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RESUMO

PROTEINAS RECOMBINANTES DE AMASTIGOTAS DE Leishmania
infantum/chagasi. DESENVOLVIMENTO/OTIMIZACAO DE METODOLOGIAS PARA
OBTENCAO E AVALIACAO DE ANTIGENICIDADE. MARCIA CRISTINA AQUINO
TEIXEIRA. O programa dc controle da leishmaniose visceral no Brasil, através da
climinagio de cacs infectados com Leishmania, nio produziu resultados satistatorios. Além
da baixa sensibilidade dos métodos diagnosticos empregados ¢ a demora entre a detecgao e a
climinagdo de cdes soropositivos, este tipo de medida enfrenta a pouca aceitagdo por médicos
veterinarios ¢ donos dos cides. Apesar do encontro de cdes na area endémica com perfil de
resisténcia a infecgdo por Leishmania, sugerindo que uma vacina ¢ possivel, at¢ o presente
momento ndo estdo disponiveis vacinas humanas ou para uso veterindrio, com eficacia
comprovada. Este estudo teve como objetivo a padronizagdo ou desenvolvimento de
metodologias para a obtengio ¢ avaliagdo de proteinas recombinantes de amastigotas de
Leishmania infantum/chagasi, potencialmente candidatas a componentes de  cnsaios
sorologicos para diagnostico da LV humana ¢/ou canina ou de uma vacina para caes contra a
infecgdo por L. infantum/chagasi. Inicialmente foi estabelecida a methor condigao de cultivo
axénico para obteng@o de amastigotas extracelulares de trés espécies distintas de Leishmania.
Apesar de morfologicamente semclhantes as formas amastigotas intracelulares, as formas
axénicas dc L. infantum/chagasi ndo apresentaram homogencidade quanto a viabilidade ¢
infectividade, contrastando com o observado com as espécies L. braziliensis e L.
amazonensis. Dessa tforma, amastigotas purificados de b aco de ha msters int ectados t oram
utilizados para purificagio do RNA ¢ producao de uma biblioteca de ¢cDNA de L.
infantum/chagasi. Cinco antigenos recombinantes diferentes foram selecionados da biblioteca
de ¢DNA utilizando uma mistura de soros de cies ou de pacientes com leishmaniose visceral.
Os soros dos individuos infectados ndo reativos a esses antigenos foram utilizados para
identificar novos clones reccombinantes, constituindo uma nova abordagem para obtengao de
antigenos com potencial de aumentar a especiticidade de um e nsaio im unodiagnostico. A
adi¢ao dos novos antigenos clevou significativamente a sensibilidade de um ensaio “dipstick™
utilizado para o diagnostico da leishmaniose visceral humana em relagdo a um painel limitado
de soros. Além da utiliza¢do de anticorpos produzidos na infecgdo natural a Leishmania,
foram testados também protocolos de imunizagao de trés espécies diferentes de animais para a
obtengdo de anticorpos reativos aos antigenos da biblioteca, potencialmente uteis na sclegao
ou em processos de purificagdo das proteinas recombinantes. Os anticorpos produzidos
durante a infecgdo subclinica foram capazes de reconhecer indistintamente proteinas de
promastigotas ¢ de amastigotas, apresentando, entretanto, maior reatividade com as formas
cvolutivas intracelulares, sugerindo que a imunizagao através da infecgdo com promastigotas
vivos € mais eficiente na indugao da produgao de anticorpos contra ambos cstagios de vida da
Leishmania do que a injeg@o de lisados de p romastigotas. A int ecgdo s ubclinica ¢ m c des
também induziu eficazmente resposta imune celular contra antigenos totais e recombinantes
de L. infantum/chagasi, como determinado pelos ensaios de linfoproliferaco e teste de
hipersensibilidade tardia. O protocolo de imunizaglo em cics, testado neste trabalho, pode ser
bastante atil na selegdo ¢/ou em ensaios imunobiologicos de antigenos de Leishmania
promissores para o desenvolvimento de vacinas ¢/ou métodos imunoterapicos.

PALAVRAS CHAVES: Leishmaniase visceral. Imunidade celular. Antigenos recombinantes.



ABSTRACT

RECOMBINANT  PROTEINS FROM  AMASTIGOTES OF  Leishmania
infantum/chagasi. DEVELOPMENT/OPTMIZATION OF METHODOLOGIES FOR
THE OBTENTION AND AVALIATION OF ANTIGENICITY. MARCIA CRISTINA
AQUINO TEIXEIRA. The control programme for visceral leishmaniosis (VL) in Brazil,
through the culling of Leishimania-intected dogs has not produced satisfactory results. Besides
the low sensitivity of the diagnostic mcthods applied and the delay between detection and
culling of seropositive dogs, this type of measurc faces a low acceptance by veterinarians and
dog owners. Despite the existence of dogs at the endemic arca with a Leishmania intection-
resistant profile, suggesting that the development of a vaccine 1s feasible, human- or
velerinary-use vaccines with proved efticacy are not yet avatlable. This study had as its
objective the standardization or development of methodologies for obtaining and evaluating
rccombinant proteins of Leishmania infantum/chagasi amastigotes, potential candidates to
become components of scrological assays for the immunodiagnosis of human and/or canine
VL, or of a vaccine for dogs against infection by L. infantum/chagasi. Initially, the best
condition for the axcnic cultivation for obtaining extra-cellular amastigotes of three distinct
species of Leishmania was established. Despite being morphologically simifar to the intra-
cellular amastigote forms, the axcnic forms of L. infantum/chagasi were not homogeneous
regarding their viability and infectivity, contrasting with that observed with the species L.
braziliensis and L. amazonensis. In this way, puritied amastigotes trom the spleen of infected
hamsters were used for the purification of RNA and the production ot a L. infuntumichagasi
¢DNA library. Five different recombinant antigens were selected from the ¢cDNA library
through the use of a mixture of dogs’ or patients’ sera with visceral leishmaniosis. Human
sera which are not reactive with these antigens were used to identity new recombinant clones,
constituting a new approach for obtaining antigens with potential to increase the specificity of
an immunodiagnostic assay. The addition of new antigens increased significantly the
sensitivity of a dipstick assay used for the diagnosis of human visceral leishmaniosis, in
relation to a limited panncl of sera. In addition to the use of antibodies produced during the
natural infection by Leishmania, protocols of immunization in threc different specics of
animals were tested, in order to obtain antibodies reacting with antigens from the library,
potentially useful in the selection or in purification processes of recombinant proteins. The
antibodics  produced during a  sub-clinical infection were capable of indistinctively
recognizing proteins of promastigotes and amastigotes, showing, however, a higher reactivity
with the intra-cellular evolutive forms. This suggests that the immunization through infection
with live promastigotes is more cfficient in inducing the production of antibodics against both
life stages of Leishmania than the injection of promastigote lysates. The sub-clinical infection
in dogs has also ctficiently induced a cellular immune response against total and recombinant
L. infantum/chagasi antigens, as determined through a lymphoproliferative assay and delayed
hypersensitivity test. The immunization protocol in dogs, tested in this work, can be very
usceful in the selection and/or in immuno-biological assays of promising Leishmania antigens
tor the development of vaccines and/or immunotherapeutic methods.

KEY WORDS: Visceral leishmaniosis. Cellular immunity. Recombinant antigens.



1 INTRODUCAO

.1 ALGUNS ASPECTOS EPIDEMIOLOGICOS E CLINICOS DA LEISHMANIOSE
VISCERAL AMERICANA

A leishmaniose visceral (LV), conhecidat ambém como febre d un-dun n a I ndia,
calazar infantil na Bacia do Mediterranco ¢ calazar ou leishimaniose visceral americana nas
Américas, € um crescente problema de saude pablica no Brasil, sendo uma endemia em
franca cxpansdo geogralica. O agente ctiologico no continente americano ¢ a Leishmaniu
chagasi, considerada por alguns pesquisadores indistinguivel da Leishmania infantiin
(MAURICIO, 1999; MAURICIO, 2000), o que sugere sua introdugdo nas Américas através
de cdes ou individuos infectados oriundos da Bacia do Mediterraneo, adaptando-se ao ciclo
parasitario mantido entre homein, cido e inseto vetor.

Contrastando com a leishmaniose visceral causada pela Leisfunania donovani, a LV
causada pela L. infantum ¢ L. chagasi € uma zoonose (ASHFORD, 2000). Em decorréncia
do fato da inexisténcia de dados concretos caracterizando a L. chagasi como uma espécie
diferentc da L. infantum (MAURICIO, 2000), ¢ das semelhangas epidemiologicas.
parasitologicas e clinicas entre as leishmanioses zoonoticas do Velho e do Novo Mundo,
nesta tese sera utilizada a denominagio L. infantum/chagasi, no lugar de L. chagasi, para o
agente causal da LVA.

O principal vetor da L. infantan/chagasi no Brasil € o Lutzomyia longipalpis, um
inseto da familia Psychodidae, de 2-3 mm de comprimento € com habitos peridomésticos e
intradomiciliares, picando o homem ao anoitecer (LAINSON, 1978). A transmissdo ocorre
quando os flebotomineos infectados picam os hospedciros vertebrados, inoculando as
formas moveis ¢ alongadas, denominadas de promastigotas, que se transformam em formas
arredondadas e imdveis, chamadas dc amastigotas, no interior de células do sistema
fagocitico mononuclear.

Assim como as outras espécies do complexo "Leishmania donovani", os
amastigotas vivem preferencialmente a uma temperatura ao redor de 37° C, causando a
invasio de orgios como bago, figado, medula oOssca ¢ linfonodos, apds a inoculagdo

cutanca. O tropismo visceral € o fator determinante da patogenia, levando a hipertrofia ¢



hiperplasia do sistema fagocitico mononuclear das visceras. Os sinais e sintomas
caracterizam-se por presenca de febre irregular ¢ prolongada, hepatoesplenomegalia, tosse,
diarréia, anemia ¢ caquexia (BADARO, 1986), embora a maioria dos individuos infectados
nao apresente manifestagdes clinicas da doenga (HERNANDEZ, 1999). Nas Américas a
doenga € mais comum cntre criangas pobres e desnutridas, sendo esta caracteristica um dos
principais fatores de risco (BADARO, 1986; CERF, 1987), levando a uma mortalidade de

até 90% em individuos ndo tratados.

[.2 A EXPANSAO DA LEISHMANIOSE VISCERAL NO BRASIL

A distribuigdo da LV nas Américas é maior em paises como Brasil, Venezuela e
Argentina (DESJEUX, 1992; MARZOCHI, 1994; AGUILAR, 1998). No Brasil, cerca de
9% dos casos notificados sdo oriundos da regido Nordeste (ARIAS, 1996), sendo a Bahia
a ¢camped ¢ m namero d e c asos humanos dos Gltimos anos, seguida de perto por Piaui,
Maranhio, Ceara ¢ Pernambuco (MARZOCHI, 1994; SESAB-SUS, 2002). A freqiiéncia da
infecglo canina ¢ maior que a humana (DIETZE, 1997), sendo bastante variavel, de acordo
com a regido avaliada. Alguns estudos em cidades brasileiras revelaram prevaléncias de
cies soropositivos de 25% cm Guaratiba, Rio de Janeiro (CABRERA, 2003), de
aproximadamente 9% em Montes Claros, Minas gerais (FRANCA-SILVA, 2003), de
23.5% em lJequié, Bahia (PARANHOS-SILVA, 1996) e de 34-37% em Pancas, Espirito
Santo (DIETZE, 1997).

Além do incremento na incidéncia em areas endémicas, a urbanizagdo da doenga
vem sendo observada em cidades de médio e grande porte como Santarém (PA), Sao Luis
(MA), Natal (RN), Aracaju (SE) ¢ lJequi¢ (BA) (SENRA, 1986; COSTA, 1990:
JERONIMO, 1994; ARIAS, 1996; PARANHOS-SILVA, 1996). Nas comunidades satélites
desses centros urbanos, formadas por individuos provenientes de areas endémicas, ¢
freqiiente a criagdo de porcos, galinhas ¢ de cdes em scus quintais, possivelmente
favorecendo um bidtopo para povoamento dos flebotomincos (COSTA, 1990; MOREIRA,
2003). Em areas antigamente consideradas indenes, como Monte Alegreno Parae em
Roraima (GUERRA, 2004), foram descritos novos focos da infec¢do a partir da década de

80, provavelmente devido a presenga de trabalhadores imigrantes e de seus cées infectados



com L. infantum/chagasi. Outro Tator preocupante no controle da LV € sua associagdo com
a infec¢ao pelo HIV, determinando em alguns pacientes um quadro de imunodepressdo
severa (ALVAR, 1997; MOLINA, 2003). A deplegio de células CD4" induzida pelo HIV
pode também modificar alguns aspectos clinicos da LV, incluindo a resposta ao tratamento
¢ a propensao a recidiva (ALVAR, 1997). A co-infecgdo € resultado da sobreposi¢ao
geografica de regides endémicas para LV e a SIDA (MOLINA, 2003), devido a infecgbes
primarias com rapida disseminagdo do parasito cm conscqiiéncia da imunossupressao
induzida pelo HIV, ou pela reativagdo de infeegdes latentes (ALVAR, 1997; BORGES,
1999).

1.3 IMPORTANCIA DO CAO COMO RESERVATORIO DA  Leishmania

infantum/chagusi

Na LVA podem ser aceitas trés lontes de infecgdo: cacs domésticos parasitados,
canideos silvestres (Lycalopex veudus ¢ Cerdocvon thous, ¢ onhecidos como raposas) ¢
pacicntes em fases ativas da infecgdo ou convalescentes. Apesar de reservatorios como as
raposas ¢ marsupiais poderem participar da cadeia de transmissdo em ambientes silvestres
(CABRERA, 2003), o contato muito maior do ser humano com os cies domésticos do que
com cstes animais, sugerem pouca participacdo destes na transmissdo da infecgho para o
homem. Além disso, os cics domésticos costumam acompanhar seus donos na arca
endémica e fora dela, contribuindo para a dispersdo da doenga durante as migragdes
humanas.

Na natureza, os flebotomineos tém tanto habitos antropofilicos quanto zoofilicos,
sugando indistintamente o sangue do homem e de animais domésticos como o cdo
(MORRISON, 1993; BONGIORNO, 2003). Embora ndo exista uma atra¢do especilica do
vetor por ¢éies, o intenso parasilismo cutanco ¢ capaz de produzir altas taxas de infecgdo de
flecbdtomos, ¢ também tem sido correlacionado positivamente com a evolugio clinica da
doenca (COURTENAY, 2002). Mais amnda, um outro estudo, utilizando o xenodiagnostico
em cées, demonstrou que animais oligossintomaticos ou assintomaticos, podem também ser
importantes na transmissdo da LV (GUARGA, 2000a). Um ponto importante a ser

esclarecido na LVC € a definigdo do momento em que, devido ao parasitismo cutdneo, o



cdo se toma fonte de infecgdo para o flebotominco. Alguns trabalhos apontam para uma
transmissdo precoce durante a infecgdo e o utros para uma mais tardia (ABRANCHES,
1998). sendo mais facil quanto menor for o nimero de células T CD4" nos animais
infectados (GUARGA, 2000b). Além disso, o encontro de animais infectados sem resposta
humoral anti-Leishmania (PARANHOS-SILVA, 19906) sugere que a prevaléncia da LVC,
através de inquéritos soroepidemiologicos, € subestimada, favorecendo ainda mais a
permanéneia de cies como fonte de infecgdo para o flebOotomo em areas endémicas.

Apcsar das evidéncias do papel do cdo como importante reservatorio doméstico para
a L. infantum/chagasi, alguns trabalhos sugerem a ocorréneia da transmissdo homem-
flcbotomineo-homem como explicagdo para a auséncia de risco aumentado de LV em
criangas morando na mesma casa com cdcs parasitados (EVANS, 1992), ou para a
ineficacia de estudos de intervengio através da climinago de cdes soropositivos (DIETZE,

1997, COSTA, 1997).
I.4 MEDIDAS DE CONTROLE DA LEISHMANIOSE VISCERAL

Entre as medidas de controle da LV adotadas no Brasil, estdo o diagndstico e
tratamento dos casos humanos, borrifagdo das casas ¢ quintais com inscticidas com efeito
residual ¢ a identificagdo, seguida da climinagdo, de cdes soropositivos para anticorpos anti-
Leisinania. Esta ultima medida vem sendo bastante discutida atualmente. Embora
programas de erradicagdo de cdes soropositivos tenham sido elicazes na China, Asia
Central em algumas regides do Mediterranco, no Brasil ndo produziu resultados
satisfatorios. Entre 1990 ¢ 1994, mais de 4,5 milhoces de cdes {oram testados pela téenica de
imunofluorescéncia, sendo 80.000 soropositivos eliminados, sem contanto reduzir a
incidéncia da leishmaniose visceral humana no nosso pais (COSTA, 2000; COURTENAY,
2002). A ineficacia do programa de eliminagdo de cdes pode ser explicada pela baixa
sensibilidade dos métodos diagndsticos empregados e pela demora entre detec¢do e
chiminagdo dos cdes soropositivos (BRAGA, 1998; R EITHINGER, 2002). Este tipo de
controle da LVC enlrenta também a pouca accitagdo por médicos veterinarios e donos dos
ciies. Estes altimos muitas vezes adquirem ¢ introduzem na arca endémica outros animais

jovens ¢ susceptivels i infecgio por Leishmania.



Nao existem drogas cspecificas para o tratamento da LVC e testes com drogas
humanas ndo tém obtido resultados satistatorios. Os animais tratados permanecem como
fonte de infecg@io para o Luizomyia e geralmente sofrem recaidas poucos meses depois do
t¢érmino do tratamento (ALVAR, 1994; DIETZE. 1997). O tralamento em massa de caes
com drogas para uso humano poderia também selecionar cepas de Leishmania resistentes,
além de ter custo clevado c¢ inacessivel para paises pobres (MODABBLER, 1989). Na
auséncia de um tratamento especilico para a LVC, uma medida alternativa testada foi a
prevencdo da infecgdo utilizando coleiras impregnadas com inseticidas a base de
pirctroides. Esta estratégia mostrou uma redugio no risco de infecgdo por L. infuntum tanto
para cics quanto para criancas (GAVGANIL 2002). Entretanto, devido aos custos e as
dificuldades de manter permanentemente as coleiras nos cdes, o impacto de sta medida
como controle da LVC ainda nao foi bem avaliada (REITHINGER, 2002; REITHINGER,
2004).

Por todas as dificuldades apresentadas acima, a melhor estratégia no controle da
LVC seria o desenvolvimento de uma vacina canina, a qual seria de extrema relevancia
tanto para o controle epidemiologico da infecgdo humana, como para utilizagdo em

medicina veterinaria.

1.5 RESPOSTA IMUNE NA LEISHMANIOSE VISCERAL CANINA

Estudos sobre a infecgdo canina natural ¢ experimental indicam que muitos animais
desenvolvem infecgbes assintomaticas, apresentando um perfil de resisténcia, mesmo em
arcas de alta endemicidade para a leishmaniose visceral (CABRAL, 1992; PINELLIL, 1994).
Entretanto, em contraste a diversidade de estudos sobre a resposta imune na leishmaniose
murina (LIEW, 1993), as pesquisas sobre a imunidade na LVC foi prejudicada pela falta de
rcagentes ¢ de marcadores cspecificos. Com o recente desenvolvimento de anticorpos
monoclonais contra marcadores celulares de superficie e a clonagem e expressao de
citocinas caninas (GUARGA, 2002; SANTOS-GOMES, 2002; DOS SANTOS, 2004), a
resposta imune protetora na leishmaniose canina vem progressivamente sendo estudada de
forma sistematica. D¢ acordo com os estudos nesta arca, o perfil da resposta imune na LVC

compartilha algumas semclhangas com aquele apresentado na infec¢do humana. Linlfocitos



de cdes sintomaticos de area endémica apresentaram redugdo da resposta linfoproliferativa
quando estimulados com antigenos parasitarios, demonstrando uma supressdo da
imunidade mediada por células durante a progressdao da doenca (PINELLIL 1994; DE
LLUNA, 1999), provavelmente devido a diminuigio do numero de células T CD4 * ¢ da
produgdo de TNF e IL-2 (PINELLI, 1994; MORENO, 1999). Por outro lado, caes
assintomaticos apresentaram tanto linfoproliferagao quanto resposta de hipersensibilidade
tardia aumentadas contra antigenos de Leishmania (PINELLI, 1994; DE LUNA, 1999). A
supressao da linfoproliferagdo ¢ da resposta celular intradérmica, observada nos animais
sintomaticos, ¢ acompanhada na maioria das vezes pelo aumento do titulo de anticorpos
anti-Leishmania no  plasma, com predominancia de IgG2 (BOURDOISEAU, 1997,
CABRAL, 1998; CARDOSO, 1998). Os cstudos sobre as subclasses de anticorpos IgG
produzidos por cdes infectados também indicam que a dicotomia Th1/Th2 da resposta
imune contra a infecg@o por Leishmania, amplamente estudada em modelos murinos
(REED, 1993), ocorre na LLVC, na qual 1gG| estaria associada a doenga e 1gG2 a infecgdes

assintomaticas (DEPLAZES, 1995; BOURDOISEAU, 1997).

1.6 VACINACAO NA LEISHMANIOSE

1.0.1 Relevancia dos estudos de vacinagio

A existéncia de uma vacina ou imunoterapico, que eliminasse a possibilidade do cao
servir como fonte de infecgdo para o flebotomo, seria de grande utilidade no combate a LV
por varias razdcs, como por exemplo: a) uma campanha de vacinagdo canina seria menos
onerosa ¢ mais rapida do quc o atual programa de identificagdo e eliminagao dos caes
sorologicamente positivos; b) a vacinagdo apresentaria maior aceitagao pela comunidade ¢
pelos médicos velerinarios porque evitaria o sacrificio de cdes e ¢) os cdes com resisténcia
induzida pela vacinagdo permaneceriam na area, diminuindo o aporte de novos caes
susceptiveis. Dc fato, modelos matematicos utilizados na comparagdo de diterentes
medidas de controle da endemia, sugerem que uma vacina canina seria o método mais
pratico ¢ eficaz (DYE, 1996). Entretanto, apesar da resisténcia a infecg@o por Leishmania,

observada em alguns animais de area endémica (SOLANO-GALLEGO, 2000), sugerindo



gue uma vacina € possivel, at¢ o presente momento ndo estio disponiveis vacinas humanas

ou para uso veterindrio, com elicacia comprovada.

1.6.2 Vacinas com parasitos inteiros ou {ragdes proteicas

Os estudos existentes na arca de vacinagdo de sercs humanos ¢ de animais cnvolvem
desde a pratica da [eishmanizagdo (inoculagao de promastigotas vivos de Leishmania), a
injecao de parasitos mortos ou de clones avirulentos (organismos knockout), o uso de
fragdes protéicas do parasito ou de proteinas recombinantes, até vacinas de DNA
(HANDMAN, 1997). A medida de¢ inoculagdo de formas vivas de Leishmania no combate
a leishmaniose  cutdnea, adotada por lIsracl, Unido Soviélica ¢ Ird, vem sendo
gradativamente substituida por vacinagdo com clonces avirulentos ou por promastigotas
mortos. Em relagao ao uso de [ragoes proteicas, moéleculas de superficie do parasito como
LPG, gp63, gp46 ¢ antigeno 2 de superficie, considerados altamente imunogénicas, foram
amplamente testadas em modelos murinos, demonstrando prote¢io significativa (revisado
por HANDMAN, 1997; GRADONI, 2001). Entrctanto, os resultados obtidos com o0s
modelos animais ¢ os adjuvantes testados, embora forne¢am dados valiosos no estudo da
letishmaniose, podem ndo ser extrapolados para a vacinagdo humana e/ou canina.

Uma vacina desenvolvida por p esquisadores b rasileiros, de nominada de " Vacina
Terapéutica para a Leishmaniose” vem sendo testada no controle da leishmaniose
tegumentar humana no Brasil, Coléombia ¢ E quador. E mbora venha s endo utilizada e m
varias regides de Minas Gerais, esta vacina ainda ndo foi autorizada pelo Ministério da
Saade para produgido em larga escala ¢ comercializagdo no pais. Uma das limitagdes ¢ o
lato da protegdo nao exceder a 60% dos individuos imunizados (ANTUNES, 1986;
MODABBER, 1995). Os ensaios de vacinagio de cdes ainda sdo mais escassos e diliceis de
serem comparados devido as diferentes metodologias empregadas. Os poucos dados
cxistentes limitam-se principalmente a estudos de Fase | ¢ de Fase Il de avaliagdo de
vacinas (revisado por GRADONI, 2001). DUNAN ¢ colaboradores (1989) realizaram um
dos trabalhos pioneiros de vacinagio de caes com proteinas parcialmente purificadas. Cerca
de 400 animais foram injetados com uma [ragdo proteica de 67-94 kDa de L. infuntum ¢

acompanhados na arca endémica durante dois anos. No primeiro ano apds imunizagdo, o



grupo vacinado teve maior incidéncia tanto da infecgao quanto da doenga, em relagio aos
animais ndo imunizados, sugerindo um aumento da susceptibilidade induzida pelo antigeno.
A imunizagdo de cies utilizando promastigotas de L. major autoclavadas mais BCG como
adjuvante, induziu a uma linfoproliferagdo especifica ¢ prolongada, associada a baixa
produgdo dec anticorpos (LASRI, 1999). Resultados scmelhantes foram obtidos na
vacinagdo de cdes no Ird, utilizando trés doses mensais de L. infantum ou L. major
associadas ao BCG (MOHEBALIL 2004). Uma vacina canina foi testada no Brasil,
utilizando L. braziliensis ¢ também o BCG como adjuvante. Além de i nduzir r esposta
blastogénica a antigenos de L. chagasi, a vacinagdo protegeu os animais contra a infecgiio
apos desalio com promastigotas vivos (MAYRINK, 1996). Cies de area endémica do
listado do Rio Grande do Norte foram injetados com a vacina fucosc-manose ligante (uma
fracao glicoproteica de L. donovani), apresentando resposta humoral e intradérmica a lisado
de L. donovani. Cerca de 5-8% dos animais vacinados apresentaram sinais do calazar
durante o periodo de observacio (DA SILVA, 2000; BORJA-CABRERA, 2002). Apesar
dos estudos promissores desenvolvidos no Brasil, ainda ndo sc encontra disponivel uma
vacina canina contra a LV com clicacia comprovada ¢ de composigdo quimica bem

definida para utilizagdo cim procedimentos de vacinagdo em massa.

1.6.3 Vacinas com moléculas recombinantes

Os avangos na cngenharia  gendética permititam  a  produgdo dc  moléculas
rccombinantes que apresentam varias vantagens cm relagdo a proteinas purificadas do
parasito, como por exemplo, a lacilidade de produgdo em massa ¢ na padronizagdo dos
reagentes € produtos, além de custos menos elevados. Dentre os antigenos recombinantes
de Leishmania, a gp63 foi um dos mais cstudados. Apesar de em diversos modelos murinos
essa proteina ter induzido prote¢do (revisado por GRADONI, 2001), em ensaios in vitro
com cé¢lulas humanas (VINHAS, 1994) ou com células de macaco (OLOBO, 1995), foram
produzidas citocinas do tipo Th2 (ndo protetoras) ou ndo ocorreu resposta blastogénica e
produgio de IFN-y ao estimulo com gp63 recombinante. Por outro lado, a proliferagio de
células T de cides com infecgdo por L. infantum assintomaticos foi mais intensa quando as

culturas foram estimuladas com rgp63 do que com antigeno bruto dc¢ L. infantum, sugerindo



que, no periodo pré-patente da infeegdo, ocorre resposta de células T a epitopos da gp63
(RHALEM, 1999). Um antigeno rccombinante homologo de proteina ribossomal
cucariotica, denominado de Lell, Toi selecionado de uma biblioteca de ¢cDNA de L.
bruziliensis, utilizando soro de pacientes com leishmaniose mucocutanea. Células desses
pacientes cstimuladas com LelF foram capazes de produzir citocinas do tipo Thl
(protctoras contra leishmaniose), como IFN-y, TNF-a, IL-2 e IL-12 (SKEIKY, 1995).
Quando utilizado na imunizagio de BALB/c, posteriormente desatiados com L. major, este
antigeno induziu apenas protegdo parcial dos animais, sendo proposto sua utilizagdo como
um adjuvante da resposta Thl ¢ ndo como imundgeno principal de uma vacina. Outros
antigenos recombinantes sclecionados de bibliotecas de ¢cDNA de Leishmania, apesar de
induzirem uma resposta imune do tipo Thi, falharam em induzir protegdo ou protegeram
apenas  parcialmente camundongos apos desafio com promastigotas vivos, como por
exemplo, o M5 (= LmSTI; WEBB, 1996), o PSA-2 (HANDMAN, 1995; SJIOLANDER,
1998a) ¢ o LCRI (WILSON, 1995). Uma [ragdo de 24 kDa do receptor de proteina cinase
ativada (rlLACK) recombinante de L. major, protegeu camundongos BALB/c, quando
injetada com IL-12. Entretanto, ao se administrar LACK isoladamente. os animais
desenvolveram uma resposta imune do tipo Th2, levando a exacerbagdo da infecgdo
(WEBB, 1996; SIOLANDER, 1998b). A indugao parcial ou auséncia de protegio contra a
LV através da imunizagdo de animais com moléculas recombinantes, observada nos estudos
descritos acima, ¢ a utilizagdo preferencialmente de modelos experimentais murinos,
tornam relevantes a identificagdo de novos antigenos de Leishumania € o desenvolvimento
de modelos experimentais  caninos  que  possibilitem a avaliagdo de moléculas

potencialmente protetoras contra a LVC.
1.6.4 Vacinas dc DNA

Uma verdadeira revolugdo no ambito da vacinagdo foi o advento das vacinas de
DNA como método de controle de doengas infccciosas em homens ¢ animais. A imunidade
¢ induzida através da transiecgdo de c¢lulas hospedeiras com plasmideo contendo o gene dc
protcinas imunogénicas ou de epitopos antigénicos. Uma vacina de DNA traz implicita uma

¢rie de vantagens em relagdo a antigenos brutos ou parcialmente purificados: facilidade na
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produgdo cm larga cscala, caracterizagdo molecular bem  definida, estabilidade a
temperatura ambiente, custos relativamente baixos e indugdo de memoria imunoldgica
prolongada, devido a expressao persistente do  antigeno na  célula  hospedeira
(GURUNATHAN, 2000). Ensaios de protegao na leishmaniose utilizando vacinas de DNA
apresentam resultados discordantes e limitam-se. na sua maioria, a estudos de vacinagiio na
leishmaniose cutdneca ¢ xperimental murina ( AHMED, 20 04). A im unizagiio dc B ALB/c
com DNA de gp63 induziu uma resposta mais intensa do que aqucla alcangada pela
proteina gp63 purificada (HANDMAN, 1990). A imumdade protetora contra L. major foi
induzida quando camundongos BALB/c (GURUNATHAN, 1997) foram imunizados com o
gene LACK, mas ndo com LACK recombinante (COELHO. 2003). Protegdo parcial
também foi observada em cdces imunizados com plasmideo ¢ virus recombinantes, contendo
o gene LACK, ¢ posteriormente desatiados com L. infantum (RAMIRO, 2003). Diferentes
antigenos ( LACK, PSA-2, gp63, LelFF e p20) candidatos a vacinas de DNA foram testados
sob as mesmas condigdes experimentais quanto a capacidade de proteger camundongos
BALB/c¢ contra a infeeglo por L. major. O gene LACK truncado (DNA-LACKp24) induziu
mclhores niveis de protegdo em comparagao aos outros antigenos (AHMED, 2004). Apesar
da indugdo apenas parcial de protegdo obscervada nos trabalhos descritos, indicando a
necessidade de maiores estudos nessa drca, esscs resultados apontam para uma outra
vantagem da vacina de DNA, a de induzir a expressdo da proteina na célula hospedeira na

sua forma nativa, o que pode ser essencial para o estimulo de imunidade protetora.

1.7 DIAGNOSTICO DA LEISHMANIOSE VISCERAL

O diagnostico clinico da LV ¢ bastante dificil, devido a inespeciticidade dos sinais ¢
sintomas. Apesar disto, médicos de arcas rurais de regidces endémicas ainda baseiam-se nos
sinals clinicos para o diagndstico, levando a conlusao com outras doengas co-cndémicas
como malaria, doenga de Chagas ¢ csquistossomose, que também apresentam sinais como
febre ¢ hepatoesplenomegalia. O diagnostico de certeza € dado pela demonstragdo do
parasito em amostras de tecido infectado. Entretanto, o diagnostico parasitologico requer a
realizagiio de procedimentos invasivos, como a pungio de medula éssca e de bago, e apesar

do aspirado esplénico apresentar um maior niimero de parasitos, existe um risco elevado de



acidentes hemorragicos (OREN, 1991). Além disso, para o reconhecimento microscopico
de amastigotas, ¢ necessario um prolissional bem qualificado, ou como ocorre em casos de
baixo p arasitismo, a realiza¢io de t écenicas de cultivo o u d e ino culagdo e m a nimais de
laboratorio, as quais, por sua vez, exigem maleriais ¢ equipamentos ndo disponiveis na
maioria dos laboratorios clinicos. Desta forma, testes soroldgicos faceis, baratos e
conlidaveis seriam ideais para o diagnostico da LV, principalmente ecm areas rurais ¢
periurbanas de paises subdesenvolvidos.

Anticorpos especificos podem ser detectados na Ieishmaniose visceral precocemente
na infecgdo, ou mesmo meses apods cura clinica (WILLIAMS, 1995). Ensaios de detecgio
de anticorpos podem ser executados com amostras de soro ou de sanguc total coletado em
papcl de filtro durante inquéritos cpidemiologicos. Dentre as técnicas mais amplamente
adotadas no diagnostico da LV estio o ELISA ¢ a imunofluorescéncia indireta (IFI). Varios
estudos tém apontado o ELISA como método mais sensivel que a imunofluorescéncia no
diagnostico da LV tanto humana (BADARO, 1986) quanto canina (PARANHOS-SILVA,
1996). Apcsar da alta especificidade, podem ocorrer  resultados  falso-positivos
(WILLIAMS, 1995), principalmentc em baixas diluigdes do soro, incentivando a busca de
antigenos mais promissores para utilizagdo em testles sorologicos.

Além dos diversos ensaios imunoprofilaticos ¢ imunoterapéuticos, o ligante da
lucosc-manosc (FML) também foi testado quanto ao seu potencial no imunodiagnostico da
LV.O FML loi utilizado ¢ m um E LISA para diagnéstico da LV humana de pacientes
brasilciros, apresentando 100% de sensibilidade e 96% de especificidade (PALATNIK-DE-
SOUSA, 1995) ¢ de 100% de sensibilidade ¢ de especificidade na LV canina (CABRERA,
1999).

1.7.1 Imunodiagnéstico utilizando proteinas recombinantes

Com o advento de novas tecnologias capazes de permitir a clonagem ¢ cxpressio de
genes de diferentes microorganismos, diversos antigenos recombinantes de Leishmania tém
sido descritos na literatura, sendo utilizados como alvos no desenvolvimento de vacinas

¢/ou testes imunodiagnosticos.



Proteinas ribossomais acidas recombinantes, denominadas de P-2, foram utilizadas
no dia gnosticoda L 'V hum ana ¢ canina. Os ensaios com soros humanos demonstraram
reatividade cruzada desses antigenos com anticorpos de pacientes com doenga de Chagas e
lupus eritematoso sistémico (SOTO, 1996). Anticorpos anti-proteina recombinante dc
amastigota A-2 foram detectados em pacientes com LV (GHEDIN, 1997, CARVALHO,
2002) ¢ em cdes soropositivos pelo ensaio de imunofluorescéneia ou com diagnostico
parasitologico confirmado (CARVALHO, 2002). Apesar de ndo apresentar reagdo cruzada
com outras patologias caninas, o ELISA com rA-2 apresentou baixa sensibilidade, além de
nao discriminar infecgdes por L. mexicana de L. donovani em soros humanos (GHEDIN,
1997; CARVALHO, 2002). Além de funcionar como alvo da resposta imune, uma cisteina
proteinase recombinante (CPB), mostrou ser elicaz para uso no diagnoéstico de caes

infectados, principalmente dos animats assintomaticos (NAKHAEE, 2004).

1.7.2 Imunodiagnostico utilizando proteinas da familia Hsp

As proteinas de choque térmico das familias Hsp70 e Hsp90 tém sido identificadas
como principais imunogenos durante a infeeglio por Leishmania, induzindo tanto resposta
celular quanto humoral (MACFARLANE, 1990; DE ANDRADE, 1992; JERONIMO,
1995). Essas protcinas sdo expressas constitutivamente em todos os estagios do parasito ¢
sao altamente imunogénicas. Uma limitagdo no uso das Hsp no diagnostico da LV € a
possibilidade de reagdo cruzada com outros parasitos da familia Trypanosomatidac, como
as especics de Leishmania tegumentares € o Trvpanosoma cruzi. Embora scjam proteinas
altamente conscrvadas, variagdes no reconhecimento por soros de pacientes infectados com
diferentes cspécics visceralizantes foi observado (MACFARLANE, 1990), sugerindo quc a
clonagem de regides cspécic-cspecificas seja necessaria para uso em imunodiagnostico. De
fato, DE ANDRADE e colaboradores (1992), observaram que apesar da homologia de mais
de 80% com as Hsp70 ¢ HspY0 de 7. cruczi, soros de pacientes com doenga de Chagas nao
foram capazes de reconhecer as porgoes C-terminais de Hsp70 ¢ Hsp90 recombinantes de
L. donovani. Em um outro cstudo, os soros de pacicntes com Doenga de Chagas, malaria,

esquistossomose ¢ lepra ndo reconheceram Hsp70 de L. donovani, o mesmo ndo ocorrendo



com soros de cdes com VL que rcagiram com Hsp de 7. ¢ruzi, sugerindo que na resposta
imune canina a sele¢@o de epitopos ndo € tdo estrita (QUIJADA, 1996a).

As discordancias nos cstudos de especificidade da H sp70 € s eu us 0 e m e nsaios
imunodiagnosticos induziram os pesquisadores a realizar o mapeamento dos determinantes
antigénicos da Hsp70 de Leishmania infantum. Peptidcos sintéticos de Hsp70 foram
analisados quanto a sua reatividade com soros de caes com infecg@o natural. O peptideo
H17, de umadas regidcs imunodominantes da proteina, m ostrou ¢ onter um epitopo de
c¢lula B especic-especilico, uma vez que ndo apresentou reagdo cruzada com Hsp70 de T.
cruzi, T. rangeli e L. panamensis (QUUJADA, 1996b). Pesquisadores desse mesmo grupo
produziram uma outra proteina de choque térmico rccombinante, a LiHsp83 (= Hsp90) e
quatro subfragmentos peptidicos para testar soros de cdes com VL através do FAST-
ELISA. Um fragmento dc uma regido menos conservada da proteina {oi reconhecido por

88% dos soros (ANGEL, 1996).

1.7.3 Imunodiagnostico utilizando proteinas da familia das cinesinas

As cinesinas sdo proteinas motoras associadas a microtubulos, que estao envolvidas
em varios processos celulares como: transporte de organelas € de vesiculas sinapticas,
segregagdo de cromossomos, distribui¢do de proteinas intracelulares e batimentos flagelares
(HOWARD, 1997). Uma protcina de amastigotas de L. chagasi de 230 kDa, homologa a
proteinas da superlamilia das cincsinas, foi descrita pela primeira vez por BURNS e
colaboradores (1993). O produto de expressdo do gene clonado, a proteina recombinante de
39 kDa (rK39), mostrou conter um epitopo repetivo bastante conservado entre L. infuntum
¢ L. donovani. De fato. cerca de 98% dos pacientes brastleiros e 100% de pacientes
sudaneses com LV apresentaram anticorpos anti-rK39 (BURNS, 1993). Soros de pacientes
com diagnostico parasitologico de LV ou de leishmaniose dérmica pos-calazar indianos
(SINGH, 1995) ou pacientes com LV brasilciros (BRAZ, 2002; CARVALHO, 2003),
rcagiram com rK39 no ELISA. Além dc sc mostrar um teste sensivel e especifico, a
diminuigdo do titulo de anticorpos anti-K39 apos quimioterapia, aponta também para o
valor prognodstico do rK39-ELISA (SINGH, 1995; BRAZ, 2002). Por outro lado, os titulos

baixos de anticorpos anti-K39 em pacientes assintomdticos leva a uma redugido da
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sensibilidade do cnsaio. Além do ELISA tradicional, o rK39 também foi testado nos
formatos FAST-ELISA ¢ TRALD (CARVALHO, 2003). Este altimo, apesar de bastante
promissor, principalmente para uso em programas de controle de LV, demonstrou ter baixa
sensibilidade, por deixar de detectar formas assintomaticas da doen¢a (BRAZ, 2002). No
formato de TRALD, o K39 foi testado cm diversos paises (HOMMEL, 1999; QU, 2000;
ZIILSTRA, 2001), apresentando resultados bastante variaveis, deixando inclusive de
confirmar casos de infecgdo canina comprovados (ROSATI 2003). Também no formato de
teste imunocromatografico (Kala-azar Detect Test, Inbios International, Seatlle-WA), o
K39 foi testado recentemente com 128 soros de pacientes com aspirados de medula Ossea
positivos, apresentando sensibilidade de 90% e especificidade de 100% (CARVALHO,
2003). Para corrigir a baixa scnsibilidade, os pesquisadores que produziram o K39,
adicionaram aos novos ensaios um novo antigeno recombinante, o K26, uma proteina
bastante hidrofilica com regides repetitivas cspecificas para L. ¢ hagasi € L. donovani
(BHATIA, 1999). Diferentemente do ELISA, o teste imunocromatogratico com rK39
manteve-se p 0sitivo e m pacientes com até 6 meses apds cura (CARVALHO, 2003) ou
continuou sendo reconhecido por anticorpos de individuos curados por até 24 meses apds
tratamento (ZIJLSTRA, 2001), indicando uma outra limitagdo do uso de K39, o fato de ndo

discriminar infecgdes antigas de doenga ativa.

I.8 ESTUDOS DE OBTENCAO DE FORMAS AMASTIGOTAS AXENICAS DE

Leishmania

Tanto antigenos de formas amastigotas quanto de formas promastigotas de
Leishmania €m  sido estudados visando desenvolvimento de vacinas ¢/ou  testes
imunodiagnosticos para a LV. Amasligotas sdo as formas evolutivas do parasito
responsaveis pela manutengdo da infecgdo no hospedeiro vertebrado, replicando dentro do
vacuolo parasitoforo, levando a destruigdo de células hospedeiras ¢ invasdo de novos
macrofagos. Sendo assim, moleculas expressas preferencialmente na forma amastigota tém
sido alvos constantes de cstudos por diversos pesquisadores. Uma vez que o
desenvolvimento de resposta imune protetora na primoinfecgdo requer um tempo

rclativamente longo, € mais provavel que os antigenos responsaveis por indugio deste tipo



de resposta sejam sintetizados por amastigotas ¢ ndo por promastigotas. Estes ultimos
podem ser facilmente cultivadas em meios liquidos com temperatura inferior a 28° C
(HENDRICKS, 1978) e, portanto, t&ém sido amplamente utilizados em ensaios bioquimicos
¢ im unoldgicos. Em contraste, amastigotas intracelulares sao obtidos por isolamento de
tecido animal infectado (HART, 1981) ou através da infccgdo in vitro de macréfagos
(CHANG, 1980). Estes processos sdo demorados e tendem a fornecer amastigotas
contaminados com restos da célula hospedeira. Outra limitagdo é a pouca quantidade de
amastigotas obtida no tmal do processo de purifica¢do, principalmente quando se trata de /..
hruziliensis, que tem como caracteristica biologica multiplicar-s¢ pouco nas lesdes de
hospedeiros infectados ou em meios de cultura cclular. Esscs problemas podem ser
contornados pelo uso de amastigotas obtidos de culturas axénicas.

Desde a primeira obtengao bem sucedida de formas amastigotas em meios axénicos
(PAN, 1984), diferentes espécies de Leishmania 1ém sido adaptadas para crescimento em
meios livres de outros tipos celulares (revisado por PAN, 1993). A diferencia¢io de
promastigotas em amastigotas ¢ conscguida principalmente pelo aumento de temperatura
c/ou diminui¢do do pH (PAN, 1993). Enquanto quc espécies do grupo L. mexicana
parccem se adaptar mais facilmente as condigoes de cultivo axénico de amastigotas (PAN,
1984), a L. bruziliensis (HODGKINSON, 1996; BALANCO, 1998) ¢ L. donovani (SAAR,
1998) parccem exigir meios mais enriquecidos e aumento gradual de temperatura. Apos
adaptagdo dos amastigotas ao cultivo axénico, alguns pesquisadores foram capazes de

rcalizar passagens sucessivas dos amastigotas em mcios liquidos (HODGKINSON, 1996).
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Este estudo tem como objetivo a padronizagdo ou desenvolvimento de metodologias
para a obtengdo ¢ avaliagao de proteinas recombinantes de amastigotas de Leishmania
infantum/chagasi, potencialmente candidatas a componentes de ensaios sorologicos para
diagnostico da LV humana e/ou canina ou de uma vacina para cdes contra a infecgdo por L.

infantuni/chagasi.

2.2 OBJETIVOS ESPECIFICOS

2.2.1 Obter formas amastigotas puras de Leishmania utilizando protocolos de cultivo
axénico ou pela purifica¢do de formas intracelulares de tecidos de animais infectados.

2.2.2 Identificar um protocolo cficaz de imunizagao de animais experimentais (cio, coelho
¢ camundongo) para obtengdo de anticorpos especificos para antigenos de amastigotas de L.
infantum/chagasi.

2.2.3 Selecionar antigenos rccombinantes de L. infuntum/chaguasi potencialmente relevantes
cm ensaios sorologicos para a LV ou para uso em ensaios de prote¢ao contra a LVC.

2.2.4 Avaliar um modelo de imunizagio de cées que possibilite o estudo in vitro € in vivo

da imunidade mediada por linfocitos T contra antigenos de L. infuntuni/chagasi.
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3 JUSTIFICATIVA

O descenvolvimento de métodos ndo-invasivos, de metodologias simples ¢ de baixos
custos para o diagnostico precoce da leishmaniose visceral ainda é um desafio. Uma vez
que altos titulos de anticorpos anti-Leishmania sao {reqiientemente encontrados no soro de
pacientes humanos ou cdes com LV, testes confidveis e praticos para diagnostico
sorologico precisam ser desenvolvidos, mesmo para aqueles individuos assintomaticos. Os
métodos mais utilizados at¢ o presente momento como o ELISA, o FAST-ELISA
(ASHFORD, 1993), a IFl, o DAT (GARCEZ, 1996) e 0 TRALD nio sdo satisfatoriamente
sensiveis c/ou especificos. A combinagdo de varios antigenos, contendo individualmente
epitopos 1munodominantes, pode incrementar significativamente a scnsibilidade e a
especificidade dos métodos soroldgicos tradicionais de diagnostico da LV.

Embora estudos utilizando apenas um tipo de proteina parasitaria, purificada ou
antigeno recombinante, tenham demonstrado induzir prote¢do contra Leishmania em
diversos modelos experimentais, € improvavel que apenas um unico tipo de molécula scja
capaz dc induzir imunidade protetora ou mesmo de detectar todos os casos de individuos
infectados com espéeies visceralizantes do parasito, devida a variagdo genética dos
mesmos. Para contornar as restrigdes impostas principalmente pela constituigdo genética de
cada individuo e pela especificidade parasitaria (diferentes espécies de Leishmania), é mais
provavel que um coquetel de proteinas recombinantes de amastigotas, molecularmente bem
definidas, seja necessario tanto para o desenvolvimento de testes imunodiagnosticos,
quanto para produgdo de vacinas ou imunoterapicos contra a leishmaniose visceral.

A produgao de bibliotecas de DNA complementar ¢/ou gendomico de Leishmania
pode fornecer antigenos candidatos a componenles de vacinas ou dec métodos
sorodiagnosticos, leva a um mclhor entendimento da genética molecular do parasito e
possibilita cstudos de taxonomia através de scqiiéneias génica cspécics-especificas
(YOUNG, 1988; ARORA, 1995). Além dc elevar a sensibilidade de testes diagnosticos
quando diferentes antigenos sdo combinados, o uso de proteinas recombinantes reduz a
chance de ocorréncia de reagdcs cruzadas ¢ permite uma melhor padronizagao de reagentes,

gerando ensaios mais especificos.



4 PUBLICACOES

4.1 ARTIGO I: A simple and reproducible method to obtain large numbers of axenic

amastigotes of different Leishmunia species.
JUSTIFICATIVA E OBIETIVOS DO ESTUDO:

Aproximadamente 95% das formas promastigotas sdo lisadas pela via alternativa do
complemento, minutos apos a inoculagdo no hospedeiro pelo Lutzomyvia. Os parasilos que
conseguem escapar deste mecanismo de defesa invadem os macrofagos, sobrevivendo e se
multiplicando na forma amastigota, servindo como alvo da resposta imune. Desta torma, ¢
rclevante o cstudo de antigenos exclusivos da forma parasitaria intracelular. Por esta razdo
decidiu-se neste trabalho de tese utilizar amastigotas c omo fonte de antigenos a s erem
estudados. Além disso, era necessario escolher também a espécie de Leishmania a ser
utilizada. Inicialmente, foram realizados estudos em nosso laboratorio comparando-se
antigenos brutos de L. infantum/chagasi com os de L. braziliensis em termos de indugiio de
resposta imune celular em caes. Algumas evidéncias sugerem que antigenos de /.
hraziliensis, cspécie associada a reagdes imunes exacerbadas (CARVALHO, 1995), sejam
mais imunogénicos que os de L. infantum/chaguasi. Paralelamente a esses estudos, foram
iniciados ensaios de obten¢do de formas amastigotas de Leishumania. Aproveitando os
ensaios realizados com amastigotas de L. infantum/chagasi e de L. braziliensis, foram
cstudados também neste trabalho de tese, as condi¢des ideais para a diferenciagdo de
promastigotas de Leishmania amazonensis em amastigotas, ja que cstes ultimos foram
utilizados cm uma outra pesquisa em andamento no laboratorio.

Diversos trabalhos foram publicados sobre cultivo de amastigotas em meios
axénicos de espécies de Leishmania do grupo L. mexicana (PAN, 1984; HODGKINSON,
1996), L. bruziliensis (EPERON & MacMAHON-PRATT, 1989; BALANCO, 1998) ¢ L.
donovani  (AI-BASHIR, 1992;: SAAR. 1998). Apesar dos diversos relatos, existem
inameras divergéncias sobre os critérios de defini¢do de "amastigota de cultivo axénico"
c/ou auséncia dc informagoes sobre as condigoes de cultivo utilizadas, incluindo

componentes do meio, pH ¢ temperatura. Os critérios de caracterizag@o mais amplamente
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utilizados sfo: morfologia tipica, capacidade de infectar animais ou células de linhagens
macrofagicas ¢ a reversdo para formas promastigotas. Entretanto, para uma melhor
caracterizagdo das amastigotas obtidas cm cultivo axénico, € necessario a demonstragdo de
moléculas expressas exclusivamente por amastigotas intracelulares através de anilises
bioquimicas ou utilizando anticorpos cspecificos para antigenos dc ste estagio evolutivo
(EPERON & MacMAHON-PRATT, 1989; HODGKINSON, 1996).

O objetivo deste trabatho foi estabelecer as melhores condigdes de cultivo para
obtengdo de amastigotas cxtracelulares de trés espécies distintas de Leishmania, com
particular interessc em L. braziliensis ¢ L. infantum/chagasi, variando exclusivamente pH,

temperatura ¢ concentragio de soro bovino fetal no meio de cultura,

RESULTADOS:

As condigoes ideais de cultivo axénico de formas amastigotas foram diferentes de
acordo com a cspécic de Leislumania testada, assim como o periodo ideal para o nivel
maximo de transformagao in vitro das formas promastigotas em amastigotas. Um pH basico
¢ tempo maior de cultivo foram exigidos por L.infantum/chagasi, enquanto um pH acido e
menos de uma semana de cultivo foram suficientes para a diferenciagdo de promastigotas
de L. bruziliensis e L. amazoncensis em amastigotas de cultivo axénico. Apesar das
exigéneias espéeie-especificas, a obtengdo de formas semelhantes a amastigotas na cultura
axcnica fot bastante elevada, variando de no minimo 90% (L. infuntum/chagasi), até 97%
(L. amazonensis) ou 98% (L. braziliensis) do total de parasitos. As formas axénicas foram
semelhantes morfologicamente a amastigotas intracelulares tanto em nivel de microscopia
optica quanto cletronica, foram capazes de reverter para promastigotas, e mantiveram a
viruléncia para camundongos BALB/c. Além disso, alguns antigenos foram reconhecidos
por anticorpos policlonais apenas nas formas amastigotas de cultivo axénico e de lesdo,
podendo servir de alvos cm cstudos de moléculas estagio-cspecificas com capacidade

imunomoduladora ou com valor imunoprofilatico contra a leishmaniose.
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Abstract This work describes a simple method to yield
large amounts of Leistunania amastigote-like forms in
axenic cultures using promastigotes as the starting
population, The method described induced extracellular
amastigote transformation ol Leishunania amazonensis
197%). Leishimania brazifiensis (98%) and Leislhmania
chugasi (90%). The rounded parasites obtained in axe-
nic cultures were morphologicatly similar, even at the
ultrastructural level, to intracellular amastigotes. More-
over, the axenic amastigotes remained viable as mea-
sured by their ability to revert back to promastigotes and
to infeet BALB/c mice. L. amazonensis and L. braziliensis
promastigotes and axcenic amastigotes diflered in terms
of their Western blot profiles. A 46 kDa protein was
recognized by specific antibodics only in axcnic and
lesion-derived L. amazonensis amastigotes and not in
promastigolces.

Introduction

Protozoa of the genus Leishimania display two distinet
morphological and three distinet physiological forms.
The promastigotes, the flagetlated stages. infect the sand
fly vector both as a multiplying and also as a mammal-
infective form (Sacks 1992y whercas the non-flagellated
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amastigote resides in mammalian macrophage phago-
lysosomes. Both morphological stages are responsible
for the pathology in their respective hosts (Chang and
Dyer 1976: Schlein et al. 1992). The promastigote stages
can be casity cultvated in different types of media
(Hendricks et al. 1978: Hart et al. 1981; laflc ct al. 1984)
and are frequently used in scientilic studies. In contrast.
the difticulty in obtaining large numbers of amastigotcs.
free from host cell contaminants, has hampered the in-
vestigation of their metabolic, biochemical and biologi-
cal properties (Chang 1980; Hart et al. 1981). Morcover,
a study on macrophage receptors for Leishmania dem-
onstrated the presence of host immunoglobuling on the
surface of lesion-derived amastigotes (Peters et al, 1995),
somcthing that would particularly hinder their use in
biological and immunological studies.

The first successful long-term propagation of amas-
tigote-like forms of Leistunania, namely Leishmania
pifanoi, in a cell-free medium was reported by Pan
(1984). Since then, attempts at the cultivation of am-
astigotes in cell free media have been carried out by
many authors (reviewed in Bates 1993; Pan et al. 1993).
Some reports have focused on the n vitro transforma-
tion of promastigotes to amastigote-like forms in re-
sponse to clevated temperature (Hendricks 1978; Hunter
ct al. 1982; Leon ¢t al. 1995), whereas few authors have
deseribed serial axenie cultivation of the intraccllular
stage (Pan 1984:; Al-Bashir ct al. 1992; Hodgkinson
ct al. 1996). The axenic cultivation of amastigotes of
Leistunania mexicana has been more cffective than that
of other species of  Leishmania (Bates 1993). Some
authors have reported Leishmania donovani amastigote
transformation in axenic cultures (Al-Bashir et al. 1992
Saar ct al. 1998), whercas there is only onc study on the
differentiation to axenic amastigotes of  Leisfunania
chagasi, another visceral species (Leon ¢t al. 1995).

In spite of these reports on the axenic cultivation of
Leishmania amastigotes. there still remain controversies
about the reproducibility and/or timing of parasite
transformations. In this paper, a simple and quick
method of obtaining up to 4x107 axenic amastigotes/ml
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ol culture is deseribed, providing large amounts of pure
and viable parasites. This method may obviate the need
for using experimental laboratory animals to obtain
amastigotes and the labortous procedures for intracel-
lular parasite purification.

Materials and methods
Parasites and cultore

The Leistunanio species used were isolated from human patients
and dentilied as Leishmania amazonensis (MHOM/BRES/BA-125
leila strain),  Leishmania  brazifiensis (MHOM/BR/3456) and
Leishmania chagasi (MHOMJBR2000/Menvaldo? stran). They
were kept by puassaging in golden hamsters. The cultures were
arown at 22°C i Schaeider's Drosophile medium (Sigma, St. Louis,
Mo, USA)Y. pH 7.2  supplemented with cither 10% fetal calf serum
(FCS: Hyclone Laboratories, Logan, Utah, USA) for L. amazon-
ensis or 20% FCS lor L. brazifiensis and L. chagasi. The prom-
astigoles used  to nitialize  amastigote  axenic cultures  were
maintained i cultures for no more than ten passages. Dilterent
culture conditions Tor promastigote transformation in relation to:
pH (5.4, 6.4 and 7.2), temperature (322, 347, 357 and 37°C) and
1CS concentration (2.5%. S%. 10% and 20%). were tested, To
determine growth curves. parasite cultures were initiated at a
concentration of 510 promastigates/ml in 25 e tissue culture
Nasks containimg 5 ml of medium. Cell density was estimated using
a hacmaocytometer. To disrupt the aggregates which were lTormed
winly in L. brazilicnsiy cultures, parasites were passed through a
25-pauge needle belore counting. Intracellular amastigotes were
isolated Trom footpad lesions of infected hamsters and purified
using a Percoll (Sigma) gradient, as previously reported (Chang
1980).

Maorphological assessment

To cvaluate the morphology of transformed parasiles. axenic am-
astigotes were harvested from cultures and either smeared onto
slides for Giemsa staining ot spun dowa i Eppendor( tubes for
clectron microscopy. The supernatant was discarded and the pellets
were fised for 1l at 4°C with 2% glutaradehyde. Parasites were
pefleted, post-fixed with 1% osmium tetroxide for 30 min at room
temperature. dehydrated - cthanol-propylene oxide series and
embedded in Spurr resin. Alter polymerization, ultrathin sections
were collected in copper grids, stained with uranyl acelate and lead
citrate. and examined on a Zeiss EMIT09 electron microscope at
SV

Western blot analysis

Lysates of promastigotes. amastigotes {rom lesions and axenic
amastigotes were subjected to 0% polyacrylamide gel electro-
phoresis (Lacmmbh 1970). Lysates from different forms of the same
Leistnnania species were run in the same gel and a totad ol 107 lysed
parasiles of cach Leishmania stage was loaded per lane. The sepa-
rated proteins were analyzed by Western blot as described else-

where (Balanco et al. 1998). utilizing an 1:200 ditution of a pool of

live sera from mice chromically infected with L. ariazonensis.

Fonctioval studies

The viability and Tunctional status of amastigote-like forms were
tested by assessing their ability to revert back to promastigotes and
to infect mice. Reversion to promastigotes was accomplished by
washing the parasites three times i 0.15 M phosphate-bufiered
saline (pll 7.2) and transferning them to Schoeider’s medium

with 10-20% FCS, pH 7.2, at 22°C. To evaluate infectivity, axenic
amastigotes and promastigotes of L. hraziliensis and L. amazonensis
were inoculated into BALB/¢ mouse hind footpads. The BALB,¢
mice were obtaiued from the Gongalo Moniz Research Center
ammal facilities, and were maintained under specilic pathogen-free
conditions, with balanced mouse food and water ad libitum. The
infection experiments were conducted in accordance with the Os-
waldo Cruz Foundation guidcelines for experimentation with ani-
mals.

Results
Cultivation of amastigote-like forms

The first wim of this study was to monitor parasite
growth and transtormation in axenic cultures in order to
establish the best conditions for obtaining amastigote-
like forms. Starting with a 100% promastigote popula-
tion and using Schoeider’s medium.  cultures  were
subjected to variations in pH. temperature and concen-
tration of FCS to obtain the maximal rate of transtor-
mation for cach Leishmiania species. For L. brazilicnsis, a
high proportion (98%) of amastigote-like forms were
observed in 3-day cultures supplemented with 20%
FCS, at pH 54 and carried out at 34°C (Fig. la).
L. amazonensis parasites had similar levels of differen-
tiation into amastigote-like forms (97%) by the 7th to
10th days of culture in Schneider’s medium with 5%
FFCS. pH 5.4, at 32°C (Fig. 1b). For L. chagasi, 90% of
the promuastigotes transformed into amastigote-like
forms after 13 days of axenic culture in Schneider's
with 20% FCS, pH 7.2 and at 35°C (Fig. l¢). Table |
summarizes the best culture conditions for obtaining
amastigote-like forms for cach Leishmuania species.

Morphology under light and electron microscopy

Optical microscopy of Giemsa-stained amastigote-like
forms of the three Leishmania species studied revealed
oval or pyriform cells lacking a free Hagellum. Dividing
amastigotes with two nuclei and two kinctoplasts could
readily be obscrved in L. amazonensis, less frequently in
L. bhraziliensis and cven less frequently in L. chugasi
cultures (not shown). The non-motile, oval forms of
L. brazilicnsis from the 3rd day of axenic culture also had
an amastigote morphology at the ultrastrutural level, c.g.
a4 non-emergent flagellum inside the flagellar pocket
(Fig. 2).

Viability of axcnic amastigotes

Axenic amastigotes of all three Leishmania species were
able to revert back to promastigotes when cultured un-
der suitable conditions. The proportion transforming
was high, as shown by the absence or low numbers of
cither amastigotes or dead cells in L. hraziliensis (Fig. 3)
and L. amazonensis cultures (less than 10%), and in
L. chagasi cultures (less than 30%, mostly duc to the



presence of dead cells/cell debris). In addition, BALB/c
mice could be infected in the hind footpads both with
axcenic  amastigote-derived  promastigotes  or  axenic
amastigotes, as L. braziliensis and L. amazonensis could
be isolated 2 3 months later from skin lesions and from
draining lymph nodes of infected mice. The development
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Fig. 1. In vitro growth of Leishmania amastigotes in - axenic
cultures: a L. braziliensis, b L. amazonensis and ¢ L. chagasi.
Cultures were initiated with 5x10° promastigotes/ml and kept
under the specilic conditions described in the Materials and
methods section. Lozenges represent the number ol parasites as
determined by counting in a haemocytometer. and buars represent
the percentages of amastigote-like forms. Mnsers show the typical
oval- or elliptical-shape axenic amastigotes of cach  Leislmania
species (Giemsa x4,800)

Table 1. Axcnic culture conditions. in Schneider’s medium, for the
transformation of Leishmania promastigotes into amastigote-like
organisms

Species Temper- pH FCS  Days ol Percent
dature culture amastigotes

L. braziliensis 34°C 54 20% 3 98"

L. amazonensis 32°€C 5.4 5% 7 97"%

I.. chugasi 35°C 7.2 20% 13 90%

965

of lesions in BALB/c mice infected with L. amazonensis
axenic amastigotes was similar to that observed in pro-
mastigote-infected mice (Fig. 4). In fact, two of the three
mice infected with axenic amastigotes developed lesions

Fig. 2a, b. Electron micrograph of L. braziliensis amastigote-like
forms from axenic cultures. L. braziliensis promastigotes were
cultivated in Schneider’s medium with 20% of FCS, pH 5.4 and at
34°C. Alter 3 days. parasites were harvested from cultures and
fixed with glutaraldchyde. Note the non-emergent flagellum inside
the flagellar pocket (a x34.800) and lipids droplets in eytoplasm (b
x41,500)
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Fig. 3a—c. L. braziliensis amastigote-like forms revert to prom-
astigotes. Axenic amastigotes ol L. braziliensis were subjected (o
suitable conditions for transformation to promastigotes and
monitored daily by optical microscopy after staining. a Axenic
amastigotes in Schneider’s with 20% FCS at pH 5.4 and 34°C;
b 3-day culture and ¢ 4-day culture in Schneider’s medium with
20% FCS at pH 7.2 and 22°C (Giemsa, x4,800)

Lesion size (mm)

Weeks after infection

Fig. 4. Infectivity of axenic amastigotes. Groups of three BALB/¢
mice were infected in hind footpads with either 107 axenic
amastigotes (closed circles) or 107 promastigotes (open circles) of
Leishmania amazonensis. Lesion sizes were calculated by subtract-
ing the widths of uninfected from infected footpads. Each curve
corresponds to data obtained from an individual animal. Data are
representative ol two experiments
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shehtly larger than those observed in mice infected with
promastigotes (Fig. 4).

Stability of axenic amastigotes in culture

The non-motile and ovoid shaped forms of L. amazon-
cnsis proliferated in culture and could be moculated into
fresh medium and expanded at least twiee. After 3 days,
no promastigotes could be detected in L. hraziliensis
axenic cultures. However, the parasites demonstrated
morphological signs of ccll injury and started to dic by
the 5th day of culture. By the 15th day of culture, most
of the L. chagasi axenic amastigotes were morphologi-
cally unhealthy (they had an irregular cytoplasm and a
fragmented nucleus).

Recognition of Leishmiania proteins by antiserum

The anti-L. amazonensis serum recognized a 46 kDa
protein in L. wmazonensis amastigotes (axenic and
lesion-derived), but not in promastigotes (Fig. 5). At
least  three  bands corresponding to  proteins with
apparent molecular weights larger than 84 kDa were
obscrved in axenic, but not i lesion L. wimazonensis
amastigotes, Faint bands between 28 and 32 kDa
were revealed only in lesion-derived L. wmazonensis
amastigotes, whereas a single band of around 30 kDa
appearcd in both axenic amastigotes and promastig-
otes. A 65 kDu protein was strongly recognized in
L. hrazilicusis promastigotes and very weakly in axenic
amastigotes and bands of 113 and 117 kDa were pre-
sent only in promastigotes.

Discussion

In this report, the conditions for the production of large
numbers of axcenie amastigotes of L. wmazonensis,
L. braziliensis and L. chagasi using Schoeider’s medium
are described. The morphological and ultrastructural
characteristics of the axenic amastigotes were very sim-
tlar to those of lesion amastigotes and their propagation
wis neither time-consuming nor technically demanding.
The amastigote-like forms were viable and cxpressed
stage-specific antigens.

Some authors have accomplished the senal cultiva-
tion of Leishmania axenic amastigotes in - cell-free
medium  with a complex  composition, including a
mixture of nucleotides and vitamins (Pan 1984). or with
dilferent protein sources  and  rabbit  blood lysate
(Ar-Bashir ¢t al. 1992). The diversity of reagents in the
prepared media may mmpede the reproducibility of the
results i different laboratories. In fact, we have care-
fully tested the RBLM medium for axenic amastigotes,
as deseribed elsewhere (Al-Bashir et al. 1992), withowt
suceess for any of the three Leishmaniu species studied
(data not shown).

Specific requirements for temperature, pH and con-
centration of FCS were observed for the three specics
of Leishmania studied, indicating that culture condi-
tions for amastigote diffcrentiation in cell-free media is
species dependent . For example, a relatively low pH
(5.4) i the medium was required for the transforma-
tion of L. braziliensis and L. amazonensis, but not of
L. chagasi. At pH 5.4, the maximum rate of promas-
tigote transformation of this species was 26% (4-day
culture) and the cells died by the 6th day of culture
(data not shown). This was in contrast to Y0% trans-
formation at pli 7.2 (13-day culture) under the same
conditions. These specilic requirements  demonstrate
dificrences in pH and temperature sensitivities among
Leishimania species.

Cutancous  and mucocutancous  leishmaniasis  in
South America are mainly caused by L. hrazilicnsis
(Grimaldi et al. 1989). This species differs trom others
by the presence of small numbers of amastigotes i the
lesions, hindering their isolation from tissue. Indeed, this
very paucity of L. braziliensis amastigotes in skin lesions
prevented their purification in large cnough numbers to
allow their compurison with axcenie  culture-derived
amastigotes 1 the present study. Therefore, obtaining
extracelhdar L. hraziliensis amastigotes forms would
facilitate a number of biochemical and immunological
studies on this parasite. Eperon and McMahon-Pratt
(1989) have previously reported the transformation of
L. hraziliensis promastigotes to amastigotes in Schneid-
er’s medium at 28°C, without indicating the culture pH.
In their study, an acchimatization period and a slow
mcrcase m temperature was necessary. Balanco and
collaborators (1998) have also obtained L. hrazilicnsis
amastigotes in axenie cultures using a different medium
(UM-54) at 34°C and pH 6.3. With the 2°C increments
in temperature. I week was required 1o obtain 95% of
amastigote-like forms in culture. As described herein,
i rapid and high proportion (98%) of differentiation of
L. braziliensis promastigotes into wmastigote-tike forms
was observed. without changes in pH or temperature
during cultivation.

The culture conditions to obtain uxenic amastigotes
of L. umauzonensis described here are an adaptation of
those reported by Hodgkinson and collaborators (1996).
In order to obtain stable amastigote-like populations,
these authors increased the temperature by 2°C inter-
vals, tollowed by deercases of 0.5 pH units down to
pH 5.0 and then of 0.2 pH units until pH 4.6 was
reached. In the study described here, L. amazonensis
dilferentiation was gradual and took at least 7 days to
reach maximal levels at pH 5.4, without any changes in
culture conditions.

In order to obtain L. chagasi amastigote forms, the
cultivation of promastigotes at 37°C and/or at an acidic
pH was first tested. None of these conditions led to
parasite transformiation or growth. It was nccessary
to deerease the temperature to 35°C and inerease the pH
to 7.2 in order to stimulate difierentiation which took at
least 13 days to rcach maximal levels. Dividing amasti-



eote-like Torms were casily observed in L. brazilicusis
and L. amazoncnsis, but very mfrequently in L. chagasi
axcnic cultures. This fact, taken together with the rela-
tively long time (13 days) needed for L. chagasi pro-
mastigote  differentiation, with a lower  proportion
(maximal of 90%) of axcnic amastigotes in comparison
with L. amazonensis (97%) and L. brazilicnsis (98%)
axcnic amastigote cultures, and the presence of more cell
debris n amastigote-derived promastigote cultures, may
idicate that L. chagasi is more fastidious than the other
two Leislmania species in terms of its requirements for
in vitro stage transformation.

The good condition of the axenic culture-derived
amastigotes was cvaluated by four diflerent criteria.
First, all three Leishmania species amastigotes had
a regular, smooth morphologicul appearance. Second,
L. amiazonensis amastigotes could be subcultured, lead-
ing to a progressive inerease in the homogeneity of the
amastigote-like population. with the absence of prom-
astigotes. Third. the axenic amastigotes of all three
species were able to revert back to promastigotes.
Fourth, L. braziliensis and L. amazonensiy  axenic
amastigotes kept their viability and imfectivity to mice by
the time (3 and 10 days, respectively) of the maximal
ratio of transformation i culture, without signs of cel-
lular death.

Despite their homogencous morphology, L. amazon-
ensiy axenic amastigotes displayed a Western blot profile
intermediate between promastigotes and intracellular
amastigotes. A protem of 46 kDa from L. wmazonensis,
recognized by serum from infected BALB/c mice, was
present only in the axenic and lesion amastigotes. This
protein may correspond to a 46 kDa protein that was
detected i Leishmania infanium axenic amastigotes
using sera from human beings and dogs with visceral
leishmaniasis (Cibrelus 1999). to a 45 kDa band which
wis recognized in L. donovani using @ monoclonal an-
tibody specific to the A-2 multi-gene family of proteins.
expressed only in amastigotes (Saar ct al. 1998) and/or
to a 45 kDa protein of L. pifunoi detected with a
monoclonal antibody in both axcnic and intracel-
lalar amastigotes by Pan and collaborators (1993).
L. amazonensis proteins . with  apparent  molecular
welghts of 23 and 30 kDa were recognized n both axe-
nic promastigotes and axenic amastigotes, a fact that
may be explained by the presence m amastigote axenic
cultures of ntermediate forms expressing some proteins
of the promastigote stage. In this study, proteins around
30 kDa were recognized by antiserum i all three mor-
phological forms. Colmenares and collaborators (2001)
have identified a L. pifanoi 31 kDa protein, recognized
by an amastigote-specific monoclonal antibody, as 2
cystetn proteinase associated with glycolipids. Either the
30 kDa seen in axenic amastigotes or the 32 kDa protein
seen in leston-derived amastigotes could be that cystein
profemase.

The different methods applied for the charactenzation
ol Leishmania molecules, such as Western blot and
radiommmunoprecipitation using monoclonal antibodics
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Fig. S. Rcactivity ol L. wmazonensis and L. brazilicnsis antigens
with polyclonal antibodics. Lysates of promustigotes (P). axenic
amastigotes (<14) and amastigotes from lesions (A1) were analyscd
by Western blot using sera lrom Leishinania-intected BALB/c mice.
The positions of molecular weight (A7) standards are indicated
on the left. Arrows indicate the high expression of a 46 kDa protein
L. amazonensis amastigotes and the under expression of a
05 kDa protein in L. brazilicnsis axenic amastigoles
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(Hodgkinson ct al. 1996; Pan and McMahon-Pratt
198%). surfuce radioiodination (Bulanco ct al. 1997) or
Western blot using polyclonal anti-L. wniazonensis sera
(this reporty may account for the distinet group of
molecules demonstrated in different studies.

Only L. braziliensis axenic amastigotes and prom-
astigotes were compared in terms of recognition patterns
by specific antibodies (Fig. 5b) duce to the difficultics in
obtaming intracellular amastigotes from the pad lesions
of ifected hamsters. A protein of 65 kDa, which was
recognized by specific antibodies more intensely in
promastigotes, could indeed be the gp65. and its down-
regulation in axenic amastigotes shown here is consistent
with previously reported data (Kweider et al. 1989). A
reduction i tensity of a {17 kDa protein in promas-
tigote-derived amastigotes is also consistent with its
down-regulation at this stage.

Axenic amastigotes may be useful for the study of
molecules sclectively expressed by them and by intra-
cellular amastigotes. The availability of a pure amas-
tigote prepuration from different Leislmania specics
would also facilitate studies aimed at identifying the
Leishmania molecules involved in the modulation of
chronic mfection andjor of potential immunothera-
peutic or immunoprophylatic value, as promastigotes
enfer into contact with the host only for very short
periods.
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42 ARTIGO 1I: Sub-clinical infection as an effective protocol for obtaining anti-

Leishmania chagasi amastigote antibodies of different animal species.

JUSTIFICATIVA E OBIJETIVOS DO ESTUDO:

Estudos sobre a resposta imunc humoral a antigenos estagio-cspecificos de
Leistunania, através de Western blot, tém demonstrado um perfil antigénico diferente entre
as formas amastigotas e promastigotas (SAAR, 1998; CIBRELUS, 1999). A imunizag¢ao de
animais p ara o btengdo de altos titulos de anticorpos policlonais ou para a produgdo de
hibridomas secretores de anticorpos monoclonais reativos com formas amastigotas, sdo de
grande utilidade em diversos estudos. Esses anticorpos podem, por exemplo, ser utilizados
para a identificagdo de amastigotas em lesoes ou de antigenos parasitarios secretados no
sangue c¢/ou urina, para protocolos de purificacdo de proteinas de Leishmania por
imunoprecipitagdo ou imunocromatografia ou para estudos de classifica¢do taxonomica.

Neste trabalho de tese, visamos desenvolver um bom método para obteng¢do de
anticorpos anti-amastigotas de Leishmania que pudessem ser utilizados na detecgdo de
antigenos de uma biblioteca de ¢cDNA de L. i nfantum/chagasi ¢/ou em protocolos de
purificagdao de proteinas por imunoafinidade. O cdo foi escolhido por ser o principal
reservatorio doméstico da L. infantum/chagasi e, portanto, um dos alvos de métodos para
imunodiagnodstico da LV canina ou de ensaios de vacinagao como medidas de controle da
leishmaniose. Soros desses animais poderiam reconhecer antigenos potencialmente
indutores dec resposta imune protetora contra a infecgdo. O coclho foi utilizado
principalmente por ser um animal refratario a infecg@o e produzir altos titulos de anticorpos
(RASSAM, 1984) os quais poderiam ser uteis em diversos ensaios de triagem de antigenos
cm bibliotecas génicas e na identificagdo ou purificagdo dos produtos de expressdo dos
clones recombinantes.

Este artigo contempla, ainda, a padronizagdao dos protocolos de imunizacdo de
camundongos para a produgao de hibridomas, ¢ a caracterizagdo de anticorpos monoclonais
anti-Leishmania produzidos, que foram parte das teses de mestrado de Claudia V. D. dos

Santos (SANTOS, 2001) ¢ Manoel L. Penha Filho (PENHA-FILHO, 2003).
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RESULTADOS:

Os cdes imunizados por via subcutanea com lisado de promastigotas de L. infantum
produziram baixa atividade de anticorpos especificos em um ELISA. O termo “atividade™
de anticorpo ¢ utilizado nesta tese ¢ ndo “concentragdo” ou ‘“‘quantidade” de anticorpo
porque o que se¢ mediu no ELISA foi exatamente a atividade de anticorpo (anti-antigeno),
que depende tanto da concentragdo quanto da afinidade do anticorpo.

A subseqliente inoculacdo dos animais com promastigotas vivos induziu uma
clevagao significativa da atividade dc anticorpos anti-Leishmania, os quais reagiram com
ambas formas evolutivas do parasito, porém mais intensamente com os amastigotas do que
com 0s promastigotas.

A imunizag¢do de coclhos por via subcutdnea com lisado de amastigotas levou a
produgdo preferencial de anticorpos contra csse estagio parasitario. Por outro lado, a
injegdo de promastigotas nos coclhos por via endovenosa estimulou a produgdo de
anticorpos contra as duas formas evolutivas, mas, como observado em cées, com maior
reatividade contra antigenos da forma amastigota.

A imuniza¢do de camundongos com lisado de Leishmania induziu a producio de
anticorpos especificos para a forma cvolutiva utilizada no preparado imunogénico,
enquanto que soros de camundongos infectados rcagiram com ambos estagios parasitarios.
Esplenocitos de camundongos imunizados com lisado de amastigota, ou infectados com
promastigotas, foram utilizados com sucesso na produg¢do de hibridomas produtores de
anticorpos monoclonais contra a forma amastigota.

Comparando-se os resultados obtidos com as trés espécies de animais, conclui-se
quc a imunizagdo atraveés da infecgdo com promastigotas vivos ¢ mais cficiente na indugao
da produgdo de anticorpos contra ambos os estagios de vida da Leishmania. Além disso,
cste protocolo de imunizagdo nao induz doenga aparente nos animais ¢ elimina a
necessidade de  procedimentos laboriosos de purificagdo de amastigotas de tecidos

infectados para preparo dos lisados imunogeénicos.
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Abstract

This work aims at identifying an effective protocol to raise anti-Leishmania chagasi amastigote antibodies in different animal
species. Protocols of immunization by subcutincous injections of L. chagasi promastigote and amastigote lysates or by cither
intravenous or subeutancous inoculation of live mcetacyelic promastigotes were assessed in mice, rabbits, and dogs. The
immunization with live promastigotes produced a strong humoral immune response against L. chagasi amastigotes in all three
animal species. The sera from animals immunized with the promastigote lysate did not react with amastigotes and. conversely,
the sera from mice immunized with the amastigote lysate did not react with promastigotes. Taken all data together, the
immunization through infection with metacyelic promastigotes was considered the most satisfactory way to immunize animals
for obtaining anti-amastigote and anti-promastigote antibodices, since it did not only allowed the obtention of antibody against
the two forms of the parasite, but it is also cheap, less laborious than carrying out the purification of amastigotes from infected
tissues and avoid the use of a large number of hamsters for obtention the amastigotes, necessary to produce the immunogenic
lysates. Furthermore, this immunization protocol was comparable to the amastigote lysate immunization protocol for the
obtaining of mouse monoclonal antibodies (mAbs).
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New World, constitutes a serious public health pro-
blem in Brazil. It is characterized by intense macro-
phage parasitism by the Leislumania amastigote form,
which is responsible (or the pathogenesis of the dis-
case (Chakrabarty et al.. 1996: Lucena et al.. 1996;
Alexander et al., 1999). Many immunoparasitological
studics on this disease require anti-Leishmania anti-
bodies. which are generally produced through the
immunization of animals with promastigote lysates.
The promastigote, which is the vector stage of the
parasite, 1s easily obtained from liquid cultures (Hen-
dricks ct al.. 1978; Jalfe ct al.. 1984a. b). However, it
differs antigenically Trom the amastigote (Sadick and
Rall, 1985: Brandonisio et al., 2000: Teixeira el al.,
2002), the stage that is present in the mammal host
{rom a few hours alter the beginning till the end ol the
infection.

Animal immunization protocols leading to the
production of high levels of polyclonal anti-amasti-
gote antibodies or to activated Leisfunania-specific B
cells for hybridoma and monoclonal antibody pro-
duction are higlily desirable. These antibodies can be
ol use for parasite detection in clinical specimens, for
antigen purification procedures by immunoprecipita-
tion or immunochromatography and for the devel-
opment  of  more  specific and  non-invasive
immunodiagnostic techniques such as detection of
parasite antigens in patient’s sera (Ismail et al., 1997,
Hassan et al., 1998; Mansour ct al., 1998; Garcia
¢t al., 2002). Several protocols for the immumization
of mice with different types of antigens have been
described, aiming at obtaining  anti-Leishmania
monoclonal antibodies (mAbs) (Jalfe et al,, 1984a,
b; Anthony ct al., 1985; Magill et al., 1993; Dabés
Guimaraes et al.. 1996; Afrin and Ali, 1998). How-
cver, no comparison among these different protocols
is available.

In this work, protocols for the immunization of
mice. rabbits, and dogs were tested for their possible
elicitation of a strong humoral response against L.
chagasi amastigotes. Differences in the intensitics of
antibody production against promastigote or amas-
tigote forms of L. chagasi, following either immu-
nization with killed parasites or the infection of
animals were found. Spleen cells from the immu-
nized mice could be used for the production of
hybridomas secreting anti-amastigote monoclonal
antibodies.

2. Materials and methods
2.1. Purasites and parasite [vsates

L. chagasi (MHOM/BR2000/Merivaldo? strain)
metacyclic promastigotes were obtained by cultiva-
tion of promastigotes in  Schneider’s medium
(Schneider’s insect medium. Sigma Chemical Co.,
St. Louis, Missouri, USA) until the stationary phase,
at 23 "C. L. chagasi amastigotes were obtained from
the spleens of hamsters infected with 1 x 10°% L.
chagasi melacyclic promastigotes and purified by
centrifugation on a Percoll solution gradient (Chang,
1980; Taylor and Williams, 1992). Leishimania ama-
conensis and Leishmania braziliensis amastigotes
wete obtained by in vitro axenization of promatigotes
(Teixeira et al., 2002). Lysates of both promastigote
and amastigote forms were obtained by sonication
(five cycles of 30 s with intermediate cooling cycles
of I min at 80% output; Branson sonifier 450 W,
Branson Instruments, Danbury, CT). The lysates
were assayed for protein contents by means of a
reaction with fluorescamine and kept cryopreserved
at —70 " C till use. The promastigotes derived from
amastigotes obtained from hamster spleens cultures
were not subjected to more than 10 in vitro culture
passages.

2.2, Immunizations

Groups of 4 to 10 BALB/c mice were immunized by
means of the following protocols: (a) three biweekly
subcutancous injections of amastigote lysates contain-
ing 200 pg of protein emulsified in incomplete Freud's
adjuvant (IFA); (b} three biweekly subcutancous
imoculations of metacyclic promastigote lysates con-
taining 200 pg of protein emulsified in TFA: (¢) infec-
tion by weekly intravenous injection with 5 x 107 live
L. chagasi metacyclic promastigotes, for seven con-
secutive weeks.

A group of four rabbits was immunized by means of
the following protocol: (a) four biweekly injections by
the subcutaneous rowte of 1 x 10% amastigote lysate
emulsiflied in TFA or (b) five biweekly intravenous
injections of 1 x 10 live L. chagasi metacyclic pro-
mastigotes.

Four dogs were initially immunized with two
biweekly injections by the subcutaneous route, of
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promastigote lysate (1 x 10 parasites/animal) emul-
silied in IFA. Four weceks later, the same animals were
infected by one subcutaneous injection ol 1 x 10% live
L. chagasi metacyclic promastigotes. Control groups
ol three dogs, three rabits and live mice were injected
only with saline at the same intervals.

The ellectiveness of the immunization was (ested
by indirect ELISA as described below. Mice sera were
tested, at the 8 day alter the last booster and the best
responders were selected for spleen cell-myeloma cell
fusion. Rabbit sera were tested [4 days alter last
booster. The elfectiveness of dog immunization with
promastigote lysate was measured 14 days alter the
antigen booster and at 11 months after the inoculation
of live promastigotes.

2.3 Clinical follove up of infected animals

After immunization with live metacyclic promas-
tigote mice remained with sub-clinical infection
for at least 2 months when the last cell fusion was
carried out. No clinical signs of visceral leishmania-
sis. such as loss of weight, cachexia, alopecia, ony-
cogryphosis or any other disease signs were observed
during the experiment period in mice, rabbits or

dogs.
24, Indirect ELISA

Sera of all groups of animals were assayed by
indirect ELISA, for the presence of antibodies against
L. chagasi amastigoles and promastigotes, as pre-
viouly described (Paranhos-Silva et al., 1998). Brielly,
microtiter plates wells (Corning Laboratory Science
Co., NY, USA) were coated by incubation with 2 pg of
L. chagasi amastigole or promastigote lysates in
100 pl of 0.1 M carbonate bulfer, pH 9.6, followed
by successive incubations with: (a) blocking solution
consisting of 10% skimmed milk; (b) four dilutions of
cach test sera in phosphate buflered saline, pH 7.4
(PBS) containing 5% skimmed milk (W:V): (<) per-
oxidase-conjugated  (Sigma  Chemicals, St Louis,
USA) antibodies apainst mouse. rabbit or dog IgG
and () the chromogenic substance O-phenylenedia-
mine (Sigma Chemical Co., St. Louis, Missouri, USA)
and the substrate hydrogen peroxide. The reaction was
read using a micro titer reader at 450 nm filter (Dyna-
tech Laboratories, Alexandria, VA, USA). Positive

and negative controls included in the plates were
respectively, sera from L. chagasi experimentally
infected or non-infected mice, rabbits, and dogs.

2.5. Hybridoma production and characterization of
monoclonal antibodies

The best responders mice ol groups immunized
with amastigote lysate and infected with alive pro-
mastigotes were selected for cellular fusion. Three
days after an intravenous booster with 200 pg of
amastigote lysate, the animals were sacrificed and
their spleen cells submitted to fusion with SP2-0
mieloma cells, according to Jalle et al. (1984a. b).
The hybridomas obtained were screened for the
production of anti-Leishmania antibodies, by testing
the supernatants reactivity against L. chagasi amas-
tigote antigens by ELISA. Their immmunogobulin
sub-classes were determined by a captlure ELISA
using a commercially available kit (Pharmingen,
Los Angeles, CA, USA), and their reactivities 1o
Leishmania species and stages were determined by
indircct ELISA as stated above, and by Western-blot,
using as antigens amastigote and promastigole
lysates of L. chagasi, L. amazonensis, and L. brazi-
liensis and promastigote lysate of Leislunania major.
For the Western blots, 10% promastigote and 7 x 103
amastigote forms were resuspended in 100 ul of
SDS-sample buffer and boiled for 3 min (denatured)
or not boiled (non-denatured). After microcentrilu-
gation, the supernatants were loaded to 10% SDS-
PAGE gels and subjected to Western-blot using the
same reagents used for the indirect ELISA detailed
above.

The capacity of the mAbs to recognize L. chagusi
amastigotes in paraftin-embedded tissue was investi-
gated by testing undiluted supernatants on L. chagasi-
infected hamster liver sections, previously fixed with
formaldehyde, embedded with paralfin, deparaffi-
nazed, and developed with the use of an anti-mouse
immunoglobulin-peroxidase conjugate (Dako, Car-
pinteria, CA, USA), and a precipitating chromogenic
substrate solution containing 3,3'-diamino benzidine
(Sigma Chemical Co., St. Louis, USA) and hydrogen
peroxide (Sigma Chemical Co., St Louis. USA).
according to Livni et al. (1983). Sections incubated
with normal mouse serum diluted 1:200 in saline were
used as nepative controls.
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Iig. 1. Antibodics in the sera from mice immunized with three different protocols, detected by indirect ELISA, against L. chagasi amasligote

(A, C,and E) and promastigote (B, D, and F) antigens. The mice were immunized with amastigote lysate (A and B), promastigote lysate (C
and D) or were infected with live mictacyclic promastigotes (E and F), as deseribed in Section 20 Each line represents data obtained frony the

serun ol anindividual mouse, and graphs depict data from 4 o 10 animals.

3. Results

Sera from mice immunized with  promastigote
lysate reacted only with promastigote antigens, and
sera from anice immunized with amastigote lysate
reacted only with amastigote antigens in an ELISA.
On the other hand, the sera of animals inlected with
live metacyclic promastigotes reacted with both para-
site stages (Fig. 1). Similar results were obtained with
the rabbit (Fig. 2) and dog immunizations (Fig. 3).
Sera from the negative control animals reacted only at
back-ground levels (OD less than 0.1) with the tested
Leishmania antigens (not shown).

The [usion of splenocytes from mice immunized
wilh the amastigote lysate with nicloma cells gener-
ated three hybrid clones producing anti-L. chagasi
amastigote JeGl antibodies: the fusion carried out
wilh splenocytes from mice infected with live meta-
cychie promastigotes generated seven clones, six pro-
ducing 1gG2a, and one 1gM mAbs (data not shown).

Four of those mAbs were lested by ELISA against
four Leishmania species. The 1gG2a mAbs reacted
only wilth L. chagasi amastigotes, while the [gM
mAb reacted with L. chagasi. L. braziliensis, and L.

Antibody levels (optical density)

‘- (8) . D)
3 3 1
2 2
1 14
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Fig. 2. Antibadies in the sera from rabbits immunized with two
different protocols, detected by indirect ELISA, apainst L. chagasi
amastigote (A and C) and promastigote (B and D) antigens. The
rabbits were immunized with amastigote lysate (A and B) or
infected with lve metacyclic promastigotes (C and D), as described
in Section 2. Buch line represents duta obtiined from the serum of
an individual rabbit, and graphis depict data from lour animals.
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Fig. 3. Antibodies in the sera Trom dogs immunized with two
ditferent protocols. detected by indirect RLESAL against 1. chagasi
amastigote (A and C) and promastigote (3 and D) antigens. Dogs
were immunized with promastigote lysate (A and B) or imunized
with promastigote lysate and infected with live  metacyclic
promstigotes (Cand D), as desceribed in Scection 20 Each line
represents data obtained from the serum of an individual dog, and

eraphs depict date (rom Tour animals.

amazonensiy amastigotes and promastigotes with L.
major promastigotes (Fig. 4A1 and A2).

The seven mAbs oobtained from mice infected with
live metacyclic promastigotes, were used in a Wes-
tern-blot for determination of the apparent molecular
weights of the recognized L. chagasi amastigote anti-
cens. The six [gG2a mAbs recognized two non-dena-
tured L. chagasi amastigote proteins, with 35 and
68 kDa. The IgM mAb reacted with a denatured
and non-denatured 60 kDa protein (Fig. 481 and B2).

One of the 1gG2A mAbs successiully stainned L.
chagasi amastigotes in paralfin-embedded L. chagasi-
inlected hamster liver scctions lixed with formalde-
hyde (Fig. 4C).

4. Discussion

The immumization ol mice with Leisfunania lysates
clicited the production ol stage-specific antibodies,
e sera from mice immunized with promastigote
lysate did not react with amastigote antigens, and sera

from mice immunized with amastigote lysate did not
react with promastigote antigens, putling in evidence
the antigenic dilferences between the two leishmanial
forms. On the other hand, the sera of animals immu-
nized with live metacyclic promastigotes reacted with
both parasite stages,

The protocols of mouse immunization with amas-
tigote lysate and of mouse infection with live mela-
cyclic promastigotes were effective in terms of
allowing the production of anti-amastigote anti-
body-secreting mouse hybridomas.

From the three immunization protocols tested in
this work, two. the immunization with amastigote
lysate and the infection with live promastigotes were
indeed capable of evoking a strong response against L.
chagasi. The infection with live metacyclic promas-
ligotes. is of easy execution, since it just requests the
cultivation of promastigote forms ol the parasite,
which is readily performed and reproducible, while
the immunization protocol using amastigote antigens
demands the inlection and culling of several infected
hamsters for obtaining the parasite, procedures that are
not ethically justiliable il they can be avoided. In
addition, the echniques for obtaining purified amas-
tigotes from infected animal tissues are highly labor-
ious, time consuming, dependent on technical skill
and subjected to variations in terms of degree of
contamination by the host tissue debuis.

A disadvantage, in terms of ethical considerations,
of infecting mice, dogs or rabbits with L. chuagasi
promastigotes for immunization purpose. could be
considercd. However, mice and dogs are relatively
resistant to experimental L. chagasi infection, despite
the detection ol amastigotes in their internal organs
(Oliveira et al., 1993: Sueit et al., 2001) and rabbits
seem to be completely refractory to the infection
(Rassam el al., 1984). In fact, all infected animals in
the experiment described herein had no clintcal signs
of the disease throughout the experimental period.

In view of the several advantages stated above, the
animal immunizations with live metacyclic promasti-
gotes ol L. chagasi presented in this work was con-
sidered the most practical way for obtaining a strong
humoral answer against amastigotes forms of this
parasile, with high sera levels of anti-amastigote anti-
bodies in the three tested animal species. The immu-
nization with live promastigote and amastigote lysates
were comparable in terms of allowing the obtaining of
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Fig. 4. Characterization of the obtained monoclonal antibodies. Four different monoclonal antibodies were tested against amastigote (A) and
promastigote (B) lysates, of different Leishmania species, in an indirect ELISA. Symbols in A, B. C. and D correspond to results obtained with
three 1gG2a mAbs, and 1o results obtained with an I[eM mAb. in E. with a Leishmania chagasi infected mouse serum dilution and in { with a
non-infected mouse serum dilution. (@), L. chagasi lysate: (&), L. braziliensis lysate: (x), L. amazonensis lysate; (<), L. major lysate. The
antigens recognized by seven mAbs (lanes a—g) were identified by Western blots, using non-denatured (C) and denatured (D) L. chagasi
amastigote lysates. Lane h correspond 1o a saline control: lane i to a L. chagasi infected mouse serum dilution and lane j to an irrelevant mAb.
The positions o molecular weight markers are shown in the right of the ligures. Amastigotes were detected in a L. chagasi infected-hamster
liver section by immunohistochemistry using an [gG2a mAb as the first antibody. as detailed in Section 2 (E). Note the absence of stained
structures in a section incubated with a normal mouse serum dilution instead of the mAb ().

anti-amastigote mAb-producing hybridoma. Further-
more, both immunization generated antibody useful
for immunohistochemical assays. Although not shown
in this paper, the immunization with live promastigote
induced a positive in vitro lymphoproliferative response
Lo L. chagasi. which could be used as a positive control
response on phase [ vaccine efficiency studies (Teixeira
et al., unpublished data).

5. Conclusion

Taken all data together, the immunization with live
metacyclic promastigotes was considered the most

satisfactory way lo immunize animals for obtaining
anti-amastigote antibodies. This immunization proto-
col was also comparable to the amastigote lysate
immunization protocol for the obtaining ol mouse
monoclonal antibodies.
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4.3 ARTIGO III: A strategy flor identifying serodiagnostically relevant antigens of

Leishmania or other pathogens in genetic libraries.

JUSTIFICATIVA E OBJETIVOS DO ESTUDO:

O diagnéstico clinico da leishmaniose visceral é complicado devido as semelhangas
com outras docngas causadoras de csplenomegalia febril. Além disso, a confirmagdo da
suspeita clinica através do isolamento do parasito em aspirados de medula ossea, bago e
linfonodos ¢ dificultada pela baixa sensibilidade dos métodos utilizados e da necessidade de
proccdimentos invasivos. Desta forma, na maioria das vezes, o diagnostico da leishmaniose
visceral bascia-se exclusivamente nos achados clinicos ¢ na detecgdo de anticorpos anti-
Leishmania  circulantes.  Entretanto, os métodos tradicionais que utilizam lisados
parasitarios como fonte de antigenos podem apresentar reatividade cruzada, principalmente
com outras espécies dc parasitos da familia Trypanosomatidac (KAR, 1995), tornando
relevante a obtengao de antigenos especificos para uso no sorodiagnostico da LV.

Estudos da resposta imunc humoral contra antigenos de Leishmania utilizando
Western blot tém demonstrado um perfil de reconhecimento bastante variavel tanto por
soros humanos (MARY, 1992) quanto por soros de cdes (ROLLAND, 1994; AISA, 1998).
De fato, soros de cdes de arca endémica, com diagndstico parasitologico confirmado, foram
capazes de reconhecer de trés até 33 fragdes polipeptidicas de antigenos de L. infuntum,
com pesos moleculares variando entre 12 e 85 kDa (AISA, 1998). A variabilidade da
resposta humoral, m esmo ¢ m animais da mesma cspécie, pode ser devido a diferencas
genéticas cntre individuos, a historia de infecgdes/patologias prévias (que poderiam
modular a resposta imune subseqiicntc a infec¢do por Leishmania) ou a maneira eslocastica
que o linfécito encontra o antigeno durante a resposta imune, torna-se ativado ¢ modula a
ativacdo dc outros linfocitos com difercentes ¢ specificidades. Desta forma, o ideal seria
utilizar um grupo pequeno, porém molecularmente bem definido, de antigenos para o
desenvolvimento de testes sorologicos mais sensiveis ¢ cspecificos. Visando este objetivo,
produzimos cm colaboracdo com Dr. Daniel Eichinger, pesquisador do New York
University Medical Center, uma bibliotcca de c¢DNA de amastigotas dc L.

infantum/chaguasi, utilizando como vetor o bacteriofago lambda (ZAP Express Vector,



45

Stratagene). Apesar da L. braziliensis ser considerada mais imunogénica que a L. infantum,
esta ultima foi escolhida para produgdo dos antigenos por apresentar em ensaios de
linfoprolileragdo e testes de resposta celular cutinea uma melhor reatividade em 5 cées
infectados naturalmente com esta espéceice (dados ndo publicados). Os amastigotas utilizados
para purificagdo do RNA foram provenientes de bago de hamsters infectados, uma vez que
os amasligotas axénicos de L. infantum/chagasi, embora morfologicamente semelhantes as
formas intracclulares, ndo apresentaram homogeneidade quanto a viabilidade e
infectividade (contrastando com o observado com as outras espécies de Leishmania
testadas; Artigo I).

Para a triagem inicial dos antigenos da biblioteca, foi utilizada uma mistura de trés
soros de cdes infectados naturalmente com perfil de resisténcia & LV (animais
assintomaticos com teste intradérmico positivo a antigenos de Leishmania) ou uma mistura
de cinco soros de pacientes com LV e sorologia positiva para anticorpos anti-Leishmania.
Esta selegiio prévia forneceu cinco antigenos totalmente diferentes entre si, de acordo com
o sequenciamento parcial dos insertos. D estes, qua tro a ntigenos foram testados em um
ensaio de “dip stick” com soros hum anos, visando o desenvolvimento de um ¢ onjunto

(KIT) para imunodiagnastico da LV.
RESULTADOS:

Soros de 22 pacientes com LV ¢ onfirmada por diagnostico parasitologico foram
testados em ensaio de “dip stick” contra os quatro antigenos recombinantes. Vinte soros
reconheceram pelo menos um dos antigenos recombinantes e dois soros, apesar de reagirem
no Westermn blot com lisado total de Leishmania, ndo reconheceram nenhum dos quatro
antigenos. A mistura desses dois soros foi utilizada para uma nova selegdo de proteinas
recombinantes da biblioteca, levando a identificagdo de um quinto clone. Em seguida foram
testados mais 32 soros frente ao novo painel composto pelos cinco antigenos
recombinantes, apresentando uma elevagdo da sensibilidade do ensaio de 83,3% para
92.6% em relagdo ao total de 54 soros testados. Soros provenientes de individuos normais
(n=22) ou de pacientes com lupus critematoso sistémico (n=4), hanseniase (n=5) ou doenga

de Chagas (n=1) ndo reagiram com o painel de antigenos. Do total de 54 soros de pacientes
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com LV testados, quatro permancceram ndo reativos, sendo que trés foram utilizados para
nova busca de antigenos na bibliotecca de cDNA, reconhecendo mais clones expressando
proteinas de L. infantum.

A mctodologia de selegao de proteinas recombinantes em bibliotecas génicas,
utilizando soros falso-negativos desenvolvida neste trabalho, ¢ extremamente simples e
proporciona uma obten¢do de antigenos direcionada para aqueles que podem aumentar a
sensibilidade de métodos sorodiagnosticos. A utilizagdo dos antigenos recombinantes
selecionados neste trabalho para o desenvolvimento de um cnsaio “dip stick™, e a
determinagdo da sensibilidade e especificidade do teste, foram objetos da tese de mestrado

de Marco Antonio Silvany (SILVANY, 2002).
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Abstract

Different individuals, when infected with the same parasite, rarely produce antibodies
against thc same set of antigens. Indeed, unless a particular antigen happens to be
recognized by antibodies in all individuals, the use of a single antigen in the
serodiagnosis of parasitic discases leads, invariably, to false-negative results. A
straightforward method for pin-pointing, in genetic libraries, the precise antigens that
would increase serodiagnostic assay sensitivities 1s presented. The method is based on
the utilization of scra that produced false-negative results against previously available
antigens. Employing this false-negative serum selection methodology for the
identitication of new Leis/unania infantum recombinant antigens (rAgs), the sensitivity
of a dipstick assay tor anti-Leishmania antibodies in a panel of sera from patients with
visceral leishmaniasis was increased from 83.3% to 98.1%, without affecting its

specificity, by the inclusion of a fifth and a sixth Leishmania chagasi rAg.

Keywords:  Recombinant antigen, c¢cDNA library, serodiagnosis, immunoassay

sensitivity, Leishmania infantum, visceral leishmaniasis.



Introduction

Obtaining several milligrams of a pure protein from a complex microorganism was not
an casy task a few years ago. The recombinant DNA technology, however, is changing
this situation: many homogencously pure microbial antigens can now be obtained in
large amounts with relative easc. Serodiagnostic assays of several infectious diseases,
thercfore, increasingly employ recombinant [1-4] rather than native antigens. A major
obstacle, however, limits the usc of a single antigen in the serodiagnosis: the
specificities of the immune responses against complex microorganisms vary in ditferent
individuals, and, to the a uthors’ b est k nowledge, no single a ntigen is recognized by
antibodies in all of them. For instance, cven when relatively few scra from Leishmania
infantum- (n=9) or Trypanosoma cruzi-infected (n=8) human beings, or from rabbits
immunized with a mixture of keyhole limpet hemocyanin and Mycobacterium
tuberculosis antigens in mineral oil-saline emulsion (n=7), were analysed by Western
blot against L. infantum, 1. cruzi or cross-reactive Trvpanosoma brucei lysates,
respectively, no single antigenic band was clearly recognized by all tested sera (Fig. 1;
unpublished data). The solution for this problem, however, may be the employment of
more than one antigen in a serodiagnostic assay: this would maximize the chances of
detecting antibodics in all positive scra.

To 1mprove a scrodiagnostic recombinant antigen (rAg) panel, it would be
desirable to pin-point, in genctic [ibraries, precisely the phages encoding the rAgs that
might increasc the assay sensitivity, ignoring those phages encoding already available
antigens. This may be a ditticult task - the best represented (not necessarily the most
immunogenic, i.e, serodiagnosis-relevant) antigens in a library, after been easily picked
up, Iecave behind a high "background" of undesirable phages encoding them. This would
obstruct the identification of the relative small number of phages encoding the desired
new antigens. A direct way for obtaining thesc relatively rare rAgs is to use, as a
screening tool, exactly the sera previously producing false-negative results: these sera
do not, by definition, recognize the alrcady available antigens. This false-negative
serum-sclection strategy was cmployed as described below, in two quick runs, to
identify two ditferent L. infantum rAgs from a ¢cDNA library. These rAgs, due to the

very process of their obtaining, are recognized by previously false-negative sera, and are



therefore promising candidates to increase the sensitivity of a scrodiagnostic assay for
zoonotic visceral leishmaniasis (VL), a Latin American / Southern European disease

caused by the L. infantum protozoan [5-6].
2. Materials and methods

2.1. Seru

Serum samples from 54 VL patients, inhabiting an endemic area of the state of Rio
Grande do Norte, in the dry, poor northeastern region of Brazil, were used. All patients
had diagnoses confirmed by demonstration ot the parasite in bonc marrow aspirates.
Control sera were from 22 informed healthy volunteers without history of
leishmaniases. All sera were prepared from blood collected for immunodiagnostic
purposes and for the devclopment of serodiagnostic assays, in accordance with

institutional cthical guidelines (which include patients” informed consent).

2.2. Recombinant antigens and antigen-coating of nitrocellulose paper

Nitrocellulose paper was individually coated, as described below, with: (i) Leishmania
rAgs in Escherichia coli lysates; (i1) negative control £. coli lysate; and (iii) positive
control Leishmania lysate.

L. infantum amastigotes werc obtained from the spleens of hamsters infected with 10°
metacyclic promastigotes and puritied by centrifugation on a Percoll solution gradient
[7]. The RNA isolated from purified amastigotes was used to construct a cDNA library
m lambda ZAP bacteriophage (Stratagene, La Jolla, CA, USA) in accordance with
manufacturer’s instructions, in one of our laboratories. The library was screened with
antibodies from pools of sera from (a) three dogs or (b) five human beings, all from VL
endemic areas and with Leishmania amastigotes isolated from spleen or bone-marrow
aspirates. Canine blood was collected by a veterinarian, in accordance with institutional
cthical guidelines. Bacteriophages were isolated tfrom the antibody-reacting plaques and
incubated with FEscherichia coli agar cultures in Petri dishes, in the presence of
isopropyl-f3-D-thiogalactoside (IPTG), for the expression of the encoded recombinant
proteins. The amount of added bacteriophages was that previously determined, by

titration, to cause contluent Iytic plaques on the bacterium layer after a [6-hour



incubation period at 37" C. After a 3-hour incubation of the bacteriophage-bacterium
mixture, nitrocellulose paper disks were juxtaposed onto the agar surface and incubated
for 16 hours at 37" C, in order to become coated with the expressed recombinant
protcins. As ncgative control of solid phase-antigen, nitrocellulose disks were coated
with non-spccific protein lysates from agar plates in which E. coli was infected with,
non-recombinant lambda ZAP bacteriophages. L. infantum promastigotes, obtained
trom stationary-phasc cultures in Schneider’s insect cell medium containing 10% foetal
bovine serum [8], were lysed by sonication at 4° C (as a source of crude Leishmania
antigen) and used to coat nitrocellulose paper at a concentration of 20 pg.ml” of 0.15 M
phosphate-buffered saline, pH 7.2 (PBS), during a 16-hour incubation at 4° C. Possibly
remaining  protein-binding sites on recombinant and control antigen-coated
nitrocellulose papers were blocked by incubation with 5% (w/v) dry skimmed milk in
PBS for at lcast one hour at room temperature. Small (8 x 2 mm) rectangular pieces
were cut from the ditterent antigen-coated nitrocellulose papers and transversally glued
onto the same rigid plastic strip (8 x 700 mm dipstick), so as to form an array of scveral
solid-phase antigens, disposed side by side, to be simultancously tested in the dipstick
assay. Selected phages were converted to plasmids by excision protocol (Stratagene)
and had their inscrted cDNA sequenced. Four different rAgs were used initially in the

dipstick assay.

2.3. Dipstick, ELISA and Western blot assays

Sera were tested against the individual recombinant antigens by their incubation with
the array of antigen-coated rcctangular nitrocellulose paper pieces described above.
Briefly, the antigen array was incubated with 1:400 dilutions of VL patients’ or control
sera. The binding of antibodies to the antigens was revealed by successive incubations
with an anti-human IgG Fc — peroxidase conjugate (IgG-specific) and with a mixture of
hydrogen peroxide and the diaminobenzidine chromogen (Sigma Chemical Co., St.
Louis, MO, USA), as described elsewhere [9]. Western blots and ELISA were carried
out with L. infantum lysates, as described previously [10-11]. A serum staining any of
the rAg-coated pieces of paper in the array was considered as producing a positive

reaction.



3. Results and discussion

Twenty-two VL patients’ sera were initially tested in a dipstick assay using
nitrocellulose strips carrying four spots individually coated with the four rAgs that were
obtained as described above (4-rAg dipstick assay). Two of these sera, however, despite
rcacting with the Leisiunania lysate, did not rcact with any rAg (Fig. 2a). A pool of the
two sera producing false-negative results in this 4-rAg assay was uscd to re-screen the
cDNA library, leading to the identification of a fifth rAg. This was used to set up a 5-
rAg assay, which, in its turn, when tested against 32 previously untested VL patients’
sera, led to the identification of four false-negative sera. A pool of three of these new
false-ncgative scra was then used for a third screening of the cDNA library, identifying
a sixth antigen, which was also added to the dipstick assay. The reactivities of all 54 VL
patients” and 22 control sera were finally assessed against each of the six rAgs in this
last dipstick assay. Ninc of the 54 (16.7%) tested VL patients’ scra did not react with
any of the original four rAgs (Fig. 2b). A fifth rAg, obtained by mecans of screening a L.
infantum cDNA library by a pool of two sera that did not recognize any of the four
rAgs, was recognized by five of these nine initially false-negative sera (including the
two sera used in its selection). An immunoassay utilizing the five rAgs, therefore
produced only four (7.4 %) false-negative results when tested against the 54 sera. A
stxth rAg, obtained with the use of a pool of three of these four remaining false-negative
scra, were used to sct up a 6-rAg dipstick assay, which produced only one false-negative
result (1.9%) when tested against the 54 sera (Fig. 2b). This remaining false-negative
serum did not react with L. infantum native antigens, either in an ELISA, a Western blot
or in the dipstick assay.

Although, as mentioned above, only one (1.9%) of the 54 sera failed to
rccognize at least onc of the six rAgs, cach of these rAgs, when isolatedly analysed,
were not recognized by 12 (22.2%) to 37 (68.5%) of the 54 sera. In addition, no rAg
shared with another the reactivity against the same sct of sera, demonstrating that the six
rAgs differed antigenically among themselves. None of the 22 control sera reacted with
any of the six rAgs in the dipstick assay (not shown).

The false-ncgative serum-sclection methodology has been employed, in two

runs, as described heretn, to expand a pancl of L. infantum rAgs from four to six



antigens, increasing tfrom 83.3 to 98.1 the percentage of 54 VL patient’s sera that
reacted with at least one of the antigens in a dipstick assay. These six rAgs werc not
rccognized by antibodies from 22 healthy individuals® sera in the dipstick assay,
indicating that they are promising candidates for being included in serodiagnostic
assays. The rAgs used in the work described herein should be tested against large
numbers of sera from paticnts with LV, other clinical forms of leishmaniasis and other
infectious and non-infectious discases, and from healthy individuals, in order to allow
the determination of the specificity and sensitivity of immunoassays employing them.

The sensitivity of a scrological assay would of course reach 100% only if all
intected or sick individuals made antibodies, something that would hardly happen in the
first few days after an infection or in some immunodeficient individuals. In fact,
antibodies against crude L. infantum antigens were not detected in one of the 54 studied
VI patients’ sera, making it unattainable, whichcver assay were used, to obtain an
100% positive record with this particular set of 54 sera.

The cxposure of isolated rAgs in individual spots on the solid phase (rather than
using an antigenic mixture), as performed in the work described hercin, may have the
cifect of increasing the assay specificity, since it would allow the visualization of
antibody rcactions against individual rAgs. This might disclose possible infection- or
disease-specific reaction patterns (as happens, for instance, for Western blots in HIV
intection). The isolated application of rAgs to the solid phase has the additional
advantage of increasing the density of each antigen. In the alternative case of utilizing
an antigenic mixture, if any of the antigens in the mixture is poorly recognized by
antibodies in a particular scrum, it will “dilute out™ the remaining antigens in the solid
phase. This, complying with the association affinity constant equation [12], would
obligatorily decreasc the binding of antibodies to the solid phase and reduce the assay
sensitivity.

Despite the simplicity and potential usefulness of the false-negative serum-
sclection method described herein, saving both assay developer’s time and expensive
rcagents, to the authors’ best knowledge it has not been reported previously, and it may
therctore have been unduly neglected as a quick process to pick up serodiagnostically

relevant antigens in genetic libraries.
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L.egends to figures

Fig. 1. Variability of immune responses in parasite-infected human beings or in animals
immunized with complex antigenic mixtures. Sera from human beings naturally
infected by Leishmania chagasi (a) or by Trypanosoma cruzi (b), and from New
Zcaland rabbits beforc and after immunization with a mixture of Mycobacterium
tuberculosis and keyhole limpet hemocyanin (e), were used in Western blot assays
against L. chagasi, T. cruzi and Trypanosoma brucei lysates, respectively. Each column
corresponds to the reaction pattern of an individual serum. Arrows indicate antigens that
were not recognized by antibodies in pre-immune serum. Note (i) how, although some
antigens reacted strongly with antibodies from most human sera, none reacted with all
scra (a and b), and (ii) the great variability of antibody specificities among individual
rabbits, both in terms of “natural” (pre-immune) antibodies and of cross-reactive, post-

immunization antibodies (¢). p = pre-immune serum; i = immune serum.

Fig. 2. Using sera producing false-negative results to obtain relevant recombinant
antigens (rAgs). (a) Schemce of the procedure employed to improve an immunoassay for
diagnosis of visceral lcishmaniasis. (b) Number of scra from patients with visceral
lcishmaniasis recognizing at least one rAg in panels with increasing number of L .
chagasi amastigote rAgs. The additional rAgs in the 5- and 6-antigen panels, in relation
to the 4-antigen panel, were selected from a cDNA library as described in (a). Closed
areas in the columns represent the number of secra producing positive results is an
immunocnzymatic dipstick assay, in which each recombinant antigen was exposed
separatcly to the sera, whereas the total height of the columns represent the total number

of sera tested (22 or 54 sera).
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4.4 ARTIGO IV: Immunization protocol to obtain antigen-specific cellular immune
responses for the in vitro andin vivo assessments o {anti- Leishmania infantum imune

responses in dogs

JUSTIFICATIVA E OBJETIVOS DO ESTUDO:

Apesar de o cao ser considerado o principal reservatorio doméstico da L.
infantum/chagasi, a elimina¢do de cdes soropositivos ndo reduziu a incidéncia da LV
humana e/ou canina no Brasil (DYE, 1996), provavelmente devido a baixa sensibilidade
dos métodos diagnosticos utilizados e a demora entre a detecgdo e a eliminagdo dos animais
soropositivos (BRAGA, 1998; REITHENGER & DAVIES, 2002). Desta forma, o
descnvolvimento de vacinas contra a leishmaniose visceral tem sido considerado prioridade
para a Organizagdo Mundial de Saude. Entretanto, para os estudos preliminares sobre o
potencial imunogénico de moléculas de Leishmania candidatas a componentes de uma
vacina canina, € necessario um modelo experimental que fornega animais com resposta
imunc celular detectdvel contra antigenos do parasito. A obtengdo dos cies
imunologicamente respondedores na drea endémica demanda a captura de diversos animais,
que, mesmo e stando inl'ectados, p odem a presentar s upressdo da resposta im une c elular,
tornando-se uma abordagem de custos elevados e extremamente laboriosa.

Alguns estudos demonstraram indugdo de resposta imune celular anti-Leishmania
em caes por meio da imunizagdo com lisado parasitario (PINELLI, [994) ou inlec¢do com
promastigotas vivos utilizando a via intradérmica (KILLICK-KENDRICK, 1994;
LEANDRO, 2001). Neste trabalho testamos um esquema de imunizagdo de caes visando a
obten¢do de animais respondedores a antigenos de L. infantum/chagasi através da injecio
de lisado de promastigotas e posterior inoculagdo de promastigotas vivos por via
subcutanca. A indugdo de resposta imune humoral e celular contra antigenos totais e

proteinas recombinantes foram avaliadas antes ¢ ap0s a infec¢do dos animais.
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RESULTADOS:

Caes injetados com lisado de promastigotas emulsionado em adjuvante de Freund
produziram pouca atividade, p orém s ignificativa, de anticorpos lgG anti-Leishmania no
ELISA. Apos a inoculagdo de promastigotas virulentos, ocorreu um aumento da reatividade
de anticorpos especificos, sendo mais evidente com 45 semanas de infec¢do. Dois, de
quatro animais, também exibiram resposta humoral contra a proteina recombinante Lc 3.

Apesar do aumento dc anticorpos apds duas injegdes de lisado parasitario, ndo foi
observada reatividade de linfocitos in vitro, nos cdes imunizados com lisado. Apenas apos a
infecgdo dos animais observou-sc resposta imune celular a antigenos totais e recombinantes
dc L. infantum, determinada pelo ensato de linfoproliferacdo. Além disso, todos os cdes
apresentaram, aos 45 dias de infec¢do, reagio de hipersensibilidade tardia positiva quando
injetados por via intradérmica com antigenos de Leishmania. Trés de quatro animais foram
também positivos no teste cutneo para a proteina recombinante Le13 € um para a Lc9.

Apesar do isolamento do parasito em cultura de aspirados esplénicos de dois
animais, ndo ocorreu desenvolvimento de sintomatologia. Os dados sugerem que a infecg¢do
sub-clinica em cides inoculados por via subcutanea com promastigotas, independentemente
ou ndo da injecdo prévia de lisado do parasito, € capaz de estimular eficientemente tanto a
resposta imune humoral quanto a celular. O modelo testado neste trabalho pode ser bastante
atil na sele¢do e/ou em censaios imunobioldgicos de antigenos de Leishmania promissores

para o desenvolvimento de vacinas e/ou métodos imunoterapicos.
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Abstract

Domestic dogs are the main reservoirs of zoonotic visceral leishmaniasis. In this work,
we have cvaluated a protocol to induce Leishmania infantum-specific cellular and humoral
immune responses in dogs, consisting in two injections of Leishmania promastigote lysate
followed by the subcutaneous inoculation of viable promastigotes. Specific
lymphoproliferative responses either to Leishmania lysate or to recombinant proteins were
observed only after infection of the animals. At 45 w ecks of infection, dogs remained
healthy and exhibited positive delayed-type hypersensitivity to Leishmania crude antigens
and to purified recombinant proteins. The circulating levels of anti-Leishimania antibody
increased after inoculation of viable promastigotes. The injection of dogs with live
promastigotes by the subcutaneous route appears to induce a sustained cellular immune
response leading to asymptomatic infection, which provides a useful model both for the
selection of immunogenic Leishmania antigens and for immunobiological studies on their

possible immunoprotective activitics.

Key words: Leishmania infantum - dogs - immunization - cellular immune response



63

Introduction

Visceral letshmaniasis (VL) is becoming an increasing worry in public health due to its
spreading to previously non-endemic rural areas, to the emergence of disease foci in urban
areas and, more recently, to its opportunistic association with HI'V infection (Jerénimo et al.
1994; Marzochi et al. 1994; Alvar 1994; Molina et al. 1999; & el-Rassan 2001).

Picces of evidence for the vole played by dogs as domestic reservoirs of Leishmania
infuntum have been reported: first, the frequent presence of Leishmania-infected dogs in
domestic and peridomestic areas; second, the high seropositivity rates in dogs from
cndemic areas and third, the intense skin parasitism of sick dogs, making the Leishmunia
theoretically exposed to the sand fly (Peters & Killick-Kendrick 1987; Abranches 1991,
Travi et al. 2001). Vector control using insecticides, treatment of human cases and
serological surveys, followed by culling of seropositive canines, are the main control
measures adopted in Brazil. However, the massive elimination of dogs between 1990 and
1997 did not reduce the incidence of the human disease (Costa et al. 2000).

Studies on natural and experimental L. infantum infections of dogs indicate that many
animals de velop asymptomatic infections, p robably due to an e fficient c ellular immune
response against the parasite (Cabral et al. 1992; Pinelli et al, 1994a), suggesting that a
canine vaccine is feasible (Dye 1996). To assess the efficacy of a vaccine against canine
leishmaniasis it is desirable and/or nccessary to monitor or quantify some biologic
parameters, such as: (1) the development of clinical signs of disease; (2) the production of
antibodies against Leishmania antigens; (3) the elicitation of antigen-specific proliferative
responses and/or the production of cytokines in antigen-stimulated peripheral blood
mononuclear cells; (4) the elicitation of skin hypersensitivity to inoculated antigens and,
finally, (5) the determination of the infectivity of the immunized dogs to sand flies.

One of the major problems in studying canine immune responses to Leishmania antigens
is the lack of an casy source of antigen-specific canine lymphocytes to be used as positive
controls in biological assays for cell-mediated immunity. Studies in Brazilian endemic
arcas have shown 20-25% seroprevalences of canine leishmaniasis in different endemic
arcas (Paranhos-Silva et al. 1996; Nunes et al. 2001; Silva et al. 2001). However, among

the scropositive canides, many symptomatic animals have low cellular immunc responses
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(de Luna et al. 1999; Moreno et al. 1999; Conrado dos-Santos et al. manuscript in
preparation), decreasing the availability of donors of Leishimania antigen-responder
lymphocytes. Thus, obtaining these positive control dogs from a large canine population in
Leistunania endemic areas is an expensive, labor-intensive and inefficient fieldwork.

Data available o n ¢ aninc e xpevimental L eishmania inf ection are dif ficult t o c ompare
because of differences in inoculum sizes, inoculation routes and parasite stages used for
infection (reviewed in Moreno and Alvar 2002). However, those datla show that
symptomatic disease can be obtained by infecting dogs with high parasite inocula, with
amastigote forms and/or using the i ntravenous route for infection (Rhalemetal. 1999;
Campino et al. 2000), while infections by the intradermal route seems to induce long pre-
patent periods and stimulate cell-mediated immune responses (Killick-Kendrick et al. 1994;
Leandro et al. 2001). The induction of specific cellular immune responses in dogs, as
assessed by lymphoproliferation and skin delayed type hypersensitivity (DTH) reaction, by
immunizations with lysed parasites (Pinelli et al. 1994b; Mayrink et al. 1996) or with a
Leishmania antigen fraction (Borja-Cabrera et al. 2002) has also been reported.

in this study, aiming at obtaining a source of Leishmania antigen-responder lymphocytes
for cell-mediated immunity assays in dogs, L. infantum specific-cellular and humoral
immune responses were evaluated in vivo and in vitro in different moments of an
immunization protocol (after injection of a Leishmania promastigote lysate and after the
subsequent inoculation of viable promastigotes). The results indicate that the induction of
L. infantum sub-clinical infection, following the immunization with parasite crude antigens,
is better than the immunization with parasite antigens alone in terms of eliciting both

humoral and cellular immune responses.

Materials and methods

Parasite and Antigens

The Leishmania used was isolated from the bone marrow of a human patient and identified

as L. infantum (MHOM/BR2000/Merivaldo2 strain). The parasite was kept by passages

into golden hamsters and cultivation in Schneider’s drosophila medium (Sigma, St. Louis,
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MO., USA), supplemented with 20% fetal bovine serum (FBS; Gibco BRL, Gaithersburg,
MD, USA), at 22° C, pH 7.2. For immunization and detection of antibodies in dog serum
by ELISA, promastigotes were washed by centrifugation with 0.15 M phosphate-buffered
saline, pH 7.2 (PBS) and lysed by sonication ({ive cycles of 30 seconds at 80% output with
intermediate cooling cycles of [ min; Branson sonifier 450W, Branson Instruments,
Danbury, CT). The lysate was kept at -20° C until used. The Lc9 (a kinesin) and Lcl3 (a
heat s hock protein) Leishmania recombinant proteins, encoded by plasmids ¢ onstructed
with L. infuntum amastigote ¢cDNA, were expressed in Escherichia coli and purified by
inclusion body (insoluble aggregate of overexpressed protein) isolation protocols
(Sambrook ¢t al. 1989; Babu et al. 2000) or by immobilized metal-ion affinity
chromatography using nickel-chelating Sepharose Fast Flow columns (Amersham
Pharmacia Biotechnology, Sweden; Jedrzejas et al. 1998). respectively. The degree of
purity of the recombinant antigens was analyzed by sodium dodecylsulphate-
polyacrilamide gel electrophoresis (SDS-PAGE). followed by Coomassic blue staining.
The protein content of each antigen preparation was determined by protein reaction with
[Tuorescamine (Lorenzen and K ennedy 19 93). For the lymphoproliferative assays, crude
and purified antigens were dialysed against RPMI medium and sterilized by gamma-ray

nradiation.

Animals and experimental design

Seven mixed-bred dogs, two- to four-year old, were obtained from the Salvador City
Zoonosis Control Center, and kept in a kennel at the Gongalo Moniz Research Center,
Salvador, Bahia, with daily recreation in a dedicated arca. All dogs were examined and
treated when necessary for ancmia, intestinal and ectoparasites, and reccived routine
vaccination against leptospirosis, distemper, adenoviruses, parainfluenza and parvoviruses
during an acclimatization period. All dogs were confirmed to be free of Leishmania by
absence of parasites in spleen aspirate cultures and of specific antibodies by enzyme-linked
immunosorbent assay (ELISA) and immunofluorescence (Paranhos et al. 1996). Periodical
surveys of the kennel for the presence of vectors of Leishmania, performed with the use of

light traps, produced negative results. Animals were divided in two groups of four (group I)
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and three (group 1) dogs. Group | was subjected to the following subcutaneous injection
protocol, with intervals of threc to four wecks between injections/inoculation: (a) one
injection of a lysate corresponding to | x 10® Leishmania promasti gote in complete Freund
adjuvant, (b) a second injection ol the same amount of Leisiunania promastigote lysate in
incomplete Freund adjuvant and (c) an inoculation of 1 x 10% live stationary phasc
Leishmania promastigotes. Group Il (the control group) was treated at the same time
intervals with saline and adjuvants and then only saline instcad of viable promastigotes.
The cellular and humoral immune responses against Leishmania were evaluated three
weeks after the sccond lysate injection and at 6 and 45 weeks after the live parasite
inoculation. S pleen a spirates were collected every three months after the inoculation of
viable promastigotes and were cultured in biphasic medium (blood agar-Schneider’s
medium). The animals were ¢ linically monitored by a veterinary doctor throughout t he
experiment, which was conducted in accordance with the Oswaldo Cruz Foundation

guidelines for the use of experimental animals.

ELISA

Microtiter plate (Corning Laboratory Science Co., NY, USA) wells were coated overnight
at 4° C with 2 pg of Leishmania lysate or 0.05 pg of Leishmania recombinant protein in
100 ul volumes of 0.1 M carbonate buffer (pH 9.6) per well. Wells were washed three
times with PBS containing 0.05% Tween 20 (Sigma Chemical Co., St. Louis, USA) and
blocked with PBS containing 5% dried skimmed milk for I hr at 37° C. Afler three washing
procedures, the wells were incubated with 100 pl ol 1/400 dilutions of test sera in PBS
containing 3% (dry w/v) skimmed milk and 0.05% Tween 20 for | hr at 37° C. The wells
were washed again as before and 100 pl of an anti-dog IgG peroxidasc conjugate (Sigma
Chemical Co, St. Louis, USA), diluted /2000, were added and incubated for | hr at 37° C.
The wells were then washed before the addition of hydrogen peroxide and o-phenyldiamine
(Sigma Chemical Co, St. Louis, USA). The reaction was stopped after 20 minutes by the
addition of 25 pl of 2 N sulfuric acid and the color intensity at 450-nm wave-length light
rcad in a microtiter reader. Positive control sera from dogs with parasitologically proven

infections, and ncgative control sera from dogs from a leishmaniasis non-endemic area and



67

with negative spleen cultures, were included in all plates. Optical densities above the cut-
off were considered positive. The cut-ofl corresponded to the mean O.D. obtained with
three negative control sera included in the assay plus this mean O.D. times 2 S.D. of the
mcan O.D. obtained with 53 sera from dogs coming from Leis/unania-free areas divided by

this latter mean O.D., where O.D. equals optical density and S.D. equals standard deviation.
Lymphocyle proliferation assay

Peripheral blood mononuclear cells (PBMC) were isolated by centrifugation on a Ficoll
(Sigma Chemical Co, St. Louis, USA) - RPMI medium solution and washed three times at
4° C with RPMI medium. Viable cclls were adjusted to 2 x 10° in RPMI supplemented with
10% of hcat-inactivated FBS, 50 pg.ml"' ot gentamycin and 2 mM.m{™" of L-glutamine
(complcete medium). Two hundred pl containing 2 x 10° cells were then cultured in
complete medium in the presence of 4 pg.ml™ of concanavalin A (Con A; Sigma Chemical
Co, St. Louis, USA) for three days or with 20 pg.ml'I of Leishmania lysate, 0.5 pg.ml’I of
lci3 or 16 pg.ml"' of Lc9, for five days. These antigen and mitogen concentrations were
found to be optimal, in previous assays, utilizing PBMC of naturally infected dogs. All
cultures were carried out in flat-bottomed microtiter plates (Corning Laboratory Science
Co., NY, USA), in triplicate, in a 100% humid atmosphere at 37° C and 5% CO,. Cells
were pulsed during the last 18 hours of culture with 1 puCi of [3H] thymidine (Amersham-
Pharmacia Biotech, England) and harvested onto glass fiber filters utilizing a cell harvester.
Radioactivity uptake was mecasured in a liquid scintillation bela counter. Proliferative
responses were expressed as stimulation index (SI), calculated by dividing the mean of
counts of stimulated cultures by the mean of counts of non-stimulated ones. Stimulation

indices equal or higher than 2.5 were considered to be indicative of proliferation.
Delayed-type hypersensitivity reaction
The skin test was performed as described before (Paranhos-Silva et al., 2001) using frecze-

thawed, lysed L. infantum promastigotes, diluted in sterile saline as antigen. Dogs were

injected intradermally, at different sites of the abdomen, with (a) 100 pl of lysate
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containing 250 pg of protein, (b) different concentrations of purified Lcl3 (50, 25 and 12.5
ng.ml-") and Lc9 (100, 50 and 25 pgml-') recombinant proteins or (c) saline alone.
Intradermal induration was measured 48 and 72 hours after antigen injection. Reactions
showing diameter equal or larger than 5 mm were considered positive. The skin test was
performed by the end of the experiment, after all lymphoproliferative and serological
assays had been carried out, since the injection of promastigote | ysate in the skin, for
diagnostic reasons, may stimulatc by itsell an anti-Leishmania immune response

(Nascimento et al. 1993).

Results
Specilic antibody responses against total or recombinant antigens of L. infantum

All dogs exhibited low, but significant levels of circulating 1gG anti-L. infantum activity
after two injections of promastigote | ysate (Table ). Six weeks after the subcutaneous
inoculation with virulent promastigotes, the antibody levels either remained constant (dogs
C and D) ortncreased (dogs A and B) (Table1). A large increase in anti-L. infantum
antibodies production was observed in three out of four dogs at 45 weeks after infection.
Reactivity of the serum antibodies against the L¢3 recombinant protein was observed in
two animals (dogs B and C) at 45 wecks after viable promastigote inoculation. None of the
animals had detectable serum antibodies against the Lc9 protein during the follow-up
period (data not shown). Sera from the control group had no detectable anti-Leishmania

antibodics (Table I).
Lymphoproliferative response

Proliferative responses to Leishmaniu crude antigens were not observed after two
subcutancous injections of L. infuntum lysate (Fig. | A). These were observed only after
inoculation of live promastigotes, and were considerably higher after 45 weeks than after 6
weeks of the infection in three of the four dogs (Fig 1A). After 45 weeks of infection, all

animals responded to L¢3, while two of the four dogs (animals C and D) responded to L¢9
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protein, with a mean Sl ol 6.6 and 4.5, respectively (Fig 1 B). No PBMCs from animals of
the control, non-immunized group had lymphoproliferative responses to the L. infantum
lysate or to the recombinant proteins (Fig. 1B). PBMCs from dogs of both groups showed
high levels of proliferation when stimulated with mitogen. The response of different
animals to Con A varied over the period of the experiment, ranging between a S.I. of 31.9
and 64.6 for immunized dogs and between 18.2 and 75.3 for control animals (data not

shown).
Delayed-type hypersensitivity to Leishimania crude and recombinant antigens

All dogs from the infected group had positive skin test reactions at the site of injection of L.
infantum crude antigens, varying from 10 to 30 mm at 48 hours and from 7 to 26 mm at 72
hours (Table II). Three experimentally infected animals had larger reactions at 48 hours,
whereas onc dog had an increase of induration’s arca at 72 hours (Table II). Three of four
dogs from the infected group were recactive to higher concentrations of Lci3 and one dog
responded to both Lei3 and Le9 (Table ). No positive reactions were detected in the three

control dogs.

Chinical and parasitological evaluation

The presence of parasite in splecn aspirate cultures was observed in two of the four infected
animals (dogs B and D) 6 months after promastigote inoculation. All spleen cultures were
negative 18 months post-infection. No clinical signs of VL, such as loss of weight,
cachexia, alopecia, onycogryphosis, or any other disease signs, were obscrved during the
experiment period. Dogs from the control group also remained healthy and had all spleen

cultures negative during the follow-up period.

Discussion

Very few studics have described attempts at inducing cellular immune responses in dogs

by injecting Leishmania lysates. There is one study on the immunization of d ogs w ith
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Leishmania promastigote antigens that aimed at specifically generating Leishmania-
responder T cells (Pinelli ct al. 1994b). In that work, the soluble fraction of a Leishmania
infantum lysatc was mixed with dimethyl dioctadecy! ammonium bromide and injected by
the subcutaneous route. Of the three immunized beagles, two had a weak and one had an
intense /n vitro lymphocyte response to antigenic stimulation (Pinelli et al. 1994b). In the
study described herein, cellular immune response to Leishmania antigens was not induced
in any of the four animals injected twice with Leishmania total lysate. The contrast
observed between studies might be due to different dog breeds, a ntigen p reparation or
adjuvant used. However, it is worthy to point out the variation in the induction of
lymphoproliferative responscs among immunized animals reported in the work referred to
above (Pinelli et al. 1994b).

Attempts at inducing specific cellular immune response in dogs, after injection of crude
antigens, have also been carried out in a vaccination trial against canine leishmaniasis. The
immunization of dogs with a partly purified L. infuntum preparation, administered with the
muramyl dipeptide adjuvant, which had previously b een s hown to p rotect mice a gainst
Leishmania, led to cxarcebation of the disease. Peripheral blood cells reactivity to
Leilnania antigens was not determined (Dunan et al. 1989).

Whereas some authors have reported that experimental infection of dogs with
amastigotes or promastigotes by the intravenous route produced signs of visceral disease,
but less pronounced than in natural infection (Nieto et al. 1999; Rhalem et al. 1999;
Campino et al. 2000), other authors have reported the development of asymptomatic
infections afier inoculation of either Leishmania promastigotes by the intradermal or
intravenous route or amastigotes by the intravenous route (Abranches et al. 1991; Oliveira
ct al. 1993; Santos-Gomes et al. 2000; Leandro ct al. 2001), even using inocula as high as
10" promastigotes per kg of body weight. The lack of consistency and reproducibility may
be due to various factors, such as route of inoculation, size of inocula, stage of parasite and
dog breed (reviewed by Morcno & Alvar, 2002). Despite these variations, ditfcrent
experimental models with specific purposes could be cstablished instead of a single model
of canine VL. For selection of antigens with immunological properties, the desirable dog
model would be one with apparently healthy animals with cellular immune response to

Leishmania antigens (discase resistant dogs).
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The poor immunogenicity of promastigote lysates for dogs, demonstrated in the work
reported herein (an in vitro cellular reactivity to Leishmania antigens was not observed in
any of the animals after two injections of a promastigote crude antigen emulsified in Freund
adjuvant) is consistent with the result described by Dunan et al. (1989). On the other hand,
the increase in antibody production and the elicitation of lymphoproliferative response
following the infection of the dogs with Leishmania, suggests that parasite-host interactions
during the course of infection favors the triggering of both cellular and humoral anti-
Leishmania immune responses in dogs. This is further confirmed by the observation that by
45 weeks after infection, all dogs had positive skin reactions to Leishmania crude antigens,
three dogs responded to the Lcl3 recombinant antigen and one dog responded to both the
Lc9 and the Lcl3 recombinant antigens. All the infected dogs were healthy by that time,
which is consistent with reports that positive delayed type hypersensitivity against
Leishmania in dogs is associated with resistance against Leishmania infection (Pinelli et al.
1994a; Solano-Gallego et al. 2000). The present results also corroborate the finding that the
infection of dogs with promastigotes induced an intense cellular response (Killick-Kendrick
et al. 1994; Santos-Gomes ct al. 2000; Leandro et al. 2001).

Paranhos-Silva and collaborators (2003) reported the development of a sub-clinical
infection in dogs intradermally injected with virulent promastigotes. Small increase in
antibody levels was observed alter [ months post infection, which might be due to the low
inocutum used (around 10° promastigotes) compared to the present study (10
promastigotes), in which an intense antibody reactivity to Leishmania crude antigen was
observed at the same period after infection. Only non-specific lymphoproliferative response
to mitogen was evaluated in that work. Even after infection by intravenous route with high
promastigote inoculum, low antibody reactivity was observed in beagles (Leandro et al.
2001). As protection against canine leishmaniasis has been associated to cell-mediated
immunity ( Pinelli et al. 1 994a), the aim o fthis study was to obtain a dog model with
detectable T-cell responses to Leishmania antigens, and not a dog model of canine VL. The
model can also be valuable 1o determine the isotypes of 1gG antibodies against leishmanial
proteins. Anti-Leishmania 1gG1l antibodics have been associated to the development of
clinical disease and 1gG2 antibodies to asymptomatic infections (Nieto et al. 1999; Leandro

et al. 2001).
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The dog genetic background is a very important factor in the outcome of experimental
infection. It may be more appropriate to use mixed-breed dogs in experimental models in
order to represent more accurately the genctic diversity of the dog population in
Leishmania endemic arcas. In fact, the Ibizian hound dogs rarely develop clinical
leishmaniosis, probably due to a more uniform cellular response to infection to Leishmania
than other dog breeds (Solano-Galego et al. 2000). In the experiments described herein,
mongrel dogs, similar to the ones found inhabiting the Brazilian Bahia state endemic areas,
were used.

Reports on humoral and cellular immune responses to purified recombinant antigens in
Leishmania-infected dogs are very limited. Experimentally or naturally infected sick dogs
were s eropositive for anti-rK39 a ntibodies, w hile s era f rom a symptomatic animals with
natural infection did not react with this protein, suggesting that there 1s a significant
corrclation between antibody reactivity to tK39 and appearance of clinical symptoms.
Unfortunately, rK39 was not tested in blastogenic assays (Rhalem et al. 1999). Antibody
levels in a naturally infected canine population recognizing type 1 cystein proteinases (CP)
were higher in asymptomatic animals than in animals with VL. On the other hand, PBMC
reactivity remained fow in presence of CP, although always higher for PBMC recovered
[rom asymptomatic dogs (Nakhaee et al. 2004). The present study indicates that antibodies
against proteins of Hsp70 family are produced in the course of infection, as reported
previously (Quijada et al. 1995), and that antibody reactivity against Leishmania kinesins
could inversely correlate with a T-cell response, once no animals produced antibodies
against L¢9 and PBMCs from half of them had a positive lymphoproliferative response
during the experiment observation period. These results indicate that the dog model
described herein can be uselul for attempts to identify antigens associated with immune
protection in resistant dogs.

In the present study, in which dogs were inoculated with L eishimania promastigotes
subcutaneously, cven the two dogs from which parasites were isolated from spleen did not
develop any sign of discase. The absence of symptoms despite the production of antibodies,
lymphoproliferative responsc and skin reactions to L. infantum in the infected animals

suggest host-parasite equilibrium in this dog experimental modcl.
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Dogs living in a VL endemic area can be divided into three categories: first, dogs with
negative antibody response, but with in vitro lymphoproliferative responses to Leishmania
antigens; sccond, positive dogs with anti-Leishmania  antibodies but  without anti-
Leishmania lymphoproliferative responses and, third, dogs positive for both responses
(reviewed in Gradoni, 2001). The experimental infection of dogs with L. infantum
promastigotes by the subcutaneous route, following immunization with L. infantum lysate,
described herein, led to asymptomatic infections with both humoral and cellular immune
response to Leishmania antigens, providing animals that could perhaps belong to the third
category cited above.

In the present work, the dogs, previous to infection, were immunized with promastigote
lysates in Frcund’s adjuvant. The elicitation of the strong immune responses, both cellular
and humoral, were clearly not associated with the immunization — three weeks after the
immunization, the cellular immune response was undetectable in a lymphoproliferative
assay and low levels of anti-L infuntum antibodies were produced by the animals. This
picture completely changed after the infection, with increasing cellular immune responses
that persisted for more than 24 months after the infection (not shown). The present
experiment, however, cannot exclude a possible enhancing or suppressive role of the
previous immunization with parasite lysates on the immunc response, later elicited or
orcatly enhanced by the infection. In order to investigate this point, a group of infected,
non-immunized animals would have to be included in a study as the one reported herein.
Both cthical and financial aspects should be considered before carrying out this proposed
study, since the model reported herein, involving the inoculation of dogs with alive
promastigotes by the subcutancous route, following two subcutaneous injections of a
Leishmania lysate, independently of the requirement for these previous subcutancous
injections, seems to induce a sustained cellular immune response, as assessed in vitro by
tymphoproliferation and in vivo by delayed hypersensitivity, leading to an asymptomatic
infection. The model could therefore be useful for both the selection and immunobiological
studies of immunogenic Leishmania antigens, as also as a positive control for L. infantum-

specific cellular immune responses in initial trials of canine vaccine candidates.
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TABLE 1
1gG anti-Leishimania antibodies in the sera of dogs exposed (group 1) or non-exposed (group 11) against Leishmania infantum lysate

and the Lc13 recombinant antigen

IgG anti-Leishmania lysate IgG anti-Lc¢13 recombinant protein

Before 3 weeksafter 6 weeks 45 weeks Before 3 weeks after 6 weeks 45 weeks

Group Dog  immuni- last of after after immuni- last of after after
zation two lysate infection  infection zation two lysate infection infection

injections injections

I A 0.033% 0.202 0.495 2.013 0.120 0.086 0.117 0.130

B 0.190 0.379 0.802 3.038 0.141 0.256 0.278 1.706

C 0.198 0.446 0.541 3.584 0.199 0.226 0.397 0.772

D 0.109 0.405 0.442 0.657 0.108 0.079 0.086 0.115

Il E 0.155 0.032 0.174 0.128 0.131 0.109 0.096 0.124

F 0.142 0.177 0.124 0.212 0.138 0.142 0.107 0.154

G 0.102 0.110 0.088 0.040 0.076 0.10t 0.089 0.106

a: mean O.D. at 460 nm obtained by ELISA, from duplicates of an 1:400 serum dilution.



TABLE 11
Skin reactions to a Leishumania infantun lysate and to the Le9 and Le13 L. infanrum recombinant antigens in dogs 45 weeks after
infection with L. infantum

Diameter of skin indurations (mm) after injection of

Group Dog  Time of Saline 250 ug of 25ngof S0 pgof 100 ug of 12.5 ug of 25 ugof  50ugof
reaction L. infantum Lc9 Lc9 Lc9 Lel3 Lel3 Lecl3
reading lysate

[ A 48° 0 10 0 0 0 0 3 7

72 0 7 0 0 0 0 8 7

B 48 0 24 0 4 6 0 9 4
72 3 20 0 7 8 0 8 3

C 48 3 30 0 0 0 0 0 4
72 0 22 0 0 0 0 0 10

D 48 0 22 0 0 0 0 0 0
72 0 26 0 0 0 0 0 0

I1 E 48 2 4 0 0 0 0 0 4
72 0 0 0 0 0 0 0 4

F 48 0 3 0 0 0 0 0 3
72 0 0 0 0 0 0 0 0

G 48 0 0 0 0 0 0 0 0
72 0 0 0 0 0 0 0 0

a: Hours after intradermal injection of dogs with 100 pl of antigens or saline at different sites of the abdomen.
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Legend to figure

Fig 1: Lymphoproliferative response to Leishmania antigens in Leishmania infantum
immunized dogs. A, proliferative response of peripheral blood mononuclear cells (PBMC)
cultures stimulated with L. infantum promastigotc lysate at different time points during the
follow-up period; B, proliferative response of PBMC cultures stimulated with L. infantum
Lc9 and Lc 13 recombinant proteins after 45 weeks of infection. Each column represents the
result obtained from an individual animal identified by the letter under its base. Animals A
to D were immunized with L. infantum as described in the Materials and Methods; animals

E to G were injected with saline only.
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5 DISCUSSAO

No hospedeiro mamifero a Leishmania se reproduz exclusivamente na forma
aflagelada, dentro dos macrofagos, determinando nestas células alteragdes morfologicas e
bioquimicas. Antigenos sccretados pelas formas amastigotas, através da bolsa flagelar no
interior do fagolisossomo (CHAKRABORTY, 1997), ou antigenos presentes na superficie
de macréfagos parasitados (WILLIAMS, 1986), ja foram descritos. Dentre os eventos
determinantes das modificagdes morfoldgicas e bioquimicas que ocorrem durante a
transformagdo de promastigotas em amastigotas, estdo a mudanga de temperatura e pH.
Inicialmente, quando promastigotas sao inoculados pelo flebotomineo na pele do
hospedeiro vertebrado, estas formas sdo expostas a temperaturas mais elevadas, entre 31-
35° C, ou até 37° C nas visceras (ZILBERSTEIN, 1994). Uma vez internalizado no
fagolisossomo, o parasito sofre novas agressoes pela célula hospedeira, incluindo uma
elevada concentragdo de prétons, com pH ao redor de cinco (ANTOINE, 1990).

Neste trabalho de tese. padronizamos as condigdes de cultivo axénico para obtengdo
de amastigotas de L. infantum/chagasi, L. braziliensis e L. amazonensis, variando
especificamente a temperatura de incubagdo das culturas, pH ¢ quantidade de soro bovino
fetal do meio (ARTIGO 1). Em condigbes especificas para cada espécie de Leishmania,
ocorreu a transformagdo das formas promastigotas iniciais em amastigotas extracelulares.
Diferentemente das outras espécies de Leishmania testadas, o tempo requerido para
difcrenciagdo de L. infant um/chagasi foi longo, levando a morte celular e redugdo da
viabilidade dos parasitos, apesar do nimero elevado de amastigotas. nas culturas (90%).
Devido a heterogeneidade dos resultados obtidos com culturas axénicas de L.
infantnm/chagasi, comparando com aqueles obtidos com as outras espécies de Leishmania
testadas, ¢ o tempo relativamente longo requerido por esta espccie para a diferenciagdo in
vitro em amastigotas, em trabalhos subseqiientes como, por exemplo, a imunizag¢do de
coelhos para obtengdo de anticorpos contra antigenos de amastigotas e a extragdo de RNA
para produgido de uma biblioteca de ¢cDNA de Leishmania, foram utilizados amastigotas
intracclulares, purificados de bago de hamsters infectados com esta espécie de parasito.

Além de morfologicamente distintas, as formas evolutivas promastigotas também

apresentam um repertorio de antigenos diferentes daqueles encontrados na forma
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amastigota intracelular, tanto em nivel de resposta imune celular (SADICK, 1985) quanto
humoral (CIBRELUS, 1999). Considerando que a forma amastigota ¢ aquela encontrada no
hospedeiro mamifero, sendo responsavel pela patogénese da doenga (ALEXANDER,
1999), moléculas expressas cxclusivamente nesse estagio podem ser alvos importantes da
resposta imune.

A transformagdo de promastigolas em amastigotas € um processo gradual, com
formagdo de estagios intermediarios. Embora os dados apresentados neste trabalho
demonstrem v arias s emelhangas entre os amastigotas extracelulares e os amastigotas de
macrofagos, os amastigotas de cultivo axénico podem representar um dos estagios finais de
diferenciagao. De fato, o padrido de reconhecimento dos antigenos de amastigotas de cultivo
axénico por soros de camundongos infectados com Leishmania, apresentou um perfil
intermediario entre o obtido com as formas promastigotas e o obtido com as formas
amastigotas dec lesdo (ARTIGO 1). Apesar disso, a cultura axénica de amastigotas, descrita
no presente trabalho, pode fornecer moléculas parasitarias estagio-especificas que podem
ser Uteis a uma série de estudos morfologicos, imunologicos e bioquimicos.

Até a década de setenta, a leishmaniose visceral era considerada quase que
exclusivamente rural. Todavia, importantes centros urbanos do pais tém registrado casos
desta doenga, inclusive capitais como Terezina e Belo Horizonte. Na Bahia, entre os anos
de 1995 e 1997, o nimero médio de casos anuais, que se encontrava em torno de 600,
chegou a atingir cerca de 1.400 notificagdes por ano (SESAB-SUS, 2002). Além do
aumento nitido do numero de casos da endemia, a invasio de areas urbanas facilitou o
encontro da parasitosc com a SIDA (MINISTERIO DA SAUDE 1999), gerando quadros
clinicos graves nos pacientes com ambas as infec¢oes.

O programa brasileiro de controle da LV ¢ composto principalmente por trés
medidas de saude publica: distribui¢ao gratuita do quimioterapico especifico (antiménio
pentavalente), controle de reservatorios domésticos e controle de vetores. O controle dos
reservatorios tem sido feito através do diagnoéstico sorologico de todos os cdes domésticos
ondc existe a iransmissdo do parasito para seres humanos, com posterior sacrificio de todos
0s cdes soroposilivos para anticorpos anti-Leishmania. Entre os pontos frageis desta medida

de controle, e provavelmente, a explicagdo pela falta de éxito, estdo a baixa sensibilidade
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dos testes sorologicos € a grande velocidade de reposigao da populagdo canina retirada da
area endémica (DYE, 1996; BRAGA, 1998)

Estudos de comparagdo de técnicas sorodiagnésticas da LVC demonstraram que o
teste de [FI usando eluato sanguineo, amplamente utilizado no Brasil, foi de 1.8 até 4,6
vezes menos sensivel que o ELISA utilizando soro (EVANS, 1990; BRAGA, 1998). Em
relagdo ao sorodiagnostico da LV humana, a técnica de Western blotting demonstrou ser
mais sensivel que o ELISA ¢ a IFl, principalmente pela reatividade dos soros com as
proteinas de 14 ¢ 16 kDa de L. infantum (MARY, 1992). Ensaios com elevada sensibilidade
sdo particularmente importantes no diagnostico de LV em pacientes com SIDA, porque os
testes sorologicos convencionais nesses pacientes sao freqiientemente negativos (PETERS,
1990; MARY, 1992). Por outro lado, devido a alta sensibilidade do “Western blot”, podem
ocorrer reagdes cruzadas com soros de pacientes com malaria, citomegalovirus, tuberculose
¢ doenga renal cronica (MARY, 1992). Além disso, a técnica ndo é muita pratica,
dificilmente sendo utilizada na rotina de um laboratorio clinico. A utilizagdo de proteinas
recombinantes permitiria o desenvolvimento de ensaios diagnosticos mais praticos como
ELISA ou testes imunocromatograficos, estes ultimos particularmente interessantes em
cstudos epidemiologicos tanto da LV humana quanto canina, mantendo-se algumas
caracteristicas desejaveis do “Western blot™ (ARTIGO 1II).

Com o objetivo de identificar antigenos potencialmente candidalos para o
desenvolvimento de ensaios mais especificos e sensiveis para o sorodiagnostico da LV, ou
com papel protetor como candidato a componente de uma vacina, clones de uma biblioteca
de ¢DNA foram selecionados, utilizando soros de cies ou individuos infectados com
Leishmania. Um dos clones de ¢cDNA isolados, denominado Lcl3, mostrou sequéncia
homologa a proteina de choque térmico Hsp70. As Hsp sdo alvos importantes da resposta
imune em diversas doengas parasitirias como malaria, tripanossomose, esquistossomose,
filariose ¢ | eishmaniose ( revisado por MURRAY, 199 2; K AUFMAN, 1999). Durante a
infec¢do por Leishmania, as Hsp sao alvos imunodominantes. De fato, cerca de 70% dos
clones de uma biblioteca de ¢DNA de L. donovani, identificados utilizando soro de
pacicnte com calazar, eram membros da familia Hsp70 ou Hsp90 (DE ANDRADE, 1992).
Em nosso estudo, a triagem inicial de produtos de expressao da biblioteca de cDNA,

utilizando soros de caes com infecgdo natural, porém assintomaticos, forneceu 30 antigenos
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recombinantes. Apos o sequenciamento parcial das extremidades com os primers universais
T3 ¢ T7, foi determinado que 24 (80%) dos antigenos eram homologos de Hsp70 de L.
major.

Durante a exposigdo a altas temperaturas (43-37° C), diferentes espécies de
Leishmania sintetizam Hsp, o que acompanha as modifica¢bes estruturais que determinam
a transformagdo dc promastigotas em amastigotlas (ZILBERSTEIN, 1994). Contrariamenic
ao fato de screm as proteinas mais bem conservadas na escala evolutiva, as Hsp sdo
importantes alvos da resposta imune celular e humoral em diversas patologias, incluindo a
tripanossomose ¢ a leishmaniose visceral (DE ANDRADE, 1992; QUIJADA, 1998;
REQUENA, 2000). Embora as proteinas Hsp70 recombinantes ndo discriminem bem
infec¢Oes por Leishmania daquelas causadas por 7. cruzi, ou mesmo sejam reconhecidas
por individuos normais (ARORA, 1995), existem epitopos de células B em regides
imunodominantes que sdo cspécic-especificos (QUIIADA, 1996). Regides menos
conservadas da Hsp83 (=Hsp90), assim como a Hsp70, também podem ser utilizadas no
diagnéstico da LV, uma vez que 90% de soros de cdes infectados foram capazes de
reconhecer a proteina recombinante Inteira ou um subfragmento altamente antigénico
(ANGEL, 1996). E possivel que peptideos pequenos induzam uma resposta especifica e
peptideos grandes ou a proteina inteira estimulem respostas contra regides ndo-especificas.

Outro antigeno recombinante bastante utilizado no diagndstico soroldgico da LV é o
rK39, uma cinesina recombinante de L. infuntum/chugasi. Este antigeno permitiu a
disting@o entre doenga ativa, infecgdes assintomaticas e fase de convalescenga (SCALONE,
2002). Além de detectar casos de LV, o ELISA-rK39 demonstrou também ser um teste
sensivel e especifico para o sorodiagndstico da leishmaniose dérmica pos-calazar na India
(SINGH, 1995). Os elcvados titulos de anticorpos observados nesses pacientes parecem
estar assoctados ao numero de epitopos K39 do parasito presentes, uma vez que uma
quimioterapia eficaz leva a redugdo drastica da atividade de anticorpos anti-K39 (SINGH,
1995). Desta forma, além do valor diagnostico, o K39 poderia também ser utilizado como
marcador prognostico de evolugdo da doenga.

Entre os diferentes antifgenos sclecionados da biblioteca de cDNA de Leishmania
aqui produzida, uma proteina foi homodloga, porém ndo idéntica, ao K39 descrito

inicialmente por BURNS e colaboradores (1993). A analise filogenética do dominio motor
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de cinesinas identificou cinco grupos distintos de genes, com 14 diferentes tipos de
cinesinas representando  os  grupos, apresentando fungdes celulares diversificadas.
Evidéncias sugerem que pelo menos dois grupos da familia das cinesinas estejam presentes
na maioria dos, ou mesmo cm todos, os cucariotas (GOODSON, 1994). Em termos de
imunodiagnostico da LV, a proteina recombinante Lc9 aqui isolada, pode ser igualmente
antigénica, em comparagdo com a rK39, para seres humanos ou céics infectados com L.
infantum/cahagasi, ou mesmo possuir, devido a variagdo de algumas seqiiéncias de
nucleotideos, epitopos de célula B diferentes daqueles reconhecidos no K39.

O achado de titulos de anticorpos anti-K39 em pacientes com leishmaniose visceral
no Brasil ¢ Suddo (BURNS, 1993), e na China ¢ Paquistao (QU, 1994), indicam que o
epitopo K39 ¢ conservado entre as espécies visceralizantes de Leishmania, como também
revela sua alta antigenicidade. Em ensaios iniciais para o desenvolvimento de um teste
imunocromatografico para diagndstico da LV humana, desenvolvidos em nosso laboratério,
cerca de 90% dos soros (20 de 22 amostras) de pacientes com leishmaniose visceral,
apresentaram reatividade com Lc9 em ensaio de “dot blot” (SILVANY, 2002). Através de
testes preliminares de ELISA, desenvolvidos neste trabalho de tese, foi avaliada a
antigenicidade da proteina recombinante Lc9 para criangas com LV provenientes de uma
area endémica no Maranhdo, ¢ para um grupo de cdes de Monte Gordo, outra area
endémica proxima a Salvador, Bahia (estudo em andamento, dados preliminares ndo
publicados). Dozc (80%) das 15 criangas com diagnostico parasitologigo de LV foram
positivas no ELISA-LcY. Dos 33 cées soropositivos no ELISA tradicional utilizando lisado
de promastigotas, 30 (91%) reagiram com Lc9. Tanto soros de caes assintomaticos, quanto
de animais doentes, foram capazes de reagir com Lc9, porém reatividade mais elevada foi
observada nos animais com sinais caracteristicos da LV, corroborando dados previamente
publicados mostrando associa¢do de altos titulos de anticorpos anti-K39 e progressdo
clinica da doenga (SINGH, 1995; BRAZ, 2002). A proteina recombinante Lel3 também foi
recconhecida por anticorpos dc criangas (53%) e cdes (88%) infectados com L.
infantum/chagasi, porém com menor fregiiéncia do que aquela observada com Lc9. Ensaios
para dcterminagdo da especificidade do ELISA com Lc¢9 ¢ Lcl3 purificados ainda ndo

foram realizados.
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A diversidade da resposta humoral nos diferentes hospedeiros de Leishmania ja foi
documentada. O perfil de fragdes antigénicas reconhecidas por pacientes com LV mostrou-
se bastante variavel (VEXENAT ADE, 1996), podendo ser evidenciadas até 29 bandas,
variando de 8 a 250 kDa em ensaios de Western blot, utilizando antigeno soluvel de L.
infantum/chagasi. Alguns desses antigenos, como proteinas de 32-35 kDa, tém sido
considerados espécie-especificos, reagindo apenas com soro de pacientes com L.
infantum/ehagasi (REED, 1987), ¢ outros antigenos, de 19, 36 ¢ 70 kDa tém mostrado
reatividade cruzada (BRITO, 2000). Diversos ensaios sorologicos utilizando antigenos
rccombinantes também foram descritos (BURNS, 1993; SOTO, 1995; GHEDIN, 1997;
QUIJADA, 1998; NAKHAEE, 2004). Um estudo interessante, comparando o desempenho
no ELISA de 10 antigenos recombinantes diferentes de Leislinania: rgp63, rK39, rGPB, R
histonas H2 A ¢ H2 B, rLACK, P20 e 3 varia¢Ges de rPSA-2, demonstrou que apenas o
ELISA com rK39 apresentou-se melhor que o classico ELISA que utiliza extrato soluvel de
Leishmania, com 94% de sensibilidade e 100% de especificidade (MAALEJ, 2003). Apesar
de pioneiro nesse tipo de comparagdo, o estudo utilizou um painel de soros relativamente
pequeno e deixou de analisar soros de pacientes com doengas que provavelmente cursariam
com a produgdo de anticorpos reagindo cruzado com L. infantum/chagasi, como por
exemplo, a doenga de Chagas.

A nossa proposta dc trabalho foi obter protcinas recombinantes de L. infantum com
potencial para screm utilizadas no sorodiagnostico da LV, preferencialmente em
combinagdes de antigenos capazes de conferir alta sensibilidade aos ensaios soroldgicos.
No presente trabalho, 22 soros de pacientes, com LV confirmada no exame parasitologico,
foram testados por “dip stick™ frente a um painel de quatro antigenos reccombinantes
sclecionados da biblioteca de cDNA por meio da reatividade com soro de caes infectados.
Os soros ndo-reativos a este painel, porém positivos no ELISA ou Western blot, foram
utilizados para buscar novos antigenos na biblioteca. A estratégia de selegdo de proteinas
cm bibliotecas génicas de Leishmania, utilizando soros falso-negativos ¢ simples e pode
fornecer um painel de antigenos capazes de detectar anticorpos em 53 de 54 soros de
pacientes com LV sem perda da especificidade (ARTIGO I11).

Diversos antigenos indutores de protegdo parcial através de uma resposta Thl

predominante foram identificados e clonados, tais como: Lerl (WILSON, 1995), gp63
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(XU, 1995), gp46/M-2 (MCMAHON-PRATT, 1993), Hsp70 (SKEIKY, 1995) e LmSTII
(WEBB, 1998). Mesmo antigenos capazes de contribuir na patogénese da doenga como
papLe22 (uma proteina recombinante de L. infantum de 22 kDa), através do estimulo da
produgdo de IL-10, foi clonado visando a reorientagdo da resposta agravante da doenga em
uma resposta protetora (SUFFIA, 2000). Apesar de induzirem prote¢do contra a
leishmaniose em modelos murinos, moléculas como por cxemplo, a gp46 e gp63 sdo
preferencialmente cexpressas na forma promastigota. Como discutido acima, proteinas
encontradas na forma amastigota podem ser importantes para a sobrevivéncia do parasito,
servindo como candidatos potenciais no desenvolvimento de uma vacina.

Em relacdo a imunidade na leishmaniose visceral canina, alguns estudos sugerem
que a resisténcia ou a susceptibilidade em caces infectados com L. infantum/chagasi, assim
como no modclo murino para leishmaniose cutanea, pode estar relacionado com a resposta
dicotomica de linfocitos T (PINELLL, 1994; BOURDOISEAU, 1997). Uma resposta Thl
que produz IFN-y, TNF-u e IL-2 ¢ importante para a prote¢ao e uma resposta Th2, que
produz IL-4 ¢ 1L-10, rcsulta em doenga (SCOTT, 1988; LIEW, 1994).

Para avaliagao dc proteinas de Leishmania quanto a capacidade indutora de resposta
imune protetora em cacs, ¢ necessario a disponibilidade de um modelo experimental. A
infecgao de caes com L. infantum/chagasi pode reproduzir a infec¢do natural e servir a
diversos estudos de vacinagao de caes. Dependendo do tipo (promastigota ou amastigota), ¢
da quantidade de p arasitos do ino culo, a inf'ec¢do e xperimental p ode induzir a quadros
clinicos desde assintomaticos até doenga aparente com sinais como: alopecia, onicogrifosc,
ceratite e anorexia, entre outros. Para ensaios de vacinagio, ou testes de cficacia de imuno
ou quimioteréapicos, € desejavel modelos de infecgdo que induzam a progressao da doenga,
0 que pode ser conseguido através da injegdo de amastigotas ou pelo uso de altos inoculos
dc promastigotas por via endovenosa (HOMMEL, 1995). Entretanto, para selecdo de
antigenos indutores de resposta imune celular, ou mesmo como controle interno de ensaios
de resposta de células T a antigenos de Leishmania, € necessario um modelo animal capaz
de produzir esse tipo de resposta imune. No presente trabalho, ¢ des no rmais, livres de
infecgdo, foram imunizados através de duas injecdes de lisado de promastigotas e
posteriormente inoculados com promastigotas vivos por via subcutdnea. A imunizagdo

utilizando lisado induziu uma resposta discreta de anticorpo nos animais, enquanto que a
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infeccdo sub-clinica desenvolvida levou a um aumento rdpido da produgdo de anticorpos ¢
a detecgio nitida de resposta imunc celular contra antigenos totais e recombinantes de L.
infuntum (ARTIGO 1V). Os anticorpos produzidos durante ainfec¢do subclinica foram
capazes dc reconhecer indistintamente proteinas de promastigotas ¢ de amastigotas,
apresentando, entretanto, maior reatividade com as formas evolutivas intracelulares
(ARTIGO II). Embora o modelo ndo exclua a possibilidade de um efeito estimulador ou
mesmo  inibitério, induzido pela imunizagdo prévia com lisado, na resposta imune
observada apos inoculagdo com promastigotas vivos, a infec¢do subcutdnea mostrou
claramente ser mais eficiente que a inje¢do de lisado p arasitario em e stimular r esposta
imune cclular anti-Leishmania. Mesmo apos 24 mescs de infecgdo, essa resposta ainda ¢
detectavel e o isolamento de parasitos de aspirados esplénicos, embora c om resultados
variaveis, € conseguido (dados ndo mostrados). Células mononucleares de sangue periférico
desses animais tém sido utilizadas constantemente como controle positivo interno de
ensaios de proliferagdo em nosso laboratorio. Embora o objetivo central do trabalho tenha
sido o desenvolvimento de um protocolo experimental para produgdo de resposta imune
celular in vivo e in vitro (ARTIGO 1V), o estudo também formeceu dados quanto a
antigenicidade das p roteinas r ecombinantes em termos da resposta imune c elular. Lcl3
induziu resposta linfoproliferativa nos quatro cdes ¢ Lc9 em dois destes. No teste de
hipersensibilidade ¢ utanea trés cies foram positivos para Lel3 e umpara Lel3 e Le9.
Apesar dos dados serem bastante preliminares, os resultados apontam para o possivel uso
dessas proteinas em ensaios de prote¢do de cées contra a LV em associagdo com outros
antigenos recombinantes e/ou adjuvantes e stimuladores de resposta imune do tipo Thl,

como por exemplo, a 1L-12.
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6 CONCLUSOES

e Os resultados dos ensaios de padronizagdo das condi¢des para cultivo extracelular
de amastigotas de Leishmunia demonstraram que promastigotas de L. amazonensis
e L. braziliensis sdo mais facilmente induzidas a diferenciagdo em amastigotas
axénicas do que a L. infuntum/chagasi. A purificagdo de formas mtracclulares de
esplenocitos de hamsters infectados parcce ser uma melhor alternativa em ensaios

de obtengio de amastigotas desta espécie.

e Apcsar da imunodominancia de antigenos da familia Hsp durante a infec¢do por
Leishmania, soros de ces infectados com L. infuntum/chagasi foram capazes de
reconhecer pelo menos cinco grupos diferentes de antigenos recombinantes de uma

biblioteca de ¢cDNA, incluindo uma proteina da familia das cinesinas.

e Soros de pacientes com padrdo de reconhecimento restrito de proteinas de
Leishmania, fornecendo resultados negativos cm determinados ensaios sorologicos,
podem ser utilizados para busca de novos antigenos em bibliotecas de cDNA de
Leishmania, os quais poderiam aumentar a sensibilidade de métodos sorologicos

para o diagnostico da LV,

e A infecgdo sub-clinica de animais experimentais representa uma boa estratégia de
obten¢do dec anticorpos especificos para formas cvolutivas amastigotas. Em trés
espéeies de animais diferentes: c@o, coctho e camundongo, a infecgdo com
promastigotas vivos foi mais eficiente na indugdo da produgdo de anticorpos anti-
amastigotas do que protocolos de imunizagdo por via subcutdnea, mesmo quando

foi utilizado lisado desta forma evolutiva nas inoculagoes.

e Além da produgdo de anticorpos anti-Leishmania, a infec¢do sub-clinica de caes
através da inoculagdo subcutanea com promastigotas virulentos foi mais eficaz que
a injecdo de lisado p arasitario em termos de indugdo de resposta imune celular

contra antigenos brutos ¢ recombinantes de L. infantum. Este modelo cxperimental
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pode ser util na triagem de antigenos imunogénicos de Leishmania, bem como
servir de controle positivo em estudos in vitro de moléculas candidatas a

componentes de uma vacina canina.
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7 AVANCOS E PERSPECTIVAS DO PRESENTE ESTUDO

Este trabalho dec tese faz parte de um projeto maior intitulado “Controle da
Leishmnaiosc Visceral: Desenvolvimento de Vacina ¢ Métodos Imunodiagnosticos™, no qual
outros estudantes de doutorado, mestrado e técnicos de nivel superior estdo envolvidos,
trabalhando em diferentes aspectos do projeto.

Atualmente, alguns antigenos selecionados da biblioteca de cDNA utilizando soros
caninos, considerados pelo sequenciamento parcial como sendo de grupos diferentes
(denominados L¢9, Lel3, Lcl4, Lel8 e Le30), foram completamente seqiienciados, com
excecdo do Lc30, o qual, devido a existéncia de varios dominios repetitivos de DNA,
dificultando o seqiicnciamento, s6 foi possivel determinar cerca de dois tergos da seqiiéncia
completa de nucleotideos. Além disso, foram também definidas as seqiiéncias de
nuclcotideos de dois antigenos (L¢121 e Lel31) selecionados da biblioteca com soros de
pacientes com LV,

Ensaios de olimizagdo da expressdo de cada uma das proteinas codificadas pelos
inscrtos utilizando Escherichia coli TOPIOF' ou BL2I(DE3)pLysS (Invitrogen) foram
iniciados. Inicialmente, as protecinas Lel8 e Lel31 foram super-expressas, porém nao houve
expressdo satisfatoria de proteinas pelas construgdes de plasmideo pPBK-CMV-Lcl4 e pBK-
CMV-Lc30. Visando a expressdo de cadeias polipeptidicas de Lcl4, foram realizadas
subclonagens de segmentos do cDNA em plasmidco pRSET. As novas construgoes pRSET-
Lcl4R (extremidade 5° repetitiva) e pRSET-Lcl4NR (extremidade 3 ndo-repetitiva) foram
super-expressas em F. coli BLR. Métodos para a purificagdo dessas proteinas, através de
eletroelui¢ao ou por cromatografia de afinidade (colunas de Sepharose-niquel), foram
padronizados. As proteinas purificadas serdo utilizadas na validagdo em condigdes de
laboratorio experimental de testes “dip stick” com os antigenos recombinantes purificados
para diagnostico das leishmanioses viscerais humana e canina. Esta valida¢do envolvera o
acréscimo (selegdo de novos antigenos com soros falso-negativos) ou remogdo (retirada de
antigenos com resposta redundante ou que leve a perda de especificidade) de proteinas

obtidas a partir da biblioteca de cDNA ou gendmica de L. infantum/chagasi.
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Em relagdo aos avangos no desenvolvimento de uma vacina canina, grupos de animais
foram injetados com as proteinas recombinantes purificadas Lc9 e Lcl3, utilizando como
adjuvante saponina, na presenga ou ndo de plasmideo codificando IL-12 canina, clonada em
nosso laboratorio. Duas semanas apos a ultima injegdo {oi observada a produgio nitida de
anticorpos contra as duas proteinas. Nao foi encontrada diferenca entre os grupos que
reccberam apenas antigenos com saponina € 0os que receberam antigenos com saponina
associados ao plasmideo. O experimento continua em curso e a avaliagdo da resposta imune
celular sera realizada através de ensaio de linfoproliferagao e expressao de citocinas por RT-
PCR.

A capacidade de um plasmideo codificando um antigeno especifico de estimular
células T CD4' e T CD8' ¢ desejavel em ensaios de protegdo, principalmente contra
doengas como a leishmaniose. Além disso, diferentes combinagbes génicas de antigenos ou
de antigenos mais adjuvantes podem ser inseridos em um unico plasmideo. Desta forma,
entre os avangos obtidos no desenvolvimento do projeto, estd a expressao in vivo dos
plasmideos que codificam L¢9 e Lel3 em camundongos. Camundongos injetados com os
referidos plasmideos foram capazes de produzir anticorpos contra as proteinas Lc9 e Ll 3,
rcconhecidas ¢cm ELISA ¢ no Western blot. Relatos anteriores demonstraram que a
imuniza¢do de camundongo com DNA induziu maior prote¢do contra a infecgdo por L.
major do que a proteina recombinante purificada, mesmo quando associada a um potente
adjuvante de resposta do tipo Thl como a IL-12 (GURUNATHAN, 1997). Portanto, uma
das estratégias do projeto € a possibilidade de utilizar os plasmidcos, codificando as

proteinas recombinantes imunogénicas, em uma vacina de DNA contra a L'V canina.
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