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TiTULO — ALTERAGAO DA EXPRESSAO DE sFAS E sFASL DURANTE A
LEISHMANIOSE VISCERAL CANINA.

RESUMO: A leishmaniose visceral (LV) é causada por parasitas intracelulares
do género Leishmania que afeta humanos e varias espécies de animais. Os
cdes sdo um dos principais reservatorios urbanos da Leishmania Infantum e
desempenham um papel central no ciclo de transmissdo para os seres
humanos utilizando flebotomineos. A apoptose de linfocitos esta envolvida na
regulagdo da resposta imune da LV, podendo contribuir para uma resposta
imune ineficaz porque o mecanismo efetor ndo reduz a multiplicagdo do
patdogeno. Um importante regulador da apoptose é a proteina FAS (Cluster de
diferenciacao 95 CD95) e proteina ligante FAS—FASL (Cluster de diferenciagao
178-CD178), sistema envolvido na baixa regulagdo de reagbdes imunes
mediadas por células T citotoxicas. A proteina FAS € um membro de receptor
da superfamilia fator de necrose tumoral (TNF) que pode ser expresso na
forma transmembrana ou soluvel. Os niveis das proteinas soluvel FAS (sFAS),
soluvel FASL (sFASL), e caspase 3 ativa, essa ultima relacionada a cascata
apoptética, foram determinados por ensaio de ELISA de captura nos extratos
do bago de 19 céaes sintomaticos apresentando LV moderada e em 6 caes
saudaveis. A carga parasitaria esplénica foi determinada por PCR em tempo
real com amplificagdo do segmento intergénico espagador transcrito interno 1
(ITS1) do gene de rRNA do parasita. Foi realizada a correlagéo entre os niveis
de sFAS e sFAS-L com a carga parasitaria explénica. Os caes com
leishmaniose apresentaram menores niveis de sFAS (p<0,05) e elevados
niveis de sFASL e caspase 3 ativa (p<0,05) no bago que os caes saudaveis.
Além disso, foi observada correlagdo negativa entre a carga parasitaria e os
niveis de sFASL nos caes infectados. Conclui-se que o aumento do sFASL

pode estar relacionado com o mecanismo envolvido na eliminag&o do parasita.

Palavras chave: FAS-Proteina Associada ao Dominio de Morte (FAS), FAS-
Proteina Ligante (FASL), Leishmania infantum, Leishmanioses, Morte Celular,

Ligante Indutor de Apoptose Relacionado ao TNF (TRAIL).



TITLE- ALTERATION OF sFAS AND sFAS LIGAND EXPRESSION DURING
CANINE VISCERAL LEISHMANIOSIS

ABSTRACT: Visceral Leishmaniosis (VL) is caused by intracellular parasites of
the genus Leishmania that affect humans and several animal species. Dogs are
one of the main urban reservoirs of Leishmania infantum and play a central role
in the transmission cycle to humans via sandflies. CD3+ cells apoptosis is
involved in the immune response in VL. Dysregulation of apoptosis has been
implicated in various disease states. An important regulator of apoptosis is the
FAS-FAS-associated death domain protein (cluster of differentiation 95-CD95)
and FASL-FAS ligand protein (cluster of differentiation 178-CD178) system
involved in the down-regulation of immune reactions and in T cell-mediated
cytotoxicity. FAS is a member of the tumor necrosis factor (TNF) receptor super
family, which can be expressed in transmembrane or soluble forms. The soluble
levels of FAS (sFAS), FASL (sFASL) and active Caspase-3, this last related to
apoptotic cascade, were investigated in the spleen of 19 symptomatic dogs
presenting moderate VL and 6 healthy dogs, determined by ELISA assay. The
splenic parasite load was determined by real-time PCR monitoring of
amplification of the intergenicinternal transcribed spacer (ITS1) gene of parasite
rRNA. sFAS levels were lower (p <0.05) sFASL and active Caspase-3 levels
were higher (p<0.05) in dogs with VL compared with controls. Negative
correlation was observed between parasite burden and sFASL levels. The
increase in sFASL could be related to the mechanism involved in the elimination

of the parasite.

Keywords: Cell death, FAS-associated death domain protein, FAS ligand
protein, Leishmania infantum, Leishmaniosis, TRAIL (TNF-related apoptosis-
inducing ligand)
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CONSIDERAGOES GERAIS

As Leishmanioses sao causadas por protozoarios parasitas do género
Leishmania, pertencentes a ordem Kinetoplastida, familia Trypanosomatidae
(ROSS, 1903). E uma doenca endémica, que ocorre em mais de 100 paises,
principalmente os de climas subtropicais a tropicais (ASHFORD et al., 1992).

No mundo, a cada ano, estima-se que 1,3 milhdes de novos casos de
leishmaniose cutadnea e visceral sdo registrados segundo as estimativas da
Organizagdo Mundial de Saude (OMS) (WORLD HEALTH ORGANIZATION,
2014). No Brasil, o Ministério da Saude estima que quase 3 mil pessoas sao
diagnosticadas com leishmaniose anualmente, entre os anos 2000 e 2011,
2.700 pessoas morreram vitimas da leishmaniose visceral. Os maiores indices
de mortalidade foram registrados no Para, no Tocantins, Maranh&o, Piaui,
Ceara, Sao Paulo, Bahia e em Minas Gerais (GONCALVES, 2013).

A Leishmaniose visceral (LV) é causada por duas espécies do complexo
donovani: Leishmania (L.) donovani ou Leishmania (L.) infantum (ALVAR et
al.,2004) sinbnimo de Leishmania (L.) chagasi (MAURICIO et al., 2000).

Os agentes transmissores da LV s&o insetos da familia Psychodidae,
subfamilia Phlebotominae (DESJEUX, 2004). Nas Américas, a principal
espécie de flebotomineo envolvida com a transmissao da leishmaniose visceral
€ a Lutzomyia longipalpis (LAINSON; SHAW, 1987).

O vetor se infecta ingerindo formas amastigotas do parasita durante o
repasto sanguineo, estas formas da Leishmania spp. estdo presentes nas
células do sistema monocitico fagocitario da pele do hospedeiro infectado. No
tubo digestivo do inseto, estes se transformam em promastigotas que se
multiplicam no interior do mosquito, de forma que a fémea do flebotomineo
infectado inocula essas formas infectantes, contaminando o novo hospedeiro;
estas, entéo, sdo fagocitadas por macrofagos, retornando a forma amastigota,

onde se multiplicam, causando rompimento da célula. Ocorrendo assim
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disseminagao para tecidos como figado, bago, linfonodos e medula éssea
(LAINSON et al.,1987).

Outros artropodes tém sido descritos como vetores, como o carrapato e
a pulga (COUTINHO et al.,, 2005; FERREIRA et al., 2009). Em caes, a
transfusdo sanguinea também tem sido apontada como uma via de
transmissdo do parasita (OWENS et al., 2001).

Os céaes apresentam parasitismo intenso na pele e tem um contato
préximo com os seres humanos o que pode favorecer a transmissao da doenga
quando ha a presenga do vetor (DEANE; DEANE, 1955). Portanto, uma das
melhores maneiras de controlar a incidéncia da doenga em humanos é detectar
os caes infectados (ASHFORD et al., 1998). Os caes sao importantes na
manutencao do ciclo epidemiolégico da doenga, uma vez que a LV é mais
prevalente na populagdo canina que na humana e que a infeccdo humana
normalmente é precedida pela infecgdo canina (SANTA ROSA; OLIVEIRA,
1997).

Caes infectados apresentam aumento da quantidade de anticorpos
circulantes, principalmente da classe IgG (PINELLI et al., 1994). Assim visando
o diagnostico rapido para a doenga, muitos testes soroldgicos indiretos foram
desenvolvidos como a imunofluorescéncia indireta (RIFl), a reagao
imunoenzimatica (ELISA) e os dispositivos imunocromatograficos (SOLANO-
GALLEGO et al., 2009).

No ELISA a sensibilidade e a especificidade dependem do antigeno
utilizado (SOLANO-GALLEGO et al,, 2009) e do estado clinico do céao
(CANDIDO et al., 2008; CARVALHO et al.,, 2002; METTLER et al., 2005).
Candido et al. (2008) compararam o antigeno purificado fucose manose ligante
(FML) e o antigeno total bruto (ATB) produzido a partir de promastigotas de
Leishmania, em caes sintomaticos e oligossintomaticos respectivamente, os
testes com o ATB obteve boa sensibilidade (86,7% a 90%) e boa
especificidade (93,1% a 100%), com o antigeno FML também foi obtido
resultados satisfatorios de sensibilidade (86.6 a 90%) e especificidade (96,6% a

93,3%). O antigeno recombinante A2 utilizado em cades sintomaticos obteve
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sensibilidade de 86% e a ocorréncia do registro de reagdo cruzada com o
antigeno A2 para o diagnostico dos parasitas causadores das doencgas
rickettsiose, ehrlichiose e tripanossomiase americana foi insignificante
(CARVALHO et al., 2002).

O método sorologico de ELISA indireto tem sido comumente empregado
para o diagndstico da LV canina por ser um teste sensivel, pouco invasivo por
apresentar facilidades técnicas e econémicas (LIMA et al., 2003).

Métodos diretos de detecgdo do parasita também sé&o utilizados como a
citologia, onde sdo observados as formas amastigotas do parasita, em
esfregacos de aspirado de linfonodo, medula éssea, bacgo, figado, pele e
sangue corados com reagentes especificos (LAURENTI, 2009). Destas
amostras clinicas pode-se optar por isolar e cultivar o parasita, podendo ser
feita em meios artificiais ou inoculagdo em hamster. Entretanto o cultivo é
pouco viavel para diagnostico de rotina, podendo ser um método importante
para determinar a espécie do parasita em conjunto com outras técnicas
(GOMES et al., 2008).

Parasitas Leishmania spp. também podem ser vistos em sec¢des de
bidpsia histopatolégica da pele ou de outros 6rgéaos infectados (SOLANO-
GALLEGO et al., 2009).

A deteccao molecular do parasita pela reagdo em cadeia da polimerase
(PCR) tem sido proposto como um método de diagnostico seguro (SOLANGO
GALLEGO et al.,, 2009) em sangue, pele, ndédulos linfaticos, conjuntiva ou
medula 6ssea de cées infectados. A sensibilidade e especificidade da PCR
dependem de diferentes fatores, incluindo tipos de iniciadores, numero de
copias do alvo, método de extragcao de DNA, biopsia do material e tipos de
protocolo da PCR (FRANCINO et al., 2006; GONTIJO; MELO, 2004). Varios
sistemas baseados em PCR tém sido desenvolvidos para Leishmania spp., €
muitas sequéncias alvo ja foram identificadas, como também um grande
numero de iniciadores, desenhados (SCHALLING;OSKAM, 2002). A regiao
ITS1 (espagador interno transcrito) esta situada entre a pequena e grande

unidade do gene do rRNA, sendo uma regido n&o codificante e apresenta cerca
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de 200 copias no genoma de Leishmania, a regiao apresenta variagao
suficiente para permitir a diferenciagdo das espécies de Leishmania e a reagao
em cadeia da polimerase para essa regiao nao amplifica o DNA de
Trypanossoma cruzi, Escherichia coli, Candida albicans, Tychophywn terrestre
e Microsporum audouini (EL TAIl et al., 2000).

Os caes com LV apresentam variagdo nos sinais clinicos da
leishmaniose, sendo os mais frequentes: onicogrifose, linfadenopatia, hepato e
esplenomegalia, caquexia, alopecia periocular e lesées cutaneas (SOLANO-
GALLEGO et al., 2009).Porém alguns caes podem permanecer aparentemente
saudaveis, sendo classificados como assintomaticos. Estes caes representam
de 20 a 40% da populagao de soropositivo para a doenga, dos quais 80%
posteriormente desenvolvem a forma clinica da doenca (NOLI, 1999).

Nos caes, as células T sdo de fundamental importancia na regulagao da
resposta imunoldgica ao parasita. A resisténcia a infec¢cdo estad associada a
ativacdo de células T CD4+ e uma resposta do tipo Th1 especificas para
Leishmania spp., do qual produz IFN-y que ativa os macrofagos (PINELLI et al.,
1994). As células T CD8+ também parecem estar envolvidas com a resisténcia
a infeccdo (BARBIERI, 2006). A ativacédo das células T CD4+ e uma resposta
do tipo Th2 resulta no aumento da sobrevivéncia do parasita e no aparecimento
das lesdes, em razéo das agdes supressivas de suas citocinas nos macrofagos
(ABBAS et al., 2000;PINELLI et al., 1994).

No baco de caes com LV, uma resposta mista do tipo Th1 e Th2 tem
sido verificada, envolvendo INF-y e predominancia de IL-10 (CORREA et al.,
2007). Michelin et al. (2011) observaram no extrato do bago de caes infectados
um aumento do nivel de TNF-q, IL-4 e IL-10, atribuindo a estas citocinas um
importante papel na patogénese da LV.

Um dos processos associados a regulagao da resposta imunolégica na
leishmaniose visceral é a apoptose. Camundongos susceptiveis infectados com
L. donovani apresentaram aumento da apoptose de células do baco T CD4+ e
também foi observado diminuicdo da producao das citocinas do tipo Th1 (DAS

et al.,, 1999). O aumento da apoptose nas célula T também foi relatada no
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figado e no bagco de camundongos infectados com L. donovani (ALEXANDER
et al., 2001).

A apoptose, também conhecida como morte celular programada,
envolve uma série de alteragdes morfologicas no citoplasma e nucleo da célula,
levando a inativagdo e fragmentagao da célula, de forma que os fragmentos
celulares resultantes do processo sao fagocitados por macréfagos. A morte por
apoptose € altamente regulada e depende da participagdo de um grupo de
proteinas da familia de cisteina-proteases denominadas caspases, muitas séo
as moléculas envolvidas no controle das vias de ativagado da apoptose, dentre
estas, as proteinas antiapoptéticas (caspases 1, 4, 5, 11 e12) e pro-apoptoticas
(caspases 2, 3, 6, 7, 8,9 e 10) (GRIVICICH et al., 2007).

A ativacado da apoptose pode ser iniciada de duas diferentes maneiras:
pela via extrinseca (citoplasmatica) ou pela via intrinseca (mitocondrial). A via
intrinseca é muitas vezes ativada em resposta a sinais resultantes de danos no
DNA, perda de fatores de sobrevivéncia celular, ou outros tipos de estresse
celular grave. As proteinas pro-apoptaticas sao liberadas das mitocdndrias para
ativar caspases e desencadear a apoptose (SCHLEICH;LAVRIK et al., 2013).

A via extrinseca é desencadeada pela ligacéo de ligantes especificos a
um grupo de receptores de membrana da superfamilia dos receptores TNF.
Esta ligacdo é capaz de ativar a caspase 8, que ira ativar a caspase 3,
desencadeando o processo de apoptose (SCHLEICH; LAVRIK et al., 2013).

Um importante regulador da apoptose pela via extrinseca é o sistema
FAS (Grupamento de diferenciagdo 95-CD95) e FAS ligante — (FASL)
(Grupamento de diferenciagdo 178-CD178), ambos estao envolvidos na baixa
regulacéo de reagdes imunoldgicas e na citotoxicidade mediada por células T
(RUBERTI et al., 1996). A via FAS também é importante na selecédo das células
T e delegao clonal de células periféricas (GASTMAN, 2001). Na indugao de
apoptose via FAS, esse receptor sozinho ndo pode ativar o “sinal de morte
celular” (LINCH et al., 1995), este se liga a proteina FASL ativando assim o
“‘dominio de morte” intracelular (FADD-Fas-associado a proteina com dominio

de morte), com consequente ativagao das caspases (KRAMMER, 2000). Essa
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via pode ser estimulado “in vitro” por anticorpos monoclonais para FAS (LINCH
et al., 1995).

Camundongos deficientes de FAS ou FASL apresentaram sindrome
linfoproliferativa, evidenciando o papel destes receptores no controle da
homeostase do sistema imunolégico (MAHMOOD; SHUKLA, 2010).

FAS e FASL podem ser expressos nas formas transmembrana ou
soluvel (RUBERTI et al., 1996). A forma soluvel do FAS (sFAS) é produzida por
“splicing” alternativo do RNA mensageiro. O papel do sFAS ainda nédo é
totalmente compreendido, mas imagina-se que este seja capaz de inibir a
apoptose mediada por mFAS (FAS associado a membrana) por meio da
neutralizacdo do seu ligante mFASL (FASL associado a membrana) (RUBERTI
et al., 1996).

O FASL soluvel (sFASL) é produzido pela clivagem mediada por
enzimas do tipo metaloproteinases (MMP) a partir do mFASL (CURTIN;
COTTER, 2003). A ligagao do sFASL com mFAS expresso em células-alvo
desencadeia uma cascata de sinalizagao pro-apoptatica, levando a ativagao de
caspases e morte celular (ORLINICK et al., 1999).

Quando os corpos apoptéticos ndo sdo prontamente fagocitados eles
podem sofrer lise e perder a integridade da membrana liberando os seus
constituintes intracelulares para o meio extracelular, exibindo um perfil de
células necroticas ativando mediadores inflamatorios (COHEN et al., 2002;
SAVILL et al., 2002).

A ativacdo do macréfago vai depender do estimulo ou receptores
envolvidos na fagocitose de células necroticas ou apoptéticas que podem gerar
sinais anti-inflamatorios ou pré-inflamatérios (KRYSKO et al., 2006).

A apoptose é essencial para o controle homeostatico do numero de
linfocitos, especialmente apds o desenvolvimento da resposta imune a um
microrganismo invasivo (SCAFFIDI et al., 1999). Contudo, alguns patdégenos
sao capazes de manipular essa resposta, seja diretamente ou por

desenvolverem estratégias para sobreviver no hospedeiro, até que tais
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mecanismos homeostaticos sejam ativados para reduzir numero de células T
efetoras (FREIRE-DE-LIMA et al., 2000).

A apoptose in vivo de células mononucleares e células da epiderme tem
sido reportada em doencgas infecciosas cronicas, como AIDS (BADLEY et al.,
1997), leishmaniose visceral humana e canina (RETHI,EIDSMO, 2012;
VERCOSA et al., 2012) e doenga de chagas (LOPES; DOS REIS, 2000), onde
tem sido demonstrado que esse processo nao € eficaz na eliminagao do
parasita e tem contribuido para a susceptibilidade do hospedeiro.

Pacientes humanos com LV aguda apresentaram taxas mais elevadas
de apoptose nas células T comparado a pacientes curados, também foi
observada uma diminuigao na produgao de IFN Y, sugerindo que este processo
pode estar envolvido na falha da imunidade celular (POTESTIO et al., 2004).
De fato, tem sido demonstrado in vitro que o parasita Leishmania spp. € 0s
seus constituintes da membrana pode induzir a apoptose de linfocitos
(WOLDAY et al., 1999).

Prates et al. (2011) em experimentos com humanos e camundongos
concluiram que as proteinas salivares do vetor pode desencadear a apoptose
de neutréfilos mediada por mFasL, mostrando a importancia deste receptor
logo no inicio da infegao.

In vivo, pacientes com LV ou com ou sem co-infecgdgo com AIDS
apresentaram maiores concentracdes plasmaticas de sFAS e sFASL do que
individuos saudaveis, sugerindo o envolvimento dessas moléculas as
alteragdes patolégicas da LV. A medida que a doenca e a carga parasitaria
foram controlados, os niveis plasmaticos de ambos os marcadores apoptoticos
retornaram a valores similares dos individuos saudaveis, sugerindo que a
inducdo da apoptose € efeito do sFASL quando ligado a matriz extracelular
(EIDSMO et al., 2002). In vitro foi observado que os niveis de mFAS e sFASL
no sobrenadante de cultura de macrofagos humanos infectados por L.
donovani estavam aumentados, sugerindo que esses receptores podem estar
relacionados a apoptose de células T (EIDSMO et al., 2002). Em camundongos

susceptiveis a leishmaniose visceral, foi demonstrado aumento da apoptose
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dos linfécitos T no baco, especificamente 40% das células TCD4+, em adi¢cao
diminuiu a produgédo das citocinas IL-2 e IFN-Y , deixando a mantendo a
secrecdo de IL-4 inalteradas, facilitando a multiplicagdo do parasita no
hospedeiro. Os resultados sugerem que a apoptose € um dos processos
associados com a regulagdo da resposta imune da LV e pode influenciar o
desenvolvimento da resposta imunolégica (DAS et al., 1999).

Alexander et al. (2001) observaram aumento da apoptose no bago e no
figado de camundongos infectados por L. donovani. Camundongos
susceptiveis apresentaram apoptose do centro germinativo nos linfonodos
(ABREU-SILVA et al., 2004).

Em cades com LV a apoptose também tem sido estudada. Na imunidade
inata em caes com LV observou-se apotose de neutréfilos em todos os
estagios da doenga (ALMEIDA et al., 2013).

Moreira et al. (2013) observaram que cdes com LV sintomaticos
apresentam maior carga parasitaria e maior numero de células em apoptose na
pele sugerindo que o parasita pode estar utilizando da apoptose como um
mecanismo de evasdo da resposta imunologica. Vergosa et al. (2012)
demonstraram que a apoptose estd diretamente relacionada a carga
parasitaria, a intensidade da resposta inflamatéria e as manifestagdes clinicas
em caes naturalmente infectados por L. infantum.

Poucos estudos tém sido realizados sobre a apoptose de linfécitos T na
LV canina. A supressdao imunolégica observada em cées naturalmente
infectados com Leishmania spp. pode estar relacionado com o mecanismo de
apoptose dos linfocitos T. A estimulacao constante desta infeccao crénica pode
desencadear a apoptose e contribuir para o insucesso da imunidade celular.

In vivo caes com LV apresentaram maiores taxas de apoptose de células
T no sangue periférico € no bago do que os caes saudaveis (LIMA et al., 2012).
Silva et al. (2013) também observaram a participagdo das moléculas da via
extrinseca mFAS, mFASL e TRAIL na apoptose das células CD4+ e CD8+

durante o processo infeccioso de caes com LV.
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Alem da fungdo de sFASL na apoptose, esta molécula tem outras
funcbes, podendo ser uma das principais responsaveis por inflamagao em
algumas doengas (BLANCO-COLIO et al., 2008; CARDINAL et al., 2010). Tem
sido sugerido a utilizagdo do sFASL como um marcador da inflamagéo
(MUSIAL; ZWOLINSKA, 2012), em estudos in vitro esta molécula apresenta
atividade quimiotatica em leucdcitos polimorfonucleares (neutréfilos) de
camundongos e humanos (OTTONELLO et al., 1999; SEINO et al., 1998;). Em
caes com LV o papel inflamatério do sFASL néo foi caracterizado.

O papel das moléculas sFAS e sFASL ainda nao foi adequadamente
caracterizado na LV canina. A investigacado destes parametros pode contribuir
para a compreensao dos mecanismos envolvidos da resposta imune a infecgao

€ a supressao da imunidade celular observada em caes com LV.
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OBJETIVOS

Investigar se a infeccdo por L. infantum induz a apoptose das principais
subpopulagdes de células CD3+, CD4+ e CD8+ sanguineas de caes saudaveis
e se os receptores sFAS e sFASL presentes no bago de cao infectado estao

envolvidos com o controle da carga parasitaria.
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ALTERATION OF sFAS AND sFAS LIGAND EXPRESSION DURING
CANINE VISCERAL LEISHMANIOSIS

ABSTRACT: Visceral Leishmaniosis (VL) is caused by intracellular parasites of
the genus Leishmania that affect humans and several animal species. Dogs are
one of the main urban reservoirs of Leishmania infantum and play a central role
in the transmission cycle to humans via sandflies. CD3+ cells apoptosis is
involved in the immune response in VL. Dysregulation of apoptosis has been
implicated in various disease states. An important regulator of apoptosis is the
FAS-FAS-associated death domain protein (cluster of differentiation 95-CD95)
and FASL-FAS ligand protein (cluster of differentiation 178-CD178) system
involved in the down-regulation of immune reactions and in T cell-mediated
cytotoxicity. FAS is a member of the tumor necrosis factor (TNF) receptor super
family, which can be expressed in transmembrane or soluble forms. The soluble
levels of FAS (sFAS), FASL (sFASL) and active Caspase-3, this last related to
apoptotic cascade, were investigated in the spleen of 19 symptomatic dogs
presenting moderate VL and 6 healthy dogs, determined by ELISA assay. The
splenic parasite load was determined by real-time PCR monitoring of
amplification of the intergenicinternal transcribed spacer (ITS1) gene of parasite
rRNA. sFAS levels were lower (p <0.05) sFASL and active Caspase-3 levels
were higher (p<0.05) in dogs with VL compared with controls. Negative
correlation was observed between parasite burden and sFASL levels. The
increase in sFASL could be related to the mechanism involved in the elimination

of the parasite.

Keywords: Cell death, FAS-associated death domain protein, FAS ligand
protein, Leishmania infantum, Leishmaniosis, TRAIL (TNF-related apoptosis-

inducing ligand)
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1. Introduction

Leishmaniosis occur in more than 100 countries, from warm temperate
through subtropical to tropical climates (ASHFORD et al., 1992). Visceral
Leishmaniosis (VL) is a severe chronic disease that is potentially fatal to
humans, caused by different species of the genus Leishmania (DESJEUX,
2004). Brazil is currently facing the expansion and urbanization of VL. The
transmission cycle, which previously occurred in sylvatic and rural areas, is also
currently developing in urban centers, creating favorable conditions for the
emergence and reemergence of diseases (DESJEUX, 2004). In association
with these factors, environmental and climate changes are occurring, the vector
is adapting to human-modified environments and disease that compromise the
immune system, such as human immunodeficiency virus (HIV), are rising,
contributing to the reemergence of VL (GONTIJO; MELO, 2004).

Dogs present intense skin parasitism and have close contact with
humans facilitating transmission of Leishmania sp. (DEANE; DEANE, 1955). In
endemic areas, up to 85% of infected dogs may be asymptomatic, thus
representing a huge risk to the spread of disease, since they are the main
domestic reservoir of Leishmania (L.) infantum (MICHALSKY et al., 2007),
synonymous with Leishmania chagasi (MAURICIO et al., 2000).

The increase in apoptosis of T cells in many chronic infectious diseases
has been widely discussed (BADLEY et al., 1997; RETHI; EIDSMO, 2012;
VERCOSA et al., 2012). Dogs infected with L. infantum show a reduced number
of CD4+ T lymphocytes (BOURDOISEAU et al., 1997). The apoptosis of T
lymphocytes is one of the processes associated with immune-response
regulation in VL and can influence immune response development
(ALEXANDER et al., 2001; DAS et al., 1999).

An important regulator of apoptosis is the FAS-associated death domain
protein (cluster of differentiation 95-CD95) and FASL-FAS ligand protein
(cluster of differentiation 178-CD178) system. FAS is a member of the tumor
necrosis factor (TNF) receptor super family, which can be expressed in
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transmembrane or soluble forms (CASCINO et al., 1996). Forms of soluble
FAS (sFAS) are produced upon alternative splicing of the full-length mRNA. The
role of sFAS is not understood fully, but is thought to inhibit apoptosis mediated
by mFAS (membrane-associated FAS) through neutralizing its ligand, mFASL
(membrane-associated FASL)

Few studies have been performed on apoptosis during VL. In vitro
studies suggest that apoptosis is involved in the suppression mechanism
observed in VL. The infection of human macrophages by Leishmania donovani
increases the level of mFAS in the cell and the level of sFASL in culture
supernatant. The significant deregulation of apoptosis via FAS and FASL during
VL is a mechanism that could contribute to the increased apoptosis sensitivity of
T cells specific to Leishmania spp. (EIDSMO et al., 2002). In vivo, patients with
acute VL show higher apoptosis rates in T cells and this process could be
involved in the failure of cellular immunity (POTESTIO et al., 2004).

The immune suppression observed in dogs naturally infected with
Leishmania spp. may be related to the mechanism of T lymphocyte apoptosis.
The constant stimulation of this chronic infection may trigger apoptosis and
contribute to the failure of cellular immunity. Lima et al. (2012) reported an
increased rate of apoptosis in T lymphocytes from the spleen and peripheral
blood, while Silva et al. (2013) showed that mFAS and mFASL were involved in
T cell apoptosis. However, the molecules sFAS and sFASL have not yet been
characterized. Investigating these parameters may contribute to understanding
the factors responsible for the suppression of cellular immunity observed in
dogs with VL.

2. Materials and methods

2.1. Ethics committee approval

The study was approved by the Ethics Committee for Animal

Experimental Research (Comité de Etica em Pesquisa Experimental Animal,



36

COBEA) and the Committee of Ethics in Animal Use (Comité de Etica no Uso
Animal, CEUA) of the School of Veterinary Science (Faculdade de Medicina
Veterinaria, FMVA) at the Aragatuba Campus of Sdo Paulo State University
(Universidade Estadual Paulista "Julio de Mesquita Filho", UNESP) on April 15,
2011 (process number 00679/2011).

2.2. Animal screening

For this study, 19 adult dogs with VL were selected. The infected dogs
were between two and five years-old and consisted of dogs of various breeds
and weights. They were obtained from the Zoonoses Control Center of
Aracatuba (Centro de Controle de Zoonoses de Aragatuba, CCZA) and were all
seropositive for the L. infantum antigen, as determined by indirect ELISA (LIMA
et al., 2003). All of the dogs were symptomatic and exhibited at least three of
the following clinical signs of VL: onychogryphosis, lymphadenopathy,
hepatosplenomegaly, periocular lesions, cutaneous lesions and cachexia. The
control group consisted of six healthy dogs of several breeds and weights that
were seronegative for L. infantum, as determined by indirect ELISA (LIMA et al.,
2003) and real-timePCR. These control animals presented normal blood counts,
indicating the absence of infection.

The infected dogs showed moderate disease and were sorted based on
a physical examination and their levels of anti-Leishmania antibodies,
determined by indirect ELISA (LIMA et al., 2003), as proposed by Solano-
Gallego et al. (2009).

2.3. Sample collection

The dogs with VL were euthanized through an intravenous injection of
barbiturate anesthesia (Thiopental, Cristalia Itapira, Sdo Paulo State) followed

by 19.1% potassium chloride according to Brazilian law. Following euthanasia,
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spleen fragments were collected and maintained in RPMI-1640 medium
(Sigma®, USA) supplemented with 10% heat-inactivated fetal bovine serum
(FBS) (Gibco®USA), 0.03% L-glutamine(Sigma®, USA), 100 IU/mL penicillin
(Sigma®, USA), and 100 mg/mL streptomycin (Sigma®, USA). The spleen
samples from the control group were obtained by surgical excision using the
protocol described by Lima et al. (2012).

Blood samples were obtained from the healthy dogs by femoral or jugular
vein puncture, collected in tubes containing sodium heparin (BD®,USA), and

processed immediately after collection.

2.4. Isolation of mononuclear cells from the peripheral blood

Peripheral blood mononuclear cells (PBMCs) from healthy dogs were
isolated on Histopaque gradient® 1077 and 1119 (Sigma®, USA) following the
manufacturer's recommendations. The PBMCs were washed three times in
phosphate-buffered saline (PBS), pH 7.2. The cells were then resuspended in
RPMI-1640 (Sigma®, USA) supplemented as described above and maintained a
37°C, with 5% CO, (Revco®, USA). The cells culture were infected with L.
infantum promastigotes (5:1, 10:1, 20:1, parasites: cell). Apoptosis in CD3+,
CD4+ and CD8+ cells was determined after 16 h.

2.5. Evaluation of CD3+, CD4+ and CD8+ cell apoptosis

To evaluate apoptosis, the CD3+, CD4+ and CD8+ cells from the
peripheral blood were labeled by incubating 10° cells/mL with Anti-canine CD3
monoclonal antibodies conjugated to fluorescein isothiocyanate (FITC;
Serotec®, UK) or FITC-conjugated anti-CD8 monoclonal antibodies (Serotec®,
UK) or FITC-conjugated anti-CD4 monoclonal antibodies (Serotec®, UK) were
added and incubated for 30 min. Isotype control (Serotec®, UK) antibody was

added in a separate tube to control for nonspecific labeling. After
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immunolabeling, the percentage of apoptosis was determined using the Guava
Nexin kit (Millipore®). This kit comprises Annexin V (yellow fluorescence), which
has a high affinity for the intracellular phosphatidylserine that is released when
a cell initiates apoptosis and, 7-AAD (red fluorescence), which is a vital dye.
The procedure was performed according to the manufacturer's instructions. The
data were obtained using the Guava EasyCyte Mini system with the CytoSoft
software program, as detailed in the manufacturer's instructions. Ten thousand
events were acquired per sample in acquisition to analysis mode.

Isotype control (Serotec®, UK) were used as a negative control to delimit
the negative populations in the experiment, and the percentage of gated cells in
theupper right quadrant represented cells in the late stages of apoptosis that
were doubly labeled with 7-AAD and Annexin-V.

2.6. Spleen extracts and ELISA assay

Extracts from spleen were used for quantitative analysis of sFAS, sFASL
and active Caspase-3, by capture-ELISA. To achieve this, 300 mg of spleen
and 500 pl of RPMI-1640 media (Sigma®, USA), pH 7.2, were used. The
samples were refrigerated and grounded in a tissue homogenizer (Ultra Turrax®
T 8, Germany) for about 5 min. The resulting homogenate was centrifuged at 10
000g for 15 min at 4°C (Eppendorf® 5810 R, Germany) and the supernatant
was immediately stored at -80°C (Revco® USA). Concentrations of sFAS,
sFASL and active Caspase-3 were assayed in duplicate in spleen extracts by
capture ELISA (Factor Related Apoptosis FAS and Factor Related Apoptosis

FASL, Life Science®, China; Human active Caspase-3, Invitrogen® USA).
2.7. DNA extraction and real time PCR
The DNA was extracted from spleen samples (0.025 g) using a

commercial kit (Qiagen® Easy-DNA, USA) following the manufacturer's

recommendations. DNA was maintained at -20°C until use.
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Quantification of parasite load was performed using real-time PCR with
primers that amplify the intergenic region of intergenic internal transcribed
spacer  (ITS1) rRNA  gene (5'AGCTGGATCATTTTCCGATG 3,
5TATGTGAGCCGTTATCCACGC 3'). The PCR reaction was performed in a
total volume of 25 pl containing 10 pmol of each primer, DNA (10-100 ng), and
12 pl of mix Quanti FASt Syber Green (Qiagen®, USA).

The PCR reaction was performed using the CFX96® real-time PCR
system (Bio-Rad®, USA) as follows: initial denaturation of 95°C for 2 min
followed by 40 cycles of 95°C for 15 s and 60°C for 30 s. The melting curve
protocol was 95°C for 15 s, 60°C for 15 s followed by 20 min until it reached
95°C for 15 s. The standard curve for quantification was performed on serial

dilutions at nine different concentrations of culture promastigotes of L.infantum.

2.8. Statistical analysis

The Wilcoxon rank test was used to compare the level of apoptosis in
infected and non infected cell culture due to the nature of the nonparametric
data. The unpaired t-test was used to compare the level of sFAS, sFASL and
active Caspase-3 from spleen samples of the control and infected groups. The
Spearman correlation analysis was performed between the value sFAS and
sFASL and the value corresponding to the spleen parasite load.

Differences of the means with p<0.05 were considered statistically
significant. The GraphPad Prism 5 software program (GraphPad Software®,

Inc., CA, USA) was used for the statistical analysis.

3. Results

3.1. L. infantum infection in mononuclear cells from the blood of healthy dogs
increased apoptosis in CD3+, CD4+ and CD8+ cells
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To confirm that L. infantum infection induces T cell apoptosis, PBMCs
from healthy dogs were infected with increasing doses of L.infantum
promastigotes and the levels of apoptosis were measured in CD3+, CD4+ and
CD8+ cells. The infected cultures showed a gradual increase in apoptosis
associated with parasite load in CD3+, CD4+ and CD8+ cells compared with
non infected cells (p<0.05, paired Wilcoxon test; Figure 1A). A typical figure

from flow cytometry analysis was shown (Figure 1B).
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FIGURE 1A - Percentage of apoptotic CD3+, CD4+ and CD8+ cells from PBMC of
healthy dogs following L. infanfum infection. Mean and standard

deviation are shown (*): statistically significant differences, Wilcoxon
test (p< 0.05).
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FIGURE 1B - Flow cytometry analysis: Gating scheme of forward vs side
scatter to observe exclusion or inclusion of proper events,
which is especially critical to live/dead staining. Fluorescence
plot for gated PBMC from healthy dogs (Anti-CD3 monoclonal
antibody FITC). Percentage inside upper right quadrants
correspond to PBMC CD3+ cells; stained for Annexin V-PE
and 7-AAD fluorescence (double stained), indicating late stage
of apoptotic cells. Apoptosis in the presence of L. infantum:
PBMC (5:1, 10:1, 20:1). Similar dot plot figures were observed
using anti-CD4 monoclonal antibodies FITC or FITC-
conjugated anti-CD8 monoclonal antibodies.

3.2. Levels of sFAS, sFASL and active Caspase-3 from the spleens of dogs
infected with VL

sFAS, sFASL and active Caspase-3 were measured spleen from infected
with VL due to be a target organ of infection (LIMA et al., 2012), by the capture
ELISA. sFAS levels were lower sFAS levels were lower (p <0.05) and sFASL
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and active Caspase-3 levels were higher (p<0.05) in spleen of dogs infected
with VL compared with controls (Figures 2A, 2B, 2C).
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FIGURE 2 - Levels of sFAS (a) and sFASL (b) and active Caspase-3 (c)
by capture ELISA in the spleen of dogs with VL and healthy
dogs. Mean and standard deviation are shown: statistically

significant differences, unpaired t test (p< 0.05).
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3.3. Evaluaton of parasite load in spleen samples of dogs with VL and
correlation with sFAS and sFASL

To assess whether the levels of sFAS and sFASL interfere in the control
of parasitic load the correlation analysis were performed between sFAS and
sFASL with parasitic load.

The values of the linear cycle (Threshold cycle-Ct), obtained from 10 to
100 ng of DNA from each sample, were analyzed with reference to the standard
curve obtained for parasite load. The curve for quantifying parasite load
determined r°=0.98 and the reaction showed a slope of -3.286. The parasite
load showed variation in spleen samples from infected dogs. A weak negative
correlation was observed between parasite load in the spleen and sFASL levels
(p<0.05, r -0.52; Figure. 3). The correlation between sFAS levels and parasite

load showed no significant results (data not shown).
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FIGURE 3 - Negative correlation between sFASL and
parasite load in the spleen of dogs with VL
(p<0.05, r=-0.52, Spearman correlation).
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4. Discussion

We observed increased rates of apoptosis in CD3+, CD4+ and CD8+
cells from peripheral blood in the presence of L. infantum infection and changes
in the concentration of sSFAS, sFASL and active Caspase-3 in extracts of spleen
from infected compared to healthy dogs that suggest the involvement these
molecules in the apoptotic mechanism previously observed in spleen tissue of
infected dogs (Lima et al., 2012). A negative correlation between sFASL
molecules and the parasitic load was also observed, which implies the
involvement of this molecule in soluble form in the effector mechanisms
responsible for the elimination of the parasite.

In vitro infection of mononuclear cells from healthy dogs with L. infantum
resulted in increased rates of apoptosis, confirming the preliminary results of an
increase in apoptosis in CD4+ and CD8+ cells observed in the naturally infected
dogs (SILVA et al., 2013), indeed, it has been shown in vitro that the parasite
Leishmania spp. and its membrane constituents can induce apoptosis in PBMC
(WOLDAY et al.,1999).

To investigate the mechanisms of apoptosis induction in dogs, sFAS and
sFASL were measured in spleen tissue. A decrease in sFAS in the infected
group was observed. An in vitro study suggested that the soluble isoform
inhibits apoptosis induced by agonist antibodies (CASCINO et al., 1996); in fact,
higher rates of apoptosis were observed in the infected group compared with
healthy controls (SILVA et al., 2013).

In contrast, there was an increase in the levels of sFASL and active
Caspase-3 in the infected group. sFASL is secreted when T lymphocytes are
activated (TANAKA et al., 1995) and it has a cytotoxic function as an inducer of
apoptosis by binding to the mFAS (MATUTE-BELLO et al. 1999). In addition to
this, active Caspase-3 is also involved in the apoptosis pathway (SHI, 2002),
and an increase in apoptosis has been reported in VL (LIMA et al., 2012; SILVA
et al., 2013). These data suggest the involvement of sFASL in the apoptotic

process.
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Silva et al. (2013) observed a decrease in mFASL in CD4+ and CD8+
cells in the spleen of dogs with LV. In contrast, an increase in sFASL was
observed in extracts of spleen from infected dogs, which suggests the action of
MMPs. In fact, in the serum of dogs with VL, increased levels of MMP-2 and
MMP-9 were detected (MELO et al., 2012).Further research is required to
determine which MMP are involved in the production of sSFASL in CVL.

The high levels of sFASL determined in the spleen of infected dogs is
similar to that observed in patients with acute VL, who show high levels of
sFASL in the serum (EIDSMO et al., 2002). The infected group did show higher
levels of sFASL compared with the uninfected group, but we observed a
negative correlation between parasite burden and sFASL molecules in the
spleen, suggesting that in canine VL the increase in sFASL is related to the
reduction of parasite burden.

The weak negative correlation between spleen parasite load and the high
level of sFASL suggests that sFASL stimulates inflammatory mechanisms in the
spleen that reduce the parasitic load. In fact, an increase of TNF-a was
observed in extracts of spleen from dogs with VL, which correlated with
decreased parasite load in the spleen (MICHELIN et al., 2011).Recent
investigation has suggested that sFASL activity is not restricted to programmed
cell death. On the contrary, it may mainly account for inflammation in various
diseases (BLANCO-COLIO et al., 2008; CARDINAL et al., 2010). sFASL has
been used as a marker of inflammation (MUSIAL; ZWOLINSKA, 2012), and
human sFASL exhibited chemotactic activity toward murine and human
polymorphonuclear leukocytes (neutrophils) in vitro (OTTONELLO et al., 1999;
SEINO et al., 1998). The inflammatory role of sFASL not yet been characterized
in dogs with VL. Further studies need to be performed to clarify how sFASL
induces a decrease in parasite load.

Besides the function of sFASL in apoptosis, this molecule has other
known functions. Macrophages infected by the parasite Leishmania (L.) major
and incubated with a mixture of recombinant FASL and IFN-y (interferon

gamma) resulted in a considerable reduction in L. major parasite numbers,



46

correlating with stimulation of NO production by these cells. Treatment with
either substance alone failed to affect the parasite (CHAKOUR et al., 2003),
suggesting that sFASL affects macrophage function, a fact that seems to be
associated with the weak negative correlation observed between sFASL and
splenic parasite load.

The high levels of active Caspase-3 and sFASL in the spleen of dogs
with VL suggest that apoptosis occurs in spleen tissue, as observed in previous
studies (LIMA et al., 2012; SILVA et al., 2013). sFASL can stimulate apoptosis
and inflammatory mechanisms in the spleen that decrease parasitic load.
Indeed, when the apoptotic bodies are not promptly phagocytosed, they can
rapidly lose membrane integrity and release their intracellular constituents into
the extracellular environment, behaving like necrotic cells, activating
inflammatory mechanisms (SAVILL et al., 2002), leading to a reduction in
parasite load. It also has been observed that apoptosis can stimulate a
proinflammatory response in splenic macrophages by ingestion of intact
apoptotic cells (LORIMORE et al., 2001).

Similar to our findings, in human HIV infection, high levels of sFASL were
observed in the serum, associated with decreased numbers of CD4+ T cells. It
has also been suggested that sFASL can be used as a factor in disease
progression (HOSAKA et al.,, 2000). In this study, all the VL positive dogs
evaluated presented clinical signs of disease. Future studies involving
asymptomatic dogs may clarify whether this molecule can be used as a factor
associated with the progression of canine VL.

Our results show that L. infantum induces apoptosis of CD3+ CD4+ and
CD8+ cells from PBMC and sFAS, and sFASL from spleen extracts participate
in the regulation of the immune response to the infection. These findings should

contribute to the current understanding of the immune response in VL.
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