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RESUMO

A leishmaniose € um complexo de doengas incidente no Brasil e no mundo, apresentando elevada
morbidade e mortalidade. Nosso pais responde por aproximadamente 95% dos casos de leishmaniose
visceral (LV) nas Américas, sendo o cdo o principal reservatdério domeéstico da doenca. O
sorodiagnédstico da LV canina (LVC) apresenta problemas relacionados a sua sensibilidade e/ou
especificidade. No presente estudo, uma proteina hipotética especifica de Leishmania, LiHyD, sob sua
forma recombinante (rLiHyD), foi avaliada em experimentos de ELISA para o sorodiagndstico da
LVC. Trés epitopos de linfdcitos B da proteina foram sintetizados (Peptideo-1, Peptideo-2 e Peptideo-
3) e também avaliados como marcadores diagnosticos. A proteina recombinante e o Peptideo-3
mostraram os melhores resultados, tendo sido reconhecidos por anticorpos presentes em soros de cées
com VL sintomatica e assintomatica, e nao apresentaram reatividade cruzada com anticorpos presentes

em soros de cdes com doenca de Chagas, ehrlichiose, babesiose ou de cdes sem leishmaniose e/ou

vacinados com a vacina Leish-Tec®. Na busca por se selecionar um antigeno candidato a compor uma
vacina contra as leishmanioses, uma vacina baseada na combinagao da proteina rLiHyD com saponina
foi testada em camundongos BALB/c contra a infeccdo causada pelas espécies Leishmania
infantum, Leishmania major e Leishmania braziliensis. A imunogenicidade da vacina foi avaliada e os
resultados mostraram que os animais imunizados produziram niveis elevados de IFN-y, IL-12 e GM-
CSF ap6s o estimulo in vitro de esplendcitos com a proteina ou usando 0s extratos proteicos de L.
infantum, L. major ou L. braziliensis. Apdés o desafio, os animais vacinados mostraram reducdes
significativas na carga parasitaria em todos os 6rgaos e tecidos avaliados, quando comparados com 0s
animais que receberam salina ou que foram imunizados apenas com saponina ou com a proteina
isolada. A protecdo obtida com a vacina rLiHyD/saponina foi associada com a producdo de IFN-y

especifica contra o parasito e dependente de IL-12, que foi produzida principalmente por linf6citos T

CD4". Nesses animais, uma reducdo na producéo de IL-4 e IL-10, associada & presenca de niveis
elevados de anticorpos do isotipo IgG2a especificos a proteina e aos parasitos, foram também
encontrados. O presente estudo mostrou que a proteina hipotética LiHyD, inicialmente identificada em
L. infantum, pode ser utilizada como um antigeno para o sorodiagndstico da LV C e, quando associada
a um adjuvante Thl, pode também compor uma vacina para protecdo contra as leishmanioses visceral

e tegumentar.

Palavras-chave: Leishmaniose Visceral, Leishmaniose Tegumentar, proteina hipotética, epitopos,

sorodiagnéstico, vacina.



ABSTRACT

Leishmaniasis is a disease complex with a large incidence in Brazil and in the world, presenting high
morbidity and mortality. Our country accounts for approximately 95% of the VL cases in Americas,
being the dog the main domestic reservoir of the parasites. The serodiagnosis of canine visceral
leishmaniasis (CVL) presents problems related to its sensitivity and/or specificity. In the present study,
a Leishmania-specific hypothetical protein, rLiHyD, in a recombinant form (rLiHyD), was evaluated
in ELISA experiments for the CVL serodiagnosis. Three B cell epitopes of LiHyD were synthesized
(Peptide-1, Peptide-2 and Peptide-3) and also evaluated as diagnostic markers. The recombinant
protein and the Peptide-3 showed the best results, being recognized by antibodies in sera from dogs
with asymptomatic and symptomatic VL, and did not show cross-reactivity with antibodies in dog sera

of dogs with Chagas disease, ehrlichiosis, babesiosis or animals without leishmaniasis and/or

vaccinated with the Leish-Tec® vaccine. In the search to also select a candidate antigen for composing
a vaccine against leishmaniasis, a combination between rLiHyD and saponin was tested in BALB/c
mice against infection by Leishmania infantum, Leishmania major and Leishmania braziliensis. The
immunogenicity of rLiHyD/saponin vaccine was evaluated, and the results showed that immunized
mice produced higher levels of IFN-y, IL-12 and GM-CSF after splenocytes in vitro stimulation with
rLiHyD or L. infantum, L. major or L. braziliensis protein extracts. After challenge, vaccinated
animals showed significant reductions in the parasite burden in all evaluated organs and tissues, when
compared to those that were inoculated with saline or immunized with saponin or the protein alone.

The protection obtained with the rLiHyD/saponin was associated with a parasite-specific 1L-12-

dependent IFN-y production, which was produced mainly by CD4"T cells. In these animals, a decrease
in the parasite-mediated IL-4 and IL-10 responses, associated with the presence of high levels of
LiHyD and parasite-specific 1gG2a isotype antibodies, were also found. The present study showed that
the hypothetical protein LiHyD, which was firstly identified in L. infantum, can be used for the CVL
serodiagnosis and, when combined with a Thl adjuvant, can compose a vaccine and confer protection

against visceral and tegumentary leishmaniasis.

Keywords: Visceral Leishmaniasis, Tegumentary Leishmaniasis, hypothetical protein, epitopes,

serodiagnosis,vaccine.



1. INTRODUCAO E JUSTIFICATIVA

As leishmanioses sdo doencas causadas por parasitos protozoarios da Ordem
Kinetoplastida, Familia Trypanosomatidae e género Leishmania (Grimaldi & Tesh, 1993), e
que apresentam uma ampla distribuicdo geogréafica no mundo. A gravidade da doenca no
hospedeiro mamifero pode alcancar desde uma lesdo cutanea Unica e de cura espontanea, até a
forma visceral, fatal, quando aguda e ndo tratada (WHO, 2010). O Brasil responde por grande
parte dos casos das leishmanioses no Continente Americano, sendo responsavel por
aproximadamente 95% e 40% dos casos registrados das leishmanioses visceral (LV) e
tegumentar (LT), respectivamente; fatos que tornam a doenca um importante problema de

Salde Publica em nosso pais (Alvar et al., 2012).

A leishmaniose visceral canina (LVC) trata-se de uma doenca zoondtica, sendo
endémica em diversos paises da América Central, América do Sul, bacia do Mediterraneo e
Asia (Gramiccia e Gradoni, 2005; Baneth et al., 2008). Os cées sdo considerados os principais
reservatorios domesticos dos parasitos. A LVC possui maior importancia em relacéo a doenca
humana, uma vez que o0 nimero de casos registrados da doenca em caes é significativamente
maior quando comparado ao numero de casos notificados no homem (Nicolato et al., 2013).
Atualmente, um diagnostico precoce e preciso destes animais € de extrema importancia como

uma medida de controle efetivo contra a doenca.

Os testes sorologicos utilizados no diagnéstico da LVC visam a deteccdo de
anticorpos especificos aos antigenos dos parasitos presentes no soro dos animais (Da Silva et
al., 2006; Gomes et al., 2008; Coelho et al., 2009). Atualmente, 0 Ministério da Saude do
Brasil determina que o diagndstico imunolégico da doenca deva ser baseado nos testes
sorolégicos DPP-LVC® e ELISA (Coura-Vital et al., 2014; Laurenti et al., 2014). Tais
técnicas, entretanto, podem apresentar sensibilidade e/ou especificidade variaveis e, nos
estagios iniciais da doenca, animais infectados podem apresentar-se soronegativos e outros,
mesmo clinicamente curados, podem permanecer soropositivos por longos periodos (Ferrer
et al., 1995; Silva et al., 2011; Viol et al., 2012). Ressalta-se também que a especificidade
dos testes é comprometida quando os mesmos séo aplicados em &reas endémicas da doenca;
em animais sadios, mas vacinados; e em cdes infectados com parasitoses relacionadas as
leishmanioses como, por exemplo, babesiose e ehrlichiose (Tavares et al., 2003; Chavez-

Fumagalli et al., 2013; Costa et al., 2013). Dessa forma, a busca por antigenos a serem



aplicados em testes diagndsticos que apresentem elevada sensibilidade e especificidade
torna-se desejavel (Gomes et al., 2008).

As medidas de controle das leishmanioses visam, principalmente, a interrupcdo do
ciclo biologico do parasito. Entretanto, o grande nimero de espécies de Leishmania, o carater
zoondtico da doenca e a manutengdo do parasito no ciclo silvestre dificultam a adocéo de
medidas efetivas de controle (Tesh, 1995). Dessa forma, devido a ineficiéncia de tais medidas,
da dificuldade para o diagnostico correto e dos problemas encontrados no tratamento da
doenca, como os efeitos toxicos nos pacientes, a ocorréncia de resisténcia dos parasitos aos
farmacos convencionais e/ou seu elevado custo; o nimero de casos de leishmanioses tem
aumentado em nosso pais (Gontijo & Melo, 2004; Minodier & Parola, 2007, Mondal et al.,
2010). Assim, o desenvolvimento de vacinas que sejam capazes de induzir imunidade
protetora nos hospedeiros imunizados poderia ser considerado como uma medida alternativa e
de menor custo para o controle da doenca (Palatnik-de-Sousa, 2008). Uma vacina protetora
contra as leishmanioses deve, preferencialmente, conter imundgenos conservados em
diferentes espécies de Leishmania spp., induzir uma resposta imune Th1, além de ser segura e
apresentar um custo acessivel a populacdo (Grimaldi & Tesh, 1993; Coelho et al., 2003;
WHO, 2010).

Proteinas hipotéticas sdo aquelas previamente descritas no genoma de organismos,
mas que ndo apresentam aplicacdo bioldgica ainda definida (Fernandes et al., 2012).
Recentemente, por meio de uma pesquisa imunoprotebmica baseada na combinagdo das
técnicas de eletroforese bidimensional, immunoblotting e espectrometria de massas, utilizando
formas promastigotas em fase estacionaria de crescimento e formas amastigotas axénicas de
L. infantum; proteinas antigénicas dessa espécie foram reconhecidas por anticorpos presentes
em soros de cdes com LV sintomética e/ou assintomatica (Coelho et al., 2012). Diversas
proteinas foram identificadas, dentre elas proteinas ja descritas na literatura como candidatas
vacinais, alvos diagnosticos e/ou agentes terapéuticos contra as leishmanioses visceral e/ou
tegumentar. Alem disso, algumas proteinas tidas ainda como hipotéticas também foram
identificadas e, devido ao fato de terem sido reconhecidas por anticorpos nos cdes com LV,
poderiam ser consideradas como possiveis alvos de potencial aplicacdo bioldgica. Dentre elas,
uma proteina denominada LiHyD (LinJ.33.3150), foi reconhecida por anticorpos nos soros de
cdes com LV sintomatica. Tal proteina, apos estudos por bioinformatica, mostrou-se ser

especifica de Leishmania spp., ndo sendo encontrada em outros parasitos ou em hospedeiros



mamiferos. Tal proteina poderia ser, portanto, considerada como um antigeno candidato para
o0 sorodiagnostico da LVC.

Atualmente, proteinas recombinantes tém sido muito estudadas com a finalidade de se
desenvolver uma vacina segura, passivel de padronizacdo, pura e com custo acessivel a
populacéo (Joshi et al., 2014). A proteina LiHyD, tendo sido reconhecida por anticorpos de
animais com LV, e por ser conservada em diferentes espécies do parasito, poderia também
apresentar-se como candidata a um antigeno vacinal contra a infec¢do por Leishmania spp.

Desta forma, o objetivo deste trabalho foi avaliar a eficacia da proteina recombinante
LiHyD (rLiHyD) no sorodiagndstico e como candidata a compor uma vacina contra as
leishmanioses visceral e tegumentar. Trés epitopos da proteina, dois lineares e um
conformacional, sendo especificos de linfocitos B, foram identificados por programas de
bioinformética e também avaliados no sorodiagnostico da LVC por ELISA, utilizando-se um
painel soroldgico canino. A proteina rLiHyD foi avaliada como imundgeno vacinal na
inducdo de protecdo de camundongos BALB/c contra a infeccdo experimental com as

espeécies L. infantum, L. braziliensis e L. major.



2 REVISAO DE LITERATURA

2.1 Epidemiologia das leishmanioses

As leishmanioses sdo um complexo de doencas infecto-parasitarias endémicas em 98
paises, afetando, principalmente, as regides tropicais e subtropicais do mundo. Em relacéo a
LV, aproximadamente 90% dos casos ocorrem na India, Bangladesh, Sud&o, Suddo do Sul,
Etiopia e Brasil. J& cerca de 70 a 75% dos casos da LT ocorrem no Afeganistdo, Argélia,
Colbmbia, Brasil, Ird, Siria, Etidpia, Suddo do Norte, Costa Rica e Peru (Alvar et al., 2012).

E estimado que 310 milhdes de pessoas encontram-se expostas ao risco de contrair a
infeccdo pelo parasito Leishmania, cuja incidéncia global aproximada é de 0,2 a 0,4 milhdes e
de 0,7 a 1,2 milhdes de novos casos de LV e LT, respectivamente, ao ano. O Brasil é
responsavel por aproximadamente 95% dos casos de LV e 40% dos casos de LT no continente
Americano, fato que exalta a doenga como um importante problema de Sadde Pablica (Alvar
etal., 2012; WHO, 2015).

O aumento da incidéncia de casos de leishmaniose na Europa, Africa, América e Asia
vém ocorrendo nas Ultimas décadas devido a uma série de fatores, tais como a expansdo do
habitat dos flebotomineos devido ao aquecimento global e 0 aumento do niumero de casos de
cdes de areas nao endémicas que viajam com seus donos para locais onde o parasito é
encontrado, podendo se infectar; além do aumento do desflorestamento devido a crescente
urbanizacdo (Baneth et al., 2008; Palatnik de Souza, 2012).

2.2 A etiologia e o ciclo bioldgico do parasito Leishmania spp.

As leishmanioses sdo doencas causadas por parasitos protozoarios pertencentes ao
género Leishmania, Sub-Reino Protozoa, Filo Sarcomastigophora, Ordem Kinetoplastida e
Familia Trypanosomatidae. O vetor transmissor € um inseto da Ordem Diptera, Familia
Psychodidae, Sub-Familia Phlebotominae, pertencente aos géneros Phlebotomus em paises do
Velho Mundo e Lutzomyia nas Américas, sendo que apenas as fémeas possuem habitos
hemat6fagos sendo assim, capazes de transmitir o parasito aos hospedeiros mamiferos
(Grimaldi & Tesh, 1993).

Em seu ciclo biologico, o parasito Leishmania spp. pode apresentar-se sob duas
formas morfologicas principais: amastigota e promastigota. As formas amastigotas séo formas
arredondadas, com flagelo rudimentar e cinetoplasto em forma de bastdo, sendo parasitos

intracelulares obrigatérios e se multiplicando no interior de vacuolos parasitoforos em células



do sistema fagocitico-mononuclear dos hospedeiros mamiferos. As formas promastigotas sao
formas alongadas, afiladas, com um Unico flagelo que Ihes conferem motilidade, cinetoplasto
localizado entre a porcdo anterior e 0 nucleo e sdo encontradas no interior do trato
gastrointestinal do vetor transmissor. (Sacks & Kamhawi, 2001; Sacks & Sher, 2002).

A transmissdo do parasito do hospedeiro mamifero para o vetor ocorre a partir da
realizacdo do repasto sanguineo pela fémea em um hospedeiro infectado, podendo assim
ingerir, juntamente com o sangue, formas amastigotas livres ou células fagociticas infectadas.
Ao alcancarem o intestino do vetor, essas células se rompem e liberam os parasitos, que
rapidamente irdo se transformar em formas promastigotas prociclicas e migrar para o trato
digestdrio médio e anterior do vetor. Os parasitos passam por um processo de multiplicagdo e
assumem a forma paramastigota, e posteriormente sofrem a diferenciacdo em formas
promastigotas metaciclicas, migrando para a parte anterior do aparelho bucal do inseto.

Quando o vetor ja infectado realiza um novo repasto sanguineo, 0 mesmo pode
regurgitar formas promastigotas metaciclicas juntamente com a saliva, que por apresentarem
elevada motilidade e capacidade migratéria irdo penetrar na derme do hospedeiro mamifero
ndo infectado. Em seguida, as células do sistema fagocitico-mononuclear do hospedeiro,
sendo principalmente macréfagos, migram para o local podendo fagocitar o parasito que, no
interior de fagolisossomos nessas células, irdo se diferenciar em formas amastigotas, que por
sua vez irdo se replicar. A replicacdo dos parasitos pode resultar no rompimento das células,
liberando assim as formas amastigotas no organismo do hospedeiro. Os parasitos liberados
podem ser novamente fagocitados, levando a continuidade da infeccdo e ao desenvolvimento
da doenca no hospedeiro mamifero. Dessa forma, um novo vetor ndo infectado pode ingerir as
formas do parasito durante o repasto, completando assim o ciclo bioldgico do parasito (Pessoa
& Martins, 1988; Medeiros et al., 2005).



Figura 1: Ciclo bioldgico do parasito Leishmania spp. 1. Realizagdo do repasto sanguineo em um hospedeiro
infectado e infeccdo do inseto vetor fémea pela ingestdo de formas amastigotas. 2. Diferenciacdo de formas
amastigotas em promastigotas metaciclicas no interior do vetor. 3. Introducdo de formas promastigotas
metaciclicas na derme do hospedeiro através da picada do vetor. 4. Fagocitose dos parasitos por macréfagos do
hospedeiro, onde ocorre a diferenciacdo em amastigotas e proliferagdo. 5. Rompimento da célula hospedeira com
liberacdo das amastigotas podendo ser fagocitadas por novas células. 6. Disseminacdo dos parasitos para 6rgéos
do hospedeiro mamifero, exemplificando a ocorréncia da LV, e possibilidade de um novo repasto sanguineo pelo
inseto vetor. (Adaptado de WHO, 2003).

2.3 Manifestacdes clinicas da doenca
As leishmanioses apresentam dois grandes espectros clinicos: a leishmaniose
visceral (LV) e a leishmaniose tegumentar (LT) que, por sua vez, pode apresentar trés tipos
clinicos: a leishmaniose cutanea (LC), leishmaniose cutaneo-difusa (LCD) e a leishmaniose
mucocutanea (LMC). A patogenia das doencas € determinada por fatores relacionados ao
hospedeiro, como caracteristicas genéticas e resposta imunoldgica, por fatores do parasito,
como a viruléncia da espécie infectante e por fatores relacionados ao inseto vetor, como
componentes salivares que portam os parasitos quando na infeccdo no homem. O resultado
desta interacdo pode levar desde a resisténcia a infeccao, passando pelo desenvolvimento da
forma assintomatica da doenca, até a ocorréncia da doenca cutanea ou visceral aguda (Kane
& Mosser, 2000).
A LC ocorre em cerca de 90% dos pacientes diagnosticados com a doenca tegumentar
sendo entdo a forma clinica mais encontrada da doencga. A doenga, geralmente, manifesta-se

em partes mais expostas do corpo, como face, bracos e pernas. A lesdo apresenta-se como um
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nddulo no local da picada do vetor que evolui formando uma Ulcera granulosa contornada por
uma borda elevada. Na maioria das vezes a lesdo € nica, mas nddulos satélites podem ocorrer
nas proximidades da lesdo inicial. Quando as Ulceras sdo curadas, deixam cicatrizes
permanentes, as quais podem levar a uma condicdo de morbidade. As principais espécies que
podem causar a LC sdo: L. braziliensis, L. amazonensis, L. mexicana, L. guyanensis e L.
panamensis, no Novo Mundo; e L. major, L. tropica e L. infantum em paises do Velho Mundo
(Stebut, 2014).

A LCD ¢é uma forma rara e grave da doenca, na qual as lesdes apresentam-se como
nodulos, de forma anérgica e que raramente ulceram. A ocorréncia de lesbes que se
espalham por todo o corpo pode estar relacionada a uma deficiéncia na resposta imune
celular do hospedeiro (Desjeux, 2004). A LCD, ndo apresenta cura espontanea, sendo de
dificil tratamento. A ocorréncia de recidivas frequentes tornou a doenca um grave problema
de Saude Publica, pois os pacientes apresentam lesdes desfigurantes e incapacitantes,
excluindo-os do seu meio de vida social (Gontijo & Carvalho, 2003; Desjeux, 2004). A
doenca pode ser causada pelas espécies L. mexicana, L. braziliensis, L. guyanensis e L.
amazonensis no Novo Mundo e por L. aethiopica e L. major no Velho Mundo (Stebut,
2014).

A LMC ocorre em diversos paises no mundo, sendo causada pelas espécies L.
braziliensis, L. peruviana, L. panamensis e L. guyanensis (Stebut, 2014). A doenca,
normalmente, manifesta-se com lesdes de carater infiltrante. A mucosa das cavidades nasal,
da boca, faringe, laringe e traqueia sdo as mais afetadas e podem levar a lesdes mutilantes
no paciente. Esta manifestagdo da doenca pode gerar uma elevada rejeicdo do paciente
perante a sociedade, uma vez que gera uma grande deformidade fisica no local da lesédo
(WHO, 2015).

A LV ocorre pela infec¢do com as espécies L. donovani, L. infantum e L. tropica em
paises do Velho Mundo e por L. infantum (syn. L. chagasi) no Novo Mundo (Stebut, 2014). A
infeccdo atinge, principalmente, 6rgdos como baco, figado, érgdos linfoides e medula Gssea.
Apo6s um periodo de incubacdo, que geralmente varia entre dois a seis meses, individuos
sintomaticos apresentam sinais de uma infeccéo sistémica e persistente, como febre, fadiga,
fraqueza, perda de peso, hepatoesplenomegalia e linfadenopatia, dentre outros sintomas
clinicos (Chappuis et al., 2007). Devido ao fato da intensidade das manifestagdes clinicas da
doenca ser variavel, muitos individuos podem permanecer assintomaticos por um longo

tempo, o que dificulta seu diagndstico clinico, embora cerca de 20% dos pacientes infectados
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desenvolvam a forma aguda e sintomatica da doenca. Os sintomas S0 progressivos € as
complicagdes decorrentes da evolucdo da infeccao sdo responsaveis pela elevada letalidade da
doenca (Badaro et al., 1986; Gama et al., 2004).

A LV canina (LVC) causa manifestacdes clinicas diversas, que dependem de varios
fatores, tais como resposta imune do céo e a espécie do parasito. O periodo de incubagdo da
doenga pode variar de poucos meses a alguns anos, entretanto, cdes infectados podem
permanecer assintomaticos por longos periodos de tempo, ainda que permanecam infectivos
durante tal época (Lanotte et al., 1979; Keenan et al., 1984). As manifestacdes clinicas mais
comuns da LVC sdo: linfoadenomegalia, enfraquecimento crénico, alopecia, Ulceras,
dermatite esfoliativa, onicogrifose, anemia, hepatoesplenomegalia, disfuncdo renal severa,
hipergamaglobulinemia e colites (Abranches et al., 1991; Ferrer et al., 1991; Ciaramella et al.,
1997; Tafuri et al., 2001).

2.4 Diagnostico das leishmanioses

O diagndstico das leishmanioses é realizado com base em evidéncias clinicas e
epidemioldgicas, em conjunto com exames laboratoriais (Tesh, 1995). O diagnostico
parasitologico, por meio de amostras de lesdes, ou da punc¢do de aspirados dos linfonodos
ou da medula dssea, embora invasivos, mostram-se conclusivos na identificacdo dos
parasitos atraves de analises microscopicas em laminas e/ou culturas in vitro dos materiais
coletados (Reithinger et al., 2007).

O diagnostico imunoldgico pode ser realizado através do teste de intradermoreacéo
de Montenegro (IDRM), tendo sido o primeiro método de diagnoéstico laboratorial utilizado
em diversas regides no mundo, se baseia na resposta celular induzida pela memdria
imunoldgica de células T que sdo ativadas em individuos que tiveram contato prévio com o
parasito. O IDRM, entretanto, pode apresentar especificidade reduzida, levando a detecgéo
de resultados falso-positivos, com individuos ndo infectados de areas endémicas, com
doenca de Chagas, esporotricose, hanseniase ou tuberculose. Outra desvantagem do IDRM
é que individuos imunosuprimidos, com a forma difusa da doenca ou ainda com lesdes
recentes, podem ser diagnosticados como falso-negativos (Weigle et al., 1991; de Paiva-
Cavalcanti et al., 2015).

Para o diagndstico sorologico, testes baseados na deteccdo de anticorpos e/ou

antigenos especificos em amostras de soro ou plasma de individuos como, por exemplo, o



ensaio imunoenzimatico (ELISA), o ensaio de imunofluorescéncia indireta (IFAT), o teste
de aglutinagdo direta (DAT), o Western-blot e o teste imunocromatografico (ICT) podem
também ser utilizados no diagnostico das leishmanioses. Porém, esses testes também
podem apresentar variagcdes na sensibilidade e/ou especificidade (Marzochi & Marzochi,
1994; Tavares et al., 2003; de Paiva-Cavalcanti et al., 2015).

Testes de diagnostico molecular, como a Reacdo em Cadeia da Polimerase (PCR) e a
PCR-Real Time também tém sido utilizados para a detec¢do de &cidos nucleicos do parasito.
Entretanto, muitas vezes, ha a ocorréncia de problemas relacionados ao teste, como
diferencas nos fragmentos do material coletado, que podem ndo conter parasitos
prejudicando sua sensibilidade, bem como a necessidade de treinamento técnico
especializado e a possibilidade de contaminacdo com agentes externos que podem ocasionar
resultados falso-positivos. Além disso, tratam-se de testes que apresentam custo elevado
(Sundar & Rai, 2002; Srivastava et al., 2011; de Paiva-Cavalcanti et al., 2015).

Devido ao elevado numero de cdes com LV assintoméatica atuando como
reservatorios do parasito e potenciais transmissores dos mesmos, a detec¢do soroldgica dos
mesmos é de extrema importancia para o diagndstico correto, para a realizacdo de estudos
epidemioldgicos e para um controle mais efetivo da doenca (Molina et al., 1994; Costa-Val
et al., 2007; Michalsky et al., 2007). A sensibilidade da técnica de ELISA utilizando
extratos proteicos obtidos de formas promastigotas de Leishmania spp. ndo é satisfatoria
para a deteccdo dos casos de LVC assintomatica (Porrozzi et al., 2007; Miro et al., 2008). A
especificidade deste teste também € reduzida, confirmada pela ocorréncia de resultados
falso-positivos devido a reatividade cruzada com anticorpos dos soros de cdes com doenca
de Chagas, ehrlichiose, babesiose ou toxoplasmose (Kar, 1995; Ferreira et al., 2007,
Porrozzi et al., 2007). Outro problema relacionado a especificidade dos testes é que a
mesma deva ser elevada para a diferenciagdo de amostras de soros de cdes saudaveis
vacinados de animais infectados. No entanto, muitas vezes, animais vacinados sao
detectados como falso-positivos. Diversas proteinas recombinantes dos parasitos vém
sendo testadas como antigenos para ELISA, visando minimizar esses problemas com o
desenvolvimento de um teste de diagnéstico mais sensivel e especifico para LVC (Kubar &
Fragaki, 2005).

No Brasil, o teste de ELISA foi utilizado como triagem, enquanto o RIFI foi usado
como teste confirmatorio para a LVC. Entretanto, por meio de uma Nota Técnica Conjunta,

publicada em 01/2011, o Ministério da Saude substituiu o protocolo de diagndstico da



doenca, passando a recomendar a utilizacdo do teste rapido DPP® (Dual-Path Platform,
Biomanguinhos, Fiocruz, Rio de Janeiro, Brasil) como método de triagem e o teste de ELISA
(EIE-LVC kit, Biomanguinhos, Fiocruz, Rio de Janeiro, Brasil) como método confirmatorio
(Faria & Andrade, 2012; Coura-Vital et al., 2014; Laurenti et al.,2014 ). O DPP trata-se de
um teste imunocromatografico composto pelos antigenos recombinantes rK39 e rK26, e que
apresenta elevada sensibilidade e especificidade na deteccdo de cées sintomaticos. Entretanto,
em relacdo a deteccdo de animais assintomaticos, o teste apresenta uma variacdo em sua
eficdcia, com uma elevada reducdo na sensibilidade (Grimaldi et al., 2012). O teste
confirmatorio de ELISA, por sua vez, apresenta uma elevada sensibilidade em identificar cdes
doentes, entretanto, a especificidade do teste pode ser reduzida, uma vez que reacdes cruzadas
podem ocorrer acusando resultados falso-positivos (Faria & Andrade, 2012). A ocorréncia de
variacOes de sensibilidade e especificidade nos testes diagndsticos pode prejudicar a deteccdo
de cdes com leishmaniose, gerando resultados falso-negativos, sendo estes, cdes que
permanecerdo transmitindo a doenca ou também ocasionar resultados falso-positivos em
animais saudaveis, podendo acabar sacrificados em vdo devido a tais erros nos testes
(Werneck, 2014). Devido a esse fato, estudos buscando antigenos que apresentem melhores
valores de sensibilidade e especificidade para a deteccdo desses animais, sdo de extrema

relevancia no cenario atual.

2.5 Medidas de prevencao e controle das leishmanioses

As medidas de prevencdo e controle para as leishmanioses visam a interrup¢do do
ciclo bioldgico do parasito, entretanto, o0 numero elevado de espécies de Leishmania spp., 0
carater zoono6tico da doenca e a manutencdo do seu ciclo silvestre dificultam a adocdo de

medidas eficazes de controle (Tesh, 1995).

O controle do inseto vetor pode ser realizado através da administracdao de inseticidas
em ambientes domésticos, entretanto, a eficacia depende da classe de inseticida utilizada, da
susceptibilidade do inseto vetor, do tipo de superficie ao qual o mesmo é aplicado e da
dosagem e método de aplicacdo. Para que esta medida de controle seja eficiente, é necessario
qgue se tenha procedimentos operacionais padrdo, gerenciamento, logistica, superviséo,
monitoramento e avaliacdo da eficacia em determinados periodos de tempo. Algumas classes
de inseticidas utilizadas sdo os organoclorados, organofosfatados, carbamatos e piretroides, e

estes devem ser trocados em determinados periodos de tempo para que se evite o
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aparecimento de insetos vetores resistentes (WHO, 2010). Entretanto, tal medida é pouco
efetiva na reducdo do nimero de casos da doenga.

No caso da doenca humana, o controle consiste na detec¢do dos casos, no diagnostico
correto e no tratamento efetivo dos pacientes. Medidas de prevencdo a reinfeccdo, como o
uso de repelentes individuais e telas de protecdo nas casas também devem ser empregadas.
Tais medidas podem reduzir a transmissdo da doenca, mas ndo geram um impacto
significativo (Grimaldi & Tesh, 1993; WHO, 2010).

Em relagdo a LVC, a principal forma de controle esta relacionada ao céo, sendo ele
o principal reservatério doméstico dos parasitos, e uma importante fonte de infecgédo para o
vetor transmissor. Orgdos de Salde Publica sdo responséaveis por realizar a triagem dos
animais através da deteccdo de sinais clinicos e de testes soroldgicos, bem como realizar a
eutanasia de animais sintométicos e assintomatico visando a reducdo da transmissdo do
parasito. No entanto, tal medida apresenta falhas devido a recusa de novos a fazerem o teste
em seus cdes e a ndo autorizacdo do procedimento de eutanasia em animais doentes. A
ocorréncia de uma rapida reposicdo de animais em areas endémicas, juntamente com a
realizacdo do tratamento de animais que ainda assim ndo eliminam totalmente o parasito,
também contribuem para a ineficiéncia das medidas e dificultam a reducdo do nimero de
casos da doenca (Gontijo & Melo, 2004; WHO, 2010). A utilizacdo de inseticidas topicos
ou impregnados em coleiras e a vacinacdo podem ser estratégias preventivas com algum
impacto no controle da LVC (Werneck, 2014). Em relacdo aos hospedeiros selvagens, a
eliminacdo ndo é uma medida executavel ou ecologicamente correta. Além disso, existe a
possibilidade de adaptacdo do parasito a outros reservatdrios existentes em ambientes rurais
(Grimaldi & Tesh, 1993; Gramiccia & Gradoni, 2005).

Segundo o Ministério da Salde, além das medidas preventivas relacionadas
diretamente ao controle do vetor e do hospedeiro reservatorio, investimentos em programas
de saneamento, educacdo social e conscientizacdo ambiental também sdo de extrema

importancia em auxiliar o controle das leishmanioses.

2.6 Tratamento das leishmanioses
O tratamento das leishmanioses visa evitar a mortalidade causada pela LV e reduzir a
morbidade provocada pelas lesbes desfigurantes das formas mais graves de LT. Os farmacos
mais utilizados para o tratamento atual das leishmanioses sdo 0s antimoniais pentavalentes,
sendo eles o antimoniato de N-metil meglumina, produzido com o nome comercial de
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Glucantime®pela empresa Rhone Poulenc Rorer (Franca) e o estibogluconato de sédio,
produzido com o nome comercial de Pentostan® pela Wellcome Foundation (Inglaterra). Tais
farmacos, entretanto, sdo toxicos e causam efeitos colaterais aos pacientes (Figueiredo et al.,
1999; Balasegaram et al., 2012). O tratamento € relativamente longo, durando cerca de 40
dias, além de ser de via de administracdo dolorosa podendo causar fadiga, artralgias, mialgias,
além de toxicidade renal, hepética e cardiaca nos pacientes, que muitas vezes abandonam o
tratamento, podendo levar a resisténcia dos parasitos aos farmacos utilizados (Grogl et al.,
1991; Carvalho et al., 2000; Tavares et al., 2003).

A anfotericina B constitui a droga de segunda escolha para o tratamento da doenca,
porém, seu uso também provoca efeitos colaterais e tdxicos aos pacientes como febre,
cefaleias, nduseas, vomitos, diarreia, anorexia, mal-estar geral, mialgias, artralgias, flebite no
local da infusdo, anemia hemolitica e nefrotoxicidade. Sua formulacdo lipossomal
(AmBisome™) , apresenta-se menos toxica, porém seu custo é elevado e ha necessidade de
ser administrada em ambiente hospitalar (Balasegaram et al., 2012).

A miltefosina trata-se do primeiro medicamento oral utilizado para o tratamento da
LV, entretanto, distdrbios gastrointestinais, nefro e hepatotoxicidade e teratogenicidade foram
descritos, além de também apresentar custo elevado (Balasegaram et al., 2012).

Pacientes com lesbes severas, infeccOes recorrentes, disseminadas ou com a forma
visceral da doenca, devem ser tratados sistemicamente. Entretanto, pacientes com lesGes
locais e menos complexas devem ser tratados apenas com métodos locais, a fim de se evitar
os efeitos colaterais gerados pela maioria dos medicamentos utilizados. E recomendado que
pacientes tratados facam um acompanhamento podendo durar de meses a anos, para
acompanhar a ocorréncia de uma possivel recidiva da doenca (WHO, 2010; Stebut, 2014).

Devido aos problemas relacionados a eficiéncia das medidas de controle e dos
métodos de prevengdo das leishmanioses, bem como por problemas de sensibilidade e
especificidade dos testes diagnésticos e pelas dificuldades do tratamento da doenca; o
desenvolvimento de novas medidas profilaticas, tais como a busca por vacinas, torna-se uma
alternativa atrativa e vem sendo muito pesquisada; entretanto, essa & uma tarefa complexa,
embora seja considerada uma solugdo real e com melhor custo- beneficio para o controle
efetivo e prevencdo da doenga (Grimaldi & Tesh, 1993; Gonzalo et al., 2002; Sukumaran et
al., 2003; Ramiro et al., 2003; Desjeux, 2004; Palatnik-de-Sousa et al., 2012).
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2.7 Resposta imune na leishmaniose murina

O modelo murino utilizando camundongos € o mais estudado para avaliacdo de
antigenos vacinais e de novos medicamentos para o tratamento das leishmanioses. A escolha
da espécie de camundongo para cada estudo varia com a espécie de Leishmania e o tipo de
infeccdo a ser avaliada. Algumas linhagens de camundongos, como C57BL/6, C57BL/10,
C3H e CBA apresentam um perfil de resisténcia a espécie L. major, mesmo quando um
grande numero de parasitos é inoculado pela via subcutanea nos animais; enquanto outras
linhagens, como o BALBI/c, apresentam um perfil de susceptibilidade a infec¢éo por L. major,
L. amazonensis ou L. infantum, entretanto, desenvolvem lesGes limitadas quando infectados
por L. brasiliensis (de Luca & Macedo, 2016). Camundongos BALB/c s&o utilizados como
modelo de infec¢do para o estudo de candidatos vacinais contra varias Leishmania spp., tais
como L. infantum e L. amazonensis (Sacks & Noben-Trauth, 2002; Wilson et al., 2005). O
perfil da resposta imune em camundongos BALB/c infectados experimentalmente pode variar
de acordo com o in6culo de parasitos, a via e o tempo de infeccdo (Oliveira et al., 2012).

A resisténcia ou a susceptibilidade dos camundongos a infeccdo deve-se,
principalmente, aos fatores genéticos dos animais. Camundongos geneticamente resistentes a
LV, como o CBA, apresentam o gene Slcl 1al funcional, o qual confere imunidade inata
contra o parasito e possibilita o controle da infeccdo. Camundongos susceptiveis a LV, como
BALB/c, apresentam uma mutacdo neste gene, o que permite a replicacdo de parasitos no
figado durante as primeiras semanas de infec¢do (Das & Ali, 2012; Kumar & Nylén, 2012).

As respostas imunes inata (macrofagos, células dendriticas e neutrofilos) e adaptativa
(células T), sdo responsaveis pelo controle da infeccdo no hospedeiro mamifero. As células T
CD4" assumem um papel crucial na resposta a infecgdo. Ao se diferenciarem em células Thi,
produzem citocinas pro-inflamatérias que possuem um papel importante na resposta protetora
e na resolucdo da infeccdo (Kedzierski e Evans, 2014). As células T CD8", por sua vez,
contribuem na aquisi¢do de uma resposta de memoria na doenca (Stager et al., 2000).

Estudos de infeccdo com modelos experimentais de camundongos para leishmaniose
deram origem ao paradigma Th1/Th2 de resisténcia e susceptibilidade associado a infeccao
celular. Este perfil da resposta imune encontra-se mais relacionado a LT, causada pelo
parasito L. major, ndo sendo bem definido para LV (Kedzierski e Evans, 2014). Na LV
murina a protecdo depende da producdo de IL-12, induzindo uma resposta do tipo Thi,
mediada pela producdo de IL-2 e IFN- y. O IFN-y por sua vez, induz a ativacéo enzima iNOS

levando a produgdo de NO pelos macrofagos do baco e figado, permitindo o controle da
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multiplicacdo dos parasitos nestes 6rgdos (Green et al., 1990; Blackwell, 1996). Citocinas
como a IL-17 e IL-22 complementam o papel de protecdo na LV, porém, ainda ndo se
conhecem os mecanismos de atuacdo das mesmas (Faleiro et al., 2014).

Niveis elevados das citocinas anti-inflamatorias, como TGF-B, IL-4, IL-10 e IL-13,
normalmente, ocasionam a supressdo da resposta imune Thl, direcionando para o
desenvolvimento de uma resposta Th2, responsdvel por um perfil de susceptibilidade a
infeccdo (Wilson et al., 2005). Entretanto, baixas concentracdes de IL-4 melhoram a protecéo
induzida por uma vacina, aumentando indiretamente a producdo de IFN-y por LT CD8" e
impedindo uma exacerbacdo da infeccdo por L. donovani (Stager et al., 2003).

Em camundongos, a depuracdo da carga parasitaria hepatica ocorre cerca de duas
semanas apos a infeccdo, devido a formacdo de granulomas resultantes da interacao de células
T com células dendriticas e macrdfagos parasitados por Leishmania spp. A eficacia de uma
vacina ou a progressao da doenca pode ser predita, baseando-se no grau de maturacdo dos
granulomas hepaticos juntamente com a imunidade mediada por células nos animais
desafiados (Murray et al., 1992; Carrion et al., 2006). Em contraste com a resposta ocorrida
no figado, o baco e a medula 6ssea agem como locais de persisténcia dos parasitos, resultando
na infeccdo cronica. A auséncia de reacdo granulomatosa no baco e a producgéo reduzida de
IL-12 pelos macréfagos locais direcionam para um aumento da carga parasitaria neste 6rgao
(Nieto et al., 2011).

Em relacdo a resposta humoral, observa-se que um aumento da producédo de anticorpos
do isotipo 1gG2a ocorre em animais que apresentam um perfil de resisténcia; enquanto que o
perfil de susceptibilidade e progressao da doenca se caracteriza pelo predominio de anticorpos
do isotipo IgG1 especificos aos antigenos dos parasitos (Martins et al., 2013; Costa et al.,
2014). Entretanto, alguns autores consideram que os anticorpos ndo desempenham papel de
protecdo contra a infeccdo por Leishmania spp., podendo inclusive contribuir para progresséo
da doenca (Bohme et al., 1986; Coelho et al., 2003; Kedzierski e Evans, 2014).

2.8 Desenvolvimento de vacinas
A pesquisa por vacinas contra as leishmanioses provém do fato de que individuos

curados de lesBes cutaneas desenvolvem uma resposta imune frente aos parasitos e tornam-se
protegidos contra a reinfecgdo pela espécie infectante (Grimaldi & Tesh, 1993; Handman,
2001). Diversas preparacdes ja foram propostas e estudos tém sido conduzidos com a

finalidade de se desenvolver uma vacina que apresente resultados satisfatorios na protecéo
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contra a infecgdo por Leishmania spp.

Uma das primeiras estratégias vacinais foi a leishmanizacdo, usada a partir do ano
de 1908 em combate as leishmanioses no Oriente Medio, Unido Soviética e Israel. Na
leishmanizacdo, uma baixa quantidade de parasitos vivos € inoculada em uma regido ndo
exposta do corpo, com o objetivo de que uma lesdo cutanea local se desenvolva e que haja a
cura espontanea, conferindo ao individuo uma imunidade protetora contra a reinfeccgéo.
Contudo, esta técnica foi abandonada por muitos paises devido ao risco de se causar uma
infeccdo crénica, levando o individuo a necessitar de tratamento; dando lugar a utilizacdo
de parasitos mortos como estratégia vacinal (Handman, 2001; Kumar & Engwerda, 2014).

A utilizacdo de parasitos irradiados ou autoclavados para compor uma vacina foi
descontinuada devido aos resultados conflitantes de efetividade obtidos na década de 1940
(Grimaldi & Tesh, 1993; Handman, 2001). Devido aos resultados obtidos em diversos
experimentos realizados com parasitos mortos, foi observado que a persisténcia do
patdgeno no organismo do individuo tivesse certa importancia para se obter uma resposta
imune protetora e assim, foi sugerido que doses de vacinas de parasitos vivos atenuados

virassem uma nova alternativa (Selvapandiyan et al., 2014).

Vacinas com parasitos vivos atenuados podem ser obtidas através de culturas in vitro
com meios modificados, alteracGes de temperatura, irradiacdo gama ou mutagdes genéticas
(Foroughi-Parvar & Hatam, 2014). Este tipo de vacina vem sendo testado em alguns
modelos animais, demonstrando que os parasitos modificados sdo reconhecidos pelas
células do hospedeiro da mesma forma que os parasitos virulentos e que conseguem
permanecer no organismo por algum tempo, sem se replicarem. O sistema imune do
hospedeiro consegue montar uma resposta especifica contra os antigenos devido a presenca
desse parasito e dessa forma, células efetoras e de memoria geradas podem conferir
protecdo. Uma das preocupacdes com a utilizacdo desta vacina é a possivel reversdo da
viruléncia dos parasitos, entretanto, uma alternativa para a resolucéo deste problema seria a
eliminacédo de genes de viruléncia, permitindo que tais candidatos vacinais sejam estudados.
A utilizacdo de parasitos mutantes sensiveis a determinadas drogas, bem como a utilizacéo
de espécies ndo patogénicas, como L. tarentolae, seriam também possiveis alternativas,
porém, ainda deve-se priorizar a seguranca da vacina atentando-se para a possibilidade de
que parasitos vivos estdo susceptiveis a mutacfes espontaneas, alem de se considerar a
dificuldade de producéo e analise de qualidade em larga escala (Kumar & Engwerda, 2014).

A utilizagdo de fracdes proteicas de Leishmania spp. além de apresentar-se mais

15



segura, tém apresentado propriedades imunoprotetoras em modelos experimentais (Das &
Ali, 2012). Vacinas utilizando extratos brutos dos parasitos, proteinas recombinantes
purificadas, peptideos sintéticos e fracdes de DNA inseridos em plasmideos, vém também
sendo testadas com diferentes sistemas de entrega.

A formulagéo vacinal LBSap, baseada em extrato bruto de L. brasiliensis adicionada
de saponina, foi administrada em cées e demonstrou ser capaz de induzir uma resposta
humoral com anticorpos especificos anti-Leishmania, além de induzir um perfil celular
ativando LT CD4" e LT CD8". Uma elevada producdo de IFN-y e IL-12 bem como uma
reducdo na carga parasitaria do baco demonstraram sua imunogenicidade e protecdo contra
a infeccdo experimental por L. infantum (Roatt et al., 2012; Resende et al., 2013). Uma
vacina similar foi também testada com extrato bruto de L. amazonensis e BCG, nomeada de
Leishvaccine®. Esta formulacio foi capaz de estimular uma ativacio inicial de LT CD4" e
uma ativacéo tardia de LT CD8" e LB, demonstrando um elevado potencial imunogénico
contra as leishmanioses (Aradjo et al., 2008).

Na Europa, a utilizacdo de proteinas L. infantum secretadas e purificadas do

sobrenadante da cultura também estdo sendo aplicadas no desenvolvimento de vacinas. A

formulacdo denominada LiESAP-MDP recebeu o nome comercial de CaniLeish® e
apresentou eficacia de 92% nos animais vacinados (Lemesre et al., 2007). Experimentos
utilizando o composto ligante fucose-manose (FML) de formas promastigotas de L.
donovani em conjunto com um adjuvante indutor de resposta Thl apresentou resultados de
imunogenicidade, imunoprofilaxia e imunoterapéutica em camundongos, hamsters e cées
(Palatnik-de-Sousa et al., 1994; Santos et al., 2002, 2003, 2007; Borja-Cabrera et al., 2004,
2008, 2010), dando origem a vacina denominada Leishmune®, composta por FML-
saponina, que foi capaz de induzir protecdo na maioria dos animais vacinados (Palatnik-de-
Sousa, 2012), tendo sido usada por muitos anos no Brasil, mas que agora foi retirada do
mercado.

Vacinas com antigenos recombinantes podem ser consideradas em relacdo a
eficiéncia, seguranca e custo (Foroughi-Parvar & Hatam, 2014). Com o0 avango na
tecnologia do DNA recombinante, moléculas especificas de determinada espécie ou fase de
vida do parasito estdo sendo extensivamente estudadas, originando varios candidatos a
vacina (Joshi et al., 2014). O primeiro antigeno recombinante utilizado para imunizacgao
contra as leishmanioses foi a glicoproteina gp63, considerada uma proteina de viruléncia
dos parasitos e encontrada conservada em todas as espécies de Leishmania spp. Tanto a
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proteina nativa quanto a recombinante foram capazes de estimular uma resposta protetora
em camundongos, demonstrando que esta imunogenicidade estd relacionada ao
processamento e apresentacdo de peptideos e nao apenas da estrutura conformacional nativa
(Das & Ali, 2012).

Proteinas de Leishmania spp. como LCR1, A2, HASPB1 foram expressas em sua
forma recombinante e testadas contra LV. A LCR1 é uma proteina especifica da forma
amastigota de L. infantum capaz de estimular a producdo de IFN-y e de proteger
parcialmente camundongos BALB/c contra a infeccdo por esta espécie (Wilson et al.,
1995). Stager e colaboradores (2000) confirmaram que a proteina rHASPB1 é altamente
imunogénica e que gerou protecdo significativa em camundongos desafiados com L.
donovani. Fernandes e colaboradores (2008) investigaram a imunidade protetora da
proteina recombinante A2 em associacdo com a saponina contra a LVC. Esta formulagdo
tornou-se uma vacina comercial denominada Leish-Tec® e provou induzir um aumento
significativo de IFN-y nos cdes vacinados, além de reduzida produgdo de IL-10 (Fernandes

et al., 2012), sendo a Unica vacina para a LVC disponivel no mercado atualmente no Brasil.

Proteinas especificas da forma promastigota dos parasitos tém demonstrado ser
potentes estimuladoras de uma resposta imune do tipo Thl, como foi visto com a PDI, TPI,
elF-2, aldolase, enolase, P45 e TPR, as quais levaram a protecéo variada de 60 a 90% em
hamsters (Joshi et al., 2014). Outras proteinas recombinantes foram testadas e demonstram
ser boas candidatas a vacina, como a F14 e proteinas ribossomais de Leishmania spp., uma
vez que ambas forneceram protecdo parcial em hamsters e camundongos BALB/c,
respectivamente (Bhardwaj et al., 2009; Chavez-Fumagalli et al., 2010).

A estratégia de imunoprotedmica vem sendo utilizada para identificar novas
proteinas, consideradas ainda como hipotéticas, mas que podem se apresentar como
potenciais candidatas a vacina (Coelho et al, 2012). Uma destas proteinas, LiHypl, foi
identificada na forma amastigota de L. infantum por anticorpos de cdes com LV ativa e
demonstrou ter um potencial vacinal em camundongos BALB/c, induzindo uma elevada
producdo das citocinas IFN-y, IL-12 e GM-CSF, e uma producéo reduzida de 1L-4 e IL-10.
A resposta imune frente & proteina foi capaz de induzir uma redugdo significativa da
carga parasitaria nos animais desafiados, tendo sido primada pela participacio de LT CD4"
(Martins et al, 2013).

O desenvolvimento de vacinas recombinantes ou mesmo de peptideos sintéticos
apresentam a vantagem de permitir a utilizacdo de epitopos determinados e ja
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caracterizados, uma vez que é possivel modificar tais moléculas, removendo epitopos
desnecessérios para o desenvolvimento de uma imunidade protetora (Handman, 2001;
Skeiky et al., 2002). Para o desenvolvimento de uma vacina peptidica, o estudo dos
epitopos através de ferramentas de bioinformatica e o conhecimento em relagéo a ativacédo
de LT e LB séo de grande importancia.

As vacinas com peptideos sintéticos podem apresentar algumas vantagens em
relacdo aos outros compostos vacinais como, por exemplo, a auséncia de material
potencialmente infeccioso, possibilidade de inclusdo de diversos e determinados epitopos,
diminuicdo na quantidade de antigenos utilizados, dentre outras (Joshi et al., 2014).
Entretanto, os peptideos podem também apresentar desvantagens, como a incapacidade de
determinados individuos a responderem ao estimulo ofertado. Vacinas com peptideos
isolados normalmente sdo incapazes de induzir uma resposta protetora, sendo necessaria
uma mistura a outros antigenos para que possam estimular esta resposta e/ou o0 uso de
adjuvantes e diferentes sistemas de entrega (Handman, 2001). Peptideos extraidos de
proteinas muito estudadas, como a gp63, KMP-11, A2, LPG, cisteino-proteinases, dentre
outras, vém sendo utilizados para compor vacinas, uma vez que tém apresentado resultados
satisfatorios em camundongos (Joshi et al., 2014). Mais recentemente, a utilizacdo da
técnica de phage diplay selecionou mimotopos de Leishmania spp. em clones de
bacteriofagos, os quais foram capazes de induzir uma resposta imunogénica com elevada
concentracdo de IFN-y, produzido principalmente por LT CD8" e pela reduzida produgio
de IL-4, tendo sido capaz de proteger camundongos BALB/c contra a infeccdo experimental
por L. infantum (Costa et al., 2014).

Vacinas de DNA também sdo atrativas em compor uma estratégia profilatica contra
as leishmanioses. Este método pode apresentar vantagens, como o custo reduzido,
facilidade na producdo e armazenamento, estabilidade do material, expressdo de antigenos
relevantes e eficiente inducdo de uma resposta imune efetora e de memoria (Handman,
2001; Kumar & Engwerda, 2014). Questdes relacionadas a seguranca das vacinas de DNA
sdo discutidas, como a possibilidade da integracdo do DNA ao genoma de mamiferos e a
inducdo ao desenvolvimento de doengas autoimune, entretanto, nada foi comprovado até o
momento. Vacinas de DNA contendo genes que expressam a proteina A2 (Zanin et al.,
2007), PPG (Samant et al., 2009) ou HbR (Guha et al., 2013) provaram estimular uma
resposta do tipo Thl, com niveis elevados de IFN-y e reduzida producdo de IL-4;

resultando na protecdo de camundongos e hamsters imunizados contra infecgoes
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experimentais com diferentes espécies de Leishmania spp.

Alguns individuos ndo infectados, mas expostos ao inseto vetor, ja apresentarem
uma resposta protetora contra a infeccdo pelo parasito e, devido a esse fato, vacinas
utilizando proteinas salivares de Phlebotomus spp. ou Lutzomyia spp., como PpSP15,
LIM17 ou LIM143 vém sendo estudadas como potentes imundgenos, sendo capazes de
estimular infiltracdo de linfocitos, macrofagos e uma producao aumentada de IFN-y (Morris
et al., 2001; Joshi et al., 2014).

Outras estratégias vacinais contendo diferentes veiculos de entrega, como lipossomas
(Firouzmand et al., 2013), nanoparticulas (Danesh-Bahreini et al., 2011), vetores virais (Guha
et al., 2013), células dendriticas (Matos et al., 2013) e bactérias (Hugentobler et al., 2012)
tém resultado em graus variados de eficiéncia, assim como uma variacdo na utilizacdo dos
diferentes adjuvantes vacinais (Vitoriano-Souza et al., 2012; De Jesus Pereira et al., 2015;
Thakur et al., 2015).

Deste modo, a determinacdo dos antigenos, do veiculo de entrega, do adjuvante e da
via de administracdo da vacina sdo de extrema importancia ao se definir a estratégia vacinal a

ser utilizada para compor uma vacina contra as leishmanioses.

2.9 Utilizacéo da saponina como adjuvante de resposta imune

Adjuvantes sdo substancias capazes de iniciar uma resposta imune em relagdo a um
dado antigeno ou auxiliar no desenvolvimento de uma resposta ja existente (Claassen &
Boersma, 1992). A associacdo de adjuvantes de resposta imune a vacinas de subunidades é de
grande importancia para que 0s mesmos auxiliem na ativacdo da resposta do sistema imune
inato e adaptativo apds o contato com o antigeno vacinal (Rueckert & Guzman, 2012). Os
adjuvantes proporcionam um aumento da imunogenicidade de antigenos mais fracos, sendo
capazes também de reduzir a quantidade de antigeno necessaria para a imunizacao, bem como
0 nimero de doses a serem administradas. Além disso, podem induzir um fendtipo de
citocinas favoravel para uma resposta imune benéfica ao hospedeiro, além de induzir uma
resposta imune prolongada (Vitoriano-Souza et al., 2012).

As saponinas sdo obtidas a partir da casca da arvore Quillaja saponaria e apresentam-
se eficazes na utilizagdo em experimentos vacinais, como adjuvantes de resposta imune (Liu
et al., 2002; Ravindran & Ali, 2004). Tratam-se de glicosideos tensoativos que contém um
nucleo hidrofobico de estrutura triterpendide, com cadeias de carboidratos ligadas a ele
(Rajput et al. 2007). A saponina apresenta uma formulagdo simples, custo reduzido e é

19



considerada segura para uso veterinario (Vitoriano-Souza et al., 2012). Devido ao fato de
possuir efeitos citotoxicos, principalmente hemoliticos, o uso da saponina ndo é permitido em
humanos (Palatnik-de-Sousa et al., 2004).

A saponina é responsavel por induzir um rapido recrutamento de células inflamatérias
em seu local de administracdo e esta resposta pode ser mantida por dias apds o estimulo
(Taylor, 1995). A administracdo da saponina induz a migracdo diferencial de neutrofilos,
monacitos e linfdcitos para o sitio de aplicacao, além de induzir a producéo das citocinas IL-
2, IFN-y e IL-6, (Vitoriano-Souza et al., 2012), sendo um adjuvante de resposta do tipo Th1l.

O presente trabalho objetivou a utilizagcdo da saponina em associagdo com a proteina
recombinante LiHyD, a fim de avaliar a imunogenicidade e a eficacia protetora da mesma
contra a infeccdo experimental de camundongos BALB/c com formas promastigotas

estacionarias de Leishmania spp.

2.10 Antigeno utilizado no trabalho

A proteina LiHyD (proteina hipotética de L. infantum D) (XP_001468360.1), utilizada
neste trabalho, foi recentemente identificada por Coelho et al. (2012), tendo sido reconhecida
por anticorpos presentes em soros de cdes com a doenca ativa. A proteina foi identificada no
genoma de L. infantum e possui uma sequéncia de 327 aminoacidos, 0s quais conferem a
mesma um peso molecular de aproximadamente 36,7 kiloDaltons (kDa). O gene responsavel
por sua codificagdo foi identificado no cromossomo 33 e possui 984 pares de bases (pb).
Trata-se de uma proteina especifica de Leishmania e que é conservada em diferentes espécies
do parasito, incluindo espécies causadoras de LT, com valores de identidade de 80% e 56%
em relacdo a L. major (LmjF.33.2990) e L. braziliensis (LbrM.33.3270), respectivamente.

A partir de analises de bioinforméatica, confirmou-se a presenca de epitopos
especificos para linfécitos B e T na proteina e, portanto, a mesma foi selecionada como
candidata a antigeno marcador para o diagnostico da LVVC e como candidata a compor uma

vacina que oferega protecdo cruzada contra as leishmanioses.
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3. OBJETIVOS

3.1 Objetivo geral

Avaliar a proteina hipotética especifica de Leishmania spp., LiHyD (LinJ.33.3150), em

sua forma recombinante bem como com seus trés epitopos especificos de linfécitos B, dois

lineares e um conformacional, no sorodiagndstico da leishmaniose visceral canina. Avaliar a

imunogenicidade e eficacia protetora da proteina em camundongos BALB/c contra a infec¢éo

experimental com L. infantum e L. braziliensis e L. major.

3.2 Objetivos especificos

Clonar, expressar e purificar a proteina recombinante LiHyD (rLiHyD).

Identificar epitopos especificos de linfocitos B da proteina utilizando, para tal, algoritmos
e programas de bioinformatica disponiveis na internet, para a selecao fisico-quimica e
predigdo das sequéncias de aminoacidos de interesse, a fim de realizar a construcdo dos
peptideos selecionados.

Realizar a sintese quimica dos peptideos selecionados, por meio da técnica de Fmoc-

synthesis.

Avaliar a reatividade dos anticorpos provenientes das amostras de soros de cdes com LV
sintomatica e assintomatica, em soros de cdes ndo infectados e residentes em éareas
endémicas ou ndo endémicas da doenca; soros de animais ndo infectados, mas imunizados
com a vacina Leish-Tec®; e soros de cdes infectados com Trypanosoma cruzi, Ehrlichia
canis e Babesia canis; frente a proteina rLiHyD e seus peptideos sintéticos.

Avaliar os parametros de sensibilidade e especificidade da proteina rLiHyD e de seus

peptideos sintéticos no sorodiagndstico da LVC.

Avaliar a protecdo induzida pela proteina rLiHyD mais saponina em camundongos
BALB/c contra a infeccdo com L. infantum e L. braziliensis e L. major por meio da
avaliacdo do perfil da resposta imune celular e humoral gerada nos animais imunizados,

além da carga parasitaria em diferentes orgaos e tecidos dos animais.
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4 MATERIAL E METODOS

4.1 Animais de experimentagéo
Camundongos BALB/c fémeas, de 8 semanas de idade, foram utilizados. Os animais
foram adquiridos no Biotério do Instituto de Ciéncias Bioldgicas (ICB) da UFMG e
mantidos em estante apropriada no Biotério do Departamento de Patologia Clinica do
COLTEC, UFMG, sob as devidas condigdes de manejo. Este projeto foi aprovado junto ao
Comité de Etica em Experimentagdo Animal (CEUA) da UFMG, com o protocolo niimero
333/2015 (ANEXO 1).

4.2 Parasitos

Parasitos das cepas MHOM/BR/1970/BH46 de Leishmania infantum,
MHOM/IL/1980/Friedlin de L. major e MHOM/BR/1975/M2903 de L. braziliensis foram
cultivados em meio de cultura Schneider’s (Schneider’s Insect Medium, Sigma) completo,
constituido por meio Schneider’s acrescido com 20% de soro fetal bovino (SFB) inativado
(Sigma), 20 mM de L-glutamina, 200 unidades por mililitro (U/mL) de penicilina e 100
microgramas por mililitro (pug/mL) de estreptomicina, pH 7,4. Os parasitos foram
cultivados a 24°C e repiques das culturas foram efetuados de cinco em cinco dias, periodo
gue os parasitos apresentavam-se em fase logaritmica de crescimento. Estoques de parasitos

foram mantidos em nitrogénio liquido a -196°C.

4.3 Amostras de soros

Para a avaliacdo da antigenicidade da proteina rLiHyD, foram utilizadas 177
amostras de soro de cdes (Canis familiaris), compostas por machos (n=100) e fémeas
(n=77) de diferentes racas e idades. Os soros positivos para LVC foram selecionados com
base em dois testes sorolégicos da Biomanguinhos (Fiocruz, Brasil): IFAT (IFAT-LVC
Bio-Manguinhos kit) e ELISA (EIE- LVC Bio-Manguinhos kit) e pelo teste de PCR. Soros
com titulacdo < 1/40 no IFAT e identificados abaixo do valor do ponto de corte indicado
pelo fabricante foram considerados negativos. Animais com titulacdo de IFAT > 1/40 e
valor de absorbéancia acima do ponto de corte foram considerados positivos. Os animais
com LV sintomatica (n=44) foram positivos nos testes IFAT, ELISA e PCR, e

apresentaram trés ou mais sinais clinicos da doenga, como perda de peso, alopecia,
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adenopatia, onicogrifose, hepatomegalia, conjuntivite e dermatite esfoliativa no focinho,
cauda ou pontas das orelhas. Animais assintométicos (n=9) também apresentaram
resultados parasitoldgicos e soroldgicos positivos, entretanto, ndo apresentavam sinais
clinicos da doenca. Soros de animais ndo infectados com Leishmania spp. foram
selecionados de areas endémica (n=44) (Belo Horizonte, Minas Gerais, Brasil) e nédo
endémica (n=20) (Pogos de Caldas, Minas Gerais, Brasil) para as leishmanioses e
apresentaram resultados sorologicos, moleculares e clinicos negativos. Amostras de soros
de animais ndo infectados, mantidos isolados em canil e imunizados com a vacina Leish-
Tec® (n=30) e de animais experimentalmente infectados com T. cruzi (n=10), E. canis
(n=10) e B. canis (n=10) também foram utilizadas nos ensaios.

4.4 Preparo do extrato antigénico de Leishmania infantum, Leishmania major e
Leishmania braziliensis (SLALiI/SLALmM/SLALD)

Os extratos sollveis antigénicos (SLA) de L. infantum, L. major e L. braziliensis
foram preparados como descrito previamente por Coelho et al. (2003). Uma estimativa da

concentracdo de proteinas foi determinada conforme descrito por Bradford (1976).

4.5 Obtencéo e analise das sequéncias da proteina LiHyD

As sequéncias de nucleotideos e aminoacidos da proteina LiHyD (LinJ.33.3150),
foram obtidas no banco de dados do TriTrypDB (http://tritrypdb.org). (Figura 2). Para
analisar a conservacao da proteina dentre o genoma de outros organismos foi realizado um
alinhamento através da ferramenta de bioinforméatica BLAST.

Foi realizada uma andlise in silico da sequéncia da proteina LiHyD que consistiu de
trés etapas: (i) busca por similaridade entre sequéncias depositadas em bancos de dados de
proteinas, (ii) comparacdo com bancos de dados de outros Tripanosomatideos, sendo esses L.
major, L. mexicana, L. braziliensis, T. cruzi, T. brucei e T. congolenses (todos disponiveis em
www.genedb.org), e (iii) avaliacdo da sequéncia da proteina para analise de suas propriedades
fisico-quimicas usando a ferramenta ProtParam no servidor EXPASYy (Gasteiger et al., 2005).
Os parametros calculados pelo programa e apresentados neste trabalho incluem o peso
molecular, o ponto isoelétrico tedrico, a composi¢do de aminoécidos, o numero total de
residuos positivos e negativos, o coeficiente de extingdo, o indice de instabilidade e o indice
alifatico.

Partindo da sequéncia génica codificadora da proteina, um par de iniciadores foi
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desenhado para permitir a amplificacdo do gene de interesse, por meio da técnica de
PCR. Os primers Forward e Reverse (Eurofins mwg/operon), descritos abaixo, foram
desenhados de acordo com a sequéncia da regido ORF do DNA gendmico para L. infantum.
F — (5’-GGATCCATGCSGATGCAAGGCAACATG-3)

R — (5’-AAGCTTATTGTTGCCGCATACTTGG -3°)

Dois epitopos de células B lineares e um epitopo conformacional presentes na proteina
LiHyD foram sintetizados. Os peptideos contendo as sequéncias lineares: Peptideo-1:
PQPGYQPPPPMEHALP, posi¢cdes 262-277 e Peptideo-2: SSLRRQNSMRRNE, posi¢des
296-307, foram preditos usando o software ABCpred Prediction  Server
(www.imtech.res.in/raghava/abcpred/), como descrito por Saha & Raghava (2006). O
segundo epitopo foi também predito utilizando o algoritmo de escala de acessibilidade Emini,
com base no programa IEDB (disponivel em www.iedb.org), como descrito por Emini et al.
(1985). O epitopo conformacional (Peptideo-3) foi predito utilizando uma combinacao de trés
algoritmos:  ABCpred Prediction Server, Bepipred Linear Epitope Prediction
(www.tools.immuneepitope.org/bcell) e escala de antigenicidade de Kolaskar eTongaonkar
(www.tools.immuneepitope.org/bcell/), seguindo os protocolos técnicos descritos por
Kolaskar & Tongaonkar (1990), Larsen et al (2006) e Saha & Raghava (2006). Este epitopo
contém uma combinacdo de aminoacidos de duas regides diferentes da proteina LiHyD:
LYHPAPSSL (posicbes 221-229) e PQPGYQPP (posicBes 262-269). Todos os peptideos
foram sintetizados pela técnica de F-moc (Merrifield, 1963), seguindo modificaces descritas

por Machado-de-Avila et al. (2011) e, posteriormente, utilizados nos ensaios soroldgicos.

LinJ.33.3150 hypothetical protein[Leishmania infantum]
MQMQGNMYPROMEWAVHQQQPQOSMQGNRQAVASRAYHLEPISTMQLRQQRGSMPGMMIGQ

QPGGGMMDGLSTYGPRPMIRDVOQDGHMGPQQADAARAAGYGTQGMYGSHLMSYGAAGMGGYV
NNLONGNAALFAAGSAGQASEGNSINFNGIFNSAVNPQVQSSVAVODDGKPLPFPPGNLLAQYPPEY

QQAQLIFYYRLLRLQYPELYQQYVDYYVMYYEP SKDDLNGGQQRKKEPLLQQTQRAHMQR
QQPAM PPMEHALPSEVMCRTTSNLSGGLKRQSSLRRONSMRRNEVNQLKNEGSLKRL
PSMRQQ

Figura 2: Sequéncia de amino&cidos da proteina recombinante LiHyD
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4.6 Clonagem da proteina recombinante LiHyD

4.6.1 Extracdo do DNA gendmico dos parasitos

A cepa MHOM/BR/1970/BH46 de L. infantum foi cultivada de acordo com protocolo
descrito por Coelho et al. (2003). O DNA gendémico foi extraido conforme descrito por
Piarroux et al. (1993). Para verificar a qualidade e a quantidade do material obtido, foi
realizada uma eletroforese em gel de agarose 1% peso por volume (p/v) (Sigma) em tampéo
TAE (constituido de Tris 40mM, &cido acético 20 mM e EDTA 1 mM). O gel foi submetido a
uma corrente de 80 volts (V) e corado com brometo de etidio (10 ug/mL). A dosagem foi
realizada em espectrofotdbmetro nos comprimentos de onda de 260 e 280 nm, e a amostra foli
armazenada a -80°C.

4.6.2 Amplificacéo das sequéncias génicas por PCR
A regido codificadora da proteina foi amplificada por PCR, utilizando-se
oligonucleotideos iniciadores complementares aos fragmentos. Sitios de restricdo para as

enzimas BamHI e Hindlll foram inseridos na sequéncia da proteina. A reacdo de amplificacdo

do genede interesse foi realizada utilizando o kit GoTag® DNA Polymerase, de acordo com as
instrucdes do fabricante (Promega). A termociclagem foi padronizada em um ciclador térmico

(Tonegen Palm, Tonederm), utilizando-se o seguinte programa:

Passo 1 — Desnaturagdo a 95°C por 5 min.

Passo 2 — Desnaturacédo a 95°C por 45 seg;
Anelamento a 55°C por 45 seg; 30 ciclos
Extensdo a 72°C por 120 seg.

Passo 3 — Extenséo final a 72 °C por 5 min.

Apo0s a reacdo, o produto da PCR foi aplicado em um gel de agarose 1% e corado

com brometo de etidio. O produto da PCR foi quantificado utilizando o comprimento de

onda 260/280 nm no aparelho NanoDrop® 2000 (Thermo scientific).

4.6.3 Ligacao do gene em pGEM®-T Easy Vector Systems
O produto da amplificagdo do gene LiHyD foi ligado ao vetor de clonagem pGEM®-
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T Easy Vector Systems de acordo com as instru¢es do fabricante (Promega). A ligagcdo do

inserto ao vetor ocorreu a 4°C, durante 16 h.

4.6.4 Preparo e transformacao de bactérias Escherichia coli XL1blue

Células competentes E. coli XL1blue foram preparadas atraves da técnica de cloreto
de célcio, segundo Sambrook et al. (1989). A transformacdo das bactérias XL1 blue foi
realizada através de choque térmico com os plasmideos pGEM-LiHyD e plaqueadas como
sugerido pelo fabricante (Agilent Technologies).

4.6.5 Extragdo do DNA plasmidial

Apos a incubacdo das placas por 16 h a 37°C, clones positivos foram selecionados a
fim de se realizar a extracdo dos seus DNAs plasmidiais. As coldnias selecionadas foram
replicadas em meio LB e ampicilina (100 pg/mL) e seus DNAs plasmidiais extraidos
através do kit Wizard® Plus SV Minipreps DNA Purification System (Promega). A
digestdo dos plasmideos foi realizada com as endonucleases de restricdo Hindlll e BamHI
(Promega) de acordo com protocolo do fabricante (Promega). Os produtos foram
confirmados em gel de agarose 1% corado com brometo de etidio e as respectivas bandas

obtidas foram excisadas e purificadas com o kit Invisorb® Fragment CleanUp (Invitek).

4.6.6 Sequenciamento dos genes

Apbs a clonagem em vetor pGEM-T®, amostras do plasmideo purificado foram
separadas para a realizacdo do sequenciamento automatico de DNA de alta qualidade e para a
confirmacdo da identidade do inserto (LiHyD) e do vetor (pGEM-T). O sequenciamento foi
realizado em MegaBACE 1000 DNA Sequencing System (GE Healthcare) e analisado pelo
Nucleo de Andlise de Genoma (NAGE), do Departamento de Bioguimica e Imunologia do
ICB, UFMG.

4.6.7 Clonagem do gene em vetor de expressao

O inserto e o plasmideo de expressédo [LiHyD e pQE30 (Qiagen)] foram digeridos com
as enzimas de restricdo descritas no item 4.6.5 de acordo com o protocolo sugerido pelo
fabricante. A amostra foi confirmada em gel de agarose 1% e purificada com o kit Invisorb®

Fragment CleanUp (Invitek). A ligacédo foi realizada com a enzima T4 ligase, como sugerido
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pelo fabricante (Promega). Para a transformacdo por choque térmico, bactérias E. coli M15
foram utilizadas, seguindo o protocolo sugerido pelos fabricantes e plaqueadas em meio de
cultura LB solido acrescido de antibioticos especificos. As colbnias crescidas na placa foram
selecionadas e replicadas em meio de cultura LB, com os devidos antibioticos. Para confirmar
a presenca dos insertos ligados, os plasmideos foram extraidos pelo método de lise alcalina e
0s DNAs das colbnias recombinantes foram submetidos a digestdo enziméatica com as
endonucleases especificas, sendo que um novo gel de agarose a 1% foi realizado para a
confirmacdo dos insertos. Aliquotas das bactérias transformadas foram estocadas em glicerol
16%, a-80°C.

4.7 Expressao e purificacdo da proteina recombinante

Para verificar a cinética de expressdo da proteina, foi realizado um experimento piloto
utilizando 20 mL de cultura da bactéria transformada. Apos a densidade ética (DO) da cultura
alcancar aproximadamente uma leitura de 0,5, em comprimento de onda de 600nm, uma
aliquota de 1 mL foi removida, sendo correspondente ao tempo ndo induzido. A cultura foi
induzida com 1 mM de IPTG (isopropyl-p-D-thiogalactopyranoside, Promega) e 1, 2, 3e 4 h
apos a inducdo, aliquotas de 1 mL foram retiradas para confirmacdo da expressdao em gel
SDS-PAGE. A proteina foi expressa em maior concentracdo ap6s um periodo de 3 h de
inducdo, em temperatura de 37°C.

Para a purificacdo em larga escala, a expressdo da proteina foi realizada em 2L de
cultura, dentro das condi¢cdes padronizadas. A lise das bactérias foi realizada em ultrassom (5
pulsos de 90MHz), a proteina foi purificada por cromatografia de afinidade em colunas de
niquel e a amostra foi dialisada frente a PBS 1x. A proteina foi submetida a purificacdo por
gel filtracdo (Superdex™ 200) e em seguida, passadas em uma coluna de agarose-
polimixina (Sigma), para remocdo de qualquer endotoxina residual de bactéria. A proteina
purificada foi dosada pelo método de Bradford, aplicada em gel SDS-PAGE a 10% para

confirmagédo do peso molecular e estocada a -80°C, até 0 momento do uso.

4.8 Eletroforese em gel SDS-PAGE
As eletroforeses de proteinas em géis desnaturantes (SDS-PAGE) foram realizadas em
sistema de Minigel da BioRad (Hercules, CA, USA) para géis de poliacrilamida descontinuos,

segundo Laemmli (1970).
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4.9 Western-blot

Os experimentos de Western-Blot foram realizados como descrito por Towbin et al.
(1979), com modificacdes. Apds o preparo do gel SDS-PAGE, 10 pg da proteina foram
aplicados e a corrida eletroforética foi realizada a 200 V. A proteina foi transferida do gel para
uma membrana de nitrocelulose (NC, poro de 0,2 um, Sigma) em tampao de transferéncia
(0,192 M glicina, 0,025 M tris e metanol 20%), a 100 V por 1 h e 30 min. As membranas
foram bloqueadas com PBS-T 1x (PBS 1x, pH 7,4 e Tween 20 a 0,05% v/v), e albumina
bovina a 5%, por 1 h, e posteriormente, lavadas com PBS-T 1x. As membranas foram
incubadas individualmente frente a um pool de soros de camundongos BALB/c infectados
com L. infantum, L. major e L. braziliensis ou ndo infectados (diluidos 1:100 em solucéo
PBS-T 1x. Em seguida, as membranas foram lavadas e incubadas com anticorpo secundério
especifico (anti-lgG de camundongo) conjugado a enzima peroxidase (Sigma-Aldrich),
diluido em PBS-T 1x (1:10.000). Apds realizacdo das lavagens com PBS-T 1x, seguida por
PBS 1x, o substrato (cloronaftol 12,5 mg, metanol 4%, diaminobenzidina 25 mg, 20 uL de
peroxido de hidrogénio (H202) 20 vol. e PBS 1x para um volume final de 50 mL) foi
acrescentado para a revelacdo da reacdo. A reacdo foi interrompida com agua destilada e as

membranas foram secas em papel de filtro.

4.10 ELISA para o sorodiagnostico da LVC
A avaliacdo da antigenicidade da proteina rLiHyD, foi realizada de acordo com
Martins et al. (2013) com algumas modificacdes. Curvas de titulacdo foram realizadas a fim
de determinar as concentracGes mais apropriadas dos antigenos e a dilui¢cdo dos soros para
0s experimentos. Placas de microtitulacdo de 96 pocos (Falcon®) foram sensibilizadas com
rLiHyD (1,0 ug), com os Peptideos 1, 2 ou 3 (20,0 ug de cada), rA2 (1,0 pug) ou SLA L.
infantum (2,0 ng), diluidos em 100 pL de tampdo de sensibilizacdo (carbonato de sodio
0,1M e bicarbonato de sédio 0,05 M, pH 9,6). As placas foram lavadas com PBS-T e
bloqueadas por 1 h a 37°C. Apoés serem lavadas, as placas foram incubadas com 100uL por
poco de soros de cées individuais, em duplicata, tendo sido diluidos a 1:100 em PBS-T .
Apos incubagéo por 1 h a 37°C, as placas foram lavadas novamente e 100 uL do anticorpo
anti-1gG de cdo (Sigma) conjugado a peroxidase foi utilizado em uma dilui¢cdo de 1:5,000
em PBS-T 1x por 1 h a 37°C. As placas foram lavadas e incubadas com 100 pL da solucéo
reveladora [10 mL de tampé&o citrato-fosfato (Na2,HPO4 24 mM e &cido citrico 17,5 mM

para 1 L de agua destilada, pH 5,0), 2 mg de orto-fenilenodiamina (OPD) e 2 uL de H>O2]
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durante 30 min e ao abrigo da luz. A reacgéo de revelagéo foi parada adicionando-se 25 pL
de 2N H,SO, e a leitura ocorreu ao comprimento de onda de 492 nm em espectrofotometro
(Molecular Devices, Spectra Max Plus, Canada). Controles positivos e negativos foram

utilizados em todas as placas.

4.11 Imunizacao de camundongos BALB/c
Grupos de camundongos BALB/c (n=8, por grupo) fémeas foram imunizados pela via
subcutanea no coxim plantar esquerdo, com trés doses em intervalos de 15 dias entre as

mesmas. Os animais foram divididos em grupos dentro de quatro experimentos:

Primeiro experimento (infeccdo L. infantum):

1) Grupo inoculado com salina;

2) Grupo imunizado com 25 pg de saponina (Quillaja saponaria bark saponin,
Sigma);

3) Grupo imunizado com 25 ug de rLiHyD + 25 pg de saponina;

Sequndo experimento (infeccdo L. major):

1) Grupo inoculado com salina;

2) Grupo imunizado com 25 pg de saponina (Quillaja saponaria bark saponin,
Sigma);

3) Grupo imunizado com 25 pg de rLiHyD;

4) Grupo imunizado com 25 pg de rLiHyD+ 25 ug de saponina;

Terceiro experimento (infeccdo L. braziliensis):

1) Grupo inoculado com salina;

2) Grupo imunizado com 25 ug de saponina (Quillaja saponaria bark saponin,
Sigma);

3) Grupo imunizado com 25 ug de rLiHyD;

4) Grupo imunizado com 25 pg de rLiHyD+ 25 ng de saponina.

As concentracfes dos imundgenos e do adjuvante foram determinadas com base em

experimentos vacinais padronizados por nosso grupo de pesquisa.

4.12 Infecgo desafio

A infeccdo desafio foi realizada 30 dias apds a ultima dose da vacina, quando

também ocorreu a eutanadsia de metade do numero dos animais de cada grupo para a

realizacdo de experimentos de imunogenicidade. Para tal, 1 x 10’ promastigotas em fase
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estacionaria de crescimento de L. infantum (primeiro experimento), 1 x 10° promastigotas
em fase estacionaria de crescimento de L. major (segundo experimento) ou 1 x 10’
promastigotas em fase estacionéria de crescimento de L. braziliensis foram diluidas em 20
uL de PBS 1x e inoculadas no coxim plantar direito de cada animal. Os camundongos
infectados foram monitorados durante 10 semanas ap0s o desafio e entdo eutanasiados para
realizacdo dos experimentos de imunogenicidade e determinacdo da carga parasitaria.
Animais desafiados com as espécies L. major e L. braziliensis foram submetidos & medicgéo
da lesdo causada na pata infectada semanalmente, durante um periodo de 10 semanas, com

auxilio de um paquimetro (L.S. Starrett S.A., SP, Brasil).

4.13 Isolamento e cultura dos esplendcitos

Camundongos imunizados ou imunizados e infectados foram submetidos a eutanésia
para a coleta do bago. O isolamento, cultura e estimulacdo de esplendcitos foram realizados
de acordo com Martins et al. (2013), com modificaces. Para tal, 5 x 10° células/mL foram
incubadas em meio de cultura RPMI 1640 completo (acrescido com 20% de soro fetal
bovino (SFB) inativado (Sigma), 20 mM de L-glutamina, 200 unidades por mililitro
(U/mL) de penicilina e 100 microgramas por mililitro (ug/mL) de estreptomicina), na
presenca de estimulos especificos (proteina recombinante ou SLA) ou ndo (controle
negativo). As placas foram incubadas em estufa com 5% de CO; durante 48 h a 37°C, e 0s
sobrenadantes foram coletados para a dosagem das citocinas. A avaliacdo da participacédo
de LTCD4" e LTCDS8" na producdo de IFN-y, pelos esplendcitos dos animais imunizados e
desafiados foi realizada com a utilizagdo dos anticorpos monoclonais anti-CD4* (GK 1.5),

anti-CD8" (53-6.7) ou anti-IL12 (C17.8) como recomendado pelo fabricante (todos da
Pharmingen, San Diego, CA, USA).

4.14 Dosagem das citocinas

As citocinas IFN-y, IL-4, IL-10, IL-12p70 e GM-CSF foram avaliadas. A dosagem

das citocinas foi realizada através da técnica de ELISA de captura, utilizando-se os kits

comerciais BD OptEIA ™ Set Mouse, catalogo 555138, 555232 , 555167, 555256 e 555252,

respectivamente (Pharmingen, San Diego, CA, USA), seguindo as instrucGes do fabricante.
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4.15 Avaliacédo da producéo de anticorpos 1gG1 e 1gG2a

O perfil da resposta humoral nos animais imunizados ou imunizados e desafiados foi
avaliado através da producdo de anticorpos IgGl e IgG2a especificos ao SLA de L.
infantum, L. major ou L. braziliensis. Amostras de sangue dos animais foram retiradas 30
dias apo6s a ultima dose de imunizacdo e na décima semana apos a infeccdo, incubadas por

10 min a 37°C e centrifugadas a 5.000 x g por 10 min, para a obtencéo de soro. Os ensaios

de ELISA foram realizados em placas de 96 pocos (Jet-Biofil®), sendo que 0,5 ug/poco de
rLiHyD e 1,0 ug/pogo de SLALIi,SLALm ou SLALb foram utilizados em 100 pL de
tampdo de sensibilizacdo. As placas foram incubadas a 4°C por 18 h e apés este periodo
foram lavadas com PBS-T 1x e bloqueadas. Apds uma nova lavagem, as amostras de soro
foram aplicadas em duplicatas, diluidas 1:100 em PBS-T 1x e caseina 0,25%. Apo0s
incubacdo, as placas foram lavadas e os conjugados anti-lgGl ou anti-lgG2a de
camundongo, ligados a peroxidase (Sigma), foram acrescentados na dilui¢do de 1:5.000 (no
experimento com L. infantum) e 1:10000 (no experimento com L. major e L. braziliensis)
em PBS-T 1x e caseina 0,25%. As amostras foram reveladas e a leitura das absorbéancias foi
realizada em leitor de ELISA, com comprimento de onda de 492 nm. Em todos 0s ensaios,

controles positivos e negativos foram utilizados.

4.16 Avaliacdo da carga parasitaria

Para realizar a quantificacdo de parasitos, baco, figado, linfonodo drenante, medula
6ssea e lesdo da pata infectada (quando pertinente) foram removidos 10 semanas apés a
infecgdo. Os orgdos foram macerados em meio Schneider’s incompleto na proporgdo de 1
mL de meio de cultura a cada 100 mg de tecido. Dilui¢bes seriadas foram realizadas
utilizando meio de Schneider’s completo, partindo de uma diluigio de 10™ até uma diluigéo
méxima de 102 As placas de cultura celular de 96 pocos (Nunc) foram incubadas em
estufa a 24°C durante 7 dias e os resultados foram representados pela maior diluigéo na qual
0s parasitos puderam ser visualizados utilizando-se um microscopio trinocular invertido
(Axiovert 25, Zeiss), de acordo com Coelho et al. (2003).

4.17 Andlise estatistica

As analises estatisticas foram realizadas no software Graph Pad Prism (versdo 6.0
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para Windows). Curvas ROC (Receiver Operating Characteristic) foram preparadas para
andlise dos dados de antigenicidade da proteina LiHyD e seus peptideos. Para determinar se
a variavel foi distribuida normalmente, utilizou-se o teste de normalidade D'Agostino &
Pearson. O teste t de Student ndo pareado também foi utilizado e diferencas significativas
foram consideradas quando P < 0,05. A capacidade de diagnostico de cada antigeno foi
medida avaliando a sensibilidade (IC 95%), especificidade (IC 95%), area sob a curva
(AUC) e acuracia (AC). Para a estatistica da imunogenicidade, os valores encontrados para
os diferentes grupos experimentais foram analisados pelo teste de analise de variancia
(ANOVA), seguido pelo teste de Bonferroni’s. Diferengas foram consideradas

significativas quando o valor de P < 0.05.
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5. RESULTADOS E DISCUSSAO

Conforme as normas que regem a redacdo das dissertagdes de mestrado e teses de
doutorado do Programa de Pds-Graduacdo em Ciéncias da Saude: Infectologia e Medicina
Tropical, as secdes de Resultados e Discussdo serdo apresentadas sob a forma de trés

artigos cientificos ja publicados.

5.1 Artigo 1 — Breve introducéo e objetivo

O primeiro artigo a ser apresentado € intitulado “A new Leishmania-specific
hypothetical protein and its non-described specific B cell conformational epitope applied in
the serodiagnosis of canine visceral leishmaniasis” e foi publicado na revista internacional
Parasitology Research.

O presente estudo avaliou as propriedades antigénicas da proteina LiHyD em
experimentos de ELISA como marcador para o sorodiagndstico da leishmaniose visceral
canina. Com o objetivo de comparar a eficacia entre a proteina e seus peptideos sintéticos,
trés epitopos de linfécitos B de LiHyD foram preditos, sendo dois lineares e um

conformacional, e também avaliados como marcadores de diagnostico.
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Abstract The serodiagnosis of canine visceral leishmaniasis
(CVL) presents problems related to its sensitivity and/or spec-
ificity. In the present study, a new Leishmania-specific hypo-
thetical protein, LiHyD, was produced as a recombinant pro-
tein (rLiHyD) and evaluated in ELISA experimenis for the
CVL serodiagnosis. LiHyD was characterized as antigenic in
arecent immunoproteomic search performed with Leishmania
infantum proteins and the sera of dogs developing visceral
leishmaniasis (VL). Aiming to compare the efficacy between
whole proteins and synthetic peptides, two linear and one
conformational B cell epitopes of LiHyD were synthesized
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and also evaluated as diagnostic markers. The four antigens
were recognized by the sera of dogs suffering VL. On the
contrary, low reactivity was observed when they were assayed
with sera from non-infected healthy dogs living in endemic or
non-gndemic areas of leishmaniasis. In addition, no reactivity
was found against them using sera from dogs experimentally
infected by Trypanosoma cruzi, Babesia canis, or Ehrlichia
canis, or sera from animals vaccinated with the Leish-Tec®
vaccine, a prophylactic preparation commercially available
for CVL prevention in Brazil. As comparative diagnostic
tools, a recombinant version of the amastigote-specific A2
protein and a soluble crude Leishmania exiract were studied.
Both antigens presented lower sensitivity and/or specificity
values than the LiHy D-based products. The rLiHyD presented
better results for the CVL serodiagnosis than its linear epi-
topes, although the peptide recreating the conformational epi-
tope resulted also appropriate as a diagnostic marker of CVL.
To the best of our knowledge, this is the first study showing
the use of a conformational epitope derived from a
Leishmania protein for serodiagnosis of CVL.

Keywords Hypothetical proteins - Conformational epitopes -
Leishmania - Serodiagnosis - Canine visceral leishmaniasis -
ELISA

Introduction

Leishmaniasis is a disease complex that presents a high mor-
bidity and mortality in the world, where about 380 million
people are at risk in 98 countries, with approximately 1.5 to
2.0 million new cases being registered annually (Alvar et al.
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2012). Zoonotic visceral leishmaniasis (VL) is a disease
caused by Leishmania infantum in the Mediterranean area,
Middle East, Africa, Asian countries, and Latin America
(WHO 2010), and dogs are considered important domestic
reservoirs of parasites (Petersen 2009). The disease is also
emerging in the USA, Canada, Northern Italy, and Germany
and in the Americas, with about 95 % of'the cases registered in
Brazil (Ready 2010; Alvar et al. 2012).

Upon infection, dogs can develop asymptomatic or symp-
tomatic forms of disease (Solano-Gallego et al. 2011). In
symptomatic canine VL (CVL), cutaneous and organic alter-
ations are observed correlating with the presence of high par-
asite burdens, and the disease usually results in the death ofthe
infected animals (Ciaramella et al. 1997). For diagnosis, par-
asitological methods based on direct demonstration of
amastigote forms by direct staining or amplification of the
parasite DNA by the polymerase chain reaction (PCR) in col-
lected samples from infected organs or tissues can be
employed. PCR-based tests applied for Leishmania detection
are more reliable than direct observation of parasites (Antinon
et al. 2007). However, these methods require invasive proce-
dures for sample collection and false negative results can be
obtained when diagnosing individuals with low parasite bur-
dens, like in asymptomatic patients {Coura-Vital et al. 2011).
In addition, for PCR-based diagnosis, a careful standardiza-
tion of protocols is needed in terms of design of primers and
DNA extraction procedures (Alvar et al. 2004; Baneth &
Aroch 2008; Deborggraeve et al. 2008; Maia & Campino
2008).

Serological tests have been recommended for the CVL
diagnosis due to the fact that they use less invasive methods
of sample collection. Infected dogs can present a moderate to
strong humoral response, which generally accompanies the
development of disease (Porrozzi et al. 2007; Maia &
Campino 2008). However, antigens used present cross-
reactivity with antibodies generated against proteins of other
pathogens, leading to the occurrence of false positive results
(Coura-Vital etal. 2011; Almeida-Leal et al. 2014). Moreover,
in areas in which CVL is endemic, non-infected animals can
also develop an antileishmanial serology, and they can be
confused with infected dogs (Courtenay et al. 2002; Moshfe
et al. 2000).

The Brazilian Ministry of Health has recommended that,
for a CVL serological diagnosis, the “Dual Path Platform™
(DPP®; Bio-Manguinhos, Fiocruz, Rio de Janeiro, Brazil)
combined with the “Canine Leishmaniasis ELISA Kit”
(EIE-LVC kit; BioManguinhos, Fiocruz, Rio de Janeiro,
Brazil) should be emploved (Coura-Vital et al. 2014;
Laurenti et al. 2014). However, their efficacy has been ham-
pered by factors affecting their sensitivity and/or specificity,
mainly related to the antigens employed. Thus, it is necessary
to find new antigenic proteins that serve to design
serodiagnostic systems with higher degree of sensitivity and
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specificity than current kits. Different recombinant proteins
have been evaluated as diagnostic markers of disease (Soto
etal. 199%; Candido et al. 2008; Martins et al. 2013), although
a precise antigen does not exist. In parallel to the use of re-
combinant proteins, synthetic peptides could be also consid-
ered, since these antigens are simpler, stable, and cheaper to
produce (Nova et al. 2003; Chavez-Fumagalli et al. 2013).

In a recent immunoproteomic search performed with
L. infantum proteins, a Leishmania-specific hypothetical pro-
tein was recognized by CVL sera (Coelho et al. 2012). This
protein, namely, LiHyD (LinJ.33.3150), was obtained as a
recombinant molecule in the present study (rLiHyD). It was
chosen because it is only present in the Leishmania genus, it is
highly conserved among Leishmania species, and it is predict-
ed to have B cell epitopes. Aiming to evaluate new candidates
for the CVL serodiagnosis, this study employed the rLiHyD
protein and three of its specific B cell epitopes (two linear and
one conformational) contained in three different synthetic
peptides. Also, to the best of our knowledge, this study eval-
uates for the first time the diagnostic properties of a confor-
mational epitope derived from a Leishmania hypothetical
protein.

Materials and methods
Ethics statement

This study was approved by Committee on the Ethical
Handling of Research Animals from Federal University of
Minas Gerais (UFMG), Belo Horizonte, Brazil, under the pro-
tocol number 043/2011.

Canine sera

The sample size used was composed of 177 domestic animals
(Canis familiaris) and consisted of males (n=100) and fe-
males (n=77), of different breeds and ages. CVL-positive
animals presented positive parasitological results for
L. infantum DNA assayed by a PCR technique (Reis et al.
2013). All of them presented positive serological results in
two commercial tests (IFAT-LVC Bio-Manguinhos kit and
EIE-LVC Bio-Manguinhos kit). Symptomatic VL dogs
(CVLS, n=44) were those with positive parasitological and
serological results, as well as showing three or more clinical
signals and/or symptoms. Asymptomatic VL dogs (CVLA,
1n=19) were those presenting positive parasitological and sero-
logical results, but without any clinical signals of leishmania-
sis. Non-infected dogs were selected from endemic (HEA,
n=44; Belo Horizonte, Minas Gerais, Brazil) or non-
endemic (HNEA, n=20; Pogos de Caldas, Minas Gerais,
Brazil) areas of leishmaniasis. All of them presented negative
serological results, as well as were free of any signal of
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disease. In this study were also included sera samples of
healthy animals vaccinated with Leish-Tec® (HV, n=30),
and sera from dogs infected with Ehrlichia canis (EC,
n=10), Babesia canis (BC, n=10), or Tnpanosoma cruzi
(TC, n=10). These last animals were maintained in kennels
to prevent their contact with transmitting vectors of
leishmaniasis.

Parasite

The L. infantum (MHOM/BR/1970/BH46) strain was used.
Parasites were grown at 24 °C in Schneider’s medium
(Sigma, St. Louis, MO, USA) supplemented with 10 %
inactivated fetal bovine serum (FBS, Sigma), 20 mM L-glu-
tamine, 200 U/mL penicillin, and 100 pg/mL streptomycin, at
pH 7 4. The soluble Leishmania antigenic extract (SLA) was
prepared from 1 x 107 stationary-phase promastigote cultures
(5-7 days old), as described (Coelho et al. 2003).

Sequence analysis of the LiHyD protein

The process of in silico analysis of the L. infantum LiHyD
sequence consisted of (i) the search for similarity among se-
quences deposited in non-redundant protein databases, (ii)
comparison with the databases of other trypanosomatids
whose genomes have been sequenced completely or are in
the phase of annotation, i.e., Leishmaniamajor, Leishmania
mexicana, Leishmania braziliensis, T. cruzi, Trypanosoma
brucei, and Trypanosoma congolenses (all available at www.
genedb.ong), and (iif) evaluation of the sequence for analysis
of its physicochemical properties using the ProtParam tool in
the ExPASy server (Gasteiger et al. 2005). The parameters
computed by the program and reported here include the mo-
lecular weight, theoretical isoelectric point, amino acid com-
position, total number of positive and negative residues, ex-
tinction coefficient, instability index, aliphatic index, and
grand average of hydropathicity (GRAVY).

Cloning, expression, and purification of recombinant
LiHyD protein

The cloning, expression, and purification of the LiHyD pro-
tein were performed as described by Lage et al. (2015). The
L. donovani A2 recombinant protein used as an antigen con-
trol was produced as described by Zhang et al. {1996). After
purification, the recombinant proteins were passed through a
polymyxin-agarose column (Sigma), in order to remove resid-
ual endotoxin content (<10 ng of LPS per 1 mg of recombi-
nant protein, measured by the Quantitative Chromogenic
Limulus Amebocyte Assay QCL-1000, BioWhittaker, MD,
USA).

Mapping of specific B cell epitopes of the LiHyD protein

Two linear and one conformational B cell epitope of LiHyD
were synthesized. Two peptides containing the linear se-
quences (Peptide-1, PQPGYQPPPPMEHALP, 262-277 posi-
tions; and Peptide-2, SSLRRQNSMRRNE, 296-307 posi-
tions) were predicted using the ABCpred Prediction Server
software (www.imtech res.in/raghava/abcpred’), as described
by Saha and Raghava (2006). The second epitope was also
predicted using the Emini Surface Accessibility Scale
algorithm, based on the program [EDB (Immune Epitope
DataBase and Analysis Resource; available at www.iedb.
org), as described by Emini et al. (1985). The conformational
epitope (Peptide-3) was predicted using a combination of
three algorithms, ABCpred Prediction Server, Bepipred
Linear Epitope Prediction (www.tools.immuneepitope.org/
beell), and Kolaskar and Tongaonkar antigenicity scale
(www.tools.immuneepitope.org/beell’), following technical
protocols described by Kolaskar and Tongaonkar (1990),
Larsen et al. (2006), and Saha and Raghava (2006). This epi-
tope contains a combination of amino acids from two different
protein regions of LiHyD: LYHPAPSSL (221-229 positions)
and PQPGYQPP (262-269 positions). All peptides were syn-
thesized by the F-moc technique of Merrifield (1963), with
modifications following Machado-de-Avila et al. (2011).
Briefly, peptides were released from the amine resin by
trifluoracetic acid treatment in the presence of the appropriate
scavengers. Then, they were diluted in Milli<Q water and pu-
rified by high-performance liquid chromatography (HPLC) on
a CI18 reverse phase column (flow rate 1.0 mL/min; Vydac).
Finally, they were submitted to a MALDI-TOF-TOF analysis.

ELISA for CVL serodiagnosis

Previous titration curves were performed to determine the
most appropriate concentration of antigens and sera sample
dilutions to be used in the ELISA experiments. Microtiter
immunoassay plates (Falcon) were coated with rLiHyD,
rA2, Peptide-1, Peptide-2, Peptide-3, or L. infantum SLA
(1.0, 1.0, 20.0, 20.0, 20.0, and 2.0 pg per well, respectively),
dissolved in 100 pL coating buffer (50 mM carbonate bufter,
pH 9.6), for 18 hat 4 °C. Next, free binding sites were blocked
using 200 pL of PBS-T (phosphate-buffered saline plus
Tween 20 0.05 %), containing 5 % albumin, for 1 h at
37 °C. After washing the plates three times with PBS-T, they
were incubated with 100 pL of canine sera (1:100, diluted in
PBS-T), for 1 h at 37 °C. Plates were subsequently washed
four times in PBS-T and incubated with anti-dog 1gG
horseradish-peroxidase-conjugated antibody (1:5000, dilated
in PBS-T; catalog A6792, Sigma Aldrch, USA), for 1 h at
37 °C. After washing the plates five times with PBS-T, the
reactions were developed by incubation with 100 pL per well
of a solution consisting of 2 uL H;02, 2 mg orto-
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phenylenediamine, and 10 mL citrate-phosphate buffer at pH
5.0, for 30 min and in the dark. Reaction was stopped by
adding 25 uL 2 N H,30,. The optical density was read in
an ELISA microplate spectrophotometer (Molecular Devices,
Spectra Max Plus, Canada) at 492 nm.

Statistical analysis

The results were entered into Microsoft Excel (version
10.0) spreadsheets and analvzed using GraphPad
Prism™ (version 6.0 for Windows). The mean optical
density (OD) value was calculated by subtracting the
mean blank OD from the mean OD for each individual
sample. The lower limits of positivity (cutoff) for the di-
agnostic antigens were established for optimal sensitivity
and specificity using the receiver operating characteristic
(ROC) analysis. The curves were plotted with the values
from symptomatic and asymptomatic CVL groups versus
the control groups, following a sick/non-sick rating meth-
od. The result of the division between the mean OD ob-
tained for the sample and its respective cutoff was called
“optical density index” (ODI). The D’Agostino & Pearson
normality test was used to determine whether a variable
was normally distributed. An unpaired Students ¢ test was
also used, and significant differences were considered
with P<0.05. The diagnostic capacity of each antigen
was measured by assessing its sensitivity (95 % confi-
dence interval, CI 95%), specificity (CI 95%), area under
the curve (AUC), and accuracy (AC). The degree of
agreement between the assays was determined by kappa
(k) index (with CI 95%) and classified according to the
Fleiss scale: 0.00-0.20 (poor), 0.21-0.40 (fair), 0.41-0.60
(moderate), 0.61-0.80 (good), 0.81-0.99 (very good), and
1.00 (perfect).

Resulis

Sequence database and physicochemical evaluation
of LiHyD protein

In the present study, the hypothetical LiHyD protein was de-
tfined as a Leishmania spp. specific protein, and its identity
degree found was 60, 79, and 80 % for the L. braziliensis,
L. major, and L. mexicana species, respectively. No
orthologue sequence was found in the T. cruzi, T brucei,
Tivpanosoma vivax, and T. congolenses species. Based on
the fact that LiHyD is a hypothetical protein, a physicochem-
ical evaluation was in silico performed (Table 1). The results
showed that it presents 327 amino acids in its primary se-
quence, having a molecular weight of 36 kDa, and an isoelec-
tric point of 9.49.
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lable1 Physicochemical evaluation of the LiHyD protein

P arameters Results
MNumber of amino acids 327
Estimated molecular weight (kDa) 36.0
Thearetical isoelectric point 9.49
Total number of negatively charged residues 20
Total number of positively charged residue 28
Ext. coefficient (M ' cm ) 33810
Instability index (classification) 564
Aliphatic index 5615
Grand average of hydropathicity (GRAVY) -0.806

Evaluation of the rLiHyD protein for CVL serodiagnosis

The rLiHyD protein was evaluated for CVL serodiagnosis
(Fig. 1). For comparison, a recombinant version of the A2
protein and the L. infantum SLA were also emploved in the
ELIS A assays. The results showed that 100 % of the CVL sera
presented OD values over the cutoff, when rLiHyD was
employed as an antigenic source (Fig. 1a). The ODI value of
reactivity of rLiHyD was calculated and is also shown
(Fig. 1b). The cutoff values for accessing the sensitivity and
specificity of antigens were determined using receiver operat-
ing characteristic (ROC) analysis, and the area under the curve
(AUC) was calculated to assess the accuracy of the tests
(Fig. 1c). When the rA2 protein was used as a comparative
diagnostic marker, its sensitivity and specificity values were
100 and 72.6 %, respectively (Fig. 2). The L. infantum SLA
was not able to identify the asymptomatic animals. In addi-
tion, a poor specificity was observed, since it was recognized
by 30 % ofthe sera from T, cruzi-infected dogs (Fig. 2a). The
ODI values (Fig. 2b) and the result of the ROC analysis for
rA2 and SLA (Fig. 2¢) are also shown. The individual evalu-
ation of each antigen for the CVL serodiagnosis was per-
formed (Table 2). The AUC was used to compare the efficacy
between the different evaluated diagnostic antigens. The
rLiHyD protein presented the highest AUC value (1.000),
followed by rA2 (0.992) and L. infantum SLA (0.964). The
maximum sensitivity and specificity values (100.0 % in both
cases), the maximum accuracy value (100.0%), and a total
agreement were obtained using the rLiHyD protein. On the
other hand, when the rA2 and L. infanfum SLA were used,
they presented sensitivity values of 98.1 and 83.0 %, respec-
tively, and accuracy values of 96.0 and 93.0 %, respectively.

Comparative efficacy between the rLiHyD protein and its
linear and conformational B cell epitopes for CVL
serodiagnosis

Next, the antigenicity of the linear and conformational epi-
topes was investigated by an ELISA assay. Results are shown
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Fig. 1 Evaluation of ELISA reactivity with the rLiHyD protein using a
canine serological panel. The recombinant LiHyD protein was employed
as an antigen for ELISA assays performed with canine sera samples
obtained by the next animal groups: symptomatic (CVLS, n=44) or
asymptomatic (CVLA, n=9) visceral leishmaniasis (VL) dogs, healthy
dogs living in endemic (HEA, n=44) or non-endemic (HNEA, n=20)
areas of leishmaniasis, dogs immunized with Leish-Tec® vaccine (HV,
n=130), and animals infected with Thpanosoma cruzi (TC, n=10),

in Fig. 3. The three peptides were recognized by CVL sera.
However, an unexpected reactivity against Peptide-1 and
Peptide-2 was observed when sera from non-infected dogs
living in endemic area of leishmaniasis were employed. Of
note, Peptide-3 was able to react specifically with CVL sam-
ples, irrespective of the presence of clinical signs (Fig. 3a). In

100% - Specificity|% )

Ehrlichia canis (EC, n=10), or Babesia canis (BC, n=10). The
individual OD values are shown (a). The dotted [ine represents the
cutoff value calculated by a ROC analysis. The box and whisker plots
of the ODI values from sera grouped in non-infected (control) or CVL
(Leishmania-infected) groups are also shown (b), as well as the ROC
curves obtained for LiHyD protein (x). Statistically significant
differences (***P<0.001) were observed between the CVL group and
the control groups

fact, this antigen presented the best results to distinguish the
CVL sera from the other samples, since all sera reactivities
were higher than the cutoff value calculated by ROC analysis.
The ODI values from L. infantum-infected dogs and those
from non-infected animals were also determined (Fig. 3b).
The AUC was used to compare the efficacy between the
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Fig. 2 Ewvaluation of ELISA reactivity using the rA2 and L. infantum
SLA againgt a canine serological panel. Two antigenic preparations were
studied: the recombinant A2 protein (upper panels) and a soluble
L. infanmum antigenic (SLA) preparation (bottom panels). ELISA assays
were performed using sera samples obtained by the next animal groups:
symptomatic (CVLS, n=44) or asymptomatic (CVLA, n=9) visceral
leishmaniasis (VL) dogs, healthy dogs living in endemic (HEA, n=44)
or non-endemic (HNEA, # =20) areas of leishmaniasis, dogs immunized
with Leish-Tec® vaccine (HV, n =30), and animals infected with

Trypanosoma cruzi (TC, n=10), Ekrlichia canis (EC, n=10), or
Babesia canis (BC, n=10). The individual OD values are shown (a).
The doited line represents the cutoff value calculated by a ROC
analysis. The box and whisker plots of the ODI valies from sera
grouped in non-infected (control) or CVL (Leishmania-infected) groups
are also shown (b), as well as the ROC curves obtained for LiHyD protein
(c). Statistically significant differences (***P<0.001) were observed
between the CVL group and the control groups
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lable 2 Diagnostic efficacy of rLiHyD protein for CVL serodiagnosis
Antigen P arameters®

Se (%) (C195%) Sp (%) (C195%) AUC (CT195%) K (CI 95%) Agreement” AC(%)
rLiHyD 1000 (93.3-100.0) 100.0 (97.1-100.0) 1,000 (1.000-1.000) 1.0(1.0-1.0y Perfect 100.0
rA2 1000 (93.3-100.0) 726 (63.9-80.2) 0.760 (0.690-0.840) 0.6 (0.50.7) Good 20.9
SLA 83.0(70.0-91.9) 97.6 (93.1-99.5) 0.960 (0.940-0.990) 0.9(0.8-1.0) Very Good 932

ROC curves were used to determine ELISA sensitivity (Se), specificity (Sp), confidence imterval (CI 95%), and area under curve (AUC) of each

diagnostic antigen
*Pammeters were calculated using all 177 samples presented in this study

® Agreement was calculated using parasitological assay (PCR technique) as a gold standard
Se, sensitivity, Sp specificity, CI confidence interval, 4 UC area under curve, « kappa index, AC accuracy
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Fig. 3 Analysis of the specific B cell epitopes derived from LiHyD
protein for CVL serodiagnosis. ELISA assays were performed using
three synthetic epitopes designed on the basis of a computation analysis
looking for linear (Peptide-1 [upper panels] and Peptide-2 [middle
panels]) and the conformational epitopes (Peptide-3). Sera samples
were obtained from symptomatic (CVLS: n=44) or asymptomatic
{CVLA; n=9) visceral leishmaniasis (VL) dogs, from healthy dogs
living in endemic (HEA; # =44) or non-endemic (HNEA; n=20) amas
of leishmaniasis, and from dogs immunized with Leish-Tec® vaccine
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(HV; n=30) or from animals infected with Trvpanosoma cruzi (TC;
n=10), Ehrlichia canis (EC; n=10), or Bahesia canis (BC; n=10).
The individual OD values are shown (a). The doited fine represents the
cut-off value calculated by a ROC analysis. The box and whisker plots of
the ODI values from sera grouped in non-infected (control) or CVL
(Leishmania-infected) groups are also shown (b), as well as the ROC
curves obtained from the same groups (c). Statistically significant
differences (***P<0.001) were observed between the CVL gmoup and
the control groups
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different peptides (Fig. 3c). Peptide-3 presented the highest
AUC wvalue (1.000), followed by Peptide-2 (0.885) and
Peptide-1 (0.844). Parameters related to the sensitivity and
specificity of these antigens applied in the CVL serodiagnosis
were determined and are also shown (Table 3). Peptide-3 pre-
sented the maximum sensitivity and accuracy values (1000 %
in both cases), similar to the values obtained using the rLiHyD
protein. Peptide-1 and Peptide-2 showed sensitivity values of
92.5 and 81.1 %, respectively, and an accuracy of 72.8 and
80.8 %, respectively (Table 3). Evaluating the specificity of
the synthetic epitopes, Peptide-3 showed the highest value
(1000 %), followed by Peptide-2 (80.7 %) and Peptide-1
(64.5 %).

Discussion

The development of a cost-effective and affordable diagnostic
tool for CVL is still needed. It will allow the establishment of
field assays within the national control strategic programs of
the endemic countries for detecting canine infections (Desjeux
2004). Similarly, some problems have been reported for an
accurate CVL serodiagnosis. The first one is the variable sen-
sitivity of the tests, especially in determining asymptomatic
but infected animals that can present low titers of
antileishmanial antibodies. An additional difficulty is the
low specificity of the tests when they are employed in areas
endemic for other pathogens related or not to Leishmania spp.
This lack of specificity usually produces false positive results
(Coelho et al. 2009; Laurenti et al. 2014; Wolf et al. 2014;
Peixoto et al. 2015).

In recent years, studies have been developed aiming to
improve the quality of the CVL serodiagnosis. Some of these
were directed to produce and characterize recombinant ver-
sions of parasite individual antigens to be employed for CVL
diagnosis (Celeste et al. 2004; Fonseca et al. 2014; Menezes-
Souza et al. 2015). Derived from this line of investigation,
detection of the major antigenic determinants within these

proteins and construction of synthetic peptides able to diag-
nose the disease are also the focus of current research (Costa
etal. 2011; Martins et al. 2015). It should be noted that pep-
tides are usually more stable, easier to produce, and cheaper
than recombinant proteins (Chavez-Fumagalli et al. 2013). In
this light, the present study evaluated the antigenic properties
of'a Leishmania hypothetical protein that was recently identi-
fied by an immunoproteomic study performed with
L. infantum total extracts (Coelho et al. 2012). Aiming to
compare the efficacy between different antigenic composi-
tions based on the same protein, studies were completed using
three putative B cell epitopes derived from LiHyD, two being
linear and the other a conformational epitope.

SLA-based ELISA has been evaluated in the CVL
serodiagnosis (Coelho et al. 2009; Chavez-Fumagalli et al.
2013). The main inconvenience is that total Leishmania prep-
arations share common epitopes with other microbial anti-
gens, resulting in the cross-reaction with serum samples from
dogs infected with related diseases (De Arruda et al. 2013;
Kubar & Fragaki 2005). Another limitation has been related
to the standardization of the production of these extracts, af-
fecting the reproducibility of the tests. In fact, the commercial
EIE-LVC® kit can present false positive results. Marcondes
etal (2011) reported a high degree of cross-reactivity between
Leishmania spp. and T, cruzi (57%) species, as well as be-
tween Leishmania spp. and E. canis (57%) species. Zanetie
et al. (2014), using three serological methods for the CVL
serodiagnosis, showed cross-reactivity among the sera from
dogs infected with E. canis, B. canis, Toxoplasma gondii,
Neospora caninum, and T, cruzi.

In the present study, it was observed that all CVL sera
recognized the rLiHyD protein. In addition, a mull cross-
reactivity was observed when sera of T cruzi-, B. canis-, or
E. canis-infected dogs were evaluated. When the putative B
cell epitopes were studied, different results were obtained.
Although the three peptides were clearly antigenic, only
Peptide-3, designed to contain a conformational epitope, pre-
sented the same sensitivity and specificity values as the

lable 3  Diagnostic evaluation of specific linear and conformational B cell epitopes for CVL serodiagnosis
Antigen Parameters®

Se (C195%) Sp (C195%) AUC (CT95%) K (C195%) Agreement” AC(%)
Peptide-1 0215 (BL.E-97.9) 64.5 (55.4-72.9) 0.844 (0.783-0.905) 0.5 (0.4-0.6) Moderate 728
Peptide-2 &1.1 (68.0-90.6) 80.7 (7T2.6-87.2) 0.885 (0.834-0.925) 0.6 (0.5-0.7) Moderate 80.8
Peptide-3 100.0 (93 3-100.0) 100.0(97.1-100.0) 1.000 (1.000-1.000) 1.0 (1.0-1.0) Perfect 100.0

ROC curves were used to determine ELISA sensitivity (Se), specificity (Sp)., confidence interval (C195%), and are under curve { AUC) of each diagnostic

peptide

“Pammeters were calculated using all 177 samples presented in this study

® Agreement was calculated using parasitological assay (PCR technique) as a gold standard

Se sensitivity, Sp specificity, Cf confidence interval, A LC area under curve, x kappa index, AC accuracy
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recombinant protein. The development and use of a new gen-
eration of biotechnological products has been based on iden-
tification of linear or conformational epitopes. Peptides recog-
nized by the antibodies present in sera of patients developing
different diseases can be employed for their diagnosis
(Chavez-Fumagalli et al. 2013; Menezes-Souza et al. 2014).
Also, peptides have emerged as vaccine candidates against
rotavirus infection (Jafarpour et al. 2015) or dengue (Amat-
ur-Rasool et al. 2015). However, to the best of our knowledge,
the present study is the first to employ a peptide containing a
conformational Leishmania epitope for CVL serodiagnosis.
The better results observed for the conformational peptide
relative to the linear ones offers an alternative approach to find
new antigenic molecules that can be easily constructed and
reproduced for diagnostic purposes.

Aiming to compare the diagnostic efficacy of the rLiHyD
with other known diagnostic antigenic markers, the rA2 pro-
tein (Pomrozzi et al. 2007; Akhoundi et al. 2013) was included
in the analysis. This antigen is expressed in the amastigote
stage of some Leishmania species and belongs to a protein
family that displays a variable number of repeated sequences
of 10 amino acid residues (Zhang et al. 1996). In 2007, the
Brazilian Ministry of Agriculture licensed the use of Leish-
Tec® vaccine (based the recombinant A2 protein) to prevent
CVL. One problem associated with this vaccination is that
about 30.9 % of'the vaccinated dogs tested seropositive when
an SLA-based ELISA is employed (Femandes et al. 2014).
Data obtained here showed that the rA2-based ELISA failed
not only to distinguish between Leishmania-infected dogs
from those vaccinated with Leish-Tec® but also between
Leishmania and E. canis-infected dogs. The possibility to dis-
tinguish Leish-Tec® vaccinated dogs from the
Leishmania-infected ones is another advantage of using the
rLiHyD protein or Peptide-3. Both molecules have improved
the diagnostic values found with other antigens, such as other
recombinant single proteins (Fonseca et al. 2014; Rodriguez-
Cortés et al. 2013) or chimeric proteins (Boarino et al. 2005;
Faria et al. 2015), synthetic linear peptides (Chavez-Fumagalli
etal. 2013), and phage-derived mimotopes (Costaet al. 2013).

One drawback of this work is that we have not demonstrat-
ed the presence of the LiHyD protein in Leishmania.
However, the presence of antibodies recognizing this protein
in the sera of infected dogs may be taken as an indication that
it is expressed by the parasites during the active disease.
Database searches performed in this study demonstrated the
presence of LiHyD encoding genes in different Leishmania
species. The protein is highly conserved in Leishmania spp.
and no orthologue form was found in other
Trypanosomatidae. This specificity together with its high an-
tigenicity allows its use as a diagnostic tool for VL. However,
turther studies should be performed to understand its expres-
sion pattem, as well as the biological function that the protein
plays in the parasite.

@ Springer

Although nearly 200 serum samples had been used in the
present work, other studies are also necessary to evaluate a
larger canine serological panel, in order to further corroborate
the efficacy of these diagnostic markers for the CVL
serodiagnosis. For instance, our panel did not contain samples
from L. braziliensis-infected dogs, although in Brazil there are
endemic areas for both tegumentary and visceral leishmaniasis
(Courtenay et al. 2002; Coura-Vital et al. 2011). In this con-
text, the present study should be taken as a proof-of-concept of
the capacity of the proposed antigens for the CVL
serodiagnosis and may well serve as a reference for further
assays. However, due to scarcity of antigens to diagnose this
important neglected disease, this study imadiates new possi-
bilities to use both the rLiHyD protein and its conformational
epitope as possible diagnostic markers for CVL.
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5.2 Artigo 2 — Breve introducéao e objetivo

O segundo artigo foi intitulado “Prophylactic properties of a Leishmania-specific
hypothetical protein in a murine model of visceral leishmaniasis” e publicado na revista
internacional Parasite Immunology.

O presente estudo avaliou a proteina LiHyD como potencial candidata a compor uma
vacina contra a leishmaniose visceral. Os efeitos da proteina obtida na sua forma
recombinante (rLiHyD) administrada em camundongos BALB/c (associada a saponina) e
sua capacidade protetora frente a infec¢do por L. infantum foram estudados. A progressao

da infeccdo e a resposta imune relacionada a protecdo sdo discutidas neste trabalho.
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SUMMARY

In this work, the effect of waceination of a newly described
Leishmania infantum antigenic protein has been studied in
BALBIe mice infected with this parasite species. The LiHyD
protein was characterized after a proteomic screening per-
Jormed with the sera from dogs suffering viveeral leishmani-
asis (VL) fis recombinant version was expressed, purified
and administered to BALBle mice in combination with sapo-
nin. As a result of vaccination and 10 weeks after challenge
using an infective dose of L. infantum stationary promastig-
otes, vaccinated mice showed lower parasite burdens in dif-
Jerent organs (liver, spleen, bone marrow and fooipads’
draining lymph nodes ) than mice inocuated with the adju-
vant alone or the vaccine diluent Protected mice showed
anti-Leishmania fgG2a antibodies and a predominant {L-
12-driven IFN-y production (mainly produced by CD4" T
eells) against parasite proteins, whereas unprotected controls
showed anti-Leishmania [gGl  antibodies and parasite-
mediated IL-4 and 1L-10 responses. Vaccinated mice showed
an anti-LiHyD [gG2a humoral response, and their spleen
cells were able to secrete LiHyD-specific 1FN-y, [L-12 and
GM-CSF cytokines before and after infection. The protec-
tion was correlated with the Leishmania-specific production

on nitric oxide Altogether, the resulis indicate that the new
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LiHyD protein could be considered in vaccine formulations

against VL.

Keywords BALBIc mice, experimenial vaccine, hypothetical
protein, Leishmania mfantum, saponin

INTRODUCTION

Visceral leishmaniasis (VL) caused by Leishmania donovani
and L. infanfum/{L. chagasi is an important neglected dis-
ease in the world (1). About 350 million people are at risk
of contracting the infection in 98 countries and
0-2-0-5 million of new cases of VL are registered annually
(1, 2). The treatment of this disease is yet mostly based on
the parenteral administration of pentavalent antimonials
However, increased parasite resistance and side effects reg-
istered in the patients have been the important problems
(3, 4). Alternative drugs, such as amphotericin B and its
liposomal formulations, pentamidine and miltefosine, have
showed encouraging results; however, their toxicity, the
increase of parasite resistance and/or high cost had limited
their use (5-7). A VL elimination campaign has been initi-
ated around the world, which will focus on vector control,
early diagnosis and drug treatment strategies (8, 9). How-
ever, it is presumed that a vaccine will be required for
successful elimination of the discase.

The development of a type 1 T helper (Th)-mediated
immunity to prevent leishmaniasis has inspired the devel-
opment of prophylactic vaccination against the disease,
but few have progressed beyond the experimental stage
using mice models for cutaneous and VL (10-14). The
induction of specific CD4™ Thl cells against parasite pro-
teins is crucial in controlling the infection caused by Leish-
mania spp. Both T CD4" and CD8" cells are the major
weapons for an anti-Leishmanio immune response, and
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they play a crucial role through the IL-2 and IFN-y pro-
duction. These cytokines activate the effector functions of
macrophages, inducing the production of nitric oxide
(NO), a molecule able to destroy the intracellular amastig-
otes (15, 16). Progression of the disease is associated with
the induction of parasite-specific TGF-p-, IL-10- and IL-
13-mediated responses (17-19). In addition, control of the
IL-4-mediated Th2 humoral response against Leishmania
commonly enhances vaccine-induced protection by indi-
rectly increasing IFN-v production by T cells (20-23).

The secarch for new targets to compose a vaccing is an
important strategy for leishmaniasis control, mainly when
employing proteins that are recognized by patienis’ sera,
indicating that these antigens are present in the intracellu-
lar stages of the parasites and that they are able to inter-
act with the host immune system. In recent decades, most
of the studies evaluating vaccines for leishmaniasis have
focused on Leishmania spp. proteins possessing orthologue
forms in other protozoan or mammalian species (16, 24—
28). As a result of the application of proteomics for the
search of new antigens, some proteins considered in the
database as hypothetical (because of their lack of sequence
similarity to previous described proteins) were character-
ized. As they were recognized by sera of mammalian hosts
infected by cutaneous or viscerotropic Leishmania species,
they have emerged as putative new vaccine candidates.
Besides its antigenicity, these proteins do not exhibit a
high degree of sequence conservation with any host coun-
terparts, decreasing the possibility to induce cross-reactive
responses against the host.

We have designed a study to evaluate a new wvaccine
candidate, a Leishmania spp.-specific hypothetical protein
namely LiHyD. The effects of the administration of the
protein obtained as a recombinant protein (rLiHyD) in
BALB/c mice (combined with saponin) in VL evolution
due to L. infuntum infection have been studied. This pro-
tein was selected for the analysis because of its reactivity
with sera from dogs with active VL (29). In addition, it is
conserved among different Leishmania species, but it is
not present in other trypanosomatids or in mammalian
species. The decrease in L. infantum infection progression
and the immune correlaie with protection in vaccinated
mice is discussed, presenting the LiHyD hypothetical pro-
tein associated with Thl-type adjuvanis as a formulation
able to protect against VL.

MATERIALS AND METHODS

Ethics statement

This study was approved by Committee on the Ethical
Handling of Research Animals from Federal University of

© 2015 John Wiley & Sons Ltd, Farasite Immunology, 37, 646656
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Minas Gerais (UFMG), Belo Horizonte, Minas Gerais,
Brazil, under the protocol number 043/2011.

Mice and parasite

Female BALB/c mice (8 weeks of age) obtained from the
breeding facilities of the Department of Biochemistry and
Immunology, Institute of Biological Sciences, UFMG,
were maintained under specific pathogen-free conditions
Experiments were carried out using the L infantum
(MHOM/BR/1970/BH46) strain. Parasiies were grown at
24°C in Schneider’s medium (Sigma, St. Louis, MO,
USA), supplemented with 10% heat-inactivated foetal
bovine serum (FBS, Sigma), 20 mm L-glutamine, 200 U/
mL penicillin and 100 pg/ml streptomycin, at pH 74,
The soluble L. infantum antigenic extract (SLA) was pre-
pared from 1 x 10" stationary-phase promastigote cul-
tures (5-7 days old), as desaribed (30).

Obtaining the Leishmania-specific hypothetical protein,
LiHyD

The LiHyD (Linl33-3150) nuckotide and amino acid
sequences used in this study were obtained from Tri-
TrypDB (hitpJitritrypdb.org). The local alignment of the
LiHyD sequence against the available complete genomes
of other organisms was performed by BLAST. For obtain-
ing the recombinant protein (rLiHyD), its coding region
was amplified by PCR using genomic L. infantum DNA
(as Leishmania protein genes lacks introns) and the next
primers:  forward  (5-GGATCCATGCAGATGCAAGG
CAACATG-3") and reverse (5-AAGCTTATTGTTGCCG
CATACTTGG-3"). The coding region was cloned into the
pGEM™-T Vector Systems (Promega, Madison, WI, USA)
and double stranded sequenced. After the DNA insert was
obtained by a BamH [l and Hindlil double digestion (tak-
ing advance of the corresponding cut sites included in the
primers [underlined]) and transferred to the same cut sites
of the pQE30 plasmid (Qiagen, Hilden, Germany).
Recombinant plasmid was transformed into Escherichia
coli M135 strain where the overexpression of the recombi-
nant protein was performed by adding 1-0 mm IPTG (iso-
propyl-p-D-thiogalactopyranoside, Promega, Montreal,
Canada), for 3 h at 37°C. For protein purification, cells
were lysed by a homogenizer after five passages through
the apparatus. The product was centrifuged at 13 000 = g
for 20 min at 4°C. The rLiHyD protein, containing a tag
of 6x residues of histidine fused at its N-terminal region,
was purified under nondenaturing conditions, using a
5mL His-Trap column (GE Healthcare Bio-Sciences,
Pittsburgh, USA), attached to an FPLC (GE Healthcare
Life Science) system. The recombinant protein was dial-
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ysed using saline as a buffer. After dialysis, rLiHyD was
passed through a polymyxin-agarose column (Sigma), to
remove residual endotoxin content (<10 ng of LPS per
1 mg of recombinant protein, measured by the Quantita-
tive Chromogenic Limulus Amebocyte Assay QCL-1000;
BioWhittaker, Walkersville, USA). In addition, the purity
of the recombinant protein was checked by a one-dimen-
sional 10% SDS-PAGE as described below.

SDS-PAGE and immunoblotting analysis

To analyse the purity of the recombinant LiHyD protein,
bacterial total extracts containing the expressed protein and
the protein obtained at the end of the purification process
(10 pg each sample) were submitted to a 1(P4 SDS-PAGE.
Gels were stained with Coomassie blue. Similar gels contain-
ing the purified were blotted onto a nitrocellulose mem-
brane (0-2 pm pore size, Sigma). Membranes were blocked
with PBS-T (phosphate-buffered saline plus Tween-20
0-035%) plus 5% BSA for 1 h and were independently incu-
bated for 2 h with two pools of sera samples obtained from
naive mice (n=28) or L infantum-chronically infected
BALB/c mice (1 : 100 dilution in PBS-T solution). VL ani-
mals (n = 8) were subcutaneously infected by 1 x 107 sta-
tionary promastigotes of L. infantum, and sera were
collected at week 10 after infection. As secondary antibody,
blots were incubated with peroxidase-conjugated
anti-mouse [gG (1 @ 10 000; Sigma) for 2 h. Reactions were
revealed by adding chloronaphthol, diaminobenzidine and
H>0- and stopped by adding distilled water.

Immunization and challenge infection

For immunization, three groups (n = 8 animals per group)
were made. Vaccinated group were inoculated subcuta-
neously in their left hind footpad with 25 pg of rLiHyD
associated with 25 pg of saponin (Quillaja saponaria bark
saponin, Sigma). Control mice were similarly moculated
with the adjuvant (25 pg of saponin) or the vaccine diluent
(PBS). Three doses were administered at 2-week intervals.
Four weeks after the final immunization, animals (n = 4
per group) were euthanized to analyse the immune response
elicited by vaccination. At the same time, the remaining
animals (n = 4, per group) were subcutaneously infected in
the right hind footpad with 1 x 107 stationary-phase pro-
mastigotes of L. mfantum. To determine parasite burden
and to evaluate the immune response post-challenge, mice
were euthanized at weck 10 after infection. Vaccination
experiments were repeated and presented similar results.
Data shown in this study represent the mean + standard
deviation of the individual data pooled from two indepen-
dent experiments, which presented similar results.
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Estimation of parasite load

Single-cell suspensions of the spleen, liver, draining Iymph
nodes (dLN) and bone marrow (BM) from mice were
independently prepared for parasite quantification, follow-
ing a limiting-dilution protocol (30). Briefly, the organs
were weighed and homogenized using a glass tissue grin-
der in sterile PBS. Tissue debris were removed by centrifu-
gation at 150 x g, and cells were concentrated by
centrifugation at 2000 x g. Sediment cells were suspended
in 1 mL of supplemented Schneider’s insect medium (pre-
pared as depicted above, but using 2004 FBS). Ten-fold
serial dilutions (from 107" to 107'%) were made in the
same medium using 96-well flat-bottom microtiter plates
(Nunc, Nunclon®, Roskilde, Denmark). Each individual
sample was plated in triplicate, and parasites’ presence
was analysed by microscopy after 7 days of culturing at
24°C. Pipette tips were discarded after each dilution step
to avoid carrying adhered parasites from one well to
another. Results are expressed as the log of the titre (e
the dilution corresponding to the last positive well)
adjusted per milligram of tissue.

Cytokine and nitrite production

Splenocyte cultures were established from individual mice
(n =4, per group) at the time of the two described sacri-
fices. For this single-cell preparations were plated i
duplicate in 24-well plates (Nunc) at 5 x 10° cells per
mL. Cells were incubated in complete DMEM medium
(DMEM supplemented with 10% heat-inactivated foetal
bovine serum, 20 mm r-glutamine, 200 U/mL penicillin
and 100 pg/mL streptomycin) in the absence (negative
control) or in the presence of rLiHyD protein (20 pg/mL)
or L. infantum SLA (25 pg/mL), at 37°C m 5% CO, for
48 h. IFN-y, IL-4, IL-10, IL-12 and GM-CSF levels were
assessed in the supernatants by a sandwich ELISA kit
(BD OptEIA TM set mouse IFN-y (AN-18), IL4, IL-10,
IL-12 and GM-CSF; P‘hannjngenm', San Diego, CA,
USA) following manufacturer’s instructions When mdi-
cated, and in order to block IL-12-, CDd4"- and CDR&'-
mediated T-cell cytokine rdease, spleen cells of mice
vaccinated with rLiHyD plus saponin and challenged with
L. infantum were in vitro stimulated with SLA (25 pg/
mL), in the absence or in the presence of 5 pg/mL of
monoclonal antiboedies (mAb) against mouse IL-12
(C17-8), CD4 (GK 1-5) or CDS8 (53-6-7). Appropriate so-
type-maiched controls (rat IgG2a (R35-93) and rat IgG2b
(95-1)) were employed in the assays Antibodies (no azide/
low endotoxin™) were purchased from BD (Pharmin-
gen™). The nitrite production in the cultures supernatant
was assessed by the Griess reaction (31) in the
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supernatants of spleen cells cultures established from indi-
vidual infected mice (n =4, per group), and stimulated
and cultured as above. Data were expressed as puM per
5 % 10° cells

Evaluation of the antibody production

The humoral response was evaluated by collecting sera
samples of the animals (n = 4, per group) after the last
immunization and before infection (4 weeks after last
doses), as well as at the 10th week afier challenge. For
this, The LiHyD- and L. infanmum SLA-specific IgGl and
[gG2a wotypes levels were measured by an ELISA tech-
nique, as deseribed (12). Recombinant protein  was
employed at 5 pg/mL, and SLA was assayed at 10 pg/mL
(100 pL. per well). The sera samples were diluted at
1 : 100, and the anti-mouse IgGl and 1gG2a horseradish
peroxidase-conjugated antibodies (Sigma-Aldrich) were
used in a 1 : 5000 dilution.

Statistical analysis

The results were processed using MICROSOFT EXCEL (version
10.0) or GrRAPHPAD PRISM ™ (version 6.0 for Windows). The

Immune competence of @ Leishmania infantum protein

one-way analysis of variance (aNova), followed by Bonfer-
roni’s post-test, was used for multiple comparisons
between the groups Differences were considered signifi-
cant when P < 0-05. As indicated above, individual data
from two different experiments were employed for the sta-
tistical analysis

RESULTS

Expression, purification and antigenicity of the rLiHyD

To analyse the immunological properties of the rLiHyD
protein, the recombinant version of the protein was over-
expressed £ coli (Figure la, lane 2) and purified by affin-
ity chromatography (Lane 1A, lane 3, black arrow). A
band of 36-0 kDa, molecular weight expected from its pri-
mary structure, was observed in a Coomassie-stained 10%
SDS-PAGE gel (Figure la). Next, a Western blot of the
purified protein was incubated with sera samples obtained
from natve BALB/c mice or sera from the same animals
but chronically infected with L. infanfum. Results shown
in Figure 1(b) demonstrate that the purified protein was
recognized only by the sera from the infected mice (lane 3,
black arrow).

(b)
kDa

&

25.

Figure 1 Antigenicity of the purified recombinant LiHyD protein. Analysis of the purification process is shown in (a). Molecular weight
markers (lane 1), 10 pg of total bactenal cultures expressing the rLiHyD protein (lane 2) and protein purified by affinity chromatography
(lane 3) were electrophoresed on a SDS-PAGE 108 gel. Coomassie staining of the gel is shown. In (b), similar gels loaded with molecular
weight markers (lane 1) and 10 pg of the LiHyD purified protein (lanes 2 and 3) were electrophoresed and blotted onto a nitrocellulose
membrane. Blots were incubated with pools of sera samples (¢ = 8 each group) from noninfected (lane 2) or chronically Leishmaria
infantum-infected mice (lane 3), and revealed with chloronaphthol. A scan from the blots is shown. Black arrows label the position of the

rLiHyD protein in gels and blots.

© 2015 John Wiley & Sons Ltd, Parasite Immunology, 37, 646-656
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Figure 2 Protection of BALB/c mice vaccinated with rLiHyD plus saponin against Leishmania infanmm infection. Mice inoculated with
saline, with saponin or with rLiHyD plus saponin (n = 4, per group) were subcutaneously challenged with 1 = 107 stationary-phase
promastigotes of L infantum The number of parasites in the liver (a). spleen (b}, bone marrow (c) and paws” draining lymph nodes (d)
was measured, 10 weeks after challenge, by a limiting-dilution technique. Mean + standard deviation (SD) in each group is shown. (a)
indicates statistically significant difference in relation to the saline group (P < 0-001). () indicates statistically significant difference in
relation to the saponin group (£ < 0.001). Data shown in this figure represent the mean + standard deviation of two independent

experiments.

Protective efficacy of a vaccine composed by rLiHyD
plus saponin against L. infantum

To study the prophylactic properties of the rLiHyD pro-
tein, a vaccination-infection experiment was performed.
For that purpose, a group of mice was immunized with
the recombinant protein administered in combination
with saponin. Two control groups were performed: mice
inoculated with the same dose of saponin and mice inoc-
ulated with the vaccine diluent. A comparative analysis
of the parasite burdens found in the spleen, liver, dLN
and BM of the animals from the three groups was per-
formed 10 weeks after a . infuntum challenge, performed
subcutaneously in the footpads. It was observed that vac-
cinated mice presented significant reductions (between
4-log and 5-log) in the parasite load in the spleen (Fig-
ure 2a), liver (Figure 2b), dLN (Figure 2c) and BM (Fig-
ure 2d) when compared to both, saline and saponin
groups.

The immune response generated in the animals against
the parasite total proteins was analysed to compare the
post-infection immune parameters found in the three
groups of mice Ten weeks after infection, vaccinated
mice had a Thl profile against a preparation of soluble
leishmanial antigen (SLA). Thus, following in vitro stim-
ulation with L nfanfion SLA, spleen cells from wvacci-
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nated and infected mice produced higher levels of IFN-
v, IL-12 and GM-CSF, than those secreted by spleen
cells from control mice groups (Figure 3a). As a corre-
late of disease progression, spleen cells from saline and
saponin inoculated mice produced predominant [L-4 and
IL-10 cytokine responses (Figure 3a). To evaluate the
involvement of CD4" and CD8" T cells and the depen-
dence of IL-12 in the parasite-specific [FN-y production
found in protected mice, their spken cells were stimu-
lated with SLA in the absence or presence of anti-IL-12,
anti-CD4  or anti-CD8 monodonal antibodies  (Fig-
ure 3b). IFN-y production was significantly inhibited
when the three antibodies were employed. The highest
inhibition was obtained when the IL-12 blocking anti-
body was used, implicating to this cytokine in the para-
site-specific IFN-y response found in the protected mice.
Higher decrease was found after anti-CD4 treatment
than inhibiting the stimulation of CD8" T cells with
monoclonal antibodies These data were indicating that a
predominant Thl response was found against the para-
site after infection in the protected mice. This finding
correlates with the presence of a predominant IgG2 par-
asite-specific humoral response after infection in rLiHyD
plus saponin vaccinated mice, in opposition to control
groups, having a predommant IgGl humoral response
against SLA (Figure 4).

@ 2015 John Wiley & Sons Ltd, Parasite Immunology, 37, 646656
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Figure 3 Cellular response against parasite proteins after
Leishmania infanium challenge. Single spleen cells from mice that
received saline or were inoculated with saponin or rLiHyD plus
saponin (# = 4, per group) and were infected with L. infantum
were collected, and independently cultured without stimulus
(medium; negative control) or in virre stimulated with SLA
(25 pg/mL) for 48 hat 37°C in 5% COy. IFN-y, IL-12, GM-CSE,
IL-4, and IL-10 levels were measured by ELISA in the culture
supernatants (panel a). (a) indicates statistically significant
increase in relation to the saline group (£ < 0:001). (k) indicates
statistically significant increase in relation to the saponin group
(£ = 0-001). (¢} indicates statistically significant increase in
relation to the rLiHyD/saponin group (P < 0-001). Also, spleen
cells from mice vaccinated with rLiHyD plus saponin (n = 4) were
in vitro stimulated with SLA (235 pg/mL; control) and incubated in
the absence (positive control) or presence of 5 pg/mL of
monoclonal antibodies (mAb) against mouse 1L-12, CD4™ or
CD8” (panel b). The levels of IFN-y in supernatants are shown.
(a) indicates statistically significant differences from antibody
treated samples and the untreated control sample (£ < 0-001).
Bars represent the mean + standard deviation (SD¥) of the groups.

rLiHyD-specific cellular and humoral response elicited
by immunization using rLiHyD plus saponin before and
after challenge infection

Next, the immune response elicited against the parasite anti-
gen contained in the vaccine was studied. For that, the pro-
duction of cytokines in the supernatants of spleen cells
cultures stimulated with rLiHyD was analysed before and
10 weeks after challenge infection (Figure 5). Before chal-
lenge, it was observed that spleen cells derived from mice
vaccinated with rLiHyD plus saponin produced higher
levels of rLiHyD-specific IFN-y, IL-12 and GM-CSF
cytokines, than those secreted by spleen cells from control

@ 2015 John Wiley & Sons Ltd, Parasite Immunclogy, 37, 646-656
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Figure 4 Anti-Leishmania infantum SLA humoral response after
challenge. Sera samples were obtained from control and
vaccinated mice (n = 4, per group), 10 weeks after infection with
L infantumn. The levels of 1gG1 and [gG2a isotypes against

L infanrum SLA are shown. Bars represent the mean + standard
deviation (SD) of the groups (a) indicates statistically significant
increase in IgG2a levels in vaccinated group regarding the saline
and saponin groups (P < 0:001). (b) indicates statistically
significant decrease in IgG1 levels between vaccinated and both
control groups (P < 0-001).

groups (Figure 5a). In contrast, no production LiHyD-
derived L4 and IL-10 could be observed in any experimen-
tal group. Mice that were immunized and lately challenged
with L. infantum maintained the Thl profile after infection,
as their spleen cells cultures produced similar level of rLi-
HyD-specific cytokines than those secreted by spleen cells
from vaccinated but uninfected mice (Figure 5h).

Evaluating the rLiHyD-specific humoral response in the
vaccinated andfor infected animals (Figure 6), it was
observed that before (Figure 6a) and afier (Figure 6b)
challenge, mice vaccinated with rLiHyD plus saponin pre-
sented higher levels of anti-rLiHyD-specific 1gG1 and
[gGG2a isotype antibodies than the saline and saponin
groups. The higher reactivity of the IgG2a antibodies
found i the sera from vaccinated animals against the rLi-
HyD protein correlated with the Thl cellular response
determined by cytokine analysis. Although similar profiles
were found for the humoral response before and after
infection, the higher reactivity found post<challenge (com-
paring data from pane A and data shown in panel B; Fig-
ure 6) was indicating that the infection was able to boost
the immune response eclicited by wvaccination, without
changing its quality.

Analysis of the macrophage effector capacities after
infection

It is well documented that macrophages stimulated by
[FN-y are able to activate NO synthesis to destroy the
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Figure § Vaccine-induced rLiHyD-specific cellular response
Single spleen cells of mice that received saline or were immunized
with saponin or rLiHyD plus saponin (# = 4, per group) were
collected before and after Leishmania infantum infection, and were
nonstimulated (medium, negative control) or i virre stimulated
with rLiHyD protein (20 pg/mL), for 48 h at 37°C in 5% CO.,.
IFN-y, IL-12, GM-CSE IL-4 and IL-10 levels were measured by
ELISA in the culture supernatants before (a) and after (b)
parasite challenge. Bars represent the mean + standard deviation
(SD) of the groups. (g) indicates statistically significant difference
in relation to the saline group (P < 0-001). (#) indicates
statistically significant difference in relation to the saponin group
(F = 0-001).

intracellular amastigotes. In an attempt to evaluate the
parasite antigen-specific activation of macrophages in the
three groups of mice, the presence of nitrite in culture
supernatants was assayed as an indicator of NO produc-
tion. For that purpose, spleen cells from infected mice
(control and vaccinated mice groups) were culiured in the
absence or in the presence of L. infantum SLA or the rLi-
HyD protein. Antigen-specific nitrite production was only
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Figure 6 Vaccine-induced anti-rLiHyD humoral response. Sera
samples were obtained from mice that received saline or were
immunized with saponin or rLiHyD plus saponin, before (1 = 4)
(a) or after Leishmania imfann infection (r = 4) (b). Bars
represent the mean + standard deviation (SD) of IgG1 and
IgG2a anti-LiHyD reactivity values from mice sera analysed in
each experimental group. (a) indicates statistically significant
difference in relation to the saline group (£ < 0-001). (b) indicates
statistically significant difference in relation to the saponin group
(# = 0:001).

detected in supernatanis of the vaccinated and protected
mice for both tested antigenic preparations (Figure 7).

DISCUSSION

In a recent immunoproteomic approach performed in sta-
tionary promastigote and axenic amastigote total extracts
of L. infantum (29), different parasite proteins recognized
by antibodies in sera of dogs suffering from active VL
were characterized. Among them, some proteins annotated
as hypothetical proteins were identified. These proteins are
usually considered to have not defined functions, as they
are predicted by genomics but they have not known
domains or enough sequence conservation with other pro-
teins (32). However, their antigenicity may be indicating

©@ 2015 John Wiley & Sons Ltd, Parasite Immunalogy, 37, 646656
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Figure 7 Leishmanig-specific nitrite production after infection.
Spleen cells from mice that received saline, saponin or rLiHyD
plus saponin (r = 4, per group) and were challenged with

L. infantum were collected 10 weeks after challenge. Spleen cells
cultures were i virro established and independently stimulated
with SLA (25 pg/mL) or rLiHyD (20 pg/mL) for 48 h at 37°C in
5% COy,. The presence of nitrite in the supernatants was analysed
by the Griess method. Bars represent the mean + standard
deviation (SD) of the level of nitrites expressed in pn. (a)
indicates statistically significant difference in relation to the saline
group (P < 0-001). (#) indicates statistically significant difference
in relation to the saponin group (£ < 0.001).

that they are expressed in the promastigote or the amastig-
otes forms of the parasite during the active disease, and
importantly that they are interacting with the host
immune system. The LiHyD protein can be considered
within this family of Leishmania antigens It is recognized
by sera from L #nfantum-infected dogs (29), but also by
antibodies present in the sera of L. infantien-chronically
infected BALB/c mice. Interestingly, searches in the
nucleotide or protein database have revealed that this pro-
tein is only found in the Leisfonania genus. One gene copy
exists in different Leishmania genomes, with identity rang-
ing from 60% to 80%, in L. magior, L braziliensis and
L. mexicana. No orthologue genes were found in the Try-
panosoma  cruzi, T brucei T vivax and T congolense
annotated genomes In this context, we have obtained the
antigen as a purified recombinant protein and its immuno-
prophylactic properties have been analysed in a murine
model of VL: BALB/c infected with L. infantum.
Although the use of murine models to test VL vaccines
presents a limitation related to the organ-specific
responses (parasites are cleared in the liver but infect
chronically the spleen) (33), BALB/c mice infected with
L imfamtum or L. donovani have been widely employed
with this purpose. In this sense, we have employed the
subcutaneous challenge instead the intravenous infection,
as similar evolution of the disease s produced (34, 33),
and intravenous infection may undervalue the potential of
some vaccine candidates (36). In addition, the rLiHyD

© 2015 John Wiley & Sons Ltd, Parasite fmmunclogy, 37, 6466356
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protein has been combined with saponin, as it is an adju-
vant able to induce cellular responses that have been
employed for some canine vaccines (32, 37). Combination
of parasite antigens with cellular adjuvants has resulted in
the characterization of effective prophylactic tools against
tegumentary and VL (16, 25, 30, 38-40).

Different previous studies evaluating vaccine candidates
against leishmaniasis in murine models have showed dif-
ferent degree of success employing proteins evolutionary
conserved (16, 27, 28, 41, 42). On the other hand, hypo-
thetical proteins have emerged as interesting alternatives
for vaccine development. As an example, Martins et al
(2013) evaluated the immunogenicity and protective effi-
cacy of an amastigote-specific L. infantum hypothetical
protein, LiHypl, which was administered in association
with saponin in BALB/c mice challenged subcutancously
with stationary promastigotes of L. éfantum (16). The
rLiHypl/saponin vaccine induced a specific production of
IFN-vy, IL-12 and GM-CSF. Interestingly, vaccinated ani-
mals showed significant reductions in the parasitism in
organs such as lver, spleen, BM and dLNs when com-
pared to the control groups. Similarly, rLiHyD plus sapo-
nin-based vaccine was also able to induce a Thl response
against the hypothetical protein. This response did not
change after challenge in quality, but it was boosted as a
result of infection, as demonstrated by the higher anti-
LiHyD immunoglobulin reactivity found in mice afier
challenge. The immune response elicated by the vaccine
was able to diminish parasite numbers in all the evalu-
ated organs (liver, spken, BM and dLN). This decrease
was correlated with high changes in the immune response
elicited against the infective agent. Protected mice showed
a pro-inflimmatory profile against parasite antigens
showing an [L-12-dependent production of I[FN-y,
whereas unvaccinated controls present parasite-specific
IL10- and 1L-4-driven responses It was concluded that
the mduction of cellular inflimmatory responses against
the LiHyD was able to change the immune response
against the parasite.

In the present study, the involvement of the CD4" and
CDB" T cells in the IFN-y production was evaluated using
monoclonal antibodies in the in vitro cultures, a technical
protocol previously described by us (12, 16, 24, 39) and
others (43, 44). This strategy has permitted to evaluate the
contribution of both CD4" and CD8" T cells in the pro-
duction of this cytokine in experimental vaccine models
based on the block antigen presentation. Data indicated
here shown that CD4" T cells were the main source of
IFN-y in the vaccinated and infected mice, as the in vitro
deactivation of these cells using the anti-CDd monoclonal
antibody significantly abrogated the parasite-dependent
production of this cytokine. In agreement, CD8" T cells
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also contribute, although in a less extension, to the pro-
duction of parasite-specific IFN-y-mediated response.

Qur resulis also showed that the spleen cells from pro-
tected mice produced higher levels of parasite-specific
GM-CSF than controls, a cytokine related with macrophage
activation and related to protection against different Leish-
mania species in murine models (12, 38,45, 46). Macrophage
activation was also demonstrated by the in vitro production
of nitrites after stimulation with the recombinant protein
and total parasite extracts. According to these data, it could
be speculated a possible activation of anti-Leihmania effec-
tor mechanisms mediated by [FN-y production, as previ-
ously described by others (39, 47, 48), mainly the induction
of the synthesis of the NO effector molecule.

Visceralizing and noncuring forms of leishmaniasis have
been evaluated on extensive works in BALB/c mice, and
disease progression has been generally thought to be asso-
ciated with a Th2-type response and, in particular, with an
early and sustained production of IL-4. Indeed, elevated
levels of IL-4, IL-10 and/or IL-13 have been associated
with VL progression (49, 50). Many authors have also
related the induction of IL-4-dependent production of
IgG1 antibodies, to be associated with the disease progres-
sion due to different Leishmania species, such as L. amazo-
nensiv (38, 51) and L infanmm (12, 16, 25, 39). In this
context, a high production of IL-4 could induce to high
levels of parasitespecific IgG1 sotype antibodies in the
infected animals, this being an indicator of the polariza-
tion of Th2 response. On the other hand, IFN-y has been
implicated with the switch of antibody isotype on BALB/
mice to the [gG2a production. In consequence, high levels
of this cytokine can induce a higher production of para-
site-specific IgG2a isotype antibodies, being this humoral
response an indicator of the development of a Thl
immune response in the animals (12, 25, 30).

Recombinant protein-based vaccines, although offering
advantages in terms of safety and production costs must
be supplemented with immune adjuvanis, to improve their
immunogenicity (Cerpa-Cruz ef al, 2013). This situation
has been observed in several studies that evaluate recombi-
nant proteins, alko considered effective vaccine candidates
to protect against tegumentary and VL, but whose the
association of an immune adjuvant is akko considered criti-
cal to vaccine efficacy (16, 25, 29, 30, 38, 40, 52). In this
context, saponins are natural glycosides derived from ster-
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5.3 Artigo 3 — Breve introducéao e objetivo

O terceiro artigo foi intitulado “Cross protective efficacy of Leishmania infantum
LiHyD protein against tegumentary leishmaniasis caused by Leishmania major and

Leishmania braziliensis species ”, publicado na revista internacional Acta Tropica.

No presente estudo, a combinacdo entre rLiHyD e saponina foi testada em
camundongos BALB/c para verificagdo de protecdo contra a infeccdo causada pelas
espécies Leishmania major e Leishmania braziliensis, no sentido de se desenvolver uma
vacina que seja capaz de induzir protecdo heter6loga contra espécies de Leishmania que
podem causar as leishmanioses tegumentar e visceral.
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Vaccination can be considered the most cost—effective strategy to control neglected diseases, but nowa—
days there is not an effective vaccine available against leishmaniasis. In the present study, a vaccine based
on the combination of the Leishmanig-specific hypothetical protein { LiIHYD ) with saponin was tested in
BALE/c mice against infection caused by Leishmania major and Leishmania braziliensis species. This antigen
was firstly identified in Leishrania infantum and showed to be protective against infection of BALB/c mice
using this parasite species, The immunogenicity of rLiHyD/saponin vaccine was evaluated, and the results

f:;:r:;ism showed that immunized mice produced high levels of IFN=y. [L-12 and GM-CSF after in vitro stimulation
|l|-|f9rﬂvity with rLiHyD, as well as by using L. major or L braziliensis protein extracts, After challenge, vaccinated

Hypothetical proteins animals showed significant reductions in the infected footpad swellings, as well as in the parasite burden
Vaccine in the infection site, liver, spleen. and infected paws draining lymph nodes, when compared to those
Adjuvants that were inoculated with the vaccine diluent (saline) or immunized with saponin, The immunization
Tegumentary leishmaniasis of rLiHyD without adjuvant was not protective against both challenges. The partial protection abtained
by the rLiHyD{saponin vaccine was associated with a parasite-specific [L-12-dependent IFN-y secretion,
which was produced mainly by CD4" T cells. In these animals, a decrease in the parasite-mediated 1L-4
and IL-10 responses, associated with the presence of high levels of LiHyD- and parasite-specific 1gG2a
isotype antibodies, were also observed. The present study showed that a hypothetical protein that was
firstly identified in L infantum, when combined to 2 Thl adjuvant, was able to confer a cross-protection
against ughly infective stationary—phase promastigotes of two Leishmanio species causing tegumentary

leishmaniasis.
© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Leishmaniasis comprises a group of diseases ranging from cuta-
neous tovisceral forms. Although tegumentary leishmaniasis (TL) is
not a fatal disease, it is endemic in more than 70 countries and 90%
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Infectologia @ Medicina Tropical, Faculdade de Medicina, Universidade Federal de
Minas Gerais, Avenida Prof. Alfredo Balena, 190, 30,130-100 Bele Harizonte, Minas
Gerais, Brazil
E-mail address: eduardoferrazcoelho@yahoo.com.br (E.AF. Coelho).

http: [ jdx doi.org/ 10,1016 /j.actatropica. 2016.03.011
0001-706X @ 2016 Elsevier BV, All rights reserved,

of the cases are registered in Afghanistan, Algeria, Brazil, Pakistan,
Peru, Saudi Arabia and Syria (Desjeux, 2004; Alvar et al, 2012).
Different species of the parasites can act as causative agents of TL
(Grimaldi and Tesh, 1993; Reithinger et al., 2007). In Brazil, it is
most commonly caused by Leishmania braziliensis species, whereas
Leishmania major and Leishmania tropica have been associated with
disease in the Old World {Desjeux, 2004). The disease control has
been difficult due to the natural features of reservoir and vectors,
making the elimination of both components hard to obtain. Also,
therapeutic measures are ineffective and the development of a vac-
cine would be the most effective measure to eliminate or, at least,
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control the disease (Marzochi and Marzochi, 1994:; Silveira et al,
2004).

Maost strains of mice infected by L. major develop small cuta-
neous lesions that spontaneously resolve over several weeks
(Howard et al., 1980; DeTolla et al., 1981). On the other hand,
certain mice strains, such as the BALB/c, develop severe and non-
healing infections that visceralize to internal organs and can be
fatal (Djoko-Tamnou et al, 1981; Li et al., 1997). The develop-
ment of a healing versus non-healing infection is determined by
mmune responsei type that usually develops after parasite inoc-
ulation. Healing infections are characterized by development of a
Th1 type response mediated mainly by CD4" cells producing the
macrophage-activating cytokine, IFN-vy. On the other hand, [L-4 and
IL-10 produced by Th2 cells predominate in susceptible animals
(Scott et al,, 1988; Heinzel et al,, 1991),

An additional factor which might potentially influence the
course of disease andfor resistance of the animals is related to the
parasitesi infectivity. In this context, L, braziliensis species is the
causative agent of cutaneous and mucosal leishmaniasis, and the
latter is a severe and disfiguring form of TL in humans (David and
Craft, 2009). There are studies showing that BALBc mice are par-
tially resistant to infection with this Leishmania species: they do not
develop severe lesions and usually cure the infection developing a
Th1/Th2 mixed response (Childs et al, 1984; Dekrey et al, 1998;
Oliveira et al., 2004). However, others have shown that the outcome
of the infection of BALB/c mice by L. braziliensis can be completely
changed by treating them with previous injections of Leishmania
amazonensis amastigote extracts, when the animals thus become
susceptible to the disease (Araiijo et al,, 2014; Silva et al,, 2015).
In addition, it was also observed that pre-isolated parasites from
lesions of chronically-infected BALB/c mice were more infective
than those that were in vitro cultured for long periods of time, as
was observed in the L, amazonensis species (Magalhdaes et al., 2014).

Itis postulated that to be an effective vaccine candidate against
leishmaniasis an antigen should be shared by different parasite
species, immunogenic in all or in the most of them, present
few polymaorphisms, and not present in other Trypanosomatidae
(Coelho et al., 2012; Fernandes et al., 2012). However, the most of
studies have worked with Leishmanio proteins also expressed in
other Leishmanig-related parasites (Modabber, 2010; Zanin et al,
2007; Todoli et al., 2012). In this context, Leishmania-specific pro-
teins could be considered as interesting targets for constructing
effective vaccines against disease.

We have designed this study to evaluate a new vaccine can-
didate, a Leishmania-specific hypothetical protein, namely LiHyD
(Lin].33.3150). This protein is conserved between different Leish-
manig species including those causing TL, with identity values of
80% and 56% with respect L. major (LmjF.33.2990) and L brozilien
si5(LbrM.33.3270) homologues, respectively. Besides of this, LiHyD
putative T cell epitopes evaluated by bioinformatics tools are
located in regions conserved among the different parasite species.
In this context, the effects of the administration of this pro-
tein obtained as a recombinant product (rLiHyD) in BALB/c mice
(combined with saponin), a formulation previously showed to be
protective against Leishmania infantum (Lage et al, 2015). was
evaluated as a protective vaccine against L. major or L brozilien
515 challenge infection. The vaccination using rLiHyD/saponin was
able to mount a Th1 response before and alter infection, which was
based on rLiHyD- and parasite-specilic IFN-y production mainly
by CD4* T cells, and was able to reduce the parasite burden in the
infected and vaccinated animals. In this context, the present study
showed a new candidate to compose a pan-eishmania vaccine to
protect against parasite species causing TL.

2. Materials and methods
2.1. Ethics statement and animals

The Committee on the Ethical Handling of Research Animals
from Federal University of Minas Gerais (UFMG) approved this
study with the protocol number 043/2011. Female BALB/c mice (8
weeks old) were obtained from the breeding facilities of the Depart-
ment of Biochemistry and Immunology, Institute of Biological
Sciences, UFMG; and were maintained under specific pathogen-
free conditions.

2.2 Parasites

I major (MHOM/IL/1980/Friedlin) and [ braziliensis
(MHOM/BR/1975/M2903) were used. Parasites were grown at
24+C in complete Schneider's medium (Sigma-Aldrich, USA),
which was composed by Schneideris medium plus 208 heat-
inactivated fetal bovine serum (FBS, Sigma-Aldrich, USA), 20mM
1-glutamine, 200 UmL~! penicillin, and 100 pg mL~! streptomycin,
at pH 7.4. The soluble Leishmania antigenic extracts (SLA) were
prepared from 2 x 108 stationary-phase promastigotes of L. major
(SLAm) or L. braziliensis (SLADb), as described (Coelho et al., 2003).
Highly infective stationary-phase promastigotes of the parasites
were used to challenge infections, since they were ohtained after
their passing in BALB/c mice or hamster (L. mojor and L. broziliensis,
respectively), and in vitro new cultures derived from two passages
were used to perform the infections.

2.3. Cloning of the LiHyD protein and immunoblotting assay

The cloning, expression and purification of rLiHyD protein was
performed as described (Lage et al, 2015). To verify the antigenicity
of the protein in BALB/c mice infected with L. major or L. brazilien
sis species, rLiHyD (10 pg) was submitted to a 10% SDS-PAGE and
blotted onto a nitrocellulose membrane (0.2 um pore size, Sigma,
St. Louis, USA). Then, sera obtained from L major- or L. braziliensis-

chronically infected BALB/c mice (n =8 per group), as well as sera of

non-infected animals (n = 8) were individually incubated with the
blots. The technical protocol was performed as described (Martins
et al,, 2015).

24, Vaccination, challenge infection and cutaneous lesion
development

BALBfc mice (n=16 per group) were subcutaneously immu-
nized in their left hind footpad with 25 g of rLiHYD protein, with
or without the association of 25 pg of saponin {Quillaja saponaria
hark saponin, Sigma). In addition, other animals were immunized
with 25 pg of saponin or received saline (vaccine diluent). Each
group was boosted two and four weeks later using the same dose.
Thirty days after the third and last vaccine dose, immunized mice
were subcutaneously challenged into the right hind footpad using
1% 105 or 1x 107 stationary-phase promastigotes of L major or
L. braziliensis (n=8 in each group). Then, the footpad swellings
were measured weekly using a metric caliper (the thickness of the
left fnotpad minus thickness of the right footpad is shown) until
10 weeks after challenge, when animals were euthanized to the
evaluation of the parasitological and immunological parameters
associated with the vaccination.

2.5, Parasite burden and cytokine production
The parasite load was evaluated by a limiting-dilution tech-

nique, as described (Martins et al, 2013). For this, the infected
footpads, spleen, liver and infected paws draining lymph nodes
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Fig. 1. Immunoblotting assays using the recombinant LiHyD protein.

Alow range protein ladder standard (1 n‘.litmg?n" M Life Technologies, USATwas used
(lane A). The individual reactions of the recombinant LiHyD protein (36 kDa) with
the pools of sera from non-infected mice (n = 8){lane B}, or those chronically infected
with L major (n==8){lane C}or L braziliensis (n=_8)(lane D) are shown (reaction with
the rLiHyD is indicated by a black arrow). Immuneblottings were derived from three
independent experiments, and one representative preparation is shown.

(dLNs) of the animals were collected. 10 weeks after infection and
were independently processed. Results were expressed as the neg—
ative log of the titer {ie., the dilution corresponding to the last
positive well), which were adjusted per milligram of tissue or
organ. To evaluate the cytokine production, spleen cells culture and
cytokine assays were performed 30 days after the last vaccine dose
(before infection), as well as at the 10th week after challenge. For
this, splenocytes obtained were seeded and independently cultured
in duplicate in 24-well plates (Nunc), at 5 x 10° cells per mL. Cells
were incubated in complete DMEM medium {background, nega—
tive control), which was composed by DMEM medium plus 20%
FBS, 20mM L-glutamine, 200U mL~" penicillin, and 100 jug mL~!
streptomycin, at pH 7.4, or separately stimulated with rLiHyD
(20 pgml—"). concanavalin A {Cond, 5pgmlL-') and L major or
L. braziliensis SLA (25 pgmL—! each one), at 37°C in 5% CO; for
48 h. IFN-y, IL-4, IL-10, IL-12p70 and GM-CSF levels were assessed
in the supernatants by a sandwich ELISA provided in commercial
kits (BD OptEIA TM set mouse, Pharmingen®, USA); following the
manufacturer’s instructions. Aiming to block the 1L-12, CD4* and
CD8* mediated T cell cytokine release, spleen cells of mice vacci-
nated with rLiHyD/saponin and lately challenged with L major or
L. braziliensis were in vitro stimulated with rLiHyD {20 pgmL-1),
L. major or L. braziliensis SLA (25 pgmL—", each one) and incu—
bated in the presence of 5 g mL~" of monoclonal antibodies (mAb)
against mouse 1L-12 (C17.8). CD4 (GK 1.5) or CD8 (53-6.7). Appro-
priate isotype-matched controls—rat 1gG2a (R35-95) and rat 1gG2b
(95-1)—were employed in the assays. Antibodies (no azide/low
endotoxin'™) were purchased from BD (Pharmingen™).

2.6. Humoral response

The antibody production was evaluated 30 days after the third
and last vaccine dose (before infection), as well as at 10th week
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Fig. 2, Cellular respanse induced by immunization of BALE/c mice before challenge,
Single cell suspensions were obtained from the spleens of mice {n=8 for each
group), 30days after the third and last immunization and before challenge infec-
tion. Single cell suspensions were incubated in complete DMEM medium (negative
control), which was composed by DMEM medium plus 20% FBS, 20 mM L-glutamine,
200U mL™" penicilling and 100 pg mL™" streptomycin, at pH 7.4; or separately stimu-
lated with rLiHyD (20 wg mL™" ), L braziliensis or L major SLAL25 g ml™, each one),
for48 hat 37 °Cin 5% 00:. IFN=-v (AL 1L-12 (R}, and GM-CSF{C) levels were measured
by a capture ELISA in the culture supernatants, Bars represent the mean + standard
deviation of the groups. () indicares the existence of statistically significant differ-
ence berween rLiHyD or rLiHYD plus saponin vaccinared mice and saline group. (%)
indicates the existence of statistically significant difference between rLiHyD or rLi-
HyD pliis saponin vaccinated mice and saponin group. (7] indicates the existence of
statistically significant difference between rLiHyD and rLiHyD plus saponin groups.

after challenge. The LiHyD- and parasite-specific 1gG1 and 1gG2a
isotypes antibodies were measured by ELISA, as described (Martins
et al, 2015} The concentrations used ol rLiHyD, and L major or
L. braziliensis SLA were of 0.5, 1.0 and 1.0 ug per well, respec-
tively. Sera samples were diluted at 1:100 in PES-T, and the
anti-mouse lgG1 and IgG2a horseradish-peroxidase conjugated
antibodies (Sigma-Aldrich) were used 1:10,000 diluted in PBS-T.
Reactions were developed through incubation with 2mg orto
phenylenediamine, 2 wl. H; 03 30vol., and 10 mL citrate-phosphate
buffer pH 5.0, for 30 min and in the dark; when they were stopped
by adding 25 pL H;S04 2 N. Then, the optical density was read in an
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Sera samples were obtained from vaccinated mice (n=8 for each group), 30 days after the third and last vaccine dose and before challenge infection. The reactivity against
the rLiHyD protein, based on the levels of protein—specific 1gG1 and IgG2a isotypes, was determined and is shawn as whisker (min to max) plots (A), In addition, the ratios
between the anti-1iHyD [gG2a and [gG1 isotypes levels were calculated and are also shown (B). With the evaluation of the parasite-specific 1gG1 and IgG2a isotypes levels

the ratios berween the IgG2a and [gG1 values were calculated and are shown (C). Bars represent the mean +

standard deviation of the groups. (7} indicates the existence of

statistically significant difference between rLiHyD or rLiHyD plus saponin vaccinated mice and saline group, {¥) indicates the existence of statistically significant difference
berween rLiHyD or rLiHYD plus saponin vaccinated mice and saponin group, (*) indicates the existence of statistically significant difference between rLiHyD and rLiHvD plus
saponin groups. (*) indicates the existence of statistically significant difference in relation to the 1gG1 levels in the same group

ELISA microplate spectrophotometer (Molecular Devices, Spectra
Max Plus, Concord, Canada), at 492 nm.

2.7. Statistical analysis

The results were entered into Microsoft Excel (version 10.0)
spreadsheets and analyzed using GraphPad Prism™ (version 6.0
for Windows). The one-way analyses of variance (ANOVA), follow-
ing by Bonferroniis post-test, were used for multiple comparisons
between the groups. Differences were considered significant when
P<0.05. Data shown represent the mean + standard deviation of
two independent experiments,

3. Results

3.1. rLiHyD is recognized by antibodies in sera of L. major or L.
braziliensis-chronically infected mice

In this study, a Leishmania hypothetical protein, which was
firstly identified as protective against L. infantum, was evaluated in
immunoblotting assays by its reaction with antibodies in sera of L
major or L. braziliensis-infected BALB/c mice (Fig. 1). In the results,
using a Ladder standard as a marker (lane A), it was shown that
whereas the recombinant protein was not reactive with antibodies
in sera of non-infected mice (lane B}, it was specifically recognized
by antibodies inseraof L. major or L broziliensis-chronically infected
mice {lanesC and D, respectively). These data demonstrated that

the L infantum LiHyD protein is also expressed in these species
causing TL.

3.2, Immunization with rliHyD/saponin elicits high levels of
IFN-y, ll.-12 and GM=CSF after SLAm or SLAb stimulation, which is
associated with a high production of [gG2a isotype antibodies

Aiming to evaluate the cellular effects of immunization using
rLiHyD/saponin, we have characterized the levels of some cytokines
in the culture supernatants after stimulation using rLiHyD or the
Leishmania antigenic preparations (Fig. 2). Following the in vitro
stimulation with rLiHyD, SLAm or SLAb, it was observed that spleen
cells from vaeccinated mice produced higher levels of IFN—y (Fig. 24),
IL-12 (Fig. 2B) and GM-CSF (Fig. 2C) than those secreted by cul-
tures established from control (saline and saponin) groups. When
animals were immunized with rLiHyD without a Th1 adjuvant, no
significant production of IFN-y, IL-12 and GM-CSF was observed. In
addition, no difference in [L-4 and 1L-10 levels was observed in any
experimental group, using all stimuli (Supplementary Fig. 51 in the
online version at DOI: 10,1016/ j.actatropica.2016.03.011). When
ConA was used as a positive control, all eytokines were produced
in high levels by the in vitro stimulated spleen cells in all experi-
mental groups, demonstrating the cellular viability in the different
performed experiments (data not shown).

To characterize the humoral response triggered by immuniza-
tion, we have analyzed the profile of IgG1 and IgG2a isotypes
antibodies specific to LIHYD, SLAm or SLAb (Fig. 3). Data showed
that mice vaccinated with rLiHyD/saponin produced higher lev-
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Fig. 4. Effect of the vaccination using rLiHyD against the murine tegumentary leishmaniasis.

BALE/c mice {n=106 per group) were subcutancously immunized in their left hind footpad with 25 pg of the rLiHyD protein, with or without the association of 25 pg of
saponin. In addition, other amimals were immumized with 25 pg of saponin or received saline. Each group was boosted two and four weeks later using the same dose. Thirty
days after the third and last vaccine dose, immunized mice were subcutaneously infected into their right hind footpad with 1 = 10% or 1« 107 highly infective stationary-
phase promastigotes of L major or L braziliensis (n =8 in each group). respectively. The lesion development and parasite load in the infection site were monitored during 10
weeks in mice infected with L brozifiensis (A and B, respectively) or L major (€ and [ respectively). Lines and bars represent the mean 4 standard deviation of the groups,
(") indicates the existence of statistically significant difference between rLiHyD or rLiHyD plus saponin vaccinated mice and saline group. (%) indicates the existence of
statistically significant difference between rLiHyD ar rLiHyD plus saponin vaccinated mice and sapanin group. (7] indicates the existence of statistically significant difference

hetween rLiHyD and rLiHyD plus sapenin groups

els of LiHyD-specific 1gG2a isotype, when compared to the IgG1
levels (Fig, 3A). On the other hand, animals immunized with rli-
HyD without adjuvant showed higher 1gG1 levels in comparison
to the [gG2a isotype. In addition, the ratio between the [gG2a and
IgG1 levels was calculated, and it was showed that mice vaccinated
with rLiHyD/saponin presented a higher IgG2a/lgG1 ratin, when
compared to the other groups (Fig. 3B). Evaluating the antibody
production against the parasite extracts, animals immunized with
rLiHyD/saponin showed a higher production of anti-Leishmania
antibodies than those produced by control mice, which was asso-
ciated with a predominance of parasite-specific 1gG2 isotype in
relation to the obtained 1gG1 levels (Fig. 3C).

3.3. The rLiHyDysaponin vaccine induces a cross-protective
response against L. major and L. braziliensis challenge infection

To evaluate the protection induced by L infantum LiHyD pro-
tein against the challenge caused two Leishmania species causing
TL, rLiHyD/saponin immunized mice were separately challenged
by subcutaneous injection using stationary-phase promastigoles
of L braziliensis or L. major. For the L braziliensis model, mice were
infected with 1% 107 parasites and the development of dermal
lesion and parasite load were evaluated 10 weeks alter infec-
tion (Fig. 4). In the results, it was observed that immunized mice
with rLiHyD/sapoenin displayed significant reductions in the foot-
pad swellings, when compared to saline and saponin mice (37%
and 30% respectively) (Fig. 4A). In addition, these animals showed
a 2.0-log and 1.8-log reduction in the number of parasites in the

infected footpads, when compared to saline and saponin groups,
respectively ( 4B). Using rLiHyD to immunize the animals,
no significant difference was observed in relation to the control
aroups. For the L. major model. 1 x 106 stationary-phase promastig-
otes of the parasites were used for challenge. Vaccinated mice
showed significant reductions in the footpad swelling when com-
pared to saline and saponin groups (53% and 51%, respectively)
(Fig. 4C). Also. rLiHyD did not shown any significant difference
in relation to the control groups. Amimals vaccinated with rLi-
HyD{saponin showed 3.4-log and 3.1-log reductions in the number
of parasites in the infected footpads, when compared to the saline
and saponin groups, respectively (Fig. 4D). Besides of the parasite
burden estimated in the infected footpads, the presence of parasites
was also evaluated in the popliteal lymph nodes (draining the site of
infection). Also, the dispersion of parasites to internal organs such
as the spleen and liver was evaluated (Fig. 5). For the L. brezilien-
sis model, significant reductions in the number of parasites were
observed in all evaluated organs of the rLiHyD/saponin vaccinated
mice, when compared to the control mice, Vaccinated mice pre-
sented reductions in the parasite load in spleen (2.5- and 2.2-log
reductions, Fig. 5A), liver (2.4- and 2.3-log reductions, Fig. 5C) and
dLNs (3.0- and 2.7-og reductions, Fig. 5E), when compared to the
saline and saponin groups, respectively, For the L. major model, sig-
nificant reductions were observed in the vaccinated mice, when the
spleen (5.0- and 4.3-log reductions, Fig. 5B), liver (5.5- and 5.0-log
reductions, Fig. 5D) and dLNs (4.2- and 3.8-log reductions, Fig. 5F)
‘were evaluated, in comparison to the saline and saponin groups,
respectively, When the immunization was performed using rLi-
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Fig. 5. Parasite load in different organs of the infected and vacoinated ammals.
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Mice inoculated with saline or vaccinated with the rLiHyD protein, sapomin or rLiHYD plus saponin were challenged subcutanecusly in their lelt footpad with 1 = 107 er
12 10* highly infective stationary-phase promastigotes of L. braziliensis and [. major (n =8 for each group), respectively. The results of the parasite load obtained after L
braziliensis (A, C and E) or L. major (B, 1) and F) infection are shown. The number of parasites in the spleen (A and B), liver {C and I3} and infected paws draining lymph nodes(E
and F} were determined, 10 weeks after challenge. Bars represent the mean + standard deviation of the groups, (") indicates the existence of statistically significant difference
kerween rLiHyD or rliHYD plus saponin vaccinated mice and saline group. (%) indicates the existence of statistically significant difference hetween rLiHyD or rLiHyD plus
saponin vaccinated mice and saponin group. (7] indicates the existence of statistically significant difference between rLiHyD and rLiHyD plus saponin groups

HyD., although a reduction in the parasite load had been observed,
no significant difference was obtained in relation to the control
ETOUPS.

3.4. Immunization using rLiHyD/saponin induces higher
production of thi-related cytokines, 10 weeks after challenge

The cytokine profile in the infected and immunized mice was
evaluated in the supernatants of spleen cell cultures using rLi-
HyD, SLAm or SLAb as stimuli, 10 weeks after challenge (Fig. ).
Qur results showed that, aiter L. major infection, spleen cells from
mice vaccinated with rLiHyD/saponin produced higher levels of
rLiHyD- and parasite-specific IFN—y, IL-12 and GM-CSF cytokines,
when compared to those secreted by spleen cells from the con-
trol groups (Fig. 6A, C and E, respectively). The similar immune
profile was observed after L. braziliensis infection (Fig. 6B, D and F,
respectively). In contrast, the Leishmania-driven production of IL-4
showed that vaccination using rLiHyD/saponin induced any pro-
ductionof this cytokine after either L. major (Fig. 6G) or L. braziliensis

(Fig. 6H) infection, whereas spleen cells of the control mice pro-
duced higher levels of 1L-4. Similar results were obtained when
the [L-10 levels were evaluated, using either L. major (Fig. 61) or L,
braziliensis (Fig. 6]) infection model. Similarly to the observed for
the saline and saponin groups, animals immunized with rLiHyD
showed a higher production of 1L-4 and I1-10 and lower levels of
IFN=, IL-12 and GM-CSF after stimuli using rLiHyD and SLA, when
compared to the results obtained in the rLiHyD|saponin group. In
addition, the involvement of CD4" and CD8" T cells in the IFN-vy pro-
duction after stimuli using rLiHyD and SLA in the rLiHyD/saponin
group was also evaluated (Fig. 7). Results in both L major (Fig. 7A)
and L. braziliensis (Fig. 7B) infection models showed that the [FN-y
production was significantly inhibited when the anti-CD4 mono-
clonal antibody was added to the in vitro cultures. On the other
hand, although the addition of the anti-CD8 monoclonal antibody
has decreased the IFN-y production in the cultures, when compared
to the cell cultures without treatment; the IFN—y levels were higher
inrelation to those treated with the anti-CD4 monoclonal antibody.
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Fig. 6. Cytokine profile in the vaceinated BALEjc mice, which were challenged with L major or L brazihensis,

Single cell suspensions were cblained [rom the spleens of mice (0= 8 for each group), 10 weeks alter the challenge infection. The evtokine levels after L major (A, C, E G and
1) or L. braziliensis (B, D, F, G and ]) infection are shown. IFM-y (A and B), [L-12 {C and D), GM-CSF (E and F), [L-4 (G and H), and 1L-10 (I and [} were measured by ELISA in the
culture supernatants. Bars represent the mean + standard deviation of the groups. () indicates the existence of statistically significant difference between rLiHyD or rLiHyD
plus saponin vaccinated mice and saline group. (") indicates the existence of statistically significant difference between rLiHyD or rLiHyD plus saponin vaccinated mice and
saponin group. (7) indicates the existence of statistically significant difference hetween rLiHyD and rLiHyD plus saponin groups.
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Fig. 7. Invalvermnent of CD4* and CDE® T cells in IFN-g production in the infected and
vaccinated animals.

splesn cells of mice that were vaccinated with rLiHyD saponin and challenged with
L brazihiensis or L magjer (n=8 for each group) were collected. 10 weeks alter chal-
lenge, when they were i vitro stimulated with the tLiHyD protein (20 pg mL-"),
L. broziliensis or L major SLA (25 pgml—" each one} in the absence (positive con-
trol] or presence of monoclonal antibodies (mAb) against mouse 1L-12, CD4° or
CDE*, The results obtained after L major or L braziliensis infections are indicated
in the graph. Bars represent the mean £ standard deviation of the groups. "} indi-
cates the existence of statistically significant difference in relation to the control
group. (*) indicares the existence of statistically significant difference in relation to
the anti-CD8 monoclonal antibody group. {7} indicates the existence of statistically
significant difference in relation to the anti-C04 monoclonal antibody group.

3.5. Humoral response elicited after challenge

We analyzed the humoral response profile elicited in the
infected and immunized mice, aiming to evaluate the global anti-
Leishmanio humoral response induced by infection using both
Leishmania species (Fig. 8], In the results, low levels of anti-rLiHyD
antibodies were observed in the sera [rom saline, saponin and rLi-
HyD groups, alter either L major (Fig. 8A) or L braziliensis SLA
(Fig. 8B) infection. However, when the rLiHyD/saponin group was
evaluated, animals produced significantly higher levels of anti-
LiHyD IgG2a antibodies in comparison to the 1gG1 levels. The ratio
between lgG2a/lgG1 levels was also calculated and, in both models,
the 1gG2a 1sotype production was predominant in relation to the
g1 levels(Fig. BCand D, respectively). Evaluating the anti-parasite
response, it was ohserved that the rLiHyD/saponin vaccinated ani-
mals presented higher levels of parasite-specific IgG2a antibodies,
when compared to the levels found in the saline, saponin and rLi-
HyD groups: in both infection models (Fig. 8E and F, respectively).
On the other hand. control mice showed higher levels of anti-
Leishmania IgG1 antibodies in relation to the lgG2a levels. Also, as
observed before infection, the ratio between the IgG2a and 1gG1
levels showed that mice vaccinated with rLiHyD/saponin, and lately
infected, showed a higher production of anti-parasite IgG2a isotype

in comparison to the [gG1 levels, when both parasite extracts were
used in the plates (Fig. 8G and H, respectively).

4. Discussion

The measures currently available to control the spread of tropi-
cal parasitic diseases are mainly based on therapeutic interventions
such as drug-treatment programs and in the vector control, which
have shown unsatisfactory results and reinforced the need for
prophylactic vaccination (Sacks, 2014), Studies have shown that
protection against leishmaniasis is mainly based on the develop-
ment of a parasite-specific Th1 immune response, mainly linked
to IFN-y secretion (Scharton and Scott, 1993; Barbién, 2006). In
this way, the present study analyzed whether a hypothetical pro-
tein, which was firstly identified in L ifantum and was shown to
be protective against this Leishmania species (Lage et al, 2015),
when administered in combination with saponin, could be cross-
protective against infection caused by L major or L broziliensis
species. The induction of partial protection in BALEfc mice by the
rLiHyD/saponin vaccine was based on the IL-12-driven [FN—y secre-
tion, which was produced mainly by CD4* T cells. In the infected
and vaccinated animals, high levels of parasite-specific [FN-y, [1-12
and GM-CSF, associated with the presence of anti-Leishmania lgG2a
antibodies, as well as by low levels of [L-4 and IL-10, were found.

Protein-based vaccines, although offering considerable advan-
tages over extracts-based vaccines in terms of safety, standardiza-
tion and costs of production, can present imited immunogenicity
and require the addition of adjuvants, in order toinduce a more pro-
tective immune response. In the present study, the absence of aThi
adjuvant associated to rLiHyD was detrimental to the protective
efficacy of this antigen, since when animals were immunized with
rLiHyD and challenged, no significant protection was achieved. In
this context, and as described in other studies (Coelho et al.. 2003;
Martins et al., 2013; Ramirez et al., 2014; Jesus-Pereira et al., 2015;
Lage et al., 2015; Martins et al., 2015); rLiHyD should be inoculated
in combination to a Th1 adjuvant aiming to induce a protective
response against challenge infection,

The protection and/or susceptibility to L. major have been well
established in murine models, where the development of a Thi
response, based on the NO production, as well as of [L-12, [FN-y
and TNF-«, usually result in parasitesi killing (Bogdan et al., 1996;
McSorley et al., 1996; Soto et al., 2015). In contrast, the develop-
ment of a Th2 response, based on the production of cytokines such
as11-4, IL-10 and TL-13, usually resultin their susceptibility to infec-
tion (Roberts et al., 2005; Schwarz et al., 2013). In the L. braziliensis
muodel, a Thi response has been also showed to be necessary for pro-
tection in murine models {Rocha et al, 2007), However, it has been
difficult to evaluate experimental maodels for studying susceptibil-
ity factors in this parasite species, since the most of the evaluated
models develop a Th1 response after infection, being able to con-
trol the infection {Childs et al, 1984), In addition, in a previous
study performed, Costaetal. (2011 showed that the immune mod-
ulation induced by [L-4 contributed to the development of disease
in L. braziliensis-infected BALB/c mice, when the inoculation using
more mfective parasites was performed in the animals. Immuno-
logical assays performed in their spleen cells showed high levels
of [L-4, which were associated with higher lesion size and parasite
load in the infected animals, when compared to those that were
inoculated with less infective parasite strains. In concordance, in
our study, since highly infective parasites were used to the chal-
lenge infections, animals that received saline or were immunized
with saponin showed higher levels of IL-4 and an increased parasite
burden, which did not permit to them revert the infection.

Animals immunized with rLiHyD plus sapenin displayed signif-
icant reductions in their infected footpad swellings, as well as in
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Fig. 8 Humaoral response generated in vaccinated BALE/c mice after L major or L braziliensis challenge infection.

Sera samples were obtained from infected and vaccinated mice (n=8 for each group), 10 weeks after infection. The results obtained after L braziliensis (A, C. E. and G) or L.
major [B, D F, G and |} infections are shown. Also, the reactivity against rLiHyD (A, B, C and D) or parasite extracts (E, F. G and H) are shown. The levels of [gG1 and [gG2a
isotypes antibodies are shown as whisker (min to max) plots (A B E and F) or ratios between the IgG2a and 1gG1 values {C, D, G and H). Bars represent the mean £ standard
deviation of the groups. () indicates the existence of statistically significant difference between rLiHyD ar rLiHyD plus saponin vaccinated mice and saline group. (* ) indicates
the existence of statistically significant difference between rLiHyD of rLiHyD plus saponin vaccinated mice and saponin group. (') indicates the existence of statistically
significant difference between rLiHyD and rLiHyD plus saponin groups. (°) indicates the existence of statistically significant difference wn relation to the 1gG1 levels in the

same group,

the parasite burden in the infection site (infected lootpad), liver,
spleen and dLNs. The decrease in the number of parasites in the
infected footpads was accompanied by a reduction of the dermal
inflammatory lesions in the infected and vaccinated animals, in
both Leishmania infection models. The most of studies evaluating

these species in murine models have used an infection based on the
inoculation of 1 x 10° promastigotes of the parasites (Salay et al,,
2007; Tonui and Titus, 2007; Carneiro et al, 2012; Santos et al,
2012) In our study, 10-100 times more parasites were used to
infect the animals, aiming to guarantee an effective infection and to
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test the vaccine candidate in stringent conditions reflected by high
parasitism found in the infected animals (controls) in a lineage that
is highly susceptible to L. major, although not to L braziliensis, The
decrease in parasite burden found in the infected and vaccinated
mice reinforces the prophylactic properties of this tested vaccine,
mainly due to its capacity to control parasite replication inside the
infected mammalsi hosts by both Leishmania species,

Evaluating the involvement of both CD4* and CD8" T cells in
the I[FN=y production in the rLiHyD/saponin vaccinated mice, it
was observed that CD4" T cells proved to have a higher partic-
ipation in the production of this cytokine. IFN=y has showed to
play with a central role in determine the resistance to Leishmania
infection, since it has been related to induce a protective immu-
nity in murine models against distinct Leishmania species, such as
L. infantum (Bhowmick et al., 2007: Rosa et al., 2007; Thorra et al,,
2008), L. major (Stober et al., 2007; Soto et al,, 2015) and L. ama-
zonensis (Chavez-Fumagalli et al., 2010). In addition, GM-CSF has
been also related with macrophage activation and resistance in
murine models against infection by different Leishmania species
(Murray et al,, 1995; Costa et al., 2015; Martins et al,, 2015). In
concordance, in the present study, vaccinated mice and lately chal-
lenged showed higher levels of this cytokine, when both rLiHyD
and parasite extracts were used as stimuli.

In the infected and vaccinated animals, the partial protection
was correlated with a decrease in the protein-and parasite-specific
IL-4 and [L-10 levels. In BALB/c mice, high levels of IL-4 are related
with the presence of anti-Leishmania g1 antibodies. The IgG iso-
types expression in these animals is influenced by multiple factors,
including the prevailing cytokine environment. Itis also known that
IFN-y (as a Th1 cytokine) and IL-4 (as a Th2 cytokine) induce iso-
type switching tolgG2a and [gG1 production, respectively (Snapper
and Paul, 1987). In the present study, rLiHyD/saponin vaccinated
mice showed higher levels of protein- and parasite-specific leG2a
isotype antibodies before infection, which were maintained after
challenge using both Leishmania species. This fact corroborated
with the development of Th1 immune response in the vaccinated
animals, which was also maintained after the challenge infections.

5. Conclusion

The present study investigated if a Leishmania-specific hypo-
thetical protein, which was firstly identified and evaluated as
protective against L. infontum, could cross-protect BALB/c mice
against two parasite species causing TL. Taken together, our data
indicate that LiHyD, when administered in a recombinant format
associated with a Th1 adjuvant, was able to induce a partial cross-
protection against challenges using L. major and L. braziliensis, In
both cases, the protective immunity was correlated to the develop-
ment of a Th1 immune response, which was primed by production
of IFN-y, I1L-12, and GM-CSF, associated with low levels of IL-4, IL-
10 and parasite-specific [gG1 isotype antibodies, Therefore, LiHyD
could be considered to compose an effective pan-Leishmania vac-
cine to be applied worldwide to prevent TL.
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6. CONCLUSOES

Considerando-se os resultados obtidos, pode-se concluir que:

Em relacdo ao potencial antigénico, a proteina rLiHyD e seu epitopo conformacional
(Peptideo-3) mostraram-se extremamente eficazes, tendo sido reconhecidos com elevadas

sensibilidade e especificidade nos testes sorologicos para o diagnostico da LVC.

A administracdo da proteina rLiHyD, associada com o adjuvante saponina, foi capaz de
induzir protecdo cruzada contra as infeccdes causadas pelas espécies L. infantum, L.
major e L. braziliensis. Em todos os casos, a protecdo foi correlacionada com o
desenvolvimento de uma resposta imune Th1l, caracterizada por elevados niveis de IFN-y,

IL-12 e GM-CSF e baixos niveis de IL-4 e IL-10 nos animais imunizados e/ou infectados.

Os resultados apresentados neste trabalho colocam a proteina recombinante LiHyD
como uma possivel candidata para ser usada no sorodiagnostico e/ou como uma

candidata a vacina contra as leishmanioses.
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7. PERSPECTIVAS

e Avaliar a proteina recombinante e seu epitopo conformacional frente a um maior numero
de amostras de soros de cées e de humanos, a fim de validar tais antigenos para o

sorodiagnostico das leishmanioses.

e Avaliar o potencial imunogénico e o grau de protecdo induzido pela proteina
recombinante LiHyD em modelo de hamsters e/ou cdo para protecdo contra a infeccdo

pelo parasito Leishmania.
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ANEXOS

Certificado de aprovacéo do projeto junto ao Comité de Etica em Experimentacio
Animal (CEUA) da UFMG.

UNIVERSIDADE FEDERAL DE MINAS GERAIS

CEUA
COMISSAO DE ETICA NO USO DE ANIMAIS

CERTIFICADO

Certificamos que o Protocolo n®. 333 / 2015, relativo ao projeto intitulado “Proteinas selecionadas em Leishmania por
imunoproteémica aplicadas como vacinas contra as leishmanioses tegumentar e visceral’, que tem como responsavel EDUARDO
ANTONIO FERRAZ COELHO, esta de acordo com os Principios Eticos da Experimentagio Animal, adotados pela Comissio de Etica no
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10 - Patente de Invencgao (PI)

“PROTEINA QUIMERICA, COMPOSIGAO VACINAL CONTRA
LEISHMANIOSES E USOS"

A presente invengao refere-se a uma composi¢do vacinal baseada
em uma quimera polipeptidica recombinante composta por epitopos
especificos de linfécitos T CD4+ e CD8+ de humano e de
camundongo derivados de quatro proteinas (LiHyp1, LiHyp6, LiHyV e
HRF) de Leishmania, que foi capaz de induzir prote¢éo contra a
I1ei5hmaniose visceral e tegumentar e seu uso.
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“COMPOSICAO VACINAL CONTRA AS LEISHMANIOSES
TEGUMENTAR E VISCERAL, E USO”

A presente invencgéo trata de uma composic¢ao vacinal composta por
duas proteinas imunogénicas, definidas pelas SEQIDNo1e 2, e
seu uso no tratamento e/ou prevencgéo das leishmanioses
tegumentar e visceral no cado e no homem.
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