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Immunopathology of Cardiomyopathy in the Experimental
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Milena BP Soares, Ricardo Ribeiro dos Santos™

Laboratério de Imunofarmacologia, Centro de Pesquisas Gongalo Moniz-Fiocruz, Rua Valdemar Falcéo 121,
40295-001 Salvador, BA, Brasil

The mechanisms by whidlypanosoma cruztauses cardiomyopathy and induces neuronal de-
struction are discussed in this paper. The results suggest that autoimmunity in the chronic phase is the
main cause of the progressive cardiac destruction, and that autoreactivity is restricted to thd CD4
cell compartment. During the acute phase, the neuronal and cardiac fiber destruction occurs when
ruptured parasite nests relea$ecruziantigens that bind to the cell surface in the vicinity which be-
come targets for the cellular and humoral immune response aghiostizi The various factors in-
volved in the genesis of autoimmunity in chrdnicruziinfection include molecular mimicry, presenta-
tion of self-antigens and imbalance of immune regulation.
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Chagas disease is caused by a protozoan pagien (apical aneurysm). Foci of myocardial necro-
site, Trypanosoma cruziyhich is transmitted by sis and degeneration are present with an inflam-
reduviid bugs. Approximately 35 million people matory infiltrate predominantly composed of
are exposed to the risk of infection (Puffer &mononuclear cells and interstitial fibrosis. Impor-
Griffith 1967) and the disease is one of the leadingntly, myofibers containing parasites are rarely
causes of death in many countries of Latin Americabserved (Koberle 1968). The other clinical forms
The disease is characterized by two major clinicalonsists of the megamorphic dilatations of the oe-
forms: acute and chronic (Ribeiro dos Santos et aophagus and colon, which occur in less than 10%
1981). The acute phase progresses with parafthe infected individuals, and are mainly the re-
sitemia, and the parasites spread widely in the hasillt of neuronal destruction of the gastrointestinal
organism, replicating inside macrophages and inteact (Koberle et al. 1983).
variety of other host cells with a preference for heart The pathogenesis of Chagas heart disease is still
muscle cells. Itis characterized histopathologicallypot well understood. The host immune response to
by foci of myocytolytic necrosis and an impres-T. cruzihas predominantly been studied in experi-
sive mononuclear inflammatory infiltrate directly mental infections of mice. In the acute phase, the
related to tissue parasitism. The resulting inflampreuronal and myocardial lesions are related to the
matory destruction is usually of only transitorytissue parasitism. The rupture of the parasite nests
clinical relevance. results in the release ©f cruziantigens that sensi-

Progression from the acute to chronic form ofize and transform neurons and muscle fibers
Chagas disease coincides with clearance of parf@ibeiro dos Santos & Hudson 1980a, Araujo
sites from bloodstream and tissues. This period cd®85), leading to the destruction of these cells by
last up to 20 years, and is called indeterminatine immune response against the parasite (Kuhn &
phase when no clinical symptoms or significativeMumane 1977, Ribeiro dos Santos & Hudson
histopathological lesions are found. The typical980b). Recently, in immunofluorescence studies,
chronic form affects mainly the heart and occursve have shown binding of monoclonal antibodies
in approximately 25% of the cases. Variable deagainstT. cruziin neuronal cell line (Neuro 2A)
grees of cardiac hypertrophy and dilatation arancubated withT. cruziextract, (Fig. 1) indicating
found with or without thinning of the apical re-that different parasite antigens interact with host
cells (manuscript in preparation).

Concerning the chronic phase, different mecha-
nisms have been proposed. It has been suggested
that the lesions result from a tenacious parasitic
*Corresponding author. Fax: +55-71-356.4292. E-mailvasion. However, the low levels of parasitemia
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tulated to play a significant role in the pathogen- We have demonstrated that mice chronically
esis of chronic Chagas heart disease (Rossi et mfected withT. cruzireject syngeneic heart grafts
1984, Rossi 1990). Third, the scarcity of parasite¢Ribeiro dos Santos et al. 1992). This was in strik-
the polyclonal activation in the acute phase anithg contrast to hearts grafted into normar ocruzi-

the presence of autoreactive antibodies and T cellamunized syngeneic recipients, which are not re-
directed to target organs are evidence that sustgétted and can persist for more than six months.
an autoimmune mechanism in the genesis dfhe study of heart tissue grafted into chagasic mice
chronic disease (Ribeiro dos Santos et al. 197fsvealed a persistent and intense mononuclear in-
Snary et al. 1983, Kierszenbaum 1985, Minoprielammatory infiltrate, quite similar to the pattern
etal. 1986, Minoprio et al. 1988, 1989, McCormickobtained in the allogenic conditions, suggesting that
& Rowland 1989, Bonfa et al. 1993). cellular mechanisms are implicated in the rejec-
tion. These studies have also shown that only
splenic CD4 from chronically infected mice are
able to mediate syngeneic heart graft destruction
when injectedhn situ, whereas CDBor non-T cells
were not effective. Kinetic studies transferring
CD4" cells show that the autoreactivity starts 15
days after infection and is fully established at the
30th day (Ribeiro dos Santos et al. 1991). To fur-
ther investigate the phenotype of the cells involved
in the phenomenon of syngeneic heart rejection,
mice chronically infected with the Colombian strain
of T. cruziwere treated with anti-CD4 or anti-CD8
monoclonal antibodies (mAb) before the transplan-
tation. Then vivodepletion of CDZ cells, but not
CD8* cells, abrogates rejection Interestingly, when
implanted two months after the end of the treat-
ment with anti-CD4 antibody, the grafts were not
rejected despite the fact that COpbpulation was
already restored to normal levels. Instead, these
grafts persisted for more than six months, suggest-
ing that the recipients became tolerant, and that
this was not a graft adaptation phenomenon. In
contrast, allogeneic grafts were not accepted and
were rejected in 10 to 22 days post-transplanta-
tion. The self-reactivity of CD4T cells from
chronically infected mice could also be shown
in vitro since lymphocytes from chronic infected
mice proliferate in the presence of heart antigens
plus irradiated feeder cells. Non-T cell populations
or CD8" T lymphocytes failed to show any activ-
ity in this assay. Tolerance after anti-CD4 treat-
ment also correlated with the disappearance of
myocardial reactivitiem vitro (Ribeiro dos Santos

et al. 1992).

In order to investigate the state of tolerance
induced by anti-CD4 treatment, we established a
Fig. 1: neuronal sensitization Byypanosoma cruzantigens model of Ch'I‘OI’IIC CEf.I‘dItIS by mfe-Ctlng mice with
induces cell destruction by anti-parasite immune response. A-OZ COIO,mb'an strain trypomaSt'gOtes'_ After 30
scanning electron micrography of mouse neuronal cell linglays of infection, 60 to 70% of the animals sur-
(Neuro 2A) previously sensitized with cruziantigen and in-  vive to the acute phase of the infection, and enter
CUbatthed Vf{i”r‘ ingi‘ti'yz‘phhocyteiS ‘?ﬁtai”e%“f‘i’r’:&if Cthifr?]'r“ic r(]6fthe chronic phase with low or no parasitemia.
Iragrnesieicee of EIZU(IJ'O)ZCA ?:geﬁsli(r:le S(J:r?seiiizéd vﬂiﬂ?:cruziex-u ° Hearts from these animals show multifocal cardi-
tract and incubated with arffi-cruzi(TC2) monoclonal anti- tiS composed of mononuclear cells and the occa-
body and stained with anti mouse 1gG FITC and counterstainesional finding of parasite nests in myocardial cells.
with Evans blue. Approximately 40% of the infiltrating cells are T
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lymphocytes, with a predominance of the CD4 geneic feeder cells and fetal heart cells. The lym-
phenotype. CD% cells were usually spread phocytes originating the cell line appear to have
throughout the inflammatory foci while CH8ells  resulted from thén vivo expansion of. cruzire-
have the tendency to be in close contact with paractive lymphocytes, since the line was activated
sitized myocardial fibers. Chronic chagasic animals vitro by T. cruzilysates, in addition to heart an-
were then submitted to different schedules diigens. The cell line could also decrease the num-
monoclonal antibody treatment: (1) anti-CD4;ber of beating fetal heart cell-clustersitro when
(2) anti-CD8; (3) anti-Thy1l. After five months of co-cultured with irradiated splenic syngeneic feeder
follow-up, the animals were sacrificed. The histocells and fetal heart cells (Fig. &).vitro antigen
pathological and immunocytochemical analysis o$timulation of the cell line showed a Th1l cytokine
the hearts showed that the chronic carditis wasrofile, with production of high levels of IFM-
abolished in the animals treated with anti-CD4. Thand IL-2 and absence IL-4, IL-5 or IL-10 (Fig. 4).
cumulative mortality is very low in these animals,n addition,in situinjection of these cells into well
and parasitemia remains negative during the whoksstablished heart transplants induce the cessation
period of observation. This is in striking contrasbf heart beating. Adoptive transfer of the cells to
with the mortality rates found with the oppositeBALB/c nude mice caused 100% mortality of re-
treatment (anti-CD8 or anti-Thy1), where 90% otipients after 1-2 months, compared to controls
the animals die. The few remaining animals showeahich received normal CO4T cells. Histological
an intense carditis, two thirds of the inflammatorystudies revealed the presence of multifocal mono-
T cells having a CD#phenotype with the major- nuclear infiltrates in their hearts similar to those
ity in close contact with degenerated myocytesbserved during the chronic phaseTofruziin-
(Pirmez & Ribeiro dos Santos 1994). fection. No significant alterations were observed
These results establish that autoreactivity is the hearts of BALB/c hude mice transferred with
restricted to the CD4T cell compartment, clearly normal splenic CDAT cells. This T cell line also
different from allogeneic skin graft rejection, whichinduces destruction of neuronal cells (in the pres-
has been attributed to both subsets of €nce of feeder cells), but only if the target is previ-
lymphocytes (Cobbold et al. 1984, Kitagawa ebusly incubated with parasite antigens (manuscript
al. 1990). Altogether, these results are consisteint preparation).
with the heart graft model and other experimental
models of organ-specific autoimmune diseases in
which CD4" T cells play a major role in the induc-
tion of tissue lesions (Sakaguchi & Sagakuchi
1988, 1989, 1990). This is also in keeping with
data showing that T cells mediating cellular im-
munity in experimentall. cruziinfection corre-
spond to CD4T cells (Hontebeyrie-Joskowicz et 4
al. 1987, Ben Younes-Chennoufi et al. 1988). Al- oo Fp oy
though some experimental models (Tarleton 1991) R e s e |
as well as human studies (Molina & Kierszenbaumy, | =, |
1987, Reis et al. 1993, Cunha-Neto 1994) hav& | =°
shown a predominance of CD8ells in heart le- a
sions, it is noteworthy that most of the T-cell Iinesﬁ
or clones reacting agairBtcruziantigens or self- g =
components such as myosin obtained so far are
CD4* (Britten & Hudson 1985, Dutra et al.

»

1992, Nickell et al. 1987) and only occasionally . T ;

CD8" (Nickell et al. 1993). io? ' 1 Ly 1
To further study the role of autoreactivity in A R

the pathogenesis of the myocardium lesions in anti-CD8-FITC

Chagas’ disease, we have generated a‘QDeell
line by repeated in vitro antigenic stimulation ofFig. 2: flow cytometry analysis of an anti-heart autoreactive T
purified splenic CD4T lymphocytes from chroni- cellline. The T cell line was obtained from chagasic DBA mice

s . . repeatedly stimulated vitro with heart isologous antigen. Af-
cally T. cruztinfected DBA mice (Colombian ter purification in ficoll gradient, cells were stained with

strain) (Fig. 2). These T C_e”S proliferate in th_e Preshycoerithrin-conjugated anti-CD4 antibodies or fluorescein-
ence of soluble heart antigens and syngeneic feedenjugated anti-CD8 antibodies. Analysis was carried out in a

cells or in co-cultures with irradiated splenic synBecton-Dickinson FACScalibur.
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antigens, and the last showed reactivity only to
heart antigen.

The autoreactivity could be theoretically elic-
ited by altered self-antigens, formed during heart
inflammation, and/or byf. cruziantigens cross-
reacting with self. In order to identify cross-reac-
tive antigens, we have generated monoclonal anti-
bodies against. cruzi Four of them (TC1, TC2,
TC8, and TC10) are cross-reactive with myocar-
dium, and each recognises a specific heartTand
cruzi antigen, as shown by western blotting and
by immunofluorescence techniques.

In conclusion, studies in the murine model of
infection with Colombian strain of. cruzisug-
gest that the heart lesions may be caused by two
different mechanisms. In the acute phase, parasite
antigens adsorbed or presented in host cell surface
are targets for the anfi- cruziimmune response,
which will lead to destruction of cardiac fibbers
and neurones. Lesions are therefore strongly asso-
ciated with tissue parasitism. Both CDahd CD8
T cells may play a role in the pathogenic response.
Release of self-antigens from damaged cells may
also contribute to the pathology. Second, an
autoreactive response against heart antigens me-
diated by CDZ T cells induces injury in the heart.
Damage is dependent on accessory cells such as
macrophages, possibly activated by INnd
other cytokines. The heart-specific autoreactive
response present during the chronic phase of the
T. cruziinfection may be intensified or even trig-
gered by multiple parasite-host cell cross-reactivi-
ties. As the disease progresses driven by an au-
Fig. 3: CD4 anti-heart T cell line obtained from chronic toimmune response, lttle aS§OCI§\t|0n between dam-
chagasic mouse destroys syngeneic heart cell culture. Fetal hedH® and_ prese,n_ce of parasites I_S obser_ved. In both
cells were cultureih vitro and incubated with feeder cells (i- Mechanisms, it is clear that multiple antigens from

radiated syngeneic spleen cells). Normal purified CDdells  the parasite as well as self-antigens are targets for

(A) or anti-heart cell line lymphocytes (B) were added to thghe disease promoting cells.
culture. After 24 hr of coculture, all heart cells had ceased to

beat and were destroyed in the presence of the @Btitheart ACKNOWLEDGMENTS

T cell line (B), wh d b d in th trol o~ .
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Fig. 4: cytokine production by the Cbdnti-heart T cell line. Anti-heart cell line was incubated with feeder cells in the presence
of heart antigen (mio ag) drypanosoma cruzntigen. Normal purified CD4T cells were similarly treated as controls. Superna-
tants were collected after 72 hr of culture and tested for the presence gfllFR-1L-4, IL-5, and IL-10 by Elisa.
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