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SALDANHA, Maira Garcia. Células inflamatérias teciduais na patogénese da leishmaniose
cutanea humana causada por L. braziliensis. 2020. 78 f. Tese (Doutorado em Biotecnologia em
Saude e Medicina Investigativa) — Instituto Gongalo Moniz, Fundagdo Oswaldo Cruz Salvador,
2020.
RESUMO

INTRODUGCAO: A leishmaniose cutanea (LC) é causada pela picada de um fleb6tomo fémea
que inocula protozoarios de Leishmania na pele do hospedeiro e desencadeia um processo
imunoldgico com a formacdo de uma lesdo ulcerada. A resposta inflamatdria exacerbada
consegue controlar os parasitas, entretanto resulta em dano tecidual. Muitos estudos sobre LC
utilizam metodologias in vitro e com modelos murinos e, mais recentemente, tém sugerido que
0 acumulo de células com potencial citotoxico contribui para a formacdo de lesdes na pele.
OBJETIVOS: Propomos uma andlise in situ para estabelecer correlagdes entre os eventos
clinico-histopatoldgicos e a participacdo de células e moléculas inflamatérias, a fim de
compreender a imunopatogénese das lesbes cutdneas causadas por L. braziliensis.
MATERIAL E METODOS: Realizamos a andlise histopatoldgica de bidpsias da borda da
lesdo ulcerada de 22 pacientes com diagndstico de LC. Por imunoistoquimica, identificamos e
quantificamos as populacdes das células natural killer (NK) CD57, linfécitos T CD4" e CD8*,
linfécitos B CD20*, macréfagos CD68", células perforina®, granzima B*, TNF-a" e IL-1B".
Correlacionamos essas células com o tamanho da lesdo, a porcentagem de necrose e de
inflamacdo, e 0 nimero de amastigotas. RESULTADOS: Identificamos uma alta propor¢édo
de linfocitos, havendo uma correlacdo negativa entre os linfocitos T CD4" com os macréfagos
CD68", as amastigotas e a necrose. As perforinas e granzimas, produzidas pelos linfécitos CD8*
e células NK, foram correlacionadas com a necrose, bem como as células IL-1p* e TNF-a".
CONCLUSAO: Os mecanismos inflamatérios que induzem a morte necrética das células

infectadas sdo fatores que podem contribuir para o dano tecidual.

Palavras-chave: Leishmaniose cutanea, Histopatologia, Imunoistoquimica, L. braziliensis.



SALDANHA, Maira Garcia. Inflammatory tissue cells in the pathogenesis of human cutaneous
leishmaniasis due to L. braziliensis. 2020. 78 f. Tese (Doutorado em Biotecnologia em Saude
e Medicina Investigativa) — Instituto Gongalo Moniz, Fundacdo Oswaldo Cruz Salvador, 2020.

ABSTRACT

INTRODUCTION: Cutaneous leishmaniasis (CL) is caused by the bite of a female
phlebotome that protects the Leishmania inoculate on the skin of the host and triggers an
immune process with the formation of an ulcerated lesion. The exacerbated inflammatory
response is able to control the parasites, however it results in tissue damage. Most of the studies
on CL report in vitro methodologies and with murine models and more recently it was suggested
that the accumulation of cells with cytotoxic potential contributes to the formation of skin
lesions. AIM: We propose an in situ analysis to establish correlations between clinical-
histopathological events and the participation of inflammatory cells and molecules, in order to
understand the immunopathogenesis of cutaneous lesions caused by L. braziliensis.
MATERIAL AND METHODS: Was performed a histopathological analysis of biopsies from
the edge of the ulcerated lesion of 22 patients diagnosed with CL. By immunohistochemistry,
we identified and quantified the cells of the CD57* natural killer (NK) cells, CD4* and CD8* T
lymphocytes, CD20" B lymphocytes, CD68* macrophages, perforin® cells, granzyme B*, TNF-
o and IL- 1B*. We correlated these cells with the size of the lesion, the percentage of necrosis
and inflammation, and the number of amastigotes found in the histological sections.
RESULTS: We identified a high proportion of lymphocytes, having a negative correlation
between CD4" T lymphocytes and CD68" macrophages, such as amastigotes and necrosis.
Perforins and granzymes, produced by CD8" lymphocytes and NK cells, were correlated with
necrosis, as well as IL-1p* and TNF-o" cells. CONCLUSION: the inflammatory mechanisms
that induce necrotic death of infected cells are factors that can contribute to tissue damage.

Keywords: Cutaneous leishmaniasis, Histopathology, Immunohistochemistry, L. braziliensis.
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1 INTRODUCAO

A Leishmaniose Cutdnea (LC) é considerada pela Organizagdo Mundial da Saude
(OMS) como uma das oito doencas tropicais negligenciadas e o nimero de casos em &reas
endémicas tem aumentado significativamente nos dltimos anos (PAN-AMERICANA DA
SAUDE, 2019). Atualmente, a doenca é endémica em 102 paises e nos Gltimos anos tem sido
cada vez mais observada entre migrantes, viajantes, ecoturistas e militares (MANSUETO et al.,
2014). E uma doenca desfigurante, inclusive as lesdes podem mimetizar outras dermatoses,
podendo dificultar o diagnostico e deixar cicatrizes em locais visiveis do corpo, causando
problemas psicoldgicos, sociais e econémicos.

A LC caracteriza-se pelo desenvolvimento de lesdo ulcerada Gnica ou multiplas na pele,
resultante da inoculagdo das formas infectivas da Leishmania Viannia braziliensis, geralmente
em areas do corpo no local da infec¢do. Na maioria dos casos, uma linfadenopatia antecede a
lesdo ulcerada que evolui com um eritema, torna-se uma papula que ulcera, formando uma leséo
com aspecto arredondado e profundo com as bordas elevadas (COSTA et al., 2009;
REITHINGER et al., 2007; SILVEIRA et al., 2009). A ulcera evolui de forma cronica e
usualmente cicatriza quando os pacientes recebem a terapia recomendada pelo Ministério da
Salde, podendo ainda ter cura espontanea (MARSDEN, 1994; BRASIL, 2010). Entretanto, o
tratamento com antimonial pentavalente néo é eficaz na fase inicial da infec¢cdo (CARVALHO
etal., 1995; MACHADO et al., 2002). Adicionalmente, tem sido crescente 0 nimero de casos
de lesdes disseminadas e alguns pacientes desenvolvem les6es mucocutaneas (SILVA et al.,
2017). Este espectro de manifestacdes clinicas depende da resposta inflamatoria, que por sua
vez, é essencial para o controle dos parasitas.

Apos a inoculagdo das promastigotas presentes na saliva dos flebotomineos, ocorre o

recrutamento de células inflamatdrias para o sitio da infecgdo. Os neutrofilos, macréfagos e
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células dendriticas sdo recrutadas para controlar a disseminacéo dos parasitas, importantes na
ativacdo da resposta imune adaptativa (MAURER; DONDJI; VON STEBUT, 2009). Na borda
das Ulceras observa-se um infiltrado inflamatorio denso de linfocitos T e B, macrofagos e
plasmécitos (DA-CRUZ et al., 2005). As células natural killer (NK) atuam na defesa contra 0s
parasitas atraves da producdo de interferon gama (IFN-y) no inicio da infecg¢do para ativar
macrofagos e, consequentemente matar as Leishmanias (GORAK; ENGWERDA; KAYE,
1998). Macro6fagos também séo ativados pelas células T CD4* e CD8, que através da secrecao
de niveis elevados de IFN-y e TNF-a, quimiocinas, e da atividade citotoxica mediada por CD8
e NK, induzem a apoptose das células infectadas (RUIZ; BECKER, 2007). A ativacdo do
inflamassoma e producéo de IL1-B torna o ambiente ainda mais inflamatorio (NOVAIS et al.,
2017). A resposta imune humoral é eficiente contra vérias doencas infecciosas agudas, no
entanto, na infeccdo crbnica causada pela Leishmania, é controversa e pode desregular a
resposta imune tendo efeito deletério (SILVA-BARRIOS; CHARPENTIER; STAGER, 2017).

Nos estudos em modelo murino de leishmaniose, a evolucao da lesdo tecidual pode ser
dividida em duas fases. Uma fase inicial, assintomatica, durante a qual ocorre o pico da carga
parasitaria na derme com auséncia de lesdo tecidual. E uma segunda fase, onde ha o
desenvolvimento da doenca que se caracteriza por intensa inflamacdo do tecido infectado e
formacdo da lesdo, indicando que o dano tecidual é mediado por uma resposta imune
inflamatoria e ndo somente pela presenga do parasito (BELKAID et al., 2000; NAIK et al.,
2012). E conhecido que o curso da doenca é determinado pela natureza e magnitude da resposta
imune orquestrada por linfécitos T especificos, 0s quais exercem um papel central no controle
da replicac&o parasitaria e na destruicéo tecidual (NYLEN; EIDSMO, 2012; SILVEIRA et al.,
2009).

A ativacdo de linfocitos T especificos aos antigenos de Leishmania resulta na geracao

de células efetoras e persisténcia de linfocitos T de memoria. Neste contexto, a distribuicao e
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as caracteristicas funcionais de células efetoras que participam da patogénese e do processo de
cura clinica parecem ter relevante papel no controle da infec¢do. Os mecanismos envolvidos na
geracdo e manutencdo das células envolvidas na resposta anti-Leishmania ainda ndo estdo
completamente elucidados e a indefinicdo dos mecanismos protetores e imunopatoldgicos
resultam na dificuldade em disponibilizar métodos profilaticos e esquemas terapéuticos
alternativos bem estabelecidos. Assim, a identificagdo de mecanismos imunol6gicos associados
a cura e a protecdo continua sendo um desafio para a geracdo de candidatos vacinais para a
leishmaniose humana. Particularmente, a LC causada por L. braziliensis representa um
importante alvo de estudo da resposta imune associada ao controle da infecgéo, visto que uma
parte da populacdo na area endémica tem a intradermorreacao positiva mesmo sem apresentar
a doenga.

Apesar de sabermos que a resposta imune pode ser essencial para o desfecho clinico da
LC, ainda ndo estdo definidos quais seriam os demais fatores pelos quais 0s pacientes curam
espontaneamente ou desenvolvem a doenca, ou por que falham a terapéutica e até, por vezes,
evoluem para recidivas ou desenvolvem formas mucosas e disseminadas. Estabelecemos
correlacdes entre as células inflamatorias e achados histopatoldgicos de pacientes com lesdes
ulceradas de LC, comparacdes entre grupos de pacientes que apresentaram ou nao
linfadenopatia e, adicionalmente, grupos de pacientes que realizaram o teste da IDRM com
resultado negativo ou positivo. Diferentemente do que temos encontrado na literatura, onde as
pesquisas abordam a resposta sistémica na LC, com analise de PBMCs e modelos murinos,
nosso estudo buscou enfocar os aspectos clinicos e histopatoldgicos observando a resposta
imune local, caracterizando o tecido através de fragmentos de pele coletados da borda da Glcera

de pacientes diagnosticados com leishmaniose cutanea localizada.
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2 REVISAO DA LITERATURA

2.1 EPIDEMIOLOGIA

As leishmanioses constituem um grupo de doencas causadas por protozodrios de
diferentes espécies do género Leishmania. A Organizacdo Mundial da Satde (OMS) considera
uma doenca emergente e ndo controlada (DE VRIES; REEDIJK; SCHALLIG, 2015). O termo
Leishmaniose Tegumentar Americana (LTA) refere-se a infec¢cdo pela Leishmania que afeta a
pele e mucosas. Varias espécies pertencentes aos subgéneros Leishmania e Viannia causam
LTA em humanos, incluindo L. tropica, L. major e L. aethiopica no Velho Mundo e L.
mexicana, L. amazonensis, L. venezuelensis, L braziliensis, L. shawi, L. guyanensis, L.
panamensis e L. peruviana, encontradas apenas no Novo Mundo (LAINSON, 2010; ROQUE;
JANSEN, 2014; SOUZA; SOUZA; BOTELHO, 2012). As diferencas entre as espécies de
Leishmania podem levar a diversas manifestac@es clinicas e respostas terapéuticas (BORGES;
GOMES; RIBEIRO-DIAS, 2018; CHRISTENSEN et al., 2018; MCGWIRE; SATOSKAR,
2014).

Embora a maioria dos casos sejam notificados em paises pobres, as leishmanioses
podem ocorrer em paises da Europa, Américas e Asia (PACE, 2014). Entretanto, 75% desses
casos sdo encontrados no Brasil, na Siria e no Afeganistdo. Com a expanséao geografica da LTA
durante a década de 1980, a doencga atinge 19 estados brasileiros e, em 2003, foram confirmados
casos autoctones nos 27 estados do pais. Apesar da ampla dispersdo no territério nacional, ha
intensa concentracdo de casos em determinadas areas, principalmente nas regifes Norte e
Nordeste, enquanto em outras, 0s casos apresentam-se isolados. A doenca é prevalente
principalmente na Amazénia, Bahia, Minas Gerais, na regido do Triangulo Mineiro e nas
regides préximas a bacia do rio Mucuri e do rio Doce, em S&o Paulo, na regido sul que abrange

a area de Mata Atlantica e nos estados do Espirito Santo, Rio de Janeiro, Mato Grosso do Sul e
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Goiads (RANGEL; LAINSON, 2009). Contudo, a taxa de incidéncia da doenca provavelmente
é subestimado, devido aos casos nem sempre serem diagnosticados e a ndo obrigatoriedade de

notificagbes (MCGWIRE; SATOSKAR, 2014).

2.2 TRANSMISSAO

A LTA estd associada a condicbes climéaticas tropicais que favorecem o
desenvolvimento dos flebotomineos (MAROLLI et al., 2013). Essa transmissdo mediada pelo
flebdtomo pode seguir um ciclo antroponético ou zoonético que varia de acordo com a regido.
Leishmanias sdo parasitas intracelulares que tem um ciclo de vida digenético, transmitido pelas
fémeas infectadas para um hospedeiro vertebrado suscetivel. Isso significa que o ciclo desses
protozoarios depende de uma transmissdo bem sucedida entre o vetor, o reservatorio e os
hospedeiros finais (CONCEICAO-SILVA; MORGADO, 2019).

Sé&o dois os estagios de desenvolvimento, as formas amastigotas, que sobrevivem dentro
dos macrofagos dos mamiferos e, as promastigotas, presentes no tubo digestivo do
flebotomineo (WORLD HEALTH ORGANIZATION, 2010). As fémeas do fleb6tomo
adquirem macréfagos infectados com amastigotas quando se alimentam do sangue de
mamiferos infectados. Apds o repasto sanguineo, os amastigotas se transformam em
promastigotas, amadurecem e se dividem em até trés dias apds a ingestdo no intestino do
flebotomineo. Em seguida, 0s promastigotas migram para a proboscide do flebotomineo e estédo
prontos para serem regurgitados na pele do vertebrado no préximo repasto (ALEMAYEHU,
ALEMAYEHU, 2017; PACE, 2014). As manifestacGes clinicas da leishmaniose dependem de
uma interacdo complexa entre a espécie infectante e a resposta imune do hospedeiro. O ciclo
de transmissdo da Leishmania entre vetor, reservatério e hospedeiro esta representado na figura

1.
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Amastigotas em
macrofagos

Promastigotas na saliva
do flebétomo

Amastigotas
Flebdtomo

Patologia

Reservatorio/hospedeiro

Ulcera cutanea
(L. braziliensis)

Figura 1. Ciclo de transmisséo da leishmaniose cutanea. A Leishmania é transmitida pela picada de
flebotomineas infectadas, que utilizam mamiferos silvestres e domésticos como reservatdrios.
Durante o repasto sanguineo, as flebotomineas inoculam na pele do hospedeiro as formas infectivas
da Leishmania, as promastigotas, que sdo fagocitadas pelos macréfagos e outras células
mononucleares fagociticas. Dentro dessas células, as promastigotas se transformam em amastigotas,
as mesmas formas encontradas nos reservatorios, completando assim o ciclo de vida digenético da
Leishmania. O desenvolvimento de uma patologia depende da interacéo entre os parasitas e a resposta
imunoldgica do hospedeiro.
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2.3 MANIFESTACOES CLINICAS E DIAGNOSTICO

As lesdes na LTA sdo pleomorficas nas suas apresentacdes clinicas. A Leishmaniose Cutanea
Localizada (LCL), se manifesta com uma ou até dez lesdes ulceradas na pele. A Leishmaniose
Disseminada (LD), apresenta papulas disseminadas, sendo uma Ulcera inicial primaria e acima
de dez lesbes secundarias papulosas. E a Leishmaniose Mucocutanea (LM), ocorre apds uma
lesdo cutanea, evoluindo com ulceras nas mucosas nasal e bucal (ARENAS et al., 2017).

A LCL é a manifestacdo mais comum, podendo progredir dentro de semanas ou meses
de papulas ou nddulos a lesbes ulceradas (LAINSON; SHAW, 2010). As lesBes cutaneas podem
curar espontaneamente, mas também ha casos de recidiva durante e ap6s o tratamento (BURZA,;
CROFT; BOELAERT, 2018; SCOTT; NOVAIS, 2016; STRAZZULLA et al., 2013). Em
alguns pacientes as lesbes permanecem durante anos, periodo que pode ser caracterizado por
deficiéncia de funcdo, susceptibilidade a infec¢bes secundarias e desenvolvimento de
desfiguracoes e cicatrizes permanentes (CARVALHO et al., 1994; COSTA et al., 1986, 2009;
PACE, 2014; SCOTT; NOVAIS, 2016).

Geralmente, o diagndstico da LCL é feito pelas caracteristicas clinicas das Ulceras
associadas a deteccdo do parasita por varios métodos de diagndstico laboratoriais. As formas
amastigotas de Leishmania sdo estruturas intracelulares arredondadas com 1,5 pm a 3,0 pum,
identificadas em amostras de bidpsia de lesdo de pele por observacdo microscopica oOptica.
Além da deteccdo de parasitas pela histopatologia (ELMAHALLAWY et al., 2014), € possivel
realizar testes indiretos com sorologia, cultura parasitaria e diagnosticos moleculares (GOTO;
LINDOSO, 2010) para detectar o DNA do parasita, através da reacdo em cadeia da polimerase
(PCR). A PCR ¢ aplicada especialmente nos casos em gue 0s amastigotas nao sdo visualizados
por microscopia optica. Contudo, o diagnostico parasitologico ainda € considerado o padréo-

ouro no diagndstico das leishmanioses devido a sua alta especificidade. Principalmente pelo
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exame para a deteccdo do parasita e em cultivos in vitro a partir de material de les6es suspeitas,
buscando a identificacdo direta de amastigotas em bidpsias, raspagens ou esfregagos (DE

VRIES; REEDIJK; SCHALLIG, 2015).

2.4 INTRADERMORREACAO DE MONTENEGRO

O teste cutaneo para determinacdo da infeccdo por Leishmania, também chamado de
intradermorreacdo de Montenegro (IDRM) ou teste de hipersensibilidade tardia (DTH) é uma
forma indireta de diagndstico laboratorial baseado na mensuracdo da induracdo apds injecédo
intradérmica de antigenos do parasito. Posteriormente, o individuo é avaliado entre 48 e 72
horas, sendo consideradas positivas as reacdes com area de induragdo igual ou maior que 5 mm
de didmetro. O teste é produzido com parasitas mortos ou com antigeno soltvel de Leishmania
(ASL) e apresenta alta sensibilidade e alto valor preditivo para o diagnostico de leishmaniose
tegumentar (LT) causada por L. braziliensis. Este método indireto complementa o diagndstico
clinico-epidemioldgico e laboratorial (BRASIL, 2017; VEGA-LOPEZ, 2003) e tem sido
utilizado para identificar individuos expostos a Leishmania, mas que ndo desenvolvem doengas
(DAVIES et al., 1995; FOLLADOR et al., 2002; SCHNORR et al., 2012). Pacientes com LM
usualmente apresentam IDRM exacerbada, com varios centimetros de induragdo, enquanto nos

pacientes com LC a resposta € moderada.

A IDRM esta associada a proliferacdo linfocitaria e producdo de IFN-y em células
sanguineas periféricas estimuladas com ASL (CARVALHO et al., 1994). Uma IDRM negativa
durante a infecgdo por L. amazonensis estd associada a um comprometimento da resposta das
células T, replicacdo parasitaria e desenvolvimento de mudltiplas lesGes nodulares com
macrofagos cheios de parasitas, como observado na leishmaniose cutanea difusa (LCD)

(BARRAL et al., 1995b; SILVEIRA et al., 2009). Além disso, uma IDRM negativa também é
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observada na leishmaniose visceral (LV), uma doenca associada a disseminacdo do parasita

(EVANS et al., 1992; JERONIMO et al., 1994).

A vila de Corte de Pedra é reconhecida como uma das areas mais importantes de
transmissdo de L. braziliensis na América Latina e mais de 1000 casos de LC s&o vistos
anualmente no Posto de Saude de Corte de Pedra. Embora a positividade da IDRM nesses
pacientes seja superior a 95%, observamos que pacientes com Ulceras tipicas de LC podem ter
uma IDRM negativa. Por isso, comparamos a resposta imune de pacientes com LC que

apresentaram IDRM" com aqueles IDRM".

2.5 A RESPOSTA IMUNE INATA

As células natural killer (NK), estranhamente traduzidas por “assassinas naturais” séo
recrutadas para o local no estagio inicial da infeccdo (GUPTA; OGHUMU; SATOSKAR, 2013;
PASSERO et al., 2010). Elas se caracterizam por serem grandes leucécitos granulares que
desempenham um papel fundamental na resposta imune inata (LANIER, 2008). Essas células
sdo importantes para definir a evolucdo da doenca, restringindo a disseminagdo precoce do
parasita através da lise direta de células parasitadas.

Estudos realizados em modelos murinos mostraram que o aumento na carga parasitaria
esta diretamente associado a auséncia das células NK (HERNANDEZ SANABRIA et al., 2008;
LAURENTI et al., 1999; SCHARTON; SCOTT, 1993). As Leishmanias parecem ter alguns
mecanismos de evasdo ou mesmo inibicdo de migracdo e atividade das celulas NK. Em
camundongos infectados com L. major, foi observado que as células NK exibem uma forte
capacidade de proliferacdo que atinge o maximo de 12 a 48 horas apds a infeccdo, e um
posterior declinio (BOGDAN, 2012; HERNANDEZ SANABRIA et al., 2008; LAURENTI et

al.,, 1999; SCHARTON; SCOTT, 1993). Quando efetivas, essas células podem ser
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inflamatorias, reguladoras e citotdxicas. Elas produzem precocemente citocinas pro-
inflamatérias, como o IFN-y, que favorece a diferenciagdo das células CD4™ Th1l e, juntamente
com TNF-a, ativam macréfagos (LAURENTI et al., 1999; MORGADO et al., 2008;
SCHARTON; SCOTT, 1993).

Macrofagos sdo células presentes na maioria dos tecidos e podem estar envolvidos numa
variedade de processos bioldgicos que incluem, entre outros, a participacdo na cicatrizagdo, na
resposta imune através da fagocitose e, principalmente, a apresentacdo de antigenos as células
T (MCCORMICK; STEVENS; KANG, 2000). Macrofagos sdo as células hospedeiras finais
dos parasitas de Leishmania (LIU; UZONNA, 2012). Dentro dos fagolisossomos dos
macrofagos, as formas promastigotas sofrem diferenciacdo morfolégica transformando-se em
amastigotas, capazes de resistir aos mecanismos de destruicdo e sobreviver dentro das células
(L1U; UZONNA, 2012). Adicionalmente, as amastigotas dentro dos macrofagos se replicam e
induzem a cronicidade da infeccdo cutanea mantendo a inflamacao na derme (LIU; UZONNA,
2012). As citocinas pré-inflamatorias IFN-y e TNF-a estimulam os macréfagos contribuindo
com o controle parasitario, mas também promovem a necrose tecidual como consequéncia de
uma intensa resposta imune que favorece o desenvolvimento de lesdes graves (GAAFAR et al.,

1995).

2.6 A RESPOSTA IMUNE ADQUIRIDA E OS LINFOCITOS

Linfocitos T CD4" sdo as principais células produtoras de IFN-y (SANTOS et al., 2013)
as quais, juntamente com o TNF-a, permanecem ativando macrofagos para impedir a
proliferacdo parasitaria nas fases iniciais da infeccdo. Entretanto, se esta resposta inflamatéria

for muito intensa pode contribuir para a destruicdo tecidual (BACELLAR et al., 2002).
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Linfdcitos T CD4" desempenham um papel fundamental na resposta imune anti-Leishmania,
através do reconhecimento de antigenos e producéo de citocinas.

Embora pouco se discuta sobre o papel da atividade citotoxica das células CD4" na
infecgdo por Leishmania, tem sido demonstrado uma alta frequéncia de subconjuntos de células
T CD4" produtoras também de granzima B, as quais ja foram encontradas em individuos que
infectados por L. major (NAOUAR et al., 2014). A producdo de moléculas citotoxicas pelas
células T CD4" também foi detectada, principalmente em individuos assintomaticos para LC
(EGUI et al., 2018). No entanto, sdo necessarios mais estudos para determinar os possiveis
papéis dessas células e entender as implicacbes para protecdo e danos.

Linfocitos T CD8" desempenham um papel crucial na resposta imune da LC
(BRODSKYN et al., 1997; DA-CRUZ et al., 2005, 2002; FARIA et al., 2009; HERNANDEZ-
RUIZ et al., 2010; RUIZ; BECKER, 2007). Entretanto, varios autores também tém sugerido
que linfécitos T CD8* podem contribuir tanto para a destruicdo parasitaria quanto para o dano
tecidual (BOUSOFFARA et al., 2004; CARDOSO et al., 2015; ESTERRE et al., 1992; FARIA
etal., 2009; NYLEN; EIDSMO, 2012; SANTOS et al., 2013).

Estudos mostraram que linfocitos T CD8* eliminam macréfagos infectados
contribuindo para a resolucdo da infecgdo (COUTINHO et al., 1998; DA-CRUZ et al., 1994).
Linfécitos T CD8" produzindo IFN-y foram associados a resolugio da infec¢do (DA-CRUZ et
al., 2002; ROSTAMI et al., 2010), pois grandes quantidades de IFN-y produzido por T CD8"
logo apos a infecgdo reduziu a carga parasitaria antes do desenvolvimento da lesdo em modelo
experimental murino (BERTHOLET et al., 2005). Além disso, os linfécitos T CD8* também
teriam um papel modulador sobre os linfécitos T CD4", indicando que o equilibrio entre estas
células configura uma etapa importante para o processo de controle da infeccdo e cicatrizagao
da lesdo (BRELAZ-DE-CASTRO et al., 2012; DA-CRUZ et al., 2005). Outros estudos

argumentam que estas células participam do estabelecimento e progressdao da doenca,
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principalmente através de mecanismos citotoxicos (BARRAL-NETTO et al., 1995;

BRODSKYN et al., 1997; SANTOS et al., 2013).

2.7 ATIVIDADE CITOTOXICA

A atividade citotdxica das células T CD8" é importante para a eliminagdo do parasita
(BARRAL-NETTO et al., 1995; DA-CRUZ et al., 1994; JORDAN; HUNTER, 2010; KHAN;
SMITH; KASPER, 1988; MONTOYA et al., 1996; PURNER et al., 1996; SANTOS et al.,
2013). Os linfocitos T CD8" induzem a apoptose de mondcitos infectados na LC, mas ainda
assim a resposta é insuficiente (CARDOSO et al., 2015; SANTOS et al., 2013). Enquanto a
atividade citotoxica induz a morte da célula-alvo, a exacerbacdo das vias inflamatorias
mediadas pela citocinas como IFN-y e TNF-a ndo séo reguladas adequadamente, e podem
ocorrer disturbios inflamatorios e danos nos tecidos (ARIAS et al., 2014; FOLLADOR et al.,
2002; RIBEIRO-DE-JESUS et al., 1998).

Linfocitos T CD8" e células NK participam da resposta imune contra a L. braziliensis,
contribuindo com a producdo de TNF-a e através da atividade citotoxica. MACHADO et al.,
2002, observaram linfocitos T CD8" e células NK e suas atividades citotdxicas em lesdes de
pacientes com LC, sugerindo ndo apenas a participacao ativa dessas células na destruicdo de
parasitas, mas também seu papel na ulceracéo.

A atividade citotoxica é observada em uma variedade de células imunes, incluindo os
os linfocitos T CD8" e células NK, que destroem alvos através da liberacdo de granulos
citotoxicos contendo perforina e granzimas. A perforina promove a formagdo de poros nas
membranas das células alvos, facilitando a entrada de granzimas e induzindo a morte celular
programada atraves da fragmentacdo do DNA (PIPKIN; LIEBERMAN, 2007; RUIZ;

BECKER, 2007; TRAPANI, 2001; TRAPANI; SMYTH, 2002).
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Uma provavel explicagdo sobre os mecanismos das células citotoxicas para mediar a
inflamacéo e a lesdo tecidual na LC ¢ através da degranulagdo das células citotdxicas, liberando
granzima B e perforina no espaco extracelular para induzir a apoptose de macrofagos infectados
e células vizinhas. Fragmentos de células sdo fortes estimulos para recrutamento de novas
células inflamatorias. Adicionalmente, a granzima extracelular B pode induzir indiretamente a
inflamacdo atraves da ativacdo de citocinas pré-inflamatorias e degradacdo dos substratos da
matriz extracelular, contribuindo para o aumento na destruicédo tecidual. Esses dados sugerem
um papel importante das granzimas na amplificacdo da inflamacéo e consequente destruicao
tecidual nas infecgdes por Leishmania (CAMPOS et al., 2017).

Novais e cols. (2013), mostraram o efeito deletério dos linfocitos T CD8" em
camundongos infectados por L. braziliensis. Nos animais, a progressdo das Ulceras e o
aparecimento de metastases foram associados a presenca de linfécitos T CD8" e perforina,
indicando que a atividade citotéxica dos linfécitos T CD8" sdo importantes também para a
patologia da LCL. Essa ambiguidade de um papel protetor e um papel patoldgico dos linfocitos
T CD8" na leishmaniose cutanea depende também da carga parasitaria.

A granzima B foi encontrada na matriz extracelular de tecidos, plasma e exsudato de
feridas cronicas (BOIVIN et al., 2009; HIEBERT; GRANVILLE, 2012). Granzimas
extracelulares podem induzir a producdo de uma variedade de citocinas e promover danos aos
tecidos, atrasando assim o reparo tecidual (AFONINA et al., 2011; HIEBERT; GRANVILLE,
2012; OMOTO et al., 2010). Além disso, foi observado que a inibicdo in vitro da granzima B
diminuiu significativamente os niveis de TNF-a em PBMCs de pacientes com LC (CAMPOS

etal., 2019).
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2.8 CITOCINAS PRO-INFLAMATORIAS INDUZIDAS POR L. braziliensis

O papel da IL-1B durante a infecgdo por Leishmania € considerado controverso
(ZAMBONI; SACKS, 2019). IL-1B ¢ produzida como um polipeptideo que é processado apos
a ativacdo do inflamassoma, inserido em um complexo molecular composto por proteinas
(LIMA-JUNIOR et al., 2013). H& a hipbtese de que a Leishmania pode ativar o inflamassoma
na pele indiretamente, quando os parasitas sdo fagocitados por células imunes inatas (LIMA-
JUNIOR et al., 2013; SCOTT; NOVAIS, 2016) ou ativando uma via indireta ndo candnica
(ZAMBONI; SACKS, 2019). Outros componentes derivados do vetor também podem
participar da ativagdo da IL-1p (DEY et al., 2018). Foi demonstrado que a IL-1p pode promover
a expansdo das células Thl mediada por IL-12, estimula a producdo de 6xido nitrico e TNF-a,
que juntos contribuem para eliminar os parasitas (ALEXANDER; BRYSON, 2005; LIMA-
JUNIOR et al., 2013). No entanto, num estudo com pacientes infectados pela L. mexicana a
expressdo elevada de IL-1p foi associada a gravidade da doenga (FERNANDEZ-FIGUEROA
et al., 2012). Embora conflitantes, esses achados também dependem da espécie infectante, pois
interfere nos mecanismos responsaveis pela resisténcia ou suscetibilidade. Foi relatado que
pacientes infectados por L. braziliensis e apresentando lesfes ulceradas exibem niveis mais
elevados de células T CD8" do que pacientes com lesdes ndo ulceradas (FARIA et al., 2009).

Muitos estudos mostraram que o IFN-y participa da ativagdo das cé€lulas fagociticas,
induzindo a morte do parasita (KAYE; SCOTT, 2011; NOVAIS et al., 2014), mas existem
varias fontes celulares de IFN-y (CARDOSO et al., 2015; NOVAIS et al., 2014). Embora em
pacientes com LC a maioria das células que expressam IFN-y seja CD4" e células T CD8", as
células CD3'CD56" (células NK) foram a principal fonte de IFN-y em individuos expostos a L.
braziliensis que ndo desenvolveram a doenga. A producéo de IFN-y pode ter um papel duplo

na infeccdo por L. braziliensis. Em pacientes com LC, existe uma correlagdo positiva entre a



28

frequéncia de células CD4" produtoras de IFN-y e o tamanho da lesio (ANTONELLI et al.,
2005). Além disso, os niveis de IFN-y sdo mais altos na LC do que na infecgdo dos individuos
subclinicos (FOLLADOR et al., 2002; NOVOA et al., 2011). Consequentemente, é provavel
que, no inicio da infeccdo, a producao de IFN-y esteja relacionada a protegdo, enquanto na fase
tardia esteja associada a doenca. Na LC causada pela L. braziliensis, praticamente todos 0s
pacientes apresentam resultados positivos de IDRM e produzem IFN-y in vitro. O relato de que
as células NK séo a principal fonte de IFN-y na infec¢do de pacientes subclinicos também pode
explicar a Gnica concordancia entre os resultados do teste cutaneo e a producao de IFN-y nesses
individuos. Nesse cenério, a resposta ao teste cutdneo pode estar relacionada as células T,

enquanto o IFN-y é produzido pelas células NK.

2.9 A RESPOSTA IMUNE HUMORAL

Linfocitos B sdo fundamentais para a resposta humoral, responsaveis pela geracdo de
anticorpos especificos aos antigenos e séo ativados por linfécitos T especificos, denominada
ativacdo B dependente de T (ANAYA JM et al., 2013; RODRIGUEZ-PINTO; SARAVIA;
MCMAHON-PRATT, 2014). Essas células tornam-se ativadas apds a exposicao a antigenos
exogenos, que sdo internalizados, levando a replicacdo e diferenciacdo de células B efetoras e
producdo de anticorpos (ANAYA JM et al., 2013). Varios estudos sugerem que as células B
podem estar envolvidas na exacerbacgéo das infec¢bes por Leishmania, causadas por L. tropica,
L. mexicana, L. major, L. braziliensis e L. amazonensis, embora o0 mecanismo especifico ainda
seja desconhecido (BANKOTI et al., 2012; SCORZA; CARVALHO; WILSON, 2017,
WANASEN; XIN; SOONG, 2008).

Estudos com diferentes linhagens de camundongos infectados por Leishmania spp.

revelaram que as células B podem ter um papel no desenvolvimento da imunidade contra a
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infeccdo por Leishmania (SCOTT; NATOVITZ; SHER, 1986; WOELBING et al., 2006),
desempenharam um papel fundamental na morte de parasitas intracelulares de L. amazonenses
e curaram a infeccdo (MUKBEL; PETERSEN; JONES, 2006). Mais recentemente, mostrou-se
que células B de camundongos resistentes co-infectados com L. major e L. amazonensis
promovem a diminuicdo de parasitas (GIBSON-CORLEY’; JONES; HOSTETTER, 2010).
Observou-se uma relagdo inversa entre os anticorpos IgE anti-Leishmania no soro e
0 numero de Ulceras cutaneas em pacientes com LC (SOUSA-ATTA et al., 2002). Anticorpos
IgE séo produzidos na resposta imune Th2 e a participagdo dessas imunoglobulinas na LC pode
ser interpretada como um mecanismo protetor para impedir a disseminagédo cutanea da infecgéo,
modulando a resposta inflamatoria da pele mediada pelas citocinas Thl (O’NEIL; LABRADA;

SARAVIA, 1993).
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3 OBJETIVOS

3.1 OBJETIVO GERAL

Identificar fatores no processo inflamatorio tecidual que contribuem para a formacao de
lesGes ulceradas em pacientes com LC causada por L. braziliensis.

3.2 OBJETIVOS ESPECIFICOS

- Mensurar as areas de inflamacao e de necrose das sec¢des de pele dos casos de leishmaniose

cutanea localizada.

- Identificar e quantificar por imunoistoquimica (IHQ) a quantidade de amastigotas de L.

braziliensis.

- Identificar por imunoistoquimica as populagdes de macréfagos CD68", linfocitos T CD4*
CD8*, B CD20" e células CD57* NK, quantificando-as nas biopsias de Ulceras de pacientes

com leishmaniose cutanea localizada.

- Identificar por imunoistoquimica e quantificar a expressdo de citocinas, IL-1B € TNF-a, nas
bidpsias de Ulceras de pacientes com leishmaniose cutanea localizada.

- Identificar por imunoistoquimica e quantificar a producéo de moléculas citotdxicas, granzimas

B e perforina, nas bidpsias de Ulceras de pacientes com leishmaniose cuténea localizada.

- Correlacionar as células imunomarcadas as areas de inflamacgdo e necrose das sec¢des

histoldgicas de lesbes ulceradas causadas pela L. braziliensis.

- Comparar a resposta imune de pacientes com LC que apresentaram IDRM™ com aqueles
IDRM".
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4 MATERIAL E METODOS

4.1 ASPECTOS GERAIS

Este € um estudo de corte transversal, com amostra de conveniéncia, de carater
investigativo e descritivo, cujo objetivo principal é identificar no processo inflamatério in situ
quais fatores e células contribuem para a formacao da lesdo em pacientes com Leishmaniose
Cuténea causada por L. braziliensis. Foram incluidas 22 bidpsias de pele de LCL e para o estudo
comparativo da IDRM, foram 25 bidpsias, 12 IDRM+ e 13 IDRM". Todos os pacientes foram

atendidos no centro de saude de Corte de Pedra, Bahia, no periodo de 2009 a 2018.

4.2 DADOS CLINICOS

As informac6es clinicas como dados sobre idade, género, local e tamanho da leséo e

estimativa do periodo da lesdo fornecida pelo paciente foram coletadas retrospectivamente a
partir dos prontuarios. Foi realizado o célculo do didmetro da circunferéncia (C=2.x . r) para

aferir o tamanho da leséo, assim, os valores referentes a estes dados foram expressos em mm.
O diagndstico dos pacientes para LC foi confirmado em todos os casos atraves de bidpsia,

exame parasitolégico direto e reacdo de Montenegro.

4.2.1 Critérios de inclusao

a) Lesdes ulceradas de 30 até 120 dias de evolucgéo, tipicas de leishmaniose cutanea

classica (LCC);
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b) Identificacdo de parasitas por andlise histopatoldgica, PCR e/ou cultura para L.
braziliensis positivos;
c) Ter realizado o teste de IDRM;

d) Biopsia antes do inicio do tratamento.

4.2.2 Critérios de exclusao

a) Pacientes com diagndstico de leishmaniose cutanea com lesdes atipicas.
b) Pacientes gravidas;

c) Pacientes HIV positivos e com diabetes;

d) Pacientes com mais de 10 lesdes cutaneas;

e) Laminas com artefatos que inviabilizam a andlise histoldgica.

4.3 CONSIDERACOES ETICAS

Os pacientes participaram da pesquisa de forma voluntaria, sendo aplicado um Termo
de Consentimento Livre e Esclarecido. O projeto intitulado de “Avaliagdo da resposta
inflamatoria in situ na Leishmaniose Cutdnea” obteve aprovagdo do Comité de Etica em
Pesquisas com Seres Humanos do Instituto Gongalo Moniz, Fiocruz, Bahia, parecer n°

533.032/2014.

4.4 BIOPSIAS

As bidpsias foram coletadas da borda da ulcera utilizando um punch de quatro

milimetros mediante anestesia local. Os fragmentos foram fixados em formaldeido tamponado
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a 10% para posterior processamento e corte no Servigo de Histotecnologia do Instituto Gongalo
Moniz (IGM), onde também sdo realizadas as coloracfes em HE e Grocott para a analise
histopatoldgica e diagnostico diferencial. O aspirado do local da lesdo foi realizado para cultura
in vitro e um diminuto fragmento foi reservado em RNA later para realizacdo da técnica de PCR
no Servico de Imunologia do Hospital Universitario Professor Edgard Santos e, posteriormente,

os resultados foram anexados aos prontuarios dos pacientes.

4.5 IMUNOISTOQUIMICA

As reagdes de imunoistoquimica foram realizadas no Laboratério da Disciplina de
Patologia de Moléstias Transmissiveis, da Faculdade de Medicina da Universidade de S&o
Paulo (FMUSP). Os cortes histologicos de 5 pm (cinco micrometros) de espessura foram
desparafinizados e reidratados utilizando xilol e alcool PA. Em seguida, para a recuperacao
antigénica foi utilizado tampdo de pH 9.0 a 96° C durante 20 minutos. As reacdes de
imunoistoquimica foram realizadas ap6s o bloqueio da atividade da peroxidase com peréxido
de hidrogénio a 3% durante 10 minutos e proteinas com bloqueio proteico sem soro (DAKO,
Carpinteria, CA) durante 15 minutos. As laminas foram incubadas overnignt a 4° C com 0s
anticorpos listados na Tabela 1. Foi utilizado o kit Peroxidase HorseRadish KP500, Mouse and
Rabbit (Diagnostic BioSystems, Pleasanton, EUA) para a revelagdo da reacdo de acordo com
as recomendacdes do fabricante. Todas as laminas foram contrastadas com hematoxilina Harris,
desidratadas e montadas com Permount (Thermo Fisher Scientific, Waltham, MA) e laminulas
de vidro. Em todas as reac¢6es, um padréo pre-selecionado foi utilizado como controle positivo
e uma secdo que nao havia sido incubada com o anticorpo primario, para o controle negativo.
O resumo deste protocolo de imunoistoquimica esta representado na Figura 2A e o padrdo de

marcacao dos anticorpos utilizados esta exemplificado na Figura 2B.
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Tabela 1. Relacdo de anticorpos utilizados para imunomarcacdo de células inflamatorias e
moléculas nas secc¢des histologicas de leses ulceradas de pacientes com leishmaniose cutanea.

Anticorpo Celula-alvo Clone Diluicao Marca
Monoclonal Linfocitos T EP204 1/50 ThermoFisher,
Mouse anti-CD4 CD4* Massachusetts,
USA
Monoclonal Linfocitos T C8/144B 1/200 Cell Marque,
Mouse anti-CD8 CD8"* Californie, USA
Monoclonal Linfocitos B clone L26 1/200 Dakao,
Mouse anti-CD20 CD20" Californie, USA
Monoclonal Células Ab-1 1/100 ThermoFisher,
Mouse anti-CD57 natural Massachusetts,
killer CD57* USA
Monoclonal Macrofagos PG M1 1/200 Dakao,
Mouse anti-CD68 CD68* Californie, USA
Polyclonal Rabbit | Amastigotas in house 1/1000 Schubach et al.,
anti-Leishmania de 2001
Leishmania
Polyclonal Rabbit Células orb129752 1/100 Biorbyt,
anti-TNF-o TNF-ao* Cambridge, UK
Monoclonal Células IL- 3AC 1/100 Cell Signaling
Mouse anti-IL-1B 1B-o* Technology,
Massachusetts,
USA
Polyclonal Rabbit Células EP230 1/100 Cell Marque,
anti-Granzyme B | Granzima B* Californie, USA
Monoclonal Células 5B10 1/100 Cell Marque,
Mouse anti- Perfonina® Californie, USA
Perforin



https://www.google.com/search?rlz=1C1HLDY_pt-BRBR691BR692&q=thermo+fisher+scientific+&stick=H4sIAAAAAAAAAOPgE-LSz9U3MCooMTBJU-IAsTOqjE21tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcWLWCVLMlKLcvMV0jKLgQyF4uTM1LySzLTMZAUA3EcneWAAAAA&sa=X&ved=2ahUKEwjzwIK4l8vjAhWrDrkGHZYGBYcQmxMoATASegQIDhAK
https://www.google.com/search?rlz=1C1HLDY_pt-BRBR691BR692&q=thermo+fisher+scientific+&stick=H4sIAAAAAAAAAOPgE-LSz9U3MCooMTBJU-IAsTOqjE21tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcWLWCVLMlKLcvMV0jKLgQyF4uTM1LySzLTMZAUA3EcneWAAAAA&sa=X&ved=2ahUKEwjzwIK4l8vjAhWrDrkGHZYGBYcQmxMoATASegQIDhAK
https://www.google.com/search?rlz=1C1HLDY_pt-BRBR691BR692&q=thermo+fisher+scientific+&stick=H4sIAAAAAAAAAOPgE-LSz9U3MCooMTBJU-IAsTOqjE21tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcWLWCVLMlKLcvMV0jKLgQyF4uTM1LySzLTMZAUA3EcneWAAAAA&sa=X&ved=2ahUKEwjzwIK4l8vjAhWrDrkGHZYGBYcQmxMoATASegQIDhAK
https://www.google.com/search?rlz=1C1HLDY_pt-BRBR691BR692&q=thermo+fisher+scientific+&stick=H4sIAAAAAAAAAOPgE-LSz9U3MCooMTBJU-IAsTOqjE21tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcWLWCVLMlKLcvMV0jKLgQyF4uTM1LySzLTMZAUA3EcneWAAAAA&sa=X&ved=2ahUKEwjzwIK4l8vjAhWrDrkGHZYGBYcQmxMoATASegQIDhAK
https://www.google.com/search?rlz=1C1HLDY_pt-BRBR691BR692&q=thermo+fisher+scientific+&stick=H4sIAAAAAAAAAOPgE-LSz9U3MCooMTBJU-IAsTOqjE21tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcWLWCVLMlKLcvMV0jKLgQyF4uTM1LySzLTMZAUA3EcneWAAAAA&sa=X&ved=2ahUKEwjzwIK4l8vjAhWrDrkGHZYGBYcQmxMoATASegQIDhAK
https://www.google.com/search?rlz=1C1HLDY_pt-BRBR691BR692&q=thermo+fisher+scientific+&stick=H4sIAAAAAAAAAOPgE-LSz9U3MCooMTBJU-IAsTOqjE21tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcWLWCVLMlKLcvMV0jKLgQyF4uTM1LySzLTMZAUA3EcneWAAAAA&sa=X&ved=2ahUKEwjzwIK4l8vjAhWrDrkGHZYGBYcQmxMoATASegQIDhAK

35

(A)

formol 10% p
pro
—

cessamento
. — ﬂl \‘ — . — ' —
- S & -
fragmento P s—— ) .
de pele corte histolégico desparafinizacédo, bloqueio da peroxidase

hidratacdo e
e recuperacao antigénica
e emblocamento

® ° K,
‘&' — ." — ,L e
. ¥ . Qe . Qe . @
anticorpo amplificacdo revelacdo montagem

e contracoloragdo resultado

Granzimal| Perforina]

Figura 2. Imunoistoquimica nas sec¢Oes histologicas de biopsias de pele de pacientes com
leishmaniose cutanea. (A) Esquema representativo do protocolo realizado para a técnica de
imunoistoquimica. (B) Painel de anticorpos e padrdao de imunomarcacdo a partir de fotomicrografias
das reac0es.
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4.6 ANALISE HISTOPATOLOGICA QUANTITATIVA

O método para quantificacdo de ceélulas teve por base a histomorfometria de
RODRIGUES DE SANTANA et al. (2014). Foi utilizado o microscopio modelo 90i (Nikon
Corporation, Toquio, Japdo) anexado a um sistema de cémera digital DS-Fil (Nikon
Corporation, Toquio, Japdo) com o software Nis-Elements, versdo 3.1. Foram fotografados dez
campos randomizados da derme de cada seccéo histoldgica, utilizando a objetiva de 40x para
andlise das células inflamatorias e a de 100x para contagem de amastigotas. Em cada campo, 0
numero de células positivas foi quantificado utilizando o recurso de contagem semi-automatica
do software ImageJ, versdo 1.48 (National Institutes of Health, Bethesda, MD), conforme
representado na figura 3. As células positivas foram definidas pela identificacdo das moléculas
amplificadas que reagiram com o substrato cromdgeno diaminobenzidina (DAB), resultando

na coloragdo marrom. (eBioscience, San Diego, CA).

(A)
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Figura 3. Exemplificacdo da analise quantitativa em seccdo histologica de bidpsia de lesdo
ulcerada de paciente com leishmaniose cutanea apos imunoistoquimica. (A) Exemplo de selecdo
aleatoria de 10 campos microscépicos na derme (retangulos vermelhos). (B) Visualizacdo das células
imunomarcadas em marrom (setas vermelhas). (C) Identificacdo e quantificacdo das células positivas
(numeracao amarela).
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4.7 ANALISE MORFOMETRICA DAS AREAS DE INFLAMAGAO E NECROSE

Todas as sec¢des coradas em HE foram escaneadas por microscépio dptico com scanner
acoplado (Olympus BX51) nas objetivas de 10x a 40x. As imagens das secces foram
registradas no aumento digital de 0,7x, mediante visualiza¢do utilizando o software OlyVIA
2.7 (Olympus Corporation, 2013). A anélise semi-automatica foi realizada com o auxilio do
software da ImageJ, verséo 1.48, conforme exemplificado na figura 4.

Foram realizadas as medidas da &rea total do corte histologico e, em seguida,
selecionadas as areas de infiltrado inflamatério na derme. A éarea total do fragmento e o
somatorio das areas de inflamacio foram apresentados em mm?2. Desta maneira, foi possivel
mensurar a proporcao em porcentagem (%) da inflamacéo por area total do fragmento.

Método semelhante foi utilizado para atribuir valores as areas de necrose, quando
presentes na bidpsia. Todavia, como ndo foi possivel visualizar essas areas com precisdao em
pequenos aumentos, o registro das imagens foi feito com o aumento digital de 7x. Assim, foi

possivel percorrer toda a seccédo e identificar as areas de necrose.

(A) (B) (©)

File Edit Image Process Analyze Plugins File Edit Image Process Analyze Plugins File Edit Image Process Analyze Plugins
Window Help Window Help Window Help

Ojola|ol<4 |+ Ala|o/F > o) <8 ~<|£|+[[A|a | o] P mifelf=] P PIEIRNVNEN vl

and (tracing) tool Freehand selections

0% :
Figura 4. Exemplificacdo da andlise morfométrica em seccdo histolégica de biépsia de lesdo
ulcerada de paciente com leishmaniose cutanea corada com hematoxilina e eosina. Selecdo (A) da
area total do corte, (B) da area de infiltrado inflamatdrio (C) e da rea de necrose.
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4.8 ANALISE ESTATISTICA

Os resultados estdo apresentados em tabelas e graficos onde os nimeros representem
valores absolutos ou propor¢des. A anélise estatistica foi realizada utilizando o software
GraphPad Prism 5.01 (GraphPad Software, Inc., San Diego,USA) (Figura 4).

Para varidveis com distribuicdo normal, utilizamos o teste Two-way ANOVA. Para
distribuicdo ndo-normal, o teste ndo paramétrico Mann Whitney. Para as correla¢cbes com
variaveis de distribuicdo normal e ndo-normal, utilizamos os testes de Pearson e Sperman,

respectivamente.

4.9 MATRIZ DE CORRELACAO

A linguagem R através da interface RStudio (versdo 1.2.5019) foi utilizada para tracar
mapas de calor e matrizes de correlacdo entre os pardmetros e marcadores observados. As
funcGes corrplot e corrgram foram usadas para tracar as matrizes de correlagdo,
respectivamente, usando o método estatistico de Pearson. As correlagdes positivas sdo exibidas
em azul e as negativas em vermelho. A intensidade da cor e tamanho do circulo sdo
proporcionais aos coeficientes de correlacdo (Figura 5). Consideramos a classificacdo de
DANCEY; REIDY (2006) que indicam a forcga da correlagdo quando (negativo ou positivo): r
= 0,10 até 0,30 (fraco); r = 0,40 até 0,60 (moderado); r = 0,70 até 1,0 (forte). Os resultados

foram estatisticamente significantes quando p <0,05.
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5 RESULTADOS

5.1 ASPECTOS SOCIODEMOGRAFICOS E CLINICOS DO ESTUDO DE LESOES
ULCERADAS DE PACIENTES COM LEISHMANIOSE CUTANEA

Vinte e dois pacientes foram incluidos no estudo cuja mediana da idade foi de 39 anos,
foram 16 pacientes do sexo masculino, o que corresponde a 73% da amostra do estudo. Quinze
pacientes apresentaram linfadenopatia. As Ulceras foram localizadas com mais frequéncia nos
membros inferiores (86%). A duragdo média das Ulceras foi de 43 + 25 dias no momento do
exame do paciente, com um tamanho médio de lesdo de 376 + 336 mm? (Tabela 2).

Tabela 2. Caracteristicas demogréficas e clinicas dos pacientes com leishmaniose cutanea em
Corte de Pedra — BA, de 2009 a 2014.

Caracteristicas Valores
Numero de pacientes 22
Idade (média £ desvio padréo) 40 + 16
Masculino 16 (73%)
Presenca de linfadenopatia 15 (68%)
Local da lesé&o:

Membros superiores 3 (14%)

Membros inferiores 19 (86%)
Duracdo da lesdo em dias (média + desvio padréo) 43 £ 25

Tamanho da lesdo em mm?2 (média + desvio padrdo) 376 + 336

As figuras 5-8 ilustram as imunomarcacOes de células que expressam CD4*, CD8",
CD20", CD57%, CD68", IL-1B*, TNF-a*, granzima B* e perforina® em bidpsias de pele de
pacientes com LCL. As células CD8" foram as mais frequentes, seguidas pelas CD68*, CD57*
e CD4. Em relagdo as moléculas secretadas por essas células, a IL-1B" e 0 TNF-o* foram as

mais expressas, seguidas pela perforina® e pela granzima B* (Figura 10).
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(B)

Figura 5. Imunoistoquimica em seccao histoldgica de fragmento de pele de lesdo ulcerada de
paciente com leishmaniose cutinea. Células imunomarcadas em marrom com diaminobenzidina e
anticorpo (A) anti-CD4 (B) anti-CD8. Amplificagdo digital de 40x.
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Figura 6. Imunoistoquimica em seccao histolégica de fragmento de pele de lesdo ulcerada de
paciente com leishmaniose cutanea. Células imunomarcadas em marrom com diaminobenzidina e
anticorpo (A) anti-CD20 (B) anti-CD57. Amplificac&o digital de 40x.
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Figura 7. Imunoistoquimica em sec¢do histolégica de fragmento de pele de lesdo ulcerada de
paciente com leishmaniose cutinea. Células imunomarcadas em marrom com diaminobenzidina e
anticorpo (A) anti-CD68 (B) anti-Leishmania. Amplificacdo digital de 40x e 100x, respectivamente.
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(A)

Figura 8. Imunoistoquimica em seccao histolégica de fragmento de pele de lesdo ulcerada de
paciente com leishmaniose cutanea. Células imunomarcadas em marrom com diaminobenzidina e
anticorpo (A) anti-TNF-a (B) anti-IL-1B. Amplificagdo digital de 40x.
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Figura 9. Imunoistoquimica em sec¢do histolégica de fragmento de pele de lesdo ulcerada de
paciente com leishmaniose cutanea. Células imunomarcadas em marrom com diaminobenzidina e

anticorpo (A) anti-granzima B (B) anti-perforina. Amplificacdo digital de 40x.
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Figura 10. Perfil celular inflamatério na leishmaniose cutdnea e nimero de amastigotas. Nimero
de células positivas por imunoistoquimica em sec¢des histologicas de bidpsias de lesdes ulceradas de
pacientes com leishmaniose cutanea. As barras representam o erro médio padrdo (EM) (n=22).

Quinze pacientes que apresentaram linfadenopatia enquanto também apresentavam
lesbes ulceradas tiveram diferencas no padrdo inflamatério. Foi observada uma maior
frequéncia de células TNFa* (49,3 vs. 373,3; p<0,05) (Figura 11 A) e IL-1p* (5,5 vs. 136,1;

p<0,05) (Figura 11 B) nos pacientes com linfadenopatia quando comparado com os individuos

sem linfadenopatia.
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Figura 11. Comparac¢do do namero de células (A) TNF-a* e (B) IL-1p* em pacientes com lesdo
ulcerada de leishmaniose cutanea que apresentaram ou ndo linfadenopatia. TNF-a* (49,3 vs. 373,3
e IL-1B* (5,5 vs. 136,1), * p<0,05. A andlise estatistica foi realizada utilizando o teste t student ndo
pareado. As barras representam a média e o erro padrao.
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A figura 12 apresenta um painel de correlacGes entre as caracteristicas histopatologicas
observadas e as frequéncias de células e moléculas expressas por essas células, além dos valores

do coeficiente de correlagéo.

Painel de correlacoes
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Figura 12. Correlagdo entre as células inflamatdrias e as caracteristicas clinico-
histopatologicas nas biopsias de lesbes ulceradas de pacientes com leishmaniose cutanea.
Matriz de correlacdo mostrando os coeficientes de correlacdo de Pearson entre as variaveis. A
intensidade da cor e o tamanho dos circulos indicam a intensidade da correlagéo. Tons de azul,
correlagéo positiva; tons de vermelho, correlagéo negativa.

A inflamacdo observada na LC caracteriza-se pela infiltracdo de células mononucleares
durante toda a duracdo da doenca (DANTAS et al., 2014; FARIA et al., 2009). Observa-se

aumento da infiltracdo, variando de leve na fase inicial de papulas antes do aparecimento de
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Ulceras, que aumenta progressivamente (SALDANHA et al., 2017). Verificou-se que a
inflamacédo estava diretamente associada a frequéncia das células T CD4" (R = 0,40; p < 0,05)
(Figura 13A). A necrose nas Ulceras de LC é secundéria ao dano tecidual devido a morte de
macrofagos infectados por L. braziliensis ou & morte de células que expressam antigenos
parasitarios. No entanto, a extensdo da necrose nas Ulceras de LC foi reduzida em comparagédo
com a area de inflamac&o. Néo foram encontradas correla¢des diretas entre essas duas variaveis.
No entanto, a expressdo de IL-1B" foi correlacionada com necrose (R = 0,50; p <0,001) (Figura
13B). Curiosamente, a presenca de células B também foi fortemente correlacionada com

necrose (R =0,61; p <0,0001) (Figura 13C).

(A)
15007 R=pap
p<0,05
S
[ ]
5 10001 ° °
= [ ]
n [ ]
£ .
3} 0g0 o
Ne} [ ]
£ 5001 28 * .
|
® o °
L]
0 T e )
0 20 40 60
Avrea de inflamagéo (%)
(B) ©)

15001

R=0550
p<0,001

10004

Células I1L-1p*
Linfécitos B CD20*

T T T d 0 PN r r .
0.0 0.1 0.2 0.3 0.4

T
) 0.0 0.1 0.2 03 0.4
Area de necrose (%) Area de necrose (%)

Figura 13. Correlacéo linear entre células e areas de inflamacao e de necrose. (A) Correlacao de
Pearson entre os linfocitos T CD4" e a inflamacdo (R = 0,40; p < 0,05). (B) Correlacdo de Spearman

entre as células IL-1B* e a area de necrose (R = 0,50; p < 0,001) e (C) entre os linfécitos B CD20* e a
area de necrose (R =0,61; p < 0,001).
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A figura 14 mostram os tipos de células e moléculas mais frequentes associados a
presenca de amastigotas nas Ulceras de LC. Como esperado, 0 nuimero de parasitas foi
diretamente correlacionado com a presenca de macréfagos CD68" (R = 0,63; p <0,0001)
(Figura 14A), bem como com a frequéncia de células que expressam perforina (R = 0,68; p

<0,0001) (Figura 14B).
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Figura 14. Correlacao linear entre células e nimero de amastigotas. (A) Correlagdo de Pearson entre
0s macrdfagos CD68* e as amastigotas (R = 0,63; p <0,0001) e (B) entre as células perforina* e as
amastigotas (R = 0,68; p <0,0001).

N&o houve correlagdo entre células CD57* NK com inflamagéo ou necrose, mas essas

células correlacionam positivamente com macré6fagos CD68™ (R = 0,42; p <0,05) (Figura 15 A)

e numeros de amastigotas (R = 0,36; p <0,05) (Figura 15 B).
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Figura 15. Correlacéo linear entre macrdfagos, amastigotas e células natural killer. (A) Correlagédo
de Pearson entre os macrofagos CD68* e as células CD57* (R = 0,42; p <0,05) e (B) entre as amastigotas
e as células CD57* (R = 0,36; p <0,05).
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5.2 PERFIL CELULAR INFLAMATORIO DAS LESOES DE PACIENTES COM LC COM
INTRADERMORREAGCAO DE MONTENEGRO POSITIVA OU NEGATIVA

A infecgdo por L. braziliensis induziu intenso infiltrado inflamatdrio crénico de células
composto por macrofagos, plasmaocitos de linfocitos e necrose associada a destruicdo do tecido.
Avaliamos a extensdo da reacdo inflamatoria, as areas de necrose tecidual por hematoxilina e
eosina (Figura 16 AB) e a composicdo do infiltrado celular por imunoistoquimica. A
porcentagem da reacdo inflamatoria (41,6 vs. 29,6, p < 0,001) e o foco de necrose (6,5 vs. 1,2,

p < 0,001) foram menores nas bidpsias negativas para IDRM (Figura 16 C).

(A) (B)
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Figura 16. Areas de inflamac&o e necrose nas bidpsias de IDRM" e IDRM*. Seccbes histoldgicas
coradas com hematoxilina e eosina de pacientes com (A) IDRM" e (B) IDRM". Aumento digital 40x.
Area de inflamacdo (setas/areas roxas) e area de necrose (*asterisco). (C) Porcentagem da &rea da
inflamacéo (41,6 vs. 29,6) e necrose (6,5 vs. 1,2) em paciententes que apresentaram IDRM™ e IDRM*.
A andlise estatistica foi realizada usando o teste t-student ndo pareado. (N = 25). ** p <0,001. As barras
representam a média e o erro padrao.

Néo houve diferenca no nimero de células CD4", células NK, macr6fagos, amastigotas
e células B entre bidpsias IDRM positivas e negativas. No entanto, o nimero de células CD8*
foi significativamente maior nas lesbes de LC IDRM negativa em comparagdo as biopsias
IDRM positivas (18,7 vs. 5,8, p<0,001) (Figura 17 A). O padrdo de imunomarcacdo de
linfocitos T CD8" (Figura 17 B) e amastigotas de Leishmania (Figura 17 C) em pacientes com

IDRM- é apresentado a seguir.
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Figura 17. Células inflamatdrias e amastigotas por imunoistoquimica em secc¢des histoldgicas de
pacientes que apresentaram IDRM- e IDRM*. (A) Numero de linfocitos T (CD4* e CD8%), células B
(CD20%), células NK (CD56%), macré6fagos (CD68") e amastigotas. Comparacdo da frequéncia de
linfécitos T CD8* em pacientes que apresentaram IDRM™ e IDRM* (18,7 e 5,8, respectivamente). A
analise estatistica foi realizada usando o teste t-student ndo pareado. ** p <0,001. As barras representam
a média e o erro padrdo. (N = 25). Imunoistoquimica para (B) células T CD8* (setas vermelhas), 40x e
(C) amastigotas (setas pretas), 100x.
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6 DISCUSSAO

Conforme descrito na literatura, a analise histopatoldgica das bidpsias das bordas de
lesbes ulceradas de pacientes com LCL revelou a presenca de inflamagdo cronica, com
predominio de infiltrado celular mononuclear (DANTAS, 2012; FARIA et al., 2009). Na
amostra do presente estudo, os linfocitos T CD4" e CD8" foram os mais frequentes. Ambas as
populacdes de linfécitos foram associadas a protecdo e patologia. As células T CD4"
desempenham um papel protetor através da producédo de IFN-y, a principal citocina responsavel
pela ativacdo de macrofagos, o que leva a morte intracelular de parasitas (SANTOS et al.,
2013). Alternativamente, as células T CD8" tém sido mais associadas a danos nos tecidos
devido a atividade citotoxica (CASTRO GOMES et al., 2017; GLENNIE; SCOTT, 2016).
Observamos que as células que expressam CD8*, CD4" e CD68" foram as mais frequentes nas
amostras de tecido, e as células CD4" também se correlacionaram positivamente com a extensao
da inflamag&o. Um estudo anterior em pacientes com LC demonstrou uma correlagéo positiva
entre a frequéncia de células T CD4" no sangue periférico que expressam IFN-y, bem como
TNF-a e o tamanho da lesdo (ANTONELLI et al., 2005). Sabe-se que a producdo de IFN-y
pelas células T CD4" ativam mondcitos/macréfagos e aumenta a producao de citocinas pro-
inflamatorias, que podem contribuir para a resposta inflamatéria (BACELLAR et al., 2002;
CARDOSO et al., 2015; FARIA et al., 2009; SANTOS et al., 2013). No entanto, encontramos
uma correlagdo negativa entre células CD4" e macréfagos CD68", células CD4* e 0 nUmero de
amastigotas e células CD4" e necrose que estdo contra um papel significativo dessas células na
patologia da LC. As células T CD8" foram o tipo celular mais frequente nas bidpsias de tecidos
de pacientes com LC. Evidéncias indicam que essas células desempenham um papel importante
na patogénese da infeccdo por L. braziliensis (DANTAS et al., 2013; NOVAIS et al., 2013).
No entanto, apesar da alta frequéncia de células T CD8" nas amostras de tecido presentes, ndo

encontramos correlagfes entre essa populacdo celular e a presenga de amastigotas, nem
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inflamacao ou necrose. Essa aparente discrepancia pode ser devido a varios fatores, como tipo
de anticorpo utilizado, condicdes do tecido ou método de quantificacdo. De fato, a producéo de
moléculas de granzima e perforina foi mais importante que a frequéncia das células T CD8",
uma vez que estas estdo diretamente envolvidas na lise do alvo. No tecido, a granzima foi
positivamente correlacionada com a necrose e negativamente leve a amastigotas, tamanho da
leséo e inflamacéo, enquanto a perforina foi associada positivamente forte com amastigotas,
moderada com o tamanho da leséo e leve com a necrose e inflamagéo. Verificou-se uma grande
porcentagem de células expressando CD57*, um marcador associado a células CD8" ou NK
altamente citotéxicas (KARED et al., 2016). Além disso, as células CD57* foram as Unicas cuja
frequéncia estava diretamente correlacionada com macrofagos e amastigotas, sugerindo a
participacdo de células CD57" no mecanismo de morte de macréfagos infectados.

Como a Leishmania é um parasita intracelular, pouca énfase foi dada a presenca de
células B e anticorpos na patogénese da doenca. No entanto, as células B e as células
plasmaticas sdo documentadas no tecido de pacientes com LC, e os anticorpos anti-Leishmania
sdo altamente produzidos em casos graves de infeccdo pela Leishmania spp., como a forma
visceral e lesdes cutaneas difusas (BARRAL et al., 2007; RODRIGUEZ-PINTO; SARAVIA;
MCMAHON-PRATT, 2014). No entanto, o papel das células B e anticorpos na patologia da
LC ainda nédo foi bem estudado. A opsonizacdo por anticorpos pode aumentar a captacéo de
parasitas por macrofagos. Além disso, a deposicdo de complexos imunes pode contribuir para
a patologia dos tecidos. Encontramos uma forte correlacdo direta entre a expressao de CD20" e
IL-1B*, bem como entre CD20" e a extensdo da necrose, 0 que destaca a necessidade de estudos
futuros para avaliar o papel das células B e anticorpos na patogénese da LC. A morte celular
necrotica pode contribuir para a formacao de granuloma, inflamacéo e danos aos tecidos.

O papel da IL-1B" e TNF-a* tem sido bastante estudado em modelos de camundongos

com LC, e altos niveis de ambas as citocinas sdo produzidos por células mononucleares do
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sangue periférico em pacientes com LC (ANTONELLI et al., 2005; CAMPOS et al., 2014;
PASSOS et al., 2015). Encontramos a linfadenopatia associada a uma resposta inflamatdria
ativa com alta producéo de IL-1p* e TNF-a*. A linfadenopatia transitoria € um sintoma inicial
de leishmaniose cutanea podendo, inclusive, ser a Unica manifestagdo da infeccdo por
Leishmania braziliensis (BARRAL et al., 1995b). Isso ocorre devido a disseminacdo de
amastigotas da pele para os linfonodos, sendo as Leishmanias capazes de permanecer no
sistema fagocitico-monocitario por um longo periodo da vida do individuo infectado
(SANGUEZA; CARDENAS, 1981). Muitos individuos desenvolvem Ulceras posteriormente
durante o curso da infecgdo ou a linfadenopatia pode regredir, além disso, linfonodos regionais
de locais ulcerados, também podem indicar infeccdes secundarias (BARRAL et al., 1995a;
MORAES; CORREIA FILHO; SANTOS, 1993). A IL-1B" pode ser produzida por uma
variedade de células, incluindo mondcitos inflamatorios, linfocitos B, células epiteliais e NK
(CARVALHO et al., 2012; NOVAIS et al., 2017). Recentemente, a IL-1p" através da ativacéo
do inflamassoma, bem como células T CD8" citotoxicas, foram associadas a danos nos tecidos
na infeccdo por L. braziliensis (NOVAIS et al., 2017). Observamos que tanto a IL-1p* quanto
TNF-a, positivamente correlacionados com a expressdo de granzimas. Necrose também
correlaciona fortemente com a IL-1B*, 0 que sugere que essas citocinas desempenham um papel
fundamental na patologia da LC. A analise da expressdo génica em lesdes ulcerativas biopsiadas
de LC humanas revelou uma alta expressao de IL-1B*, TNF-o*, granzima e perforina, além de
outras moléculas (NOVAIS et al., 2017). A perforina e as granzimas produzidas pelas células
NK e linfocitos T promovem a apoptose das células infectadas (TRAPANI; SMYTH, 2002). A
perforina forma poros nas celulas alvo e participa na regulacéo positiva de CD8 (ZHOU, 2010),
enguanto as granzimas lisam os patogenos intracelulares (ARIAS et al., 2014).

Neste estudo mostramos que pacientes com LC causada por L. braziliensis e com IDRM

negativa tinham Ulceras cutaneas semelhantes aos pacientes com IDRM™. No local da leséo
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ulcerada de pacientes com IDRM" tém uma reagdo inflamat6ria menor e com menos foco de
necrose e sem aumento do ndmero de parasitas do que pacientes com IDRM", todavia, a analise
histopatoldgica foi muito semelhante, exceto pelo aumento na frequéncia das células T CD8".
Na IDRM- apesar da auséncia ou baixa produgéo de IFN-y pelos linfécitos, o nimero de
amastigotas foi semelhante ao observado em pacientes com IDRM* (CARVALHO et al., 2020).
Embora o uso de técnicas mais sensiveis como quantificacdo do DNA de L. braziliensis possa
mostrar resultados diferentes (CARVALHO et al., 2020), ndo podemos descartar que o baixo
ndmero de amastigotas nesses pacientes com IDRM™ ocorra devido a outros mecanismos de
morte da Leishmania, como aqueles dependentes de Oxido nitrico e de espécies reativas de
oxigénio, por exemplo. A histopatologia apresentada em pacientes com IDRM- foi bastante
diferente daquela observada em pacientes com LC disseminada causada por L. amazonensis,
onde ha uma diminui¢do no numero de linfécitos e uma grande quantidade de macréfagos com
muitos parasitas (BARRAL et al., 2007, 1995b; SILVEIRA et al., 2009). O aspecto clinico da
Ulcera em pacientes com IDRM- foi semelhante ao observado em pacientes com IDRM* e a
patologia foi observada mesmo com uma reducdo na producdo de IFN-y contra o papel das
células CD4" Th1l na doenca causada por L. braziliensis, além da associacdo entre a IDRM" e
falha terapéutica (CARVALHO et al., 2020).

Nossos achados in situ em lesdes de LC humanas sugerem que as associagdes entre
células inflamatdrias e a intensa producgéo de citocinas e produtos citotoxicos podem contribuir

para a necrose e potencialmente participar da formacéao de ulceras na LC.
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7 CONCLUSAO

Este estudo buscou estabelecer correlagdes entre os pardmetros histopatolégicos da LC,
a fim de elucidar a patogénese desta doenca. Sugerimos que, em um esforgo para o controle dos
parasitas, é provavel que os macréfagos infectados permanecam em um estado ativado devido
a producdo de citocinas pro-inflamatérias por células T CD4", em particular IL-1p *, assim
contribuindo potencialmente para a necrose tecidual. Além disso, a producdo exacerbada de
granulos citotoxicos contendo perforina pelas células T CD8" e células NK podem agravar a

destruicdo, intensificando assim a formacao de Ulceras na pele.



58

8 SUMARIO ILUSTRATIVO DAS CONCLUSOES DO ESTUDO

Amastigotas de
Leishmania

Perforinas e
granzimas

Leishmaniose Cutanea Localizada

Figura 18. Esquema representativo da resposta inflamatoria na leishmaniose cuténea causada
pela L. braziliensis. Os macrofagos sdo as principais células que abrigam as amastigotas de Leishmania
e a infecgdo da inicio a um processo inflamatorio com a participagéo de céelulas da resposta imune inata,
como as células NK, da imune adquirida, com os linfocitos T CD4* e CD8", e da resposta humoral, com
os linfocitos B. Estas células produzem citocinas, perforinas e granzimas que atingem as células
infectadas na tentativa de eliminar os parasitas intracelulares. A resposta imune exacerbada provoca
uma intensa inflamacdo tecidual e o surgimento de areas de necrose, constatadas na analise
histopatoldgica, e pode ser a causa do desenvolvimento de uma leséo ulcerada. M@: macréfago; NK:
célula natural killer; CD4: linfécito T CD4*; CD8: linfocito T CD8*; CD20: linfocito B CD20".
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Cutaneous leishmaniasis (CL) is caused by the bite of the infected sand fly, which
inoculates parasites of Leishmania spp and triggers an immune response. An
exacerbated cutaneous inflammatory response is crucial for controlling parasite burden
but can also promote tissue damage. This study aimed to characterize the populations
of natural killer (NK), CD57+, CD4*, and CD8* T cells, CD20" B cells, as well as
CD68™ macrophages, in biopsies of ulcerated CL lesions, and quantify the production of
perforin™, grazyme B, interleukin 1 beta (IL-18") and Tumor Necrosis Factor (TNF-a™
cells). We then correlated these parameters with necrosis, inflammation and the number
of amastigotes. CD4™ T cells were positively correlated to the extent of inflammation,
B cells and IL-18* were associated with the extent of necrosis, CD68% macrophages
and perforin were correlated with the number of amastigotes, and CD57* NK cells was
correlated to CD68* macrophages and amastigotes. In sum, the finding suggests that
the production of cytotoxic granules and cytokines by inflammatory cells contributes to
tissue damage in CL lesions.
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INTRODUCTION

Cutaneous leishmaniasis (CL) is the most common clinical form presented by individuals infected
by protozoa of the genus Leishmania. After inoculation of Leishmania Viannia braziliensis in the
skin by sandflies, a nodular lesion and an exuberant satellite lymphadenopathy is documented
(Bomfim et al.,, 2007; Wind et al., 2014). The classical CL ulcers caused by L. braziliensis appear
about 2-4 weeks after the presence of nodular lesions and are characterized by well-defined ulcer
with raised borders. The evolution of CL is characterized by an exacerbated inflammatory response
(Costa et al., 2018). In most infectious diseases, early treatment increases cure rates and decreases
healing time; however, the introduction of therapy soon after infection in CL, i.e., prior to the
appearance of ulcers, has been associated with a high rate of therapeutic failure (Machado et al.,
2002; Unger et al., 2009; Khouri et al., 2014).
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The main host defense mechanism against intracellular
protozoa is the activation of macrophages by IFN-y, mainly
produced by CD4" T cells (Santos et al, 2013). However
as Leishmania are able to escape this killing mechanism, the
persistence of the parasite and leishmanial antigens induce a
marked inflammatory response that is associated with tissue
damage and the development of skin ulcers (Santos et al,, 2013).
Several molecules have been associated with the pathology of
L. braziliensis infection. Neutrophils are the cells that initially
migrate after parasite inoculation, followed by macrophages
(Novais et al., 2009; Conceigao et al, 2016). The production
of IFN-y by NK cells may contribute to parasite killing, or
may be cytotoxic, thereby contributing to this pathology (Muniz
et al, 2016; Campos et al, 2017). Subsequently, the activation
of CD4" and CD8" T cells is observed. T cell activation and
the production of cytokines by these cells is determinant in the
outcome of infection. An impairment in the host's Th1 immune
response results in diffuse CL, which is characterized by multiple
nodular lesions consisting predominantly of macrophages with a
high parasite burden (Silveira etal., 2004). Alternatively, a normal
Thl immune response induces an exacerbated inflammatory
response, leading to the presence of ulcerating lesions in CL
(Bacellar et al., 2002; Antonelli et al., 2005; Castro Gomes et al.,
2017).

IL-1B and TNF-a are highly expressed in CL ulcers, and may
be involved in the tissue damage arising from L. braziliensis
infection (Cardoso et al., 2015 Novais et al., 2017). The
production of IL-1f by peripheral blood mononuclear cells
is associated with ulcer size (Santos et al., 2013). Treatment
with pentoxifylline, a drug that decreases TNF-a production, in
combination with meglumine antimoniate, is more effective than
antimony alone. Combined therapy not only reduces healing
time in patients with mucosal leishmaniasis (ML), but also cures
ML patients refractory to antimony therapy alone (Cuba et al,
1984; Lessa et al., 2001; Machado et al., 2002). Further data has
indicated the participation of monocytes, CD4" and CD8" T
cells, in the pathogenesis of CL, due to increased frequencies
of intermediate monocytes referred to as an inflammatory
monocyte subset. In CL and ML, macrophages present increased
TLR expression, enhanced respiratory burst and produce higher
levels of pro-inflammatory cytokines compared to cells from
healthy subjects or individuals with subclinical L. braziliensis
infection (Giudice et al., 2012; Carneiro et al., 2016; Muniz
et al, 2016). With regard to the adaptive immune response,
the size of CL ulcers is directly correlated with the frequencies
of CD4™ T cells expressing IFN-y and CD69, an early marker
of T cell activation (Antonelli et al., 2005). More recently, the
role of CD8" T cells has been documented in the pathology
of L. braziliensis in both mice and humans (Santos et al,
2013; Cardoso et al., 2015; Novais et al., 2018). Studies have
shown that the killing of L. braziliensis-infected cells by CD8"
T cells leads to the increased production of IL-1p through the
activation of the inflammasome, which may exacerbate tissue
damage (Santos et al., 2013; Cardoso et al,, 2015; Novais et al.,
2018). However, most of these studies were conducted in mice
or in human peripheral blood mononuclear cells, ie., there
is a paucity of data regarding the cells and molecules that

participate in the pathogenesis of ulcer formation at the lesion
site. Accordingly, the present study evaluated cell frequencies
and quantified proinflammatory molecules in CL ulcer biopsies
in an attempt to contribute to the knowledge surrounding the
immunopathogenesis of CL lesions caused by L. braziliensis.

MATERIALS AND METHODS

Patients

This study included 22 biopsies from 22 CL patients obtained
punch biopsy samples (4 mm) after anesthesia from the border of
ulcer and immediately fixed in 10% formalin-buffered solution.
CL diagnosis was done by to the presence of amastigotes in these
biopsies, as well as the detection of L. braziliensis DNA by PCR.
Patient demographic characteristics, illness duration and lesion
size were documented. All patients were subsequently treated
with meglumine antimoniate (Glucantime®, Sanofi Aventis,
Gentilly, France) at a dose of 20 mg/Kg.

Immunohistochemistry

Deparaffinization and rehydration of 5-pm thick sections
was performed using xylene and alcohol PA, followed by
antigen retrieval with buffer pH 9.0 at 96°C for 20 min.
Immunohistochemistry was conducted after blocking peroxidase
activity with 3% hydrogen peroxide for 10 min, and protein
activity with Protein Block Serum-Free (DAKO, Californie,
USA) for 15min. All slides were incubated at 4°C with the
following antibodies: Monoclonal Mouse anti-CD57, clone Ab-
1, Monoclonal Mouse anti-Perforin, clone 5B10 (ThermoFisher,
Massachusetts, USA); Polyclonal Rabbit anti-TNF-o, clone
orb129752 (Biorbyt, Cambridge, UK); Monoclonal Mouse anti-
IL-1B, clone 3AC (Cell Signaling Technology, Massachusetts,
USA); Polyclonal Rabbit anti-Granzyme B, clone EP230,
Monoclonal Mouse anti-CD4, clone EP204, Monoclonal Mouse
anti-CD8, clone C8/144B (Cell Marque, Californie, USA);
Monoclonal Mouse anti-CD68, clone PG M1, Monoclonal
Mouse anti-CD20, clone L26 (Dako, Californie, USA); Polyclonal
Rabbit anti-Leishmania (in house) (Schubach et al.,, 2001).
A Mouse and Rabbit Peroxidase Kit HorseRadish KP500
(Diagnostic BioSystems, Pleasanton, USA) was used to perform
reactions according to manufacturer recommendations. All
slides were counterstained with Harris hematoxylin, dehydrated
and then mounted using Permount (Thermo Fisher Scientific,
Massachusetts, USA) on glass coverslips.

Quantitative Analysis

A Nikon 90i Eclipse microscope (Nikon Corporation, Tokyo,
Japan) was coupled to a DS-Fil digital camera system (Nikon
Corporation, Tokyo, Japan). All slides were photographed (five
randomized fields from each section) at 40x and visualized with
Nis-Elements software (v. 3.1). In each field, the number of
positive cells was counted using the semiautomatic quantification
feature of Image] software v. 1.48 (National Institutes of Health,
Maryland, USA). Positive cells were identified via the amplified
molecules that reacted with the chromogenic substrate DAB
(eBioscience, Californie, USA). For all reactions, a preselected
pattern was used as a positive control and sections that had
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not been incubated with the primary antibody were used as
negative controls.

Morphometry of Inflammation and
Necrosis Areas

The histological sections stained with hematoxylin and eosin
were scanned by an optical microscope (Olympus BX51, Tokyo,
Japan). The total extension of these sections as well as the areas
of inflammatory infiltrate and necrosis was measured by Image
J 1.48v (National Institutes of Health). The total length of the
biopsy fragment and the sum of the areas of inflammation and
necrosis are shown in mm?2. The percentage (%) of inflammation
and necrosis in the biopsies were calculated by dividing total
extension of inflammation and necrosis in mm? by the total
extension of the biopsy fragment multiplied by 100.

Heatmap and Correlation Matrices

Language R through the RStudio interface (v1.2.5019) was
used for plotting heatmaps and correlation matrices between
the parameters and markers observed. The functions corrplot
and corrgram was used to track the heatmaps and correlation
matrices, respectively, using Pearson’s statistical method. Positive
correlations are displayed in blue and negative correlations in red

color. Color intensity and the size of the circle are proportional to
the correlation coefficients.

RESULTS

A total of 22 patients were enrolled with mean age of 40 years
and 16 were male, corresponding to 73% of the study sample.
Fifteen patients presented lymphadenopathy and lesions were
more frequent in the lower limbs (86%) than the upper limbs
(14%). The average duration of ulcers was 43 &+ 25 days at the
time of patient examination, with an average lesion size of 376 &
336 mm?.

Figure 1 illustrates the frequencies of cells expressing CD4™,
CD8", CD20*, CD57%, CD68", IL-1B*, TNF-a™, granzyme
B* and perforin™ in tissue biopsies from CL patients. CD8"
cells were the most frequent, followed by CD68%, CD57%,
and CD4" (Figure 1A). Regarding the molecules secreted by
these cells, IL-1B* and TNF-a™ were found to be the most
highly expressed, mainly in individuals with lymphadenopathy,
followed by perforin™ and granzyme B* (Figure 1B).

Figure2 depicts correlations between the observed
histopathological features and the frequencies of cells and
molecules expressed by these cells, in addition to associated R
values (Figure 2A). The inflammation seen in CL is characterized
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FIGURE 1 | Cell profile in cutaneous leishmaniasis. (A) Number of positive cells by immunohistochemistry on biopsies from different patients with CL. The bars
represent the standard mean error (SEM) (n = 22). (B) Representation of immunchistochemistry on CL biopsies.
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by the infiltration of mononuclear cells throughout the duration
of the illness (Faria et al., 2009; Dantas et al., 2014). Increased
infiltration is seen, ranging from mild in the early phase of
disease, before the appearance of ulcers, which increases during
ulcer development (Saldanha et al, 2017). Inflammation was
found to be directly associated with the frequency of CD4™ T
cells (R = 0.40; P =0.05; Figure 2B).

Necrosis in CL ulcers are secondary to tissue damage due
to the killing of macrophages infected with L. braziliensis, or
the killing of cells expressing parasite antigens. However, the
extent of necrosis in CL ulcers was reduced compared to the
area of inflammation. No direct correlations were found between
these two variables. However, IL-18" expression was strongly
correlated with necrosis (R = 0.79; P < 0.0001; Figure 2C).
Interestingly, the presence of B cells was also strongly correlated
with necrosis (R = 0.61; P < 0.0001; Figure 2D).

Figures 2E,F shows the most frequent cells type and molecules
associated with the presence of amastigotes in CL ulcers. As
expected, the number of parasites was directly correlated with
the presence of CD68" macrophages (R = 0.63; P < 0.0001), as
well as with the frequency of cells expressing perforin (R = 0.68;
P < 0.0001).

Furthermore, there was no correlation of CD57" NK cells
with inflammation or necrosis, but these cells were positively
correlated to CD68" macrophages (R = 0.42; P < 0.05) and
amastigotes numbers (R = 0.36; P < 0.05; Figures 2G,H).

DISCUSSION

The histological analysis of ulcerated lesions from patients with
CL indicated chronic inflammation, with a predominance of
mononuclear cellular infiltrate (Faria et al., 2009; Dantas, 2012).
In the present study sample, CD4" and CD8" lymphocytes
were highly expressed in ulcerative lesion biopsies. Both of these
lymphocyte populations have been associated with protection
and pathology. CD4" T cells play a protective role through
the production of IFN-y, the main cytokine responsible for the
activation of macrophages, which leads to intracellular parasite
killing (Santos et al., 2013). Alternatively, CD8" T cells have
been more associated with tissue damage due to cytotoxic activity
(Glennie and Scott, 2016; Castro Gomes et al., 2017). Here, we
found cells expressing CD8F, CD4™ and CD68" were the most
frequent in tissue samples, and CD4™ cells were also positively
correlated with the extent of inflammation. A previous study
in CL patients demonstrated a direct correlation between the
frequency of peripheral blood CD4" T cells expressing IFN-
v, as well as TNF-a, and lesion size (Antonelli et al., 2005). It
is well known that the production of IFN-y by CD4" T cells
activates monocytes/macrophages and enhances the production
of pro-inflammatory cytokines, which may contribute to the
inflammatory response (Bacellar et al., 2002; Faria et al., 2009;
Santos et al, 2013; Cardoso et al., 2015). Nonetheless, we
found a negative correlation between CD4" cells and CD68"
macrophages, CD4" cells and the number of amastigotes and
CD47 cells and necrosis that are against a significant role of these
cells in the pathology of CL.

CD8" T cells were the most frequent cell type found in tissue
biopsies from CL patients. Evidence indicates that these cells
play an important role in the pathogenesis of L. braziliensis
infection (Dantas et al., 2013; Novais et al., 2013). However,
despite the high frequency of CD8* T cells in the present tissue
samples, we found no correlations between this cell population
and the presence of amastigotes, nor inflammation or necrosis.
This apparent discrepancy may be due to several factors. In
fact, the production of granzyme and perforin molecules is
more important than the frequency of CD8% T cells, since
these are directly involved in the lysing of target. In the tissue,
granzyme was positively associated with necrosis and slightly
negatively associated with amastigotes and inflammation, while
perforin was strongly positively associated with amastigotes and
slightly with necrosis, yet slightly negatively associated with
inflammation. A large percentage of cells were found to express
CD577, a marker associated with highly cytotoxic CD8" or NK
cells (Kared etal.,2016). Moreover, CD57 7 cells were the only cell
type whose frequency was directly correlated with macrophages
and amastigotes, suggesting the participation of CD57" cells in
killing infected macrophages.

Since Leishmania is an intracellular parasite, little emphasis
has been placed on the presence of B cells and antibodies in the
pathogenesis of the disease. However, B cells and plasma cells are
documented in the tissue of CL patients, and anti-leishmanial
antibodies are highly produced in severe of Leishmania spp.
infection, such as the visceral form and diffuse cutaneous lesions
(Bomfim et al., 2007; Rodriguez-Pinto et al,, 2014). Nonetheless,
the role of B cells and antibodies in the pathology of CL has
not been well-studied. Opsonization by antibodies may enhance
parasite uptake by macrophages. In addition, form immune
complex deposition can contribute to tissue pathology. Here we
found a strong direct correlation between CD20" and IL-1p*
expression, as well as between CD20" and the extent of necrosis,
which highlights the need for future study to evaluate the role of
B cells and antibodies in the pathogenesis of CL.

Necrotic cell death may contribute to granuloma formation,
inflammation and tissue damage. The role of IL-18* and TNF-
o™ has been well studied in in CL mouse models, and high levels
of both cytokines are produced by peripheral blood mononuclear
cells in CL patients (Antonelli et al., 2005; Campos et al., 2014;
Passos et al., 2015). IL-1™ can be produced by a variety of
cells, including inflammatory monocytes, B lymphocytes, and
epithelial and NK cells (Carvalho et al., 2012; Novais et al., 2017).
Recently, IL-1B™, through inflammasome activation, as well as
cytotoxic CD8™ T cells have both been associated with tissue
damage in L. braziliensis infection (Novais et al,, 2017). Here
IL-18" and TNF-a™ were both more frequent in patients with
lymphadenopathy, and were positively correlated with granzyme
expression, and necrosis was also strongly directly correlated with
IL-1B*, which suggests that this cytokines plays a key role in the
pathology of CL.

Gene expression analysis in biopsied human CL ulcerative
lesions revealed high expression of IL-18", TNF-a*, granzyme
and perforin, as well as other molecules (Novais et al., 2017). The
perforin and granzymes produced by NK cells and T lymphocytes
promote the apoptosis of infected cells (Trapani and Smyth,
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2002). Perforin forms pores in target cells and also participates
in the upregulation of CD8 (Zhou, 2010), while granzymes lyse
intracellular pathogens (Arias et al., 2014). Our in situ findings
in human CL lesions suggest that the associations between
inflammatory cells and the intense production of cytokines and
cytotoxic products may contribute to necrosis and potentially
participate in the formation of CL ulcers.

CONCLUSION

This study attempted to establish correlations between
histopathological CL parameters in order to elucidate the
pathogenesis of this disease. We suggest that, in an effort to
control parasites, infected macrophages are likely to remain in
an activated state due to the production of proinflammatory
cytokines by CD4" T cells, in particular IL-1p*, thusly
potentially contributing to tissue necrosis. In addition, the
exacerbated production of cytotoxic granules containing
perforin by CD8% T cells and NK cells can aggravate tissue
destruction, thereby intensifying skin ulcer formation.
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Abstract. Cutaneous leishmaniasis (CL), characterized by an ulcerated lesion, is the most common clinical form of
human leishmaniasis. Before the ulcer develops, patients infected with Leishmania (Viannia) braziliensis present a small
papule at the site of the sandfly bite, referred to as early cutaneous leishmaniasis (E-CL). Two to four weeks later the
typical ulcer develops, which is considered here as late CL (L-CL). Although there is a great deal known about T-cell
responses in patients with L-CL, there is little information about the in situ inflammatory response in E-CL. Histological
sections of skin biopsies from 15 E-CL and 28 L-CL patients were stained by hematoxilin and eosin to measure the
area infiltrated by cells, as well as tissue necrosis. Leishmania braziliensis amastigotes, CD4", CD8*, CD20", and
CD68" cells were identified and quantified by immunohistochemistry. The number of amastigotes in E-CL was higher
than in L-CL, and the inflammation area was larger in classical ulcers than in E-CL. There was no relationship
between the number of parasites and magnitude of the inflammation area, or with the lesion size. However, there
was a direct correlation between the number of macrophages and the lesion size in E-CL, and between the number
of macrophages and necrotic area throughout the course of the disease. These positive correlations suggest that

macrophages are directly involved in the pathology of L. braziliensis—induced lesions.

INTRODUCTION

Leishmaniasis is a broad term for anthropological zoonotic
diseases caused by trypanosomes of the genus Leishmania.
American tegumentary leishmaniasis (ATL) is characterized
by a spectrum of clinical features, including asymptomatic
infection, cutaneous leishmaniasis (CL), mucosal leishmania-
sis, and disseminated leishmaniasis. CL is the main clinical
form of the disease and it is characterized by one or more
well-limited ulcers with raised borders, which develop at the
site of the bite of infected sandfly. However, before the classi-
cal ulcer appears, patients often develop a lymphadenopathy
in the lymph nodes draining the infection site, followed by the
appearance of a nodule with a small superficial ulceration,
which characterizes early CL (E-CL).'? The initial lesion
increases in size and depth and between 4 and 6 weeks after
the sandfly bite eventually forms an ulcer, the primary feature
of late CL (L-CL). After the parasites are inoculated into the
host, they interact with several different cell types, including
macrophages, the major cell that harbors the parasite. Activa-
tion of macrophages by interferon (IFN)-y* produced by CD4*
T cells contribute to control parasite growth,** whereas CD8*
T cells have been associated with pathology.>~" Histo-
pathological studies in ulcers of L-CL patients show an
increase in inflammatory response, with the participation of
T cells, B cells, plasma cells, macrophages, and the devel-
opment of a granuloma.®™"! Atthough an intense lymphocyte
proliferation and production of IFN-y and tumor necrosis fac-
tor is induced on Leishmania antigen stimulation of periph-
eral blood mononuclear cells from patients with L-CL,"? in
the preulcerative phase of the disease, lymphocyte prolifera-
tion, and cytokine production is lower than in patients with
L-CL." Nevertheless, when compared with healthy subjects,

*Address cormrespondence to Sérgio Arruda, Instituto Gongalo
Moniz, Fundagdo Oswaldo Cruz (FIOCRUZ), Rua Waldemar
Falcao, 121, Candeal, Salvador, Brazil CEP, 40296-710. E-mail:
sa@babhia.fiocruz.br
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E-CL patients exhibit an increase in the frequency of inflam-
matory or intermediate monocytes, produce higher levels of
proinflammatory cytokines, and exhibit substantial transcrip-
tional changes at the infection site.>'* However, the histo-
pathological features of E-CL have not been described.
Therefore, in this study, we compared the histopathological
features of biopsies from patients with E-CL and L-CL. We
found that there are more parasites in biopsies from E-CL
patients as compared with L-CL. Interestingly, there was
no correlation between the number of parasites and the
amount of inflammation or size of the lesions. However, there
was a direct correlation between the number of macrophages
with the area of necrosis and size of the ulcers.

METHODS

Study design. This is a cross-sectional study aimed to
compare the histopathological features of skin biopsies
from patients with E-CL and L-CL. Patients were attended
in the Health Post of Corte de Pedra, Bahia, Brazil, reference
center in the treatment of tegumentary leishmaniasis. All
patients included in the study were adult. The study was car-
ried out from April 2009 to May 2014. For every E-CL case
selected and biopsied, two patients with L-CL were recruited
by matching by age +5 years. All patients denied previous
history of CL and were clinically examined before therapy.
After CL diagnosis, all were ftreated with intravenous
glucantime 20 mg/kg/weight for 20 days as per the recom-
mendation of Brazilian Ministry guidelines for CL. The clinical
information used in this study was obtained from a public
health clinic located in the rural countryside of the state of
Bahia. Unfortunately, some data were incompletely recorded
on the patient charts and, consequently, some analyses had
data missing. The relevant sample size is consistently
referenced in figures, tables, and descriptive texts.

Biopsies and case definition. E-CL is defined by the
presence of a papular lesion occurring, according to patient
reporting, within approximately 30 days of being bit by a
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phlebotomine.1 Patients with early cutaneous leishmaniasis
seek medical attention due to the presence of a papular
lesion associated with a painful regional lymphadenopathy.
Ulcers typically appear 1-2 weeks after the appearance of
papular lesions, which develop approximately 1-2 weeks
after being bit by a sandfly.

Fifteen biopsies from E-CL and 28 from L-CL patients
were analyzed. E-CL was defined by the presence of a pap-
ular lesion with less than 30 days of illness and a positive
polymerase chain reaction (PCR) for Leishmania braziliensis.
L-CL was defined by the presence of one ulcerated lesion
with raised borders and a positive PCR for L. braziliensis.
Only one skin fragment was obtained from each patient, and
they were performed with a 4-mm punch. This fragment was
divided in two parts, one for processing, and histological
sections were stained with hematoxylin and eosin (H and E)
and for immunohistochemical analysis, and other fragment
was reserved in RNA for the quantitative PCR later.'®

Ethical considerations. This study was approved by the
Human Ethics Committee of the Research Center Gongalo
Moniz, Fiocruz, Bahia, protocol number 533.032/2014, and
the Institutional Review Board of the Faculdade de Medicina
da Bahia, Federal University of Bahia. A signed informed
consent was obtained from all patients included in this study.

Immunohistochemistry. Skin biopsies were fixed in buff-
ered formaldehyde and embedded in paraffin. Embedded
tissue was cut in 5-um thick sections, deparaffinized, and
rehydrated. Antigens retrievals were performed using the
Trilogy™ 1:100 (Cell Marque, Darmstadt, Hesse, Germany)
at 96°C. Peroxidase activity was blocked with 3% hydrogen
peroxide for 10 minutes and antibody nonspecific binding was
blocked by the addition of serum-free protein (DakoCytomation,
Carpinteria, CA) for 10 minutes. The slides were incubated
at 25°C for 1 hour with the following monoclonal mouse anti-
human antibodies and dilutions: anti-CD4, clone 4B12, 1:50
(DakoCytomation); anti-CD8, clone C8/144B, 1:200 (Cell
Marque, Darmstadt); anti-CD20, clone L26, 1:200 (Dako
Cytomation); anti-CD68, clone M0814, 1:200 (DakoCytomation,
Carpinteria, CA), and anti-L. braziliensis 1:1000 (in-house
CPQGM Fiocruz).'® Peroxidase Kit and Rabbit mouse/
horseradish peroxidase KP500 (Diagnostic BioSystems,
Pleasanton, CA) and 3,3-diaminobenzidine tetrahydroxy-

chloride was used to develop the antigen antibody reaction. All
slides were counterstained by Harris hematoxylin, dehydrated,
and mounted in Canada balsam and glass coverslips.

Quantitative analysis. The cells quantification was performed
using an optical microscope BX51 (Olympus, Center Valley, PA)
coupled with digital camera system Q5 (Olympus) and imaging
software Image-Pro Plus (Media Cybernetics, Rockville, MD) to
the micrograph of the slides was used. Ten random fields of each
section with the respective antibodies were photographed
using a magnifying power x400. In each field, the number of
positive cells was quantified using the counting feature of the
semiautomatic software Imaged 1.48v (National Institutes of
Health, Bethesda, MD). Positivity was defined with the identifi-
cation of cells that reacted with the chromogenic substrate.

Morphometry of inflammation and necrosis areas. The
histological sections stained with H and E were scanned by an
optical microscope BX61VS (Olympus, Center Valley, PA). The
total extension of these sections as well as the areas of inflam-
matory infiltrate and necrosis was measured by Image J 1.48v
(National Institutes of Health). The total length of the biopsy
fragment and the sum of the areas of inflammation and necro-
sis are shown in mm? The percentage (%) of inflammation
and necrosis in the biopsies were calculated by dividing total
extension of inflammation and necrosis in mm? by the total
extension of the biopsy fragment multiplied by 100.

Statistical analysis. For variables with normal distribu-
tion, we used the Student t test and post two-way analysis
of variance test. For non-normal distribution, the nonpara-
metric Mann-Whitney test was used. For correlations of
normally distributed variables and non-normal, we used
Pearson and Spearman tests, respectively. The strength of
correlation was classified as: weak (r = 0.10-0.30), moder-
ate (r = 0.40-0.60), and strong (r = 0.70-1). For comparison
of the proportions, we used the Fisher's exact and ¥ test.
Statistical analysis was performed using GraphPad Prism
1.5 (GraphPad Software, Inc., La Jolla, CA). The results
were considered statistically significant for P < 0.05.

RESULTS

Sociodemographic and clinical aspects. The socio-
demographic and clinical features of the participants were

TasLE 1
Sociodemographic and clinical data of patients with E-CL and L-CL
E-CL (N = 15) L-CL (N = 28) P
Age (years)" 36.9 + 3.0 393 +29 ns}
Gender n (%) ns§
Female 5 (33.3) 6 (21.4)
Male 10 (66.7) 22 (78.6)
Lesion site n (%) nsy|
Lower limbs 13 (86.7) 24 (85.7)
Upper limbs 1(6.7) 3 (10.7)
Others 1(6.6) 1(3.6)
Lymphadenopaty n (%)t nsf
Yes 14 (93.3) 17 (63.0)
No 1(6.7) 10(37.0)
Skin test (mm?)* 1295 + 154 196.9 +22.8 < 0.05%
Size of lesion (mm?)*] 521 +11.1 346.8 + 60.0 < 0.0001%
Time of lesion (days)* 174 +16 406 +4.4 < 0.0001%
E-CL = early jasis; L-CL = late jasis; ns = not

“Mean + SEM (standard error of the mean.

1 Data missing: one 1ess lymphadenopathy in L-CL and one less size of lesion in E-CL measurements.

$Student's t test.
§Chi-squared test.
1Fisher's exact test.
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Ficure 1. Differences between E-CL and L-CL lesions. (A) Papular lesion picture in E-CL compared with (B) L-CL ulcerated lesion
caused by Leishmania braziliensis. (C) Size of skin lesions (mm?) according to duration of the disease (N = 43). ** P < 0.001 Kruska-Wallis test.
The bars represent standard ermor. To correlate the size of the lesion with the illness duration, we divided the sample into three groups.
In the first group, we included patients with less than 30 days of illness; the second between 30 and 60 days; and the last over 60 days.
E-CL = early cutaneous leishmaniasis; L-CL = late cutaneous leishmaniasis.

stratified according to disease stage and are shown
in Table 1. The age distribution was similar in the two groups.
Males were more affected by the disease than women and
the predominant localization of the lesions was in the lower
limbs in both in E-CL and L-CL. The size of the Leishmania
skin test was greater in patients with L-CL than in E-CL
(P < 0.05) as well as the duration of the illness (P < 0.0001).
Pictures of an E-CL lesion and a classical ulcer from L-CL
are shown in Figure 1A and B, respectively, and the size of
lesions in different periods of the disease is shown in
Figure 1C. The increase in the size and depth of the initial
lesion occurred mainly in the first 30 days of the disease
from 52.1 + 11.1 up to 346.8 + 60.0 mm?>.

Identification of amastigotes and relationship between
L. braziliensis amastigotes with illness duration and
lesion size. Confirming what was observed in H and E
(Figure 2A), tissue amastigotes were detected by immunohis-
tochemistry using anti L. braziliensis IgG antibody (Figure 2B).
In biopsies from E-CL analyzed by TEM, amastigotes were
seen within macrophages (Figure 2C). Amastigotes were
found mainly in the parasitophorous vacuole of macrophages,
at the upper region of the dermis adjacent to the epidermis,

A
—

as well as in areas of necrosis. No correlation was found
between the number of amastigotes and areas of inflamma-
tion and necrosis (data not shown).

The relationship between the parasite load with phase
of the disease, duration of illness, and lesion size is shown
in Figure 3. The parasitism was more intense in recent
lesions than in classical ulcers. The number of parasites on
10 random fields under an optical microscope had a mean
+ standard error of mean of 150 + 56.6 for the E-CL and
only 21 + 8.0 in L-CL, P < 0.01 (Figure 3A). The relationship
between the number of amastigotes and illness duration
and size of the lesion is shown in Figure 3B and C. The
number of amastigotes decreased with the illness duration
and with the lesion size but did not reach statistical signifi-
cance. The number of amastigotes was higher in papular
lesions and decreased at the time of the ulceration indicat-
ing that ulcer formation is associated with a reduced para-
site burden in the site.

Inflammatory cell profile. The inflammatory profile in
both groups revealed a predominance of lymphocytes and
CD68" macrophages. CD4* and CD8" T lymphocytes were
present throughout the sample from the dermal-epidermal

Ficure 2. Amastigotes of Leishmania braziliensis in macrophages of E-CL. Amastigotes of L. braziliensis (A) in H and E (x40) (black arrows)
and (B) immunostained with polyclonal antibody (red amrows) (x40). E-CL = early cutaneous leishmaniasis; L-CL = late cutaneous

leishmaniasis; H and E = hematoxilin and eosin.
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Ficure 3. Number of amastigotes in E-CL and L-CL lesions. (A) Number of amastigotes of Leishmania braziliensis for 10 randomized
fields of the histological sections from E-CL (N = 15) and L-CL (N = 28). * P < 0.01. The bars represent the mean and standard error. Statistical
analysis was performed using the Student’s t test. (B) Number of amastigotes according to the time of lesion and (C) according to lesion size.
P = not significant (ns). Statistical analysis was performed using the Kruskal-Wallis test. E-CL = early cutaneous leishmaniasis; L-CL = late

cutaneous leishmaniasis.

junction and in granulomas. CD20* B lymphocytes pre-
dominated in the middle portion of the dermis. The number
of CD20" cells did not differ significantly between eary and
late lesions, while there was an increase in the number of
CD4* and CD8" T-cells in L-CL lesions compared with
E-CL (Figure 4). Macrophages were observed infiltrating the
dermis at the junction of the epidermis and dermis up to
hypodermis (Figure 5A,B). Together with lymphocytes they
were also present in areas of necrosis. Plasma cells, giant
cells, and granulomas were seen. Vasculitis near the necrotic
areas was also detected. Was observed a positive correla-
tion observed between the number of macrophages and
lesion size in E-CL (Figure 5C and D), there was no correla-
tion between the frequency of CD4* and CD8" T cells and
lesion size in E-CL (P > 0.05).

Areas of inflammation and necrosis. The area of inflam-
mation and necrosis in E-CL and L-CL and the relationship
between them with the size of the lesions are shown in
Figure 6. As might be expected, the area of inflammation in
E-CL (28.4% + 4.2) was lower than in L-CL (49.8% =+ 3.8)
(Figure 6A). Lytic necrosis was seen in small areas. There
was no difference between area of necrosis in both groups
analyzed (Figure 6B). There was also no correlation between
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Ficure 4. The number of B and T cells between E-CL and L-CL.
Comparison of number of CD20*, CD4*, and CD8" cells in
10 microscopic fields of E-CL and L-CL histological sections. The
bars represent mean. *P < 0,05. Statistical analysis was performed
using t student, post two-way ANOVA.

the percentage of the areas of inflammation and necrosis in
both groups (data not shown).

Although there was no association between CD68" cells
with the area of inflammation, there was a positive and sig-
nificant correlation between the frequency of CD20* B cells
and the inflammation (R = 0.51; P < 0.05) (data not shown).
There was a direct correlation between the number of
CD68" cells and the area of necrosis in both phases of the
disease (E-CL and L-CL) (Figure 7A and B). Finally, we
found a direct correlation between the frequency of T and
B cells and inflammation, but no comrelation between the
number of CD4* and CD8" T cells with the number of
amastigotes, the lesion size, or the area of necrosis.

DISCUSSION

The cutaneous ulcer with raised borders is the most com-
mon presentation of CL occurring in more than 90% of
patients infected with Leishmania Viannia braziliensis. How-
ever, before the ulcer appears in the skin, patients often
present with a lymphadenopathy usually with a mild skin
desquamation at the site of the parasite inoculation. This is
followed by the development of a nodule that leads to a
detectable ulcer. This initial phase of the disease character-
izes E-CL. Although the immunopathology of the classical
ulcerated lesion, a feature of L-CL, is well described, there is
a lack of information about the histopathology in E-CL. In this
study, we showed that parasite load is higher in E-CL than
L-CL, but the parasite load is neither associated with the size of
the ulcers or with ulcer development. Alternatively, there was
a direct correlation between the frequency of macrophages
with the area of necrosis and ulcer size.

Different from CL caused by other Leishmania species in
which parasites are easily found in the skin lesion,'” in
L. braziliensis ulcers, amastigotes are scarce or even absent
under light microscopy examination. Here we showed that
the amount of amastigotes was higher in E-CL than in L-CL
biopsies. As expected, amastigotes were predominantly
found inside macrophages, but parasites were also found
outside of these cells and in the collagen of dermis. The
absence of association between the parasite load and the
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Ficure 5. Correlation between CD68* macrophages in histological section and correlated with size of lesion in E-CL and L-CL. (A) Macro-
phages immunostaining with monoclonal antibody anti-CD68 in E-CL (x10) (B) In detail CD68" cells are grouped near epidermis and in close
contact with other mononuclear cells (x20). Linear comelation between the number of CD68* macrophages and size of the lesions in mm?
(C) in the E-CL (N = 14) and (D) L-CL (N = 28). Statistical analysis was performed using the Spearman correlation test. E-CL = early cutaneous

leishmaniasis ; L-CL = late cutaneous leishmaniasis.

area of inflammation, area of necrosis, and size of the ulcer
suggest that the parasite load does not play a direct role in
lesion development. This finding is in agreement with a pre-
vious report of a disparity between parasite numbers and
the intensity of the inflammatory and necrotic events in
L-CL."® As macrophages are the main cells responsible for
Leishmania killing, one could expect an inverse correlation
between the numbers of CD68" cells and amastigotes.
Interestingly, we found a direct correlation between the fre-
quency of CD68" cells and number of amastigotes and
there was an association between macrophages number
and the area of necrosis in both E-CL and L-CL and
between majority and size of the ulcer and CL. It has been
shown that macrophages from CL patients exhibit an
enhanced inflammatory profile, but are less able to kill
Leishmania."®" Therefore, it is likely that parasite survival
and leishmania antigen derived from dead parasites stimu-
late the adaptive immune response, thereby enhancing the
inflammatory reaction.

The role of CD4* and CD8" T cells in the pathogenesis of
L-CL is well documented. Although the T-cell response is
important to prevent parasite dissemination, an exaggerated
inflammatory response is associated with pathology.?%%* We

have previously shown a direct correlation between the fre-
quency of CD4" T cells expressing IFN and TNF, and CD4*
T cells expressing lymphocyte activation markers with the
lesion size.?*** CD8" T cells also play a role in the pathol-
ogy.*?® Although there was no association between CD8*
T cells expressing granzyme and the area of inflammation
in E-CL, there was a correlation between the frequency of
CD8" T cells expressing granzyme and the intensity of the
inflammatory reaction in L-CL.*® Moreover, although CD8*
T cells kill L. braziliensis—infected cells, they have an impair-
ment in parasite killing.#*2® The inflammatory reaction in
both E-CL and L-CL is composed of CD68", CD4" and
CD8" T cells as well as B cells. As T cells and macrophages
are responsible for the granuloma formation, the role of
these cells in the pathogenesis of CL has been well studied.
In contrast, litle emphasis is given for the role of B cells in
the pathogenesis of L. brazliensis infection. B cells are found
in high frequency in tissue of CL patients.?’?® Here we
showed that CD20* B cells are also observed in E-CL and
the correlation between the frequency of B cells and the
inflammation area pointed out the need for future studies to
determine the participation of antibodies in the control of the
infection or in the pathology of CL.
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L-CL = Late cutaneous leishmaniasis (N = 28).

Although the area of inflammation was greater in L-CL than
in E-CL biopsies, there was no difference between the area
of necrosis in the two phases of the disease. The size of the
lesion directly correlated with illness duration and similarly
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the area of inflammation was greater in L-CL than in E-CL.
However, there was no correlation between inflammation and
size of the lesions and there was also no correlation between
the inflammatory and areas of necrosis. Necrosis seen in our
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Ficure 7. Number of macrophages CD68" according to area of necrosis. Linear correlation between the number of CD68* macrophages
and area of necrosis in mm? (A) in the E-CL (N = 15) and (B) in the L-CL (N = 28). Statistical analysis was performed using the Spearman
test. E-CL = early cutaneous leishmaniasis; L-CL = late cutaneous leishmaniasis.
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study was small and focal in the majority of the biopsies. The
pathogenic mechanisms leading to necrosis during CL are
not well elucidated. Likely, this process is multifactorial,
including vessel obliteration induced by vasculitis,"?° killing
of macrophages and epithelial cells expressing Leishmania
antigen, and tissue injury by the inflammatory response.®®?
It is known that metalloproteinase (MMP) genes are highly
expressed in the tissue of CL patients and that monocytes
secrete high levels of MMP-9.%3%5 MMP expression by mac-
rophages may explain our findings of a direct correlation
between macrophages and the area of necrosis in CL
throughout the disease. Additional studies should be
performed to identify if a programmed necrosis by activity of
protein kinase RIPK3 is occurring.®®

We recognize that the limited sample size in our study
may have prevented a better correlation between some var-
iables and inflammation or the area of necrosis. Although
longitudinal studies using biopsies of the same patients in
the two phases of the disease could help to better under-
stand the dynamics of the immunopathology, this is not pos-
sible as patients are treated upon diagnosis. Despite a few
limitations, our immunopathologic study comparing biopsies
from patients with E-CL versus L-CL contributes to the
understanding of host and parasite factors in the pathogene-
sis of L. braziliensis and emphasizes the participation of
macrophages in the development of CL ulcers.

We have previously shown that although macrophages
from patients with CL have an impairment in Leishmania
killing, they produce high levels of proinflammatory cytokines,
such as TNF and the chemokines CXCL9 and CXCL10."®
These molecules contribute to necrosis and cell recruitment
to the site of infection. Monocytes and macrophages are
heterogeneous subpopulations, with killing, inflammatory,
and regulatory profiles.* Previous studies have shown a high
frequency of monocytes with inflammatory profile in E-CL,'
and there is a direct correlation between the frequency of
monocytes expressing toll-like recep’(or9 with ulcer size in
CL.®” Moreover, no production rather than protection is
associated with pathology in L. braziliensis infection.®® It is
clear that monocytes and macrophages have also protec-
tive function killing intracellular pathogens. However,
while Leishmania killing is mediated by classical mono-
cytes, secretion of proinflammatory cytokine is produced
mainly by the inflammatory monocytes.®'* Therefore, the
increase in proinflammatory monocytes in CL and even in
E-CL may explain the intense inflammatory reaction and
parasite persistence. Because of the plasticity of mono-
cyte population and limited numbers of cells obtained in
the biopsies, studies on monocyte subsets in tissue are
limited. However, our documentation that macrophages
number correlates with the necrosis area and lesion size
in E-CL indicates that in addition of CD4* and CD8" T
cells, macrophages play a role in ulcer development in CL
due to L. braziliensis.

ATL is one of the best examples about the tenuous line
that separate protection from pathology. Here, although we
showed that parasite burden was not associated with
inflammation and ulcer size, it was clear that pathology due
to inflammation and necrosis occurred due to an attempt of
the host to eliminate parasites. Different from many other
infectious diseases in which early therapy is associated
with a high rate of cure and acceleration of the healing time,

patients with E-CL have a high rate of failure to antimony
therapy in comparison with L-CL. The documentation of
high number of amastigotes early in the infection and a pro-
gressive inflammatory reaction with illness duration indicate
that in addition to parasite killing, a down modulation of the
inflammatory reaction should be attempted in the treatment
of patients with E-CL.
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