover with very high parasitaemias and
without appearing ill. But malaria is a multifactorial
disease, as the malarial hypoglycaemia itself is proba-
bly due to several cytokines and possibly to the direct
actions of insulinomimetic malarial antigens. Mice,
although “protected against early mortality” die later of
anaemia. Other problems are encountered in develo-
ping vaccines from these antigens. Firstly, they induce
predominantly IgM antibodies and there is no evi-
dence for a memory response. So, an attempt is made
to confer T-dependence. Secondly, their similarity to
host molecules suggests the possibility of inducing
autoimmunity (Bate et al., 1994).

PARASITE REGULATORY PROCESSES OF
HOST IMMUNE EFFECTOR MECHANISMS

A Il parasites have evolved numerous ways of
o evading the consequences of immune attack.
A These escape mechanisms could explain the
loss of protective immunity after immunization. P.H.
David described numerous survival mechanisms fal-
ling into five broad categories.
Some parasites hide from their host. Nematodes defy
immune responses to survive for long periods in
otherwise immunocompetent hosts with their dispo-
sable surface coat. Protozoa choose to enter into a
favourable host cell type. So, 7. gondii can survive in
macrophages because of the
symbiosome fusion, and Leishmania sp. resides in
the parasitophorous vacuole of the same cell,
because it highly appreciates the acidity of this intra-
cellular compartment. Sequestration of P. falciparim

inhibition of lysosome

in the postcapillary venules of various organs,
although responsible for the severe forms of cerebral
malaria and thus for the host death, would also possi-
bly be a way of evasion.

Parasites may deceive their host. They disguise them-
selves to look like the host (uptake of host DNA or
surface acquisition of host proteins). They exibit
diverse forms of the same antigen found in various
natural isolates (P. falciparum), and in modifying or
deleting a gene for an antigen after a vaccination trial
(P. knowlesi). The presence of many crossreacting
epitopes among Plasmodiim antigens may result in a
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low-affinity antibody production and may delay the
emergence of protective immunity. Antigenic varia-
tion in Plasmodium and Trypanosoma appears to be
a primary mechanism of immune evasion that allows
the parasite to maintain a chronic infection, and that
may have evolved to ensure that the parasite survives
between transmission seasons. That many candidate
vaccines are genetically diverse is one other reason
for suggesting, as emphasized by C. Auriault et al.
(1991), that an ideal future vaccine will probably
require the combination of several peptidic epitopes
of parasite antigens.

Parasites destroy or inactivate the host response.
Schistosomes release different neuropeptides which
exert suppressive activities on cell populations
(Capron, 1992). Such an immunosuppressive pheno-
menon was described during the course of the cattle
infection with Hypoderma sp. A serine protease is
secreted, which not only induces an anti-inflamma-
tory reaction around larvae, but also impairs the pro-
liferative responses of peripheral blood mononuclear
cells (Chabaudie et Boulard, 1992). It is not yet
known if this enzyme directly reduces the T cells IL-2
production, but it increases the monocytes produc-
tion of PGE2, a prostaglandine known to induce
immunosuppression (Nicolas-Gaulard, pers. comm.).

Parasites also take advantage of the host. As in mice
with the severe combined immunodeficiency pheno-
type, female schistosome egg production is promoted
by injections of TNF, it can be postulated that schisto-
somes exploit the host pro-inflammatory cytokine for
their own survival. Moreover, J.H.L. Playfair has sug-
gested that cytokines possibly could act as growth
factors for parasites. Plasmodium parasite multiplica-
tion in the salivary glands of mosquitoes could be
enhanced when insects are fed with blood containing
antibodies, and immunization with a malaria heat
shock like protein could enhance transmission to the
mosquito by increasing the number of circulating
sexual stages in mice (Marussig, pers. comm.).
Parasites sometimes divert the host responses, indu-
cing different cytokine profiles from stage to stage of
the infection, as S. mansoni does, and they lastly take
flight, as added by P. Ambroise-Thomas, some of
them changing their host, some other free living, the
last changing their reproductive processes.

CONCIUSON

ignificant advances have been reported. They
mainly concerned 2 major worldwide parasitic
diseases: malaria, the most lethal, and schistoso-
miasis (chronic and debilitating disease), although
contrasting results were shown according to the expe-
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rimental model used. The seminar was not intended as
an overview of cellular immunity during infections
with long-lived parasites, but rather to highlight speci-
fic areas of current interest, said P. Ambroise-Thomas.
He pointed out that the seminar provided a clear illus-
tration of the enthusiasm of trainees for their respec-
tive fascinating study models, whereas numerous
investigations made during more than 20 years were
only partially successful. He also acknowledged them
for their modesty, seriousness, and humour. The semi-
nar also provided an environment where individuals
could meet from various topics, and a rare opportunity
for trainees to discuss their results at length, and
debate on their projects with eminent scientists.
Finally, D. Camus emphasized the training and scienti-
fic interests of this second Laveran seminar, and hoped
by this time next year some definite progress will be
report.
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