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Susceptible Hosts: a Resort for Parasites
Right in the Eye of the Immune Response*
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ABSTRACT
Trypanosomatid protozoan parasites express an aggressive strategy of parasitism by infecting host
macrophages and inducing extensive T-lymphocyte activation. One goal of such strategy is to drive the
immune response of genetically susceptible hosts to a state of unresponsiveness regarding parasite killing.
Unresponsiveness is achieved through different mechanisms, depending on the parasite species. In this brief
review, recent findings on the molecular and cellular bases of the parasites’ exploitation of host immune
responses are discussed.
Key words. Trypanosoma cruz, Leishmania chagasi, T lymphocytes, CTLA-4, apoptosis, transforming
growth factor.

Trypanosomatid protozoan parasites, suciirgs  susceptible mice with bothT. cruzi (Silva et
panosoma cruzi (the agent of Chagas disease) andal. 1991) andL. chagasi (Wilsonet al. 1998). In
Leishmania chagasi (the agent of Visceral Leishma- addition, TGF8 plays a virulence-determinant role
niasis, or kalazar in the New World), induce chronicin murine infection by L. amazonensis and L.
infection and consequent disease in genetically sudrazliensis, causative of cutaneous leishmaniasis
ceptible hosts, that can persist for life if left un- (Barral-Nettoet al. 1992). Currently, the nature of
treated. Persistence of intracellular pathogens mustellular immune mechanisms regulating T@se-

be associated with efficient mechanisms of immunecretion in infections by trypanosomatid parasites is
evasion, since they mobilize intense innate and acunknown.

quired immune responses in the infected hosts (Dos-  Working with a model of murine infection by
Reis 1997). However, the nature of genetic differ-T. cruzi, we demonstrated intense spontaneous lym-
ences between resistant and susceptible hosts, apthocyte apoptosis, and also activation-induced cell
how these differences are exploited by parasites, redeath (AICD) by apoptosis of CD4T cells in the
main to be defined. Previous studies demonstrated eourse of acute infection (Lopetal. 1995), the first
deleterious role for the suppressive cytokine Transdemonstration in a parasitic disease. The Fas-Fas
forming Growth Factor (TGF-) beta in infection of Ligand (FasL)death pathway has been characterized
as the major pathway for host COHA cell apopto-

*Invited paper sis following vigorous immune responses (Van Par-
xxMember of the Academia Brasileira de Ciéncias . .
E-mail: gdosreis@biof.ufrj.br ijs & Abbas 1996). Fas is a surface receptor that
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expresses a caspase-activating death domain in iteacrophages engages the VnR, and VnR crosslink-
cytoplasmic tail, and belongs to the TNF Receptorage triggers intense PGEnd subsequent TGE-
Superfamily (Baker & Reddy 1998). FasL is surfaceproduction; TGFB secretion is required for para-
protein trimer induced in the cell membrane follow- site growth (Freire-de-Limat al. 2000). Through
ing T-cell activation through the T-cell receptor for engagement of VnR and autocrine T@Becretion,
antigen (TCR) (Van Parijs & Abbas 1996). FasL is apoptotic cells induce markeft novo ornithine de-

a member of the TNF superfamily (Baker & Reddy carboxylase (ODC) activity and polyamine (mainly
1998). We have characterized that Fas-FasL interagutrescine) synthesis in ¢(Freire-de-Limaet al.
tions mediate CD# T cell apoptosis that follow$.  2000). Parasitemia can be exacerbatetivo by
cruz infection (Lopest al. 1999). We have alsoin- injection of apoptotic cells. Interestingly, blockers
vestigated the pathogenic role of CDZ cell AICD  of polyamine synthesis inhibif. cruzi growth in-

in the control ofT. cruz replication within host duced by apoptotic cellan vitro, suggesting that
macrophages (M). Theonsetof CD4 T cellAICD  the parasite uses this source of putrescine to repli-
greatly exacerbates the growth of infective forms ofcate inside M. Pharmacological blockers of PGE

T. cruz within cocultured Mp (Nuneset al. 1998).  secretion also prevent parasite replicatianvitro
The deleterious effect was mediated by Fas-FasL inand control parasitemiian vivo (Freire-de-Limagt
teractions since: i) an agonist anti-Fas monoclonabl. 2000), suggesting that the phenomenon is im-
antibody induced T-cell death afid cruzi growth  munopathogenic foll. cruz infection. Thus, the
within M¢ (Nuneset al. 1998); ii) a neutralizing onset of host lymphocyte apoptosis is beneficial to
anti-FasL monoclonal antibody blocked both T-cell the parasite, as it triggers intense T@BRecretion
death and'. cruz replication within Mp (Nuneset  and therefore, polyamine synthesis by infectegl, M
al. 1998); iii) CD4" T cells from infected, FasL- driving parasite growth.

mutantgld mice were unable to increade cruz In a second model of chronic parasitic disease,
growth in wild-type Mp (Lopeset al. 1999). How  susceptible mice were infected with chagas (a
do apoptotic lymphocytes exacerbateruzi repli-  model of murine kalazar). Inthis disease, the splenic

cation ? One intriguing possibility was that dead,load of L. chagas increases indefinitely, and lo-
but not alive T lymphocytes were partially respon-cal CD4" T cells are unresponsive to mitogen or
sible for the increased growth of the parasite. Up-leishmanial antigen stimulation, but do not undergo
take of apoptotic cells by M triggers the autocrine AICD (Gomeset al. 1998). Recently, the nega-
and paracrine secretion of immunosuppressive metive costimulatory T-cell receptor CTLA-4 has been
diators such as prostaglandin GE) and TGF-  characterized as an important negative regulator of
B (Fadoket al. 1998), that functionally inactivate T-cell activation (Waterhouseet al. 1995). We
M¢. Uptake of apoptotic cells by ¥is mediated by  found that antibody-mediated blockade of either
a multifunctional receptor that includes CD36 andCTLA-4 or its ligand B7-1, restored otherwise sup-
the integrin Vitronectin Receptor (VnR); the recep- pressed T-cell responses, increased pFNroduc-

tor binds thrombospondin attached to the apoptotidion, and promoted rapid killing df. chagasi par-
cells (Savill 1998). Based on these new conceptsasites within splenic M (Gomeset al. 1998). Al-

we recently identified one mechanism driving thethough the mechanisms of CTLA-4 suppression of
intracellular growth ofT. cruzi in M¢. We found  T-cell activation are still undefined, a recent study
that apoptotic, but not necrotic or viable T cells, in- demonstrated that engagement of CTLA-4 promotes
activate macrophages by blocking nitric oxide pro-the production of TGF3 by CD4* T cells, while in-
duction, and exacerbalecruz replication (Freire-  hibiting the production of all other cytokines tested
de-Limaet al. 2000). Adhesion of apoptotic cellsto (Chenet al. 1998). We found that splenic CD4
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T cells from kalazar secrete large amounts of TGF-Cuen W, JIN W & WAHL S 1998. Engagement of cyto-

B when stimulated by eishmania antigen or mi- toxic T lymphocyte-associated antigen 4 (CTLA-4)

togens, and that TGB-secretion can be abolished induces transforming growth factgr(TGF-g) pro-

by CTLA-4 blockade (Gomest al. 2000). More- duction by murine CD# T cells. J Exp Med 188:
1849-1857.

over, we demonstrated that CTLA-4 engagement
suppresses T-cell IF)-production and promotes DosReis GA 1997. Cell-mediated immunity in experi-

L. chagasi growth in cocultured M through se- mentalTrypanosomacruz infection. Parasitol Today
cretion of TGFS (Gomeset al. 2000). These re- 13: 335-342.
sults suggest thdt. chagasi infection induces host ¢, ,ox VA Bratton DL. KONOWAL A. FREED PW.

T cells to produce TG by driving them to a state Wesrcort JY & Henson PM 1998. Macrophages
of sustained CTLA-4 engagement. However, the  that have ingested apoptotic cell vitro in-

cell types and mechanisms responsible for sustained  hibit proinflammatory cytokine production through
CTLA-4 engagement in T cells from kalazar re- autocrine/paracrine mechanisms involving TGF-
main to be determined. If these results could be  PGE-2 and PARI Clin Invest 101: 890-898.

extended to human T cells, they would suggest apgggg-pe-Liva CG, NasciMENTO DO, SoARES MBP,
new immunotherapic strategy for treating patients  prMeLLo FG, Bozza PT, CasTro-FARIA-NETO HC,
with kalazar. DosREis GA & Lopes MF 2000. Uptake of apoptotic

Therefore, in spite of using very distinct mech- cells drives the growth of a pathogenic trypanosome
anisms, both trypanosomatid parasites induce TGF-  in macrophagesNature 403: 199-203.

B production following intense mobilization of the 5= NA. BARRETO-DE-SOUZA V, WILSON ME & Dos-

hostimmune system, and TGFappearstobe an es- Reis GA 1998. Unresponsive CO4T cells from
sential factor for parasite survival and growth. Mod- Leishmania chagasi-infected mice increase cytokine
ulation of cell interaction molecules directly or in- secretion and mediate parasite killing after blockade
directly responsible for subsequent T@Felease, of the B7-1:CTLA-4 pathway.J Infect Dis 178:

such as Fas, VnR and CTLA-4, could help in the  1847-1851.

elimination of parasites from susceptible hosts.  Goygs NA, Gatrass CR, BARRETO-DE-SouZA V, WiL-

soN ME & DosREIs GA 2000. Transforming growth
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