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RESUMO

A leishmaniose € considerada a sexta doenca de maior importancia pela
Organizagdo Mundial da Saude (WHO). E causada por protozoarios flagelados
do género Leishmania e € responsavel por um espectro de desordens em
animais e humanos. O curso da doenca € determinado pela resposta
imunoldgica, no qual citocinas como interferon-y (IFN-y), fator de necrose
tumoral- a (TNF-a) e espécies reativas de oxigénio (ROS) representam
importantes elementos para controlar a doencga. Varios estudos tém mostrado o
potencial imunomodulador da concanavalina-A (Con-A) em infecgdes
experimentais. Sendo assim, o objetivo deste estudo foi avaliar a resposta
imunoldgica de camundongos pré-tratados com Con-A ou PBS e infectados por
Leishmania amazonensis e verificar se o tratamento é eficiente para modular o
curso da infeccdo. Neste estudo, camundongos BALB/c foram pré-tratados
intraperitonealmente com Con-A (250ug mL™ PBS) ou PBS (250uL) por 72h e
infectados com 10" promastigotas para avaliar a migracdo celular, citocinas,
producao de NO, ROS e o aspecto histolégico do figado. Foi encontrado maior
numero de linfécitos e macréfagos apds o tratamento com Con-A no comego
da infecgdo que no grupo PBS. O percentual de macréfagos infectados pré-
tratados com Con-A in vivo foi significantemente maior quando comparado com
o grupo PBS. Macréfagos pré-tratados com Con-A e infectados eliminaram
mais Leishmania. Um significante aumento da producdo de TNF-a e IFN-y
também foram observados. Encontramos niveis de ROS em 30 minutos apods a
infeccdo no grupo Con-A mas néo no grupo PBS. O numero absoluto de
células por area de infiltrado no figado do grupo Con-A foi significativamente
reduzido quando comparado ao grupo PBS. Nossos dados demonstram que
Con-A teve um efeito imunomodulatério na leishmaniose experimental,
sugerindo que a estimulagdo inicial em macrofagos leva ao aumento da
eliminacao de parasitas devido a produgao de NO e ROS no sitio inflamatério,
prevenindo injuria hepatica na fase cronica da doenca.

Palavras-chave: Concanavalina-A. Leishmania amazonensis. protecao
0000 hepatica.



ALVARENGA, D. S. Leishmanicide activity and hepatoprotective of
concanavalin-A in experimental infection by L. amazonensis. 2016. p. 55.
Dissertation presented to the post graduate program in Experimental Pathology
— State University of Londrina, Londrina, Brazil.

ABSTRACT

The leishmaniasis is considered the sixth disease of greater importance by
World Health Organization (WHO). It is caused by protozoans flagellated of
genus Leishmania and is responsible for a spectrum of disorders in animals and
humans. The course of disease is determined by immune response, on which
macrophages, cytokines such as interferon-y (IFN-y), tumor necrosis factor- a
(TNF-a) and reactive oxygen species (ROS) represents an important elements
to control disease. Several studies have been show the potential
imunomodulador of concanavalin-A (Con-A) in experimental infections. Thus,
the aim of this study was evaluate the immune response of mice pretreated with
Con-A or PBS and infected by Leishmania amazonensis and verify if the
treatment is efficient to modulate the infection course. In this study, BALB/c
mice were pretreated intraperitoneall;/ with Con-A (250ug mL™" PBS) or PBS
(250pL) for 72h and infected with 10" promastigotes form, to evaluate the cell
migration, cytokines, NO, ROS production and liver histological aspect. Was
found a higher number of lymphocytes and macrophages after treatment with
Con-A at early of infection then PBS group. The percentage of infected
macrophages pretreated with Con-A in vivo was statistically higher when
compared with PBS group. Macrophages pretreated with Con-A and infected
eliminate more Leishmania. A significant increase of TNF-a and IFN-y
production in Con-A group was also observed. We found ROS levels in 30
minutes post infection in Con-A group but not in PBS group. The absolute
number of cells per infiltrate area on the liver of Con-A group was significantly
reduced when compared with PBS group. Our data demonstrate that Con-A has
an immunomodulatory effects in experimental leishmaniasis, suggesting that
the initial stimulation in macrophages led to increase elimination of parasites
and due to NO and ROS production at inflammatory site, preventing liver injury
in the chronic phase of disease.

Key-words: Concanavalin-A. Leishmania amazonensis. liver protection.
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1. INTRODUCAO

1.1 Epidemiologia

As Leishmanioses formam um grupo de doengas nao contagiosas,
causadas por protozoarios unicelulares pertencentes ao género Leishmania.
De acordo com o World Health Organization 2012 (WHO), estima-se que, no
mundo, 310 milhdes de pessoas estejam expostas ao risco de se infectar, com
1 milhdo de casos registrados nos ultimos 5 anos. Na literatura, sao
classificadas de acordo com o tropismo do parasito pelo tecido do hospedeiro
vertebrado, em leishmaniose tegumentar (LT) e leishmaniose visceral (LV).

Nas Américas, a forma tegumentar tem sido classificada como
Leishmaniose Tegumentar Americana (LTA) devido as caracteristicas
geograficas, espécies envolvidas e manifestagbes clinicas observadas
(SVS/MS, 2010; GONTIJO, DE CARVALHO, 2003).

() o o
e o
‘ e
.- B e
yi ° e
8
8 t el
3 ‘e
Number of new CL cases A
reported, 2012
5000
B 1000-4999 A
B 100-9%9 B No autochthonous cases reported ‘; N "
=3 <0 B Notavaiable é/ 2 \(I)Vorld Health
= ] - =2 Organization
0 ] Notapphicable SR g

Figura 1. Distribuicdo da leishmaniose tegumentar no mundo Fonte: World Health Organization Map
Production: Control of neglected Tropical Diseases (NTD). WHO, 2012.

A LTA tem ampla distribuicdo nas regides tropicais e subtropicais, onde
ha registro de casos principalmente no Brasil (Figura 1). No Leste do pais, a
incidéncia cresce a partir da floresta atlantica, na encosta do planalto, e se

prolonga por esta, rumo ao oeste. E bastante disseminada na Bahia. Em Minas



11

Gerais, as areas mais afetadas estao na bacia do rio Mucuri e rio Doce, que se
continuam no Estado do Espirito Santo; e outras areas endémicas como sul de
Minas e Triangulo Mineiro, além de Mato Grosso do Sul, Goias e
principalmente no Norte, na Floresta Amazdnica (OLIART—GUZMAN et al.,
2013; SILVEIRA et al., 2008).

No pais, as principais espécies responsaveis sao L. (Leishmania)
amazonensis; L. (Viannia) braziliensis, e L. (V.) guyanensis (DA-CRUZ,
PIRMEZ, 2005; SILVEIRA et al., 1999).

Em um estudo realizado por Negrao e Ferreira (2014) sobre a
epidemiologia da LTA, observaram que no periodo de 2001 a 2010 ocorreram
248.834 casos no Brasil, sendo 6.878 s6 na regido sul. Dentre estes, 5388
foram detectados no estado do Parana, correspondendo a 78,33% da regiao,
com aproximadamente o triplo da média anual registrada para toda a regido sul
(2,27) e a metade da média anual brasileira (13,63).

A LTA esta entre as doencas infecciosas de maior importancia para a
saude publica, ndo s6 pela ocorréncia de deformidades na populagdo, mas
também o envolvimento psicolégico, com reflexos no campo social e
econdmico, uma vez que, na maioria dos casos, pode ser considerada uma
doenga ocupacional, além pertencer ao grupo de doengas negligenciadas
(WERNECK, et al., 2011; GONTIJO, DE CARVALHO, 2003).

1.2 Agentes Etiolégicos e Ciclo Biolégico

O agente etiologico das leishmanioses sao protozoarios flagelados,
pertencentes a ordem Kinetoplastida, familia Trypanosomatidae e género
Leishmania, podendo pertencer aos subgéneros Viannia ou Leishmania
(MASLOV, PODLIPAEV, LUKES, 2001). Sa&o parasitos intracelulares
obrigatérios do sistema fagocitico mononuclear. Durante o ciclo biologico
apresenta-se sob duas formas principais: forma amastigota, que é ovoide e
sem flagelo livre, e a forma promastigota, que € alongada e com flagelo livre
(GONTIJO, DE CARVALHO, 2003; SVS/MS, 2010).

A Leishmania possui um ciclo heteroxeno, sendo que seus hospedeiros
invertebrados sao fémeas de insetos da ordem Diptera, familia Psychodidae,

subfamilia Phlebotominae e nas Américas do género Lutzomyia, 0s quais sao
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conhecidos popularmente como flebotomineos (RANGEL, LAINSON, 2009;
KILLICK-KENDRICK, 1999).

No Brasil, as principais espécies envolvidas sao Lutzomyia whitmani, L.
flaviscutellata, L. umbratilis, L. intermedia, L. longipalpis, L. migonei, L. pessoai,
L. wellcomei. Quanto aos hospedeiros vertebrados, estdo evolvidos uma
grande variedade de mamiferos silvestres ou domésticos, como roedores,
edentados (tatu, tamanduda, preguica), marsupiais (gamba), canideos e
primatas, incluindo os seres humanos (GONTIJO, DE CARVALHO, 2003).

A manutencao do ciclo deste protozoario se da quando o flebotomineo
infectado faz o repasto sanguineo e transfere para o hospedeiro vertebrado, as
formas promastigotas metaciclicas. A saliva do inseto tem um papel importante
por ser um fator anticoagulante, além de ter propriedades vasodilatadoras e
antiagregacao das plaquetas, favorecendo o fluxo de sangue para a
hematofagia. Além disso, a saliva é capaz de desencadear um processo
inflamatorio, levando a quimiotaxia de células natural killer (NK), mondcitos,
polimorfonucleares (neutrofilos e eosindfilos) sendo um imunoregulador
(TAVARES et al., 2011; DE MOURA et al., 2010; MENEZES et al., 2008).

As formas promastigotas metaciclicas sdo resistentes a lise do sistema
complemento (SC) pela presenga de lipofosfoglicano (LPG) na membrana, que
faz com que as fragcbes C3 e C3b ndo se liguem diretamente a mesma,
impedindo assim, a formacdo do complexo C5b-9 ou a formacédo de C5
convertase. Além disso, a presenga da proteina gp63, uma metaloprotease
também na membrana do parasito, promove a clivagem de C3b em C3bi,
impedindo a agao do SC (REIS, GONTIJO, 2012; SILVEIRA et al., 2008).

A internalizagdo da Leishmania se faz através da fagocitose ou
endocitose mediada por receptores na superficie do macrofago, sendo que
varias espécies foram relacionadas a moléculas de interagao diferentes com
receptores do macrofago, como o receptor para molécula de manose-6-fosfato
em L. (L.) amazonensis (SARAIVA, ANDRADE, DE SOUZA, 1987), manose-
fucose em L. (L.) donovani (WILSON, PEARSON, 1986; BLACKWELL et al.,
1985), receptores para lectina, glicoconjugados e LPG envolvidos na adeséao
de L. (L.) major e L. (L.) donovani (PALATNIK et al., 1989; HANDMANN,
GODING, 1985).
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Durante este processo, a célula hospedeira aumenta intensamente sua
atividade, liberando produtos como oxido nitrico, hidroxidos e superoxidos, que
sao altamente lesivos para membranas celulares. Novamente, o LPG aparece
no mecanismo de defesa para o parasito contra a agao destes radicais livres.
Outro mecanismo de escape das promastigotas metaciclicas é utilizar a
opsonizagdo com C3b e C3bi para se ligarem aos receptores CR1 e CR3 do
macrofago. Estes receptores promovem a fagocitose sem estimular o aumento
da atividade respiratéria da célula (SILVEIRA et al., 2008).

Dentro do vacuolo parasitéforo do macréfago, as formas promastigotas se
diferenciam em amastigotas, tornando-se capazes de se desenvolver e
multiplicar por divisdo binaria. A multiplicagcdo pode levar ao rompimento da
célula,

liberando amastigotas que podem ser fagocitadas por outros

macréfagos (GONTIJO, DE CARVALHO, 2003; CUBA, 2000).

Ciclo de vida da Leishmania

. -
\ 7 transmitidos \ r
““ % pela picada - _:/‘ / ™,
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Figura 3. Ciclo de transmissdo da Leishmania sp. Fonte: http://www.apelocanino.org/. Acesso: janeiro,
2016.

A infeccao do hospedeiro invertebrado ocorre quando este realiza o
repasto sanguineo em mamiferos infectados e ingere as formas amastigotas.

No intestino médio do flebotomineo, as formas amastigotas se diferenciam em
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formas promastigotas reiniciando o ciclo (REIS, GONTIJO, 2012; SILVEIRA et
al., 2009) (Figura 3).

1.3 Formas Clinicas da Leishmaniose

A LTA apresenta um amplo espectro de manifestagdes clinicas,
histopatoldgicas e imunoldgicas, variando de lesdes autorresolutivas a lesdes
desfigurantes. A infecgdo pode ser assintomatica em individuos com a resposta
imune inicial capaz de controlar a progresséo, ou sintomatica, resultando em
alteragdes na pele e/ou mucosas (SILVEIRA et al., 2008). Sendo assim, a LTA
pode ser dividida em: leishmaniose cutédnea (LC), leishmaniose cutanea difusa
(LCD) e leishmaniose cutaneomucosa (LCM) (REITHINGER et al., 2007;
CUBA, 2000) (Figura 4).

Leishmaniose Tegumentar
Americana

Leishmaniose ( Leishmaniose H Leishmaniose ‘
cutanea cutdnea mucosa cutaneadifusa

.0
L. amazonensis L. braziliensis ‘ L. amazonensis ‘
L. braziliensis

L. guyanensis
L. lainsoni

-

Figura 4. Principais espécies de Leishmania relacionadas as formas clinicas na LTA. (CUBA, 2000;
REITHINGER et al., 2007).

A progressao da doenga mediada pela resposta imune pode evoluir para
os aspectos de hiperreatividade, caracterizado por hipersensibilidade, sendo a
necrose do tecido mucoso a principal manifestagédo (LCM); ou hiporreatividade,
com inibicado parcial/total da hipersensibilidade, com disseminagao das lesdes
nodulares (LCD). Enquanto as infecgbes por espécies do subgénero Viannia
desenvolvem o estado de hiperreatividade (resposta intensa de linfocitos T
CD4" helper 1 — Th1), espécies do subgénero Leishmania, como a L.(L.)
amazonensis, podem evoluir para a hiporreatividade (resposta CD4" tipo Th2)
(SILVEIRA et al., 2008).
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1.3.1 Leishmaniose Cutanea (LC)

A LC é a forma mais comum da LTA, sendo caracterizada pela formagéao
de ulceras unicas ou multiplas na derme. As lesbes geralmente aparecem em
areas expostas da pele com um eritema inicial, evoluindo para uma papula ou
nédulo com bordas elevadas, até tornar-se centralizada de fundo granuloso. A
lesdo cutanea cicatriza quando os pacientes recebem a terapia recomendada
pelo Ministério da Saude, podendo ainda ser curada de forma espontanea
(REIS, GONTIJO, 2012; SVS/MS, 2010). A disseminagao hematogénica ou
linfatica pode ocorrer em até 2% dos casos. Neste caso, as lesdes sao
pequenas ulceras, numerosas e distantes do local das picadas (CARVALHO et
al., 1994).

1.3.2 Leishmaniose Cutanea Difusa (LCD)

A LCD é uma manifestagao grave e rara, caracterizada pela formagao de
lesbes difusas n&o-ulceradas por toda a pele, contendo grande numero de
amastigotas. O curso da doenca estd relacionado com a deficiéncia
imunoldgica do paciente, em que a resposta celular esta deprimida com relagao
aos antigenos de Leishmania levando-o a um estado de anergia imunoldgica
(REIS, GONTIJO, 2012; SILVEIRA et al., 2009; COSTA, 2009; SILVEIRA et al.,
2008).

1.3.3 Leishmaniose Cutaneomucosa (LCM)

Esta manifestacdo cursa de maneira crénica no qual 70% dos casos
apareceram cinco anos apos a lesado primaria cutanea (REIS, GONTIJO, 2012).
O processo ulcerativo é grave com multiplas ou extensas lesdes destrutivas da
cavidade oral e nasofaringea, podendo propagar-se pela face. Estas
mutilagdes sdo decorrentes de uma intensa resposta inflamatéria que leva a
perda tecidual e geralmente, ndo se cura espontaneamente (SILVEIRA et al.,
2009; OLIVEIRA-NETO et al., 1998).
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1.4 Imunopatogenia

A infeccdo decorrente da LTA gera respostas imunoldégicas muito
complexas. A evolugdo e o curso da doenca dependem da espécie de
Leishmania, da interacdo parasito-hospedeiro e das populagdes celulares
envolvidas na resposta imunolégica gerada na infecgdo, como tipo e
quantidade de citocinas produzidas e secretadas (SILVEIRA et al., 2009).

Apos a infeccdo, inicia-se uma resposta inflamatéria, que resulta na
quimiotaxia de uma variedade de células, como neutrdfilos, células NK, células
dendriticas e mondcitos. Os neutrofilos representam a primeira populacéo
celular a chegar ao sitio inflamatério, com uma importante participacédo na
fagocitose e destruicdo da Leishmania. Os macrofagos sao posteriormente
recrutados para o sitio inflamatério, através da secregcdo de citocinas e
quimiocinas liberadas, onde ocorre o fendmeno conhecido como "Cavalo de
Tréia", quando os parasitos sdo transferidos para o macréfago apos a
fagocitose do neutrdfilo infectado em apoptose (GOMES-SILVA, 2011; COSTA,
2009; SILVEIRA et al., 2009).

Os macrofagos e as células dendriticas possuem um papel essencial
durante a infeccdo, além de representarem as populagdes de células
hospedeiras para a Leishmania, também contribuem para a destruicdo da
mesma. Uma vez ativados, aumentam a expresséo e sintese da enzima oxido
nitrico sintase induzivel (iNOS), e leva por consequéncia, ao aumento da
producao de oxido nitrico (NO) e radicais livres, contribuindo para a eliminagéo
do parasito (STENGER et al.,, 1994). Existem estudos demonstrando que
espécies de Leishmania, como a L. amazonensis sado capazes de inibir a
ativagcdo de macrofagos ou resistir aos mecanismos leishmanicidas gerados,
com menor responsividade aos estimulos por citocinas (WANASEN et al.,
2007; Ql et al., 2004).

A capacidade biolégica funcional, diversidade e plasticidade de mondcitos
e macréfagos tém sido determinadas em estudos in vitro, demonstrando a
natureza de macrofagos M1 (ativados classicamente) e M2 (ativados
alternativamente). A atividade fisioldgica dos macréfagos envolve a regulagao
da resposta imune, a acao efetora inata, e também os processos associados a
reparacgao tecidual (MANTOVANI et al., 2013).
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Apods a estimulagao por citocinas Th1, em particular o Interferon-y (IFN-y),
os macrofagos intensificam a fungdo efetora contra patdogenos intracelulares,
alterando-se classicamente para o fendtipo M1. As citocinas Th2, como as
Interleucinas IL-4, IL-13, IL-33, IL-10, o Fator de transformacéo do crescimento-
B (TGF-B) (MARTINEZ, HELMING, GORDON, 2009), ou por indugdo de micro-
organismos (PEARCE, MACDONALD, 2002), sdo capazes de polarizar
alternativamente para M2. Macrofagos da classe M2 podem impedir a
imunidade protetora contra protozoarios. Ja foi demonstrado em modelo animal
de LC, que a indugdo de macréfagos M2 favorece a progressdo da doenca
(HOLSCHER et al., 2006).

Os macréfagos também atuam como células apresentadoras de
antigenos (APCs) aos linfocitos T CD4*, no contexto do MHC classe Il
(GOMES-SILVA, 2011; BOYMAN et al., 2009). As APCs sao capazes de
reconhecer moléculas presentes na superficie da Leishmania, como o
lipofosfoglicano (LPG) e a metaloprotease gp63, levando a produgédo de
citocinas proinflamatérias por linfécitos, como Fator de Necrose Tumoral-a
(TNF-a), Interferon- y (IFN-y), interleucina-12 (IL-12), IL-1, IL-6, que s&o
decisivas para o controle da disseminacao do parasito ou para a evolucéo das
lesdes, visto que, em niveis muito elevados, estas citocinas podem levar a
destruigdo tecidual local (GOMES-SILVA, 2011; SILVEIRA et al., 2009). O LPG
presente na Leishmania € responsavel por inibir a geracdo de metabdlitos
oxidativos e a acédo de enzimas lisossomais, eliminando os radicais de oxigénio
de macréfagos, enquanto que a gp63 degrada enzimas lisossomais (SVS/MS,
2010). Em um estudo realizado por Gomez e cols. em 2009, demonstrou que a
gp63 também ¢é capaz de clivar tirosina fosfatases no citoplasma de
macrofagos ativados.

Na LTA, o desenvolvimento da lesdo e o curso da doenca sé&o
determinados pela resposta imunolégica mediada pelos linfocitos T. A
resisténcia e a susceptibilidade do hospedeiro foram observadas em modelos
murinos, pelo balango entre as citocinas produzidas pelos linfécitos T CD4" Th1
(principalmente IL-2, IFN-y e TNF-a) e Th2 (que inclui IL-4, IL-5, IL-10 e IL-13)
(SILVEIRA et al., 2009; GOMES-SILVA, 2011; SCOTT et al., 2004; BACELLAR
et al., 2002; REINER, LOCKSLEY, 1993; PIRMEZ et al., 1993). O TNF-a é
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capaz de atuar sinergicamente com o IFN-y em macréfagos, aumentando a
atividade leishmanicida destas células (GOMES et al., 2003).

O subtipo Th1 desempenha um papel importante na ativagdo dos
macrofagos via IFN-y. Por outro lado, os mecanismos para o agravamento da
doencga estao relacionados com a producgao de citocinas do tipo Il que inibem a
diferenciacao de Th1 e consequentemente, producdo de TNF-a, B e IFN-y;
(ALEXANDER, BRYSON, 2005; SCOTT et al., 2004; COUTINHO et al., 1998).
Estudos mostraram que a espécie L. amazonensis é capaz de induzir uma
resposta anti-inflamatéria, com a producao de IL-10 (BARRETO-DE-SOUZA et
al., 2015).

1.5 Diagndstico e Tratamento

O diagnéstico clinico é realizado com base na caracteristica da lesdo que
0 paciente apresenta associado a anamnese. No entanto a doenga s6 pode ser
diagnosticada apdés exame laboratorial. Os exames laboratoriais podem ser
através da pesquisa do parasita, provas imunolégicas e métodos de biologia
molecular (SAMPAIO et al., 2002; CUBA, 2000).

A Intradermoreagcdao de Montenegro (IDRM) é um teste imunoldgico
baseado na mensuragao da resposta imune celular com a inje¢ao intradérmica
de antigenos do parasito na face interna do braco. E bastante utilizado no
Brasil como auxilio no diagndstico. Alguns autores descreveram o uso deste
teste em pacientes apds o tratamento para verificar a anergia imunologica. A
reagcao € positiva quando ocorre uma resposta inflamatéria local, resultando
numa papula ou ndédulo num periodo de 48 a 72 horas, sendo consideradas
positivas as reagbes com area de enduragdo maior ou igual a 5 mm. (GUERRA
et al., 2003; SILVEIRA et al., 1999).

Os testes soroldgicos avaliam a presenga de anticorpos anti-Leishmania
circulantes e podem ser realizados através do ensaio imuno-enzimatico
(ELISA) e a reagao de imunofluorescéncia indireta (RIFI), com sensibilidade
relativamente alta (CUBA, 2000; SILVEIRA et al., 1999) (Tabela 1).

Para o tratamento da LTA, faz-se o uso de antimoniais pentavalentes com
administracao intramuscular, intravenosa ou local. Estes possuem acao

leishmanicidas por interferirem no metabolismo bioenergético das formas
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amastigotas de Leishmania (PELISSARI et al., 2011; ALMEIDA, SANTOS,
2011; ROMERO et al., 2001).

Tabelal. Diferengas em achados laboratoriais nas formas clinicas da LTA. Adaptado de Atlas
de Leishmaniose Tegumentar Americana - Diagndstico clinico e
diferencial; Ministério da Saude, 2006.

Formas Clinicas

Achados LCD LC LCM

1. Clinicos Placas infiltradas e ]
noédulos ndo ulcerados Ulcera(s) limitada(s)
disseminados

Lesao destrutiva do
septo/palato

2. Imunoldgicos

Resposta celular

IDRM Nao reator Reator Reator (exacerbada)
I Sem produgéo de TMFN-y TFN-y
Citocinas | “JENcy, | TNF-a 1TNF-a HMTNF-a
Linfoproliferagédo Negativa Positiva Positiva
Resposta humoral Reator Reator Reator
(sorologia)
3. Esfregaco Riqueza parasitaria Escassez parasitaria Escassez/Auséncia
4. Histopatolégico 5
Sr:::]lfc?r;n;agizg:s Com formacgéo de Escassa formagéo de
gllinfc')citos e’ Fnuitos granuloma e infiltragdo de ~ granuloma e infiltracao de
macrefagos infectados linfocitos mononucleares
5. Espécie de .
Leishmania envolvida L. (L.) amazonensis LL%&?&Z?Z%%ZZS L. (V.) braziliensis
6. Cura espontanea Nao Possivel Nao

Entretanto esta medicacdo possui algumas desvantagens, como alto
custo, dificil administracdo e alta toxicidade, podendo desencadear efeitos
adversos como artralgia, mialgia, anorexia, nausea, dor abdominal, pancreatite,
disturbios intestinais, cefaléia, alteragcdes cardiacas e hepaticas, e insuficiéncia
renal aguda (NOGUEIRA, SAMPAIO, 2001). Além do mais, ndo deve ser
administrado em gestantes, pacientes com idade acima dos 50 anos,
cardiopatas, nefropatas, hepatopatas e portadores da doenga de Chagas
(MAYRINK et al., 2006; NOGUEIRA, SAMPAIO, 2001).

Na maioria dos casos, o tratamento é efetivo, porém, a dose do
medicamento e o tempo de tratamento dependem da forma clinica. Os

pacientes sdo considerados curados quando apresentam epitelizacao completa
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da leséao, regressao total da infiltracdo e eritema em até trés meses apds a
conclusao do esquema terapéutico (SVS/MS, 2010).

A recidiva da doenca e a resisténcia ao tratamento s&o fatores que
motivam a busca de compostos mais eficientes e menos agressivos,
considerando que o controle da doenga por prevengdo € de grande
complexidade (FALQUETO, SESSA, 2005).

1.6 Concanavalina-A

A Concanavalina-A (Con-A) é uma lectina extraida da semente de
Canavalia ensiformis, da familia Fabaceae, tem sido amplamente utilizada nas
pesquisas pela sua capacidade de intensificar a resposta imune, levando a
producao de citocinas do tipo 1 por linfécitos e consequente ativagao de células
(PASSWELL et al., 1986).

A Con-A ¢é ligante de manose e glucose Ca®*/Mg** dependente. Sua
forma monomérica € composta por 237 residuos de aminoacidos, formando
duas folhas B anti-paralelas (LI et al., 2011). Sua organizagdo estrutural é
dependente do pH, sendo que acima de 5,5 se apresenta em tetramero e
abaixo de 5,5, dimero (AGRAWAL, GOLDSTEIN, 1965).

Sabe-se que a Con-A é capaz de induzir a uma linfoproliferacao pela
ligacao direta a molécula CD3 e ao receptor TCR de linfécitos T (DE
CARVALHO et al., 2012). Ao se ligar a célula, a Con-A dispara uma cascata de
eventos, que envolve a fosforilagdo de proteinas, fluxo de calcio e geragéo de
mensageiros secundarios resultando na transcricdo de genes pré-inflamatorios
como iNOS, TNF-a, IL-1, IL-12, INF-y (KESHERWANI, SODHI, 2007).

Além disso, a Con-A aumenta a expressao de receptores de manose em
macrofagos (GERALDINO et al., 2010; LOYOLA et al., 2002) que, associado
ao aumento de citocinas como INF-y e IL1B e IL-17, melhora a capacidade
fagocitica frente a patégenos (DE CARVALHO et al., 2012; KESHERWANI,
SODHI, 2007). Uma vez ativados pela Con-A, os macréfagos também
conseguem produzir uma quantidade aumentada de perdxido de hidrogénio,
contribuindo para a destruicdo da Leishmania (PASSWELL et al., 1986).

Muitos modelos foram propostos relacionando a Con-A com injuria

hepatica, levando a uma resposta exacerbada de linfécitos T CD4" Th1, com



21

uma producdo aumentada de citocinas, como o IFN-y e TNF-a, levando a
destruicdo nos hepatécitos (HU et al., 2014; WANG et al., 2012; NAKAMURA et
al., 2001). Contudo, outros estudos com doses menores desta lectina,
mostraram uma resposta imune eficiente contra Candida albicans, aumentando
a atividade fagocitica de macréfagos, bem como a expresséo de receptores de
manose, e a populacdo de macréfagos e neutrofilos no sitio inflamatorio
(GERALDINO et al., 2010; CONCHON-COSTA et al., 2007; LOYOLA et al.,
2002).

Em um estudo in vitro utilizando L. major e mondécitos estimulados com
Con-A, observou-se aumento de IFN-y e consequente atividade leishmanicida,
além do aumento da producdo de peroxido de hidrogénio pelas células
estimuladas (PASSWELL et al., 1986).

Embora alguns trabalhos tenham sido propostos utilizando o papel
imunomodulador da Con-A, pouco se sabe da interagdo desta lectina em
modelo in vivo de infecgdo com L. amazonensis. Sendo assim, considerando o
efeito da Con-A para induzir a resposta Th1 em linfécitos, com consequente
producao de citocinas proé-inflamatérias levando ao aumento da atividade
fagocitica de macrofagos, torna-se interessante verificar a atividade in vivo em
modelo de infeccdo com L. amazonensis, bem como avaliar se nestas
condicbes a Con-A desempenha um papel importante para controlar a

infeccao.
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2. OBJETIVOS

3.1 Objetivos Gerais

Estudar os efeitos in vivo da Concanavalina-A em infeccdo experimental por

Leishmania (L.) amazonensis em camundongos BALB/c.

3.2 Objetivos Especificos

Avaliar a migracédo celular em camundongos BALB/c apds o pré-tratamento

intraperitoneal com Con-A ou PBS e infec¢ao por L. amazonensis.

Verificar a capacidade fagocitica e o efeito leishmanicida de macréfagos pré-

tratados e infectados in vivo com formas promastigotas.

Quantificar a produgao de espécies reativas de oxigénio (ROS), Oxido nitrico e
de citocinas em células de camundongos pré-tratados com Con-A ou PBS e

infectados.

Estudar os efeitos da Con-A na fase cronica em cortes histolégicos de figado

de camundongos BALB/c infectados por L. amazonensis.
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4. PRODUCAO CIENTIFICA

CONCANAVALIN-A INCREASE LEISHMANICIDE EFFECT IN
MACROPHAGES AND PREVENTS LIVER INJURY IN BALB/C MICE
INFECTED BY Leishmania (L.) amazonensis

ALVARENGA, D. S.; MIRANDA-SAPLA, M. M.; DA SILVA, S. S.; TOMIOTTO-
PELISSIER, F.; MELANDA, F.; COSTA, I. N.; PAVANELLI, W.; CONCHON-COSTA, I.

Department of Experimental Pathology — Laboratory of Experimental Protozoology, State

University of Londrina, Londrina, Brazil.
ABSTRACT

Macrophages, cytokines Th1 such as interferon-y (IFN-y), tumor necrosis
factor-a (TNF-a) and reactive oxygen species (ROS) represent an important
elements in the immune response to eliminate Leishmania spp. Leishmania
amazonensis induces anti-inflammatory response, prospering the infection.
Several studies have been shown the immunomodulatory potential of
Concanavalin-a (Con-A) in experimental infections, inducing proinflammatory
cytokines. Thus, the aim of this study was evaluate the immune response of
mice pretreated with Con-A or PBS and infected by Leishmania amazonensis
and verify if the treatment is efficient to modulate the infection course. In this
study, BALB/c mice were pretreated intraperitoneally with Con-A (250ug mL™
PBS) or PBS (250uL) for 72h and infected with 10" promastigotes form, to
evaluate the cell migration, cytokines, NO, ROS production and liver histological
aspect in chronic phase. We found a higher number of lymphocytes and
macrophages after treatment with Con-A at early of infection then PBS group.
The percentage of macrophages infected pretreated with Con-A in vivo was
statistically higher when compared with PBS group. It was observed a
leishmanicide effect in macrophages, eliminating more amastigotes with ROS
and NO production but not in PBS group. A significant increase of TNF-a and
IFN-y production in Con-A group was also observed. The absolute number of
cells per infilirate area on the liver of Con-A group was significantly reduced
when compared with PBS group. Our data demonstrate that Con-A has an
immunomodulatory effects in experimental leishmaniasis. Thus, our model
suggest that the initial role of Con-A in stimulation of macrophages leads to
destruction of parasite, preventing in the chronic phase liver injury.

Key-words: Leishmania (Leishmania) amazonensis, Concanavalin-A, Liver

protection.
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INTRODUCTION

Cutaneous leishmaniasis is caused by protozoans of genus Leishmania
spp, transmitted by sandflies. This zoonosis is considered a disease of great
importance by deformities occurrences and the impact generated in society
(WERNECK, et al., 2011). The promastigote form of the parasite is transmitted
when an infected sandfly takes a blood meal. Promastigotes are rapidly taken
up by phagocytic cells, and transform into the intracellular amastigote form
(GONCALVES et al., 2010).

The amastigotes may remain at the inoculation site or disseminate in the
host tissues, within the cells of mononuclear phagocyte systems, including
macrophages, hystiocytes, epithelioid and Kupffer cells, and consequent
histological damage to lymph nodes, liver, spleen, and bone marrow (DUARTE,
CORBETT 1987).

Macrophages have an essential role during the infection, besides
representing populations of host cells for Leishmania also contribute to the
destruction of the same. L. amazonensis are capable of inhibiting the activation
of macrophages or resist antileishmanial mechanisms generated with lower
responsivity to cytokine stimulation (WANASEN et al., 2007; QI et al., 2004).

The course of disease and lesion formation depends on the persistence of
Leishmania and host immune response mediated by T cells (SILVEIRA et al.,
2009). The difference between resistance and host susceptibility is attributed on
the predominance of T helpers cytokines pattern response type 1 and 2
(SILVEIRA et al., 2009; SCOTT et al., 2004; BACELLAR et al., 2002; REINER,
LOCKSLEY, 1993; PIRMEZ, et al., 1993).

L. amazonensis is capable to induce anti-inflammatory response with IL-
10 production (BARRETO-DE-SOUZA et al., 2015; COELHO et al., 2010).
Therefore, macrophages, cytokines Th1 such as interferon-y (IFN-y),
interleukin-12 (IL-12), tumor necrosis factor- a (TNF-a) and effectors molecules
represent important elements in the immune response to kill the parasite
(CARNEIRO et al., 2016; MASPI et al., 2016; OLEKHNOVITCH, BOUSSO,
2015; SILVEIRA et al., 2009).

The treatment of leishmaniasis available at moment is not satisfactory.
The leishmanicide drugs are toxic and have to be used for prolonged periods,
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causing adverse effects such as arthralgia, myalgia, anorexia, nausea,
abdominal pain, pancreatitis, intestinal disturbances, headache, heart and liver
disorders, and acute renal failure (NOGUEIRA, SAMPAIO, 2001). Therefore, it
becomes necessary to search for effective leishmanicidal compounds.

Concanavalin-A (Con-A) is a lectin derived from the seeds of jack beans
(Canavalia ensiformis), that stimulate lymphoproliferation by direct bind to CD3
and TCR on T helper cells and subsequent IFN-y production, recruiting and
activating macrophages (DE-CARVALHO et al., 2012). Several studies have
been show the potential imunomodulador of Con-A in experimental infections
with different pathogens, in vitro (BERTRAM, 1997; BARRAL-NETTO,
BARRAL, 1986; PASSWELL, 1986) and in vivo (DE-CARVALHO et al., 2012;
GERALDINO et al., 2010; CONCHON-COSTA et al., 2007), however it is not
known the effect of lectin in experimental infection with Leishmania species.
Loyola et al. (2002) showed an increase of macrophages in 72 hours after
treatment intraperitoneal with Con-A.

Thus, the aim of this study is to evaluate the immune response of mice
infected intraperitoneally by Leishmania (L.) amazonensis (LLa) after
stimulation for 72 hours with Con-A and verify if macrophages pretreated are

efficient to modulate the infection course.

MATERIALS AND METHODS

Culture of parasites

Leishmania (Leishmania) amazonensis (MHOM/BR/1989/166MJO) were
obtained from popliteal lymph nodes of BALB/c mice and maintained in 199
culture medium (GIBCO-Invitrogen) supplemented with 10% fetal bovine serum
(FBS; GIBCO-Invitrogen), 1M Hepes, 0.1% human urine, 0.1% L-glutamine, 10
U/mL penicillin and 10 pg/mL streptomycin (GIBCO-Invitrogen) and 10%
sodium bicarbonate. Cells were maintained in 25 cm? flasks in a BOD type
incubator at 24°C. We used promastigote forms in the stationary growth phase

for the infection.
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Treatment and infection

Male BALB/c mice aged 6—8 weeks old were obtained from the Institute
Carlos Chagas-Fiocruz, Curitiba-PR, Brazil. Groups of 6 male BALB/c mice
received Con-A (250ug mL™" PBS) according to Conchon-Costa et al. (2007) or
Phosphate-buffered saline (PBS) (250uL) intraperitoneally, for 72h according to
Loyola et al. (2002). Next, the mice were infected with 10" of promastigotes.
The PBS group was used as a control. Concanavalin-A (Type IV from
Canavalia ensiformis), was obtained from Sigma—Aldrich Chemicals, USA. This
study was approved by Londrina State University Ethics Committee for Animal
Experimentation No. 056/2013.

Evaluation of phagocytosis and peritoneal cells

The animals were pretreated intraperitoneally for 72h with Con-A (250ug
mL™ PBS) or PBS (250puL) and infected with 107 for 30 min, 2, 6, 18 and 24
hours in vivo. Exudate cells were collected by rinsing the peritoneal cavity with
2mL of PBS. Then, the samples were centrifugated, the supernatant were
separated for cytokines and NO analysis. The pellet was resuspended in 1mL of
RPMI-albumin medium, distributed 50uL on coverslips for migration analysis
and 2x10° cells for phagocytosis. The cells were stained by May—Grumwald—
Giemsa and analyzed by light microscopy by counting 10 fields. Exudates cells
of 30 min post infection were also distributed (2x10°) on coverlips in 24-well
plate with 1mL RPMI-albumin medium and incubated at 37°C (CO, 5%) for 24h.
During the periods of 2, 6, 18 and 24 hours post infection, supernatant were
collected for cytokines analysis. Then, the cells were washed and stained by
May—Grumwald—Giemsa and analyzed by light microscopy by counting 10
fields.

Recovery promastigotes assay
After the treatment intraperitoneal for 72h with Con-A (250ug mL’ PBS) or

PBS (250puL) the mice were infected with 107 of promastigotes for 30 min in

vivo. Exudates cells were collected and 2x10° distributed in 24-well plate with
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1mL RPMI-albumin medium and incubated at 37°C (CO, 5%) for 24h. Then, the
cells were washed and added 1mL 199 culture medium and incubated in a BOD
at 24°C. The leishmanicide action was determined by assessing the number of
extracellular motile promastigotes, counting in Neubauer Chamber on the third,

fourth and fifth days to obtain the kinetics of recovery promastigote.
Cytokine assay

The exudates and supernatants obtained from the culture of phagocytosis
assay were used to determine the levels of TNF-a, IFN-y, IL-10 and IL-1B using
eBioscience commercial kits capture enzyme-linked immune sorbent assay
(ELISA) (San Diego, CA, USA), according to the manufacturer’s instructions.

The absorbance was read at 450 nm using a spectrophotometer.
Colorimetric nitrite assay

The liberation of free nitrite was determined using a modification of the
colorimetric Griess assay, according to Miranda et al. (2015). Briefly, 50uL of
75mMZnS04 and 70 uL of NaOH were added to 60uL of supernatant obtained
of exudate and centrifuged for 5 min at 10.000 rpm. Next, the sample was
diluted in glycine buffer (45 g/L, pH 9.7) and cadmium granules were rinsed with
distilled sterile water and added to a 5mM CuSOQy in glycine-NaOH buffer (15
g/L, pH 9.7), followed by 5 min incubation. Activated granules were added to
glycine buffer-diluted supernatant and a Griess reagent. The sample were
incubated at room temperature for 10 min, centrifuged at 10.000 rpm for 2 min
and disposed in a 96-well microplate. A calibration curve was prepared using
dilutions of NaNO,, and the absorbance was determined at 550nm in a
microplate reader.

Determination of reactive oxygen species (ROS) by florescence
In order to evaluate ROS production, the mice were pretreated with Con-A

(250ug mL™" PBS) or PBS (250pL) for 72h and infected for 30 min as described

above for the phagocytic assay and cultured in 96-well black plates containing
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20uL of peritoneal washing and incubated in the dark for 30 minutes at 37°C in
an atmosphere containing 5% CO; with 2uM H2DCFDA (diacetate 2', 7'-
dichlorofluorescein) (Sigma-Aldrich) diluted in DMSO adjusted to 200uL. H2O>
(200uL) for 30 min was used as a positive control. Reactive oxygen species
(ROS) were measured as an increase in fluorescence caused by the conversion
of nonfluorescent dye to highly florescent 20,70-dichlorofluorescein, with an
excitation wavelength of 488 nm and emission wavelength of 530nm in a

fluorescence microplate reader (Victor X3, PerkinElmer, Finland).

Histological analysis

Five animals per group were pretreated with Con-A (250ug mL™" PBS) or
PBS (250pL) for 72h and infected with 107 promastigotes forms for 15 days.
The non-treated and infected mice were used as a control. The liver of each
animal was removed, perfused with saline, and sectioned into standardized
fragments. One of the fragments was fixed in Bouin’s solution for 48 hours.
Subsequently, the tissue was processed for paraffin embedding, sectioned (6
pm) and stained with hematoxylin eosin (H&E). Next, were examined by
photomicroscope (Olympus, Miami, FL, USA) at a final magnification of 40x. We
analyzed the total area per cut, and observed the presence of granuloma,
pyknotic nucleus, karyorrhexis, karyolysis and loss of hepatocyte membrane.
Cellular infiltrate scored by counting the number of cells in infiltration, absolute

number of infiltration area.
Statistical analysis

The results were expressed as the mean * standard error of the mean
(SEM) and analyzed with the Prism 5.0 statistical program (GraphPad Software,
San Diego, CA), using the one-way ANOVA, followed by Tukey's test and
Student t-test. Differences were considered significant when P<0.05.

RESULTS

Con-A leads to cellular migration intraperitoneal in BALB/c mice
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It is known that the Con-A induces the recruitment of neutrophils and
macrophages in swiss mice, we intend verify if this event also occur in BALB/c
mice. Our group verified in this animals that Con-A to recruit cells to the
peritoneum after treatment for 72h and also post infection with promastigotes
forms of L. amazonensis.

Firstly, we treated the mice intraperitoneally with Con-A or PBS for 72h
and infected with 107 promastigotes for 30 minutes, 2, 6, 18 and 24h. The
number of macrophages at 72h post treatment (50.700 cells/mL), 30 min
(53.426 cells/mL), 2h (50.000 cells/mL) and 6h (28.467 cells/mL) post infection

were statistically significant when compared with PBS group (Fig 1A).
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Fig. 1. Migration of intraperitoneal cells. The mice were treated with PBS (250uL) (white bars;
or Con-A (250ug mL™ PBS) (black bars) i.p. for 72h (ctrl). After, were infected with 10
promastigotes of LLa for 30 min, 2h, 6, 18 and 24h. The cells were represented in (A)
Macrophages, (B) Neutrophils and (C) Lymphocytes. (D) Treatment with PBS or Con-A for 72h,
final magnification of 40x. The values were considered when *P<0.05; **P<0.01; ***P<0.001.
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We also observed a significant increase in the number of neutrophils from
2h (2.400 cells/mL), 6h (7.633 cells/mL), 18 hours (9.500 cells/mL) and 24h
(3.666 cells/mL ) post infection when treated with Con-A (Fig 1B).

In relation to the lymphocyte profile, after 72h of treatment (9.766 cells/mL)
and 30 minutes post infection (9.346 cells/mL), occurs increase significant when
compared with PBS group and decrease from 2h (Fig 1C). In the PBS group,
the greater number of lymphocytes occurs at 18 (12.000 cells/mL) and 24 hours
(12.666 cells/mL) post infection, characterizing the beginning of adaptive

response.
Con-A enhances phagocytosis of peritoneal macrophages in vivo
To evaluate whether recruited macrophages activated by Con-A in vivo

are able of interfering in the phagocytosis process, was used the counting of

amastigotes per macrophages the percentage of infected macrophages.

PBS
A B 1
HEl Con-A
1.5+ ~ 6+
= w

g -
2 1.0 S 4
S o
£ °
g ©
S 0.5 E 24
[} kel
= [+
w —
£ 2
< 0.0 Y Eo ’

?&ﬁ" fcon-A '; .D‘
”‘ '0 b e 0".%’

Fig. 2. Phagocytosm assays. The mice were treated with PBS (250pL) (white bars) or Con-A
(250ug mL™ PBS) (black bars) i.p. for 72h. After, were infected with 107 promastigotes of LLa
for 30 min. (A) Number of amastigotes per macrophages, (B) Percentage of infected cells and
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(C) presence of amastigotes in PBS and Con-A group post infection (black arrows). Final
maghnification of 40x. *P<0.05.

In our model, we observed that in 30 minutes, macrophages pretreated
with Con-A in vivo not exhibited significantly more amastigotes per infected cell
than the PBS group (Fig 2A and C), but, the percentage of macrophages
phagocytosing pretreated with Con-A was significantly higher than the PBS
group (Fig 2B).

In order to verify if the largest number of macrophages phagocyting
resulted in efficient death of amastigotes forms we evaluated if the parasite can
survive to activated macrophages with Con-A (Fig 3).
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Fig. 3. Recovery promastigotes assay. The mice were treated with Con-A (250ug mL” PBS) or
PBS (250uL) i.p. for 72h. After, were infected with 107 promastigotes of LLa for 30 min for
phagocytosis. The cells were collected and cultivated for five days. The free promastigotas were
counting on the third, fourth and fifth days. **P<0.01.

The number of promastigotes in Con-A group on fourth and fifth days was
significantly lower when treated with PBS (Fig. 3). This suggests that

macrophages pretreated with Con-A were able to eliminate more amastigotes
forms.

Con-A induces cytokines and NO production by exudates cells pretreated
in vivo

As we observed that macrophages of pretreated mice with Con-A

presented larger capacity phagocytic and leishmanicide, we decided verify if



40

this treatment interfere in cytokines levels. Therefore, we evaluate cytokines
produced by cells pretreated in vivo and infected, obtained from exudates.

A significant increase of TNF-a level was observed at 2h post infection in
Con-A group but not in PBS mice (Fig 4A). Higher levels of IL-10 were detected
in Con-A group after 18 and 24 hours post infection (Fig. 4B). It is known that
TNF-a may induce NO production by macrophages activated. Therefore, we
evaluated NO production by exudates cells pretreated in vivo. We observed
increase of NO levels in Con-A group infected at 18h post infection (Fig. 4C).

We did not find IL-1B production after treatments and infection (date not shown).
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Fig. 4. TNF-q, IL-10 and NO production by exudates cells pretreated with Con-A or PBS and
infected. The mice were pretreated with PBS (250uL) (whlte bars) or Con-A (250ug mL" PBS)
(black bars) i.p. for 72h (ctrl). After, were infected with 10’ promastigotes of LLa for 2, 6, 18 and
24h. The exudates cells were collected and centrifuged. The supernatant were separated for
cytokines analysis and Griess. The values were considered when *P<0.05, ***P<0.001.

Con-A induces TNF-a, IFN-y and ROS production in culture by

macrophages and lymphocytes pretreated in vivo but not IL-1B
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In order to verify only cytokines production by macrophages and
lymphocytes pretreated in vivo, we collected exudates cells and maintained in
culture for 24h. We evaluated TNF-a, IL-13 and IFN-y production and observed
a significant increase of TNF-a level after 2, 6 and 24h post infection in Con-A
group when compared with PBS mice (Fig. 5A). The levels of IFN-y in Con-A
group increased after 6, 18 and 24h post infection but not in PBS (Fig. 5B).

We investigated if these macrophages were able to produce oxygen
species. We observed increase of ROS production at 30 min post infection in
Con-A group when compared with PBS group (Fig. 5C) and others periods.
Furthermore, observed that at 6h the levels of ROS both Con-A and PBS

stabilizes post infection.
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Fig. 5. TNF-a, IFN-y and ROS production by cells from culture pretreated with Con-A or PBS in
vivo. The mice were treated with PBS (250uL) (white bars) or Con-A (250ug mL" PBS) (black
bars) i.p. for 72h (ctrl). After, were infected with 10’ promastigotes of LLa for 30 min. The cells
were collected and maintained in culture. The supernatant were collected at 2, 6, 18 and 24h
post infection. ROS production was evaluated by fluorescence probe H2DCFDA. The data are
expressed as the mean fluorescence (in arbitrary units) + SD of at least three independent
experiments. *P<0.05; **P<0.01; ***P<0.001; significant difference compared with Con-A 30 min
group.
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Con-A prevents liver injury in BALB/c mice infected with L. amazonensis

We evaluated effect of pretreatment on liver in experimental infection in
chronic phase. We observed that Con-A (7,6 £ 2,50) leads to lower number of
infiltrates when compared with PBS group (10,2 £ 1,78) and absolute number of
cells per infiltrate area (Fig. 6).

We analyzed the morphological aspect of liver by presence of granuloma
formation, pyknotic nucleus, karyorrhexis, karyolysis and loss of hepatocyte

membrane (Fig. 7).
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Fig. 6. Absolute number of cells per infiltration area. BALB/c mice were treated with PBS
(250pL) (white bars) or Con-A (250ug mL" PBS) (black bars) i.p. for 72h and infected with 10’
promastigotes for 15 days. The livers were analyzed and the infiltrating cells per cut were
counted by photomicroscope at a final magnification of 40x. *P<0.05.

In our model, we did not observe granuloma formation in 15 days post
infection when infected with L. amazonensis. Karyorrhexis and karyolysis were
not also found. We observed the presence of pyknotic nucleus and loss of

hepatocyte membrane in PBS group (Fig. 7D).
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Fig. 7. Photomicrograph showing the main histological changes found in the liver of animals
infected with L. amazonensis. BALB/c mice were treated for 72h with Con-A or PBS and
infected with 10’ promastigotes for 15 days. (A) animals without treatment or infection; (B) and
(C) cellular infiltration in Con-A group; (D-F) PBS group. (D) pyknotic nucleus (white arrow) and
loss of hepatocyte membrane (black arrow); (E) and (F) cellular infiltration.

DISCUSSION

This study showed that Con-A exerted chemoattractant activity to
peritoneal cavity in BALB/c mice, similar to studies have been shown the
immunomodulatory role of Con-A to recruiting macrophages, neutrophils and
lymphocytes in swiss mice (DE-CARVALHO et al., 2012; CONCHON-COSTA et
al., 2007). BALB/c mice were susceptible to L. amazonensis and this
chemotactic effect was not suppressed to the presence of parasite.

Macrophages represents essential element in leishmaniasis and immune
response for being the population of host cells and by production of effectors
molecules capable to destroy Leishmania spp. (CARNEIRO et al., 2016; MASPI
et al., 2016; OLEKHNOVITCH, BOUSSO, 2015). Therefore, macrophages
activated early in inflammatory site would act more efficiently in infection.

Loyola et al. (2002) reported that Con-A induce phagocytosis of
neutrophils and macrophages in fungal infection, mediated by complement and
mannose receptors after 4 days of treatment with Con-A. In leishmaniasis,

promastigotes forms use mannose receptors to enter the macrophages in a
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relatively silent manner, avoiding the signaling cascades associated with
activation (CHAKRABORTY, GHOSH, BASU, 2001; PRIVE, DESCOTEAUX,
2000).

Then evaluated the phagocytosis only at 30 minutes post infection in
vivo, because after 1 hour we did not find promastigotes in the peritoneum (date
not shown). Thus, the number of amastigotes per macrophages in both groups
did not significant but the percentage of macrophages phagocytosing pretreated
with Con-A was higher when compared with PBS group. Therefore, we can
conclude that Con-A induce phagocytosis consequently by membrane receptors
and in 30 minutes post infection we not yet observed leishmanicide effect.

The phagocytosis does not ensure the elimination capacity of parasite
and hence, we investigated if in our model macrophages pretreated can
eliminate amastigotes forms. We observed the lower number of promastigotes
in Con-A group on fourth and fifth days than PBS group. Thus, macrophages
pretreated with Con-A were capable to eliminate more amastigotes internalized.

It is known that Con-A induces production of IFN-y and TNF-a in
lymphocytes and macrophages (WANG et al.,, 2012; DE-CARVALHO, et al.
2012; CONCHON-COSTA et al., 2007). However, L. amazonensis is able to
induce anti-inflammatory response with IL-10 production (BARRETO-DE-
SOUZA et al., 2015) and therefore, we investigated if Con-A modulate immune
response after the infection by L. amazonensis.

We analyzed cytokines production obtained from exudates. However,
Con-A can activate others cells in the peritoneum. We observed a significant
increase of TNF-a level after 2h post infection when treated with Con-A and
also IL-10 at 18 and 24h.

Studies showed the participation of CD4" CD25" FoxP3" T regulatory
cells (Treg) after intravenous administration of Con-A in BALB/c mice, leading to
IL-10 production to keep the immune tolerance state in ConA-induced hepatitis
model (YE et al., 2009). Therefore, we believe that this IL-10 production at 18
and 24h from exudates cells in Con-A group is due to Treg action because we
did not find IL-10 production from culture cells (date not shown).

In order to verify only cytokines production by macrophages and
lymphocytes pretreated in vivo, we collected exudates cells in 30 min post

infection and maintained in culture for 24h. We also observed a significant
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increase of TNF-a level after 2h post infection and 6h in Con-A group,
decreasing in 24h. IFN-y release occurs after 6 hours post infection remained at
24h. This, suggest that the pretreatment with Con-A induce macrophages and
lymphocytes to produce TNF-a and IFN-y even in presence of L. amazonensis.

IFN-y and TNF-a are capable of increase activity of inducible nitric oxide
synthase (iINOS) and NADPH oxidase in macrophages activated, with
consequent production of nitric oxide (NO) and ROS (SACKS et al., 2002;
CUNNINGHAM, 2002). Among the microbicidal mechanisms exhibited by
phagocytic cells, NO and ROS production has been shown as the most
important for eliminating Leishmania spp. (OLEKHNOVITCH et al., 2014; VAN
ASSCHE et al.,, 2011; JONES et al., 2002). In our model, we found NO
production from exudates after 18h post treatment with Con-A and infection in
vivo but not in PBS group. The increase of TNF-a in 2h obtained ex vivo
indicates that NO stimulation occurs by TNF-a route but not IL-1p.

Leishmania spp. has been described as numerous escape mechanisms
(OLIVIER, GREGORY, FORGET, 2005). For instance, it can reduce NO
production in macrophages by increasing the expression of arginase, which
catalyzed the cleavage of L-arginine (DA SILVA et al., 2012; WANASEN,
SOONG, 2008; BOGDAN, ROLLINGHOFF, 1999). Therefore, we investigated if
the treatment and infection induce ROS levels. We observed a significant
increase of ROS in Con-A group at 30 min post infection but not in PBS group.

L. amazonensis can triggers less ROS production by macrophages from
CBA mice in vitro at 30 min post infection (ALMEIDA et al., 2012). However,
production of ROS by macrophages from C57BL/6 mice infected with L.
amazonensis 30 min and 5 days post-infection has been reported (GIBSON-
CORLEY et al.,, 2014). BALB/c mice are susceptible to L. amazonensis
infection, however, the pretreated with Con-A induced a ROS production at 30
minutes and therefore, we find a lower number of free promastigotes in a
recovery assay indicating an increase of leishmanicidal activity of these
macrophages.

Several studies have demonstrated that L. amazonensis is able produce
a large spectrum of lesions in mice, which include lesions in the liver, skin,
spleen, kidney, bone marrow, bone, and brain (COSTA et al., 2006; ABREU-
SILVA et al., 2003; ABREU-SILVA et al., 2004). ROS production has been
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shown to play a role in the containment of metastasis to spleen and lymph
nodes in experimental L. major infection (BLOS, et al., 2003). Therefore, we
investigated the chronic infection in BALB/c mice pretreated with Con-A and
infected by L. amazonensis once we find ROS production early stage of
infection.

Con-A was associated with protector role on the liver in fungal and
bacterial models (GERALDINO et al., 2010; CONCHON-COSTA et al., 2007;
KUO et al., 2007). In our model, we observed histological changes in the liver of
BALB/c including as to presence of cellular infiltrates in Con-A and PBS group,
pyknotic nucleus and loss of hepatocyte membrane.

The treatment with Con-A lead to lower number of infiltrates and absolute
number of cells per infilirate area. Pyknotic nucleus and loss of hepatocyte
membrane were found in PBS group, characterizing the initial process of lesion

which can lead to necrosis.
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Fig. 8. Action mechanisms of Concanavalin-A in intraperitoneal model. Con-A binds to TCR and
CD3 in T cells (DE CARVALHO et al., 2012) leading to lymphoproliferation, IFN-y production
and consequent chemotaxis of macrophages. Con-A can binds to mannose receptor of
macrophages (LOYOLA et al., 2002) leading to activation and reactive oxygen species (ROS)
production. Lymphocytes and macrophages produce TNF-a and recruit neutrophils.
Macrophages activated phagocyte promastigotes forms.

Mannose
receptor

The escape mechanism of Leishmania spp. remain a great challenge to
therapy and treatment. Concanavalin-A is not used in therapy but could be a
resource interesting in immunocompromised patients to stimulate the immune

response against pathogens.
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Our data demonstrate that Con-A has an immunomodulatory effects in
72 hours of treatment, acting in the chemotaxis of lymphocytes, macrophages
and neutrophils, enhancing their phagocytic capacity, with the elimination of the
parasite due to production of NO and ROS. Our model suggest that the initial
action of Con-A at the inflammatory site contributed to the higher elimination of
L. amazonensis and preventing liver injury, with a lower number of cell in
infiltrates. Furthermore, we not observed the beginning of the lesion as found in
PBS group infected. Concanavalin-A is also enables us understanding the

parasite-host relation to promote future studies.
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5. CONCLUSAO

O pré-tratamento com Con-A desempenhou um importante papel
regulador no modelo de infecgédo intraperitoneal por L. amazonensis usado
neste estudo. Sabe-se que esta espécie possui varios mecanismos de escape
da resposta imunoldgica, incluindo a capacidade de invadir a célula por
receptores de manose sem disparar a cascata de sinalizagao intracelular; ou
reduzir a produgdo de NO e ROS por induzir o aumento da expressao de
arginase e consequente clivagem de L-arginina; ou entdo, induzir a produgao
da citocina anti-inflamataria IL-10, que inibe a IL-12 e consequentemente IFN-y,
impedindo a ativagdo de macrofagos.

No nosso modelo, observamos que o efeito quimiotatico da Con-A nao
foi reduzido pela presenga de L. amazonensis e levou a linfoproliferagcédo e
recrutamento de macrofagos e neutrofilos. Além do mais, mesmo estudos
mostrando que a Con-A leva ao aumento da expressao de receptores de
manose, observamos que os macréfagos obtidos de camundongos pré-
tratados com Con-A foram capazes de produzir espécies reativas de oxigénio e
levar a destruicdo do parasito, assim como a producdo das citocinas
inflamatdrias IFN-y e TNF-a. Esta modulacéo inicial da Con-A na infeccao
experimental representou um elemento importante na fase crénica.

Quando avaliamos o perfil histolégico do figado de animais pré-tratados
e infectados, observamos que aqueles que receberam a Con-A tiveram menos
infiltrados celulares assim como uma quantidade menor de células no local. Ja
aqueles tratados com PBS, observamos alteragdes morfolégicas indicando o
inicio de uma lesdo, como a perda da membrana do hepatdcito e a presenga
de nucleo picnético. Sendo assim, concluimos que o papel imunomodulador da
Con-A no sitio inflamatdrio levou a um perfil menos agressivo observado no

figado durante a fase crénica, na infecgdo experimental por L. amazonensis.
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