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Abstract

(2]

In the present review we have summarized remarkable historical data on Chagas’ disease studies putting special emphagis ol
histopathological findings and pathogenetic theories as well as recent discoveries based on the use of advanced modern technoldyies
pathology and immunology. A unified theory that links almost all of these findings is proposed. Chronic cardiac Chagas’ diséase
represents the result of a close interaction between the host and the parasite, causing different clinical pictures: patients with an efficien
immune response may adequately circumvent the parasitic infection and the individual will develop the indeterminate form. Deficgent
immune response of the host and/or a high initial parasitemia favor an immune imbalance that might lead to development of a permganent
inadequate immunological response against the parasite. The inflammatory response, which is probably recurrent, undergoing per@ds C
more accentuated exacerbation, is most likely responsible for progressive neuronal damage, microcirculatory alterations, heart |g:ﬁatrix

deformations and consequent organ failure. =
0 2003 European Society of Cardiology. Published by Elsevier B.V. All rights reserved. %
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1. Introduction Chronic Chagas’ disease is still an incurable disease, bu@
only some of the infected patients exhibit late clinical o
Chagas’ disease, caused by the hemoflagellate protozoan manifestations. Most of the contaminated people remail
Trypanosoma cruzi, is a widespread disease that affects asymptomatic (indeterminate form) and around 30%of
millions of people in South and Central America. The them present cardiac and digestive complications, in a fate
incidence of the disease varies from country to country, phase of the disease. Patients presenting cardiopathy
basically related to the implantation of national control usually show progressive heart failure, cardiac arrhythrmias
programs to exterminate the domestic vector of or both. The pathogenesis of chronic Chagas’ heart disgease
Trypanosoma cruzi. Even though, according to the Word involves many interrelated factors that will be summarizéd
Health Organization, 16—18 million people are infected by in this review. N
the parasite in South America, and another 90 million are
at risk of becoming infected. In Brazil, the prevalence is
around 4%, corresponding to 6 million peopld. Chronic 2. Outstanding historical facts
chagasic cardiopathy (CCC) is the most devastating mani-
festation of Chagas’ disease, affecting about a third of the The first descriptions of the etiopathology and clinical
infected people. Despite this obvious clinical importance characteristics of Chagas’ disease were provided at the

the pathogenesis of CCC is still poorly understood. beginning of the last century by Clzhgasd Vianna
[3]. According to these authors, the acute phase of the

—_— disease is characterized by high numbers Tof cruz
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parasites in the blood or lymphatic vessels, parasitism of 3. Knowledge obtained from endomyocardial biopsies

almost all cell types, preferentially muscle fibers and
inflammation. Carlos Chagdgl] pointed out differences
between the acute and chronic forms of the disease,
emphasizing the high degree of cardiac involvement with
severe myocardial parasitism during the acute phase and
low number of parasites associated with the myocarditis in
the chronic form. Several early studies on Chagas’ disease
[5-7] have already emphasized the scarcity of parasites in
histological sections during the chronic form as well as the
presence of severe myocardial fibrosis.

In 1929 [8] and 1941[9], Torres argued that chronic
chagasic myocarditis was a result of an active and progres-
sive myocarditis due to a continued action of the parasite
associated with an ‘allergic’ state of the host. Some authors
failed to demonstrate such an ‘allergic’ state by cutaneous

Endomyocardial biopsies from patients in different
clinical stages of Chagas’ disease have provided new
insights on some important questions, in particular on the
inflammatory process and the development of heart failure
An early autopsy study had suggested that inflammatory
infiltrate was also present in patients presenting the
indeterminate form of Chagas’ d{&sasdowever,
more recent biopsy studies have outlined that patients with
heart failure presented higher percentages of severe

myocarditis, fibrosis and myocardial hypertrophy com-

pared to patients in indeterminate and cardiac arrhygmmic
forms. According to these observations, CCC mayz be
considered a progressive, fibrotic disease in which my§car-
dial inflammation plays a fundamen{ab+d8]. The

wioly p

tests[10,11] but Muniz and Penna in 194[12] provoked microscopic characteristics of the myocardium in chronic

myocarditis and granulomas in the pleura by inoculaling  chagasic hearts are shown iaig. 1. Comparison of =
cruzi antigens in monkeys previously treated with endo- endomyocardial biopsies in acute and chronic phazses
venous injections ofT. cruzi lysates. Mazza[13] and demonstrated that patients in acute phase present 100% g\f
Mazza and Miyarg14] reported human cases of chronic myocarditis and 58%r.otruzi antigens, whereas in &
Chagas’ disease with allergic cutaneous manifestations patients in the chronic phase these values were reduéed t
while Mazza and Jorg[15] induced a Schwartzman 45% of myocarditis and 0%Tofcruzi antigens[39]. 2
phenomenon in dogs by injecting. cruzi products. Another finding of this study was that the number ofg
Andrade and Andrad§l6] and Torreg9] postulated that CD4 T cells increased in parallel to the number of 3
chronic chagasic patients would react hyperergically to the €D8cells §=0.91) in the acute phase but not in the %
presence of parasites. chronic phase(.42), suggesting an immunologic im- &

The papers by Koberle and co-workdfs/,18] had an
outstanding influence on future strategies in Chagas re-
search, by proposing an original and attractive idea: CCC
should be considered as a neuronal cardiopathy that
primarily affects the parasympathetic autonomous system.
According to this hypothesis, megaesophagus, megacolon
and cardiac dilation in Chagas’ disease are consequences
of the denervation of the parasympathetic autonomous
system, whereas the myocardial inflammation should not
be considered as an important element for cardiac failure
[19-21]. Several authors have demonstraf@d,22—25]a
diminished number of parasympathetic cardiac ganglion
cells in chagasic hearts. Koberlf26] proposed that
exacerbation of the sympathetic action would cause
myocardial hypertrophy and dilation of the ventricles. In
rats, high doses of catecholamines induced a dilated
cardiopathy with an apical lesid@7]. A proposedT. cruz
neurotoxin has never been confirmed and a lack of
correlation between parasympathetic ganglia lesions and
cardiac alterations in chagasic patients has kept such
theory in check[28—30]. Auto-immunity against neurons
has also been suggestddl]. Recent studies did not
identify neuronal depletion in the heart, only slight neuro-
nal damage. The authors concluded that such neuronal
lesions occur as an epiphenomenon in a heart presenting
several pathological alterations, mainly inflammation and
fibrosis [32,33]. Favoring such a point of view, degenera-
tive lesions of neurons in CCC have been found to be
dependent on the inflammatory infiltraftg0,34].

balance response in the late phase of the disease. In t@b
chronic phase, patients with heart failure present agpre-
dominance of-CDéells, with a CD4-/CD8+ T cell o
ratio of 0.8. The lack of parasite antigens in bidpsy
material from patients in the chronic phase is expect@ as
according with which we will describe latter, it segms

necessary to examine several different sections of thg he:

to detect the parasite in this phase of the disease.

4. The parasite versus autoimmunity

013senb Aq ¥Z0ve

The relative lack of parasites in the myocardium during;,
the chronic phase originated many autoimmune theori€s, of
both humoral and cellular origin. Cossio €#04l. z§
described a serum antibody in chagasic patients%that
reacted against myocardial and skeletal muscle, endo
cardium, vessels, and interstitium. This antibody was
called EVI factor and was found in almost 100% of
patients with CCC, whereas it was absent in normal
individuals or in patients with other disepkHs How-
ever, immunoglobulins were not detected in myocardial
biopsies from patients presenting CCC, indicating that the
EVI factor probably does not participate directly in the
genesis of myop&2dit. On the other hand, there is
evidence for the participation of antibodies in some
lesions. A necrotizing arteritis has been observed in
humans and in experimental chagasic disease, probably
related to the humoral response of the host to parasitic
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Fig. 1. Microscopic images demonstrating the main histopathological characteristics of chronic chagasic cardiopathy. (A) Severe mydecarditiy wit
lymphocytes aggressing non-infected hypertrophic myocytes (H&E staining, objective magnification: (8) Diffuse myocardial fibrosis, involving
each myocardial fiber and focal dense fibrosis associated with thickened arterioles, suggestive of ischemic injury (Masson trichrome stetiviag, obj
magnification: 2&). (C) A whole myocardial fiber containing a large pseudocysT.ofruz (arrow), that did not elicit inflammatory reaction (Masson
trichrome staining, objective magnification: 200 (D) Macrophages containing antigensiofcruz (arrow) in the middle of a granulomatous arrangement
(immunoperoxidase technique, objective magnificationx 40
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antigens [44,45]. A growing number of reports have rejection of the transplanted hearts by+CDA4cells.
suggested a pathogenic role of antibodies present in the However, a similar experiment performed by othersgdid
serum of chagasic patients that reacts against muscarinic not result in graft rejection except when parasites coufd be
and adrenergic receptors of cardiomyocyfé6,47]. The found in the heart graf63]. E
production of autoantibodies agairfstadrenoreceptors and In our view, only autoimmunity is not sufficient tog
other receptors may interfere with cardiac and mechanical explain the multifocal nature of the myocarditis and 'éihe
activities of myocardial cell$48—-50]. preferential location of fibrosis in certain regions such as 2,
Teixeira and co-workerg51-53] demonstrated that the apical or the posterior left ventricular wall in CCC.2
chronic T. cruz infection induces the appearance of Moreover, frequent positive xenodiagnosis during t@e
lymphocytes with specific cytotoxicity against myocardial chronic phase of Chagas’ disease and during episodes of
fibers. Myocarditis was obtained by injecting several doses reactivation in immunocompromised patients (by AIBS,
of subcellular antigens of. cruz in rabbits, suggesting neoplasia or cardiac transplant) has provided evidence that
cellular autoimmunity and delayed hypersensitivity To the parasite is present under active control of the immuno-
cruzi antigens. Common antigens betwe&ncruzi and logical system of the host in the chronic ph§sg65].
human myocardial fibers, auto-reactive T cells specific to Knowledge of the exact role of the parasite in the
heart or nerve tissue antigens have been demonstrated in pathogenesis of CCC appears extremely important to guid
experimental animals and patienfS4-59]. These au- potential therapeutic strategies. If chronic chagasic
toimmune theories suggest that the myocarditis perpetuates myocarditis is an autoimmune process independent of th
independently of the presence of the paraf@61]. An presence of the parasite, administration of a vaccine may
interesting finding in favor of such a theory was obtained also induce myocarditis. On the other hand, if the per-
by Ribeiro-dos-Santos et gb2] using a heterotopic heart sistence of the parasite is the principal cause of the late
transplant model. They transplanted syngeneic hearts of cardiac manifestations of the disease, the control of a

normal mice in ears of. cruzi infected mice, resulting in possible autoimmune disease through immunodepressive
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drugs, may lead to reactivation of the infectious agent. In compared totCD8ells. The number of CD8 T cells
this hypothesis, the elimination of the parasite should be increased in the presence of scarce or dbumdant
the primary focus of any therapeutic intervention. antigens, while the number oftCD4ells remained
The presence ofrypanosoma cruz in the chronic phase unchang¢8l]. These findings reinforce the hypothesis
of the disease has been already observed in early descrip-  T.tkatizi Ags play a fundamental role in the develop-
tions [3] and has been emphasized later by other authors ment of chronic myocarditis, and that a certain degree of
[66,67]. Nevertheless, the number of parasites is dispropor- immunosuppression is present during this phase of the
tionately low in relation to the intensity of the myocarditis disease.
and whole myocardial fibers containing parasites do not Administration of [BZ2} restores the immune re-
elicit inflammation Fig. 1C). Recent studies using modern sponse in experim@nteduzi infection. In situ quantita-
techniques such as immunohistochemistry and polymerase tive analysis of cytokines present in the myocardium of
chain reaction (PCR) have demonstrated higher frequen- chronic chagasic patients by immunohistochemical tech-
cies of T. cruzi antigens (Ags) in CCC, providing evidence niques also revealed a severe, inmune depressed helper T
that the presence df. cruzi Ags are indeed associated with cell response: Very few lymphocytes stained positively fgr
myocardial inflammation Kig. 1D). T. cruzz Ags were IL-2+ and IL4+; however the number of IL4 cells f%’
detected in 100% of hearts from chronic chagasic patients increased in cases with abundant pseuddcystiof =
that died due to heart failure when several samples of the amastigotes, suggesting that this cytokine, as in 8ther
myocardium were analyzef68,69]. In these studies, we infectious diseases, is related to the dissemination of tRe
observed no direct correlation between the amount.of  parasite. On the other hand, IFM lymphocytes were Tﬁ
cruzi Ags and the intensity of the inflammatory infiltrate present in higher numbers mainly in those groups ;Sf
but a significant association between the presencd&.of patients, in whichT. cruzi Ags were absent or scarce, &
cruzi Ags and severe or moderate inflammation. Parasite suggesting that this cytokine is related to the control oE-the
Ags probably work as a trigger for the hypersensitive infecti{@3]. It seems that Th2 response favors the 2
response against the myocardial fibers. Experimental permanence of the parasite in the myocardium in hLEman
studies in mice[70] and guinea pigg71] have provided chronic chagasic disease. In contrast, experimental data i
similar results. Jones et aJ72] have described a high mid84] showed that CD4 T cells and the TH2 subset 8
incidence ofT. cruzi DNA using the PCR technique in are responsible for the control of parasitic infection an§
myocardial fragments exhibiting significant inflammation. that both may be involved in the autoimmune respons@.
T. cruz antigens were also detected in myocardial biopsies Macrophages are active cells for the control and kilfing
[73]. of parasites by oxidative and non-oxidative mechanisms.2
Thus, in agreement with othefg4], we believe that the On the other hand, macrophages may also serve as h@st
pathogenesis of chronic myocarditis in Chagas’ disease is cells that facilitate the replication and survival of pa@o—
directly related to the presence of the parasite, although gens. IL-10 is a cytokine that presents immunosuppressive
additional immunological mechanisms are probably in- functions by down-regulating the macrophage producffon
volved. De Brito [75] proposed thatT. cruzi might of IFN-<y, NO and by decreasing expression of class Il g
function as an adjuvant for an immunological cross-re- MHC antigens. Neutralization of IL-10 increases the
action between common parasitic and myocardial fiber resistance to infection with certain pathogens, ificludi
antigens, resulting in severe lymphocytic myocarditis. cruzi. Despite an early resistance, IL-10-deficient mice 5
died within the third week of infection, whereas all control 5
mice survived acute infection with a toxic-like syndrome,
5. Immunosuppression, cytokines, adhesion molecules possibly mediated by systemic TNE-overproduction 3
and MHC antigens [85,86]. This represents a highly interesting new field in z§
research that deserves future studies. Some interestin
Acute experimental studigg6] and reports in humans gender differences have been observed in patients with
[77] have provided convincing evidence thatcruz, like CCC. Usually, women seem to present a better clinical ™
other parasitic infective agents, induces alterations in the outcome thari87ierin an autopsy study of chagasic
immunological system of the hosts to circumvent their patients that died due to severe heart failure, we found a
defense mechanisms before, during and after entry into significant difference between men and women regarding
their cells. T. cruz decreases the expression of the the composition of the myocardial inflammatorfg8glls
lymphocyte surface molecules CB3 CD4+ and CD8+ Adhesion molecules are very important for the develop-
[78] favoring its own survival. Studies on myocardial ment of inflammation. Although the normal myocardium
biopsy fragments from patients with chronic chagasic presents ICAM-1 on endothelial cells, we detected an
myocarditis have demonstrated that the inflammatory up-regulation of this molecule and induction of VCAM-1
infiltrate was mainly composed of T cells, with a predomi- expression on capillaries and venules in patients with
nance of CD& T cells [79,80]. CD4+ T cells were CCC. Besides the endothelium, some cases also presented

present in lower numbers and were only mildly stained induction of ICAM-1 expression on the sarcolemma of
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myocytes [89]. Adhesion molecules seem to be over- perform, this can lead to reevaluation of the concept of the
expressed not only in the myocardium, but also in the indeterminate phase of the disease.
blood of patients with Chagas’ disease. Laucella efl] In summary, ANP and BNP are elevated in the blood
described reduced serum levels of some adhesion mole- and ventricular tissues of patients with chagasic car-
cules after specific chemotherapy with benznidazole in diomyopathy and ventricular dysfunction. However, the
children with the indeterminate phase of Chagas’ disease, increased synthesis of the peptides seems not to be directl
suggesting that measurement of these molecules could be a related to inflammation, but is probably due to the alterec
valuable tool to evaluate the parasitological clearance. hemodynamic conditions and the elevation of the wall
MHC antigens are also up-regulated in the myocardium stress in the cardiac chambers.

of patients with CCC. We detected an up-regulation of
class I MHC in the sarcolemma of myocytdsd. 2C), and
there is also evidence for an over-expression of class Il 7. Dilated chagasic cardiopathy versus idiopathic

MHC in endothelial cells of patients with CC({89,91]. dilated cardiomyopathy g
However, it is important to realize that up-regulation of 5
adhesion molecules and MHC antigens in CCC appear to In this section, idiopathic dilated cardiomyopathy (I[§C)
be related to the presence of myocarditis. We did not detect is defined as a poorly functioning dilated heart witfiput
over-expression of these molecules in the myocardium of evidence of coronary artery disease, valve diséase,
patients with idiopathic dilated cardiomyopatf§9] that congenital heart malformation or uncompensated hyperten»
did not present myocardial inflammatiofig. 2D). Since sive heart disease. CCC is frequently used as a model of @ a
inflammatory cytokines have been demonstrated in in- dilated cardiomyopathy with a defined etiology, in E)he
flammatory foci in hearts of patients with chagasic car- concept that both probably have a similar structal
diomyopathy, they are probably responsible for the up- disarrangement that leads to ventricular dilatation. %x—
regulation of adhesion molecules and MHC antigf98y. perimental works withT. cruzi have been performed with 2
However, over-expression of adhesion molecules on the the aim to achieve a better understanding of di%ted
endothelium is probably very important to perpetuate cardiomyopathy and its tregd@6e:@8]. However, we i
inflammation and the up-regulation of class | MHC like to point out some important histopathological dn‘fels;L
antigens on myocytes could represent a target for €08 ences that have been observed between IDC and CCC thag
lymphocyte adhesion, promoting direct cytotoxicity. alert for different therapeutic approaches. In contrast“’to
CCC, IDC is usually characterized by absent or only mild g
myocarditis and less fibrosis that does not surround eachg
myocardial fiber[39]. A network of fibrillar collagen %

6. Heart failure and natriuretic peptides enveloping the myocardial fibers and tethering each otherg
is important for the maintenance of normal shape and3

Atrial and brain natriuretic peptides (ANP and BNP, efficient contraction of the [@&00].In IDC, attenua- 3
respectively) are elevated in the blood and ventricular tion and rupture of extracellular matrix connections oc§ur
tissues in several cardiac diseases evolving with cardiac that might favor the slippage of those myocardial fitdrs,
hypertrophy and heart failure. The main stimulus for a which are thin and stretched. In Chagas’ disease, the %ost
ventricular production of these peptides is elevation of the important feature is a dense extracellular collagen accmgmu—
wall stress of the ventricular chambers. In these settings, lation enclosing each fiber or group of myocardial f|b§rs
the ventricular production of ANP and BNP can be which probably prevents their normal distension and
increased dramatically, approaching the levels in the atria, contradfign 2A,B). The lateral connections are pre- 3
where these peptides are normally produced. served within the groups of cardiac fibers, which usu@lly

With regard to Chagas’ disease, there is evidence for are severely hypertfbphjcThe presence of parasitic %
elevated blood levels and ventricular up-regulation of ANP antigens may induce fibrogenesis. S
and BNP in both acute experimental and chronic human Myocardial lymphocytes and macrophages may favor
chagasic cardiomyopath®3—95]. It is interesting to note the development of fibrosis by production of cytokines and
that myocarditis itself does not appear to influence the growth fa¢8%402]. Regarding some growth factors,
expression of ANP in ventricular myocytes. In CCC, the we have observed a strong correlation between numbers of
expression of ANP was restricted to the subendocardial PD&GFaAd PDGF-B- cells. In contrast, there was a
region, where wall stress is higher, and the peptide was not lack of correlation between PDGF-A afd; TREHSF-
found around inflammatory foci located away from the A and GM-CSF; and between PDGF-B an3ITGF-
subendocardial regioff4]. As in other cardiac diseases, GM-CSF and TgR-which are considered important
the measurement of BNP in the blood of patients with elements for the immune response &againgt para-
Chagas’ disease is considered to be a very sensitive and sites, were present in very scarce [46%)L64. In
specific method to detect asymptomatic heart dysfunction contrast, IL-15 seems to be involved in survival and

[95]. Since the detection of BNP in the blood is easy to proliferation of €DBcells and IL-2[105,106].Recent
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Fig. 2. Microscopic features comparing chagasic cardiopathy (left side) and idiopathic dilated cardiomyopathy (right side). (A) Stainingratéflalax
matrix in chagasic myocardium by the Del Rio Hortega technique, emphasizing increased collagen fibers surrounding the myocytes (struts, coing and
weaves) (objective magnification: X§. (B) Dilated cardiomyopathy presents attenuated and ruptured collagen fibers (objective magnificatipr{Cj0 N
Class | HLA antigens are present on the membranes of myocytes in chagasic hearts. (D) Dilated cardiomyopathy presents class | HLA antigens on
endothelial cells of capillaries, whereas no staining of myocytes becomes obvious (immunoperoxidase technique, objective magnifidati@): 40
Membrane attack complex of the complement (C5b-9) is expressed on the membranes of myocytes in chagasic myocardium. (F) Dilated cardiomyopathy
shows positivity only in the subendothelial layer of arterioles and venules, as seen in the right lower corner (immunoperoxidase technigee, objecti
magnification: 4x). (G) TUNEL-staining in chagasic myocardium is restricted to apoptotic interstitial cells (green fluorescence). At least one of the
apoptotic interstitial cells is double-stained with the human macrophage marker CD68 (red fluorescence) (objective magnifieati¢id) 4® contrast,

many TUNEL-stained apoptotic cardiomyocytes (yellow fluorescence) are present in dilated cardiomyopathy. Red fluorescence indicates mestsilar ele

as stained with Phalloidin (objective magnification:x40

studies have indicated that IL-15 may also play an from chagasic endomyocardial bidpsieand IL-15+
important role in chronic chagasic myocarditis. Addition of T cells were found to be abundant in chronic chagasic
IL-15 induced growth of CD& T cell cultures, obtained myocardial sectigi€8].
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It has been shown that endothelial cells infected With  IDC (Fig. 2E,B. These findings suggest that C5b-9 may be

cruzi display higher platelet adherence and aggregation involved in the pathogenesis of the fibrosis that surrounds
[97]. The neuraminidase produced by the parasite removes each myocardial fiber in chagasic sgédibjeiitis

sialic acid components from the endothelial surface and type of fibrosis has also been demonstrated by confocal
may favor linkage with thrombin. Large amounts of C3 microscf@l] and scanning electron microscofiy?2].

and C5b-9 products were present on the surfack ofuz The presence of the parasite in the extracellular matrix
amastigotes and could explain the resistance of amastigotes may induce fibrogenesis although the pathogenesis is ni
to destruction by complement action, as well as the very well under$td@j. On the other handl. cruz has
presence of trypomastigote decay-accelerating f4&@g]. collagenolytic and proteolytic properti¢s14], which may

These products may also favor thrombogiklO]. In contribute to the destruction of the extracellular matrix,
chronic human chagasic disease, the mechanism of release favoring cardiac remodeling and heart failure.

of growth factors has not been completely clarified and a Cardiomyocyte apoptosis as well as proliferation have
possible role of sub-lytical amounts of MAC (C5b-9— been described in congestive heart failure, but their clinigal
membrane attack complex of the complement cascade) relevance remains unclear. Interestingly, we have obsgrvel
inducing such release was studied, comparing IDC and different amounts of myocardial cell apoptosis betv@,éen
CCC. C5b-9 was detected on the sarcolemma of myocytes IDC and chagasic hearts. In a recent study, apoptoSis o
in hearts with CCC but not in hearts from patients with myocardial fibers correlated with bad long-term outcofhe
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Fig. 3. Macroscopic and microscopic chagasic features, emphasizing the segmental myocardial fibrosis. (A) A chronic chagasic heart exhibits severe
dilation of left and right ventricles plus thinning, fibrosis and thrombosis of the left ventricular apex (arrow). (B) A moderately dilated amdpghipéett

ventricle showing segmental fibrosis on the apex (arrow), considered to be a pathognomonic lesion of Chagas heart disease. (C) Fibrotic teinning of th
myocardium adjacent to the mitral valve at the posterior wall of the left ventricle (arrow). (D) Microscopic view of the bifurcation of the His bundle
showing segmental fibrosis (asterisk) at the origin of the right bundle branch (Masson trichrome, objective magnificatipn: 2.5
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after a surgical treatment of IDQL15]. In an ongoing Normal perfusion Chagasicpenbision
study, we are analyzing whether apoptosis of myocardial ';\t" — —_— .

cells occurs in chagasic patients with severe heart failure. =¥ ZF’-M"‘T -
Apoptosis was detected by a fluorescent TUNEL assay | | I H O 0

(Roche) and by caspase-3 immunohistochemistry in
myocardial fragments from chagasic hearts. By both
methods, apoptotic cells were detected in high numbers in
all fragments examined. However, all TUNEL- or caspase-
3 positive cells were interstitial cells and no apoptotic
cardiomyocyte at all could be detectfld 6]. The majority
of the TUNEL- and caspase-3 stained interstitial cells
showed morphological characteristics of inflammatory
mononuclear cells. A double-labeling approach indicated
that a great percentage of apoptotic interstitial cells stained
positively for the human macrophage marker CD&&y(
2G) and also demonstrated that apoptosis of CD4 T-cellS @ |ihemicarea- borderzone [ Arteriole diameter
seems not to be an important event in human chronic
Chagas’ disease. Negative TUNEL-staining of car- Fig. 4. Schematic representation of cardiac bloqd perfusioq ina chagasic§
diomyocytes was also obtained by Rossi et [@lL7], hegrt: Au_topsy hearts f_rom _chagasm patients W‘Ith h(_eart failure prese_nt ag
. - . . typical microvascular dilatation that may cause impaired blood perfusion =
leading to the conclusion that the absence of apoptosis iniy porderzones. This scheme would explain focal fibrotic lesions in the §
cardiomyocytes suggests that necrosis rather than apoptosisliowing heart regions: (1) between anterior descending and posterior &
should be considered as the mechanism of myocardial celldescending branches causing apex aneurism; (2) between circumflex an@.
loss in CCC. In an in vitro study, the transialidase distal right coronary arteries causing posterior wall fibrotic lesion; and (3) o

T . between first septal perforating artery and atrioventricular nodal artery ©
produced byT. cruz mhlblte_d_the apoptosis of Schwann originating from zomil;ant corognary a{tery at the crux cordis leading toy-
cells[118]. The role ofT. cruz in such phenomenon needs  segmental fibrosis of the His bundle and its branches (LA, left atrium;
further investigation. In contrast, experimental cruz RA, right atrium; RV, right ventricle; LV, left ventricle; SA, sinoatrial
infection was accompanied by the occurrence of severenode; AV, atrioventricular node).
apoptosis of lymphocyte$119]. Furthermore, in vitro,

CD4+ T cells apoptosis exacerbated parasite replication in
co-cultured macrophage infected with cruzi [120]. The
mechanisms of such a replication have been suggested to branches. The resulting ischemia would explain filgotic
be related to prostaglandins E2/T@Fin macrophages lesions at the following loci: (1) the apEig(3A,B), a 8
and it was shown that cyclooxygenase inhibitors almost watershed zone between the anterior descending ang the
completely ablate if121]. posterior descending arteries; (2) the posterior lateral wall 3
of the left ventricle Fig. 3C), a borderzone between the
right coronary and circumflex arteries, and (3) fibrotic
8. Micracirculation, fibrosis and ischemic lesions in segmental lesions in the conduction syst{@@i7,128](Fig.
chagasic hearts 3D) which is doubled irrigated. In addition, the epicardial
coronary artery cross-sectional luminal areas are dimin-7
Severe myocardial fibrosis associated with microvascu- ished in left ventricular wall dysfunctional segments where
lar alterations has been described long time HgH122]. they frequently exhibit the appearance of fibrotic thinning 3
Recent experimental studies on acute Chagas’ disease have of the myocardium that sometimes was substitutéd b
demonstrated microvascular alterations characterized by adipose {i$%88¢129]. These regions are generally %
microspasms[123], microthrombi [124], dysfunction of related to the origin of sustained ventricular tachychardial
endothelial cells and increased platelet actiyit5,126]. in chronic chagasic patients and they exhibit a similar "
All of these phenomena may play an important role in the histopathological pattern as a healed myocardial infarction.
further development of myocytolysis and fibrosis. In our Similar as in ventricular sustained tachycardia of myocar-
previous work analyzing the interstitial alteration versus dial infarction scars, the radiofrequency by catheter abla-
microvascular status in chagasic and non-chagasic dilated tion may block such malignant arriiy/8thidig. 4
hearts, a severe microvascular dilatation was only observed demonstrates schematically such possible ischemic foce
in chagasic heartfl01]. We hypothesize that the lack of lesions.
arteriolar contraction might be due to the presence of
vasodilator substances induced by the inflammation and/or
by the parasite. This may cause impaired myocardial 9. Conclusions
irrigation in distal areas of the coronary branches. Such a
low blood pressure perfusion should be present mainly at In conclusion, in our view chronic cardiac Chagas’
the watershed zones between two main coronary artery disease represents the result of a close interaction betwee
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Acute 7 cruzi Infection

v | v

inadequate immune response adequate inmune response

Chronic Phase of Chagas’ Disease l

persistence of many parasites
immunodepression and apoptosis
p pop

low number of
parasite remnants

of inflammatory cells) l
periodic recirculation weak delayed
of the parasite MAC formation, sublytical hypersensitive response
MAC deposition
delayed hypersensitive or (PDGF release)
autoimmune response
dilated microcirculation, myocarditis
ischemic lesions in border and.
zones of vascularization fibrosis
extracellular matrix

v
weak inflammation,
hypertrophy or fibrosis
of the myocardium

fibrosis in left alterations
ventricular myocardium
and SA and AV Nodes

ventricular dilation

'

Arrhythmia Sudden death Chronic heart Indeterminate form
failure

Fig. 5. Hypothetical scheme of the main factors involved in chronic chagasic cardiopathy and their hypothetical interactions that might leeghto diff
cardiac lesions (MAC, membrane attack complex of the complement cascade).
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