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IMMUNOREGULATORY MECHANISMS AND CHAGAS' DISEASE
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During the course of experimental Chagas' disease, several immune disorders occur. In the
acute phase, T and B cell polyclonal activation is uassociated 1o immunosuppression. Al the
chronic stage, T cells — of the TH2 subset — participate o the pathology characteristic of
Chagas' disease. Data obtained after infection of BALB/Xid mice suggest that polyclonal acti-
vation may be dependent on Bl (CDJ) cell-activation. Moreover, these mice fail to develop the
pathological features of the chronic infection. Conirol of lymphokine secretion might play a key

role in the clinical status of Chagas’' disease.
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Chagas’ disease, due to the protozoan
Trypanosoma cruzi is the major cause of sud-
den death in Latin America. The World Health
Organization estimates to 15-18 million people
suffering from this disease. Among them, 20
to 30% will develop the chronic Chagas heart
disease or megavisceres. Because of the ab-
sence or scarcity of parasites during the chronic
stage of the infection and of the features of
histopathological lesions, hypothesis of auto-
immunity has been argued. Pathology 1s repre-
sented by mononuclear inflammatory infiltrates
with necrotic foci leading to the destruction of
myocardial or nerve fibers. The consequence
1s heart failure and sudden death. Until now,
the fine mechanisms of the cardiomyopathy or
nerve damage are not clearly elucidated.

The murine expertmental model has repre-
sented, this last decade, a useful tool to better
understand the immunological status of the
infected host. During acute experimental in-
fection, all the compartments of the immune
system are disturbed as illustrated by T and B
cell activation in lymphoid organs, macroph-
age activation, cytokines production, thymic
atrophy, elevated autoantibody production
(Harel-Bellan et al., 1983; Minoprio et al.,
1986a; Russo et al., 1989; Spinella et al., 1989,
Leite de Moraes et al., 1991). The role of this
high degree of disturbance in the following
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clinical state of the chronic disease 1s begin-
ning to be investigated.

The early immune picture of the infection
1s represented by a tolerance-hke state 1n rela-
tion to the parasite. Non specific and
autoreactive reactivities emerged with a low
response against the parasite itself (Minoprrio
et al., 1987). However, this breakdown of tol- .
crance ts not complete and few weeks after
infection, a significative response against the
parasite 1s developing, that 1s turned to ac-
count serological diagnosts. Several parameters
of immunosuppression have becen described as
lack of response to exogenous antigens njected
at the time of infection, IL2 suppression, mi-
togen unresponsiveness, suppression of specific
cytotoxic activity (Cunningham et al., 1978;
Ramos et al., 1978; Harel-Bellan et al., 1983;
Chromanski & Kuhn, 1985; Plata, 1985).
Moreover, polycional activation may contrib-
ute to the development of nonspecific B cell
responses compared to parasite specific ones.

The participation of different subsets of lym-
phoid cells has been extensively demonstrated
by in vivo treatment of animals at the time of
and following infection. Indeed, treatment with
ant1-CD4, ant1-CD®& and or anti-Ia monoclonal
antibodies resulted in higher parasitenia and
susceptibility to the infection (Minoprio et al.,
1987; Russo et al., 1988; Spinella et al., 1989;
Tarleton, 1990). Moreover, treatment with anti-
CD4 or anti-la abolishes the B cell polyclonal
activation, /n vivo treatment with cytokines
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also resulted in controlling the infection and
abolishing the immunosuppression (Chromanski
& Kuhn, 1985; Reed, 1988). However, no
observation of the chronic stage of the infec-
tion was observed in any of this reports. Ac-
cording to the anti-CD4 and anti-Ia treatments,
the reason was the death of the animals due to
the high parasitemia before the onset of the
chronic stage.

Recent data in our laboratory have shown
that infected BALB/c mice sharing the Xid
mutation (affecting the B cell compartment of
the immune system) are able to control the
parasitemia and do not show the pathological
features of the chronic infection, 1.e., the char-
acteristic inflammatory infiltrates in heart and
muscles (Minoprio et al., 1991). These results
allowed us to suggest a role for Bl (CD5 B)
cells in the triggering of the pathology of
chromic 7. cruzi infection. Indeed, the Xid
mutation affects mainly the B1 (CD5 B) cell
compartment that i1s developmentally blocked.
As recently described, the Bl cells may pro-
duce IL10 that in turn regulates negatively the
proliferation of THI1 cells (O’Garra et al.,
1990). It 1s probable that, in 7. cruzi normal
infected mice, the production of IL10 after
activation of Bl cells contribute to a shift to
TH2 cells with secretion of B cell factors like
IL5 and IL6 contributing to the polyclonal B
cell activation. The negative control ot IL10
upon THI stimulation could explain the low
levels of IL2 and IFN-y produced in mice
acutely infected with 7. cruzi. In contrast, since
Bl cells are lacking in BALB/X1d mice, these
mice might control the 7. cruzi infection stimu-
lating TH1 cells with secretion of IL2 and
I[FN-y, lymphokines known to have a protec-

tive role against the acute stage of 7. cruzi
infection (Chromanski & Kuhn, 1985; Reed,
1988).

In the context of chronic infection, we asked
for the participation of T cells in the develop-
ment of mononuclear inflammatory infiltrates.
Previous work of Laguens and col. had shown
that mononuclear cells from chronically in-
fected mice were able to transfer pathological
lestons 1n naive recipients (Laguens et al.,
1981). Moreover, analysis of T lymphocyte
populations into the inflammatory infiitrates
had shown that T cells represent about 5% of
the total mononuclear cells present in the in-
flammatory infiltrates (Ben Younes-Chennoufi
et al., 1988), the majority of them being CD4+.
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Upon transfer into naive recipients, it was
clearly shown that pathology may be mediated
by CD4+ but not by CD8+ T cells, in absence
of parasites (Hontebeyrie-Joskowicz et al.,
1987). T cell lines derived from chronically
infected mice have been obtammed; they are of
the CD4 subset and reproduce, when trans-
ferred to naive recipients, a pathology similar
to that described in chrohically infected mice.
These lines are possibly autoreactive because
they are able to transfer a local delayed type
hypersensitivity reaction in presence of para-
site extract or of mouse nerve extract. The role
of autoreactive CD4 T cells in the destruction
of syngeneic hearts has been demonstrated by
Ribeiro Dos Santos and collaborators (This
issue, and Ribeiro Dos Santos et al., 1992).

With respect to the helper activity of the T
cell lines denved from chronically infected
mice, they display a strong activation of syn-
geneic B cells in a polyclonal way as illus-
trated by the high levels of different immuno-
globulin i1sotypes secreted. Indeed, in vivo in-
jection of the T cell line G-05 induces poly-
clonal B cell activation measured by the num-
ber of immunoglobulin isotype-secretory cells
(Spinella et al,, 1990). The isotypic pattern in
recipient mice is quite similar to that observed
in chronic infected mice (Minoprio et al.,
1986a), with a predominance of IgG2 isotypes.
The Iymphokine secretion of this CD4 cell line
indicates that 1t belongs to the TH2 subset
with production of [1.4, IL5, 116 and IL3. These
lymphokines present in the culture supernatant
of the G-05 T cell line participate to the B cell
polyclonal activation in vivo. In preliminary
experiments (Leite de Moraes, unpublished re-
sults), significant levels of IL6 are observed in
the scrum of acute infected mice. This obser-
vation argues for the activation of TH2 from
the early stage of the infection although IL6
may be produced not only by T cells but also
by macrophages.

In summary, the role of CD4 T cells in the
unimunopathology of the experimental Chagas
disease 1s demonstrated. Very likely, the TH2
subset s mvolved in the chronic pathology
performing (1) recruitment of monocytes in the
tissucs to constitute inflammatory infiltrates,
(11) polyclonal B cell activation with secretion
of high levels of autoantibodies. The trigger-
ing of TH2 rather than TH1 in mice infected
with 7. cruzi remains to be clucidated. Activa-
tion of B1 cells may be one of the potential
candidate for tlns regulation.



Mem. Inst. Oswaldo Cruz, Rio de Janeiro, Vol. 87, Suppl. V, 1992 103

REFERENCES

BEN YOUNES-CHENNOUFI, A.; SAID, G.; EISEN,
H.; DURAND, A. & HONTEBEYRIE-JOSKO-
WICZ, M., 1988. Cellular immunity to Trypanosoma
cruzi is mediated by helper T cells (CD4+). Trans.
R. Soc. Trop. Med. Hyyg., 82: 84-89.

CHROMANSKI, L. & KUHN, R. E., 1985. Interieukin

2 enhances specific and non-specific immune re-
sponses in experimental Chagas’ disease. Inf
Immun., 50: 354-357.

CUNNINGHAM, D. S.; KUHN, R. E. & ROWLAND,
E. C., 1978. Suppression of humoral responses dur-
ing Trypanosoma cruzi infection in mice. Inf
Immun., 22: 155-160.

HAREL-BELLAN, A_; JOSKOWICZ, M.; FRADELIZI,
D. & EISEN, E., 1983. Modification of T-cell pro-
liferation and interleukin 2 production tn mice in-
fected with Trypanosoma cruzi. Proc. Natl Acad.
Sci., 80: 3466-3469.

HONTEBEYRIE-JOSKOWICZ, M.; SAID, G.; MILON,
G.; MARCHAL, G. & EISEN, H,, 1987. L3T4+ T
cells able to mediate parasite-specific delayed type
hypersensitivity play a role in the pathology of
experimental Chagas’ disease. Fur. J Immunol.,
17: 1027-1033.

LAGUENS, R. P.; CABEZA-MECKERT, P. C;
CHAMBO, J. G. & GELPI, R., 1981. Chronic
Chagas' disease 1n the mouse. Il. Transfer of the
heart disease by means of immunocompetent cells.
Medicina (Buenos Aires), 41: 40-43.

LEITE DE MORAES, M. C.; HONTEBEYRIE-
JOSKOWICZ, M.; LEBOULENGER, F.; SAVINQO,
W.; DARDENNE, M. & LEPAULT, F., 1991. Stud-
ies on the thymus in Chagas’ disease. II. Thymo-
cyte subset fluctuations in Trypanosoma cruzi-in-
fected mice: relationship to stress. Scand. J.
Immunol., 33, 267-275.

MINOPRIO, P.; COUTINHO, A.; JOSKOWICZ, M.;
D’'IMPERIO LIMA, M. R. & EISEN, H., 1986b.
Polyclonal lymphocyte responses to murine
Trypanosoma cruzi infection. 1. Cytotoxic T lym-
phocytes. Scand. J. Immunol., 24: 669-679.

MINOPRIO, P.; COUTINHO, A.; SPINELLA, S. &
HONTEBEYRIE-JOSKOWICZ, M., 1991. Xid im-
munodeficiency imparts increased parasite clear-
ance and resistance to pathology in experimental
Chagas’ disease. Int. Immunol., 3: 427-433.

MINOPRIO, P.; EISEN, H.; FORNI, L.; D’IMPERIO
LIMA, M. R,; JOSKOWICZ, M. & COUTINHO,
A., 1986a. Polyclonal lymphocyte responses to
munne Trypanosoma cruzi infection. [. Quantitation
of both T- and B- cell responses. Scand. J. Immunol.,
24: 661-668.

MINOPRIO, P.; EISEN, H.; JOSKOWICZ, M.; PE-
REIRA, P. & COUTINHO, A., 1987. Suppression
of polyclonal antibody production in Trypanosoma
cruzi-infected mice by treatment with anti-L3T4

antibodies. J. Immunol., 139: 545-550.

O’GARRA, A.; STAPLETON, G.; DHAR, V.; PEARCE,
M.; SCHUMACHER, J; RUGO, H.; BARBIS, D.;
STALL, A.; CUPP, J.; MOORE, K.; VIEIRA, P.;
MOSMANN, T.; WHITMORE, A.; ARNOLD, L.;
HAUGHTON, G. & HOWARD, M., 1990. Produc-
tion of cytokines by mouse B cells: B lymphomas
and normal B cells produce Interleukin 10. Int.
Immunol., 2: 821-829.

PLATA, F., 1985. Enhancement of tumor growth corre-
lates with suppression of the tumor-specific cyto-
lytic T lymphocyte response in mice chronically

infected by Trypanosoma cruzi. J. Immunol., 134:
1312-13109.

RAMOS, C.; LAMOY, E.; FEOLI, M.; RODRIGUEZ,
M.; PEREZ, M. & ORTIZ-ORTIZ, L., 1978. Trypa-
nosoma cruzi: immunosuppressed response to dif-
ferent antigens in the infected mouse. Exp. Para-
sitol., 4: 190-199.

REED, S. G., 1988. In vivo administration of recombi-
nant IFN-y induces macrophage activation and pre-
vents acute disease, immunosuppression and death

in experimental Trypanosoma cruzi infection. J.
Immunol., 140: 4342-4347.

RIBEIRO DOS SANTOS, R.; ROSSI, M. A.; LAUS, J.
L., SANTANA SILVA, J; SAVINO, W. &
MENGEL, J., 1992. Anti-CD4 abrogates rejec-
tion and reestablishes long-term tolerance to synge-
neic newbom hearts grafted in mice chronically
infected with Trypanosoma cruzi. J. Exp. Med., 175:
29-41.

RUSSO, M.; STAROBINAS, N.; MINOPRIO, P.;
COUTINHO, A. & HONTEBEYRIE-JOSKOWICZ,
M., 1988. Parasitic load increases and myocardial
inflammation decreases \n Trypanosoma cruzi-in-
fected mice after inactivation of helper cells. Ann.
Insi. Pasteur/Immunol., 139: 225-236.

RUSSO, M.; STAROBINAS, N.; RIBEIRO-DOS-
SANTOS, R.; MINOPRIO, P.; EISEN, H. &
HONTEBEYRIE-JOSKOWICZ, M., 1989. Suscep-
tible mice present higher macrophage activation than
resistant mice during infections with myotropic
strains of Trypanosoma cruzi. Parasite Immunol.,

11: 385-395.

SPINELLA, S.; LIEGEARD, P.; GUILBERT, B. &
HONTEBEYRIE-JOSKOWICZ, M., 1989. Anti-la
treatment modulates specific and polyclonal anti-
body responses in Trypanosoma cruzi-infected mice.
J. Autoimmunity, 2: 791-802.

SPINELLA, S.; MILON, G. & HONTEBEYRIE-
JOSKOWICZ, M., 1990. A CD4+ TH2 cell tine
1solated from mice chronically infected with Trypa-
nosoma cruzi induces I1gG, polyclonal response ix
vivo. Eur. J. Immunol., 20: 1045-1051.

TARLETON, R. L., 1990. Depletion of CD8+ T celis
increases susceptibility and reverses vaccine-induced

immumity in mice infected with Trypanosoma cruzi.
J. Immunol., 144: 717-724.



