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INTRODUCAO

Doenca de Chagas

Em fins de 1907, encarregado por Oswaldo Cruz,0€d&hagas viajou para Lassance,
arraial préximo as margens do Rio Sao Franciscde @nmaléria devastava o acampamento dos
trabalhadores da Estrada de Ferro Central do Biastalou sua casa e seu laboratorio em um
vagao de trem. No povoado, observando a infiniddelensetos hematofagos alojados nas
paredes de pau-a-pique das moradias, decidiu eadosn Encontrou neles um novo parasita,
gue chamou ddrypanosoma cruziem homenagem a Oswaldo Cruz, seu amigo e mentor.
Verificou que o parasito era patogénico para argrdeilaboratorio e descobriu sua presenca em
animais domésticos (Koberle, 1957).

A presenca deste parasita em insetos sugeriu dvepbsxisténcia de uma doenca
infecciosa em animais e no préprio homem. Comegtdoea pesquisar as ligacdes entre 0 novo
parasita e a condicdo morbida daquela populacais. &dws depois, em agosto de 1911, Carlos
Chagas expbs suas descobertas na Academia Naaen&lledicina, no Rio de Janeiro,
descrevendo detalhadamente as fases aguda e cdé@niteenca, além de suas diferentes formas
clinicas. Entretanto, tais relatos ndo foram begite€ pela comunidade cientifica e até mesmo
negados por alguns dos seus contemporaneos. @iréggms chegou mesmo a ser denominado
de “o0 homem que procura na selva doencas que mgteraX. Apos 1920, a doenca de Chagas foi
simplesmente esquecida e por mais de 10 anos f@idarada sem importancia para a saude
publica (Koberle, 1968; Prata, 1999).

Em 1934, Mazza demonstrou varios casos agudos eacaode Chagas no norte da
Argentina, exatamente onde outros pesquisadoraarhaadmitido ndo haver qualquer pessoa
contaminada com o parasita. Da mesma forma queo<&hagas, Mazza foi criticado por
“descobrir novas doencas ao invés de procurar gara as que ja existiam”. Resistindo aos
ataques, ele e sua equipe persistiram em suadigages, identificando mais de 1000 casos
agudos até 1944, comprovando ser a doenca de Chagasla época um problema de saude
publica. Apesar da “re-descoberta” da doenca porzilao significado real da mesma foi

reconhecido somente com o aperfeicoamento da &deidixacdo de complemento e de seu uso
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como diagndéstico na populacdo. A partir de entdpemnca de Chagas passou a ser denominada
de trypanosomiasis americana (Koberle, 1961; Keb&868; Prata, 1999).

Dentre as formas de transmissao da doenca de Clilsiacamos a via vetorial, a via
placentaria e a via transfusional, sendo esta ajtatualmente, a forma mais comum de contagio
no Brasil. Quando a contaminacado se dé a parficdala do inseto transmissor, a mesma ocorre
através das fezes contaminadas. Apds o0 ato de Guggangue, 0 que ocorre na maioria das vezes
durante a noite, o inseto elimina fezes contamimamten a forma tripomastigota proximo ao
local da picada. Os parasitas conseguem peneivama&nte através da mucosa ou mesmo da
conjuntiva ocular e apés invadirem as células dgpédeiro, podem escapar dos mecanismos de
defesa do organismo. Em seguida, o parasita tess@ae vasos linfaticos e sangliineos, indo
parasitar uma variedade de células em outros dargBestro das células, os parasitas
diferenciam-se em amastigotas, reproduzem-se @rif@m a novas formas tripomastigotas, as
quais retornam a circulagéo sistémica, reiniciamdlo (Brener, 1982; Koberle, 1968).

Apés a infeccdo os pacientes desenvolvem a faslaatpidoenca de Chagas, quando eles
podem vir a falecer de miocardite, de meningoetitefeou de complicacdes, como
broncopneumonia. Em criancas de até cinco anoddde @s sintomas da infeccdo aguda séo
mais severos do que aqueles observados em adillfase aguda representa na realidade uma
infeccdo generalizada pela cruzi As formas tripomastigotas do parasita, ndo randmesao
encontradas no sangue, enquanto as formas amastgfit observadas difusamente em células
do organismo, incluindo macréfagos, células da, gkdulas adiposas, células endoteliais, fibras
musculares lisa, esquelética e cardiaca, fibraigastlulas de Schwann e neurénios. Nesta fase é
comum a presencga do sinal de Romafia, ou chagoragpagsui significado de uma lesao de
porta de entrada (Dias, 2001; Koberle, 1968; Kehdr970).

Na fase crbnica, os individuos podem apresentartorsas resultantes do
comprometimento do sistema digestivo e/ou cardiato,podem ainda persistir na forma
assintoméatica da doenca, também denominada de fodeterminada. O desenvolvimento ou
ndo das formas sintomaticas da doenca na fasecarGppresenta um dos aspectos mais
enigmaticos sobre a doenca de Chagas, uma vezogeehpver um intervalo de 20 até 30 anos
entre a fase aguda e a fase crbnica sintomatigandlindividuos chegam a falecer com 70 a 80

anos sem nunca apresentar qualquer sintoma detsod@mfeccéo (Koberle, 1968).
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A forma crénica cardiaca, pela sua gravidade diéega, € uma das formas mais bem
estudadas da doenca de Chagas. Esta forma legafiriéncia cardiaca, transtornos do ritmo e
da conducado, fendmenos tromboembdlicos e morteasiBacientes portadores desta forma
clinica apresentam miocardite usualmente intensadifasa, sendo acompanhada de
cardiomegalia, lesbes vasculares e fibrose (DeriRlez& Rassi, 1958; Marin Netet al, 1980;
Rassiet al, 2000).

Pacientes portadores da forma digestiva apresensamomas decorrentes de
comprometimento de 6rgdos deste sistema, princgrabrdo eséfago (megaeséfago) e do célon
(megacodlon). Acredita-se que um dos fatores magitantes no desenvolvimento do mega
chagéasico seja um processo degenerativo, prinogpaémde ganglios nervosos do sistema
nervoso entérico (SNE), que aparentemente temnseio na fase aguda, persistindo até a fase
cronica (Andrade & Andrade, 1966; Andrade & Andrati#69; Koberle, 1968).

A primeira suspeita da existéncia da forma digastia doenca de Chagas surgiu em
1916, quando o proprio Carlos Chagas observou genté a infeccdo aguda, alguns adultos
exibiam uma acentuada disfagia para determinagos tie alimentos cuja ingestdo necessitava
de ser acompanhada de agua. Os pacientes relatgeamtransito do alimento era interrompido
no esodfago, causando imensa dor. Mesmo a ingestdimuidos poderia ser dificil, sendo as
vezes impossivel, havendo desta forma, a necessitladue o mesmo fosse administrado em
pequenas doses. Tal fenbmeno, sem qualquer exdiqaatogénica na época, foi denominado
entdo de “Mal do Engasgo” (Chagas, 1916).

O megacolon chagasico atinge, sobretudo, o sign®mleeto. Pode manifestar-se como
uma doenca isolada, mas frequentemente é encontaaslociado ao megaesbéfago ou a
cardiopatia chagasica. E mais comum no adulto (3D aanos) e mais incidente no sexo
masculino (Dias, 2001).

Como o primeiro sintoma do megacolon é a constaato o diagndstico clinico como
0 anatdmico sdo em geral tardio, ap0s o institairddatacdo. A microscopia Otica de luz
observam-se: 1) Infiltrados inflamatérios cronictixais e difusos na muscular da mucosa, na
submucosa e nas camadas musculares; 2) LestesEoeSpecialmente do plexo mientérico,
com periganglionite e ganglionite focais ou difus&io observados intensos fendémenos
regressivos de neurdnios, chegando a destruicdgletamdos ganglios nervosos do plexo

mientérico; 3) Ulceracbes e inflamacdo crbnica decosa, focal ou difusa em casos mais



13

avancados, podendo atingir a submucosa; 4) Fibnbsenuscular, focal ou difusa e fibrose de
substituicdo (Campos & Tafuri, 1973; Tafuri, 1970afuri, 1987; Tafuri & Brener, 1967).
Alteracdes ultra-estruturais do plexo mientéricosistem em lesdes, em geral focais, de todos os
componentes dos ganglios: neurdnios, células de&uthe fibras nervosas. Por isso, € comum,
no mesmo ganglio, a existéncia de neurénios, assygzofundamente lesados ao lado de outros
morfologicamente integros (Tafuri, 1971; Tafetial, 1971).

Segundo Tafuret al. (1971), é licito admitir uma progressividade dzsbes dos plexos,
gue se agravam proporcionalmente a duracdo e aodgranega. O acumulo de fezes no célon
provoca dilatacdo da luz e compressao da mucosanfresséo, por sua vez, leva a isquemia, e
secundariamente, a degeneracdo, necrose e ulcetacAuicosa. Na mucosa assim ulcerada
inicia-se um processo inflamatorio secundario eepetshdente da inflamac&o induzida pela
propria doenca de Chagas. Esse processo inflamaitinge o plexo mientérico ja previamente
lesado peld'. cruzi,agravando ainda mais a destruicdo do SNE. Poresjao\yplexo submucoso
sofre as consequéncias das lesfes do plexo mantdavido as relacdes sinapticas entre eles. A
inflamacdo secundaria a estase somada a destdogaplexos e dos componentes intersticiais
evolui para a fibrose da submucosa e do conjuntivermuscular. Com o tempo ocorrem
hipertrofia e alteracbes regressivas das fibrascatares. Como o plexo submucoso estd em
intima relacdo com as ceélulas musculares é faaipceender como a miosite e suas sequelas
podem lesar ainda mais os ganglios.

A escassez de parasitas em relacédo a intensidadxtensdo das lesGes na fase crénica
da doenca, levaram diversos autores a avaliar @hemento de fatores autoimunes na
patogénese da lesdo chagésica. Alguns autorearaghaia existéncia de reacdo cruzada entre
componentes autélogos e antigenosTdaruzi (Al-Sabbaghet al, 1998; Cunha-Net@t al,
1995; Levituset al, 1991). Estudos utilizando modelo de infeccdo arpntal peloT. cruzi
sugerem que durante a fase aguda da infeccéo,jdavea ativacao policlonal responsavel pela
liberacdo de clones auto-reativos que persistipamongos periodos no hospedeiro, levando ao
surgimento das lesbes (d'Imperio Liratal, 1986; Minoprioet al, 1986a; Minoprioet al,
1986b).

Embora o parasitismo seja escasso em relacaceasidade e a extensdo das lesdes,
varios estudos ndo deixam duvida quanto a presdocaarasita nos tecidos de pacientes
chagasicos. Almeideet al. (1984) verificaram que o processo inflamatoriodé@o era
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particularmente evidenciado em células musculagrasfiadas. Barbosa & Andrade (1985)
demonstraram através de autopsias de pacientesngmcardite chagasica difusa, a presenca de
formas amastigotas de cruziem amostras de coracdo, bem como de tecidos axtléacos.
Com a utilizagdo de anticorpos policlonais anteruziem tecidos de coragcdo de pacientes com
cardiopatia chagéasica, Higuatti al. (1993) demonstraram existir uma estreita correlagére a
presenca de antigenos do parasita e a intensigad#ildado inflamatorio. Outra metodologia
utilizada foi a técnica de reacdo em cadeia daneolse (PCR), através da qual é detectado o
KDNA de T. cruzi em lesbes inflamatdrias de pacientes com cardepaiagasica e de
chagasicos com megaesodfago (da Silveiral, 2005b; Jonest al, 1993; Vageet al, 1996). O
KDNA do parasita é também encontrado no célon daeptes portadores de megacolon
chagasico, sendo mais freqiente na porcdo enteocero sigmoide (dados ndo publicados do
NOSSO grupo de pesquisa).

O processo inflamatério na fase cronica da doeeg@hhgas apresenta sempre sinais de
atividade celular. No megaes6fago chagasico, dsrados inflamatérios sdo compostos de 72-
93% de linfécitos T CD3 de 6-29% de macrofagos CDG81-4% de linfocitos B CDZ20Cerca
de 1-35% das células do infiltrado inflamatorio rasnadas musculares expressam TIA-1
(antigeno intracelular de célula T) uma proteineoatrada em linfécitos T citotoxicos e células
Natural Killer (d'Avila Reiset al, 2001).Linfocitos T citotdéxicos produtores de granzima A e
célulasNatutal Killer foram também demonstrados em lesdes do coragactentes portadores
de cardiopatia chagasica (Reisal, 1993). No célon de pacientes portadores de mégaco
Corbettet al. (2001) demonstraram a presenca de célhlasiral Killer, sugerindo assim a
participacdo destas na continuidade do proceskuriaforio da fase cronica.

Lemoset al. (1998) estudando pacientes que apresentavam a fligestiva da doenca
de Chagas, realizaram analise do sangue destgglummals com o objetivo de verificar o fenotipo
dos linfocitos circulantes. Foi observada uma dingi&o significativa do namero de linfécitos T
CD3/CD4 e de linfocitos B CD19 A razdo “nimero de linfocitos T CD4 numero de
linfocitos T CD8” apresentou-se diminuida em individuos portaddeesiegaeséfago avancado,
demonstrando assim um decréscimo mais significativmiimero de linfécitos T CD4o que
nao € observado em pacientes chagasicos cardippdiagortadores de mega (Duttal,
1994). Como marcador de ativacao de linfécitos Tpawientes portadores de mega, foi utilizado
um anticorpo anti-HLA-DR e desta forma demonstrewetevacdo dos niveis de linfocitos T
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ativados, o que ja havia sido observado em pacigmetadores de cardiopatia chagasica ou
mesmo assintomaticos (Duteaal, 1994). Ainda em pacientes portadores de megHicoerse
uma queda da porcentagem de células CD4/CD@8que poderia sugerir uma falha em
mecanismos de resisténcia imunoldgica e de algwmaaf contribuir para a progressédo da
doenca (Lemost al, 1998).

Os eosindfilos sdo células presentes em grandernimeesangue e tecidos de pacientes
chagasicos da fase cronica. Nakbteal. (1989), utilizando camundongos infectados cém
cruzi, avaliaram a cinética de liberacdo de eosinéfilela medula 6ssea, sugerindo um papel
para estas células no processo de resisténciaasitpaMolina e Kierszenbaum realizaram uma
série de estudos nos quais foram demonstradasagsex entre eosindéfilos e algumas alteragdes
patolégicas associadas a infeccdo. No miocardiopdeientes chagasicos, esses autores
demonstraram a presenca de depdsitos de uma neéneotterivada de eosinofilos (Molina &
Kierszenbaum, 1988a), bem como a presenca de &tmsrativados (Molina & Kierszenbaum,
1989a). Foi também demonstrada uma correlagédo emientracdo de eosindéfilos e severidade
das lesbes inflamatérias no miocardio e musculadsguelética (Molina & Kierszenbaum,
1988b). O papel deste granuldcito na lesdo dearardcitos infectados com. cruzifoi também
sugerido a partir de estudosvitro, com co-cultura de cardiomiécitos e eosindfilosoliba &
Kierszenbaum, 1989b).

Uma outra célula do sistema imune que possui paf@lante na evolucdo da doenca de
Chagas € o mastdcito e o seu papel nesta patgéofpaalvo de varios estudos. Almeidaal.
(1989), trabalhando com ratos infectados domaruzi,evidenciaram no estdmago destes animais
reducdo dos niveis de acetilcolina e aumento dassnde histamina e do nimero de mastécitos
na parede gastrica. Pires al. (1992) observaram aumento dos niveis de histamimaaios
orgaos de camundongos infectadosparruzi indicando que mastocitos estariam realizando um
importante papel no processo inflamatoério. Pinheiral. (1992), analisando ratos Wistar na fase
aguda da infeccéo pdr. cruziverificaram no miocardio aumento da concentragdmestocitos
associados aos focos inflamatérios. Postaal. (1994) através de estudiosvitro, sugeriram que
a presenca de mastocitos esteja diretamente nedatoao desenvolvimento de fibrose em
cardiomiocitos infectados pela cruzi.

Acreditamos na existéncia de uma interconexdo amtema imune e neuro-enddcrino.

Essa ligacdo promoveria uma troca de informacdesrécional entre sistema imune e sistema
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nervoso entérico. A ativacdo de mastocitos, alématiear na fisiologia gastrintestinal,

desempenha um papel crucial no processo inflansatggndo um dos principais codificadores de
sinais intestinais que irdo culminar em respostatoras, percepcdes viscerais e ativacao de
células do sistema imunoldgico em patologias gassiinais (Gui, 1998), e, possivelmente

também na doenca de Chagas.

O Sistema Nervoso Entérico

A inervacgdo das visceras digestivas € extremancem@lexa. Existem cerca de 80 a 100
milhdes de neurbnios dispersos ou reunidos em pegu@anglios ou em dois plexos
interconectados (plexo mientérico e plexo submucdsesses plexos sdo grandes as variedades
de tipos neuronais, seus inUmeros neurotransmgsoreeceptores e, portanto, diversas as
propriedades funcionais, constituindo uma verdad&ide de controle da motilidade digestiva e
vascular. Essa surpreendente complexidade e vdaadarfofuncional levaram os fisiologistas a
proporem a existéncia de um sub-sistema do sistemaso autbnomo (SNA), denominado de
sistema nervoso entérico (SNE) (Furness & Cosi33)19

Funcionalmente, a maior parte dos neurbnios eradosgr no plexo mientérico sdo
neurdnios eferentes (Gabella & Trigg, 1984). Awaegéo das camadas musculares se da através
de projecdes de feixes nervosos provenientes dm preentérico. Estes feixes estdo dispostos
paralelamente as fibras musculares (Richardsorg)195

O plexo submucoso, descrito por Meissner (Meisst#s,/) e Billroth (Billroth, 1858),
assim como o plexo mientérico, sdo formados delg&nigterconectados por feixes nervosos, O
plexo submucoso forma uma rede continua em torncaidainferéncia e por todo trato
gastrintestinal (Figura 1), onde duas ou trés casae ganglios podem ser observadas (Gunn,
1968; Hoyle & Burnstock, 1989; Schabadasch, 1980jre os neurdnios encontrados no plexo
submucoso externo, alguns inervam a camada muscoidgina e ocasionalmente a muscular
externa (Furnesst al, 1990; Porteet al, 1999; Sanders & Smith, 1986).

O efeito do sistema nervoso simpatico no tratorig@sstinal € mediado principalmente
pela noradrenalina, que € liberada por seus ax@d®ganglionares. Os corpos destes neurdnios

encontram-se nos ganglios nervosos pré-vertebrgimravertebrais, enquanto seus axénios



17

conectam-se ao trato gastrintestinal através do®senesentéricos. Quando estimulados, estes
neurbnios agem inibindo a peristalse, regulanddurof sanguineo dos vasos intestinais e
controlando a secrecao de eletrélitos (Cestal, 2000; Lundgren, 2000; McMilliret al, 1999;
Powley, 2000b).

O sistema nervoso parassimpatico atua no tratoirgastinal através dos nervos vago e
pélvicos. O nervo vago origina-se de corpos neusolmealizados no encéfalo, enquanto os
nervos pélvicos possuem seus corpos neuronaislmaacmtermédio-lateral sacra. Os estimulos
vagais utilizam acetilcolina como neurotransmissendo esta responsavel por estimular a
peristalse e aumentar o aporte sanguineo integioalley, 2000a).

Com a evolugédo das técnicas imunohistoquimicaguaza de neuromediadores do SNE
comecou a ser revelada. O desenvolvimento da tédedluorescéncia por Falck (Falck, 1962)
permitiu que autores como Norberg (Norberg, 19@éniificassem com exatiddo os axbnios
terminais de neurdnios simpaticos pds-gangliondssneurdnios colinérgicos entéricos foram
identificados pela técnica de imunohistoquimica esaie no inicio da década de 80 (Furnetss
al., 1983). Desde as primeiras descricdes de Hokfefaeequipe (Hokfeket al, 1975) sobre a
presenca de somatostatina em neurénios entéritmsalezacio de outros neuropeptideos tornou-
se alvo de inumeros estudos (Costa & Furness, 1R@2esset al, 1980; Schultzbergt al,
1980; Sundleet al, 1980). A partir destes estudos, foi reveladaesgnca de neuropeptideo Y
(NPY), substancia P (SP), peptideo intestinal asmaVIP) e serotonina em neurdnios
entéricos. Foi ainda demonstrada a co-existéncianelgopeptideos nos mesmos grupos
neuronais, tanto do SNC quanto do SNE, (Holde#l, 1984; Hokfeltet al, 1980), marcando o

inicio de uma nova era nos estudos da codificagéicogquimica de neurénios.
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A Plexo mienterico

Muscular interna

Plexo submucoso

Mucosa

Muscularis
mucosae

Nervo paravascular ! Nervo perivascular

Plexo

submucos 7 Plexo mucoso

Figura 1. Esquema do SNE observado em camadas (A) e e@oseaqsversal (B). Existem
dois plexos nervosos formados por ganglios; o phaientérico e o plexo submucoso, além das
fibras nervosas que inervam as camadas muscular@sicosa e as arteriolas intramurais. A
inervacao extrinseca tem acesso ao SNE atravegmesparavasculares e perivasculares (B).

Adaptado de Furness e Costa (Furness & Costa, 1980 permissao dos autores.
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Com relagdo ao SNE humano, alguns trabalhos sacdeain ao estabelecer correlagdes
entre a neuroquimica, a morfologia e a fisiologguronal. Em 2004, Brehmer e sua equipe
(Brehmer et al, 2004a), através do uso de marcadores para nauomefitos, realizaram a
descricdo morfolégica dos neurdnios intestinaisndeviduos de diferentes faixas etarias. Neste
mesmo ano foi realizada a caracterizagdo imunogaimds neurbnios intrinsecos do intestino
delgado (Brehmeet al, 2004b). Em 2005, este autor descreveu a mortoldgineurdnios do
plexo mientérico imunoreativos a encefalina, VIR@S (6xido nitrico sintase) (Brehmer al,
2005). Esses trabalhos mostram que a complexidadeoguimica do SNE humano € ainda
maior do que se imaginava e suscitam a necessitdacEalizacdo de mais trabalhos que visem a
sua caracterizagdo, principalmente em patologiafrigeestinais nas quais, segundo Camilleri
(Camilleri, 2001), o perfil neuroquimico do SNEam alterado.

Os neurdnios entéricos podem ser classificadosdoaltnente como neurénios motores,
interneurdnios e neurdnios intrinsecos primarieseaates (IPANs). Os neurbnios motores podem
ser divididos em dois grupos, 0s excitatorios eirobitérios. Ambos inervam as tunicas
musculares e a muscular da mucosa em todo tratongestinal. Os principais neuromediadores
encontrados nos neurdnios excitatérios sdo a ewath e as taquicininas. Os neurbnios
inibitérios possuem varios neuromediadores, como (§Kdo nitrico), VIP e adenosina tri-
fosfato (ATP) (Furnesst al, 1995b).

Os interneurdnios sédo identificados em todas asadasndo trato gastrintestinal, sendo
gue sua constituicdo neuroquimica varia muito, deégedo do 6rgdo em questdo. Por exemplo,
0S neurbnios motores e 0s neurdnios aferentesedoeildo colon expressam basicamente os
mesmos neuromediadores, 0 que ndo é verdade gseardatam de interneurbnios (Furness
al., 1995a).

Os IPANs, por alguns denominados de neurbnios Baissotraduzem e codificam
informacdes sobre o ambiente quimico e estadofikictecido que eles inervam, e transmitem
essa informacgdo para um circuito neuronal integrattavés do qual o estado funcional do 6rgéo
pode ser modificado. A denominacdo IPANs deve-séatndestes neurdnios exercerem, em
algumas situacOes, papeis funcionais de internegdpor exemplo, quando recebem sinapses
excitatérias provenientes de outros neurdnios) smmede neurbnios eferentes (por exemplo,

quando liberam neurotransmissores na mucosa causastdilatacdo) (Holzeet al, 1991,
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Lewis, 1927). Nos plexos mientérico e submucossgegeurdnios se conectam a outros IPANSs,
a interneurdnios e a neurdnios motores (Dogiel9168&rshon & Kirchgessner, 1991).

Evidéncias recentes indicam que os IPANs séo infiaelos por processos inflamatorios,
tanto no intestino delgado como no célon. Em pgiakinflamatdrias intestinais, como doenca
de Chron e colite ulcerativa, as propriedades tmais dos IPANs sdo modificadas, alterando
consequentemente a sinalizagdo sensorial e o muws reflexos entéricos (Sharkey & Mawe,
2002). Em modelos experimentais foi demonstrado goe dos mediadores inflamatorios
envolvidos neste processo sao as prostaglandirasnjibet al, 2002; Palmeet al, 1998).

Os neuromediadores do SNE possuem atividade coasalesobre o sistema imune. A
substancia P, por exemplo, é considerada uma sgstro-inflamatéria. Ela estimula a
proliferacédo linfocitaria, o trafego de linfocit@gravés dos linfonodos e a producédo de IL-2.
Além disso, a substancia P age como um dos atigadt® céluladlatural Killer e mastoécitos e
possui acao quimiotatica para mondcitos e neutdfila o neuropeptideo VIP inibe a resposta de
célulasNatural Killer e de linfécitos T, bem como a producgédo de IL-2d Ipor estas células.
Por outro lado, VIP estimula a quimiotaxia de matodce a producédo de IL-5 por linfocitos
(McKay & Fairweather, 1997).

O sistema imune, por sua vez, também influenciadaties do SNE através da secrecdo
de varios tipos de substancias, como por exemplagarotrofinas. As neurotrofinas sdo grupos
heterogéneos de polipeptideos que, através de reeeptores especificos, exercem papel
essencial no desenvolvimento, diferenciacdo, sol@egia, manutencdo e regeneracdo do
sistema nervoso (Barbacid, 1995; Griesbeichl, 1999; Lo, 1992; Roux & Barker, 2002).

Outro componente que participa da fisiologia @otrgastrintestinal, juntamente com os
neurbnios e as células do sistema imune, sdo atacéla glia entérica. As células da glia
entérica, ou células enterogliais, s&o muito seamdis aos astrocitos encontrados no SNC. Elas
expressam a proteina estrutural S-100 (Fetral, 1982) e apresentam também, em certas
situacdes, a proteina acidica fibrilar da glia (GfFAJessen & Mirsky, 1983). Células
enterogliais possuem receptores para citocinas\eéa sao capazes de produzir algumas delas,
como por exemplo, a IL-6. Além disso, elas possueceptores para neurotransmissores, 0S
quais podem modular a expresséo de citocinas peamas. Como pode ser notado, as células
enterogliais representam um elo de comunicacée enBNE e o sistema imune local, possuindo

assim um papel relevante na fisiologia intestiRali{ et al, 2004).
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Bush et al. (1998) depletaram camundongos adultos de célulasPGPpara avaliar a
importancia das mesmas na fisiologia intestinalbseovaram que, em apenas duas semanas,
todos os animais morreram devido a um quadro degégite fulminante. Esse quadro foi
independente de processos infecciosos, sendo o aneanacterizado por degeneracdo de
neurbnios mientéricos e hemorragia intestinal. £s&alos confirmam o papel da glia entérica
como mantenedora da integridade intestinal.

Von boyenet al. (2004) demonstraram que, sob influéncia de citacpra-inflamatorias,
células enterogliais GFARodem se tornar GFAPO aumento da expressdo de GFAP por
células enterogliais é também observado em teddi@tados de pacientes portadores de colite
ulcerativa e doenga de Crohn. Estudos sobre egigia tém confirmado que a leséo de células
do SNE é caracterizada por severa diminuicdo deenuimie células da glia, mesmo em tecidos
sem evidéncia de processo inflamatorio. Uma sicpatifra reducédo de células da glia tanto do
plexo mientérico, como do plexo submucoso é tambgra das caracteristicas histopatoldgicas
da enterocolite necrosante (Coreetl, 2001).

Na doenca de Chagas, como resultado de lesbOestueues do SNE, verifica-se
distarbio do peristaltismo, falta de coordenacédoma acalasia do esfincter, retencdo de fezes
no reto e coélon sigmoide, hipertrofia muscularralfinente, dilatagédo, levando ao aparecimento
do megacoélon chagasico (de Rezende, 1979; Tefai, 1971). Dados provenientes de estudos
realizados sobre a forma digestiva da doenca dgaShaugerem que a destruicdo neuronal
observada tanto no megaes6fago e megacolon chagésisui relacéo estreita com a intensidade
do processo inflamatério e com a evolucdo da pgitlgdadet al, 1991; Adadet al, 2001; da
Silveira et al, 2005b). No entanto, estudos com uma abordagers amapla, relacionando as
alteracbes sofridas pelos componentes do SNE eéksas inflamatorias observadas no
megacolon chagésico, ainda sdo escassos na literatu

Segundo Koberle, para o desenvolvimento do megagsd necessario que haja uma
reducdo de neurdnios no orgdo de cerca de 85%aetga doenca no célon esta associada a
uma perda neuronal de no minimo 50% (Koberle, 19&8) nosso trabalho de mestrado
observamos que alguns pacientes, ndo portadorenedgeeséfago e sem qualquer sintoma
digestivo, apresentaram uma reducdo neuronal ndages6de aproximadamente 90%,
ultrapassando assim o limite estabelecido anteentenpor Koberle. E possivel que, para o
desenvolvimento do mega chagasico, seja relevd@tesomente a taxa de destruicdo neuronal,



22

mas também a seletividade desse processo, o qadalea perda de determinados tipos
funcionais de neurbénios em detrimento de outragsionando assim distlrbios no peristaltismo e

consequente desenvolvimento do megaesofago ou giegac

Neste trabalho, tivemos por objetivo dar contindaa linha investigativa de nosso
laboratério sobre a imunopatologia da forma digastia doenca de Chagas. Trata-se de um
estudo descritivo das células inflamatérias, ddgla® da glia e dos neurdnios encontrados em
pacientes chagasicos, portadores e ndo portadaesnabacélon. A partir dos quadros
encontrados e da revisdo de literatura aqui apma$®n algumas hipoteses sobre o

desenvolvimento do megacolon chagésico foram laedast
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OBJETIVOS

Objetivo geral

Caracterizar e quantificar células inflamatériasespntes no coélon de pacientes
chagasicos, portadores e ndo portadores de megaedlerificar a co-relacdo entre as mesmas e
as alteracdes funcionais e estruturais ocorride8NiB, visando contribuir para a compreensao da

patologia do megacodlon chagasico.

Objetivos especificos

1. Avaliar comparativamente, em pacientes chagaspodadores e ndo portadores de

megacolon, os seguintes parametros abaixo:

a) Fenotipo e distribuicdo das células inflamatéeiasontradas nas camadas musculares e plexos
nervosos do colon. Para isso utilizamos a técniantunohistoquimica com o0s seguintes
anticorpos: anti-CD3 (linfocitos T), anti-CD20 (écitos B), anti-TIA-1 (linfécitos T
citotoxicos), anti-CD57 (céluladlatural Killer), anti-CD68 (macrofagos). Para analises de
eosinofilos e mastécitos utilizamos a coloracden bematoxilina & eosina e azul de toluidina,

respectivamente.

b) Area de fibrose.

c) Intensidade de desnervacio, através da quanfiicde filetes nervosos PGP 9rlas camadas

musculares do coélon.

d) Fendtipo das células enterogliais. Para issazatilios um marcador pan-glial (anti-S-100) e
um marcador para células da glia sob processamatlario (anti-GFAP), ambos empregados na

técnica de imunohistoquimica.
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e) A co-relacdo entre densidade de filetes nervo&R 2.5 e concentracéo de leucécitos com
potencial citotoxico (linfécitos TIA-1gélulas Natural Killer eosinéfilos e macréfagos).

f) A co-relacéo entre area de fibrose e as concémsage eosinofilos, mastocitos e macrofagos.

g) A co-relagdo entre a presenca de células entai®glia densidade de filetes nervosos PGP
9.5

2. Verificar se existe uma destruicdo seletiva derGréas nos plexos nervosos do colon de
pacientes chagasicos portadores de megacélon.if®aravaliamos a expressao dos seguintes
marcadores neuroquimicos: calretinin (IPANs - neio® sensoriais), ChAT e substancia P
(neurdnios motores excitatérios), NPY (interneun8ipi VIP e nNOS (neurdnios motores

inibitorios).
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RESUMO DOS RESULTADOS

1. Os focos inflamatérios presentes nas camadas maussie nos plexos nervosos do colon no
colon de pacientes chagasicos portadores e naadpoes de megacélon sdo constituidos de
linfécitos T CD3, linfécitos T CD8, linfocitos B CD20, linfocitos T citotdxicos TIA-1,

célulasNatural Killer CD57", macréfagos, eosinéfilos e mastocitos (Anexo 1).

2. Em ambos grupos de pacientes chagasicos, a galedominante no plexo mientérico é
linfocito T CD3', enquanto no plexo submucoso a célula predomirfantelinfocito B CD20
(Anexo 1).

3. Pacientes chagasicos portadores de megacoéloneafaes uma quantidade estatisticamente
maior de células inflamatodrias citotoxicas (linfosi citotoxicos TIA-1, célulasNatural Killer
CD57', macréfagos e eosindfilos) e mastocitos em relagd® pacientes chagasicos nado

portadores de megacélon (Anexo 1 e 2).

4. Pacientes chagasicos portadores de megacolon enfaes uma area de fibrose
significativamente maior que aquela apresentadapporentes chagasicos ndo portadores de

megacolon (Anexo 2).

5. Existe uma co-relacdo direta entre area de fibeosencentragédo de eosinofilos, mastocitos e

macréfagos nas camadas musculares do colon denfesc@hagasicos (Anexo 2).

5. Individuos chagasicos portadores de megacolorsapieam uma area de filetes nervosos PGP
9.5 nas camadas musculares significativamente meneragquela apresentada por pacientes

chagasicos néo portadores de megacélon (Anexo 1).

6. Pacientes chagéasicos apresentam um nimero dascéhtierogliais S-108ignificativamente
menor que aquele apresentado por individuos naotados. As médias dos numeros de células
enterogliais S-100nos dois grupos de pacientes chagasicos, porta@orgio portadores de

megacolon, sdo semelhantes (Anexo 1).
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7. Pacientes chagasicos nao portadores de megacdleseatam um aumento no namero de
células enterogliais GFAP, o que ndo é observado em pacientes portadoresedgacolon
(Anexo 1).

8. A avaliacdo da expressdo de marcadores neuroq@eimia® plexos nervosos do colon de
pacientes chagasicos portadores de megacolon veueloaumento da freqiiéncia relativa de
neurdnios excitatorios SubstanciadPuma diminuicdo de neurdnios motores inibitox¢R" ou
NOS' (Anexo 3).
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DISCUSSAO

Dentre 0s componentes etiologicos do megacolon asiey um deles é
comprovadamente de natureza imunoldgica. Estudteri@mes descreveram a presenca de
ganglionite e peri-ganglionite no colon de pacisnthagasicos portadores de megacélon,
sugerindo a participagdo de células do sistemaeémondesenvolvimento de lesBes de estruturas
do SNE (Adackt al, 2001; Corbetet al, 2001). Neste estudo apresentamos um estudotdescri
dos focos inflamatérios, bem como de neurdniosl@lagda glia do SNE, visando contribuir
para a compreensao da patologia do megacodlon ébagaspartir dos quadros encontrados em
pacientes infectados, portadores e nao portadagemebacolon, ousamos realizar algumas
inferéncias sobre os possiveis mecanismos envalvidalesenvolvimento dessa patologia.

Nos pacientes portadores e nao portadores de megaads focos inflamatorios,
constituidos principalmente de leucocitos monorarele, foram observados ao longo de todas as
tunicas, concentrando-se nas regides dos plexossta. Dentre as células inflamatdrias
analisadas, algumas possuem potencial citotoxicon breconhecido, como eosindfilos,
macrofagos, linfocitos T citotoxicos e céluldatural Killer. Estas foram observadas em focos
ou esparsas, nas diversas camadas do colon. saetesiente, observamos que o megacolon
chagasico esta associado com uma alta concentiiasg&as células e com uma baixa densidade
de filetes nervosos PGP 9.% que reforca a hipotese da participacéo das asgmacrofagos,
eosinofilos, linfocitos citotdxicos TIA“L e célulasNatural Killer) no processo de desnervagio
induzido pela infeccéo pdr. cruzi

E importante ressaltar que, ao nosso conhecimesse, € o primeiro estudo a evidenciar
a presenca de linfocitos TIA-1lnas regibes dos plexos nervosos do colon de ftesien
chagasicos, sugerindo a participacdo do mecanismotatoxicidade mediado por linfécitos T
nas lesdes teciduais da fase cronica. A confirmdedwesenca destas células no célon sustenta a
hipétese levantada por d'Avila Rais al. (1993; 2001) de que o mecanismo de citotoxicidade
mediado por células T seja um dos mecanismos dedeados de uma forma genérica pela
infeccdo pofT. cruzi

O antigeno TIA-1 confere aos linfécitos o potendal induzir apoptose na célula alvo
(Asanoet al, 2005; Michalopoulo®t al, 2004; Sato-Kawamurat al, 2003). Além disso, os

linfécitos T citotoxicos estocam em seus granulagras glicoproteinas importantes em
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mecanismos de citotoxicidade como perforinas ezgreas. Enquanto as perforinas sdo capazes
de se polimerizar na membrana plasmatica de céhllas formando poros, as granzimas
degradam o DNA das mesmas. Neste estudo demonstramda, no colon de pacientes
chagasicos, a presenca de céliNagural Killer, que também estocam granzimas e proteases
(Hasenkampet al, 2006). A presenca de céluldatural Killer em lesdes de pacientes chagasicos
ja havia sido anteriormente demonstrada no colopattadores de megacolon (Corbettal,
2001) e no coracao de individuos chagasicos catiisfRei®t al, 1993).

E importante ressaltar ainda que, pacientes natadqmes de megacolon também
apresentaram células com potencial citotoxico, emhen concentragdes inferiores aquelas
observadas no célon de individuos com megacéloamAdiisso, de acordo com a analise da
densidade de filetes nervosos PGP 9dsse grupo apresentou um nivel de desnervagio
intermediario, o que sugere que a destruicao dgaoentes do SNE na doenca de Chagas é um
processo continuo que se inicia na fase aguolersiste até a fase cronica sendo, pelo menos em
parte, dependente de mecanismos imunoldgicos. lisdtese esta de acordo com os trabalhos
realizados por Adad (Adaet al, 1991; Adacdet al, 2001), os quais demonstraram no es6fago e
colon de pacientes portadores da forma digestivaa welacdo direta entre severidade do
processo inflamatério, intensidade de desnervdQ&wrgao e grau de evolucao da doenca.

A participagdo de macréfagos no processo de les@omponentes do SNA j& havia sido
anteriormente sugerida a partir de analises dec@&orde ratos infectados camcruzi(Carvalho
et al, 2006; Melo & Machado, 1998; Melo & Machado, 2000s macréfagos sao células
capazes de associacao a sitios inflamatorios, premdlo a exacerbagdo de mecanismos de lesdo
celular. Essas células secretam citocinas como dNHAL-1f e IL-6, as quais possuem a
capacidade de induzir processos de citotoxicidagliados por outras células do sistema imune.
Além disso, macréfagos por si s6 podem lesar gagasu células do préprio hospedeiro, devido
a sua capacidade de produzir, quando ativadostésuiss citotoxicas, como 6xido nitrico e
radicais livres (Daryaret al, 2003).

Demonstramos ainda neste estudo o aumento da ¢aagi@nde eosinéfilos no célon de
pacientes chagasicos, principalmente naquelesdooes de megacolon. Cardosbal. (2006),
em relatos anteriores sobre estudos funcionaihldas sanguineas de pacientes com a forma

cardio-digestiva da doenca Chagas, demonstraramaqgorencipal fonte de citocinas (IF|-

TNF-a, IL-12, IL-4, IL-5 e IL-10) nesses individuos éewosinofilo. Interessantemente, neste
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estudo aqui apresentado, todos 0s pacientes aresentambém cardiopatia chagasica, o que
nos incita a especular sobre a participacdo ddadibss nos processos inflamatérios crénicos,
especificamente da forma cardio-digestiva. Em aoslatle estudos anteriores, Molina e
Kierszenbaum (1983)bservarammo coracdo de pacientes chagasicos portadoresdiepzia,
depdsitos de uma neurotoxina derivada de eosisofllem como a presenca de eosindfilos
ativados (Molina & Kierszenbaum, 1989a). Mi&ial. (1991) também demonstraram no coragéo
de pacientes chagasicos cardiopatas a presengsidéfdos, em 5% dos casos analisados. No
entanto, nenhum desses estudos citados mencict@r&ria concomitante da forma digestiva
nos pacientes estudados.

Os eosindfilos possuem granulos intra-citoplasroatitccos em proteinas basicas e outras
enzimas, dentre elas a proteina basica princip&8P)M proteina eosinofilica catidnica (ECP),
peroxidase eosinofilica (EPO) e a neurotoxina delavde eosinofilos (EDN) (Silberstes al,
1989; Spry, 1989).Além de expressar uma série déamas co-estimulatérias (CD40, CD28,
CD86, B7.1 e B7.2) (Ohkawarat al, 1996; Woerlyet al, 1999), os eosinodfilos secretam
citocinas pré- e anti-inflamatdrias, como as NENFNF-a, IL-12, IL-4, IL-5 e L-10 (Kita, 1996;
Lucey et al, 1989). No intestino, eosindfilos sdo encontragdascipalmente associados a
processos inflamatérios agudos e crénicos, e spel pa manutencéo da fisiologia intestinal é
bem conhecido (Weller, 1997; Weller & Lim, 1997nht& como podemos constatar pela breve
descricdo da biologia do eosindfilo, ele € umaleélie varias facetas, podendo ativar ou inibir
processos inflamatdrios, promover lesdo de pasasitaélulas e ainda participar da fisiologia
intestinal. No megacélon chagasico, o papel real ewosindfilos s6 podera ser determinado
através da analise do seu estado funcional, ndmaspmm lesdes de pacientes chagasicos, mas
também em modelos experimentais.

Outra observacéo relevante, apesar de ndo setanéaii a mastocitose no célon dos
pacientes chagasicos portadores de megacolon. Ostéaitas sdo células efetoras
multifuncionais do sistema imune e possuem um papgbrtante na fisiologia e defesa contra
infeccBes parasitarias (Skaperal, 2001). Acreditamos que a mastocitose observadzolom
de individuos chagasicos portadores de megacojanuse fator importante na exacerbacgéo e
manutencao do processo inflamatério neste grugmdentes. Além de promover o aumento da
permeabilidade vascular, 0 mastécito estoca, s génulos, substancias inflamatorias como

por exemplo prostaglandinas, TNFe IL-6, as quais sdo capazes de estimular a esgureate
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moléculas de adesdo pelo endotélio promovendo sagdig de leucdcitos (Bendixsen al,
1995; Bischoffet al, 1999a; Bischofet al, 1999b; Lorentzt al, 2000).

O aumento do numero de mastocitos no megacolonasitagfoi também relatado na
literatura cientifica por outros autores (Pinhegtoal, 2003; Tafuriet al, 1971). Estes autores
demonstraram que a mastocitose nos pacientes pmtadla forma digestiva é também
acompanhada de um processo de fibrose. Neste estddondo apenas confirmamos essas
observacdes, mas também, através de uma analifermdtnica, demonstramos que a area de
fibrose se co-relaciona com a concentracao de mispeosinofilos e macréfagos. Sabe-se que
certas citocinas, como TNk, TGF{$1, IL-1B e IL-4, produzidas em grandes quantidades em
processos inflamatorios, principalmente por céldassistema imune, possuem capacidade de
induzir diretamente o processo de fibrinogénesatiaar miofibroblastos (Portest al, 2004). E
possivel que a exacerbacdo do processo inflamagdnigpacientes chagasicos portadores de
megacolon leve a um aumento na producdo e sintstasdcitocinas, o que se refletiria no
aumento da area de fibrose nas camadas muscuksgssdoacientes. Além disso, é importante
considerar o papel dos macréfagos no processondedsdacdo, enquanto célula produtora de
colagenases (Ottet al, 2003). Acreditamos que futuros estudos visandaracterizacdo dos
mediadores envolvidos no recrutamento dessas séinflamatérias possam ajudar a definir
métodos terapéuticos no sentido de evitar ou mesmenizar o desenvolvimento do megacélon
chagasico.

Uma outra abordagem de estudo aqui utilizada const® quantificacdo de sub-
populacdes de células enterogliais, através dadprabnstramos, nas regides de plexo nervoso
do colon de ambos os grupos de pacientes chagasiows diminuicdo significativa dessa
populacio celular S-100Da mataet al. (2000), ao avaliar o SNC em ratos infectados Thor
cruz, demonstraram uma preferéncia do parasita petoscass. A partir dessas observacoes, 0s
autores sugerem ser as alteracfes neuronais eadasituma conseqiéncia da destruicdo da glia
e do processo inflamatério desencadeado pelo fianasi celular. E possivel que no SNE
humano, ocorra também uma preferéncia do parasitagelula enteroglial, mas isso seria um
fendbmeno observavel somente na fase aguda da daprayado o parasitismo ainda é grande.
Apesar de ser esse um estudo da fase cronicados datidos nos incitam a especular sobre a
validade dessa hipétese para a infeccdo humanaomramos a semelhanca estatistica entre as
médias dos nimeros de células enterogliais S-h08 dois grupos de pacientes analisados,
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portadores e nao portadores de megacodlon, o queresugie a morte da glia entérica deva
acontecer principalmente na fase aguda da infeaqg#amdo o parasitismo ainda é grande, ou
pelo menos precocemente na fase crénica da doedgaguardando relacdo direta com o
desenvolvimento do megacélon chagasico.

As células enterogliais foram também analisadasitqua expressdo de GFAP, uma
proteina estrutural, ndo constitutiva, da classe filamentos intermediarios. Foi interessante
observar que, enquanto nos pacientes portadoregegdacolon o nimero de células enterogliais
GFAP" ndo esta alterado em relagdo aos pacientes néotadbs, no grupo de pacientes
chagasicos nao portadores de mega observa-se uemt@udo namero dessas células. Sendo um
constituinte dos filamentos intermediarios, uma fuagdes atribuida a glicoproteina GFAP é a
de contribuir para aumentar a coesao entre asasétld glia, criando assim uma barreira de
protecdo para 0s corpos neuronais (Buniagtaal, 2002). Assim, 0 aumento da expressao de
GFAP nos pacientes ndo portadores de megacoélor,rppdesentar uma tentativa de protecao de
componentes do SNE contra fatores lesivos inereadeprocesso inflamatério ou mesmo ao
proprio parasita. Partindo deste pressuposto, engel/imento do megacélon poderia ser
explicado, pelo menos em parte, pela incapacidadedales individuos em aumentar a expressao
de GFAP em suas células enterogliais.

Na doenca inflamatoria intestinal, a glia entéaparentemente realiza um papel central
no controle da inflamacéo (Geboesal. 1992; Ruhl & Collins, 1995). Busét al. (1998) ao
depletar células GFAPdo trato gastrintestinal de camundongos adultaermwhram que em
apenas duas semanas todos o0s animais morreramudeil@te fulminante. Estudos sobre
enterocolite necrosante (Corredtal, 2001) demonstraram que intensos processos infthaios
sdo acompanhados por uma severa diminuicdo do oloeerélulas da glia GFAPTambém na
doenca de Chagas é possivel que as células Ge\Ram um papel relevante no controle da
inflamacédo, pois de acordo com os dados aqui ape®s, elas sdo mais concentradas
justamente no grupo que apresenta um processmatfi@io mais brando, ou seja, nos pacientes
chagasicos nao portadores de megacélon.

Segundo Koberle (1968), para o desenvolvimento dgatblon ou do megaeséfago é
preciso que haja uma destruicdo neuronal acim®#eesde 80%, respectivamente. No entanto,
de acordo com estudos anteriores de pacientes sibaggportadores e nao portadores de

megaesbtfago, alguns pacientes chagasicos nao gredade megaes6fago apresentam um
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processo de desnervacdo bem elevado, podendo &h8§&6, enquanto pacientes com a doenca
digestiva mostram uma reducdo neuronal média de.(8@%ilveiraet al, 2005b). A partir
desses dados ousamos contra-argumentar com Kol{@€lé8) e sugerimos que o0
desenvolvimento do mega nao pode ser justificadoeste por uma destruicdo quantitativa de
neurdnios, mas também por uma eliminacdo seletivaedtas classes neuronais. De fato, este
estudo veio, pelo menos em parte, corroborar cosa éspotese. Demonstramos que no
megacolon chagasico acontece uma destruicio prefarede neurdnios motores inibitorios VIP
e nNOS, e um aumento na freqiiéncia de neurénios subat&hci

Niveis elevados de substancia P em neurdnios emdga foram detectados no célon de
pacientes portadores de colite ulcerativa (Bemsteial, 1993; Kochet al, 1987) e doenca
inflamatoria intestinal (Mantyhet al, 1994), estando diretamente co-relacionados com a
atividade de tais patologias. Acreditamos que nenc® de Chagas o aumento relativo da
expressao de substancia P no célon de pacienteslpas de megacdlon represente um aumento
da expressao deste neuropeptideo por neurdniosnggiéormente ndo o expressavam. Por outro
lado, também n&o excluimos a hipotese que poraar tde uma freqiéncia relativa, esse
“aumento” da expressado de substancia P seja naderdma menor destruicdo neste grupo
neuronal. A substancia P age sobre o sistema imimeipalmente em macrofagos, linfécitos T
e B, induzindo a sintese e secre¢do de variasramro-inflamatoérias. Dentre essas, podemos
destacar o TNk IL-1pB, IL-6 e IL-2 (Holzer & Holzer Petsche, 1997). Flade ainda ativar
mastocitos induzindo a liberacdo das diversas &nbists inflamatérias contidas nos seus
granulos (Raithet al, 1999). Por vias indiretas, a substancia P induokferacdo de linfocitos
e ativacdo de ceéluladatural Killer, aumenta a expressao de moléculas de adesao Iplascé
endoteliais e estimula a migracéao de leucdcitoa p#ios inflamatérios (Holzer, 1998; Laurenzi
et al, 1990). Entdo é possivel que o aumento da exmgredsasubstancia P por neurdnios
entéricos seja uma das causas da exacerbacéo asgwanflamatorio observado em pacientes
chagasicos portadores de megacolon. Acreditamossgbstancias capazes de antagonizar a
Substancia P ou de bloquear os seus receptores, (N2, NK3) possam desempenhar papel
terapéutico importante no controle da imunopatalalgi megacdlon chagasico.

Como ja mencionado anteriormente, as frequénciasn@éoirdonios motores inibitorios
nNOS ou VIP" estdo diminuidas nos pacientes chagasicos poesmdia megacolon quando
comparadas com aquelas apresentadas por indivadundole ndo infectados. Julgamos que a
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diminuicdo desses neurdnios represente um mecamisro@l para a implantagdo do megacolon
chagéasico. No coélon, os neurdnios que expressamSnMOVIP sdo responsaveis pelo
relaxamento muscular observado durante a peristaldistenséo local dentro do lGmen do colon
induz um reflexo neural e em consequéncia uma agddrmuscular proximal e um relaxamento
distal (Sanderst al, 1992). Assim, a deple¢édo de neurdnios motoré#tdnios no SNE pode ter
como consequéncia uma diminuicao do transito im@stAlteracdes similares foram observadas
na doenca de Hirschsprung, caracterizada por uofargla diminuicdo em corpos neuronais nos
plexos submucoso e mientérico do colon (6ual, 1997; Kusafuka & Puri, 1997).

Trabalhos anteriores mostram que o relaxamentpodgdo interna do esfincter anal
pode ser estimulado pelo uso tépico de trinitragogliceril, uma substancia doadora de 6xido
nitrico, com resultados relativamente bons (Laateal, 1994; Lund & Scholefield, 1997). No
futuro, acreditamos que procedimentos que induzamevacdo dos niveis de NO e VIP no
intestino, tais como transfec¢ao viral ou droggeesicas, possam ser utilizados para impedir ou

minimizar o desenvolvimento do megacdlon chagasico.
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CONCLUSOES

As observacdes obtidas neste trabalho nos pernapeesentar as seguintes suposicoes a respeito

do desenvolvimento do megacodlon chagasico:

- As lesbBes teciduais que ocorrem na fase crériceneigacélon chagasico sao possivelmente
resultantes de mecanismos de citotoxicidade disetentre eles aqueles mediados por linfocitos

T TIA-17, célulasNatural Killer, macréfagos e eosindfilos.

- Os macréfagos, os eosindéfilos e os mastdcitosiyalimente participam do processo da fibrose

observada nas camadas musculares do colon de feacbiagasicos portadores de megacolon.

- O desenvolvimento do megacélon chagasico pare@xpéicado ndo apenas pela taxa de morte
neuronal, mas também pela freqiéncia de destruiedmada classe de neurbnio. A destruicao
seletiva de neurdnios motores inibitorios nN@SV/IP" e o aumento da freqiiéncia de neurdnios

substancia Pparecem propiciar o desenvolvimento dessa patnlogi

- A destruicdo de células enterogliais na infecc@méhica parece acontecer precocemente e ndo

se co-relaciona com desenvolvimento do megacolon.

- E possivel que as células enterogliais GFpdrticipem da modulagéo do processo inflamatério
e, consequentemente, da protecdo neuronal e doleodb desenvolvimento do megacdlon

chagasico.

Os dados aqui apresentados servirdo como refer@ace trabalhos posteriores, em outros
modelos experimentais, nos quais possam ser coagaewnossas especulagdes a respeito dos

mecanismos de desenvolvimento do megacolon chagésic
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PERSPECTIVAS

No modelo humano de megacélon chagasico

1. Analisar a producéo de citocinas e fatores nedfiotrs por células inflamatorias e neurdnios.

2. Estudar o processo regenerativo de filetes nesvasavés de dupla marcacéo para as diversas

classes neuroquimicas e para marcadores de reg&gmecamo por exemplo, 0 GAP-43.

3. Investigar a presenca de células reguladoraséatider marcacéo para FOXp3.

No modelo experimental:

1. Avaliar o papel da substancia P na inflamacacsiimal induzida pela infeccdo pdr cruzi

através de estudos de bloqueio de seus receptores.

2. Avaliar o papel da GFAP na modulacdo do procesflamatério intestinal induzido pela

infeccdo poiT. cruzj através da utilizacdo de camundongos geneticamendificados.
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ABSTRACT

Following acute infestation with the Chagas’ dseparasite]. cruzi some patients who
are serologically positive develop chronic megacoand megaesophagus, while others are
symptom free. Chagas’ disease with gastrointdstmalvement involves an inflammatory
invasion of the enteric plexuses and degenerati@nteric neurons. It is known that glial cells
can be involved in enteric inflammatory respon3é® aims were to determine the nature of any
difference in lymphocytic invasion, enteric neuromsd enteric glial cells in sero-positive
individuals with and without megacolon. We have pamed colonic tissue from serologically
positive individuals with and without symptoms anoim sero-negative controls. Subjects with
megacolon had significantly more CD-57 naturalekiltells and TIA-1 cytotoxic lymphocytes
within enteric ganglia, but numbers of CD-3 and @D-immunoreactive cells were not
significantly elevated. The innervation of the mlesvas substantially reduced, to about 20% in
megacolon, but asymptomatic sero-positive subj@ete not different to sero-negative controls.
Glial cell loss occurred equally in symptomatic amthffected sero-positive subjects, although
the proportion with glial fibrillary acidic proteiwas greater in sero-positive, non-symptomatic,
subjects. Development of megacolon following adafection with T. cruziis associated with
maintained invasion of enteric ganglia with cytatoX cells and loss of muscle innervation, but

changes in glial cell numbers is not associatetd mibgression of enteric neuropathy.
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INTRODUCTION

Chagas’ disease, caused by the protozoan parBsipgnosome cruzT. cruzj, is an
endemic cause of morbidity and mortality in are€entral and South America [1]. There are
many immigrants to the United States and other tmsnfrom these areas who are chronically
infected. A current estimate suggests that thexepproximately 100,000 infected individuals in
the United States [2].

Acute Chagas’ disease is characterized by fevernayatarditis related to intracellular
parasitism. Usually these symptoms subside spootshe Most patients then remain
serologically positive, but asymptomatic, for tlestrof their lives. However, some patients, after
a prolonged asymptomatic period (20—-30 years),ecdnibit dhronic Chagas’ disease, which is
usually manifested by cardiomyopathy and grossrgaraent of the tubular structures of the
gastrointestinal system, particularly megaesophagdsmegacolon [3,4].

In megacolon, motility disturbances are associatitk the enlargement of the colon and
constipation. The rectum and the sigmoid colontheemost compromised segments [5], which
exhibit striking luminal enlargement and musculgpdrtrophy. Inflammatory lesions in the
enteric nervous system (ENS) are associated wittulstantial reduction in the number of
neurons. This loss of neurons has been thought rtiderlie the clinical findings in
megasyndromes [6].

Information is still scarce regarding changes i@ ENS aftefT. cruziinfection and the
potential role of immune cells in the developmentimagasic megacolon. It is possible that there
is a chronic inflammation of enteric ganglia in thefected subjects who develop late
gastrointestinal symptoms, but this possibility has been tested. Also, because of the reaction

of enteric glia when the enteric ganglia are in#ahfi7], these cells are a potential intermediate in
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the effects on enteric neurons. We have therefomnegpared, quantitatively and qualitatively, the
presence of inflammatory cells in enteric gangtiaanges in enteric innervation of the muscle

and enteric glial cell numbers in chagasic patigntis and without megacolon.

MATERIAL AND METHODS

Patients and Samples

Samples ofull thickness colon waltissue were obtained from 8 chagasic patients with
megacolon, 8 chagasic patients without megacolah Eh control individuals submitted to
necropsy osurgicalprocedures at Faculdade de Medicina do Triangutelvb (Uberaba, Minas
Gerais, Brazil). Patients did not receive any ptgaspecific treatment. Informed consent was
obtained from the patient or family members prior tissue procurement. This work was
approved by UFMG Research Ethics Committee.

Serological tests indicative of Chagas’ diseasenfdement fixation, hemagglutination,
and immunofluorescence tests) were positive irpalients studied. All of the patients had left
the endemic area more than 20 years before theetissllection, and during that time, patients
without megacolon did not present any symptom eelato digestive disease. All patients
originated from Uberaba, MG, Brazil, where the naturansmission of Chagas’ disease was
interrupted more than 20 years ago, and they hadrmeceived blood transfusions. The patients
with and without megacolon had mean ages of 57 yeHbs, and 55 + 14 years respectively. The
presence of megacolon was established based icatlidata reporting colon obstruction, and

from radiological studies. Manometric studies ofgaeolon demonstrated decreased peristalsis
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and incomplete relaxation of the anal sphinctelesehabnormalities precede clinical symptoms
and dilatation seen by radiographic studies.

The control group was composed of non-infectedviddils, as indicated by negative
serology specific for Chagas’ disease. Non-infeateldviduals were also from the state of Minas

Gerais and had a mean age of 54 + 20 years.

Histology and peroxidase immunohistochemistry

Tissue samples were collected from the recto-sigmegion. Each specimen was fixed in
4% neutral buffered formaldehyde solution and erdbddn paraffin for immunohistochemistry
studies. Sections of 7um were deparaffinized usiyigne, andrehydratedthrough graded
alcohols. Some sections were then stained for atdniaistology, using haematoxylin and eosin
(H&E) while others were prepared for immunohistaoistry. For immunohistochemistry,
endogenous peroxidase was inhibited by incubatiaih W% hydrogen peroxide and 30%
absolute methanol for 30 min. The slides were timenbated with 2% normal swine serum
(NSS) (Sigma, USA) in phosphate buffered saline§P#®r 15 min and subsequently with the
following monoclonal antibodies: anti-PGP 9Safta Cruz Biotechnology, USA, 1:100@r
neural fibers; anti-S-100 and anti-GFABafita Cruz Biotechnology, USA, 1:200@AKO,
1:500, USA) for glial cells; anti-CD3 for T lymphgtes; anti-CD20 (DAKO, USA, 1:100) for B
lymphocytes; anti-CD57 (Santa Cruz Biotechnologgne sc-6261, 1:2Q0for Natural Killer
(NK) cells, and anti-TIA-1 (Santa Cruz Biotechnojoglone sc-1751, 1:200Followingthis, the
tissue sections were incubated with peroxidaseugatgd rabbit anti-mouse antibodies (DAKO)
for 45 min, and peroxidase activity was detectedirmubation with 3,3’-diaminobenzidine

(Sigma) and hydrogen peroxide for 10 min. Slidesewmunterstained with Gill's haematoxylin
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(Sigma), dehydrated in graded alcohols, and moumtesynthetic mounting media. Negative

control slides without primary antibody were penfied for each case.

Cell quantification and morphometric studies

Enumeration of glial cells was performed in the raubosal and myenteric plexuses,
while the inflammatory cells counting were perfodria all colon layers (nervous plexuses and
muscle layers), by counting 20 randomly-selectelti§i (total area of 1066fjnon a single slide
per patient. Morphometric studies of neuronal fioneere performed by image analysis (Kontron
KS300 v. 2.0), by measuring PGP 9.5 immunoreagti{iiR) areas on 20 randomly-selected

fields (total area of 106614nin the muscle layers on a single slide per patien

Statistics

Statistical analysis among the different groups vaaslysed by one-way ANOVA.

Differences were considered statistically significat P<0.05.

RESULTS

Analysis of inflammatory cells

H&E sections of colon from patients with megacoltemonstrated that myenteric and

submucosal plexuses were damaged, with necrogiangilion cells, inflammatory responses and

fibrosis. Accumulations of immune cells extendei ithe outer layers of the mucosa (Figure 1).
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Mild infiltration of mononuclear cells around degeated ganglion cells was observed in all
cases. All these findings were also observed inrcflom chagasic patients without megacolon
although, in this group, normal ganglion cells, heiit signs of degeneration, were frequently
observed. The control group, which was composeatbafinfected individuals, did not show any
significant inflammatory process (Figure 1). Irrtaular, lymphocytes were rare within or close
to enteric ganglia of control tissues.

Table 1 and Figure 2 show the results of the charaation of inflammatory cells in the
colon plexuses and muscle layers of chagasic pati$¥e demonstrated, in patients with and
without megacolon, the presence of CD3-IRyfphocytes, CD20-IR Bymphocyte, CD57-IR
NK cells, and TIA-1-IRcytotoxic T lymphocytes. In both groups, with andheut megacolon,
there was a clear predominance of CD3-IR/Mphocytes in the myenteric plexus and muscle
layers, and CD20-IR Brmphocytes in the submucosal plexus. Quantitatmaparative analysis
of the inflammatory cells, in subjects with andheitit megacolon, demonstrated that there were
greater numbers of both CD57-NK cells and TIA-1-IRcytotoxic T lymphocytes in the enteric

plexuses of affected subjects.

Assessment of innervation

Assessment of innervation was performed by usingrdhkPGP 9.5 monoclonal antibody,
that has high specificity for neurons and nervaeBb[1-3]. The distribution of PGP 9.5
iImmunoreactivity was similar in all groups analyskeing observed in every intestinal layer.

Representative aspects of PGP 9.5-IR nerve fibeesaach group are shown in Figure 3.
Nerve fibers observed in chagasic groups were é&nitiman those in samples from the control

group (Figure 3). This is interpreted as a sigrost of axons from nerve fibre bundles in the
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muscle. Computerized morphometric analysis of PGRI® in the muscle layers revealed
reduction of the integrated areas of nerve fibarpatients with megacolon, when compared to
the other two groups (Figure 4). Although the siaeBGP 9.5-IR nerve fibers in patients without
megacolon were smaller than the normal patternu¢Eig3), there was not any significant

difference in fibre distribution between these wvoups (Figure 4).

Quantification of glial cells

Analyses of glial cells were performed by immunatem with two different antibodies:
anti-S-100 (pan-glial marker) and anti-GFAP (g8ab-population marker) [1,2]. It was observed
that the antibody against S-100 protein exclusivalyels glial cells, with no staining in the
neuronal cell bodies (Figure 5a). Qualitative obatons revealed weaker S-100
immunoreactivity in nerve fibers of patients withegacolon, and morphometric analyses
demonstrated significant and approximately equss lf S-100-IR glial cells in both populations
of chagasic patients (Figure 6).

We also analyzed the expression of GFAP by engdiat cells in the colon. The antibody
against GFAP stained glial cells exclusively, witb staining of neuronal cell bodies and
processes (Figure 5b). Quantification of GFAP-IRIscélemonstrated that chagasic patients
without megacolon have an increased number of GFFARells compared with other groups
(Figure 7). No statistical difference on the numbeGFAP-IR glial cells was observed between

chagasic patients with megacolon and non-infectdividuals.
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DISCUSSION

Neuronal destruction has been considered the hddlmlachagasic megacolon. In this
study, we confirm this suggestion by demonstratiteg patients with megacolon have decreased
density of PGP 9.5-IR neuronal fibers within theeemal muscle when compared to control
group or even to chagasic patients without megac@ero-positive subjects without megacolon
did not show any statistically difference when camgal to the control group. Previous studies
have shown a small degree of neuronal degenernatiasymptomatic sero-positive subjects [6].

The cause of neuronal destruction in Chagas’ déskas been debated in the literature [6,
13, 14]. In the acute phase, whén cruziis present in high concentration in the tissue, the
parasite might be responsible for the neuronalrdetsdn [13, 15, 16]. In contrast, in the chronic
phase the parasite load is very low in the chadasions, and parasite DNA has been detected
mainly by the polymerase chain reaction [17, 18jug, it has been suggested that chronic
neuronal destruction might be a consequence ofinimeune response that follows infection.
Although ganglionitis and myositis have been désatiin the colon of chagasic patients, the
phenotypes of inflammatory cells associated with ld#sions have not been extensively studied.
Here we show that the inflammatory infiltration, oth groups of sero-positive subjects, is
composed mainly of CD3-IR T lymphocytes and CD20Rymphocytes, which is in
agreement with data reported by Corbettal. who analysed the colons of patients with
megacolon [19]. We further show, in colon lesiahg, presence of NK cells and TIA-1 cytotoxic
cells is greater in patients with megacolon, whstlpports the participation of the immune
response in the neuronal loss that occurs manysyaier the acute infective episode. The
presence of TIA-1-IR cytotoxic lymphocytes and N&lls has been previously demonstrated in

the heart [20] and esophagus [21] of patients wahidgasic cardiomyopathy and megaesophagus,
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respectively, pointing to a common mechanism o$ués damage in th&. cruzi induced
pathology.

We also demonstrate here the loss of another immpodomponent of the ENS, the S-
100-IR glial cells, in the colon of chagasic patseross of enteric glial cells has been reponted i
other intestinal diseases [22, 23]. Recent evidamdieates that enteric glial cells play an active
role in the control of gut physiology and pathopblsgy [7], and that they are activated
specifically and participate actively in the course intestinal inflammation [12]. In two
transgenic mouse models, fulminating tissue inflatiom and necrosis ensue when the enteric
glial cells network is disrupted [22, 24]. In vieMthose data, we could speculate that the loss of
enteric glial cells in Chagas’ disease might indiess of colon homeostasis and contribute to the
development of chronic megacolon.

Two classes of glial cells can be normally distisped in the enteric nervous system,
namely the GFAP-IR group expressing high level&BAP, and the GFAP non-reactive group.
Von Boyen et al infer that glial cells increase thgpression of GFAP when they are in contact
with pro-inflammatory cytokines [12]. Increased GFAXxpression has been observed in some
inflammatory diseases of the gut such as ulceratoléis and Crohn’s disease. In Chagas’
disease, it was interesting to observe that, dedpié overall loss of enteric glial cells, the
patients presented increasing percentages of tAdPGIR population. Being a constituent of the
intermediate filaments, one of the functions of GFAs possibly to increase the cohesion
between the glial cells [25]. Considering theseeobations, it is tempting to speculate that the
increased expression of GFAP-IR glial cells in dwsg patients creates a barrier of protection for
the neuronal cell bodies, and represents thustampt to protect ENS neurons against inherent

harmful factors of inflammatory processes or agapevasite infection. This hypothesis is in
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agreement with our data demonstrating that incrteasecentage of GFAP-IR cells is observed
mainly in patients without megacolon.

All of the patients analysed in this study had tb& endemic area more than 20 years
ago, but not all of them presented with megacolorthe past, by analysing the esophagus of
chagasic patients with and without megaesophagexhbserved that loss of neural tissue in the
organ is observed not only in patients with meggleagus, but also, to a lesser extent, in
asymptomatic chagasic individuals [16, 26]. We dadi that qualitative comparative studies on
the types of neurons affected in these populatratishelp in understanding the pathogenesis of
megabowel in Chagas’ disease. It is possible thpatients with megaesophagus and megacolon
some categories of neurons and some particulariemeurotransmitter systems could be
affected more than others.

Finally, we believe that the inflammatory processl glial cell alterations described in
the colon of chagasic patients might disrupt théemn nervous system and contribute to
development of the pathology, including the degeainez process in the ganglia. Ongoing studies
on the characterization of signalling moleculeg thadiate the exchange of information between
these cells [27], including cytokines, neurotrarttens and neurotrophic factors, may help in

understanding the pathogenesis of chagasic megacolo
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Quantification of inflammatory cells in the colon of chagasic patients with and without megacolon

(number of cells / mmz)

Chagasic patients without megacolon Chagasic patients with megacolon
Cells CD57-IR TIA-1-IR CD57-IR - TIA-1-IR
CD3-IR CD20-IR . CD3-IR CD20-IR i
Natural cytotoxic Natural cytotoxic

lymphocyte lymphocyte Killercells lymphocyte lymphocyte lymphocyte Killer cells lymphocyte

Submucosal plexus 28 +11 43 +13 Q2% TE£2% 33+£13 52+14 14+3 23+ 4

Myenteric plexus 41 £ 11 4+1 18+3* 11+2* 58+14 6+2 386 27+4

Inner muscle layer 10+£3 4=+1 9+3 3k 1 16+3 S+1 12+3 52

Outer muscle layer 14 +3 5+1 11+3 5+1 19+4 5+1 14+3 6+2

Table 1— Quantification of CD3-IR lymphocytes, CD20-IR Iphocytes, CD57-IR NK cells and
TIA-1-IR cytotoxic T lymphocytes on the nervous>plses and muscle layeo$ the colon from
chagasic patients with and without megacolon. Télaes are expressed as mean number of cell
number £ S.D. (*) Statistically significant differees observed between the two groups. Total

area of 1066 ffrom each field for all patients was analysed.qPs).
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Figure 1 —H&E stained sections of the colon from control 4§, and a chagasic patient with
megacolon (b, b’). (a) non-infected individual: thes no evidence of inflammatory process in
the muscle layers and myenteric plexus; (a’) higmagnification showing the presence of a
ganglion with intact neurons (arrow) (b) chagasatignt with megacolon: presence of chronic
inflammatory process with intense and nodular motear inflammatory infiltration in muscle
layers and myenteric plexus; (b”) higher magnifmatshowing the presence of inflammatory

cells around a degenerated neuronal ganglion (rrow
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Figure 2 — Aspects of the inflammatory process in the sutoeal plexus of colon representative
of chagasic patients with megacolon. CD3-IR T lympjies (a) and CD20-IR B lymphocytes
(b) are observed in the submucosa of the colon fpatents with megacolon. Inflammatory
infiltrations are commonly founded in those paten€D57-IR NK cells (c) and TIA-1-IR T
lymphocytes (d) are also observed in the colonhoké patients, sometimes associated with
neurons (black arrow, figure c) or near blood viss§iglack arrow, figure d). Calibration: 100

um.
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Figure 3 — Morphometric analyses of PGP 9.5-IR nerve fibarghagasic patients with and
without megacolon and control individuals. The eslare expressed as means of PGP 9.5-IR
areas = S.D. (*) Statistically significant diffei@s between this group and control individuals.
(**) Statistically significant differences betweethis group and chagasic patients without

megacolon group. Total area of 1066from each field for all patients was analysed.qP5).
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Figure 4 - Characterization PGP 9.5-IR nerve fibers in the sleukyers from chagasic patients
with and without megacolon and from control indivads. (a) Non-infected individual: nerve
fibores can be easily observed in the muscular Iggerow); (b) chagasic patient without
megacolon: nerve fibres are thinner when comparigkd mon-infected individual (arrow); (c)
chagasic patient with megacolon: a marked decreassal of PGP 9.5-IR neuronal fibers was
observed (arrow). Chagasic patients present a gbjadind advanced (c) neuronal degeneration

in the muscle layers.
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Figure 5 —Labelling of S-100-IR (a) and GFAP-IR (b) glial lsein the myenteric plexus from
chagasic patients with megacolon. Both antibodmesved immunoreactivity only to glial cells

and not to neuronal cell bodies (black arrows)ilZation: 50 pm.
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Figure 6 — Quantification of S-100 IR glial cells from chagagatients with and without
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SUMMARY

The mechanisms involved in the development of céiagaegacolon are not completely
understood. Although autoimmunity may play a ralethe pathogenesis of Chagas' disease,
recent studies suggest a positive correlation beEtvissue parasitism, inflammation, and severity
of lesions. The aim of this study was to evaludie presence of inflammatory cells and the
occurrence of fibrosis in the colon of chagasidguas with and without megacolon. Samples
from 26 patients were randomly selected and parafiibedded tissue blocks were sectioned and
analyzed by histology and immunohistochemistryvdis evaluated the presence of eosinophils,
mast cells, and macrophages, as well as the ctoreleetween the concentration of these cells
and the area of fibrosis. The analyzes of tisswtises revealed that, the greater concentration
the inflammatory cells analyzed, the more extenanea of fibrosis is observed, suggesting the

occurrence of a continuous process of cell danragfgei chronic phase of chagasic megacolon.

Keywords: chagasic megacolon, eosinophils, mast cells, opheges, fibrosis
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INTRODUCTION

Chagas' disease, caused by the hemoflagellatezpaotdrypanosoma cruAiT. cruz), is
one of the few functional gastrointestinal disosdéor which a causative agent has been
identified. This disease affects 11 million peoplethe Latin America and Southeast ranging
from the United States-Mexico border thought to érgna and Chile (Moncayo, 2003).
Although control programs directed at decreasiagdmission ofl. cruzito humans through the
reduction of vector populations have been succkssfsome areas of Latin America, effective
control measures are lacking in most regions oéemcity (Nowicki et al, 2006).

During the acute phase, the parasite infects a wadiety of tissues including the viscera
and central nervous system. In the chronic phas@ris in the central, peripheral autonomic and
enteric nervous systems lead to widely diverse rdas of the hollow muscular organs,
including the heart, esophagus and colon (Kob&8ég), which is thought to be due, at least in
part, to inflammatory related mechanisms (Corketal, 2001; da Silveiraet al, 2005b; Lemos
et al, 1998).

Among inflammatory cells, macrophages, eosinopdmid mast cells may be of particular
importance in the pathogenesis of megacolon, gsdhe produce a great number of substances
involved in host defence and gut physiology, inagtgd cytokines and neurotrophins
(Kariyawasam & Robinson, 2006; Nogéaal, 2005). In this study we described the distributio
of macrophages, eosinophils and mast cells in diencof chagasic patients, and we further
developed quantitative analyses in order to ingasti the correlation between the concentration

of these inflammatory cells and the area of filsosi
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MATERIAL AND METHODS

Patients and Samples

Samples of full thickness colon wall tissue wer¢aoted from 8 chagasic patients with
megacolon, 8 chagasic patients without megacolanlénnon-infected individuals submitted to
necropsy or surgical procedures at Faculdade decviaddo Triangulo Mineiro (Uberaba, Minas
Gerais, Brazil). Patients did not receive any pgaspecific treatment. Informed consent was
obtained from the patient or family members prior tissue procurement. This work was
approved by UFMG Research Ethics Committee.

Serological tests indicative of Chagas’ diseasenfdement fixation, hemagglutination,
and immunofluorescence tests) were positive irpalients studied. All of the patients had left
the endemic area more than 20 years before theetissllection, and during that time, patients
without megacolon did not present any symptom eelato digestive disease. All patients
originated from Uberaba, MG, Brazil, where the naturansmission of Chagas’ disease was
interrupted more than 20 years ago, and they haermeceived blood transfusions. The patients
with and without megacolon had mean ages of 57 yeH0s, and 55 + 14 years respectively. The
presence of megacolon was established based icatlidata reporting colon obstruction, and
from radiological studies. Manometric studies ofgaeolon demonstrated decreased peristalsis
and incomplete relaxation of the anal sphinctelesehabnormalities precede clinical symptoms
and dilatation seen by radiographic studies.

The control group was composed of non-infectedviddials, as indicated by negative
serology specific for Chagas’ disease. Non-infeateldviduals were also from the state of Minas

Gerais and had a mean age of 54 + 20 years.
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Histology and peroxidase immunohistochemistry

Tissue samples were collected from the recto-sigmegion. Each specimen was fixed in
4% neutral buffered formaldehyde solution and erdbddn paraffin for immunohistochemistry
studies. Sections of 7um were deparaffinized usiigne, and rehydrated through graded
alcohols. Some sections were then stained for atdniaistology, using haematoxylin and eosin
(H&E) (eosinophils), toluidine blue (mast cells)da@omori trichrome (fibrosis), while others
were prepared for immunohistochemistry. For immustolchemistry, endogenous peroxidase
was inhibited by incubation with 1% hydrogen pedexand 30% absolute methanol for 30 min.
The slides were then incubated with 2% normal swE@m (NSS) (Sigma, USA) in phosphate
buffered saline (PBS) for 15 min and subsequenily whe anti-CD68 monoclonal antibody
(DAKO, KP1, 1:100, USA). Following this, the tisssections were incubated with peroxidase-
conjugated rabbit anti-mouse antibodies (DAKO) #& min, and peroxidase activity was
detected by incubation with 3,3’-diaminobenzidiiggfna) and hydrogen peroxide for 10 min.
Slides were counterstained with Gill's haematoxyfiigma), dehydrated in graded alcohols, and
mounted in synthetic mounting media. Negative adngtides without primary antibody were

performed for each case.

Cell quantification and morphometric studies

Enumeration of eosinophils and mast cells was padd in the enteric plexuses

(submucosal and myenteric plexuses) and muscleslayg counting 20 randomly-selected fields

(total area of 1066pfhon a single slide per patient.
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Morphometric studies of macrophages were perforrogdimage analysis (Kontron
KS300 v. 2.0), by measuring CD68-IR areas on 2@loany-selected fields (total area of
1066un) in each colon segment (submucosal plexus, inmescmar, myenteric plexus and outer
muscular) on a single slide per patient.

Analysis of fibrosis was performed in 20 alternfsdds in each muscle layer (total area
of 1066 per muscle layer) on a single slide per patient.tRe quantitative analysis, images
were obtained using a graphical measuring grid {KonKS 300) connected to an automatic

image analysis system. All analysis was performsdgithe 40x objective lens.

Statistical analyses

Statistical analysis among the different groups performed. Data were expressed as the
mean + SD. Differences between groups were evaluayeone-way ANOVA, and the relation
between the inflammatory cells and fibrosis ocawree were evaluated by Simple Linear

Regression tests. Significance was defined<aDR5.

RESULTS

Analyses of eosinophils and mast cells

Eosinophils were observed in the colon sectionsdiziduals from all groups analysed,

dispersed through the neuronal plexuses regionshdgasic patients, they were also observed in

the muscle layers, associated with inflammatory & fibrosis (Figure 1A). When pairs of

groups were analysed together, it was observedttieahumbers of eosinophils in all analyzed
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layers were significantly greater in chagasic pasiewith megacolon than in the other two
groups. There was no significant difference between-infected individuals and chagasic
patients without megacolon (Table 1).

Mast cells were observed diffusely dispersed thinoaiggas of fibrosis, independently of
the group analysed. In chagasic patients with nagac they were also observed forming
isolated clusters or even surrounding inflammatimrgi (Figure 1B). Mast cell counting and
statistical analyses revealed significant increasauber of these cells in the colon of chagasic,

when it was compared to non-infected group or @ggratients without megacolon (Table 2).

Morphometric analyses of CD68-IR macrophage-occupdeareas

Morphometric analysis of anti-CD68 pre-treated oolslices revealed a significant
increase in the macrophage-occupied area in clagegients, compared with non-infected
group, as well as with patients without megacolBigire 1C). In the myenteric plexus, the
macrophage-occupied area in patients without mégaaswas increased when compared to non-
infected individuals, what suggests a correlatietbween the concentration of macrophage and

the progression of the disease (Table 3).

Morphometric analyses of fibrosis

Analyses of Gomori trichromic-stained sections eded that chagasic patients with
megacolon present increase endomysial and perihgmiaective tissue deposition and frequent
fibrosis foci. Collagen deposition was rarely obser in the muscle layers of the other two

groups analysed, being represented most by endalmgsi perimysial connective tissue.
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Morphometric analyses of stained sections revesiguificant enlargement of the area occupied
by fibrosis in patients with megacolon, when thegrevcompared with non-infected controls or

even with patients without megacolon (Table 4).

Analyses of correlation between inflammatory celland fibrosis

The statistical test Simple Linear Regression uwsesl to evaluate the correlation between
the number of inflammatory cells and the area lbfosis. Data analyses demonstrated that the
presence of all studied inflammatory cells havérectly correlation with the fibrosis occurrence

(Figure 2), what is easily observed in chagasieptt with megacolon group (P<0.05).

DISCUSSION

The data presented in this study revealed thatlévelopment of megacolon in chronic
Chagas disease is associated with increasing cwatiens of mast cells, eosinophils and
macrophages in the organ. We could speculate tmatiricreased concentrations of these
inflammatory cells in the organ of chagasic paseobuld be consequence of the megacolon
development. This pathological process is charaet@rby faecal accumulation in the intestine
lumen, which may compress the mucosa and causensahwith subsequent regressive cellular
injuries and inflammation. The inflammatory process reach the submucosa and, ultimately
the muscle layers and myenteric plexus (Tafetrial, 1971). The accumulation of some
inflammatory cells in patients with megacolon cob&lconsequence of this process, in which the
chronic inflammation induces cellular injury andcrasis. Studies carried out by Kobayashi

(Kobayashiet al, 2002) and Noga (Nogat al, 2003) demonstrated that these cells are capable
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of producing, storing and secreting neurotroph@ssential for survival of neurons (Hashimeto
al., 2005; Mendellet al, 1999; Miceraet al, 2003), and cytokines that participate in tissue
regeneration (Hirschbergt al, 1994; Kieferet al, 2001; Lakatos & Franklin, 2002; Slawinsé&a
al., 2000; Smythiegt al, 2005). In this context, we would speculate thatihcreased density of
eosinophils, mast cells and macrophages in chagasjacolon, could be view as an attempt of
the intestine homeostasis reestablishment. Thefisiant presence of those cells in the colon of
non-infected individuals, imply their role in theamtenance of intestinal physiology, as it has
been well described in the literature (Leatyal, 2001; Straumann & Simon, 2004).

It is well known by the literature that macrophagassinophils, as well as mast cells, in
the context of any inflammatory process, secretekiyes such as IL-1, TNE-and IL-6, which
have the capacity to activate immune-cytotoxic naadms (Daryanet al, 2003). Moreover,
eosinophils and macrophages, by themselves, hatgtogic potential by producing, when
activated, substances such as nitric oxide and radecals (Geboes, 1994). In view of the
observations above, the data presented in thisyshaint to the participation of these
inflammatory cells in the tissue lesions that assoaiated with the development of chronic
chagasic megacolon. Increased concentrations ofaaisls and macrophages have been already
described in oesophagus (da Silvedtaal, 2005a) and hearts (Milat al, 1991) of chagasic
patients, suggesting a common mechanism in thela@mwent of the different syndromes
associated with chronic Chagas disease.

Considerable research has been developed withsthergtion that interactions between
immune cells and fibroblasts are paramount in #wegis of fibrosis (Ottet al, 2003; Powell,
1994). Among these cells, eosinophils, mast celts macrophages have been received special
attention. They are associated with fibrosis inou#s chronic pathologies, such as Chron disease

(Xu et al, 2004), andn vitro studies have demonstrated that they interact fibtioblast in a
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manner that leads to fibroblast activation and sgbent extracellular fibrosis (Mussd al,
1999; Otteet al, 2003).

In chagasic megacolon, enlarged areas of fibragisracreased density of mast cells have
been already described (Pinhegtoal, 2003; Tafuriet al, 1971), but to our best knowledge, this
is the first report demonstrating a statisticallgngficant correlation between eosinophils, mast
cells and macrophage concentration and collageasitegn in both muscle layers. Future studies
on the definitions of mediators involved in thertetnent of such inflammatory cells to the site
of inflammation can help define therapeutic targetsrder to avoid or delay the development of

megacolon in Chagas disease.
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Quantification of eosinophils associated with the enteric plexuses and muscle layers from

chagasic patients with and without megacolon (number of cells / mm2)

Non-infected Chagasic patients  Chagasic patients

individuals without megacolon  with megacolon
Submucousal plexus 18+3 27+ 8 66 + 23
Myenteric plexus 942 17+6 A3 & 15
Inner muscle layer 8+2 15+4 abo7 43
Outer muscle layer Pk 1 10+2 P26+ 6

Table 1— Mean number and standard deviation of eosinophiise enteric plexuses and muscle
layers from chagasic patients’ colon. (a) Statilycsignificant differences between this group
and non-infected individuals; (b) Statistically migcant differences between this group and
chagasic patients without megacolon (P<0.05). Taalysed area of 1066fiftom each field

for all patients was analyzed.
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Quantification of mast cells in the enteric plexuses and muscle layers from chagasic

patients with and without megacolon (number of cells / mm®)

Non-infected Chagasic patients  Chagasic patients
individuals without megacolon  with megacolon
Submucousal plexus 56+ 13 8317 1195 + 24
Myenteric plexus 18+ 2 2+5 T v 13
Inner muscle layer 16+2 18+ 4 b5 16
Outer muscle layer 2342 17+5 ab3n 4 4

Table 2— Mean number and standard deviation of mast gelise enteric plexuses and muscle
layers from chagasic patients’ colon. (a) Statidhycdifference between this group and non-
infected individuals; (b) Statistically differenclkestween this group and chagasic patients without

megacolon (P<0.05). Total analysed area of 1066from each field for all patients was

analyzed.
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Quantification of macrophage CD68-IR area in colon of chagasic patients with and without
megacolon and non-infected individuals

Non- infected Chagasic patients ~ Chagasic patients with
individuals without megacolon megacolon
Submucous plexus 116 + 33 180 £ 52 1228 + 64
Myenteric plexus 53421 4127 + 34 174 £ 70
Inner muscle layer 25+9 24+ 9 118+ 55
Outer muscle layer 20+9 26+ 7 164 + 63

Table 3 - Mean number and standard deviation of macropléigé8-IR area in the colon of
chagasic patients. (a) Statistical differences betwthis group and non-infected individuals. (b)
Statistical differences between this group and abigg patients without megacolon group
(P<0.05). Total analysed area of 1066 from each field for all patients was analyzed. dtiea

tissue area (LM per total tissue area (nijm
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Quantification of proportional area occupied by fibrosis in colon of chagasic patients with and
without megacolon and non-infected controls

. Chagasic patients Chagasic patients with
Non- infected controls & p & P

without megacolon megacolon
Inner muscle layer 42 + 14 70+ 19 000 & 37
Outer muscle layer 35+ 11 63+ 24 Bb151 + 42

Table 4— Mean number and standard deviation of fibroteaanf muscle layers from chagasic
patients’ colon. (a) Statistically differences beém this group and non-infected individuals. (b)
Statistically differences between this group andgesic patients without megacolon (P<0.05).
Total analysed area of 1066fifinom each field for all patients was analyzed.e&ted tissue

area (urf) per total tissue area.
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Figure 1 — Characterization of eosinophils, mast cells amdnsphages in the colon of chagasic
patients with and without megacolon and non-inféctedividuals. (A) Hematoxylin-eosin

section: eosinophils can be easily observed (ariowthe colon associated with fibrosis and
inflammatory mononuclear cells. (B) Toluidine blsection: chagasic patients with megacolon
shown clusters of mast cells associated with fisrfexci (arrow). Others inflammatory cells were
not seen near of mast cells clusters. (C) Immunatiiemistry to macrophages CD68-IR:
Macrophages can be easily seen in the muscle layersear of inflammatory foci in the colon

of chagasic patients with megacolon.
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Figure 2: Relation among the number of eosinophils (A), ntasts (B) macrophages area (C)
and fibrosis occurrence in the colon of chagasitepts with megacolon. Data analyses

demonstrated that the presence of all studiednmflatory cells have a directly relation with the

fibrosis occurrence in these chagasic patients.(®30
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ABSTRACT

Purpose Neuronal destruction had been considered thenhall of pathogenic mechanisms in

chagasic megacolon. The characterization of neptajes in the enteric nervous system from
chagasic patients with megacolon could elucidateesaspects about the development of this
syndrome. In the present work we demonstrate tle@gds of expression in neuropeptides and
neurochemical markers presents in the neuronaliptsxfrom the colon of chagasic patients with

megacolon.

Methods: Sections of frozen tissue samples were immunatigmically labelled for anti-
calretinin, cChaT, substance P, VIP, NOS and Nimuinoreactivity was observed by the use

of confocal microscope.

Results: Our results demonstrated that in chagasic pateittsmegacolon, the inhibitory motor
neurons (VIP and NOS immunoreactive) are prefemintidestroyed by th&. cruzi and/or

inflammatory process.

Conclusions: These results suggest a selective destructiomigirie neurons in the colon of
chagasic patients with megacolon, pointing to apartant discovery in the mechanism of the

Chagas disease pathogenesis.

Keywords: Chagas’disease, chagasic megacolon, enteric umengystem, neurochemical

markers, neuropeptides
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INTRODUCTION

Chagas' disease is a consequence of infectionthattparasiteTrypanosoma cruzi (T.
cruzi). Its acute phase is relatively mild, but 10-50P4hmse affected develop chronic disease.
The infection is endemic to parts of south and reétmerica, and more than 100 million people
of these regions are at risk of infection. Numeragrants from these regions also suffer from
the disease (1).

The acute phase of the disease can last from weaekonths and typically is
asymptomatic or associated with fever and othed mdn-specific manifestations. The death
rate for persons in this phase is about 10%. Chr&@hagas' disease is characterized by
cardiopathy, megaesophagus and / or megacolon (2,3)

In the chronic phase, lesions in the central angpperal autonomic nervous systems,
including the enteric nervous system, lead to widbVerse disorders of the hollow muscular
organs, including the heart, esophagus and colprA{though there is little controversy that
cruzi is the causative agent, there is also little kn@lout why patients have selective organ
involvement. Understanding the mechanisms for seigctive clinical presentation of Chagas'
disease may lead to a better understanding, ngtadrthis disorder but of other functional bowel
diseases. In the chronic phase of the diseasmdisetypical pathologic feature is a reduction in
the number of nerve cells in both the submucosalnayenteric plexuses (5).

Little is known about the types of neurons that @ffected by this neuropathic process.
Moreover, no study has previously compared thdivel@ffects of Chagas' disease in dilated and
non-dilated portions of the colon. Demonstratingmiomoreactivity in cell bodies, we
investigated the neurochemical coding in the huBE® from Chagasic patients utilizing some

markers of specific neurons, calretinin, neuromlptlY (NPY), choline acetyl transferase
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(cChAT), substance P (SP), vasoactive intestinptigee (VIP) and nitric oxide synthase (NOS).
These would then allow more detailed assessmenharfiges in the neurochemistry of enteric

neurons in the chagasic megacolon development.

METHODS

Patients and tissue collection

Colon tissue samples were collected from twelvéeptd. These patients were classified
in two groups: non-infected individuals (n=4) anklagasic patients with megacolon (n=8).
Certain samples from patients with megacolon haddiated portion and dilated portion. Both
portions were randomly found in the colon and theye very similar between patients. For that
reason, we analyzed both portions from these sanmassifying chagasic patients with
megacolon in two groups: non-dilated portion (N dilated portion (DP) from chagasic
patients with megacolon. Both portions were rangocuirrent in the colon. Patient’s details are
shown in Table 1.

Reasons for tissue resection were colon complicatoaused by Chagas’ disease or colon
carcinoma in non-infected individuals. All tissuesre collected with patient’ consent and the
collection and use were approved by the Human Et@ommittee of the Universidade Federal
de Minas Gerais.

Colon samples were collected in phosphate-buffeyglthe (PBS). These were fixed
overnight at 4°C in 2% formaldehyde plus 0.2% giacid in 0.1 M sodium phosphate buffer
(pH 7.0). The next day, tissue was cleared of ifireatvith dimethylsulfoxide (DMSO) with up to
6x10 min washes followed by 3x10 min washes in PB® tissues were then placed in PBS-

sucrose-azide (PBS containing 0.1% sodium azide38d sucrose as a cryoprotectant) and
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stored at 4°C. The following day, small segmentssiue were transferred to a mixture of PBS-
sucrose-azide and OCT compound (Tissue Tek, ElkiytUSA) in a ratio of 1:1 for a further
24 h before being embedded in 100% OCT. Sectiori® @im thickness were cut and collected

on microscope slides and left to dry for 1 h atnndemperature.

Immunohistochemical investigation

Double-staining immunohistochemistry was conductetibining the HuC/HuD antibody
with other antibodies listed in Table 2. Sectiorexavfirst incubated in 10% normal horse serum
(NHS) plus 1% triton X-100 for 30 min. Incubationtlvprimary antibodies was carried out for
24 h at 4°C with diluted antiserum containing 10493\ Double-labelling was achieved using a
combination of HuC/HuD and neuronal active peptidas neuronal markers antibodies.
Following incubation in primary antiserum, prepamas were rinsed in PBS (3x10 min) and then
incubated for 1 h at room temperature with secon@datibodies (Table 3). Further 3x10 min
washes in PBS were made before tissue was moumt@dKO fluorescence mounting medium

(DAKO, California, USA).

Quantification procedures

Anti-HUuC/HuD was used as a general neuronal makeletermine the total number of
cell bodies in the nervous plexuses of the humanoncoln each tissue sample, double-stained
sections for HUC/HuD and a specific neuronal mavkerre performed. Sections through ganglia
that contained at least three nerve cells in tlaelof section were selected randomly, in a

meander-like fashion, until a total of 80 neuronaswanalysed in each ganglionated plexus
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(submucosal and myenteric plexuseBie only criterion for selecting a profile of a gdion was
that it contained at least three stained neurossdJconfocal laser scanning microscopy (Bio-
Rad MRC 1000 attached to a Nikon diaphot 300, gupdpwith a krypton-argon laser, American
Laser Corporation, Salt Lake City, UT), single optisection images on the same focus plane
were created in the ganglia by applying two différexcitation wave lengths. The filter settings
were 594 nm excitation and 647 nm. A 40 timesraihiersion objective lens (numerical aperture
1.3) was used, the zoom factor was set to 1.0liscalnning sessions. Pictures were prepared
using Confocal Assistant 4.02, and CorelDraw 13. daunting of reactive neurons, HUC/HuD
and specific neuronal marker pictures were operedientially. Stained neurons were outlined
with two differently marker pens. Thereafter, alunons on the sheet marked with one or two

colours were counted.

Statistics

Statistical analysis among the different groups waslysed by one-way ANOVA.

Differences were considered statistically significat P<0.05.

RESULTS

Populations of immunoreactive nerve cells in nervaaiplexuses of the colon

With the HUC/HuD antibody, the architectures of tieuronal plexuses were clearly

visible in the sections. HUC/HUD immunoreactive )(Iéell bodies per ganglion profile were

almost identical between non-infected individuatgl ahe NDP from chagasic patients with
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megacolon, while in DP from chagasic patients wnttgacolon there were fewer neuronal bodies
per section through each ganglion. Details of #leaounts obtained with each of the antisera are
shown in Table 4.

Double labelled data were based on calculationgnohunoreactive cell bodies. The
proportions of the neurochemically identified nenabsubpopulations were expressed relative to
the number of HUC/HuD-IR cell bodies in the subnaat@nd myenteric plexuses.

The analyses of neurons from submucosal plexuseotdlon showed that the majority of
neurons in non-infected individuals and NDP fronagdsic patients with megacolon were VIP-
IR (47% and 43%), while DP from chagasic patienith vinegacolon showed cChAT-IR as the
majority (26%). The numbers of calretinin, cChAThdaNPY-IR neurons was not changed in
chagasic patients in relation with the non-infedtedividuals. A relatively small population of
neurons in the submucosal plexus was SP-IR in nfatied group and NDP from chagasic
patients with megacolon (8% and 9%). However, Rihfchagasic with megacolon presented an
increased number of SP-IR neurons (22%). By theroside, NOS and VIP-IR neurons were
very rarely encountered in DP from chagasic witlgao®lon, showing a considerable decrease
of these neurons in comparation with the other ggqi able 5).

The analyses of neurons from myenteric plexus efclon showed that the majority of
neurons in all groups were cChAT-IR. The numbersaifetinin (Figure 1, A and A’), NPY
(Figure 1, B and B’) and cChAT-IR neurons (FigureCland C’) was not changed in chagasic
patients in relation with the non-infected indivadst As in the submucosal plexus, non-infected
group and NDP from chagasic patients with megacstmwed a relatively few SP-IR neurons in
the myenteric plexus (5% and 7%) (Figure 1, D). degr, DP from chagasic with megacolon
presented an increased number of SP-IR neurons)(@gure 1, D’). On the other hand, NOS

(Figure 1, E) and VIP-IR (Figure 1, F) neurons weegey rarely encountered in DP from chagasic
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with megacolon (Figure 1, F and F’), showing a adex@ble decrease of these neurons in
comparation with the other groups (Table 6). Féraatigens used in this study there was no

correlation between the age of patients and thebeuwf immunoreactive cell bodies.

DISCUSSION

American trypanosomiasis still affects millions péople in Latin America and causes
50.000 deaths annually (6). The megacolon is oneftlinical manifestations of this chronic
disease. The rectum-sigmoid transition of the calitetes more than any part of the large bowel
and is usually affected by complications such asdhimpaction and sigmoid volvulus (4). The
exact mechanism of the neural damage is not cleartgerstood. Furthermore, the
pathophysiologic mechanism by which the neuronatrdetion causes visceral dilation has been
the subject of much discussion. Neuronal lesiony mgair motility involved with colonic
transit, colonic outlet mechanisms, or tone (5).

Chagas' disease is often described as a disordesuthét obstruction similar to
Hirschsprung's disease. Although both diseasesecdistal colonic dilation and myenteric
neuropathy, the lesion in Hirschsprung's diseadedalized to the distal rectum, whereas the
neuropathy in Chagas' disease is more diffuseT(¥.more widespread distribution suggests that
the neuropathic process may also affect afferehways. Denervated smooth muscle is
abnormally responsive to stimuli (8) leading toreased contractility; a small stimulus will then
provoke strong irregular and often complex contoast In the colon, the first effect of
denervation is loss of muscular coordination, with degree of functional disturbance varying
according to its extent. The loss of coordinatedspasis and sphincter function delays passage

of intestinal contents (8,9).
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The complexity of the enteric nervous system iteotéd by a diversity of phenotypes of
the enteric neurons in both plexuses. Colocalisattodies using different neuronal markers are
crucial to determine subpopulations of neuronsi2-Distinct neuronal markers of subclasses
of neurons in chagasic patients with megacolon matdoeen reported previously. In this study,
a double-labelling immuno-fluorescent techniquengsantibodies was employed to determine
the population of neuronal bodies in the enteraxptes of the colon from chagasic patients with
megacolon. Calretinin have been used to identi&N® (Intrinsic primary afferent neurons),
cChAT and SP to identify as excitatory motor nestddPY to identify inter-neurons and, NOS
and VIP to identify inhibitory motor neurons in theaman colon (10, 12-14).

The total proportion of calretinin, cChAT and NPR-Ineurons was not modified in
chagasic patients compared with non-infected indiais. These data suggest that there is no
alteration of IPANs, of cChAT-IR excitatory motoreurons and inter-neurons NPY-IR in
chagasic patients with megacolon. However, theeame in SP-IR neurons was observed in both
enteric plexuses of the colon in chagasic patiantis megacolon. Elevated levels of SP have
been reported in the rectum and colon of UC patjeartd correlate with disease activity (15,16).
Autoradiographic studies demonstrated a 1.000-fgddegulation of SP binding sites in the
lymphoid follicles and submucosal vasculature dfguas with IBD (17).

What might be the clinical relevance of the SPeaase in chagasic megacolon? Firstly, it
was reported that SP may play an important roldénpathophysiology of the ulcerative colitis
(UC) and Crohn’s disease (CD) (18). In an animatetoinflammation induced an increase in
SP synthesis in myenteric neurons (19). It is fmsgthat these increased SP level could result in
a net increase in SP that might contribute to uttoled inflammation, as is observed in

chagasic patients with megacolon (5).
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Our data showed clearly that NOS and VIP-IR neuiansoth neuronal plexuses of the
colon is decreased in DP from chagasic patientd wiegacolon when compared with non-
infected individuals. Thus, there was a surpriseuallihe selectivity of the neuropathy. This
represents, to our knowledge, the first report @S\and VIP alterations in chagasic megacolon.
The depletion of NOS and VIP containing neurons mra@yvent smooth muscle relaxation in the
damaged colon of these patients. This injury méafgcaftransit, colonic tone, or muscular
relaxation responsible for decreased outlet registaSimilarly, NOS and VIP alterations play
also a role in Hirschsprung's disease, a congeatisgnce of Meissner's and Auerbach'’s plexuses
of the colon (20,21). This disease results in tability of the involved colon and internal anal
sphincter to relax, inducing a mechanical obstamctand an increase in the amount of
acetylcholinesterase containing nerve disease sctuerefore, the presence or absence of nitric
oxide synthase-containing neurons is crucial inftikire of internal anal sphincter relaxation
that characterizes Hirschsprung's disease (22-24).

In the colon, NO and VIP nerves are responsibléaiferassociated relaxation seen during
peristalsis and internal anal sphincter relaxationolvement of NO in nerve-mediated relaxation
of the human internal anal sphincter is suggestethb behaviour of sphincter tissue vitro
(25). Isolated strips of human internal anal sphincteoatm muscle relax in response to
inhibitory nerve stimulation, and this effect ismicked by application of NO from an exogenous
source. In addition, neurogenic relaxation canlimdished by inhibitors of nitric oxide synthase,
the enzyme that catalyses the formation of NO, el & by agents that scavenge NOS from
extracellular media (25,26). Recent data from mahamanodels have suggested that the small
intestine and colon may be subject to tonic neutabition mediated by NO (27,28). In normal
colon, local distension within the lumen of thearobr distal rectum induces a neural reflex that

produces smooth muscle contraction proximal arekegion distal to this site of distension (29).
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Morphologic evidence indicates that in the humaemronyenteric plexus NOS is present
within a discrete but substantial subpopulatioreoferic neurons (30). The neurons have the
correct projections and neurochemistry to be thHabitory motor neurons that mediate the
descending inhibitory reflex in intestinal perisial The morphologic data suggest that, NO-
containing neurons and their processes have theopygte morphologic characteristics and
distribution to serve as inhibitory motor nerveatthonvey information between the rectum and
the internal anal sphincter (31). It is noteworitipat NO is the principal mediator of the
inhibitory reflex, and Chagas' disease may be apemmed by achalasia of the internal anal
sphincter. Attempts to correct this imbalance magtigbute to ameliorating the symptoms of
these patients.

Internal anal sphincter relaxation has already ls@wn to be possible with the use of
topical glyceryl trinitrate ointment, a nitric ox@ddonor, and this treatment has been applied to
anal fissures with relatively good results, prodgcdecreased anal pressure and healing the
fissures (32-34). In the future, manipulation of N@rough genetic engineering, viral
transfection, or NO-releasing medication may preakd to treat chagasic megacolon and others

digestive diseases when the relaxation of the cslaompromised.
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Patients Gender Age Dilated portion length ~ Non-dilated portion length Total length
cs? e 47 . - 10 cm
c11® M 59 - . 12 cm
c22° M 69 - - 7 cm
Cc29° F 54 - - 11 cm
a3k M 55 9 cm - 9 cm
Cc2°¢ M 62 7 cm 4 cm 11 cm
03P M 55 11 cm - 11 cm
Cc4° M 65 3cm 3cm 6 cm
C5° F 60 14 cm - 14 cm
CceP M 53 12 cm - 12 cm
cr® F 54 11cm - 11 cm
c12° F 58 5cm 2cm 7 cm

Table 1: Patients and tissue morphological characteris{jay.non-infected individuals; (b)

chagasic patients with megacolon that presenteyl ditdted portion; (c) chagasic patients with

megacolon that presented dilated and non-dilateiibps.
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Primary antibodies list

Antibody Source Company Dilution
Anti-HuC/HuD Mouse Dako, USA 1:2000
Anti-Calretinin Goat Zymed Lab., USA 1:1000

Anti-cChaT Rabbit Dako, USA 1:200
Anti-SP Rabbit Peninsula Lab., UK 1:1000

Anti-NPY Rabbit Dako, USA 1:2000

Anti-NOS Rabbit Zymed Lab., USA 1:400

Anti-VIP Rabbit Peninsula Lab., UK 1:400

Table 2 Primary antibodies list
Secondary antibodies list
Antibody Company Dilution
Alexa Donkey a Mouse 594 Mobitec, Germany 1:400
Alexa Donkey a Sheep 647 Mobitec, Germany 1:1000
Alexa Donkey a Rabbit 647 Mobitec, Germany 1:800

Table 3: Secondary antibodies list
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Mean of immunoreactive neuronal cells bodies per ganglion in the colon from chagasic patients and non-
infected individuals

Non-infected individuals NDP from chagasic patients DP from chagasic patients

with megacolon with megacolon
Submucosal plexus 112 8+2 4% + 1
Myenteric plexus 18+4 14 £3 6% + 2

Table 4 Mean of immunoreactive neuronal cells bodiesgaarglion in the colon from chagasic

patients and non-infected individuals. The valuesexpressed as mean number of cell number £
S.D. (a) Statistically significant differences oba between this group and the non-infected
individuals group. (b) Statistically significantfidirences observed between this group and the

NDP from chagasic patients with megacolon. At ld@sganglion were analysed for all patients

(P<0.05).
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Relative proportion of immunoreactive cell bodies in submucosal plexuses from chagasic patients with
megacolon and non-infected individuals

Norvirifacted Tndividusls NDP from chagasic patients DP from chagasic patients

with megacolon with megacolon
HuC/HuD 100 100 100

Calretinin 28+ 6 26 £4 21+4
cChaT 326 27+6 2616
Substance P 82 9+2 22°° + 6
NPY 307 29+7 19+5
NOS 10+3 9+3 190 4 1
VIP 47 + 8 43+8 122+ 4

Table 5 Relative proportion of immunoreactive cell bodiesubmucosal plexus from chagasic
patients with megacolon and non-infected individugh) Statistically significant differences
observed between this group and non-infected iddais; (b) Statistically significant differences
observed between this group and non-dilated por{fldBDP) from chagasic patients with
megacolon. The neuronal count was realized by tladyses of at least 80 neuronal bodies per

patient in the submucosal plexus (P<0.05).
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Relative proportion of immunoreactive cell bodies in myenteric plexuses from chagasic patients with
megacolon and non-infected individuals

Non-infected individuals NDP from chagasic patients DP from chagasic patients

with megacolon with megacolon
HuC/HuD 100 100 100
Calretinin 40+7 34+7 30+4
cChaT 57+8 45+ 7 42 +8
Substance P 542 7+2 20 + 5
NPY 10+3 9+2 7+2
NOS 20+6 16+ 4 4% 12
VIP 25+ 6 22+6 5 4 1

Table 6. Relative proportion of immunoreactive cell bodiasmyenteric plexus from chagasic
patients with and without megacolon and non-infédtedividuals. (a) Statistically significant
differences observed between this group and natied individuals; (b) Statistically significant
differences observed between this group and natedilportion (NDP) from chagasic patients
with megacolon. The neuronal count was realizethbyanalyses of at least 80 neuronal bodies

per patient in the submucosal plexus (P<0.05).
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Figure 1: Immunohistochemical demonstration of neurochemamaing in human myenteric
ganglia from non-infected individual and chagasiatignts with megacolon. Double
immunohistochemistry for HUC/HuD (red) and neuraouoleal marker (green). There are no
difference between the number of calretinin-IR dmdies in non-infected individual (A) and
chagasic patient with megacolon (A’). The samehiseoved in the number of NPY (B and B’)
and cChAT-IR cell bodies (C and C’). Immunohistatiry for SP revels that chagasic patients
with megacolon presented more numerous SP-IR aalies (D’) in relation with the non-
infected individuals (D). By the other side, onlgry few cell bodies in chagasic patients with

megacolon were VIP and NOS-IR (E’ and F’) in raatwith non-infected individuals (E and F).



