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ABSTRACT

The immune response during early human Trypanosoma cruzi infection is not completely
understood, despite its role in driving the development of distinct clinical manifestations of
chronic infection. Herein we report the results of a descriptive flow cytometric
immunophenotyping investigation to determine the impact of Bz-treatment on major and
minor peripheral blood leukocyte subpopulations in 7. cruzi-infected children, characterizing
the early stages of the indeterminate clinical form of Chagas’ disease (E-IND). Firstly, we
characterized the E-IND immune profile and compared with non infected children (NI). Our
results indicated significant alterations in E-IND when compared with NI, including increased
values of pre-NK cells, and higher values of pro-inflammatory monocytes. The higher values
of activated B lymphocytes contrasted with impaired T cell activation and the cytokine
secretion; a decreased frequency of regulatory cells was also observed. These findings
reinforce the hypothesis that simultaneous activation of innate and adaptive immunity
mechanisms in addition to modulation of T cell immune response occur during early events of
Chagas’ disease. Furthermore, we favour the hypothesis that T-cell-mediated immunity,
during the early indeterminate clinical form, may represent a phenomenon restricted to the
cardiac and lymph node compartments, not detectable in the peripheral blood. Besides
establishing the immune profile for E-IND, we evaluated the impact of Bz-treatment on the
circulating leukocytes during the early-indeterminate Chagas’ disease. Our results
demonstrated that Bz-treatment led to higher activation status of circulating monocytes but
negatively correlated with the number of IL-12°CD14" cells. Moreover, Bz-treatment
triggered high frequency of circulating pre-NK cells, besides outstanding activation status of
CD16" cells, correlated with a type-1 modulated cytokine pattern. Additionally, Bz-treatment
induced substantial T and B-cell activation status associated with an overall IL-10 modulated
type-1 cytokine profile. Taken together, these findings add new concepts in the context of
immune activation status following the etiological treatment of Chagas disease suggesting that
more than increased number of activated leukocytes in the peripheral blood, Bz-treatment
may also involves a qualitative change in their functional capacity that guide their activation
state toward a modulated cytokine profile that may count for the benefits of etiological

treatment of Chagas disease.
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RESUMO

A resposta imunolégica durante a infec¢do recente pelo Trypanosoma cruzi ndo esta
completamente entendida, apesar do seu papel no direcionamento do desenvolvimento das
manifestagdes clinicas da infecgdo cronica e do sucesso terapéutico. Nesse trabalho
reportamos os resultados de uma investigagdo imunofenotipica por citometria de fluxo para
determinar o impacto do tratamento com benzonidazol nas subpopulagdes leucocitarias de
criancas infectadas pelo 7. cruzi, caracterizando os estagios iniciais da forma clinica
indeterminada da doenca de Chagas (E-IND). Primeiramente, caracterizamos o perfil imune
do grupo E-IND e comparamos com o grupo das criangas ndo infectadas (NI). Nossos
resultados indicaram alteragdes significativas em E-IND quando comparado com NI,
incluindo valores aumentados de células pré-NK e monocitos pro-inflamatorios. Os valores
elevados de células B ativadas contrastaram com a deficiéncia na ativagdo de células T e na
secrecdo de citocinas; uma queda na frequéncia de células reguladoras também foi observada.
Esses achados reforcam a hipdtese que a ativagdo simultdnea dos mecanismos da imunidade
inata e adaptativa associados com uma modulacdo na resposta imune de células T ocorrem
durante os eventos iniciais da doenca de Chagas. Além disso, nossos dados contribuem para a
hipotese de que a imunidade mediada por células T, durante a forma clinica indeterminada
recente, possa representar um fendmeno restrito ao compartimento cardiaco e linfonodos, ndo
detectados no sangue periférico. Apos o estabelecimetno do perfil imune do E-IND,
avaliamos o impacto do tratamento com benzonidazol nos leucocitos circulantes durante a
doenca de chagas indeterminada recente. Nossos resultados demonstraram que o tratamento
com benzonidazol levou a um padrdo ativado de mondcitos circulantes, mas correlacionado
negativamente como o nimero de células CD14'IL-12". O tratamento com benzonidazol
também induziu aumento na frequéncia de células pré-NK circulantes, assim como uma
grande ativagdo das células CD16", correlacionada com um padrio de citocinas do tipo 1
modulado. Adicionalmente, o tratamento com benzonidazol induziu um estatus de ativagdo
substancial para as células T e B associado com um perfil do tipo 1 global, modulado por IL-
10. Nossos dados em conjunto adicionam nova concepgao no contexto da ativagdo imune
apos o tratamento etioldgico da doenca de Chagas, sugerindo que mais do que um aumento no
numero de leucocitos ativados no sangue periférico, o tratamento com benzonidazol pode
também levar a mudancas qualitativas na capacidade funcional que guia o seu estatus ativado
para um perfil de citocinas modulado que pode contribuir com beneficios para o tratamento

etiologico da doenca de Chagas.



1. INTRODUCAO



1.1. Epidemiologia

A Tripanossomiase Americana ou doenca de Chagas, descoberta em 1909 por
Ribeiro Justiniano das Chagas (Chagas, 1909), ¢ uma zoonose causada pelo hemoflagelado
Trypanosoma cruzi, pertencente a ordem Kinetoplastida e a familia Tripanosomatidae.
Segundo a Organizacdo Mundial de Satde, a doenca de Chagas representa um importante
problema de saude publica, sendo o quarto maior de impacto social entre todas as doengas
infecciosas e parasitarias prevalentes na América Latina, estando distribuida desde o sul dos
Estados Unidos até o sul da Argentina, afetando cerca de 13 milhdes de individuos e com uma
incidéncia de 200 mil novos casos por ano (WHO, 2003).

No Brasil, a prevaléncia da doenca de Chagas humana abrange uma area de trés
milhdes de quilometros quadrados, desde o Maranhdo até o Rio Grande do Sul. Sado cerca de
2.450 municipios, envolvendo uma populagdo de mais de 28 milhdes de pessoas expostas ao
risco de contamina¢do e uma populacdo de aproximadamente cinco milhdes de individuos
infectados (DIAS et al. 1997).

Em outros paises da América do Sul, como a Bolivia, observam-se indices mais
elevados da doenga. Segundo Valencia et al., at¢ 1990, 1,1 a 1,8 milhdes de pessoas
residentes na Bolivia poderiam estar infectadas com o 7. cruzi, o que corresponderia a 15% da
populagao total do pais, com o surgimento anual de mais de 85 mil novos casos (VALENCIA
et al., 1990).

A infeccdo chagasica ¢ classicamente considerada como sendo de area rural.
Entretanto, o panorama atual mostra um aumento dos casos de infeccdo chagasica também
nos grandes centros urbanos, podendo estar relacionado a dois principais fatores: (1) a
migracdo de pessoas contaminadas com o 7. cruzi das areas rurais para as cidades, com o

conseqiiente aumento do percentual de portadores da doenga em areas ndo endémicas; (2) o



transporte do vetor junto aos pertences pessoais, durante o éxodo, favorecendo a formacgéo de
um ciclo urbano, uma vez que o vetor ¢ capaz de se adaptar a novos ambientes (CARRASCO
et al., 1990, DIAS 2007).

A principal forma de controle da doenca faz-se através de agdes de combate quimico
sistematico aos insetos vetores e ou melhorias habitacionais, complementadas por rigorosa
selecdo de doadores de sangue. No final do ultimo século, ficou comprovado que medidas
sistematicas de controle e vigilancia epidemiologica, em areas endémicas, podem levar a
eliminagdo da maioria das populagdes de vetores domésticos, contribuindo para a interrupgao
da transmissdo da doenga. O impacto social do controle da doenca pode agora ser
demonstrado pela redugdo ou até mesmo o desaparecimento de casos agudos e de novas
infeccoes em individuos mais jovens (DIAS et al., 2002). Apesar do progresso das ultimas
décadas, em algumas areas endémicas, a transmissdo vetorial da doenca de Chagas ainda
permanece, principalmente onde a vigilancia epidemioldgica e o controle da doenca sdo
incipientes. O estado de Minas Gerais, que desde a descoberta da doenga, tornou-se
importante centro de investigagdes sobre a doenca de Chagas, teve como cenario o
desaparecimento do vetor Triatoma infestans e a ndo documentacdo de individuos menores de
dez anos infectados pelo 7. cruzi. Entretanto, com a descontinuidade dos programas de
vigilancia epidemioldgica, estudos atuais vém constatando o ressurgimento de novos casos de
infeccdo pelo 7. cruzi em criangas com idade inferior a 10 anos. Estes dados chamam a
atencdo para a importancia de se adotar medidas de vigilancia e controle vetorial sistémicas.
Além disso, ¢ importante salientar que ndo basta somente o controle do surgimento de novos
casos da doenca. No Brasil, sdo cerca de 5 milhdes de individuos infectados que
correspondem a um sobrecarga para os orgdos de satde publica e de previdéncia social, uma
vez que a enfermidade ameaca e acomete basicamente as regides pobres do pais, priorizando

populacdes de baixa expressdo politica, socialmente excluidas, de origem rural e pouco



letradas (DIAS, 2007). Por tudo isso, a ateng¢do aos individuos infectados pelo T. cruzi
geralmente pressupdem uma agdo de Estado, o que gera clara dependéncia de politicas
publicas conseqiientes e continuadas, a fim de minimizar os efeitos deletérios da doenca

1.2. Ciclo Evolutivo

O ciclo evolutivo do 7. cruzi inicia-se no hospedeiro invertebrado quando a forma
tripomastigota sanguinea ¢ ingerida pelo triatomineo no momento do seu repasto sangiiineo.
No trato digestério, as formas tripomastigotas transformam-se em epimastigotas que se
multiplicam por fissdo binaria e se diferenciam em formas tripomastigotas metaciclicas, na
porg¢do posterior do tubo digestivo. Estas formas, quando eliminadas junto as fezes e urina,
infectam o hospedeiro vertebrado através de mucosas integras ou lesdes de continuidade na
pele. Subseqiientemente, os tripomastigotas penetram por endocitose tanto nas células
fagocitarias quanto nas ndo fagocitarias e completam o seu ciclo biolégico. Em seguida,
modificam-se em amastigotas, que conseguem escapar do vacuolo parasitéfago, para o
citoplasma das células hospedeiras. Apds cerca de 35 horas, inicia-se um processo de divisao
binaria que pode durar varios dias, dependendo da caracteristica da cepa de 7. cruzi e da
célula parasitada. Em torno de cinco dias, inicia-se um processo no qual as formas
amastigotas se transformam em tripomastigotas e rompem a célula hospedeira, podendo
infectar novas células ou permanecer na corrente sangiiinea, e iniciam novo ciclo biologico,
quando ingeridas pelo vetor (Figura 1) (BRENER et al., 1973; GARCIA et al., 1991).

Outros mecanismos de transmissdo, alternativos ao vetorial, tém sido descritos e
incluem a transfusdo sanguinea, a transmissao congénita, transplante de 6rgdos e acidentes
laboratoriais (DIAS et al., 2000), com grande importincia epidemioldgica a transmissdo
através da transfusdo sanguinea, pois possibilita a disseminacdo da doenga nos centros
urbanos (WENDEL, 1997). Hoje, no Brasil, estima-se que cerca de 70% dos individuos

portadores da doenca de Chagas vivam no espaco urbano, propor¢do esta que ¢ menor para



outros paises como Bolivia e Paraguai. Em areas de grande endemicidade, como a Bolivia, a
transmissdo congénita atinge importancia na saude publica, pois os indices de contaminagao
chegam a 80% em areas rurais. Estudos sobre a prevaléncia da infec¢do chagésica em
gestantes e a incidéncia da transmiss@o nas Américas do Sul e Central, demonstram haver
grandes variagdes regionais. No Brasil a transmissdo congénita atinge 1,6% dos casos de

criangas infectadas na cidade de Salvador-BA (AZOGUE et al., 1985; BITTENCOURT et al.,

1985).
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Figura 1: Ciclo Biologico do Trypanosoma cruzi

1.3. Patologia da infeccio chagasica



Logo apds a infecgdo, surge a fase aguda, de curta duragdo, seguida pela fase cronica
da doenga, que permanece por toda a vida do individuo. O T. cruzi pode indicar seu ponto de
entrada no corpo humano através do surgimento de lesdo inflamatoria, o chagoma de
inoculacdo — formacdo cutinea ligeiramente saliente, arredondada, eritematosa, de
consisténcia firme, com alguns centimetros de didmetro e geralmente indolor. Quando a porta
de entrada se d4 na regido ocular, forma-se o sinal de Romafia — edema bipalpebral unilateral
e indolor considerado, por muito tempo, como caracteristico da doenca de Chagas. A fase
aguda ¢ marcada por alteracdes teciduais degenerativas e inflamatdrias focais, devidas a
intensa multiplicacdo local do parasita (LARANIJA, 1953). Manifestagdes sistémicas, como
febre, mal estar, astenia, edema subcutaneo, linfadenomegalia, esplenomegalia ¢
hepatomegalia, sdo também observadas. Em cerca de 90% dos casos, as manifestacdes
clinicas duram algumas semanas ou meses, regredindo espontancamente. Nos demais
pacientes, alteracdes cardiacas ou esofagianas podem permanecer além deste prazo e levar ao
obito. Em alguns casos, a fase aguda pode ainda apresentar-se assintomatica (DUTRA et al.,
2005).

A evolucdo da fase aguda para a fase cronica é acompanhada pelo gradativo
desaparecimento das manifestacdes clinicas e diminuicdo da parasitemia. Acredita-se que
alteracdes na fase cronica sejam conseqii€éncias de mecanismos multifatoriais relacionados
tanto ao parasita quanto ao hospedeiro vertebrado, assim como a fatores s6cio-econdmicos.
Dentre os fatores relacionados ao parasita, a variabilidade das cepas, o tropismo, a
antigenicidade e o tamanho do indculo sao aspectos relevantes (FRANCO et al., 2003; VAGO
et al., 2000). Quanto ao hospedeiro, ¢ importante ressaltar a faixa etdria, o sexo e
especialmente as caracteristicas imunologicas e genéticas. Em relagdo aos fatores socio-

econOmicos, destacam-se 0s aspectos nutricionais, uma vez que alguns micronutrientes



ingeridos parecem estar relacionados a quadros clinicos especificos (DE SOUZA et al., 2003;
RIVERA et al., 2002; ARANTES et al., 2007).

A maioria dos que entram na fase cronica permanecem assintomaticos, € a doenca ¢
detectada somente por exames laboratorias. Esses pacientes sdo classificados como
indeterminados, a presenca da doenca e confirmada através da positividade de pelo menos
dois testes soroldgicos especificos, porque os pacientes ndo apresentam sintoma ou sinal
especifico da doenga de Chagas. Segundo critério adotado pela organizacdo mundial de saude,
os pacientes portadores da forma cronica indeterminada também apresentam exames de
eletrocardiograma, raio X de térax, esdfago e colon normais (WHO, 2002). Um percentual
significativo do individuos infectados desenvolverdo sintomas clinicos ou apresentar
alteracdes em exames laboratorias (por exemplo, aumento nos niveis de hormdnio
natriurético) e ou de imagens (mudangas no ecocardiograma) avaliados. Alguns pacientes
chagasicos podem apresentar-se com probroblemas digestivos, relacionados com a destruicao
da rede neuronal mioentérica, mais frequente no es6fago e no intestino grosso
(MENEGHELLI, 2004). Estes problemas frequentemente relacionados com a motilidade e
disfuncdo digestiva e, em casos extremos, pode levar a morte. Entre 20% e 30% dos pacientes
cronicamente infectados desenvolve a forma clinica cardiaca da doenca de Chagas, que pode
variar de grau moderado de alteracdes da fung@o do coracao (detectado somente através do
uso de métodos laboratorias sensiveis) a grave da doenga. Os casos mais graves com alter¢ao
na condutividade de impulsos nervosos, os quais podem estar associados com falha na
contatibilidade do musculo estriado cardiaco, levam a cardiomiopatia chagasica cronica e uma
alta taxa de mortalidade (ROCHA et al., 2003). A classificacdo clinical publicada
recentemente (ROCHA et al., 2003) estd baseada na avaliagdo das funcdes do coragdo
utilizando técnicas bem padronizadas (ecocardiograma e radiografia) e mais sensiveis

(“Doppler” eletrocardiografia, Holter 24-horas e testes ergométricos). Outra classificacdo



frequentemente empregada ¢ aquela sugerida pela Organizagdo Mundial de Saude que ¢
baseada na presenga e gravidade de sintomas, e ndo pelo emprego de metodologias refinadas.
Apesar de sua grande aplicabilidade na classificagdo para estudos epidemioldgicos, muitos
pacientes que apresentam exames normais monstram alteracdo cardiacas por métodos mais
sensiveis (PEREZ et al 2003).

Os danos do tecido cardiaco foram investigados por muitos anos sem sucesso, uma vez
que o reduzido ntimero de parasitas nas fibras cardiacas ndo poderia ser responsavel pelo
surgimento dos focos inflamatérios (GOGHER & GAZZINELLI, 2004). Essas observagdes
levaram a proposi¢cdo de fendmenos de auto-agressdo com destrui¢do de células normais,
possivelmente por uma reacdo cruzada entre antigenos do 7. cruzi e as fibras cardiacas. Esta
hipotese foi reforgcada pela presenga de anticorpos capazes de interagir com endocardio, vasos
e intersticio e também pela presenca de linfocitos incrustados nas células do musculo
cardiaco, produzindo lise celular nos individuos com cardiomiopatia chagasica (REIS et al.,
1993). Com os avangos nas técnicas de biologia molecular, tornou-se possivel a identificagao
de fragmentos de DNA de T. cruzi em tecido cardiaco dos cardiopatas chagasicos cronicos
(JONES et al., 1993; HIGUCHI, 1995), demonstrando assim uma correlagdo positiva entre o
numero de parasitos e a severidade da doenga.

Grande parte das manifestagoes clinicas no hospedeiro deve-se a resposta imune
dirigida contra o parasita. No homem, bem como em modelos experimentais, a infec¢ao pelo
T. cruzi mobiliza diferentes compartimentos do sistema imune, levando ao aparecimento de
respostas humorais e celulares especificas contra o parasita (BRENER & GAZZINELLI,
1997). A estimulagdo do sistema imune € crucial na redugdo da carga parasitaria, mas, por
outro lado, pode contribuir para o agravamento dos sintomas clinicos. Entender as diferencas
da resposta imune envolvida na lesdo tecidual é o atual desafio no estudo sobre a imunologia

na doenga de Chagas.



1.4. Aspectos imunoldgicos na doenca de Chagas

Varios estudos destacam forte ativagdo do sistema imune inato durante a fase aguda,
como sendo a primeira linha de defesa contra a invasdo do microorganismo (FEARON et al,,
1996; GAZZINELLI et al., 1998; JANEWAY et al, 2001). Nesse periodo, observa-se
ativacdo inespecifica, bem como de macrofagos (ORTIZ et al., 1976) e células natural killer-
NK (HATCHER et al. 1981), acompanhadas por uma resposta policlonal de linfocitos B e T.
O T. cruzi, assim como outros microorganismos patogénicos, ¢ capaz de induzir prontamente
a ativagdo de proteinas e enzimas efetoras da cascata de complemento que destroem formas
epimastigotas ndo infectantes. Porém, formas tripomastigotas infectantes sdo resistentes a
acdo litica da cascata de complemento (NOGUEIRA et al., 1975). Esta resisténcia parece
estar relacionada a expressdo de proteinas semelhantes ao DAF humano (decay-acelerating
factor) na superficie da forma tripomastigota. Tal proteina, denominada T-DAF, atua
desestabilizando a C3 convertase depositada na membrana do parasita, impedindo a lise
(RIMOLDI et al., 1988; TAMBOURGI et al., 1993).

A infecgdo pelo T. cruzi também induz consideravel aumento da secrecdo de proteinas
hepaticas de fase aguda, como a proteina C reativa. Esta, em conjunto com outras proteinas
séricas, se liga a compostos antigénicos do 7. cruzi que sdo eficientemente endocitadas por
macrofagos, uma vez que estes expressam, em suas superficies, receptores para tais proteinas
(ISAAC et al., 1990). Contudo, at¢ o momento, os dados fornecidos ndo esclarecem se a
ligacdo dessas proteinas a compostos antigénicos propicia a elimina¢do do parasita ou se
relaciona ao mecanismo de invasdo e replicagao dentro de macrofagos (LUZ et al., 1995;
MORROT et al., 1997).

Os macrofagos tém papel essencial no controle da infec¢do. Secretam uma variedade
de mediadores quimicos e citocinas que regulam diferentes compartimentos do sistema

imunoldgico. Eles capturam, processam e apresentam antigenos para as cé¢lulas T e sdo uma
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fonte de moléculas co-estimulatorias para a ativacao destas células. Uma vez estimulados por
antigenos derivados de formas tripomastigotas e amastigotas do 7. cruzi, podem atuar como
células efetoras para uma atividade citotoxica, no caso parasiticida, com producdo de
metabolitos reativos de nitrogénio e oxigénio e citocinas pro-inflamatdrias como IL-1f3, IL-6,
IL-12 ¢ TNF-a (CAMARGO et al.,, 1997, CHANDRASEKAR et al., 1998). Entretanto, sabe-
se que alguns glico-inositol-fosfolipidios (GIPLs), extraidos da membrana celular de formas
epimastigotas e tripomastigotas metaciclicas do 7. cruzi, exercem fungdo supressiva na
ativacdo de macrofagos e células dendriticas, inibindo a secre¢do de TNF-a e IL-12 (SILVA
et al., 1998; VAN OVERTVELT et al., 1999; ZAMBRANO-VILLA et al., 2002). GIPLs
também induzem diminui¢do da expressdo de moléculas co-estimulatorias na superficie das
células apresentadoras de antigenos (BRODSKYN et al., 2002) que, associadas as citocinas
pro-inflamatorias, sao essenciais para a ativacao dos sistemas imunes inato e adaptativo com
conseqiiente eliminagdo do parasita. Desta forma, tais atividades supressivas e imuno-
regulatoria dos GIPLs sdo potencialmente importantes para a evasdo do sistema imune e o
estabelecimento da infec¢do (BRODSKYN et al., 2002; ZAMBRANO-VILLA et al., 2002).
Ao analisar macrofagos, seja em humanos seja em camundongos, observam-se duas
populagdes fenotipicamente distintas: CD14'CD16" ¢ CDI14'CD16". Em individuos
saudaveis, as células CD14'CD16" correspondem aproximadamente a 10% da populagdo de
monocitos. Entretanto, em individuos com infecgdes graves, o numero de monocitos
CDI14°CDI16" encontra-se consideravelmente aumentado (NOCKHER et al, 1998;
SKRZECZYNSKA et al., 2002). Tais mondcitos expressam altos niveis da molécula HLA-
DR em sua superficie, sintetizam elevados niveis de TNF-a e quantidades basais de citocinas
anti-inflamatorias como IL-10, sendo denominados mondcitos pro-inflamatorios (BELGE et
al,, 2002). Os altos niveis de TNF-a provavelmente decorrem da elevada expressdo de

receptores dirigidos a componentes estruturais dos agentes infecciosos, como exemplo temos
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o LPS atuando sobre os receptores “Toll-like 2” (TLR-2) em células dendriticas ativadas
(YOSHIMURA et al., 1999; THOMA-USZYNSKI et al, 2000; BELGE et al., 2002;
OUAISSI et al., 2002). Campos et al. (2001) demonstraram que glicoproteinas (GPIs) e
glicolipidios (GIPLs) derivados de 7. cruzi podem se ligar ao receptor “Toll-like 2” de
mondcitos e induzir a sintese de IL-12, TNF-a e 6xido nitrico (NO). Oliveira et al. (2004),
estudando a funcdo de TLR-4 na doenca de Chagas, constataram que camundongos
deficientes para este receptor sdo altamente susceptiveis a infec¢@o pelo 7. cruzi, com elevada
parasitemia e taxa de mortalidade. Isso se deve a falha na interacdo de GIPLs do parasita com
os receptores TLR-4 presentes em mondcitos, indicando sua importancia na ativagdo da
resposta imune protetora. Atualmente, atengdo especial tem sido dada aos TLR devido ao seu
papel na ativacdo de células NK durante infec¢des bacterianas e por protozodrios. Lauzon et
al. (2003) demonstraram que antigenos derivados de Leishmania sp. ao se ligarem aos
receptores TLR-2 aumentam a producao das citocinas IFN-y e TNF-a e a transloca¢io nuclear
de NF-«B pelas células NK. Esse mesmo grupo, recentemente, verificou que as células NK
possuem diversos TLRs, que estao diretamente relacionados com o aumento da producao de
citocinas e citotoxicidade celular (LAUZON et al., 2006). No contexto da doenca de Chagas,
pouco se sabe sobre a interacdo de antigenos do 7. cruzi e os TLRs presentes em NK, mas ¢
pertinente sugerir que a interacdo desses antigenos com esses receptores pode ser importante
na ativagdo de células NK na fase aguda e cronica da doenca de Chagas.

As células NK possuem um papel indispensavel na resposta imune anti-7. cruzi
através da producdo de IFN-y mesmo na auséncia de células T. S3o as primeiras células a
produzirem esta citocina antes do desenvolvimento da resposta imune mediada por células T,
favorecendo precocemente uma resposta do tipo 1, essencial para o controle do parasita
durante os estagios iniciais da infeccdo chagasica (SILVA et al., 1992; TORRICO et al.,

1991). O mecanismo classico proposto para a ativagdo de células NK, durante a fase aguda,
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sugere que as formas tripomastigotas e amastigotas do 7. cruzi induzem a sintese de IL-12 por
macréfagos que, em associagdo com TNF-a e IL-1p, promovem a produgdo de IFN-y por
aquelas células (ALIBERTI et al.,, 1996; BRENER et al., 1997; GAZZINELLI et al. 1997).
Além disso, estudos in vifro e in vivo mostram que macréfagos ativados por citocinas
liberadas por células com o fendtipo do tipo 1 iniciam o controle da infeccao (CAMARGO et
al., 1997; De DIEGO et al., 1997; MICHAILOWSKY et al., 2001). Tem sido relatado que
IFN-y e TNF-a potencializam sinergisticamente a atividade dos macrofagos para eliminar o 7.
cruzi através da sintese de NO, que restringe eficientemente a replicagdo do parasita
(DENICOLA et al., 1993; PETRAY et al., 1994; VESPA et al., 1994; CHANDRASEKAR et
al., 2000). Silva et al., (1992) e Torrico et al., (1991) utilizando, respectivamente, anticorpos
anti-IFN-y e camundongos deficientes para produgdo de IFN-y, observaram maior
susceptibilidade a infeccdo, demonstrando que esta citocina ¢ imprescindivel nos estagios
iniciais da resposta imune. Outra citocina associada ao controle da infec¢ao pelo 7. cruzi € a
IL-18 que, assim como a IL-12, induz sintese de IFN-y, proliferacdo de células do tipo 1 ¢
aumenta atividade das células NK (HYODO et al., 1999). Esse aumento na atividade das
células NK, independente de IL-2, é de extrema importancia, ja que camundongos infectados
com T. cruzi apresentam uma redug@o na sintese desta citocina e na expressao de seu receptor,
podendo ser entdo a IL-18 uma possivel via de elimina¢do do parasita (ROTTENBERG et al.,
1989; NABORS et al., 1991). Sabe-se que a IL-18 ndo ativa diretamente linfocitos T, por ndo
possuirem receptores expressos constitutivamente em suas superficies para esta citocina, o
que demonstra a sua acuidade na ativacdo do sistema imune inato. Antinez et al. (2001)
demonstraram uma acao conjunta de IL-18 com IL-12 no controle da replicacdo do parasita
em camundongos infectados pelo 7. cruzi. Aqui a resposta imune do tipo 1 pode induzir

reacdo inflamatoria intensa, sendo necessaria a presenca de citocinas do moduladoras, como
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IL-10, para contrabalancar a atividade da resposta inflamatoria, reduzindo danos teciduais
induzidos pelo processo inflamatorio frente a infecg¢@o pelo 7. cruzi.

Como mencionado anteriormente, as células NK sdo indispensaveis no controle da
infeccdo pelo 7. cruzi, por serem fonte de IFN—y. No entanto, suas atividades ndo se
restringem a producdo de citocinas. Elas também apresentam atividade citotoxica que pode
variar conforme a subpopulagdo (SONDERGAARD et al., 2000). Atualmente, sdo descritos
dois subtipos de células NK humanas, identificadas pela intensidade da expressdao da molécula
CD56. Aproximadamente 90% das células NK apresentam baixa expressao de CDS56
(CD56%™), expressam em sua superficie altos niveis de CD16 e possuem alta capacidade
citotoxica, enquanto cerca de 10% das células NK apresentam alta expressdo de CD56
(CD56bright), baixo ou nenhum nivel de CD16, com reduzida atividade citotoxica, mas com
acentuada atividade proliferativa (SONDERGAARD et al., 2000; COOPER et al., 2001).
Entretanto, Gaddy et al. (1997), ao estudarem a ontogenia das cé¢lulas NK utilizando sangue
de cordao umbilical, demonstraram a existéncia de uma nova subpopulagdao de células NK
(CD16'CD56) com baixa atividade litica. Esta célula é considerada como célula pré-NK,
possivel precursora de células NK maduras, uma vez que quando cultivada na presenca da IL-
2, modifica-se para um fenétipo CD16'CD56" e na presenga da IL-12 transforma-se em
CD16'CD56" e ou CD16CD56 "

Além de sua importancia na producdo de citocinas e na atividade citotdxica, estudos
demonstram a interagao entre células NK e linfocitos B com conseqiiente ativagao policlonal
¢ aumento dos niveis de imunoglobulinas IgM e IgG2a em camundongos infectados pelo T.
cruzi (DE ARRUDA HINDIS et al., 2001). Esses autores observaram que a ativagdo das
células B ndo ocorre quando estas sdo cultivada na auséncia das células NK, indicando que a
sua ativacdo ¢ provavelmente dependente do contato com células NK. Para tanto, moléculas

co-estimulatorias atuam na interagdo célula-célula e na ativacdo de suas varias vias efetoras.
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A molécula CD28 desempenha uma importante fungdo na indugdo de atividade citotoxica e
secrecdo de citocinas pelas células NK, quando em contato com CD80 ou CD86, seus ligantes
em outras células (MARTIN-FONTECHA et al., 1999; HUNTER et al, 1997). Porém, de
acordo com De Arruda Hindis et al.(2001), a ativagcdo de linfocitos B pelas células NK ¢
independente do contato CD28-CD86. Ja Blanca et al. (2001) constataram que a ativacdo
policlonal de células B depende da interacdo entre CD40, presente na superficie de células
NK, e o seu ligante CD40L na superficie de linfocitos B.

A infeccdo pelo T. cruzi também mobiliza outros elementos celulares envolvidos na
resposta inata do hospedeiro. Algumas subpopulacdes linfocitarias sdo estimuladas no modelo
murino de infec¢do, como por exemplo as células NKT (DUTHIE et al., 2002). Essas células,
apesar de rearranjarem somaticamente os genes de seus receptores antigénicos (TCR),
apresentam um repertorio de especificidade restrito. Os determinantes antigénicos
reconhecidos sdo, em geral, estruturas comuns a diferentes microorganismos ou ainda
determinantes do préprio hospedeiro, cuja expressdo ou reconhecimento sdo induzidos pelo
processo infeccioso. Dessa forma, essas células se situam a meio caminho entre a resposta
inata e adquirida.

As células NKT sdo uma subpopulacdo de linfocitos T distintos dos linfécitos T
convencionais e das células NK, expressando receptores de ambos os tipos celulares, como o
receptor de células T (TCR) e o NK1. 1 de células NK. Diferente das células T convencionais,
as cé¢lulas NKT sdo estimuladas por glicolipidios apresentados via CD1, uma molécula com
fun¢do semelhante ao MHC de classe I (GODFREY et al., 2000). Desta forma, promovem a
protecao contra agentes infecciosos através da rapida produgdo de IFN-y e IL-4, da atividade
citotoxica e da ativagdo de células NK (EBERL et al., 2000). Estas células, além de atuarem
contra agentes infecciosos, podem estar relacionadas a mecanismos protetores contra

respostas autoimunes (HONG et al., 1999; GODFREY et al., 2000). Duthie et al. (2002), ao
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estudarem seu papel em camundongos infectados com a cepa CL do T. cruzi, constataram que
durante a fase aguda, células NKT atuam no controle da parasitemia e na fase cronica, sao
responsaveis pelo aumento da secrecdo de anticorpos especificos. Assim, as células NKT
podem, possivelmente, atuar no controle da progressao clinica da doenga de Chagas.

Uma vez que, os estagios iniciais da doenca de Chagas humana sdo, em sua maioria,
assintomaticos, os estudos referentes as alteracdes imunologicas nestas fases sdo escassos
(SAMUDIO et al.1998). Estudos recentes realizados em nosso laboratdrio, com o objetivo de
identificar alteragdes fenotipicas em leucdcitos do sangue periférico durante os estagios
iniciais da infec¢do pelo 7. cruzi em criangas, demonstraram um microambiente imune
independente de células T (SATHLER-AVELAR et al. 2003), compativel com aqueles
previamente descritos em modelos experimentais (BRENER ef al., 1997). De fato, estudos em
animais tém demonstrado que a resisténcia/susceptibilidade a infec¢do pelo 7. cruzi é, pelo
menos em parte, determinada nos estagios iniciais da infec¢do, antes do desenvolvimento de
resposta imune adquirida (TRISCHMANN et al., 1986; DUTHIE et al., 2005). Além disso, o
efeito combinatorio das diferentes vias de sinalizagdo desencadeadas pelo 7. cruzi, em células
ndo imune e células da imunidade inata, pode ter uma importante conseqiiéncia em diferentes
aspectos da infecgdo, tais como parasitismo, tropismo e a patogénese da doenca de Chagas.
Neste contexto, propde-se que a resposta imune inata atue de duas formas durante os estagios
iniciais da infec¢do pelo 7. cruzi. Enquanto seus mecanismos efetores atuam na redugao e
controle da replicacdo do parasita nos tecidos, outros mecanismos propiciam a geracao de
resposta imune adquirida menos patoldgica, especialmente durante a fase cronica da infecgao
(VITELLI-AVELAR et al., 2005).

Durante a fase cronica da infeccdo chagésica, as duas subpopulacdes de linfocitos T —
CD4" e CD8" — apresentam importancia central quanto & capacidade de controlar a infeccio

pelo T. cruzi. O linfécito T CD4", com sua habilidade em produzir elevados niveis de IFN-y
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auxilia na destruicdo de formas intracelulares do parasita, durante a fase cronica da doenga
(TARLETON et al., 1996). Estudos utilizando células mononucleares de sangue periférico
constataram, em pacientes com a forma clinica indeterminada, uma predominancia de
linfocitos T CD4", enquanto que pacientes com sintomas cardiacos exibiam fendtipos
predominantemente de células T CD8" ativadas, sugerindo uma possivel participagdo dessas
células em mecanismos imunopatologicos (CUNA et al., 1995). Esta hipotese é reforcada por
estudos utilizando imunohistoquimica em tecido cardiaco, obtidos em autopsia de pacientes
com cardiopatia chagasica grave, nos quais as lesdes inflamatorias eram principalmente
caracterizadas por linfécitos T CD8", muitos dos quais produzem granzimas. Além disso,
observou-se expressao aumentada de moléculas do MHC classe I (HLA-ABC) nas células
miocardicas de pacientes chagasicos com cardiopatia cronica, refor¢ando que elas podem
representar alvos de linfocitos para a citotoxicidade mediada por linfécitos T CD8" (REIS et
al., 1993).

Viarios estudos t€ém demonstrado que as diferentes manifestagdes clinicas estdo
associadas com uma distinta e complexa interacdo parasita’hospedeiro envolvendo
diretamente o sistema imune. De fato, ¢ bem aceito que a auséncia de patologia na doenca de
Chagas estd associada com a habilidade do individuo em controlar a resposta imune
desencadeada no controle do parasitismo, o qual pode contribuir para os danos inflamatorios,
caracteristicos da doenca (BRENER et al., 1997). Esses danos podem ser mais intensos na
auséncia de mecanismos reguladores. Tem sido descrito que existem tipos de células
reguladoras, entretanto a populagdo celular mais estudada sdao as células T CD4'CD25™MeH
reguladoras (BLUESTONE et al., 2003; BELKAID et al., 2005). As células T
CD4"CD25MeH podem exercer sua fun¢do reguladora inibindo a atividade citotoxica das
células T CD8" através da modulagio de IL-10 ou pelo contato direto com a célula

(TRZONKOWSKI et al., 2004; O’GARRA et al., 2004; GROSSMAN et al., 2004). Neste
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contexto, estudos mais recentes vém demonstrando a participacdo de outras populagdes
celulares com fungdes imunomoduladores no sangue periférico de individuos chagésicos.
Vitelli-Avelar et al. (2005) observaram um aumento no percentual de células CD4'CcD25MeH
exclusivamente na forma clinica indeterminada.

Considerando a complexibilidade da resposta imune, Bahia-Oliveira et al. (1998)
demonstraram que o perfil de citocinas produzido pelos pacientes chagasicos pode estar
relacionado a gravidade da doenca, ja que pacientes portadores da forma clinica
indeterminada, apresentam niveis elevados de IL-10, quando comparados com pacientes
cardiopatas, cuja principal citocina produzida ¢ o [FN-y. Gomes et al. (2003), ao estudarem o
papel funcional dos leucécitos do sangue periférico de pacientes infectados com o 7. cruzi
estimulados “in vitro”, constataram que a principal fonte de IFN-y em cardiopatas sdo os
linfocitos T CD4", enquanto, em pacientes portadores da forma indeterminada, os mondcitos
sdo responsaveis pela produgdo de elevados niveis de IL-10, favorecendo a regulagcdo da
resposta imune e o controle da morbidade da doenca. E possivel que células T reguladoras
estejam envolvidas nesse processo, uma vez que possuem habilidade em inibir a sintese de
IFN-y, 0 que poderia explicar os baixos niveis de IFN-y produzidos por células
mononucleares do sangue periférico de individuos portadores da forma indeterminada da
doenca de Chagas (GOMES et al., 2003; VITELLI-AVELAR et al., 2005). Estes achados
claramente reforcam a hipotese de que mecanismos imunomoduladores sejam importantes no
controle do processo inflamatorio desencadeado durante a infec¢do chagasica, uma vez que,
as células CD4'CD25™M estdo associadas com a redugdo na atividade citotoxica e na
produgio de IFN-y pelas células NK e linfocitos T CD8" (TRZONKOWSKI et al., 2004). A
perda dos mecanismos imunoreguladores nas formas clinicas mais graves pode contribuir para
um desequilibrio da resposta imune que levaria a potente atividade inflamatoria e conseqiiente

dano tecidual. Futuros estudos funcionais para a caracterizagdo das populacdes
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imunoreguladoras serdo de grande valia para o entendimento dos complexos mecanismos

imunolédgicos que permeiam a doenca de Chagas.

1.5. Tratamento etioldgico da doenca de Chagas

A hipodtese da participagdo ativa de mecanismos autoimunes na patogénese da doenca
de Chagas foi sustentada por varios anos (CUNHA-NETO et al., 2006; MARIN-NETO et al.,
2007). Entretanto, com o surgimento de técnicas de detec¢do do parasita mais apuradas,
estudos recentes tém revelado uma associa¢do da persisténcia do 7. cruzi nas lesdes cronicas
com a evolugdo clinica da doenga de Chagas (ANEZ et al, 1999; TARLETON et al., 1994;
BRITTO et al., 2001). Neste contexto, o tratamento etiolégico da doenga de Chagas com
drogas tripanomicidas, que poderiam eliminar o parasita, exerceria efeito benéfico na
evolugdo da infeccdo. Todavia, a eficacia do tratamento na fase cronica ainda ndo esta bem
estabelecida (ANDRADE et al.,1988; BRITTO et al., 2001, VIOTTI & VIGLIANO, 2007).

As drogas nifurtimox (Lampit®, Bayer) e benzonidazol (Rochagan®, Roche) atuam
sobre as formas tripomastigotas sanguineas e amastigotas. A primeira, depois de amplamente
utilizadas no Brasil e paises latino-americanos, foi retirada do mercado farmacéutico
brasileiro, permanecendo apenas o benzonidazol (CANCADO et al., 2000, COURA & DE
CASTRO, 2002).

O benzonidazol ¢ um N-benzil- 2 nitro- 1 imidazol acetamida que interfere
diretamente com a sintese de macromoléculas pelo 7. cruzi e varios componente celulares,
tais como DNA, lipidios e proteinas (MARR & DOCAMPO, 1986). Deve ser administrado
durante 30-60 dias, na dosagem de 5 — 7mg/Kg. Apesar da sua atividade tripanossomicida, o
benzonidazol pode causar varias reagdes colaterais caracterizadas por dermatites, depressoes
da medula o6ssea e polineuropatia periférica (MEDRANO-MERCADO et al., 2000;

CANCADO et al., 2000).
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Atualmente a administracdo do benzonidazol ¢ recomendada apenas para os casos de
infecc@o aguda da doenga, infecgdo congénita e criangas com sorologia positiva. O tratamento
especifico para a forma cronica indeterminada e forma cardiaca inicial, por instituicdes de
pesquisa, foi aconselhado pelos participantes do Simpdsio sobre Tratamento Especifico da
Doenca de Chagas, realizado na II Reunido Anual de Pesquisa Aplicada em Doenca de
Chagas em 1985, a fim de possibilitar melhor avaliagdo da atividade de cura. Em fevereiro de
1996, a Camara Técnica reunida em Brasilia, sob o patrocinio do Programa de Controle da
Doenga de Chagas da FNS/MS, preocupada com o abandono da medicagdo especifica pelos
médicos, em decorréncia da baixa eficacia na fase cronica e pelos escassos trabalhos
mostrando a influéncia do tratamento na evolugdo da doenga reiterou estas recomendagoes.

Os pesquisadores concordam que os critérios de cura, na fase aguda, baseiam-se na
negativacdo do xenodiagnoéstico e/ou hemocultivo assim como das rea¢des soroldgicas, o que
ocorre na maioria dos casos. Entretanto, os critérios de cura, na fase cronica, parecem ser mais
complexos e constituem ainda matéria de investigagao cientifica. Um dos principais desafios
para a avaliacdo da eficdcia terapéutica ¢ o desenvolvimento de técnicas laboratoriais
eficientes para serem utilizadas como ferramenta na verificagdo de cura. Utilizando a técnica
de sorologia, Krettli e Brener (1982) propuseram que o soro de pacientes chagasicos cronicos
apresenta dois tipos de anticorpos anti-parasita com diferentes atividades funcionais,
anticorpos liticos e anticorpos de sorologia convencional. Os anticorpos liticos estdo
associados com resisténcia na infec¢ao ativa e podem ser detectados pela lise mediada pelo
complemento e imunofluorescéncia indireta, empregando formas tripomastigotas vivas
(KRETTLI & BRENER 1982; MARTINS-FILHO 1995, 2002). Ja os anticorpos de sorologia
convencional ndo estdo relacionados com resisténcia e nem se ligam as formas
tripomastigotas vivas, mas sdo reativos contra antigenos soliveis ou formas epimastigotas

fixadas (LUQUETTI et al., 2000). Com base nesses achados, estudos demonstraram que os
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titulos dos anticorpos liticos tornam-se gradativamente negativos apds o tratamento, enquanto
que os anticorpos de sorologia convencional podem permanecer positivos durante décadas
(GALVAO et al., 1993; MARTINS-FILHO et al., 2002; VITELLI-AVELAR et al., 2007).

A inexisténcia de pardmetros seguros para se determinar a eficicia da terapéutica na
fase cronica pode ser responsavel pelos baixos indices de cura, quando se considera a
negativacdo sorologica convencional. Estudo realizado por Cancado et al. (2002) detectou
cura em 76% de pacientes na fase aguda e apenas em 8% na fase cronica, empregado como
critério de cura a negativacao da sorologia convencional. Viotti ef al. (1994) acompanharam
por oito anos, 200 pacientes cronicamente infectados pelo 7. cruzi, sendo 130 tratados com
benzonidazol e 70 ndo tratados. Eles relatam que os pacientes submetidos ao tratamento,
independente da negativacdo sorologica e ou parasitologica, apresentaram poucas alteracdes
nos eletrocardiogramas (4,2%) comparados com os pacientes ndo tratados (30%), ¢ uma baixa
incidéncia na evolucdo clinica da doenga (2,1% versus 17%). Recentemente, Garcia et al.
(2005) avaliaram o efeito tratamento em camundongos com cardiomiopatia chagésica. Eles
constataram que os coracdes dos animais submetidos ao tratamento com benzonidazol tiveram
queda no parasitismo e na miocardite quando comparado com os coragdes dos animais nao
tratados. Apesar do grupo de animais infectados, submetidos ou ndo ao tratamento,
apresentarem alteragdes significativas em seus eletrocardiogramas em comparagdo com o0s
animais ndo infectados, os animais nao tratados tiveram maiores alteracoes em relacdo aos
tratados. Além disso, foi observada correlagdo entre a queda na inflamagao e o parasitismo do
tecido cardiaco nos animais submetidos ao tratamento, reforcando a importancia do parasita
no desenvolvimento da cardiomiopatia chagasica. Neste contexto, ¢ importante ressaltar, que
os eventos imunologicos desencadeados pela presenca do parasita sdo multiplos e incluem
diversos processos efetores e reguladores que resultam em um balanco entre resisténcia e

patogénese.
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O efeito do tratamento etioldgico da doenga de Chagas na resposta imune tem sido
investigado em estudos nos quais células mononucleares do sangue periférico (CMSP) foram
incubadas na presenca de antigenos do 7. cruzi. Os dados demonstram maior producdo de
IFN-y pelas CMSP no grupo de pacientes curados quando comparado com o grupo de
pacientes ndo curados (BAHIA-OLIVEIRA ef al., 1998), mas os autores ndo podem
determinar se os altos niveis de IFN-y produzidos pelas CMSP dos pacientes curados ¢ a
causa ou a conseqiiéncia da eliminagdo do parasita. Entretanto, evidéncias levam a especular
que os elevados niveis de [FN-y atuam de forma sinergética com o quimioterapico durante o
tratamento. Vale ainda ressaltar que, apesar dos elevados niveis de IFN-y estarem associados
com cura, eles também estdo relacionados com as formas clinicas mais graves da doenga
(GOMES et al., 2003). Diante dessas incertezas, € necessario que se realizem estudos mais
detalhados que estabelecam os efeitos da terapéutica especifica no sistema imune € na

evolucao da doenga de Chagas.
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2. OBJETIVOS



23

2.1. Objetivo Geral

Com o intuito de contribuir para um maior entendimento do efeito do tratamento
especifico durante a infec¢do cronica recente pelo 7. cruzi e oferecer suporte para estudos
futuros no campo da pesquisa sobre o tratamento etioldgico com benzonidazol na doenga de

Chagas, este trabalho teve como objetivo geral:

“Avaliar o perfil fenotipico e o padrdo de citocinas leucocitarias de células do sangue
periférico de criangas portadoras da forma cronica indeterminada recente da doenga de

Chagas antes e apos o tratamento com benzonidazol”.

2.2. Objetivo Especifico
2.2.1. Estudar de forma descritivo-analitica o perfil imunofenotipico dos leucocitos do sangue
periférico de individuos portadores da forma cronica indeterminada recente da doenga de
Chagas antes e ap0s o tratamento com benzonidazol, através dos seguintes parametros:
a) Distribuicdo das populagdes e subpopulagdes linfocitarias;
b) Distribui¢o percentual de células T reguladoras (CD4"CD25™M) ¢ de mondcitos pro-
inflamatérios (CD14'CD16 ' HLA-DR");
¢) Distribuicdo percentual das populacdes e subpopulagdes de linfocitos T expressando

moléculas de ativagdo ¢ de adesdo celular;

2.2.2. Avaliar o padrao de citocinas (IL-12, IFN-y, TNF-a, IL-4 ¢ IL-10) produzidas in vitro,
por leucécitos do sangue periférico de individuos portadores da forma cronica indeterminada

recente da doenga de Chagas antes e ap0s o tratamento etiologico com benzonidazol;
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2.2.3. Correlacionar os marcadores de ativacdo celular com o perfil de citocinas
citoplasmaticas de leucécitos do sangue periférico de individuos portadores da forma cronica

indeterminada recente da doenga de Chagas, antes e ap6s o tratamento com benzonidazol.
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3. PACIENTES, MATERIAL E METODOS
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3.1. Pacientes

Em 2003, realizou-se inquérito soroldgico para doenga de Chagas envolvendo criangas
em idade escolar residentes nas cidades de Berilo e José Gongalves de Minas, estado de
Minas Gerais, empregando a técnica de ELISA a partir de eluato de sangue colhido em papel
de filtro. Foram identificadas 38 criancas com resultados reativos. Posteriormente, esses
resultados foram confirmados por ensaios de ELISA convencional, ELISA recombinante
(Biomanguinhos/FIOCRUZ), imunofluorescéncia indireta (IFI) e hemaglutinacdo indireta
(HAI) em soro de sangue periférico, considerando o critério da Organizacdo Mundial da
Satde e do Ministério da Saude do Brasil, que recomenda a positividade em pelo menos dois
testes sorologicos de principios diferentes, para o estabelecimento do diagnoéstico da doenga
de Chagas. Dos 38 casos avaliados, apenas seis foram confirmados, sendo quatro do sexo
masculino e dois do sexo feminino com idades entre 9 e 14 anos. Exames clinicos e fisicos
revelaram que as criangas eram assintomaticas com eletrocardiogramas e radiografias de torax
normais (Tabela 1). As criangas infectadas foram assim classificadas como portadoras da
forma cronica indeterminada recente da doenca de Chagas (“Early INDeterminate chronic
phase” — E-IND).

Sete criancas da mesma area, assintomaticas e sem sinais de outra enfermidade, foram
submetidas a testes sorologicos que confirmaram a auséncia de infeccdo pelo 7. cruzi,
constituindo assim o grupo nao infectado pelo 7. cruzi (“Non-Infected” — NI).

Todos os procedimentos, incluindo os estudos eletrocardiograficos, radiologicos ¢ a
assisténcia médico-laboratorial dada aos pacientes, bem como o tratamento das criangas
infectadas com benzonidazol (8mg/kg/peso por dia, durante 60 dias consecutivos) estiveram
sob a responsabilidade da Dra. Marta de Lana e do Dr. Jodo Carlos Pinto Dias. Acrescenta-se
que todas as criancas realizaram exame parasitologico de fezes e, naquelas com parasitose

intestinal, o tratamento especifico foi instituido pelo menos 60 dias antes do estudo.
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Para o estudo longitudinal, foram feitas duas coletas (antes e ap6és um ano do término
do tratamento) de amostras de 15 mL de sangue periférico coletadas em tubos Vacutainer®,
contendo EDTA ou heparina sddica como anticoagulantes.

Apoés a coleta, as amostras de sangue foram encaminhadas para o Laboratorio de
Doenca de Chagas do Centro de Pesquisa René Rachou, onde foi realizada analise fenotipica
e avaliagdo do padrdo de producdo de citocinas intracitoplasmaticas dos leucocitos por
citometria de fluxo.

Este estudo cumpriu as disposi¢des da resolugdo 196/96, do Conselho Nacional de
Saude, que regulamenta a pesquisa envolvendo seres humanos, tendo sido aprovado pelo
Comité de Etica em Pesquisa da Fundagdo Oswaldo Cruz — FIOCUZ (Protocolo 11/2004 —
Anexo). Os pais ou responsaveis da criangas foram esclarecidos quanto ao estudo e, aqueles
que concordaram em participar, assinaram o Termo de Consentimento Livre e Esclarecido
para Pacientes Voluntarios (Anexo). A Figura 2 mostra de forma esquematica o desenho do

estudo.

Tabela 1: Caracteristicas demograficas e clinico laboratoriais das seis criangas soropositivas.

Municipios
Dados
Berilo José Gongalves de Minas
N° de Registro #52 #1172 #1313 #701 #477 #499
Idade 9 12 13 11 13 14
Sexo M M F M M F

Avaliagao Clinica e Fisica  Normal Normal Normal Normal Normal Normal
Exame de Raio-X de térax ~ Normal Normal Normal Normal Normal Normal
Ecocardiograma Normal Normal Normal Alterado Normal Normal

Hemocultivo Positiva Positiva Positiva Positiva Positiva
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Tratamento com Bz
(8mg/kg/peso/dia)

E-IND,
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Figura 2: Desenho do estudo
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3.2. Obtencao de extrato antigénico das formas epimastigotas do 7. cruzi (EPI)

As formas epimastigotas do 7. cruzi da cepa Y, criopreservadas em nitrogénio liquido
no criobanco do laboratério de Doenca de Chagas do Centro de Pesquisa René¢ Rachou —
CPgRR, Belo Horizonte/MG, foram descongeladas e cultivadas em frasco de cultura contendo
50 mL de meio de cultura LIT (Liver Infusion Tryptose), por 7 dias, em estufa B.O.D.
(modelo 347) a temperatura de 28 £+ 1°C. Apo0s atingirem a fase estaciondria de crescimento, a
suspensdo de formas epimastigotas foi submetida ao teste de viabilidade pela técnica de
coloragdo pelo “trypan blue”. Apo6s constatacdo da viabilidade celular e da auséncia de
agentes contaminantes, as formas epimastigotas foram recuperadas por centrifugacdo a
800xg, durante 10 minutos a 4°C e submetidas a duas lavagens com tampao fosfato salino —
PBS 0,015M, pH 7,4. Em seguida, os parasitas foram ressuspensos para 10° células/mL. Para
obtencdo do antigeno soluvel, os parasitas foram entdo submetidos a trés processos de
congelamento (-70°C por 2 minutos) e descongelamento (37°C por 10 minutos), intercalados
com processos de sonicacdo de 30 segundos, utilizando-se um homogeneizador de tecido com
pistdo de teflon (Wirtis, DT). Posteriormente, o lisado de parasitas foi centrifugado a
37.000%g, durante 90 minutos a 4°C. O sobrenadante foi coletado e dialisado em PBS, durante
72 horas a 4°C e, em seguida, esterilizado por filtracdo em membrana de 0,22um (Filter milex
HA, E.U.A). A quantificacdo do contetido protéico resultante da preparacdo do antigeno
soluvel da forma epimastigota do 7. cruzi foi determinada pelo método de LOWRY et al.
(1951). A preparacao antigénica foi conservada a -70°C em aliquotas de 250ug/mL, para uso
posterior nos ensaios de avaliacdo do perfil de producao de citocinas apos estimulaciao curta

antigeno-especifica in vitro.
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3.3. Analise do fenétipo celular dos leucécitos do sangue periférico

Os ensaios de imunofenotipagem dos leucocitos do sangue periférico foram feitos
segundo protocolo proposto pelo fabricante, modificado conforme descrito a seguir.

Em tubos de poliestireno 12x75mm, foram adicionados 5uL do anticorpo monoclonal
especifico para o marcador de superficie celular de interesse marcado com fluorocromo
(Tabela 2). Combinacdes especificas de anticorpos monoclonais marcados com fluorocromos
distintos foram utilizadas para a analise simultdnea de marcadores de superficie celular
necessarios para a caracterizacdo de subpopulacdes celulares de interesse. Para cada
combinagdo de anticorpos monoclonais, foram adicionadas aliquotas de 50ul de sangue
periférico total coletado em EDTA. Ap6s homogeneizagdo em vortex, as preparacdes foram
incubadas por 30 minutos, a temperatura ambiente ¢ ao abrigo da luz. Apo6s o periodo de
incubagdo, as amostras foram submetidas a lise dos eritrocitos, utilizando 2ml de solugdo de
lise comercial (FACS® Lysing Solution — Becton Dickinson) diluida 10 vezes em 4gua
destilada. Apds nova homogeneizacdo em vortex, as preparacdes foram incubadas por 10
minutos a temperatura ambiente e entdo submetidas a centrifugacdo (400xg, 10 minutos a
18°C). O sobrenadante foi descartado e os leucécitos lavados com 2mL de PBS (0,015M pH
7,4), empregando-se as mesmas condi¢cdes de centrifugacdo anteriormente citadas. Numa
etapa final, os leuctcitos foram fixados com 200puL de solucdo fixadora (10g/L de
paraformaldeido, 1 % de cacodilato de sodio, 6,67g/L de cloreto de sédio, pH 7,2). Apdés um
periodo de pelo menos 15 minutos a 4°C, os parametros fenotipicos e morfométricos das
células presentes em cada tubo foram determinados no citdmetro de fluxo (FACScalibur® —
Becton Dickinson). O programa CELLQuest” foi utilizado para a aquisi¢io de dados e para a

analise dos resultados empregando diferentes estratégias.
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3.4. Avaliacdo do padriao de producio de citocinas citoplasmaticas apds estimulacio
celular in vitro induzida por antigenos soluveis da forma epimastigota (EPI) do 7. cruzi

A metodologia proposta foi adaptada segundo protocolos originais descritos por
PICKER et al. (1995), CARROCK-SEWELL et al. (1997) e SUNI et al. (1998).

Para a identificacdo das citocinas intracitoplasmaticas, aliquotas de 500uL. de sangue
periférico, coletado a vacuo em tubos de 10mL contendo heparina sodica, foram adicionadas a
2 tubos de polipropileno de 14mL (Falcon 2059), correspondentes as culturas controle e
estimulada com antigeno soltivel das formas epimastigotas do 7. cruzi (EPI).

A cultura controle recebeu 500uL de meio de cultura RPMI 1640 (GIBICO — Grand
Island, NY) e 10puL de Brefeldina A-BFA (Sigma), numa concentragdo de 10 pg/mL e foram
incubadas por 4 horas em estufa contendo 5% de CO, a 37°C. Utiliza-se a BFA para inibir a
secrec¢do da citocina, mantendo-a no interior do complexo de Golgi.

A cultura estimulada com antigeno soluvel foi previamente incubada, por 1 hora em
estufa contendo 5% de CO, a 37°C, na presenga de 100uL de EPI numa concentragdo final de
25ug/mL. Em seguida foram adicionados 10uL de BFA, numa concentragdo de 10 ug/mL e a
cultura re-incubada por 4 horas em estufa contendo 5% de CO, a 37°C.

Ao término da incubagdo, as culturas foram tratadas com 110ul EDTA (Sigma), numa
concentragdo final de 2mM, e incubadas por 15 minutos a temperatura ambiente. Este
procedimento bloqueia o processo de ativagdo posterior das células e garante a obtengdo de
resultados padronizados. Posteriormente ao tratamento com EDTA, as células foram lavadas
duas vezes com 6mL de tampao de lavagem — PBS-W (0,015M de PBS 1X, 0,5% albumina
sérica bovina — BSA ¢ 0,1% de azida sodica), por centrifugagdo a 600xg durante 7 minutos a
18°C. Apds a ultima lavagem, a células foram ressuspendidas em 1,5mL de PBS-W. Apds
homogeneizar bem a suspensao celular, procedeu-se a identificacdo das populagdes celulares

através da marcacdo de moléculas de superficie especificas. Para tanto, 400uL da suspensao
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celular foram adicionados em 2 tubos contendo 3uL de anticorpo monoclonal de camundongo
anti-CD4 TC ou anti-CD8 TC; ou 200uL em 3 tubos contendo 3uL. de anticorpo monoclonal
de camundongo anti-CD14 TC, 9uL de anti-CD16 TC ou anti-CD19 TC (Tabela 3). As
amostras foram incubadas por 30 minutos a temperatura ambiente e ao abrigo da luz. Apos a
etapa da identificagdo das populacdes celulares, procedeu-se a lise dos eritrocitos e a fixacao
dos leucdcitos pelo tratamento com 2mL de solucdo de lise por 20 minutos a temperatura
ambiente e ao abrigo da luz. Apos a fixacdo, a suspensdo de leucocitos foi centrifugada a
600xg durante 7 minutos a 18°C, o sobrenadante descartado e as células permeabilizadas com
2mL de solugdo permeabilizante — PBS-P (PBS-W e 0,5% de saponina — Sigma), por 10
minutos & temperatura ambiente e ao abrigo da luz. Apés a permeabilizacdo, as suspensdes de
leucocitos foram centrifugadas a 600%g durante 7 minutos, o sobrenadante descartado e as
células lavadas com 3mL de PBS-W. As células foram ressuspendidas em dois volumes de
PBS-W: 200uL, para os tubos contendo anti-CD4 TC e anti-CD8 TC e 100uL para os tubo
contendo anti-CD14 TC, anti-CD16 TC e anti-CD19 TC. Apos a ressuspensdo das células,
procedeu-se a marcagdo das citocinas intracitoplasmaticas em placas de 96 pogos e fundo em
“U” (Thomas 9383-A90). Para isso, aliquotas de 30uL das suspensoes celulares foram
incubadas por 30 minutos a temperatura ambiente, ao abrigo da luz na presenca de 20uL da
suspensao de anticorpos anti-citocinas humanas, conjugados com o fluorocromo PE (anti-IL-
12, anti-IFN-y, anti-TNF-a, anti-IL-4 e anti-IL-10 — Tabela 4) e previamente diluidos a 1:100
em PBS-P estéril. Apos a incubacdo, as células foram lavadas com 150ul de PBS-P e, em
seguida, com 200ul de PBS-W. As preparagdes celulares foram entdo fixadas em 200ul de
solucdo fixadora e estocadas a 4°C ao abrigo da luz até a sua leitura no citdmetro de fluxo

dentro de 24 horas.
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Tabela 2: Anticorpos monoclonais marcados com fluorocromos utilizados para andlise de

populagdes, subpopulagdes celulares e moléculas de superficie.

Anticorpos Fluorocromo Clone Fenoétipo Alvo no Estudo
Anti-CD3 FITC ou PE UCHTI1 Linfécitos T
Anti-CD4 FITC, PE ou TC RPA-T4 Linfécitos T auxiliares
Anti-CD5 FITC L17F12 Linfocitos B1
Anti-CD8 FITC ou TC RPA-TS Linfécitos T citotoxicos
Anti-CD14 TC TiK4 Mondcitos
Anti-CD16 FITC ou TC 3G8 Células NK, “Macréfagos-like”
Anti-CD18 FITC YF118.3 Linfécito T ativado
Anti-CD19 PE ou TC 4G7, SJ25-C1 Linfécitos B
Anti-CD23 PE M-L233 Subpopulagoes de Linfocito B
Anti-CD25 PE 3G10 Célula T reguladora
Anti-CD28 FITC 15ES8 Linfocito T ativado
Anti-CD38 PE ATI13/5 Linfocito T ativado
Anti-CD54 PE 15.2 Linfécito T ativado
Anti-CD56 PE B159 Células NK
Anti-CD62L FITC DREG-56 Linfécito T ativado
Anti-HLA-DR  PE Ti36 LT ativados e Monoc. pré-inflamatorios




Tabela 3: Anticorpos monoclonais utilizados para identificagdo das subpopulacdes

leucocitarias na metodologia de citocinas citoplasmaticas

Anticorpos  Fluorocromo Fabricante Clone Fenétipo Alvo no Estudo
Anti-CD4 TC Caltag RPA-T4 Linfocitos T auxiliares
Anti-CD8 TC Caltag RPA-TS Linfocitos T citotdxicos
Anti-CD14 TC Caltag TiK4 Mondcitos
Anti-CD16 TC Caltag 3G8 Células NK
Anti-CD19 TC Caltag SJ25-Cl1 Linfécitos B

Tabela 4: Anticorpos monoclonais utilizados para identificagdo de citocinas intracelulares em

subpopulagdes leucocitarias.

Anticorpos Fabricante Clone Concentracio
Anti-TNF-a PE Pharmingen MABI11 0,25pg/mL
Anti-IL-12p40/p70 PE Pharmingen Cl11.5.14 0,25pg/mL
Anti-IFN-y PE Pharmingen B27 0,25pg/mL
Anti-IL-4 PE Pharmingen MP4-25D2 0,25pg/mL
Anti-IL-10 PE Pharmingen JES3-9D7 0,25pug/mL

3.5. Estratégias de analises dos resultados

Os dados obtidos foram analisados utilizando diferentes estratégias, dependendo do
fendtipo celular a ser analisado: analise convencional (SATHLER-AVELAR, 2003), analise
de células NK (GADDY et al., 1997), analise de células NKT (DOHERTY et al., 1999),
analise de monocitos pro-inflamatorios (BELGE et al., 2002), analise de células T reguladoras
(BAECHER-ALLAN et al., 2001), analise combinada “gated” (SATHLER-AVELAR, 2003)

e analise semiquantitativa (MARTINS-FILHO, 2000).
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3.5.1. Analise convencional
A analise convencional foi realizada segundo estratégia proposta por Sathler-Avelar
(2003). A Figura 3 ilustra a seqiiéncia de passos para a analise convencional. Esse tipo de
analise consistiu na selegdo da populacdo celular de interesse em graficos de distribuicao
pontual de tamanho (FSC) versus granulosidade (SSC) (Figura 3A). Apds a selecdo da regido
de interesse (R1), a freqiiéncia de subpopulacdes celulares fluorescentes, dentro de R1, foi
obtida em graficos bidimensionais de distribuicdo pontual de fluorescéncia, incluindo as

modalidades FLI versus FL2, FL2 versus FL3 ou FLI versus FL3 (Figura 3B).
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Figura 3: Andlise convencional para a quantificagdo dos percentuais de populagdes celulares por
citometria de fluxo. (A) Gréfico de distribui¢do pontual FSC versus SSC utilizado para a selegdo da
populacdo de linfoécitos — R1. (B) Grafico de distribui¢do pontual FL1 versus FL2 utilizado para

quantificar o percentual das populagdes celulares especificas em R1.

3.5.2. Analise de células NK
A analise de subpopulagdes de células CD3'CD16" foi realizada segundo protocolo
proposto por Gaddy et al. (1997). A Figura 4 ilustra a seqiiéncia de procedimentos para a
analise das subpopulagdes de células pré-NK (CD3CD16'CD567), NK maduras (CD3
CD16'CD56") e NK ativadas (CD3'CD16 CD56"). Esse tipo de analise consistiu na sele¢io
da populacdo celular de interesse em graficos de distribuicdo pontual de tamanho (FSC)
versus granulosidade (SSC) (Figura 4A). Apds a escolha da regido de interesse (R1), foram

construidos graficos de FL1/CD3 versus FL3/CD16, onde uma nova regido R2 foi
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determinada para a populagdo CD3'CD16" (Figura 4B). Posteriormente, graficos de FL1/CD3
versus FL2/CD56 foram empregados, onde uma nova regido (R3) foi determinada para a
populagio CD3'CD56" (Figura 4C). Em seguida, ap6s a combinagio das regides R1, R2 e R3
através das formulas “G2=R2+R3 e G3=R1 “and” G2” onde “+” representa o somatorio de
células confinadas nas regioes R1 e R2 e “and” designa a interse¢do dos eventos presentes
simultaneamente em G2 e R1. Posteriormente graficos de FL3/CD16 versus FL2/CD56,
contendo as células em G3, foram utilizados para quantificar os percentuais das populagdes

CD3'CD16'CD56", CD3'CD16'CD56" ¢ CD3'CD16CD56" (Figura 4D).
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Figura 4: Analises dos percentuais das subpopulagdes de células NK: pré-NK (CD3'CD16'CD56") e
NK madura (CD3'CD16°CD56") por citometria de fluxo. (A) Grafico de distribuicio pontual FSC
versus SSC utilizado para a selecdo da populagdo de linfocitos — R1. (B) Grafico de distribuicéo
pontual FL1/CD3 versus FL3/CD16 para selecionar a populacio celular CD3'CD16" (R2). (C) Gréfico
de distribuicdo pontual FL1/CD3 versus FL2/CD56 para selecionar a populagio celular CD3'CD56"
(R3). (D) Grafico de FL3/CD16 versus FL2/CD56 contendo as células em “G3=R1 “and” G2(R2+R3)

para quantificar os percentuais das subpopulacdes de células NK.
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3.5.3. Analise de célula NKT

A analise de células NKT foi feita segundo protocolo proposto por Doherty et al.
(1999). A Figura 5 ilustra a seqiiéncia de procedimentos para a andlise de células NKT
(CD3+CD16'/+CD56'/+). Apds a selecdo da regido de interesse (R1), em graficos de
distribuicdo pontual de tamanho (FSC) versus granulosidade (SSC) (Figura 5A), foram
construidos graficos de FL1/CD3 versus FL3/CD16, onde a regido (R2) foi delimitada
selecionando a populacdo CD3'CD16™ (Figura 5B). O proximo passo consistiu na
combinagdo das regides R1 e R2 através da formula “G2=R1 and R2”, onde “and” designa a
intersecdo dos eventos presentes simultaneamente em R1 e R2. Em seguida, graficos de
FL3/CD16 versus FL2/CD56, contendo as células confinadas em G2, foram utilizadas para
quantificar o percentual das subpopulacdes de células NKT (Figura 5C): NKTI1

(CD3"CD16CD56), NKT2 (CD3'CD16CD56") e NKT3 (CD3'CD16'CD56").
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Figura 5: Analises do percentual das subpopulagdes de células NKT por citometria de fluxo. (A)
Grafico de distribuicdo pontual de tamanho (FSC) versus granulosidade (SSC) utilizado para a selegio
da populagdo de interesse, nesse caso linfocitos pequenos — R1. (B) Grafico de distribuigdo pontual
FL1/CD3 versus FL3/CD16 (R2) utilizado para selecionar a populagio celular CD3" - R2. (C) Gréfico
de FL3/CD16 versus FL2/CD56, contendo as células confinadas em “G2=R1 and R2”, para
quantificar o percentual das subpopulagdes de células NKT (CD3"CD167°CD567").

3.5.4. Analise de mondcitos pro-inflamatorios
A analise de mondcitos pro-inflamatérios (CD14°CD16 ' HLA-DR™) foi feita segundo

protocolo proposto por Belge et al. (2002). A Figura 6 ilustra a seqiliéncia de procedimentos
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para a analise das subpopulagdes de mondcitos pro-inflamatorios. Apds a selegdo da regido de
interesse (R1), baseada em aspectos morfométricos, e imunofenotipicos, determinadas através
de graficos de distribui¢do pontual de FL3/CD14 versus granulosidade (SSC) (Figura 6A),
foram construidos graficos de FL3/CD14 versus FL1/CD16, onde uma regido (R2) foi
determinada para a selecio da populagio CD14'CDI16" (Figura 6B). O préximo passo
consistiu na combinagdo das regides R1 e R2 através da féormula “G2=R1 and R2”, onde
“and” designa a interse¢do dos eventos presentes simultaneamente em R1 e R2. Em seguida,
graficos de FL3/CD14 versus FL2/HLA-DR, contendo as células em G2, foram utilizados

para quantificar o percentual de células CD14'CD16 HLA-DR"" (Figura 6C).
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Figura 6: Anélises dos percentuais de mondcitos pro-inflamatorios (CD14°CD16 HLA-DR™) por
citometria de fluxo. (A) Grafico de distribuicdo pontual FL3/CD14 versus granulosidade (SSC)
utilizado para a selegdo da populagio de monodcitos — R1. (B) Grafico de distribui¢do pontual
FL3/CD14 versus FL1/CD16 (R2) para selecionar a populagio CD14'CD16" - R2. (C) Gréfico
FL3/CD14 versus FL2/HLA-DR, contendo as células em “G2=Rland R2”, para quantificar o

percentual de monocitos pro-inflamatorios.

3.5.5. Analise de células T reguladoras
A analise de células T reguladoras foi realizada segundo protocolo proposto por
Baecher-Allan et al. (2001). A Figura 7 ilustra a seqiiéncia de procedimentos para a analise de
células T reguladoras com fenotipo CD4"CD25"H . Apos a selecdo da regido de interesse
(R1), em graficos de distribui¢do pontual de tamanho (FSC) versus granulosidade (SSC)

(Figura 7A), foram construidos graficos de FL1/CD4 versus FL2/CD25, permitindo
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identificar a segregacio da populagio CD4" em 3 subpopulagdes: CD4'CD25 (R2),
CD4'CcD25°Y (R3) e CD4'CD25MH (R4). A fracdo celular em R4 representa o valor

percentual de células T reguladoras na populacdo de linfocitos totais (Figura 7B).
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Figura 7: Analises dos percentuais de células T reguladoras (CD4"CD25"") por citometria de fluxo.
(A) Grafico de distribuicdo pontual FSC versus SSC para a selecao de linfocitos—R1. (B) Grafico de
distribuicdo pontual FL1/CD4 versus FL2/CD25 para quantificar o percentual de células T

reguladoras.

3.5.6. Analise combinada “gated”

A analise combinada “gated” foi realizada segundo protocolo proposto por Sathler-
Avelar et al. (2003). A Figura 8 ilustra a seqiiéncia de procedimentos para a andlise de
subpopulacdes de células T ativadas (CD4'HLA-DR'/CD4" e CDS'HLA-DR'/CDS") e
subpopulagdes de linfocitos B (CD19°'CD5'/CD19" e CD19'CD23"/CD19"). Apés a selecio
da regido de interesse (R1), em graficos de distribui¢do pontual de tamanho (FSC) versus
granulosidade (SSC) (Figura 8A), foi estabelecida uma nova regido de interesse (R2),
selecionada como subpopulacdo celular dentro de R1, empregando histogramas
unidimensionais de fluorescéncia (Figura 8B). O proximo passo consistiu na combinacao das
duas regides selecionadas (R1 “and” R2). O resultado final do percentual da subpopulacio
celular fluorescente foi identificado em histograma unidimensional de fluorescéncia — M1

(Figura 8C).
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Figura 8: Seqiiéncia de procedimentos utilizados para a analise do percentual da subpopulagio de
linfocito T ativado (CD4 HLA-DR'/CD4") por citometria de fluxo. (A) Grifico de distribuigdo
pontual FSC versus SSC utilizado para a selecdo da populagdo de interesse, nesse caso linfocitos
pequenos — R1. (B) Histograma unidimensional de fluorescéncia FL1/CD4 utilizado para selegdo da
populacdo de interesse — R2. (C) Apos a combinacdo das duas regides selecionadas (R1 “and” R2),
garantindo a presenca simultdnea da populacdo de interesse nas duas regides selecionadas, o

percentual da subpopulagdo celular foi identificado em histograma unidimensional de fluorescéncia —

MI.

3.5.7. Analise da producao de citocinas por linfocitos

A analise da produgdo de citocinas pelas células NK, linfocitos T e B foi feita através
da andlise convencional. Em graficos de distribuicdo pontual de tamanho (FSC) versus
granulosidade (SSC) foi estabelecida a populagdo celular de interesse (R1) (Figura 9A), no
caso linfécitos. Apos a selegao da regido de interesse, a freqii€ncia de subpopulagdes celulares
produtoras de citocinas, dentro de R1, foi obtida em graficos bidimensionais de distribui¢ao

pontual de fluorescéncia FL3 versus FL2 (Figura 9B).
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Figura 9: Analise da produgdo de citocinas citoplasmaticas por células NK, linfécitos T e B. (A)
Grafico de distribui¢do pontual FSC versus SSC utilizado para a selecdo da populagdo de linfocitos —
R1. (B) Grafico de distribui¢do pontual FL3 versus FL2 utilizado para quantificar o percentual de

células produtoras de citocinas em R1.

3.5.8. Analise da producio de citocinas por Mondcitos
A andlise da produgdo de citocinas por mondcitos foi feita a partir da construgdo de
graficos de fluorescéncia FL3/anti-CD14 TC versus granulosidade (SSC) e, os mondcitos
discriminados como células SSCCD14"&" (Figura 10A). J4 a analise da expressdo de
citocinas por estas células foi determinada em graficos bidimensionais de distribui¢do pontual

de fluorescéncia FL3/anti-CD14 TC versus FL2/anti-citocinas (Figura 10B).
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Figura 10: Analise da producdo de citocinas citoplasmaticas por mondcitos (A). Grafico de
distribuicdo pontual FL3/anti-CD14 TC versus SSC utilizado para a selecdo da populacdo de
monocitos — R1. (B) Grafico de distribuicdo pontual FL3 versus FL2 utilizado para quantificar o

percentual de células produtoras de citocinas em R1.
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3.6. Analises Estatisticas

As andlises estatisticas foram feitas primeiramente pelo programa Minitab (versdo
13.20) para testar as trés hipoteses: independéncia, normalidade e varidncia dos grupos de
dados. Os dados que apresentaram como verdadeiras as trés hipoteses foram considerados
paramétricos, sendo empregados testes t ndo pareado ou pareado, usando o programa
estatistico Prisma (versao 3.0). As demais amostras foram consideradas ndo paramétricas e os
testes empregados foram Mann-Whitney para dados pareados ou Wilcoxon para os nao

pareados. As diferencas foram consideradas significativas quando o p<0,05.
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4. RESULTADOS
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4.1. Analise do perfil fenotipico leucocitario de criancas portadoras da forma cronica
indeterminada recente da doenca de Chagas antes e apds tratamento com benzonidazol
4.1.1. Distribuicao das populacdes leucocitarias
a) Distribuicio percentual das populac¢des de linfocitos T, B e células NK

Para avaliar o percentual de linfocitos T, B e células NK na populacdo de
linfocitos totais circulantes de criancas com a forma crénica indeterminada recente da doenca
de Chagas, antes e apOs o tratamento etiologico com benzonidazol e de criancas nao
infectadas, foram realizados ensaios de dupla marcagdo ¢ utilizada a estratégia de analise
convencional, como descrito em Material e Métodos.

Os resultados do percentual de linfécitos T (CD3") na populagdo de linfocitos
totais circulantes estdo representados na Figura 11A. A andlise dos dados mostrou que o
grupo E-IND apresenta percentual de células T significativamente menor (p<0,05) em relacdo
ao grupo NI (NI = 76,5+6,5%; E-IND = 67,1+7,5%). Nossos dados demonstram ainda queda
significativa no percentual de células T no grupo E-INDt em relagdo aos grupos E-IND e NI
(E-INDt= 56,2+7,2%).

Na Figura 11B estdo representados os resultados do percentual de linfocitos B
(CD19") na populacio de linfécitos totais circulantes. A andlise dos resultados mostrou que o
grupo E-INDr apresenta percentual de linfocitos B CD19" significativamente maior (p<0,05)
em relacdo ao grupo NI. A analise entre os grupos de individuos infectados antes € apds o
tratamento com Bz ndo mostrou diferenca significativa (NI = 13,1£3,5%; E-IND =
15,843,1%; E-INDt = 20,5+7,5%).

A Figura 11C mostra o resultado do percentual de células NK totais (CD3'CD16
"CD56™) na populacdo de linfocitos totais circulantes. A andlise dos resultados revelou que

apenas o grupo E-INDy apresenta valor percentual de células NK totais significativamente
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maior (p<0,05) em relacdo aos grupos NI e E-IND (NI = 7,8+1,6%; E-IND = 11,1+7,4%; E-

IND; = 22,9+10,6%).
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Figura 11: Analise das células T (A), B (B) e NK (C) do sangue periférico de criangas infectadas,
antes (E-IND EE) ¢ apos o tratamento com benzonidazol (E-IND; Ill); ¢ de individuos ndo
infectados (NI L__l). As populagdes celulares foram identificadas utilizando anticorpos monoclonais
anti-CD3/FITC (linfocitos T), anti-CD19/TC (linfocitos B) e anti-CD16/TC e ou anti-CD56/PE
(células NK), como descrito em Material ¢ Métodos. Os resultados estdo expressos como dispersdo
dos valores individuais e mediana dos percentuais para cada grupo avaliado. As diferencas
significativas (p<0,05) estdo representadas pelas letras “a” e “b” em compara¢do com os grupos NI e

E-IND, respectivamente.
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b) Distribuicio percentual das subpopulacées de linfocitos T

Para avaliar o efeito do tratamento no percentual das subpopulagdes de linfocitos
T do sangue periférico foram realizados ensaios de dupla marcacao e estratégia convencional
para identificar os linfocitos T auxiliares (CD3'CD4") e T citotoxicos (CD3'CDS8").

A Figura 12 mostra os resultados do percentual de linfocitos T CD4" e T CD8"
na populagdo de linfécitos totais do sangue periférico de criancas infectadas e ndo infectadas.
A anélise dos resultados ndo demonstrou nenhuma diferenca significativa (p>0,05) na
populagio de linfocitos T CD4" (NI = 43,6+5,9%; E-IND = 40,8+8,0%; E-IND; =
36,6+6,2%) (Figura 12A). A analise do percentual dos linfocitos T CD8" revelou percentual
significativamente menor (p<0,05) nas criangas infectadas antes e apos o tratamento com Bz
quando comparada com a das criangas ndo infectadas. (NI = 30,8+7,7%; E-IND = 22,9+3,4%;
E-INDt = 18,7+£5,5%). A andlise entre os grupos de criangas infectadas ndo revelou diferenga
significativa na freqiiéncia de linfocitos T CD8" no grupo E-INDt em relacio ao grupo E-IND

(Figura 12B).
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Figura 12: Anélise do percentual de células T CD4" (A) e T CD8" (B) do sangue periférico de
criangas infectadas, antes (E-IND EEH) ¢ apos o tratamento com benzonidazol (E-IND; HI); ¢ de
individuos ndo infectados (NI__J). As populagdes celulares foram identificadas utilizando anticorpos
monoclonais anti-CD4/FITC (linfécitos T auxiliares) e anti-CD8/TC (linfécitos T citotoxicos), como
descrito em Material e Métodos. Os resultados estdo expressos como dispersao dos valores individuais
e mediana dos percentuais para cada grupo avaliado. A diferenga significativa (p<0,05) esta

representada pela letra “a” em comparagdo com o grupo NI.
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Para avaliar a fracdo de subpopulagdes de células NKT (CD3'CD167756™)
dentro da populagio de linfocitos CD3" do sangue periférico foram realizados ensaios de
tripla marcacdo e utilizada a estratégia de andlise para as células NKT, segundo proposto por
Doherty et al. (1997), como descrito em Material e Métodos.

A Figura 13A mostra os resultados da fracdo de células NKTI
(CD3'CD16'CD56) na populagdo de linfocitos CD3" do sangue periférico. A anélise dos
dados revelou um aumento no percentual de células NKT1 no grupo E-INDt quando
comparado com o grupo E-IND. Nenhuma diferenca foi encontrada entre o grupo de criangas
infectadas, antes e apds o tratamento, e o grupo de criangas ndo infectadas (NI = 2,4+0,9%; E-
IND = 1,0+1,2%; E-INDt = 2,9+2,1%).

A Figura 13B mostra os resultados da fracdo de células NKT2 (CD3'CD16
CD56") na populagio de linfocitos CD3" circulantes. A analise dos dados revelou redugio
estatisticamente significativa (p<0,05) do percentual de células NKT2 nas criancas infectadas
antes e ap6s o tratamento quando comparado com o das criancas ndo infectadas. (NI =
16,1+13,7%; E-IND = 3,5+0,9%; E-INDt = 4,2+2,3%). A analise entre os grupos de criancas
infectadas ndo revelou nenhuma diferenca estatisticamente significativa.

A Figura 13C mostra os resultados da fragdo de células NKT3
(CD3'CD16'CD56") na populagio de linfécitos CD3" circulantes. A anlise do percentual de
células NKT3 mostrou aumento estatisticamente significativo (p<0,05) apenas no grupo E-

IND em relagdo ao grupo E-INDt (NI = 1,2+0,9%; E-IND = 2,4+2,6%; E-INDt = 0,4+0,8%).
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Figura 13: Percentual de células NKT1 (CD3'CD16'CD56") (A), NKT2 (CD3'CD16CD56") (B) e
NKT3 (CD3'CD16'CD56") (C) em linfécitos CD3" do sangue periférico de criangas infectadas, antes
(E-IND EE) ¢ apos o tratamento com benzonidazol (E-IND; Ill); e de individuos nio infectados
(NI ). As populagdes celulares foram identificadas em ensaios de tripla marcagdo utilizando
anticorpos monoclonais anti-CD3/FITC, anti-CD56/PE e anti-CD16/TC, como descrito em Material e
Meétodos. Os resultados estdo expressos como dispersdo dos valores individuais ¢ mediana dos
percentuais para cada grupo avaliado. As diferencas significativas (p<0,05) estdo representadas pelas

letras “a” e “b” em comparagdo com os grupos NI e E-IND, respectivamente.
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¢) Distribuicio percentual das subpopulacdes de linfocitos B

As subpopulagdes de linfocitos B circulantes foram identificadas em ensaios de
dupla marcagdo utilizando anticorpos monoclonais anti-CD19/TC e anti-CD5/FITC, para
identificar as células B convencionais (CD19°CD5) e as células B1 (CD19°CD5") na
populacdo de linfocitos totais. Para a analise das subpopulacdes celulares foi utilizada a
estratégia combinada “gated”, como descrito em Material e Métodos.

Os resultados do percentual de células B convencionais e linfocitos B1 na
populacdo de linfocitos totais circulantes estdo representados na Figura 14A e 14B,
respectivamente. A analise da fracdo de células B convencionais (NI = 8,243,6%; E-IND =
12,9+4,0%; E-INDt = 15,446,4%) e linfocitos B1 (NI = 3,5+2,1%; E-IND = 2,6+4,2%; E-
INDt = 5,3+4,5%) revelou um aumento estatisticamente significativo no grupo E-INDr

quando comparado com o grupo E-IND (Figura 15A e 14B).
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Figura 14: Analise do percentual de subpopulagdes de linfocitos B na populagdo de linfocitos totais
do sangue periférico de criangas infectadas, antes (E-IND EE) e apés o tratamento com benzonidazol
(E-IND; Hll); ¢ de individuos ndo infectados (NI L__J). As populagdes celulares foram identificadas
em ensaios de dupla marcagdo utilizando anticorpos monoclonais anti-CD19/TC e anti-CD5/FITC
para identificar as células CD19°CD5™ (A) e linfocitos B1 CD19°CD5" (B) dentro da populagio de
linfocitos totais, como descrito em Material e Métodos Os resultados estdo expressos como dispersao
dos valores individuais e mediana dos percentuais para cada grupo avaliado. A diferenca significativa

(p<0,05) esta representada pela letra “b” em comparagdo com o grupo E-IND.



50

d) Distribuicdo percentual das subpopulacdes de linfocitos NK

Para quantificar os percentuais das subpopulacdes de células NK (Pré-NK —
CD3'CD16'CD56", NK maduras — CD3'CD16'CD56" e NK ativadas — CD3'CD16'CD56") na
populacdo de células NK do sangue periférico foram realizados ensaios de tripla marcacao e
utilizada a estratégia de analise para as células NK, segundo proposto por Gaddy et al. (1997),
como descrito em Material e Métodos. Os resultados da fracdo das células pré-NK, NK
maduras e NK ativadas na populagdo das células NK do sangue periférico estdo representados
na Figura 15.

A andlise do percentual das células Pré-NK revelou freqiiéncia
significativamente maior (p<0,05) nas criancas infectadas antes e apos o tratamento com Bz
quando comparada com a das criangas ndo infectadas (NI = 9,4+3,2%; E-IND = 20,4+16,2%;
E-INDt = 38,1+13,9%). A analise no grupo de criangas infectadas, antes e apds o tratamento
com Bz, revelou aumento significativa na freqiiéncia de células pré-NK no grupo E-INDt em
relagdo ao grupo E-IND (Figura 15A). Entretanto, a andlise do percentual de células NK
maduras ndo revelou diferencas estatisticamente significativas entre os grupos avaliados (NI =
54,848,9%; E-IND = 49,1+14,2%; E-INDt = 49,8+15,7%) (Figura 15B). Com relagdo a
fracdo de células NK ativadas, foi observada queda significativa (p<0,05) no grupo E-INDr
em relacdo ao grupo E-IND e NI (NI = 30,848,7%; E-IND = 24,0+£11,8%; E-IND: =

9,2+3,1%) (Figura 15C).
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Figura 15: Analise do percentual de células pré-NK (A), NK maduras (B) e NK ativadas (C) do
sangue periférico de criangas infectadas, antes (E-IND EE) e apos o tratamento com benzonidazol (E-
IND; Hll); ¢ de individuos no infectados (NI L__J). As populagdes celulares foram identificadas em
ensaios de tripla marcagdo utilizando anticorpos monoclonais anti-CD3/FITC, anti-CD56/PE e anti-
CD16/TC, para identificar as células pré-NK (CD3°CD16 CD56°), NK maduras (CD3'CD16'CD56") e
NK ativadas (CD3'CD16CD56"), dentro da populagio de células CD3'CD16”'CD56™, como descrito
em Material e Métodos. Os resultados estdo expressos como dispersdo dos valores individuais e
mediana dos percentuais para cada grupo avaliado. As diferencas significativas (p<0,05) estdo

representadas pelas letras “a” e “b” em comparagdo com os grupos NI e E-IND, respectivamente.
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4.1.2. Estudo da freqiiéncia de populacdes e subpopulacées de linfocitos ativados
a) Analise da freqiiéncia de subpopulacgdes leucocitiarias CD69"

Para avaliar o percentual de células CD69" nas subpopulagdes leucocitarias do
sangue periférico foram realizados ensaios de dupla marcacdo e utilizada a estratégia de
analise convencional, como descrito em Material e Métodos.

Os percentuais de células NK CD16 CD69", linfécitos B CD19'CD69",
linfocitos T CD3"CD69" e suas subpopulagdes (CD4 CD69" e CD8'CD69") na populagio de
linfocitos totais estdo mostrados na Figura 16. A andlise dos dados mostrou queda
estatisticamente significativa (p<0,05), com excecdo das células CD4'CD69", no percentual
de todas as células CD69" avaliadas no grupo E-IND em relagdo ao grupo NI. A analise dos
resultados, no grupo E-INDy, ao contrario do grupo E-IND, mostrou um aumento
estatisticamente significativo no percentual de todas as popula¢des celulares CD69", aqui
avaliadas, em relacdo aos grupos E-IND e NI

b) Anilise da freqiiéncia de linfécitos T HLA-DR"

Para avaliar o percentual de células ativadas (HLA-DR") nas subpopulacdes de
linfocitos T CD4" e CD8" do sangue periférico foram realizados ensaios de dupla marcacio e
utilizada a estratégia de andlise combinada “gated”, como descrito em Material e Métodos.

Os percentuais de linfocitos T CD4 ' HLA-DR" e T CD8 ' HLA-DR " na populagio
de linfocitos T CD4" e T CDS8", respectivamente, estio mostrados na Figura 17. A analise dos
dados revelou que o grupo E-IND apresenta percentual de células T CD4 HLA-DR'
significativamente menor (p<0,05) em relagdo ao grupo NI. Entretanto, a analise entre os
grupos de criancas infectadas revelou aumento significativo no percentual de células
CD4'HLA-DR" no grupo E-INDt em relagio ao grupo E-IND (Figura 17A). Com relagdo ao
percentual de linfécitos T CD8 'HLA-DR”, foi observado um aumento significativo no grupo

E-INDt em relagdo aos grupos E-IND e NI (Figura 17B).
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Figura 16: Analise da expressdo da molécula CD69 nas populagdes de linfocitos do sangue periférico

de criangas infectadas, antes (E-IND ) e ap6s o tratamento com benzonidazol (E-IND; Il); ¢ de

individuos ndo infectados (NI L__l). As populagdes celulares foram avaliadas empregando ensaios de

dupla marcag@o como descrito em Material e Métodos. Os resultados estdo expressos como dispersdo

dos valores individuais e mediana dos percentuais para cada grupo avaliado. As diferencas

significativas (p<0,05) estdo representadas pelas letras “a” e “b” em comparacdo com os grupos NI e

E-IND, respectivamente.
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Figura 17: Analise da expressdo da molécula HLA-DR nas subpopulacdes de linfocitos T do sangue
periférico de criangas infectadas, antes (E-IND EE) ¢ ap6s o tratamento com benzonidazol (E-INDy
Hl): ¢ de individuos nido infectados (NI L__J). As populagdes celulares foram avaliadas empregando
ensaios de dupla marcagdo como descrito em Material e Métodos. Os resultados estdo expressos como
dispersdo dos valores individuais e mediana dos percentuais para cada grupo avaliado. As diferengas
significativas (p<0,05) estdo representadas pelas letras “a” e “b” em comparacdo com os grupos NI e

E-IND, respectivamente.

¢) Analise da expressio da molécula CD28 e CD38 em linfécitos T

Para avaliar o percentual de linfécitos T CD4" e CD8" co-expressando os
marcadores CD28 e CD38 no sangue periférico foram realizados ensaios de dupla marcagao e
utilizada a estratégia de analise combinada “gated”, como descrito em Material e Métodos.

Os percentuais de linfocitos T CD4'CD28" ¢ T CD8'CD28" na populagio de
linfocitos T CD4" e T CD8", respectivamente, estdio mostrados na Tabela 5. A analise dos
resultados ndo identificou diferenca significativa no percentual de linfocitos T CD4 CD28"
entre os grupos avaliados. Entretanto, foi observado uma queda significativa no percentual de
linfécitos T CD8'CD28" no grupo E-INDy em relagio ao grupo E-IND. Nenhuma diferenga
foi observada entre os grupos de criangas chagasicas e o de individuos ndo infectados.

A andlise da co-expressdo da molécula CD38 nas subpopulagdes de linfocitos T
revelou que o grupo E-IND apresenta redugdo estatisticamente significativa (p<0,05) na

populagdo de linfécitos T CD4'CD38" em relagdo ao grupo NI. A analise da expressio da
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molécula CD38 em linfocitos T CDS8" ndo demonstrou alteragdes significativas entre os

grupos avaliados (Tabela 5).

Tabela 5: Analise das moléculas de co-ativacdo em subpopulagdes de linfocitos T

Grupos
Fenétipo Celular NI (n=7) E-IND (n=6)  E-IND;y (n=6)
CD4'CD28"/CD4"* 95,22+5.11 97,91+0,83 96,44+3,49
CD8'CD28"/CDS8* 51,97+14,73 68,20+11,25 40,10=8,64 °
CD4'CD38'/CD4* 64,51+17,41 45,40+1021° 54.91:8.95
CD8'CD38"/CD8* 55,994824 54,94+9 89 59,44+5.71

As diferengas significativas (p<0,05) estdo representadas pelas letras “a” e “b” em comparagao

com os grupos NI e E-IND, respectivamente.

d) Analise da freqiiéncia de linfocitos B ativados (CD19°CD23")

A subpopulacdo de linfocitos B ativados no sangue periférico foi identificada em
ensaios de dupla marcacao utilizando anticorpos monoclonais anti-CD19/TC e anti-CD23/PE,
para identificar as células CD19"CD23" na populagio de linfocitos CD19". Para a analise da
subpopulagdo celular foi utilizada a estratégia combinada “gafted”, como descrito em Material
e Métodos.

Os resultados do percentual de linfécitos B ativados (CD19°CD23") estdo
representados na Figura 18. A analise dos dados mostrou que o grupo E-IND apresenta
percentual de células B CD19"CD23" significativamente maior (p<0,05) em relagdo ao grupo
NI. Nossos dados demonstram ainda aumento significativo no percentual de células B

ativadas no grupo E-INDt em relacdo aos grupos E-IND e NI.



56

30

ab

% de Células B CD19°CD23*

8
e

NI E-IND E-IND;

Figura 18: Anélise do percentual de linfécitos B ativados (CD19°CD23") do sangue periférico de
criancas infectadas, antes (E-IND ) e apos o tratamento com benzonidazol (E-IND; Hl); e de
individuos ndo infectados (NI [__J). A populagio celular foi identificada em ensaios de dupla
marcacdo utilizando anticorpos monoclonais anti-CD19/TC e anti-CD23/PE como descrito em
Material e Métodos. Os resultados estdo expressos como dispersdo dos valores individuais e mediana

dos percentuais para cada grupo avaliado. As diferengas significativas (p<0,05) estdo representadas

[TPE T}

pelas letras “a” e “b” em comparagdo com os grupos NI e E-IND, respectivamente.

4.1.3. Analise da freqiiéncia de subpopulac¢oes de linfécitos T co-expressando
moléculas de adesao celular (CD62L, CD18 e CD54)

Para avaliar o percentual de células CD62L", CD18" e CD54" nas subpopulagdes de
linfocitos T CD4" e CD8" no sangue periférico foram realizados ensaios de dupla marcacio e
utilizada a estratégia de analise convencional, como descrito em Material e Métodos.

A analise da fragdo de linfocitos T CD4 CD62L" na populagdo de linfocitos T CD4"
demonstrou queda significativa no grupo E-IND em comparacao com o grupo NI (Tabela 6).
J4, a andlise da fragdo de linfocitos T CD8'CD62L" na populacio de linfocitos T CD8"
mostrou reducdo estatisticamente significativa (p<0,05) no grupo E-INDt em relacdo aos
grupos E-IND e NI (Tabela 6). Com relagio ao percentual de linfocitos T CD4'CD18" e T
CD8'CD18" na populagdo de linfécitos T CD4" e T CDS8", respectivamente, a analise dos

dados ndo revelou diferencas significativas entre os grupos avaliados (Tabela 6).
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A analise do percentual de linfécitos T CD4'CD54"/CD4" ndo revelou diferencas
significativas entre os grupos avaliados (Tabela 6). Entretanto, foi observado um aumento
significativo na fragdo de linfocitos T CD8'CD54 /CD8" no grupo E-IND (p<0,05) quando
comparado com o grupo NI. Apds o tratamento o percentual de linfocitos T
CD8'CD54"/CD8" (E-INDy) apresentou uma queda em relagdo as criancas ndo infectadas

(Tabela 6).

Tabela 6: Analise dos marcadores relacionados com migracao de células T

Grupos
Fenétipo Celular NI (n="7) EIIND(n=6)  E-INDy(n=6)
CD4"CD62L7/CD4" 83,18+10,34 64,06+7,36 " 69,20+7,93
CD8'CD62L"/CDS* 52,18+13,04 48,30+12,03 35,50+9,55
CD4'CD18"/CD4" 23,55+9,69 25,77+12,69 22,11+8,54
CD8'CD18"/CD8" 65,48+14,49 55,56+13,10 59,82+16,76
CD4'CD54"/CD4" 4,63+10,01 0,73+4,86 2,47+2,87
CD8'CD54'/CDS" 33,27+17,17 71,77+15,03 15,8945.46°

As diferencas significativas (p<0,05) estdo representadas pelas letras “a” e “b” em comparagdo com os

grupos NI e E-IND, respectivamente.

4.1.4. Anilise da freqiiéncia de células T reguladoras (CD4*CD25"'M) em leucocitos
do sangue periférico

HIGH na populagdo de

Para avaliar o percentual de células T reguladoras CD4 CD25
linfocitos totais do sangue periférico foram realizados ensaios de dupla marcagdo ¢ a

estratégia de analise empregada foi a proposta por Baecher-Allan et al. (2001), como descrita

em Material e Métodos.
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Os resultados apresentados na Figura 19 mostram o valor percentual de linfocitos T
CD4'CD25™M5H pna populacdo de linfocitos totais do sangue periférico de criangas na fase
cronica recente da doenca de Chagas, antes e apos o tratamento etiolégico com benzonidazol,
e de criancas ndo infectadas. A analise dos dados mostrou que as criangas chagésicas, antes e
apos o tratamento, apresentam percentuais menores de células T reguladores em relagdo as
criancas ndo infectadas. A andlise dos dados entre os grupos E-IND e E-INDt ndo revelou
diferenca estatisticamente significativa (NI = 4,5+3,5%; E-IND = 1,8+0,7%; E-INDt =

1,80,3%).
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Figura 19: Analise do percentual de células T reguladoras CD4"CD25""

circulantes do sangue
periférico de criangas infectadas, antes (E-IND EE8) ¢ apos o tratamento com benzonidazol (E-IND
Hll): ¢ de individuos ndo infectados (NI L__J).As populagdes celulares foram identificadas em ensaios
de dupla marcagdo utilizando anticorpos monoclonais anti-CD4/FITC e anti-CD25/PE, como descrito
em Material e Métodos. Os resultados estdo expressos como dispersdo dos valores individuais e
mediana dos percentuais para cada grupo avaliado. As diferencas significativas (p<0,05) estdo

representadas pelas letras “a” em comparagdo com os grupos NI.

4.1.5. Analise da freqiiéncia de mondcitos pré-inflamatérios em leucécitos do
sangue periférico
Para avaliar o percentual de mondcitos pré-inflamatérios (CD14+CD16+HLA-DRHigh)

na populagdo de mondcitos CD14'CD16" do sangue periférico foram realizados ensaios de

tripla marcacgao e utilizada a estratégia de analise proposta por Belge et al. (2002).
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A figura 20A mostra os resultados dos percentuais de mondcitos “macrofagos like”
(CD14'CD16") na populacdo de mondcitos do sangue periférico. A analise dos dados revelou
uma quenda significatica no grupo E-IND em compara¢do com o grupo NI. Ja o grupo E-
INDr apresentou um aumento em relagdo aos grupos NI e E-IND.

A Figura 20B mostra os resultados dos percentuais de monocitos CD14'CD16 'HLA-
DR do sangue periférico de criangas na fase cronica recente da doenca de Chagas, antes e
apos o tratamento etioldgico com benzonidazol, e de criancas ndo infectadas. A analise dos
resultados revelou aumento estatisticamente significativo (p<0,05) do percentual de
mondcitos pro-inflamatorios no grupo E-IND em relacdo ao grupo NI. A analise entre os
grupos de criangas infectadas, antes e apds o tratamento, revelou reducdo no percentual dos
monocitos pro-inflamatodrios apoés o tratamento com Bz (NI = 67,7+15,0%; E-IND =
92,3+10,4%; E-INDt = 51,3£29,2%). Entretanto, analises adicionais revelaram aumento no
percentual de mondcitos CD14 HLA-DR™" no grupo E-INDT em aos grupos E-IND e NI

(Figura 20C).
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Figura 20: Percentual de mondcitos CD14°CD16" (A), CD14"CD16 " HLA-DR"" (B) ¢ CD14 'HLA-
DR"" (C) circulantes do sangue periférico de criangas infectadas, antes (E-IND EEH) e apos o
tratamento com Bz (E-IND; Ill); ¢ de individuos ndo infectados (NI L__J). Os resultados estio
expressos como dispersdo dos valores individuais e mediana dos percentuais para cada grupo avaliado.

As diferencas significativas (p<0,05) estdo representadas pelas letras “a” em comparagdo com os

grupos NI
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4.2. Analise do padrao de citocinas produzidas por leucdcitos do sangue periférico de
individuos portadores da forma crénica indeterminada recente da doenca de Chagas

antes e apds o tratamento com benzonidazol

Apesar dos varios estudos focalizando o papel da resposta imune durante os estagios
iniciais da infeccdo chagéasica em modelos experimentais, investigacdes neste campo, durante
a fase cronica indeterminada recente em humanos, ainda sdo limitadas. Para avaliar o papel da
resposta imune durante a fase cronica recente da doenca de Chagas em humanos, antes e ap6s
o tratamento com Bz, determinamos in vitro o perfil de citocinas inflamatorias/anti-
inflamatorias citoplasmaticas em leucdcitos circulantes. Esse tipo de abordagem permitiu
identificar o padrdo de citocinas produzidas, bem como, a fonte produtora das mesmas. Para
tanto, foram realizadas primeiramente, culturas na presenca de Brefeldina A e na auséncia de
estimulo exdgeno, objetivando caracterizar o perfil de citocinas ex-vivo (Cultura Controle).
Em paralelo foram realizadas culturas estimuladas com antigenos soltveis das formas
epimastigotas do 7. cruzi — EPI, com o intuito de verificar a influéncia de antigenos do
parasita na inducao da resposta imune (Cultura estimulada).

E importante resaltar que os dados referentes a analise do padrio de citocinas produzidas
por leucocitos do sangue periférico serdo apresentados em valores absolutos, uma vez que

estes resultados foram semelhantes aos dados percentuais. Para a obtencdo dos valores

absolutos foram utilizados os dados leucométricos (Anexo).

4.2.1. Perfil citocinas produzidas pelas células da resposta imune inata
a) Expressao de citocinas por mondcitos
Os resultados apresentados na Figura 21 mostram os valores absolutos de
monécitos TNF-a", IL-12" e IL-10" do sangue periférico. Nossos dados demonstram, na
cultura controle, um aumento no numero de monécitos IL-12" no grupo E-IND quando

comparado ao grupo NI. Entretanto, no grupo E-INDt o nimero de monécitos TNF-o.” e IL-
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12" diminui quando comparado com os grupos NI e E-IND, respectivamente (Figura 21A). A
analise dos dados, referentes a cultura estimulada com EPI, ndo revelou nenhuma diferenca
estatisticamente significativa no niimero de mondcitos citocinas’ no grupo E-IND quando
comparado com o grupo NI, apesar de se observar um aumento no numero de mondcitos
TNF-o.". Entretanto, a anélise dos dados revelou uma reducdo nos valores absolutos de
mondcitos TNF-o" no grupo E-INDt em relagdo os demais grupos avaliados, na presenca de
EPI (Figura 21B). Além disso, o estimulo com EPI foi capaz de aumentar a produgdo de todas
as citocinas avaliadas em mondcitos do grupo E-INDt quando comparado com a cultura
controle (Figura 21B).
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Figura 21: Analise da expressdo de citocinas por monocitos circulantes do sangue periférico de
criangas infectadas antes (E-IND EE) ¢ apos o tratamento com Bz (E-IND; Ill); ¢ de individuos nio
infectados (NI L__J), apés cultura rapida com Brefeldina A, na auséncia (A) ou presenca de EPI (B),
como descrito em Material e Métodos. Os resultados estdo expressos como mediana + desvio padrao
dos valores absolutos de mondcitos TNF-a, IL12" e IL-10" para cada grupo avaliado. As diferengas
significativas (p<0,05) estdo representadas pelas letras “a” e “b” em compara¢do com os grupos NI e
E-IND, respectivamente. As diferencas estatisticas entre as culturas controle e estimulada, dentro do

mesmo grupo, estdo representadas pelo *.
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b) Expressao de citocinas pelas células NK

Os resultados apresentados na Figura 22 mostram os valores absolutos de células
NK IFN-a, TNF-o" e IL-4" do sangue periférico. Nossos dados ndo demonstram, na cultura
controle, alteracdes significativas no niumero absoluto de células NK expressando citocinas no
grupo E-IND quando comparado ao grupo NI. Entretanto, no grupo E-INDry, a anélise dos
dados mostrou um aumento estatisticamente significativo no niimero de células NK IFN-o",
TNF-o" e IL-4" quando comparado com os demais grupos avaliados (Figura 22A). A analise
dos dados, referentes a cultura estimulada com EPI, revelou um aumento no numero absoluto
de células NK IFN-y", TNF-o." ¢ IL-4" no grupo E-IND em relacio ao grupo NI. Além disso,
o estimulo com EPI foi capaz de aumentar a expressdo de todas as citocinas avaliadas nas
células NK do grupo E-IND em comparagdo com a cultura controle. Para o grupo E-IND-, os
dados mostram um aumento na expressao de todas as citocinas, por nos avaliadas, nas células
NK, quando comparado com os grupos NI e E-IND. Diferente do grupo E-IND, a presenca do

antigeno induziu um aumento apenas no nimero absoluto de células NK IFN-y" no grupo E-

INDy (Figura 22B).
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Figura 22: Analise da expressdo de citocinas por células NK circulantes do sangue periférico de
criangas infectadas antes (E-IND ) e apos o tratamento com Bz (E-IND; Hll) ¢ de individuos nio
infectados (NI L__J), apés cultura rapida com Brefeldina A, na auséncia (A) ou presenca de EPI (B),

como descrito em Material e Métodos. Os resultados estdo expressos como mediana + desvio padréo
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dos valores absolutos de células NK IFN-y", TNF-o." e IL4" para cada grupo avaliado. As diferencas
significativas (p<0,05) estdo representadas pelas letras “a” e “b” em comparacdo com os grupos NI e
E-IND, respectivamente. As diferencgas estatisticas entre as culturas controle e estimulada, dentro do

mesmo grupo, estio representadas pelo *.

4.2.2. Perfil citocinas produzidas pelas células da resposta imune adaptativa
a) Expressio de citocinas por linfécitos T CD4"

Os resultados apresentados na Figura 23 mostram os valores absolutos de
linfocitos T CD4" IL-127, IFN-y", TNF-a.", IL4" e IL10" do sangue periférico. Nossos dados
ndo demonstram, na cultura controle, alteracdes significativas no numero absoluto de células
T CD4" expressando citocinas no grupo E-IND quando comparado ao grupo NI. Entretanto,
no grupo E-INDt o numero de linfocitos CD4" IFN-y" mostrou-se aumentado quando
comparado com o grupo E-IND. Surpreendentemente, neste grupo, o numero de linfécitos T
CD4'IL10" aumentou cerca de 9 a 20 vezes em relagio ao grupos NI e E-IND,
respectivamente (Figura 23A). A analise dos dados, referentes a cultura estimulada com EPI,
revelou que a presenca do antigeno foi capaz de aumentar o numero de linfocitos T CD4"
IFN-y", TNF-a" e IL-10" do grupo E-IND em comparacdo com a cultura controle. Para o
grupo E-INDr, os dados mostram um aumento no numero absoluto dos linfocitos T CD4"
TNF-a" e IL-4" quando comparado com o grupo NI. Além disso, assim como na cultura
controle, o niimero de linfocitos T CD4'TIL-10", na presenca do antigeno, permanece muito

elevado em relacdo aos demais grupos avaliados (Figura 23B).
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Figura 23: Analise da expressio de citocinas por linfocitos T CD4" circulantes do sangue periférico
de criangas infectadas antes (E-IND EEH) ¢ apos o tratamento com Bz (E-IND; Ill), ¢ de individuos
ndo infectados (NI L__J), apés cultura rapida com Brefeldina A, na auséncia (A) ou presenca de EPI
(B), como descrito em Material e Métodos. Os resultados estdo expressos como mediana + desvio
padrio dos valores absolutos de linfocitos T CD4" IL-12", IFN-y", TNF-a', IL4" ¢ IL10" para cada
grupo avaliado. As diferengas significativas (p<0,05) estdo representadas pelas letras “a” e “b” em
comparagdo com os grupos NI-1 e E-IND, respectivamente. As diferengas estatisticas entre as culturas

controle e estimulada, dentro do mesmo grupo, estéo representadas pelo *.
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b) Expressdo de citocinas por linfocitos T CD8"

Os resultados apresentados na Figura 24 mostram os valores absolutos de
linfocitos T CD8" IL-127, IFN-y", TNF-a.", IL4" e IL10" do sangue periférico. Nossos dados
ndo demonstram, na cultura controle, alteracdes significativas no numero absoluto de células
T CD8" expressando citocinas no grupo E-IND quando comparado ao grupo NI. Entretanto,
no grupo E-INDr os ntimeros de linfocitos CD8" IL-12", IFN-y", TNF-a', IL4" e IL10"
mostraram-se extremamente elevados quando comparado com os demais grupos avaliados
(Figura 24A). A analise dos dados, referentes a cultura estimulada com EPI, revelou um perfil
semelhante ao da cultura controle, quando a comparacao foi feita entre os grupos. Além disso,
o estimulo com EPI foi capaz de aumentar a produg¢do apenas do numero de linfocitos

CDS8'TFN-y" do grupo E-INDt quando comparado com a cultura controle (Figura 24B).
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Figura 24: Analise da expressio de citocinas por linfocitos T CD8" circulantes do sangue periférico
de criangas infectadas antes (E-IND EEH) ¢ apos o tratamento com Bz (E-IND; Ill), ¢ de individuos
ndo infectados (NI L__J), apés cultura rapida com Brefeldina A, na auséncia (A) ou presenca de EPI
(B), como descrito em Material ¢ Métodos. Os resultados estdo expressos como mediana + desvio
padrio dos valores absolutos de linfocitos T CD4" IL-12", IFN-y", TNF-a', IL4" ¢ IL10" para cada
grupo avaliado. As diferencas significativas (p<0,05) estdo representadas pelas letras “a” e “b” em
comparagdo com os grupos NI-1 e E-IND, respectivamente. As diferengas estatisticas entre as culturas

controle e estimulada, dentro do mesmo grupo, estéo representadas pelo *.
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¢) Expressio de citocinas por linfocitos B CD19"

Os resultados apresentados na Figura 25 mostram os valores absolutos de
linfocitos B CD19" TNF-a', IL4" e IL10" do sangue periférico. Nossos dados ndo
demonstram, na cultura controle, alteracdes significativas no niimero absoluto de células B
CD19" TNF-a.", IL4" ¢ IL10" no grupo E-IND quando comparado ao grupo NI. Entretanto, no
grupo E-INDr os ntimeros de linfocitos CD19” TNF-a.", IL4" e IL10" mostraram-se elevados
quando comparado com os demais grupos avaliados (Figura 25A). A analise dos dados,
referentes a cultura estimulada com EPI, revelou um perfil semelhante ao observado na

cultura controle (Figura 25B).
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Figura 25: Analise da expresso de citocinas por linfocitos B CD19" circulantes do sangue periférico
de criancas infectadas antes (E-IND EE) ¢ apos o tratamento com Bz (E-IND; Ill), ¢ de individuos
ndo infectados (NI L__J), apés cultura rapida com Brefeldina A, na auséncia (A) ou presenca de EPI
(B), como descrito em Material ¢ Métodos. Os resultados estdo expressos como mediana + desvio
padriio dos valores absolutos de linfécitos T CD19" TNF-a., IL4" e IL10" para cada grupo avaliado.
As diferencas significativas (p<0,05) estdo representadas pelas letras “a” e “b” em comparagdo com 0s

grupos NI e E-IND, respectivamente.
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4.3. Anadlise da correlagio entre os marcadores de ativacdo celular e o padrao de
citocinas produzidas por leucécitos do sangue periférico de individuos portadores da
forma cronica indeterminada recente da doenca de Chagas antes e apds o tratamento

com benzonidazol

Uma vez que estudos tém demonstrado que mondcitos “macrofagos-like”
(CD14'CD16") e mondcitos pro-inflamatorios (CD14 "HLA-DR"") expressam citocinas pro-
inflamatorias (BELGE et al., 2002; DAYYANI et al., 2003) ¢ estas células estdo aumentadas
apos o tratamento com benzonidazol, realizamos analises de correlagdo entre as células
CD14" produtoras de citocinas inflamatérias (IL-12 ou TNF-a) e o percentual de mondcitos
“macrofagos-like” ou monocitos pro-inflamatoérios. As andlises de correlagdo, de forma
interessante, revelaram uma correlagdo negativa entre monodcitos “macrofagos-like” e
mondcitos produtores de IL-12 (Figura 26). Resultado semelhante foi observado para a
correlacdo entre monocitos pro-inflamatério e mondcitos produtores de IL-12 (Figura 26).
Nenhuma correlacdo foi observada entre os mondcitos CD14'CD16" ¢ CD14"HLA-DRMi"
com os mondcitos CD14 " TNF-o." (dados ndo mostrados).
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Figura 26: Analise da correlagdo entre mondcitos “macrofagos-like” e mondcitos CD14'1L12" (A) e
mondcitos pro-inflatério e mondcitos CD14'IL-12" (B) do sangue periférico de criancas infectadas

antes (E-IND .) e apo6s o tratamento com Bz (E-INDz .).
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As células NK apresentam um papel importante durante a infecgdo chagasica, elas
secretam uma grande quantidade de IFN-y favorecendo uma resposta do tipo 1, essencial para
o controle do parasita durante os estagios iniciais da infec¢do chagasica (SILVA et al., 1992;
TORRICO et al, 1991). Entretanto, uma resposta do tipo 1 exacerbada pode leva a processos
deletérios durante a fase cronica da doenca. Nossos resultados demonstraram um aumento no
percentual de células NK ativadas (CD16'CD69") no sangue periférico. Em uma analise
superficial, esse aumento na ativacdo das células NK poderia favorecer o desenvolvimento de
danos teciduais relacionados com a elevada producdo de IFN-y. Nesse contexto, avaliamos se
o aumento no percentual de células NK ativadas estaria relacionado com o produ¢ao de IFN-y
e de IL-4 por células NK. Analise de correlagdo revelou uma correlagdo positiva entre o
aumento de células NK totais e um perfil misto de citocinas, aqui representado pelos elevados
nimeros de células CD16'TFN-y" e CD16'IL-4"/mm’ (Figura 27). O mesmo resultado foi
observado para analise da correlagio entre as células NK ativadas (CD16 CD69") e nimero
de células CD16'TFN-y" e CD16'TL-4"/mm’ (Figura 27).

Estudos recentes, em nosso laboratorio demonstraram que as células T possuem um
papel importante tanto nos estagios iniciais quanto nos estdgios mais avancados da fase
cronica da doenca de Chagas (SATHLER-AVELAR et al., 2003; VITELLI-AVELAR et al.,
2005). Dutra et al. (1994) demonstraram que independentemente da forma clinica da infec¢ao
chagasica os pacientes apresentaram uma elevada freqiiéncia de linfocitos T ativados. Reis ef
al. (1993) ao avaliar o infiltrado inflamatoério do miocardio, de pacientes portadores da forma
cronica cardiaca, constataram associagdo entre linfocitos T citotoxico ativados e o
acometimento do 6rgdo. Nossos resultados revelaram um aumento na ativacdo de células T
apés o tratamento com Bz. Entretanto, andlises de correlagdo revelaram uma correlagdo

positiva entre aumento no percentual de células T CD4" ativadas (CD4 CD69" ou CD4 'HLA-
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DR") e o aumento no nimero absoluto de linfécitos T CD4'IL-10" (Figura 28). Ja para as
células T CD8" ativadas (CD8'CD69" ou CD8'HLA-DR'), uma correlagio positiva foi
observada com perfil misto de citocinas, representado pelo aumento no numero absoluto de
linfocitos T CD8'TFN-y" e CD8'TIL-10" (Figura 29).

Finalmente, a analise da correlagdo das células B ativadas (CD19°'CD69") com o
nimero absolutos das células CDI9"TNF-o.” e CD19'IL-4" revelou uma correlagio positiva

entre as células B ativadas e um padrao misto de citocinas (TNF-a e IL-4) (Figura 30).
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Figura 27: Andlise da correlagdo entre células NK total e o ntimero absoluto de células CD16+
produtoras de citocinas — IFN-y" e IL-4 — e entre as células NK ativadas (CD16 'CD69") e o numero
absoluto de células CD16" produtoras de citocinas — IFN-y e IL-4 — do sangue periférico de criangas

infectadas antes (E-IND .) e apo6s o tratamento com Bz (E-INDz .).
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5. DISCUSSAO
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5.1. Aspectos imunolégicos em individuos portadores da forma cronica indeterminada
recente da doenca de Chagas

O entendimento do papel da resposta imune contra o 7. cruzi € 0s mecanisSmos
promotores de dano tecidual na doenga de Chagas tém sido os maiores desafios desde a
descoberta de seu agente etioldgico. Diversos componentes dos compartimentos celular e
humoral, incluindo a imunidade inata e a adaptativa, sdo recrutados durante a infec¢do pelo 7.
cruzi. Considerando a intensa estimulagdo imune e o processo inflamatorio desencadeados
durante a infec¢do aguda pelo 7. cruzi, é possivel que eventos imunoldgicos precoces
determinem ndo apenas a imunopatologia da doenga mas também atuem como instrumentos
para o clareamento da infec¢do, seqiiestrando o agente etiologico para o sitio intracelular
(HONTEBERYRIE-JOSKOWICZ et al., 1991; SAMUDIO et al., 1998; MARINHO et al.,
1999). Contudo, os estudos que abordam o papel da resposta imune durante os estagios
iniciais da infec¢do pelo 7. cruzi estdo, em sua maioria, restritos a modelos experimentais,
sendo os mecanismos da ativagdo do sistema imune durante este periodo pouco investigados
em humanos. Desta forma, este trabalho objetivou desenvolver um estudo descritivo-analitico
detalhado do fendtipo de células mononucleares do sangue periférico de criangas infectadas
pelo T. cruzi e do padrdo de citocinas intracitoplasmaticas, a fim de delinear caracteristicas da
resposta imune durante os estagios iniciais da doenca de Chagas.

No presente estudo, demonstrou-se que a fase cronica indeterminada recente esta
associada com alteragdes fenotipicas relevantes em células envolvidas na imunidade inata e
adaptativa celular, sugestivas do envolvimento destas populacdes celulares nos eventos
imunologicos de ativacao e modulagdo na infecg¢ao cronica recente pelo 7. cruzi.

Nossos achados revelaram baixa freqiiéncia de células T CD3", devido principalmente
a queda no percentual de linfocitos T CDS8", na auséncia do fenétipo de ativagdo de linfocitos

T, tais como expressdo de CD69 e HLA-DR. Entretanto, niveis maiores na freqiiéncia de
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linfocitos B ativados foram observados nas criancas infectadas, assemelhando-se a um estado

de “imunomodulag¢do” previamente proposto na infeccdo pelo 7. cruzi em modelos
experimentais ou em células humanas in vitro (TARLETON, 1988a,b; ARGIBAY et al.
2002). Esses dados estdo de acordo com nossos relatos prévios decorrentes da caracterizagdo
fenotipica de leucocitos do sangue periférico de criancas bolivianas portadoras da infeccao
recente pelo 7. cruzi (SATHLER-AVELAR et al., 2003). Esse estado imunoldgico misto de
ativacdo e modulacdo pode ser explicado, em parte, pela acdo de diferentes moléculas
presentes na superficie do parasita que induzem ativagdo de células B com secre¢do de
imunoglobulinas ndo especificas, assim como supressao de linfocitos T (BENTO et al., 1996;
BRENER & GAZZINELLI et al., 1997; GAO et al., 2002). Consistente com esta hipotese,
alguns estudos demonstraram que moléculas ancoradas via glicosil-fosfatidil inositol (GPI) na
membrana do 7. cruzi, tais como trans-sialidase e mucinas, sdo capazes de desempenhar
funcdes distintas, incluindo indu¢do da ativacdo de linfocitos B e supressdo na ativagdo de
linfocitos T, com producdo de imunoglobulinas ndo especificas para o 7. cruzi (BILATE et
al., 2000; ZUNIGA et al., 2000; ACOSTA-SERRANO et al., 2001; ARGIBAY et al., 2002;
GAO et al, 2002; DOS REIS et al., 2005). Tem sido sugerido que a resposta humoral
desencadeada durante a infecgdo recente pelo 7. cruzi, caracterizada pela intensa produgao de
imunoglobulinas inespecificas, possa representar um dos elos da considerada
“imunossupressdo” favorecendo o crescimento do parasita, a instalacdo da doenga e o
desenvolvimento da imunopatologia (D’IMPERIO-LIMA et al., 1985; SPINELLA et al,
1992).

As células B ndo possuem apenas um papel central na producdo e amplificagdo da
resposta imune humoral. Elas também tém uma fun¢do importante como células
apresentadoras de antigenos favorecendo uma resposta imune mediada por células T

(MAMULA & JANEWAY, 1993). Embora, as células dendriticas e macréfagos promovam
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diferenciagdo das células T para o fenodtipo Thl, a apresentacdo de antigeno pelas células B
induz a anergia dos linfocitos T, favorecendo o desenvolvimento do fenotipo Th2 anti-
inflamatorio (ADORINE et al., 1997; CROFT et al., 1997; RODRIGUEZ et al., 2007).
Zuniga et al. (2001) reportaram que a lectina denominada Galectina-1 (Gal-1), secretada por
células B ativadas, pode induzir apoptose em células T e diminuir a sintese de IFN-y. Esses
autores demonstraram que as células B ativadas de camundongos infectados pelo 7. cruzi
secretam elevados niveis de Gal-1, podendo exercer varios efeitos imunomoduladores. Esses
resultados sdo consistentes com nossos achados, em que as criangas infectadas apresentam
aumento na populacdo de linfécitos B ativados, na auséncia de fendtipos de ativacdo em
células T.

A importancia das células NK na resisténcia da fase aguda da doenga de Chagas ¢
demonstrada por estudos em que a neutralizagao de IL-12 ou IFN-y, citocinas essenciais para
ativagdo das células NK, assim como a deplecdo das mesmas, tornam os animais mais
susceptiveis a infeccdo pelo T. cruzi (ALIBERTI et al., 1996; CARDILLO et al., 1996).
Assim, além da funcdo citotoxica das células NK ja bem estabelecida, acredita-se que essas
células possuam um papel importante na secrecdo de IFN-y antes do desenvolvimento de
resposta imune mediada pelas células T na infec¢do pelo 7. cruzi.

Um aspecto importante relacionado as células NK, durante infec¢do experimental pelo
T. cruzi, consiste no favorecimento da ativacdo de células B (DE ARRUDA HINDIS et al.,
2001). Neste contexto, a ativacdo de células B, observada durante a fase cronica
indeterminada recente da infeccdo, via NK, poderia ser um evento importante para manter a
resposta humoral. Blanca er al. (2001), ao estudarem a interagdo in vitro de linfocitos B e
células NK, constataram que a ativacdo policlonal de células B é dependente da interagao de
CD40, presente na superficie de células NK, com o seu ligante CD40L na superficie de

linfocitos B. Esses dados sugerem que a interacdo entre essas moléculas apresenta uma
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importante fungdo na ativacdo de células B mediada por NK independente de linfocitos T,
reforcando nossa hipotese. A expressdo da molécula CD40L em células B ativadas, como
sugerido por Blanca et al. (2001), ¢ fundamental na interagdo com células NK devido a sua
contribuicdo na co-estimulacdo de células B, que, em combinagdo com fatores autocrinos dos
linfécitos B, promove a diferenciacdo dessas células em plasmocitos secretores de
imunoglobulinas. Neste estudo, ndo tivemos a oportunidade de avaliar a expressdo de CD40 e
CDA40L por linfocitos. Estudos futuros poderiam fornecer informacdes adicionais permitindo
o esclarecimento desses eventos. A ativagdo de linfocitos B via NK ¢ capaz de promover a
sintese de imunoglobulinas tanto por células B de memoria quanto por linfocitos B1. Na
doenca de Chagas, a ativagdo policlonal e secrecdo de anticorpos ndo especificos, que levam a
hipergamaglobulinemia, sdo fendmenos freqiientes que poderiam favorecer a evasdao do T.
cruzi (MINOPRIO et al., 1986; MINOPRIO et al., 1989).

Um achado interessante em nosso estudo foi a expansdo de uma linhagem distinta de
células NK, apresentando o fendtipo CD3'CD16 CD56". Convencionalmente, células NK
humanas sdo definidas como sendo linfocitos CD3'CD16" e/ou CD56" (LANIER et al,
1986). A maioria das células NK do sangue periférico humano apresenta o fenotipo CD3"
CD16'CD56" (GADDY et al., 1997). Pouco ¢ conhecido sobre as propriedades das células
NK CD3'CD16 CD56". Gaddy et al. (1997) sugerem que células CD3'CD16 'CD56  sio
funcionalmente e fenotipicamente imaturas, capazes de maturagao, sendo consideradas como
linfocitos pré-NK, possiveis precursores de células NK CD3 CD16 CD56" maduras (GADDY
et al., 1997). Esses autores, ao estudarem a ontogenia de células NK utilizando sangue de
corddo umbilical, demonstraram a existéncia de duas subpopulagdes de células NK, sendo as
células CD3'CD16 CD56" de baixa atividade litica e alta capacidade proliferativa. Essa nova
populacio celular, na presenca de IL-2, é capaz de originar o fenétipo CD3'CD16'CD56" e,

quando na presenca de IL-12, pode transformar-se tanto em CD3'CD16'CD56" quanto CD16°
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CD56". No contexto da infeccio pelo 7. cruzi, as células pré-NK (CD3'CD16 CD56),
presentes durante ativagdo da resposta imune inata, na fase cronica indeterminada recente da
doenca de Chagas, poderiam influenciar nos eventos imunologicos na fase cronica tardia da
infeccdo. Estes dados sdo consistentes com a hipotese de que antigenos derivados de 7. cruzi
sdo habeis para ativar células NK, antes do desenvolvimento da imunidade mediada por
células T como sugerido por BRENER ef al. (1997). O mecanismo proposto para a ativacio
de células NK, durante os estagios iniciais da infec¢do em modelos experimentais, sugere que
as formas tripomastigotas e amastigotas do 7. cruzi induzem a sintese de IL-12 por
macrofagos que, em associagdo com TNF-a, promovem a produgdo de IFN-y por NK
(ALIBERTI et al., 1996; BRENER et al., 1997; GAZZINELLI et al.,1997). Em contrapartida,
os mondcitos/macrofagos sao eficientemente ativados por IFN-y derivado das células NK,
aumentando a sintese de Oxido nitrico e controlando a replicagdo do parasita durante os
estagios iniciais da infeccdo pelo 7. cruzi (SILVA et al., 1992; CAMARGO et al., 1997;
CAMPOS et al., 2001; MICHAILOWSKY et al., 2001). Neste contexto, nossos dados
sugerem que a expansdo das células pré-NK poderia estar relacionada a um mecanismo
importante na ativacdo de mondcitos/macrofagos durante a fase cronica indeterminada recente
da doenga de Chagas. Corraborando com essa hipotese, nossos dados mostram que apesar dos
baixos percentuais de monocitos macrofagos-like, ha aumento na freqiiéncia de monocitos
pré-inflamatorio (CD14+CD16+HLA-DRHigh) no sangue periférico das criancas infectadas.
Belge et al. (2002) propuseram a existéncia de duas subpopulacdes de monodcitos em
humanos, as quais podem ser distinguidas como mondcitos classicos ou mondcitos pro-
inflamatorios, baseado na intensidade de expressdo do marcador HLA-DR. Mondcitos pro-
inflamatorios apresentam uma alta expressdo do receptor “Toll-like-2” (TLR-2) e alta
produgdo de TNF-a ¢ IL-12 (BELGE et al., 2002). E interessante observar que 0s nossos

dados referentes a analise de citocinas intracitoplasmaticas produzidas por monoécitos, no
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contexto ex-vivo, demonstraram aumento no nimero absoluto de monécitos CD14'TL-12" no
grupo E-IND quando comparado com o grupo NI.

Este perfil celular inflamatoério nos levou a hipotetizar que as células NK podem
assumir um perfil de citocinas do tipo 1. Apesar do perfil de citocinas produzidas pelas
células CD16" do sangue periférico das criancas portadoras da doenga de Chagas, no contexto
ex-vivo, ndo apresentar alteracdes em relacdo as criancas nio infectadas, as células CD16",
quando estimuladas com antigeno da forma epimastigota do 7. cruzi, assumem um perfil do
tipo 1 modulado na producdo de citocinas, aqui representado pelo aumento no numero
absoluto das células CD16'TFN-y", TNF-o" e IL-4". Recentemente, estudos também tém
demonstrado que as células NKT do figado de camundongos cronicamente infectados com o
T. cruzi produzem altos niveis de IFN-y e IL-4 (DUTHIE et al., 2002). Esses achados
sugerem que as células CD16" (células NK ou células NKT) possam proteger os individuos
contra o 7. cruzi, ndo somente na fase aguda, mas também na fase cronica inicial da doenga
de Chagas, pela producdo de perfil misto de citocinas (pré-inflamatério e anti-inflamatorio)
que favoreceria a geracdo de mecanismos efetivos na eliminagdo do parasita na auséncia de
efeitos imunopatoldgicos.

Os mecanismos imunopatologicos t€ém sido foco de muitos trabalhos na doenca de
Chagas, sugerindo que uma resposta inflamatoria exacerbada possa favorecer o
desenvolvimento das formas clinicas mais graves da doenga (GOMES et al., 2003;
GOLGHER & GAZZINELLI, 2004). Neste contexto, ¢ importante ressaltar que uma forte
ativacdo das células NK assim como de monocitos pro-inflamatdrio poderia induzir danos
teciduais e progressdo da forma indeterminada para as formas cardiacas e ou digestiva (REIS
et al., 1993; REIS et al., 2001). Assim, o estabelecimento de mecanismo imunoregulador,
seja por células reguladoras ou por citocinas moduladoras, seria importante no controle da

atividade do sistema imune, prevenindo os efeitos deletérios da estimulag@o excessiva.
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Estudos recentes sugeriram que as células NKT e células T reguladoras
(CD4+CD25HIGH) apresentam importante fun¢do na manutencdo da homeostase do sistema
imune (WACK et al., 1997; DOHERTY et al., 1999; BAECHER-ALLAN et al., 2001;
GOLDFREY & KRONENBERG, 2004; MURRAY et al., 2004). As células NKT sdo
particularmente abundantes no figado humano, representando um ter¢o de todas as células
CD3" hepéticas, mas no sangue periférico elas totalizam somente 2% das células T (NORRIS
et al., 1999). Tem sido proposto que as células NKT desempenham um importante papel na
eliminagdo de células autdlogas no figado, o6rgdo responsavel pela eliminagdo de células T
ativadas via apoptose. Huang et al., (1994) relataram que ap6s ativacio, as células T CD8"
circulantes sdo direcionadas para o figado, onde sofrem apoptose. Estudos recentes, avaliando
o papel das células NKT durante a infec¢cdo recente pelo 7. cruzi em modelo experimental,
revelaram a presenga de duas subpopulagdes com fungdes diferenciadas, denominadas células
NKT invariantes e NKT variantes. Os camundongos deficientes de ambas subpopulacoes
desenvolvem aumento no nimero de células mononucleares no baco e no figado, na produgao
de anticorpos anti-7. cruzi e do infiltrado inflamatorio no tecido muscular cardiaco. J& os
animais deficientes apenas da subpopulagdo de células NKT invariante desenvolvem um
robusto processo inflamatério no bago, figado e fibras musculares esqueléticas, caracterizado
pela presenca de células NK, dendriticas, linfocitos B e T. Essas células inflamatorias
expressam marcadores de ativagdo, produzem mais IFN-y, TNF-a, NO e menos anticorpos
anti-T. cruzi. Assim, estes dados sugerem que as células NKT variantes estariam relacionadas
com o aumento do processo inflamatorio, enquanto que as células NKT invariantes
possuiriam um papel imunoregulador, importante durante a infecgdo pelo 7. cruzi (DUTHIE
et al., 2002, 2005).

Ainda no contexto da imunorregulagdo, Trzonkowsky et al. (2004) revelaram que a

producdo de IFN-y, perforina, assim como a atividade citotdxica das células NK e células T
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CDS8" sdo reduzidas na presenca de células T reguladoras. Nossos resultados demonstraram
um percentual baixo de células NKT e células T reguladoras nas criangas infectadas,
consistente com os niveis elevados de células NK e monocitos pro-inflamatorios. Esses dados
sugerem que a inabilidade em mudar a resposta imune em direcdo a um perfil fenotipico
caracterizado por um aumento no percentual de células reguladoras possa contribuir para
desenvolvimento de danos teciduais no coragdo e no trato digestorio durante o curso da
doenca de Chagas (VITELLI-AVELAR et al., 2006).

Os valores baixos de células NKT e células T reguladoras levantam o questionamento
de por que alteracdes fenotipicas relacionadas com a ativacdo de células T ndo foram
observadas no sangue periférico das criangas portadoras da doenga de Chagas. Acreditamos
que a imunidade mediada por células T durante a forma clinica indeterminada recente da
doenca de Chagas pode representar um fendmeno restrito aos focos inflamatoérios, ndo
detectavel no sangue periférico, considerando relatos prévios que mostram a presenca de
células T, principalmente linfocitos T CD8", no infiltrado inflamatodrio do tecido cardiaco de
individuos portadores da doenga de Chagas (FUENMAYOUR er al., 2005). Estudos
realizados em modelo experimental murino para a infec¢do pelo 7. cruzi demonstraram que o
aparecimento no coracdo de células T produtoras de citocinas estd correlacionado com o
aumento local da expressdo de moléculas de adesdo celular como LFA-I (CD18) o que seria
consistente com a migracdo de linfocitos CD54" para este sitio. Neste estudo, os autores
propdem que a inflamagdo cronica no coracdo chagésico ¢ altamente ativa e esta relacionada
com um padrdo imunolédgico estavel que se estende desde a fase aguda recente até estagios
tardios da fase cronica. Nossos achados de uma expansio no percentual de linfocitos T CD8"
expressando a molécula CD54, refletem um aumento no potencial migratorio de células T
citotoxicas para o foco inflamatério com a finalidade de controlar o parasitismo tecidual.

Esses achados reforcam a hipotese previamente mencionada de que a ativagdo de linfocitos T
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poderia ser um evento compartimentalizado, restrito aos tecidos-alvo do parasita, como o
miocardio. Além disso, ¢ importante ressaltar que a auséncia de fenotipos de ativacdo na
populacdo de células T do sangue periférico poderia representar um fendmeno importante no
controle de uma atividade sistémica durante a infeccao pelo 7. cruzi. Isto pode ser confirmado
pela analise da produgdo de citocinas intracitoplasmaticas, no contexto ex-vivo, nas
populacdes de linfocitos T e B. Nossos resultados revelaram que as criancas infectadas
apresentaram um perfil de citocinas semelhante ao das criangas nio infectadas. Entretanto, na
presenga do antigeno, simulando um possivel contato dessas células com o parasita no foco
inflamatorio, os linfocitos T ¢ B assumem um padrdo misto na produgdo de citocinas,
importante para a elimina¢do do parasita na auséncia de mecanismos imunopatologicos

(SAMUDIO et al., 1998).

Durante a fase cronica da doenga, observa-se, em camundongos experimentalmente
infectados pelo 7. cruzi, aumento no numero de células T CD8" no sangue, figado e cavidade
peritonial (GRISOTTO et al., 2001) e predominio desse tipo de celular entre os linfocitos
presentes no baco (MARINHO et al., 1999) e no coragdo desses animais (dos Santos et al.,
2001). A importancia das células T CD8" na eliminacio dos parasitas intracelulares foi
demonstrada in vivo, através de um modelo experimental, onde a deplecdo prolongada desse
tipo de célula, durante a fase cronica da infecg¢ao, causou um aumento no nimero de ninhos
de parasitas no tecido cardiaco (TARLETON et al., 1994). Por outro lado, Marinho et al.
(1999) observaram correlagio positiva entre o nimero de linfécitos T CD8" no bago e a
gravidade da doenga em camundongos cronicamente infectados, reforcando a idéia de que
linfocitos T CD8" desempenham papel importante na fase cronica da infecgdo chagasica.
Estes dados, em conjunto, mostram que as células T CD8", enquanto importantes no controle
do parasitismo, também parecem desempenhar papel determinante na destruicdo tecidual.

Embora estudos avaliando a freqiiéncia de linfocitos T no sangue periférico de pacientes
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portadores da doenga de Chagas e de individuos ndo infectados ndo tenham mostrado
qualquer diferenca percentual nas células T CD4" ¢ CD8" (DUTRA et al., 1994), analises
imunohistoquimicas de lesdes cardiacas de necropsias de pacientes chagasicos cronicos
revelaram predominio de células CD8" no infiltrado inflamatério associado (HIGUCHI et al.,
1993, REIS et al., 1993a). A alta freqiiéncia de expressdo de granzima-A nas lesdes (REIS e?
al., 1993a), bem como o aumento da expressdo de antigenos HLA-ABC nos cardiomidcitos
(REIS et al., 1993b), sugerem o envolvimento de mecanismos imunes citotoxicos na

miocardite chagasica crénica humana com participacio efetiva de linfocitos T CDS".

Recentemente, Vitelli-Avelar et al. (2005) demonstraram um novo panorama que
aponta perfis celulares distintos para as diferentes formas clinicas da doenca de Chagas. Esses
achados s3o, sem duvida, de grande importancia para o entendimento da resposta imune
celular desencadeada durante a fase cronica da infec¢do pelo 7. cruzi. Esses autores
demonstraram pela primeira vez a presenca de uma elevada freqiiéncia de células T
reguladoras e células NKT no sangue periférico de individuos portadores da forma clinica
indeterminada da doenca de Chagas. Ja as formas clinicas mais graves apresentaram aumento
no percentual de células CD8" ativadas. Uma analise comparativa entre esses resultados e os
observados no grupo E-IND sugere que a expansdo de monocitos pro-inflamatérios assim
como valores elevados de células pré-NK, em um microambiente deficiente de células NKT e
células T reguladoras, representam um importante perfil imunolégico que contribuiria para o
controle da replicacdo do parasita durante a fase cronica inicial. Entretanto, a persisténcia
deste perfil, paralelo ao estabelecimento de uma resposta com o predominio de células T
CDS8" ativadas, poderia levar, durante a fase cronica tardia, a danos teciduais que sdo

associados com as formas mais graves (VITELLI-AVELAR et al., 2006).



84

5.2. Efeito do tratamento especifico com benzonidazol sobre o sistema imune de criancas
infectadas pelo 7. cruzi

Uma vez estabelecido o perfil imunofenotipico durante a fase crénica indeterminada
recente da doenca de Chagas, nosso proximo passo foi avaliar o efeito do tratamento
especifico com benzonidazol sobre o sistema imune de criangas infectadas pelo 7. cruzi.

Atualmente, o tratamento especifico para a doenca de Chagas, no Brasil, ¢ restrito a
uma Unica droga, o benzonidazol, cuja administracdo ¢ recomendada apenas para os casos de
infeccdo aguda da doenga, infeccdo congénita e criangas com sorologia positiva, que
apresentam maior probabilidade de cura parasitolégica (DE ANDRADE et al., 1996). Ja o
tratamento especifico para a forma cronica indeterminada tardia e forma cardiaca inicial, com
percentual de cura reduzido, ¢ sugerido apenas por instituicdes de pesquisa, a fim de
possibilitar melhor avaliacdo da atividade de cura.

Nas ultimas décadas, a literatura acumulou evidéncias de que o tratamento etiologico
da doenga de Chagas, além de eliminar o 7. cruzi, possui impacto benéfico para o quadro
clinico do paciente e pode também afetar a natureza da resposta imune (ANDRADE et al.,
1991; GOMES et al., 2003; VIOTTI et al., 1994; GONTIO et al., 1999; GARCIA et al.,
2005; SATHLER-AVELAR et al., 2006). Apesar de sua habilidade em adiar ou prevenir a
progressdo clinica da doenca em humanos e modelos experimentais (De ANDRADE et al.,
1996, SOSA-ESTANI et al., 1998; GARCIA et al., 2005), ainda sdo poucos os trabalhos que
avaliam o efeito do tratamento com benzonidazol na resposta imune de pacientes infectados
pelo T. cruzi. Garcia et al. (2005), ao avaliarem o efeito do tratamento com benzonidazol em
animais cronicamente infectados, demonstraram reducao das alteracdes cardiacas, mesmo na
auséncia da eliminagdo completa do parasita. Estes resultados sdo refor¢ados pelos achados de

Viotti et al. (1994). Estes autores, ao avaliarem o efeito do tratamento com benzonidazol em
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pacientes cronicamente infectados pelo 7. cruzi, demonstraram menor evolugao clinica para a
forma cardiaca da doenca, independente da cura parasitologica.

Por outro lado, tem sido postulado que o benzonidazol por si parece ndo ser
responsavel pelas mudancas observadas durante o tratamento etiolégico, uma vez que
pacientes com falha terapéutica, demonstrada pela presenca de parasita circulante, ndo
apresentam alteracdes significativas no perfil imunologico (DUTRA ef al., 1996). Esses
autores, demonstraram que na auséncia de parasitas circulantes, altos niveis de células T
ativadas podem ser observadas no sangue periférico de pacientes que foram submetidos ao
tratamento com benzonidazol a pelo menos 5 anos. Outro estudo revelou clara tendéncia a
queda no percentual de células T ativadas apés 6 meses do término do tratamento com
benzonidazol (GONTIIO et al., 1999). Esses dados em conjunto sugerem que o tratamento
com benzonidazol pode levar a mudancas seletivas no perfil imunolégico tempo dependente,
as quais podem também diferir se a intervencao terapéutica for realizada durante a fase aguda
ou cronica da doenga.

Na doenca de Chagas, a analise do sistema imunoldgico antes e apos o tratamento ¢
essencial para o entendimento dos mecanismos de ac¢do da droga, bem como o
desenvolvimento racional de novos agente tripanossomatideos (De CASTRO, 1993; COURA
& De CASTRO, 2002). Nas ultimas décadas, estudos t€ém acumulado evidéncias que
correlacionam a resposta imune e o efeito quimioterapico (URBINA, 1999). Estudos recentes
sugerem que a ativagdo do sistema imune aumenta a eficacia do tratamento com benzonidazol
durante a infecgao pelo 7. cruzi em modelos experimentais (MICHAILOWSKY et al., 1998).
Com o intuito de elucidar um pouco mais esta questdo e contribuir para o entendimento do
impacto do tratamento no sistema imune, nosso trabalho desenvolveu um estudo longitudinal
para avaliar o efeito do benzonidazol no padrao de citocinas intracitoplasmaticas e no fenotipo

dos leucocitos do sangue periférico de criangas infectadas pelo 7. cruzi.
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Nossos dados demonstraram que apesar de baixa ativacdo global no sistema imune
durante a fase cronica indeterminada recente da doenca de Chagas, grande ativacdo das
células da imunidade inata e adaptativa pode ser observada no sangue periférico das criancas
submetidas ao tratamento com benzonidazol. Esses resultados estdo de acordo com os
achados de Dutra et al. (1996) que demonstram um aumento no percentual de células T e B
ativadas no sangue periférico de pacientes portadores da doenca de Chagas por mais de 5 anos
apos o término do tratamento etiolégico com benzonidazol. Além disso, Bahia-Oliveira et al.
(2000) mostraram alta resposta proliferativa das células mononucleares do sangue periférico,
quando estimuladas com antigenos do 7. cruzi, de pacientes tratados curados, sugerindo a
presenca de células T de memoria. Neste contexto, sugere-se que a memoria imunologica
apods a cura parasitologica possa ser favorecida pela presenga de antigenos do 7. cruzi, mas
ndo o parasita intacto, na superficie de esplendcitos do centro germinativo e no foco
inflamatorio do miocardio de camundongos submetidos ao tratamento etiologico (ANDRADE
et al., 1991). Esses resultados em conjunto nos levaram a hipotetizar que a grande liberacao
de antigenos do parasita durante o tratamento possa induzir o perfil imunologico ativado com
conseqiiente sintese de citocinas, que poderiam ser mantidas por antigenos parasitarios
residuais e ou interacdo idiotipica. Além disso, estes resultados estdo de acordo com aqueles
reportados por Olivieri et al. (2002) demonstrando que o tratamento com benzonidazol leva a
um aumento no numero de linfocitos nos o6rgaos linfoides de camundongos infectados pelo 7.
cruzi, principalmente devido a expansao de células T CD8". A migragio seletiva das células T
CDS8" para os 6rgdos linfoides poderia explicar os baixos niimeros de linfocitos T CD8"
observados no grupo E-INDr. Entretanto, nossos resultados revelaram queda no percentual de
linfécitos T CD8" expressando moléculas de adesdo celular (CD8'CD62L" e CD8'CD54") no

sangue periférico das criancas apos o tratamento com benzonidazol.
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Laucela et al. (1996) demonstraram que niveis elevados de moléculas de adesdo
celular estdo associados com a gravidade da doenca de Chagas durante a fase cronica. Estes
autores também demonstraram queda na expressdo de moléculas de adesdo 48 meses apos o
termino do tratamento. Com base nesses resultados, nds hipotetizamos que a resposta
inflamatoria apos o tratamento possa também ser controlada pela regulacdo das moléculas de
adesdo nas células T CD8". Essa hipotese pode ser confirmada pelos resultados de dois grupos
de pesquisas que observam correlacdo direta entre o tratamento com benzonidazol e reducao
no nuamero de infiltrados inflamatorios, com conseqiiente reducdo no depdsito de
componentes da matrix extracelular no coragdo de camundongos infectados pelo 7. cruzi
(GARCIA et al., 2005; ANDRADE et al., 2007). Assim, a associagdo entre moléculas de
adesdo e a gravidade da doenca (LAUCELLA et al., 1996), e o fato de o percentual de
linfocitos T CD8'CD62L" e CD8'CD54" diminuir apds o tratamento, sugerem que a redugio
na expressdo das moléculas de adesdo pelas células T CD8" possa ser um indicador para um
prognostico favoravel na evolucdo clinica dos pacientes submetidos ao tratamento etiologico.

Um ponto preocupante em nossos achados ¢ a possibilidade deste grande numero de
células ativadas resultarem em efeitos adversos aos pacientes submetidos ao tratamento,
levando a uma resposta pro-inflamatodria e danos teciduais. Com o objetivo de esclarecer esta
questdo, este trabalho também determinou pela primeira vez o impacto do tratamento
etioldgico no padrao de citocinas intracitoplasmaticas dos leucocitos do sangue periférico de
criancas submetidas ao tratamento.

Nossos resultados demonstraram que o tratamento com benzonidazol durante a fase
cronica indeterminada recente da doenca de Chagas induz aumento no percentual de
mondcitos “macrofagos-like” e mondcitos pro-inflamatérios. Uma vez que estudos
demonstram aumento na sintese de citocinas pro-inflamatorias por monocitos “macrofagos-

like” e monocitos pro-inflamatoérios (BELGE et al., 2002; DAYYANI et al., 2003) e estas
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células estdo aumentadas apos o tratamento com benzonidazol, nds realizamos analises de
correlagio entre as células CD14" produtoras de citocinas inflamatorias (IL-12 ou TNF-a) e o
percentual de monodcitos “macrofagos-like” ou mondcitos pro-inflamatorios. As andlises de
correlacdo, de forma interessante, ndo revelaram uma correlacdo positiva entre estas células e
a produgdo de citocinas inflamatérias por mondcitos (CD14 TNF-o.° e CDI14'TL-12").
Inicialmente, estes dados parecem controversos, entretanto ¢ possivel que algum mecanismo
imunoregulador possa estar controlando a sintese de citocinas pelos mondcitos apods o
tratamento com benzonidazol. E possivel que o benzonidazol possa modular a sintese dessas
citocinas pelos mondcitos, uma vez que estudos recentes reportaram um efeito inibitorio do
benzonidazol na sintese de IL-12 e TNF-a por mondcitos estimulados por LPS (PASCUTTI
et al., 2004). Outra possibilidade seria acdo de citocinas moduladoras sintetizadas por outras
fontes celulares, uma vez que a via imuno-reguladora autocrina parece ndo estar presente no
controle da populagdo de monocitos.

Em humanos, foi proposto que a alta produgdo de IFN-y possa favorecer a eficacia
terapéutica (BAHIA-OLIVEIRA et al., 1998; BAHIA-OLIVEIRA et al., 2000). Nossos dados
revelaram que o tratamento com benzonidazol desviou a sintese de citocinas pelas células NK
na cultura controle para um padrao de citocinas do tipo 1 modulado (IFN-y, TNF-a e IL-4),
fato ndo observado na avaliagdo antes do tratamento. Ja, na presenca de estimulagdo antigeno-
especifica, além do perfil do tipo 1 modulado, as células NK demonstraram aumento na
producdo de IFN-y. Resultados semelhantes foram demonstrados por Peruhype-Magalhaes et
al. (2005) para pacientes curados de leishmaniose visceral, cuja resposta imune inata pode ser
eficientemente restabelecida apds estimulacdo com antigenos do parasita. Como ja
apresentado anteriormente, estudos revelaram que antigenos da forma tripomastigota do 7.
cruzi sao habeis em estimular a sintese de IFN-y pelas células NK (BRENER &

GAZZINELLI, 1997). Nesse contexto, analise adicional de correlacdo revelou que o aumento
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na freqiiéncia de células NK totais e NK ativadas estdo correlacionadas positivamente com o
padrdo de citocinas do tipo 1 modulado (CD16'TFN-y" ¢ CD16'IL-4"). Nossos dados da
imunidade inata em conjunto sugerem que a expansdo na populacdo de mondcitos pro-
inflamatorios e das células NK ativadas pode representar um mecanismo efetivo na
eliminagdo do parasita durante o tratamento com benzonidazol, uma vez que macréfagos
podem ser eficientemente ativados pelas células NK ativadas produtoras de IFN-y,
aumentando a producdo de 6xido nitrico e controlando a replicagdo do parasita (BRENER &
GAZZINELLI et al., 1997, CHADRASEKAR et al., 1998; 2000; BRODSKYN et al., 2002).
Além disso, a producao de IL-4, uma citocina do tipo 2, pelas célula NK pode ser relevante no
controle da sintese de IL-12 pelo mondcitos, direcionando uma via moduladora (BAHIA-
OLIVEIRA et al., 1998; CORREA-OLIVEIRA et al., 1999; SATHLER-AVELAR et al.,
2006).

No compartimento da resposta imune adaptativa, ndés observamos um padrao distinto
na producio de citocinas pelos linfocitos T CD4', T CD8" e células B CD19" no grupo E-
INDy. Um perfil do tipo 2 foi observado para os linfocitos T CD4', representado pelo
aumento notavel na sintese de IL-10 tanto na cultura controle quanto na presenca do antigeno
solavel do parasita. Para a populagdo de células B CD19", foi observado um padrio na
producdo de citocinas semelhante ao tipo 2, caracterizado pelo predominio na sintese da
citocina IL-10 acompanhado pelo pequeno aumento na produgdo de IL-4 ¢ TNF-a no grupo
E-INDy. De forma diferente ao padrio de citocinas dos linfocitos T CD4" e células B CD19",
um perfil do tipo 1 modulado tipico foi observado para os linfocitos T citotdxicos na
presenca do antigeno do 7. cruzi, com uma expressao consideravel de IFN-y pelas células T
CD8".

Analises adicionais de correlacdo da produgdo de citocinas por essas populagdes com

os fenotipos de ativacdo demonstraram um perfil imunoldgico do tipo 1 modulado dentro das
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populacdes de linfocitos T e B, semelhante ao observado para a imunidade inata.
Especificamente, essas anélises demonstraram que os linfocitos T CD4" ativados produzem
exclusivamente IL-10. J4 as células T CD8" e B CDI9" ativadas estio correlacionadas
positivamente com a sintese IFN-y e TNF-o, respectivamente, e a expressdao de IL-10,
representando padrdo misto de citocinas.

Esses dados validam e reforcam mais uma vez o papel do IFN-y como citocina
essencial para o sucesso terapéutico, e acrescenta mais detalhes a esta hipotese, descrevendo
as células NK CD16" e os linfécitos T CD8" como as principais fontes dessa citocina durante
o tratamento da doenca de Chagas. Além disso, nossos dados também indicam a citocina IL-
10 produzida pelo linfécitos T, principalmente linfécitos T CD4", assim como linfocitos B,
como um elemento chave para a auséncia de danos teciduais secundarios inerentes ao intenso
processo inflamatdrio desencadeado durante o tratamento etioldgico.

Finalmente, ¢ interessante mencionar que o padrdo de citocinas observado para a
imunidade inata e adaptativa do grupo E-INDr foi muito semelhante ao encontrado para os
leucdtcitos do grupo E-IND apds estimulagdo com o antigeno do parasita. Essa observacao
sugere que a grande quantidade de antigenos liberada durante o tratamento, héabil para ativar a
sintese de citocinas in vivo, pode ser reproduzida artificialmente in vitro pela estimulacao,
com antigenos do 7. cruzi. Considerando a dependéncia do sistema imunologico para o
sucesso terapéutico na doenca de Chagas, esta estratégia pode representar um ferramenta
adicional para predizer o tipo de resposta imune que o paciente possa desenvolver durante o
tratamento com benzonidazol.

Nos acreditamos que a grande quantidade de antigenos do parasita, liberada pelas
células do hospedeiro infectadas durante o tratamento etioldgico, provavelmente medeia uma
forte ativacdo dos linfocitos T CD4" e CD8" que ndo causam danos teciduais devido a

habilidade dos antigenos do 7. cruzi em promover um perfil modulado. Assim, nosso trabalho
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suporta a idéia de que a presenca de leucocitos ativados no sangue periférico ndo ¢ um fator
limitante para a indicacdo do tratamento etiolégico, uma vez que a administracdo do
benzonidazol pode direcionar a sintese de citocinas pelos leucocitos para um padrao misto

pro/anti-inflamatorio, benéfico ao paciente.
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6. CONCLUSAO
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A andlise do perfil fenotipico e do padrdo de citocinas leucocitarias das criangas infectadas
pelo 7. cruzi antes do tratamento permitiu identificar alteragdes que reforgam a hipoteses da
participacdo da resposta imune inata e da imunidade humoral nos eventos iniciais da fase
cronica da doenca de Chagas, na auséncia de sinais fenotipicos relativos a ativagdo efetiva da
resposta adaptativa mediada por linfocitos T e na secre¢do de citocinas. Além disso, nossos
dados contribuem para a hipdtese de que a imunidade mediada por células T, durante a forma
clinica indeterminada recente, possa representar um fendmeno restrito ao compartimento
cardiaco e linfonodos, ndo detectado no sangue periférico. Com relagdo ao efeito do
tratamento na forma cronica indeterminada recente da doenga de Chagas, nossos resultados
demonstraram que o padrdo do tipo 1 modulado observado apés o tratamento refor¢cam o
papel das citocinas IFN-y, produzido pelas células NK e linfécitos T CD8, e IL-10, pelas
células B e linfocitos T CD4" e T CD8" como um elemento chave na eliminagdo do parasito
na auséncia de danos teciduais inerente ao intenso processo inflamatoério desencadeado
durante o tratamento etiologico. Além disso, nossos achados demonstraram, pela primeira
vez, que a presenca de leucdcitos ativados no sangue periférico ndo ¢ um fator limitante para a
recomendacdo do tratamento etiologico, uma vez que a administracdo do benzonidazol pode
direcionar a sintese de citocinas pelos leucécitos para um padrao do tipo 1 modulado,

benéfico ao paciente.

*
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7. PERSPECTIVAS
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v' Estudar de forma descritivo-analitica, no contexto “ex-vivo”, o impacto do tratamento
etiologico sobre o perfil imunofenotipico de leucocitos do sangue periférico de

pacientes adultos portadores da forma cronica indeterminada da doenca de Chagas;

v' Avaliar o impacto do tratamento com benzonidazol sobre aspectos fenotipico-
funcionais de células da imunidade inata do sangue periférico de pacientes adultos
portadores da forma cronica indeterminada da doenca de Chagas, apos estimulacdo

antigénica;

v Estudar o impacto do tratamento etioldgico no padrdo de citocinas (IL-12, IFN-y,
TNF-a, IL-4 e IL-10) produzidas in vitro, por leucécitos do sangue periférico de

pacientes adultos portadores da forma cronica indeterminada da doenca de Chagas,

antes e apos o tratamento com benzonidazol.
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Tabela: Leucometria do sangue periférico dos pacientes portadores da forma clinica
indeterminada recente da doenga de Chagas antes (E-IND) e ap6s o tratamento com
benzonidazol (E-INDry) e de individuos ndo infectados (NI)

Grupos avaliados
Parametros Hematologicos

NI E-IND E-IND{
Leucocitos totais (x 10°/mm°) 6.993+1.823 6.660+1.266 6.413+1.777
Granulécitos (x 10°/mm?) 3.941+1.717  3.278+1.069 3.423+1.032
Mondcitos (x 10°/mm?) 584524 445+162 503286

Linfocitos (x 10°/mm’) 1.967+715 2.245+460 2.241+698
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Introduction

Summary

The immunological response during early human Trypanosoma cruzi infec-
tion is not completely understood, despite its role in driving the development
of distinct clinical manifestations of chronic infection. Herein we report the
results of a descriptive flow cytometric immunoephenotyping investigation of
major and minor peripheral blood lencocyte subpopulations in T. cruzi-
infected children, characterizing the early stages of the indeterminate clinical
form of Chagas’ disease. Our results indicated significant alterations by com-
parison with uninfected children, including increased values of pre-natural
killer (NK]-cells {CD3- CD16* CD567), and higher values of proinflimmatory
monocytes (CD14* CD 16" HLA-DR*). The higher values of activated B lym-
phocytes (CD9* CD23*) contrasted with impaired T cell activation, indicated
by lower values of CDM* CD 38" and CDM4*Y HLA-DR* lymphocytes, a lower fre-
quency of CD8" CD38* and CD8" HLA-DR* cells; a decreased frequency of
CD4* CD25MM regulatory T cells was also observed. These findings reinforce
the hypothesis that simultanecus activation of innate and adaptive immunity
mechanisms in addition to suppression of adaptive cellular immune response
occur during early events of Chagas’ disease. Comparative cross-sectional
analysis of these immunophenotypes with those exhibited by patients with
late chronic indeterminate and cardiac forms of disease suggested that a shift
toward high values of macrophage-like cells extended to basal levels of proin-
flammatory monocytes as well as high values of mature NK cells, NKT and
regulatory T cells, may account for limited tissue damage during chronic
infection favouring the establishment/maintenance of a lifelong indetermi-
nate clinical form of the disease. On the other hand, development of an adap-
tive cell-mediated inflammatery immunoprofile characterized by high levels
of activated CD8* cells and basal levels of mature NK cells, NKT and
CD4" CD25MH cells might lead to late chronic pathologies associated with
chagasic heart disease.

Keywords: Chagas’ disease, flow cytometry, peripheral blood, recent infection.

status. The great majority of the patients that progress to the
chronic phase remain cdinically asymptomatic for many

Chagas’ disease or American trypanosomiasis is a protozoan
infection caused by the haesmotlagellate protozoan Trypano-
soma cruzi It is one of the most important public health
problems in Latin America, affecting 16—18 million people in
South and Central America [1].

Human T cruzi infaction evolves from a usually oligos-
ymptomatic acute phase to a chronic disease, where patients
can be grouped into distinct categories based on clinical

years; this condition characterizes the indeterminate (INLY)
cinical form of the disease. About 30-40% of patients
progress to cardiac (CARD) or digestive symptomatic dis-
ease. It is estimated that 30% of all infected individuals will
eventually develop heart disease [2].

The factors that underlie and determine the distinct
cinical outcomes, mild or severe disease, are not com-
pletely understood. However, there is a general consensus
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that the host immune response plays a pivotal role associ-
ated with the pathogenesis as well as the protective events
that control chagasic tissue damage [3]. It is also well
accepted that T. cruzi induces a strong activation of the
immune system during acute infection and that the differ-
ent immunological mechanisms triggered during the early
indeterminate (E-INDY) stages of T cruzi infection may
represent an essential component of the immune activity
observed during ongoing, clinically distinct chronic infec-
tion [4].

In the search to identify differences in the immunological
response related to the development/maintenance of distinct
chronic disease, we have focused on major and minor
peripheral blood lencocyte subsets during E-IND and late
chronic IND and CARD Chagas® disease [5,6]. We have
reported previously that an expansion of natural killer (NEK)
cells before the development of T cell-mediated immunity, in
addition to enhancement of circulating activated B cells, are
the hallmarks of human immune response during early T
cruzi infection. Moreover, we have reported that an increase
of pre-NK cells (CD 16" CD567), as well as a persistent expan-
sion of activated B cells and down-regulation of CD54 on T
cells, are also observed during initial stages of chronic T
cruzi infection [5]. Here, we discuss the hypothesis that T
cell-mediated immunity during the early stages of T, cruzi
infection may represent a phenomenon restricted to the car-
diac and lymph node compartment, and may not be detect-
able in the peripheral blood.

Despite the T cell-independent nature of the immune
response triggered in early Chagas’ disease, we have demon-
strated that T cells play an important role in the dynamics
of chronic Chagas’ disease [6-8]. Previous reports from our
group showed that despite their clinical status, chronic cha-
gasic patients display a high frequency of peripheral blood
activated T cells (HLA-DR") as well as lack of CD28 expres-
sion on many of their circulating T lymphocytes [7.8]. More
recently, ex vive immunophenotyping demonstrated that
IND  patients display a higher frequency of both
CD4* CD25%"M and NET (CD3* CD1s CD36%) regulatory
cells associated with increased lewvels of circulating
‘gptotoxic” NE  cells (CD3-CD1s*CD36" and CD3-
CD1a* CDse™ NE cells) [6]. On the other hand, an
increased percentage of activated CD&*HLA-DR* T cell
subset was associated exclusively with severe clinical forms
of Chagas’ disease [6]. We hypothesize that regulatory T
cells control the deleterious cytotoxic activity in the indeter-

minate clinical form, inhibiting the activation of

CD&" HLA-DR* T cells. The lack of regulated populations
in CARID) disease patients could account for exacerbated
immune response that calminates in strong cytotoxic activ-
ity and tissue damage.

Relevant findings regarding histopathological alterations
in biopsies from chagasic patients showed that tissue CD4"
and CD&" T cells increase simultaneously during early infec-
tion but not in the chronic phase, supporting the hypothesis
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of compartmentalized T cell-mediated immune response
during early disease and suggesting an immunoclogical
imbalance of T cell profile in late chronic Chagas’ disease. In
the chronic phase, patients with heart failure present with
higher levels of CD8* T cells than CD4* T cells, leading to a
lower tissue CD4YCDE" T cell ratio [9,10].

More recently, data have been reported suggesting that
monocytes from IND patients display modulatory charac-
teristics related to low HLA-DR and high IL-10 expression,
whereas monocytes from CARD patients may be committed
to induction of inflammatory responses related to high
tumour necrosis factor (TNF)-ol expression [11-13].

Increasing numbers of novel cellular parameters and
surface markers have been examined as conventional flow
cytometry-based investigations, ie. ‘look and conclude®
analyses, have adopted new gating strategies to analyse
immunophenotypes at the single-cell level in a semiquanti-
tative manner. Indeed, flow cytometry has emerged as the
methodology of choice for enumerating and characterizing
of novel lencocyte subsets using three- and four-colour plat-
form technology. With this technology, several novel pheno-
typic features of leucocyte subsets are characterized routinely
in parallel by their in vitro and in vivo functional properties,
such as NKT cells (CD3* CD56Y) [14], functionally distinct
WK subsets (CD3CD167 CD567) [15,16], regulatory T
cells (CD4*CD25"") [17], macrophage-like monocytes
(CD14*CD16%) [18] and proinflammatory monocytes
(CD14* CD16* HLA-DR*) [19].

‘We have performed a descriptive flow cytometric immu-
nophenotyping investigation based on these nmew gating
strategies to enumerate major and minor lencocyte subpop-
ulations in the peripheral blood of T. cruzi-infected children,
characterizing the E-IND stages of Chagas’ disease. Compar-
ative cross-sectional analyses of the predominant immu-
nophenotypes were also performed in those patients
exhibiting late chronic IND or CARD disease. Our results
suggest that a shift toward high levels of macrophage-like
cells (CD14* CD16*) and NK cells, besides high frequency of
regulatory lymphocytes (NKT and CD4* CD25%%H cells),
may favour the establishment/maintenance of the lifelong
indeterminate clinical form of the disease. On the other
hand, maintenance of major cell phenotypic features
observed during early infection as well as the development of
an adaptive cell-mediated inflammatory immunoprofile
characterized by high levels of activated CD&" cells and basal
frequency of mature NK cells, NKT and CD4* CD23%%H
might lead to a late chronic disease associated with cardiac
pathological events,

Patients, materials and methods

Study area

Berilo and José Gongalves de Minas are located in Jequitin-
honha Valley in the north-east of Minas Gerais State, Brazil.
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Jequitinhonha Valley comprises 970 km?®. Chagas’ disease
was formerly endemic in the area. Together, these two
municipalities have 17 632 inhabitants, with 78-43% of these
individuals living in rural areas with an economy based on
agriculture and cattle ranching [IBGE.Cidades@ http//
URL:http:/ fwww.ibge.gov.br/cidadesat/defanlt.php  (search
for Berilo and José Gongalves de Minas); accessed 4 January
2006].

Bambui is located in the south-west of Minas Gerais State,
Brazil. It comprises 1455 km*® and is another area in which
Chagas’ disease was formerly endemic. It has 22274
inhabitants, 80% of them in the urban area of the munici-
pality  [IBGE.Cidades@ http:/ fwww.ibge. gov.brfcidadesat/
default.php (search for Bambui); accessed 4 January 2006].

Study population

School children enrolled in a cross-sectional stady per-
formed at 37 communities from Berilo and José Gongalves
de Minas, including 3% school units, participated in a sero-
logical screening trial to detect anti-T. cruzi antibodies by
enzyme-linked immunosorbent assay (ELISA) using blood
eluate from filter paper. The screening immunoassay identi-
fied 2-69% of school children with positive results for anti-
T cruzi Igl. Confirmatory immunodiagnosis for Chagas®
disease was performed by ELISA, EIE-Rec-ELISA (Bioman-
guinhos/FIOCRUZ), indirect immunofloorescence assay
{IFA) and haemaglutination {HA) tests. Considering the
World Health Organization and Brazilian Health Ministry
criteria that recommend the use of at least two serological
tests, with distinct principles, to confirm the diagnosis of
Chagas® disease, we confirmed six of the 38 cases first iden-
tified with positive results by the screening ELISA, leading
to a total prevalence of 0-42%. The seropositive cases
included four males and two females, with ages ranging
from 9 to 14 years. The clinical and physical examination
revealed that all children were asymptomatic, showing nor-
mal conventional electrocardiograms (except no. 701, who
showed enlargement of Pri=0-22) and unaltered thoracic X-
ray (RX) (Table 1). The haemoculture was positive in all
children examined (six of six), generally within the first
month of blood cultivation in liver infusion tryptose (LIT)
media supplemented with 10% fetal calf serum. All serapos-

Table 1. Patient characteristics.

Sex

Mo, of Age range (malef

Group individuals { years) fernale)
Mon-infected children (MI-1) 7 9-14 &1
MNon-infected adults (NI-2) 12 2059 Rl
Eaily indeterminate { E-INT¥) B 9-14 472
Chronic indeterminate {IMD) 8 447 s
Chronic cardiac (CARD) 13 50-70 58
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itive children were treated with benznidazol (Rochagan®,
Roche) and are currently under evaluation following the
protocol recommended by the Brazilian Health Ministry
[20]. Seven non-infected (MI) schoolchildren were included
as a control group. The MI-1 group consisted of age-
matched schoolchildren with negative serology for anti-T.
cruzi Igh immunodiagnosis (ELISA and [FA). The MI-1
group included one male and six females, with ages ranging
from 9 to 14 years (mean=124).

Cross-sectional analyses of late chronic chagasic patients
compared with uninfected adult contrels were carried out to
evaluate major immunophenotypic features. All late chronic
infected individuals as well as the uninfected adult controls
were from Bambui, Minas Gerais State, Brazil, and partici-
pated in serological examination to confirm the positive or
negative diagnosis for T cruzi infection, respectively. The
diagnosis was based on standard serological tests, including
IFA and HA tests. In this study, we used 21 samples from
chagasic patients with late chronic disease, According to their
clinical records, the late chronic chagasic patients were
divided into two categories, namely IND and CARD clinical
forms. Patients presenting asymptomatic T, cruzi infection,
classified as indeterminate (n= 8), had no dinical manifes-
tations of the disease other than their positive serology.
Patients with cardiac dysfunction, CARD {# = 13), presented
dilated cardiomyopathy and were diagnosed by a detailed
clinical examination, including eletrocardiography (ECG),
24-h Holter examination and chest X-ray. Twelve seronega-
tive adults were included in this study as negative contrals 2
(MI-2 = 12). All were living in an area endemic for Chagas’
disease (Table 1).

Informed written consent was obtained from all partici-
pants or through their parents or legal gnardians in the case
of the school children. This work complied with resolution
number 196/1996 from the MNational Health Council for
research involving humans and was approved by the Ethical
Committee at Centro de Pesquisas René Rachou {CPqRR/
FIOCRUZ protocel 11/2004), Belo Horizonte, Minas Gerais,
Brazil.

Blood samples

A 5-ml sample of peripheral blood was collected from each
subject using ethylenediamine tetraacetic acid (EDTA) as
the anticoagulant. The samples were collected by trained
professionals in an ambulatory hospital. After the collec-
tion, the whole peripheral blood was analysed by flow

cytometry.

Specific monoclonal antibodies used for
immunophenotyping

Mouse anti-human menoclonal antibodies (mAbs), conju-
gated with fluorescein isothiocyanate ( FITC), phycoerythrin
(PE) or tri-colour {TC) and specific for cell-surface markers
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were used simultaneously for two- or three-colour flow
cytometric assay. In this study, we used anti-human FITC-
conjugated mAbs incduding anti-CD3 (UCHT1), anti-CD4
(RPA-T4), anti-CD5 (L17F12), anti-CD& (B9-11), anti-
CD6 (3G&), anti-CD18& (YF118:-3), anti-CD54 (15-2), anti-
CDe2L (DREG-56) and mouse IgG1 as the isotypic control
(679-1Mc7). The following second-colour reagents were
used: anti-human PE-conjugated mAbs anti-CD3 (UCHT1),
anti-CD4 (RPA-T4), anti-CD19 (4G7), anti-CD23 (M-
L233), anti-CD25 (3G10), anti-CD28 (15E8), anti-CD38
(AT13/5), anti-CD56 (B159), anti-HLA-DR (TU36) and
mouse [g2a as the isotypic control { WCTH-1). All antibod-
ies were purchased from Becton-Dickinson (Mountain View,
CA, USA). The third colour parameter was evaluated using
TC-conjugated mAbs and included anti-CDa (M-L233),
anti-CD14 (TuK4), anti-CD16 (3G8) and anti-CD19 (4G7),
all purchased from Caltag Laboratories {Burlingame, CA,
USA)

Flow cytometric analysis of peripheral blood

White blood cell phenotypes were analysed following an
immunoflucrescence procedure recommended by Becton-
Dickinson, modified as follows: 100Ul peripheral blood
which had been collected in Vacutainer tubes containing
EDTA (Becton Dickinson) was mixed in 12 = 75 mm tubes
with 5l undiluted mAbs specific for several cell surface
markers; the tubes were incubated in the dark for 30 min
at room temperature. Following the incubation, erythro-
cytes were lysed with 2 ml FACS lysing solution (Becton
Dickinson Biosciences Pharmigen, San Diego, CA, USA).
The remaining cells were then washed twice with 2 ml
phosphate-buffered saline containing 0-01% sodium azide.
Cell preparations were fixed in 200 pl FACS Fix solution
(10 g/l paraformaldehyde, 1% sodium-cacodylate, &-65 g/l
sodium-chloride, 0-01% sodium azide). Cytofluorimetric
data acquisition was performed with a Becton-Dickinson
FACScalibur instrument. cerLiguest™ software provided
by the manufacturer was used for data acquisition and
analysis.

Statistical analysis

Differences between groups were first evaluated by MiniTan
software (release 13-20) to evaluate the independence, nor-
mality and variance of data sets. Those data sets meeting the
three criteria were considered parametric and were com-
pared further by analysis of variance { awova) followed by the
Tukey test, using the prism 30 program. Non-parametric
data were analysed by the Kruskal-Wallis test followed by
Dunn’s test. Correlation analysis was performed by Pearson’s
and Spearman’s tests, respectively. Significance was defined
in both cases at P < 0-05.
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Results

Low values of CD3* T lymphocytes, mainly CD8* T
lvmphocytes and impaired T cell activation, are the
hallmark of the early indeterminate clinical form of
Chagas’ disease

The percentage of T cell populations and the major subsets
CD4* and CDa* are shown in Fig. 1. Statistical analysis dem-
onstrated a lower percentage of circulating T lymphocytes
(CD3") in children with E-IND Chagas’ disease in compar-
ison to non-infected children (MN1-1) (Fig. 1a). Further anal-
ysis revealed that the decrease in CD3" T cells was correlated
with a significant decrease in the CD8" T lymphocyte subset
(r=1, P=0-0167) (Fig. 1c). Mo significant differences were
found in the mean vahues of the circulating CD4™ T cell subset
(Fig. 1b).

Analysis of activated T cells revealed a lower ratio of
CD4" HLA-DR' and CD4* CD38" T cells with no changes in
CD8* HLA-DR" and CD&* CD38* T cells, parallel to an unal-
tered profile of CD28 expression within CD4™ and CDs* T
cells (Table 2.

Higher values of activated B lymphocytes is observed of
early indeterminate Chagas® disease

Phenotypic analysis at the single-cell level was used to anal-
yse the frequency of B cell subsets (conventional B lympheo-
cytes/CD19" CD5™ and BL/CD19* CD5Y) as well as their
activation status, using anti-CD23 PE and anti-CD19
FITC in a dual-platform to identify activated B cells
(CD19*CD23%) (Fig. 1). Our findings showed no significant
differences in the mean percentage of B cells and their major
subsets between E-IND and NI-1 children (Fig. 1de.f).
Interestingly, analysis of CD19" B cells co-expressing the
CD23 cell-surface activation marker showed an increased
mean ratic of double-positive B lymphocytes within CD15*
cells in E-IND in comparison to NI-1 children (Fig. 1g).

Despite the lack of activation phenotypes among
circulating CD8* T cells, early indeterminate chagasic
children displayed a high migratory potential of
cytotoxic T cells

In order to quantify the frequency of circulating T cell sub-
sets co-expressing surface selectin (CD62L) and integrins
{CI8 and CD54), a three-colour flow cytometry analysis
was carried out using a cocktail of moneclonal antibodies,
including anti-CD&2L, anti-CID18 or anti-CD54 FITC, plus
anti-CD4 PE and anti-CDE TC. Our results indicated
CD4" T cell activation, demonstrated by the lower ratio of
circulating CD62L" cells, despite unaltered levels of CD18"
and CD54" cells, among CD4* T lymphocytes (Table 2).

On the other hand, regardless of no phenotypic changes sig-
nalling the activation of CD8" T cells {ie. expression of HLA-
DR,CD28,CD38,CDe2L and CDA), our data demonstrated
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Fig. 1. Analysis of T and B cell subsets in the peripheral bload of early indeterminate Trypanosoma cnezi infected children (E-INTY, @) and non-
infected children {MI-1, ). Phenotypic studies were performed by a double-labelling protoco] using anti-CD3 fluorescein isothiocyanate (FITC ) and
anti-CD4 phyccerythrin (PE) or anti-CDS-FE for T cell analysis. Anti-CD1% FITC and anti-CD5-PE or anti-CD23-FE were used to identify B cell
subwsets, The results are expressed as scattering of individual values and mean percentage of total T cells (a), T cell subsets (b, ¢, and total B cells (d)
within gated lymphocytes. B lymphecyte subsets, including B-1 cells (21, conventional B cells (f) and activated B lymphocytes | g) were analysed within
gated CO15° lymphocytes. Significant differences (connecting lines) and P-values are shown on figure.

that increased levels of cireulating CDE* CD54* T cells would
be an immunological event that suggest the increased migra-
tory potential ofthis cytotoxic population,which isimportant
in controlling tissue parasitism ( Table 2).

Low levels of macrophage-like (CD14* CD16%) cells and
expansion of CD 14" CD16* HLA-DRY proinflammatory
monocytes were observed in the early chronic T cruzi-
infected children

Ziegler-Heitbrock [18] suggested that, in humans, the
expression of CI114 and CD16 by monocytes can be used to
define at least two subsets of monocytes with distinct
functional properties. In this context, CD14* CD16" calls are
considered to be classical monocytes whereas CD'4" CD1&*
cells are typically macrophage-like cells. Herein we have
focused our analysis on major and miner circulating mono-
cyte subpopulations. Our data demonstrated that E-IND

Table 2. Frequency of activation marker and adhesion molecule expres-
sion by peripheral blood €047 and CD8™ T cell subsets from early
indeterminate Trypanoiora ouzi-infected children early indeterminate
(E-IND and non-infected children {N1-1).

T cell subsets

I CD&E"

Fhenotype® MI-1 E-IND MI-1 E-TMND
HLA-DR* 3409 13184 53t2a 4028
CDza” 442t 51 TaE 08 5481147 &51%113
CDaas 6l:32174 4521 102% 547182 562 1 9.9
CDa2l* TEAL 103 a8l & T4 54 %130 503%120
Cra 20897 TEE12T 634+145 552+%131
CD54 74t 100 2at48 274 +152 e L150%

"The results are expressed as proportion within a given T cell subset,

e.g. ratio of CO4" HLA-DR* within the CD4™ population, allowing the
normalization of data when percentage of a given subsst may differ.
“Statistically significant differences (P « 0.05) in comparison ta NI-1.
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Fig. 2. Analysis of monocyte and natural killer
(WK} cell subsets in the peripheral blood of early
indeterminate Trypaswosoma cruzi-infected early
indeterminate {E-IM Ly, @) children and non-
infected children (NI-1, 2. Monocyte subpopula-
tion analysis was performed by a triple-labelling
platform using anti-CD 14 TC, anti-CD 16 fluores-
cein isothiocyanate (FITC) and anti-HLA-DR phy-
coerythrin (PE) to identify macrophage-like cells
(CD14* CD1EY) (a), proinflimmatory monocytes
(CD4° CDle” HLA-DE™) (), Mataral killer i NE )
phenctypic studies were performed by a triple-
labelling pratocel nsing anti-CD3 FITC, anti-CDS6
PE and anti-CD1& tri-colour (TC) to identify total
NE cells CD3- CD167* CD567 (), pre-NE cells
CD3- CDl6* CD36~CDa- CD1e™ Co56™ (b,
matire MK cells CD3"CD1& COS D"
CDNEC D™ (e). Data of monocyte subsets are
expressed as scattering of individual values and

% CO14'CD16 o014  calls

30 -

15 +
mean percentage of cells within gated monocytes,
The results of total MK cells were calculated within
gated lymphocytes, whereas the freaquency of WE
cell subsets were reparted within gated NE cells.
Significant differences (connecting lines) and P-val-

% COCO167 CDS  lymphocytes

ues are shown on figure,

samples displayed low levels of macrophage-like cells com-
pared to MI-1 samples { Fig. 2a).

Within the CD14*CD16* macrophage-like cells, two
monecyte populations can be distinguished: classical HLA-
DR* monocytes and proinflammatory HLA-DRY mono-
cytes [19]. Cuantification of the CD14* CD16* HLA-DR™
proinflammatory monocytes was carried out by first gating
on the monocyte population identified on dot-plots based
on their morphometric and immunophenotypic teatures,
such as S5C™™=C14* followed by the selection of
CD14" CD16" cells {macrophage-like cells) and further enu-
meration of those CD14* CD16" cells with high expression of
HLA-DE, as proposed by Belge etal [19]. Our results
showed a higher value of CD14* CD16* HLA-DR*™ proin-
flammatory menocytes within CD14" CD16" menocytes in
E-IMD samples compared with NI-1 samples (Fig. 2b).

Pre-NK cells (CD3 CD16* CD567) are expanded in
peripheral blood in early indeterminate Chagas’ disease

As proposed by Gaddy and Broxmeyer [21], distinct NE cell
subsets can be identified based on the differential expression
of two major NE cell markers: CD6 and CD356. In order to
quantity the frequency of major NK cell subsets, pre-NK
cells (CD3 CD16* CD567) and mature NE cells (CD3-
CD1e* CD56*) were quantified on a three-colour platform
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using anti-CD16 TC, anti-CD56 PE and CD3 FITC to
exclude NKT cells. Our data showed that despite absence of
statistically significant differences in the percentage of total
NEK eells (CD3- CDa7 CD367) (Fig. 2¢) or of mature NK
cells (CD3- CD16* CD56%) (Fig. 2e), E-IND children showed
a higher percentage of pre-NK cells (CD3- CD16" CD567) by
comparison with NI-1 children (Fig. 2d).

Decreased percentages of NKT cells (CD3* CD16
CD356") are associated with the early indeterminate
clinical form of Chagas’ disease

NET cells are a unique T lymphocyte subpopulation, dis-
tinct from conventional T cells, because they express surface
markers of both T cell and NK cell subsets. They can pro-
vide protection against infectious diseases by rapidly pro-
ducing cytokines, through their cytolytic activity or via
stimulation of other cell populations [22]. In order to
quantify the frequency of circulating MET cells, we used the
same three-colour flow cytometry platform described for
enumeration of MK cell subpopulations. Data analysis was
performed by classifying NET  cells as  HNKT1
(CD3*CD16'CDs6), NET2 (CD3'CD16 CD56Y) or
NKT3 (CD3* CD1s* CD56"), as proposed by Vitelli- Avelar
etal. [6]. Our results revealed a significantly lower
frequency of the NKT2 (CD3*CD16 CD36%) subset in
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Fig. 3. Amnalysis of regulatory T cells [natural killer (NE) T and
CO4CD25%H) in the peripheral blood of early indeterminate Trvpa-
nosom orizi-infected children ( E-IND, @) and non-infected children
{MI-1, ). NET phenotypic stadies were performed by a triple-labelling
protocol using anti-CD3 fluorescein isothiocyanate { FITC), anti-CD5é
phycoerythrin (PE) and anti-CD16 TC to identify NKT subsets includ-
ing NET1 cells CD3"CD16" CD56CD3" (a), NET2 cells CD3* CD1&
CD565C03" (h) and MET3 cells CD3* CD18" CDS6YCD3 (o) analy-
sed within gated CD3™ lymphocytes. Regulatory T cells were identified
through a double staining procedure with anti-CDd FITC and anti-
CD25 PE monoclonal antibodies to identify regulatory CDé- Co25HEH
T cells {d) within gated lymphocytes. Data are expressed as scattering of
individual values and mean percentage of cells. Significant differences
(connecting lines) and P-values are shown on the figure,

E-IND samples by comparison with NI-1 samples (Fig. 3b).
Mo differences were observed when the values of NKT1 and
NET3 subsets were evaluated (Fig. 3a,c).

Decrease of circulating CD4* CD25" T cells highlights
impaired immunoregulation in T. cruzi-infected children

In humans, it has been proposed that only the
CD4" CD25™5" population, comprising ~1-2% of circulat-
ing CDM* T cells, exhibits regulatory functions [17]. Enu-
meration of CD4* CD25" regulatory T cells was carried
ot by first gating on lymphocytes based on their morpho-
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metric features on forward- versus side-scatter dot plots, fol-
lowed by the selection of CDM* cells presenting high
expression of CD25 [17]. Our results demonstrated that
lower values of CD4"CD25"" regulatory T cells are
observed in E-IND samples than in NI-1 samples {Fig. 3d).
Using the same gating strategy described previously to
evaluate E-IND and MI-1 samples, we performed a parallel
investigation of major peripheral blood lencocyte pheno-
types of IND, CARD and NI-2 subjects, including:
CD14* CD16" (macrophage-like), CD14* CD16* HLA-DR™
(proinflammatory monocytes), CD4* CD253%H (ragulatory
T cells), CD&* HLA-DR* (activated CD&* T cells), CD3
CD1s* CD36" (pre-NK cells), CD3-CD16* CD36" (mature
NK cells) and CD3* CD16 CD36% (MET2 cells) ( Fig. 4). Our
data demonstrated a higher value of circulating macrophage-
like, regulatory T cells, mature NK cells and NET cells in
IMD than in NI-2 samples (Fig, 4a.c f,g, respectively). Inter-
estingly, the value of regulatory T cells observed in IND sam-
ples was also significantly higher than that observed in
samples from CARD patients (Fig. 4c). Basal values (refer-
ence average of cells observed in healthy individuals) of
proinflammatory monocytes and low levels of pre-MNK cells
were also observed in IND samples compared to NI-2 sam-
ples (Fig, 4b,e). It was remarkable to note that the IND group
presented divergent data regarding the walue of activated
CD&" T cells, with some individuals presenting low basal lev-
els of activated CD8" T cells (median value = 3-9%) and oth-
ers displaying extremely high levels of CD&* HLA-DR* cells/
CD&" T cells (median value = 74:5%), suggesting the exist-
ence of distinct subgroups of individuals (Fig. 4d, dotted
rectangles). Which immunological feature could compen-
sate the high levels of cellular immune response in these
individuals in order to maintain the asymptomatic disease?
To answer this question, we assessed these phenotypic fea-
tures at an individual level, which pointed out that all INI»
patients who presented with a high value of CD&* HLA-DR*
cells also had low wvalues of regulatory T cells (Fig. 5, left
panel, top graph). Moreover, these individuals also presented
immunophenotypes that suggest a more active role of innate
cellular response, because they also displayed higher values
of proinflammatory monocytes and mature NE cells (Fig. 5,
left panel, top graph). Confirmatory analysis was carried out
by correlation studies that further validated these findings,
showing a negative correlation between CD8* HLA-DR* and
CD4* CD25"" cells and a positive association between
CD&" HLA-DE" and CD14* CD16" HLA-DR* cells, with the
latter also correlated with the frequency of CD¥
CD16* CD36" cells (Fig. 5, left panels, bottom graphs).

Increased percentage of activated CD&* T cells and basal
values of NE, NKT and regulatory T cells are major
phenotypes related to late cardiac Chagas’ disease

Analysis of major cardiac Chagas’ disease discriminatory
immunophenotypic features revealed that high levels of
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{CARD, 1) and uninfected adults | }1-2,

1. Phenotypic studies were performed using a double or triple-labelling protocol to identify macrophape-

likee D147 D16 cells (a), proinflammatary monocytes (CD147 CD16° HLA-DE™, b), regulatory T cells (CD4* CD2SPEE 0, activated CD8"
HLA-DR* T cellsi ), pre-natural killer iNE) cells ( CD¥ CD1&" CDS67CDA- CDL6* CD567 el, mature WK cells (CD¥ CD16° CD365CD3 CD 16~
CO567%, f) and MET2 cells (C03° €16 CD567, g). The results are expressed in box-plat format. The box stretches from the lower hinge (defined as
the 25th percentile) to the upper hinge (the 75th percentilz | and therefore contains the middle half of the scores in the distribution. The median is
shown as a line across the box. Therefore 1/4 of the distribution is between this line and the top of the box and 1/4 of the distribution is between
this line and the bottormn of the box. Significant differences comparad with NI-2 and CARD are indicated by letters a and ¢, respectively, at P < 0.5,

circulating CDE* HLA-DR* cells is the hallmark of the CARD
group by comparison with the NI-2 group (Fig. 4d). Addi-
tional analysis at an individual level further demonstrated
that in the CARD group, individuals displaying higher levels
of CD&" HLA-DR' cells (higher than median value = 27-3%)
also presented lower levels of mature NK cells, and were con-
fined within a subgroup showing a low value of NKT cells
(Fig. 5, right panel, top graph). Confirmatory analysis by
correlation studies validated these findings, showing a neg-
ative correlation betwesen CD8"HLA-DR' cells and both
mature ME and NET cell subpopulations (Fig. 5, vight panel,
bottom graphs).

Discussion

Understanding the role of immune responses to T, eruzi and
the mechanisms of injury in Chagas® disease has been a
major challenge. T. cruzi infection simultaneously triggers
multiple compartments of the innate and adaptive immune
system. It is possible that the strong immune stimulation and
the intense inflaimmatory process elicited during early infec-
tion by T crizi [3] could be not only a major determinant of
the immunopathology of the late disease, but could also be a

crucial factor in confining the aetiological agent to an intra-
cellular site, controlling the consequences of life-long infec-
tion and preventing tissue damage [4.23-25]. However, the
eatly stage of T. cruzi infection has been studied mainly in
experimental mouse models, and the precise mechanism
underlying the immunelogical events in humans is poorly
understood [5,24].

The present studies involved a cross-sectional investiga-
tion of major and minor changes in peripheral blood leuco-
cyte subpopulations during early and late phases of Chagas®
disease. The subjects included T. cruzi-infected children in
the early stages of the IND clinical form of diseass aswell as
chagasic adults typifying late chronic Chagas® disease.

Onar findings showed a lower value of T cells, due mainly
to a drop in the value of CD8* T cells, in addition to an
increase in activated B cells and impaired T cell activation are
hallmarks of early indeterminate Chagas”™ disease (Fig. 1 and
Table 2). The data presented here are consistent with our
previous results from phenotypic characterization of periph-
eral blood lencocytes from early T, cruzi infection in Bolivian
children [5]. This mixed activated/modulated immunclogi-
cal status can be explained partially by the action of distinct
T eruzi surface molecules that induce activation of B cells
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with non-specific Ig secretion [3,26,27] as well as suppres- evasion, Le. misleading the immunological system and pre-
sion of T cell activation [28-30]. Consistent with this venting the development of a strong adaptive immune
hypothesis, several studies have hypothesized that T. crizi- response, thersby favouring disease onset and immunopa-
derived glyco-inositol-phospholipids (GIPLs) and B cell thology [31].

activation could play a role in the conspicuous Ig preduction The importance of NE cells in resistance to acute Chagas’
observed during infection, whereas membrane glycosyl- disease is illustrated by studies showing that neutralization of
phosphatidyl-inositol { GPI)-anchored molecules are able to endogenous interleukin (IL)-12 or interferon (IFMNj-v as well
trigger suppression of human T cell response [29,30]. It has as depletion of WK cells renders animals more susceptible to
been suggested that the polyclonal activation of B cells and infection with T, cruzé [32,33]. Thus, NE cells are an impor-
the T cell anergy may represent the mechanism of parasite tant source of IFN-7y, before development of T cell-mediated
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immunity. Besides cytotoxic activity and cytokine secretion,
MWK cells can control B cell Ig secretion independent of T cell
induction [27,34]. The higher frequency of pre-NEK cells
(Fig. 2b) reported here might be related to the early activa-
tion of B cells (Fig. 1g), contrasting with cell phenotypes
pointing to impaired T cell activation (Table 2).

CD16* CD56 pre-NK cells have been considered to be
precursors of functional and phenotypically distinct mature
CD1e* CD36" NE cells [21,35]. Pre-NK cells have higher
proliferative capacity and are better sources of cytokines,
whereas mature NK cells display mainly cytotoxic activities
[35]. Our data suggest that the expansion of pre-NK cells
might be related to important mechanisms of macrophage
activation during early indeterminate Chagas’ disease. Mac-
rophages are efficiently activated by NK derived IFN-y
which invokes nitric oxide production and controls parasite
replication during the early stages of T cruzi infection [36—
39]. Despite the low levels of circulating macrophage-like
cells, our results demonstrated an increased frequency of
CD14* CD16* HLA-DR* proinflammatory monocytes [19]
among circulating CD14" CD16" cells in infected children
(Fig. 2a,b).

It is important to point out that strong, uncontrolled acti-
vation of NK cells as well as proinflammatory monocytes
may also lead to tissue damage leading to the development of
cardiomyopathy and/or digestive megas [40,41]. Thus, the
establishment of immunoregulatory mechanisms seems to
be an important key to controlling immune activity and pre-
venting deleteriouns effects of excessive stimulation of the
immune system that may lead to fatality, Current and previ-
ous reports have suggested that, in human liver, NKT cells
may play an important role in eliminating autologous cyto-
toxic T cells via apoptosis of activated CD&* T cells [42 A3].
Moreower, it has been also proposed that IFIN-yand perforin
production as well as NK and CD8' T cell cytotoxicity are
efficiently regulated by CD4* CD25" regulatory T cells [44].
We have described here a lower value of NK T cells, as well
as CD4" CD25MH pagulatory T cells, in infected children
{Fig. 3b,d), consistent with a higher levels of MK cells and
proinflammatory monocytes (Fig. 2d,b). These findings sug-
gest that the inability to shift the immune response toward
higher levels of CD4* CD25""" may contribute to the devel-
opment of cardiac tissue damage.

The low values of NKT and regulatory CD4* CD25%5"
cells during early Chagas’ disease raise the question of why
no phenotypic features related to T cell activation can be
observed in the peripheral blood of E-IND patients. We
believe that T cell-mediated immunity during the early inde-
terminate clinical form of Chagas’ disease may represent a
phenomenon restricted to the inflaimmatory sites, not
detectable in the peripheral blood, considering previous
reports describing the presence of these cells in the cardiac
inflammatory infiltrate during early human Chagas® disease
[10]. This hypothesis is supported by our findings of a higher
percentage of CD8* T lymphocytes carried by CD54, an
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important adhesion molecule invelved in migration path-
ways from the bloodstream to tissue inflammatory sites. We
hypothesize here that the increased levels of circulating
CD#* CD54* T cells reflect incipient immunological events
during early chronic Chagas’ disease, suggesting the
enhanced migratory potential of this cytotoxic population to
control tissue parasitism.

Unce we determined the immunophenotypic profile of
circulating lencocytes during early Chagas’ disease, we then
investigated the major discriminatory phenotypes during
late chronic indeterminate and cardiac Chagas® disease.
Comparative cross-sectional analysis of major immunophe-
notypes exhibited by late chronic chagasic patients with
those exhibited by patients bearing early indeterminate dis-
ease suggested that a shift towards high values of macroph-
age-like cells, together with basal values of proinflammatory
monocytes, regulatery CD4* CD25"%" T cells and high lev-
els of mature NK cells and NKT cells, would be responsible
for development of late chronic asymptomatic disease
(Fig. 4). On the other hand, the development of a cell-medi-
ated inflammatory immunoprofile characterized by high lev-
els of activated CD8" HLA-DR* T cells in the presence of
basal levels of mature NK cells, NKT cells and regulatory
CD4 CD25"M cells would account for the development of
late chronic cardiac disease (Fig. 4).

It is important to observe that unlike the CARD patients
(Fig. 5, right panel, top graph), the IND patients that present
high levels of activated CD&* HLA-DR* T cells (Fig. 5, left
panel, top graph) also count with high levels of mature NK
cells (CD3 CD16* CD56" cells) that may contribute to the
establishment/maintenance of their asymptomatic clinical
status. We have reported previously that blood samples from
patients with the late indeterminate clinical form of Chagas’
disease display a higher value of CD4* CD255' M and NKT
(CD3*CD16 CD36") regulatory cells, as well as increased
levels of circulating MK cells. In the present study, we have
also shown a correlation between the high levels of
CD4t CD25"M T cells and the low frequency of activated
CD&* T cells { Fig. 5, left panel, bottom graphs). We have also
dooumented previously the existence of an increased fre-
quency of activated CDE" HLA-DR* T cells and low levels of
CD4* CD25"" in patients with severe clinical forms of Cha-
gas’ disease [6]. In the present study, we have addressed this
issue further, demonstrating that patients bearing cardiac
Chagas’ disease display, in addition to the high levels of acti-
vated CD8* T cells, an opposite immunological profile of low
values of MK and NKT cells (Fig. 5, right panel, top graph).

Taken together, our findings suggest that the expansion of
proinflammatory monocytes CDN4"CD16* HLA-DR'Y as
well as high values of pre-NK cells, in a microenviroment
deficient in NKT cell and CD4* CD25"5H cell populations,
represent an important immunological profile that controls
parasite load in E-IND Chagas’ disease. However, the persis-
tence of this immunophenotypic pattern parallels the estab-
lishment of a strong adaptive CD&* T cell activation that
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could lead to late chromic disease associated with cardiac
damiage. On the other hand, the shift of this immunelogical
pattern  towards high wvalues of macrophage-like cells,
together with enhanced frequency of mature NE cells, NKT
cells and regulatory CD4™ CD225%9 T cells, could be ben-
eficial, limiting tissue damage and leading to lifelong persis-
tence of the indeterminate form of Chagas’ disease.
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Introduction

Infection of ﬁu}l.‘t‘p[ilJEC mammalian hoses wich meracellu-
lar protazoa Trypanasewa coricz leads o chronie progressive
disease, which may cauwse delererious inflammacory mfl-
trations nto specific arger cissue [1]. This illness, koown
as American Trypanosomiasis or Chagas' disease, affeces

m.-a.rl}' 20 millioen puipl:c in Ceneral and Souch America

2]
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Abstract

Trypanosoma erwzi-infecred children was coeaced with benznidazole (Bz) during
the c-a.rk}'—indtlrrminatc disease (E-INDY and che c}'tukinc paceern of tnnate and
adaptive immune compartments were evaluated pror o the oeatment and
1 year afeer it At first, we observed thar che ex vin cyrokine profile of circula-
ting levkacyees from BE-IND (# = &) rsembled the one olgerved for healchy
schoolchildren (n = 7). Addicionally, in wiem stimulation with T. cwzd anti-
FEns drove the E-IND r_}'ulk'[rx: patrern poward a mixed imomuoe pmﬁk‘ with
higher levels of IFN-p~, TNF-2~ and IL4~ NK cells, increased numbers of
IFN-p~, TNF-2" and IL-107 CD47 T cells in addition to enhanced frequency
of TNF-27/IL-47 CD197 lymphocytss. Interestingly, upon T. orwzi antigen in
vitrm stimulation, E-IND CD&" lymphocyres displayed a selecrive enhancement
of 1FN-y expression, accounting for a global type 1-modulared cyrokine micro-
environment. A shift toward a type I-modulared profile was also the hallmark
of Be-treaced children (E-IND+)h In chis context, despite the mixed overall ex
vite cytokine profile observed for WK and CDE™ T cells, increased abilicy of
these leukooyres to produce IFN-7 in response to T, owsd antigens was repor-
ted. Most notewsrchy was the [L-10 production evidenced ar T lymphocytes,
mainly CD4" cells, as well as B lymphocyres, bath e wien and UpOn antigen
stimulation. Together, these findings gave evidence that NK cells and CD8&
T lymphocytes are the major sources of IFN-7, a pivotal cyrokine for successtul
therapeutic rssponse in human Chagas' digease. Moreover, our data have also
broughe additioral information, pointing ouc 1L-10 production by CD4 cells
and B lymphocyres, as the putacive key element for parasice clearance in che
absence of delererious tissue damage.

The clinical course of Chagas' disease comprises two
distince seages with incrinsic parasicological and immuno-
[ug'[ual features, named acure and chronic pha_‘r_t; aof the
infection. In endemic areas, che great majoricy of che
patients are dentifed durmg long-lasting chronie disease,
ay they remain clinically asymptomatic fr many years,
claracterizing the late-indererminare clintcal form of che
disease [3]. Acuce clincal fearures are noc quucnt[}'

olserved 1 endemic arsas wich most acute cases being
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usually pon-apparent leading o an asympromaric soage
known as carly-indeeerminate discase (B-IND)

The mechanisms underlying the sarly-indeterminace
Chagas' disease are not yer fully undeestood. However,
there s a general consensus thar the hosr immuone
responst plays a pivotal role in controlling the pathogen-
exis through prowective evencs char may concrol the cksue
darmage [4].

We had previously dedicaced special actention to ¢hae-
acterize the frequency of major and minor peripheral
blood leukocyte subsees during early-indecerminate Cha-
gas' disease. We have reporeed an expansion of pre-NEK
cells (CD16TCD56 ) assoviated with enhanced frequency
of activated B cells in che absence of phenotypic fearures
of T-cell activation at peripheral blood of early-inderer-
minate children [3].

Goed insighe inco che rmle of cell-mediated immunity
associated with the pathogenesis control of Chagas’ dis-
case has been provided from experimencal models For
T. cruzi infection. It has become clear thar oytokines are
integral components of the complex ineercellular syscem
required o mount and control disease morbidicy [6, 7).
However, licele 15 known about the cycokine profile dur-
ing early human infection with T, omzi,

Samudio ¢ al [8] have suggested chac alchough che
selective induction of a type l-cytokine patcern (IFN-
with munimal 1L-4 prllducti.un} 15 the hallmark of acure
sympromatie Chapas' disease, the establishment of a type
0 immune profle (IFN- and IL-4) was associared wich
asympromatic disease. The apparently paradoxical cole for
IFN-y in human Chagas' disease has been discussed by
Bahia-Oliveira & al [9]. It has been proposed thar che
presence of an immune resporge with high levely of
IEN-y may fvour the effectivenss of che meatment or
influence the development of chronic cardiac form of the
disease in the absence of l'.ll::mnl:herap}'_ In agresment
with this hypothesis, it has been postulaced that higher
abilicy o produce IFN-y may be associated with the
therapeutic effectivenss during acute human Chagas' dis-
Ease [](]t_ cha.rd[m of these im;ighm, e lu[igitm:lim]
investigation has been carried out o address this isue as
well as the mose impormane cell sources of cyrokines dur-
ing early stages of human Chagas' dissase neither the
impact of the aeniological creacment with Benznidazole
{Bz) on this cytokine profile was determined.

The main goal of the current investigation was o
evaluate, in a loogioedinal study, the cyrokine profile at
whole blood leukocyees, freshly solated from eacly-inde-
termmate 1. ecrrzi-infecred  childeen, prioe and 1 year
after the end of aetwlogical treatment, Herein, we
showed evidences thar the ex vio cyrokine profile ac cir-
culating  leukocytes from E-IND  resembled the one
vbseoved for healchy schoolchildren. A shift coward a gype
I-modulated profile was also the hallmark of Bz-treat-
ment, with NE cells and CDE™ T l}'mphlx}'trs [EPresent-
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ing the major sources of IFN-y and CD47 cells and
CDI197 lymphocytess supplying che 1L-10 production as
the key element for parasiee clearance in the absence of
deleterious tissue damage.

Patients, materials and methods

Stwdy arer. Berilo and Jos# Gongalbves de Minas are
lowated ar Jequitinhonha Valley, north-sast of Minag
Gerais Sete, Brazil, exeending over 970 km” and are
referred as one of the most important former endemic
area for Chagas’ disease in Brazil. Tagether, thess two
municipalities have 17,632 habitants with 78.43% of
these individwals living in roral areas and having cheir
economy based on agriculeure and cartle-ranching aceivie-
ies (ibgecidades@, available ar: heepdfwww.ibge gov.be!
cidadesae, search for Berilo and Jose Gongabves de Minas).
Accessed on 4 January 2006.

Stady popelation. The padients mcluded in chis investi-
gation comsisced of thirteen schoolchildeen (9-14 years
ald, mean 12) from Berilo and Jusé Gongalves de Minas,
classified into two groups mamed early-indeterminace
Chagas' dissase (E-IND} and non-infected controls (NI
The E-IND group consisted of six schoolchildeen (four
boys and two girls) with positive serology for anc-T. crezi
performed by ELISA, BEIE-Rec-ELISA (Biomanguinhos
FIOCRUZ), Indirece immunoflvorescence (1TF) and THA
tests, as recommended by the Brazilian Healeh Minisery
and World Healch Organizanon criceria [2]. All chagasic
childeen displayed ar least ewo posicive serological ceses,
with distimer principles. The clinical and physical exam-
imation revealed that all children weme asympromatic,
showing normal conventional electrocardiograms (except
no. 701 who showed enlairgement of PRI — 0.22) and
unaltered thoracic X-mays (Table 1). Haemoculture, per-
formed as described |:|)' Lz E1]| WHS POSICIVE [0 all bue
ane (3/6) seropositive children, generally within the first
manth of blood culcivation in Liver Infusion Tryprose
medium (LIT) Chagasic children were treated with bere-
midazole {Rln‘hagsmc; Roche, 5P, Brazil) following the
protocol recommended by the Brazilian Health Minsery,
consisting  of 8 mp'kpiday for 60 comsecutive days.
Following astiologweal treatment, all children were longi-
tudimally re-evaluared 1 year afrer the end of Bz-treae-
ment {E-INDy)

Seven non-infected schoolchildren were included as a
control group. The NI group consiseed of age-matched
schoolchildren with negative serology for ano-T. ez
[5(; immuml:liag[ursis {ELISA and IIF). The SEMONEEA nve
cases included one boy and six gicls, wich ages ranging
from 9 to 14 years {mean 12.4),

Informed writeen consent was obouned from  all
through their parenes or legal guardians. This work ful-
filled the resolution number 196/1996 from the Brazilian
Maooml Health Council for research '[rnluh"mg humans
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Table | Demogrphic, clinical wnd leborsarial fearumes of six Trgpaniama owz seropositive children from Jequitinhontn Valley, Brasil,

Municipaliny

Benla Jozt Gongalves de Minas

H.q(ir.‘tex s ber
Major fextuns 52 Lz 1313 Tl 477 499
Aye (years) o 12 13 L1 13 14
Hex Male Male Pemazle Male Male Female
Clinical and 'ph'_v:lc:zl [ =3 e T ] Mormal P ] Mevmal Meormal el Mozl
Thoracie Xoray Mesrmal Mammal Bemal Marmal I o il Tammal
ECG Martrmal I qyrrnal Mzl Enlarged Fn M armmal Mermanal
Haermooultun: Pantive Pasitive Pasitive Paative Pastive M

NP, nat peformed; Fri = Prointerval,

and was approved by the Echical Committes at Centro de
Pesquisas Rend Rachou (CPqRRB/FIOCRUZ — prococol
no. 11/2004),

Trypanacama crwzi antigen prepavation. Soluble Epimasei-
gore Antigen (EPI} was prr:pan:'d from a stationary phase
Y serain T. crsezd oepimastigotss grown in LIT-medm.
After the third or Foureh i witre passage, cpimastigotes
were harvested, washed in 15 mM  phosphate-buffersd
saline (PBS), pH 7.4, and resuspended o 10° cellsml in
15 mu PBS, pH 7.4. The suspension was rapidly frozen
at =70 " and thawed at 37 20 three cimes, with a soni-
cation procedure beeween each seep. The crude lysare was
centrifuged (37,000 g} for 90 min and the supernacant
collected, dialysed overnighe against 15 mu PBS, pH 7.4,
sterilized by fleeacion chrough a 0.22-pm pore membrane
{Fileer millex, Milipore Produces Division, Billerica, MA,
USAY and scored ac =70 °C until we. The Protein con-
tent was assayed by che method of Lowry & @l [12].

In  witra shore-verm blood  leuko-
cytes. Peripheral blood samples from 13 individuals were

culmire of  whale
colleceed ineo Vacurainer cubes COnamning sodium hcp—
arin {BD Pharmingen, San Diego, CA, USA) For each
collected sample, short-term oot culurs of whole
blood samples were performed in two disunce platforms
named: the control culture, in the absence of exogenous
stimuli, to reproduce the ex vive immunological smaces
{control} and the EPlsaomulated culrurs (EPL), to mimic
the m vive challenge with T, eraezr ancigen.

The concrol culture consisted of 300 ul of whole
blood incubated in the presence of 300 ul of RPMI-1640
(GIBCO, Grand Ilind, NY, USA) plus Brefeldin A
{BFA) (Sigma, St Louis, MO, USA), ar a final concentra-
tion of 10 ug'ml performed in 14 ml polypropylens
tubes (Faleon™, BD Pharmingen). The Culture was main-
cuned for 4 hoat 37 °C mma 5% COs humidified incuba-
T

Antigen-specific stimulation was performed by a pre-
VIO c'halfc[:gc af 500 ul of whole blood wich EPI anti-
gens at a final concentration of 25 pg'ml for 1 h oat

37 °C in a 5% OO0 humidified incubacor, bllowed by
incubarion with BFA for an additional period of 4 b,

A positive control culeure was alko performed o evalu-
ate the sample viability, For this purpose, 2 whaole blood
:ﬂmpf:.— Wik n:t;];tt‘l:'[vt't}' treated with 500 gl of RPMI-
1640 phs Phorbol 12-Myristace 1 3-Acetare-PMA {Sigma}
at a hral concencration of 25 ng/ml, ionomycin (Sigma)
at 1 ug/ml and BFA. The positive one was maintained for
4 har 37 °C in a 5% 00, humidifed incubator. Cyroki-
ne parcerns abserved in the positive control culturecon-
far rrweed \":ubilil:}' of the sample, as demaonst raced b}' high
levels of IFN-7~ and TNF-2~ cells {data not shown).
Imemznastaining  for ol saface mavkbers and  mtraeilidar
epsobmer. At the end of incubation periods, all cultures
were treated with EDTA (Sigma) ar a final concentration
of 2 mM for 15 min, at mom emperature. EDTA-treaced
whole blood cultupes were washed once wich FACS buffer
{PBS 0.5% of bovine serum albumin, BSA; Sigma, pH
7.4, by cencrifugation at 600 g for 7 min ac room cem-
perature, and resuspended o half original volume with
FACS buffer. Samplcs af 400 pl of eell SUSPENSION from
thres culturss were dispensed into two 5-ml polystyrens
tubes {Fafum‘x], ane containing 10 gl of diluesd anoi-
CD4 (clone 53.5) labelled with Tricolor dye (TC) and
another with ant-CDE-TC (clone M-L233) monoclonal
ancibodies (MoAb). Samples of 200 gl aliquors from che
three cultures wers disprnxtd inca chree 5 ml pul}'.*;t_','rtrr
tubes contaming 10 ul of dilured ane-CD14-TC {clore
Tithka), ann-CD16-TC (clone 3GE and ann-CD19-TC
felone 4G7) MoAb, The anti-human cell surface marker
TC-labelled MoAb were purchased from Caleag Laborat-
ores (Burlingame, CA, USA) and used ar 0.5 pg/ml
{final concentracion). TO-labelled IS0TY PLc control  was
mcluded in cach barch of experiments.

Afeer ncubation for 30 min at room emperature in
the dark, cell surBce-smined samples were treated with
2ml of FACS Lysing/fc Solution (BD Pharmingen),
immudiatc:t}' vortexed  and  re-incubared  for an addi-
timl period of 10 min. Afeer lysing/fixation procedure,
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membrane-stained  leukocyees  were  permeabilized  for
other 10 min with 2 ml of FACS perm-buffer (FACS
buaffer suppltmcnlxd wich 0.5% of saponin, Sigma},
washed once with 3 ml of FACS buffer and resuspended
into 200 pl of FACS perm-buffer, Fixed/permedbilized
membrane-scained  leukocytes sispensions  were  distri-
buted in 30-ul aliquub; on 96 wells U-borcomed microe-
iter plates {l‘abumq} and meubated, for 30 min at room
temperature, in the dark, in the presence of 20 pl of
diluted PE-labelled anti-cyrokine MoAb including anti-
IL-12p40/pT0 felone C11-5.14), anci-IFN-y (clone B2T),
ant-TNF-z  (clone MAB11), ano-1L-4 (clone MP4-
25D2), or anti-IL-10 {clone JES3-917), all pun:ha:x_-d
From BD Pharmingen and wsed ar a final concentration of
25 pg/ml, PE-labelled isotypic control was mcloded in
each barch of experiments,

After intracyroplasmaric  staining, the cells  were
washed once with FACS perm-buffer, Bllowed by ane
wash step with FACS buffer and fixed in FACS FIX Solu-
tion {10 g paraformaldehyde, 102 /]l sodium cacodi-
late, 6.63 g/l sodium chloride, pH 7.2, all Fom Sigma).

Fluy cytometry avguisition and analysic Flow cytomerric
acquisition was performed using a FACScalibur™ flow
cytometer (B Pharmingen} considering a total of 30,000
events per tube, CELLQuest™ software (Franklin Lakes,
N]J, USA) provided by the manufacturer was wed for data
acquisition dnd apalysis.

To analyse the cyokine profile of distincr leukocyte
subsets, several specific gating strategies were applied.
Identificacion of NK cells {(CD167), T lymphocyte sub-
sers (CD47 and CDB™ cells) and B cells (CD197) was per-
formed by  Brse establishing a scactering gate on
lymphocyte popublation, using FSC versus S8C doc ploss,
followed by guantification of cyokine expresing cells on
FL3 wersus FL2 doc plocs. (:ytnkinc positive [ymphocyoe
subsets were idencified into the vpper-right guadrant on
dual colour graphs with FL3 representing the anti-cell
surface marker TC-labelled MoAb and FL2 corrssponding
to the ant-cytokine PE-labelled MoAb.

A specific gating serategy o amalyse the oyrokine pac-
tern of monocyres (SSCVCD14™™ cells) was carried
out using FL3/Aant-CDN4-TC versus 83C dor plot. Afrer
monocyte gating, the frequency of cymokine-positive cells
was identified into the upright guadrane on dual colour
gmphs wicth FL3 L RS e T T the ano-CD14 TC-labelled
MoAb and FL2 corresponding to the anti-cyrokine PE-
labelled MoAbs,

The pereentage of cells expressing cytokine was furcher
mulciplied by the absoluce counts of specific lenkocyte
populations, derived from routine haemartological analysis,
ta oboan che absolute number of t}ltukirt'-pnxitivc bt begs-
eyee subpopulations (cellsimm’® of peripheral blood), as
previously described by Peruhype-Magalhiies er ol [13).

Stavrstical  analysis. Differences berween groups were
first evalumred IJ}' Minitab sofware (release 13 200 (Srare
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College, PA, USA) to tesc three hypotheses: independ-
ence, normality and variance of data sers. The dam ses
showing three ros h_-,'pl.n:bq:ﬁcs were then considered para-
metric and were furcher compared by the unpaired f-rest
(NI wersus E-IND) or the paired f-test (E-IND versum
E-INTY)} using Graphpad prism software 3.0 (San Diego,
CA, USA). MNon-parametric dara was aml}'ﬂcd l‘J:,' Manmn—
Whitney (NI versus E-IND) or Wilcoxon-matched pairs
test (E-IND wersus B-INDwy) also using Graphpad prism
3.0. Significance was defined ac P < 0.05.

Results

Cytokine profile of innate immunity during the
early-indeterminate Chagas' disease

Levels of both pro- and ancd-inflammacory  oytokine-
expressing  circulating  monocytes and NK o cells are
presented in Fig. 1. Dara analysis demonstraced a shighe

increase of 1L-127 monocyees, despite equivalent numbers
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Figure 1 Intracelluler cymline pofile of mosocytes (A and B) and NE
cells (O and D) o peripheral blood fom NI (T and E-IND (i, at
e wrw (oontrol coltome) and after shost-term o ooife stimulsticn of
wholeblood samples with T, corazd soluble astigen (EPT). The reuls are
expresed 1o boxpla format highlightng the gp of 50% of dam 2t
messurement, Siguibcmm differsnces are identifed by dowed connecting
lines in commpanson to NI od BIWD o P (005,
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of TNF-27, IL-107 monocyres as well as [FN-y~, TNF-
37 and IL-47 NK cells were observed for E-IND when
compared with NI {(Fig. 1A and C). Together, these find-
ings revealed thar the ex wfeo innate immune compart-
ment at the peripheral blood of the carly-indeterminace
chagasic patients resembled one of healthy uninfeced

children.

Cytokine profile of adaptive immunity during
eatly-indeterminate Chagas' disease

Levels of both pro- and anti-inflam matory cytokine-sxpres-
sing cells were also evaluared on cells from che adaprive
immune compartment under contralled conditions, imple-
menting cthe ex vivw profile (Fig. 2). Data amalysis demon-
decrease  of CDE TNF-x~

lymphocytes, a comparable number of IFN-y7, TNF-x~

strated  that  despite a
and IL-107 cells were observed within the adaptive
immune compartment from E-IND when comparsd with
NI {Fig. 2A, C and E). Together, thess findings pointed
out that, likewise the innate immune comparcment, the cy-
tokine patterns of adaptive immunity at the peripheral
blond of carly-indeterminate chagasic patients are squival-

ent to that observed for healthy schoolchildren,

Changes on the cytokine profile of innate and adaptive
immunity induced by in vitro stimulation with
I cruzi antigens

In a search o identify the impace of T, omezd antigen on
the immunological response ciggered during sarly-inde-
cerminate disease, we have furcher investigared the chan-
ges on the incracellular cycokine induced by shore-term
et sumulation wich epimastigore antigens (EPLL We
have hence quantified pro- and anti-inflammatory cyrok-
ines in peripheral blood leukocyre subsers related to
innare {Fig. 1B and D) and ad-ipl:i\':.- immunity (Fig. 2B,
I and F). Dara analysis demonstrated that, in the pres-
ence of EPI antigens, cytokinsS—xpressing  monocytess
from E-IND resemble the basal level observed fur NI
(Fig. 1B). On the other hand, we have observed thae
incubation with T, crazi antigens triggered an enhance-
ment of [FMN-p7, TNF-a” and [L-47 NK cells in E-IND
when compared with NI (Fig. 1D). Together, these data
pointed out that o it stimulation with T, owed anei-
gens drove the E-IND cytokine pattern of inmate immu-
nity toward a mixed immune profile.

Amlysis of the adaptive immune compartment in
E-IND revealed thar EPI stimulation induced two dis-
tinct cytokine patterrs. A mixed type-liype 2 profile
was observed at T-helper lymphooyess and B ocells as
demonstrated by increased levels of IFN-y~, TNF-2~ and
IL-107 D4~ IL-4~
CDI19" cells respecavely (Fig. 2B and F). Interestingly, a

lymphocytes  and TNF-2~  and

distinee cytokine pattern was observed for Toytotoxic
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el blaad from N1 (T and E-IND (Jl, 2t ex oo (oontral cultane) and
after shortterm fo wiim stmulation of whale-bload :ﬂ.rr.'p|m with
T oz soluble antigen (BEPD. The resuls o expreged in boxoplo for
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lymphocyres, with EPI stimulation being able o drive a
selective increase in the number of CDBTIFN-y™ lympho-
cytes when urmpﬁrcd with control culoures (Fig, 2D, It

5 important to notice that no impace of EPD stimulation
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was documenced for the adapt[\'c compartment in NI
Togerher, chese resules showed thar T,
drives a typical cype l-modubited specific immune
response in early-indecerminace chagasic patients.

crizi Antigen

Impact of aetiological treatment on the cytokine pattern of
the innate immune compartment

The levels of both pro- and anti-inflammatory cytoki-
neexpressing cells o the innate immune comparement
in NI E-IND and E-IND«,
MOBCYTes and MK cells ares pnﬁt‘ntcd in Fig. 3. Dam
analysis showed that the o wiw number of TNF-2~

regarding  circulating

monacytes was similar in E-INDy in comparison with
E-IND, being lower in contrast to NI (Fig. 3A). Upon
EPl stimulation, monocyres from  E-INDy  showed
increased Frequency of cymkine-positive events in com-
parison with e proe data. However, in spite of the
increased c_','mlcint' EAPOEESION, the number  of

CDI4 " THNF-2" monocytes persisted modulated in B-
INDe, at this ome in compansen with both NI and
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Figure 3 Impuct of etological treatment of intracellular cyrokines pat
tem of ClFs (A md B) and CDEY (0 and D) lympliceytes 10 penph
eral blood fom M1 (), BIND (BP and BE-INDy (B indrviduals, ot
ex vie foontm] oulture) and sfter short-tenn o vitro stimulation of
whale-blaod Rmp]:i with T carzd seluhle .mtigel: (EPE}. The resulss ane
expressed 1n medion = 30, Significant o fferences o idennfied by let-
ters 2" and 'h" in -:nn'..Pnri:-:h Ml and BTN, bn].'u.‘t'in}-. The *
shows smtistic differences between CONTROL and BPl cultures ot
P (.05,
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E-IND {Fig. 3B). On the ather hand, che a::'l:iuhlgfml
rreacment led to up-regulacion of pro- and anti-inflam-
matary  cytokines-expressing NK cells. Dae apalysi
showed increased numbers of CD167IFN-y, TNF-aand
IL-47 NK cells in E-INDy in comparison with NI and
E-IND, in bath ex vive and EPl stimulaced culoures
{Fig. 3C and D).

The abilicy of NK cells to produce IFN-7 in responge
tr T. erzezd antigens in BE-INDy was ousstanding, Despite
the mixed overall cytokine profile stll observed for the
INOAte I municy ltuklu}':cﬁ afrer Bz-chematherapy, the
actiological treacment was accompanied by increased abil-
ity of NK cells to produce IFN-y in response to T. ervzi
antigens (Fig. 3D). These daca point our that Bz aetiolo-
gical treacment during che sarly-indeterminate Chagas
digease shift innate immunity toward a type 1-modulated
immune profile.

Impact of aetiological treatment on the eytokine pattern of
the adaptive immune compartment

A[;al}'ﬂix of the a&ptivc immune compartment o B-
INDy revealed distince cyookine paccerns in CD47, CD8”
and CD197 cells.

A rypical type 2 profile was observed for T-helper
cells. Analysis of ex ofoe CD47 T cells showed that Bz-
ectiological treatment led to slight increase of IFN-p”
synthesis when compared wicth NI (Fig. 4A). However,
there was a marked increment on IL-10 synthesis by
CD4™ T eells from E-INDwg when &11mpar¢d with E-IND
and NI (Fig. 4A). Upon EPI stimulacion, besides as!ight
increase on the frequency of TNF-2” and IL-47 from E-
INDy in comparison with NI, a similar parcern of higher
IL-10 symthesis was observed ar CD47 T eells (Fig. 4B),

Differently the cytokine pattern observed for T-helper
cells, a typical eype 1-modulated profile was observed for
eytotoxic T cells. Despite the broad-specerum of eytoki-
ne-expressing cells within CD8” T lymphocyess observed
i E-INDy. here represented by mereased levels of 1L-
127, IFN=y~, TNF-x", IL<4" and 11-10° CD8" T cells
{Fig. 4C), L T. cruzi aAncigen stimulation, a sl:rik[ng
EXPIESSIGN aof [EN-7 was observed {Fig. 410,

Analysis of B lymphocytes revealed type 2-like profile
both e eiew and upon EPL fr satre stimulation, characcer-
ized by predominane 1L-10 synchesis in E-INDy when
compared with NI and E-IND. Slighter mcreases on 1L-
47 and minor enhancement of TNF-27 cells was also
abserved (Fig. 5A and B).

Together, these findings gave evidences char Bz-treat-
ment led o a oype l-modulated immune profile charac-
terized by imporne [FN-y production by NK and
CDE™ T cells besides outstanding IL-10 production
theoughout CD4™ T eells and B lymphocytes. Represen-
eative dot ploes illustracing these findings are presenced
in Fig. 6.

Journal compilation 8 2006 Blackwell Publishing Ltd, Scandinasian Jowrnad of Inmaiskypy 64, 554563
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Fi;[um § [n'.pa.c‘t af e:ti-:p|-:|gi-::] tretment of intracellular -:'ymkinm pat
tem of CD197 lymphocyres (A ond B) in periphen] blood from NI
(O BEIND @l and EIND.. i individmls, ot ec sovs {comtml
culture) and after short-term i eibe stimulation of wholeblood samples
with T. ormzr soluble antigen (BFI. The reult are expreged in
medizn + 30, Sigmficant differences ar identified by lemers 2" and
“b in companson to Ml and E-IND, respectively, The * shows smtistic
differences between COMNTROL and BPI cultures ot P o 005,

Discussion

The immune response triggersd during  early-indeter-
mimate human Chagas' disease is noc yer fully under-
stond, despite considerable experimental evidences of its
relevance for the developmenticontml of pathogenssis
throughout muleiple inmee and adaptive immunological
mechanisms [4]. Dara from early experimental T, owz
infection, have pointsd our char monocyres'macrophag -
es-mediated  orypanosomicidal  event  throughour nitric
oxid, further enhanced by an vp-regulation of TNF-2
synthesis with monocyte/macrophagedenved 1L-12 play-
ing a central role in soimulating the NE-cell activicy
[4].

According to these observations, berein we have docu-
mented at an ex oo investigation, a higher frequency of
IL-127 monocytes in E-IND children when compared
with NI, This imflammatory cellular immune profile
would suggest that NK cells mighe assume a type 1 cy-
wkine parcern. Despite the ex vio cymokine profile ar cir-

culating  leukocyres from E-IND  resembled  the one

2006 The Authors
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Figure & Representative dot plots ilhstreting the hgher frequency of [FNYT within CD16" NE-cells and CDE” Tolymphocytes besices enlanced
levels of IL-107 within CD4" Tcells and B-ly mpl:m-c'yt:i from B-TM Dy irix]]t i’.‘i.m'J.'i.!l a5 compared o BIMND (left me].‘i, after short-tenn fm viom st
mulstion of whale blood smples with T, oz soluble antigen (EPT). Dot plocs ity e sotypic controls anr alse icheded,

abserved 10 healthy schoolchildren, the BE-IND cytokme
pattern displays a shift toward 2 mixed immune profile
with higher levels of IFN-p”, TNF-2~ and IL-4~ NK
cells upon rr esw sumulation with T, crwed antigens.

Beside che ability of NK cells to produce IFN-y in
response to T, creez antigens [14-16), e bas besn also
abserved that NKT cells derved from livers of T, oz
chronically infecced mice are able to produce high levels
of IFN-y and 1L-4 [17]. Our data demaonserared char, o
pitro stumubation with T, oezi ANCIEEns drove the E-IND
cytokine pattern toward a mixed immune profile with
higher levels of IFN-p™, TNF-2~ and L7 CDIG7
lymphocyees. These fAndings may sugeest thar CDI1GT
cells (NK and NKT cells) could provide protection
against T, owzi not only in che acure phase bue also in
the early-indererminare Chagas' diseass, producing a
m eed pro- and anti-in!hmmamr}' 1‘}'mkirx: pr::ﬁlq:
favouning the generation of effective and non-deletenous
inflammatary mechansms,

Additional & pigre stimulacion with T, ez antigens
drove the E-IND q'l;nkinr pattern toward  mmcreased
numbers of IFN-p~, TNF™ and IL-107 CD4™ T oeells
in addition to an enbanced Fequency of TNF-27 and

& 2005 The Awuthars

IL-4" CD197 lymphocytes, illustrating. che mixed mature
of the cytokine microenviranment, Interestingly, at this
time, upon T. ez ancigen stimulation, E-IND CD8™
lymphm'}'tn:ﬁ showed a str[king enbancement of IFN -y
expression, compared with NI, which couneed w a con-
fdent global cype 1-modulated cyrokine microenviron-
M.

Oner data are in agreement with previous reports from
Samudio ¢ ol [8] that sugpested a cype-Viype 2-mixed
cytakine parcern T, ermzi-infected children in Paraguay
and the ssabhshment of a ype O (expression of bath
IFN-y and IL-4), herein named type l-maodulated, n
association  with asympromatic early Chagas' disease,
important for the development of an effective non-dele-
teriows adapeive Immune response,

Besides establishing che cyrokine profile for E-IND,
the presenc stud}' also derermined inoa PIONEEr INVESELgra-
rion the tmpact of Bz-treatment on che cyrokine pattern
of circulating leukocyrss duning the carly-indeterminate
Chagas' disease. In the last decades, the literarure has
accumulared evidences CONCErNINg the immune d:prnd-
ence of chematherapy and more recent stodies regarding
efficacy in  experimental

anti-T. szt chemotherapy

Jomzrnal compilation € 2008 Blackowel | Publishing Ld, Scandmaman Jowrnal of Inmuradgy A, 550963
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maodels have considered the host immune response [18,
19]. In humans, it has been proposed char che maincen-
ance of an immune response with high levels of [FN-y
produccion may Rvour the effectiveness of chemoatherapy
[9, 10]. To furcher focus chis issue, we bave performed a
lomgitudinal  follow-up  investigation o evaluate  the
impact of actiokogical treatment on the cymokine profile of
T. erszi-infected children. Our dam point our that che Bz
actiological teearment during the early-indererminace Cha-
gas' disease shift inmare immunicy coward a cype 1-modula-
ted immune peohle as demonscraced by che ourstanding
ability of NK cells to produce IFN-7 in responge to T, owzi
antigens in E-INDy, despies the mixed overall eyrokine
profile still observed for the inmmee immunity leukocytes
after Bz-chemotherapy. Likewise demomstrated by Peru-
h}‘pv—h&aﬁll’ﬁﬁ o al 113] for parients cured of wvisceral
leishmaniasis, we have observed that afeer chemotherapy,
early-indererminace  children  remain with  an effective
innace immune response thar could be efficiently recalled
upon mtigenic stmulacion. The production of IFN-y by
NK cells has been extensively reporced 2y 4 fundamencal
element to the establishment of effective immune response
against T. ows infection [4].

Distinct cytokine profile were observed for the adap-
tive immunity compartment in E-INDp oar CID4,
CD8" and CDI19" cells. A typical eype 2 pmﬁEt‘ Wil
observed for T-helper cells, illuscraced h_',' the oustand-
ing increment on [L-10 symchesis by T lymphocytes
from E-INDwy, mainly CD47 cells, both ex e and
after  EPl stimulation. A cype-2-like profile was alko
observed for B lymphocyees, both ex wiw and upon
EPl i witrs stimulation, characterized by predomimant
IL-10 synthesis besides slighter increases on [L-47 and
minor enhancermnent of TNF-2" cells in E-INDy. Unli-
kely the cyokine pateern observed for T-helper cells
and B lymphocyoes, a oypical type l-modulated pmﬁ[c‘
was observed for cytotoxic T cells vpon T. ezt anti-
gen stimulatwon, with a xl:riking EXPREssion of IFIN-y
by CDE™ T cells.

Together, our fndings validare and re-enforce previows
repores suggesting the role of IFN-7 as a pivoeal cytokine
for successful therapeutic intervention in human Chagas'
disease. Furchermore, we have added more details o this
hypothesis, deseribing NK cells and CDE™ T lympho-
cyres as the A0 SOULRCES of TEN-y during the (thagas'
disease trearment. Moreover, we have also hmught mn
additional information to chis puzzling phenomenan,
pointing out the [L-10, T lymphocyres, mainly CD47
cells, as well as B lymphocytes, as a key element to allow
parasice clarance in the absence of deleerious tissue
darmage duning chemaotherapy. In this context, the spon-
eaneous secretion of [L-10 by CD8™ cells may also repre-
sent an effective event of modulatory impace mediated by
type 2 cytotoxic T cells, wually named Te-2 cells [20—
23] Ru‘cnl:l}',, it has also besn demonstrated char C}'Eﬂjki—
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ne-induced [L-10-secreting CD8™ T cells represent o phe-
notypically distinet suppressor T-eell lineage [23].

It was interesting to notice that the cytokine pactern
observed for E-INDy innate and adaptive immunity was
very similar to that documented for E-IND lenkocyres
vpan T, owzd antigen sumuolacion, Together chis observa-
tion suggests that the massive antigen release tnggered
by Bz-trearment, which is able o activare cyrokine syn-
thesis i vivn, can be arcificially reproduced s wifre upon
T. erwzi antigenic stimubation of B-IND leukocyres, Con-
sidering  the cumulative evidences of  immunological
dependency of therapeutic success in Chagas' digease, this
stoapepy may represent a useful ool oo predice the immu-
nological msponse that a given patient would develop
duning Be-treacment intervencion, allowing oo forecast
the therapeatic outcame.

Our group is ﬁn:ueing this issipe furcher to esmablish
whether a ype l-modulated immune response is also
observed during Bz-creacment applied to chronic indeter-
minate patients. We hypochesize thae those indererminare
patients named high IFN-y producers are more prone to
successfully exhibic response to Bzchemocherapy. More-
owver, considering that patiencs bearing cardiac Chagay'
disease are nearly all IFN-y producers, it is resomable to
the Bz-treatment  prescribed o chese
patients should lead eooan effective parasite clearance.
However, the rh:n'ubthl:rap::uthcﬂl intervention should be

suppose  chat

carried our with caurtion, as the lower levels of ype 2 cy-
tokines ohserved for most cardiac patients could count to
unexpected side effecs.
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Abstract

Pro-inflammatory immune response is usually associated with Chagas disease pathogenesis, but is also relevant 10 treatment effectivensss,
Cross-sectional studies have suggested that this activated state may persist for vears after therapeutic intervention. However, short-term longi-
tudinal investigation has suggested that the Benznidazole reatment (Bz-treatment) leads 1o decreased immunological activation. In order to elu-
cidate this issue, we performed a longitudinal study to evaluate the immunclogical status following Ba-treatment during early indeterminate
Chagas disease. Our results demonstrated that Be-treatment led 1o higher activation status of circulating monocvies but was negativel v associated
with the number of IL-12'CD14" cells, Moreover, Bz-ireatment triggered o high frequency of circulating CD3CDI6'CDS6™ NK cells, in
addition 0 elevated activation status associated with a type l-modulated cvioking pattern. Be-treatment induced substantial T and B-cell
activation stalus associated with an overall IL-10 modulated tvpe | cviokine profile. In summary, these findings provide new information
regarding immune activation status following the etiological treatment of Chagas disease. These results suggest that in addition to the increased
number of activaied leukocyies in the peripheral blood, Be-treatment may also involve a qualitative change in their functional capacity that
drives their activation state wward a modulated cyviokine profile. These changes may account for the benefits of etiological treatment of Chagas
disense.

@ 2007 Elsevier Masson SAS, All rights reserved.

Kewwords - Chagas disease; Benmidazole; Immune response; Cytokines; Leukocytes sehsets

1. Introduction

Trypanosoma cruzi is the etiological agent of American
Trypanosomiasis or Chagas disease. which affects 16—18
million people in South and Central America [1]. Chagas

* Correaponding author, Labomtory of Chagas Discase, CPgRE-FIOCRLUE,
Ave Augusto de Lima 1715, 300 %0-002 Belo Horizonte, MG, Brazil. Tel: =55
31 33449 TT64; fax: +55 31 3295 3115

E-mail address; avelar@ cpgrrfiocruz. br (R, Sathler-Avelar),

12E6-45TWE - see front matter @ 2007 Elsevier Mas=son SAS. All rights reserved.

i 1.0, micint 20071 0.000

disease is a long-lasting infection with a short acute phase,
which is wsually clinically non-apparent, that progresses to
a lifelong chronic phase characterized by distinet clinical
forms known as indeterminate, cardiac and digestive [1].
Specific chemotherapy is recommended for the treatment of
Chagas disease applying the gencral assumption that the car
lier the specific treatment is initiated the greater the chance
of parasitological cure [2]. At present, Chagas disease chemo
therapy in Brazil has been restricted to the use of Benznida
zole, which is recommended for the treatment of acute,

Flease cite this anticle in press as: R. Sathler- Avelar etal., Etiological treatment dusing early chronic indeterminate Chagas disease incites an activated statis on
innate and adaptive immunity associated with a type 1-modulated cytokine pattern, Microb Infeet {2007), dﬁilﬂ.lﬂlﬁﬁmiﬁiﬁﬂmJﬂ.m@
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congenital and the initial stage of the indeterminate form,
known as early-indeterminate disease (E-IND), usually seen
in children and adolescents [2,3]. An effective treatment might
lead to parasite clearance and prevent the progression of infec
tion to disease, heart-related pathology and its complications
[4-T1

It has been suggested that parasite clearance following che-
matherapy in the chronic phase may contribute to better clin-
ical outcome [45.8]. Indeed, Andrade et al. [#] have
demonstrated regression of myocardial inflammatory lesions
following parasite clearance archived by etiological treatment
in mice.

Despite the well known role of the host immune response in
the pathogenesis of Chagas disease. little has been reported
about the impact of Be-treatment on this response. It has
been demonstrated that after specific treatment cured patients
produce high levels of IFN-y [9]. Because an exacerbated pro
duction of IFN-y may favor the development of a strong pro
inflammatory response, which is mainly observed in patients
with cardiac disease [10]. it is possible that a fine balance of
pro- and anti-inflammatory cytokines could be the major key
in controlling Chagas disease morbidity following treatment
[11]. We have previously reported that Bz-treatment leads @
4 type I-modulated immune profile, with 1L-10 as the putative
key element for controlling the deleterious tissue damage that
eventually might occur due 1o the IFN-y-mediated pro-inflam
matary response observed during Bz-treatment [11]. These
findings suggest that in addition 0 the direct role in blocking
parasite growth in vive, Bz-treatment appears to affect host im
mune regulation [12]. Together, these parasitological and im
munological hypotheses have brought new perspectives o
clinical investigations and have stimulated studies to establish
the effect of specific anti-parasite therapy on the immune state
and the evolution of Chagas disease.

In spite of these insights. little research has been carried out
to address the impact of etiological Bz-treatment in the host
immune response during early indeterminate Chagas disease.
Therefore, our goal in this study was to evaluate in a longitudi-
nal investigation, the impact of Bz-treatment on the ex vivo
phenotypic profile of peripheral blood leukocytes in associa
tion with their cytokine pattern during early indeterminate
T. cruzi infection, prior to, and one year after the end of the
Bz-therapeutic intervention.

2. Patients, materials and methods
2.1, Study population

The patients included in this investigation consisted of thir
teen schoolchildren from Berilo and José Gongalves de Minas.
The early-indeterminate Chagas disease group (E-IND) con
sisted of six schoolchildren (914 vears old), with antibodies
to T. cruzi as detected by serology performed as recommended
by the World Health Organization criteria [ 1]. The clinical and
physical examination revealed that all children were asymp
tomatic, with normal conventional electrocardiograms and un
altered thoracic X-rays. Haemoculture was positive in all but

one (5/6) of the seropositive children, generally within the first
maonth of blood cultivation in Liver Infusion Tryptose medium
(LIT). Chagasic children were treated with henznidazole
{Rochagan™; Roche, SP, Brazil) following the protocol recom

mended by the Brarzilian Health Ministry [3] consisting of
8 mg/kg per day for 60 consecutive days. Following etiologi

cal treatment. all children were re-evaluated one year after
the end of Bz-treatment (E-IND,)

The non-infected control group (NI) consisted of seven age
matched schoolchildren with negative serology for anti-T.
cruzi (9—14 years old).

Informed written consent was obtained from all through
their parents or legal guardians. This work fulfilled resolution
number 196/1996 from the Brazilian National Health Council
for research involving humans.

2.2, Immune-staining for cell surface
markers of peripheral hlood

White blood cell phenotypes were analyzed following an
immunofluorescence  procedure recommended by Becton
Dickinson (Mountain View, CA, USA), modified as follows:
100 pl - peripheral blood, collected uwsing Vacutainer tubes
with EDTA as anticoagulant, was mixed with 5 pl undihued
monoclonal antibodies (mAbs) specific for several cell surface
markers labeled with, Auorescein isotiocyanate-FITC, phy
coerithrin-PE or tricolor dye-TC, all purchased from Becton
Dickinson (San Diego. CA, USA) or Caltag (Burlingame,
CA, USA) including anti-CD3-FITC and PE. clone UCHTI:
anti-CD4-FITC and PE, clone RPA-T4; anti-CD5-FITC., clone
L17F12; anti-CD8-FITC and TC, clone RPA-TE; anti-CD14-TC,
clone TiK4; anti-CD16-FITC and TC, clone 3GR; anti-CD 18
FITC, clone YF118.3; anti-CD19-FITC and TC, clone 4G7;
anti-CD23-PE, clone M-L233; antu-CD2E-FITC, clone 15ER;
anti-CD534-PE, clone 15.2; anti-CD56-PE. clone B159; anti
CD62L-FITC, clone DREG-56; anti-CD&9-FITC, clone FM50
and anti-HLA-DR-PE, clone TU36. Following incubation in
the dark for 30 min at room temperature, erythrocyles were
Iysed in FACS Lysing Solution (Becton Dickinson Biosciences
Fhammigen, San Dicgo, CA, USA). The remaining cells were
then washed in phosphate-buffered saline containing 0.01%
sodium aride. Cell preparations were fixed in 200 pl of
FACS-FIX Solution (10 g1 paraformaldehyde, 1% sodium
cacedylate, 6.65 g/l sodium-chloride, 0.01% sodium azide).
Data acquisition was performed with a Becton-Dickinson
FACScalibur instrument, CELLQuest™ software provided
by the manufacturer was used for data acguisition and
amalysis.

2.3, Analysis of inmacellnlar cytokines in lenkocyres afrer
in vitro short-term culture of whole blood

For each blood sample collected using Vacutainer tubes
with sodium heparin as anticoagulant. short-term in vitro cul
tures of whaole blood were performed (o reproduce the ex vive
immunological status. Whole hlood (500 ply was incubated in
the presence of 500 pl of RPMI-1640 (GIBCO, Grand Island,
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NY. USA) plus Brefeldin A (BEA) (Sigma. St. Louis, MO,
LISA ) at a final concentration of 10 pg/ml, in 14 ml polypro
pylene tubes (Falcon™, BD Pharmingen), The culture was
maintained for 4 hat 37 °C im a 5% C0O. humidified incubator,

At the end of incubation, all cultures were treated with
EDTA (Sigma) at a final concentration of 2 mM for 15 min
at room temperature. EDTA-treated whole blood cultures
were washed once with FACS buffer (PBS with (L5% of bo
vine serum albumin, BSA, pH 7.4, Sigma), by centrifugation
at 600 = g for Tmin at room temperature, and resuspended
to half the original volume with FACS buffer. Samples of
cell suspension (200 pl) from cultures were incubated with
10 pb diluted TC-labeled anti-cell surface marker mAbs pur
chased from Caltag (Burlingame, CA. USA) including anti
CD4, clone RPA-T4; anti-CDS8, clonpe RPA-TE; anti-CD14,
clone TiK4: anti-CD16, clope 3GE and anti-CD19, clone
4GT. After incubation for 30 min at room temperature in the
dark, cell surface-stained samples were treated with 2 ml of
FACS Lysing/fix Solution (BD Pharmingen). immediately vor
texed and re-incubated for an additional 10 min. After the lys
ing/fixation procedure. membrane-stained leukocytes were
permeabilized for another 10 min with 2 ml of FACS perm
huffer (FACS buffer supplemented with 00.5% saponin. Sigma),
washed and resuspended into 200 pl FACS perm-buffer. Fixed/
permeahilized membrane-stained leukocytle suspensions were
distributed in 30 pl aliguots in %6-well U-bottomed microtiter
plates and incubated for 30 min at room temperature in the
dark in the presence of 20 pl diluted PE-labeled anti-cytokine
mAbs purchased from BD-Pharmingen (San Diego, CA, USA)
including anti- IL-12pd0/p70, clone C11.5; anti-IFN-v, clone
48.B3; anti-TNF-o, clone MADI11; anti-IL-4, clone BVD4
111 or anti-IL- 10, clone JES3-19F1 ). TC and PE-labeled iso
typic control was included in each batch of experiments. After
intracytoplasmatic staining, the cells were washed once with
FACS perm-buffer. followed by one wash step with FACS
buffer and were fixed in FACS FIX Solution.

Flow cytometric analyses were performed using a
FACScalibur®™ flow cytometer (BD Phammingen, San Diego,
CA, USA), which acquired a total of 30,000 events per tube.

2.4, Statistical analysiz

Comparative analysis was performed by unpaired # test (N1
versus E-IND or E-INDy) or paired r test (E-IND versus
E-IND7) using Prism software (version 4.03). Correlation
analysis was performed by Pearson’s test. Significance was
defined in all cases at p < 0.05.

A, Results

3. Higher activanon statis of circulaning monocytes
exhibiting negative associarion with IL-127 producing
CRI4™ cells following Chagas disease Bz-treament

In order to verify whether etiological treatment induces
varations in the percentage of monocyte subsets, inchuding
macrophage-like  (CDI67CDI47)  and  pro-inflammatory

MOnoCytes 1H]_.A-DRIE@CDJ4;}, we evaluated CDI6 and
HLA-DR expression on the surface of circulating CDI147
cells. Despite the fact that the frequency of CD14™ monocytes
was similar in all groups (Fig. LA), the percentage of macro-
phage-like and pro-inflammatory monocytes (Fig, 1A) was
significantly higher in the E-INDy group than in both E-IND
and NI groups.

We observed a negative correlation between the frequency of
CDIGTCD14™ and HLA-DR™CD 147 with 1L-127CD147
monocytes (Fig. 1C) Additionally, no correlation was found
between these monocyte subsets and the level of TNF
o CD147 monocytes (data not shown). Representative flow
cytometry charts illustrate the enhanced frequency of macro-
phage-like cells as well as lower [IL-127CD14™ monocytes in
the E-INDy group as compared to the E-IND group (Fig. 1B).

3.2, Bz-mreatment during early indeterminate Chagas
disease led o a high frequency of circulating toral
CD3™CDI6™TCD56™'" NK cells that mainly exhibit the
CDI"CRI6TCDRS6™ phenotype as well as elevated
percentage of CDGYTCDI16™ NK cells associated with
a type I-modulated cyrokine pattern

Three major NK cell subsets have been previously evalu
ated in Chagas disease [13], inchuding CD37CD16CD567,
CD3 CD1I67CD56™ and CD3"CDR167CD56™ cells. Our find:
ings showed a higher percentage of total CD3CDI6™
TCDS6T NK cells in the BEINDy group than in the E-IND
and NI groups (Fig. 2A, left panel), mainly due to the in
creased percentages of the CD3TCDIGTCDS56™  subset
(Fig. 2B). No significant differences were observed in the
mean percentages of CD3TCDI6TCD36T subset (Fig. IB)
in the E-INDy group as compared to the E-IND and N1 groups.

Despite the slight decrease in CD3TCDI6CD5S6™
(Fig. 2B), the frequency of CD16™ cells expressing the early
activation marker CD6YTCDI6T was considerably increased
in the E-IND¢ group compared to the E-IND and NI groups
(Fig. 2A).

Additional analyses demonstrated a positive correlation be
tween the percentage of total CD3~CDI67TCD56~'T NK
cells as well as CDEOTCDI6™ NK cells and the absolute num
ber of both IFN-v™ and 1L-4™ NK-cells (Fig. 2C).

3.3, Bz-reatment led ro substantial T-cell activation
statis, but was associated with an overall tvpe § highly
modulated T-cell-derived cyrokine profife

Despite several reports of higher T-cell activation during
chronic Chagas disease [14—16]. we have previously demon-
strated that E-IND is chamacterized by a T-cell-independent
immunity with no changes in the frequency of circulating
HLA-DR"T-cells [17]. Because HLA-DR is commonly re-
ferred to as a late-stage activation cell surface marker. we
have further focused the T-cell activation issue by characteriz-
ing the expression of an early activation marker, CDE9, aiming
to evaluate the T-cell activation profile before and after the
Bz treatment. CD69 is an early membrane receptor expressed
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Fig. 1. {A) Anmalysis of monocyie suhsets in the peripheml blood from mon-infected children (N1 — ] and eardy indeterminate T. cruziinfectod patients prior to
the Bz-treatment { E-IND — ) and one year after it (E-INDr — Il - Fhenotypic studies were performed by a triple-labeling protocol using anti-CD 16 FITC,
anti-HLA-DR FE, and anti-CD 14 TC w identify total monocyies CD147, macophage-like monocytes CDLETCDI47, and pro-inflammatory monocytes HLA-
DRMECD 147, The resulis are expressed as scattering of individual values and median percentage. Significant differences at p < (L05 are identifed by letters
"o and “b" in comparizon to Nl and E-IND groups, respectively. {B) Representative dot plots ilhstrating the higher frequency of CD167CDL4™ monocytes
and a lower frequency of IL-127CD147 momocytes in the E-INDt group compared to the E-IND group. Cuadrant statistics were used for data analysis, and
the resulis are expressed as the percentage of positive cells within the selected gate. (C) Comrelation analyses showed the negative correlation between macro-
phage-like or pro-inflammatory monocytes and [L-127 CD147 cells afier Bz-treatment.
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upon lymphocyte activation. not detected in resting cells. Al
though CDE9 have been considered a transient cell surface
molecule expressed following lymphocyte activation, it has
been demonstrated that CD69 can be persistently expressed
in vive by T-cells under cerntain conditions characterized by
chronic inflammation [18]. Moreover, despite CD69 have
heen considered a typical activation markers associated with
pro-inflammatory function, recent studies have also indicated
that this receptor may act as a regulatory molecule, dow-reg
ulation the immune response through the production of pleio
tropic  cytokines [19]. Herein, we have evaluated the
expression of CD69 immediately after blood collection, re
ferred as “ex wive' expression in the absence of in vitro stim
ulation with antigen or mitogen in culture. Therefore, the
results reflect the activation m vive status of circulation
Iymphocytes.

Despite the lower percentage of HLA-DR™ CD4 Tcells
and the lower percentage of circulating CD6Y"CDE Tcells
observed in the E-IND group as compared with NI, which sup
ports our previous hypothesis that E-IND is characterized by
a T-cell independent immunity our results reveal, for the first
time, an overall high activation status in both innate and
adaptive immune response following Bz-treatment during early
indeterminate Chagas disease. Imterestingly, increased percent
ages of HLA-DR™ as well as CD69™ cells within bath T-cell
subsets can be observed inthe E-INDy group (Fig. 3A)in com
parison to the E-IND group Moreover, decreased percentage of
CDOILTCDE Tcells was observed in the E-INDy group in
comparison to the E-IND group (Table | ) Increased levels of
activated T-cells following Be-treatment of chronic Chagas dis-
ease have been already described [15].

We have further characterized this highly activated status
by associating the T-cell activation phenotypes with their
cytokine secretion pattern. Our data demonstrated a positive
correlation between activated CD47 Tcells (both CD69™ and
HLA-DR™) and the number of IL-107CD4™ T-cells (Fig. 3C,
left panel). A positive correlation was also observed between
activated CDE™ T-cells (both CD69™ and HLA-DR™) and the
absolute number of IL-107CD8™ cells. Additionally, a positive
correlation between activated CDE™T-cells was observed with
the IFN-y "CDE™ cells.

Furtheranalysis between have demonstrated positive correla
tion between activated CD8 " T-cells and the absolute number of
IL-47CDE" cells (r =0.84, p= 0002 for CDEYTCDE™ cells
and r = (.79, p = 0.005 for HLA-DR"CDS" cells). Additional
correlation analysis between cytokine producing cells revealed
positive correlation between TFN-y CDE ™ Tcells and 1L-10
producing T-cells (r = 0.86,p = 0.005 for CD47 and r = 092,
p=0.0003 for CDE Tcells) as well as between IFN-
v CDE T-cells and IL-47CDE™ cells (r = 0.84, p = 0.003).

In summary, our data suggest that Bz-treatment led o
substantial T-cell activation status associated with an overall
type | highly modulated T-cell-denved cytokine profile
(Fig. 3C. right panel). Representative flow cytometry charts
are provided to illustrate the type l-modulated cytokine
pattern  synthesized by Tcell subsets after Be-treatment
(Fig. 3B).

J4. B-ymphocytes displaved an activated projfile
associated with a mixed type iype 2 cytokine
pattern following Bz-treatment of early indeterminate
Chagas disease

In order to further characterize the impact of Be-treatment
in the adaptive immunity, we have guantified the frequency of
circulating B-cells and their subsets, as well as their activation
status, The analysis on the B-cell compartment revealed that
members of the E-INDy group have increased percentages
of circulating B-lymphocytes (Fig. 44). owing to increased
percentages of both BI (CDS7CD197) and B2 (CD5CD19T)
Iymphocyte subsets (Fig. 4A, middle and right panel). Analy
sis of B-cell activation status revealed a markedly higher per
centage of activated CDAY™CD197 and CD237CDI97 B-cells
in the E-INDy group compared with the E-IND and N1 groups
(Fig. 4B}.

Additional analyses demonstrated a positive correlation be-
tween activated CDGOTCD 197 B-lymphocytes and the number
of both TNF-a™ and IL-107CD197B-cells (Fig. 4C). As was
later demonstrated for CD4 " Teeells, a positive  correlation
was observed between IFN-yTCDE T-cells and IL-107CD
197B-lymphocytes (data not shown ), suggesting, again, an im
portant role of IL- 10 synthesis by other cells in the control of
inflammatory CDETT-cell activity.

4. Discussion

The etiological treatment of Chagas disease has a beneficial
impact on clinical status besides the parasite clearance, and
may also affect the nature of the immune response of treated
hosts [4.5.8—12.20]. Despite the ability of Bz-treatment to
postpone or prevent clinical progression in human and exper-
imental models [2.5.7]. there are still few studies focusing on
the immune response following Bz-treatment for Chagas
disease.

It has heen proposed that Bz-treatment is able to affect the
host immunity profile and contributes to reduce the clinical
symptoms of Chagas disease, regardless of the parasitological
cure. Indeed, the Bz-treatment in chronic experimental infec.
tion prevents cardiomyopathy, despite the lack of complete
parasite cradication [5]. and long-term follow-up studies of
Bz-treatment of human chronic infection demonstrated lower
clinical progression to heart disease despite parasitological
cure [4].

On the other hand, it has been postulated that etiological
treatment per se does not seem 0 be responsible for the
changes, since therapeutic failure, demonstrated by the pres
ence of circulating parasites, is not accompanied by significant
alterations in immunological profile [15]. Indeed, Dutra et al.
[15] have demonstrated that even in the absence of circulating
parasites, high levels of activated T-cells could be observed in
peripheral blood of treated patients at least 5 years after the
end of chemotherapy. Other studies have shown a clear
tendency of decreased mean and individual percentages of
activated T-cells as early as 6 months after completing Bz
treatment [20], Additionally, it has been demonstrated that
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Fig. 3. (A) Activation staius of T-lymphocyles subsets (CDE™ and CDE™) in the peripheral blood from non-infected children {NI) and early indeterminate
T. eruzi-infected patients prior to the Bz-treatment (E-IND — and one year after it (E-INDy, — . A douhle-labeling protocol was performed to identify
percentage of CDED™ and HLA-DR™ in T-cell subsets. The results are expressed as scattering of individual values and median percentage. Significant differences at
P = (.05 are identified by letters “a™ and "b" in comparison to the NI and E-IND groups, respectively. {B) Representative dot plots illustrating the increase on [L-
10 synthesis by CD47 T cells and a type 1-modulated immune profile by CDE™ T-cells in the E-INDy group compared to the E-IND group. (uadrant statistics were
used for data analysis, and the msults are expressed as the percentage of positive cellz within the selected gate, {C) Comelation analyses showed the positive cor-
relation hetween activated CD4  T-lymphocyies subset and anti-inAammatory cytokine pattern (IL-107CD4T) after Bz-treatment; however, a positive comelation
was ohserved hetween activated CDE ™ T-lymphocytes subset snd a mixed cytokine patiem (IFN-y CDE™ and 1L-107CDE™) in the E-IND+ group.
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Tahle 1

Freguency of adhesion molecule expression by peripbenal blood D47 and
CDET-cell subsets from early-indeterminate T, crnzd infocted children, hefore
and after Bz-treatment, and mon-intected childen

Phenotype* Gimups

Nlir=T E-IND (r =) E-INDy (n =)
CDEZLTCDATICDET  BI8=1034  &06=736 920 =793
CD&LTCDETICDET  SZM8 =134 48301203 18,50 = 9,550
CDIETCD 70 2355969 BIT=12.69 211 =B
CDIETCOECDE ™ G548 1440 55561310 A= 1676
CR5TCDA T 463 = 1001 073486 247 = 287
TR CDETICDE™ 2T 21707 TIFT 21503 1560 = 5.46°

*The resulis are expressed as proportion within a give leukocyte subsets, e,
ration of CE: 7 CD6ZLT within CD47 population, allowing fhe normalization
of data when percentage of a given subset may differ. NI = non-infecied chil-
dren, E-IND = cafy-indeterminate 77 cruzi infected children before treatment
and E-INDr =ecary-indeterminate T. cruz infected children after treatment,
Significant differences at p < 005 are identified by letters “a” and “b™ in
comparizon to NI and E-IND, eapectively.

Bz has aselective impact in host immune response as demon
strated by its ability to deregulate cytokine and nitric oxide
synthesis [21]. It is possible that Bz-treatment may lead to se
lective time-dependent changes in the immunologic profile,
which may also differ if therapeutic intervention is performed
during acute or chronic disease.

In Chagas disease, analysis of immunity pre- and post-treat-
ment is essential for both an understanding of the mechanisms
of benznidazole action and the rational development of new
trypanocidal agents [11.22,23]. In the last decades, the litera-
ture has accumulated evidence that correlates immune re
sponse and chemotherapy efficacy [24]. Recent studies
suggest that activation of the immune system enhances Bz
treatment efficacy during murine 7. crpzi infection [24]. To
further highlight this issue, we have performed a longitudinal
follow-up investigation to evaluate the effect of etiological
treatment on circulating leukocyvte phenotypes of T, cruzi-in
fected children and its correlation with cytokine pattern.

Owr data demonstrated that despite an overall low immune
activation observed during ongoing carly indeterminate Cha-
gas disease, an elevated activation of innate and adaptive im
munity was observed in peripheral blood of Be-treated
children. These findings are in agreement with those from
Dutra et al. [15]. demonstrating increased percentages of acti-
vated T- and B-cells in peripheral blood of chagasic patients
for at least 5 years after etiological specific treatment. inde-
pendent of its success. Furthermore. Bahia-Oliveira et al. [9]
showed higher rates of proliferative responses of peripheral
blood cells against parasite antigens seen in treated and cured
patients, suggesting the presence of long-term memaory T-cells.
In this regard, immunological memory after parasitological
cure was suggested to be sustained by the presence of T, cruzi
antigens, but not intact parasites, at the surface of germinal
center splenocytes and in heart inflammatory foci in benzoni
dazole-treated mice [8]. These results are in agreement with
those reported by Olivierd et al. [12] demonstrating that Bz
treatment leads to increased levels of lymphocyte expansion
in perpheral lymphoid organs of T. cruzi-infected mice,

mainly due to the expansion of effector and memory
CD8 T-cell subsets. The selective migration of CDE™ T-cells
to lymphoid organs may explain the lower number of
CDE Tcells in addition to decreased frequency of
CD6ZLTCDET and CDM7CDE™ cell counts in peripheral
blood of members of the E-IND; group. We hypothesize
that the massive antigen release tiggered by Be-treatment
could lead to enhanced immune activation with consequent cy-
tokine synthesis, which can be maintained by residual parasite
antigens and/or idiotypic interactions.

One point of concemn is the possibility that this large num
ber of activated cells may result in adverse outcome for treated
patients, leading to a pro-inflammatory immune response and
progressive tissue damage. In response, we have further char-
acterized the ex vive intracellular cyvtokine pattemn of these cir
culating activated cells.

Our data indicate that Bz-treatment during early-indetermi
nate Chagas dise ase induced higher levels of macrophage-like
(CD167CDI47y and pro-inflammatory monocytes (HLA-
DR™M"CD147), Despite the higher percentage of circulating
macrophage-like and pro-inflammatory monocytes, we did
not observe a positive correlation between activated mono-
cytes and pro-inflammatory cytokines synthesis by CD147
cells (TNF-ou™CD147 and IL-127CD147). While these data
may sound controversial, as the pro-inflammatory monocytes
have been pointed out to be an important source of TNF-
o and 1L-12 [25.26]. it is possible that some immunomodula-
tory mechanism controls the cytokine synthesis of these cells
after Bz-treatment. We do not yet fully understand the down
regulation of monocyte 1L-12 production. It is possible that
Bz-treatment could modulate the cytokine synthesis by mono-
cytes, since recent studies have reported the inhibitory effects
of benznidazole on TNF-x and 1L-12 cytokine synthesis by
LPS-stimulated murine macrophage [21]. Another possibility
is that the synthesis of modulatory cytokines from another
cell source may underfie this phenomenon, since the autocrine
immunomadulatory 1L-10 loop secems not to be presemt fol-
lowing Bz-treatment as demonstrated by Sathler-Avelar et al.
[11].

Additionally, our data revealed that the increased frequency
of CDAYTCD16™ NK cells was correlated with a mixed cyto-
kine pattern, here represented by increased levels of both
IFN-" and IL-47 NK cells. Studies have reported that trypo
mastigote antigens are able to stimulate IFN-v synthesis by
NK cells [27]. Together, our data suggest that the expansion
of pro-inflammatory monocytes as well as CDAYTCDIAT
NK cells might represent effective anti-T. cruzi mechanisms
after Bz-treatment, since macrophages can be efficiently acti
vated by NK-derived [FN-vy, which invokes nitric oxide pro
duction and controls  parasite  replication  [27]. In this
context, the NK-derived IL-4 may be relevant to control the
[L-12 synthesis by monocytes or drive a modulatory pathway
that ultimately allows the presence of the monocyte and NK
effector mechanism in the absence of the harmful immune
response that would resull in tissue damage. These findings
corroborate a previous report [11], suggesting that a type
I'modulated cytokine pattem s important to  successful
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Fig. 4. (A) Percentage of B-cells {CDI197), B-cell subsets (CDS™CD19T and CDSTCDIY™) and (B) activation status (CDEOTCDIYT and C237CDI9T) in the
peripheral blood from pon-infected children (NI — [ and eady indeterminate T creg-infected patients prior to the Bz-treatment (E-IND — [0 and
I year after it (E-INDr — IIEE). To identify these cell populations phenotypic studies were performed using a triple-labeling protocol with anti-CDS FITC,
anti-CE9 or CDI PE, and anti-CIM% TC. The msults are expressed as scattering of individual values and median percentage. Significant differences at
p = 005 are identified by letters "“a” and “b" in comparison to the NI and E-IND groups, respectively. {C) Correlation analyses showed the positive comelation
between activated CD197B-cells (TDG9CD197) and a mixed cytokine pattermn (THEaTCD1Y™ and [L- 107CD197) after Bz-treatment.
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therapeutic intervention in human Chagas disease, with IFN-y
produced by MK cells acting synergistically with the benznida
zole, favoring the parasite clearance during Chagas disease
treatment [11].

In the adaptive immune compartment, we have also ob
served that the activation status was closely related to an over
all type l-modulated immunological profile within circulating
T- and B-lymphocytes. Specifically, we have pointed out that
activated CD4™ T-cells exclusively produce IL- 1), as a key el
ement to the control of deleterious tissue damage triggered by
exacerbated inflammatory immune response during chemo
therapy. Moreover, the secretion of type | cytokines by CDE™
T-cells (IFN-v) and CD197B-cells (TNF-x) with simultaneous
synthesis of IL-10 further illustrates the effective modulatory
event following Bz-treatment.

Another cytokine that may also be involved in this modula
tory phenomenon is 1L-4. Increased level of 1L-47T cells has
already been reported following Be-treatment exclusively pro
duced by CDE™Tcells [11]. Aiming to characterize whether
IL-4-producing T-cells may contribute to modulate the in
creased levels of INF-y produced by CD8 T-cells we have
further focus on additional correlation analysis between cyto
kine producing cells. Analysis between cytokine producing
cells suggested that 1L-10 from CD47 and CDE " T-cells and
IL-4 derived from CD8™ T-cells may represent putative regula-
tory events o overcome the higher levels of IFN-v produced
by CDE T-cells following the Bz-treatment, preventing dele
terious implications of the increase in IFN-y production, as in-
creased levels of IFMN-y are usually associated with severe
chronic Chagas disease [ 10].

We believe that the large amount of parasite antigens re
leased by infected host cells following Bz-treatment probably
mediates a strong activation of CD47 and CDE™T lympho-
cyles, therchy preventing tissue lesions that arise from the
type |-modulated immune profile incited by these antigens.
In fact, we have previously demonstrated that the addition of
T. cruzi antigens to peripheral blood leukocytes from untreated
infected children have a marked impact on their cytokine
profile, leading to a pattem like that observed in treated
individuals [11].

It is important o mention that the use of uninfected Bz
treated hosts is critical w confirm the hypothesis suggested
by our findings. What is the effect of Bz on the immune sys
tem in the absence of parasite infection? Are the effects on the
immune response truly a result of parasite reduction and the
subsequent impact of this action on the immune response, or
simply the drug working on the immune system directly?
Since T. cruzi has been shown by others to generally down
regulation of the immune responses at various times during in
fection, perhaps by eliminating parasites this restiction is
overcome. alowing the innate and adaptive immunity to prog
ress at an optimal level. Therefore, the knowledge regarding
effect of Betreatment in healthy hosts would help to know
whether the impact of Bz-treatment observed here its direct
impact on immunity or if it includes the pathogen in the resul
tant equation. However, it is important 1o keep in mind the
limitations and conditions to work with human population

considering the ethical restrictions. Indeed, the studies in ex
perimental models should be an important altemative to an
swer to these queries. Even in experimental models it should
be considered the fact that some madels are not appropriate
to mimicry the human infection since many event of the im
mune response does not reproduce the human disease. The ad
ministration of highly toxic compounds such as benrnidazole
into healthy children can not be performed nor justified for
ethical reason. So the impact of Bz on immunological features
of healthy individuals must be carfed out in experimental
models or even in vitro, using cells derived form healthy vol
umteers. It is possible that the drug causes a massive antigen
release, but this would coincidentally be limiting the total
amount of antigen available to the immune system by elimi-
nating parasite replication and expansion.

Another important issue would be the measure of parasite
antigen in serum under different treatment conditions. How
ever, it is important to observe that a massive antigen realize
may represent a compartimentalized phenomenon not detect
able in the blood circulation. An important perspective that
is under investigation by our group is the analysis of para
site-specific immune responses during treatment to assess
the kinetic of changes in the immune response following Be-
Lreatment.

In summary, the major contibution of this investigation
support the hypothesis that the presence of activated leuko-
cytes in the peripheral blood is not sufficient to limit etiolog-
ical treatment due 1o the findings that Be-treatment alters the
hasal cytokine setting toward a mixed pro-/anti-inflammatory
profile.
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Introduction

Abstract
Several soudies have demonscraced

human Chagas” disease are associared with distincr and complex host—parasice

thar differene clinical manifestadions of

n:l.;i['lu[]_l;h'l[]s dllrtL'Ll_'r' Il[]\"l]l\"l[][; th Il[Il[IlL][]‘: 5}'5&[1[. ][] Lhi_‘- CONDEXE, IlL l]H_‘i ll:t_'[]
proposed that tissue damage might be more severe in the absence of regulatory
mechanisms that involve both innaee and adaprve immune responses. Herein,
we describe a descriprive phenorypic profile focusing on the frequency of major
regulatory T cells [CD‘i_CDESM?Jl and narural killer T (NKT) lymphocyres]
in different clinical forms of Chagas” disease. Ee wive immunophenotyping
of whole blood demonstraced thar the indeterminate clinical form displays a
higher frequency of both CD4TCD25""  and NKT regulatory  cells
(CD37CD167CD567), associared with increased levels of circulating cytoroxic
NEK cells (CD37CD167CDS6™ and CD3 CD16TCDSE™ NK cells), By con-
[rast, Lh‘: i[]ﬂrﬂmj Ptﬂ_‘t‘[]ta{;‘: {]F ;H_'L'l\';ihjd CDE_HIA—DR_ T—L‘:“ _‘iul]f‘:t WL
exclusively associared with severe clinical forms of Chagas” disease. We hypothe-
size that regulacory T cells may be able o conrrol the delererious cyroroxic
activity in the indeterminate clinical form by inhibiting the activation of
CD8"HLA-DR™ T cells. The lack of regulared populations in cardiac and
digestive clinical forms could account for impaired immune response thar

culminares in SLEOY cytotoxic activity and tissue d;una.gu:.

cardiomyopathy (cardiac form) andfor gastrointestinal

Trypanesoma cruzi is an obligare intracellular parasite char
CAUsEs A[Ilt‘[lu_:i[] [[_'}1]3[]{]5’[][1[‘[35‘[5 (Cl]a[‘"d_‘;: diﬁtdﬁt]; a
‘L'l]rl][]llL' a[]d Lkl]lllll[dr.ll[]g 5}'[]&[{][“‘: Lh;{t Arfﬂ_l'_l. ;i[]pru!['l—
mately 18 million individuals in Latin America [1]. Most
infected individuals survive the acute phase and then
remain apparently asympromatic for long periods of time
oar I'.l]rl]l_]ll__;l]lll_ll Ll]t_'lll' lllFt'Lll[Tlf_'S. T}]f_‘ﬁt‘ pa[i.t[]'_‘; are ‘L'h;{r;{L'Lt'[—
ized by positive serological and parssitological tests for
T, erzi and are considered o present the indererminare
clinical form of disease. However, epidemiological studies
in endemic areas show that 30-40% of infecred indivi-
duals develop severe clinical forms of Chagas’ disease, a

L'l]fl][]llL' l[]ﬂam[]m[{]r}' Il“[]i‘_‘.!il{ Ll]ii[ Ll][Tl[Il{J[]l_‘r' H‘_'SL][L‘E ll[]

tract dysfuncrion (digestive form) [2]. In this contexr, the
Spﬂ_'llﬂi_' [Ild_'ha[]i_‘;[IlS d_t._l.l)l_ll.{l'.tlj 'l\.'llth [lt tstal]“_‘ih[ﬂ.‘:[]b‘l
[Ilai[]bl:[]a[]i.‘d: UE‘L;IILSL'U]L'I'. L'lll[]llul OULCOIMmeSs {]F Cha{;;{s: di_‘-—
ease appear to be complex. Why some infected individuals
develop severe Chagas™ disease and others do not and why
the clinical manifestations are highly heterogeneous are
unclear, Several studies have demonserated chae differenc
‘L'lll[]IlL'-'il [Il;{[]ll&_‘i[;itll{][]_‘i are d_‘.M)Li..il'.ﬂj “'Ilth L“_‘i[ll[]L'L ;{[]d
complex host—parasite relationships directly involving the
immune system. In face, it is well accepred thac the absence
of chagasic pathology is associated with an individual's
ability to regulare the anti- T cmesd immune response thar
controls persistent parasicism, which can also coneribure w

i 2005 Blackwell Pu|:l|.i:i|:u'|¥ L. .‘Irdn'di'n'dﬂ'dn_fwmd' n’_ffmwufngrﬁz. 207 -308 zl:'_
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the inflammatory damage thar causes Chagas’ disease [3].
This inflammatory tissue damage might be more severe in
the absence of regulatory mechanisms that involve both
innate and adapeive effective responses. Indeed, it has been
df[Tl{][]SLraLﬂj Lhal Sd:\'l:ral L_'r'pr_'ﬁ {]E‘ rl:gl.]'.;{l'.{]r_‘..' ‘L‘:“_‘- t_'.‘(iﬁl'..
some of which are induced in response to infectious chal-
lenge and some of which are considered to be narural
regulators [4-6]. Regulatory T cells have been recently
described s a unique population of CD4™CD25T T
cells, a class of T cells that regulates innate and adaprive
Il[Tl[IlL][]‘: rfﬁp{][]ﬁfﬁ a[]d []H_‘i Ll)l: ‘L'apaL'llL_'r' (4] Ll][][l’l]l Ll]t‘
excessive or misdirected effector immune response, includ-
ing response o pathogens or self-antigens [7-10]. Several
mechanisms in which regulatory T cells may perform their
modulatory aceiviey have been proposed, including inhibi-
tion of cytotoxic activity by downregulation of interleukin
(IL)-12 and CD25 on CDE™ T cells or through direce
antigen-presenting cell-independent conrace with  these
cells [10-14].

Similar to murine models, human nanral killer T (NEKT)
cells have been described as another relevant subset of reg-
ulstory T lymphocytes, believed w play innate [15, 18],
ancitumor [17, 18] and regularory roles [19-21], with moulri-
ple activities that are under the conerol of the accessory cells
and soluble facwrs in local microenvironments [17, 22].
P[]t[]l][}'plﬂ Studllr_'ﬁ &[Il{][]s[ralﬂ Lll.il'. _‘\'IKT L‘:“_‘- are a Sul]_‘;‘:[
of T lymphocytes, distinet from conventional T cells in that
they express CD16, CD56 andfor CDM61 NK receprors,
with the expression of CDS6 being a better marker w define
the subsers of WET cells than the expression of CD161 [15,
23]. The regulatory functions of NKT cells have been
shown to prevent auoimmune disease and o contribure
to protective responses against pathogens [15, 17]. NET
cells have been shown o suppress several human sutoim-
mune diseases, including diaberes, sysremic lupus erythema-
tosus and rheumaroid archnas, The NET cell population
;ippﬂrs (4] l]t dll[Illl[]i_‘ilHj Il[] Ll]’_‘bc diﬁd’_‘n{_‘nﬁb a[]d i_‘- L][];{l]l.f_‘ (i8]
prevent sel Fdamaging responses [17, 18, 24]. During infec-
tions, NKT cells have been shown wo secrete proinflamma-
tory cytokines thar stimulare the innate and adaprive
responses that eliminate pathogens [25]. In conrrast,
MNET cells have been shown to secrete anti-inflammacory
cytokines that limit infection-induced p;{tbulu&v [26, 27].
It remains unclear how NKT cells during infections aug-
ment proinflammatory responses w control pathogens,
whereas in other infections, they inhibit inflammacory
responses to prevent infection-induced tissue damage.
Recently, it has been proposed in an experimental murine
model of 7. oruszi infection that NKT cells play imporeane
oles in both proinflammartory and and-inflammacory
responses. These authors suggesred thar invarane NET
cells limie the inflammatory response and prevent rissue
damage, whereas variant NKT cells increase the inflamma-

[{]l—_'r' rf_'EF]{][]St' [h.{t ‘L'l][]tl'lll]L]Lt'_‘i o []l{][l]i.dllr._'}' a[]d [Il{]l’l’.;{lllt_'..'
[28]. Thus, a funcrionally distince NKT cell subset may
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beeeer erigger immunomodulatory evenes, while others are
beteer at promoting immune response. These observations
suggest thar successful control of 7. eruzd infection and
Chagas’ disease involves a balance berween the generation
{]E‘ Il[Il[]lL][]f_' r‘:sp{][]_‘ﬂ: SLIFF[L'i.C[]L o ﬂ][][r{]l Lh‘: Il[]rtL'Lll{][] a[]d
the regulation of this response to prevent extensive deseruc-
tion of host tissues,

We carried our a dewaled, descriprive immunopheno-
typing study focusing on the frequency of these major
regulatory T cells in different clinical forms of Chagas’
dii‘:dﬁd: E\.r Drflfrrﬂ Il[Il[IlLl[]‘l]Pl]t[]{]L:r'pll[]E {]r '-\.'l]{]l.c l]l{l]d E‘r{][Il
chronic T. erusi-infected patients demonstrated chat the
indererminare clinical form displays a higher frequency of
both CD4™CD25™" and NKT regulatory cells associared
with increased levels of circulating NK  cells
(CD3CDI6TCD56T and CD3CD6TCDSE ™ NK
cells). By contrast, an increased percentage of activated
CDETHLA-DR™ T-cell subser was exclusively associaved
with severe clinical forms of Chagas” disease. Our findings
support  the hypothesis  that  the  population  of
CD4TCD25"" regulatory T cells and NKT cells
(CD37CD567) is able to conerol the delererious c_'.'Lnr_ux'u_'
activity in the indeterminate clinical form by inhibiting the
activation of CDE"HLA-DR™ T cells. The lack of regu-
latory T-cell and NET cell populatons in cardiac and
di{;‘:ﬁtll\'r_' []a[i.l:[ll_l; Ll]l.]l.d acooune F{]l— Il[Ilpa‘ll’t_'ij Il[]l[TlL].[]t'
response that culminates in strong cyroroxic activity and
tissue damage. Taken wogether, these findings sugpest that
strong activation of CDB"HLA-DR™ T cells could result
in tissue damage leading o the development of cardio-
myopathy andfor digestive megas [29, 30]. By contrast,
the ability o buld up NK-mediated cell cyroroxiciry
madulaced by COD4TCD25™" and NKT cells seems ro
play a pivoral role in the generation of effective, nondele-
terious inflammatory mechanisms,

Further studies o funcionally characterize these popu-
Litlll][]s 'i\"llll lt l]F El’t‘;{t Il[]h:rr_'ﬁt a[]d [IL;{_"-' pl—‘l]\'i.dt a l]tll‘:[
understanding of the immunological complexities that
control the course of the indeterminate form of Chagas’
disease. Moreover, an understanding of the immunological
mechanisms involved in the control of parasite replication
and development of chagasic cardiac/digestive disease may
ﬂ][][[lll]ult ew Il[]si{;hr_‘; on hl]'l\.' (4] prﬂ't[][ Or treat L[R‘_‘

sympromatic forms of Chagas’ disease,

Patients, materials and methods

Smfé,; Awprrfsujan. The inclusion of all subjects in our inves-
tigation had the approval of the Ethics Committees of the
FIOCRUZ. The patients included in this study ranged from
20 to 70 years of age. All infected individuals were from the
state of Minas Gerais, Brazil, and had received a positive
diagnosis for Chagas” disease. The diagnosis was based on
Sta[]daﬂj Sfr{]ll:lgllul DESTS, Il[]‘L'lL]dll[]B Il[]d'l[ﬂ_'r. Il[Tl[IlL][]{]ﬂLn]l——

escence assay and haemagpludnadion. In chis sudy, we

i 2005 Blackwell PIJI:IIi:{I:Ii.I:Ig Lad. .Tn:dml’imw'dwfmm!'@rﬁwmmﬁgﬁl. 207308
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used 29 samples from chagasic patients with chronic dis-
ease. According to their clinical records, the chagasic
patients were divided into three different carepgories,
namely indererminare (INDY), cardiac (CARD) and diges-
vve (DIG). Parents presenting asympromatic T, cruas
infection, dassified as IND (#=8), had no dinical man-
ifestacions of the disease other than their positive serology.
Patients with cardiac dyshunction, CARD (n= 13), pre-
sented with dilared cardiomyopathy and were identified by
a derailed dinical examination, including electrocardiogra-
phy, 24-h Holeer examination and chese X-ray. Chagasic
p;{tia:ul'_l; with Eastmlulr.csr.'mal disease, DIG (#= 8], pre-
sented with clinical radiological starus of megacolon and/
or megaesophagus. Twelve nonchagasic individuals, with
negative resules on serological reses for Chagas’ disease,
were included in this study as negarive concrols (NT). All
were living in an endemic area for Chagas’ disease
(Table1).

Flow cytametric an‘«{','u'.r ﬂflﬂﬂ:}ﬁaﬂf b, Whire blood
cell phenotypes were analysed following an immunofluor-
esoence FJ[DL‘:I:L‘L]H: rd_'{][Il[Tu‘_'[]dﬂj l]_'r' Bﬂ_‘t{][] Dllﬂkll[]_‘;{][]
(Mountain View, CA, USA) and modified as follows:
100-pl samples of peripheral blood, which had been col-
lecred in Vacurainer rubes containing EDTA (Becron
Dickinson), were mixed in 12 = 75 mm tubes with 5|_ll
of undiluted monoclonal antibodies specific for several
cell-surface markers; che rubes were incubared in che dark
for 30 min at room temperature. Following incubation,
erythrocytes were lysed using 2ml of fluorescence-acti-
vated cell {FACS) {Becton
Dickinson Biosciences TPharmigen, 3an Diego, CA,
USA). Afrer incubation, the cells were washed pwice with
2ml of phosphate-buffered saline containing  0.01%
sodium azide. Cell preparations were fixed in 200 pl of
FACS fix solution (10 g/l paraformaldehyde, 1% sodium-
cacodylate, 6.65 g/l sodium chloride, 0.01% sodium
azide). Cyrofluorimerric dara acquisition was performed
FACScalibur

software provided by the manufacturer was

SOrEer Lysing  Solution

with a2 Becron Dickinson I NSErUment.
TH

CELLOUEST

used for data acquisition and analysis,

gﬁmﬁc menoclonal  antibodies  rwed ﬁr

notypiag. Mouse anti-human monoclonal andbodies, con-

jmmrrmpﬁc

jugated with fluorescein isothiocyanare (FITC), phycoery-
thrin (PE) and ti-colour (TC), specific for cell-surface
[Il;{rk‘:r.‘; wWiere L]_‘H'_'d Si[IlulLa[]ﬂ]LL‘il}' F‘l][ W= Or [hrt'l:—L‘Ul{]L]r

immunocytometric assays. In this seady, we used anei-

Table | Patient clarsctedzation

Mumber of Age range
aronsp individiak (years) Male Fenale
I aninfected (M) 1z 53 3 2
Indeterminate ([N g 4467 3 5
Cardiae {CARLY) 13 50-70 5 &
Drigestive {IDHG) & 4565 5 3
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human FITC-conjugared monoclonal antibodies including
anti-CD3  (UCHT1), and-CD4 (13B8.2), anci-CD35
(L17F12), anc-CDE (BO.11), andg-CD16 (3GE), and-
CD19 (HID19) and mouse [gGl for isotypic control
679 1Mc7), all purchased from Becton Dickinson. As
second colour reagents, we used ant-human PE-conju-
gated monoclonal antibodies and-CD25 (3G10), anri-
CD23 (M-L2133), ann-CDS6 (B159)  ant-HLA-DR
(TU36) and mouse IpG2a for the isogypic control
(UCTH-1), all purchased from Becton Dickinson. The
third colour paramerer was evaluared wsing TC-conjugared
[Il‘l][]{]L‘l{][]ﬂl ;{[][Ill]{]ijllr_'ﬁ a[]d Il[]‘L'lL“jﬂj a[ll'.ll—CD] 4 (‘T[‘JKQJ.
anti-CD16 (3GE) and ant-CD19 (4G7), all purchased
from Calrag Laborarories (Burlingame, CA, USA).

Statistical analyss. Differences berween groups were
first evaluared using the program MINITAE to rese three
hypotheses:  independence, normaliey  and  varance.
Samples chat fie all the chree hypotheses represent para-
metric data and were evaluated by anova, followed by che
Tukey test, using the prisM 3.0 program. Samples thac did
noe rl[ ar lcd_‘-t one {]F [hf_‘ﬁt [hrd: l]}T]{]thﬂ rtpr‘:ﬁf_‘[][
nonparametric data and were evaluated by the Kruskal-
Wallis est, followed by the Dunn's rese. Significance was
defined in both cases as I < 0.05.

Results

Fhenotype analysis of T-cell and B-cell subsets

The analysis of T-cell and B-cell populations and their
subsers is summarized in Table 2. The mean percentage of
circulating T lymphocytes (CD37) was significantly lower
in the IND and CARD groups than in the NI group
(F<0.05). No slgzlﬂmnl differences were found in the
mean values of T-cell subsem, both CD4™ and CDET,
among the four groups. Analysis of B cells and their
major subsers CDN197CDS (conventonal B ocells) and
CDN97CDST (Bl lymphocyres), as well as their activation
stamis based on CD23 expression, was carred our using
ewo-colour flow cytometry immunostaining procedures.,
Mo significant differences were observed for the B-cell com-

F]lf[[]lt‘[][ l[Il{][]E L[]I‘_‘ EJL]I EF{JL]F]S E\'iill.lillﬂd Il[] [l]ll_‘i _‘i[l_]lj_‘r'.

Increased percentage of activated cytotoxic T-cell subset is
associated with severe clinical forms of chronic Chagas’
disease

Double-labelling studies using ant-CD4 FITC or ani-
CDE FITC and anti-HLA-DR PE were carried out to
evaluate the percentages of activated circulating T-cell
subsers (Fig. 1). An increased frequency of CD4 HLA-
DR™ T cells (Fig. 1A) in all chagasic patients was seen in
ujmpari_l;nu with the NI group (P 0.05). Da:_l;p'lr.a: the
higher frequency of circulating CD4 -activated T cells

i 005 Blackwell Pu|:||j:1|1iug Lad. .T(ﬂndfmzq'ﬂn_fmmd r.-_.l"fmmr.'fnﬂﬁz, 7308
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Table 2 ["|1e_'|1t:-l}-]:|ic: zluj}-:ou{ of T- and B-|}-|11]J|1:x_}-l.e_' subsens in dngxu':: patients and noninfected individualk

Garou pu®

M aninfected
|MIE {e=12)]

Cel P |:|u:|s:nL}-J:c

Indetemminate
[EEY (= 8)]

Candiac
[CARDY (n=13)]

Digestive
[ =8}

Towl T I}'I:I:IJ:II:IGJ-L}'lL‘i (D3 JLI7T=812
Cg™ 4201 =877
CIE™ 2422904
Tzl B b‘l!]]:ll)ix_‘}'l.!_‘{ (CD19™) I0.32=387
CCns 832410
CI e Cms™ L74=1.99
COeT T 50001 = 1366

632555 6256 =1219% 65.76 £525
4341 =513 42701219 4360 =603
12 14 =430 21,70 =682 B 76 =611
E98=533 BO0=491 13.07 =297
T =472 ThHl=3132 QM =176
L3E=111 139=1.34 363=350
ST.6 = Ld44 50.70=11.29 55,72 1605

*The results are expresed as mean percentage = S0,

T-Sig:iru:m:l dilferences ot =005 in EET R TR with NI,

{:ll]fd‘_'n'uj ll[] dll 'l[]ljll\'i.dl_'lals L'l]rU[]llL'.'{“_'.' 'l[]E:L'I'.ijlj '!\'lllh
?__ frl'\le:. an Il[]‘LT‘:HJ‘:d F:li:ru:[][;igt {]F ;{EL‘[L‘&I’.ﬂd E}'L{]L{]Ilu_' T
Lﬂl.lé Wk CxL'I.USi.\-":I._'r' &hl”—i.d.t‘:d '!\'i.Lh E1= =1 ‘L'I.i.[]i.L'H.I. E‘{Jr[]l.‘i lJE‘
the disease. T was relevane that only CARD and DIG
patients presented higher levels of activared CDET T
cells (Fig. 1B) compared with the NI group (P< 0.03).
Figure 1(C) shows representative dot ploes illuserating che
differential T-cell activation status observed in the differ-
ent clinical forms of chronic Chagas™ disease.

Cytotoxic MK cell subsets are expanded in the indeterminate
clinical form of Chagas' disease

In order o quantify the frequency of circulating NK cells
and their subsers, including CD3CD167CDS6 (precur-
sor MK gell) and CD37CDI167CDS6T (mature cytotoxic
NK cell), a three-colour flow cytomerry analysis using anti-
CD3 FITC, anti-CD56 PE and ant-CD16 TC was per-
formed, as proposed by Gaddy & af [31]. We observed a
hi{;ht‘[ E‘rﬂ.]ut[]i_}' {]F L'IlrL'LIL;{L'l[]l; NK ‘Lﬂ:“_‘- ll[] dll gl’{]l_lps l]E‘
cl]a._[;asic par.ix:ul'_l; (P 0.05). However, Lnnsldcrl[]g that
CD567 NK cells are primarnly cyroroxic [32], 1c was
remarkable  thar  the  mean  level  of  circulating
CDICIMMETCDS6T cyrotoxic MK cells was higher in
IND  patients  than  in the NI group (Fig 2C).
Consequently, a lower level of CD3CD16TCDS56™ pre-
cursor NEK cells was observed in the TMD group than in
the NI group (Fig. 2B). Figure 2(D0) illuserares, in repre-
sentative dot plots, the differential frequency of MK cells
ln:.ar'mg the CD3ICDN6 CDS6" c_'r'r.ntuxlu_' phcnul‘._vpc in
‘L'ha{;asllﬂ F];{Llf_‘[]r_‘;.

The semiquantitative analysis of CD56 density on che
cell surface of NK cells was further employed s an
approach o enumerace the frequency of MK cells expres-
sing lower levels of CD36, namely CDS6M™, which
Cooper et al characterizes as a more cytotoxic subsec
against NK-sensitive targers. We observed a higher fre-
quency of CD3CDS6H™CD167/CD3I CDS6 ™ in the
™ND group than in the N1 group (Fig. 3A); this additional

FJl]ﬁ[HJ[_‘;'FJi.L' L'l]i!.l.'il.L'H‘.‘l'i.SLi.L' (‘.‘[ILFJ[]H.SLZII:.‘E Ll]t‘ l]i.ghl‘.'l.' L'_';'L{JH.JI;.L'

E.'ipaL'lll'._'p' nf _“IK Lt_'“_‘. ll[] ND r]a[i.t[]l'_‘i. N{J. _‘il%llllﬁl_'.'i[]l
CD3 CD56™ D16

CDE_CD%hri?Jlr E‘I.'ﬂ.]l.“‘.'[]i.'i.t's H.[IH.J[]E Ll]i: F{JI.H' EH.JIJ[J.‘E i‘.'\.'H.l—
uated (Fig. 3B).

ijllFFt'l'i‘_'llL'r_‘ WS {Jl]ﬂ‘_‘[ W:lj Il[]

Expansion of NKT cells is associated with the indeterminate
clinical form of Chagas' disease

MET cells are 2 subser of T cells disdnce from convendonal
T cells and NE cells in thar they express surface rece prors of
both cell pypes. They can provide prowction against infec-
tions by rapidly producing cyrokines, through their cyrolyric
activity or via stimulation of other cell populations [17]. In
order to quantify the frequency of circulating NEKT cells, we
used che same three-colour flow cytomery pladorm pre-
viously described for enumeration of NEK cell subpopula-
LIH][]S. \Wt' {]l]ﬁcn‘:d a hilﬁ]tr Frﬂ.]l.‘:[]i_}' {]FL"[[‘L'L]L{['[[]E NI(’T
cells (CD37CD1677CDS67 ") in the IND group than in
the NI group (Fig 44). Dara analysis was further performed
classifying NKT cells as NKT1 (CD37CD167 D56,
NET2 (CD3TCDM6CDS67) and NKT3 (CD37CD16™
CDS67). On che basis of distince phenorypic features of
NET cell subsets, our resules revealed a significantly higher
frequency of NKT2 (CD37CD 16 CD567) subset in IND
pati.cuu than in NI pali.tul'_l: |:FI.5 4C). Mo other differences
were observed for MKT1 and NKT3 subsers I:Fl.g 4B.1D).
The representative dot plots in Fi.g. 4(E) illuserate the hi.ghl:r
frequency of MET2 cells observed in IND patients.

Increment of circulating CO4*CD25™" requlatory T cells is
restricted to the indeterminate clinical form of Chagas® disease

It has been proposed thar whereas the entire population of
CD347CD25™ T cells expressing boch low and high
CD25 levels exhibits regulatory function in mice, only
the CD4TCD25" population exhibits a similacly SErong
rd:gl.]'.al'.{]r_‘.' E‘L][]‘L'Lll‘l][] Il[] l]l.].[Il;{[]S. u][]l[]ri_lill[]l; a[]Prl]Ii[Tl;{L‘:l}'
1-2% of L"LrL'ulaL'mg CD4" T cells [33]. Enumerarion of
CD4CD25™" repulatory T cells was carried out by first

i 2005 Blackwell Pu|:l|i:i|:|i|:|g Lud. Scasdimavian Journal n:.rj‘mmm&.'g B2, 297308
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CARD (&) and DIG (M) and noninfected individials, NI (O, Phenotypic studies were carried out vsing 2 double-bbelling protosl involving ani-
CD4 or ant-CE Nuorescein issthiogpanate (FITC) and anti-HLA-DR plycoeralain (PE) w identify (A) CDd THLA-DRTCDE T cells and (B)
CDSTHLA-DE™/CDE™ cells, The resules are expressed as satering of individial value and mean percentage of acivated cells within CO47 and COET
lymphocyte. Significant differences ar P < 0.05 are identified by the leter °2" in com parison with the NI group, (C) Representative dot plos illusinating
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g;{tit]]:; o l}'mphuu}'tﬂ: based on their [mmrphumtlri{.‘ fea- Discussion

tures on forwaed scarter versus side scareer dot plows, fol- The chromic nac F Chaas’ disease seronely suseests th
lowed h_v the selection of CDM T cells with hi.gh CD25 d :[' LAl [M['m; ”. : 1:*1,-*—‘- lM' " 'i“b-'!"lf'u!‘._»l.‘s"'“. [-t
c::tprr_qsiun. =% prupu.-a:d l:_v Bachor Albn. 6540 [33). Our evelopment of effective immunologieal mechanisms thae

. . iR s nodulate influences conibuting o the eswblishmentd
resules showed an increased frequency of CD4 CDaghish ! “, R ,Lm ROHHNE B IRLees ',“ s “f::
| . , L . maintenance of a relarively balanced hos—parasite relation-
regulatory T cells exclusively in the IND group in com- G A Ti le of distinet by
parison  with all other groups (P<0.0% Fig 54) S R B T U S S S T 78

Figure 5(B) shows representative doc plots demonstrating phokd ccll: papilatizns. Jax Socncxmasively crplosed

regard to cellular evenes related o induction and
Lht‘.ﬁt‘ [d‘_‘.‘.il]lt.!i. [=

I:' "_'ﬂﬁS H'th\.w_” Pu':ﬁ.\]lillg Laed. .':-'mm.lla'rrdﬂ'dn_fwm.ﬂ' wffmamm!'ng}' 6‘2, 2’9?—3"]&



302 Regulatory T cells in Human Chagas’ Disease

163

0 M Vitelli-Avelor et al.

& CD3CDIGTCDEE cell
8
P
»
L]

5 00

=]
£
(=]

204

=]

NI mD

c
= 100 x

% CD1E'CDS6-CDE CD 16 TCDS6 cell
0
[o]
Ld
| |
o CDISTCDSEHCDA-CD 16 TCD 36 oo

DIG

T60T%

—
1ot
lig

10%
L
i

L]

[]
'

1
1t

TE.E5%

1
10t

¥

10

— (D58 PE

1
1!

CDIGTC

¥

1"

L 2

Firure 2 ﬁn:]vm ol wi naneral killer [NK} cell and subsets in the J:lcrj]:ll:u:rz] blood of Trypaesoma eraeg-inlected individuals inf.']ud.ilg I (),
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N IJ}' a bwer {mquur_y s:n|-]m.‘x.'um:l NE cells in INI} p.ilju:n:i in cuu:lplri:mn with N1 Frouap. Qu:dnnl statistics were wed for dara m.a]yﬁh. amd
the resuls ate expresed @ the pereentage of positive cells within the selected gare.

modulation of immunopathology in severe and inderermi-
nate clinical forms, respectively [3].

It is important to reiterate thae the current studies have
been performed with human parients and thar chese
groups, even though generally caregorized by dinical pre-
sencation, are exremely heterogeneous, Therefore, inicially

we attemnpted to characterize basic phenotypic aspects of
peripheral blood leucocytes as previously described for
chagasic patients [34-36] in order o normalize our study
p{][]u'.a[llul'l an '\-'l'.‘:ll—c!.t.{bl'l}.l]dd 'lnlrll.l_][]lljl{]‘[_{'lt.'il E‘t‘-itu.[’lﬂ lll—]
spite of the intrinsic heterogeneous clinical status of unsyn-

chronized chronically infecred patients,

A0 005 Blackwell Pul:l“:ﬂhi.ug L. .ﬁluuﬂ'frm:-iﬂnfmf mf l'mmum&)g:riil. 17308
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Figure 3 Analyds of nanral killer (MK} cell subsets CDATCR56SCDI6T and CDICDS6™ S0 D16 within CDICDS™ and CDIC D56,
h:.]:lm:ti\'dy. Phclu:-L}'Pju stidies were carried out wing a Lr.ipk‘—h]xﬂlj.l:g Prm::lci:-| i]w-:>|\'ing anti-U3 Nuersein i:i:-lJ:i-.’!-c}Hanc (FITC), ann-CLIS6
plyeseryidin (PE) and anti-CDU6 ericeodoar (TO) o idendify (A) CD3CDSEECDIGTICDACDSEE™ celk and (B) CD3CDEESCDIET
(:[35_‘:.'[}%&“:# cells in the ]x:i].\]:cri] blood of 'f'rjpmrwm.i crasrintected individuals jhdud.ing I [.:J CARDY [“' and DG l.J and
noninfected individusls, NI (D), The resuls are expresed = soatering of individual valoes and mean percentag: of (_'.[}5_{'.[)56&”{:[”&-1'
CRICDS™™ and CD3CDSE T 0D CDS6™E clls, A significant difference at P<0.05 & ientified by the lener " in comparison with ML
Quesdeant statistics were used for data II:IJL!hj.'-. and the s are expressed as the percentage i:ll‘]:lc:ﬁi tive cells within the seleced gate,

Ag previously described, we found that chagasic patients
with TND and CARD clinical forms have lower percen-
tages of CD37 T lymphocytes in their peripheral blood
despite no !ii._l__‘;t!i:ﬂt.'tnl differences on CD4™ and CDE™
T-cell subsers and normal levels of CD197 B cells [34].
Although no dinical classification according w severity of
the digescive disease has been used in chis study, most DIG
patients presented with moderacely increased levels of
organ enlargement. Therefore, the normal frequency of
circulating T cells (CD37, CD47 and CDAT) and B
cells (CD197) observed in our DIG group was as docu-
mented in previous repores because lower absolure counts
of CDA™ T cells and CD4™ T cells have been observed
only in parients exhibiring extreme stages of chagasic
megaesophagus andfor megacolon [36].

Chagasic lesions are mainly concentrared in the cardiac
tissue or digestive tract and clearly involve T-cell acrivarion
[29, 37, 38]. Despite earlier investigarions focusing arren-
tion on the high scivation searus of peripheral blood
T-cell subsets in IND and CARD, those studies did not
indicate any significant differences berween these wo
patient groups [34]. Recently, Lemos et al. [36] reporeed
increased levels of circulating CD47 and CDE™ T cells
coexpressing the activation marker HLA-DR in DIG
parients, regardless of the stage of the disease. We also
observed an increased percentage of CD4 HLA-DR™ in
all infected individuals; a higher frequency of sctivared
CDB™ T cells was restricted to CARD and DIG patients
presenting severe clinical forms of Chagas’ disease. The
garing straregies applied o analyse the frequency of acti-
vated T-cell subsers may explain these observations. The
previous studies usually expressed the frequency of acti-
vated T eells, eaking int account the whole lymphocyte
population. whereas more recent  investipations  have
adopred the combined gating strategy o determine the
ratio of T cells expressing a particular activarion marker
within a given cell subpopulation.

The elevared frequency of circulating CDRTHLA-DR™
T cells we observed in CARDY patents agrees with dara
from Reis er @l [29], who found a high number of acti-
vared T cells, albeic primarily CDE™ T cells, within cardiac
lesions of chagasic patients. Interestingly, a small number
of IND patients also presented with a high frequency of
CDE"HLA-DR™ T cells. Because the currene study has
been carried out on patients living in endemic areas, the
IND group, even though generally caregorized by absence
of clinical presentation, is extremely hererogeneous, The
patients in this group are of mixed apes and cerminly
asynchronous in their infection srages, The 44-67-year
age span of IND patients, which probably represents a
span of 567 Vears of infection [39], offers manifold
possibilivies for a wide range of immunological searses
within a gven group of patients. Tr is likely thar IND
patients presenting with a high frequency of activared
CDET T cells are prone to develop cardiomyopathy sooner
than those showing low irequencies of circulating
CDEHLA-DR™ T ecells.

Tt is well known that 77 o infection simultaneously
Lrigrers mulLiplE elements of the mnare and adaprive
immune system, leading o a systemic synthesis of proin-
flamatory cytokines and activaton of innate immune
responses mediated by N cells and macrophages in con-
junction with activation of T cells during the acute phase
of the disease [3. 40]. However. very lictle information is
currentdy available regarding the involvement of innate immu-
nity during chronic Chagas’ disease. Here, in a pioneering
study, we have demonstrated thar an incressed frequency
of c'm.'u[ar.lng MK cells (CD'}_CD]G'_CDiﬁJ_] can be
found in the peripheral blood of all patents chronically
infecred with 7. crwze However, only TND patients
showed & higher percentage of CD3CIMETCDSE™
and CDF3CDI6TCD564™ NK  cells. Human NK
cells  are  generally defined  as ln:'mg membrane

CD3ICDIECDS6 lymphocyres [41], Tn humans,

& 2005 Blaclewell Publishing Lid. Seomdfongsian foumad of (s elegy 62, 297-308
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percentage of positive cell within the selected gate,

the majority in the peripheral blood is CD167CDS6™
[31] and lieele is known abour the properties of
CD167CDs6™ MK cells. Tt has been suwc.smj thar those
cells are functionally and phenotypically immature, cap-
able of maruration and possible precursors w marore
CDI67CDST NK cells [31]. Funcrional studies have
demonstrated thar CD6TCDS cells showed hi.ghl:r
whereas CD167CD56™
mainly cytotoxic [32]. Additonally, Cooper et ol [42]
have proposed that human NK cells could be caregorized

proliferative  capacity, were

into two distinet subsers char express different levels of
surface CD56. Detailed phcuul}'ﬁc functional studies
have demonstrated thar the CD56™™ NE cells are more
cytoroxic against MK-sensitive rargers than CD56™# NK
L't“s. \W‘: h_'}'F]{]thEi.‘n’J: [l]al’. Lht l]llgl]t_'l' L'_'.-'L{J[{]:TIH_' ;H_'Lll\'.lt_'}' l]r
these NK cell subsers in INIDY parients could be imporrane
in helping to suppress parasiiemiz o very low levels,
rt'.SL]lL'l[]g ll[] a\"l]i.da[]fﬂ: {]E‘ Lll: Lk\tl{]p[Tlt[]L {]F a 5[[{][]5
acquired  immune response  against  parasire-specific
antigens and the ourcome of severe chagasic disease [43].
This parasice-host equilibrium allows prolonged  host

survival in the absence of symproms or signs of disease,
leading to a lifelong chronic phase in abour 80% of the
patients [44].

T;{l‘.‘;f_‘[] I'.{ng:[l]t_'r. [l]f_’é‘: Fl[]dll[]gs Suwtst Lhat a 5[[{][]5
activation of CDETHLA-DR™ T cells could

tissue damage leading to the development of cardiomyo-

result in

FJH.Lh_'r' H.[]dlrilr [IL.:L;H.ES’UFJL]H*;US or [Il.cl;;ﬂ.'i]l{][] [2"). _JJU] B_'r'
contrast, the abiliy w buld up NK-mediated cell eyro-
toxicity seems to play a pivoral role in the generation of
cE‘Fﬂ.‘Li.\"f_'. [:Ii.J[]-Iji:LI:H:ri.{JL]s i.[]ﬂa.[IL[ILH.Ll]L—_'r' [Il.ﬂ.'hl[]iﬁ[”ﬁ. \vhf_’[]
parasitaemia and tissue parasitism are controlled, myocar-
ijlll'.lls. Eulr{:llluh'_'ﬂlll[]al dﬂ[TLﬂE‘: a[]j l_‘.'[]'lphl)l.‘_‘..'l'.t :H_'L'l\"dlll{:ltl
are artenuated during the chronic asympromatic stage of
infection. Considering the complexity of the human
Il[Il[]lL].[]C l'i:.EFlJ[]R_'. Lhi_‘- ll[]si{;ht Suwﬂr_‘; I'.l];il'. {]Lhtr .l[Il[TlL]—
noregulatory mechanisms come into play o concrol the
intense immune activity and are apparently necessary to
F]r‘:\t[]t 4 L:It_".cltl"l{]us tf‘rﬂ_[ {]F Ll]t tx{t_‘iﬁi\'t‘ _lil'.ll[]ll_llal'.ll{:l[] l]r
the immune system. Therefore, the regulation of the cyro-
toxic effect of NK cells as well as the absence of activation

of CDET T cells observed in IND patients would be a

3_" 21]05 B|adm-d| Pu|:l|i:i|:u'|¥ L. .‘Irdndi'imﬂ'dnfwmd r.-_."‘fmwn!’nyﬁz. 29?—51'!3
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consequence of additional regulatory mechanisms high-
l'lghl'.td l]_'r' Current u][]L‘d:le; l]r l[Tl[Ilu[H]rq;ulaLil][].

Rﬂ_‘t[][ rd:[l]l’l'._l; Suwﬂt [ha[ [ht‘ FJHJL;ILH_'['[U[] l]E‘ ]FN—"I"
and perforin as well as the NK and CD8™ T-cell cyroroxi-
ciry are decreased by CDd ™ CD257 regularory T cells [10].
Whereas the entire population of CDE47CD257 T cells
expressing both low and high CD25 levels exhibits regu-
latory Function in the mouse, only the CD47CD25™E"
population, the nacural regulacory T cells [11, 12], exhibies
a similarly strong regulatory function in humans [11, 13].
These cells mediate their suppressive effects & vitro in a
‘Lr_'ll u][]taﬂl—‘jtpt[]dt[][ manner ﬂ][]trl]ui[]g dllxnibd: []r{)—
CESSES, 'l\'htrm ;{d;{[]l'.'l\'l: rl:l;l.lL;{I'.l]l’_‘r' T ‘Lr_'“_‘- SIJ[]F]H:‘.SS
immune responses by producing anri-inflammarory cyro-
kines such as T1-10 and TGF-p [45]. We observed a
higher frequency of CD47CDashie repulatory T cells
exclusively in patients from the IND group, These find-
ings clearly reinforce our hypothesis thar additional immu-
noregulatory events may be important in driving NE cell
aL'I'.'l\"lL_'..' a[]d SUF][][‘:SE;.[[]B [l]: ;i‘L'L'l\';iLIH][] l]r CDE_ T ‘Lﬂ:“_‘- Il[]
ND FJ;{Li.d:[ll'j. [l]t'l'd:l]_".' ‘L'l][][l'{]llll[][; Ll]t []ll]rl]i.dllt}' {]E‘
Chagas’ disease. The ability of CD4 ™ CD25"®" regulatory
T cells to inhibic TFMN-y synchesis confirms previous obser-
UH.I'.i.i.J[:IS l]r l‘l)'ﬂ\' I.C\'\EIA l]E‘]FN—"" F:ll.'t)leH.‘I'.i.lJ[:l I.J_'r' [ILI.J[:I{J[:II.H.‘[!:H.I’
cells from parients presencing with the asympromaric
chronic phase of Chagas® disease [46]. Further studies
defining the role of regulatory cells during T eruzd infec-
tion would contibute new insighes into preventing or
controlling the inflammatory process and the immuno-
pathologies observed in chagasic patients,

Tht FL][}L'LIL{][]S {JE‘[]L].[I[;{[] NKT ‘L'C“_‘; are not [{]Lau}' L][ljt'l'—
St‘ll]d. T}]f_‘b“: ‘Lﬂ:“_‘- are []a[['ll_'l_llal'l_'.' al]u[]da[]t ll[] [l]: []l]r[IL;{l
human liver, representing one-third of all heparic CD37
cells bur only approximarely 2% of peripheral blood T cells
[47]. Tnrerestingly, it has been proposed that in humans
these MET cells may play an important role in eliminaring
autologous cells in the liver, an importane site for the
eliminadon of activated T cells via apoprosis. Huang er af
[48. 49] reporred that rnlluw'mg activarion, circularing
CDE_ T ‘Lﬂ:“b are E'.Ca[ﬂj Fr‘l][Tl Ll]t l_'}'[Tlph []‘ll.h'_'ﬁ a[]d Spliﬂ:[]
a[]d I'.ra[lspi]r[l:d (i8] th lll\'t'[-. '-\.'l]t'l’t_' Lht_'r' L].[]dtrg{] apl][][l]si_l;.
O[] Lht l]d_‘ni_‘- {]F d]fb‘d: FJH:L"[UIJS n:pl]l’l‘_‘;. W L]Sd:d a Lhn’_":—
colour pladorm  immunophenotyping cechnique in this
study 1o idencify NKT cells as CD3TCDI6TTCDS6™,
In this context, we were able to perform the analysis of
distinct NKT cell subsets, herein named as follows: NKTI1
(CD3"CDI6TCDs6), MET2 (CD3 CDNeCDse™)
and NET3 (CD3"CIDNETCDS6™). We observed a higher
Frd.]ui:m.‘_v of NKT2 cells (CD3"CD6CDSs6a™) uul_'r' in
Lht ND 5[{]”[] ll[] u][]lpariﬁd][] 'l\"llrl] []{J[]'l[]FtL'[I:L;I ll[]d'l\"ldu;{'_‘;.
These findings are consistene with the lower frequency of
activared CD8™ T cells in the peripheral blood of the TND
group observed in our snudy [28]. In this context, we believe
that in the indeterminate clinical form of Chagas” disease,
NET cells provide complementary functions in the liver,
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associated with the elimination of activared CDE™ T cells
E‘r{][]l pt‘[iphf_‘ral l]l{l]d a[]d Lhtr‘:l]}' ﬂ][][[{]“i[]g th_‘ ll[]ﬂ.;i[Tl—
[TLKL{][_'[-' prl]L":ﬁS. Hl]“t\t[.. recent SLL“jI“'_'E L]S.l[lg Ll]t txpt‘[i—
mental murine model of 7. owuzi infection have proposed
that NKT cells play importane roles in both proinflamma-
tory and anti-inflammatory responses. Those authors sug-
gested thar invariant NKT cells limie che inflammarory
response and prevent tissue damage, whereas the variane
NET cells increase the inflammatory response that con-
tribuees o morbidiey and morealiey [28]. Thus, some
functionally distince NKT cell subsers may trigger immu-
[]{][Il{ljul.ﬂ[{]r}' EVENES, 'l\.'hllli: {][ht‘[s FJl’{J[IlUDI: ll[]l[IlLl[]t'
r‘:ﬁFl][]S‘:. [._]L].r d;{ta di.d not, hl]'l\."‘_'\'fr-. rt'\'f_'al ;i[]_'}' SL‘H_'[]
phenorypic/funcrional  differences in peripheral  blood
MET cells among the dinical groups studied.

In conclusion, we demonstrated a new sec of relevan
phenotypic features, pointing out distince peripheral blood
cell subpopulations in patients with different dinical forms
of Chagas' disease. These features are undoubtedly of
[Tuii{]l— Il[Tlpl]rLa[]Lt o u[]dtrsta{ldl[]g [ht‘ L'l:ul_ll'dr ll[]l[IlLl[]t'
r‘:ﬁFl][]S‘: Lri{;l;f_'rﬂj l]_'r' l]I_I[Il;{[] ‘L'hl'{][]llL' ?__ CJ"JI'ZJ: .l[]Fﬂ_'Lll{][]. ][]
Lhié CONEXLt, we tu\"t d{JL'I.][Iu:[:II'J:d E‘{Jr th_‘ n.l.—sl li.[:m: Ll]ﬂ
presence of a higher frequency of CD4TCh2s"E regula-
L{Jr_'r' T L'i:“_l; i.[] H.ijdi.ti.l][] (8] l:li.gt:lt'l.’ LI:W:[S ‘lJF L'i.rL‘L]].H.Li.[:Ig
NET2 cells (CD3TCD567) in the indeterminace clinical
form than in the CARD and DIG forme. The elevated
frequencies of these cell types rogether seem tw play an
imporeant role in controlling CD8™ T-cell-mediared cyro-
voxicity, regulating T-cell activation and the production of
proinflamatory cytokines such as TNF-x and TFN-y as
U\tu as ll[]dl.“_"l[]g Ll]t IJ[]H:ELIL;{L'HJ[] {]F a[]tll—?__ CTN'Z]' a[]tlll]{lj:r'
r‘:ﬁtl][]!‘:. Tlt |.de l]E‘ rl:gul.;ild.‘ L‘:ll []l][]ul.a[lllllls Il[] I:._'ARD
and DIG patients could account for the impaired immune
response thar culminares in strong cyrotoxic activity and
tissue damage. Further studies to functionally characterize
these populations will be of great interest and may provide
a berter understanding of the immunological complexities
that are involved in the IND form of Chagas’ disease.
M{th‘l]k‘tl’. a ll:th'_'l— U[]dt[ﬁl;{[]di[]g l]E‘ [l]'_' Il[]l[]ll.l[]{]ll)l;‘lL‘.‘il
[Tu:L'ha[]i_‘;[ﬂﬁ Il[]\'{]l\td Il[] Ll]t ﬂ][][r{]l l]E‘ Fmra_‘illlt rfplllu[lll][]
a[]d dﬂ'tl{]p[ﬂ.ﬂ[][ {]FE[]H{;H_‘;'[L' u[dll;iﬂlrdi{;fﬁlll\'f di_‘-t'd_‘-f [IL;{_"-'
L'U[][ril]l.]h: ew ll[]_‘ii.i;h'_‘; aan h{]'l\' (4] [][ﬂ't‘[]t Or [reat Lll‘_‘

sympromatic forms of Chagas’ disease.
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Abstract

‘We have recently developed a flow cytometric approach to detect anti-live trypomastigote and anti-fixed epimastigote IgG
antibodies { FC-ALTA and FC-AFEA) in sera from individuals infected by Thpanosoma cruzi Here, we present the first evaluation
of the applicability of FC-AFEA-IgG as a diagnostic tool for Chagas disease. Performance analysis demonstrated that FC-AFEA-
1g( has a sensitivity of 82% and a specificity of 100%. The assessment for prognosis performed by FC-ALTA-IgG1 and FC-
AFEA-IgG, after classification of chapasic patients as belonging to indeterminate (IND), cardiac (CARD) or digestive (DIG)
clinical forms, showed that most of IND have higher amounts of Ig( than individuals’ carrying CARD or DIG Chagas disease. FC-
AFEA-Igh was also evaluated as a method to monitor chemotherapy efficacy in individuals classified into three distinct categories:
not treated (NT), treated but not cured (TNC), and treated and cured (TC). Performance analysis demonstrated that FC-AFEA-IgG
has an extraordinary capacity s a serological criterion to assess cure after therapeutic intervention in Chagas disease. These results
represent a great advance in the application of serological techniques for clinical investigations on Chapas disease, and they clearly
define new directions and perspectives. We intend to continue this field research focusing owr attention on the influence of the
degree of clinical damage on the FC-ALTA-Ig(G]1 and FC-AFEA-IgG reactivity.

2 2006 Elevier BV, All rights reserved.

Kevwaords: Chagas disease; Trypanosoma cruzi; Flow cytometry; Serology; FC-ALTA; FC-AFEA

1. Introduction

L L @ a £t - - . . .
Correspanding author. Laborutbrio de Doenga de Chagas, Centro Chagas disease represents the third largest tropical
de Pesquisas René Rachou, Avenida Augusto de Lima, 1715, Bamo disease burd i lari d schistosormiasis. This is
Preto, Belo Horizante, 30 190-002 Minas Gerais, Bradil. Tel.; +55 31 1sedse burtlen ailer malar and sestosomuasis. This s
3349 T764; i 455 31 32953115, a chronic and ulumately fatal disease caused by
E-mail address: vitelli@epgrrfiocnz br (DM, Vitelli- Avelar), protozoan Trpanesoma cruzi and constilules a major

MI22-1759F - see front matter © 2006 Elsevier BV, All rights reserved.
doi: 1010164 jim. 200610009
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public health problem m Latn Amerca (Moncayo,
2003). Several countries i this area have well-
established vector-control progmms. However, conlact
with contaminated feces or unne from infected triato-
mine nsects 15 sull the mam cause of mlection.
Moreover, endemic areas where pamsile transmission
15 not yel controlled present a constant threat o
neighbouring regions meaning that 120 million people
are currently at nsk of mfection. The World Health
Organization estimates that approximately 300,000 new
cases of Chagas disease occur every year (World Health
Organization, 2002).

In the acute phase of Chagas disease, when
parasitermnia 15 high, wsually diagnosis can be easily
made using conventional parmsitological methods (xe-
nodiagnosis and hemoculwre). Nevertheless, detection
of the acute phase in endemic areas is not always easy
because most individuals are oligosymptomatic or
asymptomatic. The great majority of the patients are
identified during long lasting chronic disease. In this
phase, serologic tests are used to detect antibody against
I eruzi and not the presence of the parasite itsell. These
methods can provide false results because of the lack of
specificity or sensitivity. Consequently, the Pan Amer-
ican Health Organization suggests the use of at least two
methods for the diagnosis of the disease. Conflicting
results with conventional serology are frequent
(Camargo et al., 1986). Furthermore, the antgens
commonly used in serodiagnosis of Chagas disease are
fixed epimastigote forms or complex mixtures of
proteins and glycoconjugates extracted from whole
parasites which lead w false positive resulls due 1o
cross-reactions with other parasites, such as leishman-
iasis (Carvalho et al, 1993; Umezawa et al, 2003;
Amato Neto et al., 20035).

Although conventional serology remains the most
widely used method for Chagas disease diagnosis, flow
cylometry 18 becoming a reliable and powerful serolog-
ical method for clinical investigations on Chagas
disease. Therefore, in the area of disease prognosis
and management/treatment, non-parasitological markers
can be implemented as predictors of morbidity and
treatment efficacy, and the dsk-benefit of chemotherapy
can be focused on different phases of Chagas disease.
Furthermore, the proposed Now cytometry methodology
15 highly sensitive and can also be applied as a non-
conventional serological diagnosis echnigue (Martuns-
Filho et al., 1995, 2002; Cordeiro et al., 2001).

The results of this double blind mvestigation re-
emphasize the applicability of Mow cytometry o detect
anti-1) eruzi antibodies m human senum for diagnosis as
well as for prognosis and assessment of cure.

2. Materials and methods
2. 1. Siudy popudation

The melusion of all subjects in our investigation had
the approval of the Ethics Committees of the FIOCRUZ.
To evaluate the efficacy of our test in prognosis,
diagnosis, and assessment of cure we studied different
cohorts.

211 Cohort [

Toevaluate our est in regard to diagnosis, 148 samples
were selected comprising a total of 28 chagasic patients
(CH), 26 with classic Kalazar—American Viscerl
Leishmamsasis (VL), 20 with American Localized
Cutaneous Leishmaniasis (LCL). 20 toxoplasmosis
patients (TX) 20 malarial patients (MA), 21 Schisto-
soma mansoni nfecied individuals (SCH) and 12 non-
infected conwols (NI). Chagasic patients were collected in
Bambui, Minas Gerais/Brazil, an endemic area for Chagas
disease and had received a positive diagnosis for Chagas
disease (as determined by indirect immunofluorescence
assay-1FA and hemagglutination-HA).

2.1.2. Cohort 2

The serum samples were the same as those used in
cohort 1 from Bambui, Minas Gerals/Brazil. According
to their clinical records, the patients were divided into
three different categones, namely indeterminate (INLDY),
cardiac (CARD) and digestive (DIG). Patients present-
ing asymplomatic I crusi infection, classified as IND
(n=6), had no clinical manifestations of the disease
other than their posidve serology. Patients with cardiac
dysfunction, CARD (n=13), presented with dilated
cardiomyopathy and were identified by a detatled
clinical examination, including electrocardiography
(ECG), 24-h Holter examination and chest X-ray.
Chagasic patients with gastrointestnal disease, DIG
(n=T), presented with clinical mdiological status of
megacolon andfor megaesophagus. Twelve non-chaga-
sic individuals, with negative resuls on serological tests
for Chagas disease, were included in this study as
negative controls (N1). All were living in an endemic
area for Chagas disease.

2.1.3. Cohort 3

Serum samples were collected from 30 chagasic
seropositive patients (as determined by 1FA and HA). As
for cohort 2, we classified the individuals according o
their clinical records, as IND (n=10), CARD (n=10) or
DIG (n=10). The individuals were from Minas Geras/
Brazil and manged from 24 w 77 years of age. Twenty
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non-chagasic ndividuals, with negative results on
serological tests for Chagas disease, were included in
this study as negative controls (N1,

214 Cokort 4

This sub-cohon was composed of 60 mdividuals,
mngnginage from 6 months o 68 years. These patients
have been evaluated pamsitologically (hemoculiure) and
serologically (1FA and HA) mn a follow-up study from 3
up to 26 years. In this study we did not focus on the
efficacy of the different therapeutic schemes that were
used sinee that was not the major goal of our present
investigation. Afier clinical, parasitological, and sero-
logical follow-up studies patients were classified nto
three different categories followed the descnption of
Martins-Filho et al. (2002): not treated (NT, n=19);
treated but not cured (TNC, n=17); treated and cured
(TC, m=24). The treatments were carned out durng
acute, sub-acute or chronic phases. NT and TNC
patients persisted with positive results on both serolog-
ical and parasitological tesis. Patients were considered
TC only when both conventional serological and
parasitological tesis were consistently negative in at
least eight assessments of senally collected blood
samples.

2.2, Parasite préparalions

2.2 1. Epimastigofes

Epimastigotes forms from the CL strain were
obtained by inocolation of 1.0=107 bloodsiream
trypomastigotes from experimentally infected mice, in
liver mfusion myplose medium-LIT (Camargo, 1964)
with 10% of heat-inactivated fetal bovine serum (FBS.,
GIBCO, Grand Island, New York, USA) at 28 °C. After
serial passages n vitro, the parasites were harvested
dunng the log phase of growth. The organisms were
washed three times with PBS supplemented with 3%
FBS (1000 =g for 15 min at 4 °C), resuspended
immediately in equal volume of PBS and FACS fix
solution [10.0 g/l of pamformaldehyde, 1% sodium
cacodylate, 6.63 g/l of sodium chloride and 0.01%
of sodium azide (Sigma Chemical), pH 7.2], and stored
at 4 °C until use. The suspension of pamsiles was
adjusted to 10 = 10%/ml before used in the flow cytome-
tric method o detect anti-fixed epimastigote antibodies
(FC-AFEA).

2.2.2. Trypomastigotes

LLC-ME; cells were maintained in our laboratory by
serial passages and kept frozen in liquid nirogen. For
the assays, 5= 10° LLC-MK; cells were seeded in tissue

culture flasks (Falcon 25 em® or 75 em®) with 10 ml of
DMEM medium (GIBCO, Grand Island, New York,
USA) contaming 10% FBS, and incubated at 37 *Cina
humidified ar contaming 5% CO5. Afier 2 or 3 days, the
monolayer was infected with 5 % 10° trypomastigotes of
I eruzi-CL stram obtained from expenmentally infected
mice (Brener and Chiari, 1963). The cultures were
maintained in DMEM, 10% of FBS at 33 °C m 5% of
COs at 95% humidity (Bertelli et al., 1977). Afier 5—
6 days the trypomastigotes were harvested from the
supematant. Cell debrs and amastigotes were removed
by differenpal centrifugation at 100 =g for 10 min at
room emperature. The supematant containing most of
the parasites was centnfuged at 1000 =g for 15 min at
4 “C. The pellet was washed three tmes i 0,15 M
phosphate buffered saline, pH 7.2 (PBS) supplemented
with 10% FBS. The suspension of parasites was
adjusted 1o 10+ 10%ml before use in the Now cytometric
method to deteet anti-live trypomastgote antibodies
(FC-ALTA) assays.

2.3, ImmunofTuorescence by flow cviometry

The serum samples were inactivated by heating for
A0 min at 36 °C and kept at —20 “C unbl use. The
inactivated sera were dilued in PBS containing 10%
FBS and used w evaluawe the presence of ant-T. cruzi
antibodies by flow cytometry.

The pamsite immunofluorescence staming was
carried out as described by Martins-Filho et al. (1995),
modified for U bottom 96 well plae (LINBRO, ICN
Biomedicals, Ine. Aurora, Ohio) by Cordeiro et al
(2001). Brefly, 500,000 pamsites'well were incubated
at 37 °C for 30 min in the presence of different dilutons
(17128 to 1/16,384) of mdividual serum from all pavents
and controls selected Tor this study. After meubation
with sem, the parasites were washed twice with 150 pl
of PBS-10% FBS (1000 =g for 10 mm at 4 *C) and
reincubated at 37 °C for 30 min in the dark, in the
presence of fluorescein isothiocyanate (FITC) conjugat-
ed ant-human lgG antibody or with biotinconjugated
anti-human 1gGl subclass antibody (Sigma Chemical
Corp., 5t Louis, MO The FITC-labeled parasites were
fixed for 30 min with a FACS fix soluson before
analysis m the cytometer. The biotin-labeled parasites
were incubated with 10 pl of strepavidin-phycoery-
thrm-SAPE (GIBCO, Grand Island, New York, USA) at
37 2C for 30 mm in the dark. After being stamed, the PE-
labeled parasites were washed twice with PBS-10%
FBS and fixed on 1o for 30 min with FACS fix solution,
Stained parasites were stored at 4 “C up 1o 24 h before
cytofluommetric analysis.
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Fig. I, Titmtion curve average of anti-fixed epimastigotes IpG reactivity (FC-AFEA-Ig(G) of serum samples from chagasic patients (CH @, n=28)
and non-infected individuals (NI O, n= 12}, The contimuous box marks the most promising serum dilution to discrimimte CH from NI (A), FC-
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2.4, FACScan data storage and analysis

Flow-cylometne measurements were performed on a
Becton Dickmson FACScan mierfaced to an Apple
Quadra FACStation. The Cell-Quest software package
was used in both data storage and analysis. Stained
parasiles were run in the cytometer, and SO00 events per
sample were acquired. The parmsites were identiflied on
the basis of their spectfic forward (FUS) and sude (85C)
light-scanering properties. Pamsiles were selected by
gating on the FOS = 85C dot plot distribution. Pamsites
have a chamctensic homogeneous distnbution that
allows selective analysis by creating a specific window
over the parasite region. This profile was obtained by
adjusting size and granularity gains, on a log scale, with
values of 10 and 300, respectively. The relative FITC or
PE (luorescence mtensity [or each pamsile preparation
was analyzed using a single histogram representaion. A
marker was set on the intemal contml Tor nonspecilic
binding of FITC or PE-conjugated antibody and used to
determine for each serum sample the percentage of
positive fluorescent parasites (PPFP). Data analysis was
initially performed by establishing 20% and 30% of
PPEP as the cut-ofT between negatve (PPFP = 20%),
low positive (200=PPFP =50%) and high positive
(PPFP=50"4) resuls as described by Martins-Filho
etal. (1995) and Cordeiro et al. (2001). Additional cut-
ofl edges were Turther identified by Receiver Operating
Curve (ROC curve), and PPFP =60% was used for most
data analysis presented on this mvestigation.

2.5, Statistical analysis

Each test's performance was assessed by the followmng
statistical indexes: sensifivity=|true posilives = ( rue posi-
tives+ [alse negatives)] = 1 specificity=[Lue negali-
ves+(true negatives +false posives)] = 100, posifive
predictive valwe — PPV =[lrue positives+ total posi-
tives] = 100 and negative predictive value — NPV = [tue
negatives <total negatives] = 100 (Youden, 19530). The
recetver operating characteristic curve (ROC curve) was
built applymg the sensiovity values in the ordmate, and
the complement of specificity n the absassa. The curve
was used to select the cut-off value to discominate
negative from low positive and high positive PPEP
results. The tests” global accuracy was also evaluated,
takmg the area under the ROC curve (AU C) according o
Swets (1988). Each test’s performance was also evaluated
by Likelihood Ratios (LR), taking LR for the positive
resulf=[lrue positives=(true positives+ false negati-
ves)] = [false positives = (falses positive+ true negatives),
and LR for the negative resuli=|Talse negatives=(tmue

positives+ false negatives )]+ rue negatives+(lalse posi-
Lives+true negatives)]. As proposed by Jaeschke et al
(1994), LR=>10 practically confirms disease diagnosis
and LE<(.] practically excludes disease diagnosis.

3. Results

3. 1. Establishment of the FC-AFEA-IyG as o non-
conventional assay for the diagnosis of Chagas disease
with minimal cross-reactivity with major  tropical
endemic diseases in Brazil

During the chronic phase of Chagas disease, due to
the low parmsitemia, diagnosis 1s usually performed by
mmmunological methods m conjunction with clinical
epidemiological evidence. In recent years, our groups
have worked toward developing new diagnostic tests
employmg flow cytometry in serological dmgnosis of
Chagas disease. Here, we report the evaluation of ant-
fixed epimastigotes lgG (FO-AFEA-1gG) for the
diagnosis of T0 cruzi infection (Cohort 1).

FC-AFEA-1g( resuls were evaluated using serial
dilution of all sera samples, starting at 1/128 up w 1/
16,384, The tutmbon curve of the CH and NI averages
allowed the identification of serum diluton 1/1024 a5 a
promising experimental condition to betler discriminate
the CH from NI based in the superior segregation
(Fig. 1A). Using the PPFP=60% as the cut-olT edge,
elected by the ROC curve analysis for serum dilugon 1/
1024 (Fig. 1D), we observed that 82% of CH showed
high positive PPFP values and all NI presented low
positive PPFP values (Fig. 1B). Perfonmance analysis of
FC-AFEA-1gG for diagnosis was also performed by
MedCale software package 7.3 further confirmed these
finding demonstrating the oustanding performance
mdexes of FC-AFEA-lg(, mcluding a sensivity of
B2.0% (63.1-93.9) and a specificity of 1008, (73.4—
100} with posiove and negative predictive values of
82.14% and 70.58%, respectively (Table insered in
Fig. 1. The analysis of the arca under ROC curve also
showed a good performance of the test (AUC=0.90).
Likelihood ratio (LR) confirmed that FC-AFEA-1gG has
a good performance for Chagas disease diagnosis, Our
data demonstrated that results of PPFP =60% s more
than 10 tmes more likely to come from a CH patient
than NI individual ( Table mseted m Fig. 1), On the other
hand a low PPFP result 18 unlikely to belong to a CH
individual, strongly suggesting a negative diagnosis for
Chagas disease.

Further studies searching for cross-reactivity were per-
formed using serum samples fom individuals with other
infectious diseases (Fig. 1C). The analysis demonstrated
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Fig. 2. Titration curve of FC-ALTA-IgGl (A} and FC-AFEA-LgG(B) of ndividunl serum swmples Fom indeterminate (IND O, cardiac (CARD @)
und digestive (DG Q) chagasic patients (subcohort 2 und subcohort 243, respectively). The results ane expressed as PPFP. The dotted ling mpresents
the: cut-off proposed by Cordeiro et al, (2001) to classify PPFP values as low positive (PPFP = 5004} and high positive results (PPFP> 5{F4 ) The
cantinuous rectang le highlights the most promising semum dilution 14096 selected to further identify the differentiol FC-ALAT-IgGl and FC-AFEA-
I reactivity between chronic chagasic patients (C and D), Using the proposed reactivity cut-of f of 50%, the FC-ALTA-IgG | showed high positive
PPFP values for 83% of IND, whereas 38% of CARD and 14% of DIG had low positive PPFP values (C), FC-AFEA-IgG additionally showed that
69% of IND presented high positive PPFP values, whereas 55% of CARD and 76% of DIG had low PPFF values (3],
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that in the conditions previously described only VL {32%)
and SCH (5%) provided false-posiove results on FC-
AFEA-1g(. Despite the high frequency of cross-reactivity
ol samples from VL patients observed by FC-AFEA-1g(,
1L s important o mention that this sitwason could be
resolved by the clmical status of VL patients, classically
dentified as an acute febrile hepatosplenic condition, not
compatible with any clinical manifestation of chronic
Chagas discase.

In order to further evaluate the performance of FC-
AFEA-lgG applicability in Chagas disease diagnosis,
focusing attention on improvement of sensiivity and
specificity, we have suggested the possibility of using
FC-AFEA-12( subclasses as a useful wol to elminate
cross-reactivity in serological diagnosis of Chagas
disease, mainly due to the high recognition of fixed T
crzi epimastigotes by VL samples. For this purpose, we
designed an experiment Lo investigate the potentml of
FC-AFEA-1gGl w contnbute on the discnmination of
CH and VL samples. Our data demonstrate that, despite
a similar PPFP profile observed for CH along the
titration curve, as compared to lgli reactivity, no real
gain on the disenmination of CH and VL was observed
with only 3 samples from the VL group with negative
results at a serum dilution of 171024 (data not shown).

3.2 Use of anti-live typomasticote antibodies (FC-
ALTA) by flow cviomety as a reliable method for
serological diagnosis of distinet clinical manifestations
of ehronic Chagas disease

Cordeiro et al. (2001) suggested the potential use of
anti-live tmpomastigotes lgGl subelasses (FC-ALTA-
lzCil)y by Mow cytometry for prognostic purposes, Tor
monitoring the progression of chronic Chagas disease
and for predictng the nsk of cardiae damage.

Alming to confimm this report of a differendal FC-
ALTA-lg(G1 reactivity between chagasic patients bear-
mg distinet clinical manifestations of chronie disease,
we have performed a blind FC-ALTA-IgG1 study on a
sub-cohort of chagasie patients from Bambui, Minas
GeraisBrazil, an endemic area for Chagas disease
cohort 2). FO-ALTA-IgGG1 reactivity was performed
using serial dilutions from 1/128 to 1/16,384, and data
were expressed as PPFP (Fig. 2A). We selected the
serum dilution 1/4096 and PPFP=50% as the cut-off to
discrimmate lgGl reactivity by FC-ALTA as proposed
by Cordetro et al. (2001). Our data demonstrated that
83% of IND presented high posiive PPFP values,
conlirming our previous report of higher 1g(] reactivity
on asymptomatic patents, The analysis of FC-ALTA-
lg(il data from CARD and DIG demonstrated that

only 38% and 14% ofthem presented low positive PPFP
values, respectively (Fig. 2C).

3.3, Development and evaluation of the performance of
FOAFEA-IgG by flow cviometry o detect differences
between chagasic patients presenting different clinical
Sorms of chronic Chagas disease

Continuing our efforts w detect differences between
chagasic patients presenting different clinical forms of
chronic disease, we searched for a differential profile of
reactivity using FO-AFEA-1gG (Cobonts 2 and 3). We
performed a FC-AFEA-12G tiration curve, from serum
dilution 1/128 to 1/16,384, in order to wdentify the best
sera dilution candidate for differential gl reactivity
between the three groups of patients evaluated. Our
results confirmed that serum dilution /4096 and
PPEFP=30% as the cut-ofl were the most promising for
detectung differential FC-AFEA-lgG reactivity
(Fig. 2B). Our findings demonstrated that 69% of IND
showed hizh positive PPFP values, whereas 53% and
T6% of CARD and DIG presented low posiove PPFP
values, respectively (Fig. 2D).

3.4, Investigation of FC-AFEA-lgG as a non-conven-
tional serological alternative to monitor cure afier
etivlogical weatment of chronic chagasic paiients

One of the greatest concerns 1in Chagas disease 15 the
absence of reliable methods for the evaluvation of
chemotherapy elficacy m treated patients. In this context,
the identification of anti-I. eruzi antibodies by flow
eylometry may be a promismg tool for cure critenon. FC-
AFEA-lg( reactivity was performed using senal
dilution startmg from 1/128 up to 1/16,384 and data
expressed as PPFP. Inially, the cut-off selected to
discriminate lgG reactivity by FC-AFEA were
PPFP=20% and PPFP=50%. However, further invest-
ations W justify the proposed cut-ofT was determmed
using the ROC-curve that had estabhshed that the cut-off
of 200 and 60% of PPFP were the better choices to
classify the samples as negative (PPFP=20%), low
positive (20%=PPFP =60%) and high posiuve
(PPFP=60%). Considering these established PPFP
limits, we fiest determined the differential 1gG reactivity
on the sera samples included in this investgation, using
the sera dilution 1/256 for FC-ALTA, as previously pro-
posed by Manms-Filho et al. (1995, 2002). At PPFP=20"%
and PPFP=60% as cu-offs, all NT and TNC pagents
presented high positive gl reactvity consistent with
ther clinieal status, However, the results for TC patients
were nol consistent with their clinical stats; 92% of
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them had positive PPFP values (PPFP=2(04), and 33%
of them had high positve 1gG reactivity (PPFP=60P4)
(Fig. 3A and B). Therefore, we investigated the FC-
AFEA-1gG performance at higher serum dilutons. The
utration curve alowed the identificaton of the 172048
as another promising serum diluton. Our data demon-
strated that using the cut-off of PPFP=60% ali se-
rum dilution 172048, all NT and TNC samples showed
high posinve PPFP values, and all TC samples showed
negative or low posiove PPFP walues (PPFP = 60P4)
(Fig. 3A and C).

Together, our data demonstrated that FC-AFEA-12G
performed at serum dilution 172048 was able w precisely
discrimmate the clinical status of the chagasic patients
after etiological treatment and suggested the use of this
tool o monitor cure afier etiological wreatment. I71/2048
15 used as the reference dilution, a high positive PPFP
result observed afler etological treatment gives a precise
conclusion of therapeutic failure. On the other hand,
PPFP result =60% strongly suggests successful treat-
ment efMlecacy aller etiological therapeutcs (Fig. 3C).

Performance analysis of FC-AFEA-lgG for cure
criterion purposes was performed by MedCale sofiware
package 7.3 and demonstrated that FC-AFEA-IgG has
100% of sensitvity (803100} and specificily (85.6—
100} with positive and negative predictive values of
100% (Fig. 3D). Likelihood ratio (LR) confinmed that
FC-AFEA-IgG has an oustanding performance as a
cure crterion afier therapeutic mtervention mm Chagas
disease (Fig. 3 D). As proposed by Jlaeschke et al.
(1994}, LR+> 10 practically confirms dizease diagnosis
and LR—<0.1 practically excludes disease diagnosis.
Based on these propositions, our data demonstrated that
a low positive PPEFP result 1s not hkely w come from a
TNC patient, conlirming thempeutical effectuveness. On
the other hand a high positive PPFP result is not likely to
come from a TC, conlimming therapeutic falure. We
consider that despite the good performance of FC-
AFEA-1g( o wenuly post-thermapeutical cure at sera
dilugon 1/16,384, the lower specificity 1o identify
therapeutic failure should rule out this serum dilution
for clmical purposes (Fig. 3A nght and muddle panels,
respectively).

4, Discussion

Although there has been an mmprovement in the
diagnosis of chronic Chagas disease, the low sensitivity
by conventional serology 1s a drawback o its applica-
tion in diagnosis and post-thempeutic control (Portela-
Lindoso and Shikanai-Yasuda, 2003). Here we report
the establishment of the FC-AFEA-1g( as non-conven-

tional assays for diagnosis, as well as, prognosis and
cure critena.

For the purpose of diagnosis, the ttration curve of
FC-AFEA-1gG allowed the identufication of serum
dilution of 1/1024 and the PPFP=60% as the cut-ofl
to discriminate low posiive and high posituve PPEFP
values, considering NI individuals in comparison to CH,
we Tound that 82% of chagasic patients and 100% ol NI
mdividuals presented high and low or negative values of
PPFP, respectively. The good performance of FC-
AFEA-1g(3 s supported by results obtained with the
statistical program MedCale software package 7.3,

Including serum samples from mdividuals camrying
other parasitic diseases our data sull suggested that the
Now cytometry based methodology has good potential
for the diagnosis of Chagas disease, with less cross-
reactivity than conventional tests with major endemic
tropical diseases in Brazil. The good performance of the
test also confers it an advantage for screening purposes
i epidemiological studies. However, the limited
availability of the technique and its high cost limits s
use in epidemiological surveys. Andmde et al. (1992)
using conventonal serology ests showed that compar-
son of mesults provided by blood banks with the
reference laboratory’s results indicated a relative
sensitivity of 77%, which ranged from 30% o 100%
depending on the blood bank swdied. This data, re-
emphasize the limited applicability of this conventional
serology for Chagas disease diagnosis purposes. The
sensitivity of the diagnostuce method depends on
multifactorial aspects such as type, source, and purity
ol the antigen employed as well as the detection system
mtrnsic o given technology. In this context, our data
support the hypothesis that workmg selectively with
membrane antigens associated with the high perfor-
mance of the flow cytometde fluorescence due Lo
photomultiplier detectors, was probably the major
feature responsible for the higher sensitivity of FC-
AFEA-lg(G. Besides 1ts sensiuvity, the capacity of flow
cytometry 1o count 10,000 parasites per assay and the
possibility to use mtact parasites as source of antigen
mmproved the conldence ol this methodology over other
technigues.

In order to further evaluate the perfommance of FC-
AFEA-1g(G applicable on Chagas disease diagnosis,
focusing attention on sensitivily and specificity m-
provement, we have suggested the possibility of using of
FC-AFEA-IgG subclasses as a useful ool to eliminate
cross-reactivity in serological diagnosis of Chagas
disease, mamly due to the high recogniton of fixed
T cruzi epimastigotes by V0L samples. Nevertheless, our
data demonstrate that, despite a similar PPFP profile



179

DM Vitelli-dvelar et al. / Jownal of Immunological Methods 318 {2007) 102-112 11

observed for CH along the itraton curve, as compared 1o
lg(s reactivity, no real gain on the discrimination of CH
and VL could be observed. Actally, the use of a more
sensitive development system for lgGl reactivity, based
on the use of biotn/PE-labe led-sreptaviding has been
shown to increase the cross-reactivity previously
observed through 1gG along the titmtion curve. There-
fore, no promismg dilution could be identified for the use
ol lgG1 antu-fixed epimastigotes for the purpose of
clanfying the cross-reactivity between VL samples when
using FC-AFEA. Considenng recent lindings from our
labomtory in regard to Leishmanmsis lgGoosubelass
reactivity (Rocha et al, 2006), the lg(32 subclass has
been shown Lo have higher power o discrimmate CH and
VL cross meactivity when LCL 15 the major diagnostic
tool. These findings will be further evaluated by our
group regarding its applicability for Chagas disease
diagnosis. Besides, most of the false-positive cases,
correspond 1o VL individuals could be solved by clinical
analysis, since the acute febrile hepatosplenic clinical
condition 15 not compatible with any clmical manifes-
tation of chronie Chagas disease, which would rule out
any mdicaton o perform FC-AFEA-IgG for those VL
patients.

Analyses ol the reactivity of lgG subclasses in human
I gruzi infection remain scarce. As Chagas disease
manifests itsellf in a wide diversity of clinical forms,
there 15 even less information relevant o the possibility
that differences i anubody subclass secreted during the
course ol infection may mfluence the pathological
manifestation. In this context, Cordeiro et al. (2001)
showed differential FC-ALTA-1gG 1 reactuvily between
chagasic patients beanng distinet chinical manifestations
ol chronic Chagas disease. In order o validate the
findings of Cordeiro et al. (2001}, we performed a blind
FC-ALTA-1gGl swudy on a new cohort of chagasic
patients. Selecting the serum dilution 1/4096 and
PPFP=350% as the cut-off to discrimmate lgGl
reactivity by FC-ALTA-IgG1, our data demonstrated
that 83% of IND presented high positive PPFP values,
confirming the previous report of higher l2G1 reactivity
on asymplomatic patients. The analysis of FOC-ALTA-
lg(i1 data from CARD demonstrated that only 38% of
them presented low posiive PPFP values. Although,
these data appear to be mconsistent with those of
Corderro et al. (2001) CARD patient present different
degrees of heart damage, so 1t 1s possible that the high
PPFP wvalues came from CARD patients with minor
electrocardiographic aliemtions. Another hypothesis 15
that differential lgG1 reactivity could be a consequence
of host-strain-specific features as previously reported Tor
anti-live trypomastigote antibody reactivity by the

complement-mediated lysis approach (Zulantay et al.,
1998). Those authors demonstrated that the antibody-
dependent complement-medsated lysis st has strain
dependence on the detection of lytic antibodies in
chronic chagasic sera. Western blot analysis confinmed
that chagasic samples recognize different antigens
depending on the strain used.

As a subsequent aim we altempted o search for a
similar profile of reacuvity using FC-AFEA-lgG. Our
fmdmgs demonstrated that 69% of IND showed high
positive PPFP values, whereas 55% and 76% of CARD
and DIG presented low positive PPFP values, mespec-
tively. The FC-AFEA-lg( reactivity profile was similar
inthe group IND when compared with FC-ALTA-lgG1.
Furthermore, low reactivity was observed for CARD
and DIG samples, strongly suggesting its applicability
for prognosis. We believe that IND individuals with low
values of lg( are probably in clinical evolution and, as
mentioned above, the higher levels of 1gG presented by
some CARD and DIG individuals could be relatoned
with moderate degree of cardiac and digestuve damage.
The development of longitudinal FC-AFEA-1g( as well
as FC-ALTA-IgG1 would further support our hypoth-
esis. Moreover, we are currently focussing the levels of
FeyRI FeyRID and FeyRII expression by peripheral
blood leukocytes Irom chagasic patients beanng distinet
clinical forms to further address the dynamic on
immunological mteraction at the mterface between the
cellular and humoral immune response in Chagas
diasease.

The weatment of Chagas disease in both acute and
recent chronic mfections may prevent pathologic effects
m the later stages of disease (Ferreira, 1990). The
mdication of such treatment in the chronie phase 15 still
controversial because most treated patients continue 1o
have positive conventional serology, even though their
hemocultures become less frequently positive than those
ol the untreated, chronically mfected patients (Galvao
et al., 1993).

Performance analysis demonstrated that FC-AFEA-
leG for cure criterion has a sensitivity (80.3—100) and
spectlicity (85.6—100) of 100% with positive and
negative predictive values of 100%. Likelihood ratio
(LR) confinmed that FC-AFEA-1g(G has an extraordi-
nary performance as a cure caterion alier thermpeutic
miervention i Chagas disease. As proposed by
Jaeschke et al (1994), LR=10 pracuocally confinns
diseases diagnosis and LR=<0.1 pracucally excludes
disease diagnosis. Based on these propositions, our data
demonstrated that a low positive PPFP result has litde
chance of coming from a TNC patent confirming
therapeutical effectiveness. On the other hand a high
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posttive PPFP result has litle chance of coming from a
TC, conflinming therapeutic fatlure. We considered that
despite the good performance of FO-AFEA-1gG at
serum dilution 1/16,384, the lower specificity o identify
therapeutic falure should rule out this serum dilution for
clinical purposes.

We conclude that this low cylometric approach s a
major advance in serological assessments for clincal
investigations on Chagas disease. We mitend Lo continue
this field of research by [ocusing our attention on the
influence of the degree of heart and mega damage on
FC-ALTA-1gG1 and FC-AFEA-1gG o oreactivity, with
appropnate caution regardmg the choice of anti-human
lgli antibodies.
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