Glaucia Aparecida Gomes Cezario

“Infeccao pela Leishmania chagasi: papel dos
receptores Toll-like 2 e 4 e alteragdes genotoxicas

em camundongos BALB/c”

Dissertagdo apresentada ao Programa de
Pés-Graduacdo em Doencas Tropicais da
Faculdade de Medicina de Botucatu,
Universidade Estadual Paulista — UNESP,
para obtencao do titulo de mestre.

Orientadora: Prof® Dr* Sueli Aparecida Calvi

Botucatu - SP
2011



FICHA CATALOGRAFICA ELABORADA PELA SEGAO DE AQUIS. E TRAT. DA INFORMAGAO
DIVISAO TECNICA DE BIBLIOTECA E DOCUMENTAGAO - CAMPUS DE BOTUCATU - UNESP
BIBLIOTECARIA RESPONSAVEL: ROSEMEIRE APARECIDA VICENTE

Cezario, Glaucia Aparecida Gomes Cezario.

Infeccdo pela Leishmania chagasi : papel dos receptores Toll-like 2 e 4
alteragdes genotoxicas em camundongos BALB/c / Glaucia Aparecida Gomes
Cezario. - Botucatu, 2011

Dissertagdo (mestrado) — Faculdade de Medicina de Botucatu,
Universidade Estadual Paulista, 2011

Orientador: Sueli Aparecida Calvi

Capes: 40101096

1. Leishmaniose. 2. Imunologia. 3. Citocinas.

Palavras-chave: Leishmania chagasi; Citocinas; TLR2; TLR4.




Dedicatoria




Dedicatéviov

Aoy mews pais;, Aparvecido- de Jesus Cegdrio-e Thereginha Gomes
Movrales Cezdwio; que sempre me apoiow o e me incentivouw amy
nay escolhay pessonis e profissionais. Agradeco- por abdicarem
de muitoy dos seus sonhos para que oy meus se tornassen
realidade e também pelo- constante incentivo, que deramm
para o- mew crescimento- profissional. Por isso- e muito- mais ew
digo: Muito- obrigada, amo-vocés.

A minha wmd Fernanda Gomes Cegdwio; que mesmo- longe
sempre esteve perto. Obrigada pela alegriav e felicidade que
vocé trawmsmite o cadow momento- que estow ao- sew lado; vocé &
muito-especial pawow mim. Amo- voceé.

Ao- mew marido; Danilo- César Pereira, wmw companheiro- que
sempre compreendew as minhas aunséncias, dando- apoio- paro
ew continuasse mew aperfeicoounento- profissional. Agradeco-
pelo-  carinho, paciéncia, cwmplicidade, confianca e
principadlmente; pelo- amor, que me inspiraw diowioamente. Sow
muito-felig por vocé fager pawte da minhow vidav. Amo- vocé.




Agradecimento Especial




Agradecimento Especial

A minha orientadora, Professorar Sueli Apawvecida
Calvi, pelar competencia cientificaw que demovstrow e
pela colaboracdo- prestada no- decorvrer deste trabalho-
Obrigada pela compreensio- e incentivo, mesmo- ew
estondo- distante e também, pelar disponibilidade e
prontiddo; em me auxiiowr, e todos oy momentos que
precisei. Agradeco- v vocé pelas sugestoes e covrecdes
feitas duwronte o orvientacdo, as quais contributram
pavaw o- mew crescimento-profissional. Obrigada!




Agradecimentos




Agradecimentos

A Deus por estowr sempre presente na minhav vida, duwminando-
e guiando- mewsy caminhos. Obrigada por wme oferecer
inumeras oportunidades e momentos de alegriav ao- lado- de
pessoas maravilhosas que acompanharam minha trajetdrio.

Aoy amigos do- Laboratério- de Doencas Tropicais, Larissa,
tliana, Vanessa, Mariana e Carlinhos, nio- tenho- palavros
paras agradecer pelo- que figeraum por mimv duwrante o
deserwolvimento- deste trabalho. Serei eternamente gratow ov

voCeés.

A amiga Jossimoawaw do Laboratérvio- de Patologiay, pelow
disposicio- e ajudar durante todas as etapas deste trabalho-
Obrigada pela paciénciv e humildade com que conseguiw
travsmitir  seus conhecimentos. A vocé mew elerno
agradecimento-

A amiga Talisiay, por me receber muitor bewv emv suav casow v
cado viagems paraw Botucatw;, agradeco- av vocé pelo formav
carinhosaw comv que sempre fui tratada, pelow sua amigade e
por todo apoio duwrante a realizacdo deste trabalho-
Obrigada por tudo-

Aoy amigos do- Laboratdrio- de Sovologiav: Nadia, Vera, Mawcos;
Nelmara e Mawrina, pelo- incentivo- e apoio- que derawn paraw ov
realigacio destaw  posy-graduacio;,  pelar  corwivénciov
harmoniosaw e, também pelar amigade que sempre tivemos.
Obrigada.




Agradecimentos

Ay amigas Jeawrwy, Camila e Julie do- Ambulatdrvio- de
Moléstias Infecciosas de Jundiai, pelo-apoio; pelas palawvras de
incentivo- e amigade. Com certega vocés tornaram meus dias
mais feliges e agraddveis.

A secretini do- Programar de Pésy- Graduacio em Doencay
Tropicais, Solange; agradeco- v atencio-e oy servicos prestados
comv dedicacio-

Ao Programaw de PSs-Graduacdo- e Doencas Tropicais da
Faculdade de Medicina de Botucatu, pela oportunidade do
realizacio- de mais uma etapa daw minhow vidaw profissional.

Aoy funciondwrioy da bibliotecaw e dav Secdo- de Pés-Graduacio-
da Faculdade de Medicina de Botucatu, pela eficiénciov e
profissionalismo- com que seampre me atenderann.




Sumario




Sumadwio

L. INTRODUGAQ ...ttt 12
0] (oo 18 o= TSP URPRRRN 13
Referéncias bibliografiCas.............ouuviiiiiiiiiiiiiiiie e 26

. CAPITULO | oot e e e e 44
ADSTIACT. ... 46
INErOdUCTION. ... e 47
Materials and methods. ....... ..o 50
RESUILS. ... 54
DISCUSSION. ... 64
REfEIENCES. ... 69

I CAPITULO I ot 77
ADSIFACT. . 79
INtrOdUCHION. ... 80
Materials and methods. ....... ..o 82
RESUIS. .. 86
DISCUSSION. ..ttt 90
REfEIrENCES. ... 94

IV ANEXOS e 101




introducéo




Introducdio 13

Introducéo

As leishmanioses tém como agentes etiolégicos, protozoarios
intracelulares obrigatérios pertencentes a ordem Kinetoplastida, familia
Trypanosomatidae e género Leishmania. Existem mais de 20 espécies deste
protozoario, que podem ser transmitidas ao homem por, aproximadamente, 30
diferentes espécies de flebotomineos'. A leishmaniose visceral é causada pela
Leishmania infantum (L. infantum) e Leishmania donovani (L.donovani) no
Velho Mundo; e pela Leishmania chagasi (L.chagasi) no Novo Mundo, mais

especificamente na América do Sul**.

De acordo com a Organizagdo Mundial de Saude (OMS), a leishmaniose
visceral € uma antropozoonose endémica, que apresenta ampla distribuicao
mundial em 88 paises, com prevaléncia superior a 12 milhdes de individuos,
1,5 a 2 milhdes de casos novos por ano e 350 milhbes de pessoas habitando
areas de risco. Com esses dados, a leishmaniose tornou-se, mundialmente,
uma das 6 mais importantes doencas infectoparasitarias*'?. Cerca de 90% dos
casos do mundo concentram-se em Bangladesh, nordeste da india, Nepal e
Sudao (Velho Mundo) e nordeste do Brasil (Novo Mundo). No Brasil, ocorrem
de 3000 a 5000 casos por ano, com cerca de 4000 novos casos nos ultimos
anos'. A maior incidéncia estd no Nordeste, com 92% do total das
notificacbes, seguida pelas regides Sudeste (4%), Norte (3%) e Centro-Oeste
(1%). O primeiro caso humano autéctone confirmado no estado de Sao Paulo
ocorreu no municipio de Aracatuba em 1999"*. Desde entdo, a transmissédo da
doenga vem sendo descrita em varios municipios, de todas as regides do

Brasil, exceto na regido Sul. A doenga ocorre em zonas rurais, periurbanas e
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urbanas de grandes centros como Rio de Janeiro (RJ), Belo Horizonte (MG),
Aracatuba, Bauru, Marilia, Presidente Prudente (SP), Corumba (MS) entre
outros. A leishmaniose visceral esta registrada em 19 dos 27 estados do

Brasil'®.

O ciclo de vida da leishmania ocorre nos hospedeiros vertebrados, como
nos roedores, homens e canideos, estes Ultimos sdo o0s principais
reservatorios; e nos invertebrados, como dipteros hematéfagos da familia
Phlebotomidae, a qual pertencem os géneros Phlebotomus e Lutzomyia'®'". A
espécie Lutzomyia longipalpis, encontrada no Novo Mundo, é o vetor da
leishmaniose visceral americana (LVA), apresenta-se como pequeno mosquito

de 2 a 3 mm, de habitos peridomésticos e intradomeciliares’®.

A leishmania pode se apresentar sob duas morfologias: a promastigota
flagelar, encontrada no intestino dos vetores e a amastigota, que se desenvolve
intracelularmente no hospedeiro vertebrado. Somente as fémeas dos
flebotomineos transmitem a doenga por inoculagédo das formas promastigotas
na pele, estas, por sua vez, sédo internalizadas por células dendriticas e
macréfagos da derme e transformam-se em amastigotas pela perda dos
flagelos. Elas multiplicam-se e sobrevivem nos fagolisossomos através de uma
complexa interacdo parasita — hospedeiro. As amastigotas disseminam-se
através dos sistemas vasculares e linfaticos e infectam outros mondcitos e
macroéfagos do sistema reticulo-endotelial, resultando em infiltracdo da medula
Ossea, hepatoesplenomegalia e, em algumas vezes, aumento dos |

infonodos'®?".
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A imunidade protetora na leishmaniose esta associada com eficiente
resposta imune celular, e é caracterizada pela produgédo de citocinas, tais
como, IFN-y, TNF-a e IL-12%%?%, Inicialmente, apés a fagocitose da forma
promastigota, os macréfagos e as células dendriticas liberam IL-12, que
estimula as células Natural Killer (NK) a secretar, precocemente, o IFN-y. Em
combinagdo com esta citocina, a IL-12 induz a diferenciagéo e proliferacao das
células TCD4'Th1, as quais produzirdo mais IFN-y. Macrofagos infectados
secretam TNF-o, que age em sinergismo com IFN-y para ativar e induzir a
atividade antiparasitaria desta célula’?*?°. Uma vez ativado, o macréfago é
capaz de produzir moléculas efetoras toxicas aos parasitas, levando-os a

destruicéo.

A IL12 bioativa (IL-12 p70) &€ um heterodimero consistindo das
subunidades p35 e p40. E a principal citocina envolvida na diferenciacdo das
células T em Th1 e na proliferagdo das mesmas?*?°. Experimentos realizados
com camundongos “knockout” para as subunidades da IL-12 tém mostrado,
que a presencga desta citocina é crucial para montar uma resposta protetora
(Th1) contra leishmania, pois induz a produgéo de IFN-y, levando ao controle e
cura da infecgéoS. Vérios estudos demonstram que o IFN-y é a principal
citocina responsavel pela inducdo da atividade leishmanicida de

macrofagos®®-22.

O TNF-a é produzido por macréfagos ativados, possui efeitos
pleiotroficos e age em conjunto com IFN-y para exercer a atividade

leishmanicida mediada pelo o6xido nitrico (NO)**38. Wilhelm et al.®
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demonstraram que camundongos B6. TNF” infectados pela Leishmania major
(L.major) nao controlaram o crescimento dos parasitas no bago, sugerindo que
o controle da replicagéo da leishmania é dependente da produc¢do de TNF-a e

que nao poderia ser compensado por outros mecanismos*°.

Os dois principais mediadores responsaveis pela destruicdo de
parasitas, dentro de macréfagos ativados, sdo os radicais de oxigénio e
nitrogénio, formados pela oxidase (NADPH) do “burst” respiratorio e pela 6xido
nitrico sintase induzida (iNOS), respectivamente. Os intermediarios reativos do
oxigénio envolvidos na destruicdo das leishmanias, incluem anion superoxido
(O2), perdxido de hidrogénio (H2O2) e radical hidroxila (OH’). O principal
intermediario reativo do nitrogénio envolvido no controle deste patogeno € o

No39,40.

Inibidores da iNOS, como N®- monometil- arginina (.-NMMA), impedem
a produgédo de NO, e consequentemente, aumenta a sobrevivéncia e replicagédo

3941 Camundongos deficientes de

das amastigotas em macréfagos murinos
iINOS sdo suscetiveis a leishmaniose, demonstrando, dessa forma, o

envolvimento dos radicais do nitrogénio na destruicéo da leishmania in vivo*.

A leishmaniose visceral humana € caracterizada por depressdo da
imunidade celular e exacerbagédo da resposta imune humoral. A presenca de
anticorpos é util para o diagnostico sorolégico, entretanto ndo desempenha
papel protetor e, de fato, estdo associados com as formas de nado cura da

43,44

leishmaniose™ ™. Individuos capazes de controlar a infeccédo apresentaram

resposta Th1 especifica com producdo de IFN-y e IL-12**“¢. Por outro lado,
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pacientes que desenvolveram leishmaniose visceral apresentaram resposta

Th1 comprometida e producdo de IL-10 aumentada®*’*2.

O modelo de leishmaniose visceral mais estudado é com a linhagem de
camundongo BALB/c infectados com L. donovani ou L. chagasi. Apesar de esta
linhagem ser considerada suscetivel, a infeccdo progride durante as duas
primeiras até a quarta semana, e entdo é controlada pela resposta imune do

hospedeiro®®.

A suscetibilidade a leishmaniose €, usualmente, relacionada a indugao
de resposta Th2 e consequente producéo de IL-4, e de outros componentes
que desativam macrofagos, como IL-10, TGF-B e prostanglandina E2. A
inibicdo da producdo de RNA mensageiro (RNAm) da iNOS em macréfagos
tem sido associada com a produgéo de TGF-B e IL-10, citocinas relacionadas

com exacerbagao da doenga®"*?,

Estudos realizados com pacientes apresentando leishmaniose visceral
aguda demonstraram, que 0s mesmos apresentaram niveis plasmaticos,
simultaneamente, elevados de IFN-y e IL-10, e niveis inalterados de IL-12
195253 A producdo de IL-10 poderia influenciar o curso da infecgdo, por
desativar macréfagos, inibindo a produgédo de TNF-a e de NO. Além disso, a IL-
10 pode inibir parcialmente a produgédo de IFN-y, acentuando a desativagéo

macrofagica e a persisténcia do parasita nessas células °2°*°°,

A IL-10 também apresenta papel benéfico em algumas infeccbes
causadas por protozoarios, como observado no estudo de Gazzinelli et al.>®, os

quais sugeriram, que esta citocina apresenta papel protetor contra os efeitos
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prejudiciais da resposta imune celular exacerbada durante a infecgdo aguda
pelo Toxoplasma gondii (T.gondii), ja que camundongos IL-10" morreram apos
a producgao de niveis elevados de citocinas inflamatoérias, como IL-12, TNF-a e

IFN-y°°,

Alguns estudos demonstraram que o TGF-B estimula a progressédo ou
impede a cura da leishmaniose em modelos murinos®”®'. Esta citocina altera o
fendtipo inato do macrofago, por inibir a producao de TNF-a, INOS e também,
de IFN-y pelas células NK, além de aumentar a expresséo da arginase (enzima
que cataliza a conversdo de L-arginina em L-ornitina e uréia). Com a
diminuicdo da iINOS e aumento da arginase ha diminuicdo de NO e aumento

576264 Barral-Neo et

das poliaminas, favorecendo o crescimento do parasita
al.>® relataram, em modelo de leishmaniose visceral murina, que o TGF-B pode
representar um meio de suprimir a resposta Th1, de forma independente da

expresséo das citocinas Th2, ou seja, o TGF-B pode submodular as respostas

Th1, causando suscetibilidade a doenga

Estudo realizado com cultura de macréfagos humanos infectados pela
L.chagasi demonstrou que a fagocitose estimulou o aumento de TGF-B
biologicamente ativo, sem alterar a quantidade de RNAm sintetizado®”. Alguns
relatos utilizando camundongos infectados pela L.chagasi também observaram
presenca de niveis elevados de TGF-p ®7%. Estes autores afirmam que o TGF-
B tem capacidade de inibir a ativacdo de macréfagos e a proliferagdo e
diferenciagéo das células T, além de contrabalancear os efeitos das citocinas

proinflamatorias®’°.
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Belkaid et al.®® observaram que durante a fase crénica da infeccéo pela
L.major, aproximadamente, metade das células TCD4" presentes no sitio da
infeccdo era Treg CD25" Foxp3® antigeno especificas, as quais inibiam a
resposta das células T CD25" efetoras, através de mecanismos dependentes e
independentes de IL-10. As células T regulatérias (Treg) produziram IL-10,
citocina responsavel pela manutengdo da infec¢do cronica, enquanto que as

células T CD25 produziram IFN-y.

Atualmente, outra populacao de células estudada é a T helper 17 (Th17),
independentemente regulada pelas células TCD4" e caracterizada como
produtora de citocinas da familia da IL-17, tais como IL-17, IL-21, IL-22, IL-23 e
IL-26. Estas citocinas s&o altamente proinflamatérias, estimulam a producao de
IL-6, TNF-a e quimiocinas pelas células endoteliais, epiteliais e mondcitos,

sendo também responsaveis por recrutar células para o sitio infeccioso """

Pitta et al.” mostraram que células mononucleares do sangue periférico
(PBMCs) de individuos expostos a L.donovani induziram fortemente a
expressao de IL-17 e IL-22. Essas citocinas poderiam atrair fortes efetores da
imunidade inata e, posteriormente, recrutar células Th1 que, por sua vez,
aumentam a atividade microbicida dos fagécitos. Portanto, de acordo com este
autor, as células Th17 e Th1 poderiam desempenhar papéis complementares

na protecao contra L.donovani.

O reconhecimento inicial de microrganismos € mediado por receptores
celulares expressos em células da imunidade inata. Entre esses receptores

destacam-se os semelhantes a toll (TLRs, toll-like receptors), através dos quais
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as células s&o capazes de reconhecer microrganismos com conseqlente

estimulagdo da fagocitose, ativacdo microbicida e produgao de citocinas 27>

Os TLRs, proteinas transmembranicas tipo |, evolutivamente
conservados entre insetos e mamiferos, também encontrado em plantas, foram
primeiramente identificados como molécula essencial para polarizagéo
dorsoventral durante o desenvolvimento embrionario de Drosophila e,
posteriormente, mostrou ser importante na resposta imune antifungica de
moscas adultas’*’’. Esses receptores sdo expressos por macrofagos, células
dendriticas imaturas, mastocitos, eosindéfilos, neutréfilos, linfocitos T e B, além

das células epiteliais, endoteliais, cardiomiocitos e adipocitos’* 879,

Os TLRs caracterizam-se por apresentar dois dominios, o extracelular,
que contém repeticdes ricas em leucina (LRR) e o intracelular, que possui
homologia com o receptor para interleucina 1, denominado Toll/IL-1R
(TIR)"*®%81 Todo TLR sinaliza através da proteina adaptadora MyD88 (fator de
diferenciacdo mieléide), que também contém o dominio Toll/IL-1R®2. Apéds
ativacdo do MyD88 pode ocorrer translocagéo do fator NF-kp para o nucleo,
com consequente transcricdo dos genes de citocinas e enzimas. Além disso, a
via dependente de TRIF pode também ser ativada, a qual interage com TRAF 6
e RIF 1, mediando assim a ativagdo de NF-kp®. O NF-KpB, maior fator de
transcricdo e regulador pleiotropico na expressao de muitos genes, tem a
funcdo de ligar-se a sequéncia alvo de DNA para iniciar o processo de

transcrigao®®.
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Esses receptores reconhecem certos constituintes microbianos
denominados padrées moleculares associados ao patogeno (PAMPs), que sao
moléculas produzidas e conservadas pelos microorganismos, e néao pelas
células do hospedeiro, sendo essenciais para o0 metabolismo e sobrevivéncia
do patégen084. O alto grau de conservagado dos TLRs ocorre devido a néo
mutagenicidade dos PAMPs®*%. Os TLRs reconhecem, individualmente, um
repertério distinto, mas limitado de PAMPs, dentre os exemplos de pares
ligantes bem caracterizados citamos TLR-4 e LPS, TLR-5 e flagelina, TLRs-

1/2/6 e lipoproteinas e TLRs — 3/7/8/9 e diferentes acidos nucléicos 8"

A estimulagéo dos TLRs por produtos microbianos induz a sintese de
substancias antimicrobicidas e citocinas proinflamatoérias, bem como, a
ativacédo de células dendriticas, as quais regulam positivamente moléculas co-
estimulatérias e aumenta a expresséo de antigenos da molécula do Complexo
Principal de Histocompatibilidade (MHC), que consequentemente, torna mais
efetiva a apresentagédo de antigenos aos linfocitos T e B. Quando a resposta
imune inata n&o for suficiente para eliminar a infec¢do, ocorre a indugédo da
resposta imune adaptativa. As células apresentadoras de antigenos (APCs),
quando ativadas pelos TLRs, liberam niveis elevados de citocinas
proinflamatérias, como o TNF-a, IL-6, interleucina 8 (IL-8) e IL-12, quimiocinas
e Oxido nitrico. Ocorre também aumento da expressdo de moléculas co-
estimulatérias como, o CD40, CD80 e CD86. Estas alteragées na funcao das
APCs induzem resposta imune adaptativa e determinam a diferenciacao das
células T em Thy, que promovem imunidade celular ou em Thy, que direcionam

resposta humoral’®.
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A superficie celular da leishmania € composta por moléculas ligada as
GPI (glicosilfosfatidilinositol), que sédo responsaveis pela ativagédo dos TLRs.
Nas formas promastigotas, as principais moléculas que se ligam as GPls sao
as lipofosfoglucanas (LPGs), as quais sao consideradas fator de viruléncia
multifuncional necessarias para o estabelecimento da infecgdo® . Outras
moléculas presentes na superficie da leishmania como: glicoproteina gp63,
proteofosfoglucanas e fosfatases acidas estdo diretamente ligadas a
patogenicidade e sobrevivéncia do parasita. Contudo ndo se sabe se

desempenham algum papel nas interacdes com o hospedeiro®’.

As LPGs de L.major estimulam células NK humanas e macréfagos de
camundongos, através da ligagdo ao TLR-2%°. Becker et al.*® relataram que
LPGs purificadas das formas promastigotas metaciclicas e prociclicas de
L.major estimularam células NK humanas, levando a transloca¢ao nuclear do
NF-KB, com aumento da produgao de IFN-y e TNF-a, bem como, da expressao

de RNA mensageiro do TLR-2.

De Veer et al.%®

mostraram que camundongos deficientes da proteina
MyD88 sao mais suscetiveis a infecgdo pela L. major. Estes autores ainda
demonstraram que a LPG deste parasita através da ligagdo ao TLR-2
estimulou macréfagos a secretar citocinas, como IL-12 e TNF-a, provavelmente
via proteina MyD88. Esses achados sugerem o importante papel dos TLRs na

resposta imune inata contra L. major e que a MyD88 é essencial para gerar

resposta imune protetora.
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Recentemente, Flandin et al.'®

demonstraram que macréfagos
estimulados com IFN-y, induziram expressao de TLR-2 e TLR-3, os quais
atuaram no reconhecimento das formas promastigotas da L. donovani. Além

disso, foi detectado o envolvimento destes receptores na indugéo da produgéo

de NO e TNF-a..

Kropf et al.™"

observaram, em experimentos in vivo com camundongos,
o envolvimento do TLR-4 no controle da infec¢do pela L. major, possivelmente,
através da indugdo da expressao da iNOS. A ativacdo da iNOS leva a sintese
de NO e destruicdo da leishmania. Camundongos TLR-4 competentes
apresentaram correlagéo da elevada destruicdo do parasita com aumento da
expressao da INOS, ja camundongos TLR-4 deficientes foram mais
permissivos ao crescimento da leishmania. Neste sentido, esses autores

confirmaram a importancia do TLR-4 no desenvolvimento da resposta imune

inata contra a infeccao pela L. major.

A infecgéo pela leishmania pode estar associada a mutagdes no DNA,
decorrentes de alteragbes na resposta imune, podendo ser responsavel pelo

aumento da suscetibilidade a transformagées malignas'®%"%°.

Tem sido relatado que diversos agentes infecciosos séao
carcinogénicos'% "%, Com base nesses estudos, estimou-se no ano de 2000
que 1,8 milhdes de casos de cancer sdo decorrentes de agentes infecciosos, a
maior parte relacionada a viroses, como a causada pelo Papillomavirus, virus
da hepatite C e, em menor proporc¢éao, as infec¢cdes bacterianas e parasitarias

causadas pelo Mycobacterium sp, Helicobacter pylori (H.pylori) e
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Trypanossoma cruzi (T.cruzi)'®""". Além disso, associagéo entre leishmaniose
e cancer tem sido demonstrada através do envolvimento direto deste parasita
na ocorréncia de lesbes malignas, especialmente de pele e membranas

mucosas e também, como fator que predispde ao cancer %,

O NO é uma importante molécula efetora produzida pela iNOS,
principalmente quando macrofagos sao ativados por citocinas. O mecanismo
de agdo desta molécula para destruir a leishmania ndo estda completamente
elucidado, mas acredita-se que possa atuar, em conjunto com as espécies
reativas do oxigénio para danificar o DNA mitocondrial, proteinas e lipideos''*
5 Este metabdlito pode atuar covalentemente com o ferro intracelular,
reagindo com grupos prostéticos Fe-S de enzimas sensiveis como a
aconatase, complexo | e Il de cadeia de transporte de elétron mitrocondrial,
entre outras, resultando na formacao do complexo ferro-nitrosil, inativagéo e
degradacdo destas enzimas, com conseqlente parada da replicagcdo do
parasita. Outro efeito leishmanicida do NO é a fragmentagdo do DNA,
caracteristica do processo de morte celular programada ou apoptose”G. Desta
forma, estudos tém demonstrado que o controle da infec¢ao pela leishmania é

dependente da produgdo de NO**'7

No entanto, a elevada expressado da
iINOs em resposta a estimulos inflamatérios, resulta na producéo de elevadas
quantidades de NO, sendo este processo envolvido na patogénese da

leishmaniose'®.

Varios estudos tém verificado que o NO é produzido primariamente para
atacar microrganismos ou outros corpos estranhos por nitragdo, oxidagcéo e

clorinacao®'"®. Entretanto, a expressdo da iNOs e geracdo de niveis elevados
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de NO durante a inflamagédo podem causar alteragbes no DNA da célula
infectada, como também induzir danos em células adjacentes do hospedeiro.
Acumulo de danos no DNA, ao longo do tempo, pode causar modificagdes nas
células, as quais podem tornar-se mutagénicas ou carcinogénicas'?°. Varios
estudos tém relatado a capacidade de o NO promover mudangas no DNA

através da oxidacdo do DNA e nitrosilacéo protéica 19121124,

Na leishmaniose cutanea, Kocyigit et al.> mostraram que os radicais do
oxigénio produzidos pelo hospedeiro, durante a infec¢do, induziram danos no
DNA em células infectadas ou adjacentes. Em modelo experimental de
infeccdo aguda com T.cruzi foram observados niveis elevados de danos no
DNA, detectados pelo ensaio do cometa em células do bago e coragédo de
camundongos, indicando que provavelmente, os altos niveis de NO detectados

estariam relacionados com tais danos'%.

Em conjunto, a analise dos trabalhos da literatura mostra, de forma
consistente, que o perfil de citocinas presente na interagdo entre hospedeiro e
leishmania pode ser eficiente para eliminacdo do parasita ou permitir sua
multiplicagc&o nos tecidos do hospedeiro, causando doencga progressiva. Apesar
dos mecanismos celulares e moleculares desse processo ndo estarem
totalmente compreendidos, nos ultimos anos, trabalhos tém mostrado o
envolvimento dos TLRs na interagdo parasita-hospedeiro. No entanto, ndo
existem na leishmaniose visceral, estudos com o objetivo de avaliar a
expressao desses receptores, correlacionando com a producéo de citocinas e
NO durante a infecgdo. Além disso, ndo ha relatos na literatura a respeito de

alteragdes genotodxicas causadas pela L.chagasi.
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Abstract

Toll-like receptors (TLRs) present in innate immune cells recognize pathogen
molecules and influence on immunity to control the host-parasite interaction.
Our objective was to evaluate the mRNA expression of TLR-2 and 4,
expression and production of IL-12, IFN-y, TNF-a, IL-17, IL-10 and TGF-$ and
NO production during infection with Leishmania chagasi and correlate TLR2
and 4 expressions with cytokines production and NO. Infection resulted in
increased TLR2, TLR4, IL-17, TNF-a and TGF-3 expression at the beginning of
infection, with a decrease at the final phase in according the parasitic load; IFN-
vy and IL-12 decreased at the peak of parasitemia and increased at the final
phase; IL-10 increased during the whole period under analysis. With respect to
cytokines and NO production, TGF-f, TNF-a and IL-17 showed high rates at the
initial phase, and IFN-y and IL-12 showed high rates at the final phase; IL-10
and NO showed increasing production during the infection period evaluated.
There was a positive correlation of TLR2 and 4 with TNF-a, IL-17, NO, IL-10
and TGF-B at the beginning of infection, and with TNF-a, IL-17 and TGF-B at
the end. Our data suggest that L. chagasi was in contact with host’s cells via
TLR2 and 4, which resulted in cytokine modulation. This interaction could be

considered as pathogenic mechanism in visceral leishmaniasis.

Keywords: Leishmania chagasi - cytokines - TLR2 - TLR4
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Introduction

Leishmaniasis still represents a serious public-health problem. It is
endemic in 88 countries, affecting 12 million people worldwide. Its visceral form,
caused by L. donovani, L. infantum and L. chagasi (species present in Brazil), is
prevalent in tropical and subtropical regions, and 90% of cases occur in
Bangladesh, Brazil, India, Nepal and Sudan (Desjeux 2001, Verma et al. 2010,
Goto & Prianti 2009). The infection may be asymptomatic, oligosymptomatic or
progressive, and the most severe cases result in splenomegalia, fever,
pancytopenia, hypergammaglobulinemia and weight loss (Badaro et al. 1986).
During active visceral leishmaniasis, the parasite multiplies within cells of the
mononuclear phagocyte system in the spleen, liver and bone marrow, thus

becoming fatal if untreated (Goto & Prianti 2009).

Protective immunity is associated with efficient cellular response and
the production of cytokines such as IL-12, IFN-y and TNF-a. (Dye 1996, Pinelli
et al. 1995). Initially, after promastigote phagocytosis, dendritic cells and
macrophages release IL-12, which stimulates NK cells to precociously secrete
IFN-y. The latter induces differentiation and proliferation of TCD4'Th1 cells,
which will produce more IFN-y (Cunningham 2002). This cytokine is responsible
for activating macrophages. They begin to produce TNF-o, which acts in
synergism with IFN-y, thus increasing phagocytosis and inducing leishmanicidal
activity by these cells through the production of metabolites from nitrogen (NO)

and oxygen (Cunningham 2002, Ray et al. 2000, Belosevic et al. 1989, Bodgan
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et al. 1990, Liew et al. 1990, Theodos et al. 1991, Wilhelm et al. 2001). On the
other hand, susceptibility in leishmaniasis is associated with the Th2 profile,
characterized by the predominance of the humoral response and cytokine
production, such as that of IL-4 and IL-10 (Agnello et al. 2003, Sharma & Singh
2009). Immunoregulatory mechanisms, which favor the pathogen’s resistance,
immunopathologic control and establishment of chronic infection, occur when
another population of cells, referred to as Treg, prevails. Such cells produce
macrophage-deactivating cytokines, such as IL-10 and TGF-B, and are
responsible for subregulating the Th1 and Th2 responses (Sharma & Singh
2009, Nylén et al. 2007, Belkaid et al. 2002, Suffia et al. 2006, Gantt et al.
2003). At present, the Th1 and Th2 paradigm is being reconsidered following
the discovery of a novel lineage of effector CD4" T helper lymphocytes, called
Th17 cells, wich produce IL-17 A and F, IL-21, IL-22, IL-23, IL-26 and TNF-a
(Guedes et al. 2010, Dong 2008). The Th17 has been linked to the
pathogenesis of several diseases inflammatory and autoimmune diseases, such
as psoriasis, rheumatoid arthritis, colitis and toxoplasmosis (Guedes et al. 2010,
Tesmer 2008). Only a few studies have assessed the role of IL-17 in protozoan
infection, and it is not known whether this cytokine participates as defense

mechanisms or in pathogenesis of these infections (Bacellar et al. 2009)

The specific detection of microorganisms by innate immunity cells is
mediated by pattern recognition receptors (PRRs), germ line-encoded receptors
that recognize microbial structures referred to as pathogen-associated
molecular pattern (PAMPs) (Medzhitov 2007). Toll-Like Receptors (TLR) are

essential PRR that mediate recognition of microbicidal structures, such as those
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of parasites, as well as to induce the subsequent inflammatory and adaptive
responses (Tuon et al. 2008). Some studies have shown the recognition of
leishmania molecules by some members of TLRs (de Veer et al. 2003, Becker
et al. 2003, Flandin et al. 2006). For instance, LPG of L. major stimulated
macrophages to secrete cytokines, such as IL-12 and TNF-a, by bonding to
TLR2 (de Veer et al. 2003). Another study has also shown that IFN-y-stimulated
macrophages induced TLR-2 and 3 expression, which participated in the
recognition of promastigote forms of L. donovani. Additionally, the involvement
of such receptors in the induction of NO and TNF-a production has been shown
(Flandin et al. 2006). Similarly, Kropf et al. (2004) observed, in in-vivo
experiments with mice, the involvement of TLR-4 in the control of L. major

infection through iINOS increase, thus inducing NO synthesis.

In view of such observations and in the absence of information during
experimental visceral leishmaniasis infection, studies conducted to evaluate the
association between TLRs and cytokines of the Th1, Th2 and Th17 profiles
during L. chagasi infection may contribute to a better understanding of the
parasite/host relationship in that disease. This study aimed at evaluating the
expression of TLR2 and 4, the expression and production of IL-12, IFN-y, TNF-
o, IL-17, IL-10, TGF-B, the production of NO and at correlating the results
obtained from the expression of TLR2 and 4 with cytokine and NO production

during infection with L. chagasi.
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Materials and Methods

Animals, parasites and experimental infection - Balb/c female mice aged
8-10 weeks old were obtained from the breeding colony of the Tropical Disease
Department. All animals received sterile water and food ad libitum throughout
the experiment. All the procedures involving animals and their care were
conducted in conformity with National and International Guidelines and were
approved by the Ethics Committee for Animal Experimentation of the Botucatu
School of Medicine - Unesp. The mice were divided into two groups: infected
with L. chagasi (G2) and non-infected (G1). The animals were infected
intravenously with a concentration of 1x10” amastigotes/ml of L. chagasi, strain
M6445, in a final volume of 0.1 ml per animal. The moments of sacrifice of the
animals were determined by the previously estimated parasitic load. Five
animals from each group were euthanized at days 1 (24 hours after infection,
beginning of the acute phase), 3, 7, 14, 21, 28 (parasitemia peak), 35 (moment

of decrease, beginning of the chronic phase) and 42.

Cytokine quantification (ELISA) - Cytokine production was assayed in the
spleen, and tissue fragments were added to vials containing PBS (50 mg/ml)
with a protease inhibitor cocktail (Complete, Roche). The tissue fragments were
macerated, centrifuged, and the supernatants collected for cytokine
quantification. The ELISA sets were IL-17, IL-10, IFN-y, TNF-a, IL-12 and TGF-
B (R&D, Minneapolis, MN), and procedures were performed according to the

manufacturers’ instructions. Optical densities were measured at 450 nm.
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Results are expressed as picograms per milliliter. The limits of sensitivity for the
different assays were as follows: IL-17, IL-10, TGF- and TNF-a: 15 pg/ml; IFN-

v: 50 pg/ml and IL-12: 5 pg/ml.

Quantification of cytokines by Real-Time PCR assay - Total RNA from
the splenic tissue was isolated using the TRIZOL reagent (Invitrogen) according
to the manufacturers’ instructions. cDNA was synthesized using 1 pg of total
RNA through a reverse transcription reaction (ImProm-ll TM Reverse
Transcriptase, Promega). Real-time PCR quantitative mRNA analyses were
performed in an ABI Prism 7300 SDS (Applied Biosystems) using the Applied
Biosystems Power Sybr® Green for quantification of amplicons. The standard
PCR conditions were as follows: 95°C (10 min); 40 cycles of 95°C (15 s) and
60°C (1 min); followed by a standard denaturation curve. Real-Time PCR
quantitative mRNA analyses were performed with the standard curve method,
using sequences of mice primers present in the GenBank database (Table 1).
The mRNA expression of cytokines was normalized to the level of B-actin

mMRNA.
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Table | - Primers used in RT-PCR

Gene Primers Sequence
IL-12pd0  F1 (foward) 5 CCCAAG CAGGCCACAGAATTG AAAT
R2 (reverse) 5 -AGT CAAATC CAG AAC ATG CCG CAG3’
IL-10 F1 (foweard) 5 -GCC AAG CCTTAT CGG AAA TGS’
R2 (reverse) 5 -CAC CCA GGG AAT TCA AAT GC-3°
INF-¥ F1 (foward) 5 -AGA GGATGG TTTGCATCT GGG TCA-Y
R2 (reverse) 5 -ACAACGCTATGCAGCTTGTTC GTG-3°
TNF-  F1 (foward) 5 -CAT CTT CTC AAA ATT CGA GTG ACA A-Y
R2 (reverse) 5 TGG GAGTAG ACA AGG TAC AAC CCT
TGF$ F1 (foward) 5 -AAC AATTCC TGG CGT TAC CTT-3
R2 (reverse) 5 CTGCCGTAC AACTCCAGTGA 3
IL-17 F1 (foweard) 5 -ACC GCA ATG AAG ACC CTG AT -3
R2 (reverse) 5 -TCC CTCCGC ATT GAC ACA-3
TLR-2 F1 (foweard) 5 -TGT CTC CAC AAGCGG GACTT -3
R2 (reverse) 5 -TTC GAT GGA ATC GAT GAT GTT G -3
TLR-4 F1 (foweard) 5 -TGA CAG GAA ACC CTATCC AGA GTT3’
R2 (reverse) 5 -TCT CCA CAG CCA CCA GATTCT3
B-actina F1 (foward) 5 -AGA GGG AAATCGTGC GTG AC-3’

R2 (reverse)

B -CAATAGTGATGA CCT GGC CGT-3

Parasitic load - Parasitic load was determined by the microtitration

technique in culture so that the moment of animal sacrifice could be defined.

Fragments of the spleen and liver were weighed and then homogenized with a

tissue titrator in 4ml of Schneider’s drosophila medium, supplemented with 20%

fetal bovine serum, inactivated by heating to 56°C for 30 minutes, penicillin

(100U/ml), and streptomycin (50mg/ml). Under sterile conditions, wells in 96-

well microtitration plates with 225ul of culture medium were prepared with

successive 4:1 ratio dilutions, varying from 1 to 0.25x10°. These were
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incubated for 7 to 15 days at 26°C-28°C in a 5% CO, atmosphere, and then
examined by an inverted microscope at 100x or 200x magnification. Positive
titrate was considered with at least one parasite in the last dilution, which was

used for parasitic load quantification as per Buffet et al. (1995).

Determination of nitric oxide (NO) production - NOy production was
evaluated by the colorimetric method based on Griess Reaction (Green et al.
1982). The same volume (100 ul) of the Griess Reagent, which contains NEED
0.1% (n-(1-naphthyl)ethylenediamine — Sigma Co. USA) diluted in distilled
water and sulphanilamide (Sigma Co. USA) diluted in 5% H3;PO,4, was added to
the supernatants obtained from the microcultures (100 Ul) of macrophages. The
two reagents were mixed in similar volumes at the moment of reaction, and the
samples (triplicates) were read by an automatic ELISA reader with a
wavelength of 540 nm against a blank constituted by Griess Reagent. The
results were expressed in micromoles of NO,/1 x 10° cells from the standard
curve established in each assay with known molar concentrations of NO;

varying from 200 to 0.39 uM.

Statistical analysis - Results were statistically analyzed by ANOVA using
the Graphpad Software (Graf Pad Instat 3.05, San Diego, CA, USA) and
compared by the Tukey-Kramer Test. Spearman analysis was performed for
correlation analysis between TLR2 and TLR4, with IL-12, IFN-y, TNF-a, TGF-p,

IL-10, IL-17 and NO. Significance was set at p<0.05
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Results

Infection pattern in Balb/c mice infected with L. chagasi - Infection
progression in Balb/c mice infected intravenously was measured by the total
parasitic load in the spleen. Results showed that the parasitic load presented
slight increase until the 7™ day, greater increase on 14" day, a parasitemia

peak on the 28" day and decrease from the 35" day p.i. (Figure 1).

25
20
15

14

baco

Parasite load {(107amatigotes/ml)

Days pi

Fig. 1: Total parasitic load in the spleen of Balb/c mice during the course of visceral
infection with L. chagasi. The data means are representative of two independent

experiments (Five mice per group).
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L. chagasi induced mRNA expression of TLR2 and 4 - In order to
determine whether the infection with L. chagasi had an effect on the expression
of TLR2 and 4, mRNA levels were evaluated. Infection with L. chagasi induced
greater mRNA expression of TLR4 at all studied moments when compared to
G1. mRNA expression of this receptor in G2 was significantly higher on days 1,
3,7, 14 and 21 and 28 p.i. in relation to days, 35 and 42 (Fig. 2A). The animals
in G2 also showed higher mRNA expression of TLR2 in relation to G1 at all
studied moments. In G2, TLR2 mRNA expression was significantly higher on
days 14, 21 and 28 p.i. It was also observed that, at the beginning of infection
(days 1, 3 and 7), the expression of such receptor was higher than that on days

35 and 42 p.i. (Fig. 2B).

log 1E+09 . = - * log 1000000

*y

1000000

mG1 1000 mG1

mG2 mG2

1000

TLR-4 m RNA expression
TLR-2 m RNAM expression

7 4 2 2 42
1 2 ! 4 ¢ S 1 3 7 14 21 28 35 42

A Days pi B Days pi

Fig. 2: mRNA expression of Toll-Like Receptors 2 and 4 during L. chagasi infection.
TLR 2 and 4 were quantified in the splenocytes of infected (G2) and non-infected (G1)
Balb/c mice by Real-Time (PCR) on days 1, 3, 7, 14, 21, 28, 35 and 42 p.i. The data
(mean + SEM) are representative of two independent experiments (five mice per

group). Statistically significance between groups is indicated.*p<0,05 vs G1; # p<0,05
vs G2 1-28;0 p<0,05 vs G2 1-28; + p<0,05 vs G2 1-7, 35 and 42.
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MRNA expression and the production of proinflammatory cytokines and
Th17 during infection with L. chagasi - Given that IFN-y and IL-12 have been
considered to be the major protective cytokines in visceral leishmaniasis, in
addition to the observation that TNF-a and IL-17 show an inflammatory role in
several parasitic infections, we investigated the expression of such cytokines
during the period of infection evaluated. In G2, high IFN-y mRNA expression
was detected in relation to G1 from the 3™ to the 14™ days and to the end of
infection (35" and 42" days), with higher mRNA expression on days 3, 7 and
14, followed by days 35 and 42 p.i. Production in G2 showed to be similar at the
beginning, lower from the 14™ to the 28" days and higher at the end of infection
(35" and 42" days) when compared to that in G1. The highest IFN-y production
occurred on the 42™ day p.i. With respect to IL-12, mRNA expression was
significantly higher in G2 if compared to G1 during the period of infection
evaluated. In G2, mRNA expression increased from the 1% to the 21" days p.i.
and decreased on the 28™ day p.i. Such expression was significantly higher on
days 14 and 21 in G2 when compared to that on the other days. Higher
expression of such mRNA was also detected on days 28, 35 and 42 if
compared to that at the beginning of infection (days 1 and 3). IL-12 production
in G2 was significantly lower on days 7, 14, 21 and 28 p.i. when compared to
that in G1; and higher on days 35 and 42 p.i. In G2, increased IL-12 production
at the end of infection (days 35 and 42 p.i.) was statistically significant when

compared to that on days 7, 14, 21 and 28 (p<0.001) (Figures 3 A and B).
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Fig. 3: IFN-y and IL-12 mRNA expression and production during Leishmania chagasi
infection. IFN-y and IL-12 were quantified in the splenocytes of infected (G2) and non-
infected (G1) Balb/c mice by Real-Time PCR (A) and ELISA (B) on days 1, 3, 7, 14, 21,
28, 35 and 42 p.i. The data (mean + SEM) are representative of two independent
experiments (five mice per group). Statistically significance between groups is
indicated. k p<0,001 vs G1 and G2 1,21,28; + p <0,001 vs G2 3,7,14; 6 p<0,01 vs G1;
B p<0,05 vs G2 14-28; a p<0,001 vs G1 and G2 1-35; 0 p<0,05 vs G1 and G2; &
p<0,01vs G2 1; % p<0,001 vs G2 1; x p <0,001 vs G2 1, 3; * p<0,001 vs G2 7-28.

High TNF-a and IL-17 expression and production were detected in the
whole period of infection from the 3™ day in relation to G1. In G2, increasingly
higher TNF-a. mRNA production was observed until the 14" day, which
continued until the 28" day. Steady increase was observed in G2 for IL-17
expression and production until the 28" day, with a decrease on days 35 and 42

(end of infection) (Figures 4A e B).
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There was inverse correlation between parasitic load and IFN-y and IL-12

(p<0.05) production, and a direct correlation between parasitic load and IL-17

and TNF-a expression and production (p<0.001) during the infection.
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Fig. 4: TNF-o and IL-17 mRNA expression and production during Leishmania chagasi

infection. TNF-a and IL-17 were quantified in the splenocytes of infected (G2) and non-
infected (G1) Balb/c mice by Real-Time PCR (A) and ELISA (B) on days 1, 3, 7, 14, 21,
28, 35 and 42 p.i. The data (mean + SEM) are representative of two independent

experiments (five mice per group). Statistically significance between groups is
indicated. * p<0,001 vs G1 and G2 1,3,7,35,42; + p < 0,05 vs G1 and G2 1; y p < 0,05
vs G2 7-28; 6 p< 0,01 vs G1 and G2 7-28; # p< 0,01 vs G1 and G2 1,3,35,42; 3 p<0,05
vs G1 and G2 7, 35; a p <0,001 vs G1 and G2 1,3,42; x p <0,01 vs G2 7,35.
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MRNA expression and production of TGF-£ and IL-10 during infection
with L. chagasi - Since the participation of TGF-B and IL-10 in the control of
inflammatory processes and in the persistence of parasites has been
demonstrated, we evaluated the expression and production of such cytokines
during L. chagasi infection. The animals in G2 showed higher mRNA expression
and TGF-f production than that detected for G1 during the whole evaluated
period from the 3™ day over the course of infection, which was followed by a
decrease on days 35 and 42 p.i. Similarly to what occurred to TGF-, mRNA
expression and IL-10 production in G2 were higher from the 3" day and during
the whole period of infection; nevertheless, such increase was steady during the
period of infection evaluated. In G2, the highest IL-10 production occurred on

days 35 and 42 p.i (Figures 5A and B).
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Fig. 5: mRNA expression and production of TGF-f and IL-10 during Leishmania
chagasi infection. TGF-B and IL-10 were quantified in the splenocytes of infected (G2)
and non-infected (G1) Balb/c mice by Real-Time PCR (A) and ELISA (B) on days 1, 3,
7, 14, 21, 28, 35 and 42 pi. The data (mean + SEM) are representative of two
independent experiments (five mice per group). Statistically significance between
groups is indicated. *p<0,001 vs G1 and G2 1, 35, 42; + p<0,001 vs G1 and G2 1-28; &
p<0,05 vs G1 and G2 1; y p<0,01 vs G2 7-28; 0 p<0,001 vs G1 and G2 35,42; # p<0,05
vs G1 and G2 1.
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NO production during L. chagasi infection - NO production by splenic
cells during L. chagasi infection are shown in Figure 5. NO production by
splenic cells in G2 was significantly higher than that by animals in G1 from the
14™ day p.i. In G2, the production of such metabolite was maintained in steady
levels until the 7" day p.i. From the 14" day, such levels increased until the end

of the experiment.

Fig. 6: Nitric oxide (NO) production during Leishmania chagasi infection. NO was
quantified in the splenic macrophages of infected (G2) and non-infected (G1) Balb/c
mice on days 1, 3, 7, 14, 21, 28, 35 and 42 p.i. The data (mean + SEM) are
representative of two independent experiments (five mice per group). Statistically
significance between groups is indicated. *p<0,05 vs G1; x p<0,001 vs G1; 0 p<0,001
vs G2 1-14; + p<0,05 vs G2 21,28.




Capitulo-I 62

Correlation between the expression of TLR2 and 4 and production of
cytokines and NO during L. chagasi infection - The results of the correlation
analysis between the levels of expression of TLR2 and 4 and the production of
cytokines and NO are shown in Tables 2 and 3. A positive correlation was
observed between TLR2 and TNF-a, IL-17, NO, IL-10 and TGF-B at the
beginning of infection and between that receptor and TNF-a, IL-17, TGF-3 at
the end of infection. Also, an inverse correlation was found between TLR2 and
IL-12 and IFN-y at the beginning of infection and between that receptor and IL-
12, IFN-y, NO, and IL-10 at the end. (Table Il). Similar results were obtained for

TLR4 (Table I1I).

TABLE Il — Correlation between the expression of TLR2 and production of cytokines

and NO during L.chagasi infection

TRLZ
1 3 7 14 21 28 35 42
-2 r -037 043 -089 0,87 -083 053 043 -0,6
p 0042 00392 0,018 0,029 0035 0,027 0,017 0,009
[FM -y r -052 -0,21 -058 -0,8 -027 09 0,32 0,22
p 0,028 0067 0,022 0,032 0059 0,002 00053 0,0076
TNF-a r -067 -0,3 0,78% 0,81* 0,9* 0,89 063" 085"
p 0139 0,043 0,047 0,046 0001 0,016 0,047 0,049
IL-17 r -0,26 0482* 0,98* 0,63* 0,79* 0,88% 0,25" 0,1*
p 066 0044 0,001 0,046 0,048 0,019 0,048 0,045
IL-10 r -049 04 0,933 08" 007 0,81 059 054
p 0,318 0,342 0,006 0,045 0005 0,049 021 0,26
TGFH r -0,02 097* 0,26 0,89* -032 0,595 067 085"
p 0,955 0,009 0,045 0,017 005 0,002 0,013 0,016
NO r 0,69 044 0,78 0,13* 093 0,98 0,04 0,83
p 0127 097 0,001 0,007 0007 0,005 0,009 0,037

* Statistically significant differences among expression of TLR2 and production of cytokine and NO are shown as
p<0,05
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TABLE lll — Correlation between the expression of TLR4 and production of cytokines
and NO during L.chagasi infection

TLR4
1 3 7 14 21 28 35 42
IL-12  r -015 -0,73 042 06 -0,73 0,25 095 0,99
B 077 003 004 0013 0049 0016 0,002 0,001
[FM-y r 0,016 -0,87 096 -0597 -086 096 -099 0,52
[ 0,098 0,024 0,022 0,00 0,025 0001 0,028 0,047
TNF-a r 0,2 0,76 1" 0,95* 0,11 0,71* 066" 0,127

[ 0695 0,05 0001 0,002 0,049 0046 0,014 0,049
IL-17 r -0,26 0,78* 0,65 0,84* 0,78 098 0,84 0,777
[ 061 0,047 0034 0,035 0,048 0,004 0,009 0,006
IL-10 r -0,85 0,97 0,78% 0,58* 0,98 095 -088 0,97
p 0,029 0,009 0006 0,022 0003 0003 0019 0,007
TGFH r -0,48 0,49 08 098 -032 40,95 067" 0,327
[ 032 0,03 0047 0,02 0,037 0001 0,013 0,048
NO r -0,9% -0,72 021% 043* 0,58* 088" -098 0,2

4 0001 0,102 0001 0038 0022 002 0,006 0,0069

* Statistically significant differences among expression of TLR4 and production of cytokine and NO are shown as
p<0,05
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Discussion

Although studies have suggested an involvement of TLRs in the initial
interation of Leishmania with the immune system, the role played by TLRs in
visceral leismaniasis is still unclear. In this context, we aimed at evaluating the
expression of TLR2 and 4, expression and production of IFN-y, TNF-a, IL-17,
IL-10, TGF-B and production of NO during the acute and chronic phases of L.
chagasi infection in Balb/c mice. Additionally, we correlated the expression of
receptors with the production of cytokines and of NO. It was found that L.
chagasi induced mRNA expression of TLR2 and 4 during the period of infection
evaluated, thus indicating that they are likely to be involved in parasitic
recognition. These results are in agreement with others showing that the
parasite binds to both TLR2 and 4 to enter the host’s cell (Kropf et al. 2004,
Flandin et al. 2006) We also found that, at the peak of parasitemia, there was
higher expression of TLR4 and particularly of TLR2. A possible explanation for
this result is that the parasite and/or cytokines can modulate the expression of
these receptors. Hence, at the very beginning of infection, parasites interact
with cells, thus activating them through TLR2 and 4 and, consequently, this
activation process increases the expression of such receptors. This idea is
supported by studies showing that the LPG from L. major is recognized by
TLR2 on NK cells, leading their activation with consequent increase in TLR2
levels on cells surface (Becker et al 2003). Additionally, macrophages activated
by IFN-y showed higher TLR2 expression on their surface (Flo et al. 2001). In
an experimental model of neurocysticercosis, increased TLRs 11-13 expression

was observed in the acute phase as compared to the chronic phase. Acute
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infection was associated with the Th1 response. However, a Th1/Th2 response
pattern was detected in the chronic phase and associated with decrease in
expression of these receptors, thus contributing to reduce tissue damage

induced by excessive inflammation (Bibhuti et al. 2008).

We also found that L. chagasi infection resulted in cytokine modulation.
The mechanism responsible for cytokine production probably involves TLRs.
Parasite components lead to the activation of TLR2 and 4, with the resulting
production of cytokines (Tuon et al. 2008). With respect to IL-12 and IFN-y, it
was found that, although the expression of such cytokines was high in the
infected animals, production by cells during the initial phase of infection
remained low and smaller in relation to non-infected animals. These findings
can be explained by the fact that the process of translation of those cytokines
was prevented, and the mRNA transcribed from the specific DNA sequence of
IL-12 and IFN-y was not decoded to specify the synthesis of these cytokines
(proteins) (Maier et al. 2009). Our results show that low IL-12 and IFN-y
production was followed by high parasitic load; hence, the high parasitic load
observed at the beginning and in the intermediate phase of infection may be
due to the low release of these cytokines by cells. On the other hand, the
decreased parasitic load in the chronic phase would be related to the increased
production of such cytokines. These results are in agreement with others
showing that protective role played by IL-12 and IFN-y during leishmania
infection by promoting the Th1 response in addition to controlling parasitic
replication and resolving the infection (Cummings et al. 2010, Watford et al.
2004, Hernandez-Pando et al. 1997). Some studies have shown low or absent

IFN-y or IL-12 production in the supernatant of PBMC culture stimulated with




Capitulo-I 66

leishmania antigen, according to our results (Cillari et al. 1995, Ghalib et al.
1995, Kumar et al. 2001) At the beginning of infection, high IL-12 and IFN-y
MRNA expression was detected, and it was not translated into production. This
may have occurred due to the action of suppressive mechanisms, such as
soluble factors, different cell types and interactions among cytokines. The
presence of such mechanisms was shown in studies using peripheral blood
mononuclear cells (PBMC) (Barral et al. 1986, Carvalho et al. 1989, Bacellar et

al. 1996).

In this study, it was also shown that L. chagasi infection resulted in
MRNA expression and IL-17 production, which followed the profile of the
parasitic load, showing a response characteristic that was opposite to that of
IFN-y and of IL-12. Additionally, in a previous study (unpublished data) using the
same infection model a direct correlation between IL-17 and TNF-a and IL-6
was observed. They were related to an intense inflammatory process and tissue
damage. Hence, our results suggest that IL-17 is not involved in infection
control, but in the pathogenesis mechanisms leading to disease development.
These results are in agreement with those from other studies showing that, in
experimental infection of susceptible Balb/c animals with Leishmania major,
there was high IL-17 production as compared to resistant C57BL/6 animals.
They also showed that the development of lesions and susceptibility to infection
would be related to IL-17 production, resulting in a larger recruitment of
neutrophils to asymptomatic sites, since Balb/c mice had failed in lesion to
exacerbation of the lesions, but also showed similar IFN-y and IL-10 production
levels (Anderson et al. 2009, Kostka et al. 2009). In relation to TNF-a levels,

they also followed the parasitic load profile. Such cytokine is essential for
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normal response associated with parasite elimination; however, its excessive or
inappropriate production may cause damage to the host (Bradley 2008, Robak
et al. 1998). With this regard, in a study on visceral leishmaniasis, high TNF-a
concentrations were related to disease progression (Kaye et al. 2004).
Additionally, TNF-a inhibition healed ulcers in patients with American cutaneous
leishmaniasis (Ribeiro de Jesus et al. 2008). According to these studies, our
results also suggest that TNF-a is not involved to protection, but to tissue
damage and pathogenesis. NO production increased during infection, and,
similarly, the presence of a large amount of NO was reported in the supernatant
of murine macrophages infected with L. chagasi and stimulated with IFN-y,
which reflects the importance of that effector molecule in leishmanicidal activity
(Gantt et al. 2001). Although the levels of such metabolite were high at the
beginning o infection, such increase did not result in parasite destruction in the
initial phase. Such destruction occurred only at the beginning of the chronic
phase, probably when the levels of that molecule sufficiently increased to

eliminate the parasites.

In leishmaniasis, as in other infections, IL-10 and TGF-B have been
identified as important cytokines involved in the homeostatic mechanism,
limiting the tissue damage caused by extensive inflammation. Nevertheless,
they also favor pathogenic persistence (Belkaid et al. 2001). In visceral
leishmaniasis, IL-10 has been detected in lymph nodes, serum and the spleen
(Cillari et al. 1995, Ghalib et al. 1995, Ansari et al. 2006, Kenney et al. 1998).
These findings are in agreement with our results, which show the presence of
high IL-10 levels in the spleen, particularly at the end of infection. However, at

the beginning of infection, lower IL-10 levels, but still higher than those in non-
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infected animals, were detected, in addition to low IFN-y and IL-12 levels. This
suggests the involvement of IL-10 in the suppression of these cytokines, a
process that probably did not occur, since IFN-y and IL-12 production at the end
of infection were high, despite the high IL-10 levels. With respect to TGF-j,
results show that, besides its involvement in IL-17 induction together with IL-6, it
may also be related to suppression of protective mechanisms, acting directly or
indirectly on IFN-y and IL-12 production, since high TGF-B levels were detected
at the beginning of infection, followed by low IFN-y and IL-12 production, and
the opposite occurred at the end. High mRNA expression and TGF-f3 production
were also detected in the spleen, and according to our results, it was associated

with suppressive mechanisms (Nylén et al. 2007, Li et al. 1999).

In summary, our findings suggest that TLR2 and 4 play an important role
in cytokine modulation, as shown by the high production of TNF-a, IL-17, NO,
IL-10 and TGF-B, in agreement with the high expression of TLR2 and 4 at the
beginning of infection (acute phase) and low production of TNF-a, IL-17 and
TGF-B at the end (chronic phase), in agreement with the lower expression of
these receptors. Our study points to the idea that L. chagasi interaction with
cells via TLR2 and 4 could be considered as a pathogenicity mechanism of this
parasite, which would use the host receptors of innate immunity to infect cells

and to guarantee its own multiplication.
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Abstract

Leishmania chagasi, which causes visceral leishmaniasis in South America, is
an obligate intracellular protozoan. Nitric oxide (NO), produced by macrophages
during inflammatory response, is one of the main microbicide mechanisms
involved in the process of destroying this parasite. However, there is no
information on DNA damage caused by L. chagasi and NO'’s involvement in this
process. Thus, the purpose of this work was to evaluate whether L. chagasi
infection can cause DNA damage in peripheral blood and spleen cells of Balb/c
mice, and whether this damage is related to NO production. Balb/c mice were
distributed into two groups: Control (non-infected) and infected with L. chagasi.
Single-cell gel electrophoresis (also known as comet assay) was used to
measure DNA damage in peripheral blood and spleen cells, and Griess reaction
to determine NO production in the spleen. The results obtained showed that L.
chagasi was able to induce DNA damage in peripheral blood and spleen cells of
infected mice. In relation to NO, macrophages from control group challenged
with L. chagasi showed a significant production (p<0,05) when compared to that
obtained with non-challenged cells with parasite. Treatment of spleen cells with
NG-monomethyl-L-arginine (LNMMA) induced significant reduction of NO and
DNA damage in these cells (p<0,05). Taken together, our results indicate that L.
chagasi induces high levels of DNA damage in peripheral blood and spleen cells
and NO not only cause the killing of the parasite, but also induce high levels of

DNA damage in adjacent cells.

Keywords: Leishmania chagasi, DNA damage, NO production
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1. Introduction

Visceral leishmaniasis is generally caused by Leishmania donovani and
Leishmania infantum, in the Old World, and Leishmania chagasi, in the New
World, including Brazil. It is a widely distributed endemic zoonosis, found in 88
countries around the world, with a prevalence exceeding 12 million individuals
[1]. Infection leads to a variety of outcomes ranging from asymptomatic infection
to active disease, which is characterized by fevers, cachexia,

hepatosplenomegaly and suppressed immune response [2].

It has been reported that various infectious agents are carcinogenic to
humans. Based on these studies, it is estimated that almost 8-17% of global
cancers burden are caused by infectious agents, the majority related to viruses
such as Papillomavirus, hepatitis C, and in lesser proportions by infectious
bacteria and parasites caused by Mycobacterium, Helicobacter pylori, and
Trypanossoma cruzi [3-6]. Association between leishmaniasis and cancer has
been demonstrated through its direct involvement in the occurrence of
malignant lesions, especially of the skin and mucous membranes, and also as a

predisposing factor for cancer [7, 8, 6].

Control and protection against Leishmania infection are mediated by Th1
type response, and IFN-y secreted by Th1 cells is the most potent macrophage
activating cytokine leading to host resistance to infection with Leishmania
parasites [9]. The generation of nitric oxide (NO) through the up regulation of
inducible NO synthase by IFN-y and TNF-q, is the critical macrophage effector
mechanism involved in the control of parasite replication [5, 6, 10]. NO is
synthesized when L-arginine is converted to citrulline by inducible nitric oxide

synthase (iNOs) enzyme activity. N®-monomethl-L-arginine (L-NMMA) inhibits
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this conversion increasing amastigote survival and replication in murine
macrophages [11], as well as increasing lesion size and parasite load, and also
induce the immediate reactivation of infection in resistant animals. The
mechanism by which NO action destroys this parasite is not fully established
[12, 13], but it is believed to act with reactive oxygen intermediates to damage
mitochondrial DNA, proteins, and lipids [14]. NO can act covalently with
intracellular iron, reacting with prosthetic Fe-S groups of sensitive enzymes,
such as aconatase, mitochondrial electron transport chain complex | and Il,
among others, resulting in the formation of ferrous-nitrosyl, deactivation and
degradation of these enzymes, with a consequent stop in replication. In this way
studies have shown that control of Leishmania infection is dependent on NO
production [9]. However, elevated iINOs expression in response to an
inflammatory stimulus, results in the production of high NO levels, the process
involved in leishmaniasis pathogenesis [15]. It has also been suggested that
iINOs expression and elevated NO generation during inflammation can cause
host cell damage and also induce alterations in host DNA. Accumulation of DNA
damage over time can cause changes in cells, making them mutagenic or
carcinogenic [16]. Studies have reported NO’s involvement to promote changes

in DNA through DNA oxidation and protein nitrosilation [17- 19].

Considering the strong evidence linking NO production, DNA damage,
and carcinogenesis [20], and although there are various studies demonstrating
the role of NO in visceral leishmaniasis pathogenesis, there is no report in the
literature on DNA damage mainly caused by L. chagasi. Thus, the purpose of
present study was to evaluate whether infection by L .chagasi can cause DNA
damage in peripheral blood and spleen cells from Balb/c mice and if this

damage is related to NO production.
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2. Materials and methods

2.1 Experimental groups

Twenty 8-12 week old isogenic female Balb/c mice were used; they were
kept at the Tropical Diseases Research Laboratory Animal Centre, Department
of Tropical Diseases, Botucatu School of Medicine. They weighed approximately
30g and were kept in an environment at 25°C-27°C, with a 12h day 12h night
cycle with food and water ad libitum. Animals were distributed into two groups:
G1 (control): non-infected animals; and G2: animals infected with Leishmania
chagasi. The Ethical Committee for Animal Research, Botucatu Medical School

(UNESP), approved the experimental protocols.

2.2. Determining parasite load to define moment of sacrifice

Parasite load was determined by microtitration technique in culture so that
animal sacrifice moment could be defined. Fragments of the spleen were
weighed and then homogenized with a tissue titrator in 4ml of Schneider's
drosophila medium, supplemented with 20% fetal bovine serum, inactivated by
heating to 56°C for 30 minutes, penicillin (100U/ml), and streptomycin
(50mg/ml). Under sterile conditions, wells in 96 well microtitration plates with
225ul of culture medium were prepared with successive 4:1 ratio dilutions,
varying from 1 to 0.25x107°. These were incubated for 7 to 15 days at 26°C-28°C
in a 5% CO, atmosphere, and then examined by inveted microscope at 100x or
200x magnification. Positive titrate was considered with at least one parasite in
the last dilution, which was used for parasite load quantification as per Buffet et

al [21].
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2.3. Infection of animals

Amastigotes forms of L. chagasi (cepa M6445) were supplied by Sao
Paulo Institute of Tropical Medicine Protozoology Laboratory — USP School of
Medicine, maintained in hamster at the Tropical Diseases Research Laboratory
Animal Centre, Department of Tropical Diseases, Botucatu School of Medicine —
UNESP, and obtained from infected hamster spleen. The mice were infected by
intravenous route with a concentration of 1x10’ amastigotes/ml in a final volume

of 0.1ml per animal [22].

After 28 days infection (peak parasitemia), 10 animals from each group
were sacrificed by intraperitonal administration of 0.4% sodium pentobarbital
(1ml/Kg). The thoracic cavity was exposed, and cardiac puncture performed to
collect blood (1ml). Then the spleen was aseptically removed for the

experiments of DNA damage.

2.4. Isolation and culture of spleen cells

After spleen removal from each animal, splenocytes were isolated as per
Fenech et al. [23]. Briefly, spleen cells were disrupted in endotoxin-free RPMI
1640 (Sigma, ST Louis, MO, USA), supplemented with 10% heat-inactivated
fetal calf serum (Hyclone, Logan, UT), penicillin (100U/ml), and streptomycin
(100pl/ml). Cell suspensions were collected, and 10 ul of this suspension was
used for experiments on DNA damage in G1 and G2. Later, the splenocytes
from group G1 were isolated using the Ficoll-Hypaque gradient method.

Splenocytes were then washed twice in RPMI containing heat-inactivated fetal
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calf serum, added to 96-well flat-bottom tissue culture plates (Nunc, Life Tech.
Inc., Maruland, MA, USA) at 1x1 06 cells/mL, and cultured for 24h in the presence
or absence of N(G)-monomethyl-L-arginine (LNMMA), 500uM, the nitric oxide
inhibitor (Sigma, ST Louis, MO, USA) and in the presence or absence of 1x10*
epimastigotes of L. chagasi, at 37°C in a humidified 5% CO, atmosphere. These

experiments were conducted to evaluate the role of NO in DNA damage

2.5. DNA damage

The protocol used for both peripheral blood and spleen cells was as per
Sasaki et al. [24] with some modifications. Namely, 10ul of peripheral blood and
spleen cells were added to in 120ul 0.5% low melting point agarose at 37°C and
added to slides previously covered with 1.5% regular agarose, and covered with
a coverslip. After solidifying agarose in a refrigerator, coverslips were removed
and slides immersed in a lysis solution (2.5M NaCl, 100mM EDTA, 10mM Tris-
HCI buffer, pH10, 1% sodium sarcosinate with 1% Triton X-100, and 10%
DMSO) for one hour. Prior to electrophoresis, slides were washed in PBS and
placed in alkaline solution (pH>13) for 20 minutes, then submitted to
electrophoresis for 20 minutes at 25V, 300mA. After electrophoresis, slides were
neutralized with 0.4M Tris-HCI buffer (pH7.5), fixed in absolute ethanol and
stored awaiting analysis. Independently, positive controls (blood and spleen
cells) were treated with 100uM H,0, for 5 minutes, in triplicate, to ensure assay
sensitivity and reproducibility. All steps were performed under low light

conditions. Slides were stained with ethidium bromide (100ul per slide at
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20pl/mL). A total of 50 nucleoids per slide were examined at 400x magnification
using an immunofluorescence microscope connected to an image analysis
system (Comet Assay I, Perceptive Instruments, Haverhill, Suffolk, UK). DNA
damage was measured by analysing “tail intensity” (% of migrated DNA) and tail
moment [the product of tail length (DNA migration) and fraction of DNA in the
comet tail, i.e. % DNA in the tail] [25]. As the groups showed statistical
differences between these parameters, we chose “tail moment” to present our

results.

2.6. Macrophage NO production

NO production was quantified by the accumulation of nitrite in
supernatants using the standard Griess assay [26]. Briefly, 100ul of the collected
supernatants were mixed with an equal volume of Griess reagent (1%
sulfanilamide) (Sigma, ST Louis, MO, USA) diluted in 5% H3PO4, and 0.1%
Naphthylethylenediamine (Sigma, ST Louis, MO, USA) in 96-well flat-bottom
tissue culture plates (Nunc, Life Tech. Inc., Maruland, MA, USA). Absorbance at
540nm was determined by ELISA reader. Conversion of absorbance to
micromolar concentrations of NO was obtained using a standard curve of known
NaNO; concentration diluted in distilled H,O. All measurements were performed

in triplicate and expressed as micromolar concentrations of NO.
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2.7. Statistical analysis

Comet assay results were analysed as per Wiklund & Agurell [27]. Tail
moment data were first transformed into square root values; infected animals
were compared with controls by ANOVA, followed by post hoc analysis (Tukey
test) if a significant effect was detected. Nitric oxide production was analysed by

ANOVA, followed by the Tukey test. Significance level was 5%.

3. Results

Infected animals and controls were killed on the 28" day after infection,
previously established as peak parasitemia (Fig. 1). All animals presented
positive for L. chagasi infection, by spleen imprints analysis, under optical
immersion microscope. No animal died during the experiment. Fig. 2 shows DNA
damage levels (tail moment) in peripheral blood and spleen cells by comet assay
(single cell gel assay). Peripheral blood and spleen cells from infected animals
(G2) presented significant induced DNA damage compared to controls (G1)
(p<0.05). However significant differences were not detected between blood and

spleen cells.
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Fig. 1: Parasite load in Balb/c mice spleen during i.v. infection with 1 x 10" L. chagasi
amastigotes. The data (mean) are representative of two independent experiments (five
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Fig. 2: DNA damage in peripheral blood and spleen cells of non-infected (G1) and L.
chagasi infected (G2) Balb/c mice. Results are expressed as mean and standard
deviation of tail moment and are representative of two independent experiments (ten

mice per group); *p<0.05, compared to G1.
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To establish whether this DNA damage is related to NO production,
experiments were performed to detect NO levels in macrophages (MdJ) from
non-infected mice (G1) challenged with L. chagasi. Fig. 3 shows that M@ not
challenged with L. chagasi liberated basal NO levels, while levels in MJ
challenged with L. chagasi were significantly higher (p<0.05). Subsequently, NO
involvement in inducing DNA damage was evaluated by adding L-NMMA, a
competitive inhibitor for L-arginine. Control experiments were conducted to
determine the best L-NMMA dose (data not shown). Results from Fig. 3 show
that NO production by M@ challenged with L. chagasi was significantly inhibited
in the presence of this inhibitor. Fig. 4 shows DNA damage levels (tail moment)
in culture of spleen cells by comet assay (single cell gel assay). Spleen cells
challenged with L. chagasi presented significant induced DNA damage when
compared to spleen cells not challenged (p<0.05). Addition of L-NMMA in culture
of spleen cells reduced significantly the DNA damage, proving NO’s involvement

in this process.
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Fig. 3: Nitric oxide (NO) production by macrophages of Balb/c mice (G1) treated or no
with LNMMA, challenged or no with promastigotes of L. chagasi. The data (mean +
sem) an representative of two independent experiments (ten mice); *p<0.05 compared
to MJ, MJ treated with LNMMA and M@ treated with LNMMA and challenged with L.
chagasi.
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Fig. 4: DNA damage in culture of spleen cells of Balb/c mice (G1) treated or no with
LNMMA, challenged or no with promastigotes of L. chagasi. The data (mean + sem) an
representative of two independent experiments (ten mice); *p<0.05 compared to spleen
cells, spleen cells treated with LNMMA and spleen cells treated with LNMMA and
challenged with L. chagasi.
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4. Discussion

In this study we investigated whether infection by L. chagasi could cause
DNA damage in peripheral blood and spleen cells from Balb/c mice. Our results
showed that cells from infected animals presented DNA damage similar to other
studies that also verified that the parasites can induce DNA damage [6, 28, 29].

However, this is the first report in relation to genotoxicity caused by L. chagasi.

Leishmaniasis has a broad clinical spectrum, varying form a localized
cutaneous lesion which is naturally cured to fatal visceral leishmaniasis, where
the parasites spread from the infection point and invade mononuclear phagocytic
system organs and tissues [30]. In this sense, peripheral blood and the spleen,
compartments used in this study, are affected by parasite replication during
infection, in contrast to other organs like the liver, maintaining infection
throughout the course of visceral leishmaniasis [31]. Also during infection, these
compartments maintain an intense interaction between the immune system and
the parasite, because all participants of this system are present in large

quantities [32, 33].

Peripheral blood and spleen cells have been used to monitor genetic
damage caused by environmental factors using different methods, of which
single-cell gel electrophoresis (comet assay), is a new, fast, and sensitive
method of determining DNA damage in different situations, such as treatment

with toxic agents, oxidative stress [34-36, 6]. Based on the above information,
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we chose to use this method and these compartments to evaluate DNA damage

in infected animals.

Resistance to infection from L. chagasi is correlated to Th1 cell activation
and IFN-y production, while susceptibility is associated with Th2 cell
development and production of IL-4 and IL-10 [37]. Activation of cellular
response mechanisms leads to an intense inflammatory process [15], which is
important for destroying Leishmania, but which can also expose important
organs to certain endogenous genotoxins [38, 6]. It seems that leishmaniasis is
a predisposing factor for cancer [39, 40]. However, the carcinogenic
mechanisms associated with infection and inflammation are not totally clear.
Three main mechanisms have been proposed to explain the
infection/carcinogenesis association: direct action by the infectious agent on host
cells and tissues, immunosuppression and production of reactive nitrogen and
oxygen intermediates. These mechanisms can directly cooperate through
integration of viral DNA with the host genome and indirectly activating
inflammatory cells and through the involvement of genetic and other host factors,
to induce cancer in some cases of infection and inflammation association [41,

42].

In this study, the DNA damage found could have been induced by the
presence of high NO concentrations in culture of spleen cells after challenge by
L. chagasi. These results agree with various other works [43, 44]. The INOS
enzyme is induced and activated by cells during inflammation, and is regulated

by pro-inflammatory cytokines such as TNF-a, IL1-B, IL-6, IFN-y. Elevated
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production of these cytokines can induce or activate iINOS, which produce high
concentrations of NO [45]. In a study using the same experimental model, we
observed that at infection peak, the period also evaluated in this study, high
levels of TNF-a and IFN-y were detected (data not shown), which could explain

the elevated NO levels found in this study.

When we added L-NMMA to our study, the reduction in NO levels was
detected at the same time as a reduced DNA damage in culture of spleen cells.
Together these results can explain the genotoxicity found in spleen cells after
infection by L. chagasi, as NO is associated with different types of breaks in
DNA through reactive species generation, considered a tumour causing agent
[46], due to extensive DNA damage [47]. Alteration in protein structure and
function induced by reactive nitrogen intermediates react with proteins and
modify aminoacid residues by oxidation, nitrosylation, and carbonylation. Also,
despite various studies demonstrating the involvement of NO in inhibiting
infection by L. chagasi through high concentration cytokine action, it can also
induce oxidative stress [15]. These results agree with other authors who also
verified that damage in host cellular DNA is associated with free radicals,
liberated by lymphoid cells during their attempt to control infection. In cutaneous
leishmaniasis, Kocyigit et al. [48], showed that the oxygen radicals produced by
the host could induce DNA damage in infected cells. An earlier study by our
group also demonstrated that acute infection in animals infected with T. cruzi
induced DNA damage in spleen cells, and that this damage was probably related

to high NO production [6].
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In conclusion, our results indicate that L .chagasi induced high levels of
DNA damage in peripheral blood and spleen cells. Probably NO not only played
an important role in parasite destruction, but also by inducing high levels of DNA
damage in adjacent cells. Future studies will be performed mainly to improve the

evaluation of these mechanisms with inducing cancer.
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Anexo 1 — Parecer do Comite de Etica em Pesquisa.
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