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“Atencdo especial deve ser dada a cromoblastomicose, pois embora,
muitas vezes, seja doenca negligenciada, representa uma micose subcutanea
importante em nosso meio. E enfermidade morbida, podendo ser debilitante,
gue ainda carece de tratamento padronizado e eficaz. Existe também o risco
potencial de haver incremento da endemicidade, em particular, de casos
ocupacionais relacionados a praticas extrativistas rentaveis, bem difundidas em
povoados e comunidades carentes, como o crescente manejo da flora nativa
gue vem sendo, na atualidade, estimulado pelos programas de sustentabilidade

ambiental, industria alimenticia, cosmética e artesanato.”
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“The Impossible Dream”

To dream ... the impossible dream

To fight ... the unbeatable foe

To bear ... with unbearable sorrow

To run ... where the brave dare not go
To right ... the unrightable wrong

To love ... pure and chaste from afar
To try ... when your arms are too weary
To reach ... the unreachable star

This is my quest, to follow that star

No matter how hopeless, no matter how far

To fight for the right, without question or pause

To be willing to march into Hell, for a Heavenly cause

And | know if I'll only be true, to this glorious quest,
That my heart will lie will lie peaceful and calm,
when I'm laid to my rest

And the world will be better for this:

That one man, scorned and covered with scars,
Still strove, with his last ounce of courage,

To reach ... the unreachable star

(Joe Darion/Mitch Leigh, 1965)
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Resumo

A auséncia de um modelo animal adequado de infec¢do crbnica para estudo da
cromoblastomicose experimental e o desconhecimento sobre as formas fungicas
infectantes de Fonsecaea pedrosoi estimularam a realizagdo da presente
investigacdo. Inicialmente, diferentes formas micelianas de F. pedrosoi, hifas,
conidios e células conidiogénicas, foram testadas quanto ao seu potencial infectivo
em camundongos BALB/c. Cada estrutura demonstrou capacidade distinta de
sobrevida frente a resposta tecidual do hospedeiro. A transformacéo in vivo do
in6culo fangico para corpos escleréticos somente foi verificada nas infeccbes com
células conidiogénicas. Neutrofilos parecem ser importantes no controle de F.
pedrosoi, possivelmente pela degranulacdo e liberacdo de produtos toxicos,
enguanto macréfagos podem ser mais relevantes nos processos de clearance. A
inoculacédo do fungo em Unico sitio produziu resposta inflamatéria com formacao de
abscesso rico em fagdcitos, ocorrendo eliminacdo da infeccdo em até dois meses.
No entanto, coestimulo antigénico em dois sitios distintos, tais como pata s.c. e
peritdnio, respectivamente, com células fangicas viaveis e inviaveis, nas diferentes
linhagens de camundongos e animais knockouts, provocou a formacdo de lesdes
multifocais ricas em histiocitos e infeccéo persistente por F. pedrosoi, ocorrendo cura
clinica e micoldgica desses animais, em geral, apds 4 meses. Nos animais
coestimulados, quando o foco primario (abscesso rico em neutrofilos) desaparecia, a
migracdo de neutrdfilos se intensificava para o sitio secundario (lesdes focais
ativas), culminando com a eliminacdo fangica. Tais dados corroboraram para
hipétese de atuacao individualizada da resposta imune em focos multiplos, porém
com resolucdo, sistemicamente, coordenada das lesbes. ApOs imunizacdo das
mucosas e infeccdo da pata com células de F. pedrosoi também foi verificada maior
duracdo das lesbes infecciosas, indicando que a apresentacao antigénica de sitios
distintos poderia estar envolvida com mecanismos tolerogénicos aos antigenos

fungicos. Camundongos CD4 KO que receberam duplo-estimulo, embora
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manifestassem agravamento das lesdes nos periodos iniciais poés-inoculagéo
fungica, controlaram a infeccdo mais tardiamente. Progressdo exarcebada e
agravamento da infeccdo foram verificados em animais KO CD8 coestimulados.
Camundongos co-estimulados apresentaram lesdes com perfil anatomopatologico
similar, no entanto, os animais IL-10 KO n&o desenvolveram infec¢cdo prolongada
apos coestimulacdo. Animais XID coestimulados desenvolveram infec¢do crénica, o
que demonstrava a possibilidade das células Bl atuarem antagonicamente a
resposta imunossupressora. Em outro estudo, selecionamos uma cepa bacteriana
com propriedades antagbnicas aos fungos filamentosos, identificada como B.
subtilis, para ser utilizada em ensaios de interacdo com a cepa de F. pedrosoi. Em
cocultivos, verificamos alteracdes celulares, como modificacdo das hifas para formas
artroconidiadas, producédo de clamidoconidios terminais e inducdo da sintese de
melanina fangica. Tais células cocultivadas foram inoculadas em camundongos,
sendo os clamidoconidios terminais mais resistentes in vivo a acao dos fagocitos. No
altimo experimento, utilizamos culturas axénicas de F. pedrosoi, mantidos em
cultivos por seis meses. Formas fungicas variadas, tais como células arredondadas,
clamidoconidios terminais e intercalares, com parede celular composta por multiplas
camadas, foram analisadas por microscopia Optica e eletrénica. Essas células
fungicas foram inoculadas em camundongos BALB/c, produzindo infec¢ao crénica,
principalmente em grupo de animais infectados em dois sitios. Por fim, nossos
achados evidenciaram que o desenvolvimento de um modelo murino adequado para
cromoblastomicose depende de fatores ligados ao parasito e hospedeiro. Células
fungicas ou formas, potencialmente, infectantes devem ser utilizadas de modo
preferencial no desenvolvimento dos modelos experimentais, devendo o0s
mecanismos de imunossupressdo, como a coestimulacdo antigénica, ser
empregados como “ferramenta auxiliar” para ampliar as chances de sucesso na

obtencéo de lesdes crénicas em animais higidos.
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Abstract

This study was prompted by the lack of a satisfactory chronic infection animal model
for studies of experimental chromoblastomycosis and the fact that very little is known
about the infective fungal forms of Fonsecaea pedrosoi. First, we investigated the
infective potential of different mycelial forms of F. pedrosoi, hyphae, conidia and
conidiogenous cells, in BALB/c mice. The extent to which each structure could
survive the host tissue response was found to vary. In vivo transformation of the
fungal inoculum into muriform cells was only observed when the mice were infected
with conidiogenous cells. Neutrophils appeared to play an important role in the
control of F. pedrosoi, possibly by degranulating and releasing toxic products, while
macrophages may be of greater importance in clearance. Fungal inoculation of a
single site led to an inflammatory response accompanied by the formation of
abscesses rich in phagocytes. The fungus was eliminated efficiently in up to two
months. However, antigenic co-stimulation with viable and nonviable fungal cells in
two different sites, such as the footpad (s.c.) and peritoneum, led to the formation of
multifocal lesions rich in histiocytes and to prolonged F. pedrosoi infection in different
strains of mice and knockout animals. Clinical and mycological cure in these animals
generally occurred after 4 months. When the primary focus in the co-stimulated
animals (an abscess rich in neutrophils) disappeared, neutrophil migration to the
secondary site (active multifocal lesions) increased, culminating in the elimination of
the fungi. These data support the hypothesis that multifocal infections show individual
iImmune responses, while systemic resolution of lesions is coordinated as a whole.
After the mucosae had been immunized and footpads had been infected with F.
pedrosoi cells, infectious lesions were found to be more prolonged, indicating that

antigen presentation at different sites may be involved in peripheral tolerance
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mechanisms. Although lesions in co-stimulated CD4 KO mice worsened during the
initial period following inoculation with the fungus, the mice were found to control the
infection later. Exacerbated inflammatory progression and a worsening of the
infection were observed in co-stimulated CD8 KO animals. Lesions in co-stimulated
KO mice had a similar pathologic profile, but IL-10 KO animals did not developed
prolonged infection after co-stimulation. Co-stimulated xid mice developed chronic
infection, showing that Bl cells may have an antagonistic effect on the
immunosuppressive response. In another study, we selected the bacterial strain B.
subtilis, which has known antagonistic properties against filamentous fungi, for use in
interaction assays with the F. pedrosoi strain. The main cell changes observed after
co-culture were the transformation of hyphae into arthroconidial forms and the
production of terminal chlamydoconidia. The induction of synthesis of fungal melanin
was also observed. Fungal cells from co-cultures were inoculated into mice. The
chlamydoconidia from these co-cultures were more resistant in vivo to the actions of
phagocytes. In the final experiment, we used axenic F. pedrosoi cultures that had
been maintained for six months. Various fungal forms, such as round cells and
terminal and intercalary chlamydoconidia, with cell walls made up of multiple layers,
were found in aged cultures. When inoculated into BALB/c mice, these fungal forms
produced chronic infection, primarily in the group of animals infected at two sites. Our
findings show that the development of a satisfactory murine model of
chromoblastomycosis depends on factors associated with the parasite and the host.
Potentially infective fungal cells should preferably be used when developing
experimental models, and immunosuppression mechanisms such as antigenic co-
stimulation should be used as “auxiliary tools” to increase the likelihood of obtaining

chronic lesions in healthy animals.
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1. INTRODUCAO




1.1- Fungos Demacios

Uma diversidade de espécies fungicas € agrupada pela caracteristica comum
de apresentar coloragcdo variavel de verde escuro a marrom e negro devido a
presenca de melaninas (Henson et al, 1999; De Hoog et al, 2000; Nosanchuck e
Casadevall, 2003; Revankar, 2007). Esses microrganismos, conhecidos como
fungos demacios, fedides ou escuros, podem viver como saprobios ou parasitas
(Henson et al, 1999; De Hoog et al, 2000). Os propagulos fungicos de tais agentes
sdo encontrados no ar, agua, solos e alimentos, sendo frequentemente identificados
em associagdes com vegetais, como decompositores (Okeke e Gugnani, 1986;
Vicente et al, 2001; Vicente et al, 2008). As espécies que acometem os animais e
humanos, em sua maioria, sdo encontradas na sua forma assexuadas, sendo
também descritas como formas imperfeitas (anamorfas) ou mitospdricas (Guarro et
al, 1999; Lacaz et al, 2002). Todos os fungos demacios patogénicos pertecem ao filo

dos acosmicetos (Vitale et al, 2009a).

1.2- Doencgas causadas por fungos demacios

O termo feo-hifomicose tem sido empregado para designar doengas
cutaneas, subcutaneas e sistémicas, causadas por hifomicetos, que nos tecidos se
apresentam como formas fungicas micelianas, leveduriformes, entre outras, com
coloracdo escura, marrom ou acastanhada (Lacaz et al, 2002; Revankar, 2007).
Entidades clinicas de espectro variado, como piedra negra, tinea nigra,
cromoblastomicose (CBM) e feo-hifomicoses sdo causadas por fungos demacios
(Silveira e Nucci, 2001; Revankar, 2007). Outras manifestagbes como micetomas,
ceratites, sinusites e onicomicoses podem ter etiologia semelhante. Em

imunocomprometidos, tais fungos sao importantes agentes de infeccbes



oportunisticas (Silveira e Nucci, 2001; Revankar et al, 2002; Revankar, 2007).
Doencas causadas por fungos demacios, como feo-hifomicose, micetoma e CBM,
sao distinguiveis por sua patogénese, caracteristicas clinicas e microbiolégicas (De
Hoog, 1997; Silveira e Nucci, 2001; Lopez-Martinez e Mendez-Tovar, 2007;
Revankar, 2007; Santos et al, 2007). No entanto, embora existam tais fronteiras
mencionadas, a mesma etiologia, no caso de algumas espécies, pode ser verificada
entre essas manifestacbes dependendo das condicbes do hospedeiro e modo de

infecgao (Esterre e Queiroz-Telles, 2006; Queiroz-Telles et al, 2009).

1.3 Histérico da cromoblastomicose

A cromoblastomicose € infecgao crénica que acomete o tecido cutaneo e
subcutaneo, principalmente, pela presenca de células globosas, escurecidas, com
ou sem septos, que podem ser observadas de forma isolada ou agrupadas (Esterre
e Queiroz-Telles, 2006; Lopez-Martinez e Mendez-Tovar, 2007).

Embora a doencga tenha sido estudada por Alexandrino Pedroso em 1911, sob
a designacao de “blastomicose negra”, somente em 1914, o médico-alemdo Max
Rudolph, radicado no Brasil, descreveu seis casos de uma infecgao conhecida como
“figueira”, em pacientes provenientes da cidade de Estrela do Sul (na época situada
entre os Estados de Goias e Minas Gerais), com isolamento de fungo escuro em
quatro deles (Al-Doory e Pairon, 1974; Elgart, 1996; Silva, 1998). Nos Estados
Unidos da América, um estudo clinico, micoldgico e patolégico minucioso de
paciente com “dermatite verrucosa” foi descrito por Medlar e Lane em 1915 (Al-
Doory e Pairon, 1974; Elgart, 1996). Pedroso e Gomes, em 1921, relataram um caso
da doencga, sob nome popular de “formigueiro”, em paciente do interior do Estado de

Sao Paulo (Queiroz-Telles et al, 2009). Varias sinonimias foram atribuidas a



doencga, tais como figueira, formigueiro, dermatite verrucosa blastomicética,
dermatite verrucosa cromomicética, cromomicose, cromomicose cutanea,
cromoblastomicose cutanea, doenca de Medlar, doenca de Gomes, doenca de
Pedroso, doenga de Carrion, doenca de Pedroso e Carrion, micose de Lane e
Pedroso, doenga de Fonseca, sundra, susna, blastomicose negra e moléstia de
Guiteras (Al-Doory e Pairon, 1974; Lopez-Martinez e Mendez-Tovar, 2007). Em
1922, Terra, Fonseca e Area-Ledo, do Instituto Manguinhos, no Rio de Janeiro,
estabeleceram o termo “cromoblastomicose” para designar a moléstia. Pablo
Negroni, na Argentina, em 1936, em homenagem a Olympio da Fonseca Filho, criou
0 género Fonsecaea em substituicdo a Acrotheca e Hormodendrum (Al-Doory,

1972).

1.4 Etiologia e caracteristicas dos agentes fuingicos

Os agentes de CBM pertencem a familia Herpotrichiellaceae, ordem
Chaetothyriales, formada por organismos que apresentam histéria evolutiva
relacionada ao parasitismo em hospedeiros vertebrados (De Hoog, 1997; Vicente et
al, 2001). De modo geral, a doenga tem natureza multietiolégica e ocorre pela
implantacdo traumatica de fungo demacio na pele e tecido subcutdneo. Uma
variedade de agentes fungicos tem sido descrita em casos de CBM. No entanto,
Fonsecaea pedrosoi e Cladophialophora carrionii sao as espécies mais
frequentemente diagnosticadas, enquanto os isolados de Phialophora verrucosa,
Exophiala dermatitidis e Rhinocladiella aquaspersa séo ocasionais (Elgart, 1996;
Esterre e Richard-Blum, 2002; Lopez-Martinez e Mendez-Tovar, 2007; Queiroz-
Telles et al, 2009). Exophiala spp podem ser agentes de eumicetomas, CBM ou feo-

hifomicoses (sistémicas ou subcutdneas) o que denota a capacidade desses



microrganismos de causar trés entidades clinicas distintas com formas parasitarias
diferentes, como hifas, graos micelianos, leveduras ou células escleréticas (Kwon-
Chung e Bennett, 1992).

Estudos taxondémicos moleculares revelaram que F. compacta representa
uma variante morfologica de F. pedrosoi (De Hoog et al, 2004). Recentemente, F.
monophora foi descrita como uma nova espécie com fendtipo similar a F. pedrosoi,
porém, geneticamente distinta (Xi et al, 2008). Embora F. monophora seja
considerada espécie oportunista, pouco relacionada a CBM (Najafzadeh et al, 2009),
estudos moleculares revelaram ser agente predominante em casos da doenga no sul
da China (Xi et al, 2009). No Brasil, F. pedrosoi é o agente mais importante (Silva et
al, 1995; Telles-Filho, 1996; Silva, 1998; Minotto et al, 2001).

A identificacao especifica dos fungos demacios, muitas vezes, é dificil de ser
realizada devido a fatores como: auséncia de conidiagdo, polimorfismo e
similaridade fenotipica. Condicbes especiais de crescimento, incluindo nutrientes e
incubagdo em temperaturas diversificadas, bem como a participacdo de
especialistas, podem ser necessarias para a caracterizagdo desses fungos. A
identificagcao das principais espécies envolvidas em CBM, normalmente, é realizada
pela observacdo dos aspectos morfolégicos das células reprodutivas, as quais
podem apresentar quatro formas de conidiagdo: tipo acropleurdégena, cladospdério,
fial6fora e rinocladiela (Ajello e Hay, 1998; Queiroz-Telles et al, 2003). Somente F.
pedrosoi apresenta os quatro tipos de conidiagéo, cuja disposigdo acropleurégena,
caracteristica particular dessa espécie, tem semelhanca a copa de um arbusto

(Santos et al, 2007).



Tipo Fonsecaea Tipo Rhinocladiello Tipo Phialophora Tipo Cladasparium
Em agar Sabouraud dextrose, a temperatura de 25 C°, a colénia de F.
pedrosoi é velutina, cinza-escuro-olivaceo ou negra, plana com centro elevado,

convexo e reverso negro (Kwon-Chung e Bennett, 1992).

1.5 Ecologia e epidemiologia

As formas fungicas envolvidas no estabelecimento do processo infeccioso
ainda n&do séo perfeitamente conhecidas, nem como tais células se adaptam do
saprofitismo a fase parasitaria. Hifas e conidios tém sido citados como possiveis
estruturas implantadas no tecido subcutaneo apds traumatismo (De Hoog et al,
2000; Corbellini et al, 2006).

A transformagdo das células fungicas para células escleréticas tem sido
sugerida como possivel fator de viruléncia (De Hoog et al, 2000). Formas
arredondadas, similares a corpos esclerdticos, também foram verificadas em tecido
medular vegetal e espinhos, sendo indicativo da existéncia in natura de estruturas
fungicas pré-adaptadas ao parasitismo (Zeppenfeldt et al, 1994; De Hoog et al,
2000; Badali et al, 2008). Inoculagdo experimental em cactos de suspencgao,
predominantemente, composta por conidios de C. carrionii demonstrou que as
células fungicas se modificavam nos tecidos vegetais, adquirindo morfologia similar
as formas parasitarias, inclusive em espinhos (De Hoog et al, 2007). Corpos

esclerdticos tém sido obtidos in vitro (Alviano et al, 1992; Alviano et al, 2003),



particularmente em meios acidos, contendo propranolol, mas o seu potencial
infectivo ainda nao foi estudado experimentalmente. Fatores do hospedeiro podem
estar envolvidos na transformacéao celular in vivo de F. pedrosoi. Fator ativador de
plaguetas (PFA), um fosfolipidio produzido por neutréfilos, macrofagos, basdfilos,
eosindfilos e células endoteliais, foi demonstrado como indutor da conversdo de
elementos micelianos de F. pedrosoi para corpos escleréticos (Alviano et al, 2003).
Os relatos de CBM ocorrem devido a implantagao transcutanea de propagulos
fungicos, em geral, através de traumas por fragmentos vegetais contaminados, como
espinhos e lascas de madeira (Ajello e Hay, 1998; Silva et al, 1998). A doenca
incide, endemicamente, em residentes ou frequentadores de meio rural, através de
processos traumaticos por implantagao transcutanea de propagulos fungicos, sendo
prevalente nas regides tropicais e subtropicais (Kwon-Chung e Bennett, 1992;
Lopez-Martinez e Mendez-Tovar, 2007). Borelli (1959) sugeriu, pela primeira vez, a
relacdo de F. pedrosoi e C. carrionii com a climatologia regional, associando esses
agentes as zonas de clima umido e semi-arido, respectivamente (Al-Doory, 1972;
Esterre e Richard-Blum, 2002). Espécies de Cactaceae, predominantes em regides
desérticas, tém sido indicadas como reservatorio natural de C. carrionii e como fonte
de infecgao para populagéao rural (Al-Doory, 1972; De Hoog et al, 2000). Esterre et al
(1996), revisando casos da doenga em Madagascar, citaram o isolamento de F.
pedrosoi nas areas de florestas perenes da ilha, enquanto C. carrionii era frequente
em areas secas com vegetacao decidua, associada a cactos da regido (Esterre et al,
1996a). Babacgu (Orbignya phalerata), no Estado do Maranhao, tem sido citado como
provavel fator de risco ocupacional de infec¢do humana por F. pedrosoi (Silva et al,

1995). Salgado et al (2004) relataram a ocorréncia acidental da doenca apds



contato com espinhos de Mimosa pudica, conhecida popularmente como
dormideira.

A viruléncia, viabilidade e quantidade de in6culo do parasita, além dos fatores
relacionados ao hospedeiro como idade e condi¢des imunoldgicas, sdo importantes
no curso da infeccdo. A manifestacdo clinica € predominante em homens
caucasianos, com idade entre 30 e 60 anos (Silva et al, 1998; Bonifaz et al, 2001;
Minotto et al, 2001). Muitos pacientes com lesdo ativa na vida adulta referem o
trauma, ao tempo de sua infancia ou juventude. Esses fatos corroboram para a
explicacdo de que os agentes de CBM, apds implantagao nos tecidos do hospedeiro,
podem permanecer latentes por longos periodos antes de se tornarem invasivos
(Rippon, 1988; Attapattu, 1997).

A maioria dos casos da micose procede do continente americano, em
especial, do México, América Central (Cuba e Republica Dominicana) e América do
Sul (Brasil, Colédmbia, Equador e Venezuela). Apesar de apresentar caracteristicas
climaticas similares, o continente asiatico registra baixos indices da doenga, sendo a
maioria dos casos observados no Sri Lanka, india, China e Japao (Attapattu, 1997;
Rajendran et al, 1997; Xi et al, 2009). Pequeno numero de casos tem sido descrito
nos Estados Unidos e Europa (Rippon, 1988; Queiroz-Telles et al, 2009).
Madagascar é area endémica de CBM com elevado numero de ocorréncias, sendo
registrados cerca de 1400 casos entre os anos de 1955 a 1996 (Esterre et al, 1999).
Estudos retrospectivos, na regido, mostraram que a incidéncia anual da infecgéo é
de 1:200.000 habitantes, com sub-areas de elevada ocorréncia, como o distrito de
Ambovombe, onde os indices chegam a 1:480 habitantes (Esterre et al, 1996a). No
Brasil, a micose tem sido registrada da regido sul ao extremo norte do pais (Silva et

al, 1995; Silva, 1998; Minotto et al, 2001). No Sul do pais, Minotto et al (2001)



citaram 100 casos da doenca em 35 anos, sendo F. pedrosoi o agente etiolégico em
96% deles, seguido por P. verrucosa. Estudo retrospectivo de 325 casos
diagnosticados em 55 anos no Estado do Para, com 78 (24%) culturas identificadas,

revelou F. pedrosoi em 77 ocasides e P. verrucosa em uma ocorréncia (Silva, 1998).

1.6 Anatomopatologia

Corpos fumagoides, muriformes, esclerdticos ou células de Medlar sao
terminologias usadas para descrever as formas parasitarias do fungo na CBM. Nas
reagdes granulomatosas, tais estruturas fungicas aparecem envoltas por células do
hospedeiro, muitas vezes, dentro de células gigantes, estando também presentes
em microabscessos situados na interface do tecido epitelial e derme (Esterre e
Richard-Blum, 2002; Esterre e Queiroz-Telles, 2006). Estudos histopatolégicos tém
demonstrado que as lesdes teciduais podem exibir hiperplasia pseudoepiteliomatosa
com microabscessos, sendo a epiderme importante na eliminagdo transepitelial do
fungo; ou granulomas organizados, ricos em fagdcitos polimorfonucleares (Uribe et
al, 1989; Esterre e Richard-Blum, 2002).

A lesédo inicial pode ser unica ou multipla e, evolutivamente, tende a
transformar-se em ndédulos que, por sua vez, podem expandir-se lateralmente
formando placas, com ou sem exsudato (Telles-Filho, 1996; Queiroz-Telles et al,
2009). A regidao de implantagcdo e a proximidade com areas mais vascularizadas
podem ser fatores relevantes durante o desenvolvimento de processos fibroticos. Os
locais frequentemente acometidos sdo, em ordem decrescente, os membros
inferiores e superiores, seguidos da regido glutea, tronco e face (Esterre e Richard-
Blum, 2002; Queiroz-Telles et al, 2003; Lopez-Martinez e Mendez-Tovar, 2007).
Outros sitios, menos comuns, como nuca, piramide nasal, abdome e pavilhdo

auricular também foram descritos (Esterre et al, 1996a; Lacaz et al, 2002). As



lesbes possuem caracteriticas polimorficas e nos pacientes, geralmente, sao
unilaterais. No inicio, apresentam-se de forma papular com superficie lisa e
eritematosa que, gradualmente, vao aumentando em tamanho e adquirindo aspecto
verrucoso, tumoral, nodular, cicatricial ou de placas queloidianas (Telles-Filho, 1996;
Silva, 1998; Esterre e Queiroz-Telles, 2006; Queiroz-Telles et al, 2009). Extensas
placas tegumentares podem se formar e, muitas vezes, tendem a ulceragao,
resultando numa aparéncia tecidual de couve-flor, além da hiperacantose e
hiperceratose (Lacaz et al, 2002). Infec¢des secundarias por bactérias sdo comuns e
influenciam no aumento da morbidade (Telles-Filho, 1996; Silva, 1998). Propagacao
linfatica, hematolégica e metastase cerebral tém sido raramente observadas (Vollum,
1977). Lesdes disseminadas foram descritas em paciente HIV-positivo (Duggan et al,
1995). A CBM deve ser diferenciada de outras doengas granulomatosas que
apresentam semelhanca clinica, como leishmaniose, lacaziose, bouba,
esporotricose, lepra, piodermite vegetante, epitelioma espinocelular e certas formas

de lupus (Ajello e Hay, 1998; Silva, 1998).

1.7 Terapéutica

Resisténcia de alguns agentes fungicos a terapia antifungica convencional,
elevado custo dos antifungicos, caréncia de experimentagdo animal com drogas
mais eficazes e acentuado numero de recidivas tém inviabilizado o estabelecimento
de regimes terapéuticos satisfatérios para CBM (Elgart, 1996; De Hoog et al, 2000;
Brandt e Warnock, 2003; Bonifaz et al, 2004; Esterre e Queiroz-Telles, 2006).
Condi¢des imunoldgicas do hospedeiro, tolerabilidade as drogas e extensao das
lesdes, tém sido também relacionadas a dificuldade no tratamento da doenca

(Bonifaz et al, 2004). Quando as lesbes sdo pequenas ou circunscritas, a retirada
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cirurgica parece ideal (Elgart, 1996; Lopez-Martinez e Mendez-Tovar, 2007).
Quimioterapia e métodos fisicos tém sido empregados, mas ainda ndo existe um
procedimento totalmente eficaz. Calor local, raios laser com luz de diéxido de
carbono e crioterapia sdo os métodos fisicos mais utilizados no tratamento da CBM,
mas os resultados ainda sado paliativos, podendo haver recorréncia e/ou
recrusdecéncia (Conti-Dias et al, 1964; Boop, 1974; Tagami et al, 1979; Tuffanelli e
Milburn, 1990). A crioterapia tem aumentado a porcentagem de pacientes
clinicamente curados (Castro et al, 2003), sendo um método bastante empregado
deviso ao seu baixo custo. No entanto, ndo é recomendado para infecgbes cronicas
de profundidade, especialmente em regides de enervagdo ou vascularizagado
(Bonifaz et al, 1997; Castro et al, 2003).

A eficacia do tratamento da CBM com antifungicos, no que se refere a
duragcdo e posologia, esta diretamente relacionada a resisténcia do agente, sua
localizacdo, intensidade dos processos fibrosos e tempo de evolugdo da doenca.
Isolados clinicos de F. pedrosoi tém demonstrado resisténcia in vitro aos
antifungicos comumente empregados em quimioterapia, tais como azdlicos classicos
(De Bedout et al, 1997; Andrade et al, 2004). A droga de escolha para CBM tem sido
o itraconazol (Vitale et al, 2009b). Novos azdélicos como voriconazol, ravuconazol,
posoconazol e isavuconazol tém apresentado atividade antifungica de largo-espectro
in vitro e com boa eficacia aos fungos demacios (Fothergill et al, 2009; Gonzalez,
2009). Infecgdes por C. carrionii ttm apresentado maior indice de cura do que por F.
pedrosoi (Esterre et al, 1996b). Lesdes extensas e antigas apresentam, em geral,
mau prognostico durante o tratamento. Bons resultados clinicos foram obtidos com
terbinafina (500 mg ao dia por 6 a 12 meses) e itraconazol (200-400 mg/dia durante

6 a 4 meses), sendo relatada diminuicdo do numero médio de células fungicas no
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tecido, em cerca de 70%, durante dois a quatro meses poés-tratamento com
terbinafina. Nesse periodo, também ocorreu reducao das infec¢gdes secundarias por
bactérias e de linfoedemas (Esterre et al, 1996b).

Embora exista relevante avanco quanto a produgado de novos antifungicos e
testes de susceptibilidade as drogas, o tratamento de micoses causadas por fungos
demacios, como a cromoblastomicose, micetomas e feo-hifomicoses sistémicas,
ainda € um grande desafio. Saperconazol (SPZ - R 66905) € um novo derivado
triazolico que inibe F. pedrosoi, consideravelmente, in vitro e in vivo (Cardona-Castro
et al, 1996). O tratamento da CBM humana com esse antifungico demonstrou
negatividade dos cultivos apds 9 meses e nao foi observado efeito colateral durante
regime diario de 100 a 200 mg (Franco et al, 1992). A utilizacdo de novos
antifungicos, como terbinafina e posoconazol, tem mostrado bons resultados em
casos refratarios as terapias convencionais (Esterre et al, 1996b; Negroni et al,
2005). A resisténcia dos fungos demacios aos antimicéticos e a intensa reacao de
fibrose formada nos processos granulomatosos pode representar um revés para
uniformidade de uma quimioterapia ideal a CBM. Em geral, o tratamento com
antifungicos é recomendado por tempo prolongado (Queiroz-Telles et al, 2003;
Bonifaz et al, 2004). No entanto, existem pontos agravantes que inviabilizam o
regime terapéutico e o acompanhamento clinico, pois 0os medicamentos podem
apresentar nefro/hepatotoxicidade, o nivel sécio-econdmico baixo da maior parte dos
pacientes que dificulta a aquisicdo das drogas por possuirem custo elevado e
residéncia em areas rurais, algumas vezes, de dificil acesso (Telles-Filho, 1996;

Silva, 1998; Silva et al, 1998).
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1.8 Infecgao experimental

A inoculagcao experimental dos agentes de CBM para obtengdo de um modelo
animal tem sido tentada desde a descoberta da doenca (Kurup, 1971; Al-Doory,
1972; Kurita, 1979; Polak, 1984; Ahrens et al, 1989; Cardona-Castro e Agudelo-
Florez, 1999). Todavia, os relatos sobre a infecgcdo experimental sdo escassos e
ainda nao foi estabelecido, de maneira satisfatoria, um modelo animal adequado
para o desenvolvimento de doenga cronica (Al-Doory, 1972; Ahrens et al, 1989;
Cardona-Castro e Agudelo-Florez, 1999; Martinez et al, 2005; Esterre e Queiroz-
Telles, 2006). Animais, incluindo camundongos, pombos, ratos, caes, cabras,
cobaios e macacos, assim como voluntarios humanos, foram infectados
experimentalmente, mas, na maioria das vezes, sem sucesso na reprodugao de
infeccao cronica ou semelhanga anatomopatoldégica a micose humana (Al-Doory,
1972; Borelli, 1987; Ahrens et al, 1989; Alviano et al, 1991; Esterre e Richard-Blum,
2002; Martinez et al, 2005). Esses aspectos talvez indiquem resisténcia natural dos
animais higidos a infeccéo. As lesdes clinicas em camundongos BALB/c, em geral,
se manifestam cinco dias apds a inoculagdo das células de F. pedrosoi (Cardona-
Castro et al, 1996; Cardona-Castro e Agudelo-Florez, 1999). Infecgdo de animais
imunocompetentes em unico sitio com elementos micelianos e/ou conidios de F.
pedrosoi cultivados in vitro por periodo inferior a 30 dias, em concentragbes
elevadas, de 10° a 10® UFC/mL, por vias distintas (i.v., s.c., e i.p.) em diferentes
tecidos, incluindo subcutaneo, peritoneal e nervoso, normalmente, apresentam
resolucdo em, aproximadamente, 2 meses (Kurup, 1971; Al-Doory, 1972; Kurita,
1979; Polak, 1984; Gugnani et al, 1986; Walsh et al, 1987). Em infeccbes
peritoneais, alto indice de animais apresenta infecgdo nodular em érgaos internos,

confirmada por cultura e exame histopatolégico (Ahrens et al, 1989; Cardona-Castro
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et al, 1996). No entanto, lesdes persistentes tém sido obtidas apds inoculacao de F.
pedrosoi em varios sitios de camundongos imunocompetentes (Cardona-Castro et
al, 1996; Cardona-Castro e Agudelo-Florez, 1999). Recentemente, infecgdo crbnica

em ratos Wister por F. monophora foi descrita (Xie et al, 2009).

1.9 Antigenos fungicos e resposta imune

O papel dos antigenos de F. pedrosoi na imunidade natural a CBM é pouco
conhecido. Soros de coelhos imunizados com antigeno de F. pedrosoi
apresentaram reatividade com antigenos de P. verrucosa e C. carrionii (Cooper e
Schneidau, 1970; Suzuki e Takeda, 1975). Alta concentracdo de lipidios e
carboidratos tem sido detectada em antigenos de F. pedrosoi (Barros e Resende,
1999) o que, provavelmente, esta relacionado as reagdes cruzadas com moléculas
antigénicas de outros agentes fungicos (Vidal et al, 2003; Vidal et al, 2004).

A resposta humoral na CBM nao esta bem definida, nem padronizada. Esterre
et al (2000), estudando 136 amostras sorolégicas de pacientes antes, durante e
ap6s o tratamento, verificaram que os parametros imunoldgicos de resposta
humoral se correlacionavam com aqueles observados na paracoccidioidomicose. Na
forma disseminada desta micose sistémica, tem sido observado, tipicamente, alto
indice de anticorpos especificos, ativacdo policlonal de células B, antigenemia e
resposta celular baixa (Murphy et al, 1998). Em pacientes com CBM, altos indices
de anticorpos especificos e imunoglobulinas G foram associados a cronicidade e
extensdo das lesdes (Esterre et al, 2000). Em areas endémicas, a populagao sadia
apresentava altos indices de anticorpos circulantes especificos (Esterre et al, 1997).

Os leucécitos possuem importante fungdo contra infecgbes fungicas. O

balanco da resposta Th1/Th2, com predominio do perfil Th2, tem sido associado ao
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aumento da susceptibilidade a aspergilose, paracoccidioidomicose e histoplasmose,
enquanto que o perfil Th1 tem sido relacionado a resisténcia (Murphy et al, 1998;
Clemons et al, 2000; Deepe et al, 2000). Algumas linhagens de camundongos, como
A/Sn, A/J e DBA/2, parecem ser mais resistentes a paracoccidioidomicose do que
outros animais, o que tem sido associado ao perfil Th1. Nesses animais, foi
verificado menor numero de parasitas no tecido, auséncia de antigenos circulantes,
ativagdo dos fagédcitos, IgG2a como principal anticorpo, incapacidade de ativagéo
policlonal e lesbes granulomatosas bem organizadas (Murphy et al, 1998). O perfil
Th2 tem sido relacionado com a exacerbagao da resposta imune humoral, devido ao
estimulo da producdo de anticorpos. Em contrapartida, células com perfil Th1
produzem determinadas citocinas que estimulam a resposta celular dos fagécitos
(Polonelli et al, 2000).

Ahrens et al (1989) demonstraram que células T possuem papel importante
na infeccdo por F. pedrosoi, em particular, pela regressdo das lesbes em
camundongos atimicos (Nu/Nu) apds transferéncia adotiva de linfocitos. Auséncia de
resposta protetora eficiente contra F. pedrosoi foi verificada em camundongos T CD4
KO (Sousa Mda et al, 2006)

Muitas especulagdes quanto a agdo microbicida dos macrofagos frente aos
microrganismos foram descritas, especialmente, com base em ensaios in vitro.
Rozental et al. (1994, 1996) verificaram que células de F. pedrosoi sobrevivem e
proliferam em macrofagos infectados (Rozental et al, 1994; Rozental et al, 1996). A
importancia dos neutrdéfilos na defesa imune tem sido comprovada em animais com
deficiéncia neutrofilica, os quais sdo mais suscetiveis as micoses (Bonnett et al,
2006; Rodriguez et al, 2007). Os neutréfilos sdo considerados como importantes

mediadores de imunidade protetora contra fungos e quando ativados produzem
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efeito fungicida sobre F. pedrosoi em menos de 20 minutos, embora poucas formas
fungicas sejam fagocitadas (Stevens et al, 1998). Estas células dirigem-se aos
tecidos infectados; principalmente, pelos fatores ligados a inflamacao, tais como as
citocinas pro-inflamatorias; sdo ativadas e fagocitam o patégeno, criando um
fagossomo (Fuchs et al, 2007). No fagolisossomo, o patégeno é destruido através da
NADPH oxidase, peptideos e enzimas (Segal, 2005; Fuchs et al, 2007). Intensa
migragdo de neutréfilos, normalmente, ocorre apds inoculagédo de F. pedrosoi em
unico sitio, sendo associada com resisténcia a infeccdo (Nishimura e Miyaiji, 1981;
Gugnani et al, 1986; Ahrens et al, 1989; Martinez et al, 2005). Fator de necrose
tumoral (TNF), presente na membrana de macrofagos, pode induzir neutréfilos a
apoptose (Allenbach et al, 2006), o que causa liberagao de moléculas microbicidas,
oxidativas e proteinas do complemento, bem como, consequente, ativacdo dos
fagédcitos teciduais (Ribeiro-Gomes et al, 2006; Nuutila e Lilius, 2007).

O desenvolvimento de respostas imunes a antigenos exégenos pode resultar
da interacédo entre células B e T (Yu et al, 2006). Embora macréfagos e células
dendriticas sejam apresentadores profissionais de antigenos, linfécitos B maduros
podem ser cruciais na apresentacdo antigénica, tendo grande destaque em
autoimunidade (Meyer-Bahlburg e Rawlings, 2008). Tais células também podem ter

relevancia na apresentagédo de antigenos nao-proprios.

1.10 Melanina e viruléncia fungica

Nos fungos, a formagao de pigmentos néo € essencial ao seu crescimento e
desenvolvimento, mas intensifica sua capacidade de resisténcia a ambientes hostis,
aumentando a sobrevida fungica (Bell e Wheeler, 1986). Uma diversidade de

organismos é capaz de sintetizar melanina, incluindo fungos, bactérias e animais
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(Nosanchuck e Casadevall, 2003). Melaninas compreendem pigmentos hidrofébicos
de alto peso molecular, carregados negativamente, sendo formados por
polimerizagdo oxidativa de compostos fendlicos ou inddlicos, apresentando
geralmente coloragdo negra, marrom, avermelhada ou verde (Henson et al, 1999;
Jacobson, 2000). Sao descritos trés tipos: eumelaninas, feomelaninas e
alomelaninas. As primeiras sao formadas por quininas e radicais livres; as segundas,
por tirosina e cisteina e as terceiras por via p-hidroxifenilpiruvato e acido
homogentisico (Frases et al, 2007). A localizagao de tais moléculas na célula € bem
definida, geralmente, na parede celular conjugada a glicoproteinas, como a lacase
(Kwon-Chung e Bennett, 1992; Jacobson, 2000; Nosanchuck e Casadevall, 2003).
As melaninas tornam as células mais resistentes, em especial, por sequestrarem
radicais oxidativos, absorverem luz e energia em forma de calor através de iniumeros
grupos carboxilicos ciclicos, intensificarem a termotolerancia e ocasionarem maior
impermeabilizagdo da parede celular (De Hoog et al, 2000; Jacobson, 2000; Gomez
e Nosanchuk, 2003; Langfelder et al, 2003). Muitas espécies fungicas, patogénicas
ao homem, podem se tornar melanizadas in vivo, como Cryptococcus neoformans,
Histoplasma capsulatum e Paracoccidiodes brasiliensis, o que confere maior
resisténcia aos antifungicos e evasao dos mecanismos de defesa do hospedeiro
(Silveira e Nucci, 2001; Revankar et al, 2002; Taborda et al, 2008). A presenca de
melanina nos fungos tem sido considerada como importante mecanismo de defesa
antifagocitaria (Farbiarz et al, 1992; Schnitzler et al, 1999; Da Silva et al, 2006).
Particulas de melanina de F. pedrosoi, quando ingeridas por macrofagos,
influenciam na protegao a destruicdo do fungo (Farbiarz et al, 1990; Farbiarz et al,

1992).
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1.11 Tolerancia infecciosa

A discusséao sobre tolerancia imunoldgica a antigenos proprios e nao-proprios
precede 1950, sendo o Dr Frank MacFarlane Burnet agraciado com Prémio Nobel,
em 1960, pelos seus estudos no assunto. Reagao de imunossupressao a antigenos
microbianos por indugao de tolerancia imunoldgica tem sido sugerida desde o final
do século passado (Schwab, 1975). Trabalhos pioneiros sobre coestimulagéo
imunoldégica mostraram que camundongos infectados com Mycobacterium
lepraemurium e simultaneamente imunizados com cepas mortas apresentavam
agravamento da doenca (Lefford e Mackaness, 1977). Curiosamente, também vem
sendo descrita a coestimulagcdo imune interespecifica - isto €, indugcdo de resposta
imunoldgica por antigenos de espécies/microrganismos diferentes - a qual tem sido
associada com imunossupressao € aumento de susceptibilidade, em particular, apés
coinfecgdes helminticas e virais ou devido a relagdo entre doencgas parasitarias e
vacinacgao convencional (Cooper et al, 1999; Stewart et al, 1999; Ferreira et al, 2002;
Borkow e Bentwich, 2004; Elias et al, 2005). Provavelmente, as células supressoras,
uma vez ativadas, efetuariam suas fungdes de modo nao-especifico (Cools et al,
2007b).

O papel dos linfocitos T CD4"CD25" na tolerancia aos antigenos proprios era
bem conhecido na autoimunidade quando foi relatada, pela primeira vez, a
possibilidade de tais células supressoras estarem envolvidas com persisténcia da
infeccdo murina por Leishmania major apds inoculagdo do parasita em dois sitios
(Belkaid et al, 2002). Durante os ultimos anos, muitas evidéncias tém sugerido a
importancia das células T regulatorias CD4"CD25" (T regs) na tolerancia periférica e
hiporreatividade imune em varias doencgas infecciosas (Piccirillo e Shevach, 2004;

Pan et al, 2008). Células promotoras de tolerdncia podem ser benéficas ao
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hospedeiro e ao parasita (Belkaid e Rouse, 2005; Cools et al, 2007a). A
imunossupressao, provocada por tais células, bloqueia inflamagdes excessivas,
impedindo acentuado dano tecidual em um ou mais 6rgdos do hospedeiro. No
entanto, a maior permanéncia dos microrganismos devido a imunossupressao causa
maior duragcdo da infeccdo, podendo levar a adaptagdes para vida parasitaria
(O'garra et al, 2004). O controle ou regulagdo da resposta imune para prevenir ou
minimizar os danos teciduais, gerados através da intensa reatividade aos antigenos
dos patégenos, sdo modulados por contato celular e/ou citocinas (O'garra et al,
2004; Cools et al, 2007b). Efeito anti-inflamatério, promovido pelas células
supressoras, tem sido associado, em especial, com elevada produgdo de
interleucina-10 (IL-10) e TGF-B (O'garra et al, 2004; Trinchieri, 2007). Ensaio de
linfoproliferagcdo de sangue periférico, de pacientes com formas severas da CBM,
revelou alto indice de IL-10, enquanto uma baixa produg¢do foi correlacionada as
manifestagcdes leves/moderadas (Sousa et al, 2008).

Em geral, animais inoculados em unico sitio de infecgdo, com altas
concentragdes fungicas, apresentam eficiente eliminagdo dos agentes de CBM e
desenvolvimento de lesbes com intensa migragao neutrofilica  (Kurup, 1971; Al-
Doory, 1972; Kurita, 1979; Nishimura e Miyaji, 1981). No entanto, a inoculagao
fungica em mais de um sitio foi associada a infecgao prolongada (Cardona-Castro et

al, 1996; Cardona-Castro e Agudelo-Florez, 1999; Xie et al, 2009).

1.12 Interagao microbiana
Naturalmente, as células sobrevivem através da utilizagdo de macro e
micronutrientes, obtidos de fontes organicas e inorganicas. A maior parte das

espécies microbianas atua de forma benéfica nos nichos ambientais bidticos e
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abidticos, desempenhando funcao biorregulatéria (Gall, 1970; Whipps, 2001; Elad,
2003; Rintala et al, 2008). Bacilos Gram-positivos e fungos estdo entre os agentes
mais encontrados no solo e envolvidos com biodegradacédo e biorremediagéo. A
coexisténcia microbiana nos ambientes, evolutivamente, promove diversas
interacdes, tais como predacao, simbiose, mutualismo, competicao e antibiose (Gall,
1970; Melin, 2004; Boer et al, 2005). O estudo das interagdes tem sido muito
benéfico ao homem, por exemplo, na descoberta dos antimicrobianos, dos
microrganismos biocontroladores de pragas, pro e pré-biéticos (Shirokov et al, 2002;
Boer et al, 2005; Broggini et al, 2005; Guo et al, 2006; Sharma e Sharma, 2008).
Antibiose, geralmente, ocorre pela produgdo de substancias tdxicas, algumas
vezes, com amplo espectro de agdo (Handelsman e Stabb, 1996; Keel e Défago,
1997; Whipps, 1997). Bactérias com propriedades inibitoérias do crescimento fungico
tém sido frequentemente descritas, inclusive espécies do género Bacillus
(Handelsman e Stabb, 1996; Keel e Défago, 1997; Whipps, 1997). A capacidade de
Bacillus subtilis em inibir fitopatdgenos, como Helminthosporium sativum, Alternaria
brassicae, Sphaerotheca fuliginea, Coriolus spp, Poria sp, Stereum sp, Hexagonia
discopoda, Schizophyllum commune, Candida sp, Fusarium sp, Curvularia
geniculata, Penicillium digitatum, Trichoderma viride e Rhizoctonia solani, tem sido
descrita (Shirokov et al, 2002; Boer et al, 2005). Alteragdes morfolégicas, como
formacao de clamidoconidios terminais e intercalares em A. brassicae e H. sativum,
foram observadas apds interagdo com B. subtilis e seus metabdlitos (Shirokov et al,

2002; Sharma e Sharma, 2008).
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1.13 Bacillus spp e alguns aspectos inerentes desse género

O género Bacillus apresenta distribuicdo universal, sendo extremamente
diversificado e isolado de varias fontes, como ar, solos, aguas e trato gastrointestinal
de animais e humanos (Stabb et al, 1994; Cornea et al, 2003; Guo et al, 2006;
Cazorla et al, 2007). Essas bactérias possuem forma bacilar, sdo Gram-positivas,
aerdbias ou anaerbbias facultativas. Muitas espécies sdo extremdfilas e/ou
tolerantes a condigbes mais estringentes, como elevada alcalinidade, acidez,
salinidade e/ou temperatura (Niehaus et al, 1999). Produzem enddsporos altamente
resistentes, em geral, a dessecacao, calor, raios ultravioletas e solventes organicos
(Sadoff, 1972; Rhodes, 1990). Tais microrganismos sao saprobios, em sua maioria,
benéficos ao meio ambiente e aos seres vivos, com excegao de algumas espécies
que podem ser patogénicas, como B. anthracis, por exemplo.

Bacillus spp tém potencialidade de aplicagdo biotecnolégica, como
biocontroladores naturais de pragas na agricultura, probidticos para regulagdo da
microbiota humana e animal, na producdo de inseticidas, antibidticos e enzimas,
como proteases, amilases, lipases, pullanases, xilanases, levansucrases, DNAses e
RNAses (Rao et al, 1998; Kulkarni et al, 1999; Niehaus et al, 1999; Pandey et al,
1999). Bactérias antagbnicas como Bacillus, em geral, atuam significativamente nos
nichos por antibiose e, ocasionalmente, por parasitismo (Arras e Arru, 1997).
Antibiose contra microrganismos fitopatogénicos e do solo tem sido, frequentemente,
associada com produgao de metabdlitos secundarios (Silo-Suh et al, 1994; Stabb et
al, 1994; Asaka e Shoda, 1996). A sintese dessas substancias inibitérias tem sido
descrita em diferentes espécies, como B. subtilis, B. cereus, B. amyloliquefaciens, B.
stearothermophilus, B. thuringiensis, B. megaterium, B. polymixa, B. brevis, B.

licheniformis e B. circulans (Holland, 1961; Katz e Demain, 1977; Naclerio et al,
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1993; Abee et al, 1995; Batista Junior, 2002; Riley e Wertz, 2002; Lisboa et al,
2006). Peptideos antibidticos, uma abundante classe de metabdlitos secundarios,
denominados de bacteriocinas, sao produzidos por muitos microrganismos,
especialmente por bactérias Gram-positivas (Abee et al, 1995). Essas moléculas
normalmente sao sintetizadas sob condigdes de estresse nutricional, e sua
acumulagao é observada, principalmente, na fase estacionaria das culturas (Van Der
Wal et al, 1995; Bizani e Brandelli, 2002; Riley e Wertz, 2002). Os antibi6ticos
produzidos por Bacillus spp tém sido caracterizados, em sua maioria, como
oligopeptideos ciclicos, com baixo peso molecular (Nakano e Zuber, 1990). Essas
pequenas moléculas inibitérias podem apresentar acidos graxos de cadeia longa,
sendo definidos como lipopeptidios (Cornea et al, 2003; Romero et al, 2007). O
cocultivo de Bacillus spp com fungos filamentosos acentua a produgdo de
bacteriocinas (Abee et al, 1995; Cornea et al, 2003).

Diferentes marcadores filogenéticos podem ser utilizados na filogenia e
classificagdo de procariotos. Genes ribossomais (5S, 16S e 23S RNAr) e de
proteinas conservadas, envolvidas nos processos de replicagéo e transcricdo (em
exemplo, rpoB, gyrA), sao descritos como alvos espécie-especificos por
possibilitarem maior identidade com sequéncias disponibilizadas em bancos
génicos (Chun e Bae, 2000; Bavykin et al, 2004; Earl et al, 2007). Usualmente, o
sequenciamento dos genes 16S e 23S RNAr tem sido ferramenta adicional na
identificacdo de microrganismos, especialmente de isolados ambientais (Earl et al,
2007; Janda e Abbott, 2007). Entretanto, em alguns casos, sequéncias de DNA
ribossomal podem ser pouco discriminatérias para espécie ou subespécie
microbiana (Chun e Bae, 2000; Bavykin et al, 2004). Alto indice de misclassificagao

tem sido detectado no filo Firmicutes (Wang et al, 2007). Clerck et al (2004)
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relataram a analise da sequéncia 16S rRNA como procedimento insuficiente para
identificacdo em nivel de espécie e/ou subespécie do género Bacillus, em particular
do grupo cereus e subtilis. Devido a acentuada homologia nas sequéncias 16S
RNAr, outros genes, como gyrA e rpoB, podem auxiliar na identificagdo do grupo

subtilis (Chun e Bae, 2000; Bavykin et al, 2004; De Clerck et al, 2004).
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Com o intuito de produzir infecgdo experimental crénica por F. pedrosoi, o0s

seguintes estudos foram realizados:

2.1 Investigar a cromoblastomicose experimental em camundongos por inoculagao,
subcutanea e intraperitoneal, com diferentes formas de F. pedrosoi provenientes

de cultivos jovens;

2.2 Analisar os aspectos elementares da resposta imune e histopatoldégicos em
animais higidos e knockouts coestimulados antigenicamente em dois sitios;
2.3 Caracterizar os isolado bacteriano ambiental por métodos classicos e

moleculares e de suas propriedades antagdnicas a fungos filamentosos;

2.4 Estudar a interagdo in vitro entre cepa bacteriana e F. pedrosoi e sua

importancia in vivo;

2.5 Averiguar a morfologia das células fungicas contidas em cultivos de F. pedrosoi,

mantidos por longos periodos de tempo, e o seu potencial infectivo em animais

de experimentagao.

2.6 Estudo da cinética e avaliagdo anatomopatologica da infecgdo murina.
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3. JUSTIFICATIVA




A CBM é doenga humana de curso cronico, endémica em certas regides
brasileiras, de natureza fungica multietiolégica, sendo F. pedrosoi o principal agente.
Em tecido, os agentes infecciosos apresentam formas parasitarias arredondadas,
melanizadas, com parede celular espessa e, muitas vezes, divisdo planaria, as quais
tém recebido varias denominacgdes, em especial, corpos escleréticos ou muriformes.
Os tratamentos disponiveis nem sempre sao eficazes. Os relatos sobre CBM e F.
pedrosoi, em sua maioria, ttm contemplado assuntos relacionados a clinica médica,
biologia e bioquimica do fungo. Investigagdes envolvendo infecgdes experimentais
podem fornecer subsidios para compreensdo dos mecanismos envolvidos na
interacao parasito/hospedeiro e informagdes relevantes para o conhecimento da
imunopatologia, padronizacdo de diagnosticos e testes de novos esquemas
terapéuticos. Um ponto relevante para o estabelecimento de um modelo animal
adequado diz respeito a producdo de células mais virulentas e resistentes a acao
dos fagécitos, uma vez que, as investigacbes com formas fungicas convencionais
nao mostraram éxito na obtencdo de infecgcdo cronica. A integridade das defesas
imunoldgicas do hospedeiro é outro fator importante a ser considerado. A
imunossupressao, por exemplo, pode servir como mecanismo adicional para ampliar
as chances de estabelecimento do processo infeccioso e maior sobrevida do
parasita nos animais.

Nesse sentido, inicialmente, procuramos estudar diferentes células de F.
pedrosoi, produzidas in vitro, quanto a sua capacidade de transformacédo em células
esclerdticas in vivo. Posteriormente, analisamos aspectos da resposta tecidual e
imune referente a coestimulagcdo antigénica, baseados, em particular, na
possibilidade de que a inoculagdo de microrganismos em mais de um sitio podia
causar infecgdes prolongadas, conforme Cardona-Castro e Agudelo-Florez (1999),
Belkaid et al (2002).

Ambientes hostis, como presengca de substancias inibitdérias e condi¢cdes
estringentes ao crescimento fungico, induzem adaptagdes celulares, ocasionando

maior resisténcia microbiana e consequente aumento da sobrevida frente aos fatores
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adversos do meio. O antagonismo entre microrganismos € amplamente difundido na
natureza. Alteracbes da morfologia fungica in vitro apds interagcdo com bactérias
podem ocorrer, em especial, devido a reagdes de antibiose. Ao estudar a microflora
edafica na Cidade de Cuiaba, selecionamos um bacilo Gram-positivo,
potencialmente inibitério do crescimento fungico. A partir dessa pesquisa,
realizamos cocultivo de F. pedrosoi com a bactéria antagbnica, tendo por finalidade
verificar se tal interagdo poderia causar transformacgdo fungica e aumento de
viruléncia do fungo in vivo. Dentro desse contexto de condi¢des indspitas para o
crescimento fungico, também notamos que cultivos axénicos, mantidos por longos
periodos de tempo, continham varias formas fungicas, algumas similares a corpos
esclerdticos. Desse modo, tais células foram estudadas quanto a sua morfologia e
potencial infectivo em modelos murinos.

Por fim, os estudos foram inter-dependentes com o objetivo principal de

buscar um modelo experimental de infecgdo cronica por F. pedrosoi.
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4. MATERIAL E METODOS




4.1 Microrganismo
4.1.1 Fonsecaea pedrosoi
4.1.1.1 Cepa

Cultivo de F. pedrosoi (EPM - 380/03), proveniente de paciente com CBM,
atendido no Ambulatério de Dermatologia/UNIFESP em 2003, foi mantido em
Sabouraud dextrose agar (SDA, DIFCO Laboratories, Detroit, Ml) com gentamicina
80mg/L a temperatura de 30°C, por repiques peridédicos em intervalos de 15 dias em
SDA com antibiético. O isolado também foi mantido, conforme método de Castellanii,

em H,0 destilada esterilizada em tubos de penicilina lacrados.

4.1.1.2 In6culo fungico

4.1.1.2.1 Conidios

Conidios foram obtidos a partir de cultivos de 30 dias, mantidos sob agitagao
constante de 100 rpm em shaker (TE-420, TECNAL), a temperatura de 30°C, em
caldo batata dextrose (PDB, DIFCO laboratories). As células foram filtradas em
membrana de 3um (Grade n°. 43, Whatman), recuperadas em tubos Falcon

esterilizados, e concentradas a 3000g e 4°C, por 10 min (Figura 1, A).

4.1.1.2.2 Células conidiogénicas e conidios (CCC)

Cultivos de F. pedrosoi foram incubados em Shaker (TE-420, TECNAL), sob
agitacédo de 100 rpm por 30 dias, a temperatura de 30°C, em frascos cilindricos de 1
L (KIMAX®, DAIGGER Lab Equipments and Supplies), contendo 300 mL de caldo
batata dextrose (PDB, DIFCO laboratories), pH 5.7, e filtrados em papel de filtro

com porosidade de 16 ym (Grade n°. 43, Whatman). Em seguida, os filtrados foram
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centrifugados a 3000 g e 4°C, por 10 min. As células conidiogénicas (yeast-like)
foram reconhecidas em observagdes microscopicas pela conidiogénese blastica

(Figura 1, B).

4.1.1.2.3 Hifas

Cultivos fungicos foram mantidos em Shaker (TE-420, TECNAL), sob agitagao
de 100 rpm por 30 dias, a temperatura de 30°C, em frascos cilindricos de 1 L,
contendo 300 mL de Sabouraud dextrose caldo (SDB, DIFCO Laboratories, Detroit,
MI), pH 5.7, com gentamicina. Estruturas micelianas foram centrifugadas de 500 a
1000g e 4°C, por 10 min, em tubos Falcon de 50 mL, agitadas em vortex, por trés
vezes, e filtradas em gaze esterilizada para retencdo de agregados fungicos
macroscopicos. Os filtrados foram, entdo, aspirados com seringa de 20 mL
esterilizada e injetados em Beaker de 50 mL, por varias vezes, para quebra de
clusters micelianos e obtencgao de hifas solitarias. Tal solugao foi filtrada em papel de
filtro esterilizado com porosidade de 16 uym (Grade n°. 43, Whatman), sendo as
células retidas, banhadas com 150 mL de agua destilada esterilizada. A regiao
contendo as hifas foi recortada e inserida em tubo Falcon de 15 mL, contendo agua
esterilizada. O papel filtro foi retirado dos tubos e as células centrifugadas a 1500g e
4°C, por 5 min. A metodologia teve por finalidade a obtengao de fragmentos de hifa,

geralmente, sem presenca de conidios e células conidiogénicas solitarias (Figura 1, C).
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Figura 1 — Microscopia 6ptica de formas micelianas de F. pedrosoi. A - Conidios

piriformes; 400x. B - Células conidiogénicas e conidios (CCC); 1000x. C — hifas, 400x.

4.1.1.2.4 Células mortas por calor umido
Células fungicas (CCC) foram autoclavadas em tubos Falcon de 50 mL,

durante 20 min, a 121 °C e 1 atm de pressao para obtengao de inéculo inviavel.

4.1.1.2.5 Viabilidade celular

As estruturas celulares obtidas foram reconcentradas e ressuspendidas, em
tampao salino, por trés vezes. A viabilidade do inéculo foi avaliada com LIVE/DEAD
Cell Vitality Assay Kit (L3.495, Invitrogen) em microscépio de fluorescéncia, pela
contagem de cinco campos microscopicos. O total de formas fungicas emissoras de
fluorescéncia verde foi multiplicado por 100 e dividido pelo total de células presentes

no campo claro.

4.2 Analises microscopicas

As imagens teciduais e das células microbianas foram obtidas através de
camera digital Q-Color5, acoplada ao microscépico Optico Olympus BX50
(Laboratério de Micologia/lUNIFESP), sendo processadas e analisadas em programa

Image-Pro Express (version 6.3, www.mediacy.com).
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4.3 Animais

Trés linhagens de camundongos machos de 6 a 8 semanas com cerca de 23
g, sendo BALB/c, C57BL6 e Swiss, foram utilizadas no estudo, conforme projeto
aprovado pelo Comité de Etica/UNIFESP/EPM n° 0808/05. Animais SPF (specific-
pathogen-free) e knockouts (KO) foram obtidos do Centro de Desenvolvimento de
Modelos Experimentais em Medicina e Biologia (CEDEME/UNIFESP, Sao Paulo,
BR) e do Biotério de Camundongos Isogénicos do Departamento de Imunologia
(ICB/USP, Sao Paulo, BR). Camundongos Xid foram obtidos com o Prof. Dr Mario
Mariano, Departamento de Microbiologia, Imunologia e Parasitologia (UNIFESP, Sao
Paulo, BR). Dose letal de 300 rad, em dois ciclos, foi administrada individualmente
em um grupo de camundongos BALB/c (n = 30), tendo em vista a
radiossensibilidade das células B1 peritoneais. Todos os experimentos foram
realizados de acordo com procedimentos padrao de uso e cuidados com animais de

laboratdrio (Ccac, 1993; Cguanbr, 2003; Naclar, 2004).

4.3.1 Infecgdes

Com a finalidade de aumentar a viruléncia fungica e adaptar o isolado
humano as condi¢cbdes de sobrevida em animal, cultivo de F. pedrosoi em PDB (item
4.1.1.2.2), foi reinoculado, intraperitonealmente, em animais, por trés vezes, sob
concentracdo de 1x108 células/mL, sendo recuperado em Mycosel™ agar (BD BBL,
Franklin Lakes, NJ, USA), 20 dias depois da infec¢do (Cardona-Castro e Agudelo-
Florez, 1999).

Solugdes contendo cultivo fungico foram ajustadas em camara de Neubauer

para concentragao final de 1x10° células. Os fragmentos micelianos continham, em
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média, de 6 a 10 septos. A separacdao de um septo ao outro foi utilizada como
critério para contagem do numero células das hifas.

Dez minutos antes da infecgdo, os animais foram anestesiados i.p. com 0.4puL
de Anasedan e Dopalen 0,35 mL/kg (Vetbrands, Jacarei - S.P., Brasil). Cerca de 50
ML de PBS foram administrados no coxim plantar em camundongos BALB/c, Swiss e
C57BL6 (controles negativos), sendo cada grupo constituido de 5 animais.

As lesdes das patas foram acompanhadas semanalmente. Um paquimetro
digital (http://www.mitutoyo.com) foi empregado para medir altura e largura das

patas. O volume aproximado das patas foi calculado através de férmulas aritméticas
do cilindro (V=nr’h) ou esfera (V=4ur®3), dependendo do formato da pata pds-

infeccao.

4.3.1.1 Infeccdo em unico sitio com diferentes formas micelianas de F. pedrosoi
provenientes de cultivos jovens

Grupos de 30 camundongos BALB/c foram infectados com 50 pL de in6culo
de F. pedrosoi, em concentracao final de 1x10° células, na cavidade peritoneal (i.p.),
com conidios e CCC. Devido a observacao de transformacdes celulares in vivo para
corpos escleréticos poés-infecgdo com CCC, um grupo contendo 50 animais foi
inoculado no coxim plantar, por via subcutanea (s.c.), com indéculo na mesma
concentracdo. Cerca de 100 pL de solugdo contendo hifas foram inoculados
somente no peritdnio, em concentracdo final de 1x10° células, com agulha
25x8/21G1. A cinética da infecgao foi acompanhada, semanalmente, durante dois
meses, sendo trés animais sacrificados a cada semana, exceto o grupo inoculado na
pata, o qual foi observado por periodo de 165 dias e os animais foram sacrificados

até a décima semana.
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4.3.1.2 Coestimulagao antigénica

4.3.1.2.1 Infeccao em dois sitios

Um grupo de camundongos BALB/c, contendo 30 animais, foi infectado s.c.
no coxim plantar e i.p., com cerca de 50uL de indculo fungico viavel (CCC), na
concentracdo final de 1x10° células. Apds verificagdo de discrepancia entre animais
infectados em um e dois sitios (através de analise da cinética da infeccado e estudo
anatomopatolégico), trés grupos de camundongos de linhagens diferentes, BALB/c,
Swiss e C57BL/6, contendo 50 animais cada, foram estimulados i.p. com 100uL de
antigeno (item 4.1.1.2.4) e s.c. no coxim plantar com 50uL do mesmo indculo viavel
descrito anteriormente. Posteriormente, com finalidade de estudar aspectos da
resposta imune, relacionadas ao estimulo de dois sitios (imunizacao i.p. e infec¢ao
s.c. da pata), foram utilizados grupos de animais (n = 30): knockouts para CD4, CD8,
TNF-a, IL-10, MHC-II, deficientes em B1 e camundongos irradiados. Trés animais de
cada grupo foram sacrificados mensalmente. A cinética da infeccado foi
acompanhada durante até 165 dias. Apos 6 meses de infec¢ao, dois grupos, CD8
KO e Xid, contendo 12 animais cada, ainda apresentavam lesdes ativas, sendo os
animais CD8 KO sacrificados, devido ao agravamento da infecgdo, e os
camundongos Xid mantidos sob observacao para acompanhamento por periodo de

até 8 meses.

4.3.1.2.2 Estimulo antigénico das mucosas
Cerca de 50uL de antigeno fingico sob concentragdo final de 1x10° células
mortas foram administrados v.o., semanalmente, por trés vezes, em um grupo de

camundongos BALB/c (n = 30), sendo o coxim plantar infectado s.c. no mesmo dia
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da ultima dose. Traqueostomia foi realizada em outro grupo de camundongos

BALB/c (n = 30) para inoculagao de 50uL do mesmo antigeno na mucosa pulmonar.
Em todos os grupos coestimulados, a imunizagéo e a infecgao s.c. do coxim

plantar, ocorreram simultaneamente, no mesmo dia, com exceg¢ao do grupo em que

os antigenos foram administrados por via oral.

4.4 Ensaio de interagao microbiana

4.4.1 Microrganismos testados

Amostras provenientes de solos foram coletadas aleatoriamente no campus
da Universidade Federal de Mato Grosso, Cidade de Cuiaba/MT. Em seguida, foram
adicionados 100 mL de tampao salino (PBS) em cada 10 gramas de terra. As
solucdes foram filtradas em papel de filtro comum e decantadas, por duas horas. Os
sobrenadantes foram diluidos em concentragdes de 1/10 e 1/100. Os espécimes
ambientais foram entdo plaqueados em Trypticase™ Soy agar (TSA, Difco/BBL), pH
7,3, e incubados a temperatura de 30°C, por 48 horas. Um isolado bacteriano com
acentuada atividade antifungica in vitro foi detectado, sendo o seu cultivo
selecionado para estudos posteriores, com os seguintes fungos de origem
ambiental: Penicillum sp, Aspergillus flavus, A. niger, e fitopatogénicos: Alternaria

alternata, Fusarium solani, F. oxysporum f.sp vasinfectum, Colletotrichum sp.

4.4.2 Cocultivos
Espécies fungicas e o isolado bacteriano foram inoculados em discos
esterilizados de papel filtro, sob concentracéo final de 1x10° células. Para teste de

antagonismo microbiano, os discos inoculados foram semeados, em ftriplicata, em

36



placas de Petri contendo meio de TSA ou SDA (Difco/BBL), separados de 3 a 5 cm
um do outro. Os cocultivos foram mantidos a temperatura ambiente e a 37°C por
uma semana. O efeito antagdnico do bacilo foi observado pelas zonas de inibigdo do
crescimento fungico (Foldes et al, 2000; Cornea et al, 2003). Devido o bacilo
produzir enzimas hidroliticas de DNA em agar DNAse, foi realizado cocultivo desse
microrganismo e fungos em &gar DNase com azul de toluidina 0,1% (Difco/BBL),
pH 7.3, sendo Staphylococcus aureus ATCC 25923 usado como controle positivo e
S. epidermidis ATCC 12228, como controle negativo. Placas em triplicata foram
incubadas a 37°C e mantidas em estufa por 5 dias, pelo menos. Foram realizados
cultivos em placas de Petri, contendo SDA e azul de toluidina, tendo por finalidade
verificar se as substancias produzidas pelo bacilo tinham influéncia sob o corante
utilizado no meio DNase. Aos cultivos de F. pedrosoi em 300 mL de SDB sem
antibidtico, mantidos por 30 dias, conforme condigdes de crescimento para obtengao
de hifas (item 4.1.1.2.3), foi adicionado 1mL de in6culo bacteriano, em concentragéo
conforme escala 0,5 de MacFarland. Apds 24, 48 e 72 horas as células fungicas
foram obtidas para estudos da morfolologia em microscopio 6Optico. A partir do
cocultivo de 72 horas, foi obtido inéculo fungico para experimento de infec¢gao animal
(item 4.5), de acordo com metodologia descrita anteriormente para isolamento de

hifas (item 4.1.1.2.3) e analise de viabilidade celular (item 4.1.1.2.5).

4.4.3 Identificagao classica de isolado bacteriano com propriedades antagbnicas

A caracterizacao preliminar compreendeu analise macroscopica das coldnias
e microscopica da morfologia, posi¢gdo dos enddsporos, coloragdo ao método de
Gram e presenca de capsula pelo método de GINS (Foldes et al, 2000; Aslim et al,

2002). Foram realizados testes bioquimicos de utilizagcdo de citrato, reducédo de
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nitrato a nitrito, manitol, crescimento em 6,5 e 10% NaCl, producdo de H,S,
formagao de indol, vermelho de metila, Voges Proskauer (VP), descarboxilagcao de
ornitina e esculina. Testes enzimaticos de hidrélise do amido, oxidase, produgao de
catalase, urease, lecitinase, lipase, caseinase e [-hemolisinas também foram
realizados (Reva et al, 1995; Winn et al, 2005). O crescimento foi analisado em agar
e caldo tripico de soja (TSA e TSB, Difco) e em SDA a temperatura de 4°, 20°, 25°,

37°,42° e 55°C, considerando os intervalos de tempo entre 24 e 48 horas.

4.4 .4 |dentificagdo molecular da bactéria antagbnica

4.4.4.1 Extragao e purificagdo do DNA genémico

Células de colbnias com crescimento de 24 horas a 30°C em TSA foram
ressuspendidas em 400 pL de tampao de lise, sendo adicionados 50 uL de lisozima
e 25 uyL de RNAse para concentracdo final respectiva de, aproximadamente, 1
mg/eppendorf e 10 ug/mL. Os eppendorfs foram incubados a 37°C por 15 min,
sendo cuidadosamente agitados durante o periodo. Ao lisado, foram adicionados 50
WL lauroylsarcosine 20% (Sigma-Aldrich), deixando-se em gelo por 5 min até que o
material ficasse translucido. Posteriormente, 500 pyL de reagente fenol : cloroférmio
(Sigma-Aldrich) foram adicionados aos tubos. O material genético foi precipitado em
1mL de alcool etilico, com NaOAc 0,3M, por 5 min, a temperatura ambiente. O pellet
foi centrifugado e brevemente lavado com &lcool etilico 70%, sendo ressuspendido
em 100 pyL de tampao TE. Preparagdes gendmicas foram quantificadas em
espectrofotdbmetro por absorbancia a 260nm e estocadas a -20°C até o momento do

uso.
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4.4.4.2 Amplificacdo dos genes 16S RNAr, rpoB e gyrA

A reacao de PCR foi realizada com os seguintes primers, 16S RNAr (8bF, 5'-
ACTGGGATCCACAGGAGTGCAAACGACGA-3', 518f, 5- CCAGCAGCCGCGGTAA
T-3’, 1406r, 5-ACGGGCGGTGTGTRC-3 e 1512r, 5'- CTGAAGCTTACGGYTAGCT
TGTTACGACTT-3"), gyrA (gyrA-f, 5-CAGTCAGGAAATGCGTACGTCCTT-3’, gyrA-r,
5-CAAGGTAATGCTCCAGGCATTGCT-3’), rpoB (rpoB-f, 5-AGGTCAACTAGTTCA
GTATGGAC-3’, e rpoB-r, 5-AAGAACCGTAACCGGCAACTT-3’) (Sanchez-Porro et
al, 2003; Winn et al, 2005). Para cada 50 uL de mistura de reacdo de PCR foram
usados 5 uL tampao Taq 10x, 3 yL MgCl, 25 mM, 0.4 uyL dNTPs 25 mM, 0.5 uL Tag-
polimerase 5 U/mL (Fermentas, origem de todos reagentes anteriormente
mencionados), 1.25 yL primer 20 mM, 50 ng DNA genémico e 36.1 uL H,O milli-Q.
Reacbdes foram realizadas diretamente de células bacterianas, como controle-
positivo e mistura de PCR, sendo controle-negativo. A reagdo ocorreu em
termociclador BioRad (PTC 1148 MJ mini thermal cycler), sob 35 ciclos de
denaturacao, por 1 min, a 94°C, anelamento por 1 min a 48°C, e extensao, sendo
um ciclo de 2 min e outro de 9 min a 72°C. O produto amplificado foi submetido a
eletroforese em gel de agarose ultrapura 1% (Invitrogen), utilizando-se como padréo

molecular GeneRuler 1kb DNA ladder (Life Sciences).

4.4.4.3 Sequenciamento e alinhamento dos genes 16S RNAr, rpoB e gyrA

Cinco produtos de PCR de cada gene foram extraidos do gel de agarose com
QIAEX II Gel Extraction Kit (QIAGEN). Para cada 15 pL de reagdo de PCR foram
utilizados, aproximadamente, 100 ng de DNA purificado, 3 puL de tampao de
sequenciamento 5X, 2 pL Big Dye, 10 pmols de primers foward e reverse e H,O.

O sequenciamento foi realizado em ABI PRISM® 3100 Genetic Analyzer (Applied
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Biosystems). Sequéncias obtidas foram agrupadas no programa Bioedit, alinhadas
através de ClustalW2 (www.ebi.ac.uk/Tools/clustalw2/index.html) e blastadas em
quatro bancos de dados, GenBank (www.ncbi.nlm.nih.gov), EMBL (www-

db.embl.de), RDP Il (rdp.cme.msu.edu), DDBJ (http://blast.ddbj.nig.ac.jp/top-e.html).

4.5 Infecgdo com células fungicas cocultivadas com B. subtilis

Aproximadamente 100 pL de suspensdo, contendo 1x10° células/mL (cerca
de 1x10° pequenos fragmentos de hifas), foram inoculados i.p., com agulha
25x8/21G1, em um grupo de 30 camundongos BALB/c. Hifas cultivadas em meio
com antibiético (item 4.1.1.2.3), sob mesma concentracdo descrita anteriormente,
foram inoculadas em outro grupo de 30 animais. A cinética da infeccao foi
observada durante um més. Trés animais por grupo foram sacrificados de 3 em 3

dias, e os abscessos removidos para cultivo em SDA e andlise histopatoldgica.

4.6 Estudo das células de F. pedrosoi cultivadas por longos periodos de tempo

4.6.1 Cultivo fungico

Culturas de F. pedrosoi foram mantidas em frascos de cultura de 1 L
(DAIGGER Lab Equipment and Supplies), contendo 300 mL de SDB, pH 5.7,
acrescidos de gentamicina, a temperatura de 30 °C, sob agitagdo constante de 100

rom em Shaker, durante 6 meses.

4.6.2 Microscopia eletronica de transmissao (MET)

Células de F. pedrosoi cultivadas durante seis meses foram fixadas em
tampéao cacodilato de sodio 0.1 M, pH 7.2, contendo glutaraldeido 3% e formaldeido

4%, por 2 horas, a temperatura ambiente. As células fixadas foram lavadas, trés
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vezes, com tampao cacodilato de sodio 0.1 M, pH 7.2, em dois tempos de 30 min e
incubadas overnight, sendo, posteriormente, pés-fixadas em tampao cacodilato de
soédio 0.1 M, contendo tetroxido de ésmio 2%, por 2 horas. As células foram, entao,
lavadas com tampao cacodilato de sédio 0.1 M, por trés vezes, e gradualmente
desidratadas em solugdes etandlicas. Subsequentemente, foram embebidas em
resina Eppon. Sec¢des ultrafinas foram montadas em grades Formvar e coradas por
solugdo contendo acetato de uranio e citrato de chumbo (Reynolds, 1963). O
material foi observado em microscépio eletrénico JEOL 1200 EX Il a 80 kV (Electron
Microscopy Sciences Company, origem dos matérias utilizados). Os procedimentos
foram realizados sob supervisdo da Prof? Dr® Edna Freymuller no Laboratério de

Microscopia Eletrénica (DMIP/UNIFESP, Sao Paulo, BR).

4.6.3 Infecgao com células de F. pedrosoi cultivadas por longos periodos

Formas fungicas cultivadas por 6 meses em SDB foram filtradas em papel de
filtro com porosidade de 16 ym (Grade n°. 43, Whatman). Subsequentemente, os
filtrados foram centrifugados por trés vezes, com adigdo de PBS, a 3000 g e 4°C, por
10 min. As células foram analisadas quanto a viabilidade e ajustadas em camara de
Neubauer para concentracdo final de 1x10° células. Dois grupos, contendo 20
animais cada, foram utilizados no estudo. Um grupo foi infectado s.c. no coxim
plantar em Unico sitio e outro, nas duas patas. As lesbes das patas foram

acompanhadas mensalmente por observacdes periddicas durante 210 dias.

4.7 Analises estatisticas

Os dados obtidos pelo mensuramento das patas foram transformados em médias

e SE para cada grupo. O tratamento estatistico dos dados foi realizado através do
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software Graphpad Prism (http://www.prism-software.com). Testes paramétricos ou
nao-paramétricos, como Student's t, Friedman e Anova, foram utilizados para
variaveis intervalares de acordo com a normalidade da distribuicdo dos dados pelo
teste D'Agostino & Pearson omnibus normality e relacdo entre as amostras para

nivel de significancia de P < 0.05.

4.8 Exame micoldgico
Partes teciduais das bidpsias de abscessos peritoneais ou das patas
infectadas, obtidas apds sacrificio dos animais, foram submetidas a exame direto por

microscopia optica com KOH 20% e cultivo em SDA, a 37°C, por até 30 dias.

4.9 Histopatologia

Amostras de tecidos contendo fistulas, abscessos ou pontos negros
macroscopicos foram colocados em formol 10%, por 12 horas. Tecidos 6sseos das
patas foram descalcificados previamente com sal dissédico tetracético
etilenodiamino 5% (EDTA, Sigma-Aldrich) (Bourque et al, 1993). Os espécimes
foram embebidos em parafina, sendo os blocos seccionados, seriadamente
(Cardona-Castro e Agudelo-Florez, 1999). Cortes de 3 a 5 ym foram fixados em
ldaminas e corados com hematoxilina-eosina (H&E, Sigma-Aldrich), através do
método Brown-Brenn (B&B, coloracdo de Gram modificada para tecido) e acido

periodico de Schiff (PAS, MERCK Chemicals).
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5.1 Infeccdo com diferentes formas de F. pedrosoi em unico sitio

5.1.1 Infecgdo com conidios

Pequenas lesdes nodulares, pouco palpaveis, foram observadas quatro dias
pos-inoculagao i.p. de conidios. Nas amostras teciduais foi verificada a presenca de
conidios e tubos germinativos (Figura 2 A). Tais estruturas eram facilmente
destruidas no interior de macrofagos esponjosos e células gigantes apos a primeira
semana de infec¢ao (Figura 2, B e D). Elevado numero de macréfagos esponjosos
foram observados na lesdo e a infiltracdo de neutrofilos era pouco expressiva. A
infeccdo com conidios produziu resposta inflamatéria pouco acentuada em relacao
aos outros grupos de animais inoculados com hifas ou CCC. Trés semanas poés-
infeccdo, ndo houve recuperagdo de células fungicas em culturas a partir de
amostras teciduais dos camundongos infectados com conidios. Nesse periodo, os

animais demonstravam sinais de cura clinica e micoldgica.
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Figura 2 — Formas fungicas visualizadas em tecido animal apds inoculagéo i.p. com conidios de F. pedrosoi. A — Conidios e tubos
germinativos, observados em tecido, apds 4 dias de infecgdo; exame direto, 1000x. B — Zonas teciduais pigmentadas, produzidas por
intensa destruicdo dos conidios, 12 dias depois da inoculagao; exame direto, 200x. C e D - Conidios e debris fungicos internalizados em

macrofagos, H&E; C, 400x; D, 1000x.
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5.1.2 Infecgdo com CCC

Muitas células conidiogénicas e conidios permaneciam ligados, n&do sendo
possivel separar tais formas fungicas (Figura 1, C). Apés o quarto dia de
inoculagdo, ndédulos firmes de 6 a 8 mm, palpaveis e inflamados foram
observados nos grupos infectados i.p. com CCC.

A partir da segunda semana, foi verificada a presenga de formas
arredondadas, com acentuada producado de pigmento escuro, enrijecimento e
espessamento da parede celular, e conidios inalterados ou germinados formando

tubos germinativos (Figura 3).

Figure 3 — Corte histopatologico de pata infectada com células
fungicas de F. pedrosoi, 15 dias pés-inoculagdo. A — Conidios,
tubos germinativos e célula conidiogénica (seta) com
espessamento da parede; H&E, 400x. B - Conidio (seta) e
célula condidiogénica (yeast-like) com parede celular espessa;

H&E, 1000x.
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Pico da resposta inflamatéria, observado em patas de animais infectados por

via s.c. com CCC, entre 30 e 35 dias ap6s a infeccao (Figura 4).
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Figura 4 — Cinética da lesdao nas patas de camundongos BALB/c,
observada durante 165 dias pos-inoculagdo s.c. do coxim plantar
com CCC. Pico inflamatdrio verificado, em média, apds 1 més de
infeccdo, ocorrendo, posteriormente, regressao da lesdo e
evolucao para cura. Patas do grupo controle foram tratadas com 50
ML de PBS. Dados experimentais sdo representados por médias e

SE, teste t Student’s, P < 0.05.
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Caracteristicas clinicas e micoldgicas da lesdao plantar apds infecgdo com
CCC estao apresentadas na Figura 5. Fissuragao e formacéao de ulceras (Figura 5;
linha A, fotos 2, 3 e 4), com producgédo de exsudato no coxim plantar, muitas vezes,
relacionadas aos processos de eliminagcao tecidual das células fungicas, se
intensificavam apds a segunda semana de infeccdo. Nos abscessos, os conidios
eram eliminados mais precocemente do que as células conidiogénicas, em geral, na
terceira semana. Os conidios germinavam formando tubos germinativos,
semelhantes a hifas curtas e delgadas, ou nao apresentavam modificagdes

estruturais em cortes sequenciais (Figura 5, linha B).

N 4
=

< 9 days

31-40d > 45 days

Figura 5 — Correlagdo da evolugao clinica (A) e micoldgica (B) dos camundongos
infectados com CCC, durante 45 dias. Fases clinicas da infecgdo - A1: inflamacéo;
A2: ulceracdo; A3 e A4: fissuragdo e hiperceratose plantar; A5 e AG6: fibrose,
cicatrizagdo e cura. Transformagdo das células fungicas - B1: conidios e células
conidiogénicas; B2: fase de transicdo das células conidiogénicas para formas mais
arredondadas, com espessamento e melanizacdo da parede celular; B3, B4:
formagao das células escleroticas e eliminagdo dos conidios; B5: presenga somente
de células esclerdticas, e B6: destruicdo das células fungicas; B2, 400x; B1,B3, B4,

BS, B6, 1000x.
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A principal caracteristica tecidual dos grupos animais inoculados (i.p. ou s.c.)
em unico sitio com CCC foi a formagédo de abscessos que continham macréfagos
esponjosos periféricos, circundados por fibroblastos (Figura 6, A e B). Intensa
migragao de neutrdéfilos para o centro necrético dos abscessos foi verificada. Corpos
escleroticos, aparentemente inalterados, eram encontrados na periferia do abscesso
(Figura 6, C), local onde havia grande quantidade de macréfagos esponjosos,
enquanto na regido central, rica em PMNs, células fungicas com morfologia alterada
eram observadas, estando também, muitas vezes, ausentes (Figura 6, D). Cura
clinica e micolégica dos animais infectados com CCC ocorria, em geral, depois de 35
dias. Em animais inoculados i.p., células com aspecto de corpos esclerdticos, se
disseminavam, embora com baixa frequéncia, principalmente para as visceras,

figado, baco e pancreas.
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Figura 6 — A — Abscesso formado pela inoculagao i.p. de CCC; 30 dias apo6s a

infecgdo. Regido periférica rica em macréfagos esponjosos (M) e centro neutrofilico
(N); H&E, 100x. B e C — Corpos escleroéticos (yeast-like) com morfologia normal
observados na dentro de aglomerado de macréfagos esponjosos; B, 200x; C, 1000x.

D — Células fungicas alteradas em regiao rica em neutréfilos, 1000x.
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Trinta e cinco (35) dias poés-infeccdo, somente se verificava a presenga de
corpos escleroticos (Figura 7, A) ou células com morfologia leveduriforme (yeast-like)
(Figura 7, B e C). As formas fungicas com aspecto leveduriforme apresentavam
espessamento da parede celular, exceto da regido blastica, onde, geralmente,

ocorria lise celular (Figura 7, D).

Figura 7 — A - Corpos escleroticos obtidos 35 dias apds infecgao com

CCC; H&E, 400x; B e C- Célula de F. pedrosoi com aspecto
leveduriforme e parede celular espessa; B - KOH 20%; C - H&E; 1000x.

D — Ruptura celular na regido blastica; H&E, 1000x.
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5.1.3 Infeccdo com hifas

Animais inoculados i.p. com hifas apresentaram desenvolvimento de reagao
inflamatdéria aguda de grande intensidade, tendo enduragdo palpavel e diametro
superior a 4 mm, 4 dias pos-infecgdo (Figura 8, A e B). Abscesso neutrofilico
encapsulado e marginalizado por macréfagos esponjosos, com raros linfocitos e
circundado, principalmente, por fibroblastos, foi observado (Figura 8, C, D e E).
Quinze dias pos-infecgéo, os abscessos apresentavam regides definidas, ocorrendo
pouco contato das hifas com fagdcitos (Figura 8, G). A degeneragédo dos neutréfilos

ocorria adjacente ao centro necrético onde havia presencga de hifas (Figura 8, F).
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Figura 8 — A e B - Abscessos peritoneais com 4 a 7 mm, formados 4 dias apds inoculagdo com hifas de F. pedrosoi.

Caracteristicas histopatolégicas do abscesso peritoneal observado em animais, 15 dias pés-infeccéo (C, D, E, F e G).
C — Corte histolégico de abscesso neutrofilico, apés 15 dias de infecgao; H&E, 40x. D — Camadas celulares do
abscesso, H&E, 200x; 1 — Tecido conjuntivo composto por neutréfilos, macréfagos, linfocitos, fibroblastos e células
adiposas; 2 — Zona com macréfagos esponjosos (D e E, 1000x); 3 — Regiao rica em neutréfilos (PMN); 4 — Zona de
degeneracao dos neutrofilos (F, 1000x); 5- Regido central do abscesso com predominio de hifas (G, 1000x). M & =

macrofagos, PMN = leucécitos polimorfonucleares.
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Durante os primeiros periodos da pesquisa, secg¢des histopatoldgicas de
tecidos infectados com hifas pareciam conter artefatos ou precipitagdes de corante.
No entanto, depois de varias analises microscopicas, foi vislumbrada a possibilidade
de que tais particulas poderiam ser de material nuclear condensado corado com
hematoxilina, o qual se agregava apos degranulagao dos neutréfilos, embora células

com cromatina descondensada também fossem observadas (Figura 9).

Figura 9 — Zona de degeneracao dos neutréfilos; PAS, 1000x. A = agregados

de material nuclear condensado de origem neutrofilica, corados com
hematoxilina, D = degranulacdo celular de neutréfilos com cromatina

descondensada, H = hifa.
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Debris celulares das hifas foram frequentemente verificados no interior de
macrofagos. Apos 20 a 25 dias pos-infecgdo, ndo houve recuperacédo de culturas
fungicas de amostras teciduais dos camundongos infectados com hifas ou conidios.

A infecgao de unico sitio estimulou em todos os grupos geragao de resposta
inflamatdria com eficiente eliminagao de F. pedrosoi. O processo de cura foi mais
eficiente nos camundongos inoculados com hifas ou conidios do que naqueles

infectados com CCC.

5.2 Coestimulagao antigénica de dois sitios

5.2.1 Inoculagao de células fungicas em mais de um sitio

Maior intumescimento da pata e persisténcia do quadro infeccioso foram
observados em animais infectados com células fungicas viaveis (CCC) em dois sitios
(abdébmen i.p. e pata s.c.) do que naqueles infectados em unico sitio.
Posteriormente, foi analisada a possibilidade dessa resposta ocorrer mediante
inoculagdo de células viaveis no coxim plantar (s.c.) e mortas (antigeno) no
abdémen (i.p.). As manifestagdes clinicas e anatomopatoldgicas deste ultimo grupo
foram similares aquelas verificadas no experimento de infeccdo em dois sitios com
células viaveis, demonstrando que a presenca de antigenos em diferentes locais
produz resposta inflamatéria no hospedeiro distinta daquela gerada apds estimulo

de unico sitio (Figura 10).
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Figura 10 — Coestimulo antigénico em dois sitios causa maior intumescimento da pata
e infecgdo prolongada. Imunizagdo i.p. e infecgdo s.c. da pata de camundongos
BALB/c, respectivamente, com antigeno de F. pedrosoi e CCC. Intumescimento da
pata de animal estimulado em um sitio (1) e coestimulado em dois sitios (2), 30 dias
pos-infecgdo. Grafico mostrando infecgdo prolongada em animais coestimulados,

quando comparada ao grupo inoculado em unico sitio. Os valores representam meédia

e SE, teste t Student’s, P< 0.05.
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Apos coestimulagao, as linhagens Swiss e C57BL6 (Figura 11) desenvolviam

infeccao prolongada, com cinética similar ao grupo de camundongos BALB/c.
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Figura 11 — Aumento da susceptibilidade de camundongos machos Swiss
e C57BL6 a infeccdo por F. pedrosoi apos coestimulagdo antigénica,
comparado aos animais inoculados em unico sitio. Os dados séao

apresentados por médias e SE, teste ANOVA e t Students, P < 0.05.
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O perfil anatomopatoldgico foi similar em todos os grupos de animais que
receberam coestimulo antigénico simultdneo em dois sitios. Lesdes focais multiplas
(Figura 12), ricas em histiécitos (granuloma-like), foram observadas, particularmente,
na pata, enquanto no periténio foi virificada a presenga de abscesso com infiltrado
neutrofilico. A migragao de neutrofilos para as lesdes multifocais da pata acentuou-
se no estagio de regressao da doenga. Esse fendbmeno tinha correlagcdo com o

desaparecimento do abscesso no periténio.

Figura 12- Caracteristica histopatolégica de tecido subcutédneo de patas provenientes
de camundongos coestimulados; H&E. A - Lesbdes focais (granuloma-like), 30 dias pos-
infeccao; 40x. B - Diferentes formas fungicas observadas nas regides centrais das
lesdes multifocais; 400x. C — Lesdes ricas em histiocitos!™, cincundadas por
fibroblastos™, com poucas células escleréticas, 60 dias pos-infecgdo (200x; 1000x). D
— Elevado numero de neutréfilos em lesao focal sem presencga de células fungicas, 90

dias poés-infecgao.
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Disseminagao de células escleroticas para outros érgaos, como saco escrotal,
cauda, visceras, figado, bago e pancreas, foi observada de 20 a 40 dias em varios
animais coestimulados, sendo esse evento raro quando a inoculagao fungica era

unifocal (Figura 13).

Figura 13 — A- Metastase da infecgdo por F. pedrosoi em
camundongo BALB/c coestimulado, 30 dias pds-imunizagao
i.p. e infeccdo da pata s.c. B — Morfologia das células
esclerodticas encontradas em sitios distantes do foco inicial de

infeccao; exame direto, 1000x.
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5.2.2 Estimulo antigénico das mucosas e infeccao plantar

A intencdo desse estudo foi verificar se o estimulo antigénico de sitios,
naturalmente envolvidos com tolerancia periférica a antigenos né&o-préprios, e
subsequente infecg¢ao plantar, poderiam induzir resposta imunossupressora.

Camundongos BALB/c imunizados v.t. e, simultaneamente infectados s.c. no
coxim plantar, tiveram resposta inflamatéria inicial da pata, similar ao grupo
inoculado em Uunico sitio, enquanto que os animais imunizados v.0. mostraram
entumeceimento pouco intenso no inicio e progressao tardia das lesbes (Figura 14).
Infecgdo prolongada foi verificada em ambos os grupos de animais coestimulados
(mucosa e pata). Anadlises histopatologicas revelaram semelhangca no perfil de
reacao tecidual das patas em animais coestimulados v.o. e i.t. Desmonstraram
também similaridade anatomopatolégica das lesbes teciduais com aquelas
verificadas em outros grupos de animais coestimulados (imun. i.p. e infec. s.c.). A
regressao das lesdes teve inicio apés 3 meses de infecgdo, sendo associada a

intensificagcdo da migragcao de neutrdfilos para pata.
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Figura 14 — Cinética da infecgdo por F. pedrosoi em patas de grupos de
camundongos BALB/c, imunizados com células mortas através da via
intratraqueal (i.t.) ou oral (v.0.). Trés doses, com aproximadamente 50 pyL de
solucdo, contendo formas fingicas mortas, na concentragdo final de 1x10°
células, foram administradas v.o., semanalmente. Dose antigénica unica de 50 yL
foi injetada na mucosa pulmonar apds traqueostomia. Ambos os grupos foram
infectados no coxim plantar com 1x10° CCC viaveis. Os dados representam
valores das médias e SE, sendo P > 0.05 de acordo com teste t Student’s, ao

analisar somente os grupos com estimulo de um e dois sitios.
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5.2.3 Coestimulo em camundongos KO para CD4, CDS8, IL-10, MHC-Il e TNF

Com intuito de verificar aspectos elementares da imunidade murina,
relacionados com o0s mecanismos de imunossupressdo induzidos pela
coestimulagao, foram utilizados animais knockouts em receptores celulares e
citocinas. Em geral, os animais knockouts infectados em unico sitio demonstraram
ser mais susceptiveis a infecgao fungica por F. pedrosoi do que os selvagens. Nos
cortes histolégicos dos animais inoculados em unico sitio foi observado abscesso
neutrofilico, enquanto nos coestimulados (imunizagéo i.p e infecgao s.c. da pata)
foram visualizadas lesdes focais ricas em histiocitos. Durante o curso da infecgao
dos camundongos KO CD4 e CD8 coestimulados, foi verificada diferenca entre
esses dois grupos. Animais KO CD4 tiveram intumescimento das patas significativo,
no periodo inicial da infeccdo, e tendéncia a regressao do processo inflamatério
depois de 60 dias (Figura 15, grafico CD4 KO). Nos animais KO CD8, as lesdes
apresentaram intumescimento progressivo, formando extensas lesdes, sem sinais de

evolugao para cura (Figura 15, grafico CD8 KO).
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Figura 15 — Cinética da infecgédo por F. pedrosoi em camundongos KO CD4 e CDS.
Animais CD4 KO coestimulados demonstraram
acentuado da pata nos primeiros dois meses de infecgdo, com estabilizacdo apds 60
dias e cura depois de 165 dias. Intumescimento progressivo das patas dos
camundongos CD8 KO coestimulados sem tendéncia a cura (notar divergéncia
progressiva do valor de volume médio das patas entre grupos CD4 KO e CD8 KO). A
direita, fotografias de secgdes histopatolégicas das patas de camundongos C57BL6
CD8 KO, infectadas em um unico sitio (A) e coestimulados (B). Os dados de ambos

os grupos CD4 KO e CD8 KO s&o representados por médias e SE, teste ANOVA, P <
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Em nossa investigacao, os animais KO para MHC-II desenvolveram infecgao
prolongada, indicando uma possivel via MHC-IlI-independente (Figura 16, grafico
MHC-II). Infeccao prolongada foi verificada em animais TNF-a KO coestimulados em
dois sitios (Figura 16, grafico TNF KO).

Animais IL-10 KO coestimulados nao produziram infeccao prolongada (Figura
16, grafico IL-10 KO). As caracteristicas teciduais foram semelhantes aquelas

verificadas em outros grupos de animais coestimulados, inclusive knockouts.
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Figura 16 — Cinética das lesdes em patas de animais KO MHC-II, TNF-a e IL-10. Todos
os animais infectados apresentaram inflamagao progressiva durante o primeiro més de
infeccdo. Infecgdo prolongada foi desenvolvida somente pelos grupos KO MHC-II e
TNF-a coestimulados, com excecdo dos animais IL-10 KO. Valores representam
médias e SE. O teste de Friedman foi empregado para dados dos grupos MHC-II e
TNF-a KO (P < 0.05) e ANOVA one-way para o grupo IL-10 (P > 0.05).
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A cura clinica e micolégica dos grupos KO coestimulados ocorria tardiamente,
em relagdo aqueles infectados em unico sitio, em geral, apds 165 dias (dados néo
demonstrados nos graficos), com exceg¢ao do grupo CD8 KO (progressao continua

das lesdes) e IL-10 KO (cura precoce).

5.2.4 Coestimulo antigénico de camundongos Xid e irradiados

Infecgdo de unico sitio em animais deficientes em linfécito B1 regredia de
modo similar ao grupo de camundongos BALB/c irradiados e nao-irradiados.

Camundongos Xid coestimulados apresentaram infeccao estavel e cronica
(Figura 17, grafico BALB/c Xid).

Animais irradiados que receberam duplo estimulo antigénico, embora tenham
produzido infecgdo prolongada, eliminaram o fungo tardiamente (Figura 17, grafico

BALB/c irradiados).
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Figura 17 - Infecgao cronica, em camundongos deficientes em linfocitos B1,
causada pela coestimulacdo imune de dois sitios. Animais irradiados
desenvolviam infeccéo prolongada apds duplo estimulo, com evolugéo para
cura ap6s 90 dias. Dados sao representados pelas médias e SE. O teste
ANOVA foi usado para valores do grupo Xid (P < 0.05) e teste t Student’s,
para dados dos camundongos BALB/c irradiados e infecgdo em unico sitio

(P < 0.05).

Nos camundongos Xid coestimulados s.c. e i.p., as lesbes focais eram
inicialmente desorganizadas e extensas, tendo grande numero de células fungicas
com morfologia diversificada, em especial, células conidiogénicas e conidios

germinados (Figura 18, A e B).
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Em periodos mais tardios, apés 8 meses de infecgdo, as lesbes eram

menores e bem circundadas, sem presenca de hifas finas, contendo somente células

escleroticas em pequena quantidade (Figura 18, C e D).

4 meses

8 meses

Figura 18 — Caracteristicas histopatologicas das lesdes focais em camundongos
Xid coestimulados apds 4 e 8 meses de infecgédo s.c. da pata por F. pedrosoi;
H&E. Lesbes multifocais grandes e irregulares (A, 100x), com elevado numero
de hifas finas e curtas, conidios e células conidiogénicas (B, 400x), 4 meses pos-
infecgdo. Lesbes focais pequenas e organizadas (C, 100x), com poucos corpos

esclerdticos (D, 200x e 1000x), observadas apds 8 meses.
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5.3 Ensaio de interagdo microbiana

5.3.1 Identificacdo por métodos classicos e moleculares do isolado bacteriano

A bactéria estudada demonstrou ser bacilo Gram-positivo (Figura 19, A), com
presenca de enddsporos centrais e subterminais, capsula e crescimento mesofilico
sob diferentes temperaturas, variando de 10 a 40°C. Apresentou boa proliferacado em
meios acidos, como SDA (Figura 19, B). Os testes classicos foram positivos para
vermelho de metila, Voges Proskauer (VP), motilidade, produgcdo de catalase,
oxidase, caseinase, utilizagao de nitrato, manitol, glicose, ornitina, e negativos para
citrato, amilase, urease, indol, esculina, lecitinase, lipase, hemolisinas (Figura 19, C)
e gas. Um fragmento de, aproximadamente, 1500 pb do gene 16S rRNA foi
amplificado em reacédo da polimerase em cadeia (PCR), através dos primers 8bf e
1512r. Produtos de PCR, obtidos pela amplificacdo do gene 16S RNAr, foram
sequenciados. As sequéncias parciais, constituidas de 400 a 700 bases, foram
utilizadas para identificagdo molecular inicial. Houve identidade de 100% para o
género Bacillus, em todos os bancos de dados pesquisados. Todavia, espécies de
B. amyloliquefaciens e B. subitilis tiveram identidade similar acima de 99%. Por isso,
os genes rpoB e gyrA foram amplificados e sequenciados com finalidade de
confirmar a espécie B. subtilis. Através do primer 518f, a regido central do gene 16S
RNAr foi amplificada, possibilitando o alinhamento completo das regides
amplificadas por meio dos primers 8bf e 1512r e a construcdo de sequéncia unica
com mais de 1400 bases. As sequéncias produzidas pela amplificagdo dos genes
estudados foram depositadas no GenBank e estdo disponiveis sob os numeros

FJ025759 (rpoB), FJ025758 (gyrA), FJ025757 (16S RNAT).
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Figura 19 — A — Bacilos Gram-positivos, 1000x. B - Cultivo de isolado

bacteriano em SDA. C — Auséncia de produgao de hemolisinas.

5.3.2 Antagonismo in vitro

Em relagdo aos cocultivos realizados durante a investigagcdo, os testes de
interagdo microbiana revelaram atividade de antibiose entre o bacilo Gram-positivo e
fungos testados, tais como Penicillum sp, Aspergillus flavus, A. niger (de origem
ambiental), Alternaria alternata, Fusarium solani, F. oxysporum f.sp vasinfectum e
Colletotrichum sp, sendo mais evidente em SDA do que em meios com pH neutro,
como agar nutritivo e triptico de soja (Figura 20, A). Linha de precipitagdo proxima a
coloénia do bacilo foi vizualizada em varios cultivos (Figura 20, B). Fluorescéncia
verde também foi observada apds exposi¢cao das colbnias a luz ultravioleta (UV), em

particular relacionada com a zona de inibigao (Figura 20, C).
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Figura 20 — Cocultivo entre cepas ambientais de A. niger e Bacillus subtilis
(Bs). A - Inibicao do micélio fungico em SDA. B - Linha de precipitacéo
formada proxima a colénia bacteriana. C - Antibiose a A. niger, relacionada

com producao de substancia fluorescente pelo bacilo.

Em meio de DNase, contendo azul de toluidina, as zonas de inibicdo
mostraram-se coradas em amarelo ou rosa-claro (Figura 21), o que néo foi verificado

em SDA mais corante citado.

Figura 21 - |Inibicdo do crescimento de
fitopatbgenos em meio de DNase e zona
amarelada ligada a atividade antifungica por
Bacillus subtilis apés uma semana de cocultivo.

A - Fusarium oxysporum. B - Colletotrichum sp.
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Difusdo de pigmento avermelhado ou vermelho-acastanhado, provavelmente
feomelaninas, foi verificada em SDA, ao redor de colbnias de Asp. niger (Figura 22,

A) ou A. alternata (Figura 22, B), apds uma semana de cocultivo com B. subtilis.

Figura 22 — Pigmento de cor vermelho-
acastanhada, secretado por A. niger (A) e

vermelho por A. alternata (B).

5.3.3 — Cocultivo entre B. subtilis e F. pedrosoi

5.3.3.1 Secrecéo de pigmento escuro em meio de cultura.

Devido aos resultados anteriores indicarem possibilidade de inducdo da
secrecdo de melanina por fungos melanogénicos, apds cocultivo com B. subtilis, a
interagao in vitro dessa bactéria com F. pedrosoi foi analisada.

Células de F. pedrosoi cocultivadas em caldo com B. subtilis foram
observadas, diariamente, durante uma semana, sendo verificada a acentuagao da
secrecao de pigmento escuro em SDA (Figura 23, A) e SDB (Figura 23, B), apos
uma semana de interagdo. As células fungicas permaneciam viaveis em cocultivo

em caldo com B. subtilis, mesmo depois de 15 dias de cultivo.
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Figura 23- Secregao de pigmento apdés uma semana de cocultivo
entre F. pedrosoi e B. subtilis (Bs). A — Placa contendo meio
SDA, reacdo positiva (+) nas proximidades das colonias
bacterianas. B — Frasco com cocultivo contendo meio SDB sem
antibidtico. C- Cultura pura de F. pedrosoi cultivada por 15 dias,
em meio SDB, com antibidtico. Bs, colénia de B. subtilis. D-

Melanina preciptada do sobrenadante.

5.3.3.2 Modificagbes da morfologia fungica.
Em SDB, hifas de F. pedrosoi apresentavam aspecto filamentoso (Figura 24,
A) e baixa producéo de conidios. Apos 48 horas de cocultivo com B. subtilis, foram

observadas hifas arredondadas (Figura 24, B). Muitas hifas intercalares passaram a
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apresentar conidiagao lateral que, posteriormente, se destacavam ou originavam

conidioforos (Figura 24, C).

Figura 24 - A — Hifas de F. pedrosoi, cultivadas por 15 dias em SDB com antibidtico,
200x. B - Arredondamento das hifas apds 48 horas de interagdo com B. subtilis, 200x.
C — Indugao da produgéo lateral de conidios (Co) e conididéforos (Cd) em cocultivos,

1000x.

Apés 72 horas, foi verificada a presenga de clamidoconidios globosos, com 5
a 10 um de diametro e parede celular espessa, particularmente, em terminagcoes

conidiogénicas (Figura 25).

Figura 25 - Clamidoconidios terminais de F. pedrosoi, formados apés 72 horas de

cocultivo com B. subtilis, 1000x.

73



5.3.4 Infeccao por células de F. pedrosoi cocultivadas com B. subtilis
ApoGs o terceiro dia de infecgdo, foi verificada fagocitose de bacilos Gram-

positivos, por macréfagos, em secgdes histologicas (Figura 26).

Figura 26 - Fagocitose de B. subtilis apds
trés dias de infec¢ao; B&B, 1000x.

Depois de 7 dias, somente células de F. pedrosoi foram observadas e
recuperadas do tecido infectado. Em relacdo aos animais infectados, foi verificada
intensa migracao de neutrdfilos para o sitio de infecgao, semelhante ao grupo de
animais inoculados com hifas. No entanto, a cura clinica e micoldgica do processo
infeccioso ocorreu, em média, depois de 25 a 35 dias (de 5 a 10 mais tardiamente
do que nos animais infectados com hifas). Células fungicas, similares a corpos
escleroticos, em especial, originarias de clamidoconidios, eram observadas na
periferia dos abscessos em cortes histopatolégicos, onde se localizavam os
macrofagos esponjosos (Figura 27). Em tecido, depois de 25 dias de infecgao,
somente tais formas fungicas foram detectadas, demosntrando serem mais

resistentes in vivo a agao microbicida dos fagdcitos do que as hifas.
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Figura 27 - A - Células fungicas arredondadas, observadas 25 dias apds infecgao
com cocultivo de F. pedrosoi e B. subtilis; B&B, 100x. B — Hifa com
clamidoconidio terminal, presente em tecido depois de 15 dias; H&E, 400x. C —
Células arredondadas similares a corpos esclerdticos com fragmento de hifa, 20
dias pos-infecgéo; B&B, 1000x. D — Corpo esclerético observado na regido de
macréfagos (M®) esponjosos; B&B, 400x. E — Corpos escleréticos em proliferagao;

B&B, 1000x.
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5.4 Células fungicas cultivadas por longos periodos

5.4.1 Microscopia optica e MET

Em cultivos de 6 meses de F. pedrosoi, células esféricas, ovoides,
clamidoconidios intercalares e terminais foram observados, com didmetro entre 5 a
20 ym, algumas vezes, com septagdes internas e nucleos grandes (Figura 28). Tais
formas fungicas eram mais pigmentadas do que outras células (Figura 29). Através
de microscopia eletrbnica, foi demonstrado que a parede celular de tais formas
fungicas continham, no minimo, trés camadas (Figura 30), enquanto por microscopia
Optica, apenas uma dupla-parede era visualizada. A camada mais externa continha
depdsito de moléculas eletrodensas, provavelmente, melanina (Figura 30, D). Em

amostras de tais cultivos nao foi detectada contaminacao bacteriana.

Figura 28 — Células fungicas de F. pedrosoi cultivadas por 6 meses com

didmetro de 5 a 20 ym, bem melanizadas, dupla-parede e nucleos
grandes (verde claro); 1000x. Clamidoconidios multinucleados (A, B) e

uninucleados (C, D). Formas fungicas arredondadas (E-H).

76



Figura 29 - Células fungicas mais
melanizadas do que as demais presentes
em cultivos de F. pedrosoi mantidos por 6

meses; 400x.

Figura 30 — A — Imagem de clamidoconidio, obtida por microscopia Optica,
1000x. B — Autofluorescéncia de clamidoconidio, indicando uma parede celular
composta por mais de uma camada, 1000x. C — Ultraestrutura de célula
fungica arredondada com parede celular, formada por trés camadas, septos
longitudinal e transversal. D — Parede celular de clamidoconidio terminal com 4

camadas, incluindo uma externa eletrodensa.
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5.4.2 Infeccdo em um e dois sitios com células fungicas cultivadas por longo periodo

Camundongos foram infectados em uma ou duas patas com células fungicas
cultivadas por 6 meses, sendo monitorados, mensalmente, durante 7 meses. Os
animais desenvolveram infeccdo estavel e cronica (Figura 31), exceto oito
camundongos inoculados em unico sitio que apresentaram cura apos 5 meses. A
partir do primeiro més, foi verificado intumescimento tecidual, particularmente nos
animais inoculados em duas patas. As patas adquiriram consisténcia firme apds o
segundo més de infecgdo. Hiperceratose plantar era observada em animais
inoculados em dois sitios depois de cinco meses. Aos 7 meses, células fungicas
viaveis foram recuperadas de 7 e 18 amostras teciduais de animais inoculados em
uma ou duas patas, respectivamente. Metastase fungica nao foi clinicamente
verificada. Numero pequeno de corpos esclerdticos foi observado em exame direto
(Figura 32) e em secgbes histopatolégicas (Figura 33). Hiperplasia tecidual,
proliferacdo de células pseudoepiteliomatosas, granulomas com microabscessos
(Figura 33, A), infiltragdo de PMNs, macrofagos esponjosos, e, ocasionalmente,
eosindfilos e linfoécitos eram verificados. Em cortes histopatolégicos de animais
inoculados em duas patas, PMNs eram encontrados dentro e ao redor dos
microabscessos (Figura 33, B), enquanto elevada quantidade de PMNs era

observada em lesbes de animais infectados em unico sitio (Figura 33, C).
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Figura 31 — Cinética das lesbes em camundongos BALB/c infectados s.c.
em uma e duas patas com células de F. pedrosoi cultivadas por longo
periodo, durante 7 meses. Animais infectados em dois sitios manifestaram
intumescimento mais acentuado das patas e maior estabilidade da
infeccdo crénica do que aqueles inoculados em unica pata. Dados sao

apresentados em média e SE, teste ANOVA et Students, P <0.05.
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Figura 32 — Corpos escleréticos observados por exame direto em amostras

teciduais de pata, provenientes de camundongos BALB/c, 7 meses apds infecgao
com células de F. pedrosoi cultivadas por longo periodo; A - 100x, B - 400x, Ce D

- 1000x.
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Figura 33 — Seccbes histopatolégicas de tecido subcutaneo, provenientes de
animais com infeccado crbnica, ao sétimo més apds inoculagdo s.c. da pata com
células cultivadas por 6 meses; PAS. A — Reacdo granulomatosa com
microabscessos (setas), hiperceratose (H) e hiperplasia pseudoepiteliomatosa; 40x.
B - Abscesso formado em pata de animal infectado em dois sitios, contendo
infiltrado  neutrofilico, corpo esclerético (seta), macrofagos esponjosos,
encapsulamento por fibroblastos, raros linfécitos e eosindfilos; 200x. C — Abscesso
com grande quantidade de PMNs, corpo esclerético (seta) na zona de macréfagos
esponjosos, tecido proveniente de animal infectado s.c. em unica pata; 100x. D e E
- Corpos escleroticos com didmetro de 5 a 10 um; 1000x.

M® = macrofagos, PMNs = leucécitos polimorfonucleares.

81



6. DISCUSSAO




6.1 Infeccao experimental com diferentes formas de F. pedrosoi em unico sitio
Desde a descoberta da doenga, varias tentativas para o estabelecimento de

infeccao animal cronica tém sido realizadas (De Hoog et al, 2000; Esterre e Richard-
Blum, 2002). No entanto, os modelos animais descritos ainda ndo sdo considerados
adequados para o estudo da CBM experimental, especialmente, porque as lesdes,
na maioria das vezes, nao cronifcam ou nao apresentam similaridade
histopatolégica com a CBM humana (Esterre e Richard-Blum, 2002; Esterre e
Queiroz-Telles, 2006). Tais aspectos talvez indiquem a possibilidade de haver
resisténcia natural dos animais a infeccao e que a susceptibilidade pode depender
de mecanismos especificos do hospedeiro e parasita. Nesse sentido, elevado
numero de individuos, durante o trabalho ou em passeios campestres, sdo expostos
a processos traumaticos com material contaminado por fungos, todavia, poucos
individuos desenvolvem a doencga (Kurup, 1971; Esterre e Richard-Blum, 2002).
Quanto a inoculagao de F. pedrosoi em unico sitio, verificamos o papel das
diferentes formas fungicas durante o curso da infecgdo e a resposta tecidual dos
animais, sem reproducao da doenca cronica. A infecgao com células conidiogénicas
e conidios resultou observagcdes de formas parasitarias similares a corpos
esclerdticos. As células transformadas in vivo eram mais resistentes a resposta do
hospedeiro do que hifas e conidios, sendo observadas em tecido até 40 dias apos
inoculagdo. A morfologia fungica pode ser um fator importante na sobrevida dos
agentes de CBM frente as condigdes de estresse dentro do hospedeiro (De Hoog et
al, 2000). A partir desses estudos preliminares, foi hipotetizado que a sobrevivéncia
do fungo em parasitismo e o estabelecimento de infecgdo crénica poderiam ser
devido a inoculacdo de formas infectantes especificas, uma vez que, mesmo
havendo transformagdo in vivo das células fuangicas para formas parasitarias

(semelhante a corpos escleréticos), os agentes eram eliminados. As lesdes por F.
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pedrosoi, normalmente, apresentam regressdao em 4 a 6 semanas poés-inoculagao
(Kurup, 1971; Al-Doory, 1972; Kurita, 1979; Gugnani et al, 1986; Martinez et al,
2005). De acordo com nossos experimentos, células viaveis de F. pedrosoi eram
recuperadas dos orgaos infectados, em média, até 20 dias pods-infeccdo com
conidios ou hifas, concordando com dados observados em outros estudos (Kurita,
1979; Ahrens et al, 1989; Martinez et al, 2005). Kurup (1971) infectou de 30 coelhos
com F. pedrosoi. Um grupo de 15 coelhos recebeu doses de 100mg de acetato de
cortisona, 2 dias antes de serem inoculados i.v. com o fungo, e uma dose a cada 2
dias depois da infeccdo, completando 8 semanas. Ao fim do experimento, nenhum
animal morreu, e do grupo tratado com cortisona, somente nove animais
apresentaram lesdes nos 6rgaos com duragao de 2 meses aproximadamente. Polak
(1984) inoculou i.v. suspensao fungica de 8x10% UFC/0,2 ml em camundongos Swiss
machos. Cortisona foi administrada 90 minutos antes e 24 horas depois da
inoculagado do fungo. A maioria dos camundongos sobreviveu até a sétima semana,
nao sendo observado sinal da doencga nas primeiras semanas. Apos 3 e 4 semanas,
0s camundongos apresentaram inchago e pontos enegrecidos principalmente no
sitio de infeccdo. Corpos escleréticos foram encontrados em exames de tecidos
subcutadneos. Em concordancia com outras observagdes experimentais (Kurup,
1971; Kurita, 1979; Polak, 1984; Gugnani et al, 1986), nossos resultados mostraram
que infecgdes em unico sitio por células fungicas, produzidas in vitro em intervalos
de 15 a 30 dias, apresentam evolugao benigna, independente do tecido alvo.

A producdo de corpos escleréticos in vitro tem sido obtida em meios acidos
(Alviano et al, 1992; Mendoza et al, 1993). A acidez gerada em processos
granulomatosos pos-traumatismo foi indicada como possivel fator responsavel pela

transformacao das células de F. pedrosoi (Mendoza et al, 1993). O fator agregador
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plaquetario, um constituinte fisiolégico, também foi relacionado a transformagao in
vitro das células fungicas (Alviano et al, 2003). Corpos escleréticos produzidos in
vitro tém sido descritos como originarios dos conidios (Alviano et al, 1992; Alviano et
al, 2003) e hifas (Mendoza et al, 1993). Nessa investigacado, corpos escleréticos
foram obtidos in vivo somente através de indculos contendo células conidiogénicas,
as quais se modificaram estruturalmente, aumentando a espessura da parede
celular, pigmentacdo e secrecdo de melanina. Possivelmente, células
conidiogénicas, ou formas diferenciadas, ou corpos escleréticos encontrados na
natureza, como em tecidos vegetais (mas nao o micélio vegetativo e nem conidios),
sdo passiveis de serem estruturas fungicas ligadas a CBM, porque hifas e conidios
nao produzem formas parasitarias in vivo. Formas fangicas similares a corpos
esclerdticos talvez sejam mais virulentas do que outras formas, uma vez que, essas
estruturas ja estariam pré-adaptadas ao parasitismo. Ao contrario das hifas e
conidios, corpos esclerdticos, formados apds inoculacdo i.p. com CCC, foram
capazes de se propagar, principalmente, para os tecidos adiposos e conjuntivo.
Provavelmente, por secretarem algum fator de viruléncia que facilite a invasao
tecidual e/ou fuga da resposta imune. Altos niveis de ectofosfatases foram
detectados em corpos escleréticos produzidos in vitro, comparado a outras formas
fungicas (Alviano et al, 2003). Exoenzimas de F. pedrosoi podem clivar constituintes
da matriz extracelular (Palmeira et al, 2006). Metastases também foram descritas em
animais com resposta celular deficiente (Nishimura e Miyaji, 1981; Ahrens et al,
1989). Assim, embora a doenga seja considerada, em geral, moérbida, localizada e
de baixa contiguidade, disseminagbes podem ocorrer durante o curso da doenga,
podendo estar associadas com fatores produzidos pelo fungo e condigbes de

imunidade do hospedeiro.
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A resposta celular € a mais importante linha de defesa contra os fungos. O
seu comprometimento ou supressao aumenta a propensao as infecgdes fungicas.
Em concordancia com outras investigagdes (Kurita, 1979; Nishimura e Miyaji, 1981;
Gugnani et al, 1986; Martinez et al, 2005), animais inoculados em unico sitio
desenvolveram lesdes inflamatoérias de curso agudo, com producédo de abscessos e
exsudatos, que regrediam e se resolviam em periodos menores de 2 meses.
Camundongos (bg/bg), que possuem funcédo deficiente de macréfagos, foram
resistentes a infeccdo por F. pedrosoi, indicando que outras células seriam
prioritarias no controle desse fungo (Ahrens et al, 1989). Os neutréfilos tém sido
relacionados com resisténcia inata aos fungos. Animais com deficiéncia neutrofilica
tém sido mais suscetiveis as micoses, o que demonstra a importancia de tais células
na defesa imune do hospedeiro (Clemons et al, 2000; Zelante et al, 2006). Bonnett
et al (2006) utilizaram camundongos BALB/c, C57BL/6, CXCR2" e gp91°"®’ para
verificar o papel dos neutréfilos em infecgdes pulmonares causadas por A.
fumigatus. Observaram que em animais com recrutamento tardio de neutréfilos para
os sitios de infecgdo, ocorria germinagado dos conidios de A. fumigatus, enquanto
nas linhagens selvagens, como camundongos BALB/c, tais células fungicas nao
alteravam sua morfologia e eram mais facilmente destruidas. Rodriguez et al (2007),
ao tratarem camundongos C57BL/6 com anticorpos anti-Gr-1 para indugdo de
neutropenia, avaliaram o papel dos neutréfilos em infeccdo da cavidade nasal
causada por A. fumigatus, demonstrando que a germinagdo dos conidios desse
fungo ocorria somente em tal grupo animal e que a suspensao do tratamento estava
relacionada com eliminacdo das hifas. Ativacao diferenciada dos neutrofilos frente a
distintas espécies de parasitos e fungos tem sido demonstrada (Clemons et al,

2000; Peltroche-Llacsahuanga et al, 2003). A migracdo de PMNs para o sitio de
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inoculagao fungica tem sido relacionada com resisténcia a infecgao por F. pedrosoi
(Nishimura e Miyaji, 1981; Ahrens et al, 1989; Martinez et al, 2005). A regido onde as
hifas eram inoculadas coincidia com o centro do abscesso, circundado por

neutroéfilos, conforme figura 8 e esquema 1 abaixo.

Esquema 1- Camadas do abscesso, formadas apds infecgdo com células
de F. pedrosoi. Fibroblastos (F, rosa), macréfagos (M®, amarelo),

neutrofilos (PMNs, azul) e hifas no centro do abscesso.

Frequentemente, na regido com predominio de neutréfilos (regido central da
lesdo), as células fungicas estavam destruidas, com morfologia alterada, ou
ausentes, enquanto na periferia dos abscessos (regido rica em macréfagos
esponjosos), 0s corpos esclerdticos tinham morfologia preservada (Fig. 6). Desse
modo, a eliminacdo de F. pedrosoi em tecido pode ter relacdo com a liberacdo de
substancias extremamente potentes contra fungos, apos degeneragdo dos
neutréfilos. Porgbes das estruturas fungicas mortas eram visualizadas,

principalmente, dentro do citoplasma de macrofagos espumosos. Macréofagos
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ativados sao pouco ativos contra F. pedrosoi in vitro (Nishimura, 1981; Gugnani et al,
1986; Ahrens et al, 1989; Martinez et al, 2005). Rozental et al (1996) relataram
atividade fungicida dos neutréfilos in vitro e baixa agao fagocitaria de tais células, ao
contrario de Nishimura e Miyaji (1981) que sugerem fagocitose dos fungos por
neutrdéfilos. A infiltracdo de PMNs no tecido infectado e subsequente morte celular de
tais células, com liberagdo de substancias toxicas, talvez seja uma explicagéo
plausivel relacionada a inativagao de F. pedrosoi. Essas conclusbdes sao baseadas,
em particular, nos experimentos de infeccdo por hifas, pois os PMNs se
degeneravam préximo a regido central dos abscessos, local onde havia grande
quantidade de células fungicas. Células de defesa do hospedeiro eram infrequentes
ou completamente ausentes no centro dos abscessos. As hifas tinham, muitas
vezes, morfologia alterada ou aspecto atrofiado na regido central, mas, na periferia,
suas caracteristicas estavam aparentemente preservadas. Macrofagos podem
induzir neutrofilos a apoptose apds contato celular (Allenbach et al, 2006). No
entanto, também é possivel que a morte de PMNs seja causada pelo contato com
células fungicas, durante a inflamagdo. A degeneragdo dos neutrdfilos leva a
liberacdo de proteinas do complemento, enzimas oxidativas, polipeptidios toxicos e
ativagcao dos fagécitos para posterior clearance (Ribeiro-Gomes et al, 2006; Nuutila e
Lilius, 2007). A produgao de H>O, ou anions superéxidos por neutrofilos, apesar de
ser diferenciada, ndo necessariamente leva a morte do microrganismo. Primeiro, F.
pedrosoi cresce em condigdes oxidantes, como em Hy;O, a 10% (dados néo
publicados). Segundo, enzimas, como a catalase, peroxidades e superdxido
desmutase, expressas por muitos fungos, atuam como antioxidantes e quebram o
peréxido de hidrogénio (Aguirre et al, 2006). Lactoferrinas, calgranulinas, annexin XI,

gp-39, chitotriosidase, por exemplo, sao proteinas inibitérias de microrganismos,
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inclusive de fungos, produzidas pelos neutréfilos (Wang et al, 2004). Complexos
antimicrobianos com eficiente capacidade de ligagcdo e controle dos microrganismos
foram descritos como “neutrophil extracellular traps” (NETs), os quais sao liberados
apos degranulacdo dos neutrdfilos (Fuchs et al, 2007). Em nosso estudo, uma
explicacdo para a morte dos fungos in vivo pode ser devido a descarga dessas
moléculas nos sitios de infeccdo, conforme observado na figura 9. No momento
inicial da doenga, os neutrofilos possuem baixa atividade fungicida e somente depois
de alguns dias demonstram ter capacidade de lisar células fungicas (Ribeiro-Gomes
et al, 2006). Essa capacidade tardia de causar danos as células fungicas, pode ser
independente da presenca de linfécitos no local, uma vez que, rarissimas células
foram detectadas no sitio de infecgdo dos camundongos inoculados com hifas. No
entanto, é provavel que os linfocitos, sistemicamente, tenham uma importante acao
no controle da infecgdo. Camundongos atimicos, por exemplo, eram altamente
susceptiveis a infec¢ao por F. pedrosoi (Nishimura e Miyaji, 1981). Nestes animais, a
doenca regrediu apos transferéncia adotiva de linfécitos (Ahrens et al, 1989).

Em relacdo a doenca cronica em humanos, nos cortes histopatoldgicos,
frequentemente, é observada hiperplasia hiperceratdsica pseudoepiteliomatosa com
predominio de microabscessos ricos em neutrofilos polimorfonucleares (Esterre e
Richard-Blum, 2002). Assim, embora os neutréfilos estejam presentes no sitio de
infeccdo, € possivel que tais células tenham sua atividade suprimida por fatores

humorais e/ou celulares.
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6.2 Coestimulagao antigénica
Inicialmente, foi realizada inoculagdo com células vivas em dois sitios,
peritbnio e pata, sendo verificado curso das infecgcbes com maior duracdo em
relacdo aos animais inoculados somente em um sitio. A hipotese de “superinfec¢ao”
foi sugerida como explicagdo de que hospedeiro teria maior dificuldade em controlar
excessiva carga parasitaria. No entanto, essa proposi¢cao era contraria aos nossos
estudos anteriormente desenvolvidos, uma vez que, conidios ou CCC inoculados
sob altas concentracdes (aprox. 1x10°%) em unico sitio provocavam respostas
inflamatdrias de maior intensidade, eliminando o microrganismo mais eficientemente,
do que aqueles com menor concentragdo fungica. Posteriormente, foi realizada
inoculacdo de células mortas e vivas em sitios diferentes. Os resultados
demonstraram que a coestimulagao antigénica induzia a persisténcia da infec¢ao, de
modo semelhante aos animais inoculados com indculo viavel em dois sitios. Desse
modo, a hipdtese inicial foi rejeitada. E embora o termo “superinfec¢ao” seja citado
em alguns trabalhos, em particular, naqueles referentes a inoculagdes multiplas, o
mesmo deve ser repensado quando for o caso de infecgcado ou estimulos multiplos da
resposta imune; e talvez, seja mais prudente usar designagcbes como “infecgao
multifocal ou coestimulagao antigénica”.
Cura clinica e micoldgica da infecgao por F. pedrosoi, normalmente, ocorria em
até 2 meses, quando a inoculacdo era feita em unico sitio, sendo abundante a
migragdo de PMNs para o abscesso. No entanto, quando se realizava a infecgdo em
mais de um sitio, ocorria maior duragao da infeccdo e formacido de varias lesdes
focais (granulomas-like) no tecido, ocorrendo cura apés 3 a 4 meses. Caradona-
Castro e Agudelo-Flores (1999) descreveram fato semelhante, apds inoculagéo de

0.2 mL de indculo, sob concentracdo de 1x10° UFC/mL, em cinco sitios peritoneais.
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Os autores concluiram ser o primeiro relato de infecgao cronica por F. pedrosoi.
Todavia, os animais foram avaliados somente por periodo de 4 meses, nao havendo
relato evidente de cronicidade por mais tempo. Em nossos experimentos, os animais
coestimulados, em geral, evoluiam para cura, 4 meses depois da inoculagao,
indicando apenas maior duracao da infecgao quando comparado ao grupo inoculado
em unico sitio.

Outro aspecto da pesquisa foi a observacdo de que apds o desaparecimento
do abscesso no peritbnio, iniciava-se um processo de regressao das lesdes na pata
até desaparecerem. Isto é, o processo de eliminagdo do fungo no sitio secundario
tinha inicio apds desaparecimento do foco antigénico primario. Analisando secgoes
histopatoldgicas de antes e apds esse evento, verificamos incremento da migragao
de neutrdfilos para lesdes focais nas patas, o que foi correlacionado a fase de
declinio da infecgdo. E possivel que a resposta do hospedeiro, ao combater um
patdgeno especifico presente em multiplos sitios, crie condi¢gdes para resolver um
foco infeccioso por vez. O fato verificado demonstrou que o hospedeiro pode
eliminar os focos de infeccdo de forma isolada, porém de maneira, sistemicamente,
integrada, sendo os neutrdéfilos importantes mediadores desse evento.

A supressao da resposta imune, atuante contra os agentes de CBM, pode estar
relacionada com indugao de determinada populagao de células T (Esterre e Richard-
Blum, 2002). A inoculagdo de Leishmania major em dois sitios de camundongos
BALB/c estimula, por exemplo, a migracéo de células supressoras T CD4" CD25"
para um dos sitios de infecgao, o que leva a maior persisténcia do parasita, quando
comparado com animais inoculados em unico sitio (Belkaid et al, 2002; Mendez et al,
2004). Os resultados, aliados a dados da literatura (Belkaid et al, 2002; Mendez et

al, 2004), indicavam a possibilidade de envolvimento de mecanismos de tolerancia
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periférica a infeccdo por F. pedrosoi, gerados por coestimulagdo antigénica. A
inducdo de tolerancia sistémica apos exposi¢ao a altas doses de antigenos por via
oral é bem estabelecida (Kraus et al, 2005; llloh et al, 2006; Wakabayashi et al,
2006). Com intuito de verificar se a coestimulagdo antigénica poderia causar
supressao das lesdes, através da imunizagdo de rotas de tolerancia bem
conhecidas, células fungicas inviaveis foram inoculadas na mucosa pulmonar ou
oral, previamente, a infeccdo da pata. No caso dos animais induzidos por via oral, a
imunizacdo ocorreu semanas antes e no dia da infeccdo da pata. Ao inicio do
processo infeccioso em animais imunizados v.o., a resposta inflamatéria era bem
menos acentuada do que em todos os outros grupos de animais higidos
coestimulados. Provavelmente, o fato ocorreu devido as pré-estimulacbes
sucessivas, 0 que gerou um quadro de maior tolerabilidade aos antigenos fungicos
por inducdo, por exemplo, de mecanismos imunossupressores. Estimulos
imunoldgicos sequenciais causam redugdo substancial das respostas residuais
mediadas por linfécitos T (Melamed e Friedman, 1993). Ambos 0s grupos animais
estimulados pelas vias v.o. e i.t. desenvolveram infec¢gdo prolongada na pata,
semelhantemente aos camundongos imunizados i.p. e infectados s.c., mostrando,
mais uma vez, que a coestimulagdo aumentava a susceptibilidade do hospedeiro a
infeccao fungica. Por isso, a partir desse estudo, a possibilidade da supressao das
lesdes, gerada poés-coestimulacdo, ser causada por mecanismos de tolerancia
periférica ficou mais evidente.

Aspectos elementares da resposta imune, relacionados ao estimulo
imunoldgico de dois sitios, foram acessados por meio do estudo com animais KO.
Camundongos KO infectados em unico sitio, geralmente, eram mais susceptiveis do

que linhagens selvagens, porém as reacdes teciduais e rota de cura eram similares.
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Infeccao prolongada, em geral, foi verificada nos animais KO coestimulados (inf. s.c.
pata e imuniz. i.p.), exceto em animais KO CD8 e IL-10. Nas seccdes histoldgicas,
abscesso neutrofilico foi observado em tecido de animais KO com infec¢ao unifocal.
Enquanto que lesdes multifocais ricas em histiocitos foram observadas somente nos
camundongos coestimulados de modo semelhante as linhagens selvagens.

Animais KOs tém sido utilizados para demonstrar o papel de células T CD8+ e
T CD4+ em infecgbes fungicas. Células T CD4+ sado importantes no controle das
micoses sistémicas, mas em sua auséncia ou baixo numero, células TCD 8+
estimuladas geram resposta protetora (Deepe et al, 2000; Wuthrich et al, 2003).
Patas de animais CD4 KO coestimulados apresentaram significante intumescimento
e cura tardia das lesdes, demonstrando que uma resposta protetora tardia podia ser
produzida na auséncia de células T CD4. Camundongos KO CD8 coestimulados, no
entanto, desenvolveram lesdes de curso crdnico, com agravamento progressivo da
infeccdo na pata. Esse achado indicava possibilidade de uma populacédo de células
supressoras nao-CD8 antigeno-especificas para F. pedrosoi ter sido induzida, ou
auséncia de mecanismos antagdnicos a imunossupressao promovidos pelas células
CDs.

A inducao de resposta imune por células T supressoras tem sido mostrada
como dependente de MHC Il (Ostman et al, 2005; Suffia et al, 2006). Fonsecaea
pedrosoi é parasita extracelular, sendo a maior parte de seus antigenos,
provavelmente, apresentados através da via MHC de classe Il. Em nossa
investigacdo, camundongos MHC-II KO coestimulados apresentaram infec¢ao
prolongada, demonstrando a possibilidade do processo de supressao das lesdes ser
independente da via MHC-II, embora antigenos de F. pedrosoi possam ser

processados em vesiculas endociticas.
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Apoptose de neutrofilos em processos inflamatérios tem sido relacionados a
presenca de TNF-a na parede de macréfagos (Allenbach et al, 2006). Como
anteriormente descrito, € possivel que a degranulacdo de neutréfilos tenha papel
relevante no controle de infecgdes por F. pedrosoi. Animais TNF KO coestimulados
desenvolveram infecgdes prolongadas com tendéncia a cura de 4 a 5 meses pos-
inoculacéo.

Altos niveis de IL-10 tém sido detectados apds coestimulagdes por antigenos
de L. major (Mendez et al, 2004). Nessa pesquisa, independente do numero de
sitios imunestimulados e perfil histopatoldgico, os grupos IL-10 KO eliminaram a
infeccao por F. pedrosoi de modo similar. Este ensaio revelou que, na auséncia de
IL-10, a infecgdo experimental por F.pedrosoi em animais coestimulados nao
persistia, indicando que essa citocina pode ser importante na modulacdo de uma
resposta imunossupressora local.

Os linfécitos B1 sdo a maior fonte de anticorpos naturais, inclusive de
autoanticorpos, podem reconhecer antigenos de patdégenos e intensificar a
apresentagao antigénica devido a expressdao acentuada de moléculas
coestimulatérias, como B7-1 e B7-2 (Martin et al, 2001). No entanto, o papel das
células B1 na resposta imune ainda é muito discutivel. Animais Xid produziram
infeccao cronica apds coestimulagao, sugerindo que células B1 podem ter fungao
antagbnica a resposta imunossupressora. Se tal hipétese for confirmada, esses
achados sobre tais células podem vir a ser interessantes no campo das doencas
autoimunes e transplantes. Nos animais XID, a permanéncia estavel de F. pedrosoi
esteve relacionada, temporalmente, com adaptagdo das células fungicas para

formas parasitarias.
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Embora o sistema imunolégico possa montar respostas com finalidade de
evitar a resposta inflamatéria em multiplos sitios € necroses generalizadas, a maior
permanéncia do parasita no hospedeiro pode causar adaptagao do patégeno a vida
parasitaria, aumentando sua sobrevida frente as condigdes de estresse dentro do
hospedeiro. Entretanto, mesmo ocorrendo uma maior resiliéncia fungica in vivo, as
infeccdes se debelavam nos animais coestimulados, indicando que a estimulacao
antigénica de mais de um sitio serve apenas como “ferramenta auxiliar’ para

produzir supressao local das lesdes.

6.3 Ensaios de interagcao microbiana

6.3.1 Caracterizacao classica e molecular de Bacillus subtilis

As potencialidades biotecnolégicas dos bacilos Gram-positivos sao vastas, no
entanto, a identificacdo desses microrganismos ainda € muito dificil, em parte devido
a elevada biodiversidade, alto indice de variabilidade fenotipica e auséncia de
métodos qualitativos mais eficazes. As analises classicas envolvem, especialmente,
estudos da morfologia, fisiologia e bioquimica microbiana (Cornea et al, 2003; De
Clerck et al, 2004). A utilizacdo dos métodos convencionais, em conjunto com testes
moleculares, tem sido interessante durante a caracterizacdo das espécies (Chun e
Bae, 2000; Bavykin et al, 2004). Um grande problema no filo Firmicutes é a alta
homologia em genes considerados alvo para caracterizagao filogenética, como 16S
e 23S RNAr (Wang et al, 2007). Assim, o sequenciamento de genes de proteinas
conservadas, como aquelas envolvidas na replicagdo, em exemplo, RNA polimerase
e girase, podem auxiliar na identificacdo das espécies por serem mais heterogéneas
do que os genes ribossomais (Chun e Bae, 2000; De Clerck et al, 2004; Earl et al,

2007). No entanto, essa heterogeneidade génica é variavel de acordo com o grupo
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de Bacillus e nem sempre sua utilizagdo € vantajosa na caracterizagcdo molecular,
pois, dependendo do grupo, subunidades a ou B podem apresentar alta homologia
(Bavykin et al, 2004). Outro problema se deve a boa parte das sequéncias
disponiveis em bancos de dados serem parciais (com menos de 800-bases).
Sequéncias parciais com mais de 400 bases demonstraram maior acuracia durante
estudos de caracterizagdo filogenética do que aquelas com menos de 200
nucleotideos (Janda e Abbott, 2007; Wang et al, 2007). Janda e Abbott (2007)
relatam que sequéncias com mais de 1300-bases devem ser usadas para
identificacdo molecular de espécies, baseada no gene 16S rRNA, sendo que a
similaridade entre sequéncias alinhadas deve ser = 99% e o ideal acima de 99.5%.
Nessa investigacdo, ndo obtivemos éxito somente com sequenciamento do gene
16S rDNA, porém apds cruzar todas as sequéncias estudadas (16S rDNA, gyrA,
rpoB) com aquelas disponiveis nos bancos de dados, verificamos identidade de

100% com as sequéncias de Bacillus subtilis.

6.3.2 Antagonismo fungico por B. subtilis

Estratégias antagbnicas, geradas pela competicdo por recursos naturais,
como espago fisico e fontes nutricionais, desencadeiam, progressivamente,
influéncias seletivas aos seres (Gall, 1970; Elad, 2003; Boer et al, 2005). Nessa
esfera, o antagonismo microbiano tem tido destaque pela grande quantidade de
aplicagbes biotecnoldgicas, particularmente relacionadas a descricdo de novas
formas de controle quimico e biolégico dos microrganismos (Gall, 1970; Riley e
Wertz, 2002; Melin, 2004).

Bacilos Gram-positivos sdo encontrados no solo, atuando como

biorreguladores, biodegradadores e biocontroladores naturais de microrganismos
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(Shirokov et al, 2002; Boer et al, 2005; Sharma e Sharma, 2008). Uma variedade de
interacbes, como competicdo por nutrientes ou espacgo fisico, contribui para a
antibiose (Walker et al, 1998; Araujo et al, 2005). Bactérias pertencentes ao género
Bacillus causam inibicdo de outros microrganismos devido a producdo de
metabdlitos secundarios, como antibidticos de baixo peso molecular, incluindo
peptideos naturais (Kupper et al, 2003). A bactéria estudada demonstrou boa
atividade antifungica a fungos ambientais e fitopatogénicos, em particular, por
antibiose. Naturalmente, B. subtilis e B. cereus possuem acdo biocida contra
fungos, sendo citada sua utilizagdo como biocontroladores de fitopatdégenos fungicos
(Yoshida et al, 2001; Shirokov et al, 2002). Provavelmente, compostos difundiveis
em 4agar, produzidos pelos fungos, estejam associados aos mecanismos de
reconhecimento e producdo de substancias inibitérias por Bacillus sp. Nas
interagbes entre Bacillus e fungos, linhas de precipitagdo foram observadas em
nosso estudo. Cornea et al (2003) descreveram tais precipitados como resultado da
interacao de lecitinas e glicoproteinas.

Estudos com organismos, tais como Bacillus, isolados de trato intestinal,
apontam o pH como crucial na indugado e produgdo de enzimas (Guo et al, 2006).
Em ensaios realizados por Guo et al (2006), cepas de B. subtilis MA139, quando
submetidas a pH 2.0 e 0.3% sal de bile, apresentaram alta atividade antimicrobiana.
Na presente investigagao, a inibicdo dos fungos ocorria mais acentuadamente em
meio de cultura acido (SDA, pH = 5.6) do que nos basicos (TSA, pH = 7.3),
mostrando que a sintese de substancias inibitérias era influenciada pela
concentragao hidrogeniénica do meio.

Enzimas liticas podem estar envolvidas com atividades inibitérias do

crescimento fungico por algumas espécies de Bacillus. Em outras espécies porém,
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lipopeptidios parecem determinar tal antagonismo (Cornea et al, 2003). Enzimas
ativas contra parede celular fungica, produzidas por Bacillus, ttm demonstrado efeito
antifungico (Mavingui e Heulin, 1994). Quitinases e glucanases também
desempenham papel antagbnico importante frente aos fungos (Handelsman e Stabb,
1996; Keel e Défago, 1997; Barbosa-Corona et al, 1999). Em comparagdo com
espécies Gram-negativas, as bactérias Gram-positivas apresentam maior atividade
enzimatica, principalmente quanto a produgdo de DNAse (Sanchez-Porro et al,
2003). Nesse trabalho, observamos correlagdo entre a inibicao fungica com zonas
de hidrélise do DNA, sugerindo a possibilidade do processo antagbnico estar
relacionado a fatores que estejam envolvidos na degradagdo de acidos nucléicos.
Todavia, estudos futuros mais aprofundados s&do necessarios para confirmar tal
hipbtese.

A pigmentacdo nos fungos pode intensificar sua resisténcia a ambientes
hostis (Dijksterhuis et al, 1999). As melaninas tornam as células mais resistentes por
sequestrarem radicais oxidativos, absorverem luz e energia em forma de calor
através de inumeros grupos carboxilicos, intensificarem a termotolerancia e
ocasionarem maior impermeabilizacdo da parede celular (De Hoog et al, 2000;
Jacobson, 2000; Gomez e Nosanchuk, 2003; Langfelder et al, 2003). A habilidade de
certos microrganismos em produzir melanina esta diretamente ligada a sua
viruléncia e patogenicidade (Silveira e Nucci, 2001; Revankar et al, 2002). Apo6s
cocultivo de B. subtilis e fungos melanogénicos, como A. alternata e Asp. niger, foi
notdria a secre¢do de melaninas em agar, demonstrando que em situagcéo de
adversidade, pigmentos podem ser produzidos para conferir maior prote¢cdo aos
metabdlitos bacterianos ou que substancias secundarias do bacilo estimulam a via

biossintética das melaninas. Indugdo de melanizagao fungica por Cryptococcus
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neoformans ocorreu apdés interacdo microbiana com Klebsiella aerogenes, sendo
relatada a presenca de dopamina em extrato bacteriano (Frases et al, 2006).
Posteriormente, foi verificado que uma substancia produzida pelo metabolismo
microbiano, o acido homogentisico (HGA), causava melanizagao em C. neoformans

(Frases et al, 2007).

6.3.3 Cocultivo entre células de F. pedrosoi e B. subtilis e infecgdo animal
Muitas espécies de Bacillus tém apresentado, naturalmente, atividade
antimicrobiana contra fungos e bactérias, sendo, muitas vezes, investigadas quanto
ao seu potencial como agentes para o biocontrole de microrganismos que causam
prejuizos na agricultura (Mendez et al, 2004; Suffia et al, 2006). Romero et al (2006)
descreveram inibicao in vitro de C. carrionii por B. subtilis. A cepa B. subtilis BAC-
UFMT/01, isolado ambiental utilizado em ensaios de interagdo com F. pedrosoi, foi
selecionada devido ao seu excelente perfil inibitério contra varias espécies fungicas.
Alteracbes celulares foram verificadas no primeiro, segundo e sétimo dia apds
introdugdo do bacilo em cultivos de F. pedrosoi. As principais mudangas
morfolégicas observadas em células de F. pedrosoi foram quanto a acentuagéo da
conidiogénese e produgdo de clamidoconidios terminais. Foldes et al (2000)
descrevem indugdo de conidiogénese fungica por B. subtilis. Estudos de
antagonismo fungico tém demonstrado arredondamento de hifas e formacédo de
clamidoconidios (Walker et al, 1998; Yoshida et al, 2001; Shirokov et al, 2002; Boer
et al, 2005; Stein, 2005). Apds interagéao de fungo demacio com B. subtilis ou com
metabdlitos bacterianos, a formagéo de clamidoconidios era observada (Shirokov et
al., 2002; Sharma & Sharma, 2008). Geralmente, as células fungicas produzem tais

formas quando sdo submetidas a condi¢cdes adversas de crescimento, tendo fungao
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de resisténcia ambiental. Possivelmente, essas alteragdes celulares podem ter sido
provocadas devido a antibiose mediada por B. subtilis. Delecao de genes, por
exemplo, em Pseudomonas cepacia, responsaveis pela producdo de compostos
antifungicos, esteve relacionada a auséncia de alteracdo morfolégica de fungos
fitopatogénicos (Upadhyay e Jayaswal, 1992). As células de F. pedrosoi,
cocultivadas com B. subtilis, permaneceram viaveis durante o periodo de
observacdo, sendo notdria a secregdo de melaninas em SDB devido ao
enegrecimento do meio de cultura observado, em particular, apés 1 semana.

Animais inoculados com cocultivos se curaram mais tardiamente do que
aqueles infectados somente com hifas, sendo constatada, em cortes histolégicos,
somente a presenca de clamidoconidios terminais 25 dias pés-infecgao.

Embora os experimentos de interagdo microbiana tenham sido realizados in
vitro, demonstrando que reagdes antagbnicas entre microrganismos podem causar
mudancgas morfoldgicas nos fungos, tais observagdes séo passiveis de ocorrerem in
natura. Tal cepa de B. subtilis podera, no futuro, ser utilizada como alternativa para
cocultivo com agentes de CBM, visando a produgcao de células mais resistentes a

resposta do hospedeiro.

6.4 Infeccao com células cultivadas por longos periodos

Cultivos de F. pedrosoi, mantidos durante 6 meses, apresentavam vasta
variedade de formas morfolégicas, tais como células arredondadas, clamidoconidios
terminais e intercalares, sendo, muitas vezes, bem melanizadas. As mudancgas
fungicas observadas nos cultivos submetidos a crescimento por longo periodo de
tempo, provavelmente, ocorreram em decorréncia de caréncia nutricional. Formas

fungicas similares a corpos escleréticos tém sido detectados em vegetais
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(Zeppenfeldt et al, 1994; De Hoog et al, 2000). Foram encontradas também no tecido
medular e em espinhos apds implantacao experimental de células de C. carrionii em
cactos (De Hoog et al, 2007). Sob condigdes de estresse in vitro, hifas ou conidios
se transformam em células arredondadas similares as formas parasitarias (Alviano
et al, 1992; Mendoza et al, 1993; Alviano et al, 2003; Badali et al, 2008).
Recentemente, foi desenvolvido meio de cultura, contendo extratos dos frutos de
cupuacu (Theobroma grandiflorum) e pupunha (Bactris gasipaes), para indugao
rapida de F. pedrosoi em corpos escleréticos (Da Silva et al, 2008). No entanto, o
potencial infectivo das células escleréticas, produzidas in vitro sob condicdes
quimicamente hostis, ainda nao foi relatado.

Camundongos BALB/c desenvolveram lesdes crénicas pos-infecgdo com tais
formas, especialmente aqueles inoculados em duas patas. Infecgdes estaveis foram
desenvolvidas com baixa concentragdo de inéculo (< 1x10* células/mL). O indculo
fungico continha acentuado numero de formas arredondadas e clamidoconidios.
Possivelmente, tais formas foram precursoras das células escleréticas observadas
apo6s 7 meses de infecgdo, pois apresentavam morfologia similar e didmetros,
geralmente, entre 5 a 10 um. A partir de amostras de espinhos de Mimosa pudica
(recolhidas em local onde uma jovem paciente se infectou com F. pedrosoi), muitas
formas fungicas foram observadas, incluindo clamidoconidios terminais (Salgado et
al, 2004).

Alguns camundongos inoculados em unico sitio apresentaram cura clinica e
micologica apds 5 meses de infecgdo. As secgdes histopatolégicas desses animais
revelaram acentuada migracdo de neutréfilos para o sitio de infecgdo. Em
contrapartida, os animais infectados em dois sitios, em geral, desenvolveram leséo

estavel até o momento do sacrificio, sendo recuperadas células viaveis da maioria
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dos casos. Reagdes teciduais muito similares aquelas observadas na doenca
humana foram verificadas em tais animais, como hiperplasia pseudoepiteliomatosa,
hiperceratose, reagdes granulomatosas, presenca de microabscessos circundados
por neutrofilos, corpos escleréticos dentro de células gigantes, linfécitos, eosindfilos,
macrofagos, fibroblastos, entre outras caracteristicas. Em todos os trabalhos de
cromoblastomicose experimental, realizados até o momento, o tempo de observagao
dos animais e de suas respectivas lesdes tem sido inferior a 5 meses, independente
do curso da infecado (Kurup, 1971; Kurita, 1979; Nishimura e Miyaji, 1981; Polak,
1984; Walsh et al, 1987; Ahrens et al, 1989; Xie et al, 2009). Na presente
investigacao, apresentamos indicios de uma infecgdo experimental crénica por F.
pedrosoi, produzida por células cultivadas durante longos periodos, com curso
estavel superior a 6 meses e similaridade anatomopatolégica as lesbes da doenca
humana. Desse modo, nossos estudos revelaram que a obtencdo de infeccao
experimental crénica pode depender de formas fungicas especificas pré-adaptadas
ao parasitismo, sendo os clamidoconidios e células arredondadas envelhecidas
provaveis precursores das células escleréticas. Futuramente, através de
equipamento adequado para realizar o isolamento especifico de determinadas
células, formas fungicas como clamidoconidios terminais de F. pedrosoi poderao ser

estudadas quanto ao seu potencial infectivo e capacidade de causar lesdo crénica.

102



/. CONCLUSOES DOS ESTUDOS




1 — Inoculagao de conidios, CCC e hifas de F. pedrosoi, cepa EPM 380/30, em
unico sitio causava infecgao animal de curso agudo com formagao de abscesso

neutrofilico, sendo a evolugao benigna.

2- Corpos escleroéticos foram observados somente em tecido de animais inoculados

com CCC.

3- A degeneragdo de neutrofilos com liberagdo de substancias inibitérias a F.

pedrosoi parece relevante para o controle da infeccéo.

4- Estimulos antigénicos em mais de um sitio produziu infecgdes prolongadas por F.
pedrosoi, sendo essa agao mediada por mecanismos de tolerancia periférica que na
auséncia de determinadas células, como T CD8+, ou deficiéncia em células B-B1,

pode ser importante para o agravamento e cronicidade das lesdes.

5- A auséncia de IL-10 em animais coestimulados esteve ligada a resiténcia ao

desenvolvimento de infecgdes prolongadas por F. pedrosoi.

6- Em geral, as infecgbes prolongadas regrediam quando o foco primario (peritdnio)
era eliminado, o que tinha correlagdo com incremento da migragao de neutrofilos

para o processo infeccioso secundario (pata).

7 — A interagdo microbiana entre F. pedrosoi, cepa EPM 380/03, e um bacilo

ambiental com atividade antagbnica a fungos, identificado como Bacillus subtilis,

causou alteragdes da morfologia fungica e indugao da secregao de pigmento escuro.
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8 - Cocultivos in vitro, entre Bacillus subtilis (BAC-UFMT/01) e agentes de CBM,
podem ser interessantes na obtengao de formas fungicas mais resistentes, inclusive

as defesas do hospedeiro.

9 - Formas de resisténcia, como os clamidoconidios, podem ser precursoras dos
corpos escleréticos e estarem envolvidas com o estabelecimento de infecgao crénica

em camundongos BALB/c similar a CBM.

10 — Trés tipos de infeccdo (aguda, prolongada e crénica) foram verificados na
cromoblastomicose experimental por F. pedrosoi, cepa EPM 380/03, o que teve

relacdo com o local/quantidade dos sitios inoculados e da forma fungica utilizada.

11- Células microbianas ou formas, potencialmente infectantes devem ser utilizadas
de modo preferencial no desenvolvimento adequado de infecgdes crdnicas por F.
pedrosoi em modelos experimentais, enquanto o emprego da coestimulagao
antigénica pode servir de “ferramenta auxiliar” para gerar imunossupressdo das
lesbes, causando aumento da sobrevida do parasita no parasita e ampliando as

chances de sucesso na obtengao de processos infecciosos crénicos.
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ANEXO 1

Local phagocytic responses after murine infection with different forms of
Fonsecaea pedrosoi and sclerotic bodies originating from an inoculum
of conidiogenous cells. Submitted to Mycoses, 2008.
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ABSTRACT

Fonsecaea pedrosoi is an important causative agent of chromoblastomycosis
(CBM) specially in humid area of the world; however, little is known about the
infective forms of this agent that cause CBM. The aim of this study was to investigate
the murine tissue response to inoculation with different forms of F. pedrosoi and the
morphological changes of the fungal cells in vivo. BALB/c mice were inoculated
intraperitoneally with hyphae, conidia or conidiogenous cells and conidia (CCC) at a
single site. In addition, the abdomen and footpads were infected subcutaneously with
CCC. Fungal forms were inoculated at a final concentration of 1x10° cells. Hyphae and
ungerminated conidia inocula were unable to be transformed into parasitic forms. In
tissue, a great number of conidiogenous cells underwent transformation into sclerotic
bodies, which were more resistant to phagocytes in vivo than conidia and hyphae.
Clinical and mycological cure of animals infected with CCC was observed from the
fourth to the sixth week of infection, while conidia and hyphae infections were faster
and generally lasted two to three weeks. High number of destructed conidia was
observed intracellularly in macrophages. The migration of neutrophils to the
inflammatory site seems important for microbicidal activity, particularly against
hyphae. Our observations suggest that inocula with conidiogenous cells are associated
with in vivo transformation into sclerotic bodies. And that, local immune response
involved with host resistance to experimental F. pedrosoi-infection is primarily

mediated by neutrophils as observed in histological sections.

Keywords: Fonsecaea pedrosoi, experimental chromoblastomycosis, fungal forms.
Abbreviations: CBM, chromoblastomycosis; CCC, conidiogenous cells and conidia;
SDA, Sabouraud dextrose agar; PMNs, polymorphonuclear leucocytes; SDB, Sabouraud
dextrose broth; PDB, potato dextrose broth; H&E, hematoxylin-eosin; PAS, periodic
acid-Schiff.



INTRODUCTION

Chromoblastomycosis (CBM) occurs following traumatic inoculation of
dematiaceous fungi in subcutaneous tissue. [Fonsecaea, Cladophialophora,
Phialophora, Rhinocladiella and Exophiala are the most frequently diagnosed genera,
and F. pedrosoi and C. carrionii are the main agents isolated [1-3]. Globoid, thick-
walled, multiseptate, dark brown cells, primarily found in dermal and epidermal tissue,
are the characteristic form of these fungi in parasitism. These cells can also be observed
either alone or in groups and are commonly known as sclerotic, fumagoid, muriform
and Medlar bodies [3-5].

Since the disease was discovered, several studies employing experimental
inoculation of CBM agents have been carried out in an attempt to develop an animal
model [6-10]; however, a suitable model for experimental CBM has not yet been
successfully established [3, 11]. Overall, animal infections with F. pedrosoi have been
disappointing due to the acute course of the disease and efficient fungal elimination as a
result of the host response [8, 9, 12, 13], although inoculation of CBM agents in
different peritoneal sites in mice can confer persistent infection [14-16]. Nevertheless,
the interactions between the host and CBM agents involved in this infection process at
multiple sites are not yet understood.

There is a lack of knowledge regarding the infective forms involved in the
establishment of CBM and the mechanism whereby fungal cells transition from the
saprophytic to the parasitic phase. Transformation of F. pedrosoi cells into sclerotic
cells could be considered an important factor in fungal virulence [13]. Hyphae and
conidia are currently cited in literature as forms that may be introduced into
subcutaneous tissue following trauma [17-19]. However, macrophages are able to
ingest and kill conidia of CBM agents [20, 21]. In invasive aspergillosis, macrophages
are sufficient to generate an effective host defense against conidia, while neutrophils are
important for hyphal killing [22]. Neutrophils are essential for resistance to fungal
infections, but their ability and the in vivo mechanism employed to kill extracellular
organisms are not fully characterized [23].

In vitro, F. pedrosoi hyphae from conidia germination can differentiate into
vegetative and reproductive mycelium that produce newly asexual conidia from
reproductive cells (conidiogenous cells) through three types of conidiogenesis,

including Cladosporium-, Rhinocladiella-, and Phialophora-type [4, 24]. These fungal



forms as hyphae, conidia and conidiogenous cells are normally prevalent in young agar
and broth cultures. Experimental in vivo studies with different fungal forms will further
our understanding of both the mechanisms employed by parasitic cells to develop
chronic disease and the immune and pathological aspects of CBM.

The aims of this study were to show the importance of different fungal forms in
murine infection, evaluate the morphological changes that occurred in F. pedrosoi cells
post-infection, and identify the main host cells at the infection site that were involved in

fungal control.

MATERIALS AND METHODS

Mice

Five groups of 40 BALB/c male mice, each weighing about 23 g (6 to 8 weeks
old), were used in this study. The animals were purchased from the Centre of
Development for Experimental Models to Medicine and Biology of the Federal
University of Sao Paulo (CEDEME/UNIFESP, Sao Paulo, Brazil). The animal protocol
was approved by the UNIFESP Ethics Committee under project number 0808/05. All
experimental procedures were conducted in accordance with standard guidelines on the

use and care of laboratory animals [25-27].

Microorganism

The F. pedrosoi strain (EPM — 380/03) was obtained from a patient with CBM
who was examined in the Dermatology Outpatient Department, UNIFESP, in 2003. The
culture was cultivated on Sabouraud dextrose agar (SDA, DIFCO Laboratories, Detroit,
MI, USA) supplemented with 80 mg/L gentamycin at a temperature of 28°C, with
periodic transfers at 15-day intervals into SDA with antibiotics. To enhance fungal
virulence and to adapt the human isolate to an animal host, the F. pedrosoi-strain was
reinoculated three times into animals by an intraperitoneal route at concentrations of
1x10® cells/mL and recovered 12 days later in Mycosel™ agar (BD BBL, Franklin
Lakes, NJ, USA) [14].



Mycelium-forms from pure cultures

Conidia

Conidia were obtained from 15-day cultures grown at a temperature of 30°C in
SDA, by the addition of phosphate-buffered saline (PBS) to the Petri dishes and
scraping of the reproductive mycelia with a disposable sterilized loop. The saline
solution was then immediately recovered in sterilized Falcon tubes, filtered twice
through a 3 pm quantitative filter paper (Grade n°. 44, Whatman) and centrifuged at
3000 g and 4°C for 10 min. Pyriform conidia with a homogenous morphology were

recovered (Fig. 1-A).

Hyphae

Thirty-day cultures of mycelia in Sabouraud dextrose broth (SDB, DIFCO
Laboratories, Detroit, MI, USA) at 28°C, supplemented with gentamycin, pH 5.7, were
shaken three times in a vortex and filtered through sterile gauze to retain hyphal mats
and long filaments [28]. Filtrates were repeatedly dispensed into a 50 mL glass needle
and injected into a sterile beaker to disrupt the small clusters of mycelia into solitary
hyphae. The suspension was filtered through 11 pum filter paper (Grade n°. 1, Whatman)
to conidiogenous cells and conidia exclusion. Hyphae that adhered to the paper were
immersed in Falcon tubes with sterilized PBS and vortexed. Then, fungal filaments

were centrifugated at 1500 g and 4°C for 5 min and harvested twice in PBS (Fig. 1-B).

Conidiogenous cells and conidia (CCC)

Cultures of F. pedrosoi were incubated in 300 mL potato dextrose broth (PDB,
DIFCO laboratories), pH 5.7, at 35°C for 30 days in cylindrical 1 L glass bottles
(KIMAX® GL-45, DAIGGER Lab Equipments and Supplies) at 100 rpm on a gyrating
shaker. These cultures were then filtered twice through 11 pm quantitative filter paper
(Grade n°. 1, Whatman), and the CCC were recovered by centrifugation of the filtrate at
3000 g and 4°C for 10 min. The conidiogenous cells were observed by optical
microscopy as yeast-like forms (Fig. 1-C). Many conidiogenous cells were naturally
attached to conidia, making disruption impossible. For this, a cellular mix (CCC)

obtained in broth culture was used for infection. These cells were likely disrupted from



mycelial Cladosporium-type structures during the growth period and propagated in a
PDB broth culture.

Inoculum

The fungal cells obtained were washed and concentrated three times in PBS by
centrifugation, according to the procedures described for each fungal form. Inoculum
viability was determined by LIVE/DEAD ® Cell Vitality Assay Kit (L34951,
Invitrogen, probes.invitrogen.com/media/pis/mp34951.pdf) in fluorescent microscopy.
The viability of inocula suspensions generally was more than 98% of total cells. The
inocula volumes were adjusted to a final concentration of 1x10° fungal cells in
Neubauer chambers. The separation between septa was used to distinguish individual

hyphal cells, which were then counted.

Infection

Ten minutes prior to infection, animals were anesthetized intraperitoneally (i.p.)
with 0.4 pL of Anasedan i.p. and 0.35 mL of Dopalen per kg body weight
(http://www.vetbrands.com.br). One group of mice was inoculated i.p. using a
25x8/21G1 needle with approximately 100 pL of a suspension containing 1x10° hyphal
fragments. Fifty (50) uL of F. pedrosoi conidia suspensions were immediately
inoculated i.p. into one group of mice. One animal group was infected with CCC using
the same inoculum concentration and route. In other two groups, CCC inocula were
inoculated subcutaneously (s.c.) into the footpad or abdomen. Footpad swelling was
monitored weekly for up to a maximum of 165 days using a Mitutoyo digital caliper
(http://www.mitutoyo.com). Footpad volume was calculated by height and width
measurements using an arithmetic cylinder formula. The data are given as mean + SE,
and significant differences were determined by the Student's t-test (Prism software,
http://www.prism-software.com). A 50-uL volume of PBS was administered to each of
five mice, which served as negative controls. The kinetics of the disease were followed
at weekly intervals for two months, and four animals from each group were sacrificed

weekly. Samples of the infected tissue specimens were cultivated in SDA.



Histopathology

Fragments of fresh tissue samples were clarified in 20% KOH and Parker ink for
direct optical microscopic observation. Tissue specimens were incubated in 10%
formalin for over 12 hours. Bone tissue from the foot was decalcified with 5%
ethylenediaminetetraacetic acid (EDTA) [24]. The specimens were embedded in
paraffin, and serial 3- to 5-um sections from the blocks were stained with hematoxylin-

eosin (H&E) and periodic acid-Schiff (PAS) [12].

RESULTS

Infection with conidia

In general, all animal groups formed inflammatory nodules after the fourth day
pos-infection. In group inoculated i.p. with conidia, we observed small nodular lesions
in the abdomen. Germinative tubes (Short, thin hyphae originated from conidia
germination) and conidia were observed in tissue samples, and these were easily
destroyed inside giant cells and foamy macrophages in the first to second week of
infection (Fig. 2). In histological sections, the abscess had a high number of foamy
macrophages and low migration of PMNs. Mice inoculated with conidia recovered
faster than the other experimental groups and lesions generally healed within two to
three weeks. Clinical and mycological cures in animals inoculated with conidia

occurred before or during the fourth week of infection.

Infection with hyphae

While there was a small reaction in the animals inoculated with conidia, we
observed a very intense inflammatory response in mice inoculated with hyphae. A large
and spherical encapsulated abscess was formed at the infection site (Fig. 3, A and B).
Internally, the abscesses contained a rich area of neutrophils surrounded by foamy
macrophages (Fig. 3, C, D and E). Degeneration of the neutrophils was observed
adjacent to the center of the inflammatory process where there were dematiaceous
hyphae (Fig. 3-F). In this region, there was little or no contact between hyphae and
neutrophils observed in the histological sections until 15 days post-inoculation (Fig. 3-

G). After three weeks post-infection, hyphae, as well as conidia, were unrecovered from



the fungal culture of the tissue. Hyphal debris was frequently observed intracellularly in
foamy macrophages.

During this study, we initially think that many particles stained with
hematoxylin had similar characteristics to artifacts or stain precipitation; but later, after
several observations we noted that these particles in histological sections might be
complexes of condensed nuclear material aggregated through neutrophil degranulation
(Fig. 4). However, several cells in the lysis process were also found with decondensed

chromatin.

Infection with CCC

In a pilot study, we were able to observe fungal modifications after CCC
inoculation in histological sections of the peritoneal site. We later reproduced these
experiments and performed subcutaneous inoculations at sites as footpad or abdomen to
verify whether the same histopathological characteristics could occur similar to single-
site intraperitoneal infection. The group of mice that was inoculated subcutaneously
showed efficient elimination of the fungus, in particular by transepitelial liberation of
the abscess. Exudates containing fungal cells were secreted at the infected s.c. site
where the needle had been introduced or by disruption of epithelial tissue by the
fistulization process Conidia, germinative tubes and the beginning of conidiogenous cell
transformation could be observed in the tissue after 12 days (Fig. 5); however, conidia
were no longer detected in the tissue after 25 days.

The clinical presentation of footpads inoculated with CCC showed sequential
characteristics (Fig. 6, Pictures A). The volume of the infected footpads increases until
around 30 to 35 days post-infection (Fig. 6-C). Subsequently, ulcers appeared, and the
production of fissures and exudates was observed, where these were linked to fungal
elimination in tissue and decreased inflammation. Over the course of post-infection, the
elongated conidiogenous cells generally transformed into oval or round forms; the cell
wall became more rigid and thicker (Fig. 6, Pictures B). In Figure 6 (pictures B, 2 and
3), unmodified conidia are shown around transformed cells. In the abscesses, many
sclerotic cells were present after 25 days, which by sequential observations probably
originated from conidiogenous cells. By the fourth week, although sclerotic cells were
present in the tissue of these animals, destruction of the fungus had occurred (Fig. 6,

Picture B6). Lysis of many sclerotic cells as yeast-like forms frequently occurred in the



blastic region of conidial budding (Fig. 7). From the first to the third week, 3- to 5-mm
hardened nodules were observed in mice infected i.p. with CCC.

In the early period of infection, the inflammatory response was linked to intense
migration of mononuclear phagocytes to the infection site. In both animal groups
inoculated i.p. or s.c. with CCC, a neutrophilic reaction with a necrotic center was
observed, surrounded first by neutrophils and around the edge by macrophages with
foamy-looking cytoplasm (Fig. 8). In the central region of the infection, a large number
of neutrophils and the absence of sclerotic cells or injured fungal bodies (Fig. 8-D) were
observed. In the periphery, meanwhile, there were many foamy macrophages, and the
fungal cells were unaffected (Fig. 8, B and C). Clinical and mycological cure of the
footpad and peritoneal cavity were generally observed 35 days after infection.
Metastasis of sclerotic cells to the viscera — in particular to the liver, spleen and
pancreas — was sometimes seen in animals inoculated intraperitoneally. Macroscopic
black dots or infectious cells were not observed in the lungs, brain, heart or striated

skeletal muscle.

DISCUSSION

CBM is a chronic human infection found in residents of (or frequent visitors to)
rural areas and is commonly associated with occupational accidents [1, 3]. The disease
occurs in tropical and subtropical regions, with F. pedrosoi being prevalent in humid
areas, and C. carrionii in arid regions [11, 18]. Curiously, many individuals have been
exposed to dematiaceous fungi-contaminated fomites or vehicles by traumatic process,
but few infected people develop the illness [9, 11]. There are few reports describing the
disease experimentally. Animals such as mice, pigeons, rats, dogs, goats, guinea pigs
and monkeys have been infected experimentally in various studies, typically without
successfully reproducing a condition anatomically and pathologically similar to the
human mycosis [6, 8-10, 29, 30]. This may indicate that humans and animals have a
natural resistance to this infection and that susceptibility may depend on specific
mechanisms involved in the host/parasite interaction.
Although the chronic disease was not reproduced in our work, we were able to observe
the profile of animal responses to each of the different fungal forms that were
inoculated. Others reports have shown the results of experimental infections with a

mixture of cells without cellular separation or with only conidia produced in vitro [6-8].



One aim of our research, therefore, was to verify the infection process with different
forms. The recovery of viable fungus from several inoculation-sites of mice infected
with F. pedrosoi was verified until 16 days post-inoculation in response to infection
with hyphae and conidia. In the course of infection, many conidiogenous cells changed
structurally, with the cell walls becoming thicker (Fig. 5 and 6) and the pigmentation
and secretion of melanin being increased. The presence of melanin in fungi is
considered an important virulence factor for several reasons, including the fact that
melanin leads to stiffening of the cell wall and plays a role in anti-phagocytosis [31, 32].
Sclerotic cells obtained in vivo from primarily conidiogenous cells were more resistant
to host responses, as they were observed and recovered until 30 days post-inoculation.
Changes in sclerotic cells were linked to the greatest survival of the fungus in the tissue
when compared to the other fungal forms studied. Thus, morphological changes
probably play an important role in the survival of fungi in the host under stressful
conditions, allowing for the possibility that reproductive, differentiated, or resistant
fungal cells (but not vegetative mycelia or ungerminated conidia) following infection
may be associated with establishment of the disease.

In this investigation, unlike hyphae and conidia, sclerotic cells were able to
propagate, particularly in connective and adipose tissues. These cells likely secrete a
virulence factor that allows them to invade tissues or avoid the immune response.
Higher in vitro levels of ectophosphatases were detected in sclerotic cells compared to
other cells [33]. F. pedrosoi exoenzymes have been implicated in the breakdown of
extracellular matrix [34]; thus, greater expression of certain virulence factors may be
yet another event related to parasitic propagation in adjacent tissues. With regard to the
lack of host immunity, the metastasis of sclerotic cells was observed in an experimental
CBM model with a deficient immune cellular response [6]. Therefore, although CBM is
generally considered to be morbid and localized with limited dissemination, it can
spread during the course of disease as a result of a number of factors related to fungal
forms and host immunity.

In general, animals inoculated at a single site experienced initial inflammatory
effects such as the production of abscesses and/or exudates, which were followed by
subsequent regression and resolution of the F. pedrosoi infection [8, 30, 35, 36]. A
persistent infection was obtained after fungal inoculation at various peritoneal sites [14,

15]. In agreement with other observations [6, 8, 36, 37], we now report the formation
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neutrophilic abscesses following F. pedrosoi-infection at a single site. Still, animal
tissue reactions were distinct for each fungal form. Particles of dead conidia could
primarily be seen in the cytoplasm of foamy macrophages (Fig. 2); however, activated
macrophages are not very active against F. pedrosoi in vitro [38]. Animals deficient in
macrophage function (bg/bg) demonstrated resistance to infection [6], indicating that
other cells were responsible for infection control. Neutrophils have been associated with
innate resistance to fungi [39, 40], and the migration of PMNs to the F. pedrosoi
inoculation site may be linked to resistance to infection [6, 35, 36]. Frequently, sclerotic
cells were absent or destroyed in the neutrophilic center of the abscess but not in the
foamy macrophage-rich region (Fig. 8). We also observed that the region at which the
inoculated hyphae were found coincided with the necrotic center of the abscess, which
was surrounded by neutrophils (Fig. 3). The neutrophils were reported to have
fungicidal action in vitro and limited phagocytic ability against F. pedrosoi [38]. In
contrast to the reported phagocytosis of the fungus by PMNs [35], we found that fungal
elimination in vivo could be the result of tissue infiltration by PMNs with the release of
neutrophilic molecules with anti-fungical activity following cellular breakage. It is
possible that the PMN cellular contact with fungal antigens in vivo provoked neutrophil
degranulation, and the subsequent extracellular release of complexes could have led to a
hostile tissue environment with an extremely powerful impact on F. pedrosoi hyphae.
Macrophages can cause neutrophils to die through cellular contact [41], and the death of
neutrophils can lead to the release of complement proteins and oxidative enzymes, in
addition to the activation of phagocytes for subsequent clearance [42, 43]. Recently,
antimicrobial complexes that efficiently bind and kill microorganisms were described as
neutrophil extracellular traps (NETs). These NETs are released following neutrophil
degranulation [44]. In our study, one explanation for the fungal killing in vivo may be
due to the cellular discharge of these molecules at inflammatory sites, as suggested in
Figure 4. Neutrophils have limited fungicidal properties during the initial stage of the
disease, but lysis of fungal cells occurred several days post-infection [43]. This delayed
response may not necessarily depend on the local presence of T cells, since an
extremely small number of lymphocytes were observed at the infection site in mice
inoculated with hyphae. Therefore, PMN recognition of fungal antigens is plausible, in
addition to the cellular apoptosis provoked following cellular contact with microbial

molecules. Systemically, however, lymphocytes may have an important role in disease
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control [35, 45]. Athymic mice, for example, were highly susceptible to F. pedrosoi
infection. In these animals, disease regression occurred after adoptive transfer of
lymphocytes [6]. In chronic human disease, histopathological sections show
hyperkeratotic pseudoepitheliomatous hyperplasia with microabscesses rich in PMNs
sometimes found near the epithelial tissue [11]. Hence, although these cells are
normally present at the human infection site, neutrophilic activity may be suppressed by
humoral and/or cellular factors in a manner similar to that involved during infection by
Aspergillus fumigatus [46].

Finally, the survival of F. pedrosoi in tissue and the establishment of disease
may be closely related to infection with specific fungal forms or cells that are pre-
adapted to parasitism, especially given that cellular transformation of conidiogenous
cells to the sclerotic body in vivo was insufficient to generate a chronic experimental
infection. The effective local immune response, which provided murine protection
against F. pedrosoi fungal cells, may be associated with delayed microbicidal activity of
neutrophilic molecules released by PMNs following degranulation and macrophage

clearance.
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ANEXO 2

Antibiosis and dark-pigments secretion of phytopathogenic and
environmental fungal species after interaction in vitro with an
environmental isolate identified as Bacillus subtilis. Brazilian

Archives of Biology and Technology, 2009.



Antibiosis and dark-pigments secretion of phytopathogenic and
environmental fungal species after interaction in vitro with a
Bacillus subtilis isolate

Alexandre Paulo Machado™?, Viviane Karolina Vivi', José Roberto Tavares?, Frederico

José Gueiros Filho” and Olga Fischman®

'Departamento de Ciéncias Basicas em Saude; Faculdade de Ciéncias Médicas; Universidade Federal de Mato
Grosso; Av Fernando Corréa s/n; Cuiaba — MT - Brasil. *Departamento de Bioquimica; Instituto de Quimica;
Universidade de Sdo Paulo; Av Prof. Lineu Prestes 748; Sdo Paulo - SP - Brasil. *Departamento de Microbiologia,
Imunologia e Parasitologia; Universidade Federal de Sdo Paulo; Rua Botucatu 862; Sao Paulo - SP - Brasil.

ABSTRACT

In this work, we related different reactions in vitro between an environmental bacterial isolate and fungal species.
The Gram-positive bacillus has terminal and subterminal endospores, presented metabolic characteristics of
mesophilic and acidophilic growth, halotolerance, positive to nitrate reduction and enzyme production, as caseinase
and catalase. The analysis of partial sequences containing 400 to 700 bases of the 16S ribosomal RNA gene has
shown identity with the genus Bacillus. However, its identity as Bacillus subtilis was confirmed after analyses of the
rpoB, gyrA, and 16S rRNA near-full-length sequences. Strong inhibitory activity of environmental microorganisms,
such as Penicillium sp, Aspergillus flavus, A. niger, and phytopathogens, such as Colletotrichum sp, Alternaria
alternata, Fusarium solani and F. oxysporum f.sp vasinfectum, was shown on co-cultures with B. subtilis strain,
particularly on Sabouraud dextrose agar (SDA) and DNase media. Red and red-ochre color pigments, probably
phaeomelanins, were respectively secreted by A. alternata and A. niger after seven days of co-culture.

Key-words: Bacillus subtilis, phytopathogenic fungi, environmental fungi, microbial interaction

INTRODUCTION

The genus Bacillus is widely diversified and
spread throughout the world from many sources
such as air, soil, water, and gastrointestinal tracts
of animals and humans (Guo et al., 2006, Earl et
al., 2007, Rintala et al., 2008). Many species are
extremophyles, or tolerant to more strict conditions
such as high alkalinity, acidity, salinity or
temperature (Niehaus et al., 1999, Horikoshi,
2008). Endospore production by such bacilli may
be resistant to desiccation, heat, UV light and
organic solvents (Nicholson et al., 2000). In
general, these microorganisms are saprobes and
rarely pathogenic.

Bacillus spp have powerful biotechnological
applications such as natural biocontrol of pests in
agriculture, probiotics for human and animal
microbiota regulation, and production of
insecticides, antibiotics and enzymes (Nichaus et
al., 1999, Guo et al., 2006, Whipps, 2001).

* Author for correspondence: alepaulo@hotmail.com

Antagonistic bacteria like Bacillus generally act by
antibiosis (Arras and Arru, 1997). Antibiosis
against phytopathogenic microorganisms has been
frequently associated with secondary metabolites
(Romero et al., 2007, Pryor et al., 2007, Keel and
Défago, 1997). Co-cultures of filamentous fungi
and Bacillus spp can lead to increased bacteriocins
production (Abee et al., 1995, Cornea et al., 2003).
The synthesis of these inhibitory substances have
been described in different species, such as
Bacillus subtilis, B. cereus, B. amyloliquefaciens,
B. stearothermophilus, B. thuringiensis, B.
megaterium, B. polymixa, B. brevis, B.
licheniformis and B. circulans (Abee et al., 1995,
Whipps, 2001, Stein, 2005).

Many misclassifications have been found in the
phylum Firmicutes (Wang et al., 2007). De Clerck
et al. (2004) reported that analysis of only the 16S
rRNA gene was unsuitable for species or sub-
species identification of the genus Bacillus,
particularly of the cereus and subtilis group.
Sequencing of other genes, such as gyrA and rpoB,
was suggested to aid in molecular identification of
the subtilis group because of the great homology



among 16S rRNA sequences (Chun and Bae, 2000,
Earl et al., 2007).

In this investigation, we present different
interactions in vitro of environmental and
phytopathogenic fungi with a Gram-positive
bacillus isolated from soil. This bacterial specie
was identified through their phenotypical profiles
and molecular sequencing analyses.

MATERIAL AND METHODS

Microorganisms

Approximately 10 g of soil were randomly
collected in the University Federal of Mato Grosso
Campus, Cuiaba (Mato Grosso, Brazil). The
samples were homogenized separately with 100
mL phosphate buffered saline (PBS) pH 7.2 in 200
mL glass beakers, filtered in a common paper
filter, and decanted for two hours. Supernatants
were diluted to concentrations of 1/10 and 1/100,
plated on trypticase™ soy agar (TSA, Difco/BBL),
pH 7.3, and incubated at 30° C for 1 week. Several
fungi and bacterial colonies were observed in these
cultures. However, only the bacteria that exhibited
antifungical activity were selected for later studies
against environmental fungi (Penicillum sp,
Aspergillus flavus, A. niger) and phytopathogens
(Alternaria alternata, Fusarium solani, F.
oxysporum f.sp vasinfectum, Colletotrichum sp).
All fungal species used in this study were
previously cultivated on Sabouraud dextrose agar
(SDA, Difco/BBL) supplemented with 80 mg/L
gentamycin.

Classical characterization

The preliminary identification of the bacteria was
performed by macroscopic analysis of colonies and
microscopic morphology, including endospore
position and Gram stain. Biochemical tests were
performed for citrate utilization; nitrate reduction;
growth on mannitol and growth in 6.5 and 10%
NaCl; production of H,S, indole, methyl red,
Voges-Proskauer (VP); and hydrolysis of esculin
(Foldes et al., 2000, Reva et al., 1995, Winn et al.,
2006). Enzymatic tests were performed to detect
production of amylase, ornithine-decarboxylase,
oxidase, catalase, urease, lecithinase, DNase,
lipase, caseinase and haemolysins (Winn et al.,
2006, Sanchez-Porro et al., 2003). The growth of
the bacterial strain on TSA and tryptic soy broth
(TSB, Difco), pH 7.3, and SDA, pH 5.6, was
observed at different temperatures (4°, 20°, 25°,
37°, 42°, and 55° C) over intervals of 24 and 48
hours.

Co-cultures

Bacterial and fungal inocula were cultivated at a
distance of 3 to 5 cm from each other on Petri
plates containing TSA or SDA. Co-cultures were
maintained at 28°C and were observed daily for
one week. Antagonistic activity was verified by
inhibition halo growth of fungal species (Cornea et
al., 2003, Lisboa et al., 2006). Co-cultures of the
bacterium and fungi species were also performed
in DNase agar with 0.1 g/L toluidine blue
(Difco/BBL), pH 7.3, using Staphylococcus
aureus ATCC 25923 as the positive control and
Staphylococcus epidermidis ATCC 12228 as the
negative control. DNase agar was used specifically
for co-cultives because we saw previously that the
zones with enzymatic activity in this medium
coincided with a green fluorescent light ring
around the bacterial colonies. Green fluorescent
light was correlated with zones of fungal inhibition
in vitro in the co-cultures. Furthermore, we wanted
to investigate the relationship between nucleic acid
hydrolysis and microbial antagonism. To verify
whether the substances produced by the bacillus
reacted with dye used in the DNase medium, co-
cultures were performed on SDA Petri-plates
supplemented with 0.1 g/L toluidine blue.

Extraction and purification of genomic DNA
After 24 hours growth at 30° C on TSA, bacterial
colonies were suspended in 400 pL of lysis buffer
containing 50 puL of lysozyme and 25 upL of
RNase, yielding final concentrations of
approximately 1 mg/Eppendorf tube and 10
pg/mL, respectively. Eppendorf tubes were
incubated at 37° C for 15 min with careful shaking.
Then, 50 pL lauroylsarcosine 20% (Sigma
Aldrich) was added to the lysates, which were kept
on ice for 5 min to obtain a translucent material.
Approximately 500 pL of phenol:chloroform
(Sigma Aldrich) was added to the tubes. Genetic
material was precipitated in 1 mL ethanol with 0.3
M NaOAc for 5 min at room temperature. The
pellet was centrifuged and quickly washed with
70% ethanol, and resuspended in 100 puL TE
buffer. Genomic preparations were quantified
using a spectrophotometer at 260nm and samples
were kept at -20° C until use.

Amplification of 16S rRNA, rpoB and gyrA
genes

The PCR-reactions were performed with the
following universal primers: 16S rRNA (8bF, 5'-
ACTGGGATCCACAGGAGTGCAAACGACG



A-3’; 518f, 5’- CCAGCAGCCGCGGTAAT-3’;
1406r, 5’-ACGGGCGGTGTGTRC-3’; and 1512r,
5'- CTGAAGCTTACGGYTAGCTTGTTACGAC
TT-3"), gyrA (gyrA-f, 5>-CAGTCAGGAAATGC
GTACGTCCTT-3’ and gyrA-r, 5’-CAAGGTAA
TGCTCCAGGCATTGCT-3’), and rpoB (rpoB-f,
5’-AGGTCAACTAGTTCAGTATGGAC-3" and
rpoB-r, 5’-AAGAACCGTAACCGGCAACTT-3’)
(De Clerck et al., 2004). Each 50 uL. PCR reaction
mix contained 5 pL Taq buffer 10x, 3 pL MgCl,
25 mM, 0.4 pL dNTPs 25 mM, 0.5 pL Tag-
polymerase 5 U/mL (all reagents from Fermentas),
1.25 pL primer 20 mM, 50 ng genomic DNA and
36.1 uL H,O milli-Q. A positive control reaction
was directly performed from bacterial cells and
PCR mix. The PCR reactions were performed in a
BioRad thermal cycler (PTC 1148 MJ mini
thermal cycler) using 35 cycles (1 min denaturing
at 94° C, 1 min annealing at 48° C, 2 min
extension at 72° C, and finally a 9 min extension at
72° C. The resulting amplicons were subjected to
ultrapure 1% agarose gel electrophoresis
(Invitrogen) using GeneRuler 1 kb DNA ladder
(Life Sciences) as a molecular weight marker.

Sequencing of 16S rRNA, rpoB, and gyrA genes
and sequence analyses.

Five PCR products from each amplified gene were
extracted from agarose gel with QIAEX II Gel
Extraction Kit (QIAGEN). Each 15 puL. PCR
reaction contained 100 ng purified DNA, 3 uL
sequencing buffer 5X, 2 pL Big Dye, 10 pmol
primers  and H,O.  Gene sequences were
determined on an ABI PRISM® 3100 Genetic
Analyzer (Applied Biosystems). The Bioedit
program and ClustalW2 (www.ebi.ac.uk/Tools
/clustalw2/index.html) were used to sequence
alignments. Partial sequences were blasted in the
bank databases, such as GenBank (www.ncbi.nlm.
nih.gov), EMBL (www-db.embl.de), RDP 1I
(rdp.cme.msu.edu), DDBJ (http://blast.ddbj.nig.
ac.jp/top-e.html).

Nucleotide sequencing accession numbers
Partial sequences of environmental bacillus strain
were deposited in GenBank under accession
numbers FJ025759 (rpoB), FJ025758 (gyrA),
FJ025757 (16S rRNA).

RESULTS

Classical and molecular classification

The Gram-positive bacillus presented terminal and
subterminal endospores, growth at temperatures of
4 to 40° C, halotolerance and good growth on acid

media (SDA), pH 5.6. The reactions were positive
for methyl red, Voges-Proskauer, motility,
mannitol growth, nitrate utilization, as well as
production of catalase, oxidase, caseinase,
ornithine decarboxylase. = The reactions were
negative for citrate utilization, esculin growth, as
well as production of amylase, urease, indole,
lecithinase, lipase, hemolysins and gas. The 16S
rRNA gene was amplified directly from bacterial
cells or genomic DNA using primers 8bf and
1512r. Fragments of approximately 1.5kb were
sequenced, and partial 5° and 3’ sequences
containing 400 to 700 bases were aligned and
analyzed. These sequences demonstrated 100%
identity to the Bacillus genus in all bank databases.
However, a crossed identity of ribosomal genes
over 95% was detected among species of B.
amyloliquefaciens, B. velezensis and B. subtilis.
Subsequently, the primer 518f was used to amplify
the central region of 16S gene. A near-full-length
cDNA sequence of 16 S rRNA gene with
approximately 1.437 nucleotides was produced
after manual alignment of 3’ and 5’ sequences
from the PCR-products generated with primers
8bf, 518f and 1512r. Other genes, such as rpoB and
gyrA, were analyzed to confirm the species B.
subtilis.

In vitro interactions

Antibioses of Gram-positive bacillus was observed
in co-cultures against all fungal species, including
environmental fungi such as Penicillum sp, A.
flavus, A. niger (Figure 1A), and phytopathogens
such as A. alternata, F. solani, F. oxysporum f.sp
vasinfectum and Colletotrichum sp. Antifungal
activity was more pronounced on SDA medium,
suggesting increased synthesis of inhibitory

substances in acid pH. In many instances, a line of
precipitation was verified in co-cultures plates near
the bacterial colony (Figure 1-B).
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Figure 1 — Co-cultures between environmental strains
of A. niger and B. subtilis (Bs). A) Inhibition of the
fungal colony on SDA medium. B) Precipitation line
formed near the bacterial colony.



Green fluorescence was observed after exposure to
ultraviolet light (UV), particularly in the inhibition
zone. Inhibitory zones on DNase medium (Figure
2) containing toluidine-blue dye were initially light
pink in color and then became yellow, whereas
inhibitory zones on SDA medium with the same
dye did not exhibit this pigmentation.

Figure 2 — Inhibitory growth of phytopathogens on
DNase medium and zone linked to the antifungical
activity of B. subtilis (Bs). A) F. oxysporum
B) Colletotrichum sp.

Diffusion of reddish-brown and red pigments,
which were most likely phacomelanin, on agar
plates by fungal colonies of A. niger (Figure 3-A)
and A. alternata (Figure 3-B) were observed after
one week of co-culture with B. subtilis.

A

Bs

Figure 3 — Reddish-brown and red pigments secreted
by Asp. niger (A) and A. alternata (B) after one week
of co-culture with B. subtilis (Bs).

DISCUSSION

The identification of the Bacillus species is very
difficult due to the high level of phenotypic
variability, environmental diversity, and absence of

suitable qualitative methods. For this reason,
molecular analyses have been advantageous tools
in characterization of the Bacillus spp. The phylum
Firmicutes presents high homology in gene targets
for phylogenetic characterization, such as 16S and
23S rRNA (Earl et al., 2007, Wang et al., 2007,
Bavykin et al., 2004). Several conserved proteins
related to cellular transcription and replication,
such as RNA polymerases and DNA gyrases,
respectively, can also be used in gene sequencing
and phylogeny (Earl et al., 2007, Chun and Bae,
2000). Although the genetic heterogeneity of these
proteins could be interesting for molecular
characterization, a high intra-specific homology on
subunits o or B may be found across Bacillus
groups making this a poor marker for
differentiation of species and subspecies. The
recovery of partial (over 400 bp) and near-full-
length sequences have resulted in more accurate
molecular identification than short sequences (near
200 bp) (Wang et al., 2007). Similarity among
aligned sequences should be > 99% and the ideal is
above 99.5%. In this investigation, we did not
succeed in species-specific characterization after
sequencing the 16S rRNA gene. Identity of 100%
with sequences of B. subtilis available in the
database banks was observed only after crossing
the near-full-sequence of 16S rRNA gene and gene
sequences of gyrA and rpoB.

Gram-positive bacilli are found in soil, acting as
bioregulators, biocontrollers, and decompositors
(Whipps, 2001, Araujo et al., 2005, Keel and
Défago, 1997). Microbial interaction studies are
very important in the discovery of antimicrobials,
insecticides, and pro- and pre-biotics (Whipps,
2001, Guo et al., 2006, Stein, 2005). A variety of
interactions, such as competition for nutrients or
space, may be the cause of antagonistic reactions
(Whipps, 1997, Keel and Défago, 1997).
Antibiosis normally occurs via the release of
substances that inhibit microbial growth (Whipps,
2001). The production of secondary metabolites
by Bacillus spp, including antibiotics of low-
molecular-weight and natural cyclic-peptides, has
been related to the inhibition of many organisms,
including fungal species (Stein, 2005, Romero et
al., 2007). The bacterium studied has shown good
antifungal activity to environmental fungi and
phytopathogens, particularly by antibiosis. As
expected, B. subtilis that presented biocidal
effectors against fungi has been utilized as a
biocontroller of phytopathogenic fungi (Broggini
et al., 2005). Precipitation lines between Bacillus
and fungi colonies have been reported (Cornea et
al., 2003). These are most likely due to compounds
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produced by the fungus that spreading on agar may
be associated with inhibitory substances produced
by the Bacillus sp.

Antagonism in vitro varies according to culture
media, bacterial antagonist and fungal species
(Walker et al., 1998). The pH might be crucial for
inducing enzyme production by Bacillus spp from
an intestinal source. In our research, a more
pronounced inhibition of fungi occurred on the
acid medium (SDA, pH = 5.6) compared to TSA,
pH = 7.3. There are evidences that fungal
inhibitory effects may be caused by enzymatic
compounds (Cornea et al.,, 2003, Bizani and
Brandelli, 2002, van der Wal et al., 1995). Active
enzymes from Bacillus spp can damage fungal
cellular walls (Barbosa-Corona et al., 1999,
Mavingui and Heulin, 1994). Bacterial exo-
chitinases and glucanases may have an important
antagonist role against fungi (Dijksterhuis et al.,
1999, Keel and Défago, 1997). Many Gram-
positive bacteria are good producers of DNase
exoenzymes (Sanchez-Porro et al., 2003). In this
study, we observed a relationship between
antifungical activity and DNA-hydrolysis zones,
suggesting that the secreted inhibitory factors may
be involved with DNases. However, future studies
are needed to investigate this hypothesis.

In many instances, microbial resistance to hostile
environment is directly associated with dark
pigmented polymers (Henson et al., 1999,
Jacobson, 2000). Melanized cells are more
resistant to hydrolytic enzymes, oxidative radicals,
high temperatures, antifungals, and host defenses
(Nosanchuck and Casadevall, 2003, Henson et al.,
1999). In this work, a striking secretion of melanin
by melanogenic fungi after co-culture with B.
subtilis was verified in agar plates, showing that
fungi under stressful growth conditions can
produce pigments that may give more protection
against bacterial substances or may be the result
the melanin pathway stimulation by secondary
metabolites.

Biocontrollers have been proposed as safe methods
due to their natural effects against phytopathogens,
low operational cost, ease of growing, high
resistance to environmental conditions, stability
during the industrial process, and non-toxicity to
life (Elad, 2003, Pryor et al., 2007, Whipps, 1997).
The interactions of Bacillus spp with plants and
soils have been linked to increases in vegetable
biomass, elimination of pathogenic flora and more
efficient fixation of nitrogen compounds (Whipps,
2001, Keel and Défago, 1997). These
microorganisms may thus act as “phyto-
probiotics”. Regional utilization of biocontrols

may be more attractive and ecologically suitable
than other available alternatives largely used in
local agriculture pest control, such as chemical
pesticides.

In this research, a natural antimicrobial action
against environmental and phytopathogenic fungi
was detected from an environmental bacterium
isolate, indicating that this microorganism has the
potential for biotechnological application as a
biocontrol agent. However, more experimental
assays are necessary because the fungal induction
of melanogenesis process may be a factor related
to increased resistance and virulence of many
species.
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RESUMO

Na presente investigagdo, nosso objetivo principal
foi relatar diferentes interagdes in vitro de um
isolado bacteriano ambiental com espécies
fungicas. Através da identificagdo classica, nos
verificamos que o bacilo ambiental apresentava
endosporos terminais e subterminais,
caracteristicas metabodlicas de mesofilia, acidofilia,
halotolerancia, redugdo de nitrato ¢ produgdo de
enzimas, como caseinase e catalase. Analise de
seqliéncias parciais do gene 16S RNAr contendo
de 500 a 700 bases revelou identidade com género
Bacillus. No entanto, a espécie Bacillus subtilis foi
confirmada somente depois da andlise de
seqliéncias dos genes rpoB, gyrA, and 16S RNAr.
Intensa atividade inibitoria aos fungos ambientais,
como Penicillium sp, Aspergillus flavus, A. niger, e
fitopatogénicos, como  Colletotrichum  sp,
Alternaria alternata, Fusarium solani e F.
oxysporum f.sp vasinfectum, foi observada em
coculturas com a cepa bacteriana (B. subtilis),
particularmente em agar Sabouraud dextrose e agar
DNase. Pigmentos de cor avermelhada e vermelho-
amarronzado, provavelmente feomelaninas, foram
secretados respectivamente por colonias de A.
alternata e A. niger depois de sete dias de co-
cultivo.
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Abstract

In the present study, we studied peripheral tolerance following stimulation of
two different sites in mice groups (BALB/c, Swiss, C57BL6) by inoculation of the
fungus Fonsecaea pedrosoi. Using this murine model of infection, we show that
immune induction with antigens at more than one site leads to immune suppression in
murine chromoblastomycosis (CBM). Footpad infection and simultaneous stimuli of the
peritoneum or mucosal routes appears to cause persistent infection and fungal
metastasis. Using mice knockouts (KO), we observed that co-stimuli caused progressive
illness in CD8-KO animals and an effective immune response in the absence of IL-10.
In Xid mice, co-stimulation provoked chronic infection, suggesting that B1 B-cells play
an important role in control of fungal infection. Long persistence of fungal cells in Xid
mice was linked to microbial adaptation for the parasitary life. The tissue response to
infection was similar in all mouse groups co-stimulated that in anatomopathologic
sections revealed multi-focal and granuloma-like lesions. In general, these mice showed
resistant response at primary antigenic-site with an intense migration of
polymorphonuclear leucocytes (PMNs), whereas the other distant site (footpad) showed
signs of immunosuppression. The migration of PMNs to the secondary site (footpad)
increases in later periods of infection and was associated with fungal elimination,
especially after disappearance of the primary antigenic-focus. Our findings suggested
that the inflammatory/immunosuppression mechanisms induced by antigenic co-
stimulation to solve systemically the same problem acts coordinately by local distinctly

responses.

Keywords: Fonsecaea pedrosoi, experimental chromoblastomycosis, peripheral tolerance

Abbreviations: CBM, chromoblastomycosis; SDA, Sabouraud dextrose agar, PMNs,
polymorphonuclear leucocytes; H&E, hematoxylin-eosin; KO, knockout; EDTA,
ethylenediaminetetraacetic acid; MHC-II, major histocompatibility complex class II; IL,
interleukin; TNF, tumor necrosis factor; IFN, interferon; CD4, cluster of differentiation
4; CD8, cluster of differentiation 8; APC, antigen-presenting cell; Xid, X-linked
immunodeficiency.
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Introduction

Since the beginning of the 20" century, host immunity linked to rejection of the
same tumors at sites distant from the prior inoculated metastized tumor has attracted
attention [1, 2]. Then, the phenomenon of microbial immunosuppression and its relation
with host tolerance has been reviewed [3]. Mice infected on the footpad with
Mycobacterium lepraemurium and simultancously challenged with the same heat-
killing microorganism were found to be hyporesponsive to infection [4]. Surprisingly,
host inter-specific microbial co-stimuli have been associated with down-modulation of
the immune response to helminthic infections, as well as to vaccines commonly used
worldwide [5-8]. This promiscuous immunity probably occurs because once the
suppressive response is activated, it seems to be nonspecific [9]. More recently,
however, a link between T suppressor cells and peripheral tolerance induced after
Leishmania major inoculation at two sites has been described [10, 11].

Over the past 15 years, evidence has accumulated that suppressor cells such as
CD4'CD25" T regulatory cells (T regs) are important for peripheral tolerance and
down-regulation of various immune responses [12, 13]. The production of tolerant cells
may be beneficial to hosts and parasites [9, 14]. The immunosuppressive response
provoked by these cells can, for instance, block the collateral tissue damage that results
from excessive inflammation and can cause chronic or persistent infections, as well as
the remain of the microbes in the host for an extended period that may cause of
adaptions to a parasitic co-existence [15]. Control or regulation of the immune system
to prevent or minimize the damage caused by reactivity to antigens or over-active
immune responses to pathogens can be modulated either by immunosuppressive cellular
contacts or by production of cytokines [9, 15]. Suppressive cells also produce
interleukin-10 (IL-10), and exert strong anti-inflammatory effects [15, 16]. The severe
human form of chromoblastomycosis (CBM) has been shown to correlate with high
levels of IL-10, whereas low or moderate clinical manifestations correlate with lower
production of IL-10 [17].

Local and systemic action of lymphocytes may have different features for CBM
disecase. Fonsecaea pedrosoi infection in athymic mice with higher susceptibility
regressed following the adoptive transfer of lymphocytes [18], thus demonstrating the
importance of these cells to fungal control. The absence of CD4 T cells has been
reported as a factor that inhibits the ability of mice to defend against F. pedrosoi [19].
On the other hand, the significant migration of polymorphonuclear leucocytes (PMNs)
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to the inoculation site may be linked with resistance to F. pedrosoi infection [18, 20,
21]. Macrophages may induce neutrophil apoptosis through membrane tumor necrosis
factor (TNF) [22]. This apoptosis may lead to the release of complement proteins,
microbicidal molecules, and oxidative enzymes, as well as the activation of phagocytes
for subsequent clearance [23, 24].

The development of immune responses to antigens may depend on the
interactions between reactive-T cells and B cells [25]. Despite the professional antigen-
presenting macrophages and dendritic cells, mature B lymphocytes play a pivotal role in
autoimmunity as antigen-presenting cells (APCs), as well as in cellular responses to
self-antigens [26]. Furthermore, the possible presence of B-cells may also be important
for the host “peripheral intolerant” response to non-self-antigens.

In general, animals inoculated at a single site with high parasitic burdens of F.
pedrosoi cells have proven unsuitable as models of experimental CBM, especially
because of the acute course of infections and efficient fungal elimination by the host
response [20, 27-29]. However, the inoculation of CBM agents in different peritoneal
sites in mice allows increased fungal persistence [30, 31]. Following the studies that
showed increased host susceptibility to F. pedrosoi, we have become interested in
understanding the elementary immune mechanisms involved in the induction of
persistent mycosis through antigenic stimulation of multiple sites.

Despite many studies on peripheral tolerance to self- and non-self-antigens,
many of the in vitro and in vivo mechanisms remain uncertain. Therefore, the main goal
of the present study was to verify the outlines of murine immune response stimulated by
the same microbial antigens at two sites, using different antigen-presenting routes,
viable and unviable inocula, specific animal knockouts, and Xid mice (which are

deficient in B1 B-cells).

Materials and methods

Mice

Lineages of 6- to 8-weeks-old mice weighing approximately 23 g were used
throughout this study. The specific-pathogen-free animals were purchased from the
Centre of Development for Experimental Models to Medicine and Biology
(CEDEME/UNIFESP) and from the Biotery of Isogenic Mice of the Department of
Immunology of Sao Paulo University (ICB/USP), Sao Paulo, Brazil. The protocol used
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was approved by the UNIFESP Ethics Committee (project 0808/05). Twenty mice were
used for each group. A lethal dose of two cycles of 300 rad was administered
individually to one group of BALB/c mice because of the radiosensitivity of peritoneal
B1 B-cells. All experimental procedures were conducted in accordance with standard

guidelines on the use and care of laboratory animals [32-34].

Microorganism

Fonsecaea pedrosoi strain EPM — 380/03, isolated from a patient with CBM
examined in 2003 in the Dermatology Outpatient Department of Federal University of
Sao Paulo (UNIFESP), was cultivated on Sabouraud dextrose agar (SDA, DIFCO
Laboratories, Detroit, MI) supplemented with 80 mg/L gentamicin at a temperature of
25 °C. The F. pedrosoi strain was subcultured every 15 days into SDA with gentamicin.
To enhance fungal virulence, the F. pedrosoi was intraperitoneally reinoculated three
times in animals at concentrations of 1 x 10°® cells/mL, and recovered 12 days later in

Mycosel ™ agar (BD BBL, Franklin Lakes, NJ, USA) [30].

Inocula

Fungal cultures of were incubated in 300 mL of potato dextrose broth (PDB,
DIFCO Laboratories), supplemented with 80 mg/L gentamicin and 0.05 mg/mL
chloramphenicol, pH 5.7, at 30 °C for 30 days in cylindrical 1-L glass bottles
(KIMAX® GL-45, DAIGGER Lab Equipments and Supplies) at 100 rpm on a gyratory
shaker. These cultures were then filtered twice on ordinary filter paper, and the cells
were recovered by centrifuging the filtrate at 3000 g for 10 min. Conidia and yeast-like
forms were the most abundant cell types based on light microscopy.

F. pedrosoi cells were washed and concentrated three times in phosphate-
buffered saline (PBS). Inoculum viability was determined using Calcofluor white. The
suspensions containing fungal forms were adjusted in PBS to concentrations of 1 x 10°

cells/mL in a Neubauer chamber.

Mucosal antigenic and peritoneal stimulation

Fungal inocula were autoclaved in 50-mL Falcon tubes for 20 min at 121 °C.
Approximately 50 pL of autoclaved inoculum containing dead cells were orally
administered (v.0.) three times a week to BALB/c mice, and after the last dose of the

week, the footpad was concomitantly infected subcutaneously (s.c.) with viable fungal
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cells. Other BALB/c group was tracheotomized in order to allow injection of 50 puL of
heat-killed inoculum into the pulmonary mucosa. The remaining groups were inoculated
intraperitoneously (i.p.) with approximately 100 pL of heat-killed inoculum. Animal
groups stimulated at two sites were immunized and subsequently infected, except for

the ones previously treated v.o.

Infectious immune stimulation at one and two sites

Ten minutes prior to infection, animals were anesthetized i.p. with 0.4 pL of
Anasedan and 0.35 mL of Dopalen per kg body weight (http://www.vetbrands.com.br).
Three groups of mice (BALB/c, Swiss, C57BL/6) were infected s.c. on the plantar side
with 50 pL of viable inoculum. Another three groups of the same lineages were infected
with viable inocula on the footpad and peritoneum. After observation of distinct host
reactions among the BALB/c mice infected at one and two sites, we performed i.p.
stimulation of the double-stimuli (two-site stimulation) group with 100 pL of heat-killed
fungal cells, and subsequently footpad infection s.c. with 50 uL of viable inoculum.

In this study, we also aimed to analyze cellular responses in vivo following
double stimulation (i.p. and s.c.). We used groups of animals with knockouts of CD4,
CD8, TNF-a, IL-10, or MHC-II, as well as BALB/c mice deficient in B1 B-cells and
mice that had been irradiated (see animal groups in “Mice”). A 50 uL volume of PBS
was administered to five mice in each of the three lineage groups (BALB/c, Swiss,
C57BL/6) to serve as negative controls. Swelling was monitored every week up to a
maximum of 165 days using a Mitutoyo digital caliper (http://www.mitutoyo.com).
Footpad volume was calculated based on height and width measurements and the
mathematic formula for the volume of a cylinder. Results are expressed as mean + SE.
Based on normality data as defined by the omnibus normality test of D'Agostino and
Pearson, significant differences were determined using Student's t, Friedman, and
ANOVA tests (Prism software, http://www.prism-software.com). Three animals from
each group were sacrificed and organs were removed weekly from groups infected
unifocally, or monthly from mice inoculated at two sites. A portion of each specimen of
infected tissue was cultivated on SDA at 37 °C for 20 days. Tissue fragments of
peritoneal abscesses and infected footpads were clarified with 20% KOH Parker ink for

observation by direct microscopy.

Histopathology

Machado 6



Tissue specimens were left in 10% formalin for more than 12 hours, irrespective
of whether they contained macroscopic black spots or not. Bone tissue from the feet was
decalcified with 5% ethylenediaminetetraacetic acid (EDTA) [35]. The specimens were
embedded in paraffin, and serial sections with a thickness of 3-5 um were stained with

hematoxylin-eosin (H&E) [31].

Results and Discussion
One-site infection

Our previous studies demonstrated that mice infected with concentrated inocula
of F. pedrosoi hyphae show an intense inflammatory response. However, the
inflammatory response was less vigorous when similarly concentrated conidia inocula
were used, indicating that different fungal forms trigger different host responses. At 15
days after inoculation, the site of infection on the footpad showed the presence of
conidia; fungal budding-cells, which are oval or round forms with a more rigid and
thicker cell wall; and small, thin hyphae probably resulting from conidia germination.
Sclerotic-like forms were observed an average of 25 days after infection. In general,
destruction of conidia and small hyphae occurred as early as during the second week
[36]. The infected footpads showed an intense inflammatory response, which normally
decreased starting 30 days after inoculation (Graph 1). Clinical and mycological cure of
F. pedrosoi infection at one site commonly regressed after 35 days due to an intense
inflammatory response that was linked to an abundant PMN migration to the abscess.
Acute infections with CBM agents and the production of neutrophilic abscess or
exudates after inoculation at a single site have been described [21, 29, 37, 38]. Recently,
an antimicrobial complex termed the neutrophil extracellular trap (NET) has been
reported that efficiently binds and kills microorganisms and is released after neutrophil
degranulation [39]. In our previous study, we suggested that the fungal killing in vivo
may be due to the cellular discharge of these complexes at sites of inflammation [36].
Thus, the intensity of neutrophil infiltration may be a factor associated to host resistance
and it may interfere with the adaptive process in which fungal pathogens shift to

parasitism.

Co-stimuli
Inoculation of Leishmania major at two sites in BALB/c mice has been shown to

induce the migration of regulatory T cells to one of the infection sites, resulting in

Machado 7



greater infection persistence than in animals inoculated at a single site [11]. Persistent F.
pedrosoi infection occurs following fungal inoculation at various peritoneal sites [30].
Similarly, data in the present study show mice immune-stimulated at two sites
(peritoneum and footpad) with viable F. pedrosoi cells developed persistent infection.
Further experiments in this study have shown that this persistence arises when animals
are inoculated with viable and nonviable cells respectively at the footpad (s.c.) and
peritoneum (i.p.). Surprisingly, the increase of the footpad volume and fungal
persistence in animals inoculated at two sites with viable and nonviable cells were
similar to those in animals inoculated at two sites with only viable cells. This
demonstrates that the presence of antigens at different sites can stimulate inflammatory
reactions different from those triggered by unifocal stimuli (Graph 1), regardless of the
cellular viability of the parasite. This result was observed in all groups, including
outbred mice (Graph 2).

Thus, double-stimulated animals developed persistent infection. In addition, we
observed different tissue responses in anatomopathologic sections of animals stimulated
at one and two sites. Mice inoculated at a single site produced a neutrophil-rich abscess
[36] , while groups concomitantly stimulated at more than one site showed multiple
focal lesions (granuloma-like) that were rich in histiocytes, especially on the footpad
(Figure 1). We frequently observed a neutrophilic abscess with the characteristics of
intense acute inflammation in peritoneal tissue from animals co-stimulated. The
decrease in fungal cells (sclerotic bodies) of the multifocal lesions on the footpad
correlated with an increase in neutrophil migration to these sites that begins primarily
after the disappearance of the peritoneal abscess in the absence of antigen. This finding
demonstrates that the development of an efficient inflammatory response at one
infectious site (footpad) depends on the elimination of the antigenic stimulus at another
site (peritoneum).

The lack of host immunity has been attributed to the metastasis of sclerotic cells
in an experimental CBM model with a deficient immune cellular response [18].
Dissemination of sclerotic cells from the footpads to other sites, such as scrotum, liver,
tail, spleen, pancreas, and viscera has frequently been observed in double-stimulated
mice (Figure 2). Cellular response is the most important mechanism of defense against
fungi, and it is mediated primarily by neutrophils [40, 41]. Compromising or

suppressing their function therefore increases vulnerability to fungal infections [42].
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Infectious tolerance caused by humoral or cellular factors may suppress neutrophilic

activity by means similar in infections by Aspergillus fumigatus [43].

Co-stimulation of mucosa and footpad

The generation of systemic tolerance after oral antigen exposure is well
established, and it generally requires high doses of antigen [48-50]. To test whether
fungal stimulation at two sites well-recognized to be tolerant route can also cause an
immunosuppressive response, we inoculated nonviable cells in oral or pulmonary
mucosa before infecting the footpad. At that point, the concept of “super-infection” as
inducer of a tolerant response seemed unclear because responses were similar in animals
co-stimulated independently if the one primary-site were inoculated with viable or
nonviable fungal cells. Indeed, intense inflammatory response and efficient fungal
control have been shown to correlate with high inoculum concentrations in animals that
received stimuli at one site [36]. In addition, we think that the inflammatory process at a
sole site of F. pedrosoi infection reduces local immunosuppression. In our case, footpad
swelling had become less intense and lesions only stabilized after two months of mice
group that were immunized by v.o. prior to infection (Graph 3). This result suggests that
antigenic co-stimulation can raise the probably periferical tolerance to F. pedrosoi
infection, as evidenced in the present study by the lower inflammatory response at sites
of secondary infection in mice that were pre-stimulated (v.o.) and that subsequently
developed persistent infection. BALB/c mice concurrently stimulated via tracheal
immunization and subcutaneously infected on the footpad showed swelling similar to
that seen after unifocal infection in early periods of infection, but the double-stimulated
animals subsequently showed persistent infection (Graph 4).

Such oral and pulmonary stimuli causing later persistent infection of the footpad,
suggesting that antigenic induction of both mucosal routes can promoted a peripheral
tolerant response to fungal-antigens. The tolerant response is more apparent in group
previously treated v.o. with antigenic doses prior to infection than mice challenged i.t.
In general, in both co-stimuli groups, the healing phase of the infectious process started
after five months, in contrary of animal groups inoculated at single-site that healed often
after two months. Histological characteristics were similar for mice intraperitoneally
stimulated. The footpad lesions of mucosal-stimulated mice were also lessened during
the increase in neutrophil migration to the infection site (footpad), as seen in the group

challenged at the peritoneum after absence of antigen in primary focus. Thus, it is
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possible that the immune response for controlling specific pathogens at multiple sites
resolves the infection only one site at a time. The natural attempt of immune response to
exhibit particular actions (sectoral) to eliminate one infectious foci at a time may be
beneficial for the host as a whole. Indeed, necrosis of multiple sites or a strong
inflammatory response at several sites would be extremely harmful to the host. The
problem with peripheral tolerance is the length of time that the infection continues,
which may allow the pathogen to adapt to the host by becoming parasitic. Nevertheless,
although persistent infection was observed in the present study following co-
stimulation, experimental chronic disease due to CBM agents probably also depends on
pre-adapted virulent fungal forms that resist the host stress conditions, including
neutrophil action. Thus, the chronic course of the disease may be a function of such

factors as fungal forms and host immunity.

One- and two-site immune stimulation of KO mouse with deletions of CD4, CDS, I1L-10,
MHC-II, or TNF

We studied various KO mice to verify the insights described above concerning
murine peripheral tolerance to F. pedrosoi infection. Although KO animals infected at
one site were generally more susceptible to fungal infection than wild-type mice
(Graphs 5- 9), the KO groups showed similar tissue reactions and cure route. However,
the course of infection was different in the CD4 and CD8 KO mice receiving
concomitant stimulation. For example, the CD4 KO mice showed significant footpad
swelling soon after infection, and this regressed by 60 days in most cases (Graph 5).
Various CD4 KO mice that were double-stimulated normally healed after 165 days. In
contrast, CD8 KO mice presented larger necrotic lesions with progressive footpad
swelling and no signs of healing (Graph 6).

Suppressed host immune response against chromoblastomycosis agents may be
related to the induction of a specific population of T cells [44]. Thus, mice stimulated at
two sites can display a late protective response in the absence of T CD4 receptors
(healing after 165 days), whereas CD8 KO animals have severe, progressive infection,
suggesting an increase of suppressor activity specific to F. pedrosoi antigens at
secondary infectious foci in the absence of CDS8 receptor. In histological sections,
neutrophilic abscesses were seen on tissues from all animals infected at a single site
(s.c.) and focal lesions rich in histiocytes in groups stimulated at two sites (i.p./s.c).

Induction of a suppressive response by T regulatory cells has been shown to be
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dependent on MHC 1I [45, 46]. Fonsecaea pedrosoi is an extracellular parasite and its
antigens are probably displayed by APCs, mainly through the MHC II route. Our results
demonstrate that co-stimulation probably is caused independent of MHC II because
MHC-IT KO mice showed persistent infection (Graph 7). Although the F. pedrosoi
antigens-processing may occurs by endocytic vesicles.

In a previous study, we showed that neutrophil degeneration in vivo may be
involved in controlling F. pedrosoi cells [36]. Pro-inflammatory cytokines, such as
TNF-0, may be associated with neutrophil apoptosis during inflammatory processes
[22]. We also observed persistent infections in TNF KO animals stimulated at two sites
(Graph 8). Furthermore, high levels of IL-10 have been detected after immune co-
stimulations [11, 46]. IL-10 has been described as an important cytokine in persistent
and chronic infections. In our investigation, independently of the number of inoculated
sites and histopathological profiles, the IL-10 KO groups showed a similar ability to
eliminate the fungal infection. This indicates that, in the absence of IL-10, infection
does not persist, especially in co-stimulated mice. The finding that IL-10 KO animals
co-stimulated did not have persistent infection (Graph 9), and that tissue reactions were
similar to those of other groups of mice stimulated at two sites, indicates that these
cytokines can play an important role in modulating suppressive immunity to
experimental infection with F. pedrosoi.

Although many of our graphs do not indicate longer-term outcomes because of
the previously mentioned limitation on footpad measurements, the mycological and
clinical healing of KO groups that received two-site stimulation generally occurred after
165 days after infection. Exceptions were the CD8 KO group, which did not heal, and

the IL-10 KO group, which healed similar to animals inoculated at one single site.

Infections of mice deficient in B1 B-cells and irradiated mice

The footpad lesions of Xid mice infected at a single site decreased similarly to
the BALB/c infected-group (Graph 10). However, Xid mice stimulated at two sites (s.c.
and i.p.) had chronic infections. After four months, these mice had disorganized,
enlarged focal lesions with a great number of fungal cells, including small and thin
hyphae (Figs. 3A and B). However, eight months after the infection, both lesions were
small and encompassed, with a low number of sclerotic cells and without thin hyphae
(Fig. 3C and D). Fungal elimination on the footpad in irradiated, double-stimulated
BALB/c mice took longer than in the group inoculated at a single site (Graph 11). This
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host response may be the result of the repopulation with peritoneal B1 B-cells. Thus,
given multiple antigenic stimuli cause chronic infection in the absence of B1 B
lymphocytes and in the presence of these cells the outcomes abrogated, it is possible
that the B-cell population plays antagonistic roles in the suppressive response.

Finally, this model of “infectious tolerance” can be expanded to experiments
with other fungal agents that are used to evoke persistent or chronic infection. However,
microbial cells or potentially infective forms should be employed for experimental
murine infections because these immunosuppressive tools are only auxiliary means to
increase the chances of obtaining durable or persistent infections. The term “super-
infection” has been used in several relates, even for infections at more than one site. We
believe that this term should only be used when high parasite concentrations are
administered at a single localized site, or occasionally for endogenous infections.
However, when the hosts receive the same stimuli at multiple sites, the terms “multi-
foci” or “multi-site infection” may be preferable. Another insight provided by this study
is the possibility that APCs from different sites have different properties that contribute
to immunosuppression in different ways by systemically-dependent and local-
independently fashions.

Thus, our observations suggest that the antigenic co-stimuli cause induction of
an integrated immune system with different local responses that depends systemically as
whole to solve one problem multifocal. If this reasoning is accurate, the co-stimulation
phenomenon involved in immunosuppressive responses may be an important tool to our

understanding of peripheral tolerance.
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Graph 1 — Co-stimuli of footpad and peritoneum causing increase of footpad swelling
and persistent infection in BALB/c mice. Footpads of mice were measured every 15
days for 165 days after inoculation with F. pedrosoi. Animals infected s.c. at the
footpad with viable F. pedrosoi cells (triangles) generally present an infection plateau
after 30 days and healing after 60 days post-infection, whereas lesions of mice co-
stimulated by immunization i.p. with unviable cells and footpad-infection s.c. with
fungus have a strong swelling and slower healing rate (circles). The control group of
animals was treated with 50 pL of PBS (uninfected footpad, squares). Data are shown
with mean and SE values, Student’s t test P< 0.001. Left of the graph are shown images
of footpads 30-day post-infection from mice stimulated at a single site (1) and at two

sites (2).
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Graph 2 — Co-stimulated Swiss male mice were more susceptible to fungal infection
than both female double-immunostimulated and male mice infected at one site.
Footpads of outbreed animals were infected s.c. and immunized i.p., respectively, with
viable and unviable F. pedrosoi-cells. Mice stimulated at two sites present persistent
infection, in contrast to those infected at one site. Data are shown with mean and SE

values, ANOVA test, P <0.05.
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Figure 1- Common histopathological findings of footpad tissue from mice stimulated at
two sites; H&E. Focal lesions that were granuloma-like (A, 40x) and rich in fungal cells
(B, 400x) observed 30 days post-infection. C — After 60 days of infection, lesions
presented low numbers of sclerotic-like cells (arrows; 200x and insert 1000x), rich in
histiocytes™ and organized focal lesions surrounded by fibroblasts®™. D — 90 days post-
infection, high numbers of neutrophils were verified in focal lesions without the

presence of fungal cells.
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Graphs 3 and 4 — Kinetics of footpads lesions from BALB/c mice that were infected
with viable cells of F. pedrosoi and received oral (graph 3) or pulmonary (graph 4)
mucosal stimuli with unviable fungal-cells. Oral route administration was
approximately 50 pL of 1x10° cells/mL heat-killed F. pedrosoi-cells three times
weekly. The other group of mice received a single dose of the same cellular antigen
injected in pulmonary mucosa after tracheostomy. Our data showed that the prior
stimulation by the oral route can produce a lower early inflammatory response, whereas
animals that were two-site stimulated at the same time (both footpad s.c. and pulmonary
mucosa i.t.) have a similar response to mice infected at one site, with an intense
swelling at approximately 30 days. Data are shown with mean and SE values, Student’s
t test was used to verify the significance between double-stimuli and footpad infection

(one-site) data, P > 0.05.
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Figure 2 — Metastasis of sclerotic-like cells in animals stimulated at two sites. A —
Mouse infected with F. pedrosoi-cells at footpad, which the animal received
simultaneously immunization i.p. with heat-killed fungal-cells. B - Common
morphology of sclerotic-like cells that migrated to other sites, 1000x. The metastases

were frequently observed 20 to 40 days post-infection.
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Graphs 5 and 6 - CD4 Ko and CD8 Ko mice that were footpad-infected with viable F.
pedrosoi-cells and co-stimulated at i.p. site with heat-killed fungal-cells (double-
stimuli). In early periods post-infection, increased swelling of footpads was observed in
two animal groups. On the CD4 Ko group, the inflammation decreases after 60 days
(Graph 5). However, CD8 Ko mice did not heal and showed a strong progressive
enlargement of the footpad (Graph 6), suggesting that a non-CD8 lymphocytes
population might be involved in immunosuppressive response exacerbation. Data are
shown with mean and SE values, ANOVA test was used to data of graph 5 and 6, P <
0.05. In the right panel, pictures of histopathological sections from the footpad of a one-
site infected CD8 Ko mouse at 60 days (A), and enlarged-footpads from CD8 Ko mice
two-site stimulated, after 150 days (B).
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Graphs 7, 8 and 9 — MHC-II, TNF-q, and IL-10 Ko mice group co-immunostimulated at
two sites. All animals presented a progressive inflammatory process of footpads in early
periods post-infection. However, double-stimulated MHC-II and TNF-a Ko groups
developed an immunosuppressive response, and consequentially a persistent infection,
whereas the IL-10 Ko mice groups healed after 60 days. Friedman tests were used for
data from the MHC-II group, P = 0.0002, and the TNF-a group, P < 0.001; and a one-
way ANOVA test for the IL-10 group, P > 0.05.
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Graphs 10 and 11 - Deficiency in B1 B-cells causes an increase of host susceptibility to
F. pedrosoi-infection of mice co-stimulated by immunization at i.p. site with heat-killed
fungal cells (double-stimuli). Xid mice immunostimulated at two sites present a chronic
infection, showing that the absence of B1 B-cells may be linked to the uncontrollability
of fungal illness after induction of an immunosuppressive response (Graph 10). Fungal
control of irradiated animals after 90 days generally occurs post-infection, probably due
to later peritoneal repopulation of B1 B-cells (Graph 11). Data are shown with mean
and SE values. ANOVA was used for analyses of significance for Xid mice (P < 0.05)
and the Student’s t test was used for the irradiated mice and BALB/c footpad infection

data (P =0.0304).
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4 months

Figure 3 — Histopathological characteristics of focal lesions in Xid mice 4 and 8 months
post-double stimuli, H&E staining. Larger and irregular lesions of the footpad (A, 100x)
with high numbers of thin, small hyphae, conidia and conidiogenous cells (B, 400x) 4
months post-infection. Small and well-organized granuloma-like lesions (C, 100x) with
a few number of sclerotic-like cells (D, 200x and insert 1000x) were observed after 8

months.
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ANEXO 4

Experimental murine chromoblastomycosis obtained with Fonsecaea
pedrosoi isolate cultivated for a long period. Submitted to The Journal of

Venomous Animals and Toxins including Tropical Diseases (JVATITD), 2009.
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Abstract

The goal of this study is to describe F. pedrosoi propagules capable of
causing chronic murine disease. Several changes in F. pedrosoi hyphae were
identified in fungal cells culturing over a long period of time. By optical
microscopy, many cells were observed to be rounded with a double-tight and
melanin-rich cell wall. Terminal and intercalary chlamydoconidia were also
frequently observed. Analyses of images from transmission electron microscopy
(TEM) showed many cells with a cell wall composed of at least three layers and
an outer layer enriched in melanin. Two groups of 20 BALB/c mice were
infected subcutaneously in their footpads with F. pedrosoi cells at an inoculum
concentration of approximately 1 x 10* cells/mL. In one group, long-term
cultured F. pedrosoi cells were inoculated in one footpad, and in the other
group, both footpads were infected. Active lesions were observed up to seven
months post-infection, particularly in mice inoculated at two sites. At this time,
the animals were sacrificed and the study ended. Histological sections revealed
characteristics bearing a strong resemblance to human disease such as tissue
hyperplasia, granulomas with microabscesses, and sclerotic cells. From this
study, we present an indication of fungal cells from old-cultures capable of
provoking chronic chromoblastomycosis disease under experimental conditions,

especially when more than one site was infected.

Keywords: Fonsecaea pedrosoi, experimental chromoblastomycosis, sclerotic cells.
Abbreviations: CBM, chromoblastomycosis; SDA, Sabouraud dextrose agar;
SDB, Sabouraud dextrose broth; PMNs, polymorphonuclear leucocytes; TEM,
transmission electron microscopy; H&E, hematoxylin-eosin; PAS, periodic acid-

Schiff; EDTA, ethylenediaminetetraacetic acid.



Introduction

Chromoblastomycosis (CBM) is a chronic human disease caused by
several dematiaceous fungal species, of which Fonsecaea pedrosoi and
Cladophialophora carrionii are the most commonly isolates throughout the world
(1, 2). CBM therapy has been difficult, especially for severe clinical forms (1, 3).
Therefore, finding a suitable model for chronic experimental CBM is important
for studying the immunological response and testing novel antifungal drugs. The
presence of parasitic forms commonly known as sclerotic (fumagoid or
muriform) cells (also known as Medlar bodies) in tissues is a typical sign of the
human disease (2, 4). However, the fungal forms involved in establishing
infection and the mechanism of their adaptation to parasitism remain unknown.

Cellular fungal modifications most often occur as resistance to chemical,
biological and physical stress conditions. Fungal cells similar to the parasitic
forms found in CBM can be induced in vitro under acidic conditions and low
concentration of calcium (5-7). Still, the infective potential of these forms
requires further experimental study. The fungal cell transformation to sclerotic
forms has been proposed as a virulence factor (6, 8). Sclerotic cells were
detected in environmental samples of vegetables (6, 8, 9), suggesting the
possible existence in natura of forms pre-adapted to parasitism. Recently,
artificial inoculations of C. carrionii in cactus tissue revealed a morphological
resemblance between meristematic cells formed after vegetable transience and
sclerotic bodies (10). Although hyphae and conidia are currently cited in
literature as potentially infective for humans, several studies are missing to
reproduce a stable chronic infection for a long time with these forms cultivated
in agar or broth for periods of 15 to 30 days (11-17). Fungal infections at single
site with forms from young cultures generally produce acute inflammatory
reactions mediated mainly by neutrophils and animals healing until 2 months
independently of the site of infection or inoculum concentration (11, 13, 14, 17,
18). Increased persistence of F. pedrosoi infection was found in animals
inoculated at more than one site (19). A link between T suppressor cells and
peripheral tolerance induced after Leishmania major inoculation at two sites has
been described (20, 21). In our previous experiments, we observed that
inoculation at two sites with 30-day-old forms is sufficient to cause this

persistent infection. However, the infection sites in the greater number of the
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animals healed within 3 to 4 months post-inoculation and did not develop a
stable chronic infection (unpublished data).

Therefore, the aims of the present study were to describe (i) the
morphology of F. pedrosoi forms obtained from old cultures, and (ii) ability of

these fungal cells to provoke infection in laboratory mice at one and two sites.

Materials and methods

Fonsecaea pedrosoi isolate

A Fonsecaea pedrosoi strain (EPM — 380/03) provided from a patient
with CBM examined in 2003 in the Dermatology Outpatient Department,
UNIFESP was cultivated on Sabouraud dextrose agar (SDA, DIFCO
Laboratories, Detroit, Ml) supplemented with 80 mg/L gentamycin (Schering-
Plough corporation) at a temperature of 25°C. The fungal strain used in this
study was preserved in sterile distilled water inside of sealed penicillin-tubes by
Castellany methodology and maintained at room temperature. Aliquots
contained fungal cells were collected using sterilized insulin needle for

cultivation.

Culture

The F. pedrosoi strain was cultivated in 1 L cylindrical glass bottles
(KIMAX® GL-45, DAIGGER Lab Equipment and Supplies) containing 300 mL of
Sabouraud dextrose broth (SDB, DIFCO Laboratories, Detroit, MI) with
gentamycin, pH 5.7, at 30°C on a incubator (TE-420, TECNAL) with agitation

set at 100 rpm for six months.

F. pedrosoi cells

Cultures of F. pedrosoi were vortexed and filtered through sterile gauze
to retain macroscopic fungal balls and mycelial aggregates. Filtrates were
drawn up into a 50 mL glass needle and ejected into a beaker several times to
disrupt the small mycelia clusters and to obtain solitary cells and small
fragments of hyphae. Cells were then recovered by centrifuging the

homogenates at 3000 g for 10 min, and were observed by optical microscopy.
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Images were captured using a Q-Color5 digital camera fitted to an Olympus
BX50 microscope. Images were processed using Image Pro Express software
(version 6.3, www.mediacy.com). Samples from old cultures were cultivated on

blood agar and maintained at 30°C to test for bacterial contamination.

Transmission electron microscopy (TEM)

For TEM, F. pedrosoi cells cultured for six months were fixed for two
hours at room temperature with 3% glutaraldehyde and 4% formaldehyde in 0.1
M cacodylate buffer, pH 7.2. The fixed cells were washed in cacodylate buffer
three times for 30 min each wash and once overnight, and then fixed for two
hours with 2% osmium tetroxide in 0.1 M cacodylate buffer. Cells were
subsequently washed with 0.1 M cacodylate buffer three times for 15 min, then
gradually dehydrated in a series of ethanol solutions and embedded in Eppon
resin. Ultrathin sections were mounted on Formvar grids, stained with 4% uranyl
acetate and lead citrate (22), and observed under a JEOL 1200 EX I
transmission electron microscope at 80 kV (materials cited for TEM from

Electron Microscopy Sciences Company).

Inocula

Inocula viability was assessed using LIVE/DEAD ® Cell Vitality Assay Kit
(L34951, Invitrogen, probes.invitrogen.com/media/pis/mp34951.pdf)  in
fluorescent microscopy. Suspensions containing fungal forms were adjusted to
a concentration of 1 x 10* cells'mL in a Neubauer chamber. Minimal
concentration of the fungal inoculum for animal infection was standardized by a
pilot study. Short hyphal fragments had approximately six to ten septa. The
separation between septa was used to distinguish individual hyphal cells, which
were then counted. The inocula population contained a cellular mix of
approximately 23% solitary chlamydoconidia-cells, 18% roundish cells, 26%
conidia, and 33% hyphal fragments. The inocula suspension had a viability of

approximately more than 95% of total cells.

Infection
Two groups of 20 BALB/c male mice weighing approximately 23 g each

(six to eight weeks-old) were used throughout the study. These pathogen-free
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animals were purchased from CEDEME/UNIFESP (Sao Paulo, Brazil). The
protocol used was approved by the UNIFESP Ethics Committee (project
number 0808/05). Ten minutes prior to infection, animals were i.p. anesthetized
with 0.4 pL Anasedan and 0.35 mL/kg Dopalen (Vetbrands, Jacarei/SP, Brazil).
Approximately 50 pyL of the F. pedrosoi cell suspension was inoculated
subcutaneously into the footpads (~ 500 cells/footpad). Swelling was monitored
every 30 days up to a maximum of seven months using a Mitutoyo digital
caliper (http://www.mitutoyo.com). Footpad volume was calculated based on
height and width measurements and the mathematic formula for the volume of a
cylinder. Results are expressed as mean = SE. Based on normality data as
defined by the omnibus normality test of D'Agostino and Pearson, significant
differences were determined using an ANOVA test (Prism software,
http://www.prism-software.com).  Seven months post-infection, mice were
sacrificed and footpads were removed using procedures in accordance with
guidelines on the use and care of laboratory animals (23-25). A sample of
infected tissue was biopsied and cultivated on SDA. Fresh tissue samples were

clarified with 20% KOH and analyzed directly by optical microscopy.

Histopathology

Tissue specimens were left in 10% formalin for over 12 hours. Bone
tissue from the paws was decalcified with 5% ethylenediaminetetraacetic acid
(EDTA, Sigma-Aldrich) (17). The specimens were embedded in paraffin, and 3
to 5 ym serial sections from the blocks were stained with hematoxylin-eosin
(H&E, Sigma-Aldrich) and periodic acid-Schiff (PAS, MERCK Chemicals).

Results
Light microscopy and TEM

Different morphological forms were found by optical microscopy; there
were spherical or ovoid-shaped cells and hyphae with intercalary or terminal
chlamydoconidia shapes. In general, these forms were 5 ym to 20 ym in
diameter, sometimes with planate divisions and a large nucleus (Figure 1). A
significant number of cells were more pigmented than others (Figure 2). By
TEM, we verified that the cell wall of these forms was composed of a thick

multilayer containing at least three layers (Figure 3). The outer layer had a dark,
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electron-dense appearance, and was probably comprised of melanin (Figure
3D). Bacterial contamination was not detected in samples taken from old

cultures.

Infection with cells from old cultures

Mouse footpads were monitored over the course of seven months, and
animals maintained a stable and chronic infection process. At four to five days
post-infection, animals developed a small inflammatory response on their
footpad. By the end of the first month, we noted footpad swelling, particularly in
the mice inoculated at two sites. The swelling lasted for up to two months, and it
acquired a firm consistency. After five months, several animals that were
inoculated in two footpads developed foot hyperkeratosis. All animals infected
showed progressive inflammatory process of footpads in the early post-infection
period (Figure 4). However, animals inoculated in two footpads exhibited more
swelling, chronicity, and stability of the infectious process. Eight mice inoculated
at one site healed after five months. Infection metastasis to other organs did not
occur. In general, a small number of sclerotic bodies (three to four cells/optical
field) were observed in lesions during direct examination (Figure 5) and in
anatomopathologic sections (Figure 6). Histopathological findings revealed
tissue hyperplasia, granulomas and the proliferation of pseudoepytheliomatous
cells. In addition, lesions were observed containing microabscesses surrounded
by foamy macrophages with PMN infiltration, and encapsulated by fibroblasts.
Rare eosinophils and lymphocytes were found. Neutrophils were found around
and inside microabscesses. Granulomas of mice inoculated at one site had
more PMN infiltration than those of animals inoculated at two sites, suggesting
that the migration and action of these cells at the infection site might be
important for infection control. Viable fungal cells were recovered from 18
animals (90%) injected at multiple sites and from seven animals (35%) infected

at one site.

Discussion
Since the discovery of CBM, a number of studies involving experimental
inoculation with CBM agents have been carried out in an attempt to develop an

animal model of the disease (11-13, 15, 16, 26). However, a suitable model for
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chronic experimental CBM has yet to be established (4, 27). Fonsecaea
pedrosoi inoculated in various peritoneal sites caused persistent infection (19,
28). Suppressed host immune response in the presence of
chromoblastomycotic agents might be related to the induction of a specific
population of T cells (4). Inoculation of Leishmania major at two sites on BALB/c
mice, for example, stimulated the migration of regulatory T cells to one of the
infection sites, resulting in greater infection chronicity than that observed in
animals inoculated at a single site (21). In this study, we verified that F.
pedrosoi cells cultured for a long period of time could cause chronic infection in
BALB/c mice, especially if the inoculation occurred at more than one site. We
also verified that low concentrations of aged inoculum are capable of producing
a stable experimental infection, in contrast to other studies that using a high
number of F. pedrosoi cells to obtain acute infections (13, 15, 16).

A variety of cellular forms of the F. pedrosoi strain were observed in the
present study (Figure 1). The nutritional starvation in old cultures might be one
explanation for the abnormal fungal morphology observed in vitro. Many other
dematiaceous fungi such as Alternaria alternata, Cladosporium cladosporiodes,
Scytalidium lignicola, Phialophora verrucosa, P. parasitica, P. richardsiae, C.
carrionii, C. boppii, and Rhinocladiella aquaspersa as well as several clinical
strains of F. pedrosoi (n = 8) showed high-melanized forms, such as
chlamydoconidia and sclerotic-like cells, after culturing for longer than six
months (unpublished data). Prominent melanization of certain fungal forms was
observed in TEM as electron-dense pigments, particularly in the outer layer of
the cell wall. The microbial ability to synthesize melanins can be related to
virulence and pathogenicity (29). Many pathogenic fungi have melanized forms
or secrete melanin in order to increase their resistance to environmental
hazards, and to enable them to evade host defense-mechanisms (30).
However, in addition to wall coverage and melanin secretion, infective forms of
CBM agents may possess additional virulence factors harmful to hosts. The
transformation of dematiaceous cells into resistant forms similar to sclerotic
bodies should be considered an important virulence factor. For this,
meristematic forms (resistant thick-walled globose cells) found in vegetables
may be possible precursor cells of CBM-parasitic forms. In plant hosts they can

be regarded as an extremotolerant survival phase (6, 10). Production of
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sclerotic cells in vitro results from morphological changes in hyphae and conidia
of F. pedrosoi and Cladophialophora spp chemically induced by growth under
stress conditions (5, 6, 31, 32). Hence, the fungal changes in hostile
environments could be considered a step for pre-adaptation of CBM-agents to
human/animal parasitism. Interestingly, many fungal forms of F. pedrosoi,
including terminal chlamydoconidia-shaped cells, have been observed in
samples collected from thorns of Mimosa pudica, which is reported to be a
probable natural source of CBM agents (33). A significant number of
chlamydoconidia-shaped, roundish, melanin-enriched cells were observed in
the inocula used to cause animal infections in the present study. Such forms
might be precursors of the sclerotic cells subsequently observed at seven
months post-infection. Both the melanized cells and the sclerotic cells had
similar morphology and diameters of approximately 5 to 10 pm.

Acute cellular response in animals that is effective against F. pedrosoi
cells from young cultures involves intense neutrophil infiltration (11-13, 17). In
this study, however, the sclerotic bodies were resistant to neutrophil killing
mechanisms and macrophage phagocytosis. Tissue sections taken from
infection sites in animals inoculated at a single site showed a higher number of
neutrophils than those taken from animals inoculated at multiple sites, and
several mice from the infection-unifocal group healed after five months.
Histopathological sections of tissue from human disease show hyperkeratotic
pseudoepytheliomatous  hyperplasia  with microabscesses  rich in
polymorphonuclear neutrophils (34, 35). According to our histological results,
we detected tissue hyperplasia and granulomatous reactions with
microabscesses containing central neutrophil-infiltrates surrounded by foamy
macrophages, sclerotic bodies inside giant cells, rare lymphocytes and
eosinophils, and an external layer encapsulated by fibroblasts. We also noted
additional pathological characteristics that further indicated the similarity in the
disease process between our infected mice and human CBM patients, such as
fibrosis, acanthosis and hyperkeratosis.

In this investigation, experimental CBM disease with chronic outcomes
was demonstrated to be linked to fungal morphology and host responses. Old
cultures may represent an alternative means to obtain chlamydoconidia-shaped

and well-melanized roundish cells capable of provoking a stable chronic
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infection resistant to the host response, especially if these forms are inoculated
into mice at more than one site. In the future, such F. pedrosoi forms might be a
suitable method for investigating infections in vivo, although the time required

can be rather long, requiring at least 10 months.
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Figure 1 — Highly-melanized fungal forms with diameters ranging from 5 to 20
um from pure cultures of F. pedrosoi cultivated for six months, 1000x. Multi-
cellular (A, B) and unicellular (C, D) chlamydoconidia. (E-H) Roundish cells. *

Many cells have an enlarged nucleus (light green).

Figure 2- More highly-melanized hyphal cells from F. pedrosoi cultured for six
months, 400x.

Figure 3 — Fosecaea pedrosoi-chlamydoconidia cells from six-month cultures.
A- Light microscope image, 1000x. B- Autofluorescent wall layers, 1000x. C-
TEM of roundish-cell, longitudinal, and transversal septa. D- TEM of wall from
terminal-chlamydoconidia, showing four layers with an external electrondense

layer.

Figure 4 — Kinetics of lesions from BALB/c mice that were infected s.c. with
aged inocula of F. pedrosoi at one (squares, red) and two footpads (triangles,
blue). The control group of animals was treated with 50 pL of PBS (circles,
black). Footpads of mice were measured every 30 days for seven months after
inoculation. Animals infected at two sites had strong swelling and more
chronicity of the infectious process. Data are shown with mean and SE values,
ANOVA test, P < 0.05.

Figure 5 — Sclerotic cells observed by direct examination of samples of footpad
tissue at seven months after infection; (A) 100x, (B) 400x, (C and D) 1000x.
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Figure 6 — Photomicrography of histopathological sections from footpad tissue
of animals with chronic experimental CBM infection at seven months after
infection; tissue was stained with PAS. Granulomatous reaction containing
microabscesses (A, arrows) with neutrophilic infiltration, foamy macrophages,
low numbers of lymphocytes and eosinophils, and recovery by fibroblasts (B).
Few sclerotic cells of F. pedrosoi were found on granulomas of mice inoculated
at one site (C) or two sites (B). PMN-rich cellular infiltration surround by
macrophages (Mg) of animal tissue infected at one site (C). Sclerotic cells with
diameters of 5 to 10 ym (D and E). (A) 40x, (B) 200x, (C) 100x, (D and E)
1000x. *Panel E is a magnified view of C (arrow). M¢ = macrophages, PMNs =

polymorphonuclear leucocytes.
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ANEXO 5

Bacillus subtilis induces morphological changes in Fosecaea pedrosoi cells in
vitro and results in fungal forms that are more resistant to the host response
in vivo. Submitted to The Journal of Venomous Animals and Toxins including
Tropical Diseases (JVATITD), 20009.
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Abstract

Interactions between microorganisms can be cause of morphological modifications,
particularly in fungal cells. The aim of this work was to examine the changes that
occur in the cells of the fungus F. pedrosoi after co-culturing with B. subtilis in vitro
and to explore the results this interaction in vivo in an experimental murine infection.
Bacillus subtilis strain was inoculated into a 15-day pure culture of F. pedrosoi. In
vitro, after 48 hours of co-culturing, the fungal cells appeared roundish (arthroconidia-
like). The secretion of fungal dark pigments and production of terminal
chlamydoconidia was observed in hyphae after one week. In the in vivo study, two
animal groups of 30 BALB/c mice each were used in this study. One group was
inoculated intraperitoneally with hyphal fragments from the co-culture of bacteria and
fungus; the other group was infected only F. pedrosoi hyphae. After seven days pos-
infection, both animals groups developed neutrophilic abscesses. Phagocytosis of
bacilli by macrophages occurred after three days. At later periods, generally after 25
days, only roundish cells similar to sclerotic bodies remained in the tissues while
hyphae were eliminated at 15 to 20 days. These fungal forms originating mainly from
terminal chlamydoconidia. The co-culturing between bacteria and fungus may be a
way to quickly obtain the resistant fungal forms for host defenses, especially for

chromoblastomycosis (CBM) experimental infections.
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INTRODUCTION

Dematiaceous fungi are saprobes that are found mainly in soils and organic
matter as decomposers (1). A natural characteristic of these microorganisms is their
dark cellular pigment, which is the result of a melanization process. Melanins have
been linked to resistance in adverse environmental conditions, high virulence, and
low susceptibility to antifungal drugs (2, 3). Many dematiaceous fungi are harmful to
their hosts, in particular the Herpotrichiellaceae family, which includes a great
number of CBM agents (4). Worldwide, Fonsecaea pedrosoi is the most frequently
isolated specie in CBM disease (5). Generally, infection occurs after a traumatic
inoculation with vegetable fragments that are contaminated with the fungus (6-8). A
typical sign of the disease is the presence of parasitic forms that are commonly
known as sclerotic cells (bodies) in the tissue (6).

Gram-positive bacilli are widespread in the environment, particularly in soils.
These organisms have been used for several biotechnological applications, for
example as biocontrollers, probiotics, bioregulators, and for the production of
antibiotics, insecticides and enzymes (9-14). Gram-positive bacteria can secrete a
variety of substances that are inhibitory to fungi (15). Bacillus subtilis for example,
has the ability to inhibit the growth of many environmental and phytopathogenic fungi
(16-19). This organism has also been reported to inhibit a fungal CBM agent in vitro
(20). It has also been reported that Bacillus spp can induce morphological changes in
dematiaceous fungi (19, 21, 22).

In a preliminary study, we isolated an environmental Gram-positive bacterium
from Brazilian soil that antagonizes several fungi, including dematiaceous species
(unpublished data). Here, we studied the interactions between this bacterium and a
clinical strain of F. pedrosoi in two ways: (i) firstly, we examined the in vitro changes
in fungal cells after co-culturing with bacillus, and (ii) second, we explored the in vivo

significance of this interaction.
MATERIALS AND METHODS
Animals

two groups with 30 BALB/c male mice weighing about 23 g (6 to 8-week-old),

were used throughout this study. The specific-pathogen-free animals were purchased



from CEDEME/UNIFESP (Sao Paulo, BR). The protocol used was approved by the
UNIFESP Ethics Committee under project number 0808/05.

Microorganisms

F. pedrosoi strain (EPM — 380/03) was isolated from a patient with CBM
examined in the Dermatology Outpatient Department, UNIFESP, in 2003. It was
cultivated on Sabouraud dextrose agar (SDA, DIFCO Laboratories, Detroit, Ml)
supplemented with 80 mg/L gentamycin at a temperature of 25°C, with periodic
transfers at 15-day intervals into SDA with antibiotics. An environmental bacillus
isolated from random soil samples collected from the Campus of the Federal
University of Cuiaba (Mato Grosso, BR) was used in this study; as in previous co-
culture assays, it was able to inhibit the growth of some phytopathogenic fungi and to
induce the release of dark pigment by dematiaceous molds. This bacterium was

identified as Bacillus subtilis by classical and molecular methods (unpublished data).

F. pedrosoi hyphae
Cultures of F. pedrosoi were incubated for 15 days on Sabouraud dextrose
broth (SDB) with and without gentamycin, pH 5.7, while shaking at 150 rpm at 37°C.

Co-culture of F. pedrosoi and B. subtilis

The Bacillus subtilis strain was inoculated with a sterilized loop into 15-day F.
pedrosoi cultures on SDA or SDB without antibiotic and maintained at a temperature
of 37°C. SDB cultures were agitated at a rate of 150 rpm for one week. These co-

cultures of cells were analyzed daily by optical microscopy.

Inocula

Broth cultures were vortexed with 4 mm glass beads for 20 min and filtered on
sterilized gauze to retain macroscopic globoid mycelia. With a 50-mL needle, the
filtrates were drained and dispensed several times in a 100 mL glass-beaker to break
up small mycelia-clusters and obtain solitary hyphal fragments. Inocula viability was
performed with Calcofluor white in fluorescent microscope. The suspensions
containing fungal forms were adjusted to a final concentration of 1x10° cells in a

Neubauer chamber. Short hyphal fragments had approximately 6-10 septa. The



separation between septa was used to distinguish individual hyphal cells, which were

then counted.

Infection

Ten minutes prior to infection, animals were anesthetized by i.p. route with 0.4
ML of Anasedan and Dopalen 0.35 mL/Kg (Vetbrands, Jacarei - S.P., Brazil).
Approximately 100 uL of the suspension containing 1x10° hyphal cells (approx. 1x10°
short hyphae fragments) were inoculated i.p. with a 25x8/21G1 needle. The kinetics
of the infection were followed for one month. Three animals were sacrificed every
three days, and the abscesses were immediately removed. Part of the infected tissue

specimens was cultivated on SDA.

Histopathology

Fragments of fresh tissue samples of the abscesses were left in 10% formalin
for 12 hours. The specimens were embedded in paraffin, and serial sections of 3 to
5-um from the blocks were stained with hematoxylin-eosin (H&E) and by Brown-

Brenn method (tissue Gram stain).
RESULTS

Dark-pigment secretion on media culture

Viable F. pedrosoi cells from the broth co-cultures with B. subtilis were
observed daily over the course of the week. The secretion of a chestnut-brown
pigment, probably melanin, was observed in co-cultures on SDA (Figure 1-A) and
SDB (Figure 1-B) media.

Modifications of fungal morphogenesis

Usually, the morphology of F. pedrosoi hyphal cells on broth media with
antibiotic is right and linear, with lower conidia production by conidiophores (Figure 2-
A). After 48 hours of co-culturing with B. subtilis, however, the F. pedrosoi hyphae
were rounded and arthroconidia-like (Figure 2-B). The hyphal conidiogenesis and
conidiophores (phialid-type) production were also enhanced (Figure 2-C). Terminal
globoid cells (chlamydoconidia-like) of 5 to 10 um in diameter, usually with a thick-

wall, were found in hyphae after a week of co-culturing (Figure 3).



Murine infection with F. pedrosoi hyphae and co-cultured of fungal cells and B.
subtilis

In both animal groups, we observed an intense inflammatory response in mice
infected and palpable lesions with approximately 8 mm in diameter a week pos-
infection. A capsulated neutrophilic abscess with a necrotic centre was found at the
inoculation site. Cellular layers were composed of distinct sets of specific cells, such
as neutrophils in the central region, foamy macrophages in the periphery, and
fibroblasts surrounding the abscess (Figure 4). Rare lymphocytes were detected.
Dematiaceous hyphae were found in necrotic center. Gram-positive bacilli were
phagocytosed by macrophages by three days post-infection with the co-culture
(Figure 5). After a week, however, only the F. pedrosoi cells remained and were
recovered from the infected tissue. Fungal forms similar to sclerotic bodies, in
particular proceeding from the terminal chlamydoconidia, were observed in
histological sections of the abscess produced by the infection with the co-cultured
cells (Figure 6). These brown-rounded cells were in vivo less susceptible than
hyphae to the microbicidal action of phagocytes. In general, most of the animals that
were infected with the co-cultured cells healed after 25 to 30 days, while the clinical
and mycological healing of mice infected with only F. pedrosoi hyphae was frequently

achieved after 15 days of infection.

DISCUSSION

Gram-positive bacilli and fungi are widely found in soils and are important
bioregulators (10, 23, 24). The coexistence of microorganisms in the environment
during evolution promoted several interactions, such as predation, symbiosis,
mutualism, competition, and antibiosis (11, 25). Microbial antagonisms have been
studied due their numerous biotechnological applications, particularly those related to
development of new biocontrol forms (9, 11, 24). Many Bacillus species have natural
biocidal activities against fungi and other bacteria; as such, they are frequently
described as biocontrollers of phytopathogens (15, 21, 24, 26, 27). In this study, an
environmental bacterium (B. subtilis strain) that has a good antibiosis activity against
environmental fungi and phytopathogens was used in co-cultures with F. pedrosoi

(clinical isolate).



The melanin secretion by the dematiaceous fungus increased after co-
culturing with Bacillus and was secreted later in the broth and agar media. The ability
of microbes to synthesize melanins is related to virulence and pathogenicity (3).
Fungal melanogenesis was found to be stimulated after co-culturing Cryptococcus
neoformans with Klebsiella aerogenes (28). In this case, a substance that is derived
from the bacterial metabolism seems to be capable of inducing fungal melanization
(29). Several pathogenic species can be transformed into melanized-forms or secrete
melanin in order to increase antifungal resistance or evade host defense
mechanisms (2, 3). It is possible that the melanin secretion by F. pedrosoi is
associated with bacterial antibiosis or that metabolic substances are capable of
inducing the melanogenesis pathway; however, more studies are necessary to
confirm these hypotheses. In this work, we observed the microbial growth and
survival of two microorganisms in laboratory conditions; the results observed are
likely to occur in nature, however.

Chlamydoconidia are roundish cellular forms with a thick wall that is found in
filamentous fungi at intercalary or terminal positions in the hyphae. Generally, these
cells are formed under environmental stress and improve the survival of the fungus
during adverse conditions. The formation of chlamydoconidia-shaped cells was
shown after the interaction of dematiaceous fungi with B. subtilis or with bacterial
metabolic products (21, 22). The introduction of the bacillus into the 15-day cultures
of F. pedrosoi caused morphological changes in the fungal hyphae, including the
presence of terminal chlamydoconidia-shaped cells. Previously, it has been noted
that Pseudomonas cepacia mutants that are defective in the production of antifungal
compounds fail to induce cellular abnormalities in phytopathogenic fungi, suggesting
that antibiosis may be responsible for fungal morphological changes (30). Hence, our
experiments raise concerns about the possibility that resistant fungal forms can be
spread in nature as a result of several factors, including microbial interactions.

Curiously, we observed in histological sections that the host inflammatory
response was not fully capable of eliminating all of the F. pedrosoi forms in the
animal tissue. Some chlamydoconidia-shaped cells persisted a few days longer than
the hyphae in host tissue. For this, morphological changes may be an important
factor in fungal resistance to host defenses. Although these cells were more resistant

to host immunity, however, all mice were healed by 25-days post-infection.



In the history of CBM research, several works have focused on establishing an
experimental infection that is similar to the human disease (31-35). Currently,
however, there is no suitable animal model for this purpose. Nonetheless,
chlamydoconidia-shaped cells have been shown to be eligible for future studies on
the development of experimental infections, in which B. subtilis or other antagonistic
strains can be used in co-cultures with CBM agents, especially because these forms
may be precursors of sclerotic bodies.

In conclusion, our results show that the interaction in vitro between F. pedrosoi
and B. subtilis stimulated the melanin secretion and induction of morphological
changes in the F. pedrosoi strain. Chlamydoconidia-shaped cells were more resistant
to the host immune response than hyphae. Thus, co-culturing antagonistic bacteria
and CBM pathogens may be an interesting method to obtain fungal forms that are

more resistant to host defense.
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Figure 1- Chestnut-brown pigment secretion after one week of co-culturing F.
pedrosoi with B. subtilis. A — Plate co-culture on SDA medium, (+) positive reaction
of pigment secretion near to bacterial colonies and (-) negative region. B — Flask co-
culture on SDB medium without antibiotic. C- Pure culture of F. pedrosoi cultivated

for 15 days on SDB medium with antibiotic. Bs, Bacillus subtilis colony.

Figure 2- A - Fonsecaea pedrosoi cells from a 15-day culture on SDB with antibiotic,
200x. B- Cellular rounding (arthroconidia-like) and increase of conidiogenesis after
two days of co-culturing with the B. subtilis strain, 200x. C — Hyphal induction of
lateral conidiophore (P, phialid-type) growth and conidiogenesis (C), 1000x (bacteria,

arrow).

Figure 3- Fonsecaea pedrosoi terminal roundish-cell observed in vitro after a week of

co-culturing with B. subtilis strain, 1000x.

Figure 4 — Peritoneal abscess observed in animals after 15 days pos-infection with
hyphae of F. pedrosoi. A and B - peritoneal nodule, 4 to 7 mm. C — Abscess layers:
fibroblasts (F, pink), macrophages (M®, yellow), polymorphonuclear leucocytes
(PMNs, blue) and hyphae in abscess center. D and E - cellular layers; H&E, x400
and 1000x.
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Figure 5 - Phagocytosis of B. subtilis (blue stained) by macrophages at three days

post-infection with the co-culture of fungi and bacteria; B&B stain, 1000x

Figure 6 — A — Roundish cells observed 20 days after infection of mice with co-
culture of F. pedrosoi and B. subtilis; B&B stain, 100x. B - Terminal chlamydoconidia
on hyphae; H&E, 400x. C — Brown-roundish cells; B&B stain, 1000x, D — Foamy
macrophage (M) and brown-roundish cells, B&B stain, 400x, E- Proliferation of

brown-roundish cells, B&B stain, 1000x.

Figure 1
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Lemos Editorial, 2002 (Fasciculo de circulagdo nacional).

Producéo artistica/cultural

1 MACHADO, A. P. ; Matheus, T . Cine Saude Debate Cerrado - 2007. 2007
(Cinema).



Bancas

Participacdo em bancas examinadoras
Trabalhos de Concluséo de Curso de graduacéao

1. MACHADO, A. P.. Participacdo em banca de Suzana de Oiveira Nunes.
Avaliacdo da atividade antimicrobiana do extrato glicolico de prépolis e do
Oleo de copaiba em cepas de Candida.. 2007. Trabalho de Conclusao de
Curso (Graduacao em Ciéncias Biologicas) - Centro Universitario de Varzea
Grande.

Eventos

Participacdo em eventos

1. XXX Seminérios de Estudos Biologicos e VII Encontro Regional de
Botanicos do Centro-Oeste.Acbes benéficas e deletérias dos
microrganismos na saude humana e animal com olhar sobre as micotoxinas.
2008. (Encontro).

2. 24 Congresso Brasileiro de Microbiologia.Interagéo entre os microrganismos
Fonsecaea pedrosoi w Bacillus sp in vitro e in vivo. 2007. (Congresso).

3. Il Jornada de Enfermagem em Feridas e Estomias de Mato
Grosso.Infeccdes no pé diabético. 2006. (Congresso).

4. Mecanismos de Infeccao e Vacinas. 2006. (Congresso).

5. Congresso Latino Americano de Micologia.Congresso Latino Americano de
Micologia. 2005. (Congresso).

6. Cong. Intern. Pbmicose.Congresso Internacional de Paracoccidioidomicose.
2005. (Congresso).

7. Congresso de Micoses Amazonicas.Congresso de Micologia Médica. 2005.
(Congresso).

8. IV congresso brasileiro de micologia.lV Congresso Brasileiro de Micologia.
2004. (Congresso).

9. XXII Congresso Brasileiro de Microbiologia.XXIl Congresso Brasileiro de
Microbiologia. 2003. (Congresso).

10. .1l Congresso Brasileiro de Micologia. 2001. (Congresso).

11. . XXI Congresso Brasileiro de Microbiologia. 2001. (Congresso).



12.

13.

14.

15.

16.

17.

18.

19.

Congresso Lat. Americano de Micol.Congresso latino-americano de
Micologia. 2000. (Congresso).

XXIV Congresso da Sociedade Brasileira de Imunologia. 1999.
(Congresso).

VIl Encontro de Iniciagédo Cientifica. 1999. (Encontro).
XVI Semana Cientifica de Estudos Bioldgicos. 1999. (Outra).
.Xv Semana Cientifica de Estudos Biol6gicos. 1998. (Outra).

XIV Reunido Anual de Pesquisa Aplicada em Doenca de Chagas. 1998.
(Outra).

Il Reunido de Pesquisa Aplicada em Leishmaniose. 1998. (Outra).

VIl Encontro de Biomédicos. 1997. (Encontro).

Orientacdes

Supervisdes e orientacdes concluidas

Trabalho de concluséo de curso de graduacao

1.

Katiane Miranda Vaes. Atividade antimicrobiana em amostras de 6leo de
espécies de Copaifera. 2008. Trabalho de Conclusao de Curso. (Graduagao
em Biologia) - Universidade Federal de Mato Grosso. Orientador: Alexandre
Paulo Machado.

Iniciagdo Cientifica

1.

Mariana Anzai. Interacdo in vitro entre Bacillus subtilis e Fonsecaea
pedrosoi e consequencias in vivo. 2008. Iniciacdo Cientifica. (Graduando em
Biologia) - Universidade Federal de Mato Grosso, Conselho Nacional de
Desenvolvimento Cientifico e Tecnolégico. Orientador: Alexandre Paulo
Machado.

Viviane Karolina Vivi. estudo de antigenos de agentes de
cromoblastomicose. 2006. Iniciagdo Cientifica. (Graduando em Biologia) -
Universidade Federal de Mato Grosso, Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico. Orientador: Alexandre Paulo
Machado.



Livros Gratis

( http://www.livrosgratis.com.br )

Milhares de Livros para Download:

Baixar livros de Administracao

Baixar livros de Agronomia

Baixar livros de Arquitetura

Baixar livros de Artes

Baixar livros de Astronomia

Baixar livros de Biologia Geral

Baixar livros de Ciéncia da Computacao
Baixar livros de Ciéncia da Informacéo
Baixar livros de Ciéncia Politica

Baixar livros de Ciéncias da Saude
Baixar livros de Comunicacao

Baixar livros do Conselho Nacional de Educacdo - CNE
Baixar livros de Defesa civil

Baixar livros de Direito

Baixar livros de Direitos humanos
Baixar livros de Economia

Baixar livros de Economia Doméstica
Baixar livros de Educacao

Baixar livros de Educacdo - Transito
Baixar livros de Educacao Fisica

Baixar livros de Engenharia Aeroespacial
Baixar livros de Farmacia

Baixar livros de Filosofia

Baixar livros de Fisica

Baixar livros de Geociéncias

Baixar livros de Geografia

Baixar livros de Histdria

Baixar livros de Linguas
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Baixar livros de Literatura

Baixar livros de Literatura de Cordel
Baixar livros de Literatura Infantil
Baixar livros de Matematica

Baixar livros de Medicina

Baixar livros de Medicina Veterinaria
Baixar livros de Meio Ambiente
Baixar livros de Meteorologia
Baixar Monografias e TCC

Baixar livros Multidisciplinar

Baixar livros de Musica

Baixar livros de Psicologia

Baixar livros de Quimica

Baixar livros de Saude Coletiva
Baixar livros de Servico Social
Baixar livros de Sociologia

Baixar livros de Teologia

Baixar livros de Trabalho

Baixar livros de Turismo
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