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Abstract

The T helper cell type 1 (Th1) response is essential to resist leishman-
iasis, whereas the Th2 response favors the disease. However, many
leishmanial antigens, which stimulate a Th1 immune response during
the disease or even after the disease is cured, have been shown to have
no protective action. Paradoxically, antigens associated with an early
Th2 response have been found to be highly protective if the Thl
response to them is generated before infection. Therefore, finding
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disease-associated Th2 antigens and inducing a Th1 immune response
to them using defined vaccination protocols is an interesting unortho-
dox alternative approach to the discovery of a leishmania vaccine.

Introduction

T cells mediate acquired resistance to
leishmaniasis. This notion has been supported
by classical experiments which established
that T cell-deficient mice rapidly succumb
after inoculation with any one of several
species of Leishmania, and that transfer of
normal T cells confers resistance to the ani-
mals (1-3). The CD4* subset of T cells is
crucial for resistance, whereas CD8* T cells
seem to participate more in the memory
events of the immune response than as effec-
tor cells involved in parasite elimination.
However, recent studies have suggested that
CD8* T cells are also involved in the clear-
ance of primary infection. These conclu-
sions were reached on the basis of a series of
elegant experiments using mice genetically
engineered to lack either major histocom-
patibility complex (MHC) class I or class II
molecules, or mice lacking CD4* or CD8* T
cells (4-11).

In addition, the murine model has been
extremely helpful for the understanding of

the genetic mechanism of protection con-
ferred by T cells. Most inbred mouse strains
(e.g., C57BL/6, CBA/], C3H, B10D2) are
resistant to infection with Leishmania ma-
jor. Upon intradermal/sub-cutaneous injec-
tion with L. major, these animals develop a
small lesion that subsides within 6-8 weeks.
By contrast, BALB/c mice are highly sus-
ceptible to infection with these organisms
(12,13). These mice fail to control the infec-
tion and develop extensive lesions. The para-
sites metastasize to the internal viscera (pri-
marily liver, spleen, and bone marrow), an
event that may lead to the animal’s death.
Many different genes spanning the mouse
genome have been implicated in susceptibil-
ity/resistance to Leishmania. Most of these
genes do not map within the MHC systems
of either humans or mice, including the SCL-
1 gene implicated in the high susceptibility of
BALB/c mice to infection with L. major (14).

However, one of the most striking con-
cepts arising from these studies is the clear
association of resistance and susceptibility
with the emergence of the two phenotypi-
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cally distinct subsets of CD4+ T cells, namely
T helper cell type 1 (Thl) and type 2 (Th2)
cells, during the disease process. Upon in-
fection with L. major, mice of the resistant
phenotype clearly develop a dominant Thl
phenotype of immune response to the
parasite’s antigens. By contrast, BALB/c
mice develop a typical Th2 response. Sev-
eral systems have been used to correlate
resistance/susceptibility with Th1/Th2 re-
sponses but perhaps the most compelling
one is that involving mice genetically defi-
cient in either interferon y (IFN-y) or inter-
leukin 4 (IL-4), the phenotypic surrogates of
the Thl and Th2 CD4* T cell responses,
respectively. Thus, targeted disruption of
the IFN-y gene in C57BL/6 mice causes
these animals, which are otherwise resistant
to infection with L. major, to become highly
susceptible to these organisms (15,16). More-
over, IL-4 transgenic resistant mice express-
ing low levels of this cytokine fail to clear
the infection (17,18). In addition, targeted
disruption of the IL-4 gene in BALB/c mice
causes these animals, which are otherwise
susceptible to infection with L. major, to
become highly resistant to these organisms
(19). However (and surprisingly), genetic
disruption of the IL-4 gene of BALB/c mice
can also generate animals that are as suscep-
tible to infection with L. major as are wild-
type conventional BALB/c mice (20). The
reasons for this discrepancy depend on some
circumstances such as infection with par-
ticular L. major sub-strains, due to the fact
that IL-4 and/or IL-4 receptor signaling is
not required to promote Th2 cell develop-
ment and susceptibility in BALB/cmice (21).

More recently, susceptibility and resis-
tance to Leishmania infection in the mouse
model have also been demonstrated to be
associated with the emergence of a unique
subset of T cells, namely the T regulatory
cells (T reg) and with the levels of the cy-
tokine IL-10 (22,23). T reg cells (CD4*
CD25%) suppress the activity of effector T
cell populations (CD4+*CD25-) specific for
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self-antigens as well as foreign invaders such
as leishmania parasites. Interestingly, dur-
ing infection of C57BL/6 mice with L. ma-
jor, CD4*CD25* T cells accumulate in the
leishmanial skin lesions, and these cells pro-
duce IL-10 upon in vitro stimulation with
parasite antigens. IL-10 is a potent inhibitor
of IFN-y production and has been shown to
be a key cytokine that favors the persistence
of the parasites in skin lesions (24). There-
fore, T reg cells and IL-10 are important and
integrated mediators or regulators of resis-
tance/susceptibility to leishmaniasis.

Premises concerning Th1/Th2 in
vaccine development

During the past decade, several investi-
gators have used the Th1/Th2 paradigm to
construct a syllogism that supports a strat-
egy of antigen discovery/selection in vac-
cine development against leishmaniasis.
Thus, leishmanial antigens that predomi-
nantly stimulate Thl responses in patient
cells or spleen or lymph node cells from
mice infected with L. major have commonly
been accepted as “potential protective anti-
gens” and therefore promising vaccine can-
didates. Conversely, antigens that predomi-
nantly stimulate a Th2 response from these
cells have been regarded as of lesser interest
as vaccine candidates because they are likely
to be associated with pathology.

Paradoxically with respect to the con-
ventional Th1/Th2 paradigm, many investi-
gators have observed that several leishma-
nial antigens against which a Th1l response
is developed during the infection are not
necessarily protective antigens. For example,
lymph node cells of BALB/c mice chroni-
cally infected with L. major, upon stimula-
tion with the Ldp23 antigen produce high
levels of IFN-y and undetectable amounts of
IL-4, a typical Thl response (25). However,
immunization of BALB/c mice with Ldp23
in combination with adjuvants that preferen-
tially induce Thl responses, such as IL-12
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and monophosphoryl lipid A plus squalene
(MPL-SE), despite stimulating a strong anti-
gen-specific Thl response in the absence of
any detectable Th2 response, results in no
protection (26). This lack of correlation with
protection was also observed with eight other
leishmanial antigens that have been discov-
ered and selected on the basis of the Thl/
Th2 paradigm and using peripheral blood
mononuclear cells from cured leishmaniasis
patients as immunological readouts (26,27).

In clear contrast, the LACK antigen stimu-
lates a strong Th2 response that can be de-
tected in lymph node and spleen cells soon
after infection of BALB/c mice with L. major.
In addition, the sera of these animals contain
high titers of IgG1 anti-LACK antibodies. In
spite of this, LACK induces substantial pro-
tection in BALB/c mice if administered in
conjunction with adjuvants that stimulate Th1
responses (28,29). More recently, a Leishma-
nia mexicana cysteine protease antigen named
CPB2.8 was shown to be a potent Th2-induc-
ing molecule during experimental leishmania-
sis but, similarly to LACK, capable of induc-
ing significant protection if administered with
Thl-modulating adjuvants (30).

In another situation, the LmSTI1 antigen
stimulates mixed Th1/Th2 responses in
lymph node cells of BALB/c mice infected
with L. major and the sera of these animals
contain high titers of IgE, IgG1, and IgG2a
anti-LmSTI1 antibodies (31). As is the case
for LACK, LmSTII is readily recognized by
the mouse lymph node and spleen cells soon
after infection. Moreover, LmSTI1 induces
excellent protection in BALB/c mice and in
monkeys if used with IL-12 (32) or MPL-SE
(33) as adjuvant. Interestingly, these two
antigens (LACK and LmSTI1) do not share
sequence similarities and yet are equally
involved in stimulating primarily a Th2 re-
sponse during the infectious process caused
by L. major in BALB/c mice. Therefore, it
seems that the biased Th2 response is not
dependent on a particular molecular charac-
teristic of leishmanial antigens.

Moreover, recent experiments using the
avirulent mutant phosphoglycan-deficient L.
major (Ipg2-parasites) demonstrated that in-
fection of mice with this parasite results in
minor disease and long survival of the mutant
in the animals’ tissues. Interestingly, for rea-
sons not yet understood, lymph node cells
from the mice infected with this mutant, in
contrast to mice infected with wild-type para-
sites, produced minimal levels of IL-4 and IL-
10 after in vitro stimulation with L. major
soluble antigens. However, the levels of IFN-
v produced by the cells of mice infected with
the mutant were only slightly lower than the
levels of IFN-y produced by the lymph node
cells of mice infected with wild-type L. major.
Not surprisingly, vaccination of BALB/c mice
with Ipg2-parasites conferred excellent pro-
tection against challenge with virulent organ-
isms (34). In conclusion, the protection in-
duced by Ipg2-parasites is basically not asso-
ciated with enhanced IFN-y production in re-
sponse to leishmanial antigens but clearly with
a dramatic suppression of IL-4 and IL-10
responses to the same antigens.

It is clear that these results do not support
the use of Thl cells from infected hosts as
readouts for antigen selection in vaccine
development against leishmaniasis. How-
ever, they by no means challenge the con-
cept that a Thl response is essential for
protection against leishmaniasis. Indeed, as
mentioned above, inducing a Thl immune
response to LACK before infection results
in protection (28,29). Conversely, immuni-
zation of BALB/c mice with LmSTII for-
mulated with alum, an adjuvant that polar-
izes the immune response to Th2 phenotype,
results in no protection, in clear contrast to
immunization with the IL-12 adjuvant (35).

An alternative Th1/Th2 premise

We conclude from these arguments that
for vaccine development against leishmani-
asis, the use of immunological mediators of
polarized Thl-specific immune response to
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Figure 1. Schematic illustration
of a common sense Th1 strat-
egy (upper box) and an unortho-
dox Th2 alternative protocol
(lower box) of antigen discovery/
selection in vaccine develop-
ment against cutaneous leish-
maniasis. IL-12 = interleukin 12;
MPL-SE = monophosphory! lipid
A plus squalene.
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parasite antigens as readouts for antigen dis-
covery and selection seems to be redundant
and irrelevant. Rather, potent Th2-inducing
antigens that are expressed or secreted by
the parasites after infection (particularly dur-
ing the initiation of the infection) seem to be
more appropriate target molecules for vac-
cine development, as long as they are ad-
ministered with an adjuvant that, in combi-
nation with them, modulates a strong Thl
response, thus preventing the emergence of
disease favoring antigen-specific Th2 clones
(Figure 1). Indeed, once Thl cells are trig-
gered for a particular antigen a memory is
generated and a future infectious process
will restimulate these Th1 memory cells in-
stead of possible Th2 responses that would
normally emerge if the memory had not
been previously established (36). In other
words, offsetting the parasite’s Th2 strate-
gies instead of fostering the Thl response
that is elicited during infection can be an
efficient alternative in vaccine development
against leishmaniasis.

Unfortunately, at this time, despite the
fact that evaluation of antigen immunogeni-
city during later phases of the infectious
process (e.g., 2-3 weeks post-infection) can
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be easily achieved, the evaluation and selec-
tion (discovery) of antigens that stimulate
the immune response immediately after the
initiation of the infection is a rather difficult
task. However, T cell lines can be generated
from lymph node cells of mice as early as 2-
3 days post-infection, thus opening the pos-
sibility to use them in gene cloning strate-
gies as readouts of the pathogen’s cDNA or
genomic expression libraries (27,33). This
approach should permit the identification or
discovery of dominant Thl or Th2 parasite
antigens that are expressed immediately af-
ter the initiation of the infectious process.
A constraint of this proposed unorthodox
alternative is that it relies primarily on the
unique Th1/Th2 paradigm of the mouse
model of leishmaniasis. As already men-
tioned, recent evidence suggests that leish-
manial antigens stimulate T reg cells
(CD4+CD25%), thus impairing the activation
of the effector CD4*CD25- T cells. There-
fore, under these circumstances such anti-
gens are not necessarily associated with the
classical Th1/Th2 pathways of regulation of
resistance/susceptibility and would theoreti-
cally be missed by strategies designed to
detect Th2-inducing antigens. However, the
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T cell-cloning strategy can be easily adapted
for the detection of IL-10-inducing antigens.
Therefore, the parasite’s genes encoding such
antigens can be cloned and expressed and
theoretically used, similarly to Th2-induc-
ing antigens, in immunization protocols that
offset their ability to induce IL-10. A second
constraint of our proposal is that it may not
be applicable to humans because the Thl/
Th2 paradigm is not as strongly supported in
humans as it is in the murine model of leish-
maniasis. However, although circumstan-
tial, evidence does suggest that resistance
and susceptibility to cutaneous leishmania-
sis may be associated with the Th1l pheno-
type of the immune response in humans as
well (37,38). A third possible constraint of
the proposal is that the singularity of the
high susceptibility of BALB/c animals to
infection with L. major may not reflect the
general susceptibility of humans, particu-
larly patients with cutaneous leishmaniasis
in the “Old World”. Resistant mice (e.g.,
C57BL/6) may perhaps reflect better the
clinical response of humans to this parasite
and other self-limiting leishmania infections.
In contrast, the BALB/c model perhaps re-
flects better the clinical response of some
non-self healing patients with “New World”
leishmaniasis. However, the use of the more
susceptible animal models seems appropri-
ate because they mirror more closely the
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