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Summary

A number of features occurring during host-parasite interactions in Chagas disease
caused by the protozoan parasite, Trypanosoma cruzi, and Leishmaniasis, caused by a group
of kinetoplastid protozoan parasites are reminiscent of those observed in cancer diseases.
In fact, although the cancer is not a single disease, and that T. cruzi and Leishmania are
sophisticated eukaryotic parasites presenting a high level of genotypic variability, the
growth of the parasites in their host and that of cancer cells share at least one common
feature, that is their mutual capacity for rapid cell division. Surprisingly, the parasitic dis-
eases and cancers share some immune evasion strategies. Consideration of these immuno-
logical alterations must be added to the evaluation of the pathogenic processes. The mol-
ecular and functional characterization of virulence factors and the study of their effect on
the arms of the immune system have greatly improved understanding of the regulation
of immune effectors functions. The purpose of this review is to analyze some of the cur-
rent data related to the regulatory components or processes originating from the parasite
that control or interfere with host cell physiology. Attempts are also made to delineate
some similarities between the immune evasion strategies that parasites and tumors
employ. The elucidation of the mode of action of parasite virulence factors toward the
host cell allow not only provide us with a more comprehensive view of the host-parasite
relationships but may also represent a step forward in efforts aimed to identify new tar-
get molecules for therapeutic intervention.
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INTRODUCTION

Trypanosoma cruzi, the causative agent of Chagas’
disease, is a parasitic protozoan that infects more
than 18 million people in South and Central
America53. The parasite replicates as an epimastigote
in the midgut of its insect vector and transforms to
a metacyclic infective trypomastigote in the hindgut.
In the mammalian host cells, dividing amastigotes are
found which transform into infective trypomastigotes
prior to release into the bloodstream. The disease is
characterized by a heart defect and megaviscera in
a proportion of patients, and these clinical signs are
associated with extensive destruction of parasympa-
thetic, enteric, and other neurons as well as degener-
ation of cardiac muscle12, 86.

Leishmaniasis comprises a group of several different
diseases which are widely distributed in tropical and
subtropical areas and also are commonly found in the
Mediterranean basin37. The extent and severity of this
group of diseases designate Leishmaniasis as an
important health problem. Leishmania sp., which
causes the diseases, are kinetoplastid protozoan para-
sites transmitted by a blood-feeding dipteran vector of
the sub-family Phlebotominae. This parasite has a com-
plex life cycle that includes different morphological
forms. Within the insect vector, the parasite replicates
as a non-infective promastigote which transforms into
an infective metacyclic promastigote. In the mam-
malian host, the infective promastigotes invade the
macrophages and differentiate into amastigotes, which
are the proliferative forms within the vertebrate host.

The parasites T. cruzi and Leishmania sp. produce
a number of interesting pathogenic features in man
and different animal models and offer the opportuni-
ty of studying parameters involved in pathogenesis
and disease. Although the exact role of the host
immune system in the pathogenesis is still not fully
understood, it is generally accepted that the immune
system plays an important role in protection from
parasitic infection. This is supported by evidence, at
least in experimental models, that a deficiency or
defect in cellular and/or humoral immune responses
to T. cruzi or Leishmania contributes to the progress
of Chagas’ disease and Leishmaniasis37, 86. It is the
purpose of the present report to review some of the
data concerning the parasite factors that interfere
with the host immune protective mechanisms and
their mode of action, and put them in perspective
with points of interest for further studies that will
more fully explore possible ways to interfere with
their biological activities. Attempts will also be made
to delineate some similarities shared by parasites and
tumor cells in terms of immune evasion strategies.

COMPLEMENT EVASION BY PARASITES

It has been known for many years that T. cruzi and
Leishmania evade and subvert the complement sys-
tem of their vertebrate hosts35. This process is among
the first means whereby the parasites avoid direct
killing by serum factors, such as the complement sys-
tem. The complement resistance is developmentally
regulated. Indeed, whereas the vector-stage epi-
mastigotes of T. cruzi and the Leishmania promastig-
otes (which will not be naturally exposed to comple-
ment) are susceptible to complement-mediated
killing through an apoptosis-like death4, infective
metacyclic trypomastigotes and metacyclic pro-
mastigotes, the vertebrate infective forms, are resis-
tant38.

In the case of T. cruzi, different laboratories have
reported that trypomastigotes produce complement-
-regulatory molecules which interfere with the com-
plement activation cascade38. In fact, the pioneering
observations of Joiner et al.45 have shown that tissue
culture-derived trypomastigotes produce factors that
interfere with the function of classical and alternative
pathway C3 convertases. These studies also indicated
that the parasites shed into the culture medium a lim-
ited number of components, ranging 87–155 kDa, the
most prominent molecules being 87–93 kDa, which
accelerate the intrinsic decay of the alternative and
classical pathway C3 convertases. By exhibiting these
functions, the parasite proteins behave in a manner
analogous to the human membrane regulatory pro-
tein decay-accelerating factor. In subsequent studies,
Norris and Schrimpt63 characterized a parasite mem-
brane (185 kDa) and a soluble form (160 kDa) of
a complement regulatory protein (CRP) that mimics
the host CRP protein family which serves to prevent
complement-induced lysis of autologous cells. The
parasite CRP interferes with the activation of the
alternative and classical complement pathways by
binding complement components C3b and C4b, thus
preventing the assembly of the C3 convertases. In
a series of elegant studies it was shown that the anti-
bodies that block the CRP-C3b interaction were able
to induce high levels of complement-mediated lysis of
trypomastigotes61, 62. Furthermore, stable transfec-
tion of the complement-sensitive T. cruzi epimastig-
ote forms with a plasmid carrying the trypomastigote-
-specific CRP gene confers complement resistance60,
thus demonstrating the CRP to be among the T. cruzi
virulence factors.

In previous studies we have shown that T. cruzi try-
pomastigotes express on their surface and release
a glycoprotein (gp58) able to inhibit the formation of
the cell-bound and fluid-phase alternative pathway
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C3 convertases34. The protein has no inhibitory effect
on classical pathway C3 convertase activity. gp58 dif-
fers from CRP and the 87–93 kDa components by its
molecular size and mechanism of action: 1) gp58 did
not accelerate decay-dissociation of preformed C3b,
Bb and C3b, Bb and P sites; 2) it did not inhibit the
formation of classical pathway C4b, 2a convertases
sites; and 3) it did not incorporate into membranes of
sheep red blood cells. No specific binding of gp58 to
cell-bound C3b could be evidenced; functional stud-
ies favored the possibility of gp58 exerting its
inhibitory activity through an interaction with factor
B rather than C3b.

In addition to the inefficient activation of the com-
plement cascade, the C5b-9 complex could be gener-
ated in some cases, but the parasites still remain
resistant to complement-induced lysis. This is the
case of the infective L. major metacyclic promastig-
otes which, although able to assemble C5b-9 on their
surface, resist complement lysis, whereas the non-
-infective log-phase promastigotes are killed35. C3b is
deposited on the prominent surface glycolipid,
lipophosphoglycan (LPG), a developmentally regu-
lated surface component of the parasite which
changes in terms of chemical composition, being
densely packed and extending further from the mem-
brane of the infective promastigote form compared
with the log-phase parasites, thus rendering the
membrane distant from the C5b-9 complex.
Moreover, LPG and C5b-9 are spontaneously re-
leased from the promastigote surface, an additional
factor leading to complement resistance35. Another
intriguing finding was the fact that a protein kinase-1
(LPK-1) isolated from L. major promastigotes was
able to phosphorylate purified human C3, C5, and
C941. Phosphorylation of C3 by LPK-1 reduces the
rate at which trypsin cleaves C3 to C3a and C3b.
Given that trypsin mimics the action of C3 conver-
tase, it might be postulated that phosphorylation can
regulate the susceptibility of complement proteins to
proteolytic cleavage, leading to the activation cascade
and, ultimately, to the parasite killing.

In a recent study it was shown that a Leishmania sur-
face antigen 2 (PSA-2), sharing leucine repeat motifs
with another major component of the promastigote
surface, proteophosphoglycan (PPG), binds to the
murine and human complement receptor CR3, thus
participating in the invasion of the host cell by the
parasite47. Since LPG, PPG, and PSA-2 are expressed
extracellularly, in secreted and membrane-bound
forms, it might be interesting to explore whether
PSA-2 could interfere with the complement activa-
tion pathways and, if so, whether this could partici-
pate in the evasion mechanisms leading to parasite

survival. Taken together, these observations support
the notion that the infective stages of T. cruzi and
Leishmania have developed mechanisms that confer
to the parasite the capacity to avoid the deleterious
effect of the first barrier, i.e. complement-mediated
killing.

ANTIGENIC “DISGUISE”

Although the acquisition of host molecules by certain
parasites, such as schistosomes, during their life in
their vertebrate host, a fact which was assumed to
limit access of immune effectors to target antigens16,
nonspecific or specific binding of the host serum of
tissue components have also being reported in the
case of T. cruzi and Leishmania parasites68, 69, 90. We
have also observed (Ouaissi, unpublished data) that
T. cruzi trypomastigotes, when cultured in vitro with
the human T lymphocyte clone LDG4 isolated from
a chronic systemic lupus erythematous patient73,
could acquire the CD2 cell surface marker (Fig. 1).
Whether this molecule could help the parasite to
interact with other cell types is not yet known.
Furthermore, L. major amastigotes derived from
BALB/c mice lesions were found to be covered with
different immunoglobulin isotypes, such as IgG, IgM,
and IgA52. Reversible acquisition of a sarcoma-asso-
ciated antigen by T. cruzi amastigotes when cultured
in a mesodermal WOS cell line was also reported19.
Although it is not known whether the host molecules
acquired by T. cruzi and Leishmania could contribute
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Figure 1. Electron micrograph of T. cruzi trypomastigote sections
showing surface localization of acquired CD2 epitopes. A human T
cell clone (LDG4) was incubated in vitro with T. cruzi trypomastig-
otes for 36 h at 37°C. The parasite-cell suspensions were washed
and fixed in 2% paraformaldehyde-0.1% glutaraldehyde, dehydrat-
ed in ethanol, and embedded in Lowicryl K4M at –30°C. Ultrathin
sections were collected on carbon-parlodion-coated nickel grids
and floated on PBSO (1% ovalbumin in PBS). They were then treat-
ed with anti-CD2 mAb and protein-A-gold as reported elsewhere71.
The gold particles bound to the parasite membrane indicates the
presence of CD2 epitopes (arrow). M – mitochondria.
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as an “antigenic disguise” to escape host immune
attack, it is noteworthy that most of these molecules
help the parasite to enter the host cell and reach the
sanctuary of subcellular compartments or tissues
(Fig. 2).

In contrast to the antigenic variation that occurs in
the case of African trypanosomes, T. cruzi and
Leishmania sp. express antigenic polymorphism. For
example, the T. cruzi SA85-1 proteins (a subfamily of
the T. cruzi sialidase surface protein superfamily)
encode variant epitopes that may also inhibit T cell
responses46.

Cancer cells also have the capacity to undergo anti-
genic modulation so that antibodies may induce the
disappearance of membrane-associated determinants
of neoplasic cells, a mechanism which allows, for
example, murine leukemia cells to “escape” anti-
body-mediated destruction22. Tumor-associated anti-
gens (TAAs) can modulate their expressions on the
cell surface depending on different phases of the cell-
cycle. This phenotypic variation and modulation of
TAA expression among, and within, carcinomas may
have important implications in the therapy of can-
cer39.

IMPAIRMENT OF PROTECTIVE IMMUNITY

Infection of inbred mice with T. cruzi leads to an
acute infection characterized by a severe immune
depression70. The suppressive effects of T. cruzi infec-
tion decreases in magnitude once the host has
entered the chronic phase. This is of particular rele-

vance to humans because the chronic phase of
Chagas’ disease in man can last for 20 years or more.
Furthermore, a state of immunosuppression also
occurred during Leishmaniasis. Indeed, in human
visceral Leishmaniasis, antigen-specific immunosup-
pression during the acute phase of the disease
appears to be induced by a cell-mediated immune
response17.

In recent years there has been much interest in deter-
mining the mechanisms by which T. cruzi and
Leishmania parasites suppress or evade the immune
system of the host. Both parasites have been report-
ed to shed significant amounts of soluble molecules
into the external milieu both in vitro and in vivo.
Some of these shed molecules act as immunosup-
pressive agents, thus indirectly promoting parasite
survival and growth.

ALTERATION OF NITRIC OXIDE PRODUCTION
AND CYTOKINE SECRETION PROFILES

Some of the released parasite molecules cause
derangement of growth-control processes (i.e. cell-
-cycle inhibitors) and/or exert chemotactic activity
towards mobile inflammatory cells. The mononuclear
phagocyte system comprises a wide range of cell
types, and cells of this lineage are involved in host
defense against microbial invaders and in the recog-
nition phase of specific immunity, among other func-
tions57, 87. In recent years we have examined the
mechanism(s) of action of a number of T. cruzi- and
Leishmania sp.-released molecules found to act as
regulatory factors (activation/inhibition) of host
immune cells (i.e. T and/or B cells, macrophages,
dendritic cells)23, 66, 70.

Among these parasite-released molecules, a T. cruzi
protein termed Tc52 (a polypeptide of molecular
mass 52 kDa sharing structural and functional prop-
erties with the thioredoxin and glutaredoxin family
involved in thiol-disulphide redox reactions) was
shown to suppress T cell proliferation induced by
anti-CD3 stimulation65 and exerted several cytokine-
and chemokine-like activities, being able to synergize
with interferon (IFN)-γ to stimulate nitric oxide
(NO) production by macrophages and to modulate
genes encoding interleukin (IL)-1α, IL-12, and 
IL-1031. A large number of reports have documented
the role of NO in host defense against pathogens,
including viruses, bacteria, parasites, fungi, and
helminthes. However, NO has a number of other
physiological effects that may play a role in the com-
plex host-parasite relationships44. Indeed it has been
shown that NO production during toxoplasmosis in
C57BL/6 mice has two opposing effects, being pro-
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Figure 2. Transmission electron microscopy (TEM) of a murine
macrophage J774 cell line infected in vitro with T. cruzi. Cells were
processed for TEM as described elsewhere71. The electron micro-
graph shows an amastigote (A) inside a prasitophorus vacuole
(PV). In some places the parasite is in contact with the host cell
cytoplasm. Abbreviations: HCM – host cell mitochondria, HCN –
host cell nucleus, PN – parasite nucleus. Magnification: ×11000.



tective against Toxoplasma gondii and down-regulat-
ing the immune response, suggesting its possible con-
tribution in the establishment of chronic infections40.

In the case of T. cruzi, previous studies have shown
that experimental infection induces NO production
and suggest that IFN-γ and tumor necrosis factor
(TNF)-α are involved in this phenomenon56, 72.
Furthermore, independent experiments have shown
that IFN-γ- and TNF-α-mediated activation of
macrophages leads to increased production of NO,
which in turn suppress T cell activation1. Moreover,
the participation of NO in the suppression of T cell
activation has been reported in a number of other
biological systems44. Furthermore, NO markedly
inhibited the induction of IL-2 promoter, which
could account for most of the reduction in IL-2 pro-
duction, and weakly increased the activation of IL-4
promoter18. This mechanism could be involved in the
down-regulation of IL-2 gene expression observed
during T. cruzi infection82. Therefore it is likely that
NO production during the initial phase of acute T.
cruzi infection might participate in the clearance of
parasites by macrophages, whereas its overproduc-
tion during the late phase of acute infection would
account for the observed immunosuppression.

Another interesting observation is that Tc52 acts
directly on macrophages to modulate IL-1α expres-
sion. The proinflammatory cytokine IL-1α has poten-
tial deleterious effects. Indeed, inappropriate expres-
sion of IL-1α in the blood during sepsis correlates
with hypotension, shock, and mortality28, 32.
Moreover, evidence showing that NO stimulates the
release of IL-1α from activated macrophages has
been recently reported42. Taken together, these
observations and our data may suggest that Tc52
could trigger feedback-loop amplification for the
production of the major proinflammatory cytokine
IL-1α. However, due to the potential deleterious
effects of IL-1α, its activity is regulated at the levels
of synthesis, processing, and release and by naturally
occurring receptor antagonist (IL-1Rα) and serum
proteins such as α2-macroglobulin6, 27, whose produc-
tion has been shown to increase during T. cruzi infec-
tion5.

These observations may have some implications in
vivo. Indeed, we showed that elevated levels of circu-
lating Tc52 in the blood of T. cruzi experimentally
infected mice occurred during the acute phase of the
disease and were associated with decreased respon-
siveness of T cells to mitogen or anti-CD3 stimula-
tion65. Thus it is reasonable to assume that exogenous
Tc52 might participate directly or indirectly at least
via NO production in the immunosuppression

observed during T. cruzi infection. However, it is
noteworthy that Chagas’ disease almost exclusively
involves intracellular amastigotes, which also
expressed Tc52 protein. Experiments carried out with
murine macrophages harboring a eukaryotic plasmid
carrying Tc52 gene showed increased IL-10 mRNA
levels11. It is tempting to speculate that Tc52-induced
increased IL-10 secretion might participate in the
down-regulation of IL-2 production. This is in agree-
ment with previous studies showing that murine IL-
-10 can down-regulate the host immune response by
decreasing the production of IL-233 and inhibiting
mitogen-driven T cell proliferation29.

Although the basic molecular and immunological
approaches have revealed interesting features
regarding the cytokine- and chemokine-like activities
of Tc52, we though that further in vivo functional
studies were needed to ascertain its biological func-
tion(s). Given that we have already established by
genetic manipulation T. cruzi clones lacking a Tc52
protein-encoding allele (Tc52+/–)3, we decided to
examine the disease phenotype in Tc52+/–-infected
BALB/c mice during the acute and chronic phases of
the disease. The results obtained are in agreement
with the observations made when using in vitro exper-
imental models. Indeed, a lack of suppression of IL-2
production and of T cell proliferation inhibition was
observed in the case of spleen cells from Tc52+/–-
-infected mice when compared with wild-type (WT)
parasite-infected ones. Moreover, increased produc-
tion of IL-10 was observed in the case of spleen cells
from WT-infected mice, whereas the levels measured
in the case of Tc52+/–-infected mice were comparable
to those of normal mice spleen cells, thus suggesting
that Tc52 plays a role in IL-10 cytokine regulation
during in vivo T. cruzi infection36. Therefore it is rea-
sonable to suggest that the reduction in Tc52 produc-
tion by gene targeting, which in turn down-regulates
IL-10 synthesis, could be among the mechanisms par-
ticipating in the immunregulatory mechanisms lead-
ing to the control of IL-2 production (Fig. 3).

Given that Tc52, under conditions of experimental
infections, appears immunologically relatively silent
during the early acute phase, failing to elicit signifi-
cant levels of antibodies and lymphocyte prolifera-
tion, we hypothesized that analysis of the structure-
-function relationship in the Tc52 molecule could
reveal discrete domains which either contribute to
minimize its antigenicity and/or act as immunoregu-
latory factors. The studies conducted showed that
indeed a major peptide fragment of 28 kDa molecu-
lar mass (Tc28k), localized in the carboxy-terminal
portion of Tc52, carries the inhibitory capacity on T
cell activation. Synthetic peptides spanning the
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amino terminal or carboxy-terminal domain of Tc52
protein indicated that the activity mapped to Tc52
residues 432-445. Moreover, the peptide, when cou-
pled to a carrier protein, exhibited increased inhibito-
ry activity on T lymphocyte activation. Interestingly,
the coupled peptide significantly downregulated
IFN-γ and IL-2 secretion. Likewise, in immunized
mice the coupled 432-445 peptide was a very poor B
and T cell antigen compared with the other Tc52-
-derived peptides. Therefore the immunomodulatory
portion of the T. cruzi Tc52 virulent factor seems to
reside, at least in part, in a conserved sequence with-
in its carboxyl-terminal domain, which could mini-
mize its antigenicity10. Such molecules may permit
parasites to escape immune surveillance and to grow,
unimpeded by normal immune responses. Moreover,
with the impairment of multiple immune effectors
functions by blocked signal transduction pathways
utilized by cytokines such IL-2 and IFN-γ; the host
may become more susceptible to opportunistic infec-
tions as well.

Since dendritic cells (DCs) are the most potent anti-
gen-presenting cells (APCs), we reasoned that it
might be interesting, when considering the develop-
ment of vaccination strategies, to explore the possible
interaction of Tc52 with DCs and, if there is such,
whether this could modulate DC activity. The exper-
iments conducted revealed interesting features: 1)
Tc52 induces human DC maturation as assessed by
up-regulation of costimulatory surface antigens such
as CD54 and CD86 and HLA-DR molecule; 2)
inflammatory chemokine synthesis (IL-8, monocyte
chemoattractant protein (MCP)-1, and macrophage-
inflammatory protein (MIP)-1α); 3) Tc52-treated
DCs present potent costimulatory properties; and 4)
binding experiments showed complex molecular
Tc52-DC interactions that involved Toll-like receptor
2 (TLR2) and Tc52 glutathione-binding site which
mediated intracellular signaling, whereas another,
unidentified portion of the Tc52 molecule is involved
in its binding to DCs66. In fact, Tc52 is made up of
two homologous domains comprising a glutathione

binding site (G-site) and a hydrophobic C-terminal
region (H-site). The molecule may act as a dimeric-
like complex where the two “pseudo-subunits” area
arranged in an antiparallel fashion separated by
a strong β-turn motif (Ala225-Pro-Gly-Tyr228). The
Tc52 G-site binds to TLR2, and the other portion of
the molecule, likely the H-site; interacts with a puta-
tive DC surface structure. Binding to TLR2 activates
the signaling cascade leading to nuclear factor (NF)-
-κB nuclear translocation and regulation of nuclear
gene expression. Figure 4 shows a model for Tc52
binding to the DC that could explain several aspects
of its action and accommodates the above-mentioned
finding. It might be that the H-site interacts first with
the still unknown DC surface structure, the mem-
brane-bound receptor-Tc52 complex then moves to
reach the TLR2 and binds to it through the Tc52 
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Figure 3. A model of T. cruzi Tc52-host cell interac-
tion and signaling pathways.

Figure 4. A model representing the two putative sequential steps
of the interaction of Tc52 with DC membranes: The T. cruzi Tc52 is
composed of two homologous domains comprising a glutathione
binding site (G-site) and a hydrophobic C-terminal region (H-site).
The molecule may act as a dimeric-like complex where the two
“pseudo-subunits” area arranged in an antiparallel fashion sepa-
rated by a strong β-turn motif (Ala225-Pro-Gly-Tyr228). For clarity,
half of the Tc52 protein containing G and H sites is shown inter-
acting with a DC. Step 1, binding of as yet uncharacterized DC sur-
face structure (Tc52R) to the Tc52 H-site; step 2, interaction of the
TLR2 with the Tc52 G-site after lateral movement of the Tc52R-
-Tc52 H-site complex in the plane of the membrane. Binding to the
TLR2 activates the signaling cascade leading to NF-κB nuclear
translocation and regulation of nuclear gene expression.



G-site, resulting in the activation of intracellular sig-
naling cascades leading to NF-κB nuclear transloca-
tion and the regulation of DC gene expression.

Taken together, the data obtained allowed us to pro-
pose that Tc52 and the related class of proteins might
constitute a new type in the pathogen-associated mol-
ecular patterns. Moreover, it is reasonable to suggest
that targeting of DC with Tc52 may favor local
recruitment and activation of leukocyte and then DC
migration to the lymph node, where they could initi-
ate specific B and T cell immune responses.
Therefore, Tc52 could be added to the list of T. cruzi
antigens that trigger the innate immune system.
Indeed other T. cruzi molecules have been the subject
of active investigations. This is the case of the glyco-
sylphosphatidylinositol (GPI) anchors and the gly-
coinositolphospholipids (GIPLs), which are potent
activators of human and mouse macrophage TLR215.
However, although GPI and Tc52 both trigger activa-
tion via TLR2, the profiles of inducible cytokine syn-
thesis appear to be different: IL-12 and TNF-α in the
case of GPI, whereas TLR2 activation by Tc52 result-
ed in IL-8, MCP-1, and MIP-1α production, with no
significant increase in TNF-α synthesis. Altogether,
these observations suggest that the parasites secrete
molecules which, upon interaction with the host cell,
may trigger signaling pathways leading to different
patterns of cell activation/inhibition.

In the case of Leishmania parasites, it has been
shown that lipophosphoglycan glycoconjugates
(LPP), a parasite surface and released molecule, was
capable of modulating the iNOS gene and NO pro-
duction78. However, although the host immune sys-
tem has to produce a certain amount of NO to elimi-
nate the parasites, and even certain tumors, its over-
production may have adverse effects, leading to seri-
ous pathological alterations51, including the down-
regulation of T cell response as mentioned above.
This feedback regulatory mechanism has also been
demonstrated in other parasitic diseases. Indeed it
has been reported that NO-mediated suppression of
T cells during T. brucei infection could result from
a synergistic effect of soluble trypanosome products
and IFN-γ on iNOS expression83. Toxoplasma gondii
uses this kind of mechanism to generate a transient
immunosuppression that probably helps in the estab-
lishment of the chronic infection in animals and
humans40.

LeIF, another parasite factor that modulates human
monocytes as well as monocyte-derived macrophages
and DCs, is a gene product homologous to the
eukaryotic initiation factor 4A and has been shown to
be a strong inducer of IL-12 and, to a lesser extent, of

IL-10 and TNF-α in macrophages and DCs.
Moreover, up-regulation of the co-stimulatory and
intercellular adhesion molecules B7-1 and CD54
(ICAM-1) by monocytic APCs in response to LeIF
was also demonstrated, suggesting that LeIF could be
among the immunomodulatory factors of Leishmania
parasites77.

Of the evolutionarily conserved antigens of
Leishmania, the ribosomal proteins LiP2a, LIP2b,
LiP0/LcP0, and LeIF have been shown to be recog-
nized by the immune system of the host with high fre-
quency80. Other parasite components belonging to
the large ribosomal protein family, such as S3a
(Leishmania S3a: LmS3a), could also be among the
candidate antigens for recognition by the immune
system24. However, when studying the effect of
LmS3a on T and B cells in a murine model, a striking
bivalent effect was demonstrated, the protein being
stimulatory and inhibitory toward B and T cells,
respectively23. Moreover, analysis of cytokine produc-
tion revealed a significant down-regulation of IFN-γ,
IL-2, and IL-12 secretion by LmS3a, thereby suggest-
ing that the molecule, in contrast to LeIF, is acting as
a Th1 down-regulating factor. Since the induction of
a Th1 immune response and the simultaneous lack of
activation of a Th2 response are required for the gen-
eration of immunity to Leishmaniasis, it is tempting
to speculate that LmS3a could be among the candi-
date molecules to be tested for the optimal design of
vaccines against Leishmania parasites.

Many types of cancer take advantage of the immune-
modulating activities of cytokines because of their
capacity to act on gene expression, to down-regulate
certain immune responses that might destroy cancer
cells81. Thus many tumor types secrete IL-10, which
shares many of the same immunosuppressive effects
on T cells as transforming growth factor (TGF)-β.
Indeed, in recent study it was shown that tumor-
derived mucin profoundly affects the cytokine reper-
toire of monocyte-derived DCs and switches them
into IL-10 (high) IL-12 (low) regulatory APCs with
limited capacity to trigger protective Th1 responses54.
Moreover, recent data showed that supernatants
from ovarian carcinoma cell lines exerted a profound
inhibition of proliferation, a lower level of IFN-γ, and
a higher level of IL-10 gene expression in CD8+ T
cells, most of the CD8+ T cells being arrested in the
G0/G1 phase of the cell cycle89.

Numerous endocrine tumors, including medullary
thyroid carcinomas30, 49, parathyroid adenomas,
insulinomas, carcinoids, pheochromocytomas84, sar-
coma cells43, and numerous lung cells, express calci-
tonin gene-related peptide (CGRP) that, once bound
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to its cognate receptor on T lymphocytes, inhibits the
production of IL-288. The circulating level of CGRP
increased significantly in cancer patients such that it
may correlate with the degree of malignancy85. Thus
the tumor cells may evade destruction by the immune
system through down-regulation of IL-2 production.
Furthermore, shed tumor cell vesicles have been
shown to be immunosuppressive in vitro8, 79. The
mechanism leading to such immunosuppression
seems to be related to the inhibition of MHC class II
antigen expression by macrophages upon their inter-
action with vesicles shed from the tumor cell sur-
face76.

In the case of Leishmania parasites it has been
demonstrated that infection with L. donovani inhibit-
ed the induction of IFN-γ of H-2 Aβ gene transcrip-
tion, class II mRNA accumulation, and H-2 Ad pro-
tein expression in cells of the murine macrophage cell
line P388D148. Furthermore, decreased expression of
B7 molecules on L. infantum-infected canine
macrophages seems to be among the mechanisms
leading to the down-regulation of T cell prolifera-
tion74. These observations suggest that down-regula-
tion of costimulatory molecules is a shared mecha-
nism that may help both the pathogen and the tumor
cells to escape the host immune effector mechanisms.

In the case of T. cruzi, using different monoclonal
antibodies (the 155D3 mAb to an 85 kDa polypeptide
epitope and a mAb to the Tc24 flagellar calcium-
binding protein), we conducted immunoelectron
microscopy studies on sections of T. cruzi trypo-
mastigote forms. Both mAbs revealed reactive mate-
rial associated with the parasite surface and on vesi-
cles, which were released from the parasites64, 71. Our
electron micrographs suggest that the vesicles origi-
nated from both the parasite surface and the flagellar
pocket. The release of T. cruzi components onto

modified surfaces and mammalian cells has been
reported by other investigators7. Furthermore, in
independent studies92 using immunofluorescence
assays with antibodies to Leishmania LmS3a recom-
binant protein which down-regulate the Th1 immune
response23 we found that the protein is released in
association with thin trails of variable length, being
smooth or beaded in appearance (Fig. 5). The release
of parasite material inside the host cell by intracellu-
lar amastigotes could also be visualized (Fig. 6).
Therefore it is tempting to suggest that, like tumor
cells, the released parasite antigens in association
with vesicles might in some way interact with the host
cell surface receptors, leading to the host cell pheno-
typic variability. This might result in the activation of
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Figure 5. Immunofluorescence using a mouse immune serum to L. major LmS3a recombinant protein reacting with L. major promastigotes.
Positive reactions allowed distinguishing thin trails of variable length that reacted with the antibodies (A); trails can be smooth or beaded in
appearance (B); trails suggestive of rotational movement are also clearly distinguishable (C).

Figure 6. Electron micrograph of a cross section of a L. major pro-
mastigote inside a J774 mouse macrophage cell line reacted with
a polyclonal antibody against Leishmania antigens associated with
cytoplasmic vesicles91. The gold particles indicative of the pres-
ence of parasite antigens were found at the parasite surface
(arrow), and in association with the parasitophorus vacuole, and
even inside the host cell cytoplasm (arrowhead). Abbreviations: PV
– parasitophorus vacuole, P – promastigote after early invasion,
HC – host cell cytoplasm.



intracellular signaling pathways leading to deactiva-
tion/activation of the host cell immune system.

INDUCTION OF APOPTOSIS
IN THE HOST IMMUNE CELLS

Another mechanism leading to homeostasis disorder
in the host is the fact that the invading parasites can
release factors which kill the cells of the immune sys-
tem by activating the cellular death machinery, thus
inducing apoptosis. Indeed, many efforts in the last
years have focused on the study of an important fam-
ily of proteins from T. cruzi: trans-sialidase (TS) and
GPI-anchored mucin-like proteins. TS is released by
the parasite into the external milieu as a soluble fac-
tor, being a modified sialidase able to transfer sialic
acid from sialoglycoconjugates from the host to β-
-galactoses in the glycoconjugates of the parasite. It
has been shown that under certain circumstances TS
could act as an apoptosis inducer in cells of the
immune system in vivo50. Furthermore, evidence
reported supports the notion that TS is a virulence
factor responsible for thymic alterations via apoptosis
of the “nurse cell complex”21.

Paradoxically, there is a large amount of experimen-
tal evidence showing that parasites may inhibit apop-
tosis of host cells. For instance we showed that the
intracellular production of native Tc52 stimulated
the growth of macrophages and fibroblasts67. In fact,
a number of other studies have shown that parasite-
derived molecules could interfere with the growth of
host cells. In the case of T. cruzi, strong evidence indi-
cates that the parasite’s TS synergizes with the
cytokine ciliary neurotropic factor and leukemia
inhibitory factor to prevent apoptosis of neuronal
cells21. TS also triggered bcl-2 gene expression, lead-
ing to the protection of rat pheochromocytoma PC12
cells, a cell line that exhibits several characteristics of
neurons, from apoptosis induced by growth factor
deprivation. Furthermore, TS has been reported to
act as a survival factor in Shawn cells by protecting
them from apoptosis20. In fact, TS activates Shawn-
-cell phosphatidylinositol 3-kinase (P13K)/Akt pro-
tein kinase signaling, a cell survival pathway.
Moreover, it has been shown that L. donovani infec-
tion of macrophages led to their resistance to apop-
tosis induced by the removal of growth factors55. In
addition, treatment of bone marrow-derived
macrophages with exogenous L. donovani promastig-
ote surface LPG inhibits apoptosis, thus suggesting
that LPG might be involved in the pathway leading to
the apoptosis inhibition. This phenomenon seems to
be correlated with an increased transcription of
macrophage cytokine genes encoding GM-CSF,
TNF-α, TGF-β, and IL-6. More recently, it has been

reported that co-incubation of polymorphonuclear
neutrophil granulocytes (PMNs) with L. major pro-
mastigotes resulted in significant inhibition of PMN
apoptosis. This phenomenon is associated with a sig-
nificant reduction in PMN caspase-3 activity. Since
parasites were found inside mice skin PMNs after
a subcutaneous challenge infection, it has being sug-
gested that infection with L. major prolongs the sur-
vival time of PMNs in vivo2.

Other intriguing observations relate to the general
suppression of macrophage gene expression during
Leishmania infection13. In fact, these authors, using
cDNA expression array analysis, have reported that
although ~40% of the genes whose expressions were
detected in macrophages were down-regulated dur-
ing infection with L. donovani, some genes were
induced during the infection. The proposed hypothe-
sis was that the overexpressed gene products might
play a role in the recruitment of additional
macrophages to the site of infection, allowing the
parasite to survive within the host cell. In a more
recent study, an interesting and unexpected finding
relates to the L. donovani elongation factor-1α58.
Indeed, this factor could be exported from the phago-
some and bound to the macrophage Scr homology 2
domain containing tyrosine phosphatase-1 (SHP-1),
leading to its activation. As a consequence, a down-
regulation of macrophage-inducible NO synthase
expression in response to IFN-γ occurred, a process
which may contribute to the deactivated phenotype
of infected macrophages.

Members of the tumor necrosis factor family of
receptors such as TNFRI and Fas, also called CD95
or APO-1, are involved in apoptotic pathways used by
the immune system to kill cancerous cells. Many
types of cancer cells have developed strategies to
evade and exploit the Fas and TNFRI apoptotic
pathways through the expression of non-functional
Fas receptors that bind Fas-ligand (FasL) without
triggering the biochemical cascades leading to apop-
tosis25. Moreover, cancerous cells such as lung and
colon tumors could secrete a soluble decoy receptor
that binds to FasL and inhibits FasL-induced apopto-
sis75. Thus, like T. cruzi and Leishmania parasites,
interference with the apoptotic pathways is also
a strategy exploited by tumors to prevent their
destruction by the host immune effector cells.

“PANCLONAL” ACTIVATION OF CELLS
OF THE IMMUNE SYSTEM

T. cruzi and Leishmania sp. release a large number of
molecules which could act as mitogenic substances
inducing polyclonal lymphocyte responses and, con-
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sequently, a general lack of specificity of antibodies
and T cell responses during the infection. The mech-
anisms by which T. cruzi and Leishmania sp. activate
“panclonal” B lymphocyte response are fundamental,
and may contribute to the immune deregulation.
A number of T. cruzi-released proteins behave as B
cell activators70. Among these factors, a Tc24 flagel-
lar calcium-binding protein is highly expressed in all
the parasite’s developmental stages (Fig. 7). In-
vestigations on the immunogenicity of released Tc24
protein have revealed that in vivo treatment with the
recombinant Tc24 protein induces a quick increase in
the number of B cell-secreted immunoglobulins,
mainly of the IgM isotype. The IgM response is most-
ly unrelated to the antigens present in total parasite
extracts or to the protein itself. The use of euthymic
and athymic mice is suggestive of a mitogenic activity
of Tc24 on B cells that is T cell independent26. Tc24
induces a strong B lymphocyte response in in vitro
and in vivo assays, indicating that the nature of the B
cell responses following Tc24 injection is indeed the
polyclonal expansion of non-specific, non-parasite-
directed B cell clones, similarly to other mitogen
stimulations. A single injection of Tc24 without any
adjuvant induces the production of immunoglobulins
that are not specific to parasite antigens, as described
for other mitogenic products released by several
microorganisms such as bacteria, viruses, and para-
sites.

Soluble parasite-derived antigens from L. major and
L. donovani are mitogenic and trigger the production

of immunoglobulins with autoantibody activity9.
Thus, crude extracts of L. donovani and L. mexicana
amazonensis contain components which cause strong
in vitro polyclonal activation of hamster spleen cells14.
Moreover, an excreted factor derived from the cul-
ture medium of L. major was found to suppress
ConA-induced polyclonal activation of mouse T
cells37. These observations suggest that the state of
immunosuppression could be in part a consequence
of the intense B cell polyclonal activation observed
during the early stages of infection.

CONCLUDING REMARKS

Parasitic infections lead to the development of
a complex network of cross-regulatory mechanisms.
The recent discovery of T. cruzi mitochondrial DNA,
which is termed kinetoplast DNA, and its integration
into the human as well as other mammalian
genomes59 adds new levels of complexity to the
pathogenesis of intracellular protozoan infections. In
fact, although significant progress has been made in
our understanding of the immune response to para-
sites, no definitive step has yet been successfully
made in terms of operational vaccines against para-
sitic diseases. Therefore, it seems likely that further
elucidation of the molecular events which tightly reg-
ulate the processes of immune cell activation and dis-
ruption of the regulatory mechanisms that limit effec-
tive immune responses will shed light on the possible
means to coordinate an effective attack against para-
sitic diseases and tumor cells.
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Figure 7. Immunofluorescence using a mAb to T. cruzi Tc24 protein showing a high reactivity against intracellular amastigotes inside a J774
mouse macrophage cell line (A). Positive signal diffusing in the cytoplasm of the infected cell could also be seen. Positive reactions were also
observed on trypomastigotes released from heavily infected and ruptured cell (B). Abbreviation: MN – macrophage nucleus.

REFERENCES

1. Abrahamshon I. A. and Coffman R. L. (1995): Cytokine and nitric
oxide regulation of the immunosuppression in Trypanosoma cruzi
infection. J. Immunol., 155, 3955–3963.

2. Aga E., Katschinski M. D., Zandbergen G. V., Laufs H., Hansen
B., Muller K., Solbach W. and Laskay T. (2002): Inhibition of the
spontaneous apoptosis of neutrophil granulocytes by the intracel-
lular parasite Leishmania major. J. Immunol., 169, 898–905.

3. Allaoui A., Francois C., Zemzoumi K. Guilvard E. and Ouaissi A.
(1999): In vitro and in vivo decreased infectivity and alteration of
metacyclogenesis process of Trypanosoma cruzi carrying a targeted
deletion of a Tc52 protein encoding allele. Mol. Microbiol., 32,
1273–1286.

4. Ameisen J. C., Idziorek T., Billaut-Multo O., Loyens M., Yissier J.
P., Potentier A. and Ouaissi A. (1996): Apoptosis in a unicellular



eukaryote (Trypanosoma cruzi): implications for the evolutionary
origin and role of programmed cell death in the control of cell
proliferation, differentiation and survival. Parasitol. Today, 12, 49. 

5. Araujo-Jorge T. C., Lage M. J. F., Rivera M. T., Carlier Y. and
Van Leuven F. (1992): Trypanosoma cruzi: enhanced alpha-macro-
globin levels correlate with the resistance of BALB/cj mice to
acute infection. Parasitol. Res., 78, 215–221.

6. Arend W. P., Malyak M., Smith M. F. Jr., Whisenand T. D., Slack
J. L., Sims J. E., Giri J. G. and Dower S. K. (1994): Binding of IL-
-1alpha, IL-1beta, and IL-1 receptor antagonist by soluble IL-1
receptors and levels of soluble IL-1 receptors in synovial fluids. J.
Immunol., 153, 4766–4774.

7. Barros H.C., Da Silva S., Verbisck N. V., Araguth M. F., Tedesco
R. C., Procopio D. O. and Mortara R. A. (1996): Release of mem-
brane-bound trails by Trypanosoma cruzi amastigotes onto modified
surfaces and mammalian cells. J. Eukaryot. Microbiol., 43, 275–285. 

8. Bast R. C., Klein S., Inbar M. et al. (1983): Tumor cell membrane
vesicles block T cell mediated cytotoxicity and TS1 suppressor
cells. Fed. Proc., 42, 1081–1087.

9. Bohme M. W., Evans D. A., Miles M. A. and Holborow E. J.
(1986): Occurrence of autoantibodies to intermediate filament pro-
teins in human visceral leishmaniasis and their induction by experi-
mental polyclonal B-cell activation. Immunology, 59, 583–588. 

10. Borges M., Cordeiro da Silva A. C., Sereno D. and Ouaissi A.
(2003): Peptide-based analysis of the amino acid sequence impor-
tant to the immunoregulatory function of Trypanosoma cruzi Tc52
virulence factor. Immunology, 109, 147–155. 

11. Borges M., Guilvard E., Cordeiro da Silva A., Vergnes B.,
Zemzoumi K. and Ouaissi A. (2001): Endogenous Trypanosoma
cruzi Tc52 protein expression upregulates the growth of murine
macrophages and fibroblasts and cytokine gene expression.
Immunol. Lett., 78, 127–134. 

12. Brener Z. (1980): Immunity to Trypanosoma cruzi. Adv. Parasitol.,
18, 247–292.

13. Buates S. and Matlashewski G. (2001): General suppression of
macrophage gene expression during Leishmania donovani infec-
tion. J. Immunol., 166, 3416–3422.

14. Bunn-Moreno M. M., Madeira E. D., Miller K., Menezes J. A.
and Campos-Neto A. (l985): Hypergammaglobulinaemia in
Leishmania donovani infected hamsters: possible association with
a polyclonal activator of B cells and with suppression of T cell
function. Clin. Exp. Immunol., 59, 427–434. 

15. Campos M. A., Almeida I. C., Takeuchi O., Akira S., Valente E.
P., Procopio D. O., Travassos L. R., Smith J. A., Golenbock D. T.
and Gazzinelli R. T. (2001): Activation of Toll-like receptor-2 by
glycosylphosphatidylinositol anchors from a protozoan parasite. J.
Immunol., 167, 416–423. 

16. Capron A. and Dessaint J. P. (1989): Molecular basis of host-para-
site relationship: towards the definition of protective antigens.
Immunl. Rev., 112, 27–48. 

17. Carvalho E. M., Bacellar O., Barral A., Badaro R. and Johnson
W. D. Jr. (1989): Antigen-specific immunosuppression in visceral
leishmaniasis is cell mediated. J. Clin. Invest., 83, 860–864. 

18. Chang R. H., Feng M. H., Liu W. H. and Lai M. Z. (1997): Nitric
oxide increased interleukin-4 expression in T lymphocytes.
Immunology, 90, 364–369.

19. Chess Q., Acosta A. M., Sethi J. K. and Santos-Buch C. A. (1983):
Reversible acquisition of a host cell surface membrane antigen by
Trypanosoma cruzi. Infect. Immun., 40, 299–302. 

20. Chuenkova M. V., Furnari F. B., Cavenee W. K. and Pereira M.
A. (2001): Trypanosoma cruzi trans-sialidase: a potent specific sur-
vival factor for human Schwann cells by means of phosphatidyli-
nositol 3-kinase/Akt signaling. Proc. Natl. Acad. Sci. USA, 98,
9936–9941. 

21. Chuenkova M. V. and Pereira M. A. (2000): A trypanosomal pro-
tein synergizes with the cytokines ciliary neurotrophic factor and
leukemia inhibitory factor to prevent apoptosis of neuronal cells.
Mol. Biol. Cell, 11, 1487–1498. 

22. Cohen E. P. (1980): Antigenic modulation and down regulation-
their similarities suggest they may have a common origin. Cancer
Biochem. Biophys., 4, 237–243.

23. Cordeiro-Da-Silva A., Borges M. C., Guilvard E. and Ouaissi A.
(2001): Dual role of the Leishmania major ribosomal protein S3a
homologue in regulation of T- and B-cell activation. Infect.
Immun., 69, 6588–6596. 

24. Cordeiro-da-Silva A., Cardoso L., Arujo N., Castro H., Tomas A.,
Rodrigues M., Cabral M., Vergnes B., Sereno D. and Ouaissi A.
(2003): Identification of antibodies to Leishmania silent informa-
tion regulatory 2 (SIR2) protein homologue during canine natural
infections: pathological implications. Immunol. Lett., 86, 155–162. 

25. Curtin J. F. and Cotter T. G. (2003): Live and let die: regulatory
mechanisms in Fas-mediated apoptosis. Cell Signal, 15, 983–992.

26. Da Silva A., Espinoza A.G., Taibi A., Ouaissi A. and Minoprio P.
(1998): A 24,000 MW Trypanosoma cruzi antigen is a B-cell activa-
tor. Immunology, 94, 189–196. 

27. Dinarello C. A. (1993): Modalities for reducing interleukin-1
activity in disease. Trends Pharmacol. Sci., 14, 155–159.

28. Dinarello C. A. and Wolff S. M. (1993): The role of interleukin-1
in disease. N. Engl. J. Med., 328, 106–113.

29. Ding L. and Shevach E. M. (1992): IL-10 inhibits mitogen-induced
T cell proliferation by selectively inhibiting macrophage costimula-
tory function. J. Immunol., 148, 3133–3139.

30. Edbrook M. R., Parker D., McVey J. H., Riley J. H., Sorenson G.
D., Pettengill O. S. and Craig R. K. (1985): Expression of the
human calcitonin/CGRP gene in lung and thyroid cancer. EMBO
J., 4, 715–724. 

31. Fernandez-Gomez R., Esteban S., Gomez-Corvera R., Zoulika K.
and Ouaissi A. (1998): Trypanosoma cruzi: Tc52 released protein-
-induced increased expression of nitric oxide and nitric oxide pro-
duction by macrophages. J. Immunol., 160, 3471–3479.

32. Ferreira S. H. (1993): The role of interleukins and nitric oxide in
the mediation of inflammatory pain and its control by peripheral
analgesics. Drugs, 46 (suppl. 1), 1–9.

33. Fiorentino D. F., Zlotnik A., Vieira P., Mosmann T. R., Howard
M., Moore K. W. and O’Garra A. (1991): IL-10 acts on the anti-
gen-presenting cell to inhibit cytokine production by Th1. J.
Immunol., 146, 3444–3451. 

34. Fischer E., Ouaissi M. A., Velge P., Cornette J. and Kazatchkine M.
D. (1988): gp 58/68, a parasite component that contributes to the
escape of the trypomastigote form of T. cruzi from damage by the
human alternative complement pathway. Immunology, 65, 299–303. 

35. Fuhram S. A. and Joiner K. A. (1989): Complement evasion by
parasites. Exp. Parasitol., 68, 474–481. 

36. Garzón E., Borges M. C., Cordeiro-da-Silva A., Nacife V.,
Meirelles Mde N., Guilvard E., Bosseno M. F., Guevara A. G.,
Breniere S. F. and Ouaissi A. (2003): Trypanosoma cruzi carrying
a targeted deletion of a Tc52 protein-encoding allele elicits attenu-
ated Chagas’ disease in mice. Immunol. Lett., 89, 67–80. 

37. Grimaldi G. Jr. and Tesh R. B. (1993): Leishmaniases of the New
World: current concepts and implications for future research.
Clin. Microbiol. Rev., 6, 230–250.

38. Hall B. F. and Joiner K. A. (1991): Strategies of obligate intracel-
lular parasites for evading host defences. Parasitol. Today, 12,
A22–A27.

39. Hand P. H., Nuti M., Colcher D. and Schlom J. (1983): Definition
of antigenic heterogeneity and modulation among human mam-
mary carcinoma cell populations using monoclonal antibodies to
tumor-associated antigens. Cancer Res., 43, 728–735.

40. Hayashi S., Chan C. C., Gazzinelli R. and Roberge F. G. (1996):
Contribution of nitric oxide to the host parasite equilibrium in tox-
oplasmosis. J. Immunol., 156, 1476–1481.

41. Hermoso T., Fishelson Z., Becker S. I., Hirschberg K. and Jaffe C.
L. (1991): Leishmanial protein kinases phosphorylate components
of the complement system. EMBO J., 10, 4061–4067.

42. Hill J. R., Corbett J. A., Kwon G., Marshall C. A. and McDaniel
M. L. (1996): Nitric oxide regulates interleukin 1 bioactivity
released from murine macrophages. J. Biol. Chem., 271,
22672–22678.

43. Höppener J. W., Steebergh P. H., Slebos R. J., Visser A., Lips C.
J., Jansz H. S., Bechet J. M., Lenoir G. M., Born W., Haller-Brem

Arch Immunol Ther Exp, 2005, 53, 102–114

112



S. et al. (1987): Expression of the second calcitonin/calcitonin
gene-related peptide gene in Ewing sarcoma cell lines. J. Clin.
Endocrinol. Meta., 64, 809–817. 

44. James S. L. (1995): Role of nitric oxide in parasitic infections.
Microbiol. Rev., 59, 533– 547.

45. Joiner K. Rimoldi M. T. Kipnis T. et al. (1987): Trypomastigotes
of Trypanosoma cruzi produce molecules which accelerate the
decay of complement C3 convertases. Complement, 4, 175
(abstract).

46. Kahn S. J. and Wleklinski M. (1997): The surface glycoproteins of
Trypanosoma cruzi encode a superfamily of variant T cell epitopes.
J. Immunol., 159, 4444–4451.

47. Kedzierski L., Montgomery J., Bullen D., Curtis J., Gardiner E.,
Jimenez-Ruiz A. and Handman E. (2004): A leucin-rich repeat
motif of Leishmania parasite surface antigen 2 binds to
macrophages through the complement receptor 3. J. Immunol.,
172, 4902–4906.

48. Kwan W. C., McMaster W. R., Wong N. and Reiner N. E. (1992):
Inhibition of expression of major histocompatibility class II mole-
cules in macrophages infected with Leishmania donovani occurs at
the level of gene transcription via a cyclic AMP-independent
mechanism. Infect. Immun., 60, 2115–2120. 

49. Leblanc B., Parodi A. L., Lagadic M. Hurtrel M. and Jobit C.
(1991): Immunocytochemistry of thyroid tumors. Vet. Pathol., 28,
370–380. 

50. Leguizamon M.S., Mocetti E., Garcia Rivello H., Argibay P. and
Campetella O. (1999): Trans-sialidase from Trypanosoma cruzi
induces apoptosis in cells from the immune system in vivo. J.
Infect. Dis., 180, 1398–1402. 

51. Liew F. Y. (1995): Interactions between cytokines and nitric oxide.
Adv. Neuroimmunol., 5, 201–209.

52. Mirjalili A., Alimohammadian M. H. and Madani R. (2003):
Presence of immunoglobulin on the surface of lesion-derived
amastigotes of Leishmania major as a tool for isolation of amastig-
ote stage from BALB/c mice. Iranian Biomed. J., 7, 155–160.

53. Moncayo A. (1993): Chagas’ disease. Eleventh Programme Report
WHO, Geneva, pp 67–75. 

54. Monti P., Leone B. E., Zerbi A., Balzano G., Cainarca S., Sordi
V., Pontillo M., Mercalli A., Di Carlo V., Allavena P. and
Piemonti L. (2004): Tumor-derived MUC1 mucins interact with
differentiating monocytes and induce IL-10highIL-12low regulato-
ry dendritic cell. J. Immunol., 172, 7341–7349.

55. Moore K. J. and Mallashewski G. (1994): Intracellular infection by
Leishmania donovani inhibits macrophage apoptosis. J. Immunol.,
152, 2930–2937.

56. Munoz-Fernandez M., Fernandez M. A. and Fresno M. (1992):
Activation of human macrophages for the killing of intracellular
Trypanosoma cruzi by TNF-alpha and IFN-gamma through a nitric
oxide-dependent mechanism. Immunol. Lett., 33, 35–40.

57. Murray H. W. (1988): Interferon-gamma, the activated
macrophage and host defence against microbial challenge. Ann.
Intern. Med., 108, 595–608.

58. Nandan D., Yi T., Lopez M., Lai C. and Reiner N. E. (2002):
Leishmania EF-1alpha activates the Src homology domain con-
taining tyrosine phosphatase SHP-1 leading to macrophage deacti-
vation. J. Biol.Chem., 277, 50190–50197. 

59. Nitz N., Gomes C., de Cassia Rosa A., D’Souza-Ault M. R.,
Moreno F., Lauria-Pires L., Nascimento R. J. and Teixeira A. R.
(2004): Heritable integration of kDNA minicircle sequences from
Trypanosoma cruzi into the avian genome: insights into human
Chagas’ disease. Cell, 118, 175–186. 

60. Norris K. A. (1998): Stable transfection of Trypanosoma cruzi epi-
mastigotes with the trypomastigote-specific complement regulato-
ry protein cDNA confers complement resistance. Infect. Immun.,
66, 2460–2465.

61. Norris K. A., Bradt B., Cooper N. R. and So. M. (1991):
Characterization of a Trypanosoma cruzi C3 binding protein with
functional and genetic similarities to the complement regulatory
protein, decay-accelerating factor. J. Immunol., 147, 2240–2247.

62. Norris K. A., Harth G. and So M. (1989): Purification of a

Trypanosoma cruzi membrane glycoprotein which elicits lytic anti-
bodies. Infect. Immun., 57, 2372–2377. 

63. Norris K. A. and Schrimpf J. E. (1994): Biochemical analysis of
the membrane and soluble forms of the complement regulatory
protein of Trypanosoma cruzi. Infect. Immun., 62, 236–243.

64. Ouaissi A., Aguirre T., Plumas-Marty B., Piras M., Schoneck R.,
Gras-Masse H., Taibi A., Loyens M., Tartar A., Capron A. et al.
(1992): Cloning and sequencing of a 24-kDa Trypanosoma cruzi
specific antigen released in association with membrane vesicles
and defined by a monoclonal antibody. Biol. Cell, 75, 11–17. 

65. Ouaissi A., Guevara-Espinoza A., Chabe F., Gomez-Corvera R.
and Taibi A. (1995): A novel and basic mechanism of immunosup-
pression in Chagas’ disease: Trypanosoma cruzi releases in vitro
and in vivo a protein which induces T cells unresponsiveness
through specific interaction with cysteine and glutathione.
Immunol. Lett., 48, 221–224. 

66. Ouaissi A., Guilvard E., Delneste Y., Caron G., Magistrelli G.,
Herbault N., Thieblemont N. and Jeannin P. (2002): The
Trypanosoma cruzi Tc52-released protein induces human dendritic
cell maturation, signals via Toll-like receptor 2, and confers pro-
tection against lethal infection. J. Immunol., 168, 6366–6374. 

67. Ouaissi A., Ouaissi M. and Sereno D. (2002): Glutathione S-trans-
ferases and related proteins from pathogenic human parasites
behave as immunomodulatory factors. Immunol. Lett., 81,
159–164. 

68. Ouaissi M. A., Afchain D., Capron A. and Grimaud J. A. (1984):
Fibronectin receptors on Trypanosoma cruzi trypomastigotes and
their biological function. Nature, 308, 380–382. 

69. Ouaissi M. A., Cornette J., Afchain D., Capron A., Gras-Masse H.
and Tartar A. (1986): Trypanosoma cruzi infection inhibited by
peptides modeled from a fibronectin cell attachment domain.
Science, 234, 603–607. 

70. Ouaissi M. A., Da Silva A. C., Guevara A. G., Borges M. and
Guilvard E. (2001): Trypanosoma cruzi-induced host immune sys-
tem dysfunction: a rational for parasite immunosuppressive fac-
tor(s) encoding gene targeting. J. Biomed. Biotechnol., 1, 11–17. 

71. Ouaissi M. A., Dubremetz J. F., Kusnierz J. P., Cornette J.,
Loyens M., Taibi A., Marty B., Velge P., Rizvi F. and Capron A.
(1990): Trypanosoma cruzi: differential expression and distribution
of an 85-kDa polypeptide epitope by in vitro developmental stages.
Exp. Parasitol., 71, 207–217. 

72. Petray P., Rottenberg M. E., Grinstein S. and Orn A. (1994):
Release of nitric oxide during the experimental infection with
Trypanosoma cruzi. Parasite Immunol., 16, 193–199. 

73. Pham B. N., Prin L., Gosset D., Hatron P. Y., Devulder B.,
Capron A. and Dessaint J. P. (1989): T lymphocyte activation in
systemic lupus erythematous analysed by proliferative response to
nucleoplasmic proteins on nitrocellulose immunoblots. Clin. Exp.
Immunol., 77, 168–174. 

74. Pinelli E., Rutten V. P., Bruysters M., Moore P. F. and
Ruitenberg E. J. (1999): Compensation for decreased expression
of B7 molecules on Leishmania infantum-infected canine
macrophages results in restoration of parasite-specific T-cell pro-
liferation and gamma interferon production. Infect. Immun., 67,
237–243. 

75. Pitti R. M., Marsters S. A., Lawrence D. A., Roy M., Kischkel F.
C., Dowd P., Huang A., Donahue C. J., Sherwood S. W., Baldwin
D. T., Godowski P. J., Wood W. I., Gurney A. L., Hillan K. J.,
Cohen R. L., Goddard A. D., Botstein D. and Ashkenazi A.
(1998): Genomic amplification of a decoy receptor for Fas ligand
in lung and colon cancer. Nature, 396, 699–703.

76. Poutsiaka D. D., Taylor D. D. and Levy E. M. and Black P. H.
(1985): Inhibition of recombinant interferon-gamma-induced Ia
antigen expression by shed B16 F10 melanoma cell membrane
vesicles. J. Immunol., 134, 145–150. 

77. Probst P., Skeiky Y. A., Steeves M., Gervassi A., Grabstein K. H.
and Reed S. G. (1997): A Leishmania protein that modulates
interleukin (IL)-12, IL-10 and tumor necrosis factor-alpha produc-
tion and expression of B7-1 in human monocyte-derived antigen-
-presenting cells. Eur. J. Immunol., 27, 2634–2642. 

78. Proudfoot L., Nikolaev A. V., Feng G. J., Wei W. Q., Ferguson M.
A., Brimacombe J. S. and Liew F. Y. (1996): Regulation of the
expression of nitric oxide synthase and leishmanicidal activity by

A. Ouaissi et al. – Parasites interaction with their hosts

113



glycoconjugates of Leishmania lipophosphoglycan in murine
macrophages. Proc. Natl. Acad. Sci. USA, 93, 10984–10989. 

79. Raz A., Goldman A., Yuli I. et al. (1978): Isolation of plasma
membrane fragments and vesicles from ascites fluid of lymphoma-
-bearing mice and their possible role in the escape mechanism of
tumors from host immune rejection. Cancer Immunol.
Immunother., 4, 53–62.

80. Requena J. M., Alonso C. and Soto M. (2000): Evolutionary con-
served proteins as prominent immunogens during Leishmania
infections. Parasitol. Today, 16, 246–250.

81. Roth J. A., Osborne B. A. and Ames R. S. (1983):
Immunoregulatory factors derived from human tumors. II. Partial
purification and further immunobiochemical characterization of a
human sarcoma-derived immunosuppressive factor expressing
HLA-DR and immunoglobulin-related determinants. J. Immunol.,
130, 303–308.

82. Soong L. and Tarleton R. L. (1994): Trypanosoma cruzi infection
suppresses nuclear factors that bind to specific sites on the inter-
leukin-2 enhancer. Eur. J. Immunol., 24, 16–22. 

83. Sternberg J. M. and Mabbott N. A. (1996): Nitric oxide-mediated
suppression of T cell responses during Trypanosoma brucei infection:
soluble trypanosome products and interferon-gamma are synergistic
inducers of nitric oxide synthase. Eur. J. Immunol., 26, 539–543.

84. Takami H., Shikata J., Kakudo K. and Ito K. (1990): Calcitonin
gene-related peptide in patients with endocrin tumors. J. Surg.
Oncol., 43, 28–32. 

85. Takami H., Shikata J., Ozaki O., Mimura T. and Ito K. (1991):

Measurement of plasma calcitonin gene-related peptide (CGRP)
level in patients with thyroid disease. Nippon Geka Gakkai Zasshi,
91, 401–406.

86. Takle G. B. and Snary D. (1993): South American
Trypanosomiasis (Chagas’ disease). In Warren K. S (ed.):
Immunology and Molecular Biology of Parasitic Infections. Third
Edition. Blackwell Scientific Publications, Inc., 213–236.

87. Unanue E. R. and Allen P. M. (1987): The basis of the
immunoregulatory role of macrophages and other accessory cells.
Science, 236, 551–557.

88. Wang F., Millet I., Bottomly K. and Vignery A. (1992): Calcitonin
gene-related peptide inhibits interleukin 2 production by murine T
lymphocytes. J. Biol. Biochem., 267, 21052–21057. 

89. Wang H., Xie X., Lu W. G., Ye D. F., Chen H. Z., Li X. and
Cheng Q. (2004): Ovarian carcinoma cells inhibit T cell prolifera-
tion: suppression of IL-2 receptor beta and gamma expression and
their JAK-STAT signalling pathway. Life Sci., 74, 1739–1749.

90. Wyler D. J., Sypek J. P. and McDonald J. A. (1985): In vitro para-
site-monocyte interactions in human leishmaniasis: possible role of
fibronectin in parasite attachment. Infect. Immun., 49, 305–311.

91. Yahiaoui B., Taibi A. and Ouaissi A. (1996): A Leishmania major
protein with extensive homology to silent information regulator 2
of Saccharomyces cerevisiae. Gene, 169,115–118. 

92. Zemzoumi K., Guilvard E., Sereno D., Preto A., Benlemlih M.,
Da Silva A. C., Lemesre J. L. and Ouaissi A. (1999): Cloning of a
Leishmania major gene encoding for an antigen with extensive
homology to ribosomal protein S3a. Gene, 240, 57–65. 

Arch Immunol Ther Exp, 2005, 53, 102–114

114



Ouaissi Ali, Ouaissi M. (2005) 

Molecular basis of Trypanosoma cruzi and Leishmania 

interaction with their host(s): exploitation of immune and 

defense mechanisms by the parasite leading to persistence 

and chronicity, features reminiscent of immune system 

evasion strategies in cancer diseases 

Archivum Immunologiae and Therapiae Experimentalis, 53 

(2), 102-114 

ISSN 0004-069X 


