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Rebech, GT. microRNA-148a regula citocinas inflamatdrias e atividade
microbicida naleishmaniose canina. 2022. 66 f. Tese (Doutorado) — Faculdade de

Medicina Veterinaria, Universidade Estadual Paulista, Aracatuba, 2022.

RESUMO

A leishmaniose canina (LCan) é um grave problema de saude publica, pois animais
infectados facilitam a transmissdo do protozoario Leishmania para humanos pela
picada do vetor flebotomineo durante o repasto sanguineo. A progressédo da LCan
esta relacionada a supressdao efetiva da resposta imune, possivelmente associada a
pequenos RNAs chamados microRNAs (miR), que podem afetar a traducdo do mRNA
em proteinas e, consequentemente, regular o funcionamento das células. O aumento
de miR-148a em leucdcitos esplénicos (LS) de cdes com LCan foi observado em
estudos anteriores e analises in silico identificaram possiveis vias envolvidas na
regulacdo da resposta imune que sdo afetadas por este miR. Portanto, através do uso
de cultura celular e transfeccao, in vitro, avaliamos o envolvimento de miR-148a, na
regulacdo de citocinas inflamatorias como TNF-a, IL-6, IL-12, IL-1[3, INOS, expressao
de MHCII, CD80, CD3, dos fatores de transcricdo T-bet (Thl) e GATA-3 (Th2) e sua
relacdo com a carga parasitaria em LS de cdes com LCan. Primeiramente, LS
coletados de cdes saudaveis e doentes (LCan), foram transfectados com
oligonucleotideos inventariados de inibidor e mimetizador de miR-148a. Apés 48
horas, a expressao das proteinas MHCII, CD80, iNOS, CD3, Thet, GATA-3 foi avaliada
por citometria de fluxo e a concentracdo de TNF-q, IL-12, IL-6 e IL-1B foi medida no
sobrenadante de cultura por ELISA de captura. A transfeccdo de LS com mimetizador
de miR-148a diminuiu a concetracao de iINOS nas células e de TNF-q, IL-6 e IL-12 no
sobrenadante do LS cultivado de cdes LCan. Curiosamente, a transfecgdo com
inibidor de miR-148a diminuiu a carga parasitaria nas células. Esses resultados
sugerem um papel regulador negativo deste miR na resposta imune a infeccéo por L.
infantum. Concluimos que miR-148a pode afetar a resposta imune regulando citocinas
inflamatorias durante LCan. Nossos resultados contribuem para o entendimento da
complexa interagcdo hospedeiro/parasito na leishmaniose canina e podem auxiliar no

desenvolvimento de possiveis tratamentos.

Palavras-chave: LCan. microRNA-148a. Resposta imune. Fator de transcrigao.

Citocina.



Rebech, GT. microRNA-148a regulates inflammatory cytokines and microbicidal
activity in canine leishmaniasis. 2022. 66 f. Tese (Doutorado) — Faculdade de

Medicina Veterinaria, Universidade Estadual Paulista, Aracatuba, 2022.
ABSTRACT

Canine leishmaniasis (CanL) is a serious public health concern, because infected
animals facilitate transmission of the Leishmania protozoan to humans by the bite of
sandfly vector during the blood meal. Progression of CanL is related to effective
suppression of immune response, possibly associated with small RNAs called
microRNAs (miR), which can affect mMRNA translation into proteins and, consequently,
regulate cells function. The increase of miR-148a in splenic leukocytes (SL) of dogs
with CanL was observed in previous studies and in silico analysis identified possible
pathways involved in immune response regulation that are affected by this miR.
Therefore, through the use of, in vitro, cell culturing and transfection, we evaluated the
involvement of miR-148a, in regulation of inflammatory cytokines such as TNF-a, IL-6,
IL-12, IL-1B, INOS, MHCII expression, CD80, CD3, of the T-bet (Thl) and GATA-3
(Th2) transcription factors and their relationship with parasite load in SL of dogs with
CanL. Primary, SL obtained from healthy and diseased dogs (CanL), were
transfectedwith miR-148a mimic and inhibitor inventoried oligonucleotides. After 48
hours, expression of MHCII, CD80, iINOS, CD3, Thet, GATA-3 proteins was evaluated
by flow cytometry and concentration of TNF-a, IL-12, IL-6 and IL-13 was measured in
culture supernatant by capture ELISA. Transfection of SL with miR-148a mimic
decreased iINOS concentration in the cells and TNF-a, IL-6 and IL-12 in the
supernatant of the cultured SL from CanL dogs. Interestingly, transfection with miR-
148a inhibitor decreased parasite load in cells. These results suggest a negative
regulatory role of this miR in immune response to L. infantum infection. We conclude
that miR-148a can affect immune response by regulating inflammatory cytokines
during CanL. Our results contribute to the understanding of the complex host/parasite
interaction in canine leishmaniasis and could assist the development of possible

treatments.

Keywords: CanL, microRNA-148a. Immune response. Transcription factor. Cytokine.
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1 INTRODUCAO GERAL

1.1 Aspectos epidemioldgicos e clinicos da Leishmaniose

A leishmaniose € uma doenca negligenciada endémica em mais de 90
paises com estimativa de 12 milhdes de pessoas infectadas no mundo, podendo
chegar a 1,6 milhGes de novos casos ao ano e ocasionar entre 20 e 30 mil mortes ao
ano [1]. Afeta principalmente o leste da Africa com altos indices de mortalidade,
porém, em 2019, mais de 90% dos novos casos registrados pela Organizacao Mundial
de Saude ocorreram em dez paises, como o Brasil, Etiopia, india, Eritreia, Iraque,
Quénia, Nepal, Somalia, Sudao e Sudao do Sul [2].

A leishmaniose é causada por protozoarios do género Leishmania (L.),
transmitidos por mosquitos fémeas da familia Phlebotominae e género Lutzomyia spp
durante o repasto sanguineo [3]. A transmissdo da leishmaniose varia entre
antropondtica, ocorre entre humano — inseto vetor — humano e é endémica no
Afeganistdo, Republica Islamica do Ird, Paquistdo e Republica Arabe Siria como
também em paises europeus; zoonoética, ocorre entre humano - vetor - outros
mamiferos, endémica em paises da América Latina e ocorre principalmente em
ambiente doméstico, onde os cdes sdo considerados principais reservatério do
parasito [4—6].

Apresenta-se de trés principais formas nos humanos: visceral, também
chamada de kala-azar (mais severa); cutanea (mais comum) e muco cutanea [2]. Nas
américas, as formas cutadnea e muco cutanea estdo presentes em 20 paises, sendo
endémica em 18 e apresentam média de 55 mil casos reportados por ano, enquanto
a forma visceral esta presente em 13 paises possuindo uma média de 3.500 casos ao
ano e, em 2020, o Brasil reportou 97% dos casos de leishmaniose visceral (LV) em
humanos, registrado nas américas [2].

No Brasil, a leishmaniose era inicialmente considerada uma zoonose de
animais silvestres e afetava, ocasionalmente, quem tivesse contato com florestas.
Mas, devido ao desmatamento ela avancou para a zona rural e periurbana. Na década
de 1980 a doenca era registrada em 19 Unidades Federadas, ja em 2003 todas as
Unidades da Federacao registraram autoctonia [7]. Entre o periodo de 1993 a 2012,
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foram registrados 26.965 casos autdctones ao ano com aumento expressivo nos anos
1994 e 1995 com 22,83 e 22,94 casos/ 100.000 habitantes, respectivamente [7].

No estado de S&o Paulo entre os anos de 1999 e 2019 foram notificados
8.553 casos de leishmaniose visceral humana atingindo uma taxa de 8,7% de
letalidade e neste mesmo periodo, 107 cidades relataram casos autoctones
representando 16,5% do estado [8]. Nos anos de 2020, 2021 e até fevereiro de 2022,
no estado de Sao Paulo, foram registrados, consecutivamente, 87, 57 e 10 casos com
8, 6 e 1 mortes, sendo Bauru, Aracatuba e Marilia as cidades com maior nimero de
casos registrados [9].

O municipio de Aracatuba foi o primeiro a registrar a presenca de
Lutzomyia longipalpis, o principal vetor da leishmaniose, no perimetro urbano em 1997
e logo depois, em 1998, foi detectado a presenca de L. infantum, subgénero
responsavel por ocasionar a forma visceral da doenga, em amostras de cdes com
suspeita clinica. No ano seguinte, em 1999, os primeiros casos de leishmaniose
visceral autéctones em humanos do estado de Sdo Paulo foram registados em
Aracatuba e também na cidade de Birigui [10].

Em Aragatuba, o nimero de casos de leishmaniose visceral humana
sofreu aumento importante no ano de 2021 com 5 casos registrados apenas no
periodo de janeiro a julho, enquanto que em 2020, apenas 1 caso foi registrado [11].
Estes dados refletem a importancia do monitoramento da doenca na cidade afim de
combater seu avanco e evitar maiores danos a sociedade. Dados epidemiolégicos da
leishmaniose em cées apontam aumento significativo no nimero de casos pois, de
janeiro a julho de 2021, 529 animais foram recolhidos e eutanasiados na cidade

Aracatuba, representando 60% do namero total registrado no ano 2020 [11].

O diagnéstico da leishmaniose, é feito a partir de diversos métodos os quais
sdo considerados de acordo com o aspecto clinico e laboratorial apresentado,
podendo variar entre testes moleculares como a Reacdo em Cadeia da Polimerase
“Polymerase Chain Reaction” (PCR): identificagdo e/ou quantificagdo do material
genético do protozoario na amostra coletada [12]; teste parasitologico: identificacao
do protozoario por microscopia de luz no material coletado e fixado em lamina; testes
soroldgicos: como Ensaio Imuno Enzimatico “Enzyme Linked Immunosorbent Assay”
(ELISA) baseado na identificag&do de anticorpos IgG e teste imunocromatografico, uma

forma facil e rapida para obtencao de resultado qualitativo [13].
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A leishmaniose canina (LCan), é um sério problema de salde publica pois,
0S cdes sao 0s principais reservatorios de Leishmania no ambiente doméstico e
podem favorecer o contagio de novos vetores devido ao alto parasitismo na pele e,
por estarem proximo aos humanos, facilitam a transmissédo da doenca. Entretanto,
entre os caes domésticos, estudos investigam a transmissao da doenca através de
pulgas e carrapatos assim como sem o intermédio de vetores, por transfusédo
sanguinea, transplacentaria ou venérea, por exemplo [13,14].

Apos a transmissao do protozoario, as formas promastigotas metaciclicas
atingem rapidamente os microvasos do hospedeiro e sao fagocitadas, principalmente,
por macréfagos [15] e outras células fagociticas como neutrofilos e células dendriticas,
recrutadas para o local afetado [16]. 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, completando seu ciclo de vida [16].

O equilibrio da resposta imunolégica torna-se necessario para promover a
resisténcia do hospedeiro a doenca [17]. Entretanto, esta resposta € prejudicada e
resulta na falha do controle parasitario [18]. A grande quantidade de parasitas na pele,
o aumento da inflamacéo e altos niveis de apoptose de células como macrofagos e
linfécitos, estdo diretamente relacionados aos sinais apresentados por caes
sintomaticos e podem ser grandes aliados na progressao da doenca [19].

Existem sinais e sintomas caracteristicos da LCan como apatia, anorexia,
febre, perda de massa muscular, linfoadenomegalia, hepatomegalia, esplenomegalia,
epistaxe e lesdes cutaneas [20]. Entretanto, alguns caes infectados podem ser
assintomaticos ou oligossintomaticos e alguns podem até apresentar evolucdo para a
cura espontanea [21].

Os diversos sinais e sintomas apresentados pelos cées infectados durante
o desenvolvimento da LCan, dificultam a identificacdo da doenca e também a conduta
a ser tomada pelo médico veterinario. Sendo assim, um grupo de pesquisa (LeishVet)
desenvolveu um sistema de quatro estagios utilizando parametros como sinais
clinicos, anormalidades clinico-patoldgicas e status soroldgico para identificar e dividir
os animais infectados de acordo com o grau de severidade da doenca, facilitando o
progndstico e tratamento dos caes doentes [13].

Os caes sdao classificados no estagio I, quando apresentam a forma branda

da doenca, com titulacdo de anticorpos anti-leishmania abaixo do ponto de corte ou
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ausente, apresentando sinais clinicos discretos como linfadenopatia periférica ou
dermatite papular, exames laboratoriais dentro dos valores normais ou com alteragdes
discretas. Cées classificados no estagio Il, apresentam a forma moderada da doenca,
podem apresentar titulacdo de anticorpos anti-leishmania variando de baixo a alto,
sinais e sintomas caracteristicos do estagio | como também, lesdes cutaneas,
anorexia, febre, anormalidades como hipergamaglobulinemia e hipoalbuminemia, mas
apresentar funcdes renais dentro dos parametros de normalidade. No estagio Ill da
doenca, os cades apresentam a forma grave, com titulacdo de anticorpos anti-
leishmania variando de médio a alto, sinais e sintomas apresentados nos estagios | e
II, além de lesdes causadas por imunocomplexos como vasculite, artrite e uveite, com
anormalidades clinico patolégicas do estagio Il e também apresentar doenca renal
cronica. Ja o estagio IV é classificado como doenca grave, no qual os cées
apresentam niveis elevados de anticorpos, com sinais e sintomas apresentados no
estagio lll, além de tromboembolismo pulmonar e doenca renal terminal, com

anormalidades clinico patoldgicas [13,14,20].

1.2 Resposta imune na LCan

Apos a infeccédo pela L. infantum, células dendriticas, liberam de IL-12 para
0 meio externo, e estimulam células Natural Killer (NK) que liberam IFN-y [22]
responsavel por induzir a ativacao de macrofagos e a producédo de 6xido nitrico sintase
induzivel (iINOS), uma enzima que catalisa a L-arginina resultando na producéo de
oxido nitrico (NO) [23]. O NO, é um radical livre, gasoso, inorganico, incolor que exerce
a funcao de mediar reacdes citotdxicas de células imunes, sendo capaz de destruir
patdogenos e células tumorais [24]. Os macréfagos também produzem o fator de
necrose tumoral alfa (TNF-a) que tem acgao autdcrina, para aumentar ainda mais a
producgéo de microbicidas e radicais livres [25].

Nos primeiros meses de infeccdo por L. Infantum, cdes sintomaticos
apresentam maior concentragao de nitrito (NO2), um indicador da producgéao de NO, no
sobrenadante de cultura de macréfagos derivados de mononucleares do sangue
periférico, em comparacéo aos cées assintomaticos [26]. Porém, apds oito meses, 0
nivel de NO é significativamente maior no grupo assintomatico. Desta forma, pode-se

dizer que no inicio da infeccdo, a producdo de NO pode indicar uma atividade
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microbicida nos animais infectados, mas nao a resisténcia, j os niveis mais elevados
de NO observado em cédes assintomaticos, pode sugerir funcdo protetora dessa
molécula a longo prazo [27]. Caes com alta carga parasitaria esplénica apresentam
diminuicao de citocinas pro-inflamatérias como IFN-y, TNF-a, IL-12 e IL-6, e aumento
de citocinas anti-inflamatérias como IL-10 e TGF-B em comparagdo aos caes com
baixa carga parasitéria [28].

O tipo de resposta observada nos caes sintomaticos, é caracterizada pelo
predominio da resposta humoral, com deteccéo de anticorpos anti-leishmania, entre
45 dias até 3 meses apos a infeccao por L. infantum, podendo estar correlacionados
ao aparecimento dos sintomas durante o desenvolvimento da doenca [29]. Estes caes
apresentaram aumento de anticorpos IgG, IgA e IgM, quando comparados a cées
assintomaticos, enquanto o0s cdes assintomaticos apresentam aumento da
linfoproliferacéo e baixos niveis de anticorpos especificos em comparacéo aos caes
sintomaticos, refletindo a ineficiéncia da resposta humoral a doenca [29].

As citocinas secretadas sdo responsaveis por determinar qual tipo de
linfécito T sera ativado [30]. Por exemplo, a secre¢éo de IFN-y ou IL-12, desencadeara
a ativacdo de linfécitos tipo T helper (Th) 1, enquanto a IL-4, desencadeara uma
resposta tipo Th2 [30]. A IL-12 secretada pelas células dendriticas inicia uma resposta
Thl relacionada a citotoxidade com a ativacdo de células NK, além da producéo de
citocinas proé-inflamatérias como o IFN-y [25] que consequentemente, induz a
producdo de NO nas células fagocitarias, principalmente macréfagos [31].

A producéao do IFN-y também esta relacionada as células TCD4+ e ativagao
das células TCD8+ citotéxicas, as quais desempenham fungdo importante na morte
do parasito [27]. A resposta de células tipo Th2, esta relacionada a imunidade humoral
e a producdo de citocinas anti-inflamatdrias participantes da regulacdo da resposta
imune celular. A IL-10 € uma das citocinas presentes na resposta Th2 fortemente
relacionada a progresséo da leishmaniose, pois durante a resposta ao parasito, esta
citocina € responsavel pelo controle da inflamacdo através da ndo ativacdo de
macrofagos e supressédo de linfocitos Thl e das citocinas IL-12 e IFN-y [16], além de
favorecer a sobrevivéncia das células B e a diferenciagéo de plasmocitos [32].

O recrutamento, ativacao e a expanséao dos linfocitos T para o local inicial
e 0 desenvolvimento de uma resposta apropriada, estdo relacionados ao tipo de
antigeno apresentado pelo complexo principal de histocompatibilidade de classe |l

(“major histocompatibility complex-class II” MHC-II) de células apresentadoras de
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antigeno “antigen presenting cell” (APC) e o envolvimento de moléculas co-
estimulatorias [33] pertencentes a familia B7, como a B7-1 (CD80) e a B7-2 (CD86)
[34]. Esta ligacdo induz sinais positivos responsaveis por estimular a ativacdo e a
diferenciacéo celular e o aumento da producao de citocinas, entretanto, a supressao
da expresséo de CD80 durante a LCan ja foi observada [34,35].

A supresséao da imunidade protetora durante a leishmaniose, pode ser uma
das causas do aumento dos sinais clinicos nos caes sintomaticos e é caracterizada
pelo baixo nimero de linfécitos TCD4+ no sangue periférico, aumento de interleucinas
anti-inflamatoérias como a IL-10 [36], o declinio de interleucinas proé-inflamatorias
essenciais para a sobrevivéncia de células T [37] e de IFN-y, essencial para a ativacao
de macrofagos participantes na morte de parasitas e células parasitada [38]. J4 a
protecdo do hospedeiro, pode estar relacionada a uma resposta efetiva caracteriza
pelo aumento da resposta celular e producao de citocinas pré-inflamatérias como IFN-
y e o TNF-a [16].

A IL-1B, uma citocina de perfil Th1, desempenha acéo pro-inflamatoria,
vasodilatadora, é produzida por inflamassomos e secretada por varias células [39].
Durante a LCan, a IL-1B estd aumentada no bagco e no cérebro regulando
negativamente a carga parasitaria no tecido cerebral, mas néo influenciando a carga
parasitaria no baco [40], divergéncia relacionada a compartimentalizacao da resposta
imune observada na LCan [41].

Na LCan, o baco é um dos érgdos mais afetados durante a infecgao,
juntamente com a pele e a medula dssea. E o local onde a resposta ao parasita sera
montada e onde ocorrera ou nao, o processo de ativacao celular [18,21], entretanto,
o alto parasitismo ocorrente neste o6rgdo pode resultar em desestruturacdes
morfolégicas como hipertrofia e hiperplasia da polpa branca e desestruturacao

folicular [28], além da substituicdo de macréfagos por linfécitos [20].

1.3 MicroRNAs e a Resposta Imune

A regulacédo da resposta imune tem sido relacionada a atividade de uma
classe de pequenos RNAs néo codificadores, chamados de microRNA (miR) [42,43].
Os miRs apresentam cerca de 19 a 25 nucleotideos, transcristos no interior da célula

onde poderdo ser degradados ou reconhecer um mRNA especifico, se ligar a ele por
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complementariedade e, consequentemente, controlar a expressdo génica [44,45].
Essa atividade dos miRs resulta na alteracdo da expressdo de proteinas e de
inUmeras atividades celulares [43,46] também relacionadas a resposta imunologica
[42,43].

Na LCan o aumento da expressao de miR-21, miR-192, miR-194, miR-424,
miR-371, miR-451 e miR-503 e a diminui¢&do da expresséo de miR-150 e miR-574, foi
observado através da técnica de microarranjo em células mononucleares do sangue
periférico [47]. Ja em leucdcitos esplénicos, a expressao de miR-21, miR-148a, miR-
7, miR-615 esta aumentada enquanto a expressao de miR-125a, miR-125b e miR-150
esta diminuida [48].

A analise in silico dos dados do microarranjo mostrou vias e alvos dos miRs
diferencialmente expressos que foram processados através do programa Ingenuity
Pathway Analysis (QIAGEN®) e os miRs diferencialmente expressos apresentaram
diversas vias canonicas e alvos relacionadas com a resposta imunolégica [48].

Entre os miRs alterados observados na analise do microarranjo de
leucdcitos esplénicos dos cées infectados, o0 miR-148a mostrou-se 2,29 vezes mais
expresso quando comparado aos cdes néo infectados e apresentou forte correlacao
positiva com a carga parasitaria esplénica [48].

O miR-148a, apresenta homologia completa entre humanos, camundongos
e caes [miRBase]. Esta envolvido na regulacdo de genes relacionados a resposta
imunologica, como a ativacdo da STAT3 [48] importante regulador transcricional
responsavel por estimular a expressdo de mediadores da imunidade inata, como
também a granulopoiese importante para eliminacdo de fungos e bactérias [49], a
sinalizacdo de PTEN [48] que pode regular negativamente a via PI3K/AKT de
diferenciacéo celular e melhorar o desenvolvimento da resposta imune eficiente na
infeccdo por Leishmania [50], a apoptose mediada por linfécitos T citotdxicos, a
sinalizacdo de TGF-B, ativacdo de Th1 e Th2 e a via de apresentagao de antigenos
[48].

O papel regulatério do miR-148a na imunidade ja foi relatado varias
doencas [51-53]. A mimetizagcdo do miR-148a resultou na diminui¢cdo da capacidade
de apresentacdo de antigeno, proliferacdo de células T antigeno especificas e a
producdo de citocinas como IL-6, IL-12, TNF-a e IFN-B em células dendriticas
imaturas e maturas de camundongos experimentalmente sensibilizadas por

lipopolisacarideos (LPS) [54], diminuicdo de IL-1B e TNF-a na endometrite
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experimentalmente induzida por LPS em camundongos [53] e reducdo de TNF-aq, IL-

1B e IL-6 em macréfagos experimentalmente infectados com Mycobacterium marinum
[55]. Entretanto, a regulacdo da resposta imune pelo miR-148a na LCan ainda néo foi
estudada.

Em cées se evidencia uma alta producéo de anticorpos, que tem efeitos
deletérios. E possivel que a hipergamaglobulinemia observada possa estar associada
a alta producdo de miR-148a, uma vez que este miR também participa na
diferenciacéo de células plasmaticas sendo o miR mais abundante nestas células em
estagios iniciais, e altamente expressos em linfocitos B ativos [56].

Desta forma, sabendo-se da participacdo do miR-148a na resposta
imunologica e sua acado sobre fatores de transcricdo que influenciam a diferenciagéo
da resposta Th1/Th2, ativacao de citocinas e regulacdo de moléculas envolvidas na
apresentacdo de antigeno, torna-se necessario estudar o papel deste miR, na
resposta do hospedeiro a essa zoonose, visando a geracgao de tratamento futuro para

leishmaniose.
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2 CAPITULO 1 - MIR-148a REGULATES INFLAMMATION AND
MICROBICIDAL ACTIVITY IN CANINE LEISHMANIASIS
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2.1 Resumo

A leishmaniose canina (LCan) é um grave problema de saude publica, pois animais
infectados facilitam a transmissdo do protozoario Leishmania para humanos pela
picada do vetor flebotomineo durante o repasto sanguineo. A progressédo da LCan
esta relacionada a supresséo efetiva da resposta imune, possivelmente associada a
pequenos RNAs chamados microRNAs (miR), que podem afetar a traducdo do mRNA
em proteinas e, consequentemente, regular o funcionamento das células. O aumento
de miR-148a em leucdcitos esplénicos (LS) de cdes com LCan foi observado em
estudos anteriores e analises in silico identificaram possiveis vias envolvidas na
regulacdo da resposta imune que sdo afetadas por este miR. Portanto, através do uso
de cultura celular e transfeccao, in vitro, avaliamos o envolvimento de miR-148a, na
regulacdo de citocinas inflamatorias como TNF-a, IL-6, IL-12, IL-1[3, INOS, expressao
de MHCII, CD80, CD3, dos fatores de transcricdo T-bet (Thl) e GATA-3 (Th2) e sua
relacdo com a carga parasitaria em LS de cdes com LCan. Primeiramente, LS
coletados de cdes saudaveis e doentes (LCan), foram transfectados com
oligonucleotideos inventariados de inibidor e mimetizador de miR-148a. Apoés 48
horas, a expressao das proteinas MHCII, CD80, iNOS, CD3, Tbet, GATA-3 foi avaliada
por citometria de fluxo e a concentracdo de TNF-q, IL-12, IL-6 e IL-1B foi medida no
sobrenadante de cultura por ELISA de captura. A transfeccdo de LS com mimetizador
de miR-148a diminuiu a concetracao de iINOS nas células e de TNF-q, IL-6 e IL-12 no
sobrenadante do LS cultivado de cdes LCan. Curiosamente, a transfecgdo com
inibidor de miR-148a diminuiu a carga parasitaria nas células. Esses resultados
sugerem um papel regulador negativo deste miR na resposta imune a infec¢éo por L.
infantum. Concluimos que miR-148a pode afetar a resposta imune regulando citocinas
inflamatoérias durante LCan. Nossos resultados contribuem para o entendimento da
complexa interacdo hospedeiro/parasito na leishmaniose canina e podem auxiliar no
desenvolvimento de possiveis tratamentos.

Palavras-chave: LCan. microRNA-148a. Resposta imune. Fator de transcrigao.
Citocina.
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2.2 Abstract

Canine leishmaniasis (CanL) is a serious public health concern, because infected
animals facilitate transmission of the Leishmania protozoan to humans by the bite of
sandfly vector during the blood meal. Progression of CanL is related to effective
suppression of immune response, possibly associated with small RNAs called
microRNAs (miR), which can affect mMRNA translation into proteins and, consequently,
regulate cells funtion. The increase of miR-148a in splenic leukocytes (SL) of dogs with
CanL was observed in previous studies and in silico analysis identified possible
pathways involved in immune response regulation that are affected by this miR.
Therefore, through the use of, in vitro, cell culturing and transfection, we evaluated the
involvement of miR-148a, in vitro, in regulation of inflammatory cytokines such as TNF-
a, IL-6, IL-12, IL-1B, iINOS, MHCII expression, CD80, CD3, of the T-bet (Thl) and
GATA-3 (Th2) transcription factors and their relationship with parasite load in SL of
dogs with CanL. Primary, SL obtained from healthy and diseased dogs (CanL), were
transfectedwith miR-148a mimic and inhibitor inventoried oligonucleotides. After 48
hours, expression of MHCII, CD80, iINOS, CD3, Thet, GATA-3 proteins was evaluated
by flow cytometry and concentration of TNF-a, IL-12, IL-6 and IL-18 was measured in
culture supernatant by capture ELISA. Transfection of SL with miR-148a mimic
decreased iNOS in the cells and TNF-qa, IL-6 and IL-12 in the supernatant of the
cultured SL from CanL dogs. Interestingly, transfection with miR-148a inhibitor
decreased parasite load in SL cells. These results suggest a negative regulatory role
of this miR in immune response to L. infantum infection. We conclude that miR-148a
can affect immune response by regulating inflammatory cytokines during CanL. Our
results contribute to the understanding of the complexhost/parasite interaction in
canine leishmaniasis and could assist the development of possible treatments.

Keywords: CanL, microRNA-148a. Immune response. Transcription factor. Cytokine.
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2.3 INTRODUCTION

Visceral leishmaniasis (VL) is a neglected disease caused by Leishmania
(L.) species protozoan and transmitted by the bite of infected female phlebotomine
sandflies [1]. Visceral leishmaniasis is the most serious form of disease [2]and, in
2019, Brazil reported 97% of all VL cases in the Americas [1]. Domestic dogs are
natural reservoirs of Leishmania in urban areas [2,3] because they present high
parasite load in the skin and they live in close proximity with humans facilitating
transmission [4—6].

During CanlL, the spleen is one of the most parasitized organs throughout
the infection process [7-9]. In this organ, a mixed Th1/Th2 immune response is
observed and symptomatic dogs present predominance of Th2 response, contributing
to parasite development [10—-13]. In contrast, resistance to CanL has been associated
with IL-12-induced Thl protective immune response [3], pro-inflamatory cytokine
production [12] namely IFNy, IL-12, IL-6, TNF [14] and inducible nitric oxide
synthase (iNOS) leishmanicidal activity [11,15,16].

Leishmania infection can suppress host immune response [12,17]. It has
been observed that high parasite load implies in a low cytokine expression in the canine
spleen [14]. In fact, low splenic INOS and IL-12 mRNA levels have been associated to
parasite persistence during CanL [18]. Notwithstanding, TNF-a is increased in spleen
during CanL [19,20] and this cytokine was negatively related to parasite load in spleen
of dogs [14].

MicroRNAs (miR) are small non-coding RNAs that work as post-
transcriptional gene regulators [21,22], affectihng immune response in various diseases
[22]. Recent studies have shown changes in miR expression in peripheral blood
mononuclear cells (PBMC) [23] and in SL [24] from dogs naturally infected with L.
infantum.

Microarray analysis revealed a 2.29 fold increase of miR-148a in SL during
CanL, and in silico analysis showed canonical pathways directly regulated by miR-
148a, including PTEN signaling, cytotoxic T lymphocyte-mediated apoptosis of target
cells, Thl and Th2 activation pathway, antigen presentation among other pathways
related to immune responses that is indirectly regulated by this miR, as cytokine

production [24].

Revista Plos One (ANEXO A)
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MicroRNA-148a members of the miR-148/-152 family located in humans on
chromosome 7, 12 and 17, and in mouse on chromosome 6, 15 and 11, respectively
[25]. This miR can modulate genes involved in the innate and the adaptive immunity,
in particular antigens of the major histocompatibility complex (MHC) [25,26], in addition
to being involved to cancer initiation, tumor growth and metastasis formation [25].

According to miRBase Sequence Database, a database of published
MiRNA sequences [27], miR148-a present complete homology between canine,
murine and human. Previously, was observed that miR-148a can reduces
concentration of cytokines as IL-6, IL-12, IL-13 and TNF-a in experimentally induced
inflammatory process in human microglial cell line [28] and murine models [26,29], but
the role of miR148 in immunological aspects during CanL, has not been studied yet.

In the present study, we demonstrate that transfection with a miR-148a mimic
resulted in downregulation of the pro-inflammatory cytokine expression iNOS, TNF-q,
IL-6 and IL-12, whereas the use of a miR-148a inhibitor reduced parasitic load in
cultured SL, obtained from dogs that were naturally infected with L. infantum.

2.4 Materials and method

2.4.1 Animal screening and samples collection

This study was approved by the Animal Experimental Research Ethics
Committee (COBEA), with approval of Animal Use Ethics Committee (CEUA) of
UNESP- Universidade Estadual Paulista "Julio de Mesquita Filho (process 00624-
2018).

For control group composition, five healthy mongrel animals were selected
(3 females and 2 males), without hematological and biochemical alterations and
negative dianognosis following (immunochromatographic (Dual-Path Platform (DPP®),
serological [30] and molecular analysis [31] for CanL.

For infected group composition, we selected fourteen adult mongrel dogs
that were naturally infected by L. infantum. These dogs came from the Aracatuba
Zoonoses Control Center and presented positive diagnosis following
immunochromatographic (Dual-Path Platfor (DPP®), serological [25] and molecular
analysis [26] for CanL.

All dogs were symptomatic and had at least three of following clinical
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signs: onychogryphosis, weight loss, ear-tip injuries, lymphadenomegaly, cachexia,
alopecia, periocular and skin lesions (S1 Table).

Blood samples were obtained by jugular vein puncture from both groups
(infected and healthy) and placed in tubes without anticoagulant to obtain serum for
indirect ELISA [25] (S1 Table) and biochemical profile (S2 Table), also tubes
containing EDTA (BD®, USA) to perform blood cell count (S3 Table), all samples
processed immediately after collection.

Infected dogs were euthanized by barbiturate anesthesia (Tiopental,
Cristalia Itapira, SP), followed by intravenous injection of 19.1% potassium chloride
by the same route, as recommended for the control of Visceral Leishmaniasis,
in compliance with local legislation. After euthanasia, a 2cm?3 fragment of spleen
was collected for SL isolation. Spleen fragments in control dogs were removed by
surgical excision [13]. All spleen fragments were maintained in complete RPMI-
1640 medium (Sigma®, USA) supplemented with 10% heat inactivated fetal bovine
serum (FBS) (Gibco®, USA), 0.03% L-glutamine (Sigma®, USA), 100 IU/mL of
penicillin (Sigma®, USA) and 100 mg/mL of streptomycin (Sigma®, USA), for SL

isolation, until processing.

2.4.2 Isolation of SL

Splenic leukocytes were obtained from a 2cm® fragment that was
macerated and added to 10ml RPMI-1640 medium (Sigma, USA) supplemented with
10% heat inactivated fetal bovine serum, 0.03% L-glutamine, and 1001U/mL penicillin
and 100mg/mL streptomycin. After removal of cell debris with a 100um cell strainer
(BD Falcon Cell strainer, USA), suspension was processed with 5mL of red blood
cell lysis buffer containing 8g/L ammonium chloride (NH4Cl), 1,6g/L EDTA, 0,16g/L
calcium carbonate (Na2COs) at 4°C for 10 minutes, centrifuged at 2000rpm for 5
minutes, and washed with phosphate buffered saline (PBS) at pH 7.2, three times.

Cells were then counted in a Neubauer chamber.

2.4.3 Serological diagnosis by ELISA

Samples were analyzed by ELISA assay using total antigen from lysed
promastigotes [25]. The antigen was coated overnight with 20ug/ml protein pH 9.6,
then washed three times in PBS containing 0.05% Tween 20 (washing buffer) and

saturated for 1 hour with 150 pl/well of a mixture of PBS and 10% FCS at room
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temperature. Next, the preparation was washed again three times with washing buffer.
Blocking buffer/Tween (100ul of serum sample (1/400) diluted in PBS, pH 7.2,
containing 0.05% Tween 20 and 10% FCS) was added to each well and incubated at
room temperature for 3h, followed by three washes with washing buffer. Subsequently,
100ul/well of anti-dog IgG conjugated with horseradish peroxidase (Sigma, St. Louis,
MO, USA) at appropriate dilution in blocking buffer/Tween was added, incubated at
room temperature for 1 hour and washed. Substrate solution (0.4mg/ml o-
phenylenediamine (Sigma) and 0.4ul/ml H202 in phosphate citrate buffer, pH 5.0) was
added at 100 pl/well and developed for 5 Min at room temperature. Reaction was
stopped with 50ul of 3M H2S0O4. Absorbance was measured at 490 nm using a Tecan
microplate reader (Sunrise model ref. 16039400). Negative and positive controls were
included on each plate. Positive controls obtained from a hyperimmune animal were
included. The cut-off was determined using the mean +3 SD of the readings obtained
from post transfection, was performed using the commercial mirVana kit for isolation

serum samples of healthy dogs from non-endemic leishmaniasis areas.

2.4.4 DNA extraction and determination of Leishmania species

Extraction of total DNA from 5x10* SL with commertial kit (Kit Dneasy
(Qiagen)) following the manufacturer's instructions. Determination of the Leishmania
species was performed by PCR-RFLP (Restriction Fragment Length Polymorphism)
[26], comparing the restriction profiles of the sample with a profile obtained from L.
infantum (10C / LO575-MHOM / BR / 2002 / LPC-RPV), L. braziliensis (IOC / L0566-
MHOM / BR / 1975 / M2903) and L. amazonensis (IOC / LO575-MHOM / BR / 1967 /

PHB8) as positive controls, and water as a negative control (S1 Fig).

2.4.5 Extraction and quantification of total RNA

Extraction of total RNA, including miRNAs, from 5x104 SL was performed
using phenol (Life Technologies, USA), following manufacturer’s instructions. After
RNA isolation, samples were stored at -80°C. RNA samples were analyzed by
spectrophotometer (NanoDrop, Thermo Scientific, USA) for purity evaluation (260/280)
and quantification.

2.4.6 Real-time PCR for miR-148a
To confirm upregulation of miR-148a in dogs with CanL, as seen in [24],
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real-time PCR (qPCR) was performed. cDNA production was performed using the
miScript RT Il kit (Qiagen, USA), as recommended by the manufacturer. A total of
1pg of RNA was used for each sample with the 5x miScript Hiflex Buffer, in a final
volume of 20ul. Mix was incubated for 60 min at 37°C, followed by 5 min at 95°C to
inactivate the miScript Reverse Transcriptase. Next, qPCR was performed using
commercially available specific primer for the Canis familiaris miR-21 and the
endogenous reference SNORD96A (miScript, Qiagen). SYBR Green system (myScript
SYBR Green PCR kit, Qiagen) was used in a real-time thermal cycler (RealPlex,
Eppendorf). Amplification conditions consisted of an initial activation step of 95°C for
15 min followed by 40 cycles of 94°C for 15 seconds, 55°C for 30 seconds and 70°C
for 30 seconds, for denaturation, annealing and extension, respectively. For miRNA
analysis, a standard curve was performed with serial dilution of a pool of cDNAs.
Quantification of miR148 was performed by converting the sample cycle threshold
values to a concentration (ng/pl), based on the standard curves, which were generated
using 10-fold serial dilutions of the cDNA pool. Values obtained for the target miRNA
were then divided by SNORD96A values, in order to obtain normalized target values

for each sample. All samples were run in duplicate.

2.4.7 Transfection with miR-148a mimic and inhibitor in SL

Splenic leukocytes were cultured (1,6x105 cells/replicate) in triplicate in a
24-well plate for 48h at 37°C in 5% CO2. All Stars Negative control sSiRNA (scrambled),
miR-148a mimic (5nM) and miR-148a inhibitor (50nM) (miScript miRNA Mimic and
Inhibitor Qiagen, USA) were used and SL were transfected using 3uL of Hiperfect
(Qiagen, USA) in each well, following manufacturer’s instructions. For the evaluation
of transfection rates, AllStars HS Cell Death Control siRNA (Qiagen, USA) was used
at a final concentration of 50nM. Transfection rate was measured by flow cytometry
using 7-AAD Viability Staining Solution (BioLegend, USA) according to manufacturer’s
instructions, and cellular death was evaluated using trypan blue at a Neubauer
chamber for optical microscopy. A medium transfection rate of 20% was obtained for

both groups studied.

2.4.8 Flow cytometry analysis in SL
For flow cytometry analysis, 1x10* cells were incubated with Fc blocking

buffer (10% of bovine fetal serum) for 30 min at room temperature. Cells were
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centrifuged at 1800rpm for 7 minutes and then incubated with anti-dog MHC class Il
conjugated with fluorescein isothiocyanate (FITC) (Bio-Rad, USA) and anti-dog Anti-
CD80 monoclonal antibody (Biolegend) phycoerythrin (PE) conjugated or mouse anti-
dog CD3/FITC (Bio-Rad). Next, anti MHCII/CD80, MHCII/INOS, CD3/Tbet and
CD3/GATA-3 double tagging SL were analyzed, posteriorly analyzed by flow
cytometer. To avoid non-specific binding, cells were incubated with respective control
isotypes. Parasite load quantification followed the methods described by [32], with
modifications. After 48 hours in culture, cells were harvested and incubated for 60
minutes at room temperature in 1x PBS containing 1% paraformaldehyde (Sigma).
Then, they were centrifuged at 400 g for 5 minutes, and permeabilization of the
membrane and the parasitophorous vacuole was performed by resuspending
the cells in ethanol (Sigma) for 60 minutes at -20°C. Cells were washed with 2% bovine
serum albumin (BSA, Sigma) in PBS1x, and incubated for 60 minutes at 4°C with anti-
LPG-Leishmania monoclonal antibody (ABD, Serotec) diluted 1/250.

For parasite load quantification, we used the method described by [33], with
modifications. After 48 hours in culture, cells were harvested and incubated for 60
minutes at room temperature in 1x PBS containing 1% paraformaldehyde (Sigma).
Then, they were centrifuged at 400 g for 5 minutes, and permeabilization of the
membrane and the parasitophorous vacuole was performed by resuspending the cells
in ethanol (Sigma) for 60 minutes at -20°C. Cells were washed with 2% bovine serum
albumin (BSA, Sigma) in PBS1x, and incubated for 60 minutes at 4°C with anti-LPG-
Leishmania monoclonal antibody (ABD, Serotec) diluted 1/250. After three consecutive
washes with PBS/BSA, amastigotes were stained with 1 yM of anti-lgG2a conjugated
to phycoerythrin (PE) (Sigma), and also with monoclonal antibody anti-human CD14
conjugated to fluorescein isothiocyanate (FITC) (Bio Rad) for 60 minutes at 4°C. Cells
were washed in PBS/BSA buffer and stored at 4°C in the dark until the time of analysis.
All acquisitions were counted in 10,000 events by experimental replicate on channel
FL1 and FL2, and cytometric analysis was performed with an Accuri C5 Flow
Cytometer (BD Biosciences, USA) using BD Accuri C6 software, version 1.0.264.21
(BD Biosciences, USA).

2.4.9 Capture ELISA for TNF-a, IL-12, IL-6 and IL-1B quantification
After 48h of transfection, supernatant from the cultured SL was collected,

centrifuged at 2500rpm and stored at -80°C until further analysis.Detection of cytokines
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was performed using DuoSet ELISA Development Systems kits (R&D Systems,
Minneapolis, MN, USA), following the manufacturer's instructions.

2.4.10 Statistical analysis of data obtained

For statistical analysis, data were submitted to normality tests D’Agostino &
Peanson omnibus, Shapiro-Wilk and KS and then, non-parametric tests were used.
Mann-Whitney test was used to compare protein expression in SL between control and
infected groups. Friedman with Dunn's multiple comparison test was used for treatment
comparison after transfection with mimics and inhibitor. Friedman with Dunn's multiple
comparison test was used for treatment comparison after transfection and IL-12 and
TNF-a neutralization. Results were considered significant when p<0.05. Graphpad
Prism 6 program (Graph Pad Software, Inc. CA. USA) was used to perform data

analysis.

2.5 Results

2.5.1 miR-148a expression is increased in splenic leukocyte (SL) of dog with
Canine Leishmaniasis (CanlL)

To confirm the increase in miR-148a expression in CanL, real-time PCR was

performed with SL from dogs of both groups. We observed higher expression of

miR-148a, in infected compared to control group (Fig 1).
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Figure 1. Expression of miR-148a. miR-148a expression was quantified by real-time
PCR in SL of CanL and control dogs. Asterisks represent significant difference

(p<0.05) following Mann-Whitney test. Mean values of miRNA expression +/- SEM.
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2.5.2 Canine Leishmaniasis regulates CD80, CD3 and GATA-3 expression in SL
culture

Considering immune response regulation during CanL [12], expression of
MHCII, CD80, iINOS, CD3, T-bet and GATA-3, was analyzed after SL culture from
control (healthy dogs) and infected (dogs with CanL) groups, without any
treatment. Expression of CD80 protein was lower in MHCII+ cells in the infected
group (figure 2A), whereas, expression of CD3 (figure 2B) and transcription factor
GATA-3 in TCD3+ lymphocytes (figure 2C) was higher in infected group when
compared to control. Expression of MHCII, iNOS in MHCII+ leukocytes and
transcription factor T-bet in TCD3+ lymphocytes showed no significant differences
between groups (data not shown). Figure 2 contains representative histogram of
overlay proteins expression analysis that showing significant differences CD80/MHC
(2a), CD3 (2b) and GATA-3/CD3 (2c) between control (red) and infected (purple)

groups.
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Figure 2. Expression of CD80/MHCII, CD3 and GATA-3/CD3. Expression of
CD80/MHCII (A), CD3 (B) and GATA-3/CD3 (C) protein in splenic leukocytes cultures
of dogs from control (without L. infantum infection) and infected groups (naturally
infected by L. infantum), maintained in culture for 48h at 37°C and 5% CO2, without
any treatment (Medium). Graphical data is presented as mean + SD. Asterisk indicates
significant difference (Mann-Whitney test, * p<0.05). Representative histogram of
overlay, proteins expression analysis that showed significant differences: CD80/MHC
(a), CD3 (b) and GATA-3/CD3 (c) between control (red) and infected (lilac) groups.

2.5.3 Canine leishmaniasis regulates TNF-a and IL-1B expression in the
supernatant of cultured SL.

We compared TNF-qa, IL-6, IL-12 and IL-18 quantification in cultured SL
supernatant, obtained from dogs of control and infected groups, to investigate immune
response modulation in CanL. Indeed, we observed that L. infantum infection
increases TNF-a (figure 3A) and IL-18 (figure 3B), whereas IL-6 and IL-12 did not differ

between groups (data not shown).
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Figure 3. Concentration of TNF-a and IL-1B8. TNF-a (A) and IL-13 (B) was quantified
in supernatants from splenic leukocytes cultures of dogs from control (without L.
infantum infection) and infected groups (naturally infected by L. infantum), by capture
ELISA and maintained in culture for 48 hours at 37°C and 5% COz2, without treatment.
Graphical data represents mean = SD. Asterisk indicates significant difference (Mann-
Whitney test, * p < 0.05).

2.5.4 MicroRNA-148a mimic transfection decreases iNOS expression in CanlL.
Following confirmation that miR-148a was increased in SL from CanL, we
further investigated the role of this miR through transfection with a mimic and an
inhibitor of miR-148a. Transfected SL were cultured at 37°C and 5% CO2 for 48 hours,
when the expression of target proteins, MHCII, CD80, iINOS, CD3, T-bet and GATA-3
was evaluated by flow cytometry. We did not find significant differences in the control
group following treatment with mimic or inhibitor of miR-148a (data not shown). In
contrast, in the infected group, miR-148a mimic reduced iINOS when compared to
SL in the presence of scrambled (SCR) oligonucleotides, used as a transfection control
(figure 4), albeit MHCII, CD80, CD3, T-bet and GATA-3 expression on SL did not

vary between treatments in the infected group (data not shown).
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Figure 4. Expression of iINOS in the infected group. Expression of iINOS protein in
MHCII* cells in CanL group. Splenic leukocytes of dogs naturally infected by L.
infantum were transfected with miR-148a, mimic and miR-148a inhibitor and
Scrambled (SCR) control transfection control, all in presence of Hiperfect, following 48
h in culture at 37 °C and 5% CO.. Splenic leukocytes were using with monoclonal
antibodies conjugated to fluorochromes and analyzed by flow cytometry. Graphical
data presented as mean + SD. Friedman test with Dunn’s multiple comparison test.
Graphical data presented as mean + SD. Asterisk indicates significant difference
(Mann-Whitney test, * p < 0.05).

2.5.5 Mir-148a mimic transfection decreases TNF-q, IL-6 and IL-12 concentration.

To investigate whether miR-148a regulates TNF-qa, IL-6, IL-12 and IL-1f3
production, we compared these cytokines in SL culture supernatants from control
and infected groups. Splenic leukocytes were transfected with miR-148a mimic and
inhibitor. We did not find significant differences in the control group regardless of
treatment (data not shown). However, in the infected group, TNF-a (figure 5A), IL-6
(figure 5B) and IL-12 (figure 5C) concentrations were lower in the presence of miR-
148a mimic when compared to the SCR transfection control. IL-1p production did not
vary significantly between transfection conditions in the infected group as well (data

not shown).
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Figure 5. Concentration of TNF-a, IL-6 and IL-12 after transfection. TNF-a (A), IL-
6 (B) and IL-12 (C) was quantified in supernatants from splenic leukocytes cultures of
dogs naturally infected by L. infantum and transfected with miR-148a mimic, miR-148a
inhibitor and Scrambled (SCR) transfection control, all in the presence of Hiperfect,
following 48 h in culture at 37°C and 5% CO2. Graphical data presented as mean +

SD. Asterisk indicates significant difference (Friedman test with Dunn's multiple

comparison test, * p < 0.05).
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2.5.6 Inhibition of miR-148a reduces parasite load in SL culture from dogs with
CanL
To confirm whether miR-148a plays a role in regulating L. infantum infection, we
verified the parasitic load by flow citometry in SL transfected with miR-148a mimic and

inhibitor. We found that inhibition of miR-148a reduced parasite load (figure 6).
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Figure 6. Parasitic load of SL. Parasitic load was quantified in splenic leukocytes
cultures of dogs naturally infected by L. infantum and transfected with, miR-148a
mimic, miR-148a inhibitor and Scrambled (SCR) transfection control all in the presence
of Hiperfect, following 48 h in culturein at 37°C and 5% CO2. Graphical data is
presented as mean + SD. Asterisk indicates significant difference (Friedman test with

Dunn's multiple comparison test, * p <0.05).

2.6 Discussion

Immune response observed in naturally infected dogs with symptomatic
Leishmania (L.) infantum is characterized by effective cellular response suppression,
which may be related to an increase in microRNA (miR)s, such as miR-148a. To
investigate the role of miR-148a in canine leishmaniasis (CanL), we analyzed target
proteins before and after transfection of splenic leukocytes (SL) from naturally infected
dogs by L. infantum, with mimic and inhibitor of this miR. In silico analysis allowed for
the identification of miR-148a targets, such as CD80, iNOS, T-bet, GATA-3 and pro-
inflammatory cytokines [24]. In our study, we observed reduced expression of CD80
and an increase of CD3, GATA-3, TNF-a and IL-188 in dogs with CanL (infected group)

when compared to uninfected dogs (control group). Following transfection, increased
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action of miR-148a, with the help of mimics, reduced iINOS expression in LE and TNF-
a, IL-6 and IL-12 cytokines concentration in the supernatant of cultured SL from
infected Group. Further, its inhibition resulted in parasite load reduction, strongly
suggesting a regulatory role for this miR in immune response to CanL.

We did not observe changes in MHCII expression in SL, collected in basal
culture conditions, when comparing infected cells to control. Similar results were
observed in canine macrophages [34]. The MHCII molecule plays a crucial role in
adaptive immune response development through antigenic peptide presentation to T
lymphocytes [35], however; MHCII expression does not seem to be affected in CanL.

In our study, we observed a reduction in CD80+/MHCII+ expression in dogs
from infected group compared to control group. CD80 is a positive coestimulatory
molecule that determines adaptive immune response induction [36] and its absence
results in T lymphocyte anergy or apoptosis [34,37]. Another study indicated that CD80
MRNA expression is unaffected in monocyte-derived macrophages from symptomatic
dogs with CanL [38]. Thus, our result suggests a post-transcriptional regulation,
impairing the antigen presentation process by suppressing CD80 as an evasion
mechanism used by Leishmania, resulting in disease progression.

Induced nitric oxide synthase (iINOS) showed a tendency towards decrease
in SL without transfection of CanL group, albeit without statistical significance. In CanL,
INOS expressed by macrophages in spleen is negatively associated with parasite load,
suggesting a possible deregulation of this molecule in this disease, ensuring the
permanence of the protozoan in infected cells [15].

Decrease of INOS in SL from the infected group following transfection with
mimic, suggests that miR-148a participates in the regulation of INOS expression. Our
study is the first to report miR-148a participation in iNOS regulation in CanL, showing
that this miR can interfere with dog's immune response to Leishmania, as previously
observed with miR-21 [24].

In our study, SL from the infected group showed increased expression of
CD3 when compared to the control group. A similar result was observed in other
tissues of dogs severely affected by leishmaniasis [39,40]. The observed increase in
CD3 suggests that immune response to infection is being mounted with possible down-
regulation of key proteins for inducing cell-type response, contributing to disease

progression in dogs.



39

Expression of the transcription factor T-bet in CD3+ lymphocytes, did not
vary between groups in our work, unlike the increase of this transcription factor that
was previously reported in the spleen of dogs with CanL [41]. T-bet is related to Thl
type response development [40] and associated with disease resistance [41,42].
However, there is an imbalance between Th1/Th2 responses, already evidenced in
CanL [12], which may explain the lack of difference in T-bet expression we observed
between, reinforcing the idea of effective immune response suppression in CanL [43].

On the other hand, we observed an increase of GATA-3 expression in CD3+
lymphocytes from the infected group. GATA-3 mRNA expression is observed in the
spleen of dogs from the first month following experimental infection with L. infantum,
together with Th2 type cytokine mRNA detection, such as IL-4 mRNA [44].
Transcription factor GATA-3, precursor of Th2 type response, is responsible for anti-
inflammatory cytokines production, which can lead to control of clinical signs, not
necessarily accompanied by disease control [42], being therefore associated with
disease progression [45]. Our results reinforces the modulation hypothesis of immune
response in CanL [12,45]. Increase or decrease of miR-148a did not alter T-bet and
GATA-3 expression in CD3+ lymphocytes from infected group, suggesting that these
factors may not be directly regulated by miR-148a.

In our study, the increase in TNF-a observed in the infected SL supernatant
confirms the involviment of this cytokine, already evidenced in the disease [19], which
is associated with host resistance t in CanL [20,43]. However, TNF- a decreased in the
transfected SL culture supernatant after the increase in miR-148a, by means of mimic
transfection, in the infected group. Our study is the first to show the regulation of TNF-
a expression by modulation of miR-148a in CanL. A similar result was observed in
mouse dendritic cells LPS stimulated [26], confirming the participation role of miR-148a
in the down-regulation of TNF-a.

The disease in dogs did not alter IL-6 levels in SL culture supernatant, as
reported in previous studies [46], however, high IL-6 MRNA expression was found in
the spleen of dogs [18]. Taken together, these results suggest that post- transcriptional
regulation of this cytokine in leishmaniasis is likely at play. Interleukin 6 is a pro-
inflammatory cytokine that plays a role in immune response, parasite control and tissue
repair [47]. Supernatant concentration of IL-6 decreased in SL transfected with mimic
miR-148a, similarly to a previous report in mouse dendritic cells [26]. Thus, we suggest

that miR-148a can negatively regulate IL-6 in CanL.
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Interleukin 12 in SL supernatant did not differ between groups in our study.
In fact, IL-12 mRNA was absent in spleen of naturally infected dogs [44]. Interleukin
12 is an important cytokine for differentiation of Th1l lymphocytes [12] and in dogs with
CanL it is negatively related to parasite load and can be suppressed by the excess of
parasites [14]. In our study, IL-12 decreased in SL transfected with miR-148a mimic in
the infected group. This result suggests that IL-12 mRNA is a target of miR-148a. There
are no previous studies reporting the relationship between IL-12 and miR-148a in
CanL, however, it has been observed that inhibition of miR21 in CanL leads to
restoration of the concentration of this cytokine and reduction in parasite load [24]
showing that more than one miR could modulate this cytokine.

In our study IL-1lbeta (IL-1B) increased in the supernatant of SL from
naturally infected dogs, confirming previous results [46], and its role in CanL.
Interleukin 13 is an essential pro-inflammatory cytokine during infection, however, its
exacerbated production can result in tissue damage [48,49]. Transfection with miR-
148a in SL did not alter IL-1 concentrations in supernatant, suggesting that miR-148a
not a regulator of this cytokine.

Interestingly, inhibition of miR-148a resulted in a decrease in parasite load
in SL from the infected group in our study. The same result was observed with the
inhibition of miR21 [24]. This suggests that parasite load control is multifactorial and
appears to be regulated by more than one miRNA in the species.

Decrease of INOS expression and TNF-a, IL-6 and IL-12 cytokines
concentration after miR-148a mimic transfection in SL, suggests a negative regulatory
role of this miR in immune response to infection by L. infantum. In an attempt to elicit
the biological function of down-regulated cytokines in CanL, it would be interesting to
performed neutralization of, TNF-a, IL-6 and IL-12, and observe if it will influencing in
parasite load.

Decrease in parasite load in SL following the use of miR-148a inhibtor,
observed in our study, suggests a key role for this miR in the development of
microbicidal activity in canine leishmaniasis. We conclude that miR-148a can regulate
immune response evidenced by reduction of INOS, TNF-a, IL-6 and IL-12 after miR
increase and plays an important role in adaptive response demonstrated by the

reduction in parasite load following its inhibition.
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2.8 Supporting Information

2.8.1 Data not shown

2.8.1.1 Expression of MHCII, INOS/MHCII+ and transcription factor T-bet in TCD3+
lymphocytes without any treatment (Medium), showed no significant differences
between the groups.
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Figure 1. Expression of MHCII (A), INOS/MHCII* (B) and T-bet/CD3* (C) of control
and infected group, in splenic leukocytes maintained in culture for 48h at 37°C and 5%
COg, without any treatment (Medium). Graphical data presented as mean + SD. Mann-
Whitney test. There is no significant difference.

2.8.1.2 Concentration of IL-6 and IL-12 in SL supernatant culture without any treatment

(Medium), showed no significant difference between the groups.
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Figure 2. Concentration of IL-6 (A) and IL-12 (B) in cultured SL supernatant, by capture
ELISA, from control and infected groups, maintained in culture for 48 hours at 37°C
and 5% CO2, without treatment (medium). Graphical data represents mean + SD.
Mann-Whitney test. There is no significant difference.

2.8.1.3 MicroRNA-148a mimic and inhibitor transfection did not change MHCII, CD80
in MHCII+ leukocytes, CD3 and transcription factors T-bet and Gata3 in TCD3+

expression in control group.
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Figure 3. Median expression of MHCII (A), CD80/MHCII* (B), INOS/MHCII* (C), CD3
(D), T-bet/CD3* (E), Gata-3/CD3" (F) in SL cultured from control group. Splenic
leukocytes maintained in culture for 48h at 37°C and 5% COz, in presence of mimic or
inhibitor of miR-148a, or scrambled (SCR). Splenic leukocytes were stained with
monoclonal antibodies conjugated to fluorochromes and analyzed by flow cytometry.
Graphical data presented as mean + SD. Friedman test with Dunn’s multiple
comparison test. Graphical data presented as mean + SD. Friedman test with Dunn's

multiple comparison test. There is no significant difference.

2.8.1.4 MicroRNA-148a mimic and inhibitor transfection did not change MHCII,
CD80/MHCII* leukocytes, CD3 and transcription factors T-bet/ CD3* and Gata3/CD3*

expression in CanL.
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Figure 4. Median expression of MHCII (A), CD80/MHCII* (B), CD3 (C), T-bet/CD3*
(D), Gata 3/CD3* (E) in infected group. Splenic leukocytes maintained in culture for
48h at 37°C and 5% CO2, in the presence of mimic and inhibitor of miR-148a, and
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scrambled (SCR). Splenic leukocytes were stained with monoclonal antibodies
conjugated to fluorochromes and analyzed by flow cytometry. Graphical data
presented as mean + SD. Friedman test with Dunn’s multiple comparison test.
Graphical data presented as mean + SD. Friedman test with Dunn's multiple

comparison test. There is no significant difference.

2.8.1.5 Concentration of TNF-a, IL-6, IL-12 and IL-1B in SL supernatant culture of

control dogs did not change after miR-148a mimic and inhibtor transfection.
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Figure 5. Concentration of TNF-a (A), IL-6 (B), IL-12 (C) and IL-1B (D) in SL
supernatant culture, by capture ELISA, from control group, maintained in culture for
48 hours at 37°C and 5% CO2, without treatment (medium). Graphical data represents
mean £ SD. Friedman test with Dunn's multiple comparison test. There is no significant

difference.

2.8.1.6 Concentration of IL-1B in SL supernatant culture from infected group did not

change after miR-148a mimic and inhibtor transfection.
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Figure 6. Concentration of IL-1B in SL supernatant culture, by capture ELISA, from
in culture for 48 hours at 37°C and 5% CO2, without

infected group, maintained
treatment (medium). Graphical data represents mean £ SD. Friedman test with Dunn's

multiple comparison test. There is no significant difference.

S1 Table. Screening of dogs. Optical density on ELISA and clinical signs of CanL and

control groups.

0.D
Animal Sex Clinical Signs PCR | DPP
ELISA
Onychogryphosis, skin lesions, cachexia,
1 1,1325 F + +
seborrhea
Onychogryphosis, cachexia, skin lesions,
2 1,027 F yenognp ] . ) + +
seborrhea, alopecia, periocular lesion
Lymphadenomegaly, onychogryphosis,
3 1,060 M ymp galy, onyenogryp + +
cachexia and skin lesions
4 0,920 M Cachexia, seborrhea and skin lesions + +
Lymphadenomegaly, cachexia, skin lesions,
5 0,637 M i ) + +
periocular lesion
Lymphadenomegaly, skin lesions,
6 0,473 M ymp gay + +
hepatosplenomegaly
Onychogryphosis, cachexia, alopecia, skin
7 1373,5 F y ganyp ] P + +
lesions
Lymphadenomegaly, onychogryphosis,
8 1207,5 M ymp ) g y- Y -g- yr_) + +
cachexia, alopecia, foot injuries
Lymphadenomegaly, onychogryphosis,
9 1,267 F seborrhea, alopecia, periocular lesion, + +
hepatosplenomegaly
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Lymphadenomegaly, onychogryphosis,
10 1048 F y.p | galy, onychogryp N N
periocular lesion, hepatosplenomegaly
Lymphadenomegaly, onychogryphosis,
11 0,968 F ymp gay ) yenogryp + +
cachexia
Lymphadenomegaly, onychogryphosis,
12 1,049 F ymp galy, onyenogryp + +
seborrhea
Lymphadenomegaly, cachexia, skin lesions
13 0,705 M + +
and muzzle, hepatosplenomegaly
Onychogryphosis, Cachexia, Seborrhea,
14 0,552 M ] . ) + +
Snout Lesions, Periocular Lesions
Control 1 0,062 F No clinical signs - -
Control 2 0,026 M No clinical signs - -
Control 3 0,147 F No clinical signs - -
Control 4 | 0,028 M No clinical signs - -
Control 5 0,071 F No clinical signs - -
S2 Table. Biochemical profile of CanL and control groups.
. Total i Alkaline . Ureia
i Albumin ) Globulin | ALT GGT Creatinine
Animal Protein phosphatase mg/dL
(g/dL) (g/dL) U/L mg/dL mg/dL
(g/dL) (U/L)
Infected 1 15 7,1 5,6 37 22 29 0,5 30
Infected 2 1,1 6,5 54 31 57 1,9 0,6 22
Infected 3 1,9 8,7 6,8 92 92 1 0,7 49
Infected 4 2,2 6,8 4,6 70 70 15 0,5 35
Infected 5 1 8,4 7,4 25 135 1,9 15 87
Infected 6 1,2 8,8 7,6 30 42 1.4 15 120
Infected 7 1.4 12,2 10,8 19 76 1,9 1 60
Infected 8 2,7 11,5 8,8 159 51 1,7 0,5 28
Infected 9 1,6 10,6 9 20 17 1,9 0,8 63
Infected
1,6 8,4 6,8 22 166 3,4 0,6 51
10
Infected
1,9 10,8 8,9 25 107 1,1 0,5 25
11
Infected
1,9 7 51 27 135 1,4 0,5 23
12
Infected
13 1,7 9 7,3 22 23 2,1 0,7 33
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Infected
1,6 8,8 7,2 23 26 3,2 0,8 16
14
Control 1 3.3 7 3,7 80 74 2,6 0,9 25
Control 2 29 6,7 3.8 105 148 59 0,7 30
Control 3 3,4 6,9 3,5 40 36 29 1 27
Control 4 29 7 4,1 32 33 1,2 1 50
Control 5 2,7 6,6 3,9 50 85 1,9 11 21
TALT: alanine aminotransferase; GGT: gamma glutamyl transferase
S3 Table. Complete Blood Count of CanL and control groups.
Ani Red | Hem | GV | MC MC | Leuk | Neutr | Lymp | Mon | Eosi | Bas | Plate | PP
mal | bloo |oglo | (% |V HC | ocyt | ophils | hocyt | ocyt | nop | oph | lets (]
d bin ) (fL) (%) | es (x106 | es es hils ils x10 |/Md
cells | (g/d (x10 | /L) (x106 | (x10 | (x20 | (x20 |00) |L)
(x10 | L) 9/L) L) 6/L) | 6/L) | 6/L)
12/ )
Refe | 5,5- | 12,0 | 37 | 60- | 32- | 6,0- |3000- |1000- | 150- | 150- | rare | 160 - | 6,0-
r 8,5 - - 77 36 | 17 11500 | 4800 | 135 | 125 440 | 8,0
ence 18,0 | 55 0 0
infec | 4,05 | 7,8 25 | 61,7 |31, |99 6831 | 2475 | 396 [198 |0 220 |11
tado 3 2
1
infec | 3,84 | 9,1 25 | 651 |36, | 17,9 | 13783 | 2506 |125 |[358 |O 400 |84
tado 4 3
2
infec | 5,38 | 11 31 | 57,6 |35, |16,2 | 11178 | 3402 |129 [324 |0 300 |7
tado 2 48 6
3
infec | 2,93 | 6,7 22 | 750 |30, |71 4686 | 2130 | 284 |0 0 300 |98
tado 9 45
4
infec | 2,95 | 6,5 18 | 61,0 |36, |93 6417 | 1860 |837 |[186 |O 280 |8,2
tado 2 11
5
infec | 4,3 9,5 27 | 62,7 |35, |72 4320 | 1800 | 288 |72 0 140 |7
tado 9 19
6
infec | 3,34 | 6,2 18 | 538 |34, |81 5022 | 2997 |81 0 0 180 |74
tado 9 44
-
infec | 2,11 | 3,6 11 (52,1 |32, |98 7350 | 2156 [294 | O 0 60 7.8
tado 3 73
8
infec | 4,06 | 10 28 | 689 |35, |85 6035 | 2040 |[425 |0 0 200 |10
tado 7 71
9
infec | 2,1 4,1 12 | 57,1 | 34, |3 2100 | 780 30 90 0 220 |7
tado 4 17
10
infec | 2,82 | 6,6 20 | 70,9 |33 | 12,4 | 9176 |2976 |248 |0 0 160 |88
tado 2
11
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infec | 3,81 | 8,7 |25 |656 |34, | 14,6 | 10950 | 3358 | 146 | 146 280 |9
tado 2 8

12

infec | 3,44 | 7,3 |21 | 610 |34, |83 |6142 |1826 |249 |83 140 |12
tado 5 76

13

infec | 4,05 | 10,2 |30 | 74,0 |74, | 6 3.780 | 1800 | 180 | 240 280 | 12
tado 7 07

14

cont | 7,89 |17,8 |53 | 67,1 |33, |16,2 | 10692 | 2754 | 149 | 125 200 |8
role 7 58 6 0

1

cont | 6,78 | 16,9 |49 | 722 |34, | 157 | 10048 | 2983 | 628 | 204 300 |78
role 7 49 1

2

cont |7,89 |17,8 |52 |659 |34, | 12,2 | 6588 | 4800 |610 |122 320 |78
role 1 23

3

cont | 6,78 | 17,3 |50 | 73,7 |34, | 16,2 | 10854 | 3726 | 324 | 129 220 |8
role 5 6 6

4

cont | 7,44 | 17,1 |51 |685 |33, |10,3 | 6077 |[3605 |515 | 103 220 | 6,6
role 5 53

5

TGV: globular volume; MCV: mean corpuscular volume; MCHC: mean corpuscular

hemoglobin concentration; PP: plasma protein
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Canl2 Canl3 Canl4 Canl5 Canl6é Canl7 Canl8 Canl9 Canl10 €Ganlll C5

CanlL13 Canli4 Canld4 Canl7

S1 Fig. PCR-RFLP. Restriction fragment length polymorphism (RFLP) analysis of
ITS1-PCR fragments amplified from DNA samples by using Hae Ill enzyme. NC:
Negative control (water); M: molecular marker (123 bp); La: Leishmania amazonensis
(I0C / LO575-MHOM / BR / 1967 / PH8); Lb: Leishmania braziliensis (I0C / LO566-
MHOM /BR /1975 / M2903); Li: Leishmania infantum (IOC / LO575-MHOM / BR / 2002
| LPC-RPV); C1 to C5: control group; CanL 1 to CanL14: CanL group. CanL samples

profile were identical to L. infantum.
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