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TITULO — PRODUCAO DE OXIDO NITRICO EM CELULAS CD14+ DO
SANGUE PERIFERICO E BACO DE CAES COM LEISHMANIOSE VISCERAL

RESUMO: Os cdes sdo o principal hospedeiro-reservatério para a
leishmaniose visceral (LV) zoonética, uma doenca vetorial causada por
Leishmania infantum. O oOxido nitrico (NO) € a principal molécula envolvida na
morte do parasita Leishmania, porém néo foi quantificada intracelularmente nos
macrofagos, e o seu papel na inducdo da apoptose celular desencadeada na
resposta imune contra Leishmania ndo esta esclarecido. Nos quantificamos a
frequéncia de células produtoras de NO e sua concentracdo no sangue
periférico, e em macréfagos do baco de cées sintomaticos com LV. Também
avaliamos se o0 Oxido nitrico tem correlacdo com a carga parasitaria e a
apoptose no bacgo. Nos caes com LV foi observado maior porcentagem de
células produzindo 6xido nitrico no sangue e bagco do que a observada nos
cdes do grupo controle. A porcentagem de células CD14+ e CD14/NO do
sangue e baco foi maior nos caes infectados que nos controles saudaveis. As
taxas de apoptose tardia também se encontraram aumentadas no sangue e
baco dos cées infectados em relacdo aos controles saudaveis. A porcentagem
de células produtoras de NO do baco apresentou uma correlacdo positiva com
a carga parasitaria. Nao foi observada uma correlacdo com a producédo de NO
e a apoptose no sangue e baco dos caes infectados, sugerindo que outros
mecanismos efetores devem estar atuando na apoptose. As taxas de apoptose
elevadas das células produtoras de NO do sangue periférico e no baco estao
afetando a sua producdo, favorecendo o aumento da carga parasitaria e a

evolucao da infecgéo.

Palavras chave: Leishmania chagasi, zoonoses, canis familiaris, macréfagos,

imunidade celular.



TITLE - NITRIC OXIDE PRODUCTION IN CD14+ CELLS FROM
PERIPHERAL BLOOD AND SPLENN OF DOGS WITH VISCERAL
LEISHMANIASIS

SUMMARY: Dogs are the main reservoir host for visceral leishmaniasis (VL)
Zoonotic, a vector disease caused by Leishmania infantum. Nitric oxide (NO) is
the main molecule involved in the death of the parasite Leishmania, however it
was not quantified intracellularly in macrophages and their role in induction of
apoptosis triggered the immune response against Leishmania is unclear. We
quantified the frequency of cells producing NO and its levels in the peripheral
blood, spleen and macrophages in symptomatic dogs with VL evaluate whether
nitric oxide is correlated with the parasite load in spleen and apoptosis. In dogs
with LV was higher percentage of cells observed producing nitric oxide in the
blood and spleen than that observed in the control group dogs. The percentage
of CD14 + and CD14/NO blood and spleen was higher in infected dogs than in
healthy controls. The late apoptosis rates are also increased in the blood and
spleens of infected dogs compared to healthy controls. The percentage of cells
producing NO spleen showed a positive correlation with the parasite load.
There is a correlation with the production of NO and apoptosis in the blood and
spleens of infected dogs was observed, suggesting that other mechanisms may
be acting effectors of apoptosis. The high rates of apoptosis in cells producing
NO peripheral blood and spleen are affecting their production, favoring

increased parasite load and development of infection.

Keywords: Leishmania chagasi, zoonosis, canis familiaris, macrophages,

cellular immunity.
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CONSIDERACOES GERAIS

A Leishmaniose ainda € uma das doencas mais negligenciadas do
mundo, sendo considerada pela Organizacdo Mundial da Saude (OMS) entre
as 6 doencas tropicais mais importantes afetando principalmente os paises
mais pobres em desenvolvimento, muito esfor¢co tem sido realizado para a
melhora do tratamento, prevencéo e diagndstico da doenca (WHO, 2010).

A leishmaniose visceral (LV) € wuma doenca cronica grave
potencialmente fatal para os seres humanos, causada por parasitas do género
Leishmania. A incidéncia da LV é estimada em 500.000 casos com 20.000 a
30.000 mortes ao ano, se destacando como a segunda causa de morte
relacionada com parasita apdés a malaria (WHO, 2014). A idade, o estado
nutricional e as caracteristicas imunogenéticas do individuo, séo os fatores que
determinam a gravidade das manifestacfes clinicas da infeccdo (BRASIL,
2015).

A LV apresenta distribuicAo mundial sendo causada por distintas
espécies de Leishmania no Velho e no Novo Mundo. A transmissdo entre
hospedeiros vertebrados no Novo Mundo é feita pela picada do flebotomineo
hematofago Lutzomyia (ALENCAR et al.,, 1991). Somente as fémeas dos
flebotomineos sdo hematéfagas porque precisam de sangue para O
desenvolvimento do ovo (WHO, 2010).

No estado de S&o Paulo, a doenca foi notificada pela primeira vez no
municipio de Aracatuba em 1999, onde foi confirmado o primeiro caso canino
autdctone no municipio (FEITOSA et al.,, 2000). Mudancgas ambientais como
desmatamento e a migracdo de pessoas das zonas rurais para areas urbanas
fez com que ocorresse uma rapida urbanizacdo da LV no Brasil, aumentando o
risco de infeccdo em humanos pelo aumento da exposicdo ao vetor
flebotomineo (DESJEUX, 2001).

Ao efetuar o respasto sanguineo em um vertebrado infectado, o
flebotomineo ingere amastigotas de Leishmania spp que sofrem divisdo binaria

e se diferenciam em formas promastigotas que colonizam a faringe e o eséfago
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do vetor, onde se diferenciardo na forma promastigosta metaciclica infectante.
O fleb6tomo infectado, ao picar um novo hospedeiro vertebrado, inocula as
formas promastigotas do parasita na corrente sanguinea que séo fagocitadas
por células do sistema fagocitario. JA no interior dos macréfagos, as
promastigotas se diferenciam em formas amastigotas que se multiplicam por
divisdo binaria de uma maneira tdo intensa que os macrofagos se rompem
liberando as amastigotas que serdo novamente fagocitadas por novos
macrofagos (BRASIL, 2003).

A infeccdo é transmitida pela picada de flebotomineos infectados entre
hospedeiros humanos onde é chamada de leishmaniose antroponética ou
leishmaniose zoondtica quando a transmisséo ocorre de animais para humanos
(DESJEUX, 1996).

O parasita é transmitido de um cao infectado para outro pela picada de
flebotomineos e, possivelmente, por outros artropodes vetores, como pulga
(FERREIRA et al.,, 2009) e carrapatos (COUTINHO et al., 2007), e ainda
transfusdes de sangue (OWENS et al., 2001). Ap6s o repasto sanguineo nos
cdes o0s parasitas rapidamente se espalham para os linfonodos e no baco
através da linfa e sangue e, eventualmente, atingem os rins e figado. Eles
podem também afetar os 6rgaos reprodutores, sistema digestivo e respiratorio,
pele e bexiga (MOLYNEUX; ASHFORD, 1983).

Na rotina laboratorial o diagnostico da LVC pode ser realizado através
de exames diretos como: parasitolégico com um microscopio de luz para a
visualizacdo da forma amastigota em aspirados da medula Ossea ou
linfonodos, deteccdo do DNA parasitario por PCR no sangue, baco ou
linfonodos; ou indiretos como testes sorologicos baseados na deteccdo do
anticorpo anti-Leishmania como ELISA, RIFI (WHO, 2010).

O ELISA utilizando antigeno total derivado do parasita apresenta uma
sensibilidade de 90% e especificidade de 100% (CANDIDO et al., 2008). Ja a
técnica de PCR mostra uma sensibilidade de 92% e especificidade de a 100%
(STRAUSS-AYALI et al., 2004), porém o desenhos do iniciador e a amostra
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utilizada na reacéo sao fatores criticos no sucesso da reacdo (FRANCINO et
al., 2006; GONTIJO; MELO, 2004).

Os cées sao considerados os principais reservatorios do parasita que
causa a LV (GRAMICCIA; GRADONI, 2005), apresentam parasitismo intenso
na pele e tem um contato préximo com os seres humanos que pode favorecer
a transmissao da doenca (DEANE; DEANE, 1955).

Além dos cées, o parasita também pode utilizar outros animais
reservatdrios como os gambés (Didelphis marsupialis) (SANTIAGO et al., 2007)
e o cachorro do mato (Cerdocyon thous), roedores e equideos também podem
ser reservatorios da Leishmania (WHO, 2010).

No céo os sinais clinicos da LV podem surgir entre 3 meses a sete anos
apos a infeccdo, os mais observados que incluem a perda de peso, apatia,
dificuldade locomotora, linfoadenomegalia e esplenomegalia, isso pode ser
acompanhado da reducéo de linfcitos T a aumento na producéo de anticorpos
e linfocitos B (SALZO, 2008).

Os macrofagos desempenham um papel chave na LVC, pois sédo as
células parasitadas e responsaveis por iniciar a resposta imune. A célula T
responde ao antigeno através do engajamento do receptor TCR da célula T no
MHC associado ao peptideo no macréfago. A funcéo efetora desta interacao é
determinada por sinais adicionais da ligacdo de moléculas coestimulatérias
sobre a superficie das células T e seus ligantes nas células apresentadoras de
antigeno. Dependendo da natureza e magnitude desses sinais a célula ir4
gerar citocinas ou desenvolver funcdes regulatérias ou citotoxicas, inducdo de
memoria ou anergia (PENTCHEVA-HOANG et al., 2007).

O desenvolvimento da LVC vai depender especificamente do tipo de
resposta imune estabelecido pelo hospedeiro e da proliferacdo do parasita na
pele e 6rgdos viscerais. A resposta imune inata em conjunto com a resposta
adaptativa desempenham funcéo importante na protecdo contra o parasita
podendo controlar a infec¢éo por Leishmania (MORENO; ALVAR, 2002).

O sucesso no combate a Leishmania dependera da capacidade do

hospedeiro em desenvolver uma resposta celular T especifica, com a ativacao



18

de macréfagos mediados pela ativacdo de citocinas derivadas de células
T(CARRILLO; MORENO, 2009).

Em caes o perfil de resisténcia a LV tem sido associada a resposta Thl,
com aumento da expressdo de IL-12, IFN-y, IL-2 e TNF-a, enquanto que 0s
animais que exibem perfil suscetivel, apresentam resposta Th2, com
predominéancia de IL-4, IL-10 e TGF-B (MENEZES-SOUZA et al.,2011). Como
ja demonstrado em sobrenadantes de cultura de macréfagos, a sobrevivéncia
intracelular de parasitas L.infantum é reduzida com o aumento da producdo de
IFN-y € TNF-a e diminuicdo de IL-10 (TURQUETTI et al., 2015).

Entretanto, a ativagdo de células T CD4+ com perfil de resposta Th2
favorece a sobrevivéncia do parasita com aparecimento de lesbes nos caes
com LV em funcéo da ativacdo de citocinas anti-inflamatorias como a IL-4, IL-5,
IL-6 e IL-10 que promovem acdes supressivas nos macrofagos (ABBAS et al.,
2000; PINELLI et al., 1994).

Altos niveis de TNFa s&o produzidas nas células do baco de caes
naturalmente infectados com Leishmania spp, sugerindo que a presenca do
parasita L. chagasi induz uma resposta imune com forte expressdo desta
citocina (MICHELLIN et al., 2011). Em caes infectados com LV foi observada
uma correlacdo negativa fraca entre a expressdo de TNFa com a carga
parasitaria presente no baco, sugerindo o papel de protecdo desta citocina
durante a doenca (CAVALCANTI et al., 2015). A morte do parasita também foi
associado a maior producdo de TNFo em sobrenadante de cultura de
macréfagos de caes infectados com LV (TURQUETTI et al., 2015).

Caes infectados apresentam numero reduzido de linfocitos T CD4+ e
TCD8+ com forte correlagdo com a evolugdo clinica, as células T CD8 séo
associadas a protecdo por mediar mecanismos citotoxicos que conferem
auxilio contra a LVC (LEAL et al., 2014). Caes que mostram um perfil de
resisténcia a infec¢do, apresentam uma resposta adaptativa associada com
linfoproliferacéo especifica ao parasita, producao de citocinas como IFN-y e

TNF-a que ativam os macrofagos aumentando sua capacida leishmanicida
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através da producdo de NO (CARRILLO; MORENO, 2009; ZAFRA et al.,
2008;).

O NO é um radical livre, gasoso, inorganico, incolor produzido a partir do
substrato L-arginina através de uma reacdo mediada pela enzima INOS. Esta
envolvido em uma série de reag6es no organismo como relaxamento muscular
e papel protetor dos vasos sanguineos por contribuir para a manutencao do
tbnus vascular, regulacdo da pressdo sanguinea e prevencao da agregacao
plagquetaria, assim como importante mediador citotéxico de células imunes
ativadas (DUSSE et al., 2003).

O NO é produzido principalmente por células do sistema imune como
células dendriticas, células NK, macréfagos, neutréfilos entre outras. Tem
atividade antimicrobiana participando da morte ou reducédo da replicacdo de
agentes infecciosos como virus, bactérias, protozoérios, fungos e helmintos
(BOGDAN, 2001). Possui acédo citotdxica, atuando na destruicdo de parasitas,
microorganismos e células tumorais (JAMES, 1995; MONCADA et al., 1991).

No sistema imunolégico o NO é produzido em guantidades significativas
durante a resposta inflamatéria por macréfagos e outras células do sistema
imune que expressam a iNOS, causando danos oxidativos severos as células
alvo (BARRETO; CORREA, 2005).

O NO também pode reagir com acidos nucléicos, elementos estruturais
como sistemas de ferro e enxofre (Fe-S), moléculas associadas a viruléncia de
patégenos infecciosos e componentes de replicacdo que sao base para o seu
efeito antiviral e antimicrobiano direto. E efeitos indiretos como degradacédo
autofagossomal de bactérias, apoptose de células do hospedeiro para evitar o
crescimento intracelular de bactérias como visto em macrofagos derivados de
medula 6ssea de murinos (BOGDAN, 2015).

O controle da carga parasitaria por agdo do NO também pode se dar
através da reducdo da atividade metabolica microbiana, capaz de causar
prejuizo suficiente na replicacéo do patdgeno in vivo, permitindo que a resposta

imune propicie a resolugao clinica da infeccdo (MULLER et al., 2013).
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A Leishmania spp. € um parasita intracelular obrigatorio, que vive e se
replica predominantemente em macrofagos. Os macrofagos podem matar o
parasita ou permitir o seu crescimento em funcédo da acédo das enzimas oOxido
nitrico sintase induzivel 2 e arginase 1 que metabolizam o mesmo substrato, a
L-arginina, competitivamente regulando as citocinas do tipo 1 e tipo 2
(MUNDER et al., 1999). A citocina de tipo 1, IFN-y, induz ativacéo classica de
macréfagos e expressdo de INOS, que oxida a arginina em duas etapas
levando a producdo de NO, o metabdlito responsavel pela morte do parasita. A
expressdo da INOS € regulada por citocinas como IFN-y, cofator
tetrabiopterina, fatores de transcricdo STAT1 e NF-kB que induz a producéo de
NO (BOGDAN, 2015).

Em cdes o NO tem sido evidenciado como a principal molécula efetora
responsavel por mediar a morte intracelular de parasitas de Leishmania, o
agente causador da leishmaniose (PINELLI et al., 2000).

Em macréfagos murinos a sobrevivéncia do parasita Leishmania dentro
de macro6fagos ocorre em funcdo de sua habilidade em diminuir a producao de
NO através da inibicdo da enzima iNOS (BALESTIERI et al., 2002). Além disso
a internalizacdo do amastigosta pela ligacdo da fosfatidilserina na membrana
dos macroéfagos, induzem estes macréfagos a secretarem as citocinas IL-10 e
TGF-B que inibem a expressédo de iNOS resultando na produgéo diminuida de
NO (KIMA, 2007).

Em macréfagos caninos foi observado uma forte correlacdo entre a
atividade anti-Leishmania e a producdo de NO por macréfagos infectados
(PINELLI et al., 2000), assim como em macrofagos humanos o NO se mostra
essencial para aumentar a atividade citotéxica e microbicida contra o parasita
PANARO et al., 2001).

A medida da concentracdo de NO em amostras de sangue ou tecidos
estudados na LVC, foram realizadas indiretamente como a quantificacdo da
INOS (FAILLI et al, 2002), ou a concentracdo de nitrato/nitrito em
sobrenadante de cultura celular. A determinacéo de NO sempre foi considerada
dificil em func&o de sua baixa concentracdo e sua meia vida curta (KIECHLE;
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MALINSKI, 1993). Muitas tentativas para se determinar a concentracao do NO
foram realizadas como ensaios de quimiluminescéncia, o uso de eletrodos
eletroquimicos, espectroscopia de ressonancia paramagnética eletronica e
captura de NO com a hemoglobina (CHATTON; BROILLET, 2002). Contudo,
esses métodos nao identificam a populacéo analisada e ndo analisam eventos
intracelulares (CHATTON; BROILLET, 2002). O uso de sonda para a deteccao
intracelular do NO, pode trazer informacdo mais precisa sobre 0s niveis reais
produzidos e ainda pode ser associado a marcadores fenotipicos para a
identificagdo da célula produtora (SARKAR et al., 2011).

Diferentes estudos tem buscado elucidar a funcdo do NO no processo
infeccioso em cédes LV. Em cdes com LV foi observado uma correlacao
negativa entre a expressao da enzima iNOS, detectada por imunohistoquimica,
e a carga parasitaria em amostras do linfonodo e baco (SANCHES et al., 2014)
A deteccédo imunohistoquimica da INOS no bacgo de cées sintomaticos com LV
foi maior comparado ao controle (SANTOS et al., 2011). Porém esses estudos
utilizaram a expressdo da enzima iNOS como forma indireta para determinar o
papel do NO na resposta imunoldgica.

O nitrito (NO;) subproduto do NO também tem sido avaliado em cées
com LV. Em cdes infectados o NO;, foi maior que nos controles, e nos caes
assintomaticos o NO, foi maior que nos sintomaticos, sugerindo a sua
participacédo no controle da parasitemia na LVC (SOUZA et al., 2014).

Na LVC a producdo de NO, com reducdo de carga parasitaria foi
observada em sobrenadante de cultura de células mononucleares do sangue
periférico com o tratamento com anticorpo bloqueador de PD-1, juntamente
com o TNF-a, sugerindo que além de citocinas ativadoras as moléculas
envolvidas na coestimulacdo também podem participar da regulagdo da sua
producédo (CHIKU et al., 2016).

Embora o papel microbicida do NO na LVC ja tenha sido demostrado em
diferentes estudos (BOGDAN, 2001; PINELLI et al., 2000; RODRIGUES et al.,
2007; SARKAR et al.,, 2011) importante observar que cepas circulantes ja
demostraram resisténcia ao NO (SANTOS et al., 2012).
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Além da sua fungdo microbicida o NO também pode estar envolvido na
imunossupressdo da LV, pois pode induzir a apoptose e em diferentes
parasitoses sua producdo excessiva esta associada com auséncia de resposta
linfocitaria, e também pode induzir apoptose em diferentes tipos celulares
(BOGDAN, 2001).

Com o objetivo de evitar uma invasao bacteriana, o NO pode regular
negativamente reacoes inflamatorias induzindo a apoptose de células imunes
como macrofagos, neutréfilos e células T (KRONCKE et al., 1997). O NO
produzido por tumor pode induzir a apoptose de linfocitos T gerando a
supresséao imune do hospedeiro (KRONCKE et al., 1998).

O NO tem um potencial altamente téxico, modula a atividade biologica
de proteinas por interacdes diretas com o centro de ferro e pode induzir a
apoptose e necrose prejudicando o ciclo respiratério e sintese de DNA
(MELINO et al., 1997).

O NO e o peroxinitrito afetam a funcdo da mitocondria a inibindo a
respiracdo através do citocromo c oxidase e complexos | e Ill, respectivamente
(ANKARCRONA et al., 1995; LIZASOAIN et al., 1996). A inibicdo da respiracao
da mitocondria pode contribuir para o efeito proapoptético do NO pela reducéo
do potencial de membrana, abrindo poros temporarios para liberacdo do
citocromo ¢ (BOYD; CADENAS 2002; MONCADA; ERUSALIMSKY 2002), e o
citocromo c liberado ativa as caspases (KLUCK et al., 1997).

O NO pode ativar proteinas kinase e isso esta relacionado a deciséo da
sobrevivéncia celular. O NO ativa todas as vias da MAPK, tais como as JANUS
KINASE, p38 kinase e ERK | e Il levando a sinais pro apoptéticos que levarao
ao acumulo de p53, ativacado de caspases e dissolucao celular (CHAE et al.,
2001; CHENG et al., 2001; GHATAN et al., 2000; GU et al., 2000; KIBBE et al.,
2002; KIM et al., 2002).

Em caes infectados com Leishmania infantum, ocorre uma reducéo do
namero de linfécitos T (BOURDOISEAU et al., 1997). A apoptose de linfécitos
T pode estar relacionado com a supressao imunoldgica observada em caes

naturalmente infectados com L. infantum, pois € um dos processos associados
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com a regulagdo da resposta imune da LV e pode influenciar o
desenvolvimento da resposta imunologica (ALEXANDER et al., 2001; DAS et
al., 1999). A imunossupressao associada com a infeccao crénica ocorre devido
a altas taxas de apoptose das células T e esse mecanismo pode contribuir para
a desorganizacdo da polpa branca do bac¢o e diminuicdo dos niveis de células
T no sangue periférico (LIMA et al., 2012).

A baixa resposta imune celular T observada em céaes sintomaticos com
alto parasitismo no baco, provavelmente ocorre em funcdo do alto grau de
apoptose de células T (SANCHEZ et al.,, 2004). Receptores Fas e FasL
transmembrana estdo envolvidos no processo infecioso da Leishmania spp em
caes que apresentam elevadas taxas de apoptose de células T (SILVA et al.,
2013), assim como na sua forma soluvel sFas e sFasL (PEROSSO et al.,
2014). Em um estudo recente, foi visto que a PD1, um coestimulador negativo,
e seus ligantes induzem a apoptose de células T CD3+ no sangue e baco de
cdes com LV, e que o blogueio desta proteina diminui a apoptose celular
aumentando a quantidade de NO (CHIKU et al., 2016).

Os mecanismos apoptoticos de células T na LVC podem ter associacao
com a supressao imunologica observada nos caes infectados. Ja € bem claro
na literatura que em cées infectados com LV ocorre acentuada apoptose de
linfécitos T CD4 e T CD8 (PEROSSO et al., 2014).

O NO metabdlito responsavel pela morte do parasita, est4 descrito na
literatura como agente microbicida participando ativamente no controle da
infeccdo (BOGDAN, 2001). No entanto, ainda nenhum estudo foi realizado
para avaliar se a producdo de NO tem correlacdo com a carga parasitaria e a

apoptose ja documentada no bago e sangue periférico.
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OBJETIVOS

Quantificar os niveis de oOxido nitrico produzido por células
mononucleares do sangue periférico, e macrofagos do bago em caes
sintométicos com leishmaniose visceral e avaliar se a producdo de 6xido nitrico
tem correlacdo com a carga parasitaria e a apoptose observadas nesses

tecidos.
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NITRIC OXIDE PRODUCTION IN THE SPLEEN AND PBMCS FROM DOGS
WITH VISCERAL LEISHMANIASIS

Summary - Dogs are reservoir host for zoonotic visceral leishmaniasis (VL), a
vector-borne disease caused by Leishmania infantum. Nitric oxide (NO) is the
main molecule involved in the death of the Leishmania parasite; however, it has
not been intracellularly quantified in macrophages, and their role in induction of
apoptosis during the immune response against Leishmania is unclear. We
quantified the frequency of cells producing NO and its levels in the peripheral
blood mononuclear cells (PBMC), leukocytes from spleen and macrophages in
VL symptomatic dogs to evaluate whether NO levels correlated with apoptosis
and parasite load in the spleen. The percentage of NO* cells was higher in the
blood and spleen of dogs with VL than observed in dogs in the control group.
The percentage of CD14" and CD14'/NO" blood and spleen cells was higher in
infected dogs than in healthy controls. Late apoptosis rates were also increased
in the blood and spleen of infected dogs compared to healthy controls. There
was a positive correlation between the percentage of cells producing NO in the
spleen and parasite load. There was no correlation between the NO levels and
apoptosis, suggesting that other mechanisms may be inducing apoptosis. The
high rates of apoptosis in cells producing NO in the peripheral blood and the
spleen were affecting their production, favoring increased parasite load and

development of infection.

Keywords: Leishmania chagasi, zoonosis, canis familiaris, macrophages,

cellular immunity
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1 Introduction

There is a high worldwide mortality rate caused by VL with approximately
350 million people in 98 countries at risk of infection (ALVAR et al., 2012). VL or
kala-azar is a zoonotic disease transmitted to mammals by parasites of the
genus Leishmania (WHO, 2010). Transmission of Leishmania between
vertebrate hosts in the New World is by the bite of the blood-sucking sandfly
Lutzomyia spp. (ALENCAR et al., 1991).

In the urban environment, dogs are considered the main reservoir for the
parasite that causes VL and are important in maintaining the epidemiological
cycle of the disease because a) VL is more prevalent in the canine population
than in humans, b) infection in humans is usually preceded by canine cases,
and c) dogs have a higher amount of parasites in the skin than men, which
favors the infection of vectors (SANTA ROSA; OLIVEIRA, 1997). The
prevalence of leishmaniasis in dogs in endemic areas can reach 20% to 40% of
the population (SLAPPENDEL; FERRER, 1990).

In dogs, VL is a systemic disease and can be fatal if left untreated as the
host fails to mount an effective protective response against the parasite.
Infection spreads in the body of the host via the lymphatic system or becomes
blood-borne reaching organs, such as the spleen, lymph nodes, liver and bone
marrow, which is rich in mononuclear phagocytes (WHO, 2010).

Dogs with VL exhibit high T-cell apoptosis rates in the peripheral blood
and spleen (LIMA et al., 2012). In healthy mononuclear cell cultures infected
with Leishmania infantum a gradual increase in apoptosis was observed in
CD3", CD4" and CD8" T cells (PEROSSO et al., 2014). In canine VL, the low
cellular immmune response most likely reflects the depletion of T cells observed
in dogs that had high parasitism in the spleen (SANTOS et al.,, 2011).
Immunosuppression associated with chronic infection occurs due to high rates

of apoptosis of T cells, and this mechanism could contribute to the disruption of
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the white pulp of the spleen and decreased levels of T cells in the peripheral
blood (LIMA et al., 2012).

In infected dogs, protective immunity has generally been associated with
cellular immune responses, characterized by high proportions of CD4" T cells
and CD21" B cells (COURA-VITAL et al, 2011; REIS et al, 2006) High
expression levels of IFN-y, TNF-a and IL-12 (MENEZES-SOUZA et al., 2011)
and increased NO were associated with the microbicidal function of which has
been demonstrated in vitro (PINELLI et al., 2000).

In canine VL, NO is increased in macrophage culture supernatant from
asymptomatic dogs in relation to the symptomatic group (PANARO et al., 2008),
suggesting that it controls the parasitic load. In addition to functioning as a
microbicide, the NO may be involved in the immunopathology of the disease
because in different parasitic infections its overproduction is associated with the
absence of a lymphocyte response and apoptosis in different cell types
(BOGDAN, 2001). NO can induce apoptosis in response to inflammatory
reactions by different pathways inhibiting respiration of mitochondria to release
cytochrome c that activates caspases, or by activating protein kinases, p38,
MAPK, Janus kinase e ERK 1 and 2, leading to pro apoptotic signals, with
accumulation of p53 and activation of caspases (BRUNE, 2003).

Although several of the apoptosis-inducing mechanisms have been
studied in the canine VL (PEROSSO et al., 2014; SILVA et al., 2013), whether
NO plays an important role in apoptosis and may contribute to the
Immunosuppression observed in canine VL has yet to be studied.

Measurement of the NO level in blood and tissue samples from canine
VL has been performed indirectly as the quantification of INOS (FAILLI et al.,
2002) or the level of nitrate/nitrite in cell culture supernatants. The determination
of NO has always been considered difficult due to its low concentration and its
short half-life (KIECHLE; MALINSKI, 1993). Many attempts to determine the
level of NO have been undertaken using chemiluminescent tests,
electrochemical electrodes, electron paramagnetic resonance spectroscopy and
capture of NO with hemoglobin (CHATTON; BROILLET, 2002). However, these
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methods do not identify the population analyzed and do not analyze intracellular
events (CHATTON; BROILLET, 2002). A probe used for detection of
intracellular NO can provide more accurate information regarding the actual
levels generated and can be linked to phenotypic markers for identifying the
producer cells (SARKAR et al., 2011).

The objectives of this study were to quantify the level of NO produced by
PBMC and leukocytes from spleen and macrophages of VL symptomatic dogs
and evaluate whether NO correlates with the cell apoptosis in these tissues and

spleen parasite load.

2 Materials and Methods
2.1 Ethics Committee

This study was approved by the Research Ethics Committee of
Experimental Animals (COBEA) with approval of the Ethics Committee on
Animal Use (CEUA) UNESP - Universidade Estadual Paulista "Julio de
Mesquita Filho" - Campus Aracatuba - Faculty of Veterinary Medicine - FMVA -
on 15/04/2011, as the process 00679/2011.

2.2 Animals

Twenty adult dogs of various breeds and weights, between two and five
years old from the Zoonosis Control Center of Aracatuba were used for this
study. These dogs diagnosed with VL were seropositive for L. infantum antigen
by ELISA assay (LIMA et al.,, 2003) and positive to Leishmania by DNA
detection in spleen samples using real time-PCR. All dogs were symptomatic
and had at least three clinical signs of VL: 75% had cachexia, 95%
onychogryphosis, 70% lymphadenopathy, 70% skin lesions, 30% periocular
alopecia, 30% alopecia and 33% other clinical signs.

The control group consisted of ten healthy dogs of various breeds and
weights, all owners authorized the use of them for the experiment. The dogs
were negative for anti-L. infantum antibodies using ELISA (LIMA et al., 2003)
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and negative for Leishmania DNA in spleen samples using real-time PCR. All
animals in the control group demonstrated blood counts within the reference
values for the species, were fed with commercial feed and had unrestricted

access to water.

2.3 Collection of samples

Dogs with VL were euthanized by intravenous injection of barbiturate
anesthesia (thiopental, Cristalia Itapira, SP) followed by 19,1% potassium
chloride solution according to the 2006 S&o Paulo state law. After euthanasia,
spleen fragments were collected and maintained in RPMI-1640 (Sigma ®, USA)
supplemented with 10% heat inactivated fetal bovine serum (FBS) (Gibco®,
USA), 0,03% L-glutamine (Sigma®, USA), 100 pl/mL penicillin (Sigma ®, USA)
and 100 mg/mL streptomycin (Sigma ®, USA). The blood samples from dogs
with VL were obtained by intracardiac puncture and the control group blood
samples were taken by jugular vein puncture. Samples were collected into
tubes containing sodium heparin and were processed immediately after harvest.

Spleen samples from the control group were obtained by surgical
excision using a protocol described by Lima et al. (2012).

2.4 Isolation of mononuclear cells from peripheral blood leukocytes and the
spleen

The separation of mononuclear cells from peripheral blood was
performed using Ficoll-Paque (Amersham Biosciences, Sweden) following the
manufacturer's instructions. The isolated cells were washed three times in
phosphate buffered saline (PBS, pH 7,2), resuspended in RPMI-1640 (Sigma,
St. Louis, MO, USA) supplemented as described above and maintained at 37°C
with 5% CO, (Revco, Waltham, MA, USA).

Splenic leukocytes were obtained by maceration of a fragment of spleen
approximately 2 cm? with the addition of 10 mL RPMI-1640 (Sigma ®, USA)
supplemented as previously described. After removal of cellular debris (BD



43

Falcon Cell strainer, San Diego, CA, USA), the cell suspension was processed
with 5 mL of red blood cell lysis buffer containing 7,46 g/L ammonium chloride
(NH4CIO3) and incubated at 4°C for 10 min, centrifuged at 2.000 rpm for 5
minutes at 20°C, washed three times with PBS (pH 7,2) and suspended in a
minimum volume of RPMI-1640 (Sigma, USA) supplemented as previously
described.

2.5 Immunostaining for intracellular CD14 and determination of nitric oxide level

Immunostaining for CD14" cells was carried out on PBMC and splenic
leukocytes with the addition of a PE-conjugated anti-CD14 monoclonal antibody
(mouse 1gG2a, clone TUK4, AbDSerotec Oxford, UK). To quantify NO the same
cell suspension was treated with DAF-2DA (2 uM) (Sigma-Aldrich, D225, Séo
Paulo, Brazil) and incubated for 30 minutes at 37°C and 5% CO..

After labeling, samples were stored at 4°C in the dark until analysis using
the flow cytometer (BD Accuri' C5 Flow cytometer) and the acquired data were
analyzed with BD Accuri™ C6 software (Version 1.0.264.21).

Cells (1x10°/mL) from different experimental groups were assessed for
fluorescence in 10.000 events counted using the flow cytometer (BD C5 Accuri
flow cytometer, San Diego, CA, USA). Unlabeled samples were used as a
negative control in order to delimit the negative populations in the samples.
After exclusion of debris, cellular fluorescence of the triazole product (DAF-2T)
was collected in the FL1 channel and the fluorescence of PE was collected in
the FL2 channel. The median values of FL1 were used for the quantification of

the amount of NO produced.

2.6 The percentage of apoptotic cells and apoptotic cells NO*
The Guava Nexin Assay kit (Millipore) was used to determine the
percentage of cells undergoing apoptosis following the manufacturer's

instructions. Late apoptosis was determined using flow cytometry analysis with
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the fluorescence of PE-conjugated annexin V and 7AA-D, collected in the FL2
and FL3 channels, respectively.

The cellular fluorescence of the triazole product (DAF-2T) was collected
in the FL1 channel and the gated population was analysis to determine

apoptotic cells NO".

2.7 DNA extraction and real-time PCR

DNA was extracted from 0,025 g of spleen samples using a commercial
kit (DNeasy Qiagen, USA) according to the manufacturer's instructions.
Quantification of the parasite load was determined using real-time PCR. The
amplification of intergenic ITS1 of the parasite rRNA gene was performed using
SYBR Green. The following temperature and cycles were used: initial heating at
94°C for 2 minutes, 40 cycles at 94°C for 15 seconds, and a final extension at
60°C for 1 minute. After the amplification, dissociation curves of the amplified
fragment were determined. For each reaction, a standard curve was generated
with DNA from Leishmania chagasi promastigotes (MHOM/BROO/MERO2) using

dilutions of 10" to10°® parasites.

2.8 Statistical analysis

After the data were classified as non-parametric using a test for
normality. The comparison of the percentage of cells producing cells NO,
CD14", CD14'/NO" and cells undergoing apoptosis in the blood and spleen of
the infected group to the control group was performed using the Mann-Whitney
test. The results were considered to be significant when p<0,05. Correlation
analysis was performed using the Spearman test. Statistical analysis was
performed and graphics were generated using GraphPad Prism 5 (GraphPad
Software, Inc, CA, USA).
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3 Results
3.1 Determination of nitric oxide level

Previous studies have shown that elevated expression of INOS in
macrophages is associated with a reduced number of amastigotes in the skin,
lymph nodes and liver of dogs positive for VL (ZAFRA et al., 2008), but in the
spleen, INOS expression was associated with clinical decline and high
parasitism (SANTOS et al., 2011). To verify that the dogs positive for VL were
producing NO and its participation in the immune response to the infection, the
percentage of NO producing cells in the blood and spleen of the positive dogs
and control group dogs was determined, as well as the NO level produced by
these cells.

A higher percentage of mononuclear cells producing NO in the blood and
splenic leukocytes was observed in dogs with VL compared to the control group
(p<0,05; Figure 1A and B, respectively). A higher level of NO was measured in
the blood of dogs with VL compared to the controls (p<0,05), but a lower level
of NO was measured in the leukocytes from spleen of dogs with VL (Figure 1C
and D).



46

A 100 B 1004
804
3 3
9 ] x ¢
= T .y *
T 401 >
o o
204
0- T T
infected PEMC control infected spleen control
C 1200007 D 120000
5 *k
2 900001 S 900001 1
. 5
- L 60000
8 g
3 5
s < 300001
*kk
ﬁ
infected trol o '
infecte contro| infected control
PBMC spleen

FIGURE 1 - Percentage of NO producing cells in PBMC (A) and the spleen (B) of dogs with VL
(black bars) and the control group (gray bars). Amount of NO produced by PBMC
the leukocytes from splenic cells of dogs positive for VL (black bars) and the
control group (gray bars). The mean and standard deviation are shown (*): Data
were analyzed using the Mann-Whitey test (*p<0,05).

3.2 CD14" and CD14"/NO" cells

In order to characterize the cell producing NO, a probe was used for the
intracellular detection of NO associated with CD14" cells. The percentage of
CD14*/NO" PBMC and leukocytes from spleen of dogs with VL was higher
compared to the control group (p<0,05), as shown in Figures 2A and 2B,
respectively. An increase in CD14" cells in the blood and spleen of dogs with VL

compared to controls was also observed (data not shown).
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FIGURE 2- Percentage of CD14" cells producing NO in PBMC (A) and leukocytes from spleen
(B) of dogs positive for VL (black bars) and the control group (gray bars). The
mean and standard deviation are represented (*): Data were analyzed using the
Mann-Whitney test (*p<0,05).

3.3 Cellular apoptosis and apoptotic cells NO*

Apoptosis of PBMC and leukocytes from the spleen of dogs with VL was
higher than the control group (p<0,05), as shown in Figures 3A and 3B; and
apoptotic cells NO+ of PBMC and leukocytes from the spleen of dogs with VL
was higher than the control group (p<0,05), as shown in Figures 3C and 3D.
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FIGURE 3 - Total percentage of PBMC undergoing apoptosis (A) and in the leukocytes from
spleen (B) of dogs positive for VL (black bars) and in the control group (gray
bars). Percentage of apoptotic cells producing NO from PBMC (C) and
leukocytes from spleen (D) of dogs positive for VL (black bars) and the control
group (gray bars). The mean and standard deviation are represented (*): Data
were analyzed using the Mann-Whitney test (*p<0,05).

3.4 Determination of parasite load and correlation with NO and CD14" cells

In order to verify that the NO was acting as a leishmanicide, parasite
burden was assessed and correlated with the production of NO. The data
showed a positive correlation between the percentage of NO producing cells in
the spleen with the parasite load observed in this tissue (Spearman r= 0,5218,
p<0,0183) as shown in Figure 4A. There was no correlation between NO levels

and splenic parasite load.
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The number of CD14" cells from the peripheral blood showed a
correlation with the production of NO (Spearman r= 0,7639, p<0,0001), and

similar results were observed in the spleen as shown in Figures 4B and 4C.
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4 Discussion

Our results showed that the frequency of NO producing cells, the number
of CD14" cells, cells undergoing apoptosis, CD14/NO" cells and NO producing
cells undergoing apoptosis were increased in PBMC and leukocytes from
spleen of dogs naturally infected with VL. In addition, a higher levels of NO was
observed in peripheral blood mononuclear cells; however, NO was observed at
lower levels in the spleen of dogs with VL.

The high frequency of cells producing NO observed in the spleen of dogs
with leishmaniasis confirmed previous results in which higher proportions of
cells producing iINOS were observed in dogs with leishmaniasis (SANCHES et
al., 2014; SANTOS et al., 2011). Conversely, the levels of NO were reduced in

the spleen, suggesting that the leishmanicidal function is impaired, because a
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high INOS expression was observed in macrophages containing little or no
amastigotes internalized in the liver samples, skin and lymph node of dogs with
VL (ZAFRA et al., 2008). In our study, the NO levels was reduced in the spleen
suggesting an increased parasite load.

This report is the first describing of the production of intracellular NO in
PBMC and leukocytes from spleen of dogs with VL. Higher levels of NO in
PBMC was measured from dogs with VL compared to controls. This finding is
different from what has been reported in human patients with VL, where lower
levels of NO were measured in monocytes from patients compared to controls
(SARKAR et al., 2011). This result suggests that although the immune response
in humans has similarities with the dog, there are inherent species differences.

The high levels of NO detectable in the PBMC could be related to a low
parasite load in the peripheral blood, as observed in previous studies (MANNA
et al., 2008; QUARESMA et al., 2009).

The percentage of cells undergoing apoptosis was higher in dogs with
VL, confirming previous studies (LIMA et al.,, 2012; PEROSSO et al., 2014;
SILVA et al., 2013). However, an association between production of NO and
increased apoptosis of PBMC cells and splenic leukocytes was not observed in
dogs with VL in this study, suggesting that the process of cell death is triggered
by other means as previously described, sFAS, sFASL and caspase-3 are
increased in splenic extracts from dogs infected with VL (PEROSSO et al.,
2014), and mFAS and mFASL levels were also increased in CD4" and CD8" T
cells in the blood and splenic cells of dogs with VL (SILVA et al., 2013).

The frequency of CD14" cells, a phenotypic marker for canine
macrophages (DANESHVAR et al.,, 2012), was higher in PBMC and spleen
leukocytes of infected dogs confirming previous studies. An increase in CD14"
cells was also observed in the peripheral blood of dogs with VL (LEAL et al.,
2014). Indeed, these cells are increased during the infectious processes
(FINGERLE et al., 1993; NOCKHER et al., 1998).

The use of an intracellular probe for detecting NO allowed for its

guantification, while previous studies used iINOS for the detection of NO in dogs
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infected with VL in order to demonstrate the production of NO (SANCHES et al.,
2014; SANTOS et al., 2011; ZAFRA et al., 2008). However, the detection of
INOS positive cells does not define NO levels, leading to inconclusive results. In
our study, the intracellular detection of NO using a probe allowed evaluation of
the frequency of cells producing NO, as well as the levels of production.

Detection of CD14'/NO* cells was higher in PBMC and splenic
leukocytes of positive dogs, suggesting that this population is the major
producer of NO to promote the death of the parasite. The use of CD14 as a
macrophage marker enabled the definition of the main cells producing NO.
There was a positive correlation between the CD14" cells and the percentage of
NO producing cells observed in the PBMC and splenic leukocytes of VL positive
dogs. In other studies, an increase in these cells was observed in the
peripheral blood, (COURA-VITAL et al., 2011; LEAL et al., 2014; REIS et al.,
2006;) colon and jejunum of dogs infected with VL (FIGUEIREDO et al., 2013).

A positive correlation was observed between the frequency of cells
producing NO in the spleen and the parasite load. In fact, high expression of
INOS has been observed in the spleen of naturally infected symptomatic dogs
associated with a high parasite load (SANTOS et al., 2011). It is likely that the
amount produced is insufficient because we observed no correlation between
NO production and splenic parasite burden. This finding suggests that other
mechanisms might be involved in the death of the parasite such as the cytotoxic
activity of CD8" T cells that were present at elevated levels in the peripheral
blood of dogs with reduced parasitic load after vaccination (AGUIAR-SOARES
et al., 2014).

The lack of correlation between NO production in splenic macrophages
and the parasitic load can also be related to the evasive mechanisms of
Leishmania used to suppress the production of NO in order to maintain their
survival in the host and that may be damaging the leishmanicidal activity
(WILSON et al., 2005). In addition, the high percentage of cells producing NO in
the spleen in the apoptotic process would undermine the control of the parasitic

load.
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The NO participates in the immune response in the canine VL, but high
rates of apoptosis in cells producing NO in the peripheral blood and spleen
affect their production, favoring increased parasite load and development of
infection. The mechanism of inducing apoptosis of cells producing NO needs to

be better characterized.
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