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Esta dissertação de tese está apresentada segundo moldes aprovados pelo Colegiado do Curso 

de Pós-Graduação em Imunologia e Bioquímica do Instituto de Ciências Biológicas da 

Universidade Federal de Minas Gerais. 

O Colegiado do Curso e a Comissão de Avaliação aprovaram o seguinte formato de tese: 

-Coletânea de três (3) trabalhos publicados que atendam às exigências do Regulamento do 

Curso 

-Em pelo menos um destes trabalhos o aluno tem que ser o primeiro autor 

-Não poderão ser estes trabalhos utilizados para outra tese de doutorado 

-0 conjunto de tese deverá conter uma Introdução .!!.!! apresentação dos trabalhos, seguido de 

uma conclusão global. 
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O objetivo básico deste trabalho foi estudar alguns aspectos relacionados com a 

i;nunopatologia da doença de Chagas, com ênfase na forma clínica crônica cardíaca. Abordamos 

este assunto sob dois ângulos: 

· - a nível do sangue periférico, comparando a expressão idiotípica em anticorpos de pacientes 

chagásicos crônicos Cardíacos e Indeterminados 

- a nível da lesão cardíaca, fazendo um estudo imunohistológico dos vários com-ponentes do ~ 

sistema imune atuantes no local. 
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Assim como diversas outras doenças parasitárias, a infecção humana pelo 1iypanosoma cm:i 

se manifesta sob várias formas clínicas. As manifestações da f.1se aguda - dentre elas citam-se 

febre, linfitdenite, meningoencefà litc e miocardite - estão em geral relacionadas com a grande 

concentração do parasita no sangue ou nos diferentes tecidos. Todos estes sintomas geralmente 

desaparecem completamente em poucos meses (BREN ER, 1987). A infecção crônica se 

caracteriza por baixa parasitemia (BRENER & KRETTLI, 1990) e baixa concentração dos 

parasitas nos tecidos (ANDRADE & RAMALHO, 1966; ANSELMJ e cols., 1966; LOPES e 

cols., 1975; PALACJOS-PRU c cols., 1989; BARBOSA & ANDRADE, 1984). A 

sintomatologia da fase crônica pode ser decorrente de anormalidades no sistema digestivo e/ou 

de alterações cardíacas. Estas últimas incluem cardiomegalia, insuficiência cardíaca congest iva c 

alterações do sistema de transmissão do coração, sendo estas diagnostic{tveis por raio X e 

eletrocardiograma ( BRENER, 1987). 

Um dos grandes entgmas no estudo da doença de Chagas humana é o longo período 

assintomático que permeia a evolução da fase aguda para a f.1se crônica sintomática. Os 

sintomas inerentes à miocardite da fase aguda em geral desaparecem em um curto espaço de 

tempo e só se manifestam após I 0-30 anos (PRATA e cols., 1985) . Alguns indivíduos 

infectados, depois de sobreviverem à fàse aguda, não chegam a apresentar nchuma 

sintomatologia durante toda a vida. Aos exames de raio X e eletrocardiograma estes pacientes 

não dernonstram nenhuma alteração e são por isto denominados pacientes Indeterminados 

(DIAS, 1989). 

A forma mais importante da doença de Chagas crônica é a forma clínica Cardíaca, pela sua 

prevalência, morbidade e mortalidade. Ela acomete cerca de 20% dos indivíduos infectados, 

incapacitando-os para o trabalho ou levando-os à morte (BRENER, I 987). 
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Acredita-se que vários fatores relativos ao hospedeiro e ao parasita atuem conjuntamente 

influenciando a imunopatogenia da cardiopatia chagásica crônica humana (KUHN, 1981 ). 

Dentre eles citam-se variabilidade genética do hospedeiro (GUSMÃO, 1985; LLOP c cols., 

1988), re-infecções (MACEDO, 1973), tropismo do 7: cruzi pelas miocélulas (KREUTER c 

cols., 1988) e diversidade de cepas do parasita (SCHLEMPER c cols., 1983; ANDRADE, 

1990). 

Dentre os componentes etiológicos da cardiopatia chagásica, um deles é comprovadamente de 

t~atureza imunológica. Análises histológicas de cortes ele tecidos de coração provenientes de 

autópsia ou biópsia de pacientes portadores de cardiopatia chagásica crônica mostram 

'inliltrados proeminentes de células inflamatórias e um intenso processo de fibrose. O processo 

inflamatório, em geral, acomete todo o miocárdio, incluindo os sistemas de condução. Na 

emergência dos grandes vasos pode ser notado um linfonoclo aumentado de volume, o que 

reflete as reações inflamatórias em curso no local (ANDRADE & ANDRADE, 1979). 

Vários estudos em animais experimentais e pacientes infectados com 7: cmzi evidenciam um 

fenômeno de agressão de miocélulas por linfócitos locais. Análises histológicas em pacientes 

chagásicos (LOPES e cols., 1981 ), em cães (LOPES e cols., 1980) e coelhos (RAM1REZ, 

1984) cronicamente infectados com 1: cmzi bem como estudos à microscopia eletrônica em 

biópsias endomiocárdicas de cardiopatas chagásicos crônicos (COSSIO e cols., 1977), mostram 

células com morfologia de linfócitos intimamente aderidas a miocardiócitos em degeneração. 

Estudos experimentais demonstram que a simples transferência de linfócitos T de 

camundongos crônicamente infectados para animais singeneicos não infectados, leva ao 

aparecimento de lesões no coração (LAGUENS e cols., 198 1) e nos tecidos nervosos (SAIO e 

cols., 1985) semelhantes àquelas observadas na Htsc crônica da infecção. 
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Devido à extensão da lesão e à escassez de parasitas no local, tem-se atribuído a patogcnia ela 

cardiopatia chagásica crônica a mecanismos autoinn111cs (TEIXEIRA, 1974; HUDSON, 1985; 

KlERSZENBAUM, 1985; PETR Y & ElSEN, 1989). Tem-se utilizado como argumentos a 

favor desta hipótese, a existência de autoanticorpos (COSSIO e co1s., 1974; KHOUR Y e co1s., 

1979; SZARFMAN e cols, 1982; STERfN-BORDA e cols., 1988) e de linfócitos anti-miocárdio 

(MOSCA e cols., 1985; DE TITTO e cols., 1985, GATTAS e cols., 1988) no sangue periférico 

de pacientes chagásicos, bem como a demonstração de reatividade cruzada entre antígenos do. 1: 

cruzi e proteínas do hospedeiro (WOOD e cols. 1982; V AN VOOHIS & EISEN, 1989; MESRI 

e cols., 1990; LEV ITUS e cols., 199 1 ). Contudo na literatura não há nenhum trabalho que 

apresente provas de uma relação direta entre autoreatividade e patogenia na doença de Chagas 

'crônica. É importante ressaltar que o sistema imune é naturalmente programado para reconhecer 

o "self" e que a mera semelhança entre epitopos do parasita e do hospedeiro não leva 

necessariamente a uma autoreatividade patológica. 

Nos últimos anos tem-se dado ênfase à importância de interações idiotípicas na 

imunoregulação em processos infecciosos crônicos. Os relatos de interações idiotípicas em 

infecções parasitárias incluem estudos em várias doenças como malária, filariose, oncocercose, 

esquistosomose e doença de Chagas (revisado por COLLEY e cols. , 1990). Estes estudos 

tratam basicamente da dernonstração do papel de interações idiotípicas no sistema imune do 

hospedeiro e no desenvolvimento das alterações patológicas desencadeadas por essas infecções 

(HARTE & PLAYFAIR, 1983; SIDNER e cols., 1987; CESBRON e cols., 1988; ELOI

SANTOS e cols., 1989; SADIGURSKY e cols., 1988; GAZZINELLl, 1990 ). A 

identificação de idiotipos dominantes em anticorpos anti-parasita e sua correlação com estados 

clínicos ela doença vem reforçar, através de uma abordagem molecular, a hipótese de que a 

expressão desses idiotipos tenha um papel de causa e/ou efeito na patogenia de tais infecções 

(OLDS & KRESINS, 1985; KRESINA & OLDS, 1986; MONTESANO e cols., 1989). 
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ESTUDO DO REPERTÓRIO IDIOTÍPICO EM PACIENTES CHAGÁSICOS CRÔNICOS 

Provas da existência de interações idiotípicas na doença de Chagas crônica humana foram 

anteriormente relatadas por outros autores (SADIGURSK Y e cols., 1988; GAZZlNELLl e 

cols., 1988a; 1988b; 1990). Resultados destes estudos incentivaram a execução da primeira 

parte deste trabalho cuja proposta foi aprofundar no estudo do repertório idiotípico expresso 

nos anticorpos anti-epimastigota de r cruzi (anti-EPI) imunopurificados do soro de pacientes 

chagásicos Cardíacos (ldC) e Indeterminados (ldl). 

Enquanto GAZZINELLl e cols ( 1988a; 1988b; 1990) avaliaram a capacidade estimulatória 

destes idiotipos frente a células de pacientes chagásicos crônicos, utilizou-se neste trabalho uma 

abordagem molecular. A metodologia empregada baseia-se basicamente em medir a capacidade 

inibitória de preparações idiotípicas (ldC e ldl) em sistemas de ELISA-competição ldl I anti-ldl 

ou ldC I anti-IdC e ainda em avaliar a conformação destes idiotipos em "western blot". 

Analisaram-se os idiotipos expressos em anticorpos anti-EPI imunopurificados não apenas de 

"pools" de soros, mas também de amostras individuais de I O pacientes Cardíacos e 8 

I ncleterminaclos. 

Os resultados apresentados no tn1balho #1 mostram que, apesar dos idiotipos dominantes em 

anticorpos anti-EPI de pacientes chagásicos crônicos Cardíacos e Indeterminados não se 

diferirem quanto à sua reatividade anti-EPI ou ao seu perfil isotípico (tnabalho #1 - tabela 1, 

pag. 45), eles são antigenicamente e estruturalmente diferentes. A capacidade apresentada por 

estas preparações idiotípicas de inibir as reações ldC I anti-IdC ou Idl I anti-ldl no sistema 

ELISA-competição tende a ser diretamente relacionada com a forma clínica do paciente da qual 

os anticorpos são purificados (trabalho #1 - figs. I c 2, pag. 44). Os inibidores 1nais potentes 
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nos dois sistemas são as preparações idiotípicas das respectivas formas clínicas. 

Em geral, o grau de inibição apresentado por IdC no sistema Indeterminado é bem maior 

quando comparado com a situação inversa. Em outras palavras, no sistema IdC I anti-ldC a 

concentração de ldl necessária para inibir 50% da reação é 4-8 vezes maior do que aquela 

requerida para ldC; enquanto no sistema ldl I anti-Idl, 50% de inibição da reação foi alcançado 

com uma concentração de ldC menor do que 2 vezes a requerida para Idl (t rabalho # 1 - fig. 1, 

pag. 44). 

As preparações idiotípicas individuais apresentaram graus de inibição variáveis nos sistemas 

ELISA-competição Id /anti-Id, mas em geral elas se comportaram como os "pools" das 

respectivas formas clínicas. Dentre 1 O casos Cardíacos analisados individualmente, dois 

aprescntraram níveis de inibição no sistema IdC/anti- lclC comparáveis àqueles most rados pelos 

lds Indeterminados. (trabalho # 1 - fig. 3, pag. 45). Esta variabilidade de expressão de ldC 

poderia estar relacionada com fases diferentes de progressão da cardiopatia chagásica. 

A correlação de idiotipos dominantes em anticorpos anti-T cruzi de pacientes chagásicos com 

diferentes formas clínicas da infecção crônica foi também demonstrada através de uma outra 

abordagem por GAZZINELLI e cols. ( 1988b ). Estes autores relatam que anticorpos anti- J: 
• 
cruzi purificados de soros de pacientes Cardíacos são significativamente mais eficientes na 

ativação de 

linfócitos T do que aqueles purificados dos soros de pacientes Indeterminados. 

No trabalho #1 demonstra-se ainda que a expressão dos idiotipos dominantes em anticorpos 

anti-EPI imunopurificados de pacientes Cardíacos é quase completamente abolida através da 

redução das ligações di-sulfeto e consequente perda da conformação tridimensional da molécula 

de imunoglobulina. Por outro lado, apenas I 0-30% dos idiotipos expressos em ldl são 



15 

dcst n1idos pela redução da molécula destes ant icorpos. (tnlbalho l - figs. 4 c 5, pag. 46; 

tnbt'la 2, pag. 46; figs. 6 c 7, png. 47). Com base nesses resultados pode-se inferir que a 

expressão dos idiotipos dominantes em ldC, ao contrário daqueles em ldl, é essencialmente 

dependente da conformação original ela molécula de imunoglobulina. Esses dados são 

compatíveis com aqueles relatados por Gazzinelli e cols. (GAZZlNELl e cols., l990) mostrando 

que a estimulação de células mononucleares do sangue periférico (CMSP) de pacientes 

chagásicos crônicos não requer o processamento ou apresentação de ldC junto a antígenos de 

histocompatibilidades de classe ll (MHC 11). Ao contrário, a estimulação de CMSP de pacientes 

chagásicos por Id l requer o processamento e apresentação do idiotipo estimulador no contexto 

do complexo de antígenos de histocompatibildade classe 11. 

A análise molecular e estrutural destes idiotipos é sem dúvida um tópico de grande 

importância no estudo da cardiopatia chagásica crônica, tendo em vista a hi pótese levantada por 

STEW ART e cols. ( 1989) c V ARE LA e elos. ( I 99 1 ). Estes autores especulam que a expressão 

de certos polimorfismos genéticos da região hipcrvariávcl da moléula de imunoglobulina ou de 

receptores de células T (TCR) se refletiria na incapacidade do organismo em manter o equilíbrio 

do sistema de rede idiotípica e, consequentcmcntc, desencadear um estado autoimunc 

patológico. De fato tem sido observado que em certas doenças autoimunes, como artrite 

rcumatóide e esclerose múltipla, existe uma certa tendência para a utilização de determinadas 

famí lias gênicas da região variável de imunoglobulinas e/ou TCR (MARGUERIE c cols., 1992). 

Questões como estas tem sido abordadas molecularmentc através de análises de recombinação 

dos segmentos gênicos dessas regiões variáveis. Isto tem sido realizado tanto utilizando 

marcadores sorológicos anti-idiotípicos associados a determinadas famílias gênicas, como a 

nível de sequenciamento de DNA. 

Nesta tese pretendia-se caminhar para o estudo est rutu ral do id iotipo estimulador. Obtiveram

se 25 anticorpos monoclonais anti-7: cruzi a partir de camundongos cronicamente infectados 
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com este parasita c analisou-se a capacidade destes ant icorpos estimularem CMSP de pacientes 

chagúsicos. Utilizando o mesmo sistema de ELI SA competitição ld I anti -ld relatado no trabalho 

# 1, investigou-se ainda a semelhança antigênica ent re ldC ou ldl c os id iotipos expressos nestes 

ant icorpos monoclonais. Nos dois estudos acima os resultados foram negativos (resultados 

não publicados). Esforços devem ser concentrados na produção de anticorpos monoclonais 

humanos. 

Ressalta-se no trabalho # I a demonstração consistente de uma correlação da expressão de 

idiotipos dominantes com a forma clínica de pacientes chagásicos, o que vem reforçar a hipótese 

de que estes idiotipos teriam um papel de causa e/ou efeito na patogenia desta infecção crônica. 

COLLEY e cols. ( 1990) especulam que ldC teria um papel direto na fase inicial do 

desenvolvimento da lesão cardíaca em pacientes portadores de doença de Chagas crônica. A sua 

expressão em moléculas de anticorpos ou de receptores de células T ant i-'!: c:nt:i estimularia 

intensamente células T anti-ídiotípicas no coração. Estas células T anti-idiotípicas, por sua vez, 

liberariam uma variedade de linfocinas que agiriam diretamente causando danos nas células 

miocárdicas ou atraindo outras células inflamatórias para o local da lesão. 

Dados da literatura sugerem que a fase crônica da doença de Chagas é marcada por alteração 

nos mecanismos imunoreguladores, com o consequente desequilíbrio das relações parasita I 

hospedeiro e ainda a perda do estado de tolerância pelo organismo. A expressão relativa de ldC 

c ldl pelo hospedeiro poderia influenciar tanto na fase inicial como na etapa final deste processo. 

É plausível imaginar que ldC, pela sua própria caracterí st ica de estimular células T diretamente, 

sem requerer processamento ou apresentação junto a MHC 11, poderia escapar ao sistema de 

conectividade da rede idiot ípica (V AZ & FARIA, 1990) e influenciar diretamente, tanto o 

desequilíbrio parasita I hospedeiro, como a perda de tolerância pelo organismo. Assim se 
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desencadearia o estado patológico da fase crônica da infecção, o qual se manifesta de forma 

pe~,;uliar no coração. 

ESTUDO lMUNOHISTOQUíMICO DA LESÃO CARDÍACA 

NA DOENÇA DE CHAGAS CRÔN ICA 

O estudo imunohistoquímico da lesão cardíaca é um tópico relevante na busca do 

~ntendimento da cardiopatia chagásica crônica, não só pelo fato desta constituir o ponto central 

desta doença, mas ainda por ser uma abordagem até então muito pouco utilizada em doença de 

·chagas humana. A maioria dos estudos nesta área foram realizados em animais de laboratório, 

principalmente camundongos. 

YOUNES CHENNOUFI e cols. ( 1988) realizaram estudos histopatológicos de lesões em 

tecidos musculares cardíaco e esquelético de camundongos C31-1 e C578L cronicamente 

infectados com a cepas CL e Y de 7: cruzi. Estes autores mostraram que as lesões crônicas são 

constituídas predominantemente de neutrófilos (57%) e monócitos (25%). Os linlocitos 

representam cerca de apenas 6-12% das células inflamatórias totais, sendo que a maioria é 

CD4+ (Lyt 1+, Lyt 2-). 

ROSSI ( 1990) observou que em camundongos Balb/c, após 40-60 dias ele infecção com 7: 

cruz i (cepa Y), o infiltrado inflamatório miocárdico é composto predominantemente de 

macrófagos expressando MHC 11. 

PIRMEZ e cols. (1990) analisaram a respoata imune de camundongos C57/BL trinta dias após 

infecção com a cepa Colombiana de 7: cru::i e observaram infiltrados inflamatórios no 

miocárdio constituídos principalmente por macrófagos. De acordo com os autores, os linfócitos 
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compreendem cerca de 40% das células inflamatórias totais, sendo que destes, 60% são CD8+ e 

o restante é CD4+. Antígenos de histocompatibilidade de classe 11 foram detectados na 

superlicie de alguns miocardiócitos. 

SA TO e cols. ( 1992) caracterizaram as sub-populações de linfócitos T em tecidos de ratos na 

fase aguda de infecção com T. cruzi. Estes autores mostraram que a infecção altera 

significativamente a relação linfócitos CD4+ I linfócitos CD8+ e a atividade citotóxica de células 

no baço, sangue e tecido miocárdico. Em todos estes compartimentos observou-se um 

predomínio de linfócitos CD8+ a partir do 90 dia de infecção até a rnorte que acontece em torno 

do 18° dia. 

TARLETON e cols. ( 1992), estudando a susceptibilidade à infecção por T cruzi apresentada 

- por camundongos deficientes em beta2-microglobulina, demonstraram a importância de 

linfócitos CD8+ na proteção a esta infecção. Este mesmo gmpo de pesquisadores observou 

ainda que, nos tecidos, as células inflamatórias predominantes se tratam de linfócitos CD8+, 

tanto na fase aguda como na fase crônica da infecção (SUN & T ARLETON, comunicação 

pessoal). 

RJBEIRO DOS SANTOS e cols. (I 992) estudaram o papel dos linfócitos CD4+ e CDS+ na 

cardiopatia da doença de Chagas experimental utilizando uma metodologia que consiste em 

transplantar corações de recém-nascidos nos lóbulos de orelhas de camundongos singeneicos. 

Estes autores mostraram que corações transplantados em camundongos cronicamente infectados 

são rejeitados, o que não é observado nos transplantes em animais normais. No entanto quando 

os animais infectados são pré-tratados com um anticorpo monoclonal anti-CD4, o fenômeno de 

rejeiçao é abolido. O mesmo não acontece se o pré-tratamento é feito com um anticorpo 

monoclonal anti-CD8. Além disto, a injeção de linfócitos CD4+ provenientes de animais 

infectados, no local do transplante em camundongos normais, é capaz de induzir o fenômeno de 
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rejeição. Finalmente, os autores comentam que cortes histológicos dos corações rejeitados 

mostram no local uma predominância de linfócitos CD4+. 

Como pode ser observado pelo que foi descrito ac1ma, os dados em doença de Chagas 

experimental são extremamente contraditórios. Diante disto e em vista da importância destas 

informações para a definição da natureza dos processos inflamatórios em curso no coração, 

resolveu-se desenvolver um estudo de caracterização imunohistoquímica da lesão cardíaca na 

doença de Chagas humana. 

Em tecidos cardíacos provenientes de autópsia de cardiopatas chagásicos crônicos, 

demonstrou-se a presença constante de grandes focos inflamatórios e um intenso processo de 

fibrose. Esses focos inflamatórios são formados por uma grande maioria de de linfócitos T, 

cerca de 2-8% de linfócitos B CD20+, 1-8% de macrófagos CD68+ e 1-7% de células "natural 

killer" CD57+ (trabalho #2- tabela 3, pag. 60 e tabela 4, pag. 61). Cerca de 64-70% destas 

células expressam o marcador CD8 enquanto apenas 2 1-28% são CD4+ (trabalho fl2 - tabela 

4, pag. 61 e figs. 1 e 2, pag. 62). O predomínio de linfócitos CD8+ na lesão chagásica crônica 

foi demonstrada também em estudos realizados concomitantemente por HIGUCHI ( 199 1) c 

TOSTES JUNIOR (1993). 

Com o objetivo de investigar o estado de ativação dos linfócitos T presentes na lesão 

chagásica crônica, estudou-se a expressão de 3 marcadores- CD45RO, HLA-DR e granzymc A. 

CD45RO é uma proteína encontrada em linfõcitos T ativados ou "de memória" enquanto HLA

DR é a porção monomórfica do complexo de antígenos de histocompatibilidade de classe li que 

é naturalmente expressa em células B, macrófagos e células endoteliais, e é também um 

1narcador de ativação celular em linfócitos T. Granzyme A é uma enzima, serina estcrase, 

expressa por linfócitos T com atividade citotóxica (JENNE & TSCHOPP, 1988; GRlFFITHS & 

M lLLER, 199 1 ). Esta enzima é responsável por ativação de endonucleases com conscqucnte 
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degradação de DNA de células alvo em processos de citotoxicidade (HA YES e cols., 1989). 

A maioria (67-80%) dos linfócitos T presentes nestes focos inflamatórios expressam em sua 

superficie a proteína do gmpo CD45RO (trabalho #2- tabela 3, pag. 60) e a enzima granzyme 

A (trabalho #2 - tabela 4, pag. 6 t c fig. 3, pag. 62) . Grânulos de granzyme A podem ser 

observados não apenas na superficie de linfócitos, como também no interstício e nos 

miocardiócitos. Apenas raros linfócitos e monócitos reagem com o anticorpo monoclonal 

específico para HLA-DR (trabalho #3- dados não mostrados). No entanto, a expressão deste 

antígeno nas células endoteliais no coração de cardiopatas chagásicos crônicos é visualmente 

mais intensa do que a observada em individues não chagásicos (trab;llho #3 - ligs. 3 c 4, pag. 

'84). 

Em resumo, a maioria das células inflamatórias na lesão cardíaca em pacientes portadores de 

doença de Chagas crônica é de de linfócitos T CD8+ que expressam a enzima granzyme A, 

sabidamente envolvida em processos de citotoxicidadc. De 1- 7% destas células expressam o 

marcador de "natural killer" CD57 e apenas raras expressam CD56 ou CD16 (dados não 

mostrados). Observou-se ainda que as células miocárdicas desses mesmos indivíduos hiper 

expressam MHC I (trabalho #3 - fig. 2, pag. 84 e tabeh1 2, pag. 8 t) mas, ao contrário do que 

foi relatado por outros autores (ZANELLI e cols., 1990; PIRMEZ e cols., 1990), elas não 

expressam MHC 11 (trabalho #3 - fig. 4, pag. 84). Nas células miocárdicas de indivíduos não 

chagásicos (n=7) (trabalho #3 - fig. 1, p;1g. 84) ou chagásicos assintomáticos (n=2) (trab:alho 

#3, t;lbela 2, pag. 81 ), detectou-se uma expressão de HLA-ABC muito baixa ou nula . 

Estudos in vitro mostram que a expressão de MHC 1 por células miocárdicas pode ser 

estimulada por certas interleucinas usualmente liberadas em processos inflamatórios, 

principalernente TNF-alfa (W ANG e cols., 1991 ). In vivo, o fenômeno de hiper expressão de 

MHC I já foi observado em casos de rejeição de transplantes (AHMED-ANSARI e cols., 1988; 
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ROSE e cols., 1986; DUSQUENOY e cols., 1987; STElNHOFF e cols, 1989; HUFNAGEL & 

Mi\ ISCil, 199 1), em doenças viróticas (MAUDSLEY & POUND, 199 1; SEKO e col.s, 1990) c 

ainda em outros processos inflamatórios (APPLEY ARDe cols., 1985). 

Na doença de Chagas não há dados suficientes para se definir o real signiíicado da 

hiperexpressão de MHC I pelas células miocárdicas de indivíduos portadores de cardiopatia 

crônica. É possivel que os miocardiócitos sejam alvo de um processo de citotoxicidade restrito 

por MHC I, efetuado por linfócitos T CD8+ produtores de granzymc A. Neste caso, a 

degeneração miocárdica observada na cardiopatia chagásica crônica poderia ser explicada, em 

parte, por um processo de citotoxicidade, como aliás já foi sugerido por outros autores 

(SANTOS-BUCH & TEIXEIRA, I974; TEIXEIRA e cols., 1978; RlBEIRO DOS SANTOS & 

HUDSON, I980; MOLINA e cols., I984; LAGUENS e cols., I988). 

Estudos anteriores demonstraram a atividade citotóxica in vitro de linfócitos de camundongos 

(RIBEIRO DOS SANTOS & HUDSON, 1980; Li\GUENS c cols., 1988) c coelhos (SANTOS 

B UCH & TEIXEIRA, 1974) infectados com 7: cmzi frente a células miocárdicas alogeneicas 

(SANTOS BUCH & TEIXEIRA, 1974, RJ BElRO DOS SANTOS & HUDSON, 1980) e 

singeneicas (LAGUENS e cols., I988), parasitadas e não parasitadas. Resultados semelhantes 

foram obtidos por TEIXEIRA e cols. ( 1978) utilizando linfócitos obtidos de sangue periférico 

de pacientes chagásicos crônicos e agudos frente a miocardiócitos humanos. Todavia esta é a 

primeira vez que se demonstra a presença de linfócitos potencialmente citotóxicos diretamente 

na lesão chagásica cardíaca humana. 

Não apenas linfócitos CD8+ ou mesmo CD4+, produtores de granzyme A, mas também 

macrófagos expressando TNF-alfc1 (tumor necrosis tàctor) (trabalho #2 - tabela 4, pag. 83 c 

fig. 4, pag. 84), parecem ter um papel no processo de citotoxicidade que ocorre na miocardite 

chagásica crônica. Resta investigar, neste caso, o envolvimento de outras interleucinas. 
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Os resultados aqui apresentados sugerem CjUC um processo de citotoxicidade restrito por 

MllC I seja um dos mecanismos principais responsáveis pela destruição de miocardiócitos 

observada em indivíduos cardiopatas chagásicos. Além disto, na lesão miocárdica destes 

pacientes, foi encontrada também uma pequena porcentagem de células "natural killcr". 

sabidamente efetoras de citotoxicidade não restrita por MHC. Outros relatos na literatura 

sugerem CjUe processos de citotoxicidade mediada por anticorpos (MOLINA e cols., 1984) c 

citotoxicidade restrita por MHC li (ZANELLl e cols., 1990) também estejam envolvidos no 

processo de formação da lesão cardíaca da doença de Chagas humana. Os resultados dos 

trabalhos #2 c #3 contradizem esta hipótese, pois não foi encontrado depósito de 

ímunoglobulina e nem mesmo expressão de MHC Il nas células miocárdicas. Estes estudos 

devem ser continuados através da pesquisa de out ros marcadores, para que se defina melhor a 

contribuição relativa de cada um destes processos de citotoxicidade celular na formação da lesão 

miocárdica da doença de Chagas crônica humana. 

A propósito, é importante lembrar que a pequena porcentagem de linfócitos CD4+, 

contrastante com a predominância de células CD8+ na lesão cardíaca da doença de Chagas 

crônica humana, não irnplica em um papel irrelevante dos linfocitos auxiliadores nos mecanismos 

efetores deste processo imunopatológico. Lesões tissulares, semelhantes àquelas da fase crônica, 

podem ser reproduzidas através da simples transferência de "pools" ou clones de células CD4+, 

de camundogos infectados para animais singeneicos não infectados (SAJD e cols., 1985; 

YOUNNES-CHENNOUFI, 1988; RIBEIRO DOS SANTOS e cols., 1992). Ainda em 

camundongos, observou-se que células L3T4+ são capazes de produzir lesões decorrentes de 

reação de hipersensibilidade tardia específica a T. cmzi. (HONTEBEYRlE-JOSKOWlCZ e 

cols., 1987). Deve-se proceder com cuidado ao extrapolar estes dados experimentais para a 

infecção humana, sem no entanto ignorá-los. Na doença de Chagas humana ainda está por se 

definir a contribuição relativa das sub-populações linfocitárias CD4+ e CD8+ na evolução da 
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cardiopatia crônica. A abordagem de estudo utilizada no trab;dho #2 não permite enfocar 

diretamente esta questão, mas algumas hipóteses podem ser levantadas c serão posteriormente 

apresentadas. 

Com relação ao processo de fibrose, o parâmetro histopatológico da lesão que mats se 

relaciona com a severidade dos sintomas cardíacos, tais como card iomegalia e insuficiência 

cardíaca congestiva (revisado por MORRIS e cols. , 1990), um relato da literatura deve ser aqui 

citado para ilustrar a impotância de nossos achados. Em uma revisão sobre miocard ite 

autoimune, ROSE e cols. ( 1991) chamam atenção para o fato de que camundongos não 

susceptíveis à infecção com o vírus Coxsackie B, causador de miocardite autoimune 

'experimental, podem se tornar susceptíveis e desenvolver a doença após o tratamento com TNF. 

No trabalho #2 demonstramos a produção de TNF-alfa por rnacrófagos no local da lesão 

cardíaca em pacientes portadores de cardiopatia chagásica crônica. Estes macrófagos at ivados 

presentes na lesão, expressando TNF-alfa e possivelmente outras linfocinas como 11-1 e fa tor de 

crescimento de fibroblastos, devem ter um papel central no processo de formação de librose 

cardíaca na cardiopatia chagásica crônica. 

A última etapa desta tese inspira-se principalmente nos estudos de BARBOSA & ANDRADE 

(1984). Basicamente, o que estes autores mostraran1 fo i que o 1: cruzi pode ser encontrado nos 

mais diversos tecidos e órgãos de pacientes que morreram de cardiopatia chagásica crônica, com 

a ressalva de que apenas no coração se observa um processo inflamatório proeminente. Não se 

sabe a razão desta migração preferencial de células inflamatórias para o coração. 

Comparando-se os dados relativos à razão linfóci tos CD4+ I linfócitos CD8+, obtidos a paa1ir 

de determinação fenotípica de células em coração e linfonodo (trabalho #2) e ainda em sangue 

periférico (OR.NELAS, comunicação pessoal) de pacientes chagásicos Cardíacos, encont ram-se 

as seguintes médias: para o coração = 0,36; para o linfonodo = 1,8 ; e para o sangue 
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periférico= I, 7. A análise destes dados não apenas confirma como também complementa os 

cstuuos de BARBOSA & ANDRADE ( 1984). Em inuivíduos cardiopatas chagásicos, as células 

inflamatórias que migram preferencialmente para o coração tratam-se principalmente de 

linfócitos T CD8+. 

Em um processo inflamatório o padrão de migração dos leucócitos é definido por uma série 

de interações a que estas células se submetem. Estas interações ocorrem não somente através 

de respostas específicas a antígenos externos, como também via rede idiotípica. Paralelamente 

são estabelecidas interações entre moléculas expressas nas superlicies de leucócitos e seus 

ligantes em outras células ou na matriz extracclular. Tais moléculas são genericamente 

·denominadas "moléculas de adesão". Devem-se adicionar aqui também as interleucinas, que não 

só exercem um efeito direto como fatores quimiotáticos, mas também indireto através da 

indução de expressão de moléculas de adesão. 

Estudou-se a expressão de moléculas de adesão em tecidos cardíacos de pacientes chagúsicos 

e 

indivíduos não chagásicos e os resultados se encontram relatados no tnabalho #3. Nas células 

endoteliais investigou-se a expressão de ELAM (endothelial leucocyte adhesion molccule) e 

ICAM- 1 (intercellular adhesion molecule). Obse1vou-se que ICAM-1 é expressa no endotélio 

dos vasos e capilares, indistintamente em pacientes chagásicos e em individues não chagásicos 

(trabalho #3 - tabela 4, pag. 83). ELAM é sintetizada pelas células endoteliais especialmente 

nos vasos localizados próximos a focos inflamatórios e apenas nos casos de caruiopatia 

chagásica crônica (trabalho #3 - tabeln 4, pag. 83 e figs. 5 e 6, pag. 85). Convém lembrar que, 

apesar de ELAM ser considerada uma molécula de adesão de processos inflamatórios agudos, 

estudos in vitro demonstram que sua síntese nas células endoteliais pode ser induzida por 

algumas interleucinas especialmente TNF-alfa e lL-1. Estas observações são condizentes com 

nossos resultados mostrando a expressão de ELAM pelas células endoteliais e ainda de TNr-
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Nos linfócitos foram estudadas as seguintes moléculas de adesão: Lf A-1 (leucocytc function 

antigcn). LFA-3, VLA-4 (vcry late antigen) e CD44 (leucocyte homing receptor) . LfA-1 é o 

receptor para ICAM-1 c LFA-3 se liga a CD2 (PARO! c cols., I 992). Tanto VLA-4 c CD4~ 

ligam-se a libronectina, sendo que o primeiro é ainda receptor para VCAM ( vascular adhesion 

rnok<.:ule) c o segundo para ácido hialurônico e colágcno (CUL TY e cols., 1990; ARUFFO e 

cols .. 1990; OUSTI N & SPRINGER, 199 1; PARDI e cols., 1992). VLA-4, CD44 c LFA-1 são 

intcnsarncnte expressas por células citotóxicas em casos de rejeição de transplantes em 

c.:amumlongos (MOBLEY & DAILEY, 1992). 

A m<Hona dos linfócitos na lesão chagásica cardíaca expressam Lf A- 1 (fig. 7, pag. 85). 

CD44 (fig. 8, pag. 85) e VLA-4 (fig. 9, pag. 85) c raras destas células apresentam LF AJ 

fraca rncntc em sua supcrfiicic (dados não mostrados) (trabalho 113). A expressão de VLA-4, 

CD44 c LF A-1 pela maioria dos lintocitos na miocarditc chagúsica crônica deve ter alglllua 

inOuência no processo inOamatório, não apenas mediando a migração seletiva destas células ao 

c.:oraçiio, como também promovendo sua adesão ao endotélio c auxiliando no seu trídico através 

da matriz extracelular. 

Em resumo, no coração de um indivíduo portador de cardiopatia chagásica crônica observam-

se: 64-70% de linfóc itos CD8+, 2 1-28% de linfocitos CD4+, cerca de 2-8% de lintücitos 13. 1-

7% de células "natural killer" e 1-8% de macrófagos produtores de TNf alfa. As células 

miocárdicas expressam in tensamente MHC I e a maioria dos linfócitos são produtores de 

granzyme A. Na superficie das células endoteliais observa-se uma expressão aumentada de 

MIIC 11 e ELAM. A maioria dos linfócitos expressam LfA-1 , CD44 e VLA-4 c raros 

expressam L f A-3 . 
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Os resultados apresentados nesta tese são informações inéditas, de grande relevância para a 

compreensão da miocardite da lorma crônica da doença de Chagas humana. Embora a 

metodologia ele estudo aqui utilizada não permita abordar diretamente os mecanismos 

patogênicos desta miocarclite, as informações obtidas podem ser utilizadas na montagem 

de um cenário especulativo a cerca deste processo. 

Estudos recentes mostram que o T cruzi, apesar de escasso, está sempre presente na lesão 

miocárdica (JONES e cols., 1993).É possível que, na fase inicial deste processo inflamatório, 

predomine no coração un1a reação de hipersensibilidadc tardia desencadeada por linfócitos T 

CD4+ contra antígenos do parasita alojados no local. Vários fatores poderiam contribuir para o 

posterior recrutamento ele linfócitos CD8+ para o coração: interleucinas secretaclas por 

linfócitos CD4+, a expressão de MHC I pelas células miocárdicas e ainda a expressão de 

moléculas de adesão pelo endotélio dos vasos locais. 

Também as células encloteliais, que expressam intensamente llLA-DR, parecem ser 

COitlponentes ativos do processo inflamatório em curso no coração de pacientes portadores de 

cardiopatia chagúsica crônica. Estudos in vitm apoiam esta hipótese ao demonstrar que células 

cndotcliais, se estimuladas por interferon-gama, expressam intensamente HLA-DR e são capazes 

ele apresentar antígenos e induzir eficientemente a estimulação de linfócitos T (HJRSCHBERG 

e cols., 1975; WAGNER e cols., 1984)). Antígenos de 1: cmzi, que sabidamente infectam 

células endoteliais humanas in vivo (T ANOWITZ e cols., 1990), poderiam ser processados c 

apresentados junto a MHC 11 para os linfócitos CD4+ presentes no coração. 

O 7: cruzi é um parasita que se replica no interior das células infectadas e, por isso, é de se 

esperar que alguns de seus epitopos possam ser expressos também no contexto de MHC I. 

JONES e cols ( 1993) demonstraram a presença de fragmentos de DNA de 7: cmzi no coração 

de 100% de 7 chagásicos cardiopatas analisados. Estes autores discutem a localização destes 
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fragmentos de DNA e levantam a possibilidade deles se encontrarem integrados ·ao genoma do 

hospedeiro, como foi também sugerido por TEIXEIRA cols. ( 199 1 ). Neste caso, as células 

miocárdicas poderiam passar a expressar peptídeos do 1: cmzi c aprcscntú-los junto a l'vi iiC I 

aos linfócitos citotóxicos CD8+. 

Apesar do J: cruzi estar sempre presente no coração de cardiopatas chagásicos, a sua escassez 

contrastante com a intensidade do processo inflamatório, sugere a existência de uma reação 

sccundúria contra antígenos do próprio hospedeiro. Esta reação autoimune seria parcialmente 

responsável pela perpetuação do processo inflamatório e agravamento da lesão mi m:úrdica. 

Neste sentido é interessante observar que, o cenário da lesão chagásica cardíaca aqui descrito se 

assemelha muito à configuração do processo imunopatológico em casos de rejeição de 

transplantes. Em ambos os casos observa-se no local da lesão uma predominância de linfóci tos 

CD8+, uma escassez de linfócitos B (trabalho # 1; HIGUCH1 e cols., 199 1), células 

inllamatórias expressando TNF (tr:abalho # 1, ARB USTINI e cols., 1991) ou granzyme A 

(trabalho #1, GR1FFITHS e cols., 199 1) e expressão de MIIC I por miocardiócitos (trabalho 

111, AI LMED-ANSAJU e cols., 1988; ROSE c cols., 1986; DUSQUENOY c cols., 1987; 

STEINIIOFF e cols., 1989; IIUFNAGEL & MAISCII, 199 1 ). . 

É provável que a existência de lesões miocárdicas intensas possa ser justificada pela somatória 

de vários mecanismos de destruição celular: citólise causada por parasitismo, ação di reta de 

interlcucinas, citotoxicidade celular mediada por anticorpos, por células "natural killer"ou ainda 

por linfocitos CD4+. No entanto, o mecanismo predominate na lesão miocárdica crônica 

humana parece ser a citotoxicidaclc mediada por linlocitos CD8+, provavelmente via MIIC I. 

Por isto, é preciso que estas células sejam caracterizadas quanto a sua especificidade, síntese de 

intcrleucinns e utilização de receptores de células T. 
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RESUlVlO E CONCLUSÕES 
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Realizamos este estudo cientes da importância do modelo humano no estudo da doença de 

Chagas crônica e tentando ultrapassar as limitações que este modelo oferece. Estudamos o 

repertório idiotípico de pacientes chagásicos Cardíacos e Indeterminados e descrevemos 

algumas características da lesão inflamatória no coração, sempre visando compreender o 

desenvolvimento da cardiopatia da doença de Chagas crônica humana. 

Demonstramos que o padrão de expressão id iot ípica em anticorpos anti-EPL imunopuri fi cados 

de soro ou plasma de pacientes chagásicos cardiopatas (IdC) difere daquele expresso em 

lmunoglobulinas de portadores da forma clínica Indeterminada (ldl). A expressão dos idiot ipos 

dominantes em ldC, ao contrário daqueles encontrados em ldl, é dependente da conformação 

original da molécula de imunoglobulina. Esta correlação encontrada entre padrão de expressão 

idiot ípica e forma clínica sugere um papel de causa e/ou efeito destes idiotipos na patogcnia da 

can..liopatia chagásica crônica. 

Mostramos que os infiltrados inflamatórios presentes no miocárdio de indivíduos que 

morreram de cardiopatia chagásica crônica são constituídos de cerca de 64-87% de linfõci tos T, 

2-8% de linfócitos 8 CD20+, 1-7% de células "natural killer" CD57+ e 1-8% de macrófagos 

CD68+. A grande maioria dos linfócitos T expressa CD45RO, marcador de células at ivadas 

e/ou ele memória. 

Observamos ainda que os linfõcitos T CD8+ e CD4+ constituem 64-70% c 2 1-28% 

respectivamente das células inflamatórias totais na lesão miocárdica, sendo que a relação CD4 I 

CD8 encontrada foi de 0,36 ! 0,03. Cerca de 38-65% das células inflamatórias expressam 

granzyme A, enzima envolvida em processos de citotoxicidade. Além disto, demonstramos que 

nos miocardiócitos de chagásicos cardiopatas a expressão de MHC I é muito mais intensa do 
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que aquela observada em chagásicos assintomáticos ou não chagúsil.:os. Estes dados nos levam a 

sugerir que o principal mecanismo responsúvcl pela destruição de miocardiócitos na cardiopatia 

chagúsica crônica humana seja a citotoxicidade mediada por linfócitos T C0 8+ c rest rita por 

Ml!C I. 

Finalmente estudamos a expressão de moléculas de adesão pelos leucócitos c células 

cncloteliais no coração de pacientes chagásicos e indivíduos não chagúsicos. Observamos que a 

1.naioria dos leucócitos na lesão chagásica cardíaca expressam CD44, VLA-4 c LF A-1 , As 

c~lul as endotclíais nos corações de chagftsicos cardiopatas expressam ELAM, sintct izam 

intensamente I LLA-DR e devem, por isto, participar efetivamente do processo inflamatório da 

cardiopatia da doença de Chagas crônica humana. 
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Antibodies to Trypanosoma cruzi Express 
ldiotypic Patterns· that Can Differentiate between 
Patients with Asymptomatic or Severe Chagas' 
Disease1 

Débora d' A vila Reis, • Ricardo T. Gazzinelli, h Giovanni Gazzinelli, t and Daniel G. Colley3* 
•ocpartmcnt de Bioquimica e Imunologia, Universidade Federal dE' Minas Gerais, •centro de Pesquisas "Rene Rachou", 

FIOCRUZ, Belo Horizonte. MG. Brazil; and 'Departments o( Minobiology anel lmmunology, and of Ml' dic inc, Vanderbilt 

University School o( Medicine and the Vetcrans Affairs Medicai Center. Nashville, TN 37212 

AosrRACl. lmmunization of rabbits with pools of immunoaffinity-purified anti- Trypanosoma cruz i epimastigote 

antibodies derived from patients with different clinicai forms of Chagas' disease induces antiidiotypic sera that can 

distinguish between anti-epimastigote antibodies from patients with asymptomatic (indeterminate (INO)) or sevcre 

(cardiac (CARO)) Chaga~· disease. These idiotypically different anti-EPI antibodies from patients with the different 

clinica i forms do not differ in their antiepimastigote activiti es or isotypes. Ana lysis of immunoaffinity purifiecl 

antibodies from individual chagasic patients by specific competitive ELISA generally confirms that ld-specific 

rabbit antisera can difierentiate the clinicai forms of the source of the antibodies. Based on these data. immu

noaffinity-purified antibodies from patients share many ld with those fr0111 INO patients, although antibodies from 

INO patients express much lower leveis of the distinctive ld characteristic of CARO patients. Reducti on anel 

alkylation of antibodies from lNO patients reduces somewhat. but does not abolish, the ability of their ld to be 

recognized idiotypically, and to effectively inhibit in competitive ELISA. In contrast, reduction and alkylation of 

antibodie~ from CARO patients almost cornpletely eliminates the ability of their predominant ld to be either 

recognized by, or inhibit. the appropriate systems. These data imply that the expression of the major ld that define 

CARO pat ients by these serologic anti-ld systerns is largely der endent on the tertiary conformation of the lg 

molecule. This agrees with our earlier studies on the respective differential abil ities of CARO vs INO ld to stimulale 

anti-lei T cells by direct stimulation vs proces~ing and presentation mechanisms. ]ournal of Jmmunolom~ 1993, 

150:1611. 

C hagas' disease is a predorninantly rural disease 
affecting millions of people in Latin American 
countries. Acute Chagas· di sease is characterized 

by fcve r and myocarditis related to intracellular parasitisrn 
by lhe causitive protozoan, Trypanosoma cru;:i. Usually 

Re<:e ivE'd for publication March 16, 1992. AcceptE'd for publication November 
30. 1992. 

l~ costs of publication of this ~nicle wer~ defrayE'd in pan by the p.1yment of 
pagt' charg!'s. This anicle must therefore be hereby markE'd .Jdverrisement in 
~ccordance with 18 U.S.C. SK!ion 17H solt>ly to indicate this Iaei. 
1 lhis work was supponl"d in pan by National lnstilutes of Health Grant 
Al -26505, the Cons,tlho NacioNI de ~nvolvimento Cientifico e lKnológ· 
lco (CNPq. Brazill. and the ~nment oi Velerans Atfairs. 

these symptoms subside spontaneously. Most pnticnts thcn 
remain serologically positive, but asymptomatic. for thc 
rest of their lives. with nonnal physical. radiologic, and 
electrocardiographic charactcristics. Such patients are 
tenncd IND4 cases (I). Unfortunately, some patients 

1 Current address: Room 126, Bldg. -4, lPD, NIA.ID, NIH. Oethc:-sda, MO 
20892. 

1 AddreH correspondence and reprint requcSI! to Or. Daniel G. Colle y, PDO/ 
DPD/NCID/CDC; Bldg. 23. M>-F-13, -4770 Bulord Hwy, N.E., Atlanta. GA. 
30)41 . 

• Abbreviations us,td in this papE-r: IND, indeterminate; CARO, cardiac: H'l, 
~imastigote; NHu, normal human. 
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progress beyond the chronic JNO stage. and after a pro
longcd asymptomatic infection. develop chronic. aclive. 
fibro:.ing myocarditis (2) andare clas~ i fied as CARO pa
ticam based on eleclrOCardiographic and chest x-ray data 
( I). These opposite ends of the clinicai spcctrum of 
chronic Chagas' disease both occur in tlk relative absence 
of routincly dcmonstrable parasites in either the blood or 
tiS!>UCS (3). 

The pathog.enic mechanisms responsihle for the INO 10 
CARO transition are not understood. Both direct induction 
by a fcw parasites. and autoimmune phenomena have becn 
proposed to panicipate in this progression (4-7). There is 
a !>uggc~tion that polyclonal activat ion of the immune sys-
1 ~ 111 during the acute infection could lihcrate anti-self 
clones that would pcrsist for lon!! pcriods in the host (R). 

und thcre are multi pie cxamples of the prcsence of Ag that 
are sharcd or cross-reactive betwecn T. cru:i and host hean 
.and ncuronal tissuc (9- 13). 

In carlier studies. wc demonstrated that anti-ld T cells 
dcvc lop in chronic Chagas' patients. and thcse cells pro
li fc rate differcntially in vitro to anti-EPI antibodies immu
noaffinity-purified from the sera of pat ients with either thc 
IND or CARO foram of Chagas' discase ( 14. 15). The ld 
exprcsscd by anti-EPI antibodies purified from the scra of 
chronic CARO patient~ (ldC) werc inherently more stim
ulatory than those anti -EPI antibodics from sera of chronic 
INO patientc; (ld l) for T cclls of paticnt ~ with ei thcr INO or 
CARO disease. Recently. a difference in the recognition 
n:quirements for chronic chagasic anti- ld T cell responses 
10 ldC comparcd to ldl becamc evident ( 16. 17 ). Wc rc
poncd that in Chaga~· disease anti-ld T ccll stirnulation 
can procced via two distinct mechanism\. Stimulation of T 
cclb from INO patient~ rcquires processing and presenta
ti on of thc Ic.J exprcs5ed on anti-EPI antibodics. regardless 
of whcthcr the ld werc prepared from INO or CARO 
paticnt\. In contra~ !. stimulation of T cell!. from CARO 
paticnts requirc~ proce~sing and prcsentation only if the ld 
is from INO paticnts (Jdl ). but not i f the ld is from CARO 
paticam lldC). The la11cr system !CARO anti- ld T ccll<. 
plu~ ldC) procccds through an undcfim:d dircct stimul ation 
pathway ( 16 ). 

Our study funher defines differenccs in the ld cxpressed 
on the anti-EPI antibodies of INO vs CARO chaga~ic 
p:!ticnts by using anti- ld serology. In prcvious studies. 
Wc~tern blot anal~ se!. showed that immunoaffinity-puri
ficd anti-EPI antibodic~ from these two clinicai sourccs do 
not diffcr in their general recognition pallern~ of diffcrent 
EPI antigcns (14). Wc now show that when these antibody 
prcparations are made from either pooled or individual 
sera from INO vs CARO patients they do, however, differ 
in their abilities to react with, and compete in. various 
ld-spccific serologic assays. Funhem1ore. thesc serologic 
data irnply that in contras! to the predominao! ld from INO 
paticnts, the dominant Jd from most CARO patients are 
largely dependent on the tertiary confonnation of the Jg 

IOIOTYPIC OIHERENCES IN HUMAN CIIAGAS' DIS[ASf 

molccules. as was predicted based on thcir direct rccog· 

nition by nnti-ld T cells (18). 

Materiais and Methods 

Patients 

Ali chronic chaga~ic patients m Lhis study camc frorn 
endemic arcas in thc state of Minas Gerai s. Brazil. Thcy 
werc catcgorizcd as having eithcr chronic INO or CAR O 

Chagas' diseasc based on physical cxamination. chc!.t x
ray. and electrocardiography. Sera from ali of thcsc pa
ticnts were positivc in complement fixation and indircrt 

immunofluoresccncc assays for Chagas' di-;casc . Jnformcd 
con~c n t was 0htaincd hum ali paticnts hc lolt' thcir indu · 
sion in the study. 

Anti-EPI antibodies from CARO and IN D chagasic 
patients 

The soluhle EPI antigcnic prcparatiOil ). u~cd in this study 
wcrc obtaincd as dcscrihed previously ( 191. J 1ouled an ti · 
EPI antibodics werc immunoaffini ty purificd from pooktl 
sera of 17 or 12 CARO (ldC). or li or 12 IND (ldll 

patients. Indi vidual anti-EPI antibodic<. wcrc imnHmoaf. 
finity purificd fwm thc individual scra fwm patirnt~ "1th 
cithcr INO or CARJ) inlcrtion~ ( 10 CARD. H IN O!. lm
munoaffinity purilications were donc simil arly to tho-.c 
rcponed previouo;Jy (1 4- 171. Sera v. ere pa,~cd o,·cr an 

EPI-Sepharosc 4B (Sigma Chemical Co .. St Loui'. l\101 

FPLC column CHR 10110: Phannan;~ f-111e Chemir.1k p,,_ 
cataway. NJ ). and the clution of thc bou nd antibotlic!. wa' 
done with O. I M glycinc-HCI. pH 2.8. at a now ratc o f I A 

mUrnin. Purificd antihodies v. cre neutrali7cd. ,·acumn l ' \lll · 

ccntratcd. and thcir protcin content mea\ured ( Picrcc BC A 
Protein Assay Method: Picrce Chcmical C0 .. Rod.f(lftl. 
I L). Ba~ed on !>ilvcr-staincd samplc<. subJl'<:tcd w wc t 
SDS-PAGF analyl>i~. the~e prcpar.Hion~ appmxitnatnl 

10017r Jg (data not ~hown ). 

Preparation of anti-ld antisera 

Rahbit~ were immunizcd with 100 IJg of pooled anti -EPI 
antihodie~ (JdC or ldl l. The lg prcparation' wcrc fir~t 

administercd in Cf-A. anel each rabbi t was boostcd 2 and 4 
wk after primary injcction with 150 IJ{; of thc rcspcclivc lg 
pool in IFA. Antisera were obtained 2 wk aftcr thc last 
injection. Each antiscrum was precipitated at 45% (NHJ)-
2$04, dialyzcd against PBS. and absorbed 10 times with 
20 ml Scpharose 4B (Sigma) conjugatcd with 10 mg of 
NHulg (Sigma). The final unbound preparations werc 
tem1ed anti-ldl or ant i-JdC, depcnding on thc sourcc (IND 
or CARO patients) of the original immunizing anti-EPI 
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antibodies. Aliquots of anti-ldl and anti-ldC were biotiny
lated by adding NHS-LS-biotin (200 fJ& ) (Sigma) to 10 mg 
of nnti· ldl or anti-ldC, nnd incubating for 2 h on ice. The 

solutions wcre dialyz.ed against PBS. aliquoted and stored 
(-20°C). 

Anti-EPI ELISA 

EPI solutions (I 00 tJI} at I O tJg/ml in 0. 1 M carbonatc 
buffcr, pH 9.5. were put in wells of fl at-bottom lmmulon 
2 microtiter plates (Dynatech Laboratorics, Inc. Alexan
dria. VA) at 4°C, ovemight. Plates were washcd three 
times with PBS containing 0.05% Tween 20. and uncoatcd 
plastic sites werc blocked by 200 fJI of 2% BSA in PBS for 
2 h. at room tcmpcrature. Washed plates were incubated 
with serial dilutions of pooled or indi vidual anti-EPI im
munoaffinity-purified antibodies (ldl or ldC) in PBS
Twccn for I h. at room tempcraturc. and antibody binding 
to EPI dctectcd by rabbit anti-human lg-biotin conjugates 
(Sigma) (I h), extravidin-peroxidasc conjugatc (Sigma) 
(30 min ), and addition of 2,2 ' -azino-di-(3-ethylbenzthia
zoli nc sulfonate) substrate (Kirkcgaard & Perry Laborato
ric~. Gaithersburg, MD) ( 1 O min). The rcactions were 
stopped with 25 fJI of JO% SDS. and lhe absorbanccs 
measurcd on a microplate reader (Dynatech lnstruments, 
Inc .. Torrance, CA). 

Quantification of total lgG and lgM in anti-EPI 
samples 

Microtiter ELISA plates were sensi ti zed with 20 J,lg/ml of 
polyclonal rabbi t anti-hurnan Jg (S igma) in O. I M carbon
ate buffer, pH 9.5. at 4°C. ovemight. Plates were then 
washcd three ti mes with PBS/Tween and uncoated plastic 
sitcs wcre blockcd hy 200 tJI of 2'« BSA in PBS at room 
temperature for 2 h. ld samples (5. I O, and 20 tJg/ml) 
diluted in PBSffween were added to the wells and funher 
incub:ued for I h at room temperature. Hurnan JgG and 
lgM (Sigma) werc used to construct standard curves. 
Bound lgG or lgM was revealed using biotin labeled goat 
anti ·human y - or JJ-chains and extra\'idin-pcroxida~e con
jugate. ELISA plates were developed as described above. 
Thc concentration of lgG or lgM in each sample was 
deterrnined by extrapolation from the standard curves. 

Reduction and S-carboxymethylation of lg 

ld preparations and NHulg were reduced and S-carboxym
ethylated. Each samplc (500 j.Jg) was diluted in 6 M guani
dinium hydrochloride (2.5 ml) and dithiothreitol added to 
a final conccntration of 10 mM. Samples were incubated at 
37oc for 2 h and iodoacetatc added to a fi nal concentration 
of lO mM. Samples were lhen incubated atO to 4°C for 3 
h and extensively dialyzed against PBS. 

lbl J 

ELISA for detection o f anti-ld activity 

ELISA assays for detection of anti-ld activity in purified. 
biotinylated antibodies frorn anti-EPI immuni1.ed rabhits 
were esscntially done as described nbove for mcasuring 
anti-EPI acti vity. Poolcd anti -EPI antibodies (ldC and ldl) 
or NHulg (Sigma) were adsorbed on lrnmulon 2 rnicro
plates (3 tJg/ rnl, I 00 pl). The nbility o f the differcnt anti
anti-EPI antibodies (anti-ldC and anti-ldl) to rcact with 
complementary antibodies, but not NHulg was detected by 
incubating the Jd-coated plates with serial dilutions of 
anti-ldl or anti-ldC antibodies. 

Competitive ELISA 

The complementary systems (ldC/anti -ldC and ldllanti 
ldl) were used to construct ld/anti- ld competitive ELISA. 
Anti-ldC or anti-ldl was preincubated (2 h) at room tem
perature with increasing concentrations (0.32-15.0 pg/rnl) 
of complementary ld preparations (anti- ldCfldC and anti
ldllldl ). noncomplemcntary pooled ld prcparations (anti
ldC/Idl and anti -ldl/ldC). individual ld preparations 
(ldCI-IdCIO and ldl l -ldl8). or NHulg. ali in the reduccd 
or nonreduced form . The incubation rnixturcs were thcn 
addcd to ldC or ldl coated- plates and cvaluated for thc 
binding of the biotinylated complementary system. as de
scribed above. The perccnt inhibition was calculatcd as 
follows: 

% lnhibition = I 

OD in Jlrcsence of inhibitor - cOJ .trol OD 
- OD in absencc of inhibitor- control OD x 

100 

A pcrcent inhibition curve was gcnerated in each cxpcri
ment using a concentration CUT\'C for each potentially in
hibitory ld. The concentration of each ld preparation 
needed to achic"e a 501/c le\'el of inhibition in relationship 
to the complcmentary system was calculated by linear 
regression analysis. 

Western blot 

SDS-PAGE was pcrformcd under reduced anel nonreduced 
conditions. Samples {5 tJgllane o f NHig. ldCp I. or ldlp I) 
in 2'7c SDS and I Oo/c glycerol. with or without 21}( o f 
{3-mercaptoethanol. were electrophoresed in a 10'7c gel for 
I h. using the Mini Elcctrophoresis System (Bio-Rad Lab
oratories, Richrnond. CA). After electrophorcsis. clectro
blotting was done with nitrocellulose sandwiches. The im
munoblotted membranes were blocked for 2 h in PBS with 
0.05% Tween-20 and 3% nonfat dry milk. The nitrocellu
lose strips wcre then incubated for I h with 50 tJg/ml of 
biotin-labeled anti- ldlp l or anti-JdCpl, followcd by a I h 
incubation with an avidin-peroxidase conjugate. Each in
cubation was at room temperature with shaking and be
tween incubations lhe strips were washed fi ve times, 5 mio 

43 



1614 

10~-----------r----------~ 

ldlp1 / onti-Idlp1 
ldlp2/onti-ldlp2 

8 f-

ldCpt / onti -IdCpt 
Id Cp2/ anti- IdCp2 

6 -

o 4 ,_ 
10 

~ -

II 
~:~=::: ~::: :: 

-

-

~~~~::: :::::: 

7 
rm ··: .. :_ -

rr: :-:-:.; :.:!.J .• :.!.=~.i.~ n :·:·:-o~-~t?·~~~-M:~~~~:~~=~---L--~~~~~-~.~~L-~~ 
I p1 Cp1 lp2 Cp2 lpl Cp1 Ip2 Cp2 

ldiot ypes 
FIGURE 1. Compctitive ELISA assilys . lhe pooled ld (lp1, 
lp2, Cp 1, and Cp2l (3 IJg/miJ were used to coai ELISA platcs. 
lhe inhibitory abilities of each pooled ld in complcmentary 
or in noncomplementary ld/anti-ld S)'Stems were evaluated 
by incubating each one with biotin-labeled anti-ld prepara
tions at dilutions of 1/450. PE>rcent inhibition curves wPrt· 
generated of each inhibitor and an 50% levei of inhibition 
O ~ol was calculatM for each, as desc ribed in the text. The 
results in thr.> left pane/ are the inhibitions in two ci ifferent 
indeterminate systems: the left-hand pai r in the ldlp 1 /;mti· 
ldlr> 1 systern (ls0 of ld lp 1 O and Cp 1 Ot and the right-hand 
p.1ir in the ldlp21anti- ld lp2 system !lw of ld lp2 O and Cp2 
DL lhe nght pane/ shows the resu lts with two difíerent car
diilc systems: the right-hand pair in the ldCp1/anti ·ldCp1 
system ( 1 ~0 of idiotypes lp 1 O and Cp 1 OJ and the right-hand 
pair in the ldCp2/anti-ldCp2 (150 of idiotypes lp2 O and Cp2 
Ol. 

cach. with PBS-Twecn O.OS?r . Two NHig strips were in
cubated with goat anti-human Ig-peroxidase conjugate 
(Sigma) as reduced or nonreduccd lg controls. The reac
tions "crc de' eloped with 3-3 · -diaminobenzidibe and 
4-chloro- 1-naphthol. 

Resul ts 

Severa! specific rabbit <lnti-ld reagents demonstrate 
dist inct and shared ld expressed on anti-EPI 
antibodies (rom IND and CARD patients 

Rabbits were immunized with pooled anti-EPI antibodies 
frorn two diiTerent groups of INO patients (ldlp I or ldlp2) 
or two diiTerent groups of CARO pat ients (ldCp l or Jd
Cp2). After purification. NHulg absorptions and biotiny
lation. Lhe anti-Jd activities of these antisera were detcr
mined by homologous (complementary) (ldlp 1/anti-ldlp I. 
ldlp2/anti-ldlp2. JdCp l/anti-IdCp i . or JdCp2/anti-ldCp2) 
and anti-NHulg ELJ SA assays. The optimum point of 
complcmentary Jd/anti-Jd-specific reaction was deter-

IDIOlYPIC DlfFER~NCES IN HUMAN CHt\CAS' OIS[ AS[ 

2 :1 10 2:1 :10 100 2 ~ 10 2:) :10 100 

Jd c-ct<~lrolion (nl.l ) 

FIGURE 2. Competitive ELISA: t itration of the inhibitory 
abilities o f ldlp 1 (0l and ldCp 1 (• ) in the respective com· 
plementary and noncomplementary systems. Biotin·labelr cl 
anti-ldlpl and anti-ldCpl were preincubated with differrnt 
concentrations of ldlp l or ldCpl and the mixtures were 
added to, respectively, ldlp1- or ldCpl-coated plates. lhe 
concentrations (nM) of each inhibitor in the anti-ld solu tion~ 

were calculated considering the molecular mass of I~G moi· 
ecule as 1 50 kDa. 

mined for each reagent (data not shown). Dilution~ of 
pooled ld werc assayed for their ability to inhibi t the 
ldlpl/anti- ldlpl. ld lp2/anti-ldlp2. ldCpllanti -IdCpl. anu 
ldCp2/anti-ldCp2 ELISA systerns. The incubation of each 
anti- ld with increasing. concentrations of it~ corrcsp,,nd· 
ing. complcmentary ld always led to complete ( 1001; ;) 

inhibition of the reaction (data not shown). Compc titi\'e 
ELISA assays demonstrated some lc,·cl of scrolog ic h(l· 
molog y among ali anti -EPI antibodie~ from both Ci\ RD 

and IND patients. showing that each was able to compete. 
albeit at different levei s of efficiency. in each system (Fig . 
I). However. in each case. the correspondi ng. complcmen· 
tary pooled ld was the best compctilor. i.e .. they rcqui n'd 
lesser amounts to achievc an 1 ~0. Furthcmlorc. the ratio~ 

nccded differed grcat ly dcpcnding on whcther one tricu to 

inhihi t an !NO complementar)' systcn1 with CARO h.l ora 
CARO cornplemcntary systcm with an IND ld. Thus thc 
rmio~ betwecn the arnount of each ldC and its countcrpart 
ldlp to inhihit 50'1}- of the reaction in ldlp/anti·ldlp sy~· 
tems were minimal ( 1.6 for ldlpllanti·ldlpl and 1.7 f(lr 

ldlp2/anti- ldlp2). whereas rnuch higher ratios wcre re· 
quired to inhibit in the opposite dircction 17.9 for ldlpl in 
ldCpl/anti-IdCp l and 3.9 for ldlp2 in JdCp2/anti-ldCp2. 

respecti\'ely). In other words. in an IdC/anti-JdC system it 
required four- to eightfold as much ldlp as ldCp to reacl1 
the le\'el of 50% of inhibition. whereas less than twofold 
as much IdCp as ldlp was nceded to achieve 509'c inhibi· 
tion of an ldUanti-ldl competitivc ELISA. This sug.gem 
that anti-EPI antibodies from CARO patients share many 
Jd cxpressed on anti-EPI antibodies frmn lNO patien!l>. 
although anti-EPI antibodies from JND patients cxprcs~ 
considerably fewer of the ld that are charactcri~tics t '' 

CARO anti-EPI antibodies. An individual titration of thi~ 
situation using ldlp 1 and ldCp I is prescnted in Figure 2. 

... 
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hble 1 
Ch.lrJc: trrinrion of individu.1/ cardiac: and indrrrrmin.llr 
lc/111()'/)IC /)f('(I.H dlt0/1\ 

Anlo·[PI RNCi ivily• lsot~ Cha<~CI~•iuloon" 

ldoo1vpoc 
ld dolulton ll'l~.'mlt PlfJU•atoon 

'1\. lgG "• lgM 
:1.500 0.15() 

ldl1 0 .961 0 .30-1 75 10 
ldll 0 .644 0 .276 90 3 
ld iJ 0 .607 0 .243 86 3 
ló14 0 .706 0 .31& 73 2& 
ldiS 0 .787 0 .390 91 2 
lú17 0.674 O.JJJ 89 7 
ld18 0 .7 15 0 .323 98 2 

ldC 1 0.787 0.)04 88 3 
ldC2 0.702 0.377 82 8 
ldC3 0 .975 0 .366 9 7 2 
ldC4 o 6(l(J 0 .400 8fl 11 

lóCS 0&18 0 .332 98 1 
ldC& 0.75 5 0 .337 95 3 
IdO 0 .&54 0 .307 92 4 
rcttu 0 .681 0 .302 91 3 
ld(9 0 .748 0 .317 89 5 
lriC IO 0648 0 .316 90 b 

• [LISA pl.lles weor coau-d wilh EPI (lO vs.'mh. "asht'<.l. blo< k<-d and 
oncubaled " oth ondovidual ld p•rpa•ations from chJ~tH•C pati<·~t< o ( the ca•doac 
IC 1·C 101 and ondelt'rminatP (11·181 clonical forms Bound anlr-[PI acl" ri ) "a' 
dt•lt'(lt-d b) usmg goal anti-human biotonylau-d anltbodres. e•<~ra\'idrn·pe•o• · 
•da'>(', and ABlS. and lhe values art g"en as OD ai -405 nm. Replicate slud•t>s 
<onsrslen!l) l rrlded comparable dala 

'' ld P•eparal rons "l''t' •ncubalt-d on rabbil anl•·human lg·co.lled plate-s and 
dc,rloP<'(! '-' •Ih p.oal anlt·human lgG o• goal anlr·human lgM Human lgG a.-.d 
human lj.!M ISo~:ma) "~''~' ust>d 10 Rl'ne•ale slandard curvts. thr concrnlraloon 
''1 11tC o• I ~M on t·ach sample dr lermind based on 1hosr curves and lhe p<><cenl 
01 each calculalro 

ldiotrpic profiles of anti-EPI antibody preparations 
from individual IND and CARO patients 

To furthcr study the distribution of the ld expressed on 
anti-Ef>J antibodie~ purified from Chaga!'' patients with 
cithcr the INO or CARO clinicai fonm of infcction . anli· 
EPJ antihodies were purified from the sera of indi\'idual 
paticnt~ rather than from ser a first pooled (a~ abo"e) on the 
basis of the palicnt!;' clinicai form. The~e individual prep
aratiom C 10 of CARO; 8 of JNO) werc of the same purit~ 
U\ the pooled ld , based on si lver staining aftcr I OY'r SOS
PAGE. and their overall anti-EPI reacti\'itics and isotype 
Pattcms did not difter significantly (Tablc 1). 

Idlp21anti-ldlp2 and JdCp2/anti-JdCp2 ELISA assay!' 
wcrc used to analyze the inhibitory ability of these indi
\'idual ld (Fig. 3). In 8 of 10 persons tested with cardiac 
diseasc the idiotypic analysis was clearly different than in 
8 of 8 per!>ons tcsted with indeterminate fonn of the in
fcction. Ali eigh1 of the individual ldl preparations were 
highly comparable in their abilities to inhibit the ldUanti
ldJ system. On the average, more individual ldC was 
nceded to achieve )50 leveis in the IdUanti-ldl system. but 
2 of 10 of these CARO preparations were as efficient as 
IND preparations. The rnean )50 concentrations in the INO 
systcm were 2.04 ::!:: 0.30 ~glml for IND ld and 3.53 ::!:: 

0.99 ~g/ml for CARO Id (these means are signifi cantly 
different at the 0.05 levei). These values were very similar 
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FIGURE 3. Competirive ELISA assay was used to evaluate 
the ability of indeterminate individual ld (1-8, from rif:hl to 
IPft) and cardiac individual ld {1-1 O, from righr to left) to 
inhibit binding in ldlp2/anti-ldlp2 and ldCp2/anti·ldCp2 sys· 
tPms. Biotin-labeled anti-ldlp2 anti-ldCp2 were preincubJied 
with inrreasing concentrations oi ld (0.32-0. 15 pr/ml) .111d 
placed in, respectively, ldlp2 or ldCp2 -coJil•d lUSA plate~ . A 
50% levei of inhibition (1~0) was calculated lor each ~el as 
described in the text. lhe mean ls<> = SD conccntrations lor 
cach group are given in lhe bars with SD brachets. The mcan 
v<1lue for individual ldC samples does not include the data 
lrom outlier patients 5 or 6. 

to what was observed with the competitor poolcd ld (Fig. 
I). 

Figure 3 also prcscnts the data from thc rever:.~: situa

tion. where thcse individual ld prcparations were u~cd to 

inhibit the ldC/anti-ldC system. As with thc poolcd ld 

systems (Figs. I and 2). these assays usually present tht· 
reversc picture of the ldllanti- Jdl systcm. and furthcr in
dicate that most CARO patients havc anti-EPI ld prolik~ 

that are very similar to those of the pooled ldC. This i~ 
clearly not true for the Jd prolile expressed by thc anti 
hodies from ali CARO patients. in that CARO paticnt s 5 

and 6 did not express high leveis of what wc tcrm ldC, but 
rather express leveis (1 ~0 conccntrations of I 1.5 and 15.0 

p~/ml) normally associated with lt-:D paticnts. Thc clinicai 
data on these two patients díd not diffcr by any known 

parametcrs from the other cardiac paticnts and their "out· 

licr" status remains uncxplained. 

Reduction of antibodies defines distincl ld 
popu lations expressed by antibodies from either IND 
or CARO patients 

Westem blots using ldlpl /anti-Idlpl and ldCpl/anti
JdCp l systems were used for preliminary invcstigations of 
the conformational nature of Id expresscd on anti-EPI 

' nntibodies from CARO and IND chagasic patients. Figure 

4 shows that anti-ldlpl bound to both ldlpl and ldCp l 

under reduced and nonreduccd conditions. In contrast, 
whereas anti-ldCpl bound to both ldCp l and ldlp I under 

nonreduced conditions, it did not bind either idiotypic 
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FIGURE 4. Westcrn blot : samples of ldlpl Ud/J. ld(p l 

• UdCJ. and NHig (N/g) were electrophoresed in a 10% gPI 
under reduced and nonreduced conditions, electroblotterl to 
nitr ocellulose and reacted wi th biotin-labeled anti-ldlpl 
(a-/dl). 

preparation undcr reduced conditions (Fig. 5). This obscr
vation was further investigated in a more quantitative es
say. Data gencrated using anti-ldlp2 in direct ELISA sys
tems against both reduced ((r)ldlp2) anel nonreduced 
(idlp2) fonns, confinned that lhe Jds expressed on anti
EPI a.ntibodies from JND patients rernain la.rgely recog
niz.able after Ig reduction. i.e .. many of the idiotopes rcc
ognized by the anti- ldl reagent a.re resistant to thc cffects 
of rcduction (Table 11 ). Furthcrmore. as seen in Figure 6. in 
(r)ldlp2/anti-ldlp2 competitive ELISA. ldlp2 . and (r)ldlp2 
are equally effectively in thcir competition of the reaction 
of anti -ldlp2 10 the (r)ldlp2 . 1t thercforc appears thnt not 
only does reduction of Idl not destro)' thc rnajority of 
IN D-rclated ld. it also does not create newly exposed ld 
that a.re rccognized by these anti -Id reagents, which have 
led to more efficient inhibition. Upon calculation. the pop
ul ation of IND ld that is destroycd by reduction of lg 
rcprt·sc nts only 10 to 30Sé of thr total ldl dctectcd. In 
contrast. reduction of anti-EPI antibodirs from CARD pa
tients eliminates lhe ability of lheir predominant lds to be 
recogniz.ed by anti-ldC (Table 11). conftnning the Western 

blot studie!>. 
These findings of differential ldl vs JdC loss on reduc 

tion were also cxamined through lhe use of reciproca) 
compctitive ELISA systerns using Jdlp2/anti-ldlp2 and 
ldCp2/anti-ldCp2 (Fig. 7). Upon reduction IdCp2 shows a 
strong decrease (85%) in its levei o f inhibitory ability in 
thc CARO system. Thus, as in lhe direct recognition sys
tems above, the ldC/anti-ldC cornpetitive ELISA system 
shows that reduction of IdCp2 almost cornpletely abol
ishes its inhibitory capacity, emphasizing lhe possible irn-

IDIOTYPIC DIFFERENCES IN HUMANO tACAS' DIS[AS[ 

NON · REOUCEO REOUCEO 
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o· IC)'P o·ldC o-lg/P o·ldC 

FIGURE S. Western blot : samples o f ldCp 1 (ldCJ. ldl p 1 
(ldl), and NHig (N/gl wcrc electrophorcsed in a 1 0'}{, gel 
under reduced and nonrt>duced conditions. electroblottcd to 
nitrocellulose, and reacted with biotin-labeled anti-ldCp1 
(.1-/dCJ. Two NHig str ips werc dircctly incubated with anti· 
human lg-peroxidasc conjugate as reduccd or nonreduccd lg 
control. 

Tahlt' 11 
Allli·ld rt',lCiil' irics of rc'(}ucft} ,md nomc'Cluced fd• 

Ant i· ldlp2 D il ution1 
ld ld 

1/400 1/600 l/1 &00 1/400 1/600 1/ 1600 

ldlp2 0.4 1 O 0 .311 0.220 ldCp2 O -120 0.3:?0 O 213 
(r)ldlp2 0.320 0.280 0.140 (r )ldCp2 0.051 0.020 O 001\ 

• lUSA pl ate~ weu.• ex~Nl 10 red ucro Ur)ldlp] . (rlld( p2l. or nonrt'(lun'<J 
tldlp2 and ldCp2i ld o r Nl tulg () IJp/mh. waslwd. blod.t'<l. and onnrba rt•d ",,., 
H1C teasinf; dilu tions oi biotin. labelt-d anti· ld. Ant!-ld tCJct• vrly wa~ dt•tt·r ltxl hv 
using cx tr,)v idin·pCtO\idase conJugatc . Da ta are reponed as OD a t 405 nm tld 
reaC'ItOn· NHu lg reactronl. 

ponance of conformational ld in lhe over ali makeup of 
JdC. In parallcl with the findings based on dircct rccogni 
tion (Table 11 ). lhe competitive ELISA dalí.l indicate th:.ll 
about a third of thc inhibitory activity of ldl in the IND 
system is lost upon reduc: tion (Fig. 7 ). In thc samc cxpcr
iment. the reduced ld prepa.rations were also tested recip· 
rocally as inhibitors in the noncomplernentary ld/ant i-ld 
systems. When testcd in thc IND systcm, (r>ldC was sccn 
to have lost about 36'k of its inhibitory activity, which 
parallelcd the dcgree of loss suffercd by (rJ idl (32'/é ). A ~ 

heforc ldl i!i an incfficicnt inhibitor in tltc CARD sy~tcn1 
and what competitor capacity it has is decrcased about 
409'c upon reduction (Fig. 7 ). These results partially agrec 
with the Westem blot data, but they go further by provid
ing the quantitative data. Assembly and analysis of thcsc 
data dernonstrate lhat ldlp2 can inhibit 100% in both the 
ldlp2/anti-ldlp2 and the (r)ldlp2/anti-ldlp2 systems, and 
al so in Lhe (r)ldCp2/anti-ldCp2 systcm (data not shown). 
Yet it only competes to a maximum of 43% in lhe nonnal 
(nonreduced) ldCp2/anti-ldCp2 system. lt would seem 
there is a dominant population of ld in tl1e CARD poolthat 
is detennined by the original teniary confonnation of thc 
lg molecules, which is probably distinct frorn, or poorly 
expressed by, the antibody molecules in ll1e IND pool. 
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FIGURE 6. (r) ldlp2/anti-ldlp2 competitive ELISA. Wells of 
ELISA plates were coated with the reduced form of ldlp2 
((rJ/dfp2J. The inhibitory abilities of the reduced (Ü ) and 
nonreduced (• ) forms of ldlp2 were compared by preincu· 
bating them (0.32- 1 5.00 pglml) with anti-lcllp2 . The pt>rcent 
inhibition was calculated as described in the text. The cxper
iment presented is representat ive of multiple repetitions and 
simi lar results are obtaincd with two d iflerent sets of ld/ 

anti-ld combinations. 
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FIGURE 7. Comparative assays of the abil il\ of reduced (r) 
and nonreduced ld preparations to inhibit bindinf: in ld/ 
anti-ld competit ive ELISA assays. Biotin-labeled anti-ldlp2 
and anti-ldCp2 were preincubated with reduced or nonre
duced pooled lds (20 11gtm1J and allowed to react w ith ldlp2-
(/eft p ane/) or ldCp2- (right pane/) coated ELISA. plates. The 
percent inhibition was calculated as described in the text. 
The experiment presented is representative of multiple repe
titions. 

Discussion 

We have previously reported lhat anti-EPI antibodies pu
rified from lhe sera of JND patients differ from the anti

EPI antibodies purified from the sera of CARO patients. 

These differences have been both in the degree to which 
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lhey stimulate anti-ld T cells (14, 15) and the mechanisms 
by which they stimulate this lymphocyte prolifcration ( 16, 

17). Severa) different ldC prepnrations hnve bccn gener
ally more stimulatory for a given patients' PllMC than 
vnrious ldl prepnrntions, i.e., ldC usually slimulatcs t11c 
higher levei o f tritinted thymidine incorporation (14, I 5 ). 
Also. stirnulation of T cells from IND patients rcquircs 
processing nnd MHC prcsentation, regardless of whcthcr 
the source of the stimulating nnti-EPI antibodics was ílll 

IND or CARD patient. In contrast, stimulation of T cclls 
from CARO patients only rcquires processing and MHC 
presentation if the anti-EPI antibodies are from IND pa
tients. ldC prcparations are capablc of stimulating T cclls 
from CARO patients directly, without tl1e need for either 
processing o r prescntation (I 6, I 7). 

Our data confirm that idiotypically differcnt pattcms are 
cxpressed by anti-EPI antibodies frorn these two diffcrcnt 
clinicai sources, and tJ1e rcduction data. in particular. 
strengthen our interpretation of the previous studies on ld 
processing and presentation. Many of the distinctivc Jd 
expressed on ldC-bearing antibodies are dcstroyed by re 
duction and alkylation. although vcry fcw of thc lds cx
prcssed on ldl antibodies are altercd by this proccss. Thi s 
situat ion would be most likely to occur if JdC' ld are 
defined by conformational pattems of the antibod ics in
vol\'t'd. 

Colley and Howard ( I 8) and Colley (10) havc spccu
lated that this situation could providc an hypothetical basis 
for thc pathogenesis of Chagas' disease. This hypothcsi~ 
would still depend on autoimmunity for pathogcnesi~ . but 
the target of the response would be a gi"en sct of hh on a 
patients' own lg amllor B cclls rather than against cross
reactivc epitopes shared by lhe organism and the host. This 
theory could fit with those of Stewart ct ai. (21 ) and Vaz 
and Faria (22) that suggest that inadcquate imrnunologic 
connecti, ·ity could initiate pathologic autoimmune phe
nNnenn through pertubations of the dynamics of thc sclf
referring ld -anti-ld network. Such hypotheses are cur
rentl y purc speculation. and inadequate defin itive data 
exist to resolve this at this time. Furthennore. if true, they 
would not be mutually exclusive of other mcchani sm~ . 

Our data showing correlations between clinicai form 
nnd Jd cxpression could also be explained by a hypothcsis 
in which chronic infections in some paticnts would Jcad to 
a breakdown in self-tolerancc and autoirnmunity. In such a 
situation the new autoantibodies that would devclop in 
CARD paticnts would express the novel ldC Jd. Such 
ldC-exprcssing autoantibodies might be expectcd to havc 
specificity for both given parasite Ag and ccrtain host Ag. 
In one approach we have Jooked for such activity by a 
preliminary study using a range of concenlrations of bi
otinylated ldlp, ldCp, and NHig, tested by frozen-lissue 
immunohistochemistry on heart lissuc from a patient who 
died of chronic Chagas' disease and an acute T. cruzi
infected mousc. Ncithcr the ldlp nor the ldCp reacted with 
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thc human or mousc cardiac tissues, but both antibody 
prcparations wcrc positivc agrunst thc apparent T. cruzi 
organisms seen in the murinc heart . This is not ddinitive 

proof against thc possiblc prcscncc o f an autonntibody 
activity in ldC. but if such activitics exists they nppear not 
to he ngainst sclf or nltered-self epitopes tJ1at are exposed 
or preserved by snap-freezing and ncetone fixation. 

Thc sornewhat overlapping nature o f ld l and JdC ob
served in our study is most likely due to t.he sharing of 
many Jds among patients wilh different clinicai forrm. but 
a sharing that differs considerably in tenns of proportion
ality. Allhough Jdl contains rnany of those Jd observed in 
h!C, it contains much less of them than does ldC. Indi
vidual JdC preparations varied considcrably. in that 2 of lO 

studicd cases clearly containin!! many fewer JdC express
ing antibodies than did the other eight. Whethcr this mirn
ics or conclates with lhe spectrum of diseasc progression 
can not be dcte'rrnined based on the available clinicai data. 

Neither the origin nor the functio n of thc ld diffcrences 
dcfincd by the rabbit anti-ld reagents dcscribed in this 
study are as yet clarified . Ne\'ertheless. taken together with 
our earlicr findings on differences in the abilities of ldl and 
ldC to stimulatc patients' lymphocyte anti-Jd responses. it 
scems clear that such differenccs exist. and their cxistance 
gc nerally correlates well with the prcsence or absence of 
clinicai Chagas' disease. This provides an initial means of 
C\'a)uating differences between these indi viduai s on a mo

lecular levei. 
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ABSTRACT 

The innammatory infiltrates in the heart lesions of chronic chagasic cardiomyopathy are 

composed predominantly of small lymphocytes with admixed macrophagcs, plasma cclls 

and segmented Jeucocytes. The phenotypes of the lymphoid cclls in thesc infiltrates of 

hurnan Chagas' disease have not been previously detailed. Wc used a pane! of 

monoclonals and polyclonal antibodies to immunohistochcmically charactcrize thc 

inOammatory cells in frozen and fixed cardiac tissues from autopsicd patients with scvere 

chronic chagasic cardiomyopathy. In ali cases the innammatory lesions were dominatcd 

by CD8+ Jymphocytes, many of which expressed granzyme A. A fcw macrophagc-likc 

cells which expressed tumor necrosis factor-alpha were observed in cach case. Rclatively 

fcw NK cells or B lymphocytes were found in the lesions. Thesc findings in human 

chagasic Jesions are compatible with concepts that involve cytolysis and fibrosis, and some 

ncw experimental findings that emphasize potential roles for cos+ cells in Chagas' 

discase. 



53 

Chagas' disease, caused by the intracellular protozoan parasite Trypanosoma cruzi, afTccts 

over 16-18 million people in South and Central America with rare sporadic cases in USA 

and Canada.\ 1-3/ Most of the rnorbidity and mortality in patients with chronic Chagas' 

disease is secondary to an inflarnmatory cardiomyopathy with attendant arrhythmias, 

conduction defects, congestive heart failure and/or thromboernbolic events.\4,5/ These 

complications are thought to be directly related to death in about 15-20% of thc infcctcd 

individuals.\5/ 

Thc inflammatory lesions classically dcscribed in the hcarts of individuais dying of 

chagasic cardiopathy are cornposed predominantly of small lymphocytes with admixed 

plasma cells, eosinophils, mast cells and macrophages, and are associated with rnyoccllular 

destruction and fibrosis.\4, 6-8/ AJI arcas o f the heart, including the conduction pathways, 

can be involved.\5/ AJthough severa! autopsy series have described the light rnicroscopic 

and ultra-structural features of human Chagas' disease,\6- 8/ further phcnotypic and 

functional characterization of the cells in the heart lesions are needed to gain a ucttt.:r 

understanding of this pathological condition. 

By using imrnunohistochernical techniques with a wide variety o f phenotypic markers we 

have studicd the lesions in six hearts of autopsied patients with chronic Chagas discase. 

The inllarnmatory infiltrates are cornposed predominantly of T cells, with few B cells and 

macrophages. The great majority of lymphocytes expresscd the CD8 cell-surfacc marker. 

In conjunction with the findings of Higuchi\9/ these data providc the first indications of a 

major role for CD8+ cells in human Chagas' disease. Most of the infiltrating cells in thc 

heart lesions were shown to express granzyme A and a few in each lesion expressed tumor 

necrosis factor alpha (TNF-alpha). These two molecules are known to be involved in 

cytolytic, cell destructive events. These findings provide initial insights into potential 
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eytotoxie meehanisms involved in heart lesion formation in ehronie Chagas' discasc. 

MATERIAL AND METHODS 

Patients and samples: 

Myocardial tissue samples werc obtained from 6 patients with Chagas' diseasc autopsicd 

at Faculdade de Medicina do Triângulo Mineiro, Uberaba, Minas Gerais, Brazil. Informed 

consent from family members was obtained prior to tissue proeurcmcnt. Thc scrologic 

diagnosis of 7: cruzi infection was based on standard clinicai laboratory complcmcnt 

fixation, hcmagglutination and immunofluorescence tests, using serum and/or pcricardial 

fluid . AJI of these patients had major, severc complications of chronic chagasic 

cardiomyopathy (Table I). five of them died from chagasic cardiomyopathy, whilc the 

dcath o f the sixth (case # 12), who suffered from scvere congestive failure due to chronic 

ehagasic cardiomyopathy, was more directly attributable to alcoholie livcr discasc. Tissuc 

samples (I em x 1 em x 4 em) were collected frorn 3 different arcas o f each heart including 

thc superior intcrventricular septum, the periapical left ventricule and the left ventricular 

free wall. Half of each specimen was processed in 10% neutra! buffered formaldchydc 

solution and embedded in paraflin. Another portion was snap-frozen in liquid nitrogcn 

and stored at -70\o/C. Beth frozen and paraffin-embedded samples were seetioned at 5 

~m. stained with hematoxylin-eosin and myocardial areas showing cellular infiltration on 

light microscopy were chosen for immunohistochemical staining. 

Primmy antibodies: 

The monoclonal and polyclonal antibodies used for primary rcagents in this study are 

listed in Table 2. Immunophenotyping on paraffin-embedded heart tissues was pcrformed 

using mouse monoclonal antibodies for LCNCD45, UCHL-l/CD45RO, L26/CD20, 

KP1 /CD68 (Dako Corporation, Carpinteria, CA), Leu7/CD57 or rabbit polyclonal for 
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lgG, IgM, IgA, kappa and lambda chains (Becton- Dickcnson, Mountainvicw, CA). 

Studies on frozen sections were done using mouse monoclonals including antibodics to 

CD2, CD3 (Dako); CD4, CD8 (Becton-Dickson); TNF-alpha (Boehringer Mannheim 

Corporation. Indianapolis, IN); and a rat monoclonal antibody to Granzyme A (T cell 

Diagnostics, Cambridge, MA). Mouse IgG (Sigma Chemical Company, St. Louis, MO) 

and rat IgM (Accurate Chernical & Scientific Corporation, Westbury, NY) were uscd as 

negative primary antibody controls. 

lmmunohistochemistry on paraffin-embedded hearttissues: 

Paraffin-embedded heart tissues from ali 6 autopsied patients were used for this study. 

Five micron sections were deparaffinized through xylene and graded alcohols and then 

incubated in I% hydrogen peroxide 30% in absolute methanol for 30 min to inhibit 

endogenous peroxidase activity. After rehydration in Tris buffer saline solution pH 7.2 

(TBS), the slides were incubated with 2% normal swine serum (NSS) (Sigma) in TBS for 

15 min and, subsequently with primary antibodies {Table 2) for 1 hr, followed by a second 

step incubation with peroxidase-conjugated rabbit anti- mouse antibodies (DAKO) for 45 

min. Between incubations the slides were washed in TBS for 15 min. For IgG, IgM, IgA, 

kappa and lambda, the immunoperoxidase P AP technique was used. After rehydration in 

phosphate buffer saline solution pH 7.2 (PBS), the slides were incubated with 1 O% NSS in 

PBS for 1 O min. The primary antisera were diluted in I% NSS in 0.4% Triton X-1 00 in 

PBS and Ioaded on the si ides overnight. The secondary antibody swine anti-rabbit (Dako) 

in 1 O% NSS was incubated for 30 min, followed by the conjugated rabbit peroxidase- anti

peroxidase (DAKO) in 1% NSS for 30 min. In each case peroxidase activity was 

demonstrated by incubation with 3-3'-diaminobenzidine (Sigma) and hydrogen pcroxide 

for 1 O min. Slides were counterstained with Gill's hematoxylin (Sigma), dehydrated in 

graded alcohols and mounted in synthetic mounting media. 
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lmmunohistoc.:hcm i.wy on.fro:elt scct ions: 

Frozen hcart tissues from 5 autopsied paticnts wcrc used in thcsc studies. Fivc micron 

scctions were fixed in acetonc for I O min. incubatcd with primary antibody appropriatcly 

diluted in PBS-BSA 2%, and then sequentially with peroxidasc-conjugated rabbi t anti

mouse IgG (Dako) I :40 or peroxidase-rabbit anti-rat immunoglobulin (Dako) 1:40. 

Incubations were of I hr each and between incubations thc slidcs wcre washcd with PBS 

for 3 min. Additionally, frozcn lymph node tissucs frorn two of thc autopsicd paticnts 

wcrc also proccsscd as describcd above 

Expression of TNF-alpha was invcstigated 111 thcse 5 frozcn hcart ti ssues usrng an 

cxtravidinlbiotin kit (Sigma). SI ides were incubated overnight with anti-TNF-alpha 

ant ibody (Boehringcr-Mannheirn) diluted in PBS-BSA 2%. Thc ll'íll·tions werc dcvclopetl 

with 3-3' -diaminobenzidine (Sigma) and hydrogen pcroxidc for I O min, anel cnhanced 

with cooper sulfate 0.5% for 5 min Nuclear counterstaining was ohtained with Maycr's 

llematoxylin (Sigma). 

A .\ .\CSSIIh' lll o.f rt!sults: 

Appropriate negative and positive control slides wcre run for each case. These controls 

werc available from non-chagasic cases previously characterized by immunolristochcmistry 

or flow cytometry in the Irnrnunopathology Scrvice, Vanderbilt Universi ry Hospital. 

Enumeration o f cells was done by light microscopy under oi I ( I 000 '\ o1 iginal 

magnification). A minimum of I 00 mononuclear cells (lymphoc) te!'> and 

macrophages/monocytes) on a single slide were counted per patient. For anti-TNI7-;dpha 

and anti-C068+ cells stained sections at least 300 cells per slide wcre counted. Thl fi l'lds 

selected for study contained inflammatory infiltrates, each with a miuirnum of25 cclls 
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RESULTS 

Fibrosis associated with a heavy inflammatory infiltrate was obscrved in ali 6 cases 

studied. Table 3 shows the results of thc charactcrization of inflammatory ct:lls in 

paraflin-crnbedded heart tissues for the following phcnotypcs: pan-lcucocytc 

(LCNCD45), T lymphocyte (UCHL1/CD45RO), B lymphocyte (L26/CD20, IgG, IgM, 

IgA, kappa and lambda chains), NK cells (CD57) and macrophage (KP l/C068). In each 

case there was a clear predominance of CD45RO+ T lymphocytes (67 - 80%). with few B 

cells (2- 8%) and macrophages (< 1-8%). A few cells resembling plasma cclls, that staincd 

with antibodies to lgG, IgM, IgA, anti-kappa or lambda chains wcrc observcd in C\"CI) ' 

case. and were prominent in case #21. Antibody against the NK markcr, C057/Leu7, 

stained from < 1 to 7% o f the total cells in the inflammatory infiltratcs (Tablc J ). 

Frozcn section studies showed that most of the cells in the inflammatory inliltrates of 

heartlesions expressed CD2 and CD3 Pan T cclls markers. Figures I and 2 show that thc 

great majority of T cells bore the CD8 marker while only a small percentagc of l cclls 

stained with anti-CD4. The dominance of cos+ T cells was obscrved in C\'Cr:> case 

(Table 4). The mean ± SD of the CD4:CD8 ratio within these lesions was 0.36 ± 0.03 . 

Concomítant studies of lymph nades from two of thcsc patícnts showt:d a no11nal CD-1 aml 

CD8 distribution with predominance of CD4+ lymphocytcs (1\ut. 116, CD4/CIJ8 = I. 7; 

Aut. #12, CD4/CD8 = 2.0). 

When frozen sections were stained with a monoclonal antíbody rcactive wíth granzyme 

A (Figure 3), a large number of positive cells (38-68%) were noted in the inflammat ol)' 

infiltrates. lt seems likely that most granzyme A+ cells are CD8+ lyrnphocytes. Although 

therc is no direct evidence for this allegation, in every case the percentagc o f granzyme A+ 

cells was always higher ( 1.6-2. 7 fold) than the percentage o f CD4+ lymphocytcs. Thc 

percentage of granzyme A+ cells closely paralleled the percentage o f c os+ cell s in most 

cases. 
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Cells cxpressing TNF-alpha, most of which had the morphology of macrophagcs. wcrc 

present in every case (Figure 4). The percentage of TNF-alpha+ cclls rangcd fro111 2.6 to 

8. 1%. 



Case No 

6 

7 

lO 

12 

15 

21 

TABLE I 

Study group 

Major clinicai pathologic diagnoscs 

CCC\*1 with congestive heart failure 

CCC\*1 with sudden death 

CCC\*1 wi th congcstive heart failure 

EtOH cirrhosis, CCC\*/ with congcstive hcart failurc and pneumonia 

CCC\*1 with congcstivc hcart failurc and megncolon 

CCC\*1 with cerebrovascular accidcnt and acutc pyeloncphritis 

\*ICCC : chronic chagasic cardiornyopathy 

59 
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TABLE2 

Primmy antibodies utili:ed iuthis study 

Antibody Main reactive population Working 

spccificity dilution 

CD45 (LCA) majority o f allleucocytcs 1:10 

CD45RO (UCHL I) T cells (act ivated/mcmory) I :40 

CD20 (L26) B cells I : 100 

lgG B cells I :2000 

lgM B cells 1:2000 

lgA B cells 1:2000 

k light chain B cells 1: 2000 

light chain B cells 1.2000 

CD68 (KP I) macrophages/monocytes I :<tO 

CD3 T cells I :40 

CD2 T cell s, NK cells I :30 

CD4 T helpcr/inducer, macrophages/monocytes pre-dilutcd 

CD8 supressor I cytotoxic T lymphocyte prc-dilutcd 

CDS7 (Leu7) NK cells pe-diluted 

Granzyme A cytotoxic T cclls 1. 20 

TNF-alpha activated macrophages 1:40 
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TABLEJ 

Characteri:ation o f inflammmmy cells in formalin-fixed parajfin-embeddcd hean tissues · 

Percentage o f positive cells 

CD.t5 CD.t5RO CD57 CD68 CD2U 

Case No (LCA) (UCHLI) (Lcu7) (KP I) (L26) 
kappa larnbda 

chain chain 
lgG lgM lgA 

6 89% 80% 2% < I% .t% < I% < I% < I% < I% < I 

7 87% 75% 1% 7% 6% .t% 2% .t% 3% 

10 92% 77% <1% 2% 2% 3% 3% 3% 1% < I 

12 92% 67% 5% 3% 8% 5% 2% 6% < I% 3 

15 85% 67% 7% 8% 3% 4% 2% 2% < 1% 3 

21 9-t% 72% 3% 6% .t% 7% .t% 6% 1% 2 
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TABLE4 

Characterizalion o f injlammaiOIJ' cells in frozen heart tissues 

Percentage o f positive cells 

Case No CDJ CD2 CD4 CD8 Granzymc A TNf-alpha 

6 76% 65% 24% 70% 39% 2.6% 

lO 87% 87% 25% 69% 52% 5.0% 

12 84% 88% 25% 68% 68% 2.6% 

I 5 64% 58% 21% 64% 38% 8. 1% 

21 70% 67% 28% 68% 65% 5.1% 



FIGURES J--1: Immunoperoxidase stained sections of cardiac inflammatory inliltrates 

with antibodies to CD4 (Figure 1 - upper lejr) , CD8 (Figure 2- upper right), granzymc A 

(Figure 3 - /ower left) and TNF-alpha (Figure -1 - lower righr) . (Maycr's hematoxylin 

counterstained, x 600). 
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DISCUSSION 

Our study shows that the dominant cell type in the inflammatory lcsions of human 

chronic chagasiG cardiomyopathy is a T lymphocyte cxprcssing thc CD8 ccll surfacc

marker. In a similar, concurrent study Higuchi\9/ has found vcry similar rcsu lts. Wc havc 

observcd that the vast majority of the cos+ T cells in our study appcar to bc CD3+ anti 

do not e.xprcss CD57/Lcu7, suggesting that thcy are T cclls and not NK cells. 

In addition we found that a sizable numbcr (38-68%) of thcsc cclls in the chronic 

chagasic cardiomyopathy infrltnlles exprcss granzymc A Prcvious studics by ot hcrs havc 

dcrnonstratcd the usefulncss of this rnolecule as a markcr for cytolytic lymphocytc 

rcsponses in l'ivo. \ 10-1 3/ Granzyme A is a scrinc csterasc found in thc granules o f 

activated killer cclls and abscnt in resting T lymphocytcs.\ 14/ lt has bccn proposcd that 

rclcascd granzymc A rnay induce endonuclcolytic degradat ion of targct ccll DNA and may 

havc proteolytic activity on endothelial-derived extraccllular mat rix protcins contri bu ting 

to the migration o f lymphocytes in to tissues.\ 15/ Thcrcfore, the demonstration o f 

granzyme A+ Jymphocytes in lhe hca rt lesions o f chronic chngasic cnrdiomyopa t hy 

provides strong C\'idence for the involvement of cytotoxic cvcnts in myocardial tissuc 

damage. This concept agrees with previous experimental studies lin vitrol which demon

stratcd thc cytotoxic interaction of 7: cnd-sensitized lymphocytes with parasitized and 

non-parasitized hea r1 cclls from mice and rabbits\ 16, I 7/ anel also with human hcart 

cells.\ 1 8/ 

Cog+ T cells have classically been associated with viral infections, but in some cases 

intracellular bacteria\1 9,20/ or protozoa\2 I -231 have also been shown to induce specifrc 

Cog+ T cells. It is well to remember that 7: cru=i actually replicares intraccllularly in the 

cytoplasm of infected cells, and thus might be expected to be ablc to havc some of its 

antigenic epitopes expressed in relationship to Class I MHC molcculcs.\24,2/ Rccent jin 

si tul studies indicated that cos+ cells predominare in the acute chagasic heart lcsions in 
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rats\26/ and mice\27/. Still other findings in experimental modcls suggcst a major role: for 

CD4+ T cells in pathogcncsis during thc chronic 7: cru:i infcction.\28-30/ Thus, thc 

rclative contribution of CD4+ and cos+ T cclls in the dcvclopmcnt of experimental 

chagasic cardiomyopathy is still open to question. 

Our data do not address the question of whcthcr thc CD8+ cclls SCCil in sevcrc human 

chronic chagasic cardiomyopathy are mounting a specific anti -7: cru:i rcsponsc, or an 

autoimmune response, or whcthcr their activation has occurred locally or in a rcmotc 

lymphoid organ followed by recruitment to this si te. The prescnce o f thc intact parasite in 

chronic lesions is still argucd.\6,7,3 1/ In this regard we havc recently providcd cvidcncc 

by PCR amplification that a 7: cm:i-specific rcpctitive DNA scqucncc is consistcntly 

found in ali inflammatory lesions examined from paticnts with chronic chagasic 

cardiornyopathy.\32/ 

Another significant obscr'\'ation in our study is that cells with thc morphology of 

macrophages in hurnan chronic chagasic cardiomyopathy lesions cxpress TNf-alpha. 

TNF-alpha is not only a marker of cytolytic events, but has wide ranging cflccts, including 

ccll protcction and the promotion of ccll diffcrcntiation.\33,34/ The association of TNf-'

alpha with the pathology of some parasitic discasc.\35-38/ and its dircct involvcmcnt in thc 

process of fibrosis and thrornboembolic events,\34/ makcs the dcmonstration of TNF

alpha+ cells in heart lesions of chronic chagasic cardiomyopathy, worthy of note in thc 

study of this chronic pathology. TNf-'-alpha has becn also reportcd to bc important in thc 

up-rcgulation of the expression of adhesion molcculcs such as ICAM-1 .\34.39/ lf this 

occurs in chagasic heart ti ssucs, it would providc a mcchanism for thc localization or 

inflammatory cells, which could then contribute to thc amplification anel maintcnancc of 

thcse Jesions. Further study o f thc roles o f the adhcsion moleculcs in thc pathogcncsis o f 

thcse lesions is indicated. 

Our studies show that CD8+ lymphocytes expressing granzyme A and cells cxpressing 

TNF-alpha are present in the lcsions of chronic human Chagas' diseasc. Thcsc findings 
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st rongly support a role for cytotoxic immune mcchanisms in thc devclopmcnt of thc hcart 

lcsion in this chronic pathology. Thesc data addrcss thc encctor functions rcsponsiblc for 

lcsion formation, but do not address the target of such cytotoxicity. Jt rcmains fully 

possible that these cytotoxic activities are being mountcd ci ther aga inst thc parasite and/or 

in an autoimmune manner. further studies on TCR rcpcrtoirc usage and dcfinit ion of thc 

T cell speci ficities involved wi ll be necessary to addrcss thcsc qucstions dircctly. 
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ABSTRACT 

We have pre,·íously reported that heart lesíons in patícnts with chronic cardiac Chagas' 

disease are composcd predominantly of granzymc A+, cytolytic CD8+ T lymphocytes. Wc 

now pursue this study in the immunopathology of chronic chagasic cardiomyopa thy. by 

invcstigation of the expression of HLA antigens, and adhcsion molccules in the hcart s o f 7 

chagasic patients wíth cardiac di scase. 2 asymptornatic chagasic paticnts and 7 normal 

controls. Comparative imrnunohistochemical analyses show that HLA ABC ant igcn 

expression is up-regulated on the myocardial cells of chagasic paticnts with chronic 

cardiomyopathy, suggesti ng a possible role for thcse ccll s as targets for the CD8+ cytolytic 

lymphocytes dominant in these lesions. HLA DR antigcns are not observcd on myocardial 

ccll s, but is consistently up-regulated on the endothcli al cell s in the hcart s of paticnts with 

chronic chagasic cardiomyopathy. ICAI\1 is cxprcsscd by cnclothclial ccll s of both d tagasic 

and non-chagasic individuais, but ELAM was detected only on vcsscls of heart s fro 111 

chagasic pat ients who had chronic cardiomyopathy. Most of the lymphocytes in thcsc 

lesions express LF A- 1. CD44 anel VLA-4. anel a fcw display weak cxprcssion o f L f A-3 . 

Wc propose that the expression of these adhesion molccules anel MHC antigcns by 

cndothclial cells. myocardial cells and lymphoid cells in these lesions contribu tc to thc 

pat hogenesis o f chronic chaga si c cardiomyopat hy. 



75 

Chagas' disease is causcd by TrJ1Janoso11!a cru=i an intraccllular hcmoflagclatc 

protozoa.\1/ Following acute infection rnost paticnts enter thc so callcd indctcrminatc 

phase, which oflens prescnts only only serologic cvidcnce of infcction. Aflcr a long 

asyrnptomatic period o f up to 20 years o r more. 15-20% o f patients devclop clinicai cardiac 

disca se that is usually fatal. \2,3/ The histopathology o f chronic chagasic myocarditis 

shows a predominantly mononuclear cell infiltratc closcly associated with damagcd cardiac 

fibcrs .\4,5/ The composition of the inflammatory infiltratc has reccntly becn charactcrizcd 

immunohistochemically as containing predominantly granzymc A+. CD8+ T cclls, some 

C04+ cells. admixed with a few macrophages which exprcss TNF-alphaa.\6/ Granzymc A 

is a serine esterase known to be involved in cytolytic mechanisms.\7/ Thcse findings 

suggest a mechanjsm for myocardial destruction involving ccll rncdiatcd cytotoxicity. 

Given the essential role of J ILA molecules in antigen prcscmation\8/ and thc pivotal 

in1por1ance of cell adhcsion molecules in the rcgulation of lymphocytc traOicking,\9/ wc 

dccided to immunohistochemically examine the cxprcssion of I ILA antigcns anel selcctcd 

adhesion molecules and their Jigands in the hearts of patients wirh chronic chagasic 

cardiomyopathy. 

MATER1ALS ANO METIIODS 

Patiem population and tissue col/ection: 

Specimens of heart tissues were obtained by autopsy at faculdade de Medicina do 

Triângulo Mineiro, Uberaba, Brazil, with the consent of family members. Thc diagnosis of 

Chagas' disease was based on both clinjcal history and confirmatory positivc scrologic 

testing by complement fixation, hernagglutination and imrnunofluoresccncc tests on scrum 

and/or pcricardial fluid . In this study we used tissue frorn 9 seropositive cases, ali of whom 

have been reported previously.\6, 10/ Seven patients ((cases #4 (51 years old, fcmalc), #6 

(38 ycars old, mate), #7 (24 years old, male), #lO (47 ycars old, male), #12 (40 ycars old, 



76 

mal e), #15 ( 45 years old, mal e) and #21 (38 ycars old, mal c) j had se vere cornplications o f 

chronic chagasic cardiomyopathy with congestive heart failure in 4 (cases f/6, f/1 o. 111 2 and 

# 15 ), arrhythrnias in 2 (cases #4 and #7) and an cmbolic cerebrovascular accidcnl in 1 (case 

#21 ). Six of these 7 died from chagasic cardiomyopathy, while thc death of the sevcnth 

(case # 12), who did suffer from severe chronic cardiomyopathy, was primarily attributed to 

alcoholic liver disease. Two of the 9 seropositivc cases [cases #18 (63 ycars old, fcmale), 

and #20 (79 years old, female)] did not have clinicai findings attributablc to chronic 

chagasic cardiomyopathy and were thus classified as indctcrminatc paticnts. Onc of thcm 

(case# 18) had heart disease with a prosthetic aortic valve. lhe contra i group consisted o f 7 

seronegative non-chagasic individuais [cases 11 I (25 ycars old. mal e). 115 ( 44 ycars old, 

female), #8 (33 years old, rnale), #9 (30 years old, male), #16 (60 ycars old , rnalc), 11 19 (50 

years old. female), #22 ( 49 years old, female). These individuais did not prescnt any clinicai 

o r hi stopathologic features o f Chagas' disease. 

Heart tissues from the cardiac apex, left ventricular frcc wall. and intcrvcnt ricular scplum 

wcre rapidly frozen in liquid nitrogen and stored at -70\o/C. Ali autopsy specimcns were 

sectioned and stained with hernatoxylin-cosin staining. 

lmmuJwhisiOchemistry: 

1nvestigation o f expression of monomorphic portions of human MHC class I (11LA ABC) 

antigens and adhesion molecules were carried out using an indirect immunopcroxidase 

procedure. Briefly, 5 J.lfll cryostat serial sections wcre cut. dried, acctonc fixcd, and 

incubatcd with one of scveral primary mouse monoclonal antibodics (Tablc 1) for 90 

minutes. The second step consisted of incubation with peroxidase-conjugatcd rabbit anti

mousc immunoglobulin (Dako Corporation, Carpinteria, CA) for one hour. Thc cnzyrnc 

activity was developed using 3-3'-diaminobenzidine (Sigma Chemical Company, St. Louis, 

MO). Sections were counterstained with Mayer's hematoxylin (Sigma). Negativc controls 

were perfonned by substituting normal mouse immunoglobulin (Sigma) for thc primary 



77 

antibody. MHC class Jl (HLA DR) expression in thc hcart tissucs was invcstigatcd using 

an avidin-biotin peroxidasc system. Frozen sections were treated with biotin-labclcd mousc 

anti-monomorphic human HLA DR monoclonal (Oako) and incubatcd with avidin-pcroxi

dase complex (Sigma). The reactions were devclopcd with diaminobenzidinc and thc slidcs 

were counterstained with Mayer's hematoxylin (Sigma). 

The rcactivity of the various monoclonals was graded by the intensity of rcaction visiblc. 

A value o f 3 denotes intense reaction easily seen at 40x, whilc a scorc o f 2 indica teu that in

tcnse staining was only observed at I OOx and a valuc of 1 means positivity apprcciatcd only 

at 400x. Each specirnen was scored individually by two observers unawarc of thc origin of 

the tissue, and the arithmetic mean value was calculated. Positive contrai slides wcrc run 

for each case These contrais consisted of tissues from non-chagasic cases in which thc 

exprcssion of HLA antigcns and adhesion molecules havc been previosly wcll cha ractcri z.cd. 

RESULTS 

Expres.'iion of A1HC antigens: 

Sixtecn autopsy heart ti ssues (9 from autopsied patients with positivc scrology for 

Chagas' disease and 7 frorn non-chagasic contrais) wcre examined for the Ml IC antigens 

expression. Moderate HLA ABC staining was observcd on endothelial cells in ti ssues from 

both. chagasic and non-chagasic individuais (Figures I and 2). Myocardial cclls of non

chagasic patients did not express detectable HLA ABC antigens on thcir surfacc (f-igure 1 ). 

except one case (case #9). in which weak expression (grading score = 0.5) of this antigcn 

was obscrved. In the 2 patients with positive serology for Chagas' diseasc but no 

symptomatology o f chagasic cardiomyopathy (lndeterminate cases: # 18, and 1120) class 1 

antigcn expression on myocytes was likcwisc not observed (Table 2). In contrast, 6 of 7 

patients with chronic chagasic cardiomyopathy expressed HLA ABC on thcir myocardial 

cclls, with grading scores ranging from 1.5 to 3.0 (Figure 2, Tablc 2). This occured 
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primarily in arcas which contained inflammatory foci . 

The staining for Class li antigens (HLA DR) expression in thc cardiac tissue of chagasic 

and non-chagasic patients is summarized in Table 3. HLA DR was always dctcctcd 011 

endothelial cells of small and Jarge vesscls of both chagasic and non-chagasic tissucs. 

However, in specimens frorn individuais wi th chronic chagasic cardyorniopathy I !LA DR 

was strongly expressed on both small and large vessels. whilc in most non-chagasic paticnts 

it was only faintly observed (Figures 3 and 4). The grading scores for srnall vesscls wcrc 

0.5- 1.0 in control cases, and 2.0-3.0 in patients wi th chronic chagasic cardiomyopathy. For 

largc vessels the grading scores were 0.5- 1.5 (except for case #5) in control cases and 2.5-

3 .O in patients with Chagas' disease. Two indetenninatc cases wcre examined and onc of 

thern (case # 18) also had aortic valvular disease attributable to causes other than Chagas' 

disease. Both indeterrninate cases prcsented up-rcgulation of llLA DR cxpression 0 11 br gc 

vessels but only one (case # 18) showed strong staining on small vessels (Tablc 3). HLA 

DR expression was not detccted on myocytes of any o f the cases cxarnincd (Figures 3 and 

4). 

i'..).:pression of aJhesion mo/ccules: 

Antibodies against two adhesion moleculcs. ELAM ( endothelial lcukocytc adhcsion 

molecule) and ICAM-1 (intercellular adhesion molecule), staincd endothelial cclls. ICAM-1 

was detected to varying degrees on ali tissues exarnined, without any obvious diOcrcncc 

bctween chagasic and non-chagasic cases (Table 4). In samples from chagasic individuais. 

strong expression of ICA.M-1 was also evident on lymphocytes in inflamatory infiltrares 

(data not shown). Weak expression of ELAM was observed on the cndothclial ccll s ofboth 

small and large vessels of chagasic patients with cardiac disease, prcfcrentially in arcas with 

inflammation, but it was absent from tissues of most control and the two indetcrminatc 

cases (Table 4, Figures 5 and 6). 



The vast majority o f lymphocytes in thc chronic chagasic hcart lesions stongly cxprcsscd 

both CD I I a and CD I 8 chains o f Lymphocyte Function Antigcn- I (LF A-1) (Figure 7 ). 

Most ofthe lymphocytes in thesc inflammatory infiltrates strongly expressccl also CDtl4 

(lymphocyte homing receptor) (Figure 8) and moderately expressed Ycry Late Ant igcn-4 

(VLA-4) (CD29 I CD49d) (Figure 9). In contras!, only a few cclls in these lesions 

expressed LFA-3, and they did so weakly (not shown). Expression ofCD44 was also 

obscrvecl on endothelial cells o f chagasic (Figure 8) anel non- chagas i c individua is (not 

shown). 
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TABLE I 

Mouse anti-lwman monoclonal antibodies 

Spccificity Commercial Origin Dilution 

IILA ABC Dakopatts I :50 

I iLA DR - biotin Becton-Dickinson I: 100 

ICAM- I (CD54) Becton-Dickinson 1:50 

ELAM Becton-Dickinson I :25 

CD44 Janssen Biochimica I :50 

LFAJ (CDJ 8) Janssen Biochimica I :25 

Lf' A l-alfa (CO li a) Dakopatts 1:20 

Lf' A3 (CD58) Becton-Dickinson I :50 

YLA-4 Upstate Biotechnology 1:20 



TABLE2 

Histologic grading of injlammation\111 and HLA ABC\ •; expression by myoc:ardial 

cel/s on hearltissucs of patients with Chagas' disease 

Clinicai 

Form 

lndeterminate 

Cardiac 

Case No 

18 

20 

4 

6 

7 

lO 

12 

15 

21 

Inflarnmation 

0.5 

0.0 

0.5 

2.5 

2.0 

2.0 

3.0 

3.0 

1.5 

HLA ABC exprcssion 

on rnyocardial cclls 

0.0 

0.0 

0.0 

3.0 

1.5 

2.0 

3.0 

3.0 

2.0 

\#/Focus o f inflammation was defined as previouslly described\6/ 

\*/Histologic grading ofHLA ABC expression was performed as described in thc 

Matherial and Methods. 

Bl 



TABLE 3 

HLA -DR expression on hearttissues 

Histologic grading score\ *I 

Clinicai Fom1 Case No Small vesscls Large vessels 

Non-chagasic 01 1.0 0.5 

05 0.5 3.0 

08 0.5 1.5 

09 0.5 0.5 

16 1.0 1.5 

19 0.5 0.5 

22 1.0 0.5 

lndeterminate 18 2.0 2.5 

20 1.0 2.5 

Cardiac 04 2.0 2.5 

06 3.0 3.0 

07 2.5 2.5 

lO 2.5 2.5 

12 2.5 3.0 

15 2.5 3.0 

21 2.5 3.0 

\*/Histologic grading was performed as des- cribed in the Materiais 

and Methods. 
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TABLE4 

ICAM and ELAM expression on hearllissues 

Histologic grading scorc\*/ 

Clinicai Fom1 Case No Small vessels Large vcsscls 

ICAM ELAM ICAM ELAM 

Non-chagasic OI 2.0 0.5 3.0 0.5 

05 3.0 0.0 2.0 0.0 

08 2.0 0.0 1.5 0.0 

09 1.0 0.5 2.5 0.5 

16 1.5 0.0 1.0 0.0 

19 2.0 0.0 1.0 0.0 

22 2.0 0.0 2.0 0.0 

Indeterminate 18 1.0 0.0 1.0 0.0 

20 2.0 0.0 1.5 0.0 

Cardiac 04 3.0 0.5 3.0 0.5 

06 2.5 0.5 2.0 0.5 

07 2.0 1.0 2.5 1.0 

lO 2.0 1.0 2.0 I. O 

12 2.0 1.5 2.0 1.5 

15 2.5 1.5 2.5 1.5 

21 3.0 1.0 3.0 1.0 

\*/Histologic grading was performed as described in the Materiais and Mcthods. 



FIGURES J-4 : Immunoperoxidase stained sections ofhuman heãrts stained with antib 

to MHC antigens. !Figure 11 (upper lefl, non-chagasic individual) and !Figure 21 (upper right , 

cardiac chagasic patient) were reacted with an antibody to HLA ABC. (x400). !Figure 31 

(lower left, non-chagasic individual) and jFigure 41 (lower right, chagasic patient) wcre 

reacted with an antibody to HLA DR. (x600) (Mayer's hernatoxylin countcrstained). 
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FIGURES 5-91: Jmmunoperoxidase staincd sections ofhuman hcarts staincd with anribodics 

to ELAM !(Figure 5 - upper left. chagasic paticnt - and figure 6 - lower lcft, non-chagasic 

individual)! (x600). Jmmunoperoxidase stained scctions o f human heart ti ssues from cardiac 

chagasic patients stained with antibodics to LFA- l I( figure 7, uppcr right)l; CD44 !(figure 8, 

middle right)l; and VLA-4 !(Figure 9, lower right)l. (x600, Mayer's hcmatoxylin). 
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DJSCUSSJON 

In agreement with other studies\ li /, 12/ we havc dcmonstratcd that normal hurnnn cardiac 

rnyocardial cells express low o r no detectable leveis o f Class f MJ IC (J ILA ABC) nnt igcns 

and do not express Class II MHC (HLA DR) antigcns. This is also truc for paticnts who 

are serologically positive for infection with 7: cruzi but are asyrnptomatic. In corllrast. 

myocardial cell s in 6 of7 patients with chronic chagasic cardiomyoopathy rcactcd strongly 

with antibody against HLA ABC. Thus, this study providcs thc first cviclcncc that chro nic 

chagasic cardiomyopathy is associated with up-regulation of class 1 MIIC antigc11 

Cxpression by myocardial cells. In light of ou r prcvious studics showing thc dominancc o f 

CD8+, granzyme A+ lymphocytes in these chagasic hcart lcsions,\6/ the currcnt study 

would support the hypothesis that cardiac myocytes cxprcssing high leveis o f Class 1 

antigcns, and perhaps exogcnous or endogenous antigcn pcptidcs, could bc ta rgcts fc>r 

cytotoxic T lymphocytes. This could contributc to thc myocardial damagc obscrvcd in 

chronic chagasic cardiomyopathy. 

lncreased expression of MHC class I antigens by myocardial cclls has bccn dcrnonstrmcd 

in human tissues undergoing allografl rejection, \ I l -1 5/ certain vira I discascs\ 16, 171 and 

Othcr inOammatory states.\ 18/ Jt is possible· that ?iJ jHmosoma cru:i infccting thc cardiac 

rnyocytcs would induce MHC class I up-regulation in thcsc cclls. similar to that sccm in 

some viral infections. We have previouly presented evidence for 7: cru:i DNA scqucnccs 

Within thcse inOammatory Jcsions.\ 10/ Considcring thc fact that the levei of fi LA AIJC 

cxprcssion on myocardial cells was correlated with thc prcscnce of infla rnmatOI)' infiltratl's. 

it could also be possible that the acti vated lymphocytes and monocytes might play an 

important role in the induction o f class I antigen exprcssion by thcsc cells. This would bc in 

agrccmcnt with the demonstration that Class I ant igcn can bc up-regulatcd /in vitroj in 

human cardiac myocytes by cytokines such as IFN- gamma, I L- l, IL-4 and TNF-alpha \ 19/ 

Wc have previously identified cells expressing TNF-alpha in heart tissues from paticnts wi th 
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chronic chagasic cardiomyopathy,\6/ but our studies can not resolve thc question of causc

and-cffect relationships in this setting. 

Wc did not dctect HLA DR expression on myocardial cells of eithcr chagasic or non

chagasic patients, but we did observe its prcscnce on the endothclial cells of ali tissues 

cxamined. It was most strongly and consistently exprcssed on small and largc vcsscls of 

tissues from patients with chronic chagasic cardiomyopathy. Only a few HLA DR+ 

macrophages and scarce HLA DR+ lymphoid cclls were observcd in the chagasic hcart 

lcsions. It has been shown that lfN-gamma treated human endothclial cells acquirc thc 

capacity to present antigens to T cells in culture, leading to effcctivc T ccll 

activation.\20.21/ Other studies also suggest that cndothelial cells can prcscnt alloantigcns 

to circulating T cells in the transplantation setting, thereby initiating rcjection rcactions.\22/ 

Although these proposed antigen-presenting functions of endothclial cclls have not yct bccn 

establishcd jin vivoj,\22/ our data showing the up-rcgulation of llLA DR on endothcliurn 

and the scarcity of HLA DR+ lymphocytes or macrophages, raisc thc possibility that 

cndothelial cells in the hearts of chagasic patients could be the primary antigen-prcscnting 

cell to those CD4+ helper T cells that arrive at these sitcs of inflammation. 

Endothelial cells can also participate in inflammatory processes by rccruiting lymphocytcs 

into inflammatory sites independent of specific antigen. This proccss is thought to involvc 

rccognition by lymphoc)1es of adhesion molecules on vessel endothelial cells at sitcs of 

inflammation.\22/ We examined the endothelial cells in cardiac tissucs of chagasic and 110 11_ 

chagasic patients for the expression of se\'eral adhcsion molecules including ICAM- 1 and 

ELAM. JCAM-1 expression is widely distributed and may be prcsent or induced on almost 

ali cell types.\23/ ELAM is expressed primarily by lL-1 or TNF-treated endothelial cclls, 

but not by resting endothelial cells.\24,25/ Other authors had prcviously reported thc 

expression of ICAM- 1 by endothelial cells in hcarts of normal individuals.\26/ Our rcsults 

confirmed this observation and in addition showed that ICAM-1 is also consistcntly 

expressed by endothelial cells in the hearts of chagasic patients. In contrast, ELAM was not 
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dctccted on the heart tissues of non-chagasic or asymptornatic chagasic paticnts, but was 

consistcntly. albcit wcakly, expressed by the small vesscl endothelial cclls in paticnts with 

chronic chagasic cardiomyopathy. As already mcntioned, in thesc samc tissucs wc had 

previously demontrated the prescnce of some cells producing TNF-alpha,\6/ and this rnight 

expia in the presence o f ELAM+ endothelial cells. 

Adhesion molecule ligands were studied on lymphocytes. LFA-1. VLA-4, and CD44 

mcdiatc the adhesion of lymphocytes to endotlJclium activatcd by inflanunatory 

cytokines\22.27/ and are therefore considered to be important in thc localization and 

infiltration o f cells in to sites o f inflammation. We observed that most o f thc infiltrating cclls 

in inflarnmatory lesions expressed LF A-1, VLA-4, and CD44 and a fcw wcakly cxprcss 

LFA-3 . LFA-1 is the ligand for ICAM-1 and VLA-4 is the ligand for fibroncctin or VCAM 

(vascular adhesion molecule).\28/ CD44 has been shown to be a ligand for thc cxtraccllular 

matrix constituent hyaluronic acid\29,30/ and may, in addition, have binding spccificity for 

collagen and fibronectin.\9,31/ CD44 may therefore be important also for adhcsion to, or 

migration through, the extracellular matrix in these tissues.\30/ Thus, it is likcly that the 

expression of CD44, VLA-4 and LFA-1 by the lymphocytes in thc hcart lcsions of paticnts 

with chronic chagasic cardyornyopathy contributes to the progression of thc local 

inflamrnatory reaction. 

In previous studies we have demonstrated thc persistancc of IJNA scqucnccs of 

7iypanosoma cru:i in heart tissues of autopsied patients who died of chronic chagasic 

cardiomyopathy and had cardiac inflammation. We subsequently showcd that thcsc inflam

matory infiltrates were composed predominantly of granzyme A+ cytotoxic CD8+ T cclls. 

This study describes the distribution of HLA antigens and adhesion molcculcs in thcsc 

tissues. Up-regulation of HLA class I molecules on myocardial cells may bc important in 

thcir becoming targets for cell mediated cytotoxicity. Expression of ELMJ and up

regulation of HLA DR antigens on endothelial cells may facilitate recruitment of antigcn

specific and nonspecific cells to inflammatory sites. The expression of the ccll surfacc 
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adhesion molccules LF A-1 , CD44 and VLA-4 by inflammatory lymphoid cells may bc o f 

pathogenetic significancc in cell interact ions leading to cardiac injury. Thesc studics cxtcml 

earlier observations and point to new avenues for continuing investigation into thc 

pathogcnesis of inflammation in cardiac chagasic diseasc. 
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