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RESUMO

CEPAS DE Leishmania braziliensis COM PERFIS GENOMICOS DIVERSOS
INDUZEM PROCESSOS INFLAMATORIOS DIFERENTES EM
CAMUNDONGOS BALB/C — Maria Jania Teixeira. Dois artigos cientificos resumem o
presente estudo. No primeiro, € mostrado que duas cepas de L. braziliensis, isoladas de
pacientes de diferentes Estados (Ceard e Bahia), sdo geneticamente diferentes e apresentam
processos patoldgicos distintos em camundongos BALB/c. No segundo trabalho ¢é
demonstrada uma correlagdo entre padrdes de expressdo de quimiocinas, induzidas por
estas duas cepas de L braziliensis, com a formagdo de les@o e a atragdo de leucdcitos para o
sitio inflamatério. O terceiro trabalho é uma revisdo sobre o papel das quimiocinas e
receptores de quimiocinas nas interagOes parasito-hospedeiro em leishmaniose. Em
particular, a revisdao focaliza os estudos que contribuiram para a compreensio sobre
quimiocinas na infecc@o por leishmania. Os principais achados desses estudos sdo: 1. A L.
braziliensis H3227 do Ceard apresentou genétipo diferente da L. braziliensis BA788 da
Bahia, demonstrado por RAPD. 2. A cepa H3227 levou ao desenvolvimento de lesdes
pequenas que se resolveram, enquanto BA788 ndo causou lesdes em camundongos
BALB/c. 3. Em ambos os grupos de camundongos, a carga parasitiria ndo diferiu
significativamente no sitio de infec¢do e comegou a reduzir com 30 dias de infec¢do. Nos
linfonodos drenantes, entretanto, o nimero de parasitos aumentou durante o decorrer do
estudo. 4. Apés a inoculagdo do parasito, a cepa BA788 pareceu ativar mais precocemente
uma reposta mais intensa tipo Thl. Camundongos infectados com BA788 produziram
niveis mais altos de IFN-y, o que se correlacionou com um maior nimero de células NK
nas lesdes destes animais. 5. Numa fase mais tardia, camundongos infectados com H3227
produziram mais IL-12p70 e IL-10 no sobrenadante de células recuperadas dos linfonodos.
Esta regulac¢ao da produgdo de IL-10 coincidiu com o pico mdximo do desenvolvimento da
lesdo e da carga parasitria nestes animais. 6. As maiores lesdes causadas por H3227, em
camundongos BALB/c, foi diretamente correlacionada com o aumento progressivo da
reagdo inflamatoria, mas ndo com a carga parasitdria. 7. A expressdo mais precoce ¢ intensa
das quimiocinas CCL2/MCP-1, CCL3/MIP-1a, CXCLI/KC, CCLIl/eotaxina,
XCL]1/linfotactina e dos seus respectivos receptores correlacionou-se com o maior influxo
de leucécitos para as lesdes induzidas por H3227 e com o aumento do processo
inflamatério observado nos camundongos infectados com esta cepa, apds 15 dias de
infeccdo. 8. As diferengas observadas no processo inflamatdrio estavam correlacionadas
com a viruléncia do parasito, uma vez que a cepa mais patogénica H3227 mostrou-se um
recrutador mais potente de todas as células observadas no sistema do bolsdo inflamatorio,
do que a menos patogénica BA788. Em conclusdo, os achados apresentados aqui indicam
que duas cepas de L. braziliensis geneticamente diferentes, embora apresentem carga
parasitdria semelhante no sitio de inoculagdo, podem estabelecer processos patoldgicos
distintos e induzir expressdo de quimiocinas em diferentes tempos e/ou intensidades,
levando ao recrutamento diverso de células e respostas inflamatérias diferenciadas que
poderiam finalmente estar envolvidas em diferentes apresentagdes da doencga.

Palavras chaves: Leishmaniose cutanea, L. braziliensis, BALB/c, quimiocinas.



ABSTRACT

Leishmania braziliensis ISOLATES DIFFERING IN THEIR GENOMIC PROFILES
INDUCE DIFFERENT INFLAMMATORY PROCESSES IN BALB/C MICE -
Maria Jania Teixeira. Two scientific papers summarize the study presented herein. The
first study shows that two L. braziliensis strains isolated in patients from different states
(Ceara and Bahia) are genetically distinct and present different behavior during infection of
BALB/c mice. The second study demonstrates a correlation between patterns of chemokine
expression, induced by these two L braziliensis strains, with the lesion formation and
leukocyte attraction to the inflammatory site. The third work is a review about the role of
chemokines and chemokine receptors in host-parasite interactions in leishmaniasis. In
particular, this review focus on reports that have contributed to our understanding of
chemokine in Leishmania infection. The major findings of these studies are: 1. H3227 L.
braziliensis from Ceard was genetically different from the BA788 L. braziliensis from
Bahia as assessed by RAPD. 2. H3227 led to the development of small self-healing lesions,
while BA788 did not cause lesions in BALB/c mice. 3. In both groups of mice, parasite
load did not differ significantly at the infection site, and it start to reduce with 30 days of
infection. In draining lymph nodes, however, the number of parasites increased over the
study period. 4. BA788 strain seemed to trigger a more intense Thl-type response, early
after parasite inoculation. BA788-infected mice produced higher levels of IFN-y, a feature
coupled to a higher number of NK cells. 5. Later, H3227-infected mice produced more IL-
12p70 and IL-10 in the supernatant of their lymph nodes cells. This up-regulation in IL-10
production coincided with the time point at which lesion size and parasite load detected in
the footpad reached their peak. 6. In H3227-infected BALB/c mice, larger lesions sizes
were directly correlated with progressive increase of the inflammatory reaction, but not to
parasite load. 7. A higher expression of the chemokines CCL2/MCP-1, CCL3/MIP-1aq,
CXCLI/KC, CCL11/eotaxin, XCL1/lymphotactin and their respective receptors correlated
with greater leukocyte recruitment, and with the increase of inflammation observed in
H3227-infected mice at 15 days post infection. 8. Differences observed in the inflammatory
processes were associated with parasite virulence, since the more pathogenic H3227 L.
braziliensis was a more potent recruiter of all cell types than BA788 in the air pouch
system. In conclusion, the findings presented here indicate that two genetically different L.
braziliensis isolates, albeit at similar parasite load, are able to establish distinctive patterns
of infections, and induce chemokine expression at different paces and/or intensities, leading
to diverse cell recruitment and differential inflammatory responses which can ultimately
influency in the disease outcome.

Key words: Cutaneous leishmaniasis, L. braziliensis, BALB/c mice, chemokines.



1. INTRODUCAO
#

1.1. Situacao do problema

Leishmaniose refere-se a um grupo de doengas causadas por protozodrios do género
Leishmania, ordem Kinetoplastida e familia Trypanosomatidae. O parasito ocorre sob duas
formas evolutivas: a forma flagelada, extracelular, denominada promastigota, encontrada no
trato digestivo dos vetores, flebotomineos do género Phlebotomus no Velho Mundo e
Lutzomyia no Novo Mundo (LAINSON et al.,, 1987); e a forma amastigota encontrada
predominantemente parasitando células do sistema fagocitico mononuclear dos hospedeiros
mamiferos (ALEXANDER et al., 1999).

O quadro global da leishmaniose tem permanecido estdvel ha alguns anos. Estima-se que
mundialmente 350 milhdes de pessoas correm risco de contrair leishmaniose, cerca de 12
milhdes apresentam alguma forma da doenca e aproximadamente 1-1,5 milhdes de novos casos
de leishmaniose cutinea surgem por ano (WORLD HEALTH ORGANIZATION, 2004).

A doenga distribui-se amplamente em todos os continentes, com excecdo da Oceania. E
endémica em 88 paises das Américas do Sul e Central, Africa e Asia. No Brasil, a distribuig¢do
geografica da leishmaniose tegumentar é ampla e tem sido registrada em todo o territério
nacional (MINISTERIO DA SAUDE, 2004). As regides Nordeste ¢ Norte vém contribuindo
com o maior nimero de casos registrados no periodo de 1980 a 2003 - cerca de 36,9% e 36,2%,
respectivamerite (MINISTERIO DA SAUDE, 2004). No Nordeste, os casos registrados sdo
provenientes principalmente dos Estados do Maranhdo, Bahia e Ceard (MINISTERIO DA
SAUDE, 2004).

A importancia da leishmaniose tegumentar nas Américas reside ndo somente na alta
incidéncia e ampla distribui¢do geogrifica, mas também na possibilidade de assumir formas
que podem determinar lesdes desfigurantes, incapacitantes e algumas vezes fatais, o que levou a
Organiza¢do Mundial de Saude (OMS) a incluir a doenga entre as onze endemias infecto-

parasitdrias mais importantes do mundo (TDR, 2004).

1.2. Manifestacoes clinicas e imunopatogénese da leishmaniose tegumentar

As leishmanias s3o divididas em parasitos que causam doenga tegumentar e visceral. No

Novo Mundo, as espécies responsdveis pela leishmaniose tegumentar sdo: L. braziliensis, L.



13

peruviana, L. guyanensis, L. lainsoni, L. naiffi, L. shawi, L. colombiensis, L. amazonensis e L.
mexicana (GRIMALDI & TESH, 1993). As espécies descritas no Velho Mundo sdo: L. tropica,
L. major e L. aethiopica (ASHFORD & BETTINI, 1987).

Clinicamente, a leishmaniose tegumentar no Novo Mundo apresenta-se de maneira variada,
desde as formas inaparentes ou com ulceragdes de pele, que podem ser discretas ou extensas e
com evolugao espontinea para cura apds alguns meses, até aquelas com ulcera¢des miltiplas ou
disseminadas, ou mesmo evoluir para uma forma mutilante que afeta as mucosas das vias
aéreas superiores A manifestagdo clinica mais freqliente da doenga ¢ a leishmaniose cutinea
(LC), que se caracteriza por lesdes ulceradas, unicas, ou em pequeno niumero, de bordos
elevados e circulares, com pouca secre¢do e indolores. Alguns casos podem evoluir com o
controle da infec¢do com cura espontinea, contudo, a maioria requer tratamento prolongado
com drogas leishmanicidas (MARSDEN et al., 1984; COSTA et al., 1990; CONVIT et al.,
1993; HERWALDT et al., 1992).

A forma disseminada € caracterizada por ulceras tipicas, associadas a indmeras lesdes
papulares ou acneiformes, decorrentes possivelmente de dissemina¢do hematogénica, podendo
comprometer a mucosa (COSTA et al.,, 1986; CARVALHO et al., 1994). A leishmaniose
cutanea difusa (LLCD) ¢ uma forma grave nio responsiva ao tratamento, anérgica e muito rara. E
caracterizada predominantemente por nédulos miltiplos, onde se observa extraordindria riqueza
parasitaria e poucos linfocitos, podendo ocorrer também lesdes tuberosas, placas e raramente
aparecem ulceragdes (CONVIT et al., 1972; LLANOS CUENTAS et al., 1984; COSTA et al.,
1992). A resposta imune nessa forma clinica € caracterizada por auséncia da produgio de IFN-y
e pela elevada produgao de IL-10 nas lesdes (TURETZ et al., 2002).

A forma mais grave do espectro clinico é a cutdneo-mucosa (LCM), ou esptindia, que
apresenta significante morbidade e pode levar a um curso fatal. E caracterizada por lesdo na
mucosa nasal, que pode expandir e acometer palato mole e duro, dvula, faringe, gengivas e
ldbio superior. Paradoxalmente, essas lesdes mucosas contém um niimero bastante reduzido de
parasitos, e o infiltrado inflamatério caracteriza-se pela presen¢a de grande quantidade de
linfécitos e macréfagos. O intenso infiltrado inflamatério resulta em um exuberante aumento do
nariz e do labio superior, conferindo a lesdo um aspecto tumoral e desfigurante. A perfuragéo
do septo nasal é observada em torno de 42% dos pacientes, podendo afetar a mucosa

traqueobronquica e esdofago (MARSDEN, 1986; WALTON, 1987; BITTENCOURT &
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BARRAL, 1991; PEARSON et al., 2000). A resposta imune nessa forma clinica é caracterizada
por produgdo elevada de IFN-y e TNF-a aos antigenos do parasito, ainda mais intensa que na
forma cutinea localizada. Assim, a presen¢a de lesdo tanto pode estar relacionada a uma
auséncia de resposta Th1, com proliferagdo do parasito, ou a uma intensa resposta Th1, sendo a
lesdo pobre de parasitos, com intensa resposta inflamatéria e destrui¢cdo tecidual (RIBEIRO DE
JESUS et al., 1998).

Tem sido descrita a disseminagdo precoce do parasito do sitio da lesdo inicial na pele para
os linfonodos regionais, tanto no Velho Mundo (ARDEHALI et al, 1995; AZADEH et al, 1994)
como nas Américas (PESSOA & BARRETO, 1948; MORAES et al., 1993). No Brasil, a
leishmaniose tegumentar causada por L. braziliensis pode acarretar comprometimento dos
linfonodos de drenagem da lesdo (BARRAL et al., 1995; SOUSA et al., 1995), levando a um
quadro de linfadenite granulomatosa (ROCHA, 1998), que geralmente antecede a lesdo
cutinea. Esse quadro tem sido melhor estudado nos Estados da Bahia e do Ceard, em zonas
endémicas para leishmaniose tegumentar. Na Bahia, um estudo de BARRAL et al. (1992)
mostrou que 67% dos pacientes com leishmaniose tegumentar apresentam linfadenopatia. Os
linfonodos acometidos apresentam em média 5 cm de didmetro, variando de 3 a 8,0 cm,
desaparecem espontaneamente € t€m um curso médio de 3 semanas, podendo ser a tnica
manifestacdo da doenga (BARRAL et al, 1995). No Ceard, 77% dos individuos com
leishmaniose tegumentar apresentam linfadenopatia. No entanto, na maioria dos pacientes, 0s
linfonodos sdao maiores do que os vistos na Bahia, atingem até 10,5 cm e a linfadenopatia
apresenta curso mais indolente, podendo persistir por varios meses, mesmo apds o
aparecimento das lesdes (SOUSA et al., 1995). Além disso, foi observado um padrio de
resposta imune diferente dos pacientes que ndo apresentavam linfadenopatia. A resposta imune
mostrou-se mais significativa a antigenos de leishmania, quando comparada a do grupo sem
linfadenopatia (SOUSA et al.,, 1995). Esses dados sugerem diferengas nos isolados de
leishmania e/ou respostas imunes dos hospedeiros, indicando uma associa¢@o do parasito com o

resultado clinico da infecgao.

1.3. Eventos inicias da infec¢ao por leishmania

Durante a picada da fémea do flebétomo, promastigotas metaciclicas sdo inoculadas junto

com a saliva, no lago sanguineo produzido pelo traumatismo da probdscida do flebotomo, na
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derme do hospedeiro mamifero (RIBEIRO, 1995). A quantidade de promastigotas inoculadas
varia de acordo com a intensidade da infec¢do do fleb6tomo. O niimero de promastigotas
inoculadas parece ser importante no desenvolvimento da resposta imune. Estima-se que os
flebétomos podem inocular de 0 a 1000 promastigotas na derme do hospedeiro mamifero
(WARBURG & SCHLEIN, 1986), o que possivelmente entra como um fator importante na
variagdo da intensidade da infecg¢do. Outros fatores relevantes sdo as substincias presentes na
saliva do fleb6tomo (GILLESPIE et al., 2000). Algumas delas podem induzir resposta Th2 e
exacerbagdo da lesdo, mesmo em camundongos naturalmente resistentes (MBOW et al., 1998;
BELKAID et al., 1998). Entretanto, com L. braziliensis, o efeito da exacerbagdo da doenga na
presenga de saliva parece ser dependente da composicdo salivar da espécie de fleb6tomo, uma
vez que inoculagdo de L. braziliensis (10°-107 promastigotas) junto com saliva de Lutzomyia
whitmani leva ao desenvolvimento de lesdes que apresentam cura espontdnea (BEZERRA &
TEIXEIRA, 2001), enquanto inoculagdo do mesmo parasito (10%-10’ promastigotas) com saliva
de L. longipalpis causa lesdes cutineas nodulares progressivas, que ndo se curam
(SAMUELSON et al., 1991; LIMA et al., 1996).

Uma vez na derme, as promastigotas podem penetrar em granuldcitos, macréfagos
(POMPEU et al., 1991; LIMA et al,, 1998) ou em células dendriticas (MOLL et al., 1993). Os
neutréfilos e eosindfilos conseguem lisar leishmania (POMPEU et al., 1991; LIMA et al.,
1998). Entretanto, mais recentemente foi demonstrado que neutréfilos também podem
desempenhar outras fungdes, tais como secretar IL-12 ¢ TGF- (TACCHINI-COTTIER et al.,
2000) e apresentar antigenos via MHC classe II na presenca de GM-CSF (GOSSELIN et al.,
1993). Leishmania pode sobreviver dentro de neutréfilos nas primeiras horas ou primeiros dias
ap6s a infeccdo (LAUFS et al.,, 2002; VAN ZANDBERGEN et al., 2004) e pode atrasar,
embora ndo evite a apoptose espontdnea dos neutréfilos (AGA et al., 2002). Quando
macréofagos ingerem neutrofilos apoptéticos infectados (SAVILL et al., 1989), suas fungdes
microbicidas ndo sao ativadas (MEAGHER et al., 1992; VAN ZANDBERGEN et al., 2004).
Desta forma, acredita-se que a leishmania estaria entrando no macréfago, a sua principal célula
hospedeira, de uma maneira silenciosa (LASKAY et al., 2003).

Embora a leishmania consiga diferenciar-se em amastigota e proliferar dentro de células
dendriticas (PRINA et al., 2004) os macréfagos sdo as células hospedeiras preferenciais, onde

os parasitos proliferam intensamente nos vactolos parasitéforos (KONECNY et al., 1999). Mas
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sa0 as células dendriticas infectadas que migram para o linfonodo regional (MOLL et al.,
2000), e, ainda na pele, estas células podem sofrer influéncias de quimiocinas ou citocinas
liberadas por queratindcitos, neutréfilos, mastdcitos e macréfagos presentes no sitio de
inoculagcdo. Quimiocinas e seus receptores participam na regulacdo da migracdo e das
interagoes das c€lulas apresentadoras de antigeno (CAAg) com os linfécitos. O receptor de
quimiocina CCR2 € importante na migracdo de células dendriticas e na localizagcdo destas
células nas dreas T dos Orgdos linféides de camundongo e, conseqiientemente, no
desenvolvimento da resposta celular tipo Thl (SATO et al., 2000). CCR7 ¢ outro receptor de
quimiocina que também € requerido para a migragdo de células dendriticas maduras dos tecidos
para as areas T dos linfonodos (FORSTER et al., 1999).

E no linfonodo que vai ocorrer entio a sensibilizagdo dos linfécitos pelas CAAg (MOLL et
al., 1993, PRINA et al., 2004). Diversas células, como as dendriticas, os macréfagos e os
linfocitos B, podem apresentar antigeno as células T, dando inicio a sensibiliza¢do e expansio
das células efetoras. A diferenciagio linfocitdria vai depender, entre outros fatores, do tipo de
CAAg, das moléculas coestimulatérias expressas e das quimiocinas e citocinas que

predominam no microambiente nestes primeiros momentos da sensibilizag¢do linfocitaria.

1.4. Patogenicidade e genétipo de Leishmania

z

Apos a infecgdo por leishmania, o curso da doenga é influenciado por determinantes
genéticos dos hospedeiros mamiferos, como ja foi evidenciado em estudos experimentais
realizados com L. major. O paradigma susceptibilidade versus resisténcia foi estabelecido
usando este modelo. Algumas linhagens de camundongos apresentam resisténcia completa ou
parcial a infec¢do, outras sdo completamente susceptiveis. Camundongos das linhagens C3H e
C57BL/6 quando infectados com L. major apresentam lesdo inicial e controlam a infecc¢do, com
cura aparente e desenvolvimento de resposta imune tipo Thl. Camundongos BALB/c sdo
altamente susceptiveis, neles a infec¢do progride rapidamente, com visceralizagdo do parasito,
desenvolvimento de resposta Th2 e curso fatal (revisado em SACKS & NOBEN-TRAUTH,
2002).

Além dos determinantes genéticos dos hospedeiros, foi demonstrado que o curso da doenga
também pode ser influenciado pelo préprio parasito, desde que uma unica espécie de

Leishmania, como a L. amazonensis, ou a L. braziliensis, causam um amplo espectro da doenga
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em hospedeiros mamiferos (BARRAL et al., 1991, GONTIJO & CARVALHO, 2003). Mais
tarde foi demonstrado que cepas de L. amazonensis isoladas de individuos com diferentes
manifestagdes clinicas de leishmaniose tegumentar também apresentavam comportamentos
biolégicos diversos apds infec¢do em camundongos geneticamente idénticos (ALMEIDA et al.,
1996). Resultados semelhantes foram obtidos usando cepas de L. major (KEBAIER et al.,
2001). Portanto, parece que a variagdo da patogenicidade do parasito, que por sua vez estd
relacionada com a diversidade do genétipo do parasito, é também um fator importante que
controla as manifestacdes clinicas da leishmaniose.

Todas as espécies de Leishmania sdo morfologicamente semelhantes, exceto por diferencgas
discretas. Os métodos moleculares atuais nos permitem avaliar as caracteristicas intrinsecas dos
parasitos ¢ a evolucdo destas metodologias gerou um avango considerdvel no conhecimento do
genotipo da Leishmania, permitindo muitas vezes, a caracteriza¢do de gendtipos individuais.
Variagdo no gendtipo das leishmanias do subgénero Viannia ja foi descrita (CUPOLILLO et al,
1998; SCHRIEFER et al., 2004). A associa¢do do polimorfismo genotipico da leishmania com
a origem geografica do isolado também jd foi observada em espécies de Leishmania do Velho
Mundo (ANDRESEN et al., 1996; SCHONIAN et al., 2000; TOLEDO et al., 2002) e em
isolados do Novo Mundo (GOMES et al., 1995; ISHIKAWA et al., 2002; CUPOLILLO et al.,
2003). Mais recentemente, ROSATO (2004) demonstrou que existe polimorfismo genotipico
entre os isolados de L. braziliensis dos Estados da Bahia e do Cear4.

As informagdes sobre os genétipos dos parasitos tém contribuido para a melhor
compreensdo do conceito de espécies de Leishmania e podem auxiliar no entendimento da

epidemiologia e patogénese das leishmanioses.

1.5. Leishmaniose murina e imuno-regulacio

Os modelos de leishmaniose experimental t€m trazido uma grande contribui¢do para o
esclarecimento da imuno-regulagdo da doenga. A cura em LC é criticamente dependente do
desenvolvimento de uma resposta imune do tipo Thl. Qualquer falha na montagem de uma
eficiente resposta Thl anti-leishmania resulta em doenga progressiva e morte (SACKS &
NOBEN-TRAUTH, 2002). As condi¢cdes que desencadeiam a diferenciagdo Thl ou Th2
parecem ser multifatoriais. Alguns destes fatores tém sido evidenciados, trazendo mais clareza

para a compreensdo da patogénese da leishmaniose, embora ainda existam muitas lacunas.
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A resposta imune Thl € caracterizada pela secre¢io de IFN-y e TNF-a (SCOTT et al.,
1988; SCOTT, 1991; REINER & LOCKSLEY, 1995). IFN-y leva a ativacao de mecanismos
microbicidas do macréfago pela sintese de 6xido nitrico (NO) (MURRAY et al., 1983; LIEW et
al., 1990), de radicais livres derivados do oxigénio e sintese de enzimas lisossomais
(MURRAY, 1981; CHANNON et al., 1984; PASSWELL et al., 1994). TNF-a estd envolvido
na indugdo da ativagao de macréfagos em sinergismo com IFN-v, estimulando-os a produzirem
NO (LIEW et al., 1990; GREEN et al., 1990; THEODOS et al., 1991). Além disso, TNF-a
participa da modulagdo da resposta inflamatéria, induzindo apoptose de células T no sitio de
infec¢cdo. Camundongos sem receptor de TNF-o p55, embora consigam eliminar o parasito, ndo
conseguem resolver a inflamagio, possivelmente decorrente do defeito na indugio de apoptose
(VIEIRA et al.,, 1996; KANALY et al, 1999).

Ap6s os primeiros dias de ativagdo, em funcdo das citocinas predominantes no
microambiente, ocorre a defini¢do da diferenciagdo em Thl ou Th2 (NAKAMURA et al.,
1997). Células NK e NK-T participam neste momento inicial secretando IFN-y, que tem papel
relevante na sensibilizacdo de células Thl (SCHARTON-KERSTEN & SCOTT, 1995;
MARTIN-FONTECHA et al., 2004). IFN-y produzido inicialmente por estas células induz a
secrecao de IL-12 por CCAg (células dendriticas, macrofagos, mondcitos, linfécito B) e por
células polimorfonucleares (PMN). A produgdo inicial de IL-12 pode ser desencadeada pela
fagocitose do parasito (SUTTERWALA & MOSSER, 1999) e amplificada por IFN-y. A
citocina IL-12, por sua vez, amplifica a produgdo de IFN-y, estabelecendo, assim, uma
importante al¢a feedback positiva (BELOSEVIC et al., 1989; HEINZEL et al., 1995). A célula
NK € considerada como a principal fonte de IFN-y (SCHARTON-KERSTEN & SCOTT,
1995), mas parecem existir outras fontes alternativas, como células NK-T (LAUWERYS et al.,
2000) e possivelmente células T CD8+ (SACKS & NOBEN-TRAUTH, 2002). Camundongos
depletados de células NK (NK'T") conseguem desenvolver resposta Thl eficiente, com a
producdo de IL-12 e de IFN-y, capazes de controlar a infec¢do por L. major, indicando que IL-
12 pode induzir resposta Thl, independentemente de células NK, possivelmente pela ativagao
de NK-T (SATOSKAR et al., 1999).

A produgdo de IFN-y nos primeiros trés dias de infeccéo, € critica para a diferenciacio de

linfécitos ThO em Thl e para inibir a diferenciagcdo em Th2, e a CAAg desempenha papel
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critico neste momento (revisado em VON STEBUT & UDEY, 2004). A infec¢ao de células
dendriticas com amastigotas, na presenga de IFN-y, induz sua ativacgdo, ocorrendo aumento da
expressao de moléculas MHC classe 1 e II, de moléculas coestimulatérias (CD40, CD54, CD80
¢ CD86) ¢ da sintese de IL-12. Por outro lado, tem sido demonstrado que a infec¢do de
macrofagos, tanto com amastigotas como com promastigotas, ndo induz ativagao, nem secre¢ao
importante de IL-12 (REINER et al., 1994; VON STEBUT et al., 1998, MAROVICH et al.,
2000). Outras citocinas, como TNF-a, IL-1B, IL-15 e IL-18, potenciam o efeito de IL-12 na
indu¢do da producdo de IFNy por células NK (SHER et al., 1993; HUNTER et al., 1995;
FEHNIGER et al., 1999; AKIRA, 2000), propiciando as condi¢bes necessarias para a
proliferagao das células Th1 efetoras.

Embora o fendtipo Th2, associado com a susceptibilidade a infeccdo, seja caracterizado
pela alta produgdo de IL-4, IL-10, IL-13 e TGF-B (HEINZEL et al., 1989; LOCKLEY &
SCOTT, 1991; BARRAL-NETTO et al., 1992; SCOTT, 1998), ainda nao estao bem definidas
as condi¢des que o desencadeiam. As citocinas Th2 levam ao desenvolvimento de lesdes graves
em animais infectados com L. major, provavelmente porque desativam macréfagos. I1L-4, IL-13
e TGF-P inibem a produgao de intermedidrios reativos de oxigénio em macréfagos ativados por
IFN-y (BOGDAN et al., 2000). Diversas células podem participar na produgdo de IL-4 nestas
primeiras horas de infec¢do: neutrdfilos, células T CD4" e NK17 s@o capazes de secretar IL-4 ¢
com isso modular a resposta para diferencia¢do tipo Th2 (VON DER WEID et al., 1996;
BRANDT et al.,, 2000; NOBEN-TRAUTH et al., 2000). IL-13 ¢ outra citocina que favorece a
progressao da doenga. Ela apresenta agdo sinérgica com IL-4 (MATTHEWS et al., 2000), mas
pode também promover a doenga, independentemente da presenga de IL-4 (NOBEN-TRAUTH
et al., 1999). Um microambiente com predominio de IL-4, IL-10 e IL-13 induz a diferenciagdo
e proliferacdo de células Th2, levando a desativagdo dos macréfagos, o que propicia a
multiplicagao do parasito e a progressao da doenga.

Uma vez diferenciados, os linfocitos sensibilizados Thl ou Th2 migram do linfonodo
regional para o sitio de inoculagdo da pele, dando inicio a resposta imuneinflamatéria, que,
dependendo do tipo de linfécito predominante, poderd destruir o parasito e resolver a infecg¢do
ou pode favorecer o crescimento do parasito e a doenga ter um curso cronico.

Ao contrdrio do que ocorre com L. major, poucos estudos experimentais foram conduzidos

com L. braziliensis, provavelmente porque este parasito nao induz lesdes em muitas linhagens
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de camundongos (NEAL & HALE, 1983; CHILDS et al., 1984). Camundongos BALB/c sdo
considerados os mais susceptiveis a L. braziliensis, apesar de ndo apresentarem lesdes cutineas
muito evidentes e evoluirem para cura espontdnea (CHILDS et al., 1984). A andlise da resposta
imune em camundongos BALB/c infectados com L. braziliensis mostrou que estes animais
produzem menos IL-4, do que quando infectados com L. major. Além disso, animais infectados
com L. braziliensis, ao serem tratados com anti-IFN-y, aumentam significativamente o tamanho
das lesoes e a infec¢do ndo se resolve (DEKREY et al., 1998). Os autores sugerem que um
mecanismo dependente de IFN-y é responsdvel pela morte de L. braziliensis em camundongos
BALB/c e que a fraca infectividade deste parasito nesta linhagem de camundongo pode ser
causada pela incapacidade do parasito promover uma produgdo forte e sustentada de IL-4,
diferentemente do que acontece com a infec¢do por L. major.

Recentemente nosso grupo desenvolveu um modelo experimental de infec¢gdo com L.
braziliensis que mimetiza muito a infeccio humana. Neste modelo, camundongos BALB/c
foram inoculados com 10° de promastigotas na derme da orelha e foram capazes de reproduzir
aspectos da infecgdo natural tais como a presenga de lesdo ulcerada, disseminacao do parasito
para os linfonodos e desenvolvimento de uma resposta imune tipo Thl (DE MOURA et al.,
2005). Este modelo poderd ser muito ttil para responder questdes relacionadas com a
imunidade a re-infecc¢des, persisténcia do parasito e desenvolvimento da forma clinica cutineo-

mucosa.

1.6. Quimiocinas

As quimiocinas sdo proteinas homodlogas de baixo peso molecular (8 a 17 kDa), secretadas
por uma variedade de células, incluindo leucdcitos, células epiteliais, células endoteliais,
fibroblastos € numerosos outros tipos de células. Sdo produzidas em resposta a vérios estimulos
exogenos e endogenos (MOSER et al., 2004).

Geralmente as quimiocinas sdo produzidas durante uma resposta inflamatéria, atuam em
mais de um tipo celular e diferentes respostas induzidas por elas foram observadas in vitro, tais
como, quimiotaxia, liberagdo de enzimas de estoques celulares, formacgdo de radicais livres do
oxigénio, rearranjo do citoesqueleto, geracdo de mediadores lipidicos e indugdo de adesdo de
células ao endotélio ou a proteinas da matriz extracelular (ROLLINS, 1997; LUSTER, 1998).

As quimiocinas podem ser classificadas em 4 familias de acordo com a configuracio de quatro
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residuos de cisteina em posi¢des altamente conservadas na por¢dao amino terminal (NH;) da
molécula. Esses residuos de cisteina presentes em todas as classes de quimiocinas estdo
envolvidos na formagdo de ligacdes dissulfeto, que participam da estabilizagdo da estrutura da
proteina (SAUNDERS & TARBY, 1999).

Dos quatro grupos de quimiocinas descritos, hd duas grandes familias que compreendem a
maioria destas moléculas, as quais s@o chamadas de CXC quimiocinas, sendo assim
denominadas por possuirem um aminodcido (X) entre as duas primeiras cisteinas préximas ao
dominio NHj-terminal, ¢ a familia das CC quimiocinas, que possuem as duas primeiras
cisteinas adjacentes uma a outra e préximas ao amino terminal. As quimiocinas CC atraem
principalmente mondcitos e linfécitos T, apesar de que sdo também quimiotiticas para
baséfilos, eosindfilos e células NK (ROLLINS, 1997). As quimiocinas CXC sio divididas em
duas sub-familias, aquelas que contém a seqii€ncia 4cido glutdmico-leucina-arginina, chamada
de seqiiéncia ELR (ELR™), precedendo as duas primeiras cistefnas da molécula, e aquelas que
ndo contém essa seqiiéncia (ELR"). A presenca dessa seqiiéncia estd relacionada a um efeito
predominante sobre a atragdo de neutréfilos e a auséncia desta seqiiéncia estd relacionada com a
migragdo de linfocitos (BAGGIOLINI, 2001).

Dois outros grupos menores ndo fazem parte destas familias, sendo designadas como
familia C, que tem apenas dois residuos de cisteina na molécula e apenas um deles na por¢io
NH;-terminal e familia CX3C, que possui trés residuos de aminodcidos separando as duas
primeiras cisteinas (ROLLINS, 1997; MACKAY, 1997). A quimiocina XCL1/linfotactina, da
familia C, tem sido descrita como sendo quimiotitica para subpopulacbes especificas de
linfécitos B e T, e ndo atrai mondcitos, macréfagos ou neutréfilos (KENNEDY et al., 1995;
HEDRICK et al., 1997). CX3CLI/Fractalcina, a tinica quimiocina CX3C, tem potente atividade
quimiotética para linfécitos T, células NK e monécitos (BAZAN et al., 1997).

1.7. Receptores de Quimiocinas

As quimiocinas exercem suas fung¢des pela liga¢do a receptores presentes na superficie das
células. Os 21 receptores de quimiocinas descritos pertencem a familia de receptores que
atravessam sete vezes a membrana celular, com a porgdo intracelular ligada a proteina G
(SAUNDERS & TARBY, 1999; MURDOCH & FINN, 2000). Sua estrutura é composta por

um curto dominio NH»-terminal, sete dominios em a-hélice transmembranicos, com trés alcas
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na por¢do extracelular e outras trés na por¢do intracelular compostas de aminodcidos
hidrofilicos, mais um dominio carboxi (COOH) terminal intracelular (MURDOCH & FINN,
2000). A maioria dos receptores de quimiocinas liga mais que uma quimiocina, além disso,
diferentes tipos de células podem expressar vdrios destes receptores, de modo que se um ligante
ou um receptor estiver defeituoso, um conjunto de quimiocinas ou receptores alternativos
podem efetuar a fun¢do bioldgica na célula, caracterizando a familia das quimiocinas e seus
receptores como um sistema redundante (MANTOVANI, 1999).

O sinal intracelular induzido apés ligagdo da quimiocina é desencadeado por uma proteina
G, associada ao dominio C-terminal do receptor (BOKOCH, 1995; THELEN, 2001). A
proteina G é uma molécula heterotrimérica composta por trés subunidades (o, B e ¥), que ficam
ligadas a uma molécula de difosfato de guanosina (GDP) (MURDOCH & FINN, 2000). Apds
ligagdo da quimiocina ao receptor, o GDP ¢é fosforilado e transformado em trifosfato de
guanosina (GTP), as sub-unidades sdo separadas em Gofy e GPy, a subunidade o ird ativar a
fosfolipase C (PLC) associada a membrana celular, que transforma o difosfato de
fosfatidilinositol (PIP;) em trifosfato de fosfatidilinositol (IP3) e diacilglicerol (DAG). O IP; ird
mobilizar cdlcio intracelular e 0 DAG juntamente com o célcio irdo ativar vérias isoformas da
proteina cinase C (PKC), esta por sua vez ativa varias MAP cinases, levando assim 2 ativagdo
celular, o que culmina com os efeitos que as quimiocinas exercem nas células (SAUNDERS &
TARBY. 1999; MURDOCH & FINN, 2000; ROT & VON ADRIAN, 2003). Apés ativagdo e
internalizacdo, os receptores de quimiocinas se tornam parcial ou totalmente dessensibilizados
e sugere-se que este processo ¢ mediado pela subunidade Go que ativa a proteina tirosina
cinase (PTK), levando a ativacdo de MAP cinases e fosforilacdo de residuos de serina e
treonina na por¢ao carboxi-terminal intracitoplasmadtica do receptor, causando sua inativagdo
(MURDOCH & FINN, 2000). A velocidade da recuperagdo da resposta é determinada pelo
destino da internalizagdo dos receptores (degradagdo lisossomal versus desfosforilagdo e
reciclagem na superficie celular) e pela rapidez da sintese de um novo receptor (THELEN,
2001).

Os receptores de quimiocinas e seus ligantes estdo listados na Tabela I, de acordo com a

nova nomenclatura sistematica proposta por ZLOTNIK & YOSHIE (2000).
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1.8. Efeitos bioldgicos das quimiocinas

As quimiocinas, junto com as moléculas de adesdo, sdo as maiores controladoras da
migracdo de leucécitos. Adicionalmente, as quimiocinas também participam no
desenvolvimento de 6rgdos (organogénese), na angiogénese, na angiostasia, no crescimento ¢
metastase de células tumorais, na recirculagio homeostdtica de leucécitos e na regulacao
imunolégica (ROSSI & ZLOTNIK, 2000; CHRISTOPHERSON II & THROMAS, 2001).

Diferentes estudos sugeriram a participagdo das quimiocinas na resposta imune frente a
inimeros patogenos (BURGMANN et al., 1995; VILLALTA et al., 1998; OLSZEWSKI et al.,
2001; PARK et al., 2001), possivelmente porque atuam atraindo leucécitos para os tecidos,
regulando a resposta imune ou induzindo mecanismos antimicrobianos (MANNHEIMER et al.,
1996; ALIBERTI et al., 1999; RITTER & MOLL, 2000). Além das atividades microbicidas, as
quimiocinas € seus receptores podem exercer papel importante na polarizacdo do padrio de
resposta imune (revisto em SALLUSTO & MACKAY, 2004). Desta forma, células T
polarizadas para Thl produzem IFN-y e co-localizam com macréfagos e neutréfilos em lesoes
de hipersensibilidade do tipo tardio, enquanto que células Th2 produzem IL-4, IL-5 ¢ IL-13 ¢
estdo presentes juntamente com eosinéfilos e baséfilos em sitios de inflamacdo alérgica
(SALLUSTO et al., 1998). Uma complexa rede de interagio entre citocinas e quimiocinas vem
sendo descrita, podendo as citocinas regular a produgdo das quimiocinas e vice-versa. Por
exemplo, IL-4 e IL-13 estimulam a produgdo de CCL11/eotaxina e CCL22/MDC, um efeito
que € inibido por IFN-y (LI et al., 1998; BONECCHI et al., 1998). Por outro lado, IFN-y induz
a produgdo de CXCL10/IP-10 e CXCL9/MIG, efeito que é antagonizado por IL-4 (ROLLINS,
1997, FARBER, 1997). Um outro exemplo de quimiocinas e seus receptores associados com
respostas polarizadas vieram de experimentos usando linfécitos T humanos. Estas células
quando tratadas com IL-2 e anti-IL-4 polarizaram para Thl e apresentaram acentuada
expressio de CCR1, CCR2, CCRS5 e CXCR3, este ultimo receptor de CXCL10/IP-10 e
CXCLY9/MIG, ambas induzidas por IFN-y e quimioatraentes de linfécitos (LOETSCHER et al.,
1996). Além disso, linfécitos T CD4" diferenciados para Thl, migram preferencialmente em
diregdlo a um gradiente quimiotdtico contendo CCL3/MIP-1a, CCL4/MIP-18 ou
CCLS5/RANTES, o que ndo foi observado para células Th2, sugerindo que CCRS, receptor para
estas trés quimiocinas, poderia ser um marcador para linfécitos Thl (BONECCHI et al., 1998;

DORNER et al., 2002). Por outro lado, linfécitos T imaturos que foram estimulados com IL-4
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e anti-IL-12, para gerar um padrao de linfécitos Th2, apresentaram alta expressdo de CCR3 na
sua superficie (SALLUSTO et al., 1997; SALLUSTO et al.,, 1998). Outros receptores de
quimiocinas, como CCR4 e CCRS, foram descritos serem preferencialmente expressos em
linfécitos Th2 (ZINGONI et al., 1998).

As quimiocinas estdo envolvidas também em um grande nimero de processos fisiolégicos
e patoldgicos. A expressdo individual de quimiocinas CC tem sido demonstrada em processos
inflamatdrios cronicos, tais como psoriase (GILLLITZER et al., 1993), reagdes de
hipersensibilidade do tipo retardado, relacionadas com sarcoidose e tuberculose (DEVERGNE
et al, 1994), inflamagdo gengival (YU et al, 1993) e formagdo de granuloma na
esquistossomose e tuberculose (LUKACS et al.,, 1993; QIU et al., 2001). CCL3/MIP-1q,
CCL4/MIP-13 e CCLS/RANTES produzidas por células T CDS8+, possuem atividade
supressora da replicagdo do virus HIV em células T CD4+ (COCCHI et al., 1996). Além
dessas fungdes, foram descritas outras, tais como aumento de lise mediada por células NK
(TAUB et al., 1995) e indugdo da atividade tripanossomicida mediada por 6xido nitrico (NO)
em macréfagos humanos (VILLALTA et al., 1998).

1.9. Quimiocinas e leishmaniose

O possivel envolvimento das quimiocinas na leishmaniose tegumentar humana foi
investigado em LC e LCD causadas por L. mexicana. As lesdes de individuos com LC
continham altos niveis de CCL2/MCP-1, CXCL9/MIG e CXCLI10/IP-10; ao contrdrio, lesdes
de individuos com LCD expressavam predominantemente CCL3/MIP-1o0 (RITTER et al.,
1996). Nesse estudo, os autores sugerem que, em LC, a produg¢do de CCL2/MCP-1 seria
responsdvel pelo recrutamento de macréfagos mais maduros e/ou ativados, que por sua vez
matariam os parasitos ¢ controlariam a doenga. Por outro lado, em LCD, CCL3/MIP-1a
induziria a migragdo de células mais imaturas ou desativaria estas células, favorecendo a
progressdo da doencga.

Trabalhos in vitro demonstraram que leishmania € capaz de induzir uma répida e transitéria
expressdo de algumas quimiocinas, tais como CCL2/MCP-1 e CXCLS/IL-8, tanto em
macréfagos murinos como em humanos (BADOLATO et al., 1996; RACOOSIN &
BERVERLY, 1997). Além disso, tem sido relatado que CCL2/MCP-1 pode estimular

diretamente a eliminag¢do do parasito via a geragdo de NO por macréfagos murinos infectados
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com L. donovani (BHATTACHARYYA et al, 2002), ou via a inducdo de reativos
intermedidrios do oxigénio em mondcitos murinos infectados com L. magjor (RITTER &
MOLL, 2000).

Parece haver uma associa¢do de quimiocinas com os perfis de resisténcia e susceptibilidade.
A infec¢@o por L. major, em camundongos resistentes C57BL/6 e susceptiveis BALB/c, induz
expressoes significativamente diferentes de vérias quimiocinas (VESTER et al., 1999). Nesse
estudo, linfonodos de camundongos resistentes infectados com L. major induziram
significativamente mais RNAm de CCL2/MCP-1, CXCL10/IP-10 e XCL1/linfotactina quando
comparados com aqueles de camundongos susceptiveis, indicando que estas quimiocinas
podem ter um papel importante no desenvolvimento da imunidade do hospedeiro contra L.
major. No mesmo estudo, a administragdo de CXCL10/IP-10 recombinante a camundongos
BALB/c aumentava a atividade das células NK e a resisténcia contra L. major. Mais
recentemente foi demonstrado o envolvimento de outra quimiocina, CCLS/RANTES, na
resisténcia a L. major. Camundongos resistentes infectados com L. major e tratados com met-
RANTES, um antagonista funcional de CCR1 e CCRS (receptores de CCL5/RANTES), tornou
esses animais susceptiveis a infecgdo (SANTIAGO et al., 2004).

As quimiocinas foram estudadas também na leishmaniose visceral. Tentando entender o que
causa a migragdo de linfécitos para o figado, COTTERELL et al. (1999) estudaram o perfil de
quimiocinas no figado de camundongos SCID (animais que ndo tém linfécitos B e T) e BALB/c
infectados com L. donovani. Em ambos o caso, foi encontrado uma rdpida acumulagéo hepatica
das quimiocinas CCL2/MCP-1, CCL3/MIP-10a e CXCL10/1P-10. Destas, apenas CXCL10/IP-
10 manteve-se elevada em camundongos BALB/c, mas ndo em camundongos SCID.
Entretanto, quando os camundongos SCID foram reconstituidos com linfécitos T CD4+ e
CD8+, os niveis das quimiocinas voltaram a subir e permaneceram elevados, sugerindo que a
manuten¢ao dos niveis hepdticos destas quimiocinas é dependente de células T. Além disso, a
produgdao de CXCL10/IP-10, amplificada por células T, foi essencial para permitir a formagao
do granuloma hepdtico e da resposta inflamatdria, conferindo resisténcia a esses animais. Ao
contrario do figado, entretanto, a quimiocina predominante no bago de animais com
leishmaniose visceral ¢ CCL2/MCP-1, mais que CXCL10/IP-10, levando a um influxo maior
de macroéfagos do que de células T para o baco (ROUSSEAU et al., 2001).
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Os estudos utilizando animais deficientes de quimiocinas e/ou receptores de quimiocinas
vém se tornando uma importante ferramenta para entender o papel de vérias quimiocinas na
leishmaniose. Entre eles, os estudos de SATO et al. (1999) mostraram que camundongos
deficientes de CCR2, CCRS ou CCL3/MIP-1q, infectados com L. donovani, apresentaram uma
baixa producdo de IFN-y durante a fase inicial da infec¢ao, entretanto, durante a fase crénica da
doenga, as concentragdes de IFN-y aumentaram nos camundongos deficientes de CCRS e
CCL3/MIP-10a, e o aumento desta citocina se correlacionou com uma diminuigdo da carga
parasitaria. Os autores sugerem que CCR2, CCRS5 e CCL3/MIP-1a tém um papel importante na
geracdo de IFN-y por células T. Os dados também indicam que CCL3/MIP-1a e os receptores
CCR2 e CCRS participam da defesa do hospedeiro contra L. donovani. Adicionalmente, outro
estudo mostrou que a auséncia do receptor CCR2 em camundongos infectados com L. donovani
estava associada com uma migracdo diminuida de células de Langerhans para o linfonodo,
resultando em uma deficiéncia de células dendriticas CD80+ e deficiéncia na sensibilizagio de
linfécitos Th1 (SATO et al, 2000).

Até o momento, ndo ha nenhum trabalho mostrando o papel das quimiocinas na LC causada
por L. braziliensis. A maioria dos estudos envolvendo quimiocinas e leishmaniose feitos em
modelo murino tem utilizado L. major (que causa LC no Velho Mundo), L. donovani ou L.
infantum (causadoras de leishmaniose visceral no Velho Mundo), e L. amazonensis (que causa
LC no Novo Mundo). Coletivamente, os trabalhos publicados até agora sugerem que as
quimiocinas desempenham importantes papéis na infec¢@o por leishmania, incluindo fungdes de
defesa do hospedeiro, tais como recrutamento de leucdcitos e ativagio celular, participagdo na
imunidade mediada por células e atividade leishmanicida, indicando que essas proteinas podem

ser relevantes para o controle e/ou progressao da doenga.
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Tabela I. Familia das quimiocinas CXC, C, CX3C e CC e seus receptores

Nome sistematico

Familia CXC
CXCLI1
CXCL2
CXCL3
CXCL4
CXCL5
CXCL6
CXCLY
CXCLS
CXCL9
CXCL10
CXCL11
CXCL12
CXCLI13
CXCL14
(CXCL15)
CXCL16
Familia C
XCL1
X2
Familia CX3C
CX3CIE]
Familia CC
&0 14|
cCcl2
CCL3
CCL3L1
CCLA
cCLS
(CCL6)
CCLY
CCL8
(CCLY/10)
CCEll
(€CL12)
CClL:13
CCL14
CCR1S
CCL16
CCLI?
CCL18
CCLI9
CCL20
CEL21
cCL22
CCL23
CCL24
CCL25
CCL26
CCL27
CCL28

Ligante humano

GROa/MGSA«
GROB/MGSAB
GROy/MGSAy
PF4

ENA78

GCP2

NAP2

1L-8

MIG

IP-10

ITAC

SDFla/B

BCAI1
BRAK/Bolecina
Desconhecido
Desconhecido

Linfotactins/SCM1o/ATAC
Linfotactina/ SCM1f

Fractalcina

1309
MCP1/MCAF/TDCF
MIP1o/LD78a

LD78B

MIP1B

RANTES
Desconhecido

MCP3

MCP2

Desconhecido
Eotaxina
Desconhecido

MCP4

HCC! .
HCC/LKN1/MIP-18
HCC4/LEC/LCC1
TARC
DC-CK1/PARC/AMACI
MIP3B/ELC/exodus-3
MIP3w/LLARC/exodus-1
6Ckine/SLC/exodus-2
MDC/STCP1
MPIF1/CKp8/CK[38-1
Eotaxina-2/MPIF2
TECK

Eotaxina-3
CTACK/ILC

MEC

Desconhecido

2. JUSTIFICATIVA

Ligante murino

GRO/MIP2/KC?
GRO/MIP2/KC?
GRO/MIP2/KC?

GCP2/LIX?

- GCP2/LIX?

Desconhecido
Desconhecido
MIG

IP10/CRG2

ITAC

SDF1/PBSF

BLC

BRAK
Lungcina/ WECHE
Desconhecido

Linfotactina
Desconhecido

Neurotactina/ABCD3

TCA3/P500

JE
MIPla
Desconhecido
MIP1B

C10/MRP1

MARC?

MCP2?
MRP2/CCF18/MIP-1y
Eotaxina

MCP5

Desconhecido

~ Desconhecido

Desconhecido
Desconhecido
TARC/ABCD2
Desconhecido
MIP3B/ELC/exodus-3

- MIP3w/LARC/exodus-1

6Ckine/SLC/exodus-2/TCA4
ABCD1 ‘
Desconhecido

MPIF2

TECK

Desconhecido
ALP/CTACK/ILC/ESkine

Receptor

'CXCR2>CXCRI

CXCR2
CXCR2

_ Desconhecido

CXCR2
CXCR1, CXCR2
CXCR2
CXCR1, CXCR2
CXCR3 (CD183)

- CXCR3 (CD183)

CXCR3 (CD183)
CXCR4 (CD184)
CXCR5
Desconhecido
Desconhecido

CXCR6

XCR1L

XCR1

~ CX3CRI

" CCR3

CCR2

CCR1, CCRS
CCR1, CORS
CCRS5 (CD 195)

CCR1, CCR3, CCRS5 (CD195)

Desconhecido

CCRI1, CCR2, CCR3

CCR3, CCR5 (CD195)

CCR1
CCR3

. CCR3

CCR2, CCR3
CCRI1, CCRS
CCR1, CCR3
CCR1, CCRY
CCR4

Desconhecido

CCR7 (CD197)

CCR6

CCR7 (CD197)

CCR4
CCRI1

eEERe

CCR9
CCR3
CCR10

_CCRICCRIO
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A infecc¢do por leishmania pode resultar em um amplo espectro de manifestagdes clinicas,
sendo o curso da doenga determinado pelas complexas interagdes entre o parasito e o
hospedeiro. Os eventos iniciais dessa intera¢do influenciam o futuro curso da doenga. A L.
braziliensis € um dos principais agentes etiolgicos da leishmaniose tegumentar no Brasil,
podendo causar tanto a forma cutanea localizada como a cutdneo-mucosa. Além disso, a L.
braziliensis causa linfadenopatia, observada como um primeiro sinal da LC e algumas vezes
como a unica manifestagdo clinica da doenga. No Cear4, esta linfadenopatia foi referida como
“bubonica” e persiste até seis meses apos o aparecimento da ulcera, enquanto na Bahia, essa
manifestacdo clinica € mais transitéria. Além disso, sdo observadas diversas formas de
apresentacao clinica, como as formas cutdneas isoladas, lesdes multiplas, leishmaniose
disseminada e cutidneo-mucosa. Isso sugere que diferencas nos isolados de leishmania e/ou
respostas imunes dos hospedeiros podem indicar uma associa¢do do parasito com o resultado
clinico da infec¢do. A composi¢ao celular no sitio inflamatdrio pode influenciar no tamanho da
lesdo cutdnea na leishmaniose e as quimiocinas tém um papel fundamental nesse processo,
porque atraem e estimulam subpopulagdes especificas para o sitio de infec¢do. A compreensio
do envolvimento de quimiocinas na leishmaniose tegumentar pode esclarecer alguns pontos
ainda desconhecidos dos eventos iniciais da resposta imune contra o parasito e da patogénese
da doenga, podendo contribuir para a elaboragdo racional de marcadores diagndsticos, bem

como para o desenvolvimento de drogas adicionais ou alternativas para o tratamento da doenga.

3. HIPOTESE

A hipoétese deste estudo ¢ as diferengas entre as cepas de Leishmania braziliensis podem

influenciar o curso clinico da doenga e a resposta inflamatdria.

4. OBJETIVO GERAL

Investigar se diferentes cepas de L. braziliensis podem apresentar comportamentos distintos e

induzir diversos perfis de quimiocinas em camundongos BALB/c.
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5. ARTIGO 1

Titulo: “Leishmania braziliensis isolates differing at the genome level display distinctive

features in BALB/c mice”.

5.1. Justificativa e Objetivos do estudo:

Neste estudo, comparamos cepas de L. braziliensis isoladas de pacientes com leishmaniose
cutinea dos Estados do Ceard e da Bahia. Ambos Estados sdo endémicos para L.C causada por
L. braziliensis. No Ceard, a lesdo cutidnea é acompanhada e algumas vezes precedida por um
expressivo aumento dos linfonodos regionais e o termo bubdnico € utilizado para descrever esta
manifestacdo. Leishmaniose bubdnica € restrita a infec¢do por L. braziliensis no Ceara,
entretanto, linfadenopatia também € observada nos pacientes com LC na Bahia, embora menos
expressiva. Esses dados sugerem diferengas nos isolados de Leishmania e/ou respostas imunes
dos hospedeiros, indicando uma associa¢do do parasito com o resultado clinico da infecgéo.
Variacao na patogenicidade de isolados de Leishmania, que por sua vez, esta relacionada com a
diversidade genética dos parasitos, € um importante fator que pode estar influenciando as
caracteristicas clinicas na leishmaniose. A hipétese deste primeiro trabalho € que diferentes

isolados de L. braziliensis podem induzir diversos processos patoldgicos em camundongos

BALB/c. Nossos objetivos especificos neste estudo foram:

I. Avaliar polimorfismos genéticos em cepas de L. braziliensis isoladas de pacientes dos
Estados do Ceard e da Bahia;

2. Comparar o comportamento bioldgico de duas cepas de L. braziliensis representativas
dos Estados do Ceard e da Bahia em camundongos BALB/c;

3. Determinar a carga parasitdria no sitio de inoculagdo do parasito e no linfonodo de
drenagem da lesdo;

4. Caracterizar os tipos celulares presentes no sitio de inoculagdo do parasito;

S. Determinar o perfil de citocinas em células recuperadas do linfonodo de drenagem da

lesdo.
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5.2. Resumo dos Resultados: Inicialmente, investigamos o grau de polimorfismo genético
entre seis cepas de L. braziliensis, duas do Ceard (H3227, H3456) e quatro da Bahia (BA711,
BA427, BA806, BA788), utilizando a técnica de RAPD. Os perfis gendmicos obtidos com as
cepas do Ceara foram diferentes daqueles obtidos com as da Bahia. Nos experimentos
seguintes, comparando duas cepas de L. braziliensis, representativas de cada Estado (H3227, do
Ceard e BA788, da Bahia), encontramos que os camundongos infectados com H3227
desenvolveram lesdes maiores do que aqueles infectados com BA788. Trés dias apds a
inoculag¢do, o nimero de granuldcitos e macréfagos foi semelhante em ambos os grupos de
camundongos, enquanto o nimero de células NK estava aumentado nas lesdes dos animais
infectados com BA788. Quinze dias apds a infec¢do, observamos uma diminui¢do no nimero
de granulécitos e células NK e um aumento no nimero de macréfagos e linfécitos em ambos os
grupos de camundongos. A carga parasitdria no sitio de inoculagdo nao foi diferente nos dois
grupos de animais. No linfonodo, foi interessante observar que o nimero de parasitos aumentou
durante o perfodo de infec¢io em ambos os grupos infectados, indicando que Leishmania é
capaz de persistir nesse 6rgdo linféide secunddrio. As células do linfonodo dos animais
infectados com BA788 produziram altos niveis de IFN-y, enquanto nos animais infectados com
H3227 houve uma produgdo maior de IL-4 apds 3 dias de infeccdo. Mais tarde, 15 dias p6s-
infec¢ao, ocorreu um aumento nos niveis de [L-12p70 e IL-10 no sobrenadante das células do
linfonodo de animais infectados com H3227. Concluimos que cepas de L. braziliensis
geneticamente diferentes induzem caracteristicas clinicas e certos parimetros imunoldgicos

distintos em camundongos BALB/c
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proventng ther replication, but they also contnbure to the

rospronse, characterized by loow bovels of EFIN-y

ntlanmumatory pracesses vecwiring in the parasite-loaded tis-
s b contrast w0 o consaderably less experimental
wurk vearducted wih £

Pevause most mowse sraios de naot display jesions ar the siee

frae been brasiewsis, probably
ot mecubaton of £ Prazdfensis 450 This phenotype cab-
seftee of feswond has been associated with the inability to
sustadn aostrong tvpe 2 immune response (6] Monetheless, it
has been shown that skin biopsies from patieats with cutane-
ous Jeishmonasis cavsed by L frazificnsiy displaved TFN-y.
THNF- 7] and INOS[S] These ewvtokines plav a ey role in
the controd of the parasite oad and. o paralle]. connbate w
the development of atense mbammatory processes at the
Prarasite Hioo o o site

Alternatvely, 1t has been shown that the parasite als
plays arole i determining the parasilic process Oucoms ., Le.
diswise op long-term asympromatic pacasitasim. For example,
e bocated onthe sk the developiment of L awrezorensis
s knessn o fead e many different clinical presentations,
twluding localized cutancons leslons, mucocutaneous and
visceral leishmantasis . in humans [9), some of thew featupes
Btz reproduoced inomice [H3] Move resently, 1owas shown
that genotvpie characteristios of L mexiconae could be corre-
Lared with features of the choical disease |11 and that L.
rcgor pestate s frorn the foeld shosw ditferences in pathogenie-
vy upey proculation ot BALB C muce [12] Therefore,
vartatiy n the pathogemcity of the parasite, which is related
Wt genetie diversety, s abso an important facter wofluencing
Although extensive

braziliensis

the chovead fearures of leishmamasis
soactic dversity has been docuneneed in L
PR s correbaced with geograptical oeigin [ 1401 3] and
notwith vlneal manitestanons of the disease.

In the present study, we vsed malecular techoigques to
exarmine the genete pobyroorphism of Lo bracillensis steains
elated from twe states  Brazd, namely Ceardand Bahia,
towvated o northeastern Brazil, Both Ceard and Bahia are
sndemi tor cutancous heishmaniases caused by Lo brasilien-
sis In Ceard, however, the cutaneaus fesion is acconmpanied
and sometimes preceded by an impressive enlargement of
regronal lomph nedes. whereas in Babia, such findings have
not heen documented. We have also examined (a) the cell
epes present at the site of parasie delivery and (b the
cvtokine production after in vitro re-stunulation of the
reveverad from the draining bvmaph nodes aod the cell types
present at the site of parasite deliverw

cells

2o N%Lateriads wned mcthogds
28 Mae

Mlade A=fi-wk-otd BALBSA mice obtained  froum

CPQOMAFDOCRUL Animal Facllity, where they were main-

W
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tained under pathogen-tfree conditicns. The Animal Cace and
Uhilization Comnittes from CPgGMFIOCRUZ approved
all experimental procedures.
2.2 Parasite cultumn

The L. braziliensés swalns MHOMBRAGVHIZZT and
MHOMMBERAL/BATIE vsed were iscdated from cotaneous
uleers from patients with cutanesus leishmaniasis. from the
states of Ceard and Bahia tnortheastern Brazili, respectively,
after brief {2—41 passages in culture medinmg, Both isolates
were identified as Lo Brazifiensis by PCR {16] and muono-
clonad antibodies [ 7] Promastigote s were grown In 199 me-
dinm (Gibes, Crand 1stkand, NY 3 at 25 °C supplemented with
HO% beat-wactivated fetal calf serum. 20 mb Hepes, 4 mM
NaHCCH. HO Uil of penicillin and 10O pgdml streptomyin
fall from Gibeog.

2.2 The readeut assay for bvping soamne signatures
af polvmorpdism of the parasites at e nucleqr genomic

xi e }'

Gepomic DNA exrraction, RAPD ( Random amplification
of polymorphic DNA)Y was dooe as described [18)]. Briefly,
L5 ng of parasite DINA woas amplified in a final reaction
volmme of 25 pl containing 10 M Tris—HCL pH 8.5, 1.5 mM
MgCly, 50 mM KCL 200 oM cach dNTP. 1.5 U Tag DNA
polymerase (hnvitrogen, Carlsbad, CAand .25 oM of either

primer 302 (S CTGATGOTAC 3y I B S i
TCACGATGCA-Y) or 3304 (5-.GCACTGTCA-3). The
amplification cyveles consisted of an initial denaturation step

at 93 “C for 5 omdn, two eyeles with denaturation at 95 7C for
30 s ammealing at 30 °C for 2 min and exrengion at 72 *C for
Eominz, folloowed by 33 cveles in which annealing was in-
creased e 41 °C Ten-microliter samples were analyzed by
electrophoresis In 1.53% agarose gels stained with sthidium
brresmide.

¥

2 Inocubation of porasites inte mice

Mationary-phase promastigotes were inoculated subcuta-
oecusly into the hind beft footpad of BALB/C mice at a dose
of 10" parasites i 20 ul of salioe. Observation of lesion
development was made at weekly intervals and footpad
swelling was measored In millirneters by a dial gavge caliper,
Lesion stee was detined as the increase 1o footpad thickness
after subtraction of the size of the controdateral uninfected

foeapad.

2.5 Parasite load estimare

Parasite load was determmined using the quantiative limit-
tng chfution assay as described [ 12], Briefly, popliteal lvmph
nades deaining the Infected footpad were aseptically excised
and homogenized with o tissue glass grinder in 2 nml of

Schoewder’ s medivm (Sigma. St Louls, MO, The lwimage-
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nates were serially diluted in Schneider’s medium supple-
mented  with 100 U of penicillinfml, 100 pg/ml of
streptomyeindml,  10% heat inactivated fetal calf serum
(Gibcor and 2% sterile human urine in 96-well plates con-
tainmng biphasic blood agar medium. The number of viable
parasites was determined from the highest dilution at which
promastigotes could be grown out after up to 3 weeks of
mcubation at 25 “C.

2.6, Culture of lvmph node cells and guantitation
af cxtokine in the culture supernatants

Far measurement of in vitro cytokine production. single-
cell suspensions of infected footpad draining popliteal lymph
nodes were prepared aseptically at 3 and 15 days post infec-
tion. The cells were diluted § x 10%ells/ml and dispensed
unte Y6-well plates with L. braziliensis H3227 or BATSS live
promastigotes (stationary phase), at a ratio of five parasites to
ape cell, or withowt parasites, in RPMI-1640 medium
(Gibeol  containing 2 mM L-glutamine, 10D 1T of
penicillindml, 100 pg/ml of streptomycin/ml, 0% heat inac-
tvated  fetal  calf  serum  (Gibeo) and (005 mM
f-mercaptoethanol. Cell culture supernatants were harvested
after 48 h (for IL-4, 1L~10 and 1L-12p70 measurement) or
72 hotfor IFN-7 measurement) of culture at 37 “Cin 5% CO,.
Levels of IFN-y, IL-4, 1L-10 and [L-12p70 were determined
by ELISA using commercial kits (BD Biosciences, San Di-
ega, CA)L The evtokine production of lymph node cells from
nop-infected animals. vpon stumulation with live L. bra-
stliensis promastigotes, was below the detection level of the
kits used for eytokine detection.

2.7, Flow cvtometric analysis

Tor characterize leukocytes present in the inoculation site,
infected foot tissue was collected at 3 and 15 days post
unfection and incubated 1 h at 37 °C, in RPMI-1640 medivm
containing 2 mM  L-glutamine, 100 U of penicillin/ml,
100 ugdml of streptomyein/ml, 10% heat inactivated fetal calf
serum tall from Gibeo), 0.28 vnits/ml of Liberase C1 (Roche,
Sio Paulo, SP). Foot tissues were processed in the presence
of (L05% DNAse (Sigma-Aldrich, St. Louis, MO) using
Medimachine (BD Blosciences. San Diego, CA) according
to the manufacturer’s instructions. After processing, cell vi-
ability was assessed by wypan blue exclusion and cells were
filtered trough a 50-pm filter and washed before flow eytom-
etry analysis. Viable leukoc vtes were incubated with antibod-
tes specific to GR-1, Mac-1. NK 1.1, CD3 or MHC class II
maolecules or with isotype contral antibodies (all from BD
Biowiences, San Diego. CA) for 30 min at 4 °C in the dark.
Cells were washed and resuspended in PBS, 1% formalde-
hyde. For each sample. 10,000 cells were examined. Data
were acquired using a FACScan flow cytometer (BD Bio-
sciences) and analyzed using CellQuest software (BD Bio-
sclences i

2.8. Sravistical analysis

The data are presented as mean + standard error of the
mean. The significance of the results was calculated by Stu-
dent’s t-test, except for the parasite load analysis, over time,
within the BA788- and H337-infected mice groups where
ANOVA was used. All analyses were performed using Prism
(Graph Pad Software, San Diego. CA) software and a
Povalue <0.05 was considered significant.

X Results

3.1. The BA788 and H3227 L. braziliensis strains display
genomic polvmorphisms: a study with RAPD

In preliminary experiments, we investigated the degree of
genetic polymorphism by RAPD between six L. braziliensis

isolates,  two  from Ceard (MHOM/BR/MA4A/HA22T,
MHOM/BR/MA4YH3456) and four from Bahia (MHOM/
BR/OOBATIL, MHOM/BRAOZBA427, MHOM/BRO

806 and MHOM/BRAVI/BATER) In these experiments, the
genomic profiles obtained with the isolates from Ceard were
different from those obtained with the isolates from Bahia
(data not shown)y: data obtained with two representative iso-
lates, namely BATSS (Bahia) and H3227 (Ceard), are shown
(Fig. 1). RAPD generated 43 amplified bands. varying from
FO0-2000 bp in length. of which six are common to the two
strains. The most diverse genomic profiles were obtained
with primers 3303 and 3304, in which 26 of the 35 amplified
fragments were polymorphic. The distinet genomic profiles
obtained for strains BAT88 and H3227, with the three prim-
ers tested bere, assess DNA polymorphism between these L.
braziliensis strains.

600

3302 3303 3304

Fig. 1. Genomic profiles of L bragifiensts straing BATSE and H3227.
Grenormic DNA of each L braziliensis strain was subjected to RAPD using
primers 3302, 33073 ancd 3304, MW 180 bp ladkder DINA size marker
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Course of lesion development in BALBA mice inoculated with L Parasite/foot tissue
tenses strains. BALB/C mice were infected with 10° of either H3227
thlack squane i or BATES {white circle’ promastigeotes i the left hind foot-
pad. and lesion size was measured for 30 days. The footpads of 3~3 mice per B
areap were measured. The data shown, reparted as the mean £ standard ermor
of the mean. are from a single expenment representative of three s parate
experiments. The aswensk todicates a sigmficant differeoce between values 6h
at the indicated tme paint as detenmined by Student’s rtest 1% P < 0051, -
L
3.2, The amplitude of the transient clinical features § 3 days
occurring at the yite of L. braziliensis delivery differs €
according to whether the isolate is BATES or H3227 b
§ 15 days
The genomic polymorphism observed between BATES g
and H3227 prompted us to investigate whether these strains [t 30 days
might display differences in pathogenicity upon inoculation

inte nuee of an inbred strain. BALB/c mice received. subcu-
taneously in the footpad. 10° promastigotes of either BAT&8
or H3227 (Fig. 2). Small increases in footpad thickness were
observed early after infection (6 h to 5 days). Mice infected
with H3227 developed lesions detectable at 7 days post
inoculation. Lesions progressed steadily, peaked at 15 days
post parasite inoculation and gradually resolved 30 days post
imfection. At this time, we observed the presence of a small
nodular lesion associated with cuotaneous fibrosis (data not
shown). All lesions caused by H3227 L. braziliensis were
unuleerated. Even at maximum size, lesions remained non-
uleerative and non-necrotic. In mice infected with BATSE, in
contrast, no similar transient pathogenic prooesses were no-
ticed. The differences in footpad thickness, between both
groups of mice, were significant (£ < 0.05) in the period
ranging from 1020 days post inoculation.

1.3 The phenorvpic composition of lewkocytes present at
the site of BATSS ar H3227 L. braziliensis delivery differs
according to the isolate

In order to characterize the leukocyte lineages present at
the site of parasite delivery. the footpads were excised at
3and 15 days post parasite inoculation and analyzed by flow
evtometry. At 3 days post inoculation, the number of granu-
locytes, macrophages and lymphocytes is similar in both
groups of mice, whereas the number of NK cells is higher in
BATER-parasitized mice (Fig. 3). Fifteen days post parasite
inoculation, we observed a decrease in the numbers of granu-

10° 101 102 103 104 105 108 107

Parasitellymph node
Fig. 3, Phenotypic composition of leukoeyte population meovered fivim the
fowtpad of mice inoculabed with L. braziliessis strains. BALB/e mice were
inoculated with 10 promastigotes of either H3227 (black) or BATS8 1 white)
in the left hind footpad of BALB¢ mice. Three (A) and 15 days (B) post
inoculation. Leukocyres From inoculated forgpads were analyzed by fow
cytometry for the presence of lymphocytes, granuloeytes, macrophages and
NEK cells. The data shown are from a single expenment representativie of tw
separite expenments

locytes and NK cells, in both groups of infected mice. In
parallel, there was an increase in the numbers of both mac-
rophages and lymphocytes in the two groups of mice.

3.4, The BA788 and H3227 L. braziliensis loads differ
maindy in the Iymph node draining the site where they
were delivered

We also examined if there was a correlation between
lesion development and parasite replication. Parasite load
was estimated in the inoculated footpads and in the draining
lymph nodes, excised at 6 h, 3. 15 and 30 days post inceula-
tion, for L. braziliensis BAT88 and H3227. In the footpad
(Fig. 4A), the parasite load was similar in both groups of
mice, but statistically significant differences were observed
at 6 h and 30 days post inoculation. In mice inoculated with
H3227 parasites, the parasite load peaked at 15 days, coin-
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Fig. 4 Parasite load estimate in oce infected with L brazilensis strains, BALB& mice were infected with 107 of either H3227 (black) or BATES { whites
promastigotes in the left hind focepad. Foctpads A0 and popliteal lymph nodes (B draining the lesion, 35 mice per group, were used for analyss of parasite
load, The dara shosn, reported s the mean £ standard emor of the mean, ane from a single experiment representative of thiree separate experments. The asterisk
incheates a signifivant difference between values from HAZ2T and BATRS at the same time point as determined by Swudent’s stest (% P < 0053,

ciding with lesion development. However, at this time point,
no clinical lesion was ohserved in mice inoculated with
BATEE, despite a similar parasite load estimate, indicating
dissociation between parasite replication and lesion develop-
ment. In the draining lvmph nodes (Fig. 4B), the parasite load
was significantly higher in H3227-parasitized mice, from 6 h
to IS5 days post parasite inoculation. Interestingly, in the
draining lymph nodes. the parasite load showed a consistent
increase in both groups of parasitized mice, indicating that
parasites are able to multiply in these secondary lymphoid
tissues, regardless of lesion resolution at the upstream site
where parasites were inoculated and developed, such as that
seen in HA227-parasitized mice,

When comparing the parasite load estimate within the
BATES and H3227 groups, separately, aver time, we did not
find any significant differences in the footpads inoculated
with H3227. In the footpads noculated with BATER, how-
ever, there were statistically significant differences between
6 h and 15 days (P < 0.01}, 3 and 15 days (P < 0.01) and
15 and 30 days post inoculation (F < (.05 ). Therefore, in the
footpad. the parasite load estimate found at 15 days post
inoculation is higher than that found at 6 h, 3 days and
30 days post inoculation only in mice receiving the BATES
isclates. In the draining lymph nodes, we did not find any
statistically signiticant differences, between the BA788 and
H3227 solates when comparing the parasite load estimate.

3.5. At the later time point studied, there is a difference
between the ex vive cviokine profiles displaved by

the leukocvies recovered from lymph nodes draining
the site of delivery of BATSS or H3227

The observations that H3227-infected mice controlled the
cutaneous lesion and that BAT8S-infected mice did not de-
veelop clinical lesions suggest that, in both cases. a Thl-type
cellular immune response had developed. At 3 and 15 days
post infection, cells prepared from the lymph nodes draining
the infection site were incubated with live BA788 or H3227
promastigotes and were monitored fior the production of Thi -
and Th2-type cytokines. Three days post infection (Fig. 5A),
cells from BAT78S-nfected mice produced higher levels of
both IFN-v (P « (.05) and IL.-12, than cells from H3227-
infected mice which, on the contrary, produced higher
amounts of both 1L-4 and IL-10. Fifteen days post-infection
(Fig. 5B), Thl-atype evtokine production was markedly up-
regulated in H322 7-infected mice as shown by the significant
increase in IL-12 production, in parallel with IFN-v. Cells
from H3227-infected mice also produced higher amounts of
both IL-4 and 1L-10, the latter showing a significant up-
regulation at this time point. This up-regulation in IL-10
production coincides with the time point at which lesion size
and parasite load detected in the footpad reached their peak.
Moreover, lymph node cell counts were consistently higher
in H3227 L. braziliensis-infected mice than in BATSS-
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Fig. 5 Cyiokine production by menonuclear cells from mice infectex] with
L brazidiensis strains, BALB/c mice were infected with 107 promastigotes
of either HA227 thlack ) or BATER (whire 1in the left hind tootpad. Three (A)
and |5 dayst B postinfecton, monoouelear cells (35 mice per groups) From
popliteal lymph aodes deaning the lesion were mcubated with lve Levsh-
mara promascigotes and the supernmants were assayed for 14, 1L~ 10,
H-12p700 and TEN-y production. The data shown, repored as the
mean x standard errorof the mean, are from a single expenment represen-
tative of thiee separate esperiments. Cyiokine production of lymph node
cells from non-infected antmals, upon stmulation with live L Bragfiensis
promastigotes, was below the detection level of the ELIS A kits used: TFN-¢
(55 pg/mil 1, TL-4 (55 pgdmly, IL- 1003 pg/onld and TL-12p 70 (5 pgfoal), The
asterisk indicates a signi ficant difference between values as determined by
Stuckent’s -test (YF < 0,051,
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infected mice. at both 3 days post infection (148 x
1%+ 1.6 % 10" vs. 8.1 x 10° 0.3 x 107 respectively) and at
15 days post infection (24.0 x 10% £ 2.8 x 10% vs. 14.7 x
107+ 1.3 x 10°, respectively).

4. Discussion

L. bracdiensis parasite populations are extremely diverse,
as assessedd by RAPD-based readout assays [13]. However,
this diversity is less pronounced among parasite populations
obtained from areas of geographical proximity [ 14]. Random
amplification of L. braziensis H3227 and BATS88 DINA
generated different genomic profiles, including the presence
of amplification fragments not shared between strains. These
fragments may constitute nuclear genomic markers for
strains from these areas. As far as the BA788 and H3227 L.
hraziliensis isolates are concemed, the RAPD-based paoly-
merphism can therefore be correlated with their geographical

area of sampling. since the H3327 isolate was sampled from
Ceard state. while the BATES isolate was from Bahia state,
both of which are located in northeastern Brazil, where
cutaneous leishmaniasis is endemic. In Ceard, the cutaneous
lesion is accompanied and sometimes preceded by an im-
pressive enlargement of the regional lymph nodes, and the
term bubonic leishmaniasis has been coined to describe this
clinical manifestation [20]. OFf note, in areas where bubonic
leishmaniasis is more often diagnosed, the lvmphadenopathy
could be the only clinical sign of parasitism [20]. Bubonic
leishmaniasis is restricted to L. braziliensis-driven parasit-
ism in Ceard: however, regional lymphadenopathy has also
bezn observed in cutaneaus leishmaniasis patients from Ba-
hia [20.21,22]. The immunological parameters coupled to
these clinical and parasitic features are the presence of high
levels of Leishmania-reactive serum antibodies and a
leishmanin-positive skin test [21.22],

Relying on the RAPD polymorphism, we considered it
relevant to further compare L. braziiensis strains H3227 and
BATS8S isolates using laboratory mice as experimental hosts.
Transient, non-ulcerated lesions were detected only in
H3227-parasitized BALB/c mice. This outcome is character-
istic and similar results have been obtained upon the subcu-
taneous delivery of in vitro grown promastigotes of other L
braziliensis isolates to BALB/c mice [23-25]. We did not
find any correlation hetween lesion development and parasite
load: indeed the parasite load in the footpad was not signifi-
cantly different between BATES- and H3227-parasitized
mice,

H3227-loaded footpads were processed for histelogical
analysis at 3 and 15 days post inoculation: an inflammatory
infiltrate consisting mainly of palymorphonuelear leucocytes
and macrophages was noticed. The BAT88-loaded footpad
sections exhibited a less intense and more transient leukocyte
infiltrate (data not shown), Similarly to other L. braziliensis
strains, the presence of granulocytes and lymphocytes was
noticed during the first week post inoculation: later, many
more  macrophages and  lymphocytes  were  observed
[26].Three days post inoculation, when compared o foot-
pads of H3227-inoculated mice, more NK leukovytes were
observed on footpad samples prepared from BATS8-
inoculated mice. NK leucocytes are known to produce IFN-y
and may contribute to resistance to L. bragiliensis as previ-
ously shown for L major [27]. Moreover, NK cells are
detectable as soon as 24 h post inoculation at the site of L
majordelivery in resistant mice [28]. Therefore. it is possible
that the early and higher IFN-7 production observed at the
site of BATEE parasite delivery is due to the presence of a
higher number of NK cells.

Following the in vitro stimulation of Iymph node cells, the
ratio of IFN-y to 1L-10 was higher when the cells were
recovered from BAT8E-parasitized mice than when the cells
were recovered from H3227-parasitized mice, at both 3 days
post inoculation (2.28 vs, 0.24), respectively, and at 15 days
past inoculation (0.77 vs. 0.15), respectively. These immuno-
logical features are coupled to the outcome of the parasitic
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while BA7SRanoculated mice remain lesion-free.
the HiZ27anoculated mice displaved a ransient Jesion that

o ne

heals spontanenusly. These Features of L bragilieasds para-
sites 1 BALBEYC mice have been related o thelr inabiticy

sustain a stong tyvpe D ovtokine profile [6]0 this isx a mam
2 ) h
hl

difference with the type 2 evtokione profile divven by L anggor

when they are debivered inthe same conditsons as the ones we
usend 1 the present study [ 3]

[n conclusion. Lo heazifivnses sedates differing through
thou RAPD profiles exhibit differences m clinical features
aid vertain ummunelogical parameters anoe inoculated inte
expernmental bosts such as BALB/C milce. The differences in
chioeal features are related to inrinsic properties of the
parasite sodates such as ability o induce ransient lesion and
tor rene Jifferent leukoeoyte populations o the parasite-
faded site In Ceara state. where H3227 L
representatve wolae was obtaned. the lvmphadenopathy.
when diagnosed. could procede the lesion foem, whereas in
Halia, such lvimph node entargement is not as prominent,

brazifienses

Interestmgly, this o vives correlate was repraduced in the
prosent study, vt the vinph node cell covnes were consis-
teothy higher with the HAZ27 psolate than with the BATEY
sedatesat bath 3 days and at 15 days post inoculaon. These
et eeinforce the noton that disease maniestation av the
wibe of Levshoncaia dehoery results from a comples interplay
between genetically determined  parasite as wall as host
trants Studies are now i progress Wyanonitor more relevant
pasastee penete pobvimorphism {291
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6. ARTIGO II

Titulo: “Distinct Leishmania braziliensis isolates induce different paces of chemokine

expression patterns”

6.1. Justificativa e Objetivos do estudo:

Infecgdes por leishmania podem resultar em um amplo espectro de manifestagdes clinicas. O
desenvolvimento da doenca é determinado por interagdes complexas entre o parasito e o
hospedeiro. Acredita-se que os eventos iniciais da interagdo parasito-hospedeiro influenciam o
futuro curso da doenga. Apds a inoculagdo de leishmania na pele, uma reacio inflamatéria local
¢ iniciada e envolve o influxo de muitos leucdcitos para o sitio de infec¢do. O tamanho da lesdo
¢ dependente da resposta imune do hospedeiro e altamente influenciado pela composicdo
celular no local inflamatério. Portanto, a relativa composic¢io da populacio celular recrutada na
fase inicial da infecgdo parece ser essencial para definir o curso da doenga, e neste processo, as
quimiocinas tém um papel importante porque podem atrair e estimular subpopulagdes
especificas de leucdcitos para o sitio da infecg@o. Neste trabalho, investigamos a correlagdo
entre padrdes de expressdo de quimiocinas, a formagdo da lesdo e a atragdo de leucécitos para o
sitio de infecgdo, comparando duas cepas de L. braziliensis (H3227 e BA788) geneticamente
diferentes € que apresentavam distintos comportamentos em camundongos BALB/c. A hipétese
deste estudo € que cepas de L. braziliensis geneticamente diferentes induzem distintas
quimiocinas e respostas inflamatérias diferenciadas. Os objetivos especificos deste estudo

foram:

I. Avaliar a composic¢do celular nas lesdes de camundongos BALB/c causadas por cepas

de L. braziliensis com perfis gendmicos diferentes;

2. Avaliar a migragdo de leucécitos induzida por essas cepas de L. braziliensis no modelo

do bolsao de ar inflamatorio;

3. Avaliar os padrdes de expressdo e a cinética “in situ” de quimiocinas e seus respectivos

receptores induzidos por essas cepas de L. braziliensis.
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6.2. Resumo dos Resultados: Os resultados obtidos inicialmente, utilizando a técnica de
RAPD, demonstraram que as cepas de L. braziliensis H3227 e BA788 apresentavam genétipos
diferentes. Grupos de camundongos BALB/c foram infectados com essas cepas e
acompanhadas por 30 dias. Na andlise histopatoldgica do sitio inflamatério, observamos que
enquanto as lesdes dos animais infectados com BA788 ndo sofreram nenhuma mudanga
qualitativa nem quantitativa no infiltrado inflamatério nos periodos avaliados, as maiores lesoes
induzidas por H3227 estavam correlacionadas com uma maior rea¢do inflamatéria, com a
presenca de muitos granuldcitos nos primeiros trés dias apds a infecgdo e mais macréfagos a
partir do 15° dia de infec¢do. Os resultados do bolsdo de ar inflamatério mostraram que o
recrutamento de leucécitos foi rapidamente induzido pelas duas cepas de Leishmania, atingindo
um pico maximo de 12 h apds a inoculagdo dos estimulos dentro do bolsdo inflamatério,
declinando apds o periodo de 24 h. A resposta induzida por H3227 foi trés vezes maior que
aquela induzida por BA788, sugerindo que a cepa H3227 foi a mais potente recrutadora de
todos os tipos celulares, atraindo significantemente mais neutréfilos e macréfagos do que a
cepa BA788. Em relagdo as quimiocinas, foi encontrada uma precoce e alta expressio de
CCL2/MCP-1, CCL3/MIP-1a, CXCLI1/KC, CCLll/eotaxina, XCLl/linfotactina e seus
respectivos receptores nos camundongos infectados com H3227, o que se correlacionou com
um maior recrutamento de leucdcitos para a lesdo e com o aumento da inflamagdo observada
nestes camundongos apés quinze dias de infec¢do. Ao contrdrio, animais infectados com
BA788 apresentaram uma expressdo tardia e menos forte das quimiocinas e receptores de
quimiocinas estudados, quando comparados com aqueles infectados com H3227. Estes dados
estavam associados com a auséncia de uma significante resposta inflamatéria na lesdo destes
animais. Concluimos que cepas de L. braziliensis com genétipos diversos, apesar de carga
parasitdria semelhante, induzem expressdo de quimiocinas em diferentes tempos e/ou
intensidades, levando a um recrutamento celular distinto e respostas inflamatérias

diferenciadas.
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luffammatory events during Leishmania braziliensis infection in mice were investigated, Larpe lesions were
directly correlated with the intlammatory reaction bt oot with parasite bnrden. Different L. draziliensis strains
induce different pices of chemokine expression patterns, leading to diverse cell recraitment and differential

inlamnutery responses.

Chemokines have been implicated in inflammatory re-
sponses against numerous infectious agems, fncluding Leish-
mania (5, 17,18 20V Leishmania braziliensis is the muain agent
of cutaneous leishmaniasis (CLY in Braad; it causes single self-
{imited cutameous ulcers and highly destructive mucosal

size (mm)

Lesi

leishmaniasis (10). In this study, using a murine model, we
compared L. braziiensis strains isolated from two states in
Brazil, namely, Ceard and Bahia, located i northeastern
Brazil. CL caused by L. braxifiensiy is endemic in both states. In
Ceard, the cutaneous lesion is accompanied and sometimes

o
e
=

¥ ¥ T
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FIG 1. Course of infection with L. bresifiersis in BALBic mice. The inset shows kinetics of lesion development in BALBG mice during the vourse
vl infecticn with six L. breziiensis isolates. The main figure illustrates the tinme course of infection with the two lsoelates used here, showing « polar pattern
of infextivar. Mice were insculated in the hind footpads with 102 stationany-phase L, breziltensis promastigotes, and lesions were measured weekly foa 30
days p.i. The footpads of thiee to five snimals per group were measured. The data shown, reperted as the mean and standard errar of the mean,
are from a single experiment representative of thiee separate experiments. The astenisk indicates a significamt difference between values at the indiated
time paint, as determined by Student™ ¢ test (P« (L05). Experiments with alt L. bruziliensis isolates were repeated three times, with similar results,

* Coresponding suthor. Mailing address: Centio de Pesquisas Gon-
gado Moniz-Fiocruz-BA,| 121 Rua Waldemar Falcio., Salvador, Bahia,
Brazil 40205-001. Phene: 55-731-356-4320, ext. 211, Fax 55.71-356-
2593, E-mail: abarnalrsopgum.tiocruz.by,
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preceded by an impressive enlargement of the regional lymph
nodes; the term “bubonic leishmaniasis” has been coined to
describe this manifestation {23). Babonic leishmaniasis is re-
stricted o L, braziliensis infection in Ceard; however, localized
rmphadenopathy has been observed in CL patients from Ba-
hia (2, 33

Mice were infected with 10° stationary-phase forms of
{.. braxifiensis (6). In preliminary experiments, the isolates ob-
tained from CL patiemts from Ceard (MHOMBR/94/H3227
[H3227Jand MHOM/BR/94/H3456) and from Bahia (MHOM/
BRAWBATLL, MHOM/BR/OO/BATTS, MHOMBR/OWBATTS,
and MHOM/BRIN/BATSE [BATSE]) showed significant differ-
ences in pathogenicity (Fig. 1, inset). Further experiments were
performed with two of these L. braxilfiensis isolates, H3227 and
BAT8E, The testons cavsed by H3227 were larger and persisted
lenger than those caused by BAT88 (Fig. 1). Lesion size dif-
ferences did not appear to be due to diverse parasite loads,
since parasite numbers were not significantly different between
H3227- and BA788.infected mick at 15 days postinfection {p.i.)
tmean and standard error of the mean, 7.29 x 10° = 528 x
1P and 2.64 x 195 = 1.20 » 10, respectively}, when lesion
sizes were different. Lesions from H3227-infected mice exhib-
ited an inflammatory infiltrate consisting mainly of polymor-
phonuclear leukocoytes and macrophages at 3 days p.d., and
these histopathological features persisted at 15 days p.i. Sec-
tions from BA788-infected mice showed a less ntense and
more teansient leukooyte infiltrate.

In cwder to explore the role of the parasite in the histopatho-
fogieal differences observed, we evaluated cell recruitment in-
duced by H3227 and BATRS by using the air pouch model (14,
15). Responses induced by H3227 were three times higher than
those induced by BATER (Fig. 2A) these responses were cot-
related with a more intense exudate of leakocytes observed in
the lesions of H3227-infected mice. H3227 was able to induce
e influx of all cell types, attracting mainly more neutrophils
and macrophsges than BATSS (Fig. 2B} These data reinforce
a role of the parasite in the differences observed in the inflam-
marory processes induced by the two L. brasifiensis isolates
ugad here.

RNA was extracted from lesions for reverse transcription-
PCR analysis of chemokine expression at 6 i, 3 days, and 13
days pa {12, 10). The sequences of the primers used are shown
in Table 1. The expression of CCL2ZMCP-1, CCL3/MIP-1n,
and CXCLIKC was upregalated at & h p.i. on H3227-indueed
lesions and only at 3 days p.i. in BA788.infected mice (Fig
3Ay In addition, CCLI/MCP-1, CCLYMIP-le, XCL Udym-
photactin- L. CXCLYKC, and CCL11/eotaxin expression was
more strongly induced by H3227 than by BAT88. OXCL1ly
IP-10 was the onby chemuokine that appeared to be more strong-
v expressad by BA788 than by H3227. Regarding chemokine
receplor expression, H3227 showed significantly higher expres-
sion of all chemokine receptors studied here than did BA788
{Fig. 3B). CCRS was slightly upregniated in BAT8R-infected
mice. Immunohistochemical analysis for the presence of CCLY
MCP-1 and CXCLIHIP-10 proteins in lesions induced by H3227
and BATAS confirmed the results obtained by mRNA expres-
sion analysis (Fig. 30).

Lesions fromy patients with CL show a significant increase in
the expression of CCL2Z/MCP-1 and CCLYMIP- e (261, and in
vitro infection with Leishmanie induces CCLZ/MCP-1 sud
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FIG. 2 Kinetics of kukooyte recruitment { A, expressed as total num-
beerss of neutrophils, macrophages, eosinophils, and bymphoeyies, i pouch
exudates in response to lipopolysaccharide (LPS) ar L beazifienss (BATER
and H322T) and comparmon of results at 12 b after incculation {B). Ah
pouches were prepared by injecting 3 mil of air into the dorsal surfaee of
mice under light anesthesia. Stationary-phase L. braxifiersis promastigotes
(107 were mjected immediately following the alr injaction. Control mice
were injected with endotoxin-free saline (negative control) and LPS (20
pml; positive control), Mice were killed at the indicated time points, and
the pouch contents vere washed several time with saline. Esudate cells
wete centtifuged and stained; proportions of neutrophils, macrophages.
eosinophils, and mphoeyes 200 cells were enumerated; and mlative vell
numbers were caleulatod from the total number of exudate leukooybes.
Daata represent the mean and standand ervor of the mean for three to five
mice. The astensk indicates a significant difference between walues at the
indicated time point, as determined by Student’s £ test or ome-way snsbysis
of varance (Ff « 005y Results are representative of two independent
experinents,

CXCLIKC/GRO- expression in mouse and human macro-
phages (1, 19). CCLYMCP-1 and CCLAYMIP-la are potent
chemoattractants for monoeytes (9, 13). CXCLI/KC recroits
neutrophils and is a dominant chemokine in morine inflam-
matory respanses (4). The earbier expression of CCL2/MCP-1,
CCL3/MIP-Ivy, and CXCLUKC in more severe lesions may
explain the significant and early accumulation of neutrophils
and macrophages at the H3227 infection site and suggests that
these chemokines can be factors regulating the differential
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FIG. 3. Chemokine {A} and chemokine receptor (B} mRNA expression and p by immunohistochemical analysis (C),
in lesions of L. bramliensis-infected BALBE mice. AandB)chmmfectcdwthl(fmmaﬂA7&S mmgotnmdkiledatbhﬁduys,md
15 days pi. The infected hind footpads were used i assays of mRNA expression by reverse mplml’&l Densitometric analysis was pcxfarmu!,
and quantification was normalized to the levels of f-actin . Results are expressed as #-fold in over results obtained with uninf
control animals (0 h). U) mdbwum:mmaphﬁwtheupmmnﬁmwﬂmmy,::Oll,éh,E&yl.andISckysp.x
(meMtor@!)Pchoﬁcamrcpmmued ulnuthecmbpmdcm experiments. In cach mRNA was prepared from pools
ofthecahnmupﬂlmpoﬂ.Echpon&m represents the mean and standard error of the mean for a poal of thiee or four mice per
time point in three experiments. CCLYRANTES, CX@MIG and CCL2YMDC expression did not show significant modulation in this model of L.
bran'hmvnfem(dnkanotshown).(C)meS«ummmofnfecbdndmfwbdfoamﬂmmdlopcdmmmohmodmml

s for chemokines. Immunoperoxidase showed at 3 days xqumd@%@lnw-u&modmm(a)md
weak expression in BA788-infected sections (b). Stxmgaui-CX(I.lMP-lO inmm ivity was seen in sections of BATSS- d mice (d) but not
in sections of HX27-infected mice (c). Magnification, %34,

inflammatory responses which develop upon infection with the
two L. braziliensis isolates used here.

H3227 induced XCL1/lymphotactin-1 and, to a lesser ex-
tent, CXCL10/IP-10. XCL1/lymphotactin-1 is chemotactic

for NK, CD4*, and CD8™ T cells in vitro and in vivo (8, 11),
and CXCLI1O/IP-10 activates NK cells in vivo (25). Further-
more, XCLI/lymphotactin-1, CCL3/MIP-1e, CCLA/MIP-1p,
and CCLS/RANTES are associated with a Thi immune re-

TABLE 1. Primer sequences and sizes of PCR products

Oligonucleotide Sense primer (5-3") Antisense primer (3'-5") Product size (bp)
B-Actin TGG AAT OCT GTG GCA TOC ATG AAA C TAA AAA GCA GCT CAG TAA CAG TCC G 349
CXCLIKCGROw CCTTG ACC CTG AAG CTC CCT TGG TTC QGT GOG TGT TGA OCA TAC AAT ATG 2
CXCLOMIG GAT CAA ACC TGC CTA GAT CC GGC TGT GTA GAA CAC AGA GT 3%
CXCLIOAP-10 TCG CAC CTC CAC ATA GCT TAC AG TCA GCA GAG ATG TCT GAATC Mo
CCL1 Veotaxin AGT CCT TGG GCG ACT GGT GC GCA GAG CTC CAC AGC GCT TC 43
CCLYMCP-1JJE CTA AGG ACC ACT TGC CAT GGA CIGGTAGCTCTICTGCCCT GIT T 4“5
CCLAMIP-1a C OGG AAG ATT CCA OGC CAATTC T GAG GAA CGT GTC CTG AAG 27

C CCA CGT CAAGCA GTATIT C CT'G GTT TCT TGG GTT TGC TGT G 06

/ GTG GCT CTC GTC CIT CTT GC GGA CAG TTT ATG GAG TAG CTT 249
XCL1Aymphotactin-1 CAA GAC CTC AGC CAT GAG AC TGC AAT GGG TTT GGG AAC TG w
CCR1 TCT CTG ATCTGG TCT TCCTIT T QOC AGG TGA TAATAC TGG TGAT 205
CCR2 CTA COATGA TGG TGA GCCTTG T ACC AAT GTG ATA GAG COC TGT G 38
CCR3 CAA CTT GGC ATT TTCTGA CCT G TIT CCA GCT GTC TIC TTC ACCT 334
CCRS CTCTTC CTG CTCACA CTA CCA'T TGT GTA GAA AAT GAG GACTGC A k.74
CXCR2 GAG AAC CTG GAA ATC AACAGT T GTA CIT GTG GCA TGT ACA ATG G 330

ATC TAC CTATCA GCC AACTAC G

ACATCOC ACATIT GCT CTC TGA A
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sponse {70220 Tnterestingly, CXCLLETP- 1Y was the only che-
moekine that was more sirongly expressed i lesions nduced by
the bose pathogenic strain BATEY and s exprossion was cor-
vehated with the carbier production of gamma interferon in the
draining lvmph nodes and with the larger nomber of NK cells
i the bestons of BATSS-intected mive {61 NK wells praduce
gamma inlerteron and mav contribule o resistanve ta L. bee-
s s previousty shosn for Lomaioe 1213 Therefore, it is
pexsarble thad XCL vmphotactin- 1 and COXCL IIP- 1 are in-
wotved m resmlange 1o hm: feasis mfection in BALBG: mice.
Losdons cansed by L drexifionis H3227T exhubited o higher Jevel
oF chemaking receprar expression than did those caused by

Lo bwardionso BATSE BATSE was unablke to promote the strong
cxpression ot chamokine receptors a result which was -

lated woh it reduced capacity o induce leokooyte recruit-
ment CORS was shightly upregulated in BATSS infected mive
at 3 davs i and was stumulated by COLAMIP- e, which was
expressed durmg the same tme period. A Jow level of expres-
ston of CURS i lesions wen correlared with o lomser level of
cxpresaon of IL-10m the draimng vmph nodes (01, as EL-1D
selevtively upregulates CORS expression in monuevles (241

Ntudhes with murne macraphages showed that chemaokine
induction after Lehmet infection was dependent on the
parasile strain used. Indeed, CCLAMUP-L was predominantly
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7. ARTIGO III - REVISAO

Titulo: “Chemokines in host-parasite interactions in leishmaniasis”

7.1. Comentarios sobre o artigo:

Nesta revisdo sdo abordados os potenciais papéis das quimiocinas e seus receptores nas
interagOes entre leishmania e hospedeiro, incluindo recrutamento de leucécitos e ativagio
celular, participag@do na imunidade mediada por células e atividade leishmanicida. Nesta
revisdo, sdo discutidos os trabalhos mais recentes que tém contribuido para uma melhor
compreensdo do papel das quimiocinas nas interagdes parasito-hospedeiro em leishmaniose.
Além disso, como as quimiocinas parecem ser relativamente seletivas em suas agdes,
comparadas com muitos outros mediadores inflamatérios, sdo abordados também seus papéis

potenciais como alvos terapéuticos.
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Chemokines in host-parasite interactions in leishmaniasis

. . . . . 2, . 2,
Maria Jania Telxelral‘z, Clarissa Romero Telxelraz, Manoel Barral-Netto 3, Aldina Barral*?

'Niicleo de Medicina Tropical, Universidade Federal do Ceara-UFC, Fortaleza, *Centro de
Pesquisas Gongalo Moniz -Fiocruz, and *Faculdade de Medicina, Universidade Federal da

Bahia-UFBA, Salvador, Brazil

Critical to the defense against Leishmania infection is the host ability to mount a cell-mediated
immune response capable of controlling and/or eliminating the parasite. Cell recruitment to the
site of infection is essential to the development of host cellular immune response. The process is
controlled by chemokines, which are chemotactic cytokines produced by leukocytes and tissue
cells. We review here the role of chemokines and chemokine receptors in host-parasite
interactions in leishmaniasis, with emphasis on the steps immediately after infection by

Leishmania.

Introduction

Leishmania are protozoan parasites that cause a wide spectrum of clinical manifestations, either
in tegument or viscera. In tegument it ranges from localized cutaneous and mucocutaneous
leishmaniases (CL and MCL) to diffuse cutaneous leishmaniasis (DCL), whereas in viscera it
ranges from subclinical to potentially fatal disease [1]. The most severe forms are associated
either to high parasite numbers and absence of an effective Thl type immune response (IFN-y
and TNF-a), as seen in VL patients, or to a high inflammatory response with few parasites but
also a lot of tissue damage, as seen in MCL [1]. Fifteen million people worldwide are infected
with this parasite, and more than 400,000 new cases are reported annually

(http://www.who.int/emc/discases/leish/leisdis] .html). The leishmaniases are found in at least

88 countries but more than 90% of cases are observed in underdeveloped or developing
countries such as Brazil, Bangladesh, India and Sudan. Parasites that cause New World CL are
grouped under the L. braziliensis and L. mexicana complexes, whereas those that cause VL are
grouped under the L. donovani complex [1]. The etiological agents of Old World CL are

represented by L. tropica, L. aethiopica and L. major. Leishmania parasites are obligatory
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intracellular pathogens that preferentially invade macrophages, or dendritic cells for replication.
Early events on the host-parasite interactions are likely to influence future course of the disease.
After infection with Leishmania in the skin, a local inflammatory process is initiated, which
involves the accumulation of leukocytes at the site of parasite delivery [2]. The relative
composition of cell populations recruited in this early phase of the infection seems to be
essential to define the outcome of the disease, and during this process, members of the
chemokine family play a fundamental role by attracting and stimulating specific subsets of
leukocytes to the site of infection [3]. The potential roles of chemokines in Leishmania
infection include host defense functions such as leukocyte recruitment, participation in cell-
mediated immunity, cell activation and antileishmanial activity. Here we review the role of

chemokines and chemokine receptors on different stages of the leishmanial infection.

Box 1. Chemokines and chemokine receptors

« Chemokines are a superfamily of low molecular weight (6-17 kDa) cytokines that recruit distinct subsets of
leukocytes along a chemotactic gradicnt and active these cells through increased adhesion, degranulation and
respiratory burst [3]. To date, over 44 different chemokines have been described and there are 21 known
chemokine receptors.

. Most chemokines are secreted proteins of 67 to 127 amino acids; only CXCL16 and CX3CL1 are membrane-
bound molecules. Their production is stimulated by a varicty of agents, including LPS, mitogens,
proinflammatory cytokines and several pathogens [4]. The two major structural subfamilies are distinguished by
the arrangement of the two NHs-terminal cysteine (Cys) residucs, which are cither separated by a single amino
acid (CXC) or are in adjacent (CC) positions. C (which lack two out or four canonical Cys) and CX;C (with
three intervening amino acids between the first two Cys) chemokines are minor structural subfamilies [5].

. Chemokine actions are mediated via specific cell-surface receptors, which arc members of the seven-
transmembrane domain, G-protein coupled receptor family. Thesc receptors are named according to their
ligands (CCR1-10, CXCRI1-6, XCR1-2 and CX3CR1). The chemokine-receptor interactions is characterized by
considerable promiscuity: one receptor interacts with several chemokines and one chemokine binds to several
receptors {4]

. Chemokines have two main sites of interactions with their receptors, one in the NH,-terminal region and the
other within an exposed loop of the backbone that extends between the second and third Cys. The NH,-terminal
binding sitc is essential for triggering of the receptor. Modification of the NH,-terminal region by truncation or
amino acid substitution markedly influences chemokine activity [4].

« All chemokine receptors identified are membrane-bound molecules composed of 7-transmembranc domains
and coupled to heterotrimeric G proteins. They have a glycosylated extracellular NH,-terminal region that is
involved in chemokine binding, while the intracellular COOH-terminal region is involved in G-protein linking
and is subject to regulatory phosphorylation [6].

. Phosphorylation and internalization of chemokine receptors results in the transient interruption of
responsiveness to chemokines, a process termed cellular desensitization. The speed of response recovery is
determined by the fate of internalized receptors (lysosomal degradation versus dephosphorylation and cell
surface recycling) and by the rate of de novo chemokine receptor synthesis [7].
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Cytokine-chemokine networks

Cytokines are directly involved with chemokines production and can also precede the
expression of some chemokines that, in turn, induce the production of additional inflammatory
mediators. Cytokines exert a secondary effect on leukocyte recruitment by inducing the
expression of several chemokines genes [8]. TNF-a and IL-1B released from activated
neutrophils and macrophages, have been implicated in chemokine synthesis in a number of cell
types, including neutrophils, fibroblasts, endothelial and epithelial cells [4].

In leishmaniasis, cytokines seem to synergize with leishmanial elements to regulate
chemokine production. TNF-o and IL-1f through CCL3/MIP-1a expression were reported to
be involved with Langerhans cell (LC) migration in murine cutaneous leishmaniasis [9]. These
cytokines as well as CCL3/MIP-1a,, CCL4/MIP-1J3, MIP-2, CCL2/MCP-1, and CCL1/TCA-3
were also produced in the pouch exudate of mice injected with L. major, in contrast, L.
donovani was much less stimulatory [10]. IL-12 has been shown as required to the induction of
chemokines such as XCL1/lymphotactin, CXCL10/IP-10, and CCL2/MCP-1 in draining lymph
nodes (LN) of mice infected with L. major [11]. Interestingly, Th1- and Th2-derived cytokines
can have antagonistic effects on chemokines. For example, some chemokines such as
CXCLI/MIG and CXCL10/1P-10 are more selectively induced by IFN-y [12]. The Th2-related
cytokines IL-4 and IL-13 induce CCL22/MDC and CCL6/C10 production in macrophages and
this production is inhibited by IFN-y [13,14]. Under circumstances of infection, cytokines can
also act synergistically with chemokines. Accordingly, IFN-y acts with CCL2/MCP-1 to
eliminate L. major from infected macrophages that were previously recruited by CCL2/MCP-1,
while IL-4 antagonizes the production of this chemokine by Leishmania-infected macrophages
[15]. Cytokines regulation of chemokines also appears to be cell specific, as illustrated by the
observation that IL-4 and IL-13 strongly induce CCL2/MCP-1 in endothelial cells but inhibit
production in epithelial cells [16]. Therefore, many microbial products can directly evoke
chemokines, but the spectrum and degree of chemokines produced in response to infectious
agents will be modified in part by cytokines produced during host innate and adaptive immune

responses.
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The potential roles of chemokines in Leishmania infection

Leukocyte recruitment (innate immunity)

Chemokines play different roles after Leishmania infection, and the most obvious one is the
recruitment of immune cells to the site of parasite delivery. The immune response is initiated at
the site of pathogen entry by sentinel cells, including dendritic cells (DC), macrophages and yd
T cells. Such cells are well equipped with Toll-like and phagocytic receptors allowing for
sensing pathogen-associated molecular patterns (PAMPs) and uptake of pathogens and
opsonized particles [17]. Sentinel cells also express various receptors for proinflammatory
cytokines and together with tissue cells produce numerous chemokines initiating a cascade of
innate responses [18].

The infection by Leishmania begins when an infected female sand fly takes a blood meal
from a human host. The sand fly injects the mammalian host with Leishmania in the presence
of its saliva. Sand fly saliva contains uncharacterized molecules that attract polymorphonuclear
neutrophils (PMN) as well as monocytes [19]. The parasite itself also produce a
chemoattractant protein called Leishmania chemotactic factor (LCF) that can attract neutrophils
[20]. More recently we have shown that after 2 h of saliva injection, an intense and diffuse
inflammatory infiltrate, comprised of neutrophils, eosinhophils, and macrophages is induced in
pre-exposed mice [21]. PMN are the first cells to arrive at the site of Leishmania infection [2].
PMN containing Leishmania start secreting chemokines, such as CXCLS8/IL-8 [22], essential in
attracting more neutrophils at the site of infection. Upon infection with L. major, MIP-2 and
KC (the functional murine homologues of human GRO) are rapidly produced in the skin [2]. In
vitro studies have also shown that L. major promastigotes induce rapid and transient KC
expression by murine macrophages [23] and CXCLS/IL-8 by human macrophages [24]. All
these chemokines are chemoattractants for PMN [5]. PMN can function as phagocytic cells,
taking up and killing Leishmania [25], and they have been implicated in early parasite control.
The role of PMN in the context of early response to Leishmania has experienced a major
change in the last few years. Early influx of PMN has been demonstrated to be beneficial for
Leishmania survival in the tissues [26]. Leishmania extends the life span of neutrophils [27]
and can survive intracellularly in these cells within the first hours or days after infection [26].
The parasites delay but do not prevent the spontaneous apoptosis of neutrophils, since infected

cells become apoptotic after 2-3 days [27]. After being ingested by neutrophils, Leishmania
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induce the release of CCL4/MIP-18, recruiting monocytes/macrophages to the site of infection
[26]. Infected neutrophils are taken up by macrophages does not activate macrophage
microbicidal function [26,28]. After ingesting apoptotic cells macrophages have their
proinflammatory cytokine production inhibited though mechanisms involving TGF-B, PGE,
and PAF [29,30]. In this context, these events contribute to a silent entry of Leishmania to
macrophages, its main host cells [31].

Natural killer (NK) cells come to the site of infection as early as 24h after Leishmania
infection [2]. L. major infection leads to migration of NK cells both to the infected skin and into
the draining LN [32]. NK cells are also detectable very early in the lesions of L. braziliensis-
infected mice [33]. The migration of NK cells correlates with the expression of the NK cell-
activating chemokine CXCL10/IP-10 in resistant mice [34]. Treatment of susceptible BALB/c
mice with recombinant CXCL10/IP-10 resulted in significantly increased NK cell cytotoxic
activity in the draining LN [2,34]. NK cells are known to produce IFN-y and early NK-cell
activity might influence the kinetics of the Thl response. Moreover, NK cells have been shown
to be important [35] for overall resistance to L. major infection although not essential, as
immune deficient T-cell reconstituted mice, which selectively lack NK cells, have efficient IL-
12-dependent IFN-y production by CD4+ T-cells and heal their lesions [36].

Monocytes/macrophages are the second wave of cells that enter the site of Leishmania
infection. These accessory cells display multiple functions; they serve as host cells for parasite
replication, as antigen-presenting cells, and as source of cytokines modulating the T cell-
mediated immune response. And later, after appropriate activation by T cells, they serve as
effector cells for intracellular killing of the organisms. Monocytes/macrophages are early
attracted by products of sand fly saliva [19,21], and two to three days later by chemokines, such
as CCLA/MIP-1P [26]. Leishmania can also induce other monocyte-attractant chemokines.
Accordingly, L. major promastigotes induce rapid and transient expression of JE in murine
macrophages [23] and of its homologue CCL2/MCP-1 in human macrophages [24]. Besides
attracting monocytes/macrophages, CCL2/MCP-1 can attract other CCR2+ cells, such as NK
cells and DC [15,37]. Other monocyte-attractant chemokines such as CCLS5/RANTES,
CCL3/MIP-1¢, CCL4/MIP-B, and CCL2/MCP-1 may also play a role as evidenced by L. major
injection in an air pouch model [10]. In human leishmaniasis, CCL2/MCP-1 and CCL3/MIP-1a

seem to be responsible for macrophage activation in the skin lesions. Biopsy samples from
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patients with L. mexicana LCL exhibited high CCL2/MCP-1 expression and moderate levels of
CCL3/MIP-1q., in contrast, low levels of CCL2/MCP-1 and high levels of CCL3/MIP-1a were
present in the nonhealing DCL lesions [38]. The authors suggest that macrophages stimulated
by the synergistic action of CCL2/MCP-1 and IFN-y kill parasites in LCL, whereas the
presence of IL-4 in DCL lesions may suppress CCL2/MCP-1 expression and progression of
disease.

Skin DC, which are potent antigen presenting cells, have a decisive role as the bridge from
innate to adaptive immune responses by priming naive T cells. DC take up Leishmania
parasites, acquire a mature phenotype by upregulation of class I and II major histocompatibility
complex (MHC) surface antigens, increased expression of costimulatory molecules (CD40,
CD54, CD80, and CD86), release IL-12 p40, and transport the parasites from the infected skin
to the draining LN for presentation to antigen-specific T cells [39]. In Leishmania-infected
mice, DC ability to transport the parasites to the draining LN seems to rely on the expression of
CCR2 and CCR7. CCR2-/- mice are defective in DC migration from the LN marginal zone to T
cell area and they are markedly impaired in antigen specific T cell activation [40]. CCR7 is also
required for the migration of mature DC from tissues to T cell areas of draining LN [41]. It has
been shown that L. donovani-induced down regulation of CCR7 impaired DC migration

contributing to disease progression [42].

Cell-mediated immunity (adaptive immunity)

Chemokines and chemokine receptors have a role in the development Thl response, as their
deletion influence IFN-y production by T cells. Accordingly, L. donovani-infected mice lacking
CCR2, CCRS5, or CCL3/MIP-1a (a ligand for CCRS) present antigen-specific IFN-y response
lower in the early phases of infection following ligation of the TCR. However, this defective
response is transient as during chronic infection it is restored and correlated with an enhanced
control of parasite replication [43].

Chemokines also seem to be implicated in T-cell amplification of the inflammatory
response, an important step for a protective host defense in leishmaniasis. In L. donovani-
infected mice, a rapid hepatic accumulation of CCL3/MIP-1a, CCL2/MCP-1, and CXCL10/IP-
10 was observed after infection [44]. However, only CXCL10/IP-10 expression, amplified by T

cells, remained high at the late phase. CXCL10/IP-10 expression was essential to allow liver
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granuloma formation and inflammatory response. Monocytic cells are attracted by CCL3/MIP-
la and CCL2/MCP-1 and after IFN-y stimulation they can be the source of Thl-mobilizing
chemokines such as CXCL10/IP-10 [12]. Unlike the liver, spleen cells from L. infantum-
infected mice produced both, Thl- and Th2-type cytokines with Th2-type predominance
response was dominant, compatible with the consistent expression of CCL2/MCP-1 rather than
CXCL10/1P-10 [45].

Chemokines and chemokine receptors have also a role in Thl-Th2 polarization upon
Leishmania infection. In CCR2-deficient mice, which are susceptible to L. major infection, DC
migration to the draining LN and spleen was markedly impaired, especially for the CD8a+
Thl-inducing DC subset [40]. These CCR2-deficient mice had a dominant Th2 phenotype but
the implication of CCR2 in a Th1 phenotype is not so clear. Indeed, mice lacking CCL2/MCP-1
(a major ligand of CCR2) have impaired Th2 responses but secrete normal amounts of IFN-y
and are resistant to L. major infection [46]. This discrepancy might not be surprising given the
fact that CCR2 has at least two additional high-affinity ligands in the mouse (CCL7/MCP-3 and
CCL12/MCP-5), which, in an appropriate context, might induce Thl polarization in
CCL2/MCP-1-deficient mice. In summary, it is clear that the CCR2-CCL2/MCP-1 axis
participates in innate immunity to Leishmania infection such as cell recruitment, but also takes
part in adaptive immunity through control of Thl-Th2 balance. However, CCL2/MCP-1
involvement in preferential Th cell polarization is not yet firmly established. In this same
context, other chemokine receptors were also studied. CCR1-deficient C57BL/6 mice infected
by L. major showed that CCR1 (preferentially expressed on CD4+ Thl cells) plays a role in
pathogenesis of cutaneous L. major infection [47]. CCR1 modulates Th1/Th2 response by
upregulating production of Th2-type cytokines such as IL-4 and IL-10 in the early course of
disease. However, CCRI1 is not essential for leukocyte trafficking to the site of infection nor to
the LN following L. major infection [47].

Of note, some Leishmania strains may evade host immune responses by preventing early
production of inflammatory cytokines, chemokines and chemokine receptors and thus impairing
antigen-specific Thl cells development. L. amazonensis leads to delayed and reduced
CCL3/MIP-1a,, CCLA/MIP-1B, CCL5/RANTES, MIP-2, CCR1, CCR2, and CCR5 expression

in the early stages of infection compared to L. major-infected mice. These alterations were
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accompanied by reduced T-cell responsiveness, which could be overcamed by direct transfer of

antigen-specific Th1 cells [48].

Cell activation and parasite killing

In leishmaniasis, CCL2/MCP-1 activates macrophages and might participate in reduction of
parasite numbers [15,38]. L. infantum-infected human macrophages treated with CCL2/MCP-1
or CCL3/MIP-1a significantly enhanced nitric oxide production and leishmanicidal ability in
vitro [49]. CCL2/MCP-1 has also been shown to induce antileishmanial activity in either L.
donovani-infected or L. major infected human macrophages [15,50]. CCL3/MIP-1a and
CCL2/MCP-1 control the intracellular growth and multiplication of L. dornovani via NO-

mediated regulatory mechanism [51].

Chemokines and parasite virulence

Besides other factors Leishmania virulence seems to be linked to the early modulation of
chemokines expression in the host. Recently, we have shown that lesions from BALB/c mice
caused by a more pathogenic L. braziliensis exhibited a higher expression of CCL2/MCP-1,
CCL3/MIP-1a, CXCLI/KC, CCLll1/eotaxin, XCLI1/lymphotactin, and their respective
receptors when compared to lesions caused by a less pathogenic L. braziliensis [52]. This
higher expression of chemokines correlated with a greater leukocyte recruitment at the infection
site, resulting in the increase of inflammation observed in pathogenic L. braziliensis-infected
mice. Furthermore, studies performed with murine macrophages showed that the induction of
chemokines upon infection with Leishmania was dependent on the parasite virulence. The
magnitude of CCL2/MCP-1 and KC expression was higher with avirulent than with virulent L.
major strains induction [23]. The parasite lipophosphoglycan (LPG), a major surface molecule
which binds to macrophage surface receptors, seems to be involved in modulating the signal for
chemokine induction. It has been shown that L. donovani LPG alters the migration of
inflammatory cells by reducting the expression of specific adhesion molecules [53]. Indeed,
chemokine gene expression of CCL5/RANTES, CCL3/MIP-1a, CCL4/MIP-1B, CXCL10/IP-
10, and CCL2/MCP-1 was more strongly up-regulated in air pouch lining of viscerotropic L.
donovani-infected animals than in that of dermotropic L. major-infected animals [10],

suggesting that leukocyte transendothelial migration could have been blocked by L. donovani
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LPG [54]. Infective Leishmania promastigotes also express on their surface gp63 protease and
an abundant class of small glycolipids termed GIPLs [55]. Any of these parasite molecules,
alone or in combination, could provide the signal required for chemokine induction. Therefore,
if chemokines have a role in Leishmania virulence, these immune mediators will be more

important in the parasite-host equilibrium than is currently believed.

Chemokines as targets for therapy in leishmaniasis

Since chemokines appear relatively selective in their actions compared to many other
inflammatory mediators, they have been regarded as promising targets for development of anti-
inflammatory therapies [56]. However, a potential problem to the success of anti-chemokine
strategies is that the chemokine family has a large number of members, many of which have
overlapping functions. Consequently, it may be difficult to control inflammation with an agent
designed to neutralize the activity of only one chemokine. Despite this possible problem, it has
already been shown that treatment with antibody directed against a single chemokine can be
effective in diminishing inflammation and tissue damage glomerulonephritis and lung
reperfusion injury [57,58] or increase resistance to Toxoplasma gondii infection {59]. Another
potential problem is that some of the chemokines have activities in addition to attracting and
activating leukocytes as already cited above. Moreover, chemokines operate as part of a
delicately balanced network of cytokines and other inflammatory and immune mediators. Thus,
inhibiting the functions of chemokines in vivo may lead to unwanted and even unanticipated
secondary effects. Development of additional strains of transgenic mice that lack one or more
chemokines may help in determining whether undesirable consequences of abolishing activity
of these mediators will preclude the use of anti-chemokine therapies.

Up to now, only two studies using chemokine blockade or recombinant chemokine
treatment have been reported in leishmaniasis. The administration of recombinant mouse
CXCLI0/IP-10 to susceptible BALB/c mice enhanced significantly NK cell cytotoxic activity
and resistance against L. major, indicating that CXCL10/IP-10 might contribute to promote the
development of a protective immune response [34]. Treatment with Met-RANTES (functional
antagonist of CCRI1 and CCRS) or anti-CCL5/RANTES rendered C57BL/6 mice more

susceptible to L. major, skewing the immune response towards Th2 [60].



57

Our data also reinforce the notion of members of the chemokine family contributing to the
development of inflammation in cutaneous leishmaniasis [52]. We have shown that large
lesions in BALB/c infected by L. braziliensis were correlated with the inflammatory reaction
and higher expression of CCL2/MCP-1, CCL3/MIP-1a, CXCLI/KC, CCLI11/eotaxin, and
XCLI/lymphotactin, but not with parasite load [52]. Whether chemokines can be exploited
therapeutically to limit the extent of inflammation and whether this would be beneficial in
leishmaniasis 1s not certain. The feasibility of these mediators for treatment of inflammatory
diseases could be determined as a more complete understanding of the biology of chemokines

emerges.

Closing remarks

The diversity of chemokines’ roles in the course of infectious diseases such as leishmaniasis
probably reflects some characteristics of this family: redundancy in their action on targets cells,
promiscuity in receptor use and multiple chemokines produced in an redundant way by a single
cell. Nevertheless, two effects on the roles of the molecules on the physiopathology of
leishmaniasis can be envisaged. As most intracellular protozoan parasites Leishmania can
invade many types of cells (macrophages, dendritic cells and fibroblasts). Chemokines attract
immune cells, source of potential host cells, and might participate in the virulence of parasites.
The recruitment of these cells such as macrophages, which are major contributors to defense,
mediating innate resistance to intracellular pathogens, as Leishmania, can participate in the
regulation of their own number and ensure both host and parasite survival. However, even if
our knowledge about involvement of chemokines in protozoan diseases is more limited than in
viral diseases, chemokines appear to be of paramount importance in the pathophysiology of
leishmaniasis. It is likely that the concerted and timely actions of several chemokines and
chemokine receptors are necessary to control Leishmania infection and their roles are just

beginning to be understood.
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Table 1. Chemokines and chemokine receptors in Leishmania infection
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Chemokines and

Cutaneous leishmaniasis

receptors regulation effector Species References
Initial phase
CXCLUKC, CXCLS/IL-8, 1 attract neutrophils L.major 2,22,23,24
MIP-2
CCL3I/MIP-a, CCL4/MIP-1b T attracts monocytes/macrophages L.major 10, 26
CCLS/RANTES
CXCLIO/IP-10 1 activate and recruit NK cells to L.major 2,32,34,52
lesion and lymph nodes L. braziliensis
CCL2Y/MCP-] T recruit macrophages, NK and DC L. major 23, 24,37
CCR2 T DC migration to lymph nodes L.major 40,41
CCR7 and colocalization in T-cell areas
CCL2MMCP-1, CCL3/MIPla, T increase inflammation in the lesion L. braziliensis 52
CXCLI/KC
XCL 1/lymphotactin
Late Phase
CCR2-CCL2/MCP-] 1 control of Th1/Th2 polarization (?) L.major 40, 46
CCRI b upregulation of Th2 L.major 47
type cytokines
MIP-2. CCL3/MIP-1a, { impairment of antigen-specific Th1l L. amuzonenesis 48
CCLA/MIP-1b, cell response
CCL5/RANTES, CCR1,
CCR2 and CCRS
Visceral leishmaniasis
Chemokines and
receptors regulation effector Species References
Initial Phase
CCL3/MIP-1a T attract monocytic cells source L.donovani 44
CCL2/MCP-! for Thi-mobilizing chemokines
CCR7 1 impaired DC migration L.donovani 42
to lymph nodes
Late Phase
CXCLI10/TP-10 T participates in granuloma L.donovani 44
formation and attract
lymphocytes (liver)
CCR2, CCRS T role in generation of IFN-g L.donovani 43
CCL3/ MIP-la by T cells
CCL2/MCP-1 T influx of macrophages
CXCLI0/IP-10 1 and sustained parasite L.donovani 45
persistence

(spleen)
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Legends

Figure 1. Host chemokine interactions in cutaneous and visceral leishmaniasis. (A) Role of
chemokines in innate immune response against Leishmania. Leishmania promastigotes
together with saliva induce CXCLS8/IL-8, MIP-2, and KC production by resident cells.
Attracted neutrophils ingest parasites and produce CCL4/MIP-13 and CXCLS/IL-8 that in turn
recruit macrophages and more neutrophils, respectively. Recruited macrophages after infection
secrete CCL2/MCP-1 that attract CCR2+ cells, such as NK, Dendritic cells DC) and
macrophages. Infected macrophages also secrete other chemoattractants for monocytes such as
CCL3/MIP-1a, CCLA/MIP-1PB, and CCL5/RANTES. (B) Interaction between innate and
adaptative immune response. DC respond to Leishmania by altering their migratory
properties through the expression of CCR2, CCRS and CCR7. Mature DC, NK cells and
lymphocytes migrate to the draining lymph nodes. DC present antigen to naive T cells and
induce antigen-specific clonal expansion. Mature Th1 or Th2 cells migrate back to the site of
infection attracted by CXCL10/IP-10 or CCL2/MCP-1, respectively. (C) Role of chemokines
in visceral leishmaniasis. After infection with Leishmania occurs a rapid hepatic accumulation
of CCL2/MCP-1, CCL3/MIP-1a, and CXCL10/IP-10. The CXCL10/IP-10 expression remains
high and this attacts more Thl cells than macrophages to liver, resulting in control of the
infection in this organ. Unlike the liver, in the spleen occurs a consistent expression of
CCL2/MCP-1 rather than CXCLI10/IP-10, and there is an influx of macrophages rather than T-

cells with a dominance of Th2 cytokines, and sustained parasite persistence.
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8. DISCUSSAO GERAL

Neste trabalho, usando duas cepas de L. braziliensis, isoladas de pacientes provenientes
de regides endémicas diferentes, mostramos que estas cepas apresentaram perfis gendmicos
distintos e causaram diferengas significativas no tamanho das lesdes de camundongos BALB/c,
e que isso ndo se correlacionou com cargas parasitdrias distintas. As maiores lesdes estavam
associadas com a intensidade do infiltrado inflamatério, que por sua vez estava relacionado
com padrdes de quimiocinas diferentes e recrutamento celular diferenciado.

As leishmanias do Novo Mundo apresentam uma grande variedade de manifestagdes
clinicas nos hospedeiros mamiferos. L. braziliensis, por exemplo, € capaz de causar L.C e LCM
(GONTHO & DE CARVALHO, 2003), bem como a forma disseminada da leishmaniose
tegumentar (COSTA et al., 1986). Além disso, L. braziliensis e ndao outras espécies de
Leishmania estdo relacionadas com linfadenopatia, observada como um primeiro sinal de
leishmaniose cutianea e algumas vezes representando a tnica manifestacio clinica da doenga
(BARRAL et al., 1992; BARRAL et al., 1995; SOUSA et al., 1995). Portanto, a diversidade das
manifestagOes clinicas, uma caracteristica da infec¢do por leishmania, pode ser resultado da
diversidade genética do hospedeiro e também do parasito, especificamente, variabilidade na
patogenicidade do parasito. De acordo com esta idéia, j4 foi demonstrado que cepas de L.
amazonensis, obtidas de pacientes com distintas manifestagdes clinicas, sdo capazes de causar
diversos cursos da doenca em camundongos geneticamente idénticos (ALMEIDA et al., 1996).
Além disso, considerdveis variagdes também foram observadas quando se comparou a
patogenicidade de cepas de L. major, isoladas de pacientes com LC de diferentes regides
endémicas (KEBAIER et al., 2001). Estes dados apontam para fatores criticos do parasito
capazes de induzir distintas manifestagdes clinicas da doenga, mesmo em hospedeiros com o
mesmo perfil genético, como ja foi demonstrado por LEMOS DE SOUZA et al. (2000).

H4 vdrios trabalhos na literatura mostrando o polimorfismo genético das leishmanias do
subgénero Viannia, tais como a L. braziliensis (GOMES et al., 1995; CUPOLILLO et al., 1998;
SCHRIEFER et al, 2004). Segundo GOMES et al. (1995), esta diversidade ¢ menos
pronunciada entre populagdes de parasitos obtidos de dreas geogrificas proximas. Os isolados
de L. braziliensis H3227 e BA788 foram geneticamente diferentes e embora H3227 tenha sido

isolado no Estado do Ceard e BA788 tenha sido isolado no Estado da Bahia, ambos Estados
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endémicos para leishmaniose tegumentar, ndo podemos correlacionar este polimorfismo com a
origem geografica das cepas, uma vez que trabalhamos com apenas uma cepa de cada Estado.
Estes dados ndo foram uma coincidéncia, uma vez que em experimentos anteriores, encontrou-
se significante polimorfismo entre as cepas de L. braziliensis da Bahia e do Ceard (ROSATO,
2004). Além disso, mais recentemente, SCHRIEFER et al. (2004) mostraram também
diferencgas genéticas entre isolados de L. brazilinesis uma mesma regido endémica.

O polimorfismo genético entre as cepas de L. braziliensis H3227 ¢ BA788 e o fato que
estas cepas foram isoladas de dreas que apresentavam particularidades na apresentagdo da
leishmaniose cutinea (linfadenopatia expressiva no Ceard), levou-nos a pesquisar possiveis
diferengas na patogenicidade destes dois isolados. Os resultados mostraram que apenas 0s
animais infectados com H3227 desenvolveram lesdes. A carga parasitiaria nos linfonodos
drenantes mostrou um consistente aumento em ambos os grupos infectados (ANEXO 11.1A),
indicando que os parasitos sdo capazes de se multiplicar nesses tecidos linféides secundarios,
apesar da resolucao da lesdo nos camundongos infectados com H3227 e nenhuma lesdo ter sido
detectada nos animais infectados com BA788.

Entretanto, um achado importante foi que o numero de parasitos na lesdo dos
camundongos infectados com H3227 ¢ BA788 com 15 dias de infecgdo, perfodo em que se
observou a maior diferenga no tamanho das patas infectadas, ndo se mostrou significativamente
diferente (ANEXO 11.1B). Isto sugeriu que a diferengca no tamanho das lesdes poderia ser
causada por reagdes inflamatérias distintas. Corroborando esta hipétese, a andlise da
composigdo celular no sitio inflamatério, com 15 dias apds a infecgdo, revelou que as maiores
lesdes causadas por H3227 estavam diretamente correlacionadas com um infiltrado
inflamatério mais intenso (ANEXO 11.2C e D). Especificamente, 3 dias apds a infecgao, as
lesdes dos camundongos infectados com H3227 e BA788 exibiram um discreto infiltrado
inflamatério, consistindo principalmente de PMN e macréfagos (dados nio mostrados). No
entanto, 15 dias apds a infeccdo, enquanto a reacdo inflamatéria observada nas lesdes dos
camundongos infectados com H3227 mostrou-se mais intensa, com macréfagos predominando
sobre PMN; nas lesdes dos camundongos infectados com BA788 ndo houve nenhuma alteragao
na intensidade da reacdo inflamatéria observada (ANEXO 11.2A e C). Nossos achados da
composi¢do celular das lesdes, visto na histopatologia (dados ndo mostrados) e citometria de

fluxo, foram semelhantes a outros encontrados na literatura, onde a presenca de muitos PMN e
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alguns macréfagos foi notada durante as primeiras semanas apds a infecg¢ao, e mais tarde, muito
mais macréfagos e linfécitos passaram a predominar no infiltrado inflamatério (POMPEU et
al,, 1991; DONNELLY et al., 1998).

A reagdo inflamatéria diferenciada observada nas lesdes de BALB/c infectados por
H3227 e BA788 levou-nos a avaliar os padroes de expressdo e a cinética de algumas
quimiocinas e receptores de quimiocinas no sitio de inoculag@o do parasito, uma vez que estas
moléculas exercem um papel crucial na migragdo de leucdcitos para as dreas de infecgdo
durante os processos inflamatdrios. Além disso, as quimiocinas podem ser secretadas em
resposta a vdarios agentes infecciosos, incluindo leishmania (BRENIER-PINCHART et al.,
2001; CHENSUE, 2001; ROYCHOUDHURY & ROY, 2004). As duas cepas de L. braziliensis
do nosso estudo foram capazes de induzir a expressdao de vdrias quimiocinas, no entanto, em
tempos e intensidades diferentes. H3227 induziu a expressao de todas as quimiocinas estudadas
mais intensamente e tdo cedo quanto 6h apds a infecg¢do, quando comparada com a cepa
BA788. Este achado se correlacionou com o maior nimero de células encontradas no infiltrado
inflamatério das lesdes dos camundongos infectados com H3227, e conseqiiente amplificagao
da reagdo inflamatéria. Ao contrario, BA788 n3o se mostrou uma forte indutora de
quimiocinas, s6 passando a induzir a maioria delas no 3" dia pOs-infecgao e sempre de maneira
menos intensa que H3227. Uma significante associacdo com a expressdo do RNAm e a
produgdo da proteina dessas quimiocinas também foi observada, como visto nos ensaios de
imunohistoquimica.

A cinética das quimiocinas induzidas pelos dois isolados de L. braziliensis, H3227 e
BA788 relacionou-se com a cinética dos diferentes tipos celulares encontrados nas andlises
histopatoldgica e da composi¢do fenotipica feita por citometria de fluxo. As quimiocinas
recrutadoras de PMN, tais como CXCL1/KC e CCLI/eotaxina, foram expressas mais cedo e de
uma forma decrescente nas lesdes dos animais infectados com H3227, relacionando-se com o
predominio de granuldcitos na fase inicial da infecc¢do, e diminuig@o destas células na fase mais
tardia. CCL2/MCP-1 e CCL3/MIP-la, quimiocinas que atraem mondcitos/macréfagos,
apresentaram expressao constante nas lesdes de ambos os grupos de camundongos, sugerindo
que o estimulo para a migragdo destas células para o foco inflamatério foi continuo até pelo
menos 15 dias apds a infec¢do, perfodo maximo em que estas quimiocinas foram avaliadas.

CXCLI10/TP-10 e XCL1/linfotactina, que atraem preferencialmente linfécitos para os focos
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inflamatorios, foram induzidas de maneira crescente nas lesdes de ambos os grupos, se
associado com o achado de poucos linfécitos na fase inicial da infec¢@o e um significante
aumento destas células a partir do 15° dia de infec¢ado, periodo que coincide com o comeco da
resolucdo das lesdes nos camundongos infectados com H3227 e diminuigio da carga parasitaria
nas lesdoes de ambos os grupos de animais (ANEXO 11.1B).

Alguns estudos in vitro mostraram que leishmania é capaz de induz a expressdo de
CCL2/MCP-1 e CXCLI1/KC em macr6fagos murinos e humanos (BADOLATO et al., 1996;
RACOOSIN & BEVERLEY, 1997). Além disso, foi demonstrado que lesdes de pacientes com
leishmaniose cutinea apresentam um aumento significativo na expressio de CCL2/MCP-1 e
CCL3/MIP-1oc (RITTER et al., 1996), duas quimiocinas quimioatraentes para mondcitos
(LEONARD & YOSHIMURA, 1990; FAHEY et al., 1992). CXCL1/KC recruta neutréfilos e é
uma quimiocina importante nas respostas inflamatérias causadas por parasitos em
camundongos (BOZIC et al., 1995). CXCLI/KC nido foi encontrada nas lesdes dos
camundongos infectados com BA788 nas primeiras 6 horas de infeccdo e foi fracamente
regulada no 3% e 15° dias apos a infecgdo. Apesar disso, no 3% dia apods a infecgdo, neutréfilos
também foram encontrados em grande quantidade entre as células recuperadas da lesdo dos
animais infectados com BA788, quando se utilizou citometria de fluxo, sugerindo que outra
quimiocina, possivelmente CCL3/MIP-1a estivesse atraindo neutréfilos nestes animais, uma
vez que esta quimiocina pode atrair e ativar neutréfilos em camundongos (HAELENS et al.,
1996). A expressio de CCL2/MCP-1, CCL3/MIP-1a0 ¢ CXCLI1/KC foi observada mais
precocemente € mais intensamente nas lesdes dos animais infectados com H3227 do que nas
lesdes dos camundongos infectados com a cepa BA788, o que sugere que essas quimiocinas
podem ser um dos fatores que regulam inicialmente a resposta inflamatéria diferenciada que se
desenvolve apés a infecgdo com estas cepas de L. braziliensis. Provavelmente, no 3° dia apés a
infecc¢do as células comecem a chegar mais intensamente nas lesdes dos animais infectados com
H3227 do que naquelas causadas por BA788, e este quadro ¢ amplificado com a constante ¢
intensa producdo de mais quimiocinas, levando a um influxo maior de células e culminando
com a intensa reagio inflamatéria observada nestes animais no 15° dia apés a infecgdo.

Neutréfilos e macr6fagos foram as principais células observadas nas lesdes dos animais
de ambos os grupos. Macréfagos ndo servem apenas como células hospedeiras preferenciais,

onde os parasitos se dividem e proliferam, mas podem atuar também como células
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apresentadoras de antigeno que modulam a resposta imune especifica, e como células
reguladoras da infec¢do, por sua habilidade de fagocitar e matar o parasito (revisado por
ALMEIDA et al., 2003). Recentemente, foi demonstrado que neutréfilos também podem
albergar leishmania nas primeiras horas ou dias apds a infec¢cdo (LAUFS et al., 2002; VAN
ZANDGERGEN et al., 2004). Leishmania é capaz de retardar a apoptose de neutréfilos, um
mecanismo que envolve a inibi¢do de caspase-3, que é conhecida como indutora de apoptose
em PMN (AGA et al., 2002). Os parasitos que sdo ingeridos, mas nao mortos pelos PMN, nesta
fase inicial, podem se beneficiar desta acumulagido precoce de neutrdfilos para o sitio de
infecg¢do, como ja foi demonstrado para L. major (TACCHINI-COTTIER et al., 2000). Além
disso, foi relatado também que promastigotas de Leishmania podem induzir a migragao de
PMN liberando um fator chamado fator quimiotético para leishmania (LCF), que tem potente
atividade quimioatraente para neutréfilos, mas nio para outros leucécitos, como mondcitos ou
células NK (VAN ZANDGERGEN et al., 2002). No nosso estudo, ndo podemos afirmar que o
recrutamento destas células para o sitio de inoculagdo do parasito favoreceu a sobrevivéncia da
do parasito, podemos apenas especular. Por outro lado, neutréfilos atuam como células
fagociticas efetoras em leishmaniose, matando leishmania (PEARSON et al., 1981; CHANG,
1981; LIMA et al., 1998). Estudos mais recentes tém demonstrado que neutréfilos interagem
com macrofagos pela via CD28-CD80/CD86, resultando em secreg¢do de IFN-vy, que por sua vez
controlaria o crescimento de leishmania dentro de macréfagos (VENUPRASAD et al., 2002).
No nosso estudo, é provdvel que as quimiocinas CCL2/MCP-1 e CCL3/MIP-1a, que ainda
aparecem fortemente expressas nas lesdes dos dois grupos de camundongos, 15 dias apds a
infec¢do, podem estar participando, junto com IFN-y, da indugéo da atividade leishmanicida em
macréfagos, via a geragdo de 6xido nitrico ou superéxido como previamente demonstrado para
L. infantum, L. donovani e L. major (BHATTACHARYYA et al., 2002; BRANDONISIO et al.,
2002; RITTER & MOLL, 2000).

A quimiocina CCLI1/eotaxina também foi fortemente expressa nas lesdes dos
camundongos infectados com H3227 e apresentou menor expressdo nos animais infectados com
BA788. CCL1 l/eotaxina atrai células CCR3+ tais como eosinéfilos, baséfilos e linfocitos Th2
(PONATH et al., 1996; UGUCCIONI et al., 1997; SALLUSTO et al., 1997). Na anélise
histopatoldgica das lesdes de ambos os grupos de camundongos foi visualizada a presenga de

eosinéfilos, detectada principalmente nos 3 primeiros dias ap6s a infecgdo e alguns poucos apds
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15 dias de infec¢do (dados ndo mostrados). Além disso, os dois isolados de L. braziliensis
também foram capazes de induzir o influxo de muitos eosinéfilos para os exsudatos dos bolsdes
inflamatorios. Foi demonstrado que outras espécies de Leishmania, como L. major e L.
donovani também sdo capazes de induzir a migragdo de eosinéfilos (MATTE & OLIVIER,
2002). O real papel e a importancia destas células na leishmaniose cutdnea ainda nao foi
esclarecido. Sabe-se apenas que assim como os neutréfilos, os eosinéfilos também sdo capazes
de albergar e matar leishmania (POMPEU et al., 1991; LIMA et al., 1998).

Um interessante achado do nosso estudo foi o fato que a quimiocina CXCL10/IP-10 foi a
tnica expressa mais fortemente nas lesdes causadas por BA788, do que naquelas induzidas por
H3227, em todos os tempos examinados. Esta alta expressdo de CXCL10/IP-10 foi encontrada
estar associada com a produgdo precoce de IFN-y no linfonodo drenante € um maior ndmero de
células NK nas lesdes dos camundongos infectados com BA788. Corroborando com nossos
achados, alguns estudos mostraram que células NK migram para a pele infectada de
camundongos infectados com L. major 24 horas ap6s a infecgdo (LASKAY et al., 1995). Foi
demonstrado também que a migragdo de células NK em camundongos resistentes infectados
com L. major esta associada com a expressao de CXCL10/IP-10 (VESTER t al, 1999). In vivo,
células NK sdo as principais fontes de IFN-y junto com linfécitos Th1 e uma atividade precoce
destas células pode influenciar a cinética da resposta Th1, como foi relatado mais recentemente
por MARTIN-FONTECHA et al. (2004). Os autores observaram que células NK também sdo
capazes de migrar para linfonodos estimulados, mediadas pelo receptor CXCR3 (receptor para
CXCLI0/IP-10 e CXCL9/MIG) e que nestes sitios estas células sdo a fonte inicial de IFN-y,
uma citocina necessdria para a polariza¢do de Th1. Além disso, foi demonstrado que as células
NK sdo importantes, embora nao parecem ser essenciais, para a resisténcia na leishmaniose
cutinea causada por L. major (SCHARTON & SCOTT, 1993). Camundongos imunodeficientes
e reconstituidos com células T, que seletivamente perderam células NK, apresentaram eficiente
producao de IFN-y por células T CD4+, que por sua vez ¢ dependente de IL-12, e sdo capazes
de curar suas lesdes (SATOSKAR et al., 1999). Além disso, CXCL10/IP-10 também recruta
células Thl CXCR3+ que sao capazes de secretar maior quantidade de IFN-y no sitio
inflamatério (RITTER & KORNER, 2002). Portanto, é possivel que a quimiocina CXCL10/1P-

10 esteja envolvida na resisténcia mais precoce a infecgdo pela cepa BA788 em camundongos
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BALB/c, induzindo uma resposta inata inicial mais efetiva, com a presenca de muitas células
NK e, conseqiientemente, alta produgdo de IFN-y.

Em relagdo aos receptores de quimiocinas, foi de interesse a observacdo que CCRS foi
ausente ou fracamente regulado nos camundongos infectados com BA788 nos tempos
avaliados. CCR5 € estimulado por CCL3/MIP-10, que sé foi expresso nas lesdes desses
camundongos no 3’ dia de infec¢io e comegou a declinar 15 dias apés a infeccdo. A
inexpressiva ou quase ausente expressao de CCRS nas lesdes dos camundongos infectados com
BA788 associou-se a baixa produgao de IL-10 no linfonodo drenante desses animais. Estudos
prévios mostraram que IL-10 aumenta de uma forma seletiva a expressio de CCRS5 em
monocitos (SOZZANI et al., 1998). Outro ligante preferencial de CCRS, CCL5/RANTES, nio
apresentou expressdo diferente daquela encontrada nos controles nao infectados, ndo exibindo
modulacdo significante neste modelo de infeccdo com L. braziliensis (ANEXO 11.3).

Os resultados no modelo do bolsdo inflamatério mostraram que o isolado H3227 foi mais
potente recrutador de todos os tipos celulares do que o isolado BA788, assemelhando-se,
portanto, aos resultados da infecgdo em BALB/c. Ao contrdrio, BA788, que neste sistema
recrutou trés vezes menos leucdcitos, ndo gerou resposta inflamatdria significante em
camundongos. Estes dados reforcam o papel do parasito nas diferencas observadas nos
processos inflamatérios induzidos por esses dois isolados de L. braziliensis. Estudos com
macrofagos murinos mostraram que apos infecg¢do por leishmania, a indugio de quimiocinas foi
dependente do grau de viruléncia da cepa utilizada (RANCOOSIN & BEVERLEY, 1997).
Nesse estudo, CCL2/MCP-1 foi induzido predominantemente por uma cepa avirulenta de L.
major, € ao contrdrio, a cepa virulenta induziu consideravelmente menos CCL2/MCP-1. Os
autores sugerem que LPG, a principal molécula de superficie da leishmania que se liga na
membrana do macrofago, estaria envolvida na modulagio do sinal para a indugdo das
quimiocinas. Corroborando esses achados, MATE & OLIVIER (2002) demonstraram que a
expressao de quimiocinas foi muito mais intensa na parede do bolsdao inflamatério dos animais
injetados com a cepa viscerotrépica L. donovani do que na dos animais injetados com a cepa
dermotropica L. major. As células foram recrutadas, mas ndo conseguiram migrar para o
exsudato inflamatério do bolsdo injetado com L. donovani, sugerindo que na infec¢do por esta
espécie de leishamania, a migragdo transendotelial das células pode ter sido bloqueada pelo

LPG dos parasitos, como ji demonstrado anteriormente (LO et al., 1998). Promastigotas de
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Leishmania também expressam em sua superficie a protease gp63 e uma abundante classe de
pequenos glicolipideos chamados GILPs (CHANG et al., 1990; ILG et al., 1999). Qualquer
uma dessas moléculas, sozinhas ou em combinagao, poderia providenciar o sinal requerido para
a indugdo de quimiocinas.

A observagao que os camundongos infectados com H3227 controlaram a lesdo cutdnea e
que os camundongos infectados com BA788 nao desenvolveram lesdes sugere que, em ambos
0s casos, uma resposta imune celular tipo Thl se desenvolveu, embora em tempos diferentes. A
andlise da produgdo de citocinas nos linfonodos drenantes mostrou que no 3° dia apés a
infecgdo os cavmundongos infectados com BA788 produziram altos niveis de IFN-ye IL-12. Ao
contrario, animais infectados com H3227 produziram concentragdes mais altas de IL-4 e IL-10.
Nos animais infectados com H3227, a produgio das citocinas tipo Th1, tais como IFN-ye IL-12
s0 aumentou significativamente 15 dias apds a infec¢do. Estes dados estdo de acordo com os
achados de que a fraca infectividade de L. braziliensis em camundongos BALB/c estd
relacionada com a capacidade destes animais desenvolverem uma forte resposta Th1 (DeKREY
et al., 1998), ao contrdrio da infecgdo por L. major, na qual a resposta imune tipo Th2 ¢
responsdvel pela susceptibilidade a doenca (SACKS & NOBEN-TRAUTH, 2002).
Camundongos BALB/c infectados com L. braziliensis, quando tratados com anti-IFN-y
apresentaram lesdes grandes que nao regrediram e altos niveis de IL-4, indicando, portanto que
a resolugdo das lesOes e cura da doenga nestes animais é dependente de IFN-y (DeKREY et al.,
1998). Os camundongos infectados com a cepa BA788 apresentaram uma resposta do tipo Th1
mais precocemente, e isso pode explicar porque esses animais ndo desenvolveram lesdes. Ao
contrdrio, nos animais infectados com H3227, a alta produgdo de IL-4, IL-10 e TGF-p
(ANEXO 11.4A) na fase inicial da doenga possivelmente inibiu o desenvolvimento de uma
resposta Thl, o que levou a progressdo da doenga até o 15° dia, quando entdo os niveis de IFN-
Y subiram e as lesdes comegaram a regredir. TGF-B correlaciona-se com susceptibilidade a
infec¢do tanto por L. braziliensis (BARRAL-NETTO et al., 1992) como por L. major
(STENGER et al., 1994). A producdo de TGF-f também foi induzida por BA788, no entanto,
em niveis mais baixos. BARRAL et al. (1993) j4 tinham demonstrado que diferentes isolados
de L. braziliensis podem variar em sua habilidade de induzir a produ¢do de TGF-p.

Outra citocina que pode inibir a resposta tipo Thl é IL-10, uma vez que esta citocina é

capaz de causar a supressdo de muitas fungdes efetoras dos macréfagos (FIORENTINO et al.,
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1991). A produgao de IL-10 nos camundongos infectados com H3227 aumentou
significativamente ap6s 15 dias de infec¢do, quando comparado com aqueles infectados com
BA788. Esse aumento de IL-10 estava associado com o pico maximo da carga parasitdria e com
o maior tamanho da lesdo. Além disso, mesmo com 30 dias apéds a infecgdo, a produgéo de IL-
10 continuou aumentada no linfonodo de ambos os grupos infectados (ANEXO 11.4B), o que
se correlacionou com a persisténcia dos parasitos neste 6rgao linféide secunddrio. Outros
estudos ja documentaram que leishmania pode persistir indefinidamente dentro de macréfagos
e/ou células dendriticas nos linfonodos drenantes do sitio de inoculag¢do do parasito, facilitando
a manuten¢do da memoria imunoldgica (MOLL et al., 1995). Leishmania também ¢é capaz de
persistir dentro de fibroblastos nos linfonodos, uma vez que estas células apresentam baixa
capacidade de produzir NO e, portanto controlar o crescimento do parasito, mesmo na presenga
de IFN-y (BOGDAN et al., 2000). As células dendriticas infectadas podem apresentar os
antigenos de leishmania para as células T de memoéria por longos periodos, mantendo, desta
forma, a polarizacdo de Thl através da produgdo de IL-12 (STEBUT & UDEY, 2004).
Também foi demonstrado que a produgdo de IL-10 € critica para a persisténcia do parasito em
camundongos resistentes (BELKAID et al., 2001). Nesse trabalho, os autores mostram que a
cura ¢ esterilizagdo do parasito pode acontecer em camundongos deficientes de IL-10, mas
esses animais falham em manter uma imunidade duradoura contra leishmania. Estes dados
sugerem que IL-10 tem um papel importante na manutencdo da resposta de memoria
imunoldgica. Mais recentemente, demonstrou-se que células T CD4+CD25+ regulatérias sdo
capazes de controlar a resposta Th1 protetora, permitindo a sobrevida do parasito e manutengao
da resposta de memoria imunolégica em camundongos resistentes (BELKAID et al., 2002).
Tanto no homem como no camundongo, as células T regulatérias CD25+ secretam altos niveis
de IL-10 e TGF-B, que sdo pelo menos parcialmente responsdveis pela capacidade destas
células suprimir certas respostas patoldégica ou imune protetoras in vivo (O’GARRA &
VIEIRA, 2004).

Em conclusao, no presente estudo mostramos que dois isolados de L. braziliensis com perfis
genomicos diferentes exibiram diferengas no curso clinico da doenca e em alguns paridmetros
imunoldgicos, quando inoculados em camundongos BALB/c. Além disso, esses isolados
também induziram a expressdo de quimiocinas em diferentes tempos e/ou intensidades, o que

levou a um recrutamento celular diverso e respostas inflamatérias diferenciadas. Nossos
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resultados também mostraram que a cinética da indug@o das quimiocinas parece ser mais
importante que a multiplicagdo do parasito, e este fato pode estar relacionado com as diferengas
estruturais desses dois isolados. Considerando que existe um ndmero de pardmetros nao
controlados que determinam a infec¢gdo humana por leishmania, € especulativo tentar achar uma
ligagdo entre a manifestagdo clinica na infec¢do humana e a patogenicidade do parasito no
modelo experimental. No entanto, vale salientar que esses dois isolados de L. braziliensis
vieram de regides endémicas com peculiaridades na apresentacdo clinica da leishmaniose
tegumentar, como jd discutido acima. Mais interessante é que essa correlacdo in vivo foi
reproduzida no presente estudo, uma vez que a quantidade de células nos linfonodos dos
animais infectados com H3227 foi consistentemente mais alta do que a encontrada nos
linfonodos dos camundongos infectados com BA788, tanto no 3 como no 15° dia de infecgio.
Estes resultados reforcam a nog¢do que as manifestagdes da doenga no sitio de inoculagdo de
Leishmania também podem resultar de uma complexa interagdo entre determinantes genéticos
dos parasitos e dos hospedeiros, entre outros fatores. Seria interessante determinar se o
polimorfismo genético entre leishmanias pode estar associado com a expressdo de conhecidos
fatores de viruléncia do parasito (LPG, gp63, GILPs, etc) e se tais expressdes se correlacionam

com a patogénese da doenca.
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9. CONCLUSOES FINAIS

Com base nos resultados obtidos nos dois artigos:

1. Cepas de L. braziliensis com genétipos diferentes induzem processos patologicos diversos

em camundongos BALB/c, apesar das cargas parasitrias semelhantes;

2. As maiores lesdes causadas pelo isolado H3227 em camundongos BALB/c foram

correlacionadas com o processo inflamatério;

3. A cepa menos patogénica BA788 induziu mais precocemente a produ¢fo de niveis mais
altos de IFN-v, e isto se correlacionou com a presenga de um nimero maior de células NK

nas lesoes dos animais infectados com esta cepa;

4. Os altos niveis de IL-10 e TGF-B nos animais infectados com a cepa mais patogénica
H3227 coincidiram com o pico mdximo do desenvolvimento da lesdo e da carga parasitaria

nestes animais;

5. A resposta inflamatéria e o recrutamento celular diferenciados correlacionaram-se com a
indugdo da expressdo de quimiocinas e receptores de quimiocinas em diferentes tempos

e/ou intensidades.

Concluimos:

Cepas de L. braziliensis com gendtipos distintos causam diferentes processos inflamatérios

induzindo recrutamento celular e quimiocinas diversos.
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11. ANEXOS

Anexo 11.1. Carga parasitiria em camundongos infectados com isolados de L. braziliensis.
Camundongos BALB/c foram infectados com 10° promastigotas de H3227 (M) ou BA788 (O) na pata

posterior esquerda. Linfonodos (A) ou patas (B) de 3-5 camundongos por grupo foram usados para a
andlise da carga parasitdria. Os dados representam a média + SEM. Diferencga significante entre os

valores € indicada quando *p<0,05.
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Anexo 11.2. Aspectos histopatologicos das lesdes causadas por L. braziliensis em

camundongos BALB/c. As lesdes dos camundongos infectados com a cepa BA788 no 3° dia
(A) ou no 15° dia (B) apés a infecgdo exibiram discreto infiltrado inflamatério. Camundongos
infectados com a cepa H3227 no 3° dia (C) ou no 15° dia (D) ap6s a infecgdo apresentaram um
significante aumento na intensidade da reagio inflamatéria. Original, x40 (HE).
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Anexo 11.3. Expressio de CCL5/RANTES em lesoes de camundongos BALB/c infectados

com L. braziliensis. Camundongos foram infectados com 10° promastigotas de H3227 (M) ou

BA788 (O) na pata posterior esquerda. Foram sacrificados com 6 h, 3 dias e 15 dias pés-infecgao, e

as patas infectadas foram usadas para a detec¢do da expressdo do RNAm, utilizando RT-PCR.
Andlise densitométrica foi realizada e a quantificacdo das bandas normalizada em relagdo aos
niveis de expressdo de B-actina. Os resultados sdo apresentados como n-aumento em relagio
aos niveis de expressdo nos animais controles nao infectados (0 hora). Cada ponto representa a

média + SEM de 3-4 animais de | experimento de 3 realizados.
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Anexo 11.4. Produgio de citocinas por células do linfonodo drenante de camundongos infectados com
isolados de L. braziliensis. Camundongos BALB/c foram infectados com 10° promastigotas de BA788
(0J) ou H3227 (M) na pata posterior esquerda. Células do linfonodo drenante da lesdo de 3-5 animais

por grupo foram incubadas com promastigotas de leishmania e os sobrenadantes analisados com 3, 15 ¢
30 dias pds-infec¢lo para a produgdo de TGF-P (A) e IL-10 (B). Os dados representam a média = SEM

de um experimento representativo de 3 experimentos realizados. Diferencga significante entre os valores

¢ indicada quando *p<0,05.
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Inflammatory events during Leishmania braziliensis infection in mice were investigated. Large lesions were
directly correlated with the inflammatory reaction but not with parasite burden. Different L. braziliensis strains
induce different paces of chemokine expression patterns, leading to diverse cell recruitment and differential

inflammatory responses.

Chemokines have been implicated in inflammatory re-
sponses against numerous infectious agents, including Leish-
mania (5, 17, 18, 20). Leishmania braziliensis is the main agent
of cutaneous leishmaniasis (CL) in Brazil; it causes single self-
limited cutaneous ulcers and highly destructive mucosal

leishmaniasis (10). In this study, using a murine model, we
compared L. braziliensis strains isolated from two states in
Brazil, namely, Ceard and Bahia, located in northeastern
Brazil. CL caused by L. braziliensis is endemic in both states. In
Cearé, the cutaneous lesion is accompanied and sometimes
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FIG. 1. Course of infection with L. braziliensis in BALB/c mice. The inset shows kinetics of lesion development in BALB/c mice during the course
of infection with six L. brazifiensis isolates. The main figure illustrates the time course of infection with the two isolates used here, showing a polar pattern
of infection. Mice were inoculated in the hind footpads with 10° stationary-phase L. braziliensis promastigotes, and lesions were measured weekly for 30
days p.i. The foolpads of three to five animals per group were measured. The data shown, reported as the mean and standard error of the mean,
are from a single experiment representative of three separate experiments. The asterisk indicates a significant difference between values at the indicated
time point, as determined by Student’s ¢ test (P < 0.05). Experiments with all L. braziliensis isolates were repeated three times, with similar results.

* Corresponding author. Mailing address: Centro de Pesquisas Gon-
calo Moniz-Fiocruz-BA, 121 Rua Waldemar Falcdo, Salvador, Bahia,
Brazil 40295-001. Phone: 55-71-356-4320, ext. 211. Fax: 55-71-356-
2593. E-mail: abarral@cpqgm.fiocruz.br.
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preceded by an impressive enlargement of the regional lymph
nodes; the term “bubonic leishmaniasis” has been coined to
describe this manifestation (23). Bubonic leishmaniasis is re-
stricted to L. braziliensis infection in Ceara; however, localized
lymphadenopathy has been observed in CL patients from Ba-
hia (2, 3).

Mice were infected with 10° stationary-phase forms of
L. braziliensis (6). In preliminary experiments, the isolates ob-
tained from CL patients from Cearda (MHOM/BR/94/H3227
[H3227}and MHOM/BR/94/H3456) and from Bahia (MHOM/
BR/00/BA711, MHOM/BR/00/BA774, MHOM/BR/00/BA775,
and MHOM/BR/01/BA788 [BA788]) showed significant differ-
ences in pathogenicity (Fig. 1, inset). Further experiments were
performed with two of these L. braziliensis isolates, H3227 and
BA788. The lesions caused by H3227 were larger and persisted
longer than those caused by BA788 (Fig. 1). Lesion size dif-
ferences did not appear to be due to diverse parasite loads,
since parasite numbers were not significantly different between
H3227- and BA788-infected mice at 15 days postinfection (p.i.)
(mean and standard error of the mean, 7.29 X 10° + 5.28 X
10° and 2.64 X 10° = 1.20 X 10°, respectively), when lesion
sizes were different. Lesions from H3227-infected mice exhib-
ited an inflammatory infiltrate consisting mainly of polymor-
phonuclear leukocytes and macrophages at 3 days p.i., and
these histopathological features persisted at 15 days p.i. Sec-
tions from BA788-infected mice showed a less intense and
more transient leukocyte infiltrate.

In order to explore the role of the parasite in the histopatho-
logical differences observed, we evaluated cell recruitment in-
duced by H3227 and BA788 by using the air pouch model (14,
15). Responses induced by H3227 were three times higher than
those induced by BA788 (Fig. 2A); these responses were cor-
related with a more intense exudate of leukocytes observed in
the lesions of H3227-infected mice. H3227 was able to induce
more influx of all cell types, attracting mainly more neutrophils
and macrophages than BA788 (Fig. 2B). These data reinforce
a rolc of the parasite in the differences obscrved in the inflam-
matory processes induced by the two L. braziliensis isolates
used here.

RNA was extracted from lesions for reverse transcription-
PCR analysis of chemokine expression at 6 h, 3 days, and 15
days p.i (12, 16). The sequences of the primers used are shown
in Table 1. The expression of CCL2/MCP-1, CCL3/MIP-1a,
and CXCL1/KC was upregulated at 6 h p.i. on H3227-induced
lesions and only at 3 days p.i. in BA788-infected mice (Fig.
3A). In addition, CCL2/MCP-1, CCL3/MIP-1a, XCL1/lym-
photactin-1, CXCL1/KC, and CCL11/eotaxin expression was
more strongly induced by H3227 than by BA788. CXCL10/
IP-10 was the only chemokine that appeared to be more strong-
ly expressed by BA788 than by H3227. Regarding chemokine
receptor expression, H3227 showed significantly higher expres-
sion of all chemokine receptors studied here than did BA788
(Fig. 3B). CCRS5 was slightly upregulated in BA788-infected
mice. Immunohistochemical analysis for the presence of CCL2/
MCP-1 and CXCL10/IP-10 proteins in lesions induced by H3227
and BA788 confirmed the results obtained by mRNA expres-
sion analysis (Fig. 3C).

Lesions {rom patients with CL show a significant increase in
the expression of CCL2/MCP-1 and CCL3/MIP-1a (20), and in
vitro infection with Leishmania induces CCL2/MCP-1 and
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FIG. 2. Kinetics of leukocyte recruitment {A), expressed as total num-
bers of neutrophils, macrophages, eosinophils, and lymphocytes, in pouch
exudates in response to lipopolysaccharide (LPS) or L. braziliensis (BA788
and H3227) and comparison of results at 12 h after inoculation (B). Air
pouches were prepared by injecting 3 mi of air into the dorsal surface of
mice under light anesthesia. Stationary-phase L. braziliensis promastigotes
(107) were injected immediately following the air injection. Control mice
were injected with endotoxin-free saline (negative control) and LPS (20
ug/mi; positive control). Mice were killed at the indicated time points, and
the pouch contents were washed several time with saline. Exudate cells
were centrifuged and stained; proportions of neutrophils, macrophages,
eosinophils, and lymphocytes200 cells were enumerated; and relative cell
numbers were calculated from the total number of exudate leukocytes.
Data represent the mean and standard crror of the mean for three to five
mice. The asterisk indicates a significant difference between values at the
indicated time point, as determined by Student’s f test or one-way analysis
of variance (P < 0.05). Results are representative of two independent
experiments.

CXCLYKC/GRO-a expression in mouse and human macro-
phages (1, 19). CCL2/MCP-1 and CCL3/MIP-1la are potent
chemoattractants for monocytes (9, 13). CXCL1/KC recruits
neutrophils and is a dominant chemokine in murine inflam-
matory responses (4). The earlier expression of CCL2/MCP-1,
CCL3/MIP-1a, and CXCL1/KC in more severe lesions may
explain the significant and early accumulation of neutrophils
and macrophages at the H3227 infection site and suggests that
these chemokines can be factors regulating the differential
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FIG. 3. Chemokine (A) and chemokine receptor (B) mRNA expression and protein ion, determined by immunohistochemical analysis (C),
in lesions of L. braziliensis-infected BALB/c mice. (A and B) Mice were infected with 10° H3227 or BA788 promastigotes and killed at 6 h, 3 days, and
15 days p.i. The infected hind footpads were used in assays of mRNA expression by reverse transcription-PCR. Densitometric analysis was performed,
and quantification was normalized to the levels of B-actin expression. Results are expressed as n-fold increases over results obtained with uninfected
control animals (0 h). Upper and lower rows in the gels show the expression of chemokines and g-actin, respectively, at 0 h, 6 h, 3 days, and 15 days p.i.
(lanes from left to right). The profiles are representative of at least three independent experiments. In each experiment, mRNA was prepared from pools
ofthmeorfouumcepernmepmm Eachpomtmthegraphsrepraentsthemeanandstandardenorofﬂlcmeanﬁxapodofﬂueeortourmper
time point in three experiments. CCL5/RANTES, CXCL9/MIG, and CCL22/MDC expression did not show significant modulation in this model of L.
braziliensis infection (data not shown). (C) Frozen 5-um sections of infected and uninfected foot tissues were used to perform immunohistochemical
analysis for chemokines. Immunoperoxidase staining clearly showed at 3 days p.i. strong expression of CCL2/MCP-1 in H3227-infected sections (a) and
weak expression in BA788-infected sections (b). Strong anti-CXCL10/IP-10 immunoreactivity was seen in sections of BA788-infected mice (d) but not
in sections of H3227-infected mice (c). Magnification, X34.

inflammatory responses which develop upon infection with the
two L. braziliensis isolates used here.

H3227 induced XCL1/lymphotactin-1 and, to a lesser ex-
tent, CXCL10/IP-10. XCL1/lymphotactin-1 is chemotactic

for NK, CD4", and CD8™ T cells in vitro and in vivo (8, 11),
and CXCL10/IP-10 activates NK cells in vivo (25). Further-
more, XCL1/lymphotactin-1, CCL3/MIP-1a, CCL4/MIP-18,
and CCLS/RANTES are associated with a Thl immune re-

TABLE 1. Primer sequences and sizes of PCR products

Oligonucleotide Sense primer (5'-3") Antisense primer (3'-5") Product size (bp)
B-Actin TGG AAT CCT GTG GCA TCC ATG AAA C TAA AAA GCA GCT CAG TAA CAG TCC G 349
CXCL1/KC/GRO-a CC TTG ACC CTG AAG CTC CCT TGG TTC CGT GCG TGT TGA CCA TAC AAT ATG 422
CXCLYMIG GAT CAA ACC TGC CTA GAT CC GGC TGT GTA GAA CAC AGA GT 399
CXCL10/IP-10 TCG CAC CTC CAC ATA GCT TAC AG TCA GCA GAG ATG TCT GAA TC 310
CCL1V/eotaxin AGT CCT TGG GCG ACT GGT GC GCA GAG CTC CAC AGCGCT TC 243
CCL2/MCP-1JE CTA AGG ACC ACT TGC CAT GGA CTG GTA GCT CTCTGC CCTGTT T 445
CCL3/MIP-1a C CGG AAG ATT CCA CGC CAA TTC T GAG GAA CGT GTC CTG AAG 427
CCLS/RANTES C CCA CGT CAA GCA GTATITC CTG GTT TCT TGG GTIT TGC TGT G 506
CCL22/MDC GTG GCT CTC GTC CTT CIT GC GGA CAG TIT ATG GAG TAG CTIT 249
XCL1/lymphotactin-1 CAA GAC CTC AGC CAT GAG AC TGC AAT GGG TTT GGG AAC TG 397
CCR1 TCT CTG ATC TGG TCT TCCTIT T CCC AGG TGA TAATACTGG TGA T 295
CCR2 CTA CGA TGA TGG TGA GCCTTIG T ACC AAT GTG ATA GAG CCC TGT G 368
CCR3 CAA CTT GGC ATT TTC TGA CCT G TTT CCA GCT GTC TTC TTC ACCT 334
CCRS CTC TTC CTG CTC ACACTACCA T TGT GTA GAA AAT GAG GACTGC A 322
CXCR2 GAG AAC CTG GAA ATCAACAGTT GTA CTT GTG GCA TGT ACA ATG G 339
CXCR3 ATC TAC CTA TCA GCC AAC TACG ACA TCC ACA TTT GCT CTC TGA A 433
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sponse (7, 22). Interestingly, CXCL10/IP-10 was the only che-
mokine that was more strongly expressed in lesions induced by
the less pathogenic strain BA788, and its expression was cor-
related with the earlier production of gamma interferon in the
draining lymph nodes and with the larger number of NK cells
in the lesions of BA788-infected mice (6). NK cells produce
gamma interferon and may contribute to resistance to L. bra-
ziliensis, as previously shown for L. major (21). Therefore, it is
possible that XCL1/lymphotactin-1 and CXCL10/IP-10 are in-
volved in resistance to L. braziliensis infection in BALB/c mice.
Lesions caused by L. braziliensis H3227 exhibited a higher level
of chemokine receptor expression than did those caused by
L. braziliensis BA788. BA788 was unable to promote the strong
expression of chemokine receptors, a result which was corre-
lated with its reduced capacity to induce leukocyte recruit-
ment. CCRS was slightly upregulated in BA788-infected mice
at 3 days p.i. and was stimulated by CCL3/MIP-1a, which was
expressed during the same time period. A low level of expres-
sion of CCRS5 in lesions was correlated with a lower level of
expression of IL-10 in the draining lymph nodes (6), as IL-10
selectively upregulates CCR5 expression in monocytes (24).

Studies with murine macrophages showed that chemokine
induction after Leishmania infection was dependent on the
parasite strain used. Indeed, CCL2/MCP-1 was predominantly
induced by avirulent L. major. In contrast, virulent parasites
induced considerably less CCL2/MCP-1 (19). Therefore, it ap-
pears that Leishmania virulence is linked to the modulation of
chemokine expression by macrophages. The kinetics of che-
mokine induction seem to be more important than parasite
multiplication, and this fact may be related to structural dif-
ferences between the two isolates used here. Of note, results
from an analysis by random amplification of polymorphic DNA
showed that strains H3227 and BA788 of L. braziliensis are
genetically diverse (6).

Collectively, the findings presented here indicate that two
L. braziliensis isolates, albeit at similar parasite burdens, in-
duced chemokine expression patterns at different paces and/or
intensities, leading to diverse cell recruitment and differential
inflammatory responses; these features might ultimately be
implicated in disease presentations.
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Abstract

Leishmania braziliensis is the species responsible for the majority of cases of human cutaneous leishmaniasis in Brazil. In the present study,
L. braziliensis isolates from two different geographic areas in Brazil were studied by RAPD, using arbitrary primers. We also evaluated other
biological features of these two isolates. We compared (a) the clinical features they initiate or not once delivered subcutaneously as
stationary-phase promastigotes in the footpad of BALB/c mice; (b) the parasite load in both the footpad and the draining lymph node; (c) the
cytokines present in the supernatant of cultures of the cell suspensions from the draining lymph nodes; and (d) the cell types present at the site
of parasite delivery. The results show that the L braziliensis strain from Ceard (H3227) is genotypically different from the L. braziliensis strain
from Bahia (BA788). H3227-parasitized mice developed detectable lesions, whereas BA788-parasitized mice did not. Fifteen days post
parasite inoculation there was an increase in the numbers of macrophages and lymphocytes in the footpads, whatever the parasite inoculum.
Parasite load at the inoculation site—narmnely the footpad—did not differ significanuly; in draining lymplh nodes, however, it increased over the
period under study. Early after parasite inoculation, the cells recovered from the draining lymph nodes of BA788-parasitized mice produced
higher levels of IFN-y, a feature coupled to a higher number of NK cells. Later, after the parasite inoculation, there was an increased content
of IL-12p70 and IL-10 in the supernatant of cells recovered from the lymph nodes of H3227-parasitized mice. This comparative analysis points
out that L. braziliensis isolates differing in their genomic profiles do establish different parasitic processes in BALB/c mice.
© 2004 Elsevier SAS. All rights reserved.

Keywords: Leishmania braziliensis, Random amplification of polymorphic DNA; Interferon gamma; Interleukin-12p70; Interieukin-10

1. Introduction cause a self-healing ulcer at the site of parasite delivery;

however, parasites may also metastasize to the naso-

Leishmania is the etiological agent of leishmaniasis, a
parasitic disease with diverse clinical manifestations in hu-
man beings and other mammals. The mammalian organism
becomes a parasitized host when the sand fly probes the skin
for a blood meal, injecting metacyclic promastigotes to-
gether with saliva. Leishmania braziliensis parasites usually
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E-mail address: abarral@cpqgm fiocraz.br (A. Barral).
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pharyngeal tract—a process that is thought to be the starting
event leading to mucocutaneous leishmaniasis [1]. More
rarely, parasite invasion of the bloodstream results in dis-
seminated skin lesion [2].

Extensive studies using L. major have been interpreted
according to the following frame. The resistance or the sus-
ceptibility to disease, in different mouse strains, is bound by
genetic determinants of the host {3]: resistance is mediated
by a Thl-type cellular immune response, characterized by
the presence of high levels of IFN-y and low levels of IL-4;
susceptibility is mediated by a Th2-type cellular immune
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response, characterized by low levels of IFN-y and high
levels of IL-4. Not only do these cytokines act on parasite-
loaded cells or further host cells by killing the parasites or
preventing their replication, but they also contribute to the
inflammatory proccsscs occurring in the parasite-loaded tis-
sue. In contrast to L. major, considerably less experimental
work has been conducted with L. braziliensis, probably
because most mouse strains do not display lesions at the site
of inoculation of L. braziliensis |4,5]. This phenotype (ab-
sence of lesion) has been associated with the inability to
sustain a strong type 2 immune response |6]. Nonetheless, it
has been shown that skin biopsies from patients with cutane-
ous leishmaniasis caused by L. braziliensis displayed IFN-y,
TNF-a |7} and iNOS{8]. These cytokines play a key role in
the control of the parasite load and, in parallel, contribute to
the development of intense inflammatory processes at the
parasite inoculation site.

Alternatively, it has been shown that the parasite also
plays arole in determining the parasitic process outcome, i.e.
disease or long-term asymptomatic parasitism. For example,
once located in the skin, the development of L. amazonensis
is known to lead to many different clinical presentations,
including localized cutaneous lesions, mucocutaneous and
visceral leishmaniasis, in humans [9], some of these features
being reproduced in mice | 10]. More recently, it was shown
that genotypic characteristics of L. mexicana could be corre-
lated with features of the clinical disease {11} and that L.
major isolates from the field show differences in pathogenic-
ity upon inoculation into BALB/c mice |12}. Therefore,
variation in the pathogenicity of the parasite, which is related
1o its genetic diversity, is also an important factor influencing
the clinical features of leishmaniasis. Although extensive
genetic diversity has been documented in L. braziliensis
[ 13}, it was correlated with geographical origin {14.15] and
not with clinical manifestations of the disease.

In the present study, we used molecular technigues to
examine the genetic polymorphism of L. braziliensis strains
isolated from two states in Brazil, namely Cear4 and Bahia,
located in northeastern Brazil. Both Ceard and Bahia are
endemic for cutaneous leishmaniasis caused by L. brazilien-
sis. In Ceard, however, the cutaneous lesion is accompanied
and sometimes preceded by an impressive enlargement of
regional lymph nodes, whereas in Bahia, such findings have
not been documented. We have also examined (a) the cell
types present at the site of parasite delivery and (b) the
cytokine production after in vitro re-stimulation of the cells
recovered from the draining lymph nodes and the cell types
present at the site of parasite delivery.

2. Materials and methods

2.1. Mice

Male 4-6-wk-old BALB/c mice were obtained from
CPqGM/FIOCRUZ Animal Facility, where they were main-

tained under pathogen-free conditions. The Animal Care and
Utilization Committee from CPqGM/FIOCRUZ approved
all experimental procedures.

2.2. Parasite culture

The L. braziliensis strains MHOM/BR/94/H3227 and
MHOM/BR/01/BA788 used were isolated from cutaneous
ulcers from patients with cutaneous leishmaniasis, from the
states of Ceard and Bahia (northeastern Brazil), respectively,
after brief (2-4) passages in culture medium. Both isolates
were identified as L. braziliensis by PCR [16] and mono-
clonal antibodies | 17]. Promastigotes were grown in 199 me-
diuvm (Gibco, Grand Island, NY) at 25 °C supplemented with
10% heat-inactivated fetal calf serum, 20 mM Hepes, 4 mM
NaHCO;, 100 U/ml of penicillin and 100 pg/ml streptomycin
(all from Gibco).

2.3. The readout assay for typing some signatures
of polymorphism of the parasites at the nuclear genomic
level

Genomic DNA extraction, RAPD (Random amplification
of polymorphic DNA) was done as described | 18]. Bricfly,
150 ng of parasite DNA was amplified in a final reaction
volume of 25 pl containing 10 mM Tris-HCl pH 8.5, 1.5 mM
MgCl,, 50 mM KCl, 200 uM each dNTP, 1.5 U Tag DNA
polymerase (Invitrogen, Carlsbad, CA) and 1.25 uM of either
primer 3302 (5-CTGATGCTAC-3); 3303 (5-
TCACGATGCA-3") or 3304 (5-GCACTGTCA-Y). The
amplification cycles consisted of an initial denaturation step
at 95 °C for 5 min, two cycles with denaturation at 95 °C for
30 s, annealing at 30 °C for 2 min and extension at 72 °C for
1 min, followed by 33 cycles in which annealing was in-
creased to 40 °C. Ten-microliter samples were analyzed by
electrophoresis in 1.5% agarose gels stained with ethidium
bromide.

2.4. Inoculation of parasites into mice

Stationary-phase promastigates were inoculated subcuta-
neously into the hind left footpad of BALB/c mice at a dose
of 10° parasites in 20 pl of saline. Observation of lesion
development was made at weekly intervals and footpad
swelling was measured in millimeters by a dial gauge caliper.
Lesion size was defined as the increase in footpad thickness
after subtraction of the size of the controlateral uninfected
footpad.

2.5. Parasite load estimate

Parasite load was determined using the quantitative limit-
ing dilution assay as described {19]. Briefly, popliteal lymph
nodes draining the infected footpad were aseptically excised
and homogenized with a tissue glass grinder in 2 ml of
Schneider’s medium (Sigma, St. Louis, MO). The homoge-
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nates were serially diluted in Schneider’s medium supple-
mented with 100 U of penicillin/ml, 100 pg/ml of
streptomycin/ml, 10% heat inactivated fetal calf serum
(Gibco) and 2% sterile human urine in 96-well plates con-
taining biphasic blood agar medium. The number of viable
parasites was determined from the highest dilution at which
promastigotes could be grown out after up to 3 weeks of
incubation at 25 °C.

2.6. Culture of lymph node cells and quantitation
of cytokine in the culture supernatants

For measurement of in vitro cytokine production, single-
cell suspensions of infected footpad draining popliteal lymph
nodes were prepared aseptically at 3 and 15 days post infec-
tion. The cells were diluted 5 x 10°ells/ml and dispensed
into 96-well plates with L. braziliensis H3227 or BA788 live
promastigotes (stationary phase), at a ratio of five parasites to
one cell, or without parasites, in RPMI-1640 medium
(Gibco) containing 2 mM L-glutamine, 100 U of
penicillin/ml, 100 pg/ml of streptomycin/ml, 10% heat inac-
tivated fetal calf serum (Gibco) and 0.05 mM
B-mercaptoethanol. Cell culture supernatants were harvested
after 48 h (for IL-4, IL-10 and IL-12p70 measurement) or
72 h (for IFN-y measurement) of culture at 37 °C in 5% CO..
Levels of IFN-y, IL-4, IL-10 and IL-12p70 were determined
by ELISA using commercial kits (BD Biosciences, San Di-
ego, CA). The cytokine production of lymph node cells from
non-infected animals, upon stimulation with live L. bra-
ziliensis promastigotes, was below the detection level of the
kits used for cytokine detection.

2.7. Flow cytometric analysis

To characterize leukocytes present in the inoculation site,
infected foot tissue was collected at 3 and 15 days post
infection and incubated 1 h at 37 °C, in RPMI-1640 medium
containing 2 mM L-glutamine, 100 U of penicillin/ml,
100 pg/ml of streptomycin/ml, 10% heat inactivated fetal calf
serum (all from Gibco), 0.28 units/ml of Liberase CI (Roche,
Sdo Paulo, SP). Foot tissues were processed in the presence
of 0.05% DNAse (Sigma-Aldrich, St. Louis, MO) using
Medimachine (BD Biosciences, San Diego, CA) according
to the manufacturer’s instructions. After processing, cell vi-
ability was assessed by trypan blue exclusion and cells were
filtered trough a 50-pum filter and washed before flow cytom-
etry analysis. Viable leukocytes were incubated with antibod-
ics specific to GR-1, Mac-1, NK 1.1, CD3 or MHC class IT
molecules or with isotype control antibodies (all from BD
Biosciences, San Diego, CA) for 30 min at 4 °C in the dark.
Cells were washed and resuspended in PBS, 1% formalde-
hyde. For each sample, 10,000 cells were examined. Data
were acquired using a FACScan flow cytometer (BD Bio-
sciences) and analyzed using CellQuest software (BD Bio-
sciences).

2.8. Statistical analysis

The data are presented as mean + standard error of the
mean. The significance of the results was calculated by Stu-
dent’s t-test, except for the parasite load analysis, over time,
within the BA788- and H337-infected mice groups where
ANOVA was used. All analyses were performed using Prism
(Graph Pad Software, San Diego, CA) software and a
P-value <0.05 was considered significant.

3. Results

3.1. The BA788 and H3227 L. braziliensis strains display
genomic polymorphisms: a study with RAPD

In preliminary experiments, we investigated the degree of
genetic polymorphism by RAPD between six L. braziliensis
isolates, two from Ceardi (MHOM/BR/94/H3227,
MHOM/BR/94/H3456) and four from Bahia (MHOM/
BR/00/BA711, MHOM/BR/02/BA427, MHOM/BR/02/
806 and MHOM/BR/01/BA788). In these experiments, the
genomic profiles obtained with the isolates from Ceard were
different from those obtained with the isolates from Bahia
(data not shown); data obtained with two representative iso-
lates, namely BA788 (Bahia) and H3227 (Cear4), are shown
(Fig. 1). RAPD generated 43 amplified bands, varying from
100-2000 bp in length, of which six are common to the two
strains. The most diverse genomic profiles were obtained
with primers 3303 and 3304, in which 26 of the 35 amplificd
fragments were polymorphic. The distinct genomic profiles
obtained for strains BA788 and H3227, with the three prim-
ers tested here, assess DNA polymorphism between these L.
braziliensis strains.

MW 788 3227

MW 788 3227 MW 788 3227

3302 3303 3304

Fig. 1. Genomic profiles of L. braziliensis strains BA788 and H3227.
Genomic DNA of each L. braziliensis strain was subjected to RAPD using
primers 3302, 3303 and 3304. MW; 100 bp ladder DNA size marker.
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Fig. 2. Course of lesion development in BALB/c mice inoculated with L.
braziliensis strains. BALB/c mice were infected with 10° of either H3227
(black square) or BA788 (white circle) promastigotes in the left hind foot-
pad, and lesion size was measured for 30 days. The footpads of 35 mice per
group were measured. The data shown, reported as the mean + standard error
of the mean, are from a single experiment representative of three separate
experiments. The asterisk indicates a significant difference berween values
at the indicated time point as determined by Student’s t-test (* £ < 0.05).

3.2. The amplitude of the transient clinical features
occurring at the site of L. braziliensis delivery differs
according to whether the isolate is BA788 or H3227

The genomic polymorphism observed between BA788
and H3227 prompted us to investigate whether these strains
might display differences in pathogenicity upon inoculation
into mice of an inbred strain. BALB/c mice received, subcu-
taneously in the footpad, 10° promastigotes of either BA788
or H3227 (Fig. 2). Small increases in footpad thickness were
observed early after infection (6 h to 5 days). Mice infected
with H3227 developed lesions detectable at 7 days post
inoculation. Lesions progressed steadily, peaked at 15 days
post parasite inoculation and gradually resolved 30 days post
infection. At this time, we observed the presence of a small
nodular lesion associated with cutaneous fibrosis (data not
shown). All lesions caused by H3227 L. braziliensis were
unulcerated. Even at maximum size, lesions remained non-
ulcerative and non-necrotic. In mice infected with BA788, in
contrast, no similar transient pathogenic processes were no-
ticed. The differences in footpad thickness, between both
groups of mice, were significant (P < 0.05) in the period
ranging from 10-20 days post inoculation.

3.3. The phenotypic composition of leukocytes present at
the site of BA788 or H3227 L. braziliensis delivery differs
according to the isolate

In order to characterize the leukocyte lineages present at
the site of parasite delivery, the footpads were excised at
3 and 15 days post parasite inoculation and analyzed by flow
cytometry. At 3 days post inoculation, the number of granu-
locytes, macrophages and lymphocytes is similar in both
groups of mice, whereas the number of NK cells is higher in
BA788-parasitized mice (Fig. 3). Fifteen days post parasite
inoculation, we observed a decrease in the numbers of granu-
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Fig. 3. Phenotypic composition of leukocyte population recovered from the
footpad of mice inoculated with L. braziliensis strains. BALB/c mice were
inoculated with 10® promastigotes of either H3227 (black) or BAT38 (white)
in the left hind footpad of BALB/c mice. Three (A) and 15 days (B) post
inoculation. Leukocytes from inoculated footpads were analyzed by flow
cytometry for the presence of lymphocytes, granulocytes, macrophages and
NK cells. The data shown are from a single experiment representative of two
separaig experiments.

locytes and NK cells, in both groups of infected mice. In
parallel, there was an increase in the numbers of both mac-
rophages and lymphocytes in the two groups of mice.

3.4. The BA788 and H3227 L. braziliensis loads differ
mainly in the lymph node draining the site where they
were delivered

We also examined if there was a correlation between
lesion development and parasite replication. Parasite load
was estimated in the inoculated footpads and in the draining
lymph nodes, excised at 6 h, 3, 15 and 30 days post inocula-
tion, for L. braziliensis BA788 and H3227. In the footpad
(Fig. 4A), the parasite load was similar in both groups of
mice, but statistically significant differences were observed
at 6 h and 30 days post inoculation. In mice inoculated with
H3227 parasites, the parasite load peaked at 15 days, coin-
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Fig. 4. Parasite load estimate in mice infected with L. braziliensis strains. BALB/c mice were infected with 10° of either H3227 (black) or BA788 (white)
promastigotes in the left hind footpad. Footpads (A) and popliteal lymph nodes (B) draining the lesion, 3-5 mice per group, were used for analysis of parasite
load. The data shown, reported as the mean = standard error of the mean, are from a single experiment representative of three separate experiments. The asterisk
indicates a significant difference between values from H3227 and BA788 at the same time point as determined by Student’s r-test (* P < 0.05).

ciding with lesion development. However, at this time point,
no clinical lesion was observed in mice inoculated with
BA788, despite a similar parasite load estimate, indicating
dissociation between parasite replication and lesion develop-
ment. In the draining lymph nodes (Fig. 4B), the parasite load
was significantly higher in H3227-parasitized mice, from 6 h
to 15 days post parasite inoculation. Interestingly, in the
draining lymph nodes, the parasite load showed a consistent
increase in both groups of parasitized mice, indicating that
parasites are able to multiply in these secondary lymphoid
tissues, regardless of lesion resolution at the upstream site
where parasites were inoculated and developed, such as that
seen in H3227-parasitized mice.

When comparing the parasite load estimate within the
BA788 and H3227 groups, separately, over time, we did not
find any significant differences in the footpads inoculated
with H3227. In the footpads inoculated with BA788, how-
ever, there were statistically significant differences between
6 h and 15 days (P < 0.01), 3 and 15 days (P < 0.01) and
15 and 30 days post inoculation (P < 0.05). Therefore, in the
footpad, the parasite load estimate found at 15 days post
inoculation is higher than that found at 6 h, 3 days and
30 days post inoculation only in mice receiving the BA788
isolates. In the draining lymph nodes, we did not find any
statistically significant differences, between the BA788 and
H3227 isolates when comparing the parasite load estimate.

3.5. At the later time point studied, there is a difference
between the ex vivo cytokine profiles displayed by

the leukocytes recovered from lymph nodes draining
the site of delivery of BA788 or H3227

The observations that H3227-infected mice controlled the
cutaneous lesion and that BA788-infected mice did not de-
velop clinical lesions suggest that, in both cases, a Thl-type
cellular immune response had developed. At 3 and 15 days
post infection, cells prepared from the lymph nodes draining
the infection site were incubated with live BA788 or H3227
promastigotes and were monitored for the production of Th1-
and Th2-type cytokines. Three days post infection (Fig. 5A),
cells from BA788-infected mice produced higher levels of
both IFN-y (P < 0.05) and IL-12, than cells from H3227-
infected mice which, on the contrary, produced higher
amounts of both IL-4 and IL-10. Fifteen days post-infection
(Fig. 5B), Thl-type cytokine production was markedly up-
regulated in H3227-infected mice as shown by the significant
increase in IL-12 production, in parallel with IFN-y. Cells
from H3227-infected mice also produced higher amounts of
both IL.-4 and IL-10, the latter showing a significant up-
regulation at this time point. This up-regulation in IL-10
production coincides with the time point at which lesion size
and parasite load detected in the footpad reached their peak.
Moreover, lymph node cell counts were consistently higher
in H3227 L. braziliensis-infected mice than in BA788-
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Fig. 5. Cytokine production by mononuclear cells from mice infected with
L. braziliensis strains. BALB{c mice were infected with 10° promastigotes
of either H3227 (black) or BA788 (white) in the left hind footpad. Three (A)
and 15 days (B) post infection, mononuclear cells (35 mice per group) from
popliteal lymph nodes draining the lesion were incubated with live Leish-
mania promastigotes and the supernatants were assayed for [L-4, IL-10,
[L-12p70 and IFN-y production. The data shown, reported as the
mean =+ standard error of the mean, are from a single experiment represen-
tative of three separate experiments. Cytokine production of lymph node
cells from non-infected animals, upon stimulation with live L. braziliensis
promastigotes, was below the detection level of the ELISA kits used: ITFN-y
(55 pg/ml), [L-4 (5.5 pg/mi), IL-10 (3 pg/ml) and [L-12p70 (5 pg/ml). The
asterisk indicates a significant difference between values as determined by
Student’s t-test (*P < 0.05).

infected mice, at both 3 days post infection (14.8 x
10%+ 1.6 x 10° vs. 8.1 x 10° £ 0.3 x 10°, respectively) and at
15 days post infection (24.0 x 10° + 2.8 x 10° vs. 14.7 x
10° £ 1.3 x 10°, respectively).

4. Discussion

L. braziliensis parasite populations are extremely diverse,
as assessed by RAPD-based readout assays |13]. However,
this diversity is less pronounced among parasite populations
obtained from areas of geographical proximity { 14]. Random
amplification of L. braziliensis H3227 and BA788 DNA
generated different genomic profiles, including the presence
ol amplification fragments not shared between strains. These
fragments may constitute nuclear genomic markers for
strains from these areas. As far as the BA788 and H3227 L.
braziliensis isolates are concerned, the RAPD-based poly-
morphism can therefore be correlated with their geographical

area of sampling, since the H3327 isolate was sampled from
Cear4 state, while the BA788 isolate was from Bahia state,
both of which are located in northeastern Brazil, where
cutaneous leishmaniasis is endemic. In Cear4, the cutaneous
lesion is accompanied and sometimes preceded by an im-
pressive enlargement of the regional lymph nodes, and the
term bubonic leishmaniasis has been coined to describe this
clinical manifestation [20]. Of note, in areas where bubonic
leishmaniasis is more often diagnosed, the lymphadenopathy
could be the only clinical sign of parasitism |20}. Bubonic
leishmaniasis is restricted to L. braziliensis-driven parasit-
ism in Cear4; however, regional lymphadenopathy has also
been observed in cutaneous leishmaniasis patients from Ba-
hia [20,21,22]. The immunological parameters coupled to
these clinical and parasitic features are the presence of high
levels of Leishmania-reactive serum antibodies and a
leishmanin-positive skin test {21,22].

Relying on the RAPD polymorphism, we considered it
relevant to further compare L. braziliensis strains H3227 and
BA788 isolates using laboratory mice as experimental hosts.
Transient, non-ulcerated lesions were detected only in
H3227-parasitized BALB/c mice. This outcome is character-
istic and similar results have been obtained upon the subcu-
taneous delivery of in vitro grown promastigotes of other L.
braziliensis isolates to BALB/c mice {23-25]. We did not
find any comrelation between lesion development and parasite
load: indeed the parasite load in the footpad was not signifi-
cantly different between BAT788- and H3227-parasitized
mice.

H3227-loaded footpads were processed for histological
analysis at 3 and 15 days post inoculation: an inflammatory
infiltrate consisting mainly of polymorphonuclear leucocytes
and macrophages was noticed. The BA788-loaded footpad
sections exhibited a less intense and more transient leukocyte
infiltrate (data not shown). Similarly to other L. braziliensis
strains, the presence of granulocytes and lymphocytes was
noticed during the first week post inoculation; later, many
more macrophages and lymphocytes were observed
[26].Three days post inoculation, when compared to foot-
pads of H3227-inoculated mice, more NK leukocytes were
observed on footpad samples prepared from BA788-
inoculated mice. NK leucocytes are known to produce IFN-y
and may contribute to resistance to L. braziliensis as previ-
ously shown for L. major {27]. Moreover, NK cells are
detectable as soon as 24 h post inoculation at the site of L.
major delivery in resistant mice {28 ]. Therefore, it is possible
that the early and higher IFN-y production observed at the
site of BA788 parasite delivery is due to the presence of a
higher number of NK cells.

Following the in vitro stimulation of lymph node cells, the
ratio of IFN-y to IL-10 was higher when the cells were
recovered from BA788-parasitized mice than when the cells
were recovered from H3227-parasitized mice, at both 3 days
post inoculation (2.28 vs. 0.24), respectively, and at 15 days
post inoculation (0.77 vs. 0.15), respectively. These immuno-
logical features are coupled to the outcome of the parasitic
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processes: while BA788-inoculated mice remain lesion-free,
the H3227-inoculated mice displayed a transient lesion that
heals spontaneously. These features of L. braziliensis para-
sites in BALB/c mice have been related to their inability to
sustain a strong typc 2 cytoKinc profile {6]; this is a main
difference with the type 2 cytokine profile driven by L. major
when they are delivered in the same conditions as the ones we
used in the present study {3].

In conclusion, L. braziliensis isolates differing through
their RAPD profiles exhibit differences in clinical features
and certain immunological parameters once inoculated into
experimental hosts such as BALB/c mice. The differences in
clinical features are related to intrinsic properties of the
parasite isolates such as ability to induce transient lesion and
to recruit different leukocyte populations to the parasite-
loaded site. In Ceard state, where H3227 L. braziliensis
representative isolate was obtained, the lymphadenopathy,
when diagnosed, could precede the lesion form, whereas in
Bahia, such lymph node enlargement is not as prominent.
Interestingly, this in vivo correlate was reproduced in the
present study, since the lymph node cell counts were consis-
tently higher with the H3227 isolate than with the BA788
isolate, at both 3 days and at 15 days post inoculation. These
results reinforce the notion that disease manifestation at the
site of Leishmania delivery results from a complex interplay
between genetically determined parasite as well as host
traits. Studies are now in progress to monitor more relevant
parasite genetic polymorphism [29].
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