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PD-1 REGULA A ATIVIDADE MICROBICIDA DE
LEUCOCITOS ESPLENICOS NA LEISHMANIOSE
VISCERAL CANINA

RESUMO - A leishmaniose é uma doenca imunossupressora causada por
protozoarios do género Leishmania, tendo os c&es como reservatorio
domeéstico. A molécula Programmed Cell Death 1 (PD-1) € altamente
expressa em células leucocitarias de cdes com leishmaniose visceral e
promove a exaustdo dos linfécitos T e a supressdo da secrecao de citocinas.
Como o PD-1 tem funcdo supressiva em relacdo a imunidade celular,
avaliamos o efeito de anticorpos blogueadores de PD-1 na producédo de NO,
ROS, interleucina 17 (IL-17) e na carga parasitaria em cultura de leucécitos
esplénicos de caes naturalmente infectados. In vitro, o bloqueio de PD-1
promoveu aumento dos niveis de NO intracelular e reduziu os de IL-17 no
sobrenadante da cultura, além de reduzir a carga parasitaria, mas nao alterou
os niveis de ROS. Concluimos que a PD-1 participa na regulacdo da resposta
imune e que o anticorpo bloqueador € efetivo na restauracdo da atividade
microbicida do hospedeiro. Isso pode ser investigado em estudos imuno-

terapéuticos no futuro.

Palavras-chave: Caes, Anticorpo monoclonal, Leishmania spp.



PD-1 REGULATES THE MICROBICIDE ACTIVITY OF
SPLEEN LEUKOCYTES IN CANINE VISCERAL
LEISHMANIASIS

SUMMARY - Leishmaniasis is an immunosuppressive disease caused by
protozoa of the genus Leishmania for which dogs are the domestic reservoir.
The programmed cell death 1 molecule (PD-1) is highly expressed in leukocyte
cells of dogs with visceral leishmaniasis, and it promotes T lymphocyte
exhaustion and suppression of cytokine secretion. Because PD-1 has a
suppressive function regarding cell immunity, we evaluated the effect of PD-1
blocking antibodies on NO, ROS and interleukin 17 (IL-17) production and on
parasite load in spleen leukocyte cultures from naturally infected dogs. In vitro,
PD-1 blocking promoted increased levels of intracellular NO and reduced the
levels of IL-17 in the culture supernatant, in addition to reducing the parasite
load, but do not change ROS levels. We conclude that PD-1 participates in
regulation of the immune response and that the blocking antibody is effective in
restoring host microbicidal activity. This can be investigated in an immuno-

therapeutic study in the future.

Keywords: Dogs, Monoclonal antibody, Leishmania spp.
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CAPITULO 1 - CONSIDERACOES GERAIS

1 Informacdes sobre a Leishmaniose

A Leishmaniose é uma doenca endémica em mais de 90 paises com
estimativa de 700 mil a um milhdo de novos casos humanos e até 30 mil
mortes ao ano (WHO, 2017a; WHO, 2017b). Afeta principalmente o Leste da
Africa com altos indices de mortalidade, porém, em 2014 90% dos casos foram
registrados em apenas seis paises, como o Brasil, Eti6pia, india, Somalia,
Sudéo e Sudao do Sul (WHO, 2017c).

E causada por aproximadamente 20 espécies diferentes de protozoarios
do género Leishmania (L.) e pode se apresentar de trés diferentes formas; a
Leishmaniose Cutanea (LC), caracterizada pelo aparecimento de lesdes e
Ulceras pelo corpo, com relatos de até um milhdo de novos casos por ano; a
Leishmaniose Muco cutanea (LM), causa destruicdo parcial ou total das
membranas mucosas atingindo principalmente nariz, boca e garganta; a
Leishmaniose Visceral (LV), também conhecida como kalazar, causa
irregularidades do figado e baco, apresentando febre, perda de peso entre
outros sinais e sintomas, além disso, € considerada a mais letal, pois pode
atingir 100% de letalidade, em um periodo de 2 anos, quando o0s pacientes
humanos néo séao tratados (WHO, 2016a; WHO, 2017b).

O parasito causador da leishmaniose possui ciclo de vida digenético, ou
seja, necessitam de dois hospedeiros para completar o ciclo, entre eles um
mamifero como reservatério e um inseto como vetor (DOSTALOVA e VOLF,
2012). Apresenta diferentes formas durante seu ciclo, sendo elas a
promastigota prociclica, forma flagelada nao infectante, presente no tubo
digestivo do inseto vetor; a forma promastigota metaciclica, forma flagelada
infectante, apresentando caracteristicas necessarias para garantir sua protecéo
contra enzimas presentes no tubo digestivo, as quais consistem na presenca
de oligossacarideos e lipofosfoglicanos na superficie da membrana; e a forma
amastigota sem flagelo, presente no interior da célula do mamifero hospedeiro
(ALEXANDER et al., 1999; SARAIVA et al., 1995).



13

A transmissao do protozodrio ocorre durante o repasto sanguineo, onde

a fémea do flebotomineo infectado regurgita as formas promastigotas
metaciclicas presentes em seu tubo digestivo que, rapidamente, atingem o0s
micro vasos presentes na pele do hospedeiro e s&o fagocitados,
principalmente, por macréfagos (ALEXANDER et al., 1999), e outras célula
fagociticas como neutrofilos e células dendriticas, que séo recrutados para o
local afetado. Dentro da célula fagocitaria, o parasito passa para a forma
amastigota, onde se multiplica por divisdo binaria, no vacuolo parasitoforo até
ocasionar a ruptura da célula parasitada e se espalhar pelo tecido, infectando
novas células e, assim, completar seu ciclo de vida (HOSEIN et al., 2016).
Essa transmisséo pode ser classificada como antropondética, quando o humano
€ o principal reservatério e zoondtica quando outros animais sdo hospedeiros
principais (DESJEUX, 1996).

A epidemiologia da leishmaniose nas américas é mais complexa devido
a grande variedade de vetores e hospedeiros, variacdes no ciclo de vida e nas
espécies de Leishmania existentes nesta regido, assim, os sinais clinicos e a
resposta imunologica sdo divergentes o que dificulta o tratamento (WHO,
2017b). O primeiro caso humano foi reportado no Paraguai em 1913 (MIGONE,
1913) e em 1934 no Brasil, foi descrito o primeiro caso de kalazar, através de
uma viscerotomia do figado post mortem (GOMEZ, 1951). Entretanto, em 2009,
90% dos casos registrados nas América ocorreram no Brasil tendo a Bahia,
Ceara, Piaui, e Maranhdo como os estados mais afetados (ALBUQUERQUE et
al., 2009).

No Brasil, a espécie do protozoario causador da leishmaniose visceral é
a L. infantum (também chamada de L. chagasi) e é transmitida por mosquitos
fémeas da familia Phlebotominae e género Lutzomyia spp (RANGEL e VILELA,
2008). A leishmaniose era considerada rural até 1980, entretanto, uma grande
epidemia urbana ocorreu em Teresina, progredindo para Natal e Sdo Luis e
posteriormente, para outras partes do pais (WERNECK, 2010).

No estado de Sao Paulo ja foram encontradas mais de 69 espécies do
inseto vetor, sendo Lutzomyia longipalpis (L. Longipalpis) a mais comum
(SHIMABUKURO e GALATI, 2011). O primeiro relato da doenca foi um caso
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canino em 1999, no municipio de Aracatuba (FEITOSA et al., 2000). Desde
entdo, diversas medidas vém sendo utilizadas para o controle dos animais
infectados, na tentativa de limitar a propagacao da doenca. Uma das medidas
mais utilizadas atualmente, é a eutanasia dos animais infectados, entretanto,
este método € contraditério pois, o tempo entre a infeccdo, diagnostico e
eutanasia, é longo e o animal fica exposto facilitando o contagio de outros
caes; e, por ndo haver reducdo significativa de casos da doenca, a eutanasia,
nao se apresenta como um método muito eficiente (COURTENAY et al., 2002).
Os caes domésticos (Canis familiarisi) passaram a participar do ciclo de
transmissdo da doenca como principais reservatérios de L infantum
transmitidos pelo L. logipalpis (ALVAR et al., 2012), gracas a contribuig&o direta
do desmatamento e da guerra civil para expansao da leishmaniose pelo mundo
(WHO, 2010). Estes eventos resultaram na perda do ambiente natural e
obrigou o parasito a se adaptar a novos vetores, hospedeiros e ambientes até
alcancarem o ambiente doméstico (WHO, 2010). Os sinais mais frequentes de
leishmaniose visceral canina (LVC) sao: alopecia, dermatite, ulcera ponta de
orelha, onicogrifose, hiperqueratose, entre outros (MOREIRA et al., 2016).

O diagnéstico da doenca € complexo, envolvendo aspectos clinicos e
clinicopatologicos, os quais, geralmente ndo s&o visiveis, necessitando de
exames mais especificos para a deteccdo do parasito, como teste soroldgico,
parasitolégico e molecular (WHO, 2016b). Testes soroldgicos se baseiam na
identificacdo de anticorpos (Ac) especificos para o parasito da Leishmania,
como por exemplo o teste indireto de anticorpos de fluorescéncia (IFAT) e o
ensaio de imunoabsorcao enzimatica, (ELISA). O teste parasitoldgico permite a
vizualizacdo da forma amastigota do parasito por microscopia de luz a partir da
citologia de tecidos e orgaos. Ja os testes moleculares permitem a identificacéo
do DNA do parasito na amostra ou cultura da amostra coletada, atravez da
técnica da Reacdo em Cadeia da Polimeraze (PCR) (SOLANO-GALLEGO et
al., 2009).

Por possuirem alto parasitismo na pele, os caes, podem favorecer o
contagio de novos vetores e, por estarem proximo aos humanos, facilitam a

transmissdo da doenca (DEANE; DEANE, 1955). Entretanto, outros animais
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como gambas (Didelphis marsupialis) (SANTIAGO et al., 2007), cachorro do
mato (Cerdocyon thous), além de pequenos roedores e equideos também

podem ser reservatorios de Leishmania (WHO, 2010).

2 Resposta Imunolégica na LVC

2.1 Resposta Inata

A resposta imune nata compreende mecanismos celulares e
moleculares, inespecificos ao patdégeno. Esta resposta inicial € caracterizada
pelo recrutamento de células apresentadoras de antigeno, ou “antigen-
presenting cells” (APCs), como os mondcitos/macréfagos, neutrofilos e células
dentriticas que sdo responsaveis pelo controle do parasito (KUMAR, et al,.
2009; PAPADOGIANNAKIS et al., 2015).

O primeiro contato com o parasito ocorre na pele apos a inoculacéo das
promatigotas pelo inseto vetor. Neste momento, ainda antes do contato com as
células, o sistema complemento age como primeira linha de defesa do
organismo e desencadeia a ativacdo da resposta inflamatéria. Entretanto,
alguns parasitos, conseguem sobreviver e sao fagocitados por APCs como
células dendriticas, células de Langerhan’s, neutrdfilos, fibroblastos,
gueratinécitos e macrofagos derivados de mondcitos, locais ou recrutadas
(SOUBACH e LASKAY, 2000). As APCs, principalmente macréfagos e
neutréfilos, expressam em sua superficie, receptores de reconhecimento
padrdao (PRRs) e receptores de complemento do tipo | (CD35) e do tipo llI
(CD11b/CD18) que reconhecem o padrdo molecular associado ao patdgeno
(PAMPs) e facilitam a adeséo ao parasito e a internalizacdo por fagocitose
(KUMAR, et al,. 2009; PAPADOGIANNAKIS et al., 2015).

Os macrofagos transportam as promastigotas intracelulares até a regiao
do linfonodo e demais 6rgdo do corpo, para proceder com a apresentagéo de
antigenos aos linfocitos T, por moléculas transmembranais, como o complexo
principal de histocompatibiidade de classe Il (Major Histocompatibility Complex-
class Il (MHC-Il)) na superficie do macréfago que irdo conter o peptideo
derivado do parasita (REINER, et al., 1988; PAPADOGIANNAKIS et al., 2015).
A apresentacdo de antigeno (Ag) resultard na ativacdo da resposta imune
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adaptativa (HOSEIN et al., 2017; KUMAR et al., 2009). Apos a fagocitose, a
promastigota da Leishmania, se estabelece no compartimento fagossomal da
célula parasitada. Consequentemente, o fagossomo se diferencia em vacuolo
parasitéfago, devido a maturacdo e fusdo do fagossomo com as organelas
citoliticas (SOUBACH e LASKAY, 2000). O fagossomo € a estrutura utilizada
pelos macréfagos para eliminar o parasito através da produgéo de oxido nitrico
(Nitric Oxide (NO)) (PAPADOGIANNAKIS et al., 2015), sendo uma etapa dessa
célula no combate a doenca (HOSEIN, et al.,2017). No fagossomo ocorrera a
transformacdo da forma promastigota em amastigota e sua multiplicacéo.
Entretanto, a presenca de lipofosfogliacano (LPG) na membrana da
promastigota, impede a fusdo do fagossomo ao lisossomo e a protege do pH
acido e das enzimas presentes, permitindo sua sobrevivéncia e ganhando mais
tempo para completar seu processo de transformagéo (BOGDAN et al., 1998).

As células dendriticas, através da producgdo de interleucina 12 (IL-12),
recrutam células matadoras naturais (Natural Killer (NK)) que regulam
positivamente a secrecdo de IFN-y (PENTCHEVA-HOANG et al., 2007) que € o
responsavel por induzir a ativacdo de macréfagos e a producao de oxido nitrico
sintase induzivel (iNOS), uma enzima que catalisa a L-arginina resultando na
producdo de NO (NADERER e MCCONVILLE 2008). O NO, € um radical livre,
gasoso, inorganico, incolor que exerce a funcdo de mediar reacdes citotoxicas
de células imunes, sendo capaz de destruir patbgenos e células tumorais
(DUSSE et al., 2003). Os macrofagos também produzem o fator de necrose
tumoral alfa (TNF-a) que tem acdo autocrina, para aumentar ainda mais a
producdo de microbicidas e radicais livres (LIU et al., 2012).

Nos primeiros meses de infecgdo por L. Infantum, cées sintométicos
apresentam maior concentracao de nitrito (NO2-), um indicador da producéo de
NO, no sobrenadante de cultura de macrofagos derivados de mononucleares
do sangue periférico, em comparagdo aos caes assintomaticos. Porém, apés 8
meses, 0 nivel de NO ¢ significativamente maior no grupo assintomatico. Desta
forma, pode-se dizer que no inicio da infeccéo, a producdo de NO pode indicar

uma atividade microbicida nos animais infectados, mas nao a resisténcia, ja os
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niveis mais elevados de NO observado em cdes asintomaticos, pode sujerir
funcdo protetora dessa molécula a longo prazo (PANARO et al., 2008).

Outro mecanismo microbicida € a producdo de espécies reativas de
oxigénio (ROS) produzido por neutrofilos, mondcitos e macréfagos durante a
fagocitose em um processo chamado de exploséo respiratéria (RB) (MOSSER
e EDWARDS, 2008). A producdo de ROS estd aumentada em células
mononucleares de sangue periférico de caes infectados quando comparado
aos nao infectados (MELO et al., 2014b), porém parece néo ser suficiente para
eliminar o parasita, provavelmente pela alta carga parasitaria observada no
baco de caes sintométicos (REIS et al., 2009). Entretanto, o bloqueio, in vitro,
da producdo do ROS em mondécitos de pacientes humanos com LC, resultou
no aumento de parasitas e células parasitadas, ou seja, a inibicdo do ROS
permite a sobrevivéncia do parasita, confirmando seu papel durante a resposta
leishmanicida (CARNEIRO et al., 2016).

2.2 Reposta adaptativa

Apés a apresentacdo do Ag pelo macréfago através do MHC-II, ocorre
uma expansao dos linfécitos T que retornam ao local do primeiro contato com o
protozoario, resultando na modulacdo da atividade dos macréfagos, células
dendriticas e Langerhan’s, presentes (PAPADOGIANNAKIS et al., 2015).

O recrutamento, ativacdo e a expansao dos linfocitos T para o local
inicial e o desenvolvimento de uma resposta apropriada, estéo relacionados ao
tipo de Ag apresentado pela MHC-II da APC, mais o envolvimento de
moléculas co-estimulatérias (ALEXANDRE-PIRES et al., 2010) pertencentes a
familia B7/CD28, como a B7-1 e a B7-2, que se ligam a outros receptores como
o CD40 do macréfago, CD28 e CD40L do linfécito T (ALEXANDER et al.,
1999). Esta ligacdo induz sinais positivos responsaveis por estimular a ativacédo
e a diferenciagéo celular e o aumento da produgéo de citocinas, por outro lado,
podem se ligar ao receptor de linfécito T citotoxico associado ao Ag 4, ou
“cytotoxic T-lymphocyte-associated antigen 4” (CTLA-4) também conhecido
como CD152, e induzir sinais negativos que limitam ou cessam a resposta
celular (PARDOLL, 2016; WANG e CHEN, 2004).
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O “Programmed Cell Death 1” (PD-1), ou CD279, membro da familia B7-
CD28, é outro exemplo de molécula coestimulatéria que desempenha fungéo
negativa (SHARPE et al., 2007). E expresso por células T CD4" e CDS8",
células B e APCs (AGATA et al., 1996; YAMAZAKI et al.,, 2002) durante
infeccbes cronicas (DULGERIAN et al.,, 2011; MCNAB et al., 2011). O PD-1
pode bloquear a ativacdo de células T (CHEMNITZ et al., 2004), a partir da
associacdo com seus ligantes Programmed Cell Death Ligant 1 (PD-L1)
também conhecido como B7-H1 (FREEMAN et al., 2000) e CD274 ou com o
Programmed Cell Death Ligant 2 (PD-L2) também conhecido como B7-DC
(LATCHMAN et al., 2001) e CD273, estimulando o aumento da tirosina
fosfatase 1 (SHP-1), uma proteina inibidora, que desempenha papel importante
na sobrevivéncia da Leishmania dentro dos macréfagos e na progressao da
doenca pela inibicdo da producao de NO (FORGET et al., 2006).

As citocinas secretadas também sdo responsaveis por determinar qual o
tipo de linfocito T sera ativado. Por exemplo, a secrecdo de IFN-y ou IL-12,
desencadeara a ativacdo de linfécitos tipo T helper 1 (Thl), enquanto a IL-4,
desencadeard uma resposta tipo T helper 2 (Th2) (TRIPATHI et al., 2007). A IL-
12 secretada pelas células dendriticas inicia uma resposta Thl relacionada a
citotoxidade com a ativacéo de células NK, além da producéo de citocinas pro-
inflamatorias como o IFN-y (LIU et al.,, 2012; OUYANG et al., 2008) que
consecutivamente, induz a producdo de NO nas células fagocitarias,
principalmente macréfagos (TRIPATHI et al.,, 2007). A producdo do IFN-y
também esta relacionada as células TCD4" e ativacdo das células TCD8"
citotoxicas, as quais desempenham funcdo importante na morte do parasito
(ALEXANDRE-PIRES et al., 2010; HOSEIN et al., 2017). Linfocitos Th17 CD4"
secretam a interleucina 17 (IL-17), uma citocina participante do processo
imunoldgico (FRANGOIS et al., 1996; OYUANG et al., 2008).

Recentemente, a IL-17, foi citada como participante do processo
inflamatorio durante a leishmaniose (NASCIMENTO et al., 2015a; QUIRINO et
al.,, 2016) como mediadora fundamental para a infiltracdo de neutrofilos
(QUIRINO et al., 2016) e, junto ao IFN-y, possivelmente induz a expressao da
INOS e a producéo de NO (NASCIMENTO et al., 2015b).
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O bloqueio da IL-17, no baco de camundongos infectados por L.
infantum, tornou os animais mais suscetiveis a doenca (QUIRINO et al.,2016) e
na LVC, cades assintomaticos apresentaram aumento da IL-17, de IFN-y, de
INOS e NO, o que resultou no controle da carga parasitaria e, possivelmente,
contribuiu para a resisténcia do hospedeiro (NASCIMENTO et al., 2015a). Por
outro lado, em um estudo recente, camundongos nocaute para produgao de IL-
17 apresentaram a diminuicdo da infiltracdo de neutroéfilos e monécitos no baco
e no figado, juntamente com a diminui¢cdo da carga parasitaria e dos sintomas,
além do aumento da producdo de IFN-y no bagco (TERRAZAS et al., 2016).
Deste modo, o mecanismo de acéo da IL-17 ndo é claro, tornando necessario o
desenvolvimento de estudos para compreensédo de sua funcao na leishmaniose
visceral.

A resposta de células tipo Th2, est4 relacionada a imunidade humoral e
a producéo de citocinas anti-inflamatérias as quais participam na regulacao da
resposta imune celular. A IL-10 é uma das citocinas presentes na resposta Th2
fortemente relacionada a progressao da leishmaniose, pois durante a resposta
ao parasito, esta citocina € responsavel pelo controle da inflamacéo através da
desativacdo de macréfagos e supressao de linfécitos Thl e das citocinas IL-12
e IFN-y (TRIPATHI et al., 2007), além de favorecer a sobrevivéncia das células
B e a diferenciacdo de plasmacitos (NYLEN et al.,, 2007). Os linfécitos B
compdem um conjunto de células apresentadoras de Ag responsaveis pela
producdo de imunoglobulinas (Ig) apds o reconhecimento do Ag apresentado
pelo linfécito Th2 na presenca da IL-4. Este reconhecimento, induz a expressao
de moléculas CD23 ou CD40L, que no linfécito B, estdo envolvidas na sintese
de anticorpo IgE e 1gG4 (JEANNIN, et al., 1997; RODRIGUEZ-PINTO et al.,
2014). Outras células Th2, também executam funcdo imunossupressora, entre
elas estdo as células reguladoras (regulatory T cells (Tregs)) ou (CD4" CD25").
As Tregs secretam IL-10 e o fator de transformacdo do crescimento beta
(Tansforming Growth Fator beta (TGF-B)) que também estd associado a
progressao da doenca (HOSEIN et al., 2017).

O tipo de resposta observada nos cées sintomaticos, € caracterizada

pelo predominio da resposta humoral, com detec¢cdo de anticorpos anti-
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Leishmania, entre 45 dias até 3 meses apo0s a infeccdo por L. infantum,
podendo estar correlacionados ao aparecimento dos sintomas durante o
desenvolvimento da doenca (ABRANCHES et al., 1991). Cdes naturalmente
infectados e sintomaticos apresentaram aumento de anticorpos IgG, IgA e IgM,
quando comparados a cdes assintomaticos, enquanto 0s caes assintomaticos
apresentaram aumento da linfoproliferacdo e baixos niveis de anticorpos
especificos em comparacdo aos caes sintomaticos, refletindo a ineficiéncia da
resposta humoral & doenca (RODRIGUEZ-CORTES et al., 2007).

Os caes infectados apresentam distintas reac6es imunologicas, desde
uma resposta eficiente sendo assintomético para a doenca e, possivelmente,
alcancarem a cura, ou desenvolverem sintomas mais leves e serem
caracterizados como oligossintomaticos, ou ndo desenvolverem uma resposta
eficiente resultando na progressao da doenca, com sintomas mais severos e
consecutivamente, a morte (HOSEIN et al., 2017).

A reducdo de linfécitos T nos orgaos linfoides é compensada pelo
aumento de linfocitos B nos cdes doentes. Essa compensacao pode resultar no
desenvolvimento dos sinais clinicos mais comuns, como linfadenomegalia,
esplenomegalia e hiperglobulinemia. A hiperglobulinemia acarreta diversos
danos ao hospedeiro, devido a deposicdo de imunocomplexos nos tecidos e
orgaos, resultando em glomerulonefrite, vasculite, uveite, miosite e poliartrite,
por exemplo, além de trombocitopenia e artrite. Essa alteracdo de resposta
pode ser uma justificativa para o desenvolvimento dos sinais e sintomas que
podem causar desde uma leve dermatite a uma insuficiéncia renal cronica e
caquexia (KOUTINA et al., 2014).

A supressao da imunidade protetora, também, pode ser uma das causas
da propagacdo dos sinais clinicos nos cées sintomaticos e pode ser
caracterizada pelo baixo namero de linfécitos T CD4 no sangue periférico,
aumento de interleucinas anti-inflatérias como a IL-10 (BARBIERI et al., 2006;
ESCH et al., 2013), o declinio de interleucinas pré-inflamatérias essenciais para
a sobrevivéncia de células T (BALKHI et al., 2015) e de IFN-y, essencial para a
ativacdo de macréfagos participantes na morte de parasitas e células

parasitada (PINELLI et al., 2000). J4 a protecdo do hospedeiro, pode estar



21

relacionada a uma resposta efetiva caracteriza pelo aumento da resposta
celular e producgéo de citocinas pré-inflamatérias como IFN-y e o TNF-a (REIS
et al., 2009).

3 Desenvolvimento da LV canina

Por ser um parasito intracelular obrigatério, a forma amastigota da
Leishmania, necessitou se adaptar com mecansmos de defesa contra as
reacdes celulares para garantir a sua sobrevivéncia. Desde 0 momento da
internalizacdo das promatigotas pelos macrofagos, ha a possibilidade do
parasito modulara resposta imunolégica garantindo um ambiente hapto para
seu desenvolvimento. A modulagdo das APCs pela Leishmania, altera a
posterior ativacdo dos linfécitos T desencadeando uma resposta tipo Th2 e
consequentemente, afetando o processo inflamatério e tornando o hospedeiro
mais susceptivel (TRIPATHI et al., 2007; OLIVIER et al., 2005).

A diferenca entre os tipos de resposta celular ou humoral definird o
aspecto da doenca no hospedeiro e sera responsavel pela resisténcia ou
suscetibilidade a infeccdo (PINELLI et al., 1994). Atualmente, € aceito que a
resposta imune ao parasita ndo € idéntica em todo o sistema hospedeiro, mas
sim especifico do 6rgdo (MAIA e CAMPINO, 2012), como por exemplo, a pele
gue € o primeiro 6rgdo em contato com o inseto vetor, importante para avaliar o
potencial de transmissdo da doenca por ser um local com alto parasitismo
(HOSEIN et al., 2017) e onde ocorrer4 a primeira resposta imune seja ela
celular, tipo Thl, ou humoral, tipo Th2, ou até mesmo uma mistura desta duas
respostas, como ja foi observado em cdes naturalmente infectados por L.
infantum. (PAPADOGIANNAKIS et al., 2015).

Na leishmaniose visceral canina o bagco € um dos 6rgaos mais afetados
durante a infeccao, juntamente com a pele e a medula 6ssea. E o local onde a
resposta ao parasita sera montada e onde ocorrerd ou ndo, 0 processo de
ativacdo celular (MAIA e CAMPINO, 2012), mas devido ao alto parasitismo
ocorrente neste 6rgdo, o baco pode apresentar desestruturacées morfologicas

como hipertrofia e hiperplasia da polpa branca e desestruturacao folicular
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(CAVALCANTI et al., 2015) além da substituicdo de macréfagos por linfocitos
(REIS et al.,2009).

Em estudo recente, foi observado uma resposta heterogénica de
citocinas pro e anti-inflamatoérias entre cdes com alta e baixa carga parasitaria
esplénica durante a LV. Os cdes com alta carga parasitaria esplénica
apresentaram uma diminuicdo da expressdo de citocinas proé-inflamatérias
como IFN-y, TNF-y, IL-12 e IL-6, enquanto citocinas anti-inflamatérias como IL-
10 and TGF-B, apresentaram-se aumentadas em comparacado aos cdes com
baixa carga parasitaria (CAVALCANTI et al., 2015).

Durante a infeccdo, o balanco entre a producdo de citocinas e a
atividade celular torna-se necessario para promover a resisténcia do
hospedeiro a doenca (SANTOS-GOMES et al., 2002). Entretanto, este tipo de
resposta é prejudicada e resulta na falha da eliminagdo do parasito (REIS et
al.,2009). A grande quantidade de parasitos na pele, o aumento da inflamacao
e altos niveis de apoptose celular, estdo diretamente relacionados aos sinais
apresentados por cdes sintomaticos e podem ser grandes aliados na
progressao da doenca (VERCOSA et al., 2012).

O estagio de infeccdo nos caes, também pode alterar o metabolismo
oxidativo e a apoptose de neutrofilos no sangue preférico. Durante o estagio
moderado da infeccdo, a ativacdo do metabolismo oxidativo dos neutréfilos
pode ocasionar 0 esgotamento das defesas antioxidantes e resultar na
apoptose de neutroéfilos, favorecendo o desenvolvimento da infeccdo. Com a
doenca em estagio muito avancado, a alta taxa de apoptose de neutréfilos
pode resultar na diminuicdo do metabolismo oxidativo, contribuindo ainda mais
para a progressao da doenca (ALMEIDA et al., 2013).

A apoptose celular durante a LV fragiliza o sistema imune do hospedeiro,
tornando-o0 mais sucetivel a co-infeccbes por Babesia canis e Ehrlichia canis,
por exemplo, (OLIVEIRA et al., 2008) podendo ser a possivel causa da
auséncia ou desorganizacao da resposta Thl, observada em caes sintomaticos
(SANCHEZ et al., 2004).
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4 O papel e o bloqueio do PD-1 naLVC

Ha estudos que apontam o PD-1 como indutor da morte celular, pois
desde o inicio, em 1992, a expressdo de seu gene é associado a um tipo
classico de programacao da morte celular, ao ser observado durante a inducéo,
in vitro, da apoptose em células do timo de camundongos (ISHIDA et al., 1992).
Porém, sédo poucos os estudos envolvendo o PD-1 com a LVC.

Recentemente, o aumento da expressdo do PD-1, foi observado em
células F4/80 e linfocitos B e T do sangue periférico e do baco de cdes com
leishmaniose visceral (CHIKU et al., 2016), participando da supressédo da
funcéo efetora das células T CD8" e na secregdo de citocinas das células T
CD4", ocasionando a disfuncdo imunolégica e resultando na exaustio
simultanea dos linfécitos T CD4" e T CD8" de cées naturalmente infectados por
L. infantum (ESCH et al., 2013). Também foi observado que a interacdo PD-
1/PD-L1 pode resultar na supressao da producéo da IL-17 e o bloqueio desta
interacdo, com anticorpos monoclonais, restabelece a producédo (HIRAHARA et
al., 2012). Porém, a relacéo entre o PD-1 e a IL-17 na LV canina, ainda nao foi
estudada.

Sabendo-se da necessidade de interacdo do PD-1 com seus ligantes
para efetivar a coestimlacdo negativa das células, alguns estudos comecaram
a desenvolver tratamentos imunoterapeutios baseados na utilizacdo de Ac
monoclonais, capazes de neutralizar essa interagcdo do PD-1 com seus
ligantes, na tentativa de restabelecer a resposta imunoldgica do hospedeiro
(RAO et al., 2017). Estes métodos sdao amplamente utilizados para melhorar a
reposta imune as células tumorais em ratos e em humanos com a reducéo,
visivel, do tecido tumoral apdés o tratamento com o Ac monoclonal anti-PD-1
(PARDOLL, 2016)

Em estudo recente, nosso grupo de pesquisa observou a atividade do Ac
bloqueador de PD-1 em células mononucleares do sangue periférico de caes
naturalmente infectados com Leishmania spp. O bloqueio do PD-1 com Ac
monoclonal, promoveu o aumentou dos niveis de NO e a producdo de TNF-q,
além da diminuicdo da carga parasitaria (CHIKU et al., 2016). Outro estudo

avaliou o efeito do Ac bloqueador de PD-L1, B7/H1, em células mononucleares
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do sangue periférico de cées sintomaticos e assintométicos, naturalmente
infectados por L. infantum e concluiu que o bloqueio foi capaz de reverter a
exaustdo e promoveu a restauracdo da capacidade proliferativa das ceélulas
CD4" e CD8" (ESCH et al., 2013). A producéo de IFN-y por linfocitos T CD4"
também foi reparada, juntamente com a capacidade dos mondcitos em produzir
superoxido e ROS, por outro lado, o bloqueio resultou na reducgédo significativa
da producéo de IL-10 e consecutivamente na carga parasitaria, em ambos 0s
grupos (ESCH et al., 2013). Entretanto, o efeito do Ac bloqueador de PD-1
sobre a producdo de NO e ROS e carga parasitaria no baco de cées
naturalmente infectados, ainda néo foi estudado.



25

OBJETIVOS

Avaliar o papel da molécula PD-1 sobre a atividade microbicida de
leucdcitos esplénicos de cdes naturalmente infectados por L. chagasi e se a IL-

17 esta envolvida na resposta imune dos caes a Leishmania sp.
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CAPITULO 2 - PD-1 REGULATES THE SPLEEN LEUKOCYTES
MICROBICIDE ACTIVITY IN CANINE VISCERAL LEISHMANIASIS.

Summary - Leishmaniasis is an immunosuppressive disease caused by
protozoa of the genus Leishmania for which dogs are the domestic reservoir.
The programmed cell death 1 molecule (PD-1) is highly expressed in leukocyte
cells of dogs with visceral leishmaniasis, and it promotes T lymphocyte
exhaustion and suppression of cytokine secretion. Because PD-1 has a
suppressive function regarding cell immunity, we evaluated the effect of PD-1
blocking antibodies on NO, ROS and interleukin 17 (IL-17) production and on
parasite load in spleen leukocyte cultures from naturally infected dogs. In vitro,
PD-1 blocking promoted increased levels of intracellular NO and Nitrite and
reduced the levels of IL-17 in the culture supernatant, in addition to reducing the
parasite load, but do not change ROS levels . We conclude that PD-1
participates in regulation of the immune response and that the blocking antibody
is effective in restoring host microbicidal activity. This can be investigated in an

immuno-therapeutic study in the future.

Keywords: Spleen leukocytes, Cytokines, Protozoa, CD279.
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1 INTRODUCTION

Visceral leishmaniasis is a neglected disease, with an estimated
50,000 to 90,000 new cases per year worldwide, and it can be lethal in 95% of
human cases when untreated (1). It affects 350 million people (2), but 90% of
the cases have been reported in only seven countries: Brazil, Ethiopia, India,
Kenya, Somalia, Sudan and South Sudan (1). Dogs have an important role in
the disease transmission cycle as the main reservoirs of Leishmania (L.)
infantum (3) because they present high parasite loading the skin, thereby
facilitating transmission to the vector (3,4).

Dogs’ susceptibility to disease is associated with changes to the host's
immune response, such as an increased non-effective humoral response and
decreased T lymphocyte levels (5). Spleen and peripheral blood of dogs with
symptomatic VL have high levels of T lymphocyte apoptosis (6), which
consequently affects production of cytokines and activation of the macrophages
responsible for phagocytosis of the parasite (5).

In canine visceral leishmaniasis, the spleen is one of the organs most
affected during infection, along with the skin and the bone marrow (7). The
spleen concentrates high parasitism and, consequently, presents significant
morphological changes such as hypertrophy and hyperplasia of the red pulp,
with infiltration of mononuclear and plasma cells (7). The white pulp of the
spleen presents macrophage replacement by lymphocytes due to hypertrophy
and hyperplasia of this region (8). The spleen is the place where the response
to the parasite will be set up and where the process of cell activation will occur,
if this occurs (9).

The programmed cell death 1 molecule (PD-1) is a costimulatory
molecule with negative function (10) that is highly expressed during chronic
infections (11). Increased expression of the PD-1 molecule has been observed
in T and B lymphocytes and in F4/80 cells of peripheral blood and the spleen
(12), and this can suppress the effector function of CD8" and CD4" T cells in the
blood of dogs with VL, through decreasing proliferative capacity and secretion
of cytokines (13).
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In a recent study, our research group observed increased levels of NO
and TNF-a and reduced parasite load after PD-1 blockade with monoclonal
antibodies in peripheral blood mononuclear cells from naturally infected VL
dogs (12). PD-1 blockade also promoted increased superoxide production, thus
resulting in parasite load control in adherent monocytes of dogs with L. infantum
(13). However, NO and ROS production and the parasite load in the spleen
leukocytes of dogs infected with VL, after PD-1 blocking with monoclonal
antibodies, has not been studied yet. Additionally, it has been observed that
interleukin 17 (IL-17) is a mediator of inflammatory reactions in canine VL (14),
however, there is not studies between IL-17 and parasite loading in the spleen
of dogs naturally infected with L. infantum, after PD-1 blocking with monoclonal
antibodies.

Thus, our aim here was to investigate whether PD-1 blocking alters the
intracellular concentration of NO, ROS and IL-17 in culture supernatants and
the parasite load of spleen leukocytes from dogs that are naturally infected with

L. infantum.

2. MATERIAL AND METHODS
2.1 Ethics Committee

This experiment was carried out in accordance with the ethical
principles for use of animals, as specified by the Animal Experimentation Ethics
Committee of Universidade Estadual Paulista (protocol FOA-00977-2016).

2.2 Animals

For the infected group, 15 adult dogs with VL, of both sexes, between 2
and 5 years old and of various breeds and weights, were selected from the
Zoonosis Control Center of Aragatuba, state of Sdo Paulo (CCZA). These dogs
had been found to be seropositive for L. infantum antigen through testing using
the indirect ELISA test as described by Lima et al., 2003 (15), and using real-
time PCR as described by Ranasinghe et al.,, 2008 (16). All the dogs were

symptomatic and presented at least three clinical signs of VL such as
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onychogryphosis, lymphadenopathy, cachexia, alopecia, skin and periocular
injuries. These dogs with VL showed moderate-stage disease (level 1) and had
been classified based on a physical examination, biochemical examination and
on their levels of anti-Leishmania antibodies determined through the indirect
ELISA, as proposed by Solano-Gallego et al., 2009 (17).

For the control group, 5 healthy dogs of different breed and weights
that were seronegative for L. infantum through the indirect ELISA test as
described by Lima et al., 2003 (15), and through real-time PCR as described by
Ranasinghe et al., 2008 (16), were selected. The owners of these dogs signed
an informed consent form for the procedure to be carried out. All of these
animals presented a blood count and biochemical examination within the

reference values for the species.

2.3 Sample collection

The dogs in the infected group were euthanized by means of
intravenous barbiturate anesthesia (thiopental, Cristalia Itapira, SP, Brazil)
followed by infusion of potassium chloride 19,1%, in accordance with directives
from the Brazilian Ministry of Health, and in line with recommendations from the
Federal Council of Veterinary Medicine. After euthanasia, blood samples (10
ml) were collected by intracardiac puncture and were stored in a tube without
anticoagulant to obtain serum for biochemical examination and determination of
anti-Leishmania antibody levels using ELISA. Spleen fragments were collected
and maintained at 4°C in RPMI-1640 cell culture medium (Sigma®, USA),
supplemented with 10% heat-inactivated fetal bovine serum, 0.03% L-
glutamine, 100 IU/ml of penicillin and 100 mg/ml of streptomycin (complete
RPMI), until processing and performing the assays.

Blood samples (3 ml) from the control group dogs were collected by
jugular vein puncture and were stored in tubes with anticoagulant (EDTA) to
perform a blood count and in tubes without anticoagulant to obtain serum for
biochemical examination and detection of anti-Leishmania antibody levels using

ELISA. A spleen fragment was obtained by means of surgical excision, using a



42

protocol described previously by Lima et al., 2012 (6), and this was kept at 4 °C
in complete RPMI medium, until processing and performing the assays.

2.4 Obtaining spleen leukocytes

Total spleen leukocyte counts were obtained through maceration of a
fragment of size 2cm?®, which was added to 10ml of complete RPMI medium.
This suspension was processed with 5 ml of red blood cell lysis buffer
containing 7.46g/L of ammonium chloride (NH4CIOs3), at 4°C for 8 minutes, and
was then centrifuged at 805g for 5 minutes and washed with phosphate-
buffered saline at pH 7.2 three times. After removal of cell debris by means of a
100um filter (BD Falcon™ cell strainer, USA), the spleen leukocytes were used
for culturing.

Material from 13 infected dogs was used to determine PD-1 levels by
means of flow cytometry. The cells were processed immediately after their

separation and the remainder was used for culturing.

2.5 Spleen leukocyte culturing

5x10° spleen leukocyte cells from infected and healthy dogs were
suspended in complete RPMI medium and dispensed into 24-well plates
(Costar®), in duplicate, in the following order: only spleen leukocytes; spleen
leukocytes and phytohemagglutinin (PHA; 1% final volume); spleen leukocytes
and 20ug of protein/ml of soluble Leishmania infantum antigen (SLA)
(MHOM/BR/00/MERO2); spleen leukocytes and 20ug of protein/ml of SLA from
Leishmania infantum (MHOM/BR/0O0/MERO?2) in the presence of 5mg/ml of
blocking monoclonal antibody against PD-1 (anti-human CD279, eBioscience
Inc, San Diego, CA, USA) (the PD-1 protein shows a high degree of homology
between the canine and human species (18)); spleen leukocytes and 20ug of
protein/ml of SLA (MHOM/BR/00/MERO2) in the presence of 5ug/ml of isotype;
and spleen leukocytes with 10uM of phorbol 12-myristate 13-acetate (PMA)
(BD Biosciences, San Diego, CA, USA). These were incubated at 37 °C, in the
presence of 5% CO..
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SLA was produced in accordance with the protocol described by
Almeida et al., 2017 (19). Cultures were maintained at 37 °C in a cell culturing
oven, in the presence of 5% CO,, for 18 hours, for NO and ROS analyses by
means of flow cytometry; and for 72 hours to evaluate the parasite load by
optical microscopy and to collect the supernatant for IL-17 and Nitrite
evaluation. The culture supernatant collected after 72 hours was stored at -80
°C for IL-17 concentration by means of capture ELISA and Nitrite by Griess

method.

2.6 Determination of PD-1 levels

Spleen leukocytes from 13 infected dogs and 5 uninfected dogs were
used for labeling with fluorochrome-conjugated monoclonal antibodies. The
cells were suspended in phosphate-buffered saline containing 1% bovine serum
albumin, 0.1% azide and 20% fetal bovine serum to block Fc receptors (FCRS).
They were then incubated with phycoerythrin (PE)-conjugated monoclonal
antibodies (anti-human CD279, BD Biosciences, San Diego, CA, USA) for 30
minutes at 4 °C, washed twice with phosphate-buffered saline containing 2%
fetal bovine serum, and then stored at 4 °C in the dark until data acquisition by
means of flow cytometry (BDAccuri'™ C5 Flow Cytometer, San Diego, CA,
USA) and analysis using the BD Accuri'™ C6 software (version 1.0.264.21), to
quantify PD-1 expression. Ten thousand cells were analyzed; "cellular debris"
was excluded; and PD-1 was expressed in terms of percentages (%). A control
isotype (BD Biosciences, San Diego, CA, USA) was used to delineate the

negative populations of phycoerythrin (PE)-labeled cells.

2.7 NO and Nitrite determination

To determine the levels of intracellular NO, cultured cells were
centrifuged at 805g for 5 minutes, resuspended in a minimal volume of
phosphate-buffered saline and stained with DAF-2DA (2uM) (Invitrogen-Leiden
Molecular Probes, Netherlands) for 30 minutes. Incubation was performed at
37°C in the presence of 5% CO,. Fluorescence was evaluated using a flow

cytometer (BD Accuri™ C5). Unlabeled samples were used as a negative
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control to delimit the negative populations of the samples analyzed, and FITC
fluorescence (FL1) was measured in log format and was expressed in terms of
the median. Acquisition data was carried out using 40,000 closed events. Data
analysis was performed using the BD Accuri™ C6 software (version 1.0.264;
BD Bioscience, CA, USA).

Nitrite determination

The Nitrite (NO,) levels were measured using the Griess method (11)
in the supernatants of spleen cell culture after 72 hours. For this measurement,
50 pL of culture supernatant was added to 50uL of Griess reagent (one part
0.1% NEED and one part sulfanilamide 1% phosphoric acid, H3PO4). After 5
min of incubation at room temperature, the optical density at 540nm was
obtained using a 96-well plate reader (Spectra Count, Packard Bio Science
Company, Meriden, CT, USA). The concentration of nitrite was obtained after

comparison with the sodium nitrite standard curve, ranging from 3 to 200uM.

2.8 ROS determination

Phorbol 12-myristate 13-acetate (PMA; 10uM) was added to the culture
wells 30 minutes before ROS analysis and was incubated at 37 °C in the
presence of 5% CO,, for use as a positive control. To determine the ROS
levels, cultured cells were centrifuged (805g for 5 minutes), resuspended in a
minimal volume of phosphate-buffered saline and stained with 10uM of
H2DCFDA (Invitrogen-Leiden Molecular Probes, Netherlands) for 30 minutes.
Incubation was performed at 37°C in the presence of 5% CO,. Fluorescence
was evaluated using a flow cytometer (BD Accuri™ C5). Unlabeled samples
were used as a negative control to delimit the negative populations of the
samples analyzed, and FITC fluorescence (FL1) was measured in log format
and expressed in terms of the median. Acquisition data was carried out using
40,000 closed events. Data analysis was performed using the BD Accuri’™ C6
software (Version 1.0.264; BD Biosciences, CA, USA).
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2.9 IL-17 concentration

The IL-17 levels were evaluated in the spleen leukocyte culture
supernatant using the DuoSet® capture ELISA kit (R&D Systems®,
Minneapolis, USA), in accordance with the manufacturer's instructions. The
optical density at 450nm was obtained in a 96-well plate reader (Spectra Count,
Packard Bio Science Company, Meriden, CT, USA).

2.10 Parasite load

For parasite load analysis using optical microscopy (Eclipse E800,
Nikon, Tokyo, JP), after 72 hours, cultures were cytocentrifuged
(Microprocessed Cytological Centrifuge, 2000 D, REVAN, Chientec) at 201g for
5 minutes at room temperature. From this material, thin layer were produced,
and these were stained using a commercial hematological staining (Panético
Rapido 3X500ML, Laborclin), to count parasites under infected macrophages.
Fifty to one hundred infected macrophages from each treatment were counted.
The infection rate of each treatment was calculated by dividing the number of

amastigotes by the number of infected macrophages.

2.11 Statistical analysis

PD-1 expression was analyzed by means of the Mann-Whitney
nonparametric test. The NO and ROS were analyzed by means of the Dunn’s
multiple comparation test. The NO, and parasite load were analyzed by
Dunnett’s multiple comparation test. For IL-17, was used nonparametric Dunn’s
multiple comparation test when paired and when not paired, the Mann-Whitney
test was used. The statistical analyses were performed and graphs were
produced using the GraphPad Prism® 6 software (GraphPad Software, Inc.,

CA, USA). Results were considered significant when p<0.05.

3 RESULTS
3.1 PD-1 expression
Initially, we sought to evaluate whether VL infection modulates the

expression of PD-1 in spleen leukocytes from the dogs in the infected group
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and the uninfected (control) group. The expression of PD-1 in spleen leukocytes
from the dogs in the infected group was higher than that of the dogs in the
control group (Mann-Whitney, p<0.05).

% PD-1
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Fig. 1. PD-1 expression in spleen leukocytes from dogs in the control group (n =
5) and infected group (n = 13). The data are represented using means and

standard deviations; *p<0.05 from the Mann-Whitney test.

3.2 NO, Nitrite and ROS determination

According to the figure 1, PD-1 was expressed more in the spleen
leukocytes of VL-infected dogs than in those of uninfected dogs. According to
the literature, PD-1 expression may exert a regulatory effect on the production
of NO, IFN-y and proliferation of CD4 + T lymphocytes (12). Therefore, we
performed the blockade of PD-1 with monoclonal Ab in spleen leukocytes
cultured in vitro to evaluate the effect of blockade on the intracellular
concentration of NO (Figure 2A, B, C e D), Nitrite (Figure 2E) and ROS (Figure
2F). Cultures of spleen leukocytes re-stimulated with SLA showed lower levels
of NO (Dunn’s, p<0.05) and Nitrite (Dunnett's, p<0.05) than did cultures
containing spleen leukocytes alone (medium). NO and Nitrite levels were higher
in spleen leukocytes re-stimulated with SLA in the presence of PD-1 blocking
monoclonal Ab (Figure 2 A and E, p<0.05 Dunn’s and Dunnett’s, respectively),
but the ROS levels, did not change (Figure 2F Dunn’s test, p>0.05). In

comparing NO and ROS concentrations between the dogs in the control and
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infected groups, there was no difference regarding NO, but ROS levels were
higher in cultures from the infected group (data not shown).
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Fig. 2.: Concentrations of NO (A, B, C and D), Nitrite (E) and ROS (F) in spleen
leukocytes cultures from dogs of infected group. A, B, C, D and F was obtained
through flow cytometry analysis and E through Griess method. Representative
histogram of NO concentration, in spleen leukocytes cultures from dogs in the
infected group obtained through flow cytometry analysis (B, C and D). Cultures
containing spleen leukocytes alone (Medium); spleen leukocytes re-stimulated
with soluble Leishmania spp. antigen (SLA); spleen leukocytes re-stimulated
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with SLA and treated with PD-1 blocking monoclonal antibodies (anti PD-
1+SLA); spleen leukocytes re-stimulated with SLA and with isotype control
(Iso+SLA); and spleen leukocytes with phorbol 12-myristate 13-acetate (PMA).
Fifteen naturally infected dogs were evaluated. The graph results are presented
as the mean and standard error of the mean. Dunn’s test (A) and (F); Dunnet’s
test (E), *p < 0.05.

3.3 IL-17 in culture supernatant

Although no studies on the role of IL-17 after PD-1 blocking had been
conducted, it was already known that PD-L1/PD-1 signaling participated in IL-17
production (20). Therefore, we investigated IL-17 in spleen leukocyte
supernatant cultures from dogs in the infected and control groups, with and
without PD-1 blocking monoclonal antibodies. IL-17 levels were higher in
supernatant from spleen leukocytes in the infected group (INF) than in the
control group (CT) (Mann-Whitney, p<0.05). Therefore, the SLA stimulation in
the spleen leukocytes of the infected dogs decrease the IL-17 levels (Dunn’s
test, p<0.05) and spleen leukocytes treated with PD-1 blocking antibodies

promoted reductions in IL-17 levels too (Dunn’s test, p<0.05).
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Fig. 3. IL-17 concentrations in the culture supernatant of spleen leukocytes from
dogs in the control group (CT) (n = 4) and dogs in the infected group (INF) (n =
14), after 72 hours. Cultures containing spleen leukocytes alone (Medium);
spleen leukocytes re-stimulated with soluble Leishmania spp. antigen (SLA);
spleen leukocytes re-stimulated with SLA and treated with PD-1 blocking
monoclonal antibodies (anti PD-1 + SLA); and spleen leukocytes re-stimulated
with SLA and with isotype control (Iso + SLA). The graph presents the mean
and standard error of the mean. *Mann-Whitney test p< 0.05; #Dunn’s test
p<0.05.

3.4 Parasite load after PD-1 blocking

Reduction of the parasite load after PD-1 blocking had already been
observed in the peripheral blood mononuclear cells of dogs with VL (13).
Therefore, we investigated the effect of PD-1 blocking antibodies on the
parasite load of spleen leukocyte cultures from dogs in the infected group. We
observed that the parasite load decreased after PD-1 blocking in the spleen
leukocytes re-stimulated with SLA (Dunnet’s, p<0.05).

Medium SLA antiPD-1+SLA Iso+SLA

Infection rate
(n°amastigotes/ MO infected )

Fig. 4. Parasite load determined via light microscopy (n = 15) in spleen
leukocyte cultures from dogs in the infected group, after 72 hours. Cultures
containing spleen leukocytes alone (Medium); spleen leukocytes re-stimulated

with soluble Leishmania spp. antigen (SLA); spleen leukocytes re-stimulated
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with SLA and treated with PD-1 blocking monoclonal antibodies (anti PD-1+
SLA); and spleen leukocytes re-stimulated with SLA and with isotype control
(Iso + SLA). The graphs show means and standard deviations. *Dunnett’s test
p<0.05.

4 DISCUSSION AND CONCLUSION

Our results showed that PD-1 expression was higher in spleen
leukocytes from dogs in the infected group. PD-1 blocking monoclonal
antibodies promoted higher NO and lower IL-17 levels and parasite load, but did
not change de ROS levels.

While we observed increased PD-1 expression in spleen leukocytes
from dogs in the infected group, similar results were also seen in peripheral
blood mononuclear cells from dogs with symptomatic VL (13) and in CD3" and
CD21" B lymphocytes and F4/80 cells of the peripheral blood and spleen of
dogs with VL (12). Together, these results confirm the role of PD-1 in the
immune response of dogs with VL.

In our study, PD-1 blocking monoclonal antibodies in spleen leukocyte
cultures promoted increased intracellular and extracellular NO concentration,
similar to what was observed in the supernatant of peripheral blood
mononuclear cells from dogs with VL after addition of blocking monoclonal
antibodies against PD-1 (12). This confirms that the signal transduction pathway
triggered by PD-1 is related to NO production. On the other hand, PD-1 blocking
in spleen leukocytes from healthy dogs did not increase the NO concentration,
possibly due to the low expression of PD-1 in this group.

The increase of ROS levels in spleen leukocytes from dogs with VL in
our study, was similar to that found in peripheral blood mononuclear cells from
infected dogs in comparison with uninfected dogs (21). However, we did not
observe difference between spleen leukocytes re-stimulated with SLA and anti
PD-1 treatments, different that was observed in peripheral blood mononuclear
cells from dogs infected with L. infantum, after PD-L1 blocking (13), it is possibly

because the different molecule observed in our study.
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We also observed an increase in IL-17 concentration in the spleen
leukocyte culture supernatant of the infected group. This was similar to
observed in the spleen leukocyte culture supernatant from mice that had been
experimentally infected by L. infantum (22) and in the serum from visceral
leishmaniasis patients (23) it confirms that this cytokine has a role in the
Immune response in cases of visceral leishmaniasis.

Presence of PD-1 blocking monoclonal antibodies in spleen leukocytes
re-stimulated from SLA, from dogs in the infected group, resulted in a decrease
in IL-17 levels, in comparison with spleen leukocytes re-stimulated with SLA
that had not been treated with PD-1 blocking monoclonal antibodies, suggesting
that PD-1 participates of pathway signaling to induce IL-17 in spleen leukocytes
from dogs with visceral leishmaniasis.

IL-17 reduction after PD-1 blocking suggests that PD-1 regulates the
cytokines produced. In fact, increased production of TNF-a (12) and IFN-y (13)
consequent to PD-1 blocking had already been reported in peripheral blood
monocyte cultures from symptomatic dogs with leishmaniasis. The reduction of
IL-17 levels after restoration of immune competence suggesting IL-17 can be
related to the susceptibility of dogs toward VL. In fact, was reported, previously,
that IL-17 plays inhibitory function and impair the effectiveness of monocytes
resulting in a growth and/or killing parasite regulation in liver of L. donovani
infected mice (24) and IL-17 knockout mice presented lower parasite loads in
the liver and spleen, thus conferring greater resistance to L. donovani infection
than that of normal mice (25).

We observed a parasite load decrease in spleen leukocyte culture re-
stimulated with SLA, after use of PD-1 blocking antibodies, compared with
spleen leukocytes that were only re-stimulated with SLA. This was similar to
what was observed in peripheral blood mononuclear cells from dogs infected
with L. infantum, after blocking of PD-L1 (13) and PD-1 (12) with monoclonal
antibodies. Thus, our results suggest that PD-1 exerts a regulatory effect on
spleen leukocytes during the immune response in cases of canine VL.

We conclude that PD-1 regulates the spleen leukocytes microbicide

activity and IL-17 in visceral canine leishmaniasis impairs the host’s immune
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response. Therefore, PD-1 blocking monoclonal antibodies may be a tool for
disease control.
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