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Resumo

As espécie8iomphalaria glabrataB. tenagophilee B. stramineasdo Planorbideos de
agua doce com importancia médica relevante no IBpaés sdo os hospedeiros intermediarios
naturais deSchistosoma mansomiomphalaria tenagophilariunda da reseva ecoldgica do
Taim (RS), é uma linhagem completamente resisgeiriéeccao pelo parasito, sendo capaz de
destruii-lo poucas horas apds a penetracdo do idimaco interior do molusco, embora o
mecanismo de lesdo ndo sejam conhecido. Apesatraloslhos mostrarem que, entre 0s
elementos do sistema interno de defesa dos molussdsemacitos sdo os principais efetores
no processo de eliminagcdo do parasito, trabalhegpnares demonstraram que a inoculagéo
da fracdo acelular da hemolinfa Be tenagophilaTaim resistente resulta no aumento da
resisténcia d@. tenagophilaCabo Frio suscetivel a infeccdo p&8omansoniindicado que
fatores sollveis da hemolinfa também participamnueranismo de protecdo da resposta
protetora desenvolvida pelo molusco. Neste trabfdhpossivel confirmar a participacdo da
fracdo acelular da hemolinfa d& tenagophilaTaim na destruicdo de esporocistos Sie
mansoniem sistema de cultivo do parasitovitro. Neste sistema, a adicdo de hemolinfa
acelular, especialmente a de Taim, as culturassgerecisto deS. mansoniresulta em
aumento da mortalidade dos esporocistos quando aradip as culturas de esporocistos
contendo apenas meio CBSS suplementado ou meiaonelina acelular deB. glabrata
Alem da acéo direta sobre esporocistos, a acondmnda fracdo acelular de Taim com os
hemaocitos deB.tenagophilade Cabo Frio aumenta significativamente a mowradkd dos
esporocistos e o efeito € espécie-especifico. Asssndados aqui apresentados indicam que a
hemolinfa acelular de caramujos da linhagem Taioa aliretamente na destruicdo dos

esporocistos provocando lesdo de tegumento do ijpargise permitiu a penetracédo do

Xl



marcador fluorescenteHoechst 33258,e indiretamente auxiliando os granuldcitos no
reconhecimento do parasito.

O mecanismo pelo qual a fragdo acelular da henaolilgfB .tenagophilaTaim destroe o
parasito, sem a aprticipacdo dos hemacitos, n@odesinido na literatura. Ha4 evidéncias da
presenca de atividade de proteases na hemolinBiaephalaria embora nenhum estudo
tenha sido conduzido para evidenciar a participagfaividade protease na interacao datre
tenagophilainfectado cons. mansoniNeste trabalho também foi avaliado a participad@o
proteases presentes na hemolinfaBdenagophilaTaim e sua associagdo nprocesso de
destruicdo dos esporocistos d8. mansoniNososo dados mostram atividade protedlitca,
especialmente serino- e cisteino-protease na hefadlie todas as linhagens de caramujos
testadas neste trabalho experiemental, porém dadad® encontrada na hemolinfa de
B.tenagophilaTaim é mais intensa. Além disto a inibicdo daidtile de serino-protease na
hemolinfa deB.tenagophilaTaim resultou em diminuigdo significativa da madatle dos
esporocistos de S. mansoniquando comparado com tratamento no qual a atigidad
proteolitica da fracdo aceluld. tenagophilaTaim n&o foi inibida. O fracionamento da
hemolinfa acelular deB. tenagophilaTaim em coluna de exclusdo molecular permitiu
identificar que a atividade anti-esporocisto estbeiada a componentes protéicos da fracdo 7
e é coincidente com a atividade de serino-protgassente nesta amostra. Separacfes
subsequentes da fracdo 7 em coluna de troca iGiérapnstram atividade anti-esporocisto
presente na subfracdo 7.1 e 7.2, sendo que naag@bfi7.1 a atividade anti-esporocisto
independente de serino-protease, e na subfracda Mdrtalidade e lesdo tegumentar de
esporocistos d8. mansoncoincide com a atividade proteolitica. Os resual$asligerem que a
atividade anti-esporocisfaresente na hemolinfa detenagophilalTaim esta associadam a

capacidade de lesar diretamente esporocisto$.demansonina auséncia de hemdcitos.
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Abstract

Biomphalaria glabrataB. tenagophilaandB. stramineaare fresh water Planorbids of great
medical relevance as intermediary hostsSofmansonia Trematode parasite that causes
human Schistosomiasis in BraziBBiomphalaria tenagophilaof Taim strain is able to
completely destrog. mansoniew hours after parasite penetration, althougmtbehanism is
still not well known. Even though hemocytes haverbedentified as the main effectors
element durinds. mansoncontrol inside the snail, we demonstrated thasigasransference
of cell-free hemolymph fromB. tenagophilaTaim resulted in higher resistance Bf
tenagophila Cabo Frio toS. mansoniinfection, indicating that soluble elements of the
hemolymph participate in the protective mechanism.this experimental work we had
demonstrated that the protective effect of Taintftee hemolymph was also observed during
thein vitro culture ofS. mansongsporocysts. In this system, additionBaftenagophilecell-
free hemolymph, especially from Taim strain, waspomsible for significant increase in
sporocysts mortality compared #®. glabrata cell-free hemolymph or culture medium.
Moreover, the combination of Taim cell-free hemopjmand Cabo Frio hemocytes increased
significantly the mortality of sporocysts and the$fect is species specific. The results
indicated that Taim cell-free hemolymph would agecdly on destruction o5. mansoni
sporocysts, producing damage to sporocysts tegutnahallowed the penetration Ebechst
33258fluorescent marker, and indirectly increasing theapite recognition by the circulating
granulocytes. The mechanism by which cell-free dlgmph fromB. tenagophilaof Taim
strain would directly, without the hemocyte papmiion, mediate the destruction &f

mansoni sporocysts is undefined by the literature. There experimental evidences of
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protease activity in hemolymph obtained Ribmphalariaspecies, although no studies had
been conducted witB. tenagophilanfected withS. mansoniTherefore, in this experimental
work we evaluated the protease activity in hemolgropB. tenagophilaof Taim strain and
their association witls. mansongporocysts destruction. Our data showed proteditivity,
especially serine- and cisteine-protease activitycell-free hemolymph of all snail strains
tested in this experimental work; however, thevdgtiwas more intense iB. tenagophila
Taim hemolymph. Moreover, inhibition of serine {@ase activity in hemolymph d3.
tenagophilaof Taim strain significantly reduced tl8& mansonsporocyst mortality induced
by the presence of cell-free hemolymph from thigilsstrain. Fractionation d8. tenagophila
Taim acellular hemolymph through a supex 75 colussulted in the identification of one
fraction (fraction 7) that concentrated the antiseyst activity and the effect on parasite was
dependent on serine-protease activity. After retioaation of this hemolymph sample (the
fraction 7) on Mono Q column we had detected gptirocyst activities in two samples, but
in one sub-fraction the biological activity was rmadent with the proteolitic activity and in
the other sub-fraction the anti-sporocyst activagcurred in a serine-protease independent
manner. The results suggested that the direct gamaS. mansonsporocysts mediated by
the acellular hemolymph d@. tenagophilaof Taim strain would represent two mechanisms,
one of them is independent of serine protease igceand the other is coincident with the

proteolitic activity
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1- Introducéo Geral

Trematddeos Digenéicos do gén&chistosomastdo entre os mais abundantes
agentes de infeccdes em humanos (COELHO, 1995)trddais espécies que parasitam
vertebrados Schistosoma haematobiu(Bilharz, 1852),Schistosoma manso@ambon,
1907, Schistosoma japonicutdatsurada, 1904Schistosoma intercalatufdisher, 1934 e
Schistosoma mekongdioge, Brikener & Bruce 1978 causam infec¢bes deomapcia
médica para o homem. Estima-se que as espécieSchistosomague completam o
desenvolvimento no homem séo responsaveis pelecadede 200 milhdes de pessoas em
varios paises em desenvolvimento, e que 500 a @886an de pessoas vivam em areas de
risco onde ocorre a transmisséo desta doenca evadadnegligenciada (WHO, 2002).

A espécieSchistosoma manso8ambon, 1907 € o agente da esquistossomose
mansoni ou moléstia de Pirajd da Silva, Unica ddsc¢des causadas pelo género
Schistosomgue é endémica no Brasil. Estudo de KATZ & PEIXOPO00) estimam que
aproximadamente oito milhdes de pessoas estejautanfos peld. mansonno Brasil,
gue corresponde a 4.6% da populacdo brasileiradldSgue no Estado de Minas Gerais
existem cerca de 1.349.145 (7%) de pessoas ingextad

Na esquistossomose mansoni existe um tratamentazefijue apresenta uma
reducdo na incidéncia de casos graves, mas naosigo efetivo para diminuir a
transmissdo da doenca (BARBO®Aal., 2008). Nao existe relato da extincdo de nenhum
foco de transmissdo em populacdes que fizerantartesto quimioterapico. O controle do
parasito é dificil, devido ao habitat e a0 modaef@oducdo dos moluscos transmissores.
Desta maneira, 0 conhecimento da interacdo doifzacasn os hospedeiros intermediarios

podera fornecer subsidios para o desenvolvimentnodas estratégias de controle que,
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juntamente com as medidas atualmente adotadastgpoetiltar em maior eficiéncia no

controle da transmisséo da esquistossomose mams@nasil.

1.1 - Desenvolvimento deéSchistosoma mansor@m seus hospedeiros

Schistosoma mansogium parasito que para 0 seu desenvolvimento sitree
um hospedeiro definitivo, 0 homem ou algumas esgédée mamiferos, e um hospedeiro
intermediario, que necessariamente € um molusggderoBiomphalaria.A evolucéo do
S. mansonno hospedeiro definitivo inicia-se pela penetragéiva das formas infectantes,
cercarias, através da pele ou da mucosa do hospedaginando os esquistossdémulos
(GORDON & GRIFFTHS, 1951; STANDEN, 1951). Os estpgssomulos sdo levados
preferencialmente através da circulacdo e atingempolmdes. Dos pulmdes, o0s
esquistossdmulos chegam assincronicamente aos wdaspéiepaticos preferencialmente
via circulacdo, passivamente atraveés da aorta@aistema porta hepatico ou ativamente
através da veia cava inferior, mas também temdgdorito que parte dos esquistossémulos
possam atingir 0s vasos intra-hepaticos por migracansdiafragmatica (FAUST &
HOFFMANN, 1934; COELHO, 1970; PEREIRét al, 1972; LENZlet al, 2008). Nos
vasos intra-hepaticos os esquistossomulos compleamdesenvolvimento atingindo a
maturidade sexual, sendo que o amadurecimento Isgxdé@mea depende do contato com
o0 macho. Apés o amadurecimento migram para as veesentéricas inferiores e em
camundongos infectados os vermes acasalados com&csen recuperados das veias
mesenteéricas a partir de 27 dias de infeccdo @mia postura de ovos aproximadamente
30-35 dias apos infeccdo. As fémeasSdenansonproduzem cerca de 400 ovos por dia,

sendo que cerca de 40% destes ovos caem na Istiriatee saem nas fezes. Outra parte
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fica retida no figado e parede do intestino do bdspo, estimulando reagdes inflamatorias
teciduais denominadas de granulomas (BOROS & WARRIBNO0). A reacao inflamatoria
mais comum de ser observada consiste de granulperas/ulares isolados, em varias
fases de evolucdo para a cicatrizacdo. Além deeepar isolados os granulomas
periovulares que caracterizam a forma leve da sgxpgiomose se formam nas ramificacoes
terminais mais finas da veia porta, sendo que aolegpparece em pleno parénquima
hepatico (ANDRADE & PRATA., 1963). Sob a influéncide fatores genéticos e
imunologicos (CHEEVERet al,1987; DUNNE and PEARCE,1999), intensidade da
infeccdo e exposicdo a re-infeccdo (SANT@S al.,, 2000; ANDRADE, 2008), a
esquistossomose po@®oluir para forma grave, caracterizada pela degposde ovos na
regido periportal, provocando expansédo fibrosaermiatizada dos espacos porta
acompanhada de lesdes destrutivas e obstrutivasstéoma da veia porta intra-hepético
(ANDRADE, 2008). Desta forma, a fibrose periportpbde provocar alteracdes
hemodinamicas que afetam a fisiologia do sisteroar&cterizam a forma hepatoesplénica
da esquistossomose (ANDRADE & PRATA., 1963).

Os ovos maduros d8. mansonipresente nas fezes das pessoas infectadas e
eliminadas no ambiente, contém miracidios que, @mato com a agua, eclodem e nadam
ativamente a procura do hospedeiro intermediari@ @do moluscos do género
Biomphalaria (COELHO, 1995; COELHGCet al, 2008). O contato do miracidio com o
tegumento do molusco ocorre inicialmente atravésedebratorium 6rgao localizado na
extremidade anterior da larva, que ao contato canolusco assume a forma de ventosa.
Simultaneamente, o conteddo das glandulas de adéséalizadas lateralmente ao
terebratorium € excretado. A acdo combinada demaszidigestivas das glandulas de

penetracdo e de movimentos contrateis e rotatoriessos permite a penetracédo da larva
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do parasito pelo epitélio e 0 seu estabelecimewtaecido subcutdneo do molusco,
desenvolvendo-se em esporocisto primario (COELH@85). Em condicdes ideais de
temperatura, entre 25 e 28 °C, as células germasatio esporocisto primario originam 0s
esporocistos secundarios, a partir do 14° dia apg@snetracdo do miracidio, os quais
migram da regiao cefalopodal para as glandulasstvge do molusco para completar seu
desenvolvimento. Nas glandulas digestivas, os es@bos secundarios sofrem profundas
modificacbes anatdbmicas e suas células germinatp@dem originar as cercarias
(COELHO, 1995). Segundo JOURDANE& al (1980) alguns esporocistos secundarios
também podem originar outra geracdo de esporocigtas poderdo gerar cercarias ou
novos esporocistos. O desenvolvimentdSdenansonem Biomphalaria glabratadesde a
penetracdo do miracidio até a producdo de cergsaa emergéncia para 0 meio aquatico,
pode ocorrer dentro de um periodo de 27 a 30 drascondi¢des ideais de temperatura
(cerca de 28 °C). Um anico miracidio pode geracaele 300 mil cercarias (FAUST &
HOFFMANN, 1934), sendo que cada miracidio ja legéinilo o sexo das cercérias que

serdo produzidas.

1.2 - Suscetibilidade d@iomphlaria spp aoSchistosoma mansoni

Apesar da grande variedade e complexidade observamaesenvolvimento de
trematodeos digenéicos, a maioria utiliza molugasropodas como primeiro hospedeiro
invertebrado. Uma caracteristica que marca a igderanolusco-digenea é o elevado grau
de especificidade; tem sido frequentemente relag@éaum namero restrito de espécies, ou
mesmo linhagens geograficas,Biemphalariasdo suscetiveis a uma determinada cepa de

S. mansoni Segundo PARAENSE (1972), das dez espécies desoomdudo género
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Biomphalariadescritas no Brasil, apenas trés foram encontradasalmente infectadas
pelo S. mansoniBiomphalaria glabrataSay, 1918 B. tenagophilaOrbigny, 1835 eB.
straminea Dunker, 1848, sendo estas responsaveis pela fiss@me manutencdo do
parasito no paisBiomphalaria amazonic#@araense, 1966 B. peregrinaOrbiny, 1835,
apesar de nao terem sido encontradas naturalmeattaidas pel®. mansonipodem ser
infectadas experimentalmente, e por isso sdo cenaglds hospedeiras em potencialSde
mansoniCORREA& PARAENSE, 1971; PARAENSE, 1973).

A distribuicdo da esquistossomose pelo territériasieiro coincide com a
distribuicdo geogréfica das trés espécieBidenphalariasuscetiveis, entretanto, o nivel de
suscetibilidade de cada espécie do molusco tamhkse mfluenciar a prevaléncia da
infeccdo humana (BARBOSAt al, 2008). Em infeccbes experimentais, SOUZAal
(1997)relatam indices de infeccéo de 75,3 % [arglabratg 32,5 % pard. tenagophila
e 11,3 % par® stramineaexpostas a infeccdo pe® mansonda linhagem SJ. Devido a
sua ampla distribuicdo geografica e alta taxa deedibilidade a&. mansoni, B. glabrat
a principal espécie transmissora da esquistossomos8rasil, sendo esta espécie a
principal mantenedora da infeccdo no Estado de $MiBarais e Bahia (PARAENSE,
1986), onde se concentra o maior numero de pessfemdéadas no pais. A espédie
straminea apesar da baixa suscetibilidade a infeccdo omansoni apresenta alta
densidade populacional no Nordeste brasileiro, sendito importante do ponto vista
epidemioldgico, devido a sua ampla distribuicA@egstar associada a elevados indices de
infeccdo humana e formas graves da doeBgamphalaria tenagophilaé a segunda
espécie com importancia epidemiolégica na trangmista esquistossomose no Brasil.
Inicialmente, esta espécie foi encontrada em uraadgr area dos Estados de S&o Paulo,

Parana e Rio Grande do Sul (PARAENSE,1970). AtualeyeB. tenagophilague tem
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como localidade-tipo Provincia de Corrientes naefitipa, € encontrada no Brasil e esta
espécie também ocorre na Bolivia, Paraguai, Urugeaiu e Argentina (PARAENSE,
2001, 2005). Segundo BORDA & REA (1997, 2007) ssmbdade da esquistossomose se
expandir para a Argentina e Paraguai esta assoa@tiio de determinadas populacdes de
B. tenagophila provenientes destas duas localidades, apresensaresuscetiveis a
determinadas cepas d& mansoniNo Brasil € a segunda espécie em importancia na
transmissdo da esquistossomose e encontra-séulid&riem uma extensa faixa costeira do
Brasil, desde o Sul da Bahia até o Rio grande do(Shui). E a principal espécie
transmissora em extensas areas do estado de SaeRsta presente em cole¢des hidricas
de todas as bacias hidrograficas do estado (TELE®5). Em Minas GeraisB.
tenagophila apresenta-se amplamente distribuida no Vale daitidtppnha, Vale do
Mucuri, Vale do Rio Doce, Zona da Mata, e na regidatral do Estado, sendo estas
regides consideradas como endémicas para a esgoistose (SOUZAt al, 2001). AB.
tenagophilavem ampliando consideravelmente sua distribuigdlo perritério brasileiro
bem como aumentando a sua importancia na transmiskl esquistossomose
principalmente nas regifes sul e sudeste do pARAENSE& CORREA, 1987a).

A compatibilidade entr&. mansone seu hospedeiro intermediario é influenciada
por fatores comportamentais e fisiologicos do nmusUma vez encontrado um
hospedeiro compativel, o nivel de suscetibilidaglBidmphalariaao S. mansonpode ser
determinado por diferencas genéticas dos molusers,como pela constituicdo genética
de Schistosom@SOUZA et al, 2001). Analisando populacdes Bleglabratade diferentes
localidades do Brasil, PARAENSE & CORREA (1963)atatam que as diferentes

linhagens apresentavam suscetibilidade variavetdra uma Unica cepa & mansonde
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Belo Horizonte — Minas Gerais. Em se trataBddenagophilaPARAENSE & CORREA
(1978) demonstraram que esta mesma espécie cotigdhlocalidades do Brasil também
apresentava grande variacdo de susceptibilidad&rfda de 0 a 91,5 %) a infeccdo para
uma determinada linhagem 8e mansoniNEWTON (1952) mostrou que a suscetibilidade
dos molusco8. glabrataaoS. mansoné condicionada a fatores genéticos. Posteriormente
estes resultados foram confirmados por RICHARIDSI (1976a, b; 1977; RICHARDS &
SHADE 1987) que também demonstraram que o car@sisténcia, adquirido na
maturidade, é determinado por um Unico gene dortenaom heranca mendeliana. Mais
recentemente, a influéncia genética na determinagbgrau de suscetibilidade d&
tenagophilatambém foi experimentalmente demonstrada. Fofieado que a linhagem de
B.tenagophilaisolada da reserva ecoldgica do Taim — RS eratesgé a infeccdo p@.
mansonide todas as cepas testadas (SANTE &L, 1979; MARTINS-SOUZAet al.,
2003;COELHO et al, 2004). Cruzamentos realizados ereenagophilada linhagem do
Taim eB.tenagophilada linhagem BH, suscetivel a infecgcdo Sormansonidemonstrou
gue o carater da resisténcia era dominante (SAN&IQ, 1979). Posteriormente, ROSA
et al (2005) estudaram detalhadamente a transmissdo genéticaréier de resisténcia a
infeccdo porS. mansoniem cruzamentos realizados enBdenagophilado Taim e
B.tenagophilade Joinville (suscetivel ao parasito). Os autdeeaonstraram que 100% dos
individuos da geracdo; Horam resistentes a8.mansonie, entre os descendentes da
geracao F somente 8% dos moluscos produziram cercariase€ddtados confirmam que
a resisténcia d®.tenagophilado Taim a infec¢cdo poB. mansonié dominante, sendo
influenciada por um gene principal, mas possivetmenm outros genes secundarios.

Um dos elementos que influenciam a suscetibilidadae pode ser geneticamente

determinado € a atividade do sistema de defesen@nidos caramujos. Desta forma, a
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composicao celular da hemolinfa Beomphalariae a capacidade de ativar estas células
durante a infeccdo p&. mansonpodera definir a sobrevivéncia do parasito norioitelo

hospedeiro.

1.3- Sistema interno de defesa dos moluscos:

Os invertebrados precisam responder a todo tipagilessdo, especialmente as
produzidas por agentes infecciosos que co-habiemmambiente. Desta forma, o sistema
interno de defesa dos invertebrados € necessatiancapaz de reconhecer e destruir
agentes infecciosos, apesar de nédo apresentarnttentapazes de gerar a diversidade de
reconhecimento observada durante a resposta intiap¢agiva dos vertebrados (VAN DER
KNNAP & LOKER, 1990;LOKER et al 2004). Estudos recentes tém demonstrado muitas
similaridades entre a resposta de defesa inat&debvados e o sistema interno de defesa
dos invertebrados (HOFFMANMNt al,1999; HOFFMANN., 2003), sendo identificados,
em diferentes grupos de invertebrados varios coemges da resposta inata, tais como:
peptideos liticos, moléculas de reconhecimento ddrfes moleculares altamente
conservados em determinados grupos de patdogenosascéagocitarias e producédo de
metabdlicos de oxigénio e nitrogénio altamentecixi(LOKERet al, 2004). Apesar das
semelhancas identificadas no sistema de defesavdesas formas de invertebrados, é
importante ressaltar que estudos gendmicos témaddi mecanismos de defesa bastante
diversos em grupos de invertebrados filogeneticénessociados, mas com hébito
alimentar e habitat diversos (LOKERal, 2004).

O sistema de defesa interna dos moluscos € compostelementos celulares,

constituidos pelos hemocitos ou amebdcitos, egiords solUveis presentes na hemolinfa.
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Os hemocitos podem estar livres, circulando na hefap ou fixos nos tecidos. A
hemolinfa dos Planorbideos circula em um sistenma-aberto, impulsionada petmracao,

de onde parte a artéria aorta, que se ramifica gi@exsos tecidos, drenando os seios
venosos e retornando ao coracao pelas veias pulreoremnal, apds ser re-oxigenado na
parede pulmonar. O coragdo, envolto pela membranpedcardio, é dividido em duas
camaras, a auricula, que recebe hemolinfa da cevig@dmonar, e o ventriculo, que impele
a hemolinfa através da aorta. A aorta se dividedaas artérias: a artéria visceral, a qual
irriga a parte posterior do corpo do caramujo,umzio o sistema digestivo e os 6érgaos
genitais, e a artéria cefélica, que atinge a tediéo cefalopodal. As artérias se esvaziam
nos espacos pseudovasculares dos tecidos, acumuiantblinfa em trés seios venosos:
cefalopodal, visceral e sub-renal, retornando parmracdo apds ser re-oxigenado na a
parede pulmonar (BAKER, 1945; PARAENSE, 1970).

A maioria dos estudos indica que os hemdcitos sa@rocipais elementos
efetores envolvidos na destruicdo de microorgarssenparasitos que penetram em seus
tecidos, incluindo larvas de trematédeos (VAN DERAR & LOKER, 1990; NEGRAO-
CORREAet al, 2007; NEGRAO-CORRE/t al, 2008). O envolvimento dos hemadcitos
na destruicdo de larvas 8e mansonioi inicialmente evidenciado em estudos histolégic
de caramujos infectados. Neste sentido, SEETAl (1996) relataram que logo apos a
penetracdo de miracidios & mansoniem B. tenagophilafoi observada uma reacéo
celular em torno do parasito recém penetrado, 8 aph, os esporocistos ja apresentavam
sinais de degeneracdo. Os hemocitos apresentam ouigem multi-centrica, sendo
observado produgédo em varios tecidos hematopod®&@9ZA & ANDRADE ., 2006). A
importancia dos hemadcitos no mecanismo de destruiig larvas deS. mansonifoi

demonstrada com o aumento da resisténcia de linkagtamente suscetiveis @
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glabrata(VASQUEZ & SULLIVAN, 2001) ou deB. tenagophilgd BARBOSA et al, 2006)
gue receberam o transplante de um dos o6rgdos predutle hemdcitos (APO) de
caramujos resistentes da linhagem Taim.

Estudos de MARTINS-SOUZA (1999; 2006) tém carazteto estruturalmente a
populacdo de hemdcitos circulantesBldenagophilae sua participagdo no mecanismo de
destruicdo d&. mansonilnicialmente, foi verificado quB. tenagophilada linhagem Cabo
Frio inoculado com silica apresentou reducdo doemadrde hemacitos do tipo granulécito
na hemolinfa e na reacdo tecidual. Esta reducdoa$siociada com aumento de
suscetibilidade destes caramujos a infeccadpoanansonisugerindo a importancia destas
células no mecanismo de destruicdo das larvas dasifta (MARTINS-SOUZAet al,
2003). Hemacitos circulantes da hemolinfaBldenagophilae B. glabratatambém foram
analisados por citometria de fluxo (MARTINS-SOUZA al, 2009) sendo revelada a
presenca de trés tipos celulares distintos em delap tamanho. Este estudo também
mostrou que os trés tipos celulares sdo compogioscgdulas com alta e com baixa
granulosidade. Entretanto, somente Bmtenagophilado Taim, linhagem de caramujo
completamente resistente a infeccdo formansonia exposicdo ao parasito induziu
alterac@es intensas e rapidas no perfil dos heagcitculantes.

Apesar da presenca de tipos celulares morfologinéen semelhantes na
hemolinfa deB. glabratae B. tenagophilaemB. tenagophilaraim, linhagem resistente a
infeccdo pelo parasito, uma grande porcentagemhdogicitos circulantes de todos os
tamanhos apresentaram-se intensamente marcadesioas fluorescentes, especialmente
WGA-FITC e PNA-FITC (MARTINS-SOUZAet al, 2006). Também foi demonstrado que
emB. tenagophilado Taim a infeccdo pd. mansoninduziu uma reducédo dos hemacitos

marcados por WGA da hemolinfa circulante logo nasgiras horas, sugerindo que o
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estado de ativagdo e capacidade de resposta doScitmsncirculantes diferem em
linhagens de caramujos com diferente suscetibgéidaal parasito (MARTINS-SOUZ At

al., 2006). Para testar a relevancia funcional desteltado, esporocistos & mansoni
axenicamente transformadwsvitro foram incubados com hemacitos circulantes isolados
da hemolinfa deB. tenagoghilaTaim, B. tenagophilaCabo Frio ouB. glabrata BH na
presenca de concentracdes crescentes de N-adatitog@mina, monossacarideo que se
liga a WGA (MARTINS-SOUZAEet al, 2006). Os dados mostraram que a adi¢cdo de N-
acetil galactosamina resultou em reducdo de mdaiddi de esporocistos por hemdécitos de
B. tenagophilaTaim e esta reducdo de mortalidade estava assocadeducdo da
guantidade de células que se ligaram ao esporo€istes dados indicam a importancia da
ligacdo lectina-carboidrato no mecanismo de recdntento e destruicdo de larvas 8e
mansonipor hemaocitos (MARTINS-SOUZA, 2006).

A interacdo entre o parasito e o sistema de defesamoluscos é complexa e
envolve, além dos hemdcitos circulantes e fixagjred componentes solluveis da hemolinfa
(VAN DER KNAAP,1990). Varios autores (GRANATH ANDQSHINO, 1984 SMINIA
& VAN DER KNAAP, 1987; LOKER AND BAYNE, 1986) dematraram que durante o
processo de invasdo do parasito, fatores sinteizpdlos hemacitos ou por outros tecidos
dos caramujos sdo encontrados na hemolinfa e podetificar a atividade dos hemdacitos.

BAYNE et al (1980a) foram os primeiros a desenvolver métogogitro para
avaliar o efeito da hemolinfa d& glabratasobre o esporocisto primario & mansoni
transformado axenicameritevitro. Estes métodos facilitaram o estudo dos mecanisigos
resisténcia na associacao parasito-hospedeiroedNestudos os autores mostraram que a
hemolinfa livre de células, obtida de linhagensstigeis e resistentes & glabratanao

sdo capazes de alterar visivelmente a morfologiaesigorocistoin vitro, 0 mesmo
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acontecendo com hemolinfa contendo hemocitos deadens suscetiveis. Entretanto, o
esporocisto parece ser destruido quando incubadofatmres solGveis da hemolinfa e
hemdacitos de linhagens resistentes. De maneiracoatsindente, a importancia de fatores
soltveis da hemolinfa foi demonstrada quando osbb#as de linhagens suscetiveisRle
glabrataativados por fatores soltveis da hemolinfa de ljeing resistentes foram capazes
de destruir os esporocistos 8 mansoni, in vitto GRANATH & YOSHINO (1984)
confirmaram a importancia de fatores sollUveis dadi@fa no processo de destruicdo de
esporocistos d8. mansonem estudo# vivo. Estes autores relataram que a transferéncia
dos fatores soluveis da hemolinfa obtidos de liehagresistentes dB. glabratg
previamente infectadas pelo parasito, para lintegescetiveis resultou em uma reducao
da taxa de infeccéo de linhagenBdglabratapeloS. mansoni

Entretanto, ndo s&o conhecidos quais os componeldefacdo sollvel da
hemolinfa dos caramujos resistentes sdo relevambegprocesso de transferéncia de
resisténcia ou mesmo qual o mecanismo € ativade pescesso. LOKERt al (1984),
RENWRANTZ (1986) detectaram na hemolinfa de molastatores que aglutinam e
opsonisam particulas, entre os quais foram ideatlis algumas lectinas. Segundo
BAYNE (1983), as lectinas presentes na hemolinfagdstropodes poderiam mediar o
reconhecimento de microorganismos ou parasitos.teNegentido, JOHNSTON &
YOSHINO (1996) identificaram que a maioria dos pejitidios na superficie dos
esporocistos d&. mansonse ligam a lectinas isoladas @encanavalia ensiformiéCon
A), Erythrina corallodendrom(ECA), Glycine max(SBA) , Tetragonolobus purpureas
(TPA) eTriticum vulgaris(WGA). Estes autores sugerem que lectinas sentefhaodem
estar presentes na hemolinfa Ble glabrata suscetivel e resistente, e estas lectinas séo

capazes de se ligarem a superficie do esporo@s$o shansoniNos moluscos, as lectinas
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sdo produzidas e secretadas pelos hemdcitos, pmdestdr soluveis na hemolinfa ou
expressas na superficie dos hemacitos circulaRESHARDS & RENWRANTZ, 1991).
Segundo BAYNE (1990), a ligacéo lectina-carboidadssivelmente leva a uma mudanca
conformacional do complexo, que pode resultar nea@do do hemdcito. Desta maneira,
além de ser um fator de reconhecimento expressus gedmaocitos, também seria um
mecanismo de ativacdo destas células. Mais recentemmum grupo de proteinas, com
homologia ao fibrinogénio e com atividade de lextifoi identificado na hemolinfa d&.
glabrata sendo sua expressdo aumentada apés a infecgdoldsco comEchinostoma
paraensei outro trematddeo digenéico. Esta proteina temapaadade de precipitar
antigenos de excrecao/secre¢do do parasito eamessgtigerem que, além de participar do
reconhecimento, estas proteinas poderiam ser ieme# inibidores do mecanismo de
evasao do parasito (ADEMét al, 1997b).

Além das lectinas, outras proteinas com funcédo huyada mediadores celulares
ja caracterizados em vertebrados e que podemesstalvidas na ativagdo dos hemaocitos
durante uma infeccédo também tém sido identificadasemolinfa de moluscos. A ativacao
dos hemdécitos é um fator fundamental para a deétrude larvas de parasitos, uma vez que
caramujos de linhagens susceptiveis a infeccdo Soomansonipodem produzir o
encapsulamento do parasito, mas sem destruicadadas. OTTAVIANI et al (1993)
identificaram, através de imunolocalizacdo, pr@eirrom homologia a citocinas de
vertebrados, como interleulina-1 alfa (ILed, IL-1 B, IL-2, IL-6 e Fator de Necrose
Tumoral alfa (TNFe), em hemécitos dos moluc&tanorbarius corneug Viviparus ater
GRANATH et al (1984) identificaram uma proteina semelhante a &N hemolinfa de
B. glabrata Esta proteina também foi detectada na hemoliefa. djlabratapor BOYER

(1994), sendo que o seu nivel encontra-se dimindidante a infeccdo p@&. mansoni
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Além de TNFe, a hemolinfa d8. glabrataapresenta proteinas com homologia funcional a
IL-1, sendo que o aumento da producdo desta peotein sido associado a ativacéo e
proliferacéo celular (HUGHESt al, 1991; RAFTOSt al, 1991 e RAFTO®t al, 1992),

ao aumento da fagocitose (BURKE & WATKINS, 19919cen a producédo de superoxidos
(GRANATH et al.,1984).

Aliado a possivel participacdo no reconhecimentolasieas do parasito e da
ativacdo dos hemdcitos, trabalhos ainda prelimgmaegerem que a fracdo solluvel da
hemolinfa de Biomphalaria também pode apresentar elementos, como proteases e
inibidores de proteases, que poderiam lesar diexttao tegumento do esporocistoSle
mansoniou inativar mecanismos de defesa desenvolvidos lpEpedeiroBENDER and
BAYNE (1996) purificaram e caracterizaramMacroglobulina na hemolinfa d&.
glabrata. Neste trabalho os autores sugerem que a presengddcroglobulina poderia
provocar um efeito de blindagem na hemolinfa, indo@sio a acdo de proteases. FRY&R
al (1996) também detectarammMacroglobulina na hemolinfa d&omphalarig sendo que
sua presenca estava associada a inibicdo da devitka cisteino-protease, no entanto este
efeito ndo estava associado com o nivel de subdeja@tde do molusco a&. mansoni
Posteriormente, BAHGAt al (2002) identificaram uma tripsina-like com atividade
serino-protease nos hemacitos Biemphalaria glabrataexpostos ad&GchistosomaMais
uma vez, ndo foi possivel associar a atividade mdease com a susptibilidade ao
trematodeo. Mais recentemente MITTAt al (2005) e LOCKYER et al (2007)
confirmaram a presenca de genes homoélogos a pesteasnibidores de protease em
bibliotecas de cDNA da. glabrata Apesar de alguns destes genes serem expressos

diferencialmente em caramujos infectados pohinostoma capronfMITTA et al, 2005)
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ou S. manson{LOCKYER et al, 2007), sua participacdo no mecanismo de defesa d
hospedeiro ou evaséo induzida pelo parasito aiaddan estabelecida.

Baseado nos resultados anteriormente discutidasefi@ente a importancia do
sistema interno de defesa do molusco, hemdcitommganentes sollveis da hemolinfa,
como um dos elementos determinantes da resistdedd@omphalariafrente a infecgcéo
por larvas de trematédeos, entretanto os mecaniemadvidos nestes processos ainda
nao estao estabelecidos. Acreditamos que uma fiasldhdes destes estudos tem sido 0
modelo experimental utilizado, pois grande parts tlabalhos foi realizada coi.
glabrata que ndo apresentam uma resisténcia absolutaeac#it porS. mansoni A
linhagem deB. tenagophilasolada da reserva ecolégica do Taim, no Rio Gradal Sul,
denominada d8. tenagophilaTaim, tem se mostrado resistente a infeccao frantelas
as cepas d&. mansonitestadas e em todas as fases do desenvolvimentootlsco
(SANTOS et al, 1979; MARTINS-SOUZAet al, 2003; COELHOet al, 2008). Nesta
linhagem de caramujo, 0s esporocistos Sle mansonipenetram no molusco e séo
rapidamente destruidos pela atuacdo do sistemanontée defesa deste hospedeiro
(NEGRAO-CORREAet al.,2007).

PEREIRA (2005) demonstrou que resisténciaSaomansoniobservada enB.
tenagophilaTaim pode ser parcialmente transferida para linhsgriscetiveis, como a
linhagem Cabo Frio, através da inoculacéo da frac@&tular da hemolinfa (plasma). Este
aumento de resisténcia foi demonstrado in vivo petiucdo na taxa de infeccdo dos
caramujos e na producdo de esporocistos e cercargasaramujos previamente tratados
com os fatores sollveis (Plasma) de Taim em relag® somente infectados pSt
mansoni. Entretanto, os componentes da fracdo soluvel daolira envolvidos no

processo de transferéncia de resisténcia ou mesnexranismo ativado neste processo nao
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foi estabelecido. Desta forma, o principal objetideste trabalho experimental foi
caracterizar componentes da fragcdo solivel da heimode B. tenagophila Taim

envolvidos na destruicdo de larvasSienansoni
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2. Justificativa

Considerando a enorme dificuldade de erradicac@iataphalariaem areas de
transmissdo de esquistossomose no Brasil e aadibeis politicas e socio-econémicas que
impedem, em curto prazo, estender o saneameniohzmia todas as areas de transmissao
da doenca, o controle desta helmintose esta baseadmtamento quimioterapico dos
pacientes diagnosticados. Entretanto, o uso danteitos quimioterdpicos sucessivos,
além de ser dispendioso pode resultar na selecabnliegens resistentes as drogas
utilizadas. Estudos realizados em area do Bradi antratamento quimioterapico tem sido
utilizado no controle da esquistossomose tambénicand que, apesar da grande
diminuicdo no numero de casos graves da doenca,erdéibe relatos de completa
eliminacdo de focos de transmissdo da doenca amsu de tratamento quimioterapico.

Estes resultados justificam a busca de alternajuaspossam resultar em novas
estratégias para auxiliar no controle da esquistosse no Brasil. Apesar dos caramujos
constituirem um elo vital para a manutencdo damaefolutivo do parasito, relativamente
poucos estudos tém sido conduzidos com os mesmsia eleficiéncia de estudos se torna
mais evidente quando se trata de caramujos trassressdo Brasil.

Trabalhos anteriores realizados em nosso labooa(®tARTINS-SOUZA et al.,
1999; PEREIRAet al, 2005, 2008; NEGRAO-CORRE#t al, 2007, 2008; ROSAt al,
2007) indicam a presenca de componentes solUvdiemalinfa deB. tenagophilaTaim
gue atuam na destruicdo de larvasSdanansoniNesta fase do trabalho nosso interesse

principal sera caracterizar, bioguimica e funciorailte estes elementos.
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3.0 Objetivo

3.1 Objetivo Geral

Caracterizar, bioquimica e funcionalmente, compte¥erda fracdo sollvel da
hemolinfa deB. tenagophilaTaim associados a destruicdo de esporocistdS. de

mansoni

3.2 Objetivos Especificos:

1 - Avaliar, in vitro, a capacidade da hemolinfa BletenagophilaTaim
livre de hemdcitos destruir esporocistosSdenansoni

2 - Investigar a presenca de atividade de protealiti@ hemolinfa d&.
glabrataBH eB. tenagophilaCabo Frio e Taim.

3 - Fracionar a hemolinfa acelular Betenagophilaraim e testaiin vitro,
o efeito das diferentes sub-fragcbes da hemolinfa8BdéenagophilaTaim sobre
viabilidade de esporocistos 8e mansoni

4 - Caracterizar bioquicamente as fracbes que apresattaidade contra

esporocitos d&. mansoni
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Parte I:

Efeito da fracdo soluvel (plasma) da hemolinfa d8iomphalaria
tenagophilaTaim na sobrevivéncia de esporocistos recém tramsfmnados

de Schistosoma mansoni
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4.1 Introdugéo

Moluscos do génerBiomphalarig como outros invertebrados na natureza, estédo
expostos a uma grande variedade de agentes irdescidntretanto, a maioria dos
individuos é capaz de conter uma grande parte girstes infecciosos, em parte devido a
atuacdo do sistema interno de defesa. Estudos tescéBm demonstrado muitas
similaridades entre a resposta de defesa inat@miebvados e o sistema interno de defesa
dos invertebrados (HOFFMANNMNt al, 1999; HOFFMANN, 2003), sendo identificados
varios componentes da resposta inata, tais comptidees liticos, moléculas de
reconhecimento de padr6es moleculares, célulagitagas e producdo de metabdlicos de
oxigénio e nitrogénio altamente toxicos (LOKERal, 2004).

O sistema de defesa interna dos caramujos é compostelementos celulares,
constituidos pelos hemaocitos ou amebadcitos, egiords solluveis presentes na hemolinfa.
A andlise histopatolégica (SOUZ&t al, 1997) e os dados experimentais obtidos com o
transplante do 6rgdo hematopoético — APO (SULLIVRISPENCER, 1994) demonstram
gue os hemacitos circulantes sdo essenciais pdesenvolvimento da resisténcia Be
glabrata contra larvas dé&. mansoniEntretanto, existem evidéncias experimentais que
indicam que, além de hemdcitos, fatores sollUverdhén participam do mecanismo de
protecdo envolvido na destruicdo de lang&s mansonipor linhagens de caramujos
resistentes a infeccdo. GRANATH & YOSHINO (1984ataram que a transferéncia de
fatores sollveis da hemolinfa obtido de linhagerssstentes d8. glabrata(10-R2) para
linhagens suscetiveis (PR) resultou em uma reddgdaxa de infeccdo de linhagensBde
glabrata pelo S. mansoni VASQUEZ & SULLIVAN (2001) demonstram que a

transferéncia dos fatores soluveis da hemolinfaBdeglabrata suscetivel que havia
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recebido o 6rgéo produtor de hemocitos (APO) decaramujoB. glabrataresistente foi
capaz de diminuir a taxa de infeccdo gBlanansonnos caramujos receptores, sugerindo
gue os hemocitos do APO séo capazes de secrepaesfagoliveis que participam no
mecanismo de controle do parasito.

Até o momento ndo houve comprovacdo experiments checanismos
envolvidos neste processo, mas estudogitro de FRYER & BAYNE (1996) mostram
gue particulas de poliestireno tratadas com fateaddveis da hemolinfa de linhagens
resistentes deéB. glabrata sdo significativamente mais fagocitadas por heto$cide
linhagens suscetiveis do que as particulas naedést sugerindo a participacdo de
elementos da hemolinfa no mecanismo de reconhetinderparasito.

A maioria dos estudos avaliando as interacfes entfe mansoncaramujos
utilizam como modelo experiment®8. glabratg embora existam outras espécies de
caramujos transmissoras. Entre as espécies trawass no Brasil,B tenagophila
apresenta grande dispersao no territério nacimral@escente importancia na transmissao
da esquistosssomose, entretanto poucos estudossitkmrealizados na tentativa de
compreender sua participacdo na epidemiologia dagdo A linhagem dB. tenagophila
isolada da reserva ecoldgica do Taim, no Rio GraddeSul, denominada d8.
tenagophilaTaim, tem se mostrado resistente a infeccdo mastas cepas & mansoni
testadas (SANTOSt al, 1979; COELHCet al, 2008). Nesta linhagem de caramujo, 0s
esporocistos sdo rapidamente destruidos pelos tes1@pos a penetracdo do parasito
(NEGRAO-CORREA et al, 2007). Apesar dos hemocitos serem confirmadamen
essenciais para a resisténciaBRletenagophilaTaim (BARBOSAZet al, 2006), existem
evidencias da participacdo de fatores sollveis efaolinfa no mecanismo de protecao

desenvolvido nesta linhagem de caramujo (COELHOEZBRRA, 2006).
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PEREIRA (2005) demonstrou que a resisténcigsamansonbbservada enB.
tenagophilaTaim pode ser parcialmente transferida para liehagusceptiveis, como a
linhagem Cabo Frio, através da inoculacdo da frag@bular da hemolinfa (plasma). O
aumento de resisténcia detectado nos caramujogddsatcom hemolinfa Taim foi
demonstradan vivo pela reducdo na taxa de infeccdo dos caramujas graducao de
esporocistos e cercarias nos caramujos previanteatedos com os fatores solUveis
(Plasma) de Taim em relacdo aos somente infectpdosS. mansoni Entretanto, os
componentes da fragdo sollivel da hemolinfa de egesnresistentes envolvidos no
processo de transferéncia de resisténcia ou mesnezanismo ativado neste processo nao
€ conhecido. Para identificar os possiveis mecarisgnvolvidos neste processo pretende-
se, inicialmente, estabelecer um testevitro onde o efeito da hemolinfa possa ser

diretamente avaliado.

4.2. Material e Métodos:

4.2.1 Caramujos

Foram utilizadas duas linhagens Betenagophilapara os experimentos: Cabo
Frio (CF) e a Taim. Os caramujos da linhagem Céygnientes da regido de Cabo Frio
(RJ), sédo altamente suscetiveis a infeccdo Belmansonda cepa SJ, mas apresentam
taxas de suscetibilidade variando entre 30-40%fecgdo pela cepa LE do parasito. A
outra linhagem d®&. tenagophiladenominada Taim, é proveniente da Reserva BicdoOgi
do Taim (RS) e apresentam total resisténcia agafepeloS. mansonda cepa LE e SJ

(CORREAet al, 1979; SANTOS:t al, 1979; COELHet al, 2008).
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Ainda no presente trabalho foi utilizada a espédeiB. glabratacomo um controle
positivo para os experimentos. A linhagem Rleglabrata utilizada foi proveniente da
Lagoa da Pampulha — Belo Horizonte (MG), denominiaiigagem BH. Esta linhagem
apresenta taxas de suscetibilidade de cerca dea806f#ccao pel&. mansoni

As espécies dBiomphalaria utilizadas neste estudo sdo rotineiramente mantida
nos moluscérios do laboratério de esquistossomod€B — UFMG, e antes da realizacéo
dos diferentes experimentos os caramujos foram stitbms a um procedimento de limpeza
(com solucdo de dodecil sulfato de sodio (SDS)186)D.e desinfeccdo (incialmente com
solugédo 0,1 % de Benzoilmetronidazole, seguido 3ibpg/ml Gentamicina e 100 pg/ml

Ampicilina).

4.2.2 Parasito

Foi utilizada a cepa LE d8. mansongue vem sendo mantida no laboratorio de
Esquistossomose - ICB - UFMG em torno de 40 anaep® LE deé. mansonioi isolada do
paciente Luis Evangelista de Belo Horizonte — M&ua manutencédo € realizada através de
sucessivas passagens em hamstdesdcricetus aurat)se B. glabratade acordo com a
técnica descrita por PELLEGRINO & KATZ (1968). A ioaresisténcia das linhagens Be
tenagophilaa cepa LE deS. mansonifacilita os estudos referentes aos mecanismos que

interferem na associacao parasito-molusco.
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4.2.3 Obtencao de miracidios d8. mansonie dos esporocistos axénicos

Para transformacdo axénica em esporocistos, HangWasocricetus auratys
infectados cons. mansonda cepa LE foram sacrificados entre 45 e 50 did@s nfeccao
para obtencdo de miracidios (CHAIA, 1956). Os fagadestes animais foram retirados sob
condicbes axénicas, lavados em rapidamente em dapstlorada autoclavada e
homogeneizados em um triturador de tecidos mammlagua desclorada. Esta suspenséo foi
transferida para um calice de sedimentacdo acamdidd a #C. Esta baixa temperatura é
utilizada para evitar a eclosdo dos miracidios.sA@® min, o sobrenadante foi descartado e o
sedimento contendo os ovos do parasito foi resagspem agua desclorada em temperatura
ambiente e exposto a luz artificial para a eclad@® miracidios. Os miracidios presentes no
material foram concentrados sob foco de luz aiifiem baldo volumétrico recoberto por
papel aluminio, recuperados e transferidos parmastdle 15 mL inseridos em banho de gelo.
Para a transformacdo em esporocistos, os miragidésente no sedimento foram incubados
em meio RPMI-1640 suplementado com soro fetal %% e gentamicina em estufa de

CO, a 28 °Qor 18 h (SAMUELSONet al., 1984).

4.2.4 Obtencao de hemolinfa dB. tenagophila

Caramujos néao infectados de cada linhagem utilzadoestudoB. glabrata
BH, B. tenagophilaCabo Frio eB. tenagophilaraim, foram sacrificados para a obtencdo de
hemolinfa utilizada nos diferentes protocolos ekpentais. A coleta da hemolinfa foi

realizada de acordo com o protocolo de ZEL€Kal (1995). Resumidamente, a concha de
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cada caramujo foi limpa com alcool 70% e seca capelp absorvente. Posteriormente
utilizando-se uma seringa plastica de 1 mL (Plak)igom agulha de 21 G, a concha do
molusco foi perfurada na regido cardiaca até ameasamento da hemolinfa que foi coletada
e transferida para superficie de um de filme mésfAmerican National Can) colocado sob
banho de gelo e logo em seguida, o sobrenadanteafaferido para tubos de polipropileno
(Sarsted) e mantidos &G. Varios caramujos tiveram a hemolinfa retiradnaatoleta de 1 a
5 mL dependendo do procedimento a ser utilizadgodsAa coleta, a hemolinfa total foi
centrifugada (80g por 10 min a 4 °C), sendo redollseparadamente o sobrenadante e o
precipitado. O sobrenadante foi centrifugado novae@or 30 min a 1200 g e 4 °C para
obtencdo da fracdo solivel da hemolinfa (plasméigada nos ensaios de inativacdo de
esporocisto# vitro.

O precipitado de hemacitos foi ressuspendido emSCEIHERNIN., 1953) até o
volume inicial da hemolinfa total. Os hemocitossar@es na solucdo foram avaliados quanto
a viabilidade e quantificados ap06s adicdo de azutipan (MARTINS-SOUZAet al, 2003).

Estes foram utilizados em ensaios de mortalidadeEsperocitosn vitro.

4.2.5 Ensaio de inativacao de esporocistwsvitro

Para a realizagdo dos ensaiosvitro, esporocistos d&. mansonaxenicamente
transformados (SAMUELSONet al, 1984) foram lavados, ressuspendidos em CBSS
suplementado [CBSS contendo 10 mM de HEPES, 2 notamiina 1 mM de aminoacidos
essenciais, 100 U penicilina e 100 U estreptomicma?2 % de albumina bovina],
guantificados e o volume final ajustado para cotragéo final de 2000 esporocistos/ml de

CBSS. Cinquenta ul de CBSS, contendo cerca de dfifyaxistos, foram plaqueados em
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placa de cultura de células de 96 pocassriing-Costafundo chato). Apos a distribuicdo
das amostras nas placas, 0 himero exato de egtosopgiesentes em cada pogo, no inicio
do tratamento, foi contado com auxilio de um micépso Optico invertido (Olympus
IX70).

Com o intuito de testar o efeito da fracao aceldarBiomphalaria sobre a
viabilidade dos esporocistos, 50 pL do plasma hedoldeB. glabrata BH, ou deB.
tenagophilaCabo Frio ou d8. tenagophilalaim também foram adicionadas em cada poco
contendo os esporocistos e CBSS suplementadoitmbaado para completar o volume de
250 pL/tratamento. Cada amostra foi testada enlicatp e tratamentos contendo
esporocistos cultivados em CBSS suplementado, deg@icade hemolinfa, foram utilizados
como controle de sobrevivéncia.

Para avaliar o efeito da adicdo da fracdo acetldahemolinfa sobre a atuacéo
dos hemdcitos, a taxa de mortalidade de esporecigi@nicamente transformados
também foi avaliada em cultivos contendo 2 X Hémdcitos/tratamento juntamente com
50 pL do plasma recolhido de glabrataBH, ou deB. tenagophilaCabo Frio ou deB.
tenagophilaTaim. Combinacdes heterélogas, nas quais os esfmsrdoram incubados
hemacitos deB. glabrata ou de B. tenagophilaCabo Frio juntamente com a fracdo
acelular isolada dB. tenagophilalaim também foram testadas.

As placas contendo os esporocistos foram incubad2® °C durante 18 h e a
viabilidade dos esporocistos nos diferentes tratémsefoi aferida pela observacao direta
em microscopia Optica apos adicdo de solucdo cooténd % de Azul de Tripan
(Olympus I1X-70). Esporocistos vivos apresentamrdegros, ndo corados pelo Azul de
Tripan e apresentam atividade de células flamasmdktalidade foi calculada pela

somatoéria do numero dos esporocistos corados caumh diez Tripan (tegumento lesado)
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com o0 numero de esporocistos completamente destrgde foi calculado baseado na
reducdo da contagem inicial de cada tratamento.

Para identificar possiveis lesdes nos esporocigtes estavam em processo de
destruicdo foram utilizados um marcador fluoresedHbechst 33258 Sigma) capaz de
penetrar no parasito somente quando ha lesGesgnmémto. Esta marcacdo tem sido
utilizada para verificar a integridade do tegumedts vermes adultos d&. mansoni
(OLIVEIRA et al, 2006) e lesdo provocada no tegumento de esptosaileS. mansoni
(MATTOS et al., 2006) expostos ao tratamento coaziguantel. Em nossos experimentos,
0S esporocistos d8. mansonaxenicamente transformados foram cultivados poin £8n
CBSS suplementados, contendo ou ndo 20 % da hdanddicelular das diferentes
linhagens deBiomphalaria conforme detalhado acima. Apds o periodo da dgéeyin
vitro, foi acrescentado 5 pl da sortdaechst 332582 pg/ul) a cada tratamento e, apés 10
min, a integridade do tegumento de esporocistos af@liada em microscopia de
Fluorescéncia (Olympus IX70 filtro WU). Para tangsporocistos presentes em cada
tratamento foram fotografados com Camera digitar@yics modelo DEI-470 acoplada ao
microscopio, sendo avaliada a presenca de mau@a®dentes no interior do parasito nos

diferentes tratamentos.

4.2.6 Analise estatistica

Os resultados obtidos em cada tratamento foranatigsgtamente

comparados, utilizando-se andlise de variancia gados paramétricos (ANOVA, post

teste Turkey). Valores de<p.05 foram considerados estatisticamente diferentes

43



4 3. Resultados:

A mortalidade dos esporocistos 8e mansonem condi¢fes da cultuia vitro
utilizadas nos experimentos foi muito baixa (<1%9. adicionarmos fatores sollUveis da
hemolinfa de B.glabrata (BH) n&o infectado também néo foi detectado aument
significativo na mortalidade dos esporocistos. @ifke dos dados relatados cdn
glabrata a fracdo acelular da hemolinfa Beenagophila(Taim e de Cabo Frio) aumenta
significativamente a mortalidade dos esporocistoemparacdo aos grupos controles. De
maneira interessante, a mortalidade de esporocdigtogida pela adicdo da fracdo acelular
da hemolinfa dd.tenagophilaTaim foi duas vezes maior que a mortalidade irdhupela
adicdo de fatores soluveis da hemolinfaBieenagophilaCabo Frio (p< 0,001). Estes
resultados indicam que os fatores sollUveis da hefaple especialmente da linhagem
Taim, podem diretamente induzir mortalidade no espsto recém-transformado (figura

1),
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Figura 1: Efeito da hemolinfa livre de células deB. glabratada linhagem BH (BH),

B. tenagophila Taim(Taim) ou B. tenagophila Cabo Frio (Cabo Frio ) néo
infectados na mortalidade de esporocistos deS.mansoni transformados
axenicamente.Cerca de 100 esporocistos foram incubados, eticatip, com CBSS
suplementado contendo ou ndo hemolinfa acelularademujos de BH, Cabo Frio ou
Taim por 18 h. A porcentagem de esporocistos moftd calculada para cada
tratamento e o resultado demonstrado em médiat@sdrao de trés experimentos
independentes. Diferencas estatisticamente signiés entre a mortalidade dos
esporocistos nos tratamentos que contem a hemdiiméade células comparado ao
controle (esporocistos cultivados somente em meioudtura) estao indicadas por ***
p <0.001, ** p< 0.01; e entre cada tratamento indicado pot 8,p5 ou ### $ 0,001.
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A utilizacdo da sonda fluorescenkdoechst 33258confirmaram os dados de
mortalidade contabilizados com a utilizacdo de arukripan. Desta forma, esporocistos
incubados com meio de cultura ou com meio contérhoolinfa acelular recolhida d&
glabrata da linhagem BH n&o apresentaram fluorescéncia amaicdo da sonddoechst
33258 (figura 2A e B), confirmando a integridade do tegmto destas larvas. Em
contraste, nas culturas que receberam hemolinfalaceeB. tenagophilaespecialmente
guando proveniente de caramujos da linhagem Tdiguna esporocistos apresentaram
fluorescéncia caracteristica da incorporacdo dalasétoechst 33258figura 2E e F),
sugerindo que a mortalidade do esporocisto sejgeciéncia de lesdes tegumentares

provocadas por elementos presentes na hemolintesdesspedeiros.
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Figura 2: Padrdo de marcacdo dos esporocistos d& mansoni apds incubacdo com o
marcador de fluorescénciaHoechst 33258 Em A, C e E esporocitos cultivadosvitro por 6 h
foram fotografados em campo claro e em B, D e Feemo material foi fotografado com filtro
para fluorescencia. Em A e B representa um espmioooicubado com meio de cultura (CBSS
suplementado), mostrando esporocistos integrossénaia de incorporacdo da sonda. Padrédo
semelhante também foi observado na presenca ddihfnazelular deB. glabrata Em C, D E e

F foi documento esporocistos cultivads vitro na presenca de hemolinfa acelular Ble
tenagophilada linhagem Taim, sendo observado esporocistegriveg e ndo fluorescentes (C e D)
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O efeito da adicdo combinada de hemacitos e plassa@aramujos na viabilidade
dos esporocistos d&. mansonaxenicamente transformados foi demonstrado na&figu
Os resultados mostram que esporocistaS.daansonincubados com CBSS suplementado
apresentam alta viabilidade durante o periodo deexe a adicdo de hemdcitos e fracdo
acelular deB. glabrataao cultivo ndo foi capaz de alterar significatiesme a taxa de
mortalidade dos esporocistos. Contrariamente, igdadde hemdcitos e da hemolinfa
acelular deB. tenagophila Taim ou Cabo Frio, ao meio de cultura resultousemento
significativo na mortalidade dos esporocistos. €stimado que a adicdo de hemdcitos e
fatores sollveis deéB.tenagophilaTaim resultaram na destruicdo de 37 = 6 % dos
esporocistos, no caso da adigdo de hemacitos resagoliveis d8.tenagophilaCabo Frio
houve 16 + 6 % de mortalidade, sendo a mortalisedtes grupos estatisticamente maior
(p>0,001) quando comparados ao grupo controle ograpo contendo hemdcitos e a
hemolinfa acelular dd. glabrata (figura 3). A destruicdo de esporocistos induzida
presenca de fragdo solivel da hemolinfa e hemodasdliferentes linhagens de caramujo
nos testes in vitro refletem a suscetibilidade efesaramujos nos experimentos realizados
in vivo. Hemdcitos juntamente com a hemolinfa da linhageim, caramujo resistente
induziu a mortalidade mais elevada de esporocistostro, enquanto nenhuma destruicdo
significante de esporocistos foi observada com&adde hemdcitos com a hemolinfa livre
de células d8.glabrataBH, uma cepa altamente suscetivel ao parasito

Nas combinagfes heterdlogas, a adicdo de hemdlegtoknhagens suscetiveis de
Biomphalarig B. glabrata BH e B. tenagophilaCabo Frio, com fracdo acelular &e
tenagophila Taim resultou em aumento de mortalidade de esf@oscsomente nas
associacoes com a mesma espécie. Assim, a adicBena@acitos deB. tenagophilade

Cabo Frio e hemolinfa acelular & tenagophilado Taim a cultura de esporocistos
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resultou em um aumento significante no nimero dasgas mortos, alcangcando niveis de
mortalidade semelhantes ao observado em culturaz@uém hemaocitos mais hemolinfa
livre de células d&. tenagophilado Taim, um caramujo resistente ao parasito srgst
(Figura 3). Entretanto, a mortalidade dos espstosiobtida quando hemécitos Be
glabrataforam acrescentados a hemolinfa livre de céluta$alm néo foi estatisticamente

maior que o detectado em culturas que contém seretarhentos dB. glabrata
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Figura 3. Taxa de mortalidade dos esporocistos dS. manson cultivados in vitro na
presenca ou ausencia de hemolinfa e hemdcitos reeuados deB. glabratae B. tenagophila.
TratamentosControle representa os esporocistostigaldos somente na presenca de C
suplementadoBG — esporocistos cultivados somente na presenca de SCGBBlementac
contendo hemocito8. glabrataBH ndo infectados e livres de hemolinfak - esporocisto
cultivados somente na presenca de CBSS suplensestadendo hemécitoB. tenagophilz
Cabo Frio nado infectados e livres de hemolirffaim - esporocistos cultivados somente
presenca de CBSS suplementado contendo hemditésnagophilaTaim ndo infectados
livres de hemolinfaBG+Taim - espaoocistos cultivados na presenca de CBSS supledw
contendo hemdcito8. glabrataBH nao infectados e hemolinfa d& tenagophilaTaim nac
infectado ;CF+Taim - esporocistos cultivados na presenca de CBSS septado contenc
hemacitosB. tenagophila Cabo Frio ndo infectados e hemolinfa BletenagophilaTaim nac
infectado . A porcentagem de esporocistos mortosditulada para cada tratamento realiz
em triplicata e os resultados demonstrados em mgdiasvio padrdo de trés experimer
indepenéntes. As diferencas estatisticamente significagieendo comparamos 0s contre
versus os tratamentos estéo indicados por &0®01, ** < 0,01; e entre cada tratamento e
indicados por #9 0,05 ou ### 9 0,001. ns - ndo significativo
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Este trabalho avaliou a participacdo da fracdoudmelda hemolinfa deB.
tenagophilada linhagem Taim, linhgem de caramujo completamssgistente a infeccéo
experimental cons. mansonino mecanismo de destruicdo das larvas do parasiitro.
Nossos dados claramente demonstraram que a fragglalan da hemolinfa deB.
tenagophila Taim participa direta e indiretamente do mecanisdeo destruicdo de
esporocistos d&. mansoniatravés da inducdo de lesdo no tegumento doitpaeaslio
aumento a capacidade de reconhecimento e destrme@itada por hemocitos. Efeito
similar ndo foi detectado na presenca da fracatulacela hemolinfa dd. glabratada
linhagem BH.

A importancia dos fatores soluveis da hemolinfaBd@mphalariano mecanismo
de protecdo contra 8. mansonfoi demonstradoin vivo, por GRANATH & YOSHINO
(1984) e por COELHO & BEZERRA (2006). Os autoresfiearam uma diminuicdo er8.
mansoniinfeccdo taxa de dB. glabratade PR eB. tenagophilaCabo Frio do que foi
inoculado simultaneamente com hemolinfa acelulacatamujo resistente. No caso Ble
glabrata (GRANATH & YOSHINO, 1984) somente a inoculagéo fiacdo acelular da
hemolinfa de um caramujo infectado diminui a tagardec¢&do no caramujo receptor; além
disto, 0 numero de cercarias recuperadas nos cpanaceptores eram muito semelhantes
aos dos moluscos ndo tratados. Trabalhos preliesnealizados em nosso laboratorio
(PEREIRAEt al, 2008) também demonstram que a transferénciguaelinfa acelular de
Taim recuperada de caramujos ndo infetados € enfiicipara aumentar resisténciaBle
tenagophila de linhagem suscetivel durante interacBo mansoni NOs também
demonstramos que além da reducdo no numero de agmimfectados, a transferéncia de
hemolinfa acelular de Taim para moluscos suscstiv@nbém resultou em reducao

significativa de carga parasitaria (esporocistosrearias) durante todo o periodo avaliado.
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Estudos bioquimicos realizados na tentativa detifttar possiveis fatores da hemolinfa
associados com niveis diferenciados de suscetib#iddas diferentes linhagens de
caramujos (GRANATH & SPRAY, 1987; SPRAY & GRANATH,990) identificaram
diferencas na composicao de proteinas da hemaleBa glabrataresistente e suscetivel,
mas nenhuma correlagao entre tal diferencia et@esia foi descrita.

Apesar da grande relevancia biolégica dos estuogvo, estes trabalhos néo
esclarecem a participacao da fracdo acelular daldende Biomphalariano mecanismo
de destruicdo de larvas 8e mansoniCom este intuito, BAYNEt al. (1980) avaliaranm
vitro o efeito da hemolinfa dB. glabrata sobre esporocistos priméarios d8. mansoni
transformados axenicamente. Nestes estudos, oesudemonstraram que a hemolinfa
acelular, obtida d8. glabratasuscetivel ou resistente ndo podem alterar a togiéodo
esporocistosin vitro, 0 mesmo acontece com hemolinfa contendo hensddéaaramujos
suscetivel. Resultados semelhantes também foradosbiteste trabalho experimental, ndo
sendo detectado aumento significante em mortalidi@desporocistos com a adicdo da
hemolinfa acelular ou hemolinfa acelular mais hatoéoobtido deB. glabrataBH . Ao
contrario, nos caramujd3. tenagophilaa possibilidade de um efeito direto de hemolinfa
acelular em esporocistos d& mansonideve ser considerada, desde que a hemolinfa
acelular pode matar 8 a 16% das larvas do parasit@auséncia hemacitos. Alguns
mecanismos de lesdo direta de patégenos, comougiodie peptideos antimicrobianos
(MITTA et al, 2000) foi descrito enMytilus galloprovincialis mas ndo ha nenhuma
confirmacao experimental da participacédo deste nige® na destruicdo d& mansoném
Biomphalariaspp. BAYNEet al (2001) detectaram niveis elevados de espéci@saga
de oxigénio ou de nitrogénio na hemolinfa aceld@aB. glabratg sendo que a producgéo

destes metabdlicos esta associada com a destdecésporocistos nos sistemassitro e
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na presenca de hemdcitos. Entretanto, o envolvonelestes elementos reativos no
controle do parasito observado durante a transfer&m vivo da hemolinfa acelular do
Taim ou ensaios in vitro na auséncia de hemdcitos ainda n&do esta confirmado
especialmente devido a rapida metabolizacdo destegonentes.

Outro elemento que pode estar associado com certteopatdégenos € a presenca
de proteinas com acdo proteolitica que sdo ativpdbls parasito. O envolvimento da
ativacdo da cascata enzimatica que participam dgutacdo, melanizacdo ou da ativacao
de proteinas com fun¢des semelhantes ao sistervang@emento tem sido caracterizado
em alguns invertebrados como nos insetos, sendoegte processo culmina com o
formacdo de melanina e a destruicdo dos patogdmds €t al, 2000; BLANDIN et al,
2004). BAHGAT et al (2002) observou atividade de serino proteaseneldgidase na
hemolinfa e no lisado de hemdcitosRiemphalaria glabratano entanto néo foi possivel
associar a atividade da protease com a susceditbdido molusco a. mansoni

Aléem do efeito direto de alguns fatores solluveis sistema de defesa dos
moluscos, elementos da hemolinfa acelular podeigm indiretamente, facilitando o
reconhecimento do parasito e/ou ativando os heasddtvidéncias experimentais de um
possivel efeito indireto da hemolinfa acelular foravidenciadas na interacdo enBe
glabrata - S. mansoronde os hemocitos do molusco associados conefasmitveis da
hemolinfa deB. glabrataresistentes adquirem a capacidade de destruspmsagistos de
S. manson{FRYER & BAYNE, 1996; SPRAY & GRANATH, 1990; BAYNEL990). Em
nosso sisteman vitro, o efeito indireto da hemolinfa acelular recolh@ttB. tenagophila
da linhagem Taim foi confirmado pela alta taxa detalidade de esporocistos obtida com
a adicdo da hemolinfa acelular Be tenagophilaTaim aos hemdcitos d& tenagophila

de Cabo Frio, sugerindo que hemolinfa acelular @ienpode aumentar o reconhecimento
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do parasito por hemdcitos de linhagens susceptideisaramujo, como € o caso da
linhagem Cabo Frio. Alternativamente o aumento dartatidade de esporocistos do
parasito na presenca de hemacitos de linhagens@iv&s de caramujos e fracdo acelular
da hemolinfa de Taim pode ser consequéncia de daardarativacao celular por elementos
presentes na hemolinfa. Muitos estudos demonstrayaen carboidratos associados ao
tegumento dos esporocistos 8emansonpodem ligar-se a lectinas expressas hemacitos
e/ou solaveis na hemolinfa acelular 8e glabrata entdo lectinas poderiam mediar
reconhecimento do parasito (LOKER al, 2004, LOKERet al, 1989; JOHNSTON &
YOSHINO, 1996; ADEMAet al, 1997; CASTILHOet al, 2002). O envolvimento de
lectinas no reconhecimento dos esporocistoS.dmansonpelo B. tenagophilado Taim
tem sido investigagdo em nosso laboratério. Qeeéeioperativo de hemadcitos e hemolinfa
acelular ndo foi detectado entre espécies de c@pandiferentes, pois ndo foi observado
nenhuma mudanca significante na mortalidade deresigtos cultivados na presenca de
hemocitos deB. glabrata BH e hemolinfa acelular de Taim comparados a td&a
mortalidade observado com a presenca somente dalihfamivre de células do Taim.
Mais recentemente, MARTINS-SOUZAt al (2006), usando o mesmo caramujo e
linhagem do parasito demonstraram que Bmglabrata o padrdo de marcacdo dos
hemdcitos circulantes incubados com lectinas flmeetes foi muito diferente do
observado conB. tenagophila(Taim ou Cabo Frio), sugerindo diferencas qualés e
guantitativas na expressédo de glicoproteinas nabmara dos hemdcitos, que podem
justificar a auséncia de efeito indireto da henfaliacelular deB. tenagophilanos
hemdcitos deB. glabrata Embora os mecanismos de defesa empregadosBpor
tenagophilapara controlar infec¢des pelo trematdodeo estigelale ser completamente

compreendido, a participacdo da hemolinfa livreélalas do caramujo resistente tem sido
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demonstrado por nossos experimentos. Nossos daodiin sugerem que componentes
solivel da hemolinfa podem danificar diretamergelaavas deS. mansonie também

podem mediar reconhecimento do parasito feitosgedmnocitos circulantes.
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PARTE Il

Identificacdo de atividade proteolitica na fracdo asluvel de B.

glabrataeB. tenagophila
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5.1. Introducéo

Historicamente, proteases estdo associadas coraddedo de proteinas, e muito
cedo atrairam a atencdo de pesquisadores queesessdvam pelo processo de digestdo
protéica em animais e no homem. As classes maisecatas sdo as serino-proteases, as
metalo-protesases, as cisteino-proteases e astilagpaeases. A inativacdo destas
proteases pode ocorrer por dois mecanismos distiptr degradacao proteolitica ou pelo
bloqueio com inibidores especificos. Assim como gertebrados, proteases estdo
envolvidas nos processos de digestdo protéica dertébrados. VALEet al (2007)
mostraram que algumas proteases como tripsina raotppsinas sdo importantes nos
processos digestivos deutzomya longipalpis ALVES et al (2007) evidenciaram a
presenca de catepsinas D na glandula digestiva. dgabrata (BH), sugerindo que esta
enzima participe na degradacdo de nutrientes. tEntee alguns estudos (MUNQ& al,
2003; MCKERROWEet al, 2006; LEMAITRE AND HOFFMANN, 2007) tém indicado
gue proteases e inibidores de proteases produgitibsrados pelos invertebrados podem
também participar de mecanismos de defesa induzilmante a interagdo com o0s
hospedeiros, como por exemplo, a ativagcdo da easmatimatica que participam da
coagulacdo e melanizacdo, que juntamente com eifage participam destruindo o
patdgeno de maneira direta ou indireta. Neste dntiEMAITRE et al (1996) sugerem
gue a inducdo de genes que codificam proteasesgema® emDrosophila podem
participar do mecanismo de defesa anti-fungica edeshsetos. Mais recentemente,
ALTINCICEK et al (2007) verificaram a importancia da expresséo agénie metalo-
protease durante a invasdo de fungos e bactériakemdopteros do génerGalleria.

Metalo-proteases enddgenas ou induzidas por produtwobiano séo liberadas na
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hemolinfa deste inseto e provocam a hidrolise deepras da hemolinfa, gerando pequenos
fragmentos de 3 KDa, que participam na ativacaegellacdo de lisozimas, e peptideos
antimicrobianos, que participam do controle destesorganismos (ALTINCICEKet al,
2007).

A importancia da ativacdo de proteases na respwsi@tora do hospedeiro
também tem sido documentada na interacdo eft@pheles gambiae Plasmodium
Nesta interacdo, os hemadcitos do mosquito infectadduzem e secretam na hemolinfa
glicoproteinas semelhantes a proteinas do compteméos vertebrados, designadas
proteinas da familia tioester (TEP) e também pmateique participam da cascata de
melanizagdo (PPO). Em vetores suscetiveis oatéeins a infeccdo pdtlasmodiumém
sido detectado ativacdo de TEP, gerando fragmegtms se ligam a superficie do
protozoario e formam poros na membran@tismodiumNas linhagens resistentes, além
de lise de membrana do protozoario, ocorre ativaghenzimas da hemolinfa do inseto
responsaveis pela formagcdo de uma capsula de melam torno do oocineto (BLANDIN
et al, 2004).

Alguns trabalhos tém identificado a presenca daidores de proteases, come
Macroglobulina (BENDER AND BAYNE, 1996) e protegnaom atividade de proteases
semelhante a tripsina (BAHGA@t al, 2002) na hemolinfa e no lisado de hemdécitos de
Biomphalaria glabratarespectivamente. No entanto ndo foi possivelcessa atividade
da protease com a suscetibilidade do molusc8.anansoniMais recentemente, MITTA
et al (2005), avaliando uma biblioteca de cDNA de hemadcide B. glabrata ndo
infectados, identificaram a presenca de genes lomuosl a proteases e inibidores de

protease. Posteriormente, LOCKYER al (2007), tendo como o modelo experimental
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B.glabrata infectado porS. mansonie utilizando a técnica de hibridizacdo subtrativa
supressiva (SSH) construida com cDNA do orgdo posdde hemdcitos (APO) de
caramujos expostos e ndo expostos Saomansoni descreveram a presenca de uma
sequUéncia génica com homologia a uma serino-peteas caramujos resistentes e nao
expostos ao parasito. Apesar de muitos trabalho®elgrarem a presenca de proteases na
hemolinfa de moluscos, a possivel participacacedgstpo de proteinas em mecanismos de
defesa destes hospedeiros ainda néo foi devidandentenstrada. Neste trabalho temos
como objetivo analisar comparativamente a atividddeprotease na hemolinfa de
glabrata e deB. tenagophilaTaim e de Cabo Frio) e verificar o efeito destaidade na

viabilidade de esporocistos 8e mansoniem testes vitro.

5.2 Material e métodos

5.2.1 Caramujos

Como citado na primeira parte deste trabalho, ecanmogos utilizados pertencem
as especieB.glabrata e B.tenagophila ambas mantidas no moluscario do laboratorio de
Esquistossomose ICB — UFMG. A linhagem Bleglabratg utilizada é proveniente da
Lagoa da Pampulha — Belo Horizonte (MG) e denonairdeB. glabratada linhagem BH.
Duas linhagens dB. tenagophilaforam utilizadas nos experimentos, uma provenidete
Cabo Frio — RJ, denominada Betenagophilada linhagem Cabo Frio, e outra da reserva

ecologica do Taim — RS, denominadaBdéenagophilada linhagem Taim.
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Antes da coleta da hemolinfa os caramujos forarmstidos a um procedimento de
limpeza (com solugcéo de detergente SDS 0,1%) efdesio (inicialmente com solugéo 0,1

% de Benzoilmetronidazole, seguido pon@@ml Gentamicina e 10@g/ml Ampicilina).

5.2.2. Determinacéo do pH da hemolinfa

Os caramujos foram devidamente anestesiados ermgasohquosa contendo 0,4
mg/ml pentabarbitol sédico por 8 h (MARTINS-SOUZA al, 2001), apos o completo
relaxamento e exposicao da regiao cefalopodaldnfizado o pH da hemolinfa utilizando
a técnica descrita por SOARESal, (2006). Resumidamente, um tubo capilar (tubes &
1,1 mm) contendo 3Ql de solucao indicadora de pH (0,5% Azul de bromtmma pH
7,5) que foi introduzido delicadamente no pé dodusums, permitindo o contato da
hemolinfa com a solucdo ainda no interior do cajanmii cor desenvolvida na interface da
hemolinfa com a solucéo indicadora foi comparada solugdes padroes preparadas em
diferentes unidades de pH entre 5,0 e 8,0. Paimasta do pH da hemolinfa dos

moluscos foram observados 5 caramujos de cada asnespécies ou linhagens estudadas.

5.2.3. Coleta de hemolinfa para analise de atividadproteolitica

Para utilizac@o nos testes de atividade enzim&immplinfa deB. glabrataBH e

de B. tenagophiladas linhagens Taim e Cabo Frio, ndo expostosaeasipo, foi coletada

por puncdo na regido cardiaca conforme descritoZgCK et al (1995) e detalhado

anteriormente. Para cada linhagem de caramujodtestai coletado hemolinfa de 9
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caramujos na presenca ou auséncia de cada inibididee proteases testado. Nos
experimentos foram testados os inibidores 4-(2-Atinyl)-benzeneesulfonyl fluoride
hydrocloride AEBSF), Pepstatina-A, transepoxysuccinyl-L-leucylamido 4-guanidino
butane E64), Ac-Leu-Leu-argininal x 1/2 p$Q, (Leupeptin), N-a-tosyl-L-phenylalanine
chloromethyl ketone TPCK), N-a-tosyl-L-lysine chloromethyl ketone TLCK),
Phenylmethylsulfonyl fluoride RMSF) e um coquetel de inibidor de protease da
Amersham Biosciences. As especificacbes de cadedami testado e a concentracdo
utilizada estao detalhadas no Quadro I.

Apés a coleta individual, a hemolinfa de 3 caramaugle um mesmo grupo
experimental foi agrupada para obtencdo de voluseessario para os testes, sendo
utilizada 3 amostras contendo hemolinfa total deaBamujos para cada cada grupo
experimental de cada linhagem de caramujo.s. A hefadoi imediatamente transferida
para superficie de parafilm em banho de gelo eboesadante foi entdo transferido para
tubos de polipropileno de 1,5mL e centrifugado Ity 10 min at 4 °C. O sobrenadante,
designado de fracdo soluvel ou acelular, foi rétira utilizado para eletroforese, ensaios
enzimaticos e na determinacdo de da concentracfooteinas pelo método de LOWRY

et al (1951).
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Quadro I: Painel de Inibidores de Proteases utilizados élba a atividade proteolitica
presente na hemolinfa d®8. glabrata BH, B. tenagophilaCabo Frio eB. tenagophilaTaim,
mostrando a marca utilizada, a especificidade ithidior, o veiculo de diluicdo da solucdo estoque

e a concentracao final utilizada no ensaio.

Concentracao
Inibidor Especificidade do Dissolugéo final
(Marca) inibidor
PMSF serino protease (r) etanol absoluto 6mM
(Amersham)
TLCK tripsina (i) agua-HCl pH 3,0 135M
(Amersham)
TPCK quimotripsina(i) metanol 284
(Amersham)
AEBSF serino protease (i) Tris-HCI pH 8,0 6mM
(Amersham
PepstatinA aspartil protease(r) DMSO us
(Amersham)
Coquetel aspartil-, serino e agua 3X
(Sigma) cisteino proteases (r)
E-64 Cisteino protease(r) agua 2N
(Sigma
Leupeptin serino- e aspartil- agua M
(Amersham) protease(r)
EDTA Metalo-protease(r) Tris-HCI pH 8,0 1,3mM
(Gibco)

(Dinteracdao irreversivel com a proteina.
(r) interacao reversivel com a proteina.
* preparo feito imediatamente antes da utilizagéo.

5.2.4. Eletroforese da Hemolinfa

As proteinas da fracdo acelular da hemolinfa dfssalites grupos experimentais

foram separadas por eletroforese em gel de pdtiauda (LAEMMLI., 1970), utilizando

o sistema mini-VE (Hoefer Pharmacia Biotech, Saameéisco, CA, USA). Para tantoub

62



da amostra da fracéo acelular da hemolinfa de ttattanento foi diluida (1:2) em tampéao
Tris-HCI 0,125 M, pH 6,8, contendo 2% SDS e 10%gteerol 0,1% de bromofenol e
incubada a 100 °C por 3 min. Para referéncia de pedecular foi aplicado o padrdo de
pesos moleculares SDS6H2 (Sigma). Cada amostaplioada em uma canaleta do gel de
poliacrilamida (SDS-PAGE) descontinuo (empacotametfto e resolucdo 10%) e a
separacao eletroforetica das proteinas foi reaizad 15 mA (60V). Apds a separacao
das proteinas, o gel foi fixado em metanol 50%radmcom Azul de Coomassie (solugao
contendo 0,1% de Azul de Coomassie G-250, 25% darmole 5 % de acido acético) e

descorado em uma solucao de 10% de metanol e Bidteacético.

5.2.5.Ensaio de atividade proteolitica

A atividade proteolitica da fracdo acelular déachemolinfa foi avaliada utilizando
0 substrato caseina e/ou gelatina. No caso docenthzando a caseina seguimos a técnica
descrita por KUNITZ (1945). Resumidamente @D de cada amostra de hemolinfa foi
adicionada a 0,5 mL de tampéao Tris 0,5M pH 7,2emio 1 % de caseina (Sigma St Louis,
MO) e a mistura foi incubada em banho-maria a@2®dr 3 h. Apos este periodo, 0,5 mL de
solucdo de acido perclorico a 7 % foi adicionadada tubo para parar a reacéo e precipitar a
caseina ndo digerida. Apos 15 min de incubacdo écido perclorico, cada tubo foi
centrifugado a 10.000g/5min/4 °C. O sobrenadanteada tratamento foi transferido para um
tubo de polipropileno de 2 mL e o nivel de peptéjeesultantes da digestdo da caseina pela
hemolinfa, foi estimado através da leitura da difacia de cada amostra em

espectrofotdmetro (Shimatzu) a 280nm. O controlgatieo foi realizado substituindo a
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amostra de hemolinfa por tampdo CBSS e no conpadéivo foi adicionado 0,1 mg/mL de
guimotripsina a solucéo de caseina. A atividada fot expressa em densidade Optica / hora /
concentracdo de proteina (DO / h / mg proteina).

A outra técnica utilizada para estimar a atividgueteolitica nas amostras de
hemolinfa foi a digestédo de gelatina co-polimera&zad gel de poliacrilamida, segundo técnica
originalmente descrita por HEUSSEN AND DOWDLE (1980Para tanto, o gel contendo
10% de acrilamida/bisacrilamida e 1% de SDS fegpalimerizado com 0,1% gelatina (sigma)
e as amostras de hemolinfa foram diluidas em tarmp&eHCI 0,125 M, pH 6,8 sem SDS e
também sem adicdo de agentes redutores e semragaéxi As amostras de hemolinfa foram
aplicadas ao gel e eletroforeticamente separadégamdo o sistema mini-VE (Hoefer
Pharmacia Biotech) e corrente de 80 V a 4 °C.adueite com as amostras, foi aplicado a
uma canaleta o padrdo de pesos moleculares comgesproteinas pré-coradas (Biolabs),
permitindo identificacdo e marcacdo da posicdoxapada de cada banda do padrdo apos a
separacédo eletroforética com um pequeno orificio.

Apés a separacdo das proteinas, o gel foi lavadoagua contendo 2,5% Triton X-
100 por 1 h, para a retirada do SDS, e incubaddaempao Tris (30 mM Tris-HCI, 60 mM
NacCl, 0,05% Nahl pH 7,2) por 18 h a temperatura ambiente. Apdshacao, o gel foi fixado
e corado com azul de Coomassie, conforme detakwati@doiormente. A gelatina que compdem
o gel € homogeneamente corada pelo Coomassie, rengas areas claras demonstram a
presenca de atividade proteolitica da amostra.

Para confirmacéo da atividade proteolitica, amestemhemolinfa foram coletadas na
presenca dos inibidores anteriormente descritodiligadas para realizacdo dos testes de

atividade.
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5.2.6.0btencao de miracidios d8. mansonie dos esporocistos axénicos

Conforme detalhado anteriorment® (tem 4.2.3, miracidios dé&s. mansoniforam
obtidos em condi¢cbes estéreis, a partir de homogetefigado de hamsters infectados (45-
50 dias apds infeccdo) conforme técnica descrita @HAIA (1956). Os miracidios
recolhidos foram axenicamente transformados emresistos em meio RPMI contendo 5 %
de soro fetal bovino por 18 h a 26 °C (SAMUELSE@N al, 1984). Os esporocistos
transformados foram lavados 5 vezes em CBSS estgintificados e ressuspensos em
CBSS suplementado [CBSS contendo 10 mM de HEPESW2 glutamina 1 mM de
aminoacidos essenciais, 100 U penicilina e 100tt¢@®micina, e 2 % de albumina bovina]

onde permaneciam até serem utilizados nos respsgirotocolos.

5.2.7 Ensaio de inativacdo de esporocistwsvitro

A fracdo acelular da hemolinfa recolhidaRleglabrataBH eB. tenagophilaTaim e
Cabo Frio, coletada com e sem a presenca de indsidte proteases, também foi avaliada na
sua habilidade de destruir esporocistoSdeansonaxenicamente transformados. Para tanto
foi utilizada metodologia detalhada anteriormente item 4.2.5 PEREIRA et al, 2008),
onde aproximadamente 50 esporocistoS.damansonforam cultivados, por 6 h a 26 °C, em
meio CBSS suplementado na presenca de 20% de faagldar da hemolinfa dos caramujos
de diferentes grupos, coletados na presenca oun@asée inibidor de protease (AEBSF).
Apos incubacéo foi adicionado a cada tratamentaz&ol contendo 0,4 % de Azul de Tripan e
a viabilidade dos esporocistos foi aferida pelaagem de parasitos integros ndo corados em

microscopia optica.
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5.2.8 Analise estatistica

Os resultados obtidos em cada tratamento forantists@mente comparados,
utilizando-se analise de variancia para dados p&raoos (ANOVA, post teste Tukey).

Valores de R0,05 foram considerados estatisticamente signiicsit

5.3 Resultados:

As amostras de hemolinfa coletadas Ble glabrata ou B. tenagophiladas
diferentes linhagens testadas ndo apresentaramrdifes estatisticamente significantes na
guantidade de proteinas e no pH. Em todas as amod& hemolinfa das diferentes
espécies ou linhagens Beémphalariatestadas o pH variou de 6,5 a 7,0. Foi quantificad
11,2 + 0,0208 mg de proteina/mL de hemolinf&8dglabratg enquanto quB.tenagophila
Taim e Cabo Frio apresentam 10.56 + 0,082 e 1103@*1 mg/mL respectivamente. Nas
diferentes espécies ou linhagensBiemphalaria utilizadas nestes estudos foi verificado
gue proteinas de alto peso molecular, possivelmest@oglobina, sdo predominantes na
hemolinfa acelular, dificultando a identificacdo detras proteinas (figura 4A). Com a
ultracentrifugacéo da hemolinfa acelular (100.0864f °C), foi possivel visualizar melhor

as demais proteinas e observar que existe muitallsanga entre o perfil eletroforético das
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Figura 4: Separacgédo das proteinas da fragéo soliveh hemolinfa deB. glabrataBH
(Gla), B.tenagophila Cabo Frio (Cf), e B.tenagophila Taim (Taim) por SDS-PAGE em
condi¢cBes desnaturantesNUmeros a esquerda dos géis indicam padrdesssanmolar (KDa).
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proteinas sollveis da hemolinfa nas espécidd. dgabrataBH, B.tenagophilaCabo Frio,

e B.tenagophilaTaim (figura 4B).Apesar do perfil eletroforéticeenselhante, foram
detectadas variacdes estatisticamente significative atividade proteolitica da fracdo
acelular coletada das diferentes espécies e linsagége caramujos hospedeiros
intermediarios dé&. mansoné incubada na presenca de caseina (figura 5)cdalicoes
experimentais utilizadas, a adicdo de quimotripgihdamg/mL), controle positivo, gerou
digestdo de caseina em niveis mensuraveis pele &edstatisticamente superior ao
detectado no controle negativo, contendo apenasSGB&0,0001). A adicédo da fracao
soltvel deB. glabrataa solucédo contendo caseina gerou aumento sighifiada atividade
proteolitica em relacdo ao controle com CBSS, magonmenor que o detectado no
controle positivo. Em contraste, a adicdo de wmstra da fracdo acelular &e
tenagophila tanto da linhagem Taim como Cabo Frio, resultou aimento altamente
estatistico da atividade proteolica sobre casedaado superior ao detectado com a
hemolinfa acelular d8. glabrata De maneira interessante, a atividade observada co
adicdo da fracdo acelular d tenagophilaTaim foi estatisticamente maior (p<0,05)

guando comparado com o valor detectado BaenagophilaCabo Frio (figura 5)
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Figura 5: Atividade proteolitica da fracdo acelular da hemolfa de B.glabrate,
B.tenagophil: Taim e B.tenagophila Cabo Frio sobre solucdo de Caseinatividade
proteolitica estimada pela leitura de absorbancia8@ nm da solucdo deaseina apt
incubacdo com a fracdo solivel da hemolinfa dosnwajos dos diferentes gruj
experimentais, ou seus controles, por 3 h segudarecipitacdo protéica. ***([p< 0,001 er
relacdo ao controle negativo contendo apenas C&8i&8encas estatisticamente significa
entre a atividade detectada com na presenca delihtande Taim e outros tratame
contendo hemolinfa estéo indicados por ##t#< ,001.
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A utilizac&o de inibidores especificos para grugesproteases durante o teste de
avaliacdo da atividade proteolitica da fracdo daella hemolinfa dos caramujos, tendo a
caseina como substrato, permitiu caracterizar \adatle proteolitica da hemolinfa das
diferentes espécies e linhagens de caramujos #sstijura 6). A baixa atividade
proteolitica da fracdo soluvel d& glabratafoi praticamente abolida pela adicdo de E64
(cisteino-protease), Leupeptin (serino- e aspprttease), AEBSF (serino-protease) e
Pepstatina A (aspartil-proteasepBiomphalaria tenagophila Cabo Frio e Taim,
apresentaram atividade proteolitica maior dueglabrata e esta atividade foi apenas
parcialmente reduzida, mas nédo bloqueada, peld@@diQs inibidores E64, Leupeptin e
AEBSF a hemolinfa, sendo que a reducdo foi maioa paatividade da hemolinfa d&e
tenagophilada linhagem Cabo Frio. Ao contrario do observadm chemolinfa deB.
glabrata a adicdo de Pepstatina A ndo afetou a atividaokeglitica da hemolinfa dB.
tenagophilaCabo Frio ou Taim. Também foram testados os iniesi TPCK (inibidor de
guimotripsina), e TLCK (inibidor de tripsina), sendue os mesmos reduziranaté&vidade
proteolitica da hemolinfa dos caramujos estudadosieel semelhante ao detectado com
adicdo de AEBSF. Mesmo com a adicdo do coquetelnidigdores comercialmente
disponivel (Sigma), n&o foi possivel abolir a atade proteolitica detectada na hemolinfa
acelular deB. tenagophila Vale ressaltar que a adicdo de AEBSF, inibidorseeno-
proteases, produziu os maiores indices de inildgaatividade proteolitica, sendo que esta
reducdo foi estatisticamente significante para arssle hemolinfa das diferentes espécies

deBiomphalariaestudada e em todos os testes realizados.
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Figura 6: Atividade proteolitica especifica da frado acelular da hemolinfa deB.
glabrate (Glabrata), B. tenagophilaCabo Frio (Cabo Frio) e B. tenagophila Taim
(Taim) na auséncia e na presenca de inibidores esgjffecos para diferentes classes
proteases.As proteases foram ensaiadasnatura, hemolinfa coletada sem inibidor ou c
hemolinfa coletada na presencaR#mstatina, Leupeptin, E64 ou AEBSFA atividade proteolitic
especifica era calculada para cada tratamentdzadalem triplicata, e os rdeados demonstrad
em média + desvio padrdo de quatro experimentospantentes. Diferencas estatisticarr
significantes em relacdo a atividade detectada eomemolinfa in natura do mesmo gr
experimental estdo indicadas por*$0,05
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A atividade proteolitica da fracdo acelular da hiamfeo dos diferentes grupos
experimentais também foi verificada quando a fragg@lavel in natura foi aplicada ao gel
co-polimerizado com gelatina (figura 7). Areas m@cadas, sugestivas de degradacéo da
gelatina pela amostra de hemolinfa, foram detestatss canaletas contendo fracdo
acelular de hemolinfa d8. glabrataBH e deB. tenagophilatanto da linhagem Cabo Frio
como Taim. Apesar de ter sido detectada degradiggelatina com hemolinfa acelular de
todos os caramujos estudados, a degradacdo pradoaid. tenagophilaTaim foi mais
intensa e extensa. (figura 7A). Diferentemente Heeovado com caseina, a atividade
proteolitica da fracdo acelular da hemolinfa dearrajos tendo como substrato gelatina
nao foi bloqueada pela adicdo de E64, pepstatiraAgupeptin (dado ndo mostrado). Os
unicos inibidores capazes de reduzir a atividadéeplitica da hemolinfa em gel contendo
gelatina foram os inibidores de serino-proteasedBM&F e o AEBSF, sendo que AEBSF

foi mais eficiente na reducéo da atividade protieali(figura 7b).
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1:2 1:8

Figura 7: Atividade proteolica da hemolinfa acelula de B. glabratada linhagem BH (Gla) eB.
tenagophiladas linhagens Cabo Frio (CF) e Taim (Taim) em geledpoliacrilamida contendo 1%
de gelatina. Em (A) as amostras de hemolinfa acelular foramtas)enantidas em gelo, diluidas
em tampao ndo denaturante e aplicada no gel canterib de gelatina. Em (B) a hemolinfa
coletada na presenca de 6 mM do inibidor de sgninoteases -AEBSF e processada confol
descrito para A (1:2) ou foi coletadalduida 1:4 em CBSS contendo 6 mM de AEBSF antesa
processada e aplicada no gel (1:8). As areas dlepassenda locais onde a gelatingpobmerizad
no gel foi digerida por enzimas presentes na fracatular da hemolinfa.
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Uma vez que a adicdo de AEBSF, inibidor especifecgerino-proteases, resultou
em reducdo da atividade proteolitica da fragdoutaretia hemolinfa d8iomphalarianos
ensaios realizados e que este inibidor € irrev@rsgvpouco toxico para as células de
mamiferos, o efeito funcional da adi¢cdo deste dubifoi avaliado nos ensaios in vitro
contendo esporocistos e hemolinfa acelular (figB)a Esporocistos deS. mansoni
cultivados por 24 h em meio de cultura na presencauséncia de 6mM de AEBSF
apresentaram baixa mortalidade ndo sendo estatistitte diferente entre estes grupos. A
adicdo da hemolinfa acelular d& glabrataao meio de cultura resultou em pequena
mortalidade dos esporocistos, mas significantemerd@®r que a observada nos grupos
controles, que nao foi alterada na presenca dellgaooletada com AEBSF (figura 8A).
Confirmando os resultados anteriores (figura 1l)adacdo da fracdo acelular dg.
tenagophila das linhagens Taim e Cabo Frio, induz aumenttisgto da mortalidade de
esporocistos, sendo que a mortalidade do parasitmdior na presenca de hemolinfa da
linhagem Taim, naturalmente resistente a infecgdo jparasito (figura 8B e 8C). A adicdo
de hemolinfa acelular dB. tenagophilade ambas as linhagens, coletada na presenca de

AEBSF reduziu significativamente a mortalidade eggorocistos (figura 8B e 8C).
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Figura 8: Taxa de matalidade dos esporocistos deS. mansonicultivados na presenca de fracdo acelular ¢
hemolinfa de B. glabrata (A), B. tenagophilaCabo Frio (B) ouB. tenagophilaTaim (C) coletadas na presencga ¢
auséncia de inibidor de protease (AEBSF)Tratamentos Controle€BSS representa os esporocistos cultivados
CBSS suplementadEBSF esporocistos cultivados em CBSS suplementadon® e AEBSF (inibidor de serino-
protease)HTaim - esporocistos cultivados em CBSS suplementadtecdn 20% de fragdo acelular da hemoliBfa
tenagophilaTaim; HTaim+ AEBSF - esporocistos cultivados em CBSS suplementado cdnt28% de fragdo acelul
da hemolinfaB. tenagophilaTaim e 6mM de AEBSFHCabo Frio - esporocistos cultivados em CBSS suplemen
contendo hemolinfa d®. tenagophilado Cabo Frio;HCabo frio + AEBSF - esporocistos cultivados em CB
suplementado contendo hemolinfa Bletenagophila Cabo Frio e 6mM de AEBSIHgla - esporocistos cultivados €
CBSS suplementado contendo hemolinfa Ble glabrata Hgla + AEBSF - esporocistos cultivados em CB
suplementado contendo hemolinfaRleglabratae 6mM de AEBSF. A porcentagem de esporocistos mdoiacalculad:
para cada tratamento realizado em triplicata essltados demonstrados em média + desvio padréésixperimento:
independentes. As diferengas estatisticamentefisigmies quando comparamos 0s controles versusitasnentos esté
indicados por ** E 0,001; * = 0,01;e #§ 0,050u##p 0,001 indica diferencas estatisticas entre g
contendo hemolinfa e hemolinfa com inibidor.
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Discussao:

Pouco se conhece da composicdo da hemolinfa acelelBiomphalariae da
participacdo destes elementos na interacdo patessimedeiro. Durante a realizacdo da
primeira parte do nosso estudo (PEREIB®Aal, 2008), foi possivel demonstrar que a
transferéncia da fracdo solUvel da hemolinfalBdéenagophilada linhagem Taim confere
protecdo contréS. mansonia linhagem suscetivel dB. tenagophila sendo detectado
reducdo no numero de esporocistos sobreviventedasadiosn vitro ein vivo. Os ensaios
in vitro (parte 1) permitiram identificar que a destruigdms esporocistos d&. mansoni
pode ser mediada diretamente por elementos preseatiFacdo acelular da hemolinfa de
B. tenagophila provavelmente por lesédo do tegumento do paraditesde os primeiros
estudos publicados por NEWTON (1952) foi evidengidustologicamente que alguns
esporocistos eram destruidos no interior do hosmedgermediarioB. glabratg mesmo
na auséncia de encapsulamento por hemacitos, nutica possibilidade de um mecanismo
controle do parasito sem acgéo direta dos componeeialares. Recentemente, SAAP &
LOKER (2000) demonstraram que na maioria das igies de gastropoda-digenéicos
incompativeis, fatores soltveis da hemolinfa, ndlacionados a osmolaridade, matam o
esporocisto apo0s 6 h de incubag#o vitro, mas a natureza destes fatores ndo foi
estabelecida. Assim, apesar de vérias evidéncigsrimentais da participacdo direta de
elementos da hemolinfa acelular Beomphalaria na destruicdo de esporocistos Sle
mansonj a natureza desta atividade ainda néo foi ideatf.

Alguns trabalhos (GRANATH & SPRAY, 1987; SPRASt al, 1988) objetivaram
identificar diferencas, através de eletrofores®\astern blot, na composicao das proteinas

da hemolinfa de linhagens resistentes e suscetdeeB. glabrata que justificassem a
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protecdo; entretanto, apesar de algumas diferesegam relatadas na concentracéao total de
proteinas solaveis e no perfil dos polipeptidioamexados, ndo foi possivel relacionar
estas diferencas com o mecanismo de protecao.

Com o intuito de identicar genes associados cooordrole da infecgcao por
larvas de trematddeos erBiomphalariaestudos recentes focam no sequenciamento de
ESTs (“expression sequence tag”) em bibliotecacg@&nconstruidas a partir de cDNA de
hemdcitos circulantes, que sdo considerados osipais efetores do sistema interno de
defesa dos moluscos. Alguns genes com producao raadi@e durante a infeccao por
trematddeos foram identificados e pertencem a datifes grupos funcionais, sendo
detectadas sequéncias com homologia a integriaesnds, peptideos anti-microbianos,
proteinas associadas ao estresse oxidativo, glasess, proteases e inibidores de proteases
(MITTA et al, 2005; GUILHOUet al, 2007; LOCKYERet al ., 2007; ZHANGet al,
2004). Entretanto, a participagdo da maioria degtigsos funcionais de genes no controle
da infecgcéo por larvas de trematodeos dependentdtaassociada dos hemadcitos e ndo
poderiam justificar a efeito direto da hemolinfaelatar na mortalidade dos esporocistos
verificadain vitro. Assim, nesta etapa dos experimentos verificanaiwiglade proteolitica
da hemolinfa acelular das diferentes espécieshadiens d@8iomphalarig desde que este
grupo de proteinas poderia ter um efeito diretotagumento do esporocisto, como ja
demonstrado durante a infeccao (BLANDdNal, 2004)

De acordo com nossos resultados foi verificado gaefracdo acelular da
hemolinfa deB. glabrata foi detectada pequena atividade proteliticatéren diferentes
substrados e esta atividade foi bloqueada na gr@siminibidores de cisteino-, aspartil- e
serino- proteases, sugerindo a atividade destdegses possam estar associadas. Em

contraste, a hemolinfa acelular BetenagophilaCabo Frio e Taim, apresentou atividade
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proteolitica estatisticamente superior a atividasgigecifica detectada eB glabratg que

foi sobrou apenas reducédo parcial na presencaliddres de cisteino- e serino-proteases,
mas nao de aspartil-proteases. Estes dados clamimditam que a atividade protelica da
hemolinfa acelular deB. tenagophilae B. glabrata é qualitativa e quantitativamente
diversa. Além disto, nossos dados também sugerema atividade proteolica da hemolinfa
acelular deB. tenagophilaTaim, linhagem resistente a infec¢do natural omansonié
qualitativamente superior a detectadaRnenagophileCabo Frio.

Além da producédo pelo hospedeiro, varios autdr@DES & YOSHINO, 1989;
YOSHINO et al, 1993; ZELCK & VON JANOWISKY, 2004) relataram \atiade
proteolitica, especialmente cisteino-protease, produtos excretados e secretadosSde
mansoni que estariam envolvidos na penetracdo e tranaftion do miracidio de.
mansonie na aquisi¢cao de nutrientes pelo parasito. Aygr@al de proteases e inibidores de
proteases pelo parasito também pode estar assaxiadpressdo do sistema interno de
defesa do molusco (YOSHING@ al., 1993).

Espécies do génemiomphalariapossuem sistema circulatorio aberto, assim as
diferentes classes de proteases, cuja atividadeetectada na hemolinfa, podem ter sido
produzidas em diferentes locais do corpo do cammpor diferentes células ou tecidos,
ndo necessariamente estando associada com o eomrgarasito. Desta forma, parte da
atividade de cisteino-protease detectada na fragglalar da hemolinfa d#. glabratae de
B. tenagophilgpode ser devido a catepsinas, que sdo produzidabendancia na regiao
das glandulas digestivas (ALVES al, 2007; MYERSet al, 2008), e atingem a hemolinfa
circulante (ALVESet al, 2007). MYERSet al (2008) reportaram que a atividade

proteolitica desta catepsina foi maior na glandigestiva (hepatopancreas)Beglabrata
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da linhagem BS-90 (resistente ao parasito) queinfmdem M-line, que é altamente
suscetivel a infeccdo p8&: mansoni

Diferenca no nivel de atividade proteolica na hémfeoltambém pode estar
associada com a producao de inibidores de protdase3. glabrataFRYERet al (1996),
verificaram que a atividade de cisteino-proteagsegnte na hemolinfa circulante estava
associada com a presencaod®lacroglobulina, que inibia a atividade de cistefmotease.
Posteriormente, VERGOTEt al (2004) demonstraram que o perfil protéico obtids n
estudos de proteoma apresentavam pequenas diferentia linhagens dB. glabrata
resistentes e suscetiveis ao trematoHeocapronj sendo que inibidores de cisteino-
protease e enzimas glicolicas foram identicadase ead proteinas que apresentavam-se
diferentemente expressas na hemolinfa dos difesentduscos.

Nossos dados mostraram que a atividade proteotitideemolinfa d&. glabrata
foi menor que enB. tenagophilae n&o interefere na sobrevivéncia dos esporocis&s
mansonicultivadosin vitro. Em contraste, a atividade proteolitica detecteal@emolinfa
deB. tenagophildoi maior e associada com a suscetibilidade démsatjens a infeccao por
S. mansonisendo mais intensa na linhagem Taim. Interessemie, o uso de inibidores
de serino-protease bloqueou a mortalidade de esptw® induzida diretamente por
hemolinfa acelular.

BAHGAT et al, (2002) relatam detectaram atividade de uma cenntease no
lisado de hemdcitos d&glabrataresistente e suscetivel a infeccdo omansoniembora
nao tenha sido possivel verificar diferencas neidatile proteolica entre as espécies de
B.glabratasuscetivel e resistente, ndo sendo possivel asssta atividade com controle

do parasito. MITTAet al (2005), avaliando gene relacionados a resposta. dgabrata
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frente a infeccdo porE. caproni em biblioteca de cDNA de hemdcitos também
identificaram gnes com homologia a enzimas enval/ida cascata de coagulagdo de
mamiferos, metalo-proteases e inibidores de sgnoteases, alem de lisozimas, cuja
atividade ja havia sido demonstrada na fracdo sblda hemolinfa e nos granulos dos
granuldcitos de caramujos desafiados com patogemdssive S. manson{CHENG et
al.,1978). Usando a técnica de hidrizagdo subtraté/aibliotecas de cDNA obtida d&
glabrata suscetivel e resistante e exposto e ndo expoStoraansoniLOCKYER et al
(2007) identificaram um serino-protease (HtrA2)oasada a resposta de estresse oxidativo,
gue apresentou elevados niveis de transcritos eamo@ resistentes e expostos ao
parasito.

Desta forma, os resultados aqui apresentados suggre a atividade proteolitica
da hemolinfa deB. tenagophilapode estar associada com mecanismos de destagcao
esporocistos de&s. mansonipor moluscos de linhagens resistentes e serdo lbeas

avaliados neste estudo.
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Fracionamento e caracterizacdo da hemolinfa dB. tenagophilaTaim e sua

atividade sobre esporocistos d8. mansoni
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6.1. Introducéo

A linhagem deB. tenagophilasolada da reserva do Taim no Rio Grande do Sul
(B. tenagophilaraim) tem se mostrado completamente resistemtteagdo por diferentes
cepas d&. manson{SANTOSet al, 1979; COELHCet al, 2008). Apesar de ndo terem
sido recuperados esporocistos secundarios ou i@ycéle B. tenagophila Taim
experimentalmente infectado p& mansoniMARTINS-SOUZA et al, 1999; 2003;
PEREIRA et al, 2008), as analises histoldgicas mostram querasji@a € capaz de
penetrar nesta linhagem de caramujo, induzindo inteasa resposta celular que resulta
na sua completa destruicdo poucas horas ap6s @aofdMARTINS-SOUZA, 1999;
NEGRAO-CORREAet al.,2007).

A transferéncia da regido pericardica, local denfigdo de hemdécitos (APO —
amebocite producing Organ), @ tenagophilada linhagem resistente do Taim para a
linhagem suscetivel de Cabo Frio, resultou em cerapbrotecdo contra infeccdo [#®r
mansoninos receptores Cabo Frio, quando o transplant gagesso, demonstrando a
importancia dos hemacitos no mecanismo de protABBOSA et al, 2006). Aléem de
hemdacitos, a inoculacédo da fracdo acelular da hefaalle B. tenagophilaTaim emB.
tenagophilaCabo Frio resultou em aumento de resisténcia depteres a infeccao p8ér
mansoni indicando que fatores sollveis presentes na heiaale B. tenagophilaTaim
também participam do mecanismo de protecdo (PEREIR®05; COELHO &
BEZERRA, 2006; PEREIRAL al, 2008). Estudo funcional realizadgovitro revelou que
componentes presentes na fracdo acelular da héandiB. tenagophilaTaim podem

diretamente lesar o tegumento de esporocistos Gataente transformados provocando a
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morte de alguns parasitos (PEREIRA al, 2008; Parte | da tese). Os resultados
anteriormente apresentados (Parte 1) indicam quiesdo direta no tegumento de
esporocistos d&. mansoniesta associada a atividade de serino-proteassesnpes na
fracdo acelular dB. tenagophilalaim. Baseado nestes dados apresentados anterterme
nesta fase do trabalho pretende-se fracionar a Imdanae B. tenagophilaTaim e
caracterizar bioguimica e funcionalmente as diwefigggdes que atuam sobre esporocistos

recém-transformados & mansoni

6.2. Material e métodos

6.2.1 Caramujos e Parasito

Nesta etapa do trabalho foram utilizados exemplalesB. tenagophilada
linhagem do Taim para obtencdo da fracdo aceldahemolinfa eB. tenagophilada
linhagem Cabo Frio para obtencdo de hemocitoszatitis em interagdaa vitro. Os
caramujos sdo mantidos nos moluscarios por mais4@eanos no laboratorio de
Esquistossomose ICB — UFMG conforme procedimensrrite por PELLEGRINO &
KATZ (1968). Os exemplares utilizados nos expentog apresentavam 12-14 mm de
didametro e foram inicialmente submetidos a um mtmoento de limpeza (com solucéo de
detergente 0,1 %) e desinfeccéo (inicialmente colocdo 0,1 % de Benzoilmetronidazole,
seguido por 30 pg/ml Gentamicina e 100 pg/ml Antipiz;).

Nos testes de interac&o vitro foram utilizados esporocistos & mansonda
cepa LE, isolada de um paciente, Luis EvangeligaBelo Horizonte — MG, e vem sendo

mantida em condi¢cdes laboratoriais através de swess passagens em hamsters
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(Mesocricetus auratyse B. glabratade acordo com a técnica descrita por PELLEGRINO

& KATZ (1968).

6.2.2 Coleta de hemolinfa para analise

A hemolinfa deB. tenagophilaTaim foi coletada por pun¢do na regido cardiaea, d
acordo com o protocolo de ZELCHt al (1995) como detalhada anteriormente. Para os
experimentos realizados nesta fase a hemolinfeofetada de 60 caramujos até completar um
volume total de 5 mL de hemolinfa total. A hemdlintoletada de cada animal foi
imediatamente transferida para tubos de polipropilenantidos em banho de gelo. Para
alguns experimentos a hemolinfa coletada foi texridd na presenca de AESBF, na
concentracao final de 6mMp0s a coleta, a hemolinfa total foi centrifugadd0ax g, por 10
min e 4 °C e o sobrenadante, designado como frag@&ular, foi utilizado para

fracionamento e testes bioldgicos.

6.2.3 Processamento da hemolinfa

Ultracentrifugacao:

A fracdo acelular foi ultracentrifugada a 100.008, por 2h e 30 min a 4 °C para a
separacdo da hemoglobina ZELCHEt al (1995). O sobrenadante resultante da
ultracentrifugacéo foi separado e o precipitadoteedo principalmente hemoglobina, foi
ressuspendido em CBSS até o volume inicial de 5Aslamostras foram mantidas a 4 °C

até serem utilizadas.
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Precipitacdo com sulfato de aménio:

A fracdo soluvel da hemolinfa d&. tenagophilaTaim apos ultracentrifugacéo
bem como as diferentes fracBes recolhidas apésagplh de hemolinfa a coluna de
exclusao molecular (Superdex 75 HR 10/30) foi jigmila com sulfato amonio a 80% de
saturagdo segundo JANSON AND RYDEN (1998). Resamihte, o sal foi adicionado
aos poucos sobre o volume conhecido da amostrdhagmo de gelo, e homogeneizado
levemente com auxilio de um agitador magnético.sAp&ompleta dissolucédo do sal, o
material permaneceu em repouso por 4 h a 4 °C,dogseguida foi centrifugado por 1 h a
5000g e o sobrenadante transferido para um memlardidlise (poros de exclusédo de
12000 Da; Sigma Séao Louis). A proteina contidgrezipitado apds a preciptacdo com o
sulfato de aménio foram ressuspendidas em 1 mLB£S® também transferido para uma
membrana de didlise. As membranas contendo asfayoteicas e ndo protéicas de cada
amostra de hemolinfa foram dialisadas contra 2 tadg&o CBSS pH 7,2 por 24 h a 4 °C
e mantidas sob agitacdo magnética, com troca dpdimarde 12 em 12 h. As amostras
processadas da hemolinfa acelular foram recollidasterior da membrana de dialise com

0 auxilio de uma seringa de 1 mL estéril e imediegnte testadas em ensaiositro .

Dosagem de carboidratos:

Apos precipitar com sulfato de amoénio a fragcamaaéintrifugada da hemolinfa &e
tenagophilaTaim, a presenca de carboidratos no sobrenadasta aeostra foi determinada
pelo método de Antrona (YEMM & WILLIS., 1954). Resulamente, um tubo de vidro tipo

pirex (15mL) contendo 2 mL da solucdo de 0,2% deoan diluida em acido sulfurico foi
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acondicionado em banho de gelo por 5 min. Logo aptesperiodo, cerca de 1 mL da amostra
foi adicionada ao tubo sob leve agitacdo manualidagla incubacéo a 100 °C por 20 minutos
até o desenvolvimento da cor verde. A reagdo deramtse baseia na acdo hidrolitica e
desidratante do acido sulfarico concentrado sobreadboidratos. Quando a reacédo € levada a
efeito na presenca de carboidratos com ligacOewditiicas, estas sdo hidrolisadas e os
acucares simples desidratados para furfural ouoxihetilfurfural que condensam com o
antrona (9,10-dihidro-9-oxoantraceno), gerando uodyto de coloracdo azul petréleo. Os
acucares totais foram quantificados por espectdfean@20nm), utilizando uma curva padréo

de glicose (100upg /mL) de intervalo de 20-100ug.

Fracionamento da hemolinfa acelular dé. tenagophilaTaim

Inicialmente, a fracdo acelular da hemolinfB. tenagophila Taim
ultracentrifugada foi separada em coluna de exclasdlecular, utilizando gel de filtracdo
Superdex 75 10/30 HR (Amershn biosciences). Part® tama coluna de foi montada
acoplada ao sistema FPLC (equipamento de crométodigquida de alto rendimento
(Farmacia). A coluna foi equilibrada com tamp&o GBBH 7,2 e uma amostra de 1 mL
de hemolinfa ultracentrifugada foi aplicada a calui eluicdo das proteinas foi realizada
com adicdo de tampédo CBSS, pH 7,2 e as fracbesalserveram a 280nm foram
coletadas em um fluxo de 0.5 mL/min, a 4 °C. Asdes que apresentaram leitura de
absorbancia a 280nm foram entéo utilizados nosd#st/itro contra os esporocistos de
S. mansoniA fracdo da hemolinfa coletada da separacdo dumzale exclusdo e que
apresentou atividade biologica foi em seguida aghca uma coluna de troca idnica. Para

esta etapa foi utilizada uma coluna MONO-Q SepleakiR 5/5, que foi equilibrada com
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tampdo CBSS pH 7,2 e acoplada ao FPLC com um flexbmL /min. Apos a aplicacao
da amostra a eluicdo foi realizada com tampédo CBS,7,4 com gradiente de 0 a
1mol/L de NaCl, a 4 °C. Mais uma vez, as subfraf@esn novamente testadas contra os

esporocistos d8. mansoni

6.2.4 Perfil eletroforético e atividade proteolitia das fracbes da

hemolinfa deB. tenagophilaTaim

Paralelamente aos ensaios funcionais, uma aliqiegafracdes obtida com a
separacédo da hemolinfa acelular em coluna de éalo®lecular e posteriormente em
coluna de troca i6nica também foi submetida a separem gel de poliacrilamida a 10%
(LAEMMLI, 1970). A atividade proteolitica destasesmas fracdes foi avaliada atravées
da digestdo de gelatina co-polimerizada em gelapolamida, segundo técnica
originalmente descrita por HEUSSEN AND DOWDLE (19p&0detalhada anteriormente
(tem 5. 2.5.). Para tanto, uma amostra d& 8@ cada fracdo da hemolinfa foi diluida em
tampéo Tris-HCI 0,125 M, pH 6,8 sem adicdo de agemnédutores e aplicada ao gel
(SDS_PAGE) co-polimerizado com 0.1% gelatina. Aasagio eletroforética foi realizada
em sistema mini-VE (Hoefer Pharmacia Biotech, Saméisco, CA, USA) e corrente de
80 V. Apés a retirada do SDS, o gel foi fixado eado com azul de Coomassie para

evidenciar areas claras indicativas de digestamngétza.
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6.2.5 Avaliacao funcional das fragdes da hemolinfie B. tenagophilaTaim

Durante todo processo de fracionamento da fracélulac da hemolinfa d8.
tenagophilaTaim a atividade dos componentes envolvidos ncaniemo de destrui¢éo de
larvas deS. mansonfoi avaliada por meio de ensaio de viabilidadeesi@orocisto# vitro
detalhado anteriormente no item 4.2.3 (PEREI&Aal, 2008). Para tanto, miracidios
obtidos de ovos coletados do figado de hamstersctatfos foram axenicamente
transformados em esporocistos (SAMUELSEINL, 1984). Os esporocistos obtidos foram
lavados em tampao CBSS, concentrados e quantiqaata os ensaias vitro. Os ensaios
foram realizados, em triplicatas, em placas de &P contendo 50 esporocistos $le
mansoni cultivados em 25Qul de CBSS suplementado, na presenca ou auséncia de
hemolinfa acelular ou de amostras obtidas a pdotiracionamento da hemolinfa acelular
deB. tenagophilaraim (20% v/v). Apés 6 - 24 h de incubacédo aQ&f estufa de Ca
5 °C, foi adicionado a cada tratamento solucéo zid de Tripan e a viabilidade das larvas
foi estimada pela contagem de esporocistos integrosio corados. Para confirmar a
atividade de algumas subfragdes da hemolinfa acetldB. tenagophilado Taim sob o
tegumento de esporocistos 8lemansoncultivados foi acrescentado 5 pul da sokide&chst
33258 (2 pg/ul) a cada tratamento e, apdés 10 min, a ridiede do tegumento de
esporocistos foi avaliada em microscopia de Flu@&msa (Olympus IX70 filtro WU),

conforme descrito no item 4.2.3.
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6.2.6. Analise estatistica
Os resultados obtidos em cada tratamento forantists@mente comparados,
utilizando-se analise de variancia para dados petramos (ANOVA, post teste Tukey).

Valores de R0.05 foram considerados estatisticamente diferentes

6.3 Resultados

A primeira etapa do fracionamento da hemolinfaldaefoi a ultracentrifugacéo e a
avaliacdo da atividade funcional destas fragcdepoOsAa ultracentrifugacdo, a concentracéo
total de proteinas solluveis presentes na hemotiafB. tenagophilada linhagem Taim é
reduzida de 10,1 mg/mL para 4,5 mg/mL, indicande gthemoglobina representa a maior
parte das proteinas na hemolinfa destes moluscos.

Conforme mostrado na figura 9, a adicdo de 20 %salwrenadante da
hemolinfa acelular apés a ultracentrifugacado indazimento significativo da mortalidade de
esporocistos axenicamente transformados em relagéoontrole contendo apenas CBSS
suplementado, sendo que a mortalidade neste gougerhelhante a induzida pela adigdo de
hemolinfa total. Posteriormente, a hemolinfa uktradfugada foi submetida a precipitacédo
protéica com sulfato de aménio seguido de didlmetra tampdo CBSS para retirada do
excesso de sal, que é toxico ao esporocisto. Adadilp precipitado protéico da fracédo
ultracentrifugada da hemolinfa @ tenagophilaTaim as culturas de esporocistos resultou
em aumento significativo de mortalidade do parasénquanto que nas culturas que

receberam amostras de sobrenandante ndo protémeadinfa apresentaram indices de
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sobrevivéncia de esporocistos semelhantes aosoEmimantidos em CBSS suplementado
(figura 9). Estes dados indicam que a fracdo pratéem hemoglobina da hemolinfa Ble

tenagophilaTaim é responsavel pela destruicdo de esporodst®smansoni
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Figura 9: Taxa de mortalidade dos esporocistos dé&. mansoni cultivados em CBS¢
suplementado contendo ou ndo hemolinfa acelular dB. tenagophilada linhagem Taim,
submetidas a diferentes tratamentos. Tratamentos: @htroles: CBSS representa c
esporocistos cultivados somente na presenca de SGBBlementadoHemolinfa acelular -
esporocistos cultivados somente na presenca de SGBBlementado contendo 20% (v/v)
amostra de hemolinfa total acelulatiemolinfa ultracentrifugada - esporocistos cultivadc
somente na presenca de CBSS suplementado cor2éf@¢v/v) da amostra de hemolinfa tc
acelular ultracentrifugadaHemolinfa ultracentrifugada protéico - esporocistos cultivadc
somente na presenca de CBS$plementado contendo 20% (v/v) da amostra protéa
hemolinfa ultracentrifugadaHemolinfa ultracentrifugada ndo protéico - esporocisto
cultivados somente na presenca de CBSS suplensentadendo 20% (v/v) da amostra |
protéica da hemolinfa ultrantrifugada. A porcentagem de esporocistos mortbsaculada pal
cada tratamento apés 18 h de incubacgéo, baseadonmero de esporocitos viaveis no inicio €
final da incubacao. Diferencas estatisticas na dexenortalidade dos esporocistos nosreiftes
tratamentos em relagcdo ao controle cultivado emSC&8ao indicadas por ¥,05 ou *** p<
0,001
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Na etapa seguinte, a hemolinfa ultra-centrifugadia ffacionada em cromatografia de
exclusdo por peso molecular (figura 10). As pra@gida hemolinfa ultracentrifugada foram
recuperadas entre as fracbes 5 a 15, sendo queag@sed 6 e 7 apresentaram maior

concentracao protéica (0,5 mg/mL).

Absorbéncia 280 nm

Lipan s LT O < T € I Lo dP

Fracoes

Figura 10: Curva de eluicdo da hemolinfa ultracentifugada de B.tenagophilado Taim
durante o fracionamento em cromatografia de exclusimolecular, em coluna superde
75. Utilizamos o tampédo CBSS e um fluxo de 1mL/min sewngie o procedimento -
conduzido a 4 °C. A linhaodgréfico representa a leitura obtida de cada draeg@olhida
280nm.
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As diferentes fracdes recuperadas da coluna deusd&al molecular e que
apresentaram leitura de absorbancia em 280 nmamanitte com uma amostra de tampéao
recolhida no inicio da eluicdo (fracdol) foram &adds funcionalmente sob esporocistos de
S. mansoncultivadosin vitro (figura 11). Esporocistos d& mansoncultivados por 24 h em
CBSS suplementado contendo 20% da amostra colatadtacao 7, fracdo 9 ou fragcdo 12
apresentaram taxa de mortalidade significativamentmentada em relacdo ao controle
contendo somente CBSS suplementado. Todas as dieatdiss examinadas nao alteraram a
taxa de mortalidade dos esporocistos cultivadagtro. Apesar das fracdes 9 e 12 resultarem
em aumento de mortalidade de esporocistos, a m@iade estava concentrada na fracéo 7
(figura 11). A precipitacdo dos componentes proticpresentes na hemolinfa
ultracentrifugada dB. tenagophilalaim e nas diferentes fracées obtidas da cromafiagte
exclusdo molecular confirmaram que a capacidadesde os esporocistos & mansonfoi
recuperada com a adi¢cdo dos componentes protéic@mgkio 7 (figura 12). E importante
ressaltar que mesmo contendo cerca de um décimoprdsinas totais da hemolinfa
ultracentrifugada (4,5 mg proteinas/mL na hemoluifeacentrifugada e 0,5 mg/mL na fracao
7), as proteinas recuperadas na fragcdo 7 induzZiexan de mortalidade de esporocistos
similares a detectada no tratamento contendo ospaoemtes protéicos da hemolinfa

ultracentrifugada (figural2).
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Figura 11: Taxa de mortalidade dos esporocistos dS. mansor cultivados in vitro em CBSS
suplementado na presenca ou auséncia de sub-frac@ashemolinfa deB.tenagophilado Taim
obtidas da coluna de exclusdo molecularTratamentos: Controles: CBSS representa ¢
esporocistos cultivados somente na presenca deSGBflementado; Fracdo 1- esporocisto
cultivados somente na presenca de CBSS suplenoectatiendo o tampdao utilida no equilibric
da colunaFracé@o 7 a 15 esporocistos cultivados somente na presenca deS GBflementac
contendo 20% (v/v) da amostra de hemolinfa coletaaldracdo de numero correspondente
porcentagem de esporocistos mortos era calculadecpeh tratamento realizado em triplicata ¢
resultados demonstrados em média + desvio padri@glexperimentos independentes. Difere
estatisticas na taxa de mortalidade dos esporscists diferentes tratamentos em relacé
controle cultivado em CBSS estéo indicadas pat 6405 ou *** p< 0,001; e entré&ragdo 7 com
0s outros tratamentos com as fragdes estéo indiqauat g 0,05.
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Figura 12: Taxa de mortalidade dos esporocistos dS. manson cultivados in vitro em CBSS
suplementado na presenca das sub-fracbes 7 (A), {B), 15 (C) da hemolinfa acelular de
B.tenagophile do Taim obtidas da coluna de exclusdo molecular ergripitadas com sulfato de
amonio. CBSS representa os esporocistos cultivados somenpeesanca de CBSS suplementaéi@cio 1 -
esporocistos cultivados com CBSS e tampéo utilizam@quilibrio da colung;lultra - esporocistos cultivadc
com CBSS e hemolinfa ultracentrifugadaRleenagophilado Taim,HUIltra protéica - esporocistos cultivadc
com CBSS e proteinas de Hultra precipatadas cdfatswde ambnioHUItra ndo protéica - esporocisto
cultivados com CBSS e sobrenadante da hemolitfacehtrifugada apds precipitacdo com sulfato dénémm
Fracdo 7, 12 e 15 esporocistos cultivados em CBSS suplementadiecda 20% (v/v) da amostra de hemtsi
coletada na fracé@o correspondente apds separacéolema de exclusdo molecul&racédo 7, 12 e 15 protéica
esporocistos cultivados com CBSS suplementado @pjieelo protéico destas fragdésacdo 7, 12 e 15 na
protéica - esporocistos cultivadaom CBSS suplementado e sobrenadante destas fragde®p0s precipitag
com sulfato de ambnio. A porcentagem de esporacistortos foi calculada para cada tratamento reddizam
triplicata e os resultados demonstrados em méddesvio padrdo de trés experimentos independeAts.
diferencas estatisticamente significantes quandtpaosamos o control€EBSS, tampéao didlise, fracdo 1 versus
o tratamentos e estdo indicados por *¥@001; e entré&rao 7 com 0s outros tratamentos com as fragbes
indicados por #90,05.
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As mesmas fracOes recuperadas da coluna de exawskaular foram avaliadas
guanto a atividade proteolitica. Conforme verifcath figura 14, a degradacdo da gelatina
co-polimerizada em gel de acrilamida foi observadacanaleta 2 contendo a fracdo 7. As
demais fracbes obtidas na cromatografia de exclog@lecular ndo apresentaram atividade
proteolitica neste teste. Mais uma vez a ativigadéeolica detectada na fracdo 7 foi inibida

guando a hemolinfa foi coletada na presenca de @mMNEBSF, inibidor de serino-protease.

sem inibido com inibidoi

F6 F7 F8 F9 FIS F6 F7 F8 F9 FIS

Figura 13: Padrdo de digestdo enzimatica das fraceale hemolinfa acelular
ultracentrifugada de B.tenagophilado Taim obtidas aps fracionamento er
coluna de exclusdo molecular. F6, F7, F8, F9, F15 corresponde a fracoe
hemolinfa acelular de nimero correspondente caeapds separacao em colun
exclusdo molecular. As amostras, inicialmente edi@s na presenca ou ausémia
6 mM de AEBSF, foram fracionadas, diluidas 1:2 amgdo de amostra sem adi
de agente redutor e aplicadas em gel SDS-PAGHlig®rizado com 1 % ¢
gelatina. Condicdes de corrida e revelacdo da wigdsram realizadas confor

descrito em Material e Método.
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Como foi constatado que os componentes protéicofragdo 7 recuperada da
cromatografia de exclusdo da hemolinfa ultracargatia concentravam a atividade
proteolitica e atividade anti-esporocisto contidaB tenagophilaTaim foi decidido testar a
associacao destas fungbes. Para tanto, hemolin tlenagophilaTaim foi coletada, na
auséncia e na presenca de inibidor de protease SREBracionada em cromatografia de
exclusdo molecular. As subfracfes obtidas de hafaotioletada com e sem inibidor foram
simultaneamente testadas em culturas de espo®dst®. mansoniA figura 14 confirma
dados anteriores que mostram que a adicao da figca@s ndo da fracdo 8 e 9, induziu
aumento significativo da mortalidade de esporosistoltivados em CBSS. Entretanto, o
aumento de mortalidade de esporocistos induzide aaicdo da fracdo 7 da hemolinfa néo
aconteceu quando a hemolinfa foi coletada na pgase® inibidor de serino-protease
(AEBSF) (figura 14). Estes dados confirmam os Itadas anteriores (figura 8) onde foi
detectado que o efeito lesivo ao esporocistS.daeansonocasionado pela hemolinfa acelular
nao fracionada dB. tenagophileera reduzido na presenca de inibidor de serintegse.

A fracdo 7, que apresenta atividade proteolititzsiza ao tegumento do esporocisto
foi coletada e re-fracionada em cromatografia degtidnica, utilizando coluna MONO Q HR
5/5. Na figura 1%esta representado o perfil cromatografico da fraC&pos separacdo em
cromatografia de troca ibnica. Em amostra de henf@otoletada na auséncia de inibidor de
protease, o re-fracionamento da fracdo 7 resultou3epicos protéicos, denominados de
fracdo 7.1, 7.2 e 7.3 (figura 15A) enquanto quedimfia coletada com inibidor de serino-

protease (AEBSF) o perfil protéico foi diferente.
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Figura 14: Taxa de mortalidade dos esporocistos d8. mansonicultivados em CBSS n¢
presenca ou auséncia de sub-fragbes da hemolinfa detenagophila do Taim
coletada na presenca ou auséncia de AEBSF e fracamias por cromatografia de

exclusdo molecular.CBSS representa os esporocistos cultivados somente eserpra de CBS
suplementadoFragéo 7, 8 e 9 esporocistos cultivados na presenga de CBSS saptado contend
20% (v/v) da amostra de hemolinfa coletada na frag@rrespondente ap&eparacdo em coluna
exclusdo molecular fracdo 7, 8 e 9 + AEBSF esporocistos cultivados na presenca de C
suplementado contendo 6mM de AEBSF contendo 209 @& amostra de hemolinfa coletada na fr:
de numero correspondente apés separacdo éumacale exclusdo molecular. A porcentagerr
esporocistos mortos era calculada para cada tratameealizado em triplicata e os resulta
demonstrados em média + desvio padrdo de trés imgeps independentesiAs diferenca:
estatisticamente significantes quando comparanutwole CBSS, tampéo didlise, fragdo 1 versus ¢
tratamentos e estdo indicados por *& ®,001; e entr&rao 7 com 0s outros tratamentos com as frai
estdo indicados por # # #9,001.
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Figura 15: Cromatografia de troca ibnica, em resina mono Q, alfracdo 7 provenient
hemolinfa acelular deBiomphalaria tenagophilado Taim. Em 15A a fracdo 7 foi obtidaz
auséncia de inibidor e 15B na presenca de AEBSEromatografia foi conduzida a 4 °C
monitoramento das fracdes foi feito a 280nm.
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O perfil eletroforético e a atividade proteolitda fracdo 7 e das sub-fracdes 7.1,
7.2 e 7.3 da hemolinfa acelular Betenagophilalaim estdo representadoskigura 17,
sendo possivel verificar que a atividade protealipresente na fracdo 7 foi recuperada na

sub-fracdo 7.2 e a adicdo de 6 mM de AEBSF maiswananibiu esta atividade

Sem inibidor Com inibidor Sem inibidor Com inibidor

P7 P71 P72 P73 P7i  P7.H7.2i P7 P71 P7.2P73 P7i  P7.1i P7.2i

200K D

THOK Db e
LN |

GOK D2 e

29K Da

Figura 16: Perfil protéico (A) e atividade proteolta (B) das proteinas da fracdo 7 da hemolir
acelular deB.tenagophilaTaim e das subfracdes obtidas apo6s separacdo emurt de troca idnica
Em A: proteinas presentes na fracdo 7 e nas sub-fracbe§.2 e 7.3 da hemolinfa acelular Be
tenagophilacoletada na presenca ou auséncia de 6mM de AEB8F feletroforeticamente separe
em SDSPAGE e coradas com nitrato de prata. Os nimerggiéeada correspondem ao peso mole
do padrao utilizado. EnB: proteinas presentes na fracdo 7 e nasfraglhes 7.1, 7.2 da hemoli
acelular de B. tenagophila coletada na presenca ou auséncia de 6mM de AEBS&r
eletroforeticamente separadas em SDS-PAGE co-patiat® com 1% de gelatina sob condigtha
denaturantesCondi¢cdes de corrida e revelacdo da digestdo foemtizadas conforme descrito
Material e Método. As areas claras correspondencad onde a gelatina contida no gel foi digeridk
proteinas com acgédo proteolica presente na amgsicada.
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A figura 17 mostra o efeito da adicdo da fracdoda® subfragbes 7.1, 7.2, 7.3 de
hemolinfa acelular dB. tenagophilaraim coletada na auséncia ou presenca de inidelor
serino protease sobre a mortalidadeSdenansoncultivadoin vitro. E possivel verificar
gue o aumento de mortalidade de esporocist& densoninduzido pela adicdo da fracéao
7 da hemolinfa acelular dB. tenagophilaTaim foi também detectado nos tratamento
contendo as subfragbes 7.1 e 7.2 e uma mistura, adeés ndo na subfracdo 7.3 (figura 17
A). E importante salientar a indugdo de mortakdat® esporocistos nos tratamentos
contendo fragcdo 7.1 de hemolinfa acelular sem doibhi desde que esta amostra nao
apresenta atividade proteolica (figura 16B). A @nga de inibidor de serino-protease na
fracdo 7 e na mistura de fracdes obtidas do reimnacnento da hemolinfa impede o
aumento de mortalidade de esporocistosSdenansoni in vitroEntretanto, mesmo na
presenca do inibidor de serino-protease foi pokdieéectar aumento significativo de
mortalidade de esporocistos 8emansoncultivados na presenca das sub-fracdes 7.1 e 7.2
(figura 17B), sugerindo que a hemolinfa 8 tenagophilaTaim também apresente

elementos independentes da atividade de serinega®iesivos ao parasito.
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Figura 17: Taxa de mortalidade dos esporocistos dS. manson cultivados na presenca d
fracdo 7 obtida no fracionamento da hemolinfa acelar de B. tenagophilaTaim utilizando a
cromatografia de exclusdo molecular e das sub-frae8 da frag® 7 obtidas pele
cromatografia de exclusdo molecularEm A os ensaios foram realizados com frace:
hemolinfa coletada na auséncia de inibidor de peste Em B 0s ensaios foram realizados ¢
fracbes de hemolinfa coletada na presenca 6 mMMRESK. CBSS representa 0s esporocis
cultivados somente na presenca de CBSS suplemerftago 7, 7.1, 7.2 e 7:3esporocisto
cultivados na presenca de CBSS suplementado cmt2d®o (v/v) da amostra de hemoli
coletada na fracdo de numero correspondengmréentagem de esporocistos mortos era calc
para cada tratamento realizado em triplicata eessltados demonstrados em média + de
padrdo de trés experimentos independentas.diferencas estatisticamente significantes qu
comparamos o controleBSS- Frao 7 versus o tratamentos e estéo indicados po*,01; e entré&rao
7. com 0s outros tratamentos com as fragfes esdaados por # # 90,01 # # # g 0,001.
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A utilizagdo da sonda fluorescent¢oechst 33258confirmaram a leséo de
tegumento de esporocistos cultivados na presendeaces da hemolinfa acelular Be
tenagophila Taim que apresentam atividade proteolitica (figu@). Desta forma,
esporocistos incubados com meio de cultura ndceptaam fluorescéncia apds a adicao
da sonddoechst 33258figura 18A e B), confirmando a integridade doumg@nto destas
larvas. Em contraste, nas culturas que recebeifaaga@o ou as subfracdes da hemolinfa de
B. tenagophila proveniente de caramujos da linhagem Taim, algasporocistos
apresentaram fluorescéncia caracteristica da iocaggo dasonda Hoechst 3325@igura
18 C, D, E e F), sugerindo mais uma vez a mortddidio esporocisto seja consequéncia de

lesdes tegumentares provocadas por elementos fesenhemolinfa destes hospedeiros.
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Figura 18: Padrdao de marcacédo dos esporocistos & mansonj ap6s incubacdo com
o marcador de fluorescéncia Hoechst 33258m A, C e E esporocitos cultivados vitro por 6 h
foram fotografados em campo claro e em B, D e Fesmo material foi fotografado com filtro para
fluorescencia. Em A e B representa um esporocistobado com meio de cultura (CBSS suplementado),
mostrando esporocistos integros e auséncia depoiayao da sonda. Em C, D, foi documentado esysbosci
cultivados in vitro na presenca de fracdo Bd&enagophilada linhagem Taim, sendo observado esporocistos
em processo de desintegracéo e fluorescentes E enfr representa esporocistos cultivagositro na
presenca da mistura das sub-fracdo 7.1,7.2,7.8datudo fracionamento da fracdo 7Blegenagophilada
linhagem Taim. Em G, H, foi documentado esporosistgtivadosin vitro na presenca de fracao 7.1Ble
tenagophilada linhagem Taim, sendo observado esporocistogroge auséncia de incorporacao da sonda
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Discussao:

Estudo funcional realizado vitro revelou que componentes presentes na fracdo
acelular da hemolinfa dB. tenagophilaTaim podem diretamente lesar o tegumento de
esporocistos axenicamente transformados provocamdmorte de alguns parasitos
(PEREIRAEet al, 2008; Parte | da tese). Os resultados anteridenagresentados (Parte Il)
indicam que a lesdo direta no tegumento de esmboscdeS. mansonesta associada a
atividade de serino-proteases da hemolinfa acedelBr tenagophilaraim.

Nosso proximo passo foi fracionar a hemolinfa deelde B. tenagophilaTaim
com o intuito de caracterizar e purificar elemerassociados a destruicdo dos esporocistos
de S. mansoniNossos dados mostraram que a atividade lesiveelinfa acelular d8.
tenagophilaTaim esta presente na fracdo protéica apos ulirifcgacdo. Em moluscos a
hemoglobina apresenta uma ocorréncia isolada nasoBileos e acredita-se que a
hemoglobina dBiomphalariaevolui de uma mioglobina de moluscos pulmonata@nda
ocorreu provavelmente uma substituicAo de uma hamoa por uma globina (LIERt
al., 2006). Aléem da hemoglobina LIER al (2006)descrevem a expressao de hemocianina
na hemolinfa circulante dd3. glabrata Segundo JIANGet al, (2007) proteinas
respiratorias como a hemoglobina (Hb) associadéeao, e as hemocianinas (HMC),
dependentes de cobre, além da funcdo nas trocasogaspodem produzir derivados de
oxigénio (ROI) com capacidade para destruir patdgeratravés de mecanismos
indenpendentes de células do sistema imune. Emipetanosso estudo indica que
hemoglobina ou hemocianina da hemolinfa ndo séenemsss para destruicdo direta de

esporocitos d&. mansonpela hemolinfa acelular d& tenagophilalaim, uma vez que a
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hemolinfa acelular ultracentrifugada, onde granaepdestas proteinas néo esta presente,
continua induzindo aumento de mortalidade dos esjxios.

O fracionamento da hemolinfa acelular Be tenagophilaTaim em coluna de
exclusdo molecular permitiu identificar que a aade anti-esporocisto esta na parte
protéica da fracdo 7 e é dependente da atividaderit®-protease presente nesta amostra.
Além disso, foi possivel confirmar que parte dogoescistos cultivado na presenca de
fracdes de hemolinfa com atividade proteolica apriesn lesdo tegumentar, sugerindo que
0 mecanismo de destruicdo. Apesar de nao ter sidwterizado o mecanismo de lesao
mediado por serino-proteases

O padréo de fluorescéncia observado em esporoast8s mansoniesados apos
incubacdo com a sonddoechst 3325&ugere a possibilidade da lesédo no tegumento da
larva ser mediada pela ativacdo de proteinas faraadle poros. Estas proteinas tém sido
identificadas em varios sistemas da natureza, sendontradas desde em procariotas até
em organismos vertebrados. Elas constituem um gilepmoléculas membranoliticas que
séo capazes de interagir com a camada lipidicaafwlo canais transmembrana (BHAKDI
& TRANUM-JENSEN, 1983b). Um crescente numero deéuolas formadoras de poros
tem sido indentificado em bactérias (BERNHEIMER RIRY, 1996), em eucariotas como
fungos, protozoarios, insetos e vertebrados. TantBénsido relatado pequenos peptideos
capazes de formar poros em membranas, como asnagtias cecropinas e defensinas
(BERNHEIMER & RUDY, 1996; OJCIUS & YOUNG, 1991; YOUWG & COHN, 1987).

Em mamiferos, os dois exemplos classicos de pesteigue sob ativagdo induzem a
formacéo de poros em células alvos sdo as perfprereimas presentes em granulos de
linfécitos T citotoxicos e células NK, e o complede ataque a membrana do sistema do

complemento (YOUNG & COHN, 1987).
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Em protozoarios a primeira proteina formadora deogofoi descrita em
Entamoeba histolyticLYNCH et al, 1982), que apresenta homologia a metilina (LEIPP
et al., 1991). Em tripanosomatideos, cohngpanossoma cru#oi identificado TC-TOX, o
parasito ndo é capaz de se multiplicar em ambigrithb, a proteina em condicdes de pH
acido provoca poros na membrana do vacuolo pafasitauxiliando o escape decruzi
para o citoplasma onde ocorre entdo a sua mulgidc (ANDREWS, 1995), e em
Leishmania amazonendisi identificado e caracterizado uma proteina fadora de poros
(NORONHAZet al, 1996). Em muitos modelos de formagéo de porosidmidentificada a
de proteases, principalmente as serino-proteasesgtimacdo em cascata de proteinas
solaveis que termina com lesar de membranas (MCKBRRt al, 2006).

A participacao de proteases na resposta proteton@spedeiros invertebrados tem
sido bem documentada na interacdo etn®pheles gambiae Plasmodium Nesta
interacdo, os hemdcitos do mosquito infectado pewciu e secretam na hemolinfa
glicoproteinas semelhantes a proteinas do comptemeos vertebrados, designadas
proteinas da familia tioester (TEP) e também pmateique participam da cascata de
melanizacédo (PPO). Em vetores suscetiveis oatégins a infeccdo pdtlasmodiunmtém
sido detectado ativacdo de TEP, gerando fragmeqtes se ligam a superficie do
protozoario e formam poros na membran@tiesmodiumNas linhagens resistentes, além
de lise de membrana do protozoario, ocorre ativagienzimas da hemolinfa do inseto,
com a participacéo efetiva de serino-proteasepprssiveis pela formacao de uma capsula
de melanina em torno do oocineto (BLAND#&Hal, 2004).

Na tentativa de isolar e caracterizar bioquimicamenproteina da hemolinfa de
B. tenagophilacapaz de lesar esporocistos $lemansonia fracdo 7 foi re-fracionada.

Interessantemente, as sub-fracdo 7.1 e 7.2 apsesenttividade anti-esporocisto que é
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parcialmente independente da atividade de serioi@gse. Uma melhor caracterizacdo do
efeito anti-esporocisto, dependente e independdateatividade de serino-proteases,
demanda a identificagdo bioquimica das proteingelé@das neste processo. Entretanto,
as subfragbes obtidas e testadas funcionalmentee riesbalho experimental ainda

apresentam uma grande mistura protéica que ddiautia analise por espectrometria de

massa. Esta analise serd o foco do nosso estutdzipos
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7.0 Conclusoes

A fracdo acelular d8. glabrataBH nédo induz mortalidade de esporocistoSde
mansonicultivadosin vitro

A fracdo acelular dd. tenagophila Taim e Cabo frio, induz mortalidade dos
esporocistos d&.mansonicultivadosin vitro, indicando um efeito direto da hemolinfa

sobre as larvas do parasito;

A mortalidade dos esporocistos $gnansonna presenca da fracdo acelularBle

tenagophilaé acompanhado por lesdo de tegumento;

A mortalidade dos esporocistos @&mansonifoi estatisticamente maior na

presenca da fracao acelularBlegenagophilaraim que de Cabo frio;

A fracdo acelular deB. tenagophilaTaim também aumenta a capacidade de
hemdcitos deB. tenagophilaCabo Frio (suscetivel) destruir esporocistosSdaansoni

sugerindo um efeito indireto da hemolinfa no re@miimento e/ou ativacdo dos hemacitos;

A hemolinfa acelular d8. glabrataBH apresenta atividade de aspartil-, serino- e

de cisteino-proteases frente a diferentes substrgtee foram completamente bloqueadas

com a adicdo de inibidores de proteases;
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A hemolinfa acelular deB. tenagophila Taim e Cabo Frio, apresentaram
atividade de serino- e cisteino-proteases que farsmatisticamente mais intensa que a
observada enB. glabratae apenas parcialmente bloqueada pela adicédo hiddres de

proteases;

A atividade de serino-protease da hemolinfa aceldia B. tenagophilafoi
associada com a inducao de lesdo do tegumentgpdeoestos de&S. mansone aumento

de mortalidade do parasito cultivaikhovitro;

A atividade anti-esporocisto da hemolinfa aceldarB. tenagophilaTaim esta
presente na fracdo protéica apds ultracentrifugagédicando que hemoglobina ou
hemocianina da hemolinfa ndo participam na destouidireta de esporocitos d&

mansoni;

O fracionamento da hemolinfa acelular Be tenagophilaTaim em coluna de
exclusdo molecular permitiu identificar que a alade anti-esporocisto esta associada a
componentes protéicos da fracdo 7 e é coincidemte & atividade de serino-protease

presente nesta amostra;

Separacdes subsequentes da fragdo 7 em colunaade ibnica, demonstram
atividade anti-esporocisto presente na subfracdioe77.2. Sendo que na subfracdo 7.1
atividade anti-esporocisto é independente de s@rokease, e na subfracdo 7.2 a

mortalidade e lesdo tegumentar de esporocistd. aeansoncoincidem com a atividade

proteolitica;

109



8.0 Referéncias

ADEMA, C. M.; HERTEL, L. A.; MILLER, R. D. & LOKER,E. S. A family of
fribrinogen — related proteins that precipitatesapae — derived molecules is produced by na

invertebrate after infectio®roc. Natl. Acad. SCUSA, v. 94, n. 16, p. 8691-8696, 1997b.

ALTINCICEK, B.; LINDER, M.; LINDER, D.; PREISSNER, K.T.;
VILCINSKAS, A. Microbial metalloproteinases mediasensing of invading pathogens
and activate innate immune responses in the lefadap model hosGalleria mellonella

Infect Immun;75(1):175-83, 2007.

ALVES, A.C.V., ROGANA, BARBOSA, E., FERREIRA-ALVESD.L. The
correction of reaction rates in continuous fluortmoeassays of enzymed. Biochem.

Biophys. MethodZ0 :471-479, 2007.

ANDRADE, Z. A. & PRATA, A. Asymptomatic shistosonsis studied by needle
biopsy of the liver.The American Journal of Tropical medicicne and idyg 5: 236-

242,1963.

ANDRADE, Z.A. A Patologia da Esquistossomose Huaain: CARVALHO,

0. S., COELHO, P. M. Z.; LENZI, H.Fschistosoma mansoBsquistossomose uma Vvisao

multidisciplinar, Ed. Fiocruz. p. 547-568, 2008.

110



ANDREWS, N.W. What we talk about when we talk abaail invasion:
refletions on @rypanosomeystem. In: BOOTHROYD, J. C. & KOMUNIECKI, R. (eds
Molecular Aprroaches to Parasitology. MBL LectuegsBiology. New York. Wiley-Liss,

Inc. Vol. 12, pp 359-369. 1995.

BAHGAT, M, DOENHOFF, M, KIRSCHFINK, M, RUPPEL, A.&ine protease
and phenoloxidase activities in hemocytesBadmphalaria glabratasnails with varying
susceptibility to infection with the parasit8&chistosoma mansoniParasitol Res.

Jun;88(6):489-94, 2002.

BAKER, F.C. 1945. General Morphology. In: The Malban Family

Planorbidae. University of Illinois Press.

BARBOSA, C. S.; FRAVE, T.C.; AMARAL, R.S.; PIERI,.S. Epidemiologia e
controle da esquistossomose mansoni. In: CARVALHKD,S., COELHO, P. M. Z,;
LENZI, H.F. Schistosoma mansoriEsquistossomose uma visdo multidiciplinar, Ed.

Fiocruz. p. 965-1008, 2008.

BARBOSA, L. CALDEIRA R. L; CARVALHO, O. S; VIDIGAL, T. H;
JANOTTI- PASSOS, L. K; COELHO, P. M. Z. ResistartoeSchistosoma mansobly
transplantion of APGBiomphalaria tenagophila Parasite Immunv. 286, p. 209-212,

2006.

111



BASCH , P. F. Intermediate host specificitySohistosoma mansottixp. Parasital

V.39, n. 1, p. 150-169, 1976.

BAYNE CJ, HAHN UK & BENDER RC. Mechanisms of molicen host

resistance and of parasite strategies for surMRaiasitology2001; 123 S159-S167.

BAYNE, C. J., Molluscan immunobiology. In: SALEUDN] A. S. M.; WILBUR,

K. M. The Mollusca. New York: Academic Press,.8pParte 2. p. 407, 1983.

BAYNE, C. J., Phagocytosis and non-self recognifioimvertebratesBio Science,

v. 40, p.723-731, 1990.

BAYNE, C. J.; BUCKLEY, P. M. & DEWAN, P. C., Macrdygelike hemocytes of
resistantBiomphalaria glabrataare cytotocix for sporrocysts @chistosoma mansoim

vitro. J. Parasito] v. 66, p. 413-419, 1980a.

BENDER RC, BAYNE CJ. Purification and characteri@atof a tetrameric alpha-

macroglobulin proteinase inhibitor from the gast@pmollusc Biomphalaria glabrata

Biochem JJun 15;316 ( Pt 3):893-900, 1996.

BERNHEIMER, A.W. & RUDY, B. Interations between mbranes and cytolytic

peptideosBiochimica et Biophysica Act&864,123-138,1986.

112



BHAKDI, S. & TRANUM-JENSEN, J. Membrane damage tlyannel-forming

proteins.Trends in Biochemical Scien¢és134-136,1983b.

BLANDIN, S.; SHIAO, S.H.; MOITA, L.F.; JANSE, C.J.WATERS, AP,
KAFATOS, F.C.;LEVASHINA, E.A. Complement-like prate TEP1 is a determinant of

vectorial capacity in the malaria vectnopheles gambia€ell. 5;116(5):661-70, 2004.

BORDA, C. E.; REA, M. J. Biomphalaria tenagophilgotencial vector of.
mansoni In the Paran& River basin (Argentina and Paragiem Inst Oswaldo Cryz.

102, p. 191-195, 2007.

BOROS, D. F. L & WARREN, K. S. Delayed hypersensiviype granuloma

formation and dermal reaction induced and elictgdsbluble isolated fronEhistosoma

mansonieggs.J. Exp. Medv.132, p. 448-507, 1970.

BOYER, O. O. M. O. Characterization of immunoreaetTNF-a molecules in the

gastropodiomphalaria glabrataDevelop. Comp. Immunob. 18, n. 13, p. 211-218, 1994.

BURKE, R. D. & WATKINS, R. F. Stimulation of stasih coelomocytes by

interleukin-1.Bioch. Bioph. Res. Commun. 180, p. 579-584, 1991.

113



CASTILLO, M. G. & YOSHINO, T. P. Carbohydrate inltion of Biomphalaria
glabrata embryonic (Bge) cell adhesion to primary sporogyst Schistosoma mansoni

Parasitd.,125: 513-525, 2002.

CHAIA, G. Técnica para concentracdo de miracidRev. Bras. Malar. Doeng.

Trop. v. 8, p. 355-357,1956.

CHEEVER, A.W.; DUVALL, R.H.; HALLACK, T.A. JR; MINKER, R.G;
MALLEY, J.D.; MALLEY, K.G.Variation of hepatic fibosis and granuloma size among
mouse strains infected witBchistosoma mansom J Trop Med HygJul;37(1):85-97,

1987.

CHENG TC, GUIDA VG, GERHART PL.Aminopeptidase arygdzyme activity
levels and serum protein concentrationBiomphalaria glabrata(Mollusca) challenged

with bacteriaJ Invertebr Pathal1978 Nov;32(3):297-302.

COELHO, JR.; BEZERRA, F. S. Compatibility Blomphalaria tenagophilavith
Schistosoma mansora study of homologous plasma transfereiem Inst OswaldoCruz,

v. 101, p.111-112 ,2006.

COELHO, M. V.0O. Parasito:Schistosoma mansoniln: CUNHA, A.S.

Esquistossomose mansonica. Sao Paulo. Sarvier, 1970

114



COELHO, P. M. Z. Resisténcia e susceptibilidaden&@ccdo porSchistosoma
mansoniem caramujos do génemiomphalaria In: BARBOSA, F. S. Tépicos em

Malacologia Médica, Ed. Fiocruz. p. 208-217, 1995.

COELHO, P. M. Z.; ANDRADE, Z. A.; BORGES, C. M.C;IBEIRO, F.
BARBOSA, L. Evolugdo deSchistosoma mansomo hospedeiro intermediério. In:
CARVALHO, O. S.; COELHO, P. M. Z.; LENZI, H.F.Schistosoma mansoni

Esquistossomose uma visdo mutidisciplinar. Ed.rEin@. 149-160, 2008.

COELHO, P. M. Z; CARVALHO, O. S; ANDRADE, Z. A; MRTINS-SOUSA,
R. L; ROSA, F. M; BARBOSA, L; PEREIRA, C. A. J; CAIEIRA, R. L; PASSOS, L. J,
GODARD, A.L. B, MOREIRA, L. A; OLIVEIRA, G. C, FRANCO, G. R, TELES, H. M.
S, NEGRAO-CORREA, DBiomphalaria tenagophila/Schistosoma mansoéraction:
Current Knowledge and Perspectives for its Appitcabn the Control of Schistosomiasis

mansoniMem Inst Oswaldo Cryz. 99 (Suppl. 1) p. 109-111. 2004.

CORREA, L. R.; PARAENSE, W. L. Susceptibility Biomphalaria amazonicéo
infection with two strains oEchistosoma mansomev. Inst. Med. Top. Séo Pauio 13, p.

387-390, 1971.

CORREA, M. C. R.; COELHO, P. M. Z. & FREITAS, J. Rusceptibilidae de
linhagens d@iomphalaria tenagophil@ Biomphalaria glabrataa duas cepas @&tchistosoma
mansoni— (LE — Belo Horizonte — MG e SJ — Sao José daspgoa — SP)Rev. Inst. Med.

Trop. Séo Paulpv. 21, p. 72-76, 1979.

115



DUNNE, D.W.; PEARCE, E.J.mmunology of hepatosptenschistosomiasis

mansoni: a human perspectiiicrobes and Infectiorol 1, issue 3 553-560 , 1999.

FAUST, E. C & HOFFMANN, W. A. Studies on schistogasis mansoni in
Puerto Rico. The extramamalian phases on lyfe cyeilerto RicoJ.Pub.Health Trop

Med, v.10, p.1-47, 1934.

FRYER, S. E.; BAYNE, C. J.; Phagocytosis of latesaths byBiomphalaria
glabrata hemocytes is modulated in a strain- specific manomg absorbed plasma

componentsDevelop. Comp. Immungl. 20, p.233-337,1996.

GORDON, R. M. & GRIFFITHS, R. B. Observation on tmeans by which the
cercariae ofS. mansonipenetrate mammalian skin together with an accafintertain
morphological changes observed in the newly peteetrarvae Ann. Trop. Med.v.45,p.

227-243, 1951.

GRANATH WO JR, SPRAY FJ, JUDD RC. Analysis Biomphalaria glabrata
(Gastopoda) hemolymph by sodium dodecyl sulfatggumollamide gel electrophoresis,
high-performance liquid chromatography, and immuoing.J Invertebr Pathal

Mar;49(2):198-208. 1987.

116



GRANATH WO JR. & SPRAY FJ Comparison of haemolymgroteins from
Schistosoma manson(Trematoda)-susceptible and resistaBiomphalaria glabrata

(Gastropoda)Comp Biochem Physi@ ; 91619-624,1988.

GRANATH, W. O. JR.; CONNORS, V. A., & TARLETON, R.. Interleukin-1
activity in hemolymph from strains of the snaliomphalaria glabrata varying in
susceptibility to the human blood fluke&chistosoma mansoniPresence, differential

expression, and biological functioBytokine v. 6, p. 21-27, 1984.

GRANATH, W. O. JR.; YOSHINO, T. PSchistosoma mansorpassive transfer
of resistance by serum in the vector srBigmphalaria glabrata. Exp ParasitoV. 58, p.

188-193, 1984.

GUILLOU F, MITTA G, GALINIER R, COUSTAU C.ldentifiation and
expression of gene transcripts generated duringnéirparasitic response Biomphalaria

glabrata Dev Comp ImmunoR007;31(7):657-71.

HEUSSEN C, DOWDLE EB. Electrophoretic analysis &fsminogen activators
in polyacrylamide gels containing sodium dodecyfada and copolymerized substrates.

Anal BiochemFeb;102(1):196-202, 1980.

HOFFMANN JA, KAFATOS FC, JANEWAY CA, EZEKOWITZ RA

Phylogenetic perspectives in innate immun8gience284(5418):1313-1318, 1999.

117



HOFFMANN JA.. The immune response of Drosophilature426(6962):33-38,

2003.

HUGHES, T. K.; SMITH, E. M.; BARNETT, J. A.; CHARLE, R., & STEFANO,
G. B. LPS stimulated invertebrate hemocytes: A foleimmunoreactive TNF and IL-1.

Develop. Comp. Immungb. 15, p. 117-122, 1991.

JANSON, J.C. AND RYDEN, L. Protein PurificatiorPrinciples, High

Resolution Methods and Applications, 2nd ed. Wilay; (1998).

JIANG, N.; TAN, N.S.; HO B.; & DING, J.L. Respiratp protein—generated
reactive oxygen species as an antimicrobial styatégture Immunologyvol:8 (10), 1114-

1122, 2007.

JOHNSTON, L. A. & YOSHINO, T. P. Analysis of lectamd snail plasma binding
glycopeptides associated with the tegumental serfa€ the primary sporocysts of

Schistosoma mansomiarasitology,v. 112, p. 469-479, 1996.

JOURDANE, J.; THERON, A. & COMBES, C. Demonstratioinseveral sporocysts

generations as a normal pattern of reproductioBabistosoma mansomicta Tropica v. 37,

p. 177-182, 1980.

118



KATZ, N.; PEIXOTO, S.V. Andlise critica da estimatido niumero de portadores
de esquistossomose mansoni no Br&lv. Soc. Bras. Med. Trop. 33, n. 3, p.303-308,

2000.

KUNITZ, M. Crystallization of a trypsin inhibitor rbm soybean.Science.

29;101(2635):668-669,1945.

LAEMMLI UK. Cleavage of structural proteins duririge assembly of the head

of bacteriophage TANature Aug 15;227(5259):680-5, 1970.

LEE KM, LEE KY, CHOI HW, CHO MY, KWON TH, KAWABATA S & LEE
BL. Activated phenoloxidase from Tenebrio molit@riae enhances the synthesis of
melanin by using a vitellogenin-like protein in tpeesence of dopamin&ur J Biochem

2000; 2673695-3703.

LEMAITRE B, HOFFMANN J. The host defense Brosophila melanogaster

Annu Rev Immungl25:697-743, 2007.

LEMAITRE B, NICOLAS E, MICHAUT L, REICHHART JM, HOFMANN JA.
The dorsoventral regulatory gene cassette spattlaydctus controls the potent antifungal

response irosophilaadults.Cell. Sep 20;86(6):973-83, 1996.

LENZI, H.F.; JURBERG A. D COELHO, P. M. Z LENZI,A. Migracao e

desenvolvimento daSchistosoma mansono hospedeiro definitivo. In: CARVALHO, O.

119



S.; COELHO, P. M. Z.; LENZI, H.FSchistosoma mansofisquistossomose uma Visao

mutidisciplinar. Ed. Fiocruz. p. 149-160, 2008.

LIEB,B.; DIMITROVA, K. ; KANG, H.; BRAUN, S.; GEBAJER, W,
MARTIN, A.; HANELT,B.; SAENZ, S.A. ; ADEMA,C.M.; AND MARKL, J. Red blood
with blue-blood ancestry: Intriguing structure ofmail hemoglobinPNAS, 8, vol. 103,

no. 32, pp. 12011-12016, 2006.

LOCKYER, A.E.; SPINKS, J.; NOBLE, L.R.; ROLLINSON.; JONES, C.S.
Identification of genes involved in interactionstween Biomphalaria glabrataand
Schistosoma mansoihly suppression subtractive hybridizatiaviol Biochem Parasitol.

151(1):18-27, 2007.

LOKER ES, Adema CM, ZhangS-M, Kepler TB. Invertdbranmune systems —

not homogeneous, not simple, not well understbudiunol Revi98: 10-24, 2004.

LOKER ES, BOSTON ME & BAYNE CJ. Differential adhe&mee of M-line
Biomphalaria glabratahemocytes toSchistosoma mansomind Echinostoma paraensei
larvae, and experimental manipulation of hemocytelihg. J Invertebr Pathol1989; 54:

260-268.

LOKER, E. S., BAYNE. C. J. & YUl. M. AEchinostoma paraensdiemocytes of
Biomphalaria glabrataas targets ofchinostomenediated inference with host snail resistance

to Schistosoma mansoiixp. Parasitol, v. 62, p. 149-154, 1986.

120



LOKER. E. S.; YUIL. M. A.; BAYNE. C. JSchistosoma mansoniglutination of
sporocysts, and formation of gels on miracidia gfamming in plasma oBiomphalaria

glabrata Exp. Parasitalv. 58, p. 56-62, 1984.

LOWRY OH, ROSEBROUGH NJ, FARR AL, RANDALL RJ. Prate

measurement with the Folin phenol reagériol Chem. Nax93(1):265-75, 1951.

LYNCH E.C.; ROSENBERG, I.M.& SAMBROOK J. Moleculatloning. A

laboratory manual. Cold Spring Harbor LaboratorgldSpring, NY. 29Ed.

MARTINS-SOUZA RL, PEREIRA CAJ, MARTINS FILHO OA, CBLHO PM,
CORREA A JR, NEGRAO-CORREA D. Differential lectiraelling of circulating
hemocytes fromBiomphalaria glabrata and Biomphalaria tenagophilaresistant or
susceptible taSchistosoma mansomfection. Mem Inst Oswaldo CryzSep;101 Suppl

1:185-92, 2006.

MARTINS-SOUZA, R. L., Caracterizacdo fenotipica endional de hemocitos
circulantes deBiomphalaria glabratae Biomphalaria tenagophilalinhagens resistentes
susceptiveis durante infeccdo pBchistosoma manson2006.166 p.Tese (Doutorado em
Parasitologia) Instituto de Ciéncias Bioldgicas,udmsidade Federal de Minas Gerais, Belo

Horizonte.

121



MARTINS-SOUZA, R. L., Fatores associados a resisté de Biomphalaria
tenagophilana infeccdo porSchistosoma mansof999.83 p. Dissertacdo de Mestrado
defendida no Departamento de Parasitologia da Widade Federal de Minas Gerais, Belo

Horizonte.

MARTINS-SOUZA, R. L. NEGRAO-CORREA, D.; BEZERRA,.FS. M. &
COELHO, P. M. Z. Anesthesia dBiomphalaria spp. (Mollusca, Gastropoda): Sodium

Pentobarbital is the drug of choiddem. Inst. Oswaldo Crugz. 96, n. 3, p. 391-392, 2001.

MARTINS-SOUZA, R. L.; PEREIRA, C. A.; COELHO, P. MZ.; NEGRAO-
CORREA, D. Silica treatment increases the susdéptitof the Cabo Frio strain of
Biomphalaria tenagophildo Schistosoma mansoimnifection but does not alter the natural

resistance of the Taim straiRarasitol Resy. 91, p. 500-507, 2003.

MARTINS-SOUZA, R.L.; PEREIRA, C.AJ.; COELHO, P.M;ZMARTINS-
FILHO, O.A.; NEGRAO-CORREA, D. Flow cytometry analy of the circulating
haemocytes fromBiomphalaria glabrata and Biomphalaria tenagophilafollowing

Schistosoma mansomfection.Parasitology.Jan;136(1):67-76, 2009.

MATTOS, A.C.A,; KUSEL, J.R. ; PIMENTA, P.F.P.; CQHO, P.M.Z. Activity

of praziquantel on in vitro transforme8chistosoma mansorgporocysts.Mem Inst

Oswaldo CruzRio de Janeiro, Vol. 101(Suppl. 1): 283-287, 2006

122



MCKERROW, J. H. ; CAFFREY, C. ; KELLY,B.;LOKE, PAND SAJID, M.

Proteases in Parasitic Diseas®snu. Rev. Pathol. MecBbis. 1:497-536, 2006.

MCKERROW, J.H.; CAFFREY, C.; KELLY, B.; LOKE, P.;/9ID, M. Proteases

in parasitic diseaseAnnu Rev Patholl:497-536, 2006.

MITTA G, VANDENBULCKE F & ROCH P. Original involverant of

antimicrobial peptides in mussel innate immunik£BS Let2000; 486 185-190.

MITTA, G.; GALINIER, R.; TISSEYRE, P.; ALLIENNE, J.F.; GIRERD-
CHAMBAZ, Y.; GUILLOU, F.; BOUCHUT, A.; COUSTAU, C. Gene discovery and
expression analysis of immune-relevant genes fRiomphalaria glabratahemocytes.

Dev. Comp. Immunplv.29, p. 393-407, 2005.

MUNOZ P, VANCE K, GOMEZ-CHIARRI M. Protease actiyitn the plasma of
American oysters,Crassostrea virginica experimentally infected with the protozoan

parasitePerkinsus marinusl Parasitol 89(5):941-51, 2003.

MYERS, J., ITTIPRASERT, W., RAGHAVAN, N., MILLER,A.AND KNIGHT,
M. Differences in cysteine protease activity 8chistosoma mansomesistant and
susceptibleBiomphalaria glabrataand characterization of the hepatopancreas cathbps

full-length cdnald. Parasitol, 94(3, pp. 659-668, ), 2008.

123



NAGLE GT, DE JONG-BRINK M, PAINTER SD, LI KW. Straere, localization
and potential role of a novel molluscan trypsiniltor in Lymnaea.Eur J Biochem

Mar;268(5):1213-21, 2001.

NEGRAO-CORREA, D.; COELHO, P. M. Z.; ANDRADE, Z. AMARTINS-
SOUZA, R.L.; PEREIRA C.AJ. Evolugdo d8chistosoma mansomo hospedeiro
intermediario. In: CARVALHO, O. S.; COELHO, P. M..;ZLENZI, H.F. Schistosoma

mansoniEsquistossomose uma visao mutidisciplinar. Edcrieim p. 485-510, 2008.

NEGRAO-CORREA, D.; PEREIRA, C. A; ROSA, F. M.; MARJTS-SOUZA, R.
L.; ANDRADE, Z. A.; COELHO, P. M. Z. Molluscan respse to parasiteBiomphalaria

andSchistosoma mansoimteraction 1ISJ v. 4, p.101-111. 2007.

NEWTON, W. L. The inheritance of suscptibility tafétion with Schistosoma

mansonin Australorbis glabratusExp. Parasitalv. 2, p. 242- 257, 1952.
NORONHA,S. M. F.; RAMALHO-PINTO, F.J.; HORTA, F.MCytolytic Activity
in the Genud.eishmania Involvement of a Putative Pore-Forming Proténfiection And

Immunity p. 3975-3982, 1996.

OJCIUS, D.M. & YOUNG, J.D. Cytolytic pore-forminggeins and peptides: is

there a commom strutural motif?ends in Biochemical Sciencd$,225-229, 1991.

124



OLIVEIRA, F. A. ; KUSEL, J.R.; RIBEIRO, F. and COHO, P. M. Z.
Responses of the surface membrane and excretotgnsysf Schistosoma mansond
damage and to treatment with praziquantel and dii@mnoleculesParasitology, 132,

321-330, 2006.

OTTAVIANI, E.; FRANCHINI, A. & FRANCESCHI, C. Presee of several
cytokine-like molecules in molluscan hemocytBgchem. Biophys. Res. Comm. 195, p.

984-988, 1993.

PARAENSE, W. The schistosomose vectors in the @aerMem.

Inst.Oswaldo Cruzv. 96, supl, p. 7-16, 2001.

PARAENSE, W. L. DistribuicAo dos caramujos no Bradn: Modernos
conhecimentos sobre a esquistossomose mans@ildéteca da Academia Mineira de

Medicina,p. 117-128, 1986.

PARAENSE, W. L. Fauna planorbidica do Brasil. IKQAZ, C. S.; BARUZZI,
G. R.; SIQUEIRA, J.R. W. Introducédo a geografia madlo Brasil, Ed. Universidade de

S&o Paulo. Introducéo a geografia médica do Brasi£13-239, 1972.

PARAENSE, W. L. Planorbideos hospedeiros intermexia de Schistosoma

mansoni In: AS CUNHA, Esquistossomose mansoni. Sdo P&dovier & USP, p. 13-20.

1970.

125



PARAENSE, W. L. Susceptibility ofBiomphalaria peregrinarom Brazil and
Ecuador to two strains @chistosoma mansorRev. Inst. Med. Trosao Paulov.15, p.

127-130, 1973.

PARAENSE, W. L.; CORREA, L. R. Probable extensioh Schistosomiasis

mansonito southern BrazilMem. Inst.Oswaldo Cruz.82, p.577- 1987a.

PARAENSE, W. L.; CORREA, L. R. Differential suscigiity of Biomphalaria
tenagophilapopulations to infection with a strain 8thistosoma mansord. Parasito) v.

64, p. 822-826, 1978.
PARAENSE, W. L; CORREA, L. R. Variation in suscdgility of populations of
Australorbis glabratugo a strain oSchistosoma mansomtev .Inst. Med TroBao Paulg

V.5, p.15-22, 1963.

PELLEGRINO, J.; KATZ, N. Experimental chemotherapf/ Schistosomiasis

mansoniAdv. Parasital v. 6, p.233-290, 1968.

PEREIRA , L.H. ET AL. Migration ofSchistosoma mansoldrvae in the albino

mouseRev. Inst. Med. Trop. Sad Paulo 14, p. 306-309.1972.

PEREIRA C.A.J. 2005. Influéncia de Fatores Soluvdds Hemolinfa de Co-

infeccdes conAngiostrongylus vasoruma Susceptibilidade dgiomphalaria tenagophila

126



a infeccdo poSchistosoma mansemiSc Thesis, Universidade Federal de Minas Gerais,

Belo Horizonte.

PEREIRA C.A.J., MARTINS-SOUZA, R. L., CORREA JR., BOELHO, P. M.
Z., NEGRAO-CORREA, D The participation of cell-fréeemolymph ofBiomphalaria
tenagophilain the defense mechanism againsthistosoma mansosporocystsParasite

Immunologyv.30, p. 610-619, 2008.

RAFTOS, D. A., COOPER, E. L., HABICHT, G. S. & BECK>. Invertebrate
cytokines :Tunicate cell proliferation stimulateg &n interleukin-1-like molecule?roced.

Nat. Acad. SCIUSA, v. 88, p. 9518-9522, 1991.

RAFTOS, D. A., COOPER, E. L., STILLMAN, D. L., HABHT, G. S. & BECK,
G. Invertebrate cytokines II: Release of interledkilike molecules from tunicate hemocytes

stimulated with zymosarLymphok. Cytok. Rew. 11, p. 235-240, 1992.

RENWRANTZ, L. R. Lectins in molluscs and arthropotiseir occurrence, origin
and roles in immunity, in: LACKIE, A. Immune Mechams in Invertebrate Vectors, Ed.,
London: Symposium of the Zoological Society of Lond Clarendon Press, Oxford,. p. 81,

1986.

RICHARDS, C. S. Genetics of the host-parasite ielghip betweemBiomphalaria
glabrata andSchistosoma mansorenetics aspects of host-parasite relationsBipsiposia

of British Society for Parasitology, v. 14, p. 45;3976 a.

127



RICHARDS, C. S.Schistosoma mansonSusceptibility reversal with age in the

snails hosBiomphalaria glabrata. Exp. ParasitoV. 42, p. 165-168, 1977.

RICHARDS, C. S. Variation in infectivity foBiomphalaria glabratain strains of

Schistosoma mansoftom the same geographic area. Bull. WHO, v. 54(6-707, 1976b.

RICHARDS, C. S.; RENWRANTZ, L. R. Two lectins onethsurface ofHelix
pomotia haemocytes: a Gadependent, GalNac-specific lectin and a*‘Cmdependent,
mannose 6-phosphate-specific lectin which recognaetivated homologous opsoniriks.

Comp. Physioly. 161, p. 43, 1991.

RICHARDS, C. S; SHADE, P. C. The genetic variatadrcompatibility in
Biomphalaria glabrataand Schistosoma mansomfection. J. Parasito] v. 73, p. 1146-

1151, 1987.

ROSA, F. M; GODARD, A. L B; AZEVEDO V; COELHO, P. MZ.
Biomphalaria tenagophitadominant character of the resistanceSthistosoma mansoni
and descendants of cross-breeding between res(3@nt, RS) and susceptible (Joinville,

SC) strainsMem Inst Oswaldo Cryx. 100, p. 19-23, 2005.

ROSA, F.M. 2008.Biomphalaria tenagophilaOrbiny, 1835) da linhagem do
Taim, RS: Estudos de Campo e Laboratorial visandoowtrole da transmissdo da

esquistossomose. MSc Thesis, Universidade Fedefdinhs Gerais, Belo Horizonte.

128



SAMUELSON, J. C.; QUINN, J. J.; CAULFIED, J. P. ldhing, chemokinesis
and transformation of miracidia @&chistosoma mansoni. J. Parasjtel70, p.321-331.

1984.

SANTOS, AB.A.; SOUZA, M.M. & ANDRADE, Z.A. Reinfegbes e
desenvolvimento da fibrose periportal esquistossimadmo modelo murino Rev. Inst.

Med. Trop. Séo Paulw, 33, p.197-200, 2000.

SANTOS, M. B. L.; FREITAS, J. R.; CORREIA, M. C.;RCOELHO, P. M. Z.
Suscetibilidade a8chistosoma mansode hibridos d8iomphalaria tenagophilalo Taim,
RS, Cabo Frio, RJ, e Belo horizonte, M&ev. Inst. Med. Trop. Sdo Paul 21, p.281-

286, 1979.

SAPP KK, LOKER ES. A comparative study of mecharsiamderlying digenean-
snail specificity:in vitro interactions between hemocytes and digenean laivarasitol

Oct;86(5):1020-9, 2000.

SETA, L., MAGALHAES, L. A.; CARVALHO, J. F. Compoaimento dos
amebocitos circulantes de moluscos planorbideastefrao parasitismo por larvas &
mansoniinoculacdo de tinta nanquim e fratura da conBlea. Saude Publi¢d0 (4): 332-40,

1996.

129



SMINIA, T.; VAN DER KNAAP, W.P. Cells and moleculesn molluscan

immunology.Dev. Comp. ImmunglL1(1):17-28, 1987.

SOARES AC, CARVALHO-TAVARES J, GONTIJO NDE F, DOSANTOS
VC, TEIXEIRA MM, PEREIRA MH.Salivation pattern d®hodnius prolixugReduviidae;

Triatominae) in mouse skid.Insect Physiol52(5):468-72. 2006.

SOUZA, C. P., BORGES, C. C.; SANTANA, A. G. & ANDRX, Z. A
Comparative histology oBiomphalaria glabrata B. tenagophilaand B. stramineawith
variable degrees of resistanceStchistosoma mansomiracidia.Mem. Inst. Oswaldo Cryzx.

92, n. 4, p. 517-522, 1997.

SOUZA, C. P.; CALDEIRA, R. L; DRUMMOND, S. C.; MELOA. L.
GUIMARAES, C. T.; SOARES, D. & CARVALHO, O. Geograjsal distribution of
Biomphalariasnails in the State of Minas Gerais, Brallem. Inst. Oswaldo Crux. 96, n.

3, p. 293-302, 2001.

SOUZA S AND ANDRADE ZA. On the origin of th&iomphalaria glabrata

hemocytesMem. Inst. Oswaldo Cru01 (suppl. 1): 213-218, 2006.

SPRAY FJ & GRANATH WO JR. Differential binding ofemolymph proteins

from schistosome- resistant and -susceptiBiemphalaria glabratato Schistosoma

mansonisporocystsJ Parasitol1990; 76(2225-9.

130



SPRAY FJ, GRANATH WO JR. Comparison of haemolympiotgins from
Schistosoma manson(Trematoda)-susceptible and resistaBiomphalaria glabrata

(Gastropodaffomp Biochem Physiol. B1(4):619-24, 1988.

STANDEN, O. Some observation upon maintenancAustralorbis glabratusn

the laboratotyAnn. Trop. Med. Parasitol. 45, p. 80-83. 1951.

SULLIVAN, J. T.; SPENCE, J. V.; Transfer of resistato Schistosoma mansoni
in Biomphalaria glabrataby allografts of amoebocyte-producing orgarRarasito| v. 80,

p. 449-453, 1994,

TALL BD, LA PEYRE JF, BIER JW, MILIOTIS MD, HANES B, KOTHARY
MH, SHAH DB, FAISAL M. Perkinsus marinugxtracellular Protease Modulates Survival
of Vibrio vulnificus in Eastern OysteiCfassostrea virginicaHemocytes Appl Environ

Microbiol. ; 65(9):4261-3, 1999.

TELES, H. M. S. Distribuicdo geografica das espgcidos caramujos
transmissores d8chistosoma mansono Estado de Sao Paukev Soc Bras Med Trpp.

38, p. 426-432, 2005.

VALE, V. F.; PEREIRA, M. H. ; GONTIJO, N. F. MidgyiH profile and protein

digestion in the larvae dfutzomyia longipalpigDiptera: Psychodidaejournal of Insect

Physiology53 :1151-1159,2007.

131



VAN DER KNAAP, W. P. W. & LOKER, E. S. Immune medfiams in

Trematode-snails InteractiorBarasitol. Todayv. 6, p.175-182, 1990.

VASQUEZ, R. E. ; SULLIVAN, J. T. Hepatopoietic tigs allografts in
Biomphalaria glabrata(Mollusca: Pulmonata) induce humoral immunity $ghistosoma

mansoniDev. Comp.ImmunoV. 25 p. 561-564, 2001.

VERGOTE, D., A. BOUCHUT, P. E. SAUTIERE, E. ROGHR, GALINIER, A.
ROGNON, C. COUSTAU, M. SALZET, AND G. MITTA. Chartarisation of proteins
differentially present in the plasma Biomphalaria glabratasusceptible or resistant to

Echinostoma capronlinternational Journal for Parasitology35: 215-224,2004.

WHO- World Health Organization.- SHISTOSOMIASIS. cEasheet N.°115,

Geneva, 2002.

YEMM, E.W.; WILLIS, A.J..The estimation of carbotirates in plant extracts by

anthroneBiochem JJul;57(3):508-14, 1954.

YOSHINO, T. P.,, M. J. LODES, A. A. REGE, AND C. ICHAPPELL.

Proteinase activity in miracidia, transformatiorcestory-secretory products, and primary

sporocysts oSchistosoma mansodournalof Parasitology9: 23-31. 1993.

132



YOUNG, J. D. & COHN, Z. A. Cellular and humoral nimanisms of cytotoxicity:

strutural and funcional analogigsdvances in Immunologyl, 269-332, 1987.

ZELCK UE, VON JANOWSKY B. Antioxidant enzymes in tramolluscan
Schistosoma mansoand ROS-induced changes in expressiarasitology.May;128(Pt

5):493-501, 2004.

ZELCK, U. E.; BECKER, W.; BAYNE, C. J. The plasmarofeins of

Biomphalaria glabratain the presence and absenceSohistosoma mansoridev. Comp.

Immunol, v.19, p. 181-194, 1995.

ZHANG SM, ZENG Y, LOKER ES. Expression profiling éinding properties
of fibrinogen-related proteins (FREPS), plasma ginst from the schistosome snail host

Biomphalariaglabrata Innate ImmunJun;14(3):175-89, 2004.

9.0 Anexos

133



134



ISJ 4: 101-111, 2007 ISSN 1824-307X

REVIEW

Molluscan response to parasite: Biomphalaria and Schistosoma mansoni interaction

D Negréo-Corréa1, CAJ Pereira', FM Rosa', RL Martins-Souza', ZA Andrade?, PMZ Coelho*

1Departamento de Parasitologia, Instituto de Ciéncias Bioldgicas (ICB), Universidade Federal de Minas Gerais
gUFMG), Belo Horizonte,Minas Gerais, Brazil
Centro de Pesquisas Gongalo Muniz (CPGM-Fiocruz), Salvador, Bahia, Brazil
3Centro de Pesquisas René Rachou (CPRR-Fiocruz), Belo Horizonte, Minas Gerais, Brazil
“Santa Casa de Misericérida de Belo Horizonte, Belo Horizonte, Minas Gerais, Brazil

Accepted November 7, 2007

Abstract

Digenetic trematodes use molluscs, almost always a Gastropoda, in their evolutive cycle, as
intermediary hosts. The genus Schistosoma, with three main species that infect humans - S. mansoni,
S. japonicum, and S. haematobium — shows a prevalence of 200 million patients in various countries
worldwide, and 600 million people are still at risk of infection. S. mansoni is the most prevalent
species, and Biomphalaria snails are its intermediary hosts. Although the campaigns of
schistosomiasis control based on chemotherapy have reduced the morbidity and prevalence of this
disease, transmission continues in almost all the areas submitted to intervention. One of the factors
that has influence on the susceptibility of Biomphalaria to S. mansoni infection is ability of the host
internal defense system (IDS) to recognize and destroy the parasite. In Biomphalaria, the IDS is
composed of cellular elements named hemocytes that act jointly with soluble components present in
hemolymph, which could affect directly the larvae, or act in the recognition of the parasite, and
activation of hemocytes. The susceptibility level of the mollusc has been attributed to the hemocyte
capacity of involving and destroying the parasite, and this will be the centre of interest of this review.

The study of S. mansoni and Biomphalaria interaction in resistant snail strains is important not
only due to the academic-scientific value of this fascinating research area, but also to the potentially
possible alternatives for the control of this endemia.

Key words: Schistosoma mansoni sporocysts; Biomphalaria glabrata; Biomphalaria tenagophila; circulating
hemocytes; soluble factors of hemolymph

Introduction

Although the great majority of the living beings recognition observed during the adaptative immune
is represented by invertebrates, up to now the response of vertebrates (van der Knaap and Loker,
publications in mass dealing with the defense 1990; Loker et al., 2004).
mechanisms against pathogens is practically Recent studies have demonstrated many
restricted to interactions between pathogens of similarities between the innate defense response of
vertebrate animals. The invertebrate animals must vertebrates and the internal defense system of
necessarily reckon upon their defense system to invertebrates (Hoffman et al., 1999; Hoffman, 2003),
recognize and destroy infectious agents, although being identified in various invertebrates organisms
this system are not able to generate the diversity of production of complement-like proteins, anti-

microbial peptides, pattern-recognition receptors
(PRRs) such as toll-like receptor and C-type lectins,
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but with very different alimentary habits and habitat
(Loker et al., 2004).

Several groups of invertebrates, such as
insects and molluscs, are important intermediary
hosts of parasites species that are transmitted to
humans and domestic animals. As an example we
can mention the necessity of Diptera insects genus
Lutzomya in the development of different species of
Leishmania, the anophelins in the transmission of
Malaria or the anophelins and culicides for the
development of lymphatic filariosis. Among the
molluscs, Gastropoda are obligatorily intermediary
hosts in the development of the majority of digenetic
trematode species, such as S. mansoni and
Fasciola hepatica. Thus, it is of the utmost
importance to get a better understanding of the
effector mechanisms used by the internal defense
system (IDS) of these invertebrates for the
development of new strategies related to the control
of these parasite infections. These studies have
also contributed significantly to a better knowledge
about the innate response of vertebrates. This
review will focus primarily on the response of
Biomphalaria during infection with S. mansoni.

Schistosoma mansoni infection in Biomphalaria

Schistosomiasis is an important health problem
that affects over 200 million people worldwide.
Among the schistosomes species that infect human
beings, S. mansoni is transmitted by Biomphalaria
snails and causes intestinal and hepatic
schistosomiasis in Africa, Arabian Peninsula, and
South America (Gryseels et al., 2006). Recent
estimative indicates that 6-7 million people are
infected by S. mansoni only in Brazil (Katz and
Peixoto, 2000).

S. mansoni infects Biomphalaria by means of
active penetration of the parasite’s ciliated larvae,
named miracidia, at any site of the snail’s exposed
parts, frequently the base of the antennae and
cephalopodal mass. In the process of penetration,
the parasite undergoes morphological and
physiological changes, being transformed into
primary sporocyst that remains in the fibro-muscular
tissue of the host’s cephalopodal region near the
penetration site. The primary sporocysts generate
the secondary ones, which migrate from the
cephalopodal musculature to the digestive glands or
hepatopancreas of the mollusc, where they undergo
profound anatomic changes and their germinative
cells can generate the cercariae (Maldonado and
Acosta-Matienzo, 1947; Pan, 1965; Pereira et al.,
1984).

In Brazil, out of ten species of molluscs genus
Biomphalaria described, only three were found
naturally infected by S. mansoni: B. glabrata, B.
tenagophila and B. straminea (Paraense, 2001).
The susceptibility level of these different species of
Biomphalaria to infection with the same lineage of
S. mansoni is much diversified, and B. glabrata may
present up to 753 % of susceptibility in
experimental infections, B. tenagophila 32.6 %, and
B. straminea 11.3 %, as demonstrated by Souza et
al. (1997). Besides the difference in susceptibility
observed among Biomphalaria species compatible
with the parasite, some lineages or geographic
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isolates of a same species of Biomphalaria also
present a great variation of susceptibility to the
parasite. As far as B. tenagophila is concerned, the
geographic lineage isolated at the Biological
Reservoir in Taim (Rio Grande do Sul, Brazil) was
found to be completely resistant to the development
of all S. mansoni isolates already tested. The
character of resistance of this B. tenagophila
lineage has been explored at our laboratory, aiming
at studying the possible mechanisms of the
parasite’s destruction, representing a potential
model for the control of transmission in endemic
areas, where B. tenagophila is the unique
transmitter agent of the disease (Coelho et al.,
2004).

Genetic control of resistance of Biomphalaria to
S. mansoni infection

The compatibility between S. mansoni and its
intermediary host is influenced by behavioral and
physiological factors of the mollusc. Once found a
suitable host, the susceptibility level of Biomphalaria
to S. mansoni can be determined by the genetic
differences of the molluscs, as well as by the
genetic constitution of Schistosoma (Basch, 1976).
Newton (1952, 1953) demonstrated for the first time
that the susceptibility of B. glabrata snail to S.
mansoni depends largely upon genetic factors.
Later, these results were corroborated by Richards
(1970), who demonstrated that the resistance
character, acquired at the maturity phase, is
determined by a single dominant gene, with
mendelian inheritance. Nevertheless, in B. glabrata,
age is a determinant factor of the snail susceptibility;
juvenile snails being more susceptible to infection
even in lineages where the adult snail is resistant to
S. mansoni infection. Thus, the susceptibility of
juvenile B. glabrata to S. mansoni infection is also
regulated by genetic factors, being estimated that
four or more genes affect this character (Richards,
1977).

B. tenagophila Taim is a lineage that presents
absolute resistance to infection by all S. mansoni
strains tested at any phase of the mollusc
development (Santos et al., 1979; Martins-Souza et
al.,, 2003; Coelho et al., 2004). Crossbreedings
between B. tenagophila Taim and B. tenagophila
BH (susceptible lineage) showed that the character
of resistance to S. mansoni infection is dominant
(Santos et al., 1979). The dominance of the
resistance character of B. tenagophila Taim was
confirmed in crossbreedings with the susceptible
Joinville lineage (Rosa et al., 2005), showing that
100 % of the F1 offspring were resistant and only 8
% of the F» offspring were susceptible to infection by
the parasite (Table 1). This study suggests that at
least two dominant genes would be responsible for
the resistance to S. mansoni observed in B.
tenagophila Taim, one of them being the most
important since it was expressed in all Fq offspring
(Rosa et al, 2005). The dominance of the
resistance character in B. tenagophila Taim added
to the reproductive success of this lineage in the
presence of susceptible snails of the same species
(Rosa et al., 2006), led us to suggest the use of this
lineage as an alternative for biological control in



Table 1 Susceptibility rates of B. tenagophila Joinville, B. tenagophila Taim, F1 and F2 when submitted to

infection with 25 miracidia of LE strain of S. mansoni

Experiment Group Number of snails Number of Number of infected snails
exposed to S. mansoni  surviving snails eliminanting cercariae (%)
1 Taim 64 60 0 (0)
Joinvillle 35 12 7 (58.3)
F1 170 150 1 (0.6)
F2 110 87 7 (8)
2 Taim 30 25 0 (0)
Joinville 30 15 9 (60)
F1 50 44 0(0)
F2 50 38 2 (5.3)
some areas of schistosome transmission (Coelho et Gondran, 1990; Souza and Andrade, 2006)

al., 2004).

One of the factors that influence the
susceptibility and may be genetically determined is
the activity of the snails IDS. Experimental infections
in B. tenagophila Taim have shown that S. mansoni
miracidia are able to penetrate this snail lineage,
however the parasites induce an intense cellular
infiltration and are rapidly destroyed, suggesting an
important participation of the IDS on determination
of resistance to S. mansoni in B. tenagophila Taim.

Internal defense system (IDS) of the mollusc

The IDS of snails is composed of cellular
elements constituted by hemocytes, and by soluble
factors present in hemolymph. The hemocytes may
be circulating in hemolymph or fixed in tissues. In
Planorbids the hemolymph circulates in a semi-open
system impelled by the heart. The hemoymph
leaves the heart through the aorta reaching the
tissues, draining in the venous sinus and returning
to the heart via the pulmonary and renal veins, after
being re-oxygenated in the pulmonar wall (Baker,
1945). The heart, enclosed by the pericardium
membrane, is divided into two chambers, the
auricula, which receives hemolymph from the
pulmonary cavity, and the ventricule that impels the
hemolymph through the aorta. The aorta is divided
into two arteries: the visceral artery, which irrigates
the posterior part of the snail’s body, including the
digestive and genital systems, and the cephalic
artery, that reachs all the cephalopodal region. The
arteries are exhausted in the pseudovascular
spaces of the tissues, accumulating hemolymph in
three venous sinuses: cephalopodal, visceral and
sub-renal, returning to the heart after circulating
through the kidney and Ilung (Baker, 1945;
Paraense, 2001).

In B. glabrata and Bulinus sp a well defined
region, located between the pericardium and the
posterior epithelium of the mantle cavity (Fig. 1A),
also called amebocyte producing organ (APO), was
identified as the main site for the production of
hemocytes (Lie, 1976). Recent observations
(Sullivan et al., 2004; Sullivan and Castro, 2005)
showed an increase of mitoses in the cells of this
region, ranging from 24-72 h after inoculation of
antigens of S. mansoni miracidia or cercariae, this
being more evident in resistant lineage of B.
glabrata. Nevertheless, some authors (Matricon-
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demonstrated that B. glabrata hemocytes may
present multi-centric origin, and sites with
proliferation of hemocytes were detected also at the
saccular portion of the renal tubules and in the
ventricular cavity of the heart (Fig. 1B).

The circulating hemocytes of different species
of molluscs present morphological and functional
heterogeneity. According to Ottaviani (1992; 2006),
the population of circulating hemocytes of the
majority of gastropod molluscs is constituted by two
cellular types: the starry hemocytes that emit
pseudopodes, and the roundish hemocytes. In
Planorbarius corneus, the starry hemocytes are
cells that present phagocytic activity, adhere to
glass and express proteins that are recognized by
pro-inflammatory  anti-cytokine  antibodies  of
vertebrates. On the other hand, the roundish
hemocytes are not endowed with phagocytic
activity, they are not able to adhere to glass, and
besides they proliferate in the presence of
phytoagglutinin (Ottaviani, 1992; Ottaviani et al.,
1993). Similarly to P. corneus, the majority of the
authors (Harris, 1975; Lie et al., 1987; Barraco et
al, 1993; Borges and Andrade, 2003) also
distinguish two sub-populations of circulating
hemocytes in hemolymph of B. glabrata. These sub-
populations are called granulocytes, ie., the
hemocytes that emit pseudopodes and produce
phagocytosis, and hyalinocytes that are the small
and roundish hemocytes (Fig. 2A). Granulocytes
can be easily identified by the uptake of neutral red
stain into the cell vesicles (Fig. 2B), showing that S.
mansoni infection induce cellular proliferation
(Martins-Souza et al, 2003). However, ultra-
structural studies (Matricon-Gondran and Letorcart,
1999 a,b), analyses of distribution and abundance
of lysosomal enzymes (Granath and Yoshino,
1983), as well as of expression of lectin-ligants on
the cellular surface (Joky et al, 1983; Martins-
Souza et al., 2006) suggest that the circulating
hemocytes of Biomphalaria constitute a cellular
population significantly more heterogenous than that
previously described (Fig. 2B). The phenotypical
and functional definition of Biomphalaria hemocytes
is of fundamental importance to understand the
participation of these cells, or of any cellular sub-
population, in the destruction mechanism of S.
mansoni larvae or other parasites.

Even though hemocytes are the main component
of the mollusc IDS, there are some experimental



Fig. 1 Photomicrographs of Biomphalaria glabrata
heart region. (A) Snail heart tissue in close contact
with the pericardial membrane. The arrows indicate
the amebocyte-forming organ (APO), a narrow and
long band of epithelial-like cell along the pericardial
membrane (100x). (B) Heart tissue with a dense

collection  of  hemocytes
Hematoxylin-Eosin stain

(Arrow)  (200x).

evidences indicating that soluble elements of the
hemolymph would participate in the protective
mechanism against pathogens. Soluble components
of the hemolymph of molluscs can directly interact
with pathogenic agents, by means of production of
toxic substances or lytic peptides, or indirectly
through mediator molecules for recognition of the
pathogen or hemocyte activators. Peptides with
anti-microbial ~ function, called mytilines, are
produced and stored in hemocyte granules, and
they are secreted in hemolymph of Mytilus
galloprovincialis (Mitta et al., 2000) notwithstanding
the participation of these peptides in the destruction
of bacterial infections, there are no evidences of the
participation of these peptides in the interaction of
mollucs with metazoan parasites.

Fryer and Bayne (1996) show that particles of
polystireno treated with soluble factors of
hemolymph of B. glabrata are significantly more
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phagocyted by hemocytes than the untreated
particles, demonstrating that soluble factors of
hemolymph may participate of the recognition
mechanism and opsonization of particles by
hemocytes. Johnston and Yoshino (1996)
demonstrate that lectins similar to those of
Conavalia ensiformis (ConA), Erythrina
corallodendrom (ECA), Glycine max (SBA),
Tetragonolobus purpureas (TPA), and Triticum
vulgaris (WGA) are present in hemolymph of B.
glabrata. In molluscs, lectins are synthesized by
hemocytes and released in hemolymph, where they
immobilize  the  material particularized by
agglutination, or are expressed at the surface of
circulating hemocytes, where apparently they act as
cytophylic receptors (Richards and Renwrantz,
1991; Fryer and Bayne, 1989).

Besides the lectins, other proteins with
homologous function to cellular mediators, and
already characterized in vertebrates, have been
identified in hemolymph of molluscs and may be
involved in the activation of hemocytes during
infection by digenetic trematodes (Ottaviani et al.,
1993, 1995). Ottaviani and co-workers (1993)
reported the presence of a variety of proteins similar
to pro-inflammatory cytokines of vertebrates,
including interleukin-1 alpha (IL-1a), interleukin-1
beta (IL-1B), interleukin-2 (IL-2), interleukin-6 (IL-6),
and alpha Tumoral Necrosis Factor (TNF-a) in
hemocytes of two species of molluscs, Planorbarius
corneus and Viviparus ater, being present only in
hemocytes with phagocytic activity. In further
studies, Ottaviani et al. (1995), relate the production
of homologous proteins to cytokine with an increase
of phagocytic activity and induction of nitric oxide
synthase (NOS) of mollusc hemocytes. These
results suggest that cytokines-like may participate in
the activation of hemocytes.

Functional mechanisms in parasite-mollusc
interaction
In the last years, many aspects of the

interaction between the digenetic trematode larvae
and the internal defense system of molluscs have
been elucidated. Nevertheless, the possible
mechanisms responsible for destruction of the
majority of larvae in resistant snails remain to be
totally understood. The results reported up to now
suggest that the hemocyte could be the effector
element in the destruction mechanism of
trematodes, being directly involved in the death of
some encapsulated parasites (van der Knaap and
Loker, 1990; Bayne et al., 2001) or in the production
of soluble factors which could be cytotoxic (Connors
et al., 1995). The majority of the authors (Connors
et al., 1995; Bayne et al., 2001; Martins-Souza,
2003) agree that the snails” defense generally
occurs by means of destruction, total or partial, of
the primary sporocyst at the first few hours following
the penetration of the miracidium.

The existence of a cellular defense mechanism
deployed by molluscs against trematode infection
was initially suggested by the finding of histological
reactions around parasite sporocysts (Newton,
1952). Further studies have shown that hemocytes
infiltration around parasite larvae in S. mansoni-



Fig. 2 Morphological aspects of circulating hemocytes from Biomphalaria tenagophila. (A) Phase contrast
photomicrography showing a granulocyte (G) and a hyalinocytes circulating in B. tenagophila hemolymph (400x).
(B) Bright field photomicrography of B. tenagophila circulating hemocytes after addition of neutral red staining,
showing the heterogeneous granulocyte population stained in red (G) and the non-stained cells designated as
hyalinocytes (H) (200x)

infected Biomphalaria was stronger in snail species
that are more resistant to parasite infection, such as
B. tenagophila and B. straminea (Souza et al.,
1997). In highly susceptible B. glabrata, confirmed
by the great quantity of cercariae eliminated during
a long period of time, sporocysts and cercariae at
different developmental stages are found in
abundance in the inner of the host, resulting in
compression of the host’s structures, mainly in the
interstice of the digestive glands, ovotestis and renal
tubules. However, the presence of a great number
of parasites did not induce cellular reaction in the
parasite susceptible snail strains (Godoy et al.,
1997). On the opposite extreme appear the resistant
snails, which shed a few cercariae and show an
extensive infiltration in tissues with numerous
hemocytes, frequently placed around the parasite
structures in disintegration. The focal reactions
frequently assumed a granuloma-like appearance
(Godoy et al., 1997). In our experimental model, S.
mansoni infection in B. tenagophila of Taim strain
resulted in intense, diffuse or granuloma-like cellular
infiltration in the infection site, mainly in the
connective tissue of the snail cephalopodal region
and antennae (Fig. 3). The cellular infiliration was
detected few hours after the parasite infection and
no viable sporocysts were recovered from these
infected snails. Direct evidence of the hemocyte
participation in S. mansoni infection control was
obtained with experiments that transferred the APO
from resistant to susceptible snail strains. In B.
glabrata, the transplantation of APO from miracidia-
exposed resistant strain to susceptible NIH snails
resulted in significantly more killed sporocysts than
as observed during S. mansoni infection in NIH
snails (Sullivan and Spencer, 1994). Recently,
Barbosa et al. (2006) showed in B. tenagophila that
transplantation of the hematopoietic organ from
Taim lineage (totally resistant) to a susceptible S.
mansoni strain resulted in an absolute resistance in
the receptors whose transplant was successful.
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Moreover, inoculation of silica particles in B.
tenagophila Cabo Frio resulted in transitory
reduction of a macrophage-like cell population of
circulating hemocytes. The cellular depletion
induced by silica-treatment in B. tenagophila Cabo
Frio was accomplished by enhanced susceptibility
to S. mansoni infection, shortening the
intramolluscan phase of the parasite and increasing
the number of sporocysts and cercariae produced
(Martins-Souza et al., 2003).

The process of destruction of S. mansoni larvae
by hemocytes initiates with the recognition and
encapsulation of the newly-penetrated sporocyst.
Bayne and co-workers (1980b) demonstrated that
cell-free hemolymph obtained from susceptible and
resistant B. glabrata strains are unable to change
visibly the morphology of S. mansoni in vitro, the
same occurring with hemolymph containing
hemocytes of susceptible lineages. However,
hemocytes of susceptible strains associated with
soluble factors of hemolymph of resistant B.
glabrata lineages acquire the ability to destroy S.
mansoni sporocysts. The importance of the soluble
fraction of Biomphalaria hemolymph in the
destruction mechanism of S. mansoni sporocysts
was also confirmed in vivo in studies dealing with
the transference of this fraction obtained from
resistant B. glabrata snails to other ones susceptible
to the parasite (Granath and Yoshino, 1984).
Recent results obtained with B. tenagophila Taim
also showed that addition of the cell-free
hemolymph of this resistant snail strain significantly
increased the ability of hemocytes from susceptible
strain of B. tenagophila (Cabo Frio or Joinville) to
destroy S. mansoni sporocysts, in vitro. Moreover,
the increased mortality of sporocysts was
associated with higher number of hemocytes on the
parasite tegument (Fig. 4), suggesting that cell-free
hemolymph from resistant snail strain increased
parasite recognition by hemocytes. However, in
contrast with B. glabrata (Bayne et al., 1980), cell-free



Fig. 3 Intense hemocyte infiltration in Schistosoma
mansoni infected Biomphalaria tenagophila Taim, a
parasite-resistant snail strain. Photomicrograph of a
transversal section of antennae tissue from B.
tenagophila Taim 15 days after S. mansoni infection
(20 miracidium/snail), showing a focal cellular
reaction (arrow) with a granuloma-like appearance
(200x). Diffuse and focal cellular infiltration is
observed in cephalopodal tissue of parasite infected
resistant snails and has been associated with the
parasite penetration and destruction. Hematoxylin-
Eosin stain

hemolymph from B. tenagophila Taim was able to
destroy a small, but statistically significant,
percentage of S. mansoni sporocysts even in

absence of hemocytes (Pereira, 2005). The
importance of B. tenagophila Taim cell-free
hemolymph in S. mansoni control was also

confirmed in vivo, since susceptible snails treated
with B. tenagophila Taim cell-free hemolymph had
lower percentage of infectivity (Pereira, 2005;
Coelho and Bezerra, 2006), and the snails that got
infection produced lower number of sporocysts and
cercariae (Pereira, 2005).

The main components of S. mansoni
sporocysts tegument is  glicoproteins  and
glicolipides (Zelck and Becker, 1990; Uchikawa and
Loker, 1991). Johnston and Yoshino (1996) showed
that lectins from B. glabrata cell-free hemolymph
bind to glicoproteins extracted from the parasite
tegument. More recently (Adema et al.,, 1997a,b) a
group of proteins, homologous to fibrogen and that
has been associated with recognition, was identified
in B. glabrata hemolymph, being its expression
enhanced after infection of the mollusc with
Echinostoma paraensei, another digenetic
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trematode. These results suggested that lectins
would serve as cell surface receptors for
carbohydrate structures from trematode parasites.
Moreover, soluble lectins would also participate in
the recognition mechanism by binding to
carbohydrate structures from both hemocytes and
parasite tegument (van der Knapp et al., 1990).
Besides participating in the recognition of S.
mansoni, lectins can also activate hemocytes.
Hemocytes of susceptible and resistant B. glabrata
strains were stimulated with bovine albumin
associated with one of the six carbohydrates:
mannose, galactose, fucose, N-acetyl-glucosamine,
N-acetyl-galactosamine and lactose, that are
present in the tegument of S. mansoni sporocysts.
Hemocytes stimulated with BSA-galactose, BSA-
mannose, and BSA-fructose were able to produce
reactive oxygen-species (ROS) (Hahn et al., 2000).
Our results also confirmed the participation of
soluble lectins in S. mansoni-sporocysts recognition
mechanisms by B. tenagophila species. Circulating
hemocytes recovered from B. tenagophila - both
Taim and Cabo Frio strains - were intensively
labelled by FITC-conjugated lectins, such as PNA,
SBA, and WGA. Moreover, S. mansoni infection in

resistant snail strain (Taim) resulted in initial
reduction in number of labelled-hemocytes in
circulation (Martins-Souza et al, 2006). The

reduction of circulating hemocytes during the first
few hours after S. mansoni infection has been
associated with the cell recruitment to the infection
site (Bezerra et al., 1997; Martins-Souza, 2003).

Other proteins similar to pro-inflammatory
cytokines of vertebrates have been identified in
hemolymph of molluscs and can participate in
activation of hemocytes during the destruction
process of parasites. Specifically in B. glabrata was
identified a protein with immunological and
functional similarity to interleukin-1-like (IL-1 like). In
this snail, IL1-like protein is induced by S. mansoni
infection, and the level was significantly higher in
resistant snail strains (Granath ef al., 1994). The
inoculation of human recombinant IL-1a in
susceptible strain of B. glabrata resulted in
increased production of ROS by circulating
hemocytes and reduced number of S. mansoni
cercariae upon parasite infection (Connors et al.,
1995). These authors confirmed, in vitro, that cell-
free hemolymph recovered from rhlL-1o-treated
snail, but not only rhiL-1a, was capable of destroy
S. mansoni sporocysts, suggesting that IL-1 would
activate B. glabrata-hemocytes to produce and
secrete soluble cytotoxic mediators (Connors et al.,
1998).

The effector mechanisms by which activated
hemocytes are able to kill trematode larvae are not
fully understood yet. Dikheboom et al. (1988a,b)
showed for the first time that gastropod hemocytes
do produce reactive oxygen species (ROS) in
response to trematode infection. The initial
reduction of O; to superoxide anion (O2) is
catalyzed by NADPH-oxidase and O, can be
converted to other ROS, including hydrogen
peroxide (H202) and hypochlorous acid (HOCI)
(Hampton et al., 1998; Bayne et al., 2001). NADPH
oxidase-like activity has been identified in gastropod
hemocytes (Adema et al., 1993) and ROS production



Fig. 4 Interaction of Schistosoma mansoni sporocyst and hemocytes from Biomphalaria tenagophila Taim (B) or
Biomphalaria glabrata BH (C). (A) S. mansoni sporocyst in Chernin’s Balanced Salt Solution, showing an intact
parasite larva (200x). (B) S. mansoni sporocyst completely encapsulated by hemocytes from B. tenagophila Taim,
a snail strain totally resistant to parasite infection (100x). (C) S. mansoni sporocyst incubated with hemocytes
from B. glabrata BH, snail highly susceptible to parasite infection, showing an intact parasite with very few cell
attached, x100

by B. glabrata hemocytes has been associated with
S. mansoni resistance (Adema et al., 1994).
Additionally, molluscan hemocytes also generate
nitric oxide (NO) from molecular oxygen and
arginine (Conte and Ottaviani, 1995; Arumugan et
al., 2000). Experimental evidences of ROS and/or
NOS participation in killing of S. mansoni sporocysts
by B. glabrata hemocytes were obtained using
specific oxidant scavengers or enzyme inhibitors
during the in vitro association. The results showed
that inhibition of H.O, and NO production do favor
sporocysts survival, indicating that this reactive
species would be toxic to trematode larvae (Hahn et
al., 2001 a,b). However, attempts to associate H,O;
or NO production with snail strain susceptibility to S.
mansoni infection have not been conclusive (Hahn
et al., 2000; Bayne et al., 2001). Similarly, we were
able to estimate NO production by hemocytes
isolated from B. glabrata or B. tenagophila at
different time after S. mansoni infection and re-
stimulated in vitro with S. mansoni egg antigen
(SEA). At each experimental point, as well as for
each snail strain, analyses were performed in
triplicate with total hemolymph collected and
gathered together from 3 snails. After centrifugation,
the hemocyte pellet was ressuspended in Chernin’s
Balanced Salt Solution (5 x 10%ml of CBSS)
containing 100 pg/ml of SEA, plated in 96-well
tissue culture plates and incubated at 26 C and 5 %
CO,. After 18 h of incubation, NO presence was
assayed directly in the cell supernatant by the
Greiss reaction (Green et al., 1982) that quantifies
the nitrite contents of the supernatants, as detailed
by Perreira et al. (2006). The NO level increased in
hemocytes recovered after the first few days of S.
mansoni infection, however there were no
detectable differences in NO level between the
snails, although each species or strain shows
remarkable difference in parasite susceptibility (Fig.
5). However, it is important to confirm if supernatant
level do reflect the local production in hemocyte-
sporocyts interaction. Besides producing reactive
species of oxygen and nitrogen, microscopy
analyses indicate that hemocytes from parasite-
resistant snails would phagocvte portions of
sporocyst tegument leading to mechanical lesion
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that may be also lethal to the parasite (van der
Knaap and Loker, 1990).

Finally, in order to evaluate the efficiency of
Biomphalaria spp defense system in the destruction
of S. mansoni larvae, one must consider that there
are many evidences indicating that the parasite is
able to develop strategies to allow its evasion. Thus,
it has been described that the primary sporocyst of
S. mansoni acquires quickly the antigens present in
the host’s hemolymph (Bayne et al., 1986), as well
as express in the tegument antigens similar to those
expressed by the host’s cells (Yoshino and Bayne,
1983) hindering the recognition process of the
parasite by hemocytes. It has been also reported
that components of the excreted/secreted material
by the miracidium during the transformation process
may reduce the motility of hemocytes, as well as
their phagocytic capacity (Connors and Yoshino,
1990; Lodes and Yoshino, 1990), thus justifying the
cellular reaction almost inexistent observed around
S. mansoni sporocysts present in the tissue of B.
glabrata susceptible strains.

In addition to avoid the hemocytes” approach, it
has been also reported that sporocysts incubated in
vitro with hemocytes of susceptible strains may be
encapsulated, but not destroyed (Boehmler et al.,
1996; Hahn et al., 2001a), suggesting the existence
of anti-oxidant mechanisms.

Perspectives

The most recent studies related to the internal
defense system of invertebrates have shown new
aspects of the invertebrate-pathogen relationship.
These aspects afforded us a better understanding of
the recognition and cellular activation mechanisms,
which are also present in the innate defense
response of vertebrates. Biomphalaria-Schistosoma
mansoni interaction, besides being an important
model in human health, constitutes an experimental
approach that may add important information to the
knowledge of the defense mechanism utilized by
invertebrates, as well as of phylogenetic evolution of
these mechanisms.

In this context, our group has carried out
researches dealing with the phenotypic and functional
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Fig. 5 Nitric oxide (NO) level in supernatant of
circulanting hemocytes recovered from
Biomphalaria glabrata, B. tenagophila Cabo Frio e
B. tenagophila Taim during the S. mansoni infection.
NO levels was indirectly estimated by quantification
of nitrite, using the Greiss reaction, in hemocyte
supernatant recovered after 18 h of in vitro re-
stimulation with soluble egg antigen (SEA 100
pug/ml). *** for P < 0.001 when comparing with nitrite
level obtained after stimulation of non-infected
hemocytes from the same snail strain. At each time
point, there was no statistically significant difference
in the nitrite level between the snail strains

characterization of the hemocytes and hemolymph
from different strains of B. glabrata and B.
tenagophila. Our goal is to identify possible
mechanism of trematode recognition and hemocyte
activation in B. tenagophila Taim that would be
responsible to the fast parasite destruction and
consequent resistance against S. mansoni infection
observed in this snail strain. In parallel, we are
investigating the heritage of the resistance character
from B. tenagophila Taim to the offspring resulted of
crossbreeding with the susceptible snail strains. A
more comprehensive identification of these
mechanisms would expand the theorical base that
gives support to mass introduction of B. tenagophila
resistant strain from Taim in areas where
transmission is maintained by this species (Coelho
et al., 2004).
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1 4 Biomphalaria e Schistosoma
mansoni: papel do sisiema
interno de defesa do molusco na
susceptibilidade ao parasito
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Ezparocisto primario de Schistosoma
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Apesar da grande vanedade & complexidade observada no desemvolvimento de trematodecs digensicos,
& mailoria utiliza moluscos gastropodas como primeiro hospedeiro invertebrado. Uma caracteristica que marca
a interagio molusco-Digenea & o elevado grau de especificidade; tem sido fregiientemente relatade gue um
numero restrito de espécies, ou mesmo linhagens geograficas, de Biomphalaria s&0 susceptiveis a uma
determinada cepa de Schisfosoma mansom. Um dos fatores gue influencia na susceptibiidade de Biomphalaria
ainfeccio por 5. mansoni @ a capacidade gue o sisterna interno de defesa deste hospedeiro tem de destruir o
parasito. O sistema intemno de defesa de Biomphaiana sp ainda nao @ complatamente conhecido; sabe-ze gue
& composto por elementos celulares, denominados hemocitos, & componentas scllveis, os quais poderiam
diratamente afetar as larvas cu atuar no reconhecimento do parasito e ativacio dos hemécitos. Desta maneira,
acredita-se que, logo apds a penefragio do miracidio, hemacitos circulantes so atraidos para o sitio da
infeccio e podem destruir o miracidio ou encapsular o esporocisto primario. As lectinas sollveis ou expressas
na membrana dos hemdcitos provavelmente participam no mecanismo de reconhecimento do esporocisto,
sendo possivel que a rapidez e intensidade da reacio antiparasitaria variem em diferentes linhagens de
hospedeiro. Alguns esporocistos encapsulados podem ser desfruidos por lestes tegumentares e/ou pela
citotoxicidade decorrentes da ativacao dos hemocitos. O nivel de susceptibilidade do molusco tem side
atribuido & capacidade do hemdcito de envolver & destruir o parasito, o que sara foco deste capitulo.
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SUMMARY

Biomphalaria tenagophila of Taim strain is able to completely
destroy Schistosoma mansoni sporocyst few hours after
parasite penetration, although the mechanism is still not
well known. In this experimental work we show that passive
transference of cell-free haemolymph, especially from B.
tenagophila Taim, resulted in higher resistance of B.
tenagophila Cabo Frio to S. mansoni infection. This effect
was demonstrated in vivo, by the reduction in the infection
rate, and the significantly lower production of sporocysts and
cercariae of the parasite in snails treated with Taim cell-free
haemolymph compared to CBSS-inoculated snails. The
protective effect of Taim cell-free haemolymph was also
observed during the in vitro interaction between haemocytes
and sporocysts. In this system, addition of B. tenagophila
cell-free haemolymph, especially from Taim strain, was
responsible for significant increase in sporocyst mortality
compared to B. glabrata cell-free haemolymph or culture
medium. Moreover, the combination of Taim cell-free haemo-
Iymph and Cabo Frio haemocytes increased significantly the
mortality of sporocysts. The results show that Taim cell-free

haemolymph would act direct and indirectly on destruction of

S. mansoni sporocysts. The results also suggest that cell-free
haemolymph indirectly increases parasite recognition by the
circulating granulocytes and it is species specific.
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INTRODUCTION

Invertebrates, which constitute the great majority of animal
species are exposed to a broad variety of infectious agents.
Although invertebrates lack an adaptive immune system,
with specificity and memory as observed in vertebrates, their
internal defence system (IDS) is capable of keeping the
invertebrate self-integrity (1,2). Recent work showed evidences
that internal defence system response has many similarities
with the innate immune response of vertebrates (3,4). The
similarities include the capabilities of internal defence system
to recognize nonself molecules and activate phagocytic cells
to produce toxic oxygen and nitrogen metabolites (2,5).

Most experimental work has shown that Biomphalaria
circulating haemocytes participate of the parasite control
during a trematode infection. Histopathological analysis of
S. mansoni-infected Biomphalaria snail showed that haemocyte
infiltration around the parasite larvae was faster and
stronger in snail strains that are more resistant to parasite
infection (6,7). Direct evidence of the haemocyte participation
on the S. mansoni infection control was provided by
experiments that transferred the Amoebocyte-producing
organ (APO) from resistant to susceptible snail strains. In
B. glabrata, the transference of APO from miracidia-exposed
resistant strain (13—-16-R1 snails) to susceptible NIH snail
resulted in significantly higher mortality of sporocysts
than the observed during S. mansoni infection in NIH snail
controls (8). Recently, Barbosa ez al. (9) described a marked
increase in the resistance of B. tenagophila Cabo Frio strain
that received the APO from B. tenagophila Taim, a snail
strain completely resistant to S. mansoni.

Even though haemocytes have been identified as the main
effectors element during S. mansoni control inside the snail,
there are some experimental evidences indicating that
soluble elements of the haemolymph participate in the pro-
tective mechanism. Granath and Yoshino (10) reported that
susceptible strain of B. glabrata (PR) previously inoculated
with cell-free haemolymph from resistant snails (10-R2) had
lower infective rate after exposure to S. mansoni miracidia. A
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reduction in S. mansoni infective rate was also reported in
B tenagophila Cabo Frio inoculated with cell-free haemolymph
recovered from B. tenagophila Taim, the parasite resistant
snail strain (11). Moreover, Vasquez and Sullivan (12) showed
that cell-free haemolymph collected from susceptible B.
glabrata previously implanted with the APO from resistant
snail strain donors were able to lower the infective rate of
S. mansoni in the recipients, suggesting that haemocytes
from APO implant were able to secrete soluble factors that
participate in the parasite control mechanism.

The participation of soluble elements of B. glabrata
haemolymph, such as lectins, in parasite recognition
mechanism was initially suggested by Fryer and Bayne (13),
who demonstrated that particles of polystyrene coated
with B. glabrata soluble haemolymph are more efficiently
phagocyted by haemocytes than the untreated particles.
More recently, Saap and Loker (14) showed that cell-free
haemolymph from non-compatible snail is able to rapidly kill
trematode larvae, suggesting also a direct haemolymph effect.

Most of the S. mansoni-snail interaction studies were
done using different strains of B. glabrata as experimental
model. Although other snail species, such as B. tenagophila,
have a growing importance in Schistosomiasis transmission,
very few studies have been done with this snail species. This
experimental work intent to evaluate the participation
of cell-free haemolymph from B. tenagophila Taim, a snail
strain that is able to completely destroy S. mansoni mother
sporocysts, in parasite control mechanism.

MATERIALS AND METHODS

Parasites

The LE strain of S. mansoni, originally isolated from a
patient from Belo Horizonte, Brazil, was used in all the
experiments. This parasite strain has been maintained in
successive passages through B. glabrata and hamsters —
Mesocricetus auratus (15), in the Laboratory of Schisto-
somiasis, Department of Parasitology, Institute of Biological
Science, Federal University of Minas Gerais (ICB, UFMG,
Brazil), since its isolation in 1968.

Snails

Biomphalaria glabrata and B. tenagophila used in this study
have been bred and maintained according to the procedures
previously described by Pellegrino and Katz (15) at the
mollusk room of the Laboratory of Schistosomiasis (ICB,
UFMG, Brazil). Biomphalaria glabrata used in the experi-
ments was collected at the Pampulha Lake, Belo Horizonte,
Brazil. This snail strain, designated as BH, is highly susceptible
to S. mansoni infection (16). Two strains of B. tenagophila
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were also selected for the study. The Taim strain was
collected at the Ecological Station of Taim, Rio Grande do
Sul, Brazil, and the Cabo Frio strain collected at Cabo Frio,
Rio de Janeiro, Brazil. Biomphalaria tenagophila Taim is
totally resistant to S. mansoni infection, LE (parasite strain
originally isolated from an infected patient) or SJ strain
(parasite strain originally isolated form naturally infected
B. tenagophila), while Cabo Frio strain is highly susceptible to
S. mansoni SJ and is partially resistant to S. mansoni LE (17,18).

Haemolymph collection

Snail haemolymph was collected through cardiac puncture
(18,19). Briefly, each snail shell was cleaned with 70% alcohol
solution and the cardiac region was identified and perfo-
rated with disposable 1-mL syringe (Syringe Plastipak
21 G needle). The recovered haemolymph was transferred to
a Polypropylene tube and kept on ice until use in different
procedures.

Transference of cell-free haemolymph

Biomphalaria tenagophila of Cabo Frio strain, measuring
12-14 mm in diameter, were used as recipient snails for test-
ing the in vivo effect of cell-free haemolymph transference in
the S. mansoni susceptibility. To obtain cell-free haemolymph
used in the experiment, whole haemolymph was collected from
a pool of noninfected B. tenagophila Taim or B. tenagophila
Cabo Frio snails and centrifuged at 80 g for 5 min at 4°C.
The supernatant, designated as cell-free haemolymph, was
transferred to new polypropylene tubes and immediately
injected into the recipient snails. The recipient snails were
anaesthetized by keeping them into chlorine-free water
containing sodium pentobarbital solution (0-4 mg/mL) for
8 h, as previously described elsewhere (20). Anaesthetized
snails were randomly divided in four experimental groups;
the first group was injected, into cephalopodal region of the
snail, with 30 puL of cell-free haemolymph from noninfected
B. tenagophila Taim (112 mg of total protein/mL of
haemolymph), the second group was injected with 30 uL
of cell-free haemolymph from noninfected B. tenagophila Cabo
Frio (10-6 mg of total protein/mL of haemolymph), the third
group was injected with 30 uL of Chernin’s Balanced Salt
Solution (CBSS buffer, 48 mm NaCl, 2-0 mm KCl, 0-5 mm
Na,HPO,, 1-8 mm MgSO,-7H,0, 3-:6 mm CaCl,-2H,0, 0-6 mm
NaHCO,, 5-5 mm glucose and 3 mmM threalose, pH 7-4) and
the last group was not inoculated. After the inoculations,
twenty snails of each experimental group were kept non-
infected and the remaining snails of all the experimental
groups were individually infected with 20 miracidia of
S. mansoni. The designation of each experimental group is
detailed in Table 1.
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Table 1 Description of the treatment and the designation of each experimental group used in the cell-free haemolymph transference

experiments

Experimental groups

Designation Treatment

CF B. tenagophila Cabo Frio not inoculated and noninfected

CF-CBSS B. tenagophila Cabo Frio injected with 30 uL of CBSS

CF-Taim B. tenagophila Cabo Frio injected with 30 uL of cell-free haemolymph from B. tenagophila Taim

CF-CF B. tenagophila Cabo Frio injected with 30 pL of cell-free haemolymph from noninfected B. tenagophila Cabo Frio

CF infected B. tenagophila Cabo Frio infected with S. mansoni

CF-CBSS infected B. tenagophila Cabo Frio injected with 30 uL of CBSS and infected with S. mansoni

CF-Taim infected B. tenagophila Cabo Frio injected with 30 pL of cell-free haemolymph from B. tenagophila Taim and infected with
S. mansoni

CF-CF infected
with S. mansoni

B. tenagophila Cabo Frio injected with 30 pL of cell-free haemolymph from B. tenagophila Cabo Frio and infected

Parasitic infection

Schistosoma mansoni miracidia obtained from livers of
experimentally infected hamsters were counted and used to
infect B. tenagophila following the procedure described by
Pellegrino and Katz (15). For the infection 20 miracidia
were added to each flask containing one snail in chlorine-free
water and kept for at least 5 h, under artificial light stimulation.
Snails with 12—14 mm diameter in size, at the time of infec-
tion, were used in all the experiments.

Cell counts

For obtaining circulating haemocyte kinetics during S. man-
soni infection, whole haemolymph was collected from each
snail and 5 snails per group were examined at different time
points. Total viable haemocytes were counted in Neubauer’s
chamber after dilution of whole haemolymph in CBSS
medium containing 0-4% Trypan Blue (Sigma, St. Louis,
MO) and differential haemocyte counts (granulocytes
and hyalinocytes) were done after dilution in CBSS buffer
containing 0-05% of Neutral Red (Sigma), as previously
described (18).

Evaluation of infection

Schistosoma mansoni infection level of B. tenagophila Cabo
Frio from each experimental group was evaluated by
counting the production of S. mansoni daughter (secondary)
sporocysts and cercariae from each snail. Daughter sporocysts
were recovered and quantified from cephalopodal region of
each B. tenagophila (5 snails/treatment) between the 15th and
30th day of S. mansoni infection, according to Pereira et al.
(21) and modified by Martins-Souza et al. (18). Schistosoma
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mansoni cercaria emergence was also quantified after 4 h of
stimulation with artificial light in each survived snail from
30 to 50 days after infection, as previously described by
Pellegrino and Macedo (22). During this period, mortality and
infective rates for each experimental group were recorded.

In vitro assay

To confirm the effect of the cell-free haemolymph on S.
mansoni sporocysts and to evaluate its possible mechanism
of action, an in vitro assay was performed based on Bayne
et al. (23). Initially, S. mansoni miracidia were aseptically
obtained from liver of infected hamsters, washed with
ice-cooled CBSS buffer, and incubated in RPMI medium
supplemented with 5% foetal bovine serum for 24 h at 28°C
and 5% CO, for sporocyst transformation (24). Transformed
sporocysts were washed in CBSS and re-suspended in
CBSS supplemented with 2% of bovine serum albumin,
25 mm HEPES, 100 U/mL penicillin, 100 pg/mL streptomycin
(Sigma) and amino acids solution (Atlanta Biologicals,
Norcross GA). Approximately 100 sporocysts were plated
per well in 96-well tissue culture plates (Corning-Costar) and
the exact number of sporocysts in each well was counted
under microscopy to obtain the precise number of parasites
in the beginning of the culture.

Total haemolymph was collected from a pool of noninfected
B. glabrata, B. tenagophila Taim and B. tenagophila Cabo
Frio and kept in separated tubes. Haemocytes from each
snail strain were separated from the haemolymph by cen-
trifugation in polypropylene-tube at 80 g for 5 min at 4°C.
The cell-free haemolymph was transferred to new poly-
propylene tubes and the cell pellet was re-suspended in sup-
plemented CBSS, counted and 100 pL/well containing
2 x 10 cells were transferred to each well of the assay plate.
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Cell-free haemolymph was further centrifuged at 1200 g for
30 min at 4°C and 50 pL of supernatant (20% of the total
volume) was also added to each well of the assay plate.

For each experiment, S. mansoni sporocysts were plated
and incubated in supplemented CBSS medium alone as a
negative control of mortality under the incubation conditions.
The mortality rate of S. mansoni sporocysts was evaluated
after incubation with homologous combination of haemo-
cytes (2x 10° cell/treatment) plus cell-free haemolymph
(20% total volume) from B. glabrata, B. tenagophila Cabo
Frio or B tenagophila Taim. Heterologous combinations, in
which sporocysts were incubated with haemocytes from
B. glabrata or from B. tenagophila Cabo Frio and cell-free
haemolymph from B. tenagophila Taim, were also tested.
Finally, the mortality rate of sporocysts was also measured
after incubation with cell-free haemolymph from each snail
strain tested without haemocytes. The assay was set up in
triplicate for each treatment. The assay plates were kept at
26°C and 5% CO, for 18 h. At the end of the incubation time,
0-4% Trypan Blue dye solution was added to each well and
the total number of sporocysts was counted under microscopy.
The mortality was calculated by adding the number of spo-
rocysts stained by Trypan Blue dye to the number of missing
sporocysts based on the initial count.

Statistical analysis

Means of normally distributed data were compared using
one-way ANOVA and P-values were assigned using Tukey
post hoc analysis. For the data with distributions other than
normal (S. mansoni cercariae and sporocysts) the nonpara-
metric method of Kruskal-Wallis was used. Kaplan—Meier
Survival Curves and the Log-Rank Test was used to analyse
snail survival after haemolymph- or CBSS-inoculation.

RESULTS

Effect of in vivo inoculation of Biomphalaria tenagophila
Taim cell-free haemolymph on haemocyte response

Schistosoma mansoni infection, but not the inoculation of
CBSS-buffer or cell-free haemolymph, increased significantly
B. tenagophila mortality during the first 5 days after treatment
compared to normal snails (Figure 1a). Moreover, exper-
imental groups that received parasite infection combined
with cell-free haemolymph treatment had significantly higher
snail mortality compared to other experimental groups
(Figure 1Db).

Inoculation of CBSS or cell-free haemolymph did not
alter significantly the circulating haemocyte profile com-
pared to nontreated snails. In contrast, S. mansoni infection
resulted in significant alteration in the number and cell type
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Figure 1 Effect of the haemolymph treatment and/or Schistosoma
mansoni infection on the survival curve of B. tenagophila.

(a) Survival curve of snails during the first 5 days after cell-free
haemolymph transference or CBSS-inoculation. CF, non infected
and nontreated snails of Cabo Frio strain; CF-CBSS,
CBSS-inoculated and noninfected snails; CF-Taim, snails treated
with cell-free haemolymph from Taim; CF-CF, snails treated with
cell-free haemolymph from Cabo Frio; CF-infected, S. mansoni
infected snails from Cabo Frio strain. *Represent survival curve of
CF-infected was statistically different from survival curve of CF.
(b) Survival curve of snails during the first 5 days after cell-free
haemolymph transference or CBSS-inoculation plus Schistosoma
mansoni infection. CF, non infected and nontreated snails of Cabo
Frio strain; CF-CBSS infected, CBSS-inoculated and S. mansoni
infected snails; CF-Taim infected, snails treated with cell-free
haemolymph from Taim and infected with S. mansoni; CF-CF,
snails treated with cell-free haemolymph from Cabo Frio and
infected with S. mansoni; CF-infected, S. mansoni infected snails
from Cabo Frio strain. ¥*Represent survival curve of CF-Taim
infected and CF-CF infected were statistically different from
survival curve of CF.

of circulating haemocyte from B. tenagophila Cabo Frio.
Snails that were inoculated with CBSS-buffer and infected
showed a significant increase in total number of circulating
haemocytes at 1 and 5 days post-infection compared to the
number of circulating haemocytes observed in noninfected
snails. The increased number of circulating haemocytes in
these infected snails was mainly due to higher number of
phagocytic cells (granulocytes), although in the first day
after infection the number of hyalinocytes was also
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Table 2 Total and differential cell count in circulating haemolymph recovered from noninfected (CF) and S. mansoni infected B. tenagophila
Cabo Frio that were previously inoculated with CBSS-buffer (CF-CBSS), with cell-free haemolymph from B. tenagophila Cabo Frio (CF-CF)
or with cell-free haemolymph from B. tenagophila Taim (CF-Taim)

Circulating haemocytes population (x10* per mL of haemolymph)

Time (days post-infection Groups Granulocytes Hyalinocytes Dead cells Total cells
0 CF 70 +2:3 9+3 9+ 16 86+ 53
1 CF-CBSS infected 194t 16 555 2:5+0-8 236+ 19
CF-CF infected 132+ 19 30£12 3512 160 + 30
CF-Taim infected 69 + 2:4 160 * 21+ 60 % 213P 255 % 16°
3 CF-CBSS infected 84+ 13 33+ 11 2+£09 112+ 22
CF-CF infected 109 + 14 21+4 8§+2 130 £ 08
CF-Taim infected 116 +25 28+4 19+3 181 £ 17
5 CF-CBSS infected 258 + 59 306 12+1 317+ 36
CF-CF infected 204 £ 12 8§+3 20£3 215210
CF-Taim infected 120 + 192 52+ 6P 16+2 175 £ 09°

Bold numbers represents number of cells statistically (P < 0-05) different from the number in noninfected snails for the same cell type; *number
of cells of CF-Taim statistically (P < 0-05) different from the number in CF-CBSS for the same cell type and period of infection; Pnumber of

cells of CF-Taim statistically (P < 0-05) different from the number in CF-CF for the same cell type and period of infection.

increased (Table 2). An increased number of circulating
haemocytes was also detected in snails that were previously
inoculated with cell-free haemolymph from Taim after 1, 3
and 5 days of S. mansoni infection. However, in Taim-treated
and infected snails there was no increment in the number of
circulating granulocytes and the higher number of total cir-
culating haemocytes was due to significant increment of dead
cells and hyalinocytes (Table 2). A significant alteration in
hemocyte cell type was detected only after 5 dpi in snails
that were treated with cell-free haemolymph from Cabo Frio
and infected (Table 2).

Effect of in vivo inoculation of Biomphalaria tenagophila
Taim cell-free haemolymph on Schistosoma mansoni snail
susceptibility

The transference of cell-free haemolymph, especially from
Taim snails, resulted in increased resistance of B. tenagophila
Cabo Frio to S. mansoni infection measured by the number
of migrating sporocysts (Figure 2), infective rate and
cercaria shedding (Figure 3). Change in snail susceptibility
to S. mansoni infection induced by the treatment with cell-
free haemolymph from Taim was already detected during
sporocysts migration through the snail. In 20% of CBSS-
inoculated and S. mansoni-infected snails, migrating
sporocysts was already detected at 15 days post-infection.
The infective rate increased up to 70% on 20 dpi, reaching
100% of the examined snails on 25 dpi, and after this period
it was not possible to recover migrating sporocysts in the
examined snails. In contrast, the maximum infective rate
observed in B. tenagophila Cabo Frio snails previously treated
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Figure 2 Number of migrating sporocysts from cell-free haemolymph
treated and nontreated B. tenagophila of Cabo Frio strain at 25 days
after Schistosoma mansoni infection. Snails were injected with

30 uL of CBSS (CBSS-CF), 30 uL of Cabo Frio cell-free
haemolymph (CF-CF) or 30 uL of Taim cell-free haemolymph
(Taim-CF) just before the infection with Schistosoma mansoni

(20 miracidia/snail). Each point represents the number of
sporocysts recovered from one infected snail. ***Represents
number of sporocysts statistically different compared the number
recovered in CBSS-CF group (P <0-001).

with Cabo Frio cell-free haemolymph was 70%, and migrating
sporocysts were observed in only 30% of the infected snails
that received Taim cell-free haemolymph. There was a delay in
the beginning of the migration period of daughter sporocysts
from the cephalopodal region to the hepatopancreas site,
with migrating sporocysts being recovered only after 20 dpi
in the snails that received cell-free haemolymph. Moreover,
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Figure 3 Number of cercariae recovered from cell-free
haemolymph treated and nontreated B. tenagophila of Cabo Frio
strain at 45 days after Schistosoma mansoni infection. Snails were
injected with 30 uL of CBSS (CBSS-CF), 30 uL of Cabo Frio
cell-free haemolymph (CF-CF) or 30 pL of Taim cell-free
haemolymph (Taim-CF) just before the infection with Schistosoma
mansoni (20 miracidia/snail). Each point represents the number

of cercariae recovered from one infected snail. *Represents number
of cercariae statistically different compared the number recovered
in CBSS-CF group (P < 0-05).

the number of migrating sporocysts recovered from snails
previously treated with Taim cell-free haemolymph was
statistically lower than the number recovered from the
CBSS-inoculated group (Figure 2).

In all experimental groups the emergence of cercaria started
at 40 dpi, however, the infection rate of snails that received
Taim cell-free haemolymph was lower than the infected
controls. At 45 dpi, 35% and 25% of the infected snails were
shedding cercariae in CBSS-inoculated and cell-free Cabo-
Frio haemolymph-treated snails, respectively, but cercariae
were found in only 11% of the infected snails that received
Taim cell-free haemolymph. Moreover, Taim cell-free
haemolymph-treated snails showed a statistically lower number
of cercariae than the CBSS-inoculated snails (Figure 3).

In vitro interaction

The culture conditions used in our experiments resulted in
very low S. mansoni-sporocyst mortality (< 1%) and the
addition of cell-free haemolymph from noninfected B.
glabrata BH was not able to significantly alter the parasite
mortality. In contrast, addition of B. tenagophila cell-free
haemolymph, Taim or Cabo Frio, increased significantly the
sporocyst mortality compared to the control or BH cell-free
haemolymph groups. Moreover, the effect of Taim cell-free
haemolymph on sporocyst mortality was twofold stronger
than the effect of Cabo Frio cell-free haemolymph (P <0-001).
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Figure 4 Effect of cell-free haemolymph from noninfected

B. glabrata (BG), B. tenagophila Taim (Taim) or B. tenagophila
Cabo Frio (Cabo Frio) on mortality rate of axenically transformed
S. mansoni sporocysts. One hundred axenically transformed
sporocysts of S. mansoni were incubated, in triplicate, with
supplemented CBSS medium or with supplemented CBSS medium
containing cell-free haemolymph of BH, Cabo Frio or Taim snail
for 18 h. The percentage of dead sporocysts was calculated for each
treatment and results showed the mean + SD of three independent
experiments. Statistically significant differences comparing the
sporocysts mortality in cell-free haemolymph treatment vs.
nontreated are indicated by ***P < 0-001, **P < 0-01; and between
each treatment are indicated by #P < 0-05 or ###P <0-001.

The results indicated a direct effect of soluble factor of
B. tenagophila haemolymph, especially from the Taim
strain, on the sporocyst damage (Figure 4).

It is important to note that the sporocyst destruction
induced by haemolymph from different snail strains in vitro
reflected the level of snail susceptibility reported in vivo, that
is, haemocytes plus cell-free haemolymph from Taim strain,
the parasite resistant snail, induced the highest sporocysts
mortality in vitro, while no significant sporocyst destruction
was observed with addition of haemocytes plus cell-free
haemolymph from B. glabrata BH, the high susceptible snail
strain (Figure 5). Under this experimental conditions, it was
detected a sporocyst mortality rate around 20% in the pres-
ence of haemocytes and cell-free haemolymph from Cabo
Frio snail strain, and 40% with haemocytes and cell-free
haemolymph from Taim strain, mortality being statisti-
cally higher (P > 0-001) compared with treatments using
larvae that were only incubated with supplemented culture
medium alone or with haemolymph elements from B.
glabrata BH. Moreover, the addition of B. tenagophila Cabo
Frio haemocytes and Taim cell-free haemolymph to the
sporocyst culture resulted in a significant increase in the number
of dead parasites, reaching levels similar to the sporocyst
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Figure 5 Mortality rate of S. mansoni sporocysts cultured in vitro
in supplemented CBSS medium or in the presence of circulating
haemocytes plus cell-free haemolymph recovered from different
snail strain. Treatments: Control represents sporocyst cultured in
supplemented CBSS medium; BG, sporocysts cultured in CBSS
medium containing haemocytes plus cell-free haemolymph
recovered from noninfected B. glabrata BH, Cabo Frio, sporocysts
cultured in CBSS medium containing haemocytes plus cell-free
haemolymph recovered from noninfected B. tenagophila Cabo Frio,
Taim, sporocysts cultured in CBSS medium containing haemocytes
plus cell-free haemolymph recovered from noninfected B.
tenagophila Taim; BG + Taim, sporocysts cultured in CBSS
medium containing haemocytes from noninfected B. glabrata plus
cell-free haemolymph recovered from noninfected B. tenagophila
Taim; CF + Taim, sporocysts cultured in CBSS medium containing
haemocytes from noninfected B. tenagophila Cabo Frio plus
cell-free haemolymph recovered from noninfected B. tenagophila
Taim. The percentage of dead sporocysts was calculated for each
treatment, done in triplicate and results showed the mean + SD of
three independent experiments. Statistically significant differences
comparing the sporocysts mortality in treatment vs. control are
indicated by ***P <0-001, **P < 0-01; and between each treatment
are indicated by #P < 0-05 or ###P < 0-001. ns — Not significant.

destruction observed in culture containing haemocytes plus
cell-free haemolymph from B. tenagophila Taim, a parasite
resistant snail strain (Figure 5).

The sporocyst mortality obtained when haemocytes from
B. glabrata and Taim cell-free haemolymph were added
to the culture medium was similar to the mortality rate
obtained by addition of Taim cell-free haemolymph only
(Figures 4 and 5).

DISCUSSION

The initial goal of this study was to evaluate the role of cell-free
haemolymph from completely resistant B. tenagophila (Taim
strain) in the mechanism of S. mansoni larvae destruction.
Our data demonstrated that cell-free haemolymph from
B. tenagophila of Taim strain was capable to significantly
increase, in vivo, the resistance level to S. mansoni infection
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in susceptible snail strain, such as B. tenagophila of Cabo
Frio strain. Moreover, Taim cell-free haemolymph by itself
or in combination with haemocytes from susceptible snail
strain increased S. mansoni sporocysts mortality.

The importance of the soluble factors of haemolymph for
the protection mechanism against S. mansoni infection was
previously demonstrated by Granath and Yoshino (10) and
by Coelho and Bezerra (11). The authors reported a decrease
in S. mansoni infection rate of B. glabrata PR and B.
tenagophila Cabo Frio that were simultaneously inoculated
with cell-free haemolymph from resistant snail strain. In
B. glabrata (10), only the cell-free haemolymph from infected
snail strain diminished the infection rate of the recipient
snails; moreover, the number of cercariae produced by treated
and infected snails was similar to the number of cercariae
yielded by untreated infected snails (10). In our study, it
was demonstrated that the transference of Taim cell-free
haemolymph recovered from noninfected snails is sufficient
to increase resistance during B. tenagophila—S. mansoni inter-
action. Moreover, we demonstrated that besides a reduction
in the number of infected snails, the transference of Taim
cell-free haemolymph to susceptible snails also resulted in a
significantly reduction of parasite burden early in the
parasite infection, suggesting the possibility of different
mechanisms mediated by haemolymph from B. glabrata
and B. tenagophila. The increased resistance of cell-free
haemolymph treated snails was accompanied initially by
high snail mortality. Haemolymph composition is complex;
therefore the initial mortality effect would be completely
independent of the protective effect on parasite control.
Moreover, the groups that received haemolymph inocula-
tion, especially from Taim snail, showed statistically higher
number of dead circulating haemocytes (Table 2). Therefore,
higher snail mortality could be a consequence of stronger
cellular activation after cell-free haemolymph transference,
leading to higher parasite destruction and tissue lesion.

In B. tenagophila, the increased snail resistance detected
in cell-free haemolymph-treated snails was accomplished
by modification in circulating haemocyte profile, i.e.
haemolymph-treated snails showed higher hialinocyte
counts and increased number of dead cells during early
infection but no increase in circulating granulocytes was
reported. One possible explanation for that fact is that cell-
free haemolymph may activate granulocyte migration to the
site of parasite penetration and/or improve the parasite
recognition, promoting an increase in the destruction of
sporocysts. In agreement with this hypothesis, histological
analysis showed an association between strong cellular
reaction around the parasite larvae and higher resistance to
S. mansoni infection (6,7,25). Previous work (18) also showed
a decrease in the number of circulating haemocytes during
the first hours after parasite penetration into the snail. More
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recently (26), we demonstrated that, in B. tenagophila of
Taim strain, the haemocytes that leave the circulation just
after S. mansoni infection are mainly large cells that were
intensively labelled by FITC-conjugated lectins (WGA and
PNA), suggesting that the activated cells would migrate to
the infection site.

The participation of cell-free haemolymph in the mechanism
of S. mansoni larvae destruction by the snail defence system
is not understood. Studies (27-29) identified differences in
the protein composition of haemolymph from resistant and
susceptible B. glabrata strains, but no correlation between
such differences and resistance has been reported. Bayne
et al. (30) evaluated in vitro the effect of B. glabrata haemo-
lymph on the axenically transformed primary sporocysts of
S. mansoni. In those studies, the authors demonstrated that
the cell-free haemolymph, obtained from susceptible or
resistant B. glabrata are unable to alter the morphology of
the sporocyst in vitro, the same occurs with haemolymph
containing haemocytes from susceptible strain. Similar
results were obtained in our in vitro system, in which there
was no significant increase in sporocyst mortality with the
addition of cell-free haemolymph or cell-free haemolymph
plus haemocytes from B. glabrata BH to the culture medium
(Figures 4 and 5). Nevertheless, as far as B. tenagophila snails
are concerned, the possibility of a direct effect of cell-free
haemolymph on S. mansoni larvae must be considered, since
the cell-free haemolymph is able to kill 8% to 16% of S.
mansoni sporocysts in vitro, even in the absence of haemocytes
(Figure 4). Some mechanisms of direct lesion of pathogens,
such as production of antimicrobial peptides (31) and
activation of melanization process (32) have been described
in invertebrates, but there is no experimental confirmation
regarding the participation of these mechanisms in the
destruction of S. mansoni in Biomphalaria spp. Bayne et al.
(5,33) reported the presence of high levels of reactive oxygen
or nitrogen species in cell-free haemolymph from B. glabrata
and the possible effect of such compounds in the destruction of
S. mansoni larvae. However, a possible involvement of these
strongly reactive elements in parasite control observed during
in vivo transference of Taim cell-free haemolymph or in vitro
culture assays is still undefined.

In addition to the direct effect of some soluble factors of
snail defence system, elements of cell-free haemolymph
could act indirectly, facilitating parasite recognition and/or
activating the haemocytes. Experimental evidences of a
possible indirect effect of cell-free haemolymph have been
demonstrated in B. glabrata—S. mansoni interaction, in which
haemocytes from susceptible snail strains associated with
soluble factors of haemolymph from resistant B. glabrata
strains acquire the capacity of killing S. mansoni sporocysts
(13,29,34). In our system, the effect of Taim cell-free
haemolymph on haemocytes observed in vivo was confirmed

© 2008 The Authors
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in vitro by the high mortality rate of sporocysts obtained in
culture system containing haemocytes/haemolymph from
B. tenagophila Taim and by the increased mortality rate
obtained by addition of cell-free haemolymph from Taim
snails to haemocytes from B. tenagophila Cabo Frio (Figure 5).
It is important to point out that, in our experimental model,
the high level of sporocyst mortality in vitro was associated
with higher number of haemocytes bound to the parasite
observed when Taim cell-free haemolymph was added to
culture medium, suggesting that some components in Taim
cell-free haemolymph may increase parasite recognition by
haemocytes. Many studies have demonstrated that carbohy-
drates associated with the tegument of S. mansoni sporo-
cyst can bind to lectins expressed by haemocytes and/or
soluble in B. glabrata haemolymph, therefore lectins would
mediate parasite recognition (1,35-38). The involvement of
lectins in S. mansoni sporocysts recognition by B. tenagophila
of Taim strain is under investigation in our laboratory.

The cooperative effect of haemocytes and cell-free
haemolymph was not observed between different snail
species, since there was no significant change in sporocysts
mortality by addition of Taim cell-free haemolymph plus B.
glabrata BH haemocytes to the cell culture medium com-
pared to the mortality rate observed with Taim cell-free
haemolymph only. More recently, Martins-Souza et al. (26),
using the same snail and parasite strains demonstrated that
B. glabrata haemocytes showed different staining pattern
with fluorescent lectins, when compared with B. tenagophila
(Taim or Cabo Frio strains), thus suggesting differences in
the expression of glycoproteins in the haemocyte membrane,
both in intensity and quality, would justify the absence of
indirect effect of cell-free haemolymph from B. tenagophila
on B. glabrata haemocytes.

Even though the defence mechanisms employed by B
tenagophila to control trematode infections are far from being
fully understood, the participation of cell-free haemolymph
from resistant snail strains was demonstrated in our experi-
ments. Our data also suggested that soluble components of the
haemolymph can directly damage S. mansoni larvae and also
can mediate parasite recognition by circulating haemocytes.
Further studies should be undertaken to elucidate possible
components responsible for such events.
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Potential Role of the Chemokine Macrophage Inflammatory Protein
la in Human and Experimental Schistosomiasis
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In human schistosomiasis, the concentrations of the chemokine macrophage inflammatory protein la
(MIP-1a/CCL3) is greater in the plasma of patients with clinical hepatosplenic disease. The objective of the
present study was to confirm the ability of CCL3 to detect severe disease in patients classified by ultrasonog-
raphy (US) and to evaluate the potential role of CCL3 in Schistosoma mansoni-infected mice. CCL3 was
measured by enzyme-linked immunosorbent assay in the plasma of S. mansoni-infected patients. CCL3-
deficient mice were infected with 25 cercariae, and various inflammatory and infectious indices were evaluated.
The concentration of CCL3 was higher in the plasma of S. mansoni-infected than noninfected patients.
Moreover, CCL3 was greater in those with US-defined hepatosplenic than with the intestinal form of the
disease. In CCL3-deficient mice, the size of the granuloma and the liver eosinophil peroxidase activity and
collagen content were diminished compared to wild-type mice. In CCL3-deficient mice, the worm burden after
14 weeks of infection, but not after 9 weeks, was consistently smaller. The in vitro response of mesenteric lymph
node cells to antigen stimulation was characterized by lower levels of interleukin-4 (IL-4) and IL-10. CCL3 is
a marker of disease severity in infected humans, and experimental studies in mice suggest that CCL3 may be
a causative factor in the development of severe schistosomiasis.

Schistosomiasis is one of the most prevalent helminth dis-
eases in the world and is caused by blood flukes of the Schis-
tosoma genus (36). In infected individuals, the granulomatous
inflammation in response to egg deposition in the liver in the
case of Schistosoma mansoni is the major pathological finding
and accounts for most of the clinical symptoms. Worm ovipo-
sition at 5 to 6 weeks poses a strong Th2 bias in the immune
response against infection (6) while also inhibiting the Thl
component (12, 42). Nonetheless, the granulomatous response
that is maximal during the first few weeks after initial oviposi-
tion is also subjected to immunomodulation. Apart from in-
terleukin-10 (IL-10) (29), other factors may also be involved in
this process. For example, recent literature suggests that, in
animal models, the granulomatous response that occurs at
chronic time points is dependent on the soluble form of the
IL-13 receptor a2 (27). In patients, failure in modulating the
response might lead to the development severe schistosomiasis
later in life (15). Indeed, a direct consequence of the persis-
tence of an exacerbated immune response appears to be the
development of large granulomatous reactions associated with
intense collagen deposition (20) and the development of hepa-
tosplenic schistosomiasis. Therefore, there is much scientific
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interest in the understanding of the mechanisms and inflam-
matory mediators underlying egg-induced granulomatous re-
sponse, with the ultimate goal of proposing strategies to mod-
ulate fibrosis. It is known, however, that prevention of
granuloma formation may be dangerous, since lethality has
been reported in mice that fail to form granulomas (21).

A few studies have evaluated the role of chemokines in S.
mansoni granuloma formation. Most of them have been car-
ried out in mice by intravenous administration of egg antigen-
conjugated beads (9). Overall, there is good evidence to sug-
gest that chemokines play an important role in defining the
leukocyte infiltrate and subsequent immune response that oc-
curs around beads (9). For instance, the chemokines (32),
macrophage inflammatory protein la (MIP-1a/CCL3) and
regulated on activation and normal T-cell expressed and se-
creted (RANTES/CCLYS), are released during the granuloma-
tous response and blocking of their action alters the size and
other granuloma characteristics in a model of pulmonary em-
bolization (10, 25, 26, 38). Studies with chemokine receptor-
deficient mice also suggested a role for chemokines in the
development of granulomas (9, 19, 41, 52).

Fewer studies have evaluated the role of chemokines for
human schistosomiasis. A recent study from our group has
shown that concentrations of CCLS, eotaxin/CCL11, and
CCL3 are elevated in the plasma in patients with chronic
schistosomiasis. Importantly, patients with high concentrations
of CCL3 were more likely to develop hepatosplenomegaly
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(18). However, this assumption may have been biased, since
organomegaly was not confirmed by ultrasonography (US).
Moreover, blockade of receptors for CCL3 was associated with
a decrease in size of in vitro granuloma around antigen-con-
jugated beads (18). In the present study, we wanted to confirm
and extend our previous data, but now using patients classified
by US from a different area of schistosomiasis endemicity. We
also investigated likely roles of CCL3 in a murine model of
infection that could account for differences in disease morbid-
ity in patients. To this end, the course of S. mansoni infection
was monitored in CCL3-deficient and wild-type mice.

MATERIALS AND METHODS

Blood collecting and outpatient clinical and US examination. Plasma samples
were obtained from patients living in Boa Unido and Nova Unido, two adjacent
localities, in Minas Gerais, Brazil. Study groups were composed of 32 intestinal
disease patients, 13 hepatosplenic patients, and 12 controls. The diameter of the
portal and mesenteric veins, the sizes of the liver and spleen, and wall thickening
of central and peripheral branches of the portal vein were evaluated according to
‘World Health Organization guidelines (1, 14, 22, 27). The criteria for inclusion in the
hepatosplenic group was that patients had to present thickening of the portal
branches of >0.3 cm and hepatic and splenic organomegaly as shown by US per-
formed with a portable Hitachi EUB-200 apparatus. This is an important aspect of
the present study since sole clinical organomegaly is a bad predictor of disease
outcome (1). In our patient population, only grade I fibrosis (periportal thickening
of >0.3 and <0.5) was found, confirming previous observations that more severe
presentations of the disease seem to be less prevalent probably due to the treatment
of infection (2, 3). Patients were treated for infection regardless of their adherence
to the study. Those younger than 5 years and those exhibiting liver damage sugges-
tive of other diseases, such as steatosis, in the absence of pipe stem fibrosis, were
excluded. The control group was composed of noninfected individuals living in the
area of endemicity and healthy volunteers from an area where the disease is not
endemic. Negative results for schistosome infection were attested by three consec-
utive parasitological examinations by the Kato-Katz method (24). All patients signed
an informed consent for the use of blood samples.

Animals and Infection. Male and female C57BL/6 and CCL3-deficient mice
(13) were obtained from the animal facility of the Centro de Pesquisas Ren,
Rachou. The animals were 8 weeks old at the beginning of the experiment and
kept at the animal facility of the Grupo Interdisciplinar de Estudos em Esquis-
tossomose. Rodent chow and water were given ad libitum. LE strain S. mansoni
cercariae (50) released from Biomphalaria glabrata snails were suspended in
saline 0.9% and subcutaneously injected (25 cercariae per animal) by an expe-
rienced technician. Within the same experiment, all groups of mice, wild type or
knockout, were infected with the same cercaria suspension. To assess parasite
burden, mice had to be subjected to mesenteric perfusion for collecting of adult
worms. The latter procedure induces a degree of tissue damage and thus pre-
vented the use of the tissues and blood from these animals for the measurement
of other parameters. Thus, separate groups of animals were used to assess either
parasitological or immunological parameters. Female mice were used for the para-
sitological studies (egg and worm burdens), and male mice were used for all other
parameters described here. Infection-induced morbidity and mortality were ob-
served in CCL3-deficient and wild-type mice throughout the experiment, which
lasted 9 or 14 weeks, and so represented the acute and chronic phases of the
infection. All experiments were repeated and, since the means of a given variable
were similar in these experiments, the results were pooled for presentation.

Determination of egg content in the feces. Animals were kept in individual
gridded-floor cages the night prior to sacrifice. In each cage a piece of wet
absorbent paper kept feces humid. On the following morning, feces were col-
lected, weighed, homogenized in 10% buffered formaldehyde, and stored. Two
aliquots of 100 pl each were counted by light microscopy, and the results are
expressed as number of eggs per gram of feces.

Recovering of worms from the portal system. Animals were sacrificed by
cervical displacement, and viscera were exposed. A cut was made at the portal
vein, and a needle conjugated to a perfusion pump was introduced into the
abdominal aorta (45). Saline (0.9%) was perfused and collected in a Becker
apparatus. Decantation was allowed for 30 min, and the supernatant was dis-
carded. Washing steps were performed until the supernatant was clear. Male and
female worms were counted in a laboratory magnifier.

Determination of egg content in the tissues. The livers, lungs, intestines, and
spleens of infected mice were weighted and solubilized in 5% KOH solution until
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no sign of intact tissue was present. Tissue suspensions were centrifuged at 200
X g for 1 min at room temperature, washed five times, and stored at 4°C. Eggs
in aliquots of 100 pl were counted under a light microscope, and values were
extrapolated to the total organ content. The tissue egg retention index, a mea-
sure of worm fecundity, was calculated as the sum of the absolute number of eggs
present in tissues divided by the number or female worms, regardless of whether
they were found mated or not (17).

Differential blood cell count and tissue histology. Animals were sacrificed
under ether anesthesia, followed by cervical displacement, and 20 .l of blood was
collected from each brachial plexus. The blood was diluted in Turk’s solution for
total cell count. A blood smear was prepared and stained with Giemsa and
May-Grunwald stains. Differential blood count of mononuclear cells, neutro-
phils, and eosinophils was performed from a total of 300 cells. Fragments of liver
were removed, fixed in 10% buffered formaldehyde, and stained with either
hematoxylin and eosin or Picrus Sirius (30). About 500 pl of blood were collected
for the quantification of cytokines.

Cell culture. After sacrifice, animals not subjected to hepatic perfusion had the
abdominal wall opened in sterile conditions. Mesenteric lymph nodes (MLN)
were removed, and cells were isolated. The resultant cell suspension was diluted
to 107 cells/ml in HEPES-modified RPMI supplemented with potassium-peni-
cillin at 10 IU/ml and 1 p.g of gentamicin-containing 5% fetal calf serum/ml. Cells
were plated in the presence of concanavalin A (1 pg/ml), a nonspecific T-cell
stimulator (11), and schistosome egg antigen (SEA) (5) or soluble adult worm
antigenic preparation (SWAP), both at the concentration of 50 wg/ml. The
supernatant was collected 48 h later for cytokine quantification.

Cytokine determination by ELISA. The concentration of cytokines in plasma
and culture supernatant was performed by sandwich enzyme-linked immunosor-
bent assay (ELISA) as described elsewhere (31). The ELISA kits for mouse IL-4,
IL-10, IL-13, gamma interferon (IFN-y), and human CCL3 were obtained from
R&D Systems. The antibody pairs and standards used in the assay for mouse
IL-1 were kindly provided by Steve Poole. The specific recommendations of the
manufacturers were followed. Human plasma samples were subjected to acid-salt
precipitation to avoid cross-reactivity in ELISA (18).

Determination of the activity of eosinophil peroxidase (EPO). The assay was
performed as described previously (47). Briefly, 100 mg of the liver and intestine
of the animals were weighted and homogenized in 1.9 ml of phosphate-buffered
saline and centrifuged at 12,000 X g for 10 min. The supernatant was discarded,
and the erythrocytes were lysed. The samples were then centrifuged, the super-
natant was discarded, and the pellet was suspended in 1.9 ml of 0.5% hexade-
cyltrimethyl ammonium bromide in phosphate-buffered saline, frozen three
times in liquid nitrogen, and centrifuged at 4°C at 12,000 X g for 10 min. The
supernatant was used in the enzymatic assay by the addition of an equal amount
substrate (1.5 mM o-phenylenediamine—-6.6 mM H,O, in 0.075 mM Tris-HCI
[pH 8]). The reaction was stopped with 50 pl of 1 M H,SO,, and the absorbance
was read at 492 nm.

Hydroxyproline determination. Fragments (100 mg) of liver and intestine were
removed for hydroxyproline determination as an indirect measure of collagen
content (39). Briefly, tissues were homogenized in 0.9% saline, frozen, and
lyophilized. The assay was performed with 20 mg of the lyophilized material
subjected to alkaline hydrolysis in 300 pl of H,O plus 75 ul of 10 M NaOH at
120°C for 20 min. An aliquot of 50 ul of the hydrolyzed tissue was added to 450
wl of Chloramine T oxidizing reagent (0.056 M Chloramine T-n-propanol 10%
in acetate-citrate buffer [pH 6.5]) and allowed to react for 20 min. A hydroxypro-
line standard curve was prepared likewise. Color was developed by the addition
of 500 pl of 1 M p-dimethylaminebenzaldehyde diluted in n-propanol-perchloric
acid (2:1 [vol/vol]). The absorbance was read at 550 nm.

Morphometric analysis. Slides with sections of the liver were analyzed under
a light microscope for the characterization of the inflammatory infiltrate and the
composition of granulomas. For the quantitative analysis of granuloma area,
images were captured with a digital camera (Optronics DEI-470) connected to a
microscope (Olympus IX70) and analyzed with Image ProPlus. For each infected
animal, the first nine granulomas found in either of three liver sections meeting
the criteria of being isolated and of presenting a central viable egg were photo-
graphed and analyzed. Granulomas in which more than one or no egg was visible
were excluded from the analysis. The area of each of the nine granulomas was
measured three times and averaged.

Histological egg densitometry. Images covering 1,500 pm? from liver sections
of male wild-type and CCL3™/~ mice were captured with a digital camera
(Optronics DEI-470) connected to a microscope (Olympus IX70) with a magni-
fication of X 100. The number of images taken was about 30 to 50 for each
animal and was equal to the highest number of whole snapshots that could be
taken without including serial slices in a given fragment of stained tissue. The
schistosome eggs per image were counted, and the average value was entered as
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FIG. 1. Chemokine levels in the plasma of schistosome-infected
patients and control individuals. Individual concentrations are shown
with the median of each group expressed as a horizontal line. Patients
were classified as intestinal (n = 32) or hepatosplenic (n = 13) ac-
cording to clinical and US examinations. A control group was com-
posed of 12 individuals. Plasma samples were processed for elimina-
tion of cross-reactivity and used for CCL3 determination by ELISA.
The data were analyzed by the Kruskal-Wallis test, followed by Dunn’s
comparison test.

an individual value for each animal. The final value is referred to here as the “egg
densitometric index” and was used to compare to egg counts obtained from
whole-tissue digestions performed in female mice. As hydroxyproline content
was only measured in livers and intestines of male mice, the egg densitometric
index was useful to calculate a ratio describing the collagen deposition per tissue
egg content.

Statistical analysis. Results for mice are expressed as means * the standard
error of the means (SEM) and were analyzed by analysis of variance, followed by
the Newman-Keuls multiple comparison test. MLN cultures were analyzed by
using an unpaired ¢ test when detectable levels of cytokines were found only in
infected groups. Human data were analyzed by Kruskal-Wallis test, followed by
Dunn’s multicomparison test. A cutoff value of MIP-1a that differentiated pa-
tients with or without hepatosplenomegaly was selected empirically. Relative risk
was calculated by using the Fisher exact test in a 2 X 2 contingency table.

RESULTS

Concentration of CCL3 in plasma of patients. To confirm
and validate our previous finding that CCL3 marked a group of
patients with severe disease (18), we evaluated the concentra-
tions of CCL3 by sandwich ELISA in plasma samples of US-
assessed schistosome-infected individuals. In agreement with
previous findings, infected patients had greater concentration
of CCL3 in plasma than noninfected individuals (P < 0.05).
The concentrations of CCL3 were significantly higher in
plasma of patients with organomegaly than in those without
organomegaly (P < 0.001, Fig. 1). The value of 400 pg/ml was
found to be best to separate patients with or without organo-
megaly. Indeed, infected patients with a concentration of
CCL3 of >400 pg/ml had a 14-fold greater chance of having
organomegaly than those with lower concentrations of this
chemokine (P < 0.001). However, there was no tendency for
patients with high levels of CCL3 within the intestinal group to
exhibit higher levels of fibrosis (not shown).

Infection indices in CCL3-deficient and wild-type mice. Ini-
tial experiments were designed to assess whether CCL3 defi-
ciency interfered with worm burden and/or fecundity. No sta-
tistically significant difference in the lethality rates of infected
mice was found, although percentages tended to be smaller in
the CCL-3-deficient (28.5%) than in the wild-type group
(37.5%) at 14 weeks postinfection. Of the approximately 25
injected cercariae, ca. 10 adult worms were recovered after
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FIG. 2. Total number of worms in the portal system and fecundity
of S. mansoni harvested from wild-type or CCL3-deficient mice. Val-
ues are the means = the SEM of worms from perfusates of female
mice. (A) The male and female adult mated and unmated worms
present in the portal system of infected wild-type ([J; acute phase, n =
6; chronic phase, n = 12) or CCL3-deficient (&; acute phase, n = 6;
chronic phase, n = 11) mice were counted after hepatic perfusion at 9
(acute phase) or 14 (chronic phase) weeks after infection. (B) The
ratio between the total number or eggs present in all analyzed tissues,
i.e., lungs, liver, intestine, and spleen divided by the number of female
worms gives the tissue egg retention index for each group. The num-
bers of female worms are equal to those used to calculate the averages
shown in panel A. #, P < 0.01 as determined by the Newman-Keuls
test for CCL3-deficient mice compared to wild-type ones at the same
phase of infection.

perfusion from either wild-type or CCL3-deficient mice at 9
weeks postinfection (Fig. 2A). At 14 weeks, there was a similar
number of worms in the wild-type group, but a we observed a
significant (P < 0.01) reduction in CCL3-deficient mice (Fig.
2A). Despite changes in worm numbers, the tissue egg reten-
tion index, as calculated by the total number of eggs trapped in
tissues divided by the total number of female worms, was equal
in CCL3-deficient and wild-type mice during both the acute
and the chronic phases (Fig. 2B).

These results indicate that CCL3 deficiency does not alter
worm fecundity. However, tissue- and phase-specific analysis
reveals important differences in egg burdens calculated in fe-
male mice through the digestion of whole tissues with 5%
KOH solution. During both the acute and chronic phases, a
smaller number of eggs per gram of feces was found in CCL3-
deficient mice (Fig. 3A). At the chronic phase other tissue specific
differences were found. A reduction in the absolute number of
eggs deposited in the liver (Fig. 3B, P < 0.05) and spleen (Fig. 3C,
P < 0.05) was observed in the CCL3-deficient group. There was
no difference in the number of eggs in the intestines (Fig. 3D) or
lungs (not shown). Confirming data on egg counts, the evaluation
of egg number by histology demonstrated a smaller number of
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FIG. 3. S. mansoni egg burdens in different tissues from wild-type or CCL3-deficient mice. Values are the means * the SEM of eggs counted
from tissues or feces from female mice. At the day prior to sacrifice, animals were kept in special cages for the collection of their feces. Eggs in
the feces (A) of wild-type (LJ; acute phase, n = 6; chronic phase, n = 12) or CCL3-deficient (&; acute phase, n = 6; chronic phase, n = 11) mice
are expressed per grams. After sacrifice, mice had their livers (B), spleens (C), and intestines (D) excised, weighed, and dissolved in 5% KOH. After
the counting of aliquots in a light microscope, the total number of eggs in the tissues was calculated. # and ##, P < 0.05 or P < 0.01, respectively,
as determined by the Newman-Keuls test for MIP-1a/CCL3-deficient mice compared to wild-type mice at the same phase of infection.

eggs in the liver of CCL3-deficient compared to wild-type mice
during the chronic phase of infection (3.7 = 0.2 versus 2.6 * 0.3,
respectively; P < 0.05 [unpaired ¢ test]). The difference in egg
density was not accompanied by changes in organ mass between
the two groups (results not shown).

Hepatic and intestinal inflammation in CCL3-deficient and
wild-type mice. Eosinophils represent the major cellular com-
ponent of Th2 granulomas (4). The eosinophil relative content
in tissues was deduced by EPO activity. There was minimal
EPO activity in the liver of noninfected animals both groups
(Fig. 4A). S. mansoni infection induced an increase in the EPO
activity in the liver during the acute phase of infection, and this
was persistent at 14 weeks. Comparisons within the same phase
of infection demonstrated that the levels of EPO in the liver of
CCL3-deficient mice were similar at 9 weeks. There was a
significant 15% reduction of liver EPO (P < 0.05) at 14 weeks
compared to wild-type mice (Fig. 4A).

Just as no statistical difference was found in the egg number
in the intestines of wild-type animals compared to CCL3-de-
ficient animals, the EPO activity was also similar between these
groups in this organ (Fig. 4B). Blood eosinophilia is found in
infected animals, but no difference was observed between the
two groups (Fig. 4C).

Next, we evaluated whether CCL3 deficiency interfered with
the size of liver granulomas. Comparison between the acute
and chronic phases shows an approximate 50% reduction in
granuloma size both in wild-type and CCL3-deficient mice
(Fig. 5A), indicating extensive immunomodulation. The area
of granulomas formed in the liver of CCL3-deficient animals
was similar to those of wild-type mice in the acute phase of the

infection but significantly smaller (P < 0.01) at 14 weeks with
a 28% reduction (Fig. 5A). Despite the clear reduction in
granuloma size, there was no apparent tendency of livers of
CCL3-deficient mice to present larger stretches of hepatic de-
generation or fibrosis. Since no major differences have been
observed between the two animal groups at 9 weeks, the fol-
lowing results will focus on the chronic phase of the infection.

As liver fibrosis is a major alteration associated with mor-
bidity, we evaluated the hydroxyproline content of livers from
wild-type and CCL3-deficient mice. As shown in Fig. 5B, the
amount of hydroxyproline present in the liver, an indirect mea-
sure of collagen content, is increased in infected animals com-
pared to noninfected ones. The hydroxyproline content in the
liver of wild-type animals was higher than that of CCL3-defi-
cient ones (Fig. 5B). No statistically significant differences were
found for the hydroxyproline concentrations in the intestine in
any group of mice (results not shown).

To dissect whether collagen deposition depended directly on
the action of CCL3 or was resultant from the decreased egg
retention in the liver of CCL3-deficient mice, we calculated in
the same animal the ratio between the hydroxyproline content
and the number of eggs in tissue, as assessed histologically.
Thus, the ratio between a marker of fibrosis and a marker of
egg burden was similar in wild-type and CCL3-deficient mice
(0.62 = 0.11 versus 0.67 = 0.13, respectively).

Figure 6A and B shows the normal architecture of the liver
of noninfected wild-type and CCL3-deficient animals which
were apparently similar. In Fig. 6C, we noticed a strong egg-
induced granulomatous response in the liver of a wild-type
mouse at 14 weeks postinfection. There was an intense eosin-
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FIG. 4. Blood eosinophils and EPO activity in the livers and intes-
tines of wild-type and CCL3-deficient mice. Values are the means *=
the SEM from male mice. At 9 (acute phase) or 14 (chronic phase)
weeks after infection, a fragments of the livers (A) and intestines (B) of
noninfected ([J) or infected (@) wild-type (acute phase noninfected, n
= 4; infected, n = 6; chronic phase noninfected, n = 8; infected, n =
12) and CCL3-deficient (acute phase noninfected, n = 5; infected, n =
4; chronic phase noninfected, n = 8; infected, n = 12) mice were
weighed and processed for quantification of EPO activity. Blood
smears were also prepared, fixed, stained with hematoxylin and eosin,
and then subjected to differential cell counting. The percentages of
eosinophils are shown in panel C. 0, P < 0.001 (in panel A), P < 0.05
(in panel B), or P < 0.01 (in panel C) as determined by the Newman-
Keuls test for infected versus noninfected mice of the same phenotype
at the same phase of infection. #, P < 0.05 for infected CCL3-deficient
compared to infected wild-type mice at the same phase of infection.

ophilic infiltrate and extensive collagen deposition, as shown by
Picrus Sirius staining. However, Fig. 6D illustrates the result
shown in Fig. 5A that granulomas around eggs in the CCL3-
deficient group were smaller than that of wild-type mice.
Cytokine production by MLN cells during the chronic phase
of infection. The in vitro cytokine production from SEA-stim-
ulated MLN cells from mice is shown in Fig. 7. As expected,
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FIG. 5. Area of the granulomas formed around eggs and hy-
droxyproline content in the liver of wild-type and CCL3-deficient mice
at the acute and chronic phases of infection. Hydroxyproline content
was used as a measure of collagen deposition. Values are the means =
the SEM of liver samples from male mice at the chronic phase of the
infection. (A) At 9 (acute phase) or 14 (chronic phase) weeks after
infection, paraffin-fixed liver slices of wild-type (] acute phase, n = §;
chronic phase, n = 12) or CCL3-deficient (%; acute phase, n = §;
chronic phase, n = 12) mice were stained with eosin and hematoxylin.
Isolated granuloma images were captured and analyzed in the software
KS300 2.0 for the measurement of the area. [1, P < 0.01 as determined
by the Newman-Keuls test for infected mice at the acute phase com-
pared to infected mice of the same phenotype at the chronic phase; #,
P < 0.01 for CCL3-deficient mice compared to wild-type mice at the
same phase of infection. (B) At 14 weeks (chronic phase) after infec-
tion, a fragment of the liver of noninfected (J) or infected (&) wild-
type (noninfected, n = 4; infected, n = 6) and CCL3-deficient (non-
infected, n = 4; infected, n = 7) animals was used for the quantification
of hydroxyproline. [, P < 0.05 for infected mice compared to nonin-
fected ones of the same phenotype; #, P < 0,05 for infected MIP-1a/
CCL3-deficient mice compared to wild-type mice.

noninfected mice of both groups produced little or no cytokine
against SEA stimulation. In contrast, MLN cells from infected
animals produced cytokines of both the Th1l (IFN-y) and the
Th2 (IL-4, IL-10, and IL-13) type. As observed in Fig. 7A and
B, the cytokines IL-4 (P < 0.01) and IL-10 (P < 0.001) were
produced at lower levels by cells from CCL3-deficient mice.
However, the production of TNF-«a (Fig. 7C), IFN-vy (Fig. 7D),
and IL-13 (Fig. 7E) were similar in the two mouse strains.
Table 1 shows the negative and positive control groups for
the data given in Fig. 7 and also shows the responses to SWAP
stimulation. Unstimulated MLN cells of both wild-type and
CCL3-deficient mice produced very little or no IL-4, IL-10,
IL-13, IFN-y, and TNF-«, regardless of the infection status.
Nonetheless, concanavalin A-stimulated MLN cells from in-
fected animals of both groups produced higher amounts of
IL-4 (P < 0.001 and < 0.01 for wild-type and CCL3-deficient
mice, respectively) and IL-10 (P < 0.05 and < 0.01 for wild-
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FIG. 6. Histological sections of the liver of noninfected or infected male wild-type and CCL3-deficient animals at the chronic phase of infection.
Images are from Picrus Sirius-stained histological sections representative of the group. (A) Normal architecture of the liver of a noninfected
wild-type animal. (B) Normal architecture of the liver of a noninfected CCL3-deficient animal. (C) Appearance of the liver of a wild-type infected
mouse at the chronic phase of the infection. Notice the strong granulomatous response formed around the eggs. (D) Appearance of the liver of
a CCL3-deficient infected mouse at the chronic phase of the infection. Many of the alterations described in panel C are also visible.

type and CCL3-deficient mice, respectively),but no difference
was found in IFN-y, IL-13, or TNF-a production. Similar re-
sults were observed for SWAP-stimulated cells, where nonin-
fected animals did not respond stimulation, producing no de-
tectable levels of cytokines. There was always cytokine
production in infected animals.

DISCUSSION

We have recently demonstrated a correlation between ele-
vated concentrations of CCL3 and the likelihood of presenta-
tion of severe schistosomiasis in humans (18). The present
study had two main purposes: (i) to confirm the latter findings
by using US to identify patients with severe disease and (ii) to
investigate the existence of a causal relationship between
CCL3 and morbidity in an animal model of S. mansoni infec-
tion. Using plasma of patients categorized according to US
findings, we were able to confirm previous findings (18) that
levels of CCL3 in plasma were a good marker of hepatosplenic

schistosomiasis. Indeed, patients with hepatosplenic disease
had greater concentrations of this chemokine in plasma than
those with intestinal disease or controls. Moreover, infected
patients with CCL3 concentrations in plasma of >400 pg/ml
had a 14-fold-greater chance of presenting with hepatospleno-
megaly than those with lower concentrations. Thus, the two
studies, which comprise two distinct populations, strongly sug-
gest that CCL3 concentrations could be good markers of se-
verity in S. mansoni infection.

Important differences were found in S. mansoni infection in
mice in the absence of CCL3. (i) The numbers of eggs in the
liver and adult worms were decreased in CCL3-deficient mice
at the chronic phase of the infection. (ii) Chronic-phase gran-
ulomas were smaller in CCL3-deficient mice than in wild-type
mice. (iii) The livers of infected CCL3-deficient mice had a
lower hydroxyproline content. Of note and in contrast to the
findings at the chronic phase, there were no dramatic changes
in infection or inflammatory indices at 9 weeks.

We have shown here that the parasitic load of chronically
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FIG. 7. Cytokine production by MLN cells from male infected and noninfected wild-type and CCL3-deficient mice in response to SEA stimulation
at the chronic phase of the infection. Values are the means = the SEM of supernatants from four mice. At 14 weeks postinfection, lymph node cells were
obtained and stimulated with SEA. The supernatant was collected 48 h later for the quantification of IL-4 (A), IL-10 (B), TNF-a (C), and IFN-y (D).
O and @ , P < 0.05 or P < 0.01, respectively, for infected mice compared to noninfected ones of the same phenotype as determined by the
Newman-Keuls test; #, P < 0.05 for infected CCL3-deficient compared to infected wild-type mice as determined by unpaired ¢ test. Un., undetectable.

infected CCL3-deficient animals is reduced compared to wild-
type animals. There are two possible explanations for this.
First, CCL3 deficiency may interfere with the immune re-
sponse to adult worms, making it more efficient and so capable
of causing their clearance. Second, the absence of CCL3 may
directly or indirectly alter worm survival. The testing of these
hypotheses is beyond the scope of the present study and is
currently under way in our laboratory. In any case, further
studies are needed to address this question.

It is worth emphasizing that all groups of animals were
infected with the same cercaria suspension by the same person
in a random order and with no delay between groups, so that
differences in cercarial virulence or viability could not account
for the latter findings. Besides, worm burdens were investi-
gated in groups of female wild-type and CCL3-deficient mice,
excluding the possibility that sex-specific susceptibilities to in-
fection could have biased the results (16, 33).

It is not clear in the literature whether mice can mount an
effective immune response against adult S. mansoni worms.
Our results, however, do indicate that the difference in worm
burdens appeared in CCL3-deficient mice only after 9 weeks of
infection and was responsible for the slight tendency, although
not statistically significant, of wild-type mice to have higher
mortality rates than CCL3-deficient mice. If a change in im-
mune response was the reason for adult worm killing, then a
difference in MLN responses to SWAP stimulation between
wild-type and CCL3-deficient mice could have been notice-
able. However, among cytokines that have been shown to have
arole in worm Kkilling in other models of parasitic infection, we
have shown that CCL3-deficient mice responded to SWAP
stimulation, producing less IL-4, IFN-y, and TNF-« than wild-
type animals. This is more suggestive of a less intense response
to egg antigens, secondary to decreased parasitic load, rather
than an enhanced immune response to adult worms in this
group. On the other hand, CCL3 may be an important factor
for the production of Th2 cytokines in vitro. Moreover, other
studies investigated the role of CCL3 in models of Th2 inflam-

mation (18, 34, 35). These have usually shown an exacerbation
of the response against SEA in the presence of high CCL3
concentrations or an inhibition when CCL3 was blocked with
antibodies. These results also corroborate the data shown
herein, so that a contribution of CCL3 in some Th2 cytokine
amplification loops should not be excluded.

CCL3 binds to the chemokine receptors CCR1 and CCRS
(29) and is chemotactic for monocytes (51, 54), lymphocytes
(48), and eosinophils (40), among other cell types, which are
important for egg-induced granuloma formation (4). Indeed,
similar to the inhibition observed in our model of infection,
one study based on the pulmonary embolization model dem-
onstrated a 20 to 40% inhibition in granuloma size in anti-
CCL3-treated animals (26). It is noteworthy that the inhibition
observed (28%) may be underestimated as the egg itself ac-
counts for some of the granuloma area that, if excluded, would
revert in a larger percent inhibition. The slight fall in EPO
activity found in the present study is in agreement with previ-
ous data in that eosinophils should be less recruited in the
absence of CCL3 (49). A reduction in the number of eosino-
phils may have contributed to the smaller size of granulomas
present in the liver of CCL3-deficient mice. Reduction of other
cell types is also a possibility, considering the lack of selectivity
of the chemotactic activity of CCL3 toward any specific cell
type present in the schistosome egg granuloma. Regardless of the
cellular composition, the smaller granuloma area found in CCL3-
deficient mice is in agreement with the lower granuloma index
previously reported for peripheral blood mononuclear cells
treated with met-RANTES, a CCR1 and CCRS antagonist (37),
in a model of in vitro granuloma (18). Thus, a reduced egg
content in tissues associated with smaller granulomas could re-
flect diminished morbidity in CCL3-deficient mice.

We have shown that the liver collagen content of infected
CCL3-deficient mice was smaller than that of wild-type mice.
There is indeed evidence in the literature to suggest that CCL3
is involved in fibrosis both in humans and in mice (44). CCL3
is detectable in the bronchoalveolar lavage fluid of patients
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TABLE 1. In vitro cytokine production from MLN cells
(chronic phase)

Mean production” = SEM (pg/ml) in:

cvokne Tetn 2 ,
Cell medium  Concanavalin A SWAP
1L-4
Wild type NI ND 6+2 ND
1 ND 97 + 22% 150 £ 58
CCL3 ™/~ NI ND 4+3 ND
1 ND 98 + 9f 29 =15
1L-10
Wild type NI ND 61 £7 ND
1 ND 231 = 37* 244 + 81
CCL3 ™/~ NI ND 14 +2 ND
1 ND 306 = 857 121 £ 63
1L-13
Wild type NI 300 =7 353 =37 411 = 31
1 30 =8 2,886 = 558 1,208 = 301
CCL3 ™/~ NI 390 = 51 401 = 59 514 =75
1 179 = 121 4,044 = 1,286* 1,291 = 524
IFN-vy
Wild type NI 123 =72 7,049 = 5,799 ND
1 168 = 13 6,989 + 1,800 1,458 + 430
CCL3 ™/~ NI 11+8 1,277 = 586 ND
1 226 = 49 4,885 = 1,969 253 =75
TNF-a
Wild type NI 9+t4 109 = 36 7x2
1 7+3 111+ 9 30 = 8*
CCL3 ™/~ NI 4+1 62 £8 3+1
1 12 =10 76 £ 12 14+5

“ NI, not infected; I, infected.

? ND, not detectable. *, P < 0.05; f, P < 0.01; £, P < 0.001. P values were
determined by the Newman-Keuls test for male infected mice compared to
noninfected mice of the same phenotype.

with sarcoidosis and idiopathic pulmonary fibrosis (43). More-
over, anti-CCL3 antibody treatment in mice inhibits bleomy-
cin-induced inflammatory infiltrate and fibrosis (41). Besides,
several reports have shown the role of IL-4 in granulomatous
inflammation and its interference on various aspects of the
response, including collagen synthesis (7, 8, 28). So, it is pos-
sible that the inhibition of IL-4 production observed in CCL3-
deficient mice could account for at least some of the observed
inhibition of collagen deposition. From these evidences, it
could have been possible that CCL3 also affected the amount
of collagen that is produced in the liver. However, unlike the
pipe stem fibrosis found in humans, the granulomas contain
most of the disease-induced collagen deposition in mice. Ac-
cordingly, by calculating the ratio between the hydroxyproline
content and the liver egg content, we could observe that the
difference in fibrosis deposition was eliminated if the effect of
egg burdens was excluded. These data indicate that the re-
duced collagen content of liver of CCL3-deficient mice was
resulted mainly from the decreased number of eggs present in
these animals. A direct effect of CCL3 on fibrogenesis in our
model could not be demonstrated but remains a possibility that
deserves further investigation.

In summary, we have shown that CCL3 was elevated in the
plasma of patients with US-defined hepatosplenomegaly and
marked a group under greater risk of developing severe disease.
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We also showed that CCL3 deficiency is associated with de-
creased morbidity in a murine model of infection. This may derive
from distinct actions of this chemokine, i.e., one that results in
reduced worm burdens and their associated consequences and
whose mechanism is unknown. One such associated consequence,
whose importance is undisputed in schistosomiasis, is a reduction
in collagen content that was demonstrated in CCL3-deficient
mice. Second, CCL3 deficiency was associated with decreased
granulomas, possibly reflecting a direct action of the chemokine
on the various cell types that compose the granulomatous inflam-
mation (46). Altogether, these results indicate that schistosomia-
sis is milder in the absence of CCL3 and suggest that CCL3 may
be a causative factor in the development of severe schistosomiasis
in humans.

ACKNOWLEDGMENTS

This investigation received financial support from the UNDP/World
Bank/WHO Special Programme for Research and Training in Tropical
Diseases (A20748), the Conselho Nacional de Desenvolvimento Cien-
tifico e Tecnoldgico (CNPq-Brazil), the Fundacao de Amparo a Pes-
quisas do Estado de Minas Gerais (FAPEMIG), and the Coordenagao
de Aperfeicoamento de Pessoal de Nivel Superior (CAPES-Brazil).

We thank Ary Corréa Junior and Denise C. Carmona for help with
the morphological analysis and Valdinéria Borges for technical labo-
ratory assistance. We also thank Alberto Geraldo do Santos and Flo-
rence Mara Rosa of the Grupo Interdisciplinar de Estudos em Esquis-
tossomose for their valuable work in maintaining and providing
cercariae for mouse infection studies.

REFERENCES

1. Abdel-Wahab, M. F., G. Esmat, A. Farrag, Y. A. el-Boraey, and G. T. Strick-
land. 1992. Grading of hepatic schistosomiasis by the use of ultrasonography.
Am. J. Trop. Med. Hyg. 46:403-408.

2. Andrade, Z. A. 1998. The situation of hepatosplenic schistosomiasis in Brazil
today. Mem. Inst. Oswaldo Cruz 93(Suppl. 1):313-316.

3. Barbosa, F. S., J. F. Gongalves, and M. C. Melo. 1995. Hepatosplenic forms
of schistosomiasis mansoni in the interior of Northeastern Brazil. Cad. Saude
Publica 11:325-331.

4. Bentley, A. G., B. L. Doughty, and S. M. Phillips. 1982. Ultrastructural
analysis of the cellular response to Schistosoma mansoni. I11. The in vitro
granuloma. Am. J. Trop. Med. Hyg. 31:1168-1180.

5. Carter, C. E., and D. G. Colley. 1978. An electrophoretic analysis of Schis-
tosoma mansoni soluble egg antigen preparation. J. Parasitol. 64:285-290.

6. Cheever, A. W., K. F. Hoffmann, and T. A. Wynn. 2000. Immunopathology of
schistosomiasis mansoni in mice and men. Immunol. Today 21:465-466.

7. Cheever, A. W., M. E. Williams, T. A. Wynn, F. D. Finkelman, R. A. Seder,
T. M. Cox, S. Hieny, P. Caspar, and A. Sher. 1994. Anti-IL-4 treatment of
Schistosoma mansoni-infected mice inhibits development of T cells and
non-B, non-T cells expressing Th2 cytokines while decreasing egg-induced
hepatic fibrosis. J. Immunol. 153:753-759.

8. Cheever, A. W., Y. Xu, J. G. Macedonia, T. Cox, S. Hieny, and A. Sher. 1992
The role of cytokines in the pathogenesis of hepatic granulomatous disease
in Schistosoma mansoni-infected mice. Mem. Inst. Oswaldo Cruz 87(Suppl.
4):81-85.

9. Chensue, S. W., N. W. Lukacs, T. Y. Yang, X. Shang, K. A. Frait, S. L.
Kunkel, T. Kung, M. T. Wiekowski, J. A. Hedrick, D. N. Cook, A. Zingoni,
S. K. Narula, A. Zlotnik, F. J. Barrat, A. O’Garra, M. Napolitano, and S. A.
Lira. 2001. Aberrant in vivo T helper type 2 cell response and impaired
eosinophil recruitment in CC chemokine receptor 8 knockout mice. J. Exp.
Med. 193:573-584.

10. Chensue, S. W., K. S. Warmington, E. J. Allenspach, B. Lu, C. Gerard, S. L.
Kunkel, and N. W. Lukacs. 1999. Differential expression and cross-regulatory
function of RANTES during mycobacterial (type 1) and schistosomal (type 2)
antigen-elicited granulomatous inflammation. J. Immunol. 163:165-173.

11. Chilson, O. P., and A. E. Kelly-Chilson. 1989. Mitogenic lectins bind to the
antigen receptor on human lymphocytes. Eur. J. Immunol. 19:389-396.

12. Coelho, P. M., P. Raso, R. T. de Mello, and N. H. Toppa. 1994. Schistosoma
mansoni in mice: modulation of granulomatous response after reinfection
and chemotherapeutic treatment. Rev. Soc. Bras. Med. Trop. 273:119-125.

13. Cook, D. N., M. A. Beck, T. M. Coffman, S. L. Kirby, J. F. Sheridan, L. B.
Pragnell, and O. Smithies. 1995. Requirement of MIP-1a for an inflamma-
tory response to viral infection. Science 269:1583-1585.

14. Doehring-Schwerdtfeger, E., C. Kaiser, J. Schlake, I. M. Abdel-Rahim, Q.
Mohamed-Ali, J. Richter, D. Franke, R. Kardorff, M. Elsheikh, and J. H.



VoL. 73, 2005

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Ehrich. 1992. Ultrasound versus clinical examination as indication for Schis-
tosoma mansoni associated morbidity in children. Trop. Med. Parasitol.
43:245-248.

Dunne, D. W,, and E. J. Pearce. 1999. Immunology of hepatosplenic schis-
tosomiasis mansoni: a human perspective. Microbes Infect. 1:533-560.
Eloi-Santos, S., N. J. Olsen, R. Correa-Oliveira, and D. G. Colley. 1992.
Schistosoma mansoni: mortality, pathophysiology, and susceptibility differ-
ences in male and female mice. Exp. Parasitol. 75:168-175.

el Ridi, R., T. Ozaki, T. Inaba, M. Ito, and H. Kamiya. 1997. Schistosoma
mansoni oviposition in vitro reflects worm fecundity in vivo: individual-,
parasite age-, and host-dependent variations. Int. J. Parasitol. 27:381-387.
Falcao, P. L., R. Correa-Oliveira, L. A. Fraga, A. Talvani, A. E. Proudfoot, T. N.
Wells, T. J. Williams, P. J. Jose, and M. M. Teixeira. 2002. Plasma concentra-
tions and role of macrophage inflammatory protein la during chronic Schisto-
soma mansoni infection in humans. J. Infect. Dis. 186:1696—1700.

Gao, J. L., T. A. Wynn, Y. Chang, E. J. Lee, H. E. Broxmeyer, S. Cooper, H. L.
Tiffany, H. Westphal, J. Kwon-Chung, and P. M. Murphy. 1997. Impaired
host defense, hematopoiesis, granulomatous inflammation, and type 1-type 2
cytokine balance in mice lacking CC chemokine receptor 1. J. Exp. Med.
185:1959-1968.

Henri, S., C. Chevillard, A. Mergani, P. Paris, J. Gaudart, C. Camilla, H.
Dessein, F. Montero, N. E. Elwali, O. K. Saeed, M. Magzoub, and A. J.
Dessein. 2002. Cytokine regulation of periportal fibrosis in humans infected
with Schistosoma mansoni: IFN-vy is associated with protection against fibro-
sis and TNF-a with aggravation of disease. J. Immunol. 169:929-936.
Hoffmann, K. F., A. W. Cheever, and T. A. Wynn. 2000. IL-10 and the
dangers of immune polarization: excessive type 1 and type 2 cytokine re-
sponses induce distinct forms of lethal immunopathology in murine schisto-
somiasis. J. Immunol. 164:6406-6416.

Homeida, M., S. Ahmed, A. Dafalla, S. Suliman, I. Eltom, T. Nash, and J. L.
Bennett. 1988. Morbidity associated with Schistosoma mansoni infection as
determined by ultrasound: a study in Gezira, Sudan. Am. J. Trop. Med. Hyg.
39:196-201.

Junqueira, L. C., G. Bignolas, and R. R. Brentani. 1979. Picrosirius staining
plus polarization microscopy, a specific method for collagen detection in
tissue sections. Histochem. J. 11:447-455.

Katz, N., A. Chaves, and J. Pellegrino. 1972. A simple device for quantitative
stool thick-smear technique in schistosomiasis mansoni. Rev. Inst. Med.
Trop. Sao Paulo 14:397-400.

Lukacs, N. W., S. W. Chensue, R. E. Smith, R. M. Strieter, K. Warmington,
C. Wilke, and S. L. Kunkel. 1994. Production of monocyte chemoattractant
protein-1 and macrophage inflammatory protein-la by inflammatory gran-
uloma fibroblasts. Am. J. Pathol. 144:711-718.

Lukacs, N. W,, S. L. Kunkel, R. M. Strieter, K. Warmington, and S. W.
Chensue. 1993. The role of macrophage inflammatory protein 1 alpha in
Schistosoma mansoni egg-induced granulomatous inflammation. J. Exp.
Med. 177:1551-1559.

Mentink-Kane, M. M., A. W. Cheever, R. W. Thompson, D. M. Hari, N. B.
Kabatereine, B. J. Vennervald, J. H. Ouma, J. K. Mwatha, F. M. Jones, D. D.
Donaldson, M. J. Grusby, D. W. Dunne, and T. A. Wynn. 2004. IL-13
receptor alpha 2 down-modulates granulomatous inflammation and prolongs
host survival in schistosomiasis. Proc. Natl. Acad. Sci. USA 101:586-590.
Metwali, A., D. Elliott, A. M. Blum, J. Li, M. Sandor, R. Lynch, N. Noben-
Trauth, and J. V. Weinstock. 1996. The granulomatous response in murine
Schistosomiasis mansoni does not switch to Thl in IL-4-deficient C57BL/6
mice. J. Immunol. 157:4546-4553.

Montenegro, S. M., P. Miranda, S. Mahanty, F. G. Abath, K. M. Teixeira,
E. M. Coutinho, J. Brinkman, I. Goncalves, L. A. Domingues, A. L.
Domingues, A. Sher, and T. A. Wynn. 1999. Cytokine production in acute
versus chronic human schistosomiasis mansoni: the cross-regulatory role of
interferon-gamma and interleukin-10 in the responses of peripheral blood
mononuclear cells and splenocytes to parasite antigens. J. Infect. Dis. 179:
1502-1514.

Montes, G. S. 1996. Structural biology of the fibres of the collagenous and
elastic systems. Cell Biol. Int. 20:15-27.

Morita, A., K. Shimosako, S. Kikuoka, Y. Taniguchi, M. Kitaura, K.
Sasakura, M. Tamaki, T. Tsuji, H. Teraoka, O. Yoshie, T. Nakajima, and K.
Hirai. 1999. Development of a sensitive enzyme-linked immunosorbent assay
for eotaxin and measurement of its levels in human blood. J. Immunol.
Methods 226:159-167.

Murphy, P. M., M. Baggiolini, I. F. Charo, C. A. Hebert, R. Horuk, K.
Matsushima, L. H. Miller, J. J. Oppenheim, and C. A. Power. 2000. Inter-
national union of pharmacology. XXII. Nomenclature for chemokine recep-
tors. Pharmacol. Rev. 52:145-176.

Nakazawa, M., M. R. Fantappie, G. L. Freeman, Jr., S. Eloi-Santos, N. J.
Olsen, W. J. Kovacs, W. E. Secor, and D. G. Colley. 1997. Schistosoma

Editor: J. F. Urban, Jr.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

ROLE OF CCL3 IN SCHISTOSOMIASIS 2523

mansoni: susceptibility differences between male and female mice can be
mediated by testosterone during early infection. Exp. Parasitol. 85:233-240.
Oliveira, D. M., D. N. Silva-Teixeira, and A. M. Goes. 1999. Evidence for nitric
oxide action on in vitro granuloma formation through pivotal changes in MIP-1a
and IL-10 release in human schistosomiasis. Nitric Oxide 3:162-171.

Oliveira, D. M., D. N. Silva-Teixeira, S. Gustavson, S. M. Oliveira, and A. M.
Goes. 2000. Nitric oxide interaction with IL-10, MIP-1a, MCP-1 and RAN-
TES over the in vitro granuloma formation against different Schistosoma
mansoni antigenic preparations on human schistosomiasis. Parasitology 120:
391-398.

Pearce, E. J., and A. S. MacDonald. 2002. The immunobiology of schisto-
somiasis. Nat. Rev. Immunol. 2:499-511.

Proudfoot, A. E., C. A. Power, A. J. Hoogewerf, M. O. Montjovent, F. Borlat,
R. E. Offord, and T. N. Wells. 1996. Extension of recombinant human
RANTES by the retention of the initiating methionine produces a potent
antagonist. J. Biol. Chem. 271:2599-2603.

Qiu, B., K. A. Frait, F. Reich, E. Komuniecki, and S. W. Chensue. 2001.
Chemokine expression dynamics in mycobacterial (type 1) and schistosomal
(type-2) antigen-elicited pulmonary granuloma formation. Am. J. Pathol.
158:1503-1515.

Reddy, G. K., and C. S. Enwemeka. 1996. A simplified method for the
analysis of hydroxyproline in biological tissues. Clin. Biochem. 29:225-229.
Rot, A., M. Krieger, T. Brunner, S. C. Bischoff, T. J. Schall, and C. A.
Dahinden. 1992. RANTES and macrophage inflammatory protein 1 alpha
induce the migration and activation of normal human eosinophil granulo-
cytes. J. Exp. Med. 176:1489-1495.

Shang, X., B. Qiu, K. A. Frait, J. S. Hu, J. Sonstein, J. L. Curtis, B. Lu, C.
Gerard, and S. W. Chensue. 2000. Chemokine receptor 1 knockout inhibits
natural killer cell recruitment and impairs type 1 cytokines in lymphoid tissue
during pulmonary granuloma formation. Am. J. Pathol. 157:2055-2063.
Sher, A., D. Fiorentino, P. Caspar, E. Pearce, and T. Mosmann. 1991.
Production of IL-10 by CD4 " T lymphocytes correlates with downregulation
of Th1 cytokine synthesis in helminth infection. J. Immunol. 147:2713-2716.
Smith, R. E., R. M. Strieter, S. H. Phan, N. W. Lukacs, G. B. Huffnagle, C. A.
Wilke, M. D. Burdick, P. Lincoln, H. Evanoff, and S. L. Kunkel. 1994.
Production and function of murine macrophage inflammatory protein-la in
bleomycin-induced lung injury. J. Immunol. 153:4704-4712.

Smith, R. E., R. M. Strieter, K. Zhang, S. H. Phan, T. J. Standiford, N. W.
Lukacs, and S. L. Kunkel. 1995. A role for C-C chemokines in fibrotic lung
disease. J. Leukoc. Biol. 57:782-787.

Smithers, S. R., and R. J. Terry. 1965. The infection of laboratory hosts with
cercariae of Schistosoma mansoni and the recovery of the adult worms.
Parasitology 55:695-700.

Standiford, T. J., M. W. Rolfe, S. L. Kunkel, J. P. Lynch III, M. D. Burdick,
A. R. Gilbert, M. B. Orringer, R. I. Whyte, and R. M. Strieter. 1993. Mac-
rophage inflammatory protein-la. expression in interstitial lung disease.
J. Immunol. 151:2852-2863.

Strath, M., D. J. Warren, and C. J. Sanderson. 1985 Detection of eosinophils
using an eosinophil peroxidase assay: its use as an assay for eosinophil
differentiation factors. J. Immunol. Methods 83:209-215,.

Taub, D. D., R. K. Conlon, A. Lloyd, J. J. Oppenheim, and D. J. Kelvin. 1993.
Preferential migration of activated CD4" and CD8" T cells in response to
MIP-1a and MIP-1a. Science 260:355-358.

Teixeira, M. M., T. J. Williams, and P. G. Hellewell. 1997 Description of an
in vivo model for the assessment of eosinophil chemoattractants in the
mouse. Mem. Inst. Oswaldo Cruz 92(Suppl. 2):211-214.

Valadares, T. E., P. M. Coelho, J. Pellegrino, and I. B. Sampaio. 1981.
Schistosoma mansoni: comparison of oviposition of the LE’ (Belo Hori-
zonte), SP (Sao Paulo), and ST (Liberia) strains in mice. Rev. Inst. Med.
Trop. Sao Paulo 23:1-5.

Wang, J. M., B. Sherry, M. J. Fivash, D. J. Kelvin, and J. J. Oppenheim.
1993. Human recombinant macrophage inflammatory protein-la and -g and
monocyte chemotactic and activating factor utilize common and unique
receptors on human monocytes. J. Immunol. 150:3022-3029.

Warmington, K. S., L. Boring, J. H. Ruth, J. Sonstein, C. M. Hogaboam, J. L.
Curtis, S. L. Kunkel, I. R. Charo, and S. W. Chensue. 1999. Effect of C-C
chemokine receptor 2 (CCR2) knockout on type-2 (schistosomal antigen-
elicited) pulmonary granuloma formation: analysis of cellular recruitment
and cytokine responses. Am. J. Pathol. 154:1407-1416.

World Health Organization. 1990. Proposal for a practical guide to the
standardized use of ultrasound in the assessment of pathological changes.
World Health Organization, Geneva, Switzerland.

Wolpe, S. D., G. Davatelis, B. Sherry, B. Beutler, D. G. Hesse, H. T. Nguyen,
L. L. Moldawer, C. F. Nathan, S. F. Lowry, and A. Cerami. 1988. Macro-
phages secrete a novel heparin-binding protein with inflammatory and neu-
trophil chemokinetic properties. J. Exp. Med. 167:570-581.



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 707(Suppl. 1): 185-192, 2006 185

Differential lectin labelling of circulating hemocytes from
Biomphalaria glabrata and Biomphalaria tenagophila resistant or
susceptible to Schistosoma mansoni infection
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Lectins/carbohydrate binding can be involved in the Schistosoma mansoni recognition and activation of the
Biomphalaria hemocytes. Therefore, expression of lectin ligands on Biomphalaria hemocytes would be associated
with snail resistance against S. mansoni infection. To test this hypothesis, circulating hemocytes were isolated from
B. glabrata BH (snail strain highy susceptible to S. mansoni), B. tenagophila Cabo Frio (moderate susceptibility),
and B. tenagophila Taim (completely resistant strains), labelled with FITC conjugated lectins (ConA, PNA, SBA, and
WGA) and analyzed under fluorescence microscopy. The results demonstrated that although lectin-labelled hemocytes
were detected in hemolymph of all snail species tested, circulating hemocytes from both strains of B. tenagophila
showed a larger number of lectin-labelled cells than B. glabrata. Moreover, most of circulating hemocytes of B.
tenagophila were intensively labelled by lectins PNA-FITC and WGA-FITC, while in B. glabrata small hemocytes
were labeled mainly by ConA. Upon S. mansoni infection, lectin-labelled hemocytes almost disappeared from the
hemolymph of Taim and accumulated in B. glabrata BH. The role of lectins/carbohydrate binding in resistance of B.
tengophila infection to S. mansoni is still not fully understood, but the data suggest that there may be a correlation
to its presence with susceptibility or resistance to the parasite.

Key words: Schistosoma mansoni - Biomphalaria tenagophila - snail susceptibility to trematode - lectin labelling of hemocytes -
host-parasite interaction

Some snail species of the genus Biomphalaria are
obligatory hosts for the development of the larval stages
of Schistosoma mansoni life cycle. The capacity of the
inner defense system (IDS) of that host to destroy the
parasite is one of the factors that may determinate Biom-
phalaria susceptibility to S. mansoni infection (Souza et
al. 1997, Yoshino et al. 2001, Martins-Souza et al. 2003).
The IDS of Biomphalaria remains not completely under-
stood, but it is well known that it is composed of cellular
elements named hemocytes, and soluble components that
could directly affect the larvae and/or act on the recogni-
tion of the parasite and activation of hemocytes.

Hemocytes are the main mediators of the defense sys-
tem of molluscs, taking part in phagocytosis of particles
(e.g. bacteria and protozoans), as well as in encapsulation
of larger parasites, as for example helminthic larvae (van
der Knaap & Loker 1990). Nevertheless, participation of
the soluble fraction of B. glabrata hemolymph (Granath
& Yoshino 1984) or of B. tenagophila (Pereira 2005) in the
mechanism of destruction of S. mansoni sporocysts is
also important. This was confirmed in vivo by the in-
crease of resistance to the parasite in susceptible snails
treated with hemolymph of resistant ones.
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The presence of substances in B. glabrata hemolymph
that promote agglutination of hemocytes surrounding S.
mansoni sporocysts was reported by Loker et al. (1984).
Afterwards, Fryer and Bayne (1996) demonstrated that
particles of polystyrene treated with soluble factors of
hemolymph from resistant strains of B. glabrata are more
significantly phagocytized by hemocytes from suscep-
tible strains than the untreated particles, thus suggesting
that soluble factors of hemolymph participate in the re-
cognition mechanism and opsonization of particles by
hemocytes.

In the search for possible mediators related to the
parasite’s recognition mechanism, it was demonstrated
that purified lectins of Conavalia ensiformis (ConA),
Erythrina corallodendrom (ECA), Glycine max (SBA),
Tetragonolobus purpurea (TPA), and Triticum vulgaris,
among others, were able to bind to proteins present on
the surface of S. mansoni sporocysts (Yoshino 1976,
Uchikawa & Loker 1991, Johnston & Yoshino, 1996).
Johnston and Yoshino (1996) showed that proteins from
the soluble fraction of B. glabrata hemolymph were also
capable of binding to the majority of sporocyst proteins
recognized by purified lectins. Binding of these hemo-
lymph proteins was strongly inhibited when sporocyst
proteins were treated with periodate, suggesting partici-
pation of carbohydrates in this interaction. Thus, lectins
could functionally intermediate binding of hemocytes to
the larval tegument of trematodes (van der Knaap & Loker
1990). Moreover, the binding lectin-carbohydrate possi-
bly leads to a structural change of the complex, that could
induce hemocyte activation (Bayne 1990), resulting in an
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increase of the phagocitary activity (Fryer et al. 1989) and/
or of production of reactive oxygen derivatives (ROI)
(Hahn et al. 2000). For this reason, the resistance or sus-
ceptibility of species or strains of Biomphalaria to S.
mansoni infection could be related to qualitative or quan-
titative differences in the production of some lectins (Zelck
& Becker 1990). Nevertheless, various experiments
showed no difference in lectin composition of hemolymph
from susceptible and resistant strains of Biomphalaria
(Johnston & Yoshino 1996).

In molluscs, lectins are synthesized by hemocytes and
released in hemolymph, or are expressed on the surface of
circulating hemocytes, where they are able to act as cyto-
phylic receptors (Richards & Renwrantz 1991). Thus,
another possibility that has been poorly explored in the
literature is that differences in the recognition of the para-
site could be related to differences in the expression of
lectin ligands in hemocytes of different snail strains. There-
fore, the objective of this experimental study was to verify
lectin binding on circulating hemocytes from B. glabrata
BH, a snail strain that is highly susceptible to S. mansoni
infection (Paraense & Corréa 1963), as well as in hemo-
cytes from B. tenagophila Cabo Frio, snail strain with
moderate susceptility to S. mansoni, and B. tenagophila
Taim that is completely resistant to the parasite infection
(Martins-Souza et al. 2003). Moreover, we intent to verify
if the resistance of B. tenagophila Taim to S. mansoni
would be associated with the variation of expression of
lectin-hapten on the circulating hemocytes.

MATERIALS AND METHODS

Parasite - The snails above mentioned were infected
with S. mansoni of LE strain (isolated from a patient at
Belo Horizonte, MG, Brazil). This strain has been main-
tained at the laboratory of the Schistosomiasis Research
Unit, Federal University of Minas Gerais, Brazil, for 35
years.

Snails - Snail species of B. glabrata and B. tenago-
phila used in this study has been bred and maintained
according to the procedures previously described by
Pellegrino and Katz (1968) at the mollusc room of the Schis-
tosomiasis Research Unit, Institute of Biological Sciences,
Federal University of Minas Gerais, Brazil, for at least 25
years. The lineage of B. glabrata utilized and named BH
strain proceeds from the Pampulha lake, Belo Horizonte,
MG, Brazil. This snail strain is highly susceptible to the
infection to S. mansoni (Paraense & Corréa 1963). Two
strains of B. tenagophila were selected for the study. The
Taim strain collected at the Ecological Station of Taim,
Rio Grande do Sul, Brazil, and the Cabo Frio strain col-
lected at Cabo Frio, Rio de Janeiro, Brazil. B. tenagophila
Taim is totally resistant to S. mansoni infection, LE or SJ
strain (Santos et al. 1979, Martins-Souza et al. 2003), while
Cabo Frio strain is highly susceptible to S. mansoni SJ
and is partially resistant to S. mansoni LE (Corréa et al.
1979, Martins-Souza et al. 2003).

Infection of snails - Hamsters (Mesocricetus auratus)
infected with the LE strain of S. mansoni were sacrificed
45-50 days after infection, for obtention of miracidia. The
snails were individually infected with 20 miracidia, accord-
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ing to the technique described by Pellegrino and Katz
(1968). Snails with 12-14 mm diameter in size were used in
all experiments, at the moment of infection.

Labelling of molecules expressed on the surface of
circulating hemocytes - Labelling on the surface of circu-
lating hemocytes from different strains of Biomphalaria
was performed with lectins isolated from Concanavalin A
— ConA, Glycine max — SBA, Triticum vulgaris — WGA
and Arachis hypogaea — PNA conjugated with fluores-
cein isothyocynate — FITC (EY Laboratories, San Mateo).
The cells presenting fluorescence after treatment were
considered as labelled.

Circulating hemocytes were isolated from the total
hemolymph collected, by means of cardiac puncture, from
B. glabrata or B. tenagophila (Cabo Frio and Taim),
uninfected, and after 5, 24, 72, and 120 h post-infection
with 20 miracidia of S. mansoni, according to the tech-
nique described by Martins-Souza et al. (2003).

At each experimental point, as well as for each snail
strain, analyses were performed with hemocytes, collected
and gathered together, from the total hemolymph of 15
snails. Hemocytes present in each group were separated
from the hemolymph by centrifugation (200 X g for 5 min,
at room temperature), washed with Chernin’s balanced
salt solution — CBSS (Chernin 1970), glycose and trealose-
free (incomplete CBSS). After that, the sediment of
hemocytes was resuspended into 1 ml incomplete CBSS,
containing 2% bovine albumin. A sample of each group
was diluted into 1/10 CBSS containing 0.4% Trypan Blue.
Total counting and cellular viability of each sample were
estimated in Neubauer’s chamber. It was observed that
the hemocytes used showed more than 90% viability.
Throughout countings, the hemocytes were morphologi-
cally classified as small, medium, and large.

Each treatment was carried out in triplicate using 1 X
10° hemocytes for each replica, the hemocytes being dis-
tributed into 1.5-ml polypropilene tubes. Simultaneously,
a control was performed with 1 x 10° hemocytes, in tripli-
cate, for each labelling in relation to the lectin-hemocyte
specificity. After distribution of hemocytes, the tubes
were centrifuged (200 X g for 3 min), the cells resuspended
in 200 pl incomplete CBSS containing 2% bovine albumin
and 10 pg/ml lectin conjugated with FITC (Con A-FITC,
WGA-FITC, SBA-FITC or PNA-FITC), and incubated at
room temperature, in the dark, for 1 h. The labelled he-
mocytes in the control tubes were centrifuged and resus-
pended in incomplete CBSS containing 0.2M of specific
carbohydrates for each lectin. Mannose was the carbo-
hydrate used for treatments with Con A-FITC, whereas
N-acetyl-glycosamine was utilized for treatments with
WGA-FITC and D-galactose in the competition trials with
the lectins PNA-FITC and SBA-FITC.

After incubation with labelled lectins and addition of
carbohydrates related to the control treatments, the
hemocytes were washed and resuspended in 100 pl in-
complete CBSS for analysis under epifluorescence micro-
scope using the appropriate filters (Olympus 1X70). A
representative number of digital images of hemocytes were
obtained from each treatment by means of a digital cam-
era Optronics model DEI-470 and the processing image
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software Image Pro-Plus 5.0. For each treatment, digital
images were used to analyze at least 100 hemocytes, de-
fining cell type (small, medium or large) and presence of
label.

Statistical analysis - The results obtained were sta-
tistically analyzed, using analysis of variance or Student’s
t test for the parametric data, as well as Krushal-Wallis
test for non-parametric data.

RESULTS

Circulating hemocytes isolated from B. glabrata (BH
strain) and B. tenagophila (Cabo Frio and Taim strain)
expressed ligands that were able to bind to tested lectins
Con A, WGA, SBA, and PNA. However, the proportion
of labelled hemocytes in relation to each tested lectin was
statistically different concerning the species and strains
of Biomphalaria (Fig. 1). Specifically, about 50% hemo-
cytes from uninfected B. glabrata and B. tenagophila
Cabo Frio were labelled by ConA, however a statistically
lower rate (30%) of circulating hemocytes from B.
tenagophila Taim presented carbohydrates recognized
by ConA. In contrast, the proportion of circulating
hemocytes labelled with PNA-FITC was statistically
higher in hemocytes isolated from B. tenagophila Taim
(64% of the total) compared with the result obtained in
hemocytes from B. tenagophila Cabo Frio and B. glabrata
(24 and 10% of'total circulating hemocytes, respectively),
and similar pattern was also observed in circulating
hemocytes labeled by SBA. Finally, the proportion of cir-
culating hemocytes labelled by WGA-FITC was high,
mainly in cells isolated from B. tenagophila (70-75% of
cells).

Specificity of lectin binding to hemocytes was con-
firmed by addition of concentrated carbohydrate solu-
tion: Mannose for Con A, N-acetylglycosamine for WGA,
and Galactosamine for PNA or SBA. In all cases, treat-
ment with the corresponding carbohydrate presented as
a result elimination or significant reduction of the fluo-
resce labelling of hemocytes.

[ 1B.glabrata BH
[T B.tenagophila CF

100~ ) )

s Il B.tenagophila Taim
3
© ab T
<, 75+
o
(=}
E _
2 504 a a
° ab a,c
Q2
T 25
Qo
3

o Cll

ConA PNA SBA
Lectin treatment

WGA

Fig. 1: percentage of total circulating hemocytes isolated from
non-infected Biomphalaria glabrata BH strain, B. tenagophila
Cabo Frio strain, and B. tenagophila Taim strain, labeled by FITC
conjugated ConA, PNA, SBA or WGA purified lectins. a: represents
a value significantly different from the value obtained with hemo-
cytes from B. glabrata BH; b: represents a value significantly dif-
ferent (p < 0.05) from the value obtained with hemocytes from B.
tenagophila Cabo Frio, and c: represents a value significantly
different from the value obtained with hemocytes from B. fena-
gophila Taim.
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Besides the difference in the proportion of hemocytes
labelled by different lectins, it was possible to observe
that there were differences in the labelling pattern and in
the morphological type of labelled hemocytes between
the different strains or species of tested Biomphalaria.
In hemocytes isolated from uninfected B. glabrata, a dif-
fuse and weak labelling of the cells could be observed,
being lectins WGA-FITC (Fig. 2a, b) and Con A-FITC (Fig.
2¢, d) bound to carbohydrates on the surface of small and
medium hemocytes, whereas only few small cells were
labelled by PNA-FITC (Fig. 2e, f). In contrast, hemocytes
isolated from uninfected B. tenagophila (Taim and Cabo
Frio) showed a more intense label than in B. glabrata,
with large cells presenting a strong labelling on the mem-
brane by WGA (Figs 3b, 4b), while small circulating
hemocytes were diffused labeled by ConA (Fig. 3d). An-
other marked difference was the high number of large and
medium hemocytes labelled by PNA-FITC, especially in
B. tenagophila Taim (Fig. 4¢).

Fig. 2: labelling pattern of circulating hemocytes isolated from
non-infected Biomphalaria glabrata BH strain, after incubation
with FITC conjugated purified lectins. a and b: hemocytes labeled
with  WGA-FITC; ¢ and d: hemocytes labeled with PNA-FITC; e
and f: hemocytes labeled with ConA-FITC; a, c, and e show the cells
on Nomarski microscopy while b, d, and f represents the same field
on fluorescence mycroscopy (Bar = 10 um).

Attempting to verify variations on the surface of cir-
culating hemocytes that could alter the binding of lectins
during S. mansoni infection, hemocytes were isolated from
different species and strains of Biomphalaria, after the
first 120 h post-infection, and incubated with lectin con-
jugated with FITC. S. mansoni infection induced an in-
crease in the proportion of hemocytes from B. glabrata
labelled by Con A. The increase occurred between 5 and
24 hpi, as a consequence of the higher number of small
and medium labelled hemocytes. After 72 hpi, the propor-
tion of hemocytes labelled by ConA decreased to a simi-
lar level of that observed in uninfected snails. However,
only small hemocytes showed labelling, while medium and
large ones labelled by lectin were nearly not observed.
Reduction in the proportion of circulating hemocytes from
B. glabrata labelled by Con A was more intense after 120
hpi (Fig. 5a). S. mansoni infection also induced a little
increase in the proportion of B. glabrata hemocytes la-
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Fig. 3: labelling pattern of circulating hemocytes isolated from
non-infected Biomphalaria tenagophila Cabo Frio strain, after
incubation with FITC conjugated purified lectins. a and b: hemocytes
labeled with  WGA-FITC; ¢ and d: hemocytes labeled with PNA-
FITC; e and f: hemocytes labeled with ConA-FITC; a, ¢, and e show
the cells on Nomarski microscopy while b, d, and f represents the
same field on fluorescence mycroscopy (Bar = 10 pm).

belled by PNA-FITC and SBA-FITC, being this labelling
almost exclusively due to small hemocytes, and that in-
crease was maintained high throughout the observation
period (Fig. 5b, ¢). Analyzing the labelling pattern of B.
glabrata hemocytes by WGA-FITC, it was observed a
high number of labelled cells, being most of them repre-
sented by small hemocytes. Nevertheless, the number of
medium and large hemocytes that were labelled by WGA
was considerably higher than the number of hemocytes
labelled by other lectins. During infection, it was detected
a decrease in the number of medium hemocytes labelled
after 5 h post-infection, as well as an increase in the num-
ber of large hemocytes labelled after 72 h (Fig. 5d).

S. mansoni infection did not increase the proportion
of circulating hemocytes isolated from B. tenagophila
(Cabo Frio strain) and labelled by ConA-FITC (Fig. 6a) or
by WGA-FITC (Fig. 6d). However, it was observed that
there was an increase in the proportion of hemocytes la-
belled by PNA-FITC and SBA-FITC, as a result of the
increase in small hemocytes that expressed ligands to these
lectins (Fig. 6b, ¢). Moreover, it is interesting to note that
large hemocytes labelled by PNA and WGA nearly disap-

Fig. 4: labelling pattern of circulating hemocytes isolated from
non-infected Biomphalaria tenagophila Taim strain, after incuba-
tion with FITC conjugated purified lectins. a and b: hemocytes
labeled with  WGA-FITC; ¢ and d: hemocytes labeled with PNA-
FITC; a and c show the cells on Nomarski microscopy while panels
b and d represents the same field on fluorescence mycroscopy (Bar
=10 um).

peared from circulation after 5 h post-infection. Con-
versely, the proportion of circulating hemocytes labelled
by ConA-FITC, PNA-FITC, SBA-FITC, and WGA-FITC
decreased after 5 h post-infection with S. mansoni in B.
tenagophila Taim (Fig. 7). Only in labelling by ConA it
could be observed an increase in the proportion of
hemocytes labelled after 24 and 72 hpi, in relation to non-
infected snails (Fig. 7a).

DISCUSSION

Various authors demonstrated that circulating hemo-
cytes in hemolymph of Biomphalaria is a heterogeneous
cell population. Heterogenity of these cells was confirmed
morphologically (Sminia 1981, Joky et al. 1983, Barraco et
al. 1993, Bezerra et al. 1997, Matricon-Gondran & Letorcart
1999, Johnston & Yoshino 2001), and functionally (Granath
& Yoshino 1983, Matricon-Gondran & Letorcart 1999b,
Martins-Souza et al. 2003). Our results confirmed that
circulating hemocytes express ligands (carbohydrates) for
lectin binding in a very heterogeneous manner. It is inter-
esting to note that the results demonstrated a great vari-
ety detected in the pattern and in the type of binding of
lectins in hemocytes from B. glabrata when compared to
B. tenagophila. A high proportion of hemocytes isolated
from B. tenagophila showed a marked labelling by differ-
ent types of lectin, specially PNA and WGA, whereas in
circulating hemocytes of B. glabrata only incubation with
ConA presented as a result a high proportion of labelled
cells. Some differences were also detected in the labelling
pattern of circulating hemocytes isolated from Cabo Frio
and Taim strains. Binding between lectins and the sur-
face of hemocytes showed to be specific, since labelling
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was inhibited by a high concentration of the correspond-  early absolute lack of cellular reaction around the para-
ing carbohydrate. site. At the other extreme, there are resistant snails, shed-

Histological studies carried out with different strains  ding fewer cercariae, but showing an intense hemocyte
of'infected B. glabrata or B. tenagophila has documented  infiltration in the host’s tissue, frequently found around
that in highly susceptible molluscs there are sporocysts  parasitary structures under disintegration (Guaraldo et al.
and cercariae in abundance in the host’s tissue, and an 1981, Sullivan & Richards 1981, Souza et al. 1995, 1997).
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during the first 120 h of Schistosoma mansoni infection.

Therefore, the significant variation on labelling pattern
by lectin observed among different species and strains of
Biomphalaria used in this study could help to explain
hemocyte binding around the parasite observed in some
snail strain and, therefore it would be an important factor
for determination of differences in the susceptibility level
to S. mansoni infection reported in the snail species (Corréa
etal. 1979, Martins-Souza et al. 2003, Coelho et al. 2004,
Pereira 2005, Rosa et al. 2005).

Lectin/carbohydrate binding has been associated with
recognition of trematode larvae, and could exert influence
upon the hemocyte capacity of encapsulating trematode
larvae (van der Knaap & Lokert 1990, Yoshino et al. 2001,
Guillou et al. 2004). In this sense, various authors demon-
strated that the tegument, at the larval stages of trema-
todes, is coated with a high level of glycosidic com-
pounds, and the majority of the tested lectins were spe-
cifically able to bind either to axenically transformed lar-
vae (Uchikawa & Loker 1991) or to proteins isolated from
its tegument (Johnston & Yoshino 1996). On the other
hand, the presence of lectins has been detected in
hemolymph of Biomphalaria. However, it was not pos-
sible to associate the presence of lectins in snail
hemolymph with the susceptibility level to S. mansoni
infection of the snail strain (Zelck et al. 1995, Johnston &
Yoshino 1996). Our results show that there were differ-
ences in the expression of haptens (glycoproteins or gly-
colipids) on the hemocyte membrane of different species
or strains of Biomphalaria. These differences could re-
sult in greater capacity of hemocytes, from different strains,
of recognizing and adhering to the parasite.

Corroborating this hypothesis, our results also dem-
onstrate that S. mansoni infection produced dissimilar
effects on the labelling pattern of circulating hemocytes
by lectins in different snail strains. In B. glabrata, it was
observed that there was a significant increase on the pro-
portion of circulating hemocytes labelled by lectins, up to
72 h post-infection. Conversely, 5 h after S. mansoni in-
fection, the hemocytes labelled by lectins nearly disap-
peared from the circulation of B. tenagophila Taim, a strain
able to destroy sporocysts completely. Previous works
(Bezerra et al. 1997, Martins-Souza et al. 2003) report a
decrease in the total number of circulating hemocytes in
B. glabrata or B. tenagophila at the first hours after in-
fection. However, the results here presented indicate that
hemocytes which are out of circulation in B. tenagophila
Taim are the ones that express haptens for lectins, sug-
gesting that these hemocytes could be retained in the site
of infection, thus justifying the intense cellular reaction
observed in these snails that would result in early para-
site destruction.
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In vitro evaluation of the effect of the nematophagous fungi
Duddingtonia flagrans, Monacrosporium sinense and Pochonia
chlamydosporia on Schistosoma mansoni eggs

F. R. Braga - J. V. Araijo - A. K. Campos - A. R. Silva - J. M. Araujo -

R. O. Carvalho - D. N. Corréa - C. A. J. Pereira

Received: 6 November 2007/ Accepted: 21 December 2007
© Springer Science+Business Media B.V. 2007

Abstract The in vitro effect of four isolates of the
nematophagous fungi Duddingtonia flagrans (AC 001),
Monacrosporium sinense (SF 53) and Pochonia chlamy-
dosporia (VC 1 and VC 4) on eggs of Schistosoma mansoni
was examined. One thousand 8. mansoni eggs were plated
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on 2% water—agar with the grown isolates and control
without fungus. After 7, 14 and 21 days, the eggs were
removed and classified according to the following parame-
ters: type 1, lytic effect without morphological damage to
eggshell: type 2, Iytic effect with morphological alteration of
embryo and eggshell; and type 3, lytic effect with morpho-
logical alteration of embryo and eggshell, besides hyphal
penetration and internal egg colonization. Significant dif-
ferences (P < 0.01) were found among the studied fungal
isolates for ovicidal activity, confirming type 3 effect for the
isolates VC | and VC 4, which characterizes the ovicidal
activity of a fungus. Type 3 effect was only found for
P. chiamydosporia (VC 1 and VC 4) with 26.6 and 17.2%,
25.6 and 22.6%, 27.4 and 23.9% in the 7, 14 and 21 days
respectively (P < 0.01). P. chlamydosporia can thus be a
potential biological control agent for S. mansoni eggs.

Keywords Biological control - Duddingtonia flagrans -
Monacrosporium sinense - Nematophagous fungi -

Pochonia chlamydosporia - Schistosoma mansoni

Introduction

Human schistosomiasis is caused by infection with digenetic
trematodes of the genus Schistosoma, which are among the
most abundant infection agents in humans (Disch et al
2002). Schistosoma mansoni is however the only species
endemic in Brazil, with estimates of 6.3 million infected
people and about 26 million people under risk of infection.
The states of Minas Gerais, Bahia, Sergipe, Pemambuco and
Alagoas are the areas most prone to the disease (Katz and
Peixoto 2000). The biological cycle of 8. mansoni is char-
acterized by a heteroxenic cycle, requiring a definitive host
to complete its development and an intermediate host, which
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are some mollusk species of the genus Biomphalaria. Within
the molluscs, S. mansoni larvae go through a series of
asexual reproduction cycles, producing thousands of cerca-
riae that arereleasedinto the aguatic environment over along
period of time. In the human, after migrating to the lung, the
worms mature and reproduce in the hepatic portal system. In
this way, part of the mature eggs of 8. mansoni is retained in
the host tissues, mainly liver and intestine. The remaining
eggs are eliminated with the contaminated feces into the
environment, hatching on contact with water to release the
larvae. The miracidia hatch and swim actively around in
search of anintermediate host for penetration {Coelho 1995).
The schistosomiasis control programs, as the National
Health Foundationhas implemented in Brazil since 1975, are
based on diagnosis and specific treatment for infected people
living in endemic areas, which has resulted in a significant
reduction in mortality and morbidity associated with schis-
tosomiasis. However, this techniqgue to  control
schistosomiasis has not proven efficient for the control of
parasite transmission, and in some areas, reduction in disease
prevalence after treatment has also not been found (Disch
et al. 2002).

Altermative control measures for the intermediate host
and phases of parasite life cycle, which are efficient and not
harmful to the environment, are therefore of great impor-
tance for the control of schistosomiasis in Brazil (Coelho
et al. 2004).

Biological control with nematophagous fungi has been
suggested, among other altemative measures, as form of
reducing this and other infections caused by gastrointesti-
nal helminths (Aradjo et al. 2006). These fungi are divided
in three groups: endoparasites, predacious and opportunists
(Mota et al. 2003). However no work demonstrating fungal
action on eggs of helminths has previously been carried
out. In the predacious group, the genera Duddingtonia and
Monacrosporium stand out for their effectiveness in envi-
ronmental control of nematodes (Dimander et al. 2003).

In the opportunist group, the chlamydospore-forming
species Verticillium chlamydosporiwm stands out, being
currently named Pochonia chlamydosporia due to exami-
nation and phylogenetic analysis of rDNA sub unities
(Gams and Zare 2001).

The present study aimed at evaluating the in vitro action
of the nematophagous fungi Duddingtonia flagrans,
Monacrosporium and P. chlamydosporia  on
S. mansoni eggs.

sinense

Materials and methods
Four isolates of nematophagous fungi, one from D. flagrans

(AC 001), one from M. sinense (SF 53) and two from
P. chlamydosporia (VC 1 and VC 4) were stored in test

‘a Springer

tubes containing 2% corn-meal-agar (2% CMA), in the
darkness, at 4°C for 10 days.

Culture disks, 4 mm in diameter, were extracted from
fungal isolates kept in the test tubes and plated into 9-cm
diameter Petri dishes containing 20 ml of 2% potato-dextrose-
agar (PDA 2%), and then stored in darkness at 25°C for
10 days. After isolate growth, new culture disks, 4 mm in
diameter, were transferred to 9-cm diameter Petri dishes
containing 20 ml of 2% water-agar (2% WA) for 10 days.

Eggs of 5. mansoni were obtained in infected mice by
using the Pellegrino technique (1957) with some modifi-
cations. Eggs were morphologically analysed under an
optical microscope using a 10x objective lens and poured
onto the surface of a plate containing only 2% WA med-
ium, with isolates grown for 10 days and a control without
fungus, with 25 replicates for each group. Each plate in the
treatments contained one thousand S. mansoni eggs with
only one fungal isolate. In the intervals 7, 14 and 21 days,
the eggs were collected from each plate containing the
isolate and from the control without fungus, as described

Table 1 Percentages for the ovicidal activity of the nematophagous
fungi Duddingionia flagrans (ACO01), Monacrosporium sinense (SF 53)
and Pochonia chlamydosporia (VC 1 and VC 4) and the control group
without fungi on eggs of Schistosoma mansoni at 7, 14 and 21 days

Isolates Effect type 1* Effect type 2° Effect type 3°
Effecrat 7 day

AC 001 62.4% o° 0°

SF 53 70.2% o oF
VC 1 21.2% 27.2% 26.6
VO 4 27.0° 77.8" 1724
Control 0¢ 0® 0°
Effect at 14 day

AC D0 62.2% o 0°
SF 53 68.4% of o
vC 1 21.8% 30.2% 256"
VC 4 27.6% 3Lo* 226"
Control 0¢ 0® 0"
Effect at 21 day

AC D0 70.2% o 1

SF 53 74.8" of 0
vC 1 20.8% 28.6™ 27.4%
VC 4 27.65 3140 239%
Control 0" 0® 0°

Percentages followed by same letter (A, B, C) in the same column are
not significantly different (P = 0.01). Friedman test

* Lytic effect without morphological damage to eggshell, with
hyphae adhered to the shell

B Lytic effect with morphological alteration of embryo and eggshell,
without hyphal penetration through the eggshell

¢ Lytic effect with morphological alteration of embryo and eggshell,
besides hyphal penetration and internal colonization

Joumal : Large 11274
Adticle No. @ 9649

N
=2

MS Code : 9649

Dispaich © 31122007 Pages 4
a1k T TYPESET
¥ cp o Disk

97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116



117
118
119
120
121
122
123
124
125
126
127
128
129

130

131
132
133
134
135
136
137
138
139
140
141
142
143

World ] Microbiol Biotechnol

by Araijo et al. (1995), placed in glass slides with a drop
of 1% Amam blue and evaluated under a 40x lens
according to parameters established by Lysek et al. (1982):
type 1, lytic effect without morphological damage to egg-
shell, with hyphae adhered to the shell: type 2. lytic effect
with morphological alteration of embryo and eggshell,
without hyphal penetration through the eggshell, and
type 3, lytic effect with morphological alteration of
embryo and eggshell, besides hyphal penetration and
internal colonization,

To identify the statistical differences among the inde-
pendent groups, data of each group were examined by
non-parametric Friedman test at 1% probability.

Results and discussion

Table 1shows the ovicidal activity of the fungi D. flagrans,
M. sinense and P. chlamydosporia at 7, 14 and 21 days
respectively.

Examination by optical microscopy under a 40x lens
showed hyphae colonizing egg surfaces in all the treat-
ments with fungi. The groups treated with isolates VC |
and VC 4 had, besides hyphae colonizing egg surfaces,
showed hyphal presence also inside the eggs. Scanning
electron microscopy showed the structures appressorium,
hyphae and chlamydospores of P. chlamydosporia (Figs. 1
and 2).

Significant differences (P < 0.01) were found among
the fungal isolates stwdied for ovicidal activity. confirming

Fig. 1 Appressorium, hyphae (black arrow) of Pochonia chiamydos-
poria. Scanning Electron Microscopy—I10 pm

Fig. 2 Chlamydospores (white arrow) of Pochonia chlamydosporia.
Secanning Electron Microscopy—10 pm

the type-3 effect for the isolates VC | and VC 4, which
characterizes the ovieidal activity of a fungus. Mizobutsi
et al. (2000) evaluated the action of 64 fungal isolates,
FP. chiamydasporia among them, on eggs of Meloidogyne
Jjavanica. They found a greater ovicidal activity of this
fungus compared to the others, similarly to the results
found in this work.

In this work, the presence of D. flagrans and M. sinense
hyphae on the eggshell did not result in egg destruction. A
more effective explanation of this fact would need the
application of viability tests, in other words, o feed ani-
mals with eggs that have been previously colonized by
fungi (Morgan-Jones et al. 1983).

This was the first study on the action of the fungal
predators D, flagrans, M. sinense and P. chlamydosporium
on eggs of 8 mansoni, identifying P. chlamydosporia as a
potential candidate for biological control of this helminth.
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Flow cytometry analysis of the circulating haemocytes
from Biomphalaria glabrata and Biomphalaria tenagophila
following Schistosoma mansoni infection
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SUMMARY

Aiming to further characterize the haemocyte subsets in Biomphalaria snails, we have performed a detailed low cytometric
analysis of whole haemolymph cellular components using a multiparametric dual colour labelling procedure. Ethidium
bromide/acridine orange fluorescence features were used to first select viable haemocytes followed by flow cytometric
morphometric analysis based on the laser scatter properties (forward scatter-FSC and side scatter-SSC). Our findings
demonstrated that B. glabrata (BG-BH, highly susceptible to S. mansoni) and 2 strains of B. tenagophila (BT-CF, mod-
erately susceptible and BT-"Taim, resistant to S. mansoni) have 3 major circulating haemocyte subsets, referred to as small,
medium and large haemocytes. The frequency of small haemocytes was higher in BG-BH, while medium haemocytes were
the most abundant cell-type in both B. tenagophila strains. Schistosoma mansoni infection resulted in early reduction of large
and medium circulating haemocytes followed by an increase of small haemocytes. Although parasite infection induced
haemocyte alterations in all Biomphalaria strains, the response was particularly intense in BT-Taim, the parasite-resistant
snail. Interestingly, the trematode infection induces changes in haemocytes with less granular rather than in those with
more granular profile. The results indicated that, in B. tenagophila of T'aim strain, circulating haemocytes, especially the
medium and high subset with less granular profile, are very reactive cells upon S. mansoni infection, suggesting that this cell
subset would participate in the early parasite destruction observed in this snail strain.

Key words: Biomphalaria, Schistosoma mansoni, haemocyte, flow cytometry, defence system, molluscs.

Noda and Loker, 1989a; Zelck and Becker, 1992;
Ottaviani, 1992; Adema et al. 1994 ; Sapp and Loker
2000; Negriao-Corréa et al. 2007). Therefore, the
characterization of circulating haemocytes is fun-

INTRODUCTION

Biomphalaria glabrata and B. tenagophila are
Brasilian fresh water Planorbids of great medical
relevance as intermediate hosts of Schistosoma man-
soni, a trematode parasite that causes human schisto-
somiasis, a disease that affects about 8 million people
in Brazil (Paraense, 2001).

B. glabrata has an internal defence system (IDS)
consisting of soluble components of haemolymph
and circulating cells, termed haemocytes, which
work in association during the snail responses against
infectious agents (van der Knaap and Loker, 1990).
In snails, circulating haemocytes, especially the

damental for understanding differences in the resist-
ance of Biomphalaria species to S. mansoni. Most of
the studies (Harris, 1975; Lo Verde et al. 1982; Lie
et al. 1987 ; Barraco et al. 1993) have reported that B.
glabrata circulating haemocytes are composed of at
least 2 cell populations, based mainly on morphologi-
cal and functional aspects: the hyalinocytes and the
granulocytes. However, ultrastructural (Matricon-
Gondran and Letorcart, 1999) and biochemical
(Granath and Yoshino, 1983) analyses indicated that
circulating granulocytes are very heterogeneous cells
and could be involved in different processes during

phagocytic cell population, are the principal line of
cellular defence involved in destruction of S. mansoni

larvae inside the intermediate host (Bayne et al. 1980; o .
snail infection.

In agreement with the studies on B. glabrata,
previous studies reported that circulating haemo-

* Corresponding author: Departamento de Parasitologia, cytes from B. tenagophila are also composed of
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hyalinocytes and granulocytes (Martins-Souza et al.
2003). Further analysis showed that injection of silica
into B. tenagophila resulted in temporary reduction
of the granulocyte subset and increase in the snail

© 2009 Cambridge University Press
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susceptibility to S. mansoni infection (Martins-Souza
et al. 2003), supporting the participation of these
cells in the protective mechanism against .S. mansoni
infection. However, even with a high dose of silica
only part of the granulocyte population was affected
by the treatment, demonstrating that circulating gra-
nulocytes are an heterogeneous cell population.

Using flow cytometric analysis, we have now pro-
filed, during S. mansoni infection, the circulating
haemocyte populations from B. glabrata BH, a snail
strain that is highly susceptible to S. manson: infec-
tion (Paraense and Corréa, 1963), haemocytes from
B. tenagophila Cabo Frio, a snail that is moderately
susceptible to S. mansoni, and B. tenagophila Taim
that is completely resistant to the parasite infection
(Bezerra et al. 1997: Martins-Souza et al. 2003;
Coelho et al. 2004; Rosa et al. 2005).

MATERIALS AND METHODS
Parasite

LE strain of S. mansoni (isolated in 1968 by
Pellegrino and Katz from a patient in Belo
Horizonte, MG, Brazil) was used in all the exper-
iments. The parasite has been maintained by suc-
cessive passages through B. glabrata and hamsters
(Mesocricetus auratus) in the laboratories of the
Schistosomiasis Research Unit, Federal University
of Minas Gerais, Brazil.

Snails

Two species of Biomphalaria were selected for the
study, B. glabrata and B. tenagophila. The strain
of B. glabrata was the BH strain (BG-BH), collected
at Belo Horizonte, State of Minas Gerais, Brazil,
which is highly susceptible to S. mansoni infection
(Paraense and Corréa 1963; Corréa et al. 1979;
Santos et al. 1979; Bezerra et al. 1997; Souza et al.
1997; Martins-Souza et al. 2003). Two strains of
B. tenagophila were also used, the Cabo Frio strain
collected at Cabo Frio (BT-CF), State of Rio de
Janeiro, Brazil, moderately susceptible to the LE
strain of the parasite (Martins-Souza et al. 2003), and
the Taim strain collected at the Ecological Station of
Taim (BT-Taim), State of Rio Grande do Sul,
Brazil, that is totally resistant to S. mansoni infection
(Corréa et al. 1979; Santos et al. 1979 ; Bezerra et al.
1997: Martins-Souza et al. 2003; Coelho et al.
2004; Rosa et al. 2005). Both B. glabrata (BH) and
B. tenagophila ('Taim and Cabo Frio) were bred and
maintained in the mollusc room of the Schisto-
somiasis Research Unit, Institute of Biological Sci-
ences, Federal University of Minas Gerais, Brazil,
for at least 25 years, according to the procedures
previously described by Pellegrino and Katz (1968).
The snails used in the experiments measured
12—14 mm in shell diameter at the time of miracidi-
um exposure.

68

S. mansoni infection

The infection of B. glabrata and B. tenagophila with
S. mansoni followed the procedure described by
Pellegrino and Katz (1968). The eggs were obtained
from homogenized livers of 45 to 50 day-infected
hamsters. After several washes in cold saline, the
miracidia were stimulated to hatch under artificial
light. Samples of miracidia were collected, counted
under a stereomicroscope, and 20 miracidia were
added to each flask containing 1 snail to a final vol-
ume of 10 ml and incubated for at least 5 h under
artificial light. Schistosoma mansoni cercaria emerg-
ence was examined after 4 h of stimulation with
artificial light in each snail that survived after 40—45
days after infection, as previously described by
Pellegrino and Macedo (1955).

Haemolymph collection and haemocyte count

Whole haemolymph was collected from BG-BH,
BT-CF and BT-Taim at different times during
S. mansoni infection. Each snail shell was cleaned
with 70% alcohol, dried with absorbent tissue paper
and the haemolymph was collected by cardiac
puncture using a 21-G needle (Zelck and Becker,
1992; Bezerra et al. 1997). To avoid cellular ag-
glutination, whole haemolymph was collected and
diluted 1:1 in Chernin’s balanced salt solution
(CBSS) (Chernin, 1970) [47-7 mM of NaCl, 2:0 m™m
of KCl, 0-49 mwm of Nay HPO, anhydrous, 1:8 mm of
MgSOy. 7 H,0, 3:6 mm of CaCl,. 2 Hy,O, 0-59 mwm of
NaHCO;, 5'5mwMm glucose and 3 mm trehalose],
containing citrate/ED'TA [50 mMm sodium citrate,
10 mm EDTA, and 25 mwm sucrose] pH 7-2. After
individual collection, the haemolymph from 3 snails
of the same experimental group was pooled and 3
separated pools were prepared and tested for each
experimental group in each point. The triplicates
of pooled whole haemolymph were transferred to
3 separated 15 ml Eppendorff tubes. After sedi-
mentation of small shell fragments for 2 min, the
whole haemolymph was transferred to another 1-5 ml
Eppendorff tube. Whole haemolymph was used
for total haemocyte counts performed using 10 ul
of whole pooled haemolymph diluted 1/10 in
CBSS bufter containing 0-4% Trypan Blue. Viable
haemocytes, i.e cells that did not stain with Trypan
Blue, were counted immediately in a Neubauer’s
chamber. In parallel, each sample of whole haemo-
lymph was also used for cytometric analysis de-
scribed bellow.

Flow cytometry analysis

Flow cytometry analysis was performed after in-
cubation of 200 ul of pooled whole haemolymph
with an equal volume of ethidium bromide (Et-Br)
and acridine orange (AQO) solution (stock solution
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Et-Br=12-5mg/ml, and AO=4mg/ml) diluted
1:1000 in CBSS citrate/EDTA (Parks et al. 1979).
Haemocyte suspension was incubated for 1 h on ice,
in the dark. After incubation, haemocyte suspension
was immediately analysed using a FACScan flow
cytometer (BD Bioscience, San Jose, CA, USA).
Flow cytometry analysis of whole haemolymph cellu-
lar components was performed using instrument
settings to capture the fluorescence signals from
ethidium bromide and acridine orange, respectively
at FLL3 and FL1 detectors, using log amplification
scales. In total, 20 000 events were analysed for each
haemolymph pooled sample. CellQuest T'M software
package (BD Bioscience, San Jose, CA, USA) was
used for data acquisition and analysis. Data analysis
was initially performed using FLL1 versus FL3 dot
plot distribution graphs to differentiate live cells (AO
positive/ Et-Br negative cells) from dead cells (AO
negative/EtBr positive cells) from debris (AO and
Et-Br negative events). After gating on live haemo-
cytes, cells were selected on size (forward laser
scatter — FSC) versus internal complexicity (side laser
scatter — SSC) as illustrated in Fig. 1. Three major
haemocyte supopulations were selected based on
their laser forward scatter, referred to as small (R1 =
FSC channels between 240-440), medium (R2=FSC
channels between 440-840) and large (R3=FSC
channels >840). Each of the three haemocyte sub-
populations was further analysed based on the in-
ternal complexity properties, refereed as SSCLo™
or less granular and SSCH®" or more granular pro-
files (Fig. 2A). For this purpose, SSC versus AO/
FL1 dot plots were constructed for small, medium
and large gated haemocytes and quadrant statistical
analysis applied to quantify the less granular and
more ganular haemocytes within each subset as illus-
trated in Fig. 2A. As the small, medium and large
haemocytes presented distinct SSC properties, spe-
cific cut-off edges were used to categorize SSCHigh
subsets within small (SSC channels >100), medium
(SSC channels >=200) and large (SSC channels
>300) haemocyte subpopulations. Percentages of
haemocyte subsets obtained from the flow cytometric
analysis were further converted on absolute counts
taking into account the total viable haemocyte counts
(haemocytes not stained by Trypan Blue) performed
on Neubauer’s chamber obtained with the same
haemolymph sample.

Statistical analysis

Data referring to the numbers of circulating haemo-
cytes within each cell-subset are reported as mean +
standard deviation (S.D.), and analysed by using
one-way analysis of variance (ANOVA). A two-
way analysis of variance (ANOVA) was used to
compare each haemocyte subtype between the
3 Biomphalaria strains during the infection with
S. mansoni.

RESULTS

Haemolymph incubation with ethidium bromide
and acridine orange solution allowed the separation
of the viable circulating haemocytes from the dead
cells and small fragments. As observed in Fig. 1A,
viable circulating haemocytes from Biomphalaria
snails could be separated into 3 major cell subpopu-
lations based mainly on size (forward scatter — FSC)
and granularity (side scatter — SSC) dot plot distri-
bution. The haemocyte subpopulations have been
denominated small haemocytes (R1 — FSC channels
between 240-440), medium haemocytes (R2 — FSC
channels between 440-840) and large haemocytes
(R3 = FSC channels > 840).

Analysis of absolute counts of haemocyte subpopu-
lations demonstrated distinct profiles in B. glabrata
(BG-BH), B. tenagophila Cabo Frio (BT-CF) and
B. tenagophila Taim (B'T-Taim) snails (Fig. 1B). In
non-infected B. glabrata, the majority of circulating
cells were small haemocytes (740+150 cells/ul of
haemolymph) while in non-infected B. tenagophila
medium haemocytes represented the majority of cir-
culating haemocytes (590 4+ 140 cells/ul haemolymph
in BT-CF and 670+ 120 cells/ul of haemolymph in
BT-Taim). Large haemocytes were detected in simi-
lar numbers in circulating haemolymph of B. glabrata
and B. tenagophila (Fig. 1B). There was no detectable
difference in circulating haemocyte profiles in non-
infected B. tenagophila of Cabo Frio strain and
B. tenagophila of Taim strain.

Fig. 2A shows analysis of 3 major circulating
haemocyte subpopulations in Biomphalaria snails,
based on their laser side scatter (SSC) versus acridine
orange fluorescence intensity (FL1). Two subsets,
referred to as less granular and more granular haemo-
cytes, were identified in all 3 haemocyte subpopu-
lations. The analysis of side-scatter properties of
circulating haemocytes from the Biomphalaria
spp., revealed that most of the small and medium
haemocytes were confined within the less granular
subset while the large haemocyte population shows a
similar amount of cells with less granular and more
granular properties (Fig. 2A). The most striking
difference in haemocyte SSC properties between
non-infected snails of different species was the fact
that the higher number of small haemocytes ob-
served in B. glabrata was due to the less granular cell
subset compared to B. tenagophila. In contrast, both
strains of B. tenagophila (BT-CF and BT-Taim) had
a significantly higher frequency of more granular
medium haemocytes than B. glabrata, as reflected in
higher numbers of this cell type (Fig. 2B).

At 40 days after S. mansoni infection, cercariae
were found in 58% of infected B. glabrata and 20%
of B. tenagophila Cabo Frio strain. As reported pre-
viously (Martins-Souza et al. 2003), cercariae were
not found in S. mansoni-infected B. tenagophila
of Taim strain. Schistosoma mansoni infection in
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R1 = Small haemocytes - FSC 240-440
R2 = Medium haemocytes - FSC 440-840

R3 = Large haemocytes - FSC > 840

A
=
g_
] R3
-
21
3
7} R
—_ =
L E7]
T
@ R2
(0] .
8 o
n S
@
(7]
(V]
-
=
(ol ]
= — 1 rrr T 1. r T I rrr 1 rrr 1
a 200 400 GO0 ] 1000
Laser Forward Scatter (FSC)
B
< 1000
Q.
€
>
£ 800
[} l b
< a T
=
= 600~ L
2
>
g . T
§ 400 b a
©
K
(o]
£
& 200
3
[
(3]
£ 0 1 1
L L L
5 6 5 & 6 § & ¢ §
L L L
8 o o & @ 8 o o
0 0 m
Small Medium Large

Fig. 1. (A) Profile of circulating haemocyte population in Biomphalaria snails. Three major haemocyte subpopulations
(R1=small - FSC between 240-440, R2 =medium — FSC between 440-840 and R3 =large — FSC >840) can be
identified by flow cytometric dot plot distributions based on their laser forward scatter (FSC) versus laser side scatter
properties (SSC). (B) Absolute counts of small (R1=[]) medium (R2=M) and large (R3 = H) haemocyte
subpopulations in non-infected B. glabrata (BG-BH), B. tenagophila of Cabo Frio strain (BT-CF) and B. tenagophila of
Taim strain (BT-Taim) snails. Data are presented as mean number + standard deviation of circulating haemocyte
subpopulations. (a) Represents significant differences (P <0-05) in the number of haemocytes of each subset (small,
medium, and large) in BT-Cabo Frio compared to the number of haemocytes obtained in BG-BH. (b) Represents
significant differences (P <0-05) in the number of haemocytes of each subset (small, medium, and large) in BT-Taim
compared to the number of haemocytes obtained in BG-BH. There were no differences in the number of haemocytes of
each subset between BT-Taim and BT-Cabo Frio (One — way. ANOVA, post-test Tukey).

Biomphalaria resulted in a significant reduction of
large and medium circulating haemocytes as early as
5 h after the parasite infection (Fig. 3). However, in
B. glabrata the cell reduction was transient, returning
to non-infected levels briefly after parasite infection
(Fig. 3A). In contrast, the parasite infection in
B. tenagophila resulted in intense alteration of cir-
culating haemocytes, especially in Taim strain.

Infected B. tenagophila of Cabo Frio strain showed
a significant decrease in number of medium and large
circulating haemocytes only at 5 h after infection,
followed by a gradual increase in medium-sized cir-
culating cells (Fig. 3B). The parasite infection in-
duced a more intense modification of the circulating
haemocyte profile of B. tenagophila of Taim, the snail
infection

strain that is resistant to S. mansoni
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Fig. 2. Analysis of 3 major circulating haemocyte subpopulations in Biomphalaria snails, based on their laser side
scatter properties (SSC) versus acidine orange fluorescence intensity (FL-1) profiles. (A) T'wo subsets referred to as
SSCMw and SSCHig" haemocytes can be identified in all 3 haemocyte subpopulations. (B) Absolute counts of
haemocyte subsets categorized as SSC* and SSCHig subsets in small (R1=[J) medium (R2=M) and large (R3= W)
haemocyte subpopulations of B. glabrata (BG-BH), B. tenagophila Cabo Frio (BT-CF) and B. tenagophila Taim
(BT-Taim) snails. Data are presented as mean + standard deviation of low and high granular haemocytes within the

3 major circulating haemocyte subsets. (a) Represents significant differences (P <0-05) in the number of haemocytes of
each subset (small, medium, and large) in BT-Cabo Frio compared to the number of haemocytes obtained in BG-BH.
(b) Represents significant differences (P<0-05) in the number of haemocytes of each subset (small, medium, and large)
in BT-Taim compared to the number of haemocytes obtained in BG-BH. There were no differences in the number of
haemocytes of each subset between BT-Taim and BT-Cabo Frio (One-way. ANOVA, post-test Tukey).

(Fig. 3C). In this strain, the number of large circu- post-infection (p.i.), when the number of small cir-
lating haemocytes was significantly lower at 5 and culating haemocytes reached 720 cell/ ul of haemo-
24 h after infection. Medium circulating haemocytes lymph compared to 340 detected before infection
from infected Taim snails had an initial reduction, (Fig. 3C). The analysis of the SSC properties of
especially due to low numbers of the less granular cell circulating haemocytes during the S. mansoni infec-
subsets 5 h after parasite infection (Fig. 4), followed tion revealed that most of the cellular alteration
by a significant increase in less granular cells 24 h was due to less granular haemocyte subsets (Fig. 4).
after infection, that reduced again at 72 h and 120 h The number of circulating haemocytes with more
after infection. The number of small circulating granular profile, within the different haemocyte
haemocytes in infected Taim snails gradually in- populations, (small, medium or large) was relatively
creased after S. mansoni infection, being significantly constant after parasite infection in all the snail strains

higher than the non-infected snails after 72 h tested.
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Fig. 3. Kinetic analysis of 3 major circulating haemocyte
subpopulations in Biomphalaria glabrata (BG-BH),

B. tengophila Cabo Frio (BT-CF) and B. tenagophila
Taim (BT-Taim) snails following S. mansoni infection.
Data are presented as mean number + standard deviation
of circulating haemocyte subpopulations, including small
(0), medium (M) and large (A) haemocytes during 30 days
after infection. (a) Represents significant differences
(P<0-05) in the number of haemocytes in BT-Cabo Frio
compared to the number of haemocytes obtained in
BG-BH. (b) Represents significant differences (P <0-05)
in the number of haemocytes in BT-Taim compared to
the the number of haemocytes obtained in BG-BH.

(c) Represents differences in the number of haemocytes
of each subset between BT-Taim and BT-Cabo Frio,
during the infection (two—way ANOVA). * Represents
significant differences (P <0-05) in the number of
haemocytes of each subset in each snail strain compared
to non-infected (time 0) (One-way ANOVA, post-test.
Tukey).
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DISCUSSION

The characterization of circulating haemocytes in
Biomphalaria has been described by various authors
(Sminia 1981; Barraco et al. 1993; Bezerra et al.
1997; Matricon-Gondran and Letorcart, 1999 and
Johnston and Yoshino, 2001), focusing on morpho-
logical and biochemical aspects of these cells. Using a
flow cytometry-based methodology, Johnston and
Yoshino (2001) described 2 major haemocyte sub-
populations, referred as R1 and R2 type cells, in
circulating haemocytes from B. glabrata snails free of
infection. In the present experimental work, we also
used flow cytometry analysis to characterize circu-
lating haemocytes from B. tenagophila. The differ-
ence between this work and earlier reports is that the
characterization of haemocytes was performed in
living cells, and it was possible to examine alterations
in the circulating haemocyte profile during S. man-
soni infection. Moreover, we compared the effects
of the parasite infection on numbers of circulating
haemocytes in snails of different species (B. glabrata
and B. tenagophila) and strains with different levels
of susceptibility to S. mansoni infection.

Most of the earlier reports (Harris, 1975; Yoshino,
1976; Lo Verde et al. 1982; Lie et al. 1987; Barraco
et al. 1993) differentiated 2 cell types in circulating
haemocytes from Biomphalaria spp., designated as
hyalinocytes (cells of smaller size and without granu-
larity) and granulocytes (cells of greater size and high
granularity). Using neutral red differential staining,
previous studies from our laboratory (Bezerra et al.
1997; Martins-Souza et al. 2003) also identified 2
types of cells within circulating haemocyte popu-
lations from Biomphalaria: haemocytes that were
not stained by neutral red (also called hyalinocytes),
and red-stained granulocytes. However, red-stained
haemocytes are a very heterogeneous cell population
that includes both small and large cells (Negrio-
Correa et al. 2007).

In the present work, cytometric analysis revealed
that circulating haemocytes from Biomphalaria spe-
cies consist of 3 major cell types, small, medium and
large haemocytes. In fact, the analysis of the laser
forward scatter versus laser side scatter dot plot
distribution allowed us to identify a minor haemo-
cyte subset, herein referred to as large haemocytes
(P3) with FSC >840. The R3 haemocytes indicated
here were also present in the cytometric profile of
circulating haemocytes of B. glabrata reported by
Johnston and Yoshino (2001), but those authors did
not separate them from the R2 subset. The 3 circu-
lating haemocyte subsets reported here are in
agreement with the results of Matricon-Gondran
and Letorcart (1999) who, based on their size and
ultrastructural aspects, also identified 3 subpopu-
lations of haemocytes in whole haemolymph of
B. glabrata free of infection. The results also cor-
roborated the earlier data of Martins-Souza et al.
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Fig. 4. Kinetic analysis of SSC¥°% and SSC™i#" haemocyte subsets within the 3 major circulating haemocyte
subpopulations in Biomphalaria glabrata (BG-BH), B. tenagophila Cabo Frio (BT-CF) and B. tenagophila 'Taim
(BT-Taim) snails following Schistosoma mansoni infection. Data are presented as of SSC*" and SSCH#" haemocytes
within the 3 major circulating haemocyte subpopulations, including small ({(J), medium (H) and large () haemocytes
during 30 days after infection. (a) Represents significant differences (P <0-05) in the number of haemocytes of each
subset of SSC** and SSCHigP in BT-Cabo Frio compared to the number of haemocytes obtained in BG-BH. (b)
Represents significant differences (P <0-05) in the number of haemocytes of each subset of SSC*" and SSCHigh jn
BT-Taim compared to the number of haemocytes obtained in BG-BH. (¢) Represents differences in the number of
haemocytes of each subset between BT-Taim and BT-Cabo Frio, during the infection (two-way ANOVA, post-test
Tukey). * Represents significant differences (P <0:05) in the number of haemocytes of each subset of SSC*" and
SSCMigh i each snail strain compared to non-infected (time 0).

(2006) that identified 3 circulating haemocyte subsets
in Biomphalaria using optical microscopy. More-
over, the authors showed that these cell subsets are
differentially labelled by FITC-conjugated lectins
and respond differently to S. mansoni infection,
suggesting a functional role for them.

The analysis also showed that all the 3 sub-
populations of haemocytes are heterogeneous with
regard to their laser side scatter properties. Each
haemocyte subset, in B. glabrata and B. tenagophila,
is composed of 2 subpopulations of cells with dif-
ferent granularity profiles, referred to as less granular

and more granular haemocytes. More importantly,
the cytometric analysis allowed us to differentiate
circulating haemocyte profiles of B. glabrata and
B. tenagophila. In B. glabrata most of the circulating
haemocytes were small cells with lower granularity
profile while in B. tenagophila the majority of cells
were medium, low granular haemocytes.

Another interesting finding of the present exper-
imental work was the significant changes induced by
S. mansoni infection in each snail strain or species.
Bezerra et al. (1997) and Martins-Souza et al. (2003)
showed that, 5 h after infection by S. mansont, there
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was a significant reduction in the number of cells
circulating in all the snails studied, and the decrease
was more intense in resistant strains. The authors
also demonstrated that after the initial reduction of
circulating haemocytes, there was an increase in total
number of cells between 1-3 and 15 days after infec-
tion. Biomphalaria glabrata infected with the trema-
tode FEchinostoma paraensei showed an increased
number of circulating haemocytes. The increased
number of circulating cells was mainly due to the
increase in the number of round small cells and the
partially spread granulocytes (Noda and Loker,
19894a). However, phagocytic activity of circulating
haemocytes was statistically lower in 8-day infected
B. glabrata compared to non-infected haemocytes
(Noda and Loker, 19895), a result that would suggest
that activated cells had migrated out of circulation.
In this study we found that the reduction in circu-
lating haemocytes induced by parasite infection was
due to a significant decrease in the number of me-
dium and large cells with more granular profile.
Moreover, in S. mansoni-susceptible snails, such as
B. glabrata (BG-BH) and B. tenagophila (BT-CF),
the modified haemocyte profile was not intense and
was transient. In contrast, in B. tenagophila of Taim
strain, the resistant snail strain, the alteration in
circulating haemocyte profile was very intense and
prolonged until 120 h after infection. In these snails,
large circulating haemocytes of less granular profile
almost disappeared from the haemolymph, while
small haemocytes gradually increased in number
during the parasite infection. Moreover, medium
haemocytes were very responsive during the first few
days of S. mansoni infection in B. tenagophila of
Taim, increasing in number, followed by a decrease
that persisted throughout the infection. According to
Sminia (1981), the small haemocytes, called hyalino-
cytes, have great mitotic activity and low phago-
cytic activity. He suggested that this cell type is a
precursor for granulocytes — cells that have little
mitotic activity, but high phagocytic activity. This
hypothesis could explain the haemocyte response to
parasite infection: mature cells, consisting of large
and medium circulating haemocytes, migrate out of
the haemolymph to the infection site. In parallel,
immature small haemocytes proliferate and differ-
entiate into the mature cells. Alternatively, it is
possible that the infections may be inducing a de-
granulating effect on some cells or the formation of
new granules in others. In previous work, Martins-
Souza et al. (2006) had shown that medium and large
circulating haemocytes, recovered from B. tenago-
phila of Taim strain, were intensively labelled
by FITC-conjugated lectins, especially WGA and
PNA. In addition, this cell population may be se-
questred in the infection site. The participation of
lectins in the haemocyte-sporocyst interaction has
been well documented in the literature, most of them
showing that lectins produced and secreted by
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haemocytes could facilitate binding of haemocytes to
the larval tegument of trematodes (Van der Knaap
and Loker 1990; Loker and Bayne, 2001; Yoshino
et al. 2001 and Martins-Souza et al. 2006). Moreover,
lectin-carbohydrate binding possibly leads to a struc-
tural change of the complex, that could induce
haemocyte activation (Bayne, 1990), resulting in an
increase of the phagocytic activity (Fryer et al. 1989)
and/or of production of reactive oxygen species
(ROS) (Hahn et al. 2000). Therefore, an intense
circulating haemocyte response induced by S. man-
soni infection would be associated with strong cellu-
lar infiltration around the parasite larvae and,
consequently, with snail resistance against the in-
fection.

In conclusion, our data clearly demonstrated that
cytometric analysis is a useful tool for the charac-
terization of circulating haemocytes in Biomphalaria,
allowing us to quantify the changes in circulating
haemocytes induced by parasite infection, such as
S. mansoni. The comparison between haemocyte
responses to S. mansoni infection in resistant and
susceptible snail strains suggested that resistance
observed in Taim strain is associated with intense
haemocyte activation, and migration of medium and
large haemocytes of less granular profile to the in-
fection site.
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Reference Intake recommendation and low haemoglobin concentration. The sociodemographic
and environmental risk factors classically described were associated with G. lamblia infection,
but nutritional variables were only weakly associated with it.

© 2008 Royal Society of Tropical Medicine and Hygiene. Published by Elsevier Ltd. All rights

reserved.

1. Introduction

Parasite infections are a public health issue, especially
in developing countries.”? Among enteroparasites, Giar-
dia lamblia is the protozoan most frequently found, with
estimated prevalence rates of 20—30% in developing coun-
tries and 2—5% in developed countries.®* Environmental and
socio-economic factors, as well as hygiene habits, are impor-
tant determinants of G. lamblia infection prevalence.>®

Giardiasis is characterised as a wide-spectrum illness,
although the majority (60—80%) of infected individuals is
asymptomatic. The main clinical symptom is diarrhoea,
but abdominal pain and weight loss are also reported.” In
2001, Katz and Taylor? suggested that giardiasis might influ-
ence the growth and development of infected children.
Concomitantly, protein-energy malnutrition can increase
susceptibility to and morbidity from G. lamblia and other
parasite infections.” However, studies of the association
between nutritional deficiency and giardiasis are contradic-
tory.

In Brazil, some studies have shown that children infected
by G. lamblia have a significantly lower weight per age
(W/A) and height per age (H/A) than children who are
not infected.’®' These results were corroborated by a
study carried out in Ecuador'? showing that children with
giardiasis had a higher risk of growth deficits than did non-
infected children. However, Sawaya et al."® did not find any
association between infection by Giardia and nutritional sta-
tus.

In this study, we investigated the association between
nutritional status, environmental and socio-economic fac-
tors and G. lamblia infection among children aged 6—71
months who were living in Itinga, Minas Gerais, Brazil.

2. Materials and methods

2.1. Study design, area and population

A cross-sectional epidemiological study was conducted dur-
ing July 2005 in 6- to 71-month-old children living in rural
and urban areas of Itinga, Vale of Jequitinhonha, one of
the poorest regions in the state of Minas Gerais in south-
east Brazil. The human development index (HDI)'* of Itinga
is 0.624, placing it in 799th place of the state’s 853 munici-
palities.

The sample size was determined on the basis of the fol-
lowing parameters: 1671 children aged 6—71 months were
living in Itinga, according to the Brazilian Institute of Geog-
raphy and Statistics (IBGE);' parasite infection prevalence
was estimated to be between 18 and 78%;%'® the minimum
difference tolerated between the estimates and the real val-
ues of such prevalence=5%; alpha error=0.05 and design
effect =1.5. We thus calculated that the study called for at
least 393 children, and 405 were included.

The units sampled were households identified through the
municipal health service records. The number of households
selected in the rural and urban regions was proportional
to the existing number of households in each region. The
randomised sampling process was conducted in two stages:
(1) a random sample of city blocks (urban area) and locali-
ties (rural areas) was selected proportionally to the existing
blocks and localities; and (2) within each selected block and
locality, random samples of households were drawn, pro-
portional to the number of existing households. All children
aged 6—71 months living in the selected households were
invited to participate in the study.

2.2. Data collection

Upon arriving at the randomly selected households, teams
of two trained interviewers obtained informed consent
from a parent or other person responsible for the child.
The interviewers were provided with instruction manu-
als and used a pre-coded questionnaire when conducting
the interviews. Information was collected on the following
groups of characteristics: demographic and social ques-
tions on child-related variables (e.g. sex, age, race, weight,
height, reported morbidities, access to health service),
socio-economic status of the parents (e.g. education level,
income, schooling, employment, number of family mem-
bers, number of children), household and environmental
conditions (e.g. construction materials of walls, roof and
floor, number of rooms, water quality, access to sanitation,
public water, sewage availability, domestic refuse storage
and disposal).

The interviews were complemented by evaluation of
the children’s food and dietary intake using a validated
semi-quantitative food-frequency questionnaire, tailored
for the dietary habits of the Vale of Jequitinhonha region.
The person in charge of preparing the children’s meals
was interviewed. To standardise this information, the Food
Photo Record Album'’ was used to help measure the
meal portions and food preparations consumed by the
infants.

To analyse the per capita/day consumption, the Brazilian
Food Composition Tables were used. The translation of meals
into weight or volume and calculation of macro- and micro-
nutrient intake was carried out using the STATA software,
version 9.0 (Stata Corp., College Station, TX, USA). To eval-
uate nutrient intake, the cut-off point method developed by
Beaton was used.'®

Estimates of daily consumption of each nutrient were
compared with the Dietary Reference Intake (DRI) values
used for the dietary evaluation of population groups. Inade-
quacy of diet was determined by calculating the prevalence
of individuals with intake values lower than those rec-
ommended by the DRI (Estimated Average Requirement,
Adequate Intake), taking into account sex and life stage.
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Energy was calculated on the basis of the DRI’s Estimated
Energy Requirement.'®

2.3. Anthropometric evaluation

Anthropometric evaluation was conducted using weight
scales with a sensitivity of 50¢g and a capacity of 150kg. To
measure height, a wooden anthropometer was used, with
a ruler measuring up to 2000mm. The following indica-
tors were used: H/A and W/A Z-scores, according to the
methodology used by the US Centers for Disease Control and
Prevention (CDC)." It was preferred that the children not
wear clothes while measurements were being taken.

2.4. Parasitological evaluation

For the collection of faecal material, a 50 ml flask with a
tight lid was made available, containing 25 ml fixing solution
(phosphate formula buffer with 10% formol). The collected
samples were homogenised and stored under refrigeration
until they were examined using the spontaneous sedimenta-
tion method of Hoffman, Pons and Janer.? These analyses
were conducted at the Laboratory of Clinical Analysis of
the Universidade Federal de Ouro Preto. Two slides were
prepared for each sample, and they were examined by
a laboratory technician and reviewed by the laboratory
responsible.

2.5. Blood collection and haematocrit analysis

Blood was collected using 7.5ml vacuum tubes, with and
without EDTA. Serum and plasma were frozen at —70°C.
Before centrifugation of the blood collected in EDTA, two
blood capillaries were prepared for each infant for haemat-
ocrit analysis. The capillaries were centrifuged at 1.000 rpm
per 10min in a microcentrifuge (Centimicro, model 211;
Fanem, Sao Paulo, Brazil). Readings were carried out on
graphs showing the haematocrit concentration counts. Chil-
dren aged 6—59 months who presented with haematocrit
values below 33% and children aged between 60 and 71
months with values below 34% were considered anaemic.?'

2.6. Haemoglobin analysis

Haemoglobin concentration was measured using the
HemoCue haemoglobin photometer. The HemoCue tech-
nique is based on an optical measuring cuvet of small volume
(10pl) in which its absorbance is measured at 565 and
880 nm.

2.7. Ferritin analysis

Ferritin levels were determined by immunoassay of enzy-
matic particles by Beckman Coulter (Access Immunoassay
System), using Access Ferritin as a reagent. The concentra-
tion considered normal was above 10ng/ml for infants up
to 1 year old and above 12ng/ml for children older than
1 year.2»23

2.8. Processing and analysis of data

The information from the interviews and the results of the
laboratory tests were managed using EpiData 3.4 (The Epi-
Data Association, Odense, Denmark). Statistical analysis of
the data was conducted using the STATA 9.0 software (Stat-
aCorp, 2005).

Univariate analyses were carried out using the x? test for
proportions and Student’s t and Wilcoxon tests for means
and medians. To quantify the association between risk fac-
tors with G. lamblia, odds ratio (OR) and 95% CI were
calculated. Multivariate analysis was performed using mul-
tivariate logistic regression. Variables with P<0.20 in the
univariate analysis and some variables considered impor-
tant in the literature for G. lamblia infection were selected
for multivariate logistic regression. Variables representing
characteristics of low frequency or of collinearity were
excluded from the final model. The multivariate logistic
models were built using the backward process, and sta-
tistical significance was determined by the likelihood ratio
test.2*

3. Results

During field research, 328 households were visited and 405
infants and children were evaluated. The mean age was
39+ 18.87 months, and the median age was 40 months
(interquartile range 23—56 months); 52.8% were boys and
47.2% girls.

When socio-economic status was examined, 57.8% of the
children were found to be in families with income below
minimum wage, 31.8% with one to two times the minimum
wage, 5.5% with two to four times the minimum wage, and
4.9% with more than four times the minimum wage (the
Brazilian minimum wage is about US$260.00 per month).
Among the mothers, 6.9% had no formal education, 24.0%
had an incomplete elementary school education, 34.5% had
completed elementary school, 30% had a high school edu-
cation and 4.6% had a college education. As for family size
and environment, 36.9% were in families with five members
or more, 39.0% lived in houses with fewer than six rooms,
38.7% did not have running water and 70.6% had no access
to a sewerage system.

Of 405 faecal exams analysed, 132 (32.6%) were from
children who had parasite eggs or cysts in their faeces. The
parasite most frequently observed was G. lamblia, with a
prevalence rate of 26.3% (Table 1).

The symptoms presented by the children infected with
G. lamblia (n=106) in the 15 days before the study, as
reported by a parent or guardian, were diarrhoea (14.5%),
blood in the faeces (1.9%), vomiting (11.3%) and fever
(28.3%). Only 3.1% of the infected children reported simul-
taneous diarrhoea, fever and vomiting.

Nutritional evaluation revealed that 11.1% of the chil-
dren had acute malnutrition (W/A), and 7.9% (H/A) showed
chronic malnutrition. However, the prevalence increased to
33.8% for acute malnutrition and 29.1% for chronic mal-
nutrition when children who were at risk of malnutrition
were added. Only 1.7% of the children assessed were over-
weight, and 5.7% were categorised as having an overweight
risk.
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Table 1 Prevalence of parasite infections in 405 children
aged 6—71 months, Itinga, Minas Gerais, Brazil, 2005.
n (%)
Protozoan infection
Giardia lamblia 106 (26.3)
Entamoeba histolytica/E. dispar 17 (4.1)
Endolimax nana 5(1.2)
lodameba butschlii 3(0.7)
Helminth infection
Hymenolepis nana 8(2.0)
Ancilostomideos 3(0.7)
Enterobius vermicularis 3(0.7)
Ascaris lumbricoides 2 (0.5)

Only G. lamblia infection was considered in the anal-
ysis of potential risk factors. First, the medians for age
and the biochemical and nutritional parameters were com-
pared between the infected and non-infected children (data
not shown). Only the median values of age and ferritin
serum concentration were higher in infected than non-
infected children (47.5 vs. 37.0 months, P=0.002; 36.8 vs.
28.5ng/ml, P=0.007).

Univariate analysis was carried out, taking into account
all the variables, one at a time. However, Tables 2 and 3
show only the variables with P<0.20 in univariate analyses
and those that were known to have biological importance
for G. lamblia infection.

The final multivariate model, with the crude and adjusted
OR values and their respective 95% Cl, is presented in
Table 4. The variables found to be independently asso-
ciated with G. lamblia infection were age 2 years or
older (OR=2.4), living in a two-bedroom house or smaller
(OR=2.3), living among a family consisting of five or more
members (OR =2.4), living in a household without access to a
sewage system (OR=2.1) and non-participation in the social
service programme (the Children’s Pastoral Program, a non-
governmental organisation) was associated with a lower risk
of G. lamblia infection (OR=0.2).

A model with only biochemical and nutritional mark-
ers (animal protein intake, calorie intake, haematocrit,
haemoglobin, ferritin) as predictors of infection by G. lam-
blia was also evaluated. In the final model, adjusted for
age, only two variables showed weak associations with
the infection: adequate animal protein intake, according
to the recommendations of the DRI, was associated with
lower risk (OR=0.97, 95% Cl 0.95—0.99, P=0.002) and low
haemoglobin serum concentration (10 mg/dl) was associated
with higher risk (OR=1.10, 95% CI 1.06—1.18, P=0.016).

4. Discussion

The results of this study showed that G. lamblia was the
most prevalent parasite infection (26.3%) among the chil-
dren investigated. This finding corroborates the findings of
more recent studies conducted in other regions of Brazil,
which reported prevalence rates of Giardia infection ranging
between 8.8 and 29.0%.%11.25.26

The absence of infections with common helminths,
such as Ascaris lumbricoides and Ancilostomideos, was
an unexpected result given that Itinga is located in the
Vale of Jequitinhonha, one of the poorest regions in the
state of Minas Gerais, Southeast Brazil. One explanation
for the absence of helminth infections is the fact that
many of the children had previously been treated with
anthelminthics. According to information collected during
the interview, 20% of the children infected by G. lam-
blia and 23% of those not infected had been treated
with anthelminthics just months before this study. In a
prospective study in children, Northrop-Clewes et al.?’
showed that in the group treated with an anthelminthic
(mebendazole), there was a reduction in the prevalence
of A. lumbricoides and T. trichiura after a simple medica-
tion dose. However, infection by Giardia increased in the
treated group (from 4 to 49%) after 4 months of obser-
vation. To gain a better understanding of the dynamics of
intestinal parasite infections, a prospective study must be
undertaken, with children monitored before and after treat-
ment.

The prevalence of chronic malnutrition, 7.9%, based on
height for age, was lower than the prevalence considered
risky for public health. However, the prevalence of chronic
malnutrition increased to 29.1% when children who were
at risk of malnutrition were added. Data recently pub-
lished by UNICEF? indicate that there is a global tendency
towards decreased malnutrition prevalence and increased
overweight. In Brazil, the prevalence of malnutrition was
estimated to be 11% in 2007.%

In our study, univariate analysis showed that malnutri-
tion risk, according to H/A, was associated with G. lamblia
infection. However, in the final model, after adjustment for
other variables, malnutrition was not associated with infec-
tion. Sadjjadi and Tanideh® found that H/A and W/A were
significantly different between infected and non-infected
children. In Brazil, Carvalho-Costa et al." found an asso-
ciation between G. lamblia and the Z-scores for weight
(WAZ) and height (WHZ) in a cross-sectional study conducted
among children aged 6—84 months.

The main clinical symptom reported by the infected chil-
dren was diarrhoea (14.5%), which is a characteristic of
acute infection and is often short-lived and self-limiting.
Other symptoms characteristic of acute infection, such as
abdominal discomfort, vomiting and fever, were reported
to have occurred simultaneously in only 3.1% of the infected
children. It is worth mentioning that the interview may not
have been sufficiently sensitive to detect the symptoms
reported by the parents. Also, of the children infected by
G. lamblia who had diarrhoea symptoms (n=15), only
two were chronically undernourished. A longitudinal study
of children in Northeastern Brazil showed that children
infected with symptomatic giardiasis, when compared with
asymptomatic children, presented deficits in weight and
height for age.?®

Although infection with Giardia is classically influenced
by environmental and socio-economic factors, the biochem-
ical and nutritional markers showed that inadequate animal
protein intake, according to the DRIs and low haemoglobin
serum concentration (mg/dl) when adjusted for age, was
significant for Giardia infection among the children anal-
ysed. However, these associations yielded ORs close to 1.0,



516

R.R. Silva et al.

Table 2 Univariate analyses of parasite infection by Giardia lamblia, based on socio-economic, demographic and environmental
factors in children aged 6—71 months, Itinga, Minas Gerais, Brazil, 2005.

Variable Giardia lamblia Infection
Yes No Odds ratio (95% ClI) P-value
n (%) n (%)

Family size (n=405)
>5 members 58 (54.7) 120 (40.1) 1.8 (1.2—2.8) 0.011
<5 members 48 (45.3) 179 (59.9) 1

House size (n=405)
<6 rooms 74 (69.8) 180 (60.2) 1.5 (0.9-2.5) 0.080
>6 rooms 32(30.2) 119 (39.8) 1

No. bedrooms (n=405)
<2 bedrooms 71 (66.9) 158 (52.8) 1.8 (1.1-3.0) 0.012
>2 bedrooms 35(33.0) 141 (47.2) 1

Family income (n=396)
<1 minimum wage 33(31.1) 123 (42.4) 0.6 (0.4—0.8) 0.043
>1 minimum wage 73 (68.9) 167 (57.6) 1

Tap water (n=405)
No 57 (53.8) 108 (36.1) 2.1 (1.3-3.3) 0.001
Yes 49 (46.2) 191 (63.9) 1

Sewerage system (n=405)
No 85(80.2) 206 (68.9) 1.8 (1.1-3.1) 0.030
Yes 21(19.8) 93 (31.1) 1

Mother’s age (n=391)
<20 years 2(2.0) 24 (8.2) 0.2 (0.5-0.9) 0.049
>20 years 97 (98.0) 268 (91.8) 1

Mother’s education (n=392)
None 11(11.0) 17 (5.8) 2.0 (0.9-4.4) 0.088
More than 1 year of school 89 (89.0) 275 (94.2) 1

No. brothers/sisters (n=404)
>2 48 (45.7) 83 (27.8) 2.2 (1.4-3.5) 0.001
<2 57 (54.3) 216 (72.2) 1

No. brothers and sisters <5 years (n=334)
Yes 67 (74.4) 128 (52.5) 2.7 (1.5—4.5) 0.000
No 23 (25.6) 116 (47.5) 1

Social Service Program (The Children’s Pastoral Program) (n=405)
Not registered 98 (92.5) 292 (97.7) 0.3 (0.1-0.8) 0.021
Registered 8(7.5) 7(2.3) 1

Hospitalised during gestation (n=385)
Yes 3(3.1) 26 (9.1) 0.3 (0.1-1.7) 0.064
No 95 (96.9) 261 (90.9) 1

indicating weak associations between these factors and the
infection.

The low prevalence of malnutrition, the low fre-
quency of clinical symptoms and the weak association
of biochemical and nutrition markers suggested that
G. lamblia infection was acute in this population of chil-
dren.

The most important risk factors associated with infection
by G. lamblia identified in this study were children’s age,
family size, number of bedrooms, lack of access to a sew-

erage system, and participation in the Children’s Pastoral
Program.

Children aged 2 years or older had a higher risk of
G. lamblia infection. In this study, 72% of the children were
2 years or older, but the higher proportion of children in this
age group was reflective of the child population in Itinga
(73% of the children are 2 years or older), according to the
IBGE." This association between age and G. lamblia infec-
tion may be explained by a longer and frequent exposure to
infection sources. Okyay et al.?? and Teixeira et al.® did not
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Table 3

Univariate analysis of parasite infections by Giardia lamblia, based on individual characteristics of children aged 6 to
71 months, Itinga, Minas Gerais, Brazil, 2005.

Variable Giardia lamblia infection
Yes No Odds ratio (95% Cl) P-value
n (%) n (%)

Age group (n=405)
>2 years 92 (86.8) 216 (72.2) 2.5 (1.4-4.7) 0.003
<2 years 14 (13.2) 83 (27.8) 1

Feeling sick in the past 15 d (n=405)
Yes 37 (34.9) 70 (23.4) 1.8 (1.1-2.9) 0.022
No 69 (65.1) 229 (76.6) 1

Hospitalised (n=403)
Yes 37 (34.9) 83(28.0) 1.4 (0.9-2.2) 0.179
No 69 (65.1) 214 (72.0) 1

Chronic malnutrition (n=364)
Yes 10 (10.7) 17 (6.3) 1.8 (0.8—4.0) 0.171
No 84 (89.3) 253 (93.7) 1

Acute malnutrition (n=364)
Yes 37 (39.4) 80(29.6) 1.5 (0.9-2.5) 0.083
No 57 (60.6) 190 (70.4) 1

Animal protein deficiency (n=405)
Yes 72 (7.9) 157 (52.5) 1.9 (1.2-3.1) 0.006
No 34 (32.1) 142 (47.5) 1

Serum hematocrit deficiency (n=350)
Yes 40 (44.9) 123 (47.1) 0.9 (0.5—1.5) 0.722
No 49 (55.1) 138 (52.9) 1

Ferritin deficiency (n=2364)
Yes 16 (17.4) 72 (26.5) 0.6 (0.3—1.1) 0.081
No 76 (82.6) 200 (73.5) 1

Haemoglobin deficiency (n=405)
Yes 39 (36.8) 111 (37.1) 1.1 (0.7—1.6) 0.952
No 67 (63.2) 188 (62.9) 1

Ferrous sulfate in the last 15 d (n=402)
No 104 (98.1) 270 (91.2) 5.0 (1.2—21.5) 0.030
Yes 2(1.9) 26 (8.8) 1

find any significant age-related associations with G. lamblia

infection.

In this study, children whose families had five or more
members had 2.4 times the risk of acquiring the infec-
tion than those in smaller families. This result supports

Table 4 Risk factors for Giardia lamblia infection in children aged 6—71 months, Itinga, Minas Gerais, Brazil 2005.

the previously reported hypothesis of interpersonal trans-
mission, particularly among children, who are the most

vulnerable.®26

Children who lived in houses with fewer than two bed-
rooms also had a greater chance of being infected (OR=2.3).

Variable

Unadjusted odds ratio (95% Cl)

Adjusted odds ratio (95% ClI)

Age (>2 years vs. <2 years)

No. bedrooms (<2 vs. >2)

Family size (>5 vs.<5)

Sewerage system (no vs. yes)
Social Service Program (no vs. yes)

2.5 (1.4-4.7)
1.8 (1.1-3.0)
1.8 (1.2-2.8)
1.8 (1.1-3.1)
0.3 (0.1-0.8)

2.4 (1.3-4.6)
2.3 (1.4-3.8)
2.4 (1.5-4.0)
2.1 (1.3-3.5)
0.2 (0.1-0.6)

Social Service Program: The Children’s Pastoral Program.
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This variable may be interpreted as an indirect measurement
of socio-economic levels in the population (proxy variable);
i.e. smaller homes reflect lower socio-economic levels.

The lack of a sewerage system in the households also
made the Itinga children more susceptible to Giardia infec-
tion (OR=2.1). This proxy variable may indicate water
contamination, as lack of sanitation reflects possible con-
tamination of different water sources.®® Previous studies
reported an association between households without indoor
toilet and infection by Giardia.®?

Participation of the children in the Children’s Pastoral
Program was inversely associated with infection. The likely
explanation is that children involved in the social assistance
programme are exposed to the worst health conditions, such
as infections and malnutrition, and they demand the most
monitoring.

Okyay et al.?’ found an association between the school-
ing level of the parent or person responsible and infection
by Giardia. In this study, this variable was not found to
be associated with infection. In Itinga, a high percentage
of the mothers (30.9%) had less than an elementary school
education, but only 6.9% of them were illiterate.

An important methodological limitation of cross-
sectional studies is that they do not allow for causal
inferences, because the temporal relationships between risk
factors and infections are not evaluated. One of the lim-
itations of this study was the loss of information due to
interviewees’ refusal to answer and during collection of the
biological and anthropometrical data. However, there is no
evidence that the missing data were related to G. lamblia
infection; i.e. information bias is not likely. One impor-
tant methodological advantage of this study was that the
sampling process was conducted at different stages, which
guaranteed external validity, as a representative sample of
children from regions (urban and rural) and age distribution
was selected from lItinga.

In conclusion, a high prevalence of G. lamblia infec-
tion was found in this study. The sociodemographic and
environmental risk factors classically described in the liter-
ature were associated with infection. Although biochemical
and nutrition markers presented weak associations with the
infection, they must not be underestimated. Prospective
studies must be conducted to investigate these associations
in children infected by G. lamblia, with and without symp-
toms.
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