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RESUMO

ASPECTOS FISIOLOGICOS E IMUNOLOGICOS DE Pythium insidiosum E
ATIVIDADE DE ANTIMICROBIANOS FRENTE A Conidiobolus lamprauges

AUTORA: Juliana Simoni Moraes Tondolo
ORIENTADOR: Janio Morais Santurio

A conidiobolomicose e a pitiose sdo infecgdes importantes que acometem animais ¢ humanos e que
apresentam dificuldades tanto no diagndstico quanto no tratamento. A conidiobolomicose ¢ causada pelos fungos
Conidiobolus coronatus, C. incongruus e C. lamprauges, afetando ovinos, equinos, caninos e humanos, ja a pitiose
¢ causada pelo oomiceto Pythium insidiosum e atinge mamiferos selvagens e domésticos, principalmente equinos,
e humanos. Nao existe uma abordagem farmacoldgica padrdo para o tratamento dessas infec¢des e em ambos os
casos a rescisdo cirurgica ¢ uma abordagem muitas vezes necessaria. Neste contexto, esta tese objetivou (a)
determinar a suscetibilidade in vitro de C. lamprauges frente a diferentes farmacos antimicrobianos, bem como
identificar possiveis associagdes sinérgicas; (b) padronizar o uso da técnica de disco difusdo utilizando a
minociclina como um método de screening para a identificagdo presuntiva de P. insidiosum; (c) quantificar, extrair
e avaliar o potencial imunomodulador das B-glucanas de P. insidiosum in vitro em cultivo de linfocitos e in vivo
em camundongos; (d) desenvolver um modelo experimental de pitiose em camundongos e avaliar a resposta
imunologica a infecgdo. Como resultados obtivemos: i) na avaliagdo da suscetibilidade in vitro de C. lamprauges
isolados de infecgdes em ovinos, observou-se uma suscetibilidade reduzida a maioria dos firmacos testados, sendo
a terbinafina o farmaco com melhor atividade (CIM < 0,06-0,5 pg/mL). As maiores taxas de sinergismo foram
observadas com a associagdo de sulfametoxazol com trimetoprima (100%) e entre terbinafina com farmacos
antifungicos azolicos (71%); ii) a padronizacgdo do uso da técnica de disco difusdo com discos de minociclina como
um método de screening para a identificagdo presuntiva de P. insidiosum mostrou-se eficaz, pois ndo houve
crescimento miceliano de P. insidiosum em torno do disco de minociclina durante os sete dias de incubagio,
diferenciando-o assim de C. lamprauges e outros fungos verdadeiros; iii) o conteido de B-glucanas de P.
insidiosum avaliado enzimaticamente foi de 23,09% + 3,71 de glucanas totais, divididas em a-glucanas (4,10% =+
0,83) e B-glucanas (18,99% + 3,59); iv) a extracdo de B-glucanas de P. insidiosum produziu um extrato contendo
82% de B-glucanas e 18% de aminoacidos e peptideos residuais e a anlise estrutural mostrou tratar-se de uma
(1,3)(1,6)- B-glucana; v) esta (1,3)(1,6)- B-glucana demonstrou potencial para estimular o sistema imune in vitro
observado pelo aumento na proliferacdo de linfocitos de equinos, humanos e camundongos e de induzir resposta
do tipo Th17 quando administrada aos camundongos; vi) o uso de camundongos BALB/c imunossuprimidos com
a associagdo de ciclofosfamida e hidrocortisona mostrou ser um modelo experimental eficaz para o estudo da
pitiose, com mortalidade de 60% dos animais infectados; vii) a producdo de citocina observada durante o
desenvolvimento da pitiose experimental em camundongos caracterizou-se pela expressdo de IL6, IL-10 e TNF-
o, indicando uma resposta inflamatéria e uma possivel supressdo da resposta imune do hospedeiro como
responsavel pelo estabelecimento da infecgao.

Palavras-chave: Conidiobolus lamprauges, suscetibilidade, B-glucanas, imunoterapia, Pythium insidiosum.



ABSTRACT

PHYSIOLOGICAL AND IMMUNOLOGICAL ASPECTS OF Pythium insidiosum AND
ANTIMICROBIAL ACTIVITY OF ANTIMICROBIAL AGENTS AGAINST
Conidiobolus lamprauges

AUTHOR: Juliana Simoni Moraes Tondolo
ADVISOR: Janio Morais Santurio

Conidiobolomycosis and pythiosis are important infections that affect animals and humans, which
presents difficulties in diagnosis and treatment. The conidiobolomycosis is caused by the fungi Conidiobolus
coronatus, C. incongruus and C. lamprauges, affecting sheep, horses, dogs and humans; pythiosis is caused by the
oomycete Pythium insidiosum and affects wild and domestic mammals, particularly horses and humans. There is
no standard pharmacological approach to the treatment of infections and the surgical rescission is a method often
needed in both cases. In this context, this thesis aimed to (a) determine the in vitro susceptibility of C. lamprauges
against different antimicrobial drugs, as well as identify possible synergistic associations; (b) the use of
standardized disk diffusion technique with minocycline as a screening method for the presumptive identification
of P. insidiosum; (c) quantify, extract and evaluate the immunomodulatory potential of B-glucans from P.
insidiosum in vitro in cell cultures in vitro and in mice; (d) develop an experimental pythiosis model in mice and
evaluate the immune response to infection. As results we achieved: i) assessing the in vitro susceptibility of C.
lamprauges isolated from sheep infections, there is reduced susceptibility to most antimicrobial drugs tested, with
terbinafine the drug with improved activity (MIC <0.06- 0.5 png/mL). The highest rates of synergism were observed
with the combination of sulfamethoxazole and trimethoprim (100%) and between the terbinafine with azole
antifungal drugs (71%); ii) the standardization of the use of disk diffusion technique with minocycline disks as a
screening method for the presumptive identification of P. insidiosum was effective because there was no mycelial
growth of P. insidiosum around the minocycline disk during the seven days of incubation, thus differentiating it
from C. lamprauges and other true fungi; iii) B-glucan content from P. insidiosum enzymatically assessed was
23.09 £ 3.71% of total glucan, divided into a-glucans (4.10 £+ 0.83%) and B-glucans (18.99 + 3.59); iv) B-glucan
extract from P. insidiosum yielded an extract containing 82% of B-glucans and 18% of residual amino acids and
peptides, and the structural analysis revealed that it was a (1,3)(1,6)-B-glucan; This (1,3)(1,6)-B-glucan
demonstrates a potential to stimulate the immune system in vitro, as observed by the increase in equine, human
and mouse lymphocyte proliferation and ability to induce Th17 type response when administered to mice; vi) the
use of BALB/c mice immunosuppressed with cyclophosphamide and hydrocortisone association was shown to be
an effective experimental model for the study of pythiosis, with 60% of mortality; vii) The cytokine production
observed during the development of the experimental pythiosis in mice was characterized by an expression of IL6,
IL-10 and TNF-qa, indicating an inflammatory response and possible suppression of the host immune response as
responsible for the infection property.

Key words: Conidiobolus lamprauges, susceptibility, B-glucans, immunotherapy, Pythium insidiosum
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1 APRESENTACAO

Até o final da década de 1960, quando Whittaker (1969) criou o reino Fungi, os fungos
eram classificados dentro do reino Plantae e pertenciam a trés classes: Ficomicetos,
Ascomicetos e Basidiomicetos. A classe dos Ficomicetos compreendia uma miscelanea de
organismos evolutivamente diferentes e os membros desta classe foram entéo realocados em
diferentes classes: Zygomycetes, Chytridiomycetes, Hypochytridiomycetes, Trychomycetes e
Oomycetes.

O termo ficomicose era utilizado para descrever infeccGes de humanos e animais
causadas por fungos das ordens Mucorales (familia: Mucoraceae, géneros: Mucor, Absidia,
Rhizopus) e Entomophthorales (familia: Entomophthoraceae, géneros: Basidiobolus,
Conidiobolus) da classe Zygomycetes e da ordem Peronosporales (familia: Pythiaceae, género:
Pythium) da classe Oomycetes (Miller, 1983a).

As infeccOes causadas pelos membros da classe Zygomycetes, ordens Mucorales e
Entomophthorales também eram referidas como zigomicoses. No entanto, uma nova
classificacdo baseada em estudos filogenéticos moleculares, extinguiu a classe Zygomycetes e
distribuiu os fungos anteriormente pertencentes ao filo Zygomycota em cinco téxons: o filo
Glomeromycota contendo os fungos micorrizicos arbusculares e os demais zigomicetos foram
distribuidos em quatro subfilos, sendo eles, Mucoromycotina, Kickxellomycotina,
Zoopagomycotina e Entomophthoromycotina, sem ligacéo a qualquer filo (Hibbett et al., 2007).
Recentemente, através de uma analise genética mais aprofundada, Humber (2012) identificou
um novo filo, Entomophthoromycota o qual, englobou os fungos pertencentes ao subfilo
Entomophothoromycotina. Desta forma, o termo zigomicose, que é utilizado por médicos e
micologistas ha décadas nao se relaciona com a correta taxonomia destes fungos. Uma vez que
as infeccdes causadas pelos organismos pertencentes as duas ordens acima referidas diferem
clinica e patologicamente, tém-se utilizado os termos mucormicoses e entomoftoromicoses para
as infecgdes causadas pelos fungos da ordem Mucorales e da ordem Entomophthorales,
respectivamente (Ibrahim et al., 2011).

A ordem Entomophthorales inclui dois géneros histopatologicamente semelhantes, mas
clinicamente e micologicamente distintos: Basidiobolus e Conidiobolus. A basidiobolomicose
é a infeccdo fungica causada por espécies de Basidiobolus e a conidiobolomicose (também
conhecida como rinoficomicose, rinoentomoftoromicose ou zigomicose nasofacial) é causada
pelas espécies Conidiobolus coronatus, C. incongruous e C. lamprauges (Ribes et al., 2000;
Yang et al., 2010).
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Com o aprofundamento dos estudos filogenéticos moleculares também a classe
Oomycetes sofreu mudangas taxondmicas, passando a pertencer ao reino Straminipila. As
modificacdes também realocaram o género Pythium para a ordem Phytiales (Alexopoulos et
al., 1996). Até 2011, quando Calvano et al. (2011) relataram um caso de infeccdo invasiva
causada por Pythium aphanidermatum, a espécie Pythium insidiosum era considerada a Unica
deste género capaz de causar infeccBes em mamiferos (Gaastra et al., 2010). Embora P.
insidiosum seja a espécie patdgena mais prevalente em mamiferos, progressivamente, P.
aphanidermatum (Farmer et al., 2015) e outros oomicetos, tais como espécies de Saprolegnia,
Aphanomyces (Phillips et al., 2008) e Lagenidium (Mendoza e Vilela, 2013; Vilelaet al., 2015a;
Mendoza et al., 2016) vém se destacando como patdgenos de humanos e animais. Ressalta-se
que o completo sequenciamento do genoma de P. insidiosum foi recentemente realizado
(Ascunce et al., 2016), o que esta propiciando estudos mais aprofundados para completa
elucidacdo evolutiva desta espécie (Tangphatsornruang et al., 2016).

Apesar da reclassificacdo dos fungos acima mencionados, ainda nos dias de hoje
observa-se 0 uso do termo ficomicose em infec¢Bes que se apresentam histologicamente com
hifas esparsamente septadas, irregularmente ramificadas e inflamacdo eosinofilica,
piogranulomatosa, caracteristicas que sdo compartilhadas pelas infec¢des causadas por espécies
de Basidiobolus, Conidiobolus e Pythium (Mendoza et al., 1996; Grooters, 2003).

Uma vez que a basidiobolomicose, a conidiobolomicose e a pitiose apresentam
semelhancas clinicas e compartilham caracteristicas histopatolégicas, o diagnostico diferencial
deve ser 0 mais rapido possivel, pois alem dos tratamentos dessas doencas diferirem entre si, 0
melhor progndstico (cura clinica) esta diretamente associado com o tratamento nos estagios
iniciais da doenca, o que exige técnicas precisas e rapidas de diagndstico (Grooters, 2003; Yang
et al., 2010). Além de métodos de diagnostico rapido, seguro e de baixo custo, essas doencas
necessitam uma melhor e mais ampla avaliacdo da suscetibilidade dos patogenos frente aos
farmacos utilizados atualmente, bem como a avaliagdo da associacao desses farmacos, uma vez
que estas infeccbes nem sempre respondem satisfatoriamente aos tratamentos e de novas
propostas terapéuticas ndo quimioterapicas.

As infeccbes causadas por P. insidiosum apresentam uma resposta terapéutica
insatisfatoria aos antifingicos atualmente disponiveis e as opc¢Ges terapéuticas comumente
utilizadas sdo a excisdo cirlrgica, a administracdo de farmacos antimicrobianos e de
imunoterapicos que apresentam diferentes resultados no tratamento da pitiose (Gaastra et al.,
2010). Casos de insucesso terapéutico com antifungicos também ocorrem com as infeccoes

causadas por espécies de Conidiobolus (Yang et al., 2010; Kimura et al., 2011). Além disso, a
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espécie C. lamprauges foi recentemente relatada como capaz de causar infec¢do vascular
invasiva em humanos e os estudos de suscetibilidade e tratamento das infec¢Ges causadas por
esta espécie ainda sdo escassos (Kimura et al., 2011).

Nos casos de pitiose, a imunoterapia desenvolvida a partir de antigenos proteicos de P.
insidiosum representa uma importante op¢édo terapéutica para o tratamento da pitiose (Moraes
et al., 2013), com melhores resultados observados em infec¢Oes precocemente diagnosticadas.
No entanto, a imunoterapia € curativa e ndo protetora (Santos et al., 2011). Neste sentido, a
busca de opcOes de vacinas que induzam protecdo é desejada. Diversos autores descrevem o
potencial de B-glucanas extraidas de fungos com efeito imunomodulatério (Clemons et al.,
2014; Clemons et al., 2015), caracteristicas estas que poderiam ser utilizados para o
desenvolvimento de vacinas protetoras.

Desta forma, o presente estudo tem o objetivo de avaliar a suscetibilidade de C.
lamprauges, novas abordagens diagndsticas para P. insidiosum, e também, avaliar os aspectos

imunolégicos da pitiose.
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1.2 REFERENCIAL TEORICO

1.2.1 Conidiobolomicose

1.2.1.1 Aspectos epidemioldgicos

A conidiobolomicose é uma doenca infecciosa causada por espécies do género
Conidiobolus, da ordem Entomophtorales. Trés espécies desse género sdo conhecidas por
causarem doencas em humanos e animais: C. coronatus, C. incongruus e C. lamprauges (Ribes
et al., 2000; Vilela et al., 2010). A espécie mais comumente identificada e a principal
patogénica em humanos é a C. coronatus, causando tanto infec¢bes localizadas quanto
disseminadas (Valle et al., 2001; Chowdhary et al., 2010; Yang et al., 2010; Agrawal et al.,
2013; Twizeyimana et al., 2014). C. incongruus é responsavel por varias infec¢fes invasivas
em humanos e animais (Sharma et al., 2003; Madson et al., 2009; Wippenhorst et al., 2010) e
C. lamprauges é conhecido por causar infec¢Bes principalmente em cavalos (Humber et al.,
1989) e ovinos (De Paula et al., 2010; Furlan et al., 2010; Vilela et al., 2010), tendo sido
identificado em um caso de infeccdo disseminada em humano (Kimura et al., 2011).

A incidéncia da conidiobolomicose € oito vezes maior para 0 sexo masculino e € mais
comum em pessoas que trabalham ao ar livre nas florestas tropicais e subtropicais da Africa e
Sudeste Asiatico. O modo de transmissdo da conidiobolomicose nédo foi claramente
estabelecido, mas a predilecdo do organismo por infectar a cabeca e o rosto sugere que a via de
inoculacdo seja por meio da inalacdo de esporos ou através de traumas menores no nariz ou
face, sendo possivel também, que a infeccdo seja transmitida por picada de insetos (Gugnani,
1992). Os agentes etioldgicos da conidiobolomicose sdéo comumente encontrados na natureza e
ja foram isolados de amostras de solo, matéria vegetal em decomposicao, insetos, e nos
conteudos gastrointestinais de lagartos e sapos, especialmente em regides tropical e subtropical
(Ribes et al., 2000).

No Brasil, a conidiobolomicose em ovelhas € comum nos Estados do Piaui (Silva et al.,
2007b), Paraiba (Riet-Correa et al., 2008) e Mato Grosso (Boabaid et al., 2008), gerando
grandes perdas econdmicas devido ao alto custo do tratamento dos animais infectados e também
a perda de animais devido ao diagndstico tardio (De Paula et al., 2010). Nos Estados do Rio
Grande do Sul (Pedroso et al., 2009) e Santa Catarina (Furlan et al., 2010) a ocorréncia nos

rebanhos € esporadica.
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Em humanos, o primeiro caso de infeccdo causada por Conidiobolus foi relatado na
Jamaica (Bras et al., 1965). No Brasil, o primeiro caso registrado ocorreu na regido Nordeste,
no Estado da Bahia (Andrade et al., 1967) e posteriormente foram registrados outros casos na
mesma regido, que concentra a maior parte dos relatos (Costa et al., 1991; Valle et al., 2001,
Bittencourt et al., 2006), havendo também registro de casos no Para (regido Norte) (Moraes et
al., 1994), Mato Grosso (regido Centro-oeste) (Tadano et al., 2005) e Sdo Paulo (regido
Sudeste) (De Castro et al., 1992).

1.2.1.2 Manifestagdes clinicas

Em humanos a forma mais comum da infeccdo € a rinofacial crénica, envolvendo a
mucosa e o tecido subcutaneo do nariz em hospedeiros saudaveis (Ribes et al., 2000). Esta
forma também é conhecida como rinoentomoftoromicose, conidiobolomicose, rinoficomicose
ou entomoftoromicose rinofacial (Thakar et al., 2001). A doenca comeg¢a com uma tumefagéo
na mucosa do turbinado inferior e se espalha para outras partes da cavidade nasal, seios
paranasais e tecido subcutaneo do nariz atingindo os labios. A tumefacéo é seguida de eritema
e espessamento da pele da regido nasal, o que leva a uma deformagdo monstruosa em casos
cronicos (Bittencourt et al., 2006). A disseminacdo da doenga € rara, apenas cinco casos de
infeccdo disseminada ja foram relatados: dois casos onde o agente era C. incongruus
(Busapakum et al., 1983; Walsh et al., 1994), um caso por C. coronatus (Walker et al., 1992),
um caso por C. lamprauges (Kimura et al., 2011) e um caso por Conidiobolus spp. onde nao
foi identificada a espécie (Jaffey et al., 1990).

Os casos de doengas em animais abrangem equinos, caninos, ovinos, muares, golfinhos,
macacos, lhamas e cervos (Johnston et al., 1967; Roy, 1974; Medway, 1980; French e
Ashworth, 1994; Hawkins et al., 2006; Robinson et al., 2007; Silva et al., 2007a; Madson et
al., 2009). Em equinos, a rinoentomoftoromicose causa lesdes ulcerativas e granulomatosas
contendo nodulos, denominados de “kunkers”, na regido nasofaringea (Humber et al., 1989).

A doenca em ovinos € caracterizada por lesdes granulomatosas e necroticas na regiao
etmoidal e nasofaringea que se estendem para 0s 0ssos turbinados, frequentemente invadindo
0 cérebro e a 6rbita. Um sinal clinico muito caracteristico da doenca é a exoftalmia e les6es do
olho pela extenséo do granuloma para o tecido retrobulbar, o que foi observada em 91,6% dos
casos (Silva et al., 2007a). A disseminacao da doenca para o cérebro, pulmdes, linfonodos, rins
e outros oOrgaos foi previamente relatada (Carrigan et al., 1992; Silva et al., 2007a; Mackey et
al., 2015).
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1.2.1.3 Diagnéstico

O exame fisico, especialmente em areas nas quais a infeccdo € endémica, é uma
caracteristica importante para o diagndstico das infec¢es por Conidiobolus spp. Quando as
caracteristicas de micoses subcutaneas, particularmente envolvendo o sitio da sinusite, estdo
presentes, bidpsia e cultura dos tecidos subcutdneos e submucosos sd0 necessarios para
estabelecer o diagnostico (Ibrahim et al., 2011).

O material de bidpsia pode ser cultivado em batata dextrose agar (BDA) onde
Conidiobolus spp. apresentam crescimento rapido, 3 a 4 dias entre 30°-35°C, com col6nias
planas, glabras com pregas radiais e coloragdo creme. As col6nias maduras tornam-se marrons
com reverso branco (Reiss et al., 2012). Microscopicamente as hifas séo largas (6-15 pum de
largura) e mais ou menos septadas, sendo que o grau de septacdo aumenta com a idade da
cultura. O organismo produz conidiéforos curtos que ndo sdo ramificados e que sao dificeis de
diferenciar das hifas vegetativas. Os conidioforos (esporangioforos) produzem um conidio
unicelular grande (20-45 um de diametro) (Ribes et al., 2000).

Para avaliacdo histopatoldgica, prefere-se o uso do corante hematoxilina-eosina (HE)
porque ressalta o fendmeno Splendore-Hoeppli, no qual as hifas, que séo largas, de paredes
finas, raramente ramificadas e ocasionalmente septadas, sdo visualizadas por estarem rodeadas
por eosinofilos (Reiss et al., 2012). Observa-se uma reagdo inflamatdria granulomatosa que
penetra a derme e o tecido subcutaneo. O infiltrado mononuclear predominante consiste de
linfécitos, macrofagos e células multinucleadas gigantes, alguns contendo elementos fangicos.
Além disso, estdo presentes células plasmaticas e diversos eosindfilos (Reiss et al., 2012).

E importante ressaltar que nem todas as infecgdes por Conidiobolus spp. apresentam o
fendmeno de Splendore-Hoeppli e que ele também é encontrado em casos de basidiobolomicose
e pitiose (Ribes et al., 2000; Tabosa et al., 2004). Embora Conidiobolus spp. e Pythium
insidiosum possam ser associados com rinofaringite ou rinite rinofacial em ovinos, a localizacéo
e frequéncia de lesbes macroscopicas fornece uma base conveniente para o diagndstico. As
lesBes de conidiobolomicose em ovinos sdo, muitas vezes, rinofaringeas e aparecem como uma
massa amarela ou branca e firme, em contraste com a pitiose, que tem uma predilecdo pela
regido rinofacial e produz lesdes caracterizadas pela presenca de tecido necrosado e fridvel
(Ubiali et al., 2013).

Testes soroldgicos para a deteccao de Conidiobolus spp. foram anteriormente descritos
(Miller e Campbell, 1982; Yangco et al., 1986; Kaufman et al., 1990; Silva et al., 2015), mas
ndo estdo disponiveis comercialmente (Reiss et al., 2012). O diagndstico definitivo da doenca
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pode ser obtido através de técnicas moleculares, como a reacdo em cadeia de polimerase (do
inglés Polymerase Chain Reaction ou PCR) (De Paula et al., 2010; Silveira et al., 2013).

Em geral a infeccao apresenta grande dificuldade diagnostica, por ndo ser suspeitada em
sua fase inicial. Assim, a maior parte dos casos é diagnosticada nos estagios avancados da
doenca. O atraso no diagnostico, e consequente maior extensdo da lesdo, tornam o tratamento

mais dificil, em func&o da baixa resposta terapéutica.

1.2.1.4 Tratamento

Até o momento, nenhum farmaco administrado isoladamente demonstrou ser eficiente
para o tratamento de todos os casos de entomoftoromicose. Em humanos, tém-se utilizado
durante as infeccdes as solucdes saturadas de iodeto de potassio (SSIK), sulfametoxazol-
trimetoprima (SMZ-TMP), anfotericina B (AmB), antifingicos azolicos e uma combinagéo
desses agentes, com sucesso terapéutico variado (Ibrahim et al., 2011).

Devido ao baixo custo, as SSIK tém sido administradas oralmente por um periodo de
quatro semanas a um ano ou mais. Determinar o tempo de tratamento torna-se dificil devido as
diferentes respostas clinicas observadas nos pacientes tratados. Além disso, as recorréncias sao
comuns e ocorrem pela baixa adesdo a rotina diaria de tratamento, intolerdncia ao iodeto de
potassio e abandono precoce do tratamento (Reiss et al., 2012). O uso de SMZ-TMP apresenta
menos efeitos colaterais que as SSIK, porém deve ser administrado em altas doses por um longo
periodo de tempo (Restrepo, 1994). A AmB ndo € o farmaco de escolha como terapia primaria,
mas € utilizado como terapia de salvacdo (Ibrahim et al., 2011).

Em humanos, respostas clinicas foram observadas com o uso oral dos azolicos:
itraconazol (1TZ) (200-400 mg/dia), cetoconazol (CTZ) (200 — 600 mg/dia) durante 3 a 4 meses,
fluconazol (FLZ) (100 — 200 mg/dia) (Reiss et al., 2012). Um caso de infec¢do avancada que
respondeu apenas parcialmente ao tratamento com ITZ apresentou, com mais dois meses de
uso de voriconazol (VOR), cura clinica e micologica sem recidiva em dois anos de
acompanhamento (Moore et al., 2007). O uso de terbinafina (TRB) combinada com AmB ou
ITZ também se mostrou Util (Foss et al., 1996; Fischer et al., 2008; Cherian et al., 2015).

A combinacéo de antifungicos azolicos com SSIK produziu efeitos duradouros quando
ndo houve uma resposta adequada a terapia com SSIK sozinho (Thakar et al., 2001; Thomas et
al., 2006) e curativos (ITZ + SSIK) (Gupta et al., 2016). As recaidas sdo comuns, de modo que
o0 tratamento deve ser continuado por um més ou mais ap0s a remissdo dos sintomas. A

resseccao cirrgica ndo é por si s6 curativa, mas tem valor depois de uma resposta clinica ao
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tratamento antifingico, no debridamento das lesdes e na cirurgia reconstrutiva aps cura clinica
e micoldgica (Reiss et al., 2012). Com relacdo ao tratamento de infec¢gdes em animais, um caso
de infeccdo pulmonar por Conidiobollus spp em canino foi relatado por obter sucesso

terapéutico com o uso de ITZ (Hawkins et al., 2006).

1.2.1.5 Suscetibilidade in vitro aos antimicrobianos

Yangco et al. (1984) testaram a suscetibilidade de trés cepas isoladas de infec¢cdes em
humanos (duas C. coronatus e uma C. incongruus) contra AmB, miconazol (MON), CTZ, 5-
fluorocitosina (5-FC) e iodeto de potassio (IK). Os autores observaram as seguintes
concentragdes inibitérias minimas (CIMs): AmB, 0,098-0,39 ug/mL; MON, 0,098-3,1 pg/mL;
CET, 0,195-1,56 pg/mL; 5-FC, 200 pg/mL e IK, > 30.000 pg/mL, demonstrando a resisténcia
das cepas testadas apenas ao 5-FC e IK.

Um isolado de C. incongruus oriundo de um paciente com entomoftoromicose
disseminada foi avaliado atraves da técnica de macrodiluicdo em caldo. As CIMs encontradas
mostraram resisténcia a AmB (>18,5 pg/mL), 5-FC (>322 pug/mL) e FLZ (>80 pg/mL) e a
associacao entre AmB e 5-FC ndo mostrou interacdo sinérgica ou aditiva (FICI > 2) (Walsh et
al., 1994). A avaliacdo da suscetibilidade de outra cepa de C. incongruus também oriunda de
infeccdo em humano, mostrou CIMs de 4 pg/mL (24 h) e 8 pg/mL (48 h) para AmB, 16 pg/mL
(24 h) e >16 pg/mL (48 h) para CTZ, 1 pug/mL (24 h) e 8 ug/mL (48 h) para ITZ e >64 pg/mL
(24 h) para 5-FC (Temple et al., 2001).

Em outro estudo de suscetibilidade in vitro Guarro et al. (1999) avaliaram seis cepas de
C. coronatus, uma cepa de C. incongruus e uma de C. lamprauges pelo método de
microdiluicdo em caldo contra ITZ, CTZ, FLZ, 5-FC e AmB e observaram uma baixa
suscetibilidade, proxima a resisténcia. As CIMs encontradas nesse estudo mostram uma
variabilidade entre os isolados com AmB e C. coronatus, onde, quatro isolados mostraram CIM
de 4 pg/mL, um com CIM de 2 pug/mL e outro com CIM de 0,5 ug/mL; C. incongruus com
CIM de 4 pg/mL e C. lamparuges com CIM de 8 pug/mL. Para o FLZ as CIMs foram de 128
pg/mL (sete cepas) e 32 ug/mL para C. lamparuges. As CIMs do CTZ foram 32 pug/mL (sete
cepas) e 8 pg/mL para C. lamparuges. 5-FC com CIMs de 256 pug/mL (sete cepas) e 128 ug/mL
para uma cepa de C. coronatus. ITZ com CIMs variando de 32 pg/mL (seis cepas) a0,5e 1,0
pg/mL para duas cepas de C. coronatus.

Teste de suscetibilidade in vitro tambeém foi realizado com uma cepa de Conidiobolus

sp. oriunda de uma infeccdo pulmonar em canino, para a qual ndo foi possivel identificar a
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espécie. O micro-organismo apresentou CIMs de 2 pg/mL (24 h) e 4 pg/mL (48 h) para AmB
e demonstrou ser resistente ao FLZ (64 pg/mL) e ITZ (8 pg/mL) (Hawkins et al., 2006).

Em um relato de caso de entomoftotomicose por C. coronatus, realizou-se um teste de
suscetibilidade seguindo os protocolos do Clinical Laboratory Standards Institute (CLSI) M27-
A2 e as CIMs encontradas foram: IK - 21750 pg/mL; FLZ 0,5 pg/mL e VOR 0,125 pg/mL
(Bento et al., 2010).

Wippenhorst et al. (2010) realizaram teste de sucetibilidade in vitro, utilizando o
método de Etest, para um isolado de C. incongruus oriundo de um caso de entomoftoromicose
rino-orbital em humano e encontraram as seguintes CIMs: 1 pug/mL para SMZ-TMP, > 32
pg/mL para VOR, posaconazol (POS), AmB e caspofungina (CAS) e > 256 pug/mL para FLZ.

Tabela 1- Compilacdo dos valores de concentragdo inibitéria minima (CIM), por varios autores.

Antimicrobiano C.coronatus  C.incongruus C.lamprauges CLSI M38-A2?
pg/mL pg/mL pg/mL pg/mL
Anfotericina B 05-4(251) 4->32(14,23) 8 (8) 0,5-2,0 (>2,0 FT)
Flucitosina 128 - 256 (228) > 256 256 (256) > 64 (R)
lodeto de potassio 21.750 - -
Fluconazol 0,5(0,5) > 64 32 -128 (107) > 64 (R)
Cetoconazol 32 (32) > 32 8(8) 0,03 -16*
Itraconazol - 8-32(16) 1-32(5,65) 0,03 -16 (>8-R)
Voriconazol 0,125 > 32 > 16 0,03 -16*
Posaconazol - >32 4 0,03 -16*
Sulfametoxazol + trimetoprima - 1 -
Caspofungina - > 32 >8 <1*
Anidulafungina - - >8 <1*
Micafungina - - >8 <1*
Miconazol - - 1
Terbinafina - - 0,125 <0,25*

2 Breakpoints sugerindo resisténcia (R) ou CIM comumente observada na auséncia de descricdo de
resisténcia; * sem correlacao entre as CIM e os resultados clinicos; FT, falha terapéutica; R, resisténcia. Os valores
compilados (Yangco et al., 1984; Guarro et al., 1999; Temple et al., 2001; Hawkins et al., 2006; Bento et al.,

2010; Wippenhorst et al., 2010; Kimura et al., 2011) representam a variacao das CIMs (média geométrica).

Uma cepa de C. lamprauges, recuperada do primeiro caso de infeccdo em humanos por
esta espécie, também foi submetida a testes de suscetibilidade seguindo o protocolo CLSI M38-
A2. Os resultados obtidos em 24 e 48 horas foram: AmB, 4 e 8 pg/mL; anidulafungina (ANI)
>8 ug/mL; CAS, >8 pug/mL; micafungina (MFG), >8 ug/mL; ITZ,0.5e 1 ug/mL; POSA,4e 4
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pg/mL; VOR, >16 pg/mL; MON, 0.25 e 1 pg/mL; TRB, 0.03 e 0.125 pg/mL. Estudo de
sinergismo entre ITZ e TRB e entre POS e TRB resultou em indiferenca (Kimura et al., 2011).

A tabela 1 representa uma compilacdo das CIMs descritas por varios autores.

1.2.2 Pitiose

1.2.2.1 Aspectos epidemiologicos

Pythium insidiosum é o agente etiologico da pitiose humana e animal. Os casos de
pitiose sdo descritos em regides de clima tropical e subtropical e tem maior prevaléncia na
Australia, Asia e América Latina. No entanto, alguns casos s&o procedentes de areas temperadas
do Jap&o, Coréia do Sul e Estados Unidos, alguns paises europeus, Africa e Oceania (Mendoza,
2009; Mendoza e Vilela, 2009; Gaastra et al., 2010).

O primeiro relato de pitiose do Brasil foi descrito em equinos e relatado no Rio Grande
do Sul por Santos e Londero (1974) e atualmente, baseado em publicacgdes cientificas e pesquisa
documental sobre a venda do imunoterapico PitiumVac®, pode-se inferir que casos da doenca
ja ocorram em todas as regides do Brasil, sendo a regido do Pantanal brasileiro considerada
como o local de maior incidéncia e prevaléncia de pitiose equina do mundo (Santurio e Ferreiro,
2008; Carrera et al., 2013; Dos Santos et al., 2014; Watanabe et al., 2015), onde taxas de
prevaléncia de 5%, mortalidade e letalidade de 1,3% e 23,1%, respectivamente, foram
observadas (Dos Santos et al., 2014).

Os trabalhos retrospectivos apontam uma soroprevaléncia de pitiose em 11% do equinos
no Rio Grande do Sul (Weiblen et al., 2016), sendo que a pitiose equina representa
aproximadamente 25% das infec¢Oes cutaneas da regido semiarida do Brasil (Pessoa et al.,
2014) e 76% dentre as infeccdes causadas por fungos/oomicetos no Sul do Brasil (Marcolongo-
Pereira et al., 2014). Na regido central (RS), 22% das micoses/oomicoses de animais
domésticos (Galiza et al., 2014) foram relatados como casos de pitiose.

O ciclo bioldgico do P. insidiosum esta associado com o crescimento microbiano deste
micro-organismo em areas pantanosas, colonizacdo de plantas aquaticas, as quais servem de
substrato para o crescimento vegetativo miceliano e formacdo assexuada de zodsporos
biflagelados moveis que se movimentam pela dgua, encontram outro hospedeiro, encistam e
formam novo miceélio, iniciando nova colonizacdo (Miller, 1983b). Embora nos ultimos anos
alguns autores venham descrevendo a recuperacdo ambiental de P. insidiosum de ambientes

aquaticos (Presser e Goss, 2015) e mesmo do solo (Vanittanakom et al., 2014), determinou-se
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em laboratdrio que as hifas de P. insidiosum ndo apresentam caracteristicas (forga) de invasao
suficiente para penetrar na pele saudavel intacta, o que sugere que lesdes macro ou
microscopicas sdo necessarias para a infeccdo iniciar nos hospedeiros (Ravishankar et al., 2001,
Macdonald et al., 2002).

Neste contexto, 0s casos de pitiose em humanos e outros mamiferos estdo associados
com o contato do hospedeiro com areas onde ocorre acimulo de agua (banhados e lagos),
presenca de zodsporos e/ou kunkers (Fonseca et al., 2014) e temperatura ambiental entre 30 e
40°C (Gaastra et al., 2010). Maior frequéncia de pitiose animal é descrita em equinos que
habitam &reas pantanosas e, em humanos, em pacientes talassémicos tailandeses, onde € comum
o trabalho em &reas alagadas de cultivo do arroz. A transmissao entre 0s animais e entre animais

e humanos nao foi descrita (Krajaejun et al., 2006b; Pupaibool et al., 2006; Gaastra et al., 2010).

1.2.2.2 Manifestagdes clinicas

As lesBes ulcerativas e piogranulomatosas que podem ser superficiais (cutaneas e
subcutaneas) ou profundas (viscerais) sdo as manifestagdes clinicas mais observadas em
equideos (Poole e Brashier, 2003; Gaastra et al., 2010; Pessoa et al., 2014), 0s quais Sd0 0S
animais mais afetados por esta doenga. A pitiose nas formas cutanea, subcutanea e géstrica
também é descrita em caninos (Dykstra et al., 1999; Oldenhoff et al., 2014; Fujimori et al.,
2016), existindo também casos relatados de pitiose cutanea em bovinos (Santurio et al., 1998;
Thomas e Lewis, 1998), felinos (Thomas e Lewis, 1998), pitiose cutanea e rinite em ovinos e
caprinos (Tabosa et al., 2004; Santurio et al., 2008; Ubiali et al., 2013; Bernardo et al., 2015;
Do Carmo et al., 2015) e esporadicamente acometimento cutdneo e subcutaneo de animais
mantidos em cativeiro em zooldgicos (Grooters, 2003; Camus et al., 2004; Wellehan et al.,
2004) e passaros (Pesavento et al., 2008).

As lesbes nos equideos ocorrem nas areas anatébmicas de maior contato com as aguas
contaminadas, tais como extremidades distais dos membros, porc¢ao ventral (abddémen) e face.
As lesdes tém aspecto tumoral com a observacdo de ulceracOes, granulomas e secrecdo
mucossanguilolenta continua. Em caninos e felinos, a forma gastrointestinal esta associada com
a ingestdo de agua contaminada com zooGsporos e manifesta-se como disturbios digestivos
(vbmito, anorexia e diarreia). Nos casos menos frequentes de pitiose, como em bovinos, lesdes
cutaneas granulomatosas séo observadas nas extremidades distais dos membros, ja em ovinos

as infeccdes da regido nasal estdo associadas com a pastagem de vegetacdo aquatica em areas
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contaminadas com zodsporos de P. insidiosum (Gabriel et al., 2008; Santurio e Ferreiro, 2008;
Grecco et al., 2009; Bernardo et al., 2015).

Nos seres humanos a pitiose pode apresentar-se como infecgdes superficiais: ceratite
com envolvimento da cornea (Virgile et al., 1993; Murdoch e Parr, 1997; Badenoch et al., 2001;
Thanathanee et al., 2013); infecgOes cutaneas e subcutaneas: pitiose orbital, envolvimento
6sseo (Triscott et al., 1993; Shenep et al., 1998; Bosco et al., 2005) e infec¢des sistémicas:
arterite nos membros inferiores e/ou disseminacao (Thianprasit et al., 1996; Thitithanyanont et
al., 1998; Krajaejun et al., 2006b; Reanpang et al., 2015). Apesar da pitiose acometer
individuos aparentemente saudaveis (Triscott et al., 1993; Thianprasit et al., 1996; Lelievre et
al., 2015), em pacientes tailandeses a doenga tem uma maior frequéncia em individuos com
talassemia e/ou desordens sanguineas similares (Sathapatayavongs et al., 1989; Thitithanyanont
et al., 1998; Wanachiwanawin et al., 2004). No entanto, a pitiose em humanos ja foi descrita
em outras condic¢Oes de imunossupresséo como leucemia e Doenca de Crohn, em outras partes
do mundo (Heath et al., 2002; Hung e Leddin, 2014).

1.2.2.3 Diagnéstico

O diagnostico classico da pitiose é realizado através dos aspectos clinicos e
histopatoldgicos, além das caracteristicas culturais, morfoldgicas e reprodutivas in vitro. O
diagnostico diferencial inclui habronemose, neoplasia, tecido de granulacdo exuberante e
granulomas fungicos e bacterianos (Santurio e Ferreiro, 2008).

Ao exame direto com KOH 10%, realizado geralmente de raspados ou swabs de casos
de ceratite, tecidos (bidpsia) ou kunkers, o micro-organismo é observado como hifas hialinas e
eventualmente septadas, morfologia que facilmente pode ser confundida com a maioria dos
fungos filamentosos (Mendoza e Vilela, 2009). A cultura microbiologica destes materiais
clinicos em agar V8, agar farinha de milho (CMA) ou &gar Sabouraud dextrose permite a
recuperacdo deste micro-organismos entre 24 e 48h apds incubacdo a 37°C. As col6nias
apresentam coloracdo branca ou hialina (Grooters et al., 2002). Testes bioquimicos e
enzimaticos (Zanette et al., 2013c; Vilela et al., 2015b) foram descritos na tentativa de
evidenciar um perfil metabdlico especifico de P. insidiosum, mas ndo sdo utilizados na rotina
micologica para a identificacdo desta espécie.

Na andlise histopatoldgica, observa-se tecido fibrético com maltiplas, muitas vezes
coalescentes, areas de tecido de granulacdo circundando de nucleos eosinofilicos. O nimero de

hifas intralesionais, sua distribuicdo, a presenca de invasdo dos vasos e a natureza das reag0es
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inflamatdrias locais podem variar de acordo com o hospedeiro e o tecido acometido (Martins
et al., 2012). A deposicdo de material amorfo, eosinofilico e hialino ao redor das hifas de P.
insidiosum (Fendmeno de Splendore-Hoeppli), também € observado em outras infecgdes
fangicas, como nas entomoftoromicoses. Desta forma, técnicas de imuno-histoquimica
utilizando soro hiperimune produzidos em coelhos, sdo grande valia para o diagndstico
definitivo da pitiose (Gabriel et al., 2008; Martins et al., 2012; Doria et al., 2014).
Recentemente, uma técnica de imuno-histoquimica utilizando a proteina elicitina EL1025,
identificada em P. insidiosum, mas ndo em outros patdgenos humanos, incluindo fungos
(Lerksuthirat et al., 2015a; Lerksuthirat et al., 2015b), demonstrou 100% de especificidade
(Inkomlue et al., 2016).

O diagndstico da pitiose também pode ser realizado através de testes soroldgicos para a
deteccdo de anticorpos. Entre eles, a imunodifusdo em gel de agar (Mendoza et al., 1996),
Enzyme-Linked Immunosorbent Assay (ELISA) (Mendoza et al., 1997; Krajaejun et al., 2002;
Keeratijarut et al., 2013), Western blot (WB), aglutinacdo em latex (Mendoza e Vilela, 2009) e
testes imunocromatograficos (ICT) (Krajaejun et al., 2009). Os testes de ELISA e ICT
demonstram 6tima performance diagnostica (100% de especificidade e sensibilidade), enquanto
que a imunodifusdo apresenta uma sensibilidade menor (68%) (Chareonsirisuthigul et al.,
2013).

Sugere-se, no entanto, que a identificacdo definitiva desta espécie deva ser realizada
com o uso de metodologias moleculares (Grooters e Gee, 2002; Schurko et al., 2004;
Vanittanakom et al., 2004). Varios métodos utilizando técnicas de PCR, PCR em tempo real,
Nested PCR para a deteccao de regides moleculares especificas e caracteristicas deste micro-
organismo, como a detec¢do do gene exo-1,3-p-glucanase ou sequenciamento do DNA, foram
descritos para a identificacdo precisa de P. insidiosum a partir de cultura e amostras clinicas
(Botton et al., 2011; Salipante et al., 2012; Thongsri et al., 2013; Keeratijarut et al., 2014;
Kosrirukvongs et al., 2014; Keeratijarut et al., 2015a; Keeratijarut et al., 2015D).

1.2.2.4 Tratamento quimioterapico, cirurgico e suscetibilidade aos antimicrobianos

P. insidiosum é muitas vezes descrito como um pseudo-fungo devido a sua morfologia
miceliana. Esta caracteristica naturalmente induziu os primeiros tratamentos de casos de pitiose
com farmacos antifungicos. No entanto, resultados contraditorios com o uso de antifingicos no
tratamento da pitiose tém sido relatados (Shenep et al., 1998; Mendoza et al., 2004; Krajaejun

et al., 2006b). Considerando que os principais farmacos antifungicos agem direta ou
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indiretamente sobre o ergosterol e que P. insidiosum ndo tem vias de sintese de ergosterol
(Schlosser e Gottlieb, 1966), é compreensivel que a maioria dos casos de pitiose ndo respondam
satisfatoriamente ao tratamento com antiflngicos.

Desta forma, devido a agressividade da doenca, na maioria dos casos a terapia com
antifungicos é ineficaz e a remocéo cirurgica da lesdo, amputacdo do membro afetado ou
enucleacdo do olho afetado representam o Gltimo recurso no tratamento da pitiose em humanos
(Barequet et al., 2013; Hahtapornsawan et al., 2014; Permpalung et al., 2015) e em animais
(Dycus et al., 2015). No entanto, taxas de recorréncia de 40% ja foram descritas, o que ilustra
a dificuldade do controle desta doenca (Mendoza e Vilela, 2009).

Em animais, a remoc&o cirurgica apresenta bons resultados apenas em lesdes pequenas
e superficiais. Associagcdes do tratamento cirdrgico com antifungicos ou iodeto de potassio,
perfusdo regional com anfotericina B+dimetilsulfoxido e antifungicos+imunoterapia sao
descritas em casos de cura terapéutica. Terapias satisfatorias para cdes ainda sao consensuais e
0 tratamento de equinos com antifungicos mostra-se economicamente inviavel (Santurio e
Ferreiro, 2008; Schmiedt et al., 2012; Pereira et al., 2013; Doria et al., 2015).

Os testes de suscetibilidade in vitro demonstram que os isolados de P. insidiosum
apresentam suscetibilidade varidvel a CAS (Pereira et al., 2007), VOR, ITZ e TRB (Argenta et
al., 2008), entre outros. As avaliacbes da associacdo de farmacos antifungicos in vitro
demonstraram sinergismo na associacdo de AmB+TRB (Cavalheiro et al., 2009b),
TRB+antifungicos azolicos e TRB+CAS (Cavalheiro et al., 2009a).

Loreto et al. (2011) e Mahl et al. (2012) descreveram que o crescimento miceliano de
P. insidiosum é inibido in vitro por antibacterianos das classes das tetraciclinas, dos macrolideos
e das glicilciclinas. As menores CIMs foram observadas com a Minociclina (MIN) (0,125-2
pg/mL), doxiciclina (DOX) (0,5-8 pg/mL), azitromicina (AZIl) (2-32 pg/mL), claritromicina
(CLA) (0,5-8 pg/mL) e tigeciclina (TIG) (0,25-2 pg/mL). Trabalhos subsequentes
demonstraram que, além dos antibacterianos citados, outros antibacterianos que inibem a
sintese proteica também apresentam grau variado de atividade antimicrobiana in vitro contra P.
insidiosum (Loreto et al., 2014) e podem produzir interacGes sinérgicas com farmacos
antifangicos (Jesus et al., 2014). Recentemente Jesus et al. (2016) avaliaram o potencial
terapéuticos destes antibacterianos em modelo experimental de pitiose em coelhos e
observaram casos de cura clinica em animais tratados com minociclina e/ou azitromicina, o que
torna essas classes de antibacterianos bons candidatos para o tratamento da pitiose.

Nos dltimos anos, diversos autores descreveram a avaliacdo antimicrobiana de

compostos alternativos aos antifingicos para a inibicdo do crescimento de P. insidiosum. Loreto
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et al. (2012) descreveram a atividade antimicrobiana do disseleneto de difenila in vitro e in vivo
em modelo experimental de pitiose. A suscetibilidade in vitro de 6leos essenciais de plantas da
familia Lamiaceae foi descrita por Fonseca et al. (2015b) e outras op¢Ges como o extrato de
alho (Zanette et al., 2011), componentes de Clausena harmandiana (Sriphana et al., 2013b),
lignanas de Alyxia schlechteri (Sriphana et al., 2013a), antimicrobianos volateis de Muscodor
crispans (Krajaejun et al., 2012), associacdo in vivo de Origanum vulgare and Mentha piperita
com a imunoterapia (Fonseca et al., 2015a), dicetopiperazina e pirrolnitrina (metabdlitos de
Pseudomonas stutzer) (Thongsri et al., 2014) e a terapia fotodindmica (Pires et al., 2013; Pires
et al., 2014) sdo propostas de terapia alternativas. No entanto, ndo ha dados suficientes que
permitam o uso destes compostos em infec¢des naturalmente adquiridas.

Outra opc¢édo de abordagem terapéutica associa-se com a avidez deste microrganismo
pelo ferro. E descrito que espécies de Pythium competem no ambiente pelo ferro disponivel e
que a presenca de outros micro-organismos produtores de sider6foros podem inibir o
crescimento de Pythium spp. (Buysens et al., 1996). Clinicamente, o uso de fa&rmacos quelantes
de ferro estdo associados com o controle de casos de mucormicose (lbrahim et al., 2006;
Spellberg et al., 2012). Neste contexto, Zanette e colaboradores descreveram, em uma serie de
estudos, a influéncia do ferro no metabolismo do P. insidiosum e também descreveram a
atividade in vitro e in vivo em modelos experimentais de pitiose, do quelante deferasirox,
sozinho ou associado com micafungina sobre P. insidiosum (Zanette et al., 2013a; Zanette et
al., 2013b; Zanette et al., 2015a; Zanette et al., 2015b). Estes estudos indicam o potencial da
terapia com farmacos quelantes de ferro no tratamento da pitiose e instigam a expansao de

pesquisas nesta area.

1.2.2.5 Imunoterapia

Diferentes formas de preparo das formulagfes imunoterapicas para o tratamento da
pitiose ja foram descritas. O primeiro imunoterapico foi testado por Miller (1981) em equinos
com pitiose e consistia de micélio inativado submetido a desintegracdo por ultrassom, utilizado
na dose de 5 mg de micélio seco/mL e obtendo indice de 52,5% de cura. Mendoza et al. (1992b)
testaram dois tipos de imunoterdpicos, um feito a partir da massa miceliana inativada,
desintegrada pelo uso de homogeneizador automatico e utilizado na dose de 5 mg de micélio
seco/mL. O outro imunoterapico consistia de antigenos precipitados do caldo de cultivo
concentrado e sem a presenca de hifas com dose ajustada para 2 mg de proteina/mL. Ambos

foram eficazes em curar os animais, sendo que a melhor resposta estava relacionada ao tempo
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de inicio da lesdo, lesbes com mais de 2 meses ndo foram curadas por nenhum dos
imunoterapicos testados. A analise da estabilidade dos antigenos testados mostrou que o
oriundo do caldo de cultivo se mantinha ativo por até 18 meses quando mantido a 4°C,
tornando-o a melhor opcéo de uso.

Uma modificacdo no preparo do imunoterdpico foi proposta por Dixon et al. (1998),
que ap0ds sonicar a massa miceliana do P. insidiosum coletou o sobrenadante desse processo
que continha os antigenos extraidos do miceélio e adicionou ao caldo de cultivo (exoantigenos
liberados durante o crescimento fungico) previamente separado do micélio. Esta modificacdo
levou a uma resposta de cura em alguns casos de pitiose crénica, 0 que ndo ocorria com 0 uso
do imunoterapico testado por Mendoza et al. (1992b). Esse novo imunoterapico foi utilizado
por Thitithanyanont et al. (1998) em um caso de infec¢do vascular por P. insidiosum em um
garoto tailandes que nédo respondeu ao tratamento cirdrgio e farmacologico. Foram aplicadas
duas doses do imunoterapico num intervalo de duas semanas, obtendo-se a cura clinica dentro
de um ano. Mendoza et al. (2003) também testaram esse novo método de preparo do
imunoterapico e obtiveram cura de 72% dos equinos testados, inclusive os casos crénicos e
33% de cura para 0s caninos avaliados.

Um estudo de Santurio et al. (2003) avaliou trés diferentes preparos de imunoterapicos
de P. insidiosum, testando-os em modelo experimental de pitiose em coelhos. Os
imunoterdpicos foram preparados a partir do micélio que foi submetido a desintegracéo atraves
do uso de sonicador e de homogeneizador, sendo o terceiro, uma mistura de partes iguais dos
dois anteriores. Apos serem liofilizados, os imunoterapicos foram administrados aos coelhos
com pitiose e a melhor resposta foi obtida com o preparado por homogeneizagdo. A inovagao
desse estudo foi o procedimento de liofilizagdo do material, que conferiu uma validade superior
a um ano sem a necessidade da manutencdo em refrigeracdo, 0 que era necessario Nnos
imunoterapicos descritos anteriormente.

Na regido do Pantanal brasileiro, o teste de eficiéncia de um imunoterapico para o
tratamento da pitiose equina, produzido a partir de culturas de P. insidiosum, baseando-se na
metodologia anteriormente descrita por Miller (1981), demonstrou indice de cura de 50% a
83,3% entre os grupos tratados (Monteiro, 1999). Esse estudo originou a producdo do
imunoterdpico PitiumVac®, lancado em 1999 e produzido pelo Laboratério de Pesquisas
Micologicas (LAPEMI/UFSM) em parceria com a Empresa Brasileira de Pesquisa
Agropecuéria (Embrapa Pantanal), j& tendo sido utilizado em equideos de varias racas em 25

estados brasileiros (Moraes et al., 2013).
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A imunoterapia apresenta melhores resultados quando a doenca se encontra nos estagios
iniciais (Mendoza e Newton, 2005; Santurio e Ferreiro, 2008). Propde-se que SuCesso
terapéutico da imunoterapia esteja baseado na mudanca da resposta celular. A resposta celular
observada na pitiose envolve inflamacgéo eosinofilica e expressdo de linfocitos T helper Th2,
com liberacdo de interleucinas IL-4 e IL-5, mobilizacdo de eosindfilos e mastocitos. Os
antigenos do imunoterapico estariam associados com a producdo e expressdo de linfocitos T
helper Th1, producéo de IL-2 e interferon-y, com mobilizac¢do de linfocitos T e macrofagos que
destroem as células de P. insidiosum (Mendoza e Newton, 2005), como demonstrado na Figura
1. Em estudo de Bach et al. (2013) foi observado o aumento dos niveis da atividade da enzima
ecto-adenosina desaminase (E-ADA) nos linfécitos de coelhos experimentalmente infectados e
submetidos a imunoterapia com PitiumVac® o que favoreceria a mudanca da resposta Th2 para
Th1, corroborando a hipdtese anteriormente formulada por Mendoza e Newton (2005). No
entanto, dados sobre a resposta clinica a esta imunoterapia demonstram uma caracteristica

curativa ndo gerando uma resposta protetora do hospedeiro as reinfeccGes (Santos et al., 2011).

Figura 1 - Proposta do mecanismo patogénico envolvido durante a infecgéo natural e mecanismo induzido
pela imunoterapia.
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1.2.2.6 Antigenos imunorreativos de Pythium insidiosum

Os imunoterapicos apresentam propriedades curativas e sdo utilizados na presenca de
sinais clinicos da infeccdo. A composicao desses imunoterdpicos ndo foi totalmente avaliada,
sendo apenas referido o conteudo de proteinas em alguns estudos. As propriedades profilaticas
também nao foram completamente avaliadas, mas acredita-se que a identificacdo de proteinas
imunodominantes expressas por P. insidiosum poderia auxiliar na eficacia dos imunoterapicos
ja disponiveis ou estimular o desenvolvimento de vacinas profilaticas.

Mendoza et al. (1992a) avaliaram antigenos proteicos preparados de cinco cepas de P.
insidiosum contra seis soros provenientes de equinos com pitiose e observaram a presenca de
pelo menos vinte antigenos, sendo trés deles considerados imunodominantes 28, 30 e 32 kDa.
Em estudo que avaliou a massa molecular dos antigenos que reagiram com o0s anticorpos 1gG
presentes em uma amostra de soro de humano com pitiose, observaram-se varias bandas
imunorreativas: 23, 26, 26, 30, 35, 42, 56, 73 e 110 kDa, sendo que os antigenos de 42 e 35 kDa
apresentaram forte reatividade (Vanittanakom et al., 2004). A avaliacdo de soros provenientes
de bovinos infectados mostrou a presenca de antigenos imunodominantes de alto peso
molecular, variando de 51 a 203 kDa e de baixo peso molecular apenas bandas de 30 e 32 kDa
(Perez et al., 2005).

Outro estudo avaliou soros de equinos e bovinos naturalmente infectados, de coelhos
imunizados com extrato antigénico de P. insidiosum e de equinos tratados com imunoterapico,
onde se observou 0 mesmo padrédo de polipeptideos (33.5, 38, 39, 40 e 80 kDa) para 0s soros
dos equinos e coelhos, ja o soro dos bovinos reagiu com quatro polipeptideos, sendo dois iguais
(39 e 40 kDa) e dois diferentes aos encontrados para os outros animais (35 e 70 kDa) (Leal et
al., 2005). Krajaejun et al. (2006a) utilizando soros de casos de pitiose em humanos,
identificaram entre outros, um antigeno com massa molecular de 74 kDa como sendo altamente
especifico e sensivel para a identificacdo da pitiose em humanos, sugerindo seu uso para 0
desenvolvimento de um teste de sorodigandstico rapido e para melhorar a eficicia da
imunoterapia anti-P. insidiosum.

Estudo realizado com cepas de P. insidiosum recuperados de ambiente aquatico mostrou
uma banda de 40-35 kDa como um epitopo dominante para as cepas avaliadas (Supabandhu et
al., 2008). Chindamporn et al. (2009) demonstraram que existe uma variacdo no perfil de
expressao de antigenos das cepas que diferem geograficamente, mas destacam a necessidade

da padronizacdo tanto do preparo das fragGes antigénicas quanto do método a ser utilizado para
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a adequada caracterizacdo do perfil imunogénico de P. insidiosum. Além disso, chamam a
atencdo para a necessidade da caracterizagcdo molecular dessas proteinas imunogénicas para o
melhor entendimento das propriedades imunoldgicas e imunoterapéuticas desses antigenos.
Em estudo recente, Krajaejun et al. (2014) identificaram através da analise do
transcriptoma de P. insidiosum uma série de fatores de viruléncia, incluindo possiveis efetores
e dentre eles, aproximadamente 300 proteinas com o dominio elicitina. Efetores sdo proteinas
secretadas pelo patdogeno que alteram a resposta de defesa do hospedeiro e facilitam a
progressao da infeccdo (Wawra et al., 2012). Muitas das elicitinas presentes em P. insidiosum
sdo previstas de serem secretadas (presenca de um peptideo sinalizador) ou de fazerem parte da
parede celular (presenca de sitio de glicosilacdo ou glicosilfosfatidilinositol) (Jiang et al., 2006),
0 que as torna boas candidatas como marcador especifico para diagnostico ou como candidatas
ao desenvolvimento de moléculas anti-oomiceto, por exemplo, anticorpos, vacinas e

medicamentos (Krajaejun et al., 2014).

1.2.2.7 Modelos experimentais de pitiose in vivo

Os modelos animais sdo importantes para o estudo da patogénese, viruléncia,
imunologia, diagndstico e tratamento das infecgdes flngicas. Varias espécies de animais tém
sido utilizadas em investigagdes micoldgicas, mas os ratos e 0s camundongos sdo 0s principais
animais utilizados como modelos experimentais (Zak e Sande, 1999; Capilla et al., 2007;
Kirkpatrick et al., 2012). No entanto, a maioria dos animais para experimentacdo animal, e
mesmos 0s equinos, sdo considerados refratarios a indugdo da pitiose experimental (Mendoza
etal., 1996). Witkamp (1924) foi o primeiro pesquisador a descrever a reproducao experimental
da pitiose utilizando coelhos. Desde entdo, este animal € reconhecido como a unica opgao para
a realizacdo de experimentos in vivo sobre a pitiose.

A inducdo da pitiose descrita por Witkamp (1924) foi realizada apo6s a injecdo de
granulomas eosinofilicos ou hifas. Na década de 1980, Miller e Campbell (1983) utilizaram os
zoosporos de P. insidiosum como unidades infectantes e comprovaram que ambos 0s grupos de
coelhos higidos ou submetidos a imunossupressdo desenvolveram a doenca, concluindo que
esta doenca pode ser experimentalmente induzida em coelhos imunocompetentes. Desde enté&o,
este modelo tem sido utilizado para avaliar o diagndéstico, a suscetibilidade aos antimicrobianos,
a imunoterapia e a resposta imunoldgica da pitiose (Santurio et al., 2003; Leal et al., 2005;
Pereira et al., 2007; Pereira et al., 2008; Bach et al., 2010; Botton et al., 2011; Argenta et al.,
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2012; Loreto et al., 2012; Bach et al., 2013; Pires et al., 2013; Zanette et al., 2013a; Zanette et
al., 2013b; Fonseca et al., 2015a; Zanette et al., 2015a; Jesus et al., 2016).

Os motivos da maioria dos animais experimentais serem refratarios a inducdo da pitiose
sdo desconhecidos e provavelmente estejam associados com as diferencas da resposta
imunoldgica que cada hospedeiro desenvolve (Mendoza e Newton, 2005). Embora os modelos
utilizando coelhos sejam bastante Uteis para o estudo de infec¢des fungicas e seu tratamento,
eles s@o mais caros para aquisicao, sua criacdo exige instalacGes especiais e acompanhamento
cuidadoso, e mais importante, hd poucos reagentes imunologicos e moleculares disponiveis
quando comparado aos Kits laboratoriais desenvolvidos para camundongos e ratos (Capilla et
al., 2007).

Diante deste contexto, pesquisas explorando novos modelos experimentais de pitiose
séo desejados. Recentemente um estudo descreveu o desenvolvimento de infeccéo experimental
em Drosophila melanogaster Toll-deficiente (Zanette et al., 2013d). No entanto, ndo ha estudos
sobre pitiose experimental que suportem a utilizacdo de outros animais vertebrados além dos

coelhos.

1.2.3 Parede celular dos fungos

A parede celular dos fungos saprofiticos e patogénicos é composta de proteinas, lipideos
e carboidratos. As células fungicas séo rodeadas por uma parede celular que consiste de quatro
componentes principais: glucana, quitina, manana e mananoproteina, sendo que 0S mesmos
desempenham um papel importante na manutencdo da forma e na viabilidade das células
fungicas durante as variacfes osmoticas e sdo também, o ponto de contato com 0 meio externo
(Lowman et al., 2011). A parede celular compreende cerca de 20 a 30% do peso seco da céelula
fangica e a composicdo varia de acordo com as condi¢des ambientais e/ou de cultivo
laboratorial, com o ciclo celular e com a espécie fungica (Bowman e Free, 2006).

As glucanas sdo homopolissacarideos constituidos por moléculas de glicose,
interligadas por ligacdes glicosidicas que podem ser do tipo alfa (o) ou beta (B). As B-glucanas
sdo a forma predominante e ocorrem principalmente em cadeias lineares, que podem ou nédo
serem ramificadas e a conformag&o pode variar de simples ate tripla hélice, que é a forma mais
comum. A quitina € um homopolimero linear, formado por residuos de N-acetilglucosamina
interligados de forma B-(1,4). As mananas sdo homopolimeros longos constituidos de a-D-
manose e quando ligados a moléeculas de peptideos formam as mananoproteinas (Orlean, 2012).

Outros tipos de polissacarideos foram descritos, por exemplo, galactomananas
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(galactofuranose/galactose + manose) presentes em Aspergillus spp (Bardalaye e Nordin, 1977;
Bernard e Latge, 2001), glicuronoxilomananas (&cido glicurbnico + xilose + manose) e
galactoxilomananas (galactose + xilose + manose) em Cryptococcus neoformans (Vecchiarelli
etal., 2011).

O principal carboidrato que compoe a parede celular fingica é a -1,3- glucana, com
funcdo de manter a rigidez da parede celular e formar uma rede estrutural na qual as outras
moléculas irdo ligar-se (Deslandes et al., 1980; Lowman et al., 2011). Tem sido sugerido que
a quitina realize ligagdes cruzadas com B-1,3- ¢ B-1,6- glucanas (Cabib, 2009). As cadeias
laterais de -1,6- glucana ligadas a uma cadeia linear de -1,3- glucana tém sido relatadas para
diversas espécies fungicas e teriam por finalidade estabilizar a parede celular, uma vez que
desempenham um papel central como um ligante para componentes especificos da parede
celular, incluindo quitina e mananoproteinas além das B-1,3- glucanas (Lipke e Ovalle, 1998;
Lowman et al., 2011). As mananoproteinas apresentam uma molécula de ancoragem,
glicosilfosfatidilinusitol (GPI — do inglés “glycosyl phosphatidylinositol”), que sera clivada e
ird formar uma ligagéo glicosidica com uma -1,6- glucana ramificada, que por sua vez estara
ligada glicosidicamente ao complexo B-1,3- glucana — quitina formando assim a rede de fibras

do interior da parede celular (Kollar et al., 1997; Bowman e Free, 2006) (Figura 2).

Figura 2 - Relacdo entre os componentes da parede de Saccharomyces cerevisiae
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(A) mananoproteinas em azul e oligossacarideos em amarelo; (B) modulos de associacdo para formacéo
da estrutura da parede. Fonte: Lipke e Ovalle (1998).
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1.2.3.1 Parede celular de Pythium insidiosum

A parede celular é vital para os patdgenos e por esse motivo, representa um alvo
interessante no controle de doengas, 0 que pode ser exemplificado pelo efeito dos farmacos da
familia das equinocandinas, que bloqueiam especificamente a biossintese de -(1,3)-glucana de
Candida albicans, o que leva a morte do micro-organismo (Morrison, 2006). Apesar das
equinocandinas nao terem efeito antimicrobiano sobre P. insidiosum capaz de torna-las uma
opcao terapéutica da pitiose (Pereira et al., 2007; Pereira, 2008), uma melhor compreensao da
estrutura de carboidratos de P. insidiosum é de grande relevancia, pois pode permitir a
identificacdo de rotas bioquimicas que podem ser especificamente blogueadas, inibindo o
crescimento desse patdgeno.

Embora P. insidiosum forme estruturas micelianas similares aos fungos verdadeiros,
ele é classificado em um grupo taxondmico completamente diferente (Straminipila), juntamente
com as algas diatomaceas e marrons (Beakes et al., 2012). Avalia¢fes de outras espécies de
oomicetos demonstraram que, ao contrario dos fungos que contém quantidades consideraveis
de quitina na parede celular, estes micro-organismos ndo contém ou apresentam pequenas
quantidades (<1%) de quitina e apresentam celulose na parede celular juntamente com uma
grande proporcao (80 a 90%) de outros carboidratos (Aronson et al., 1967; Sietsma et al., 1969),
podendo entdo ser distinguidos bioquimicamente de fungos verdadeiros pelas diferencas na
composicao polissacaridica de suas paredes celulares.

Os trabalhos pioneiros sobre os oomicetos descrevem que a parede celular desta classe
de micro-organismos consiste essencialmente de 1,3-p- e 1,6- B-glucanas (Aronson et al., 1967;
Bartnicki-Garcia, 1968). Estudo subsequente demonstrou que a parede celular de cinco
diferentes espécies de Pythium era formada principalmente por glucanas (80%), lipideos (8%),
proteinas (2%) e outros acucares (Vaziri-Tehrani e Dick, 1980). A avaliacdo da composicao da
parede celular de Pythium aphanidermatum evidenciou um contetdo de 18% de celulose e 82%
de (1—3),(1—6)-p-glucanas (Blaschek et al., 1992). Trabalho recente de Melida et al. (2013)
com dez espécies de oomicetos das Ordens Peronosporales e Saprolegniales demonstrou que
apesar de conterem 0 mesmo padrédo de glucanas, as espécies estudadas apresentaram trés tipos
diferentes de parede celular de acordo com o modo como as moléculas estdo interligadas
(espécies de Pythium ndo foram avaliadas).

Em um estudo de Shipton et al. (1982) com amostras de Pythium isolados de infecgdes
em equinos, muito provavelmente P. insidiosum, porém ainda néo identificado na época, foi

avaliada a composicao de agucares da parede celular que mostrou a glicose como principal
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componente e tracos de manose, galactose e ramnose. Estudos especificos sobre a composicao

da parede celular de P. insidiosum ndo foram encontrados na literatura.

1.2.3.2 Glucanas fangicas

As glucanas constituem um grupo heterogéneo de polissacarideos naturais, que
consistem de mondmeros de D-glicose unidos através de ligagdes a- ou B-glicosidicas. Elas tem
importancia como elementos estruturais da parede celular ou servem como armazenamento de
energia em bactérias, fungos, incluindo leveduras, algas, plantas e ndo ocorrem nos tecidos de
vertebrados e invertebrados (Brown e Gordon, 2005).

Apesar da simplicidade de sua composi¢cdo de monossacarideos (por definicdo contém
apenas D-glicose), encontra-se uma grande diversidade de glucanas que variam de acordo com
0 nimero e a configuracdo anomérica das unidades de D-glicopiranose, a posi¢ao e a sequéncia
de ligagdes glicosidicas ao longo da cadeia, ao grau de ramificacdo e conformacéo estrutural da
cadeia (Synytsya e Novak, 2013).

De acordo com com a estrutura anomérica € possivel distinguir trés grupos principais
de glucanas: a-D-glucanas, B-D-glucanas e a,B-D-glucanas. Com base nas liga¢Ges glicosidicas
elas podem ser lineares simples ou ramificadas do tipo (1—3), (1—4) e (1—6). As glucanas
fangicas de maior interesse por sua atividade bioldgica séo as B-glucanas, principalmente as

com ligacdes glicosidicas do tipo B- (1—3) e B- (1—>6) (Chen e Seviour, 2007) (Figura 3).

Figura 3 - Estrutura das B-glucanas.

[i4{1,3)-glucan

As B-glucanas microbianas imunoestimulantes mais comumente sao 3-(1,3)-glucanas com graus variados
de B-(1,6)-glucanas ramificadas. Fonte: Goodridge et al. (2009)
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Dependendo da estrutura das B-glucanas elas podem ser soltveis, formadoras de gel e
formadoras de particulas (insoltveis). Os diferentes graus de solubilidade observados podem
ser explicados com base nos diferentes comprimentos dos polimeros e no grau de ramificacdo
dos mesmos, de forma geral, as cadeias lineares de B-1,3- glucana s&o sollveis e conforme
aumenta o tamanho da cadeia e o numero de ramifica¢des do tipo -1,6- a solubilidade diminui
(Zekovic et al., 2005).

As analises estruturais sdo de suma importancia, pois provéem informacdes sobre a
estrutura priméria, pureza e a composi¢do da glucana em estudo. Para determinar a exata
estrutura das B-glucanas, diferentes métodos analiticos sdo aplicados. Inicialmente aplicam-se
métodos de lise quimica, tais como: metilacdo, oxidacao, degradacdo de Smith entre outros. Na
sequéncia, 0 uso de espectroscopia de ressonancia magnetica nuclear (RMN) é o método mais
efetivo e menos destrutivo de andlise estrutural e tem sido amplamente utilizado na
caracterizacdo de glucanas fungicas (Synytsya e Novak, 2013).

A qualidade mais importante das 3-glucanas e a principal razao pela qual muitos estudos
vém sendo realizados sdo os efeitos fisioldgicos que elas produzem. As B-glucanas sdo
consideradas modificadoras de resposta biolégica com pronunciada atividade
imunomoduladora (Bohn e Bemiller, 1995; Novak e Vetvicka, 2009). De forma geral,
imunomoduladores podem agir positivamente sobre o organismo, como imunoestimulantes, ou
podem afetar o organismo de forma negativa, como imunossupressores. As B-glucanas
apresentam atividade imunoestimulante descrita sobre diversas espécies animais, entre elas:
minhocas, camardes, peixes, camundongos, ratos, coelhos, ovelhas, porcos, bovinos e humanos,
como revisado por Novak e Vetvicka (2009). Muito antes das B-glucanas serem identificadas
como imunomoduladoras, o efeito benéfico de cogumelos ricos em B-glucanas como o shiitake
(Lentinan edodes) no Japéo ou Lingzhi (Ganoderma lucidum) na China ja eram utilizados pela
medicina oriental para o fortalecimento do sistema imunologico (Stier et al., 2014).

Existe um grande nimero de B-glucanas extraidas de diferentes fontes e j& avaliadas,
mas € impossivel determinar se ha um tipo especifico que apresente a melhor atividade
imunomoduladora (Novak e Vetvicka, 2009; Synytsya e Novak, 2013). As atividades
bioldgicas das B-glucanas séo influenciadas por diferentes pardmetros fisico-quimicos, como o
grau de ramificacdo, a solubilidade, o peso e a estrutura molecular, entre outros e esses
parametros, por sua vez, dependem ndo sé da fonte de extracdo, mas também dos meétodos

utilizados durante o processo de extracdo (Synytsya e Novak, 2013).
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Desde a descoberta das propriedades benéficas das B-glucanas para animais e humanos,
diferentes métodos de extracdo vém sendo empregados para a obtengdo desse polissacarideo,
principalmente, da levedura Saccharomyces cerevisiae oriunda da producéo industrial de etanol
(Freimund et al., 2003). Os métodos tradicionais de extracdo de B-glucanas da S. cerevisiae
baseiam-se em repetidas extragGes utilizando solucgdes acidas ou alcalinas, o que resulta em
degradacéo das cadeias de B-glucanas e liberacdo das mesmas para o sobrenadante, resultando
em baixo rendimento da extracdo, além de influenciar a atividade biolégica (Chema et al.,
2015). Com o intuito de aumentar o rendimento da extracdo e minimizar a degradacdo das
betaglucanas novos métodos tém sido propostos. Nesse sentido, 0 método proposto por Liu et
al. (2008) e composto pelas etapas de autélise induzida, tratamento por agua quente e solventes
organicos, homogeneizacdo e tratamento enzimatico com protease demonstrou alto grau de
rendimento, de pureza e manteve a estrutura original das p-glucanas.

Diferentes vias imunoldgicas tém sido relacionadas as atividades bioldgicas exercidas
pelas B-glucanas, incluindo: ativacdo de macrofagos, estimulacao de células T auxiliar, ativacdo
do sistema reticulo-endotelial, ativacdo de células NK (natural killer), ativagéo das vias classica
e alternativa do complemento e estimulo da producédo de anticorpos (Vannucci et al., 2013).
Uma vez que as B-glucanas induzem uma ampla gama de respostas imunitarias, elas podem ser
reconhecidas por um ou maltiplos receptores de reconhecimento de padrbes (PRR) presentes
na superficie de diferentes células do sistema imune, entre eles: receptor 3 do complemento
(CRJ), lactosilceramidas, receptores scavenger, receptores Toll-like (TLR) e dectin-1 (Novak
e Vetvicka, 2008; Vannucci et al., 2013). Os PRRs mais importantes para o reconhecimento de
B-glucanas séo o Dectin-1, 0 CR3 e 0 TLR, que sdo encontrados em varias células, tais como:
mondcitos, macrdfagos, células dendriticas, neutréfilos, eosindfilos, células NK e células
epiteliais do intestino (Stier et al., 2014).

O exato mecanismo pelo qual as p-glucanas afetam o sistema imune deve-se, em parte,
a rota de administracdo. Quando administradas de forma oral, o impacto sobre a fungdo imune
é primariamente explicado pela interacdo da B-glucanas com as células M localizadas no
intestino delgado. As células M seriam responsaveis por englobar as B-glucanas do lumen
intestinal e transporta-las para as células imunoldgicas localizadas dentro das placas de Peyer
(Volman et al., 2008). Administradas por via intraperitoneal e intravenosa as betaglucanas sao
primariamente distribuidas para o figado e o bago (Suda et al., 1995). Via subcutanea, as p-
glucanas serdo primariamente reconhecidas pelos receptores das células epiteliais, macrofagos
teciduais e células dendriticas (Novak e Vetvicka, 2009; Vetvicka, 2011)
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Algumas das principais atividades farmacoldgicas descritas para as p-glucanas sao:
aumento da resisténcia do hospedeiro a infecgdes virais, bacterianas, flngicas e parasitarias
(Zekovic et al., 2005; Chen e Seviour, 2007; Novak e Vetvicka, 2008; Minari et al., 2011,
Giavasis, 2014); antioxidante (Ceyhan et al., 2012), anti-inflamatdria (Du et al., 2015) efeito
antitumoral (Qi et al., 2011; Vannucci et al., 2013), protetora contra infec¢gdes fungicas
(Clemons et al., 2014; Clemons et al., 2015).

1.2.4 Imunologia das infec¢des fungicas

Os fungos estdo associados a um amplo espectro de doengas em humanos e animais,
que vao desde manifestacdes pulmonares e lesbes cutaneas autolimitadas até severas doencas
inflamatdrias e graves infecgbes fatais (Romani, 2011). O estabelecimento e a gravidade das
infecgdes irdo depender da ativacdo dos mecanismos de defesa do hospedeiro pelo micro-
organismo invasor e da consequente resposta imune desencadeada (Blanco e Garcia, 2008).

A resposta imune do hospedeiro é iniciada através do reconhecimento de padrdes
moleculares associados ao patogeno (PAMPS) e padrbes associados ao dano molecular
(DAMPs) presentes durante a infecgcdo pelos receptores de reconhecimento padréo (PRRs). Os
PRRs estdo presentes nas células imunes da linhagem mieldide (células dendriticas,
macrofagos, mondcitos e neutréfilos) e ndo mieldide (células epiteliais e endoteliais)
(ROMANI, 2011). A ligacdo dos PRRs aos PAMPs flungicos, tais como polissacarideos
(quitina, a ¢ B-glucanas, mananas) e DNA fungico, resulta na ativacédo de vias de sinalizacdo
intracelular promovendo a fagocitose, a producdo de citocinas, “burst” respiratorio e maturacdo
celular (NETEA et al., 2008). Esta ativacao representa a primeira linha de defesa do hospedeiro
e faz parte do mecanismo de defesa inato, conferindo rapido reconhecimento do patogeno,
liberacdo de citocinas pro-inflamatorias e sinalizadoras do sistema imune adaptativo (Steele e
Wormley, 2012).

Diferentes PRRs estdo relacionados ao reconhecimento de componentes da parede
celular dos fungos, dentre eles, receptores Toll-like (TLR), receptores lectina tipo C (CLR) e
as proteinas da familia galectinas (Romani, 2011). Os PRRs presentes em diferentes células
fagociticas iniciam eventos intracelulares que promovem a ativacéo do sistema imunoldgico e
a depuracdo dos fungos, com a resposta imune especifica gerada dependendo do tipo de célula
envolvida (mondcitos, macréfagos e neutrofilos) (Levitz, 2010). A inducdo da imunidade inata

por meio da ativacdo de PRRs fornece a base para desenvolver uma resposta imune adaptativa
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subsequente e as células dendriticas constituem a interface entre o sistema imune inato e 0
sistema imune adaptativo (Wuthrich et al., 2012).

A producdo de citocinas que ocorre apés a interacao dos PRRs com os PAMPs fungicos,
representa um passo fundamental na diferenciacdo das células T helper virgem (ThQ) nos
diferentes subtipos: Thl, Th2, Th17 e T regulatéria (Treg) durante o processo de resposta imune
e apos a ativagdo, os subtipos de células T expressardo diferentes citocinas que irdo mediar
distintas funcdes efetoras. O consenso geral é de que respostas celulares Thl sdo o principal
mecanismo de defesa do hospedeiro contra fungos patogénicos, enquanto respostas Th2 estdo
relacionadas com a suscetibilidade a infec¢fes ou a respostas alérgicas (Van De Veerdonk e
Netea, 2010).

As respostas imunes com predominio de celulas Thl estdo relacionadas a imunidade
protetora contra fungos e a vacinas antifangicas efetivas (Romani, 2011). Interferon-y (INF-y)
é a principal citocina produzida pelos linfécitos Thl e é importante para a estimula¢do da
atividade antifungica dos neutrofilos (Van De Veerdonk e Netea, 2010). IL-4, IL-5 e IL-13 sdo
citocinas produzidas durante respostas imunes Th2 e promovem uma via alternativa de ativacédo
de macrofagos, favorecendo a infeccdo fangica e respostas alérgicas associadas aos fungos,
além de estarem relacionadas a recidiva da doenca (Romani, 2011). As respostas Th17 sdo
caracterizadas pela producéo de I1L-17, atuando na defesa do hospedeiro contra certas bactérias
extracelulares e fungos (Bar et al., 2014) e estdo relacionadas a vacinas com resposta protetora
contra infeccBes fungicas experimentais (Wuthrich et al., 2011).

As células Treg, através da producdo de IL-10 tem como funcdo moderar a resposta
inflamatoria durante a infecgdo para limitar o dano as células do hospedeiro e restaurar a
homeostase do organismo (Belkaid e Tarbell, 2009). No entanto, essa resposta pode limitar a
eficacia da resposta imune protetora em consequéncia da reducao da atividade pro-inflamatoria
gerando persisténcia do fungo no tecido e podendo levar a imunossupresséo (Van De Veerdonk
e Netea, 2010).
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1.3 OBJETIVOS

1.3.1 Objetivo Geral

Determinar o padrdo de suscetibilidade in vitro de Conidiobolus lamprauges, avaliar
métodos de diagnostico diferencial e o potencial imunomodulador de B-glucanas extraidas de

Pythium insidiosum, além de estabelecer um modelo experimental de pitiose em camundongos.

1.3.2 Objetivos Especificos

- Determinar a suscetibilidade in vitro do Conidiobolus lamprauges frente aos
antifangicos poliénicos (anfotericina B), azolicos (cetoconazol, fluconazol, itraconazol,
posaconazol e voriconazol), equinocandinas (anidulafungina, caspofungina e micafungina),
alilaminas (terbinafina) e flucitosina.

- Avaliar o potencial sinérgico da combinagdo do sulfametoxazol+trimetoprima com
antifangicos poliénicos, triazolicos, equinocandinas e terbinafina frente a Conidiobolus
lamprauges.

- Padronizar a técnica de disco difusdo com discos de minociclina como um método de
screening para a identificacdo presuntiva de Pythium insidiosum bem como sua diferenciagéo
de C. lamprauges e outros fungos verdadeiros.

- Quantificar o conteudo de glucanas presente no micelio de isolados clinicos de P.
insidiosum

- Realizar a extracdo de B-glucanas do micélio de P. insidiosum, utilizando a cepa Pi-
135, caracterizando o extrato obtido quanto ao contetdo de p-glucanas e proteinas e avaliando
a estrutura quimica da B-glucana obtida;

- Determinar o potencial imunomodulador das B-glucanas extraidas do micélio de P.
insidiosum pela imunizagdo de camundongos BALBI/c, através da dosagem de citocinas (Thl,
Th2 e Thl7);

- Estabelecer um novo modelo de pitiose experimental utilizando camundongos
BALBI/c;

- Avaliar a resposta imunoldgica gerada pela pitiose experimental em camundongos
atraves da dosagem de citocinas (Thl, Th2 e Th17).



41

1.4 APRESENTACAO

Os resultados que compdem esta tese de doutorado estdo apresentados sob a forma de
artigos cientificos integrados, de acordo com as normas do Manual de Dissertaces e teses da
UFSM publicado em 2015. Os artigos publicados estdo com a formatacéao final de acordo com
as normas de cada periddico. Os manuscritos foram formatados de acordo com as normas dos
periddicos para os quais serdo submetidos. Os referenciais tedricos dos artigos e dos
manuscritos estdo listados nas respectivas secGes de cada artigo/manuscrito e ndo foram

duplicados na lista de referéncias final da tese.
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Data regarding the susceptibility of Conidiobolus lamprauges is limited and there is no
consensus about the optimal treatment for infections caused by Conidiobolus spp. In this
context, the objective of this study was to evaluate the in vitro susceptibility of six C.
lamprauges strains isolated from sheep conidiobolomycosis to amphotericin B, ketoco-
nazole, fluconazole, itraconazole, posaconazole, voriconazole, anidulafungin, caspofungin,
micafungin, flucytosine, and terbinafine using the CLSI M38-A2 microdilution technique.
Terbinafine was the most active (MIC range <0.06-0.5 pg/mL). Resistance or reduced
susceptibility was observed for amphotericin B and azole and echinocandin antifungals.
Additional studies are necessary to determine the therapeutic potential of terbinafine as

monotherapy or in combination therapy with other antifungals.
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1. Introduction

Entomophthoramycosis caused by Conidiobolus lam-
prauges is a rare and chronic, pyogranulomatous, sub-
cutaneous disease of humans and other mammals, such as
horses and sheep (de Paula et al., 2010; Furlan et al., 2010;
Humber et al,, 1989; Kimura et al., 2011; Vilela et al.,2010).
The disease presents clinically with involvement of the
nasopharyngeal region, affecting the ethmoidal region,
turbinate bones, and occasionally, the central nervous
system, lymph nodes, and pleura (de Paula et al., 2010;
Furlan et al., 2010; Humber et al., 1989; Vilela et al., 2010).
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However, the recent first description of this species
causing a fatal disseminated human fungal infection
(Kimura et al., 2011) highlights the need for a better
clinical and laboratory understanding of this species.
There is no consensus about the optimal treatment for
infections caused by Conidiobolus spp. A saturated solu-
tions of potassium iodide (SSKI), azole and echinocandin
antifungals, terbinafine, amphotericin B, and flucytosine
administered as monotherapy or in combinations have
been described in cases of therapeutic success and failure
(Bento et al., 2010; Choon et al., 2012; Chowdhary et al.,
2010; Isa-Isa et al., 2012; Kimura et al., 2011; Reiss et al.,
2012; Walker et al., 1992; Walsh et al., 1994), and reports
evaluating the susceptibility of Conidiobolus spp. have
shown decreased susceptibility or resistance to most
antifungal agents (Bento et al., 2010; Fischer et al.,
2008; Guarro et al., 1999; Hawkins et al., 2006; Kimura
et al,, 2011; Walsh et al., 1994). In this context, the aim of
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this study was to evaluate the in vitro susceptibility of C.
lamprauges to antifungal agents using the CLSI M38-A2
microdilution technique.

2. Materials and methods

We evaluated the susceptibility of six C. lamprauges
strains isolated from cases of sheep conidiobolomycosis
that were previously identified by molecular phylogenetic
analyses based on 18S ribosomal DNA (de Paula et al.,
2010). All sheep had a granulomatous reaction in the
nasopharyngeal region that extended to the turbinates,
nasal sinuses, orbit, and cribriform plate, with frequent
invasion of the brain.

Amphotericin B (AMB, Sigma"™), azole antifungals
|ketoconazole (KTZ, Janssen-Cilag Pharmaceutica™), flu-
conazole (FLZ, Sigma™), itraconazole (ITZ, Janssen Phar-
maceutica), posaconazole (POS, Schering-Plough"'), and
voriconazole (VRZ, Pfizer™ ], echinocandins [anidulafungin
(AND, Pfizer™), caspofungin (CAS, Merck"™), and micafun-
gin (MYC, Astellas™)], flucytosine (5FC, Sigma™), and
terbinafine (TRB, Novartis™) were obtained commercially
and were diluted in dimethylsulfoxide or distilled water to
generate stock solutions.

The susceptibility tests were performed following the
CLSI M38-A2 protocol (Clinical and Laboratory Standards
Institute, 2008). Briefly, all isolates were grown on potato
dextrose agar for seven days at 35 °C. The colonies were
covered with approximately 1 mL of sterile 0.85% saline,
and a suspension was obtained by gently probing the
colonies with the tip of a transfer pipette. This suspension
was transferred to a sterile tube and after allowing hyphal
fragments to settle for 5 min, the upper homogeneous
suspension was transferred to a new sterile tube and
mixed with a vortex mixer for 15s. The densities of the
conidial suspensions were adjusted to an optical density at
530 nm that ranged from 0.15 to 0.17 and then diluted 1:50
in RPMI 1640 broth (with 1-glutamine and glucose,
buffered to pH 7.0 with 0.165 M MOPS) to obtain inocula

Table 1

twofold more concentrated than the density required
(0.4 x 10% to 5 x 10* CFU/mL). The tests were performed in
microdilution trays and the minimum inhibitory concen-
trations (MICs) were scaled as MIC-1 (100% visible-growth
inhibition for AMB, ITZ, POS, and VRZ) and MIC-2 (50%
(KTZ, FLZ, and 5FC) or 80% (TRB) visible-growth inhibition).
Minimum effective concentration (MEC) was defined as
the minimal drug concentration producing short, stubby,
highly branched hyphae for AND, CAS, and MYC. MICs and
MECs were determined at 24 and 48 h and performed in
duplicate.

The minimum fungicidal concentrations (MFCs) were
determined by subculturing 100 pL from each well with-
out visual detectable growth into 1 mL of sterile Sabouraud
broth and incubating the mixture at 35 °C for 7 days. The
geometric means (GMs) of off-scale MICs were converted
to the next lowest or next highest concentration.

3. Results

The results are summarized in Table 1. TRB was
considered the most effective drug tested for the in vitro
inhibition of C lamprauges, with MIC-2 (GM) values
ranging from «<0.06 to 0.5 (0.12) pg/mL at both 24 and
48 h. MIC-1 (GM) values ranged from 0.5 to 1 (0.56 [24 h];
1.0 [48 h]) wg/mL for AMB, 1 to 32 (4) pg/mL for ITZ, 2 to
>32 (8) pg/mL for POS, and >16 pg/mL for VRZ. MIC-2
(GM) values ranged from 8 to 32 (14.25) p.g/mL for KTZ and
>64 pg/mL for both FLZ and 5FC. The AND, CAS, and MYC
MEC were >8 wg/mL. The MFCs (GM) ranged from 0.25 to 2
(0.79) ug/mL for TRB, 2-4 (3.17) .g/mL for AMB, 2 to >32
(8) pg/mL for ITZ and 2 to =32 (12.7) jng/mL for POS.

4. Discussion

Conidiobolus spp. are saprophytes that are distributed
widely and are found in soil and decaying organic material.
Among the more than 25 described species, C. coronatus, C.
incongruus, and C. lamprauges are known to cause diseases

Antifungal activities of antifungal drugs against six isolates of Conidiobolus lamprauges.

Conidiobolus lamprauges isolates (n=6)

MIC/MEC range (GM)

MEFC range (GM

24h 48 h

MIC-1
Amphotericin B 0.5-1 (0.56) 1(1) 2-4(3.17)
Itraconazole 1-32 (4) 1-32 (4) 2-=32(8)
Posaconazole 2->32(8) 2-32(8) 2->32(12.7)
Voriconazole >16 >16 >16

MIC-2
Terbinafine <0.06-0.5 (0.12) <0.06-0.5 (0.12) 0.25-2 (0.79)
Ketoconazole 8-32(14.25) 8-32 (14.25) 32->32 (> 32)
Fluconazole =64 =64 =64
Flucytosine =64 >64 >64

MEC
Anidulafungin =8 >8 >8
Caspofungin >8 >8 >8
Micafungin >8 >8 >8

MIC, minimum inhibitory concentrations; MFC, minimum fungicidal concentrations; GM, geometric mean; MIC-1, 100% visible-growth inhibition; MIC-2,
50% (ketoconazole, fluconazole, flucytosine) or 80% (terbinafine) visible-growth inhibition; MEC, minimum effective concentration.
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in humans and animals (de Paula et al., 2010; Furlan et al.,
2010; Humber et al,, 1989; Kimura et al., 2011; Reiss et al.,
2012). While C. coronatus and C. incongruus have been
described in several cases of human and animal con-
idiobolomycosis, C. lamprauges infection was first
described in an Arabian mare (Humber et al., 1989) in
1989. Three other articles describing the involvement of
the nasal cavity in sheep were published in 2010 (de Paula
et al., 2010; Furlan et al., 2010; Vilela et al., 2010), and the
first human case of disseminated mycosis was described in
2011 (Kimura et al,, 2011).

Although no antifungal susceptibility protocols or
breakpoints have been defined for C. lamprauges, inter-
pretative guidelines based on the M38-A2 protocol for
other filamentous fungi suggest that the six isolates tested
in this study showed resistance or reduced susceptibility to
all antifungal agents tested, with a likely exception to TRB.

Information regarding the susceptibility of C. lam-
prauges is scarce. Guarro et al. (1999) described one isolate
resistant to all of the antifungal agents tested, with MICs of
8 pg/mL for AMB, KTZ, and miconazole (MON), 32 pg/mL
for FLZ and ITZ, and 256 pg/mL for 5FC. Kimura et al.
(2011) determined the antifungal susceptibility of isolates
recovered from the human disseminated case and found
MICs (24 h and 48 h) for AMB (4 and 8 p.g/mL), ITZ (0.5 and
1 pg/mL), posaconazole (POS) (4 and 4 pg/mL), MON (0.25
and 1pg/ml), and TRB (0.03 and 0.125), whereas
resistance was observed for AND, CAS, MYC (>8 pg/mL),
and VRZ (>16 pg/mL). Additionally, they interpreted the in
vitro interactions of ITZ/TRB and POS/TRB as indifferent.

Fluconazole and voriconazole are not active against
Mucorales in vitro (Sun et al, 2002). In fact, the
prophylactic and therapeutic use of voriconazole and
caspofungin has been associated with breakthrough
disseminated mucormycosis (Blin et al., 2004; Imhof
et al, 2004; Marty et al.,, 2004; Oren, 2005). Indeed, in
vitro pretreatment of Mucorales with voriconazole
increases the virulence of these organisms in experimental
models of mucormycosis (Lamaris et al., 2009). In this
context, it is not surprising that the C. lamprauges isolates
evaluated demonstrate reduced susceptibilities to these
antifungal.

However, susceptibility testing for Conidiobolus spp.
should be interpreted cautiously. Hawkins et al. (2006)
reported the successful treatment of a patient with the
diagnosis of Conidiobolus spp. pneumonia with ITZ, which
presented resistance in vitro to AMB (MIC of 4 pg/mL), FLZ
(>64 pg/mL), and ITZ (>8 pg/mL). Similarly, favorable
treatment outcomes have been reported with SSKI
(MICs > 20,000 pg/mL) (Bento et al., 2010; Yangco et al.,
1984), TRB, and ITZ (Fischer et al., 2008) as well as other
antifungals (Bauer et al.,, 1997; Choon et al,, 2012; Reiss
et al., 2012; Tan et al., 2005; Valle et al., 2001; Yang et al.,
2010), despite their reduced susceptibility or resistance in
vitro, indicating that there are undefined factors for
understanding the relationship between the susceptibility
test and the treatment of conidiobolomycosis.

It is important to note that due to the small number of
isolates evaluated in this study and the lack of informa-
tion in the literature, we cannot characterize a profile
of susceptibility of C. lamprauges or perform clinical

correlations. Larger susceptibility studies on a greater
number of isolates should be done, with emphasis on the
development of methodologies that allow the identifica-
tion of antifungal resistance, which must be accom-
plished by using clinical breakpoints (Espinel-Ingroff
et al., 2013).

5. Conclusion

In conclusion, the in vitro data reported herein suggest
that C. lamprauges has reduced susceptibility to ampho-
tericin B, azole antifungals, and the echinocandins
evaluated. Terbinafine was the most active drug. Further
studies are needed to determine the therapeutic potential
of terbinafine as monotherapy or in combination therapy
with other antifungals.
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Abstract

We have determined the in vitro activity of sulfamethoxazole (SMX), trimethoprim
(TMP) and several antifungal drugs alone and in combination against seven Conidiobolus
lamprauges clinical isolates. The assays were based on the M38-A2 protocol and the
checkerboard microdilution method. Terbinafine (TRB) was the most active (MICgos% range
0.06-2 pg/mL). The main synergism observed was through the combination of SMX with TMP
(100%) and TRB with azole antifungal drugs (71%). The observed in vitro activities suggest
that the combination SMX+TMP and TRB are promising candidate therapies for

conidiobolomycosis.

Keywords: conidiobolomyecosis, susceptibility testing, terbinafine, sulfamethoxazole,

trimethoprim
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Conidiobolomycosis caused by Conidiobolus spp. are uncommon fungal infections that
can cause nasopharyngeal granulomas and subcutaneous infections in horses, mules, dogs, cats,
sheep, nonhuman primates, and humans (Reiss et al., 2012; Chengappa & Pohlman, 2013;
Samanta, 2015). Conidiobolus lamprauges was described as the pathogenic agent of
nasopharyngeal conidiobolomycosis affecting sheep (Furlan et al., 2010), horses (Humber et
al., 1989) and in one case of disseminated human conidiobolomycosis (Kimura et al., 2011).

To date, there are no sufficient clinical or in vitro data to support a consensus about the
optimal treatment of conidiobolomycosis and cases of therapeutic success and failure have been
described for all forms of therapy, including surgical excision, antifungal therapy and saturated
solutions of potassium iodide (SSKI) (Ribes et al., 2000; Prabhu & Patel, 2004; Bento et al.,
2010; Chowdhary et al., 2010; Kimura et al., 2011; Choon et al., 2012; Reiss et al., 2012).
Additionally, decreased susceptibility or resistance in vitro to most antimicrobial drugs are
often reported (Guarro et al., 1999; Fischer et al., 2008; Bento et al., 2010; Tondolo et al., 2013).

Interestingly, therapies using sulfamethoxazole (SMX)/trimethoprim (TMP) associated
with antifungals drugs, SSKI, potassium iodide and hyperbaric O. therapy are described in
cases when clinical improvement and cure were observed (al-Hajjar et al., 1996; Temple et al.,
2001; Bento et al., 2010; Yang et al., 2010; Oberdorfer et al., 2012) but also as no effect on the
progress of the lesions (Roy & Cameron, 1972; Morris et al., 2001; Valle et al., 2001;
Wauppenhorst et al., 2010). However, with an exception of one study (Wuppenhorst et al., 2010)
describing a minimum inhibitory concentration (MIC) of 1 mg/L for SMX/TMP against
Conidiobolus incongruus, there are no data about the in vitro susceptibility profile of
SMX/TMP alone or associated with antifungal drugs against C. lamprauges. In this context,
this study aimed to evaluate the in vitro susceptibility profile of antifungal drugs and

SMX/TMP, as well as the in vitro combination of these drugs against C. lamprauges.
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Seven Brazilian C. lamprauges isolates obtained from cases of sheep with
granulomatous reaction in the nasopharyngeal region diagnosed with rhino-
conidiobolomycosis were evaluated in this study. The C. lamprauges isolates were previously
identified by a molecular phylogenetic analysis (de Paula et al., 2010).

Amphotericin B (AMB), azole antifungals (miconazole (MON), posaconazole (POS),
voriconazole (VOR)), terbinafine (TRB), caspofungin (CAS), sulfamethoxazole (SMX) and
trimethoprim (TMP) were purchased from Sigma Aldrich® as standard powers. Anidulafungin
(ANI, Pfizer®) and micafungin (MFG, Astellas®). All drugs were diluted in dimethylsulfoxide
or sterile distilled water to generate stock solutions.

A broth microdilution susceptibility tests (BMD) were performed following the CLSI
M38-A2 protocol (Clinical and Laboratory Standards Institute., 2008) as previously described
by Tondolo et al. (2013), with the exception of final inocula, which were diluted 1:10 in RPMI
1640 broth. The tests were performed in microdilution trays, and endpoints were determined as
the minimum inhibitory concentration (MIC) and as that resulting in aberrant micelia growth
(i.e., the minimum effective concentration [MEC]) for the echinocandins drugs.

The interactions between drugs were evaluated using a checkerboard test (Moody,
2007). The lowest fractional inhibitory concentration index (FICI) was determined from the
non-turbid wells along with the turbidity/non-turbidity (MICs of 100% of growth inhibition
when AMB was associated with other drugs and at least 80% inhibition of growth compared
with the growth of control wells for the all others combinations) growth interface after 48 h of
incubation at 37°C and interpreted as follows: FICI < 0.5, synergism; FICI > 0.05 to < 4,
indifference; FICI > 4, antagonism.

All the plates were firstly incubated at 37°C for 48h and then, the interpretation of

individual MIC (visual), MECs (inverted microscope) and MICs from checkerboard test were
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recorded 8 hours after the addition of 20 pL (0.5 mg/mL) of the dye MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) to each well.

The evaluation of MICs (in pg/mL, 100% of growth inhibition) demonstrated the follow
MIC range (geometric mean [GM]): AMB, 1-2 (1.22); TRB, 1-4 (2.21), MON, 4-16 (7.25),
POS, >32; VOR, >512; MFG, 64-256 (141.32), CAS, 256->512 (840); ANI, >512; TMP, 256-
512 (380.41); SMX, 128-1024 (724.08). The MECs for ANI, CAS and MFG were > 8 pg/mL.
MICsgo% [GM] (80% of growth inhibition) were recorded for TRB (0.06-2 [0.74]), SMX (16-64
[26.25]) and TMP (128-512 [282.65]). Table 1 summarizes the in vitro synergistic interactions
based on the MIC values between SMX and TMP, and between SMX-TMP or TRB associated
with the antifungal drugs. The association of SMX and TMP resulted in 100% of synergistic
interactions and the interactions of SMX-TMP at a proportion of 1:4, respectively, with all
antifungal drugs evaluated resulted in 100% of indifference. Synergistic interactions (71%)
were observed when terbinafine was associated with all azole antifungals (MON, POS and
VOR) and two isolates (29%) from TRB+MFG combination. All other interactions were
indifferent. No antagonistic interaction was observed.

In this study, we observed the synergistic potential of SMX and TMP against C.
lamprauges and that the interactions of SMX-TMP in a proportion of 1:4, respectively, with
the antifungal drugs resulted in indifferent interactions. AMB, TRB and MON were considered
the most effective drugs because they required the lowest concentrations for the in vitro
inhibition of C. lamprauges. However, breakpoints have not been determined for mould
susceptibility testing and based on breakpoint's suggestion for other filamentous fungi on M38-
A2 protocol, it is suggested a predominance of resistance or reduced susceptibility to all
antifungal drugs evaluated, with a likely exception to TRB. Highlights also the combination

between TRB and azole antifungals for which 71% of interactions were synergistic.
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Definitive and interpretative guidelines based on the M38-A2 protocol were not defined
for Conidiobolus spp.. Thus, based on previous experimental studies, we set the dilution of the
inoculum to 1:10 in order to produce more consistent mycelial growth. Interestingly, for POS
and VOR, for which end points are commonly easily defined (Clinical and Laboratory
Standards Institute., 2008), a persistent partial inhibition (trailing) for all clinical isolates of C.
lamprauges evaluated was observed.

Susceptibility tests for C. lamprauges were previously described in only a few reports
(Guarro et al., 1999; Kimura et al., 2011; Tondolo et al., 2013) and presented similar results to
those obtained through this study. Additionally, similar and discordant results can be observed
on results describing the susceptibility of C. coronatus (Taylor et al., 1987; Gugnani, 1992;
Korenek et al., 1994; Guarro et al., 1999; Fischer et al., 2008; Bento et al., 2010), C. incongruus
(Walsh et al., 1994; Guarro et al., 1999; Temple et al., 2001; Wuppenhorst et al., 2010) and
Conidiobolus spp. (Hawkins et al., 2006; Yang et al., 2010). In this context, in vitro testing of
Conidiobolus species demonstrated that this genus shown multidrug resistance in vitro, but this
is not predictive of optima therapy since there are reports of successful treatment with antifungal
drugs (Yangco et al., 1984; Bauer et al., 1997; Valle et al., 2001; Hawkins et al., 2006; Fischer
et al., 2008; Bento et al., 2010; Choon et al., 2012) for which the clinical isolates demonstrated
resistance in vitro to several antimicrobials.

This study represents the first C. lamprauges assessment of in vitro susceptibility to
SMX and TMP as well as its synergistic interactions. Previously works demonstrate that
preventive and therapeutic potential in vitro or in vivo of SMX-TMP, alone or associated with
antifungal drugs, for other fungi, such as Pneumocystis spp. (Utili et al., 2007), Aspergillus spp.
and Cryptococcus spp. (Hanafy et al., 2007), suggesting that these drugs may also have been

potential for the treatment of conidiobolomycosis.
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In conclusion, the in vitro data reported here suggest that the association SMX + TMP
and TRB alone or associated with azole antifungal drugs deserve attention as candidates for the
treatment of conidiobolomycosis infections. Therefore, additional in vitro and in vivo studies
with a large number of clinical isolates and antimicrobial combinations are needed for a better
understanding of the susceptibility of C. lamprauges to the antimicrobials described in this

study.
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Table 1 — Combination of sulfamethoxazole (SMX), trimethoprim (TMP), amphotericin B (AMB), anidulafungin (ANI), caspofungin (CAS), micafungin (MFG),

miconazole (MON), posaconazole (POS), voriconazole (VOR) and terbinafine (TRB) against seven Conidiobolus lamprauges strains.

Drugs in combination

Combination MIC (ug/mL) FICI
(Drug 1 + Drug 2) Range (GM) FICI Range (GM) Interpretation (%)
Drug(s) 1 Drug 2 Syn Ind
SMX + TMP 4 -8 (5.94) 8-32(23.78) 0.18-0.37(0.31) 100 0
SMX/TMP + AMB 0.25/1 -8/32 (0.41/1.64) 1-2(1.22) 1.03-3.00(1.21) O 100
SMX/TMP + ANI 8/32 - 16/64 (9.75/39) 0.06 - 4 (0.11) 1.00-2.00(1.64) O 100
SMX/TMP + CAS 4/16 - 16/64 (9.75/39) 0.125 - 16 (0.45) 1.01-2.01(1.64) 0 100
SMX/TMP + MFG 0.25/1 - 16/64 (2.44/9.76) 0.06 - 64 (8.73) 0.53-250(1.24) O 100
SMX/TMP + MON 0.25/1-0.5/2 (0.28/1.12) 4 -16 (7.25) 0.56 -2.03(1.06) O 100
SMX/TMP + POS 4/16 - 8/32 (5.38/21.52)  0.003-0.03(0.01) 0.51-1.00(0.91) O 100
SMX/TMP + VOR 4/16 - 8/32 (7.25/29) 0.015-4 (0.15) 0.51-2.00(1.22) O 100
SMX/TMP + TRB 0.25/1 - 4/16 (0.37/1.48)  0.25-4 (1.49) 0.53-1.25(0.89) O 100
TRB + AMB 0.06 - 4 (0.3) 0.003 - 2 (0.09) 1.00-1.03(1.02) O 100
TRB + ANI 0.5-4(1.81) 0.06 - 1 (0.13) 0.51-1.00(0.82) O 100
TRB + CAS 1-2(1.81) 0.125 - 4 (0.25) 051-1.01(0.82) O 100
TRB + MFG 0.06 - 2 (0.55) 8 - 64 (26.25) 0.37-0.75(0.56) 29 71
TRB + MON 0.06 - 1 (0.33) 0.06 - 8 (0.9) 0.15-1.03(042) 71 29
TRB + POS 0.06 - 4 (0.5) 0.003 -4 (0.01) 0.07-1.00(0.29) 71 29
TRB + VOR 0.25- 2 (0.61) 0.015-0.5 (0.07) 0.12-1.00(0.28) 71 29

MIC, minimum inhibitory concentration; FICI, fractional inhibitory concentration index; GM, geometric mean; S, synergism; I, indifference
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Pythiosis is a chronic pyogranulomatous disease caused by the
oomycetous Pythium insidiosum, a fungus-like aquatic organism that
inhabits swampy areas (Mendoza et al., 1993). P. insidiosum causes
infections in humans and animals, especially horses, dogs, cattle, cats
and sheep (Gaastraet al, 2010). Although antifungal and antibacterial
drugs have inhibited the growth of P. insidiosum in vitro (Cavalheiro
et al., 2009; Loreto et al., 2011), treatment with these antimicrobial
agents remains contradictory (Salipante et al, 2012; Schloemer et
al., 2012; Shenep et al., 1998), and the combination of surgical treat-
ment with antimicrobial agents or immunotherapy has been de-
scribed in cases of therapeutic cure (Sudjaritruk and Sirisanthana,
2011; Wanachiwanawin et al., 2004).

Successful treatment of pythiosis is directly associated with the
progression of the disease, with the organ or region involved and espe-
cially with the early identification of the agent (Gaastra et al., 2010).
P. insidiosum can be recovered from the affected tissue and kunkers
and can be grown on traditional culture media, such as Sabouraud
dextrose agar (SDA) or corn meal agar (CMA) (Grooters et al., 2002);
the mycelia grow quickly on these media, usually filling the culture
plate in less than five days with whitish, submerged colonies com-
posed of hyaline hyphae without fruiting bodies. These features of
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Growth of Pythium insidiosum mycelia around minocycline disks (30 pg) did not eccur within 7 days of incu-
bation at 35 “C when the isolates were grown on Sabouraud, corn meal, Muller-Hinton or RPMI agar. This
technique offers a simple and rapid method for the differentiation of P. insidiosum from true filamentous

© 2013 Elsevier B.V. All rights reserved.

the culture, which are associated with the visualization of broad,
sparsely septate hyphae in the histopathological analysis, often lead
to the suspicion of pathogens of the fungal orders Mucorales and
Entomophthorales, causing a delay in the correct characterization of
P. insidiosum (Kaufman, 1998; Mendoza et al., 2004).

The identification of Pythium species is based on the morphologi-
cal and physiological characteristics of their reproductive structures
(zoospores, oogonia and antheridia), but cases of pythiosis are usually
confirmed by serologic and molecular tests (Gaastra et al., 2010; Salipante
et al,, 2012). Recently, Loreto et al. (2011) described the chemothera-
peutic potential of minocycline and other antibacterials against isolates
of P. insidiosum through a broth microdilution susceptibility test. In a
new approach, the aim of this study was to evaluate the use of a disk
diffusion technique with minocycline as a screening method for the
identification of P. insidiosum as well as their differentiation from true
fungi.

Thirty-eight clinical P. insidiosum isolates from equine pythiosis cases
and the reference strains ATCC 58.637 and CBS 101.555 were utilized.
All of the clinical isolates were previously identified by PCR according
to the method of Botton et al. (2011). Aspergillus fumigatus ATCC
204305, A. parasiticus NRRL 2999, Basidiobolus ranarum CBS 538.63,
Fusarium solani ATCC 36031, Absidia spp. (n=1), Cunninghamella spp.
(n=1), Mucor indicus (n=1), Rhizopus spp. (n=1), Syncephalastrum
spp. (n=1), Conidiobolus lamprauges (n=6), Aspergillus flavus (n=1),
Aspergillus carbonarius (n=1), Acremonium killiensis (n=1) and Pen-
icillium marneffei (n= 1) were included as control strains. Initially, all
of the isolates were grown on SDA (Himedia®), CMA (Himedia®),
Mueller-Hinton agar (MHA, Himedia®) or RPMI-1640 agar with
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Fig. 1. Bottom side of plates (reverse) showing the effect of minocycline disk (30 pg) on the growth of Pythium insidiosum after 48 h at 35 °C{(a, f and g) on Sabouraud dextrose agar
(SDA), RPMI agar and Muller-Hinton agar (MH), respectively. Growth of P. insidiosum mycelia over the minocycline disks did not occur, even after prolonged incubation (c, SDA — 5 days;
h, corn meal agar — 72 h). On the control plates, P. insidiosum grew actively after 48 h (b, SDA and e, MH) and five days (d, SDA) of incubation at 35 °C. The true fungi control strains grew
over the minocycline disks as shown in (i) Conidiobolus lamprauges, (j) Aspergillus flavus, (1) Cunninghamella spp. and (m) Syncephalastrum spp. after 48-72 h at 35 °C.

L-glutamine buffered to pH 7.0 with MOPS (RPMI, Sigma-Aldrich®)
and incubated at 35 °C for 48-96 h. Agar blocks from the margin of
an actively growing P. insidiosum culture measuring approximately
2x2 cm per isolate were aseptically cut and subcultured in a new
plate (90 mm) containing the same medium as the previous culture,
One of the edges of each block was placed in the center of the plate,
and a paper disk (CEFAR®) containing 30 pg of minocycline was
placed 1.5 cm from this edge. Control plates that did not contain
minocycline disks were included for each isolate. The tests and con-
trols were incubated at 35 °C and analyzed every 24 h for seven
days. Inter-assay analyses were performed on three different days.
The presence of a growth inhibition zone between the P. insidiosum
colony and the minocycline disk was taken as a positive result.

On the control plates, P. insidiosum grew actively and colonized
the entire agar surface within 3 to 7 days of inoculation for all culture
media (Fig. 1b, d and e). In the test cultures, contact between the
P. insidiosum mycelia with the minocycline disks did not occur within
7 days of inoculation, and hyphal growth was observed in the oppo-
site direction from the disk (Fig. 13, ¢, f, g and h). Within 24-48 h of
inoculation, hyphal growth ceased between the P. insidiosum colony
and the minocycline disk for all 40 isolates (100%) on SDA, CMA,
MHA and RPMI-1640. All the true fungi control strains grew over
the entire culture dish, and no growth inhibition was observed in
the mycelia around the minocycline disks.

The present study explored, for the first time, the potential use of a
simple disk diffusion method as a tool to identify P. insidiosum from
cases of equine pythiosis. Because the growth of true fungi is not
inhibited by the presence of a minocycline disk in the culture medium,
the technique proposed here can differentiate P. insidiosum from true
fungi.

SDA and CMA culture media are frequently used in microbiology
laboratories, and MHA and RPMI are commonly selected for disk diffu-
sion tests and Etests, respectively. Minocycline disks can be purchased
commercially and are routinely used for antimicrobial susceptibility

testing for bacteria. In this context, this technique can be easily applied.
Is worth noting that the presence of a minocycline disk can completely
inhibit the growth of P. insidiosum hyphae when it is less than 3 ¢cm
away from the colony (data not shown), which emphasizes the need
for control plates.

This disk diffusion technique is an inexpensive, simple and rapid
screening method for the differentiation of P. insidiosum from true
fungi. The use of blocks of agar containing the mycelia of P. insidiosum
allows this technique to be applied from the primary culture, without
the need to prepare the inoculum from the zoosporogenesis tech-
nique. Further studies including a larger number of isolates recovered
from human and other animal cases of pythiosis are needed to con-
firm the present results. Finally, it is recommended that the diagnosis
of pythiosis be confirmed by histopathological and serological tests.
The definitive identification of P. insidiosum still requires genotyping
techniques.
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Abstract

We, firstly, performed an enzymatic glucan quantification of the P. insidiosum mycelia
that showed a content (%w/w, mean+SD) of total glucan 23.09% + 3,71, a-glucan 4.10% * 0,83
and B-glucan 18.99% + 3.59. Following, were performed procedures to extraction, structural
characterization and biological activity of a B-glucan from P. insidiosum-cell wall. The
polysaccharide extract showed ~81.7% of carbohydrate (exclusively glucose) and ~18.3% of
residual amino acids and peptides. Results from monosaccharide composition, methylation
analysis and 2D NMR spectroscopy indicated a branched (1,3)(1,6)-B-D-glucan. In vitro, the
effects of B-D-glucan extract on equine, human and mice lymphocytes proliferation showed
that 3-D-glucan could significantly promote spleen lymphocytes proliferation. For in vivo tests,
cytokine measurement of cultured spleen cells from BALB/c mice pre-immunized
subcutaneously three times with 0.5, 2.5 and 5.0 mg B-glucan/mouse, showed a significant
increase on IL-2, IL-6, IL-10, TNF-a and IL-17A production compared to non-immunized mice
(control group). These results suggested that f-D-glucan extract induces significant and specific

Th17 type cellular immune responses and provided theoretical basis for further experiment.

Keywords: pythiosis, fungal infection, cytokines, B-glucan
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Introduction

Pythium insidiosum is an oomycete, a fungus-like aquatic organism that inhabits
swampy areas, and causes infections in human and animals, especially horses (Gaastra et al.,
2010). Pythiosis has been reported in tropical and subtropical areas, progresses rapidly and if
not treated in the early stages of the disease through surgical excision, antimicrobial and/or
immunotherapy, can be fatal in a few weeks (Santurio, Alves, Pereira & Argenta, 2006). In
Brazil, most of the cases of equine pythiosis which are treated with PitiumVac®, an
immunotherapic prepared from the mycelial mass of P. insidiosum, reached a rate of cure
between 70-80% (Moraes et al., 2013). However, this therapeutic approach provides a curative
but not a protective response, since reinfections were reported (Santos, Marques, Zanette, Jesus
& Santurio, 2011).

The oomycetes and true fungi can be distinguished biochemically by differences in cell
wall composition. Unlike fungi that contain chitin as a main structural constituent, the
oomycetes have a small amount of this carbohydrate (<1%), containing cellulose and a high
concentration of other polysaccharides, particularly B-glucans (Aronson, Cooper & Fuller,
1967; Bartnicki-Garcia, 1968). Since the main components of the cell wall and capsules of fungi
are polysaccharides, they have become an important target for research (Astronomo & Burton,
2010). Indeed, B-glucans from fungi and yeast are well-known biologic response modifiers that
function as immunostimulants against infectious disease and cancer (Chen & Seviour, 2007;
Vetvicka, 2011), they are essential for the pathogenic mechanisms of the microorganisms and
also to trigger the immune response of the host during a fungal infection (Romani, 2011).

Different kinds of response could be initiated after the host-pathogen interaction. A
dominant Thl cell response is thought to be essential for protective immunity against
pathogenic fungi and effective fungal vaccine. IFN-y, the signature cytokine of antigen-specific

Th1 cells, activates phagocytes to kill fungi at the sites of infection (Romani, 2011). Th2 cell
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responses are associated with severe disease and disease relapse, supported main by IL-4 that
dampening the protective Th1l response and favor fungal infections (van de Veerdonk & Netea,
2010). Th17 cells are present in the fungus-specific T cell memory repertory in humans, mediate
vaccine-induced protection in mice, and are distinguished by the production of IL-17A (Bar,
Whitney, Moor, Sousa & LeibundGut-Landmann, 2014). The fine balance between the
different kinds of T cell response will determine the outcome of infection (van de Veerdonk &
Netea, 2010).

In this context, the objective of our work was to gain further insight into the
quantification and extraction of cell wall B-glucans from P. insidiosum once it is still unknown.
After that, we analyzed the structure these B-glucan and tested the ability of in vitro
immunostimulation on human, equine and mice lymphocytes by MTT methods. In immune
response test, healthy mice were injected with different concentrations of the B-glucans extract,

and the profile of Th1/Th2/Th17 cytokines was accessed by flow cytometry.

2. Materials and methods
2.1. Microorganism and culture conditions

Thirteen P. insidiosum strains isolated from equine pythiosis lesions were used for the
determination of glucans content. All of the isolates were previously identified by a nested
PCR-based assay according to Botton et al. (2011). The reference strains included P. insidiosum
ATCC 58.637 and P. indisiosum CBS 101555 from equine pythiosis cases and P.
aphanidermatum CBS 128995 from a human pythiosis case. Initially, strains were grown on
corn meal agar (CMA, Himedia®) supplemented with yeast extract (Himedia®) (4 g/L), K2HPO4
(Vetec®) (1.0 g/L) and KH2PO4 (Vetec®) (0.6 g/L), pH adjusted to 7.0 + 0.1, at 37°C for 48 h.
After the primary culture, slices of mycelia (1 cm?) were transferred to 150 mL culture broth in

250 ml Erlenmeyer flasks that contained: peptone (Himedia®) (10 g/L), D-(+)-glucose (Vetec®)
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(20 g/L), yeast extract (4 g/L), KaHPO4 (2.5 g/L), KH2PO4 (1.5 g/L), pH adjusted to 7.0 £ 0.1.
The flasks were incubated at 37°C in an orbital shaker (Tecnal, TE-420) at 120 rpm for 7 days.
After that, mycelium was inactivated with 0.02% of thimerosal (Sigma-Aldrich®) followed by
freezing for 24 h and then, the supernatant was discarded and the mycelia were washed with
sterile distilled water until the supernatant became clear and filtered on vacuum. Extraction and
characterization of B-glucans were performed using the P. insidiosum Pi-135 isolate, for which

the nucleotide sequence data were deposited in GenBank under accession humber KJ133548.

2.2. Cell wall B-glucans
2.2.1. The mycelia glucans content

The filtered mycelia from cultured P. insidiosum strains were dried until constant weight
at 50 °C. A pestle and a mortar were used to disrupt the cells and turn the mass of cultured P.
insidiosum mycelia into a power that was passed through a sieve (0.5 mm). The quantification
of the glucans content (total, a and B-glucans) was determined enzymatically using a 3-glucan
assay kit (Megazyme®), according to the manufacturer’s instructions and performed in

duplicate.

2.2.2. Extraction of mycelia B-glucans

The extraction was done according to Liu, Wang, Cui and Liu (2008) with some
modifications. The mycelium was suspended in distilled water (adjusted to 15% w/w solids
content and pH 5.0) added of 3% sodium chloride (Vetec®) as the autolysis promoter and then
incubated in an orbital shaker at 55°C for 24 h with agitation at 120 rpm. The autolysate was
then heated at 80°C for 15 min, cooled to room temperature and centrifuged at 4400 rpm (IEC,
Centra MP4R) for 10 min to separate the residual autolyzed mycelia. About 250 mL suspension

of autolyzed mycelia adjusted to 10% wi/w solids content in 0.02M sodium phosphate buffer,
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pH 7.5, was heated to 121°C in an autoclave for 4 h, cooled to 45°C and the insoluble residues
were separated and washed twice with distilled water. After the hot-water treatment, the
micelium was suspended in distilled water to obtain a suspension containing 15% solids
content, and then, was homogenized by a portable homogenizer (Scilogex® D-500) at the
maximum speeds (29000 rpm) for 15 min. This cell suspension was washed with distilled water
until the supernatant became clear, and then, the homogenized cell walls were obtained. The
cell walls were suspended in isopropyl alcohol (Vetec®) 1:4 (w/v), heated under reflux for 2 h,
and the mixture was centrifuged at 4400 rpm for 10 min after cooled down to 30°C. The residues
were washed with acetone (Vetec®) according to a ratio of 1:1 (w/v) for three times. Following,
the sediments were diluted with distilled water adjusted to 15% (w/w), and Protamex® (Sigma-
Aldrich®) was added at 20 mg/g in condition of pH 7.5, temperature at 55 °C for 5 h. After
enzymatic hydrolysis, the suspension was heated at 80 °C for 15 min, and the insoluble residues
were separated by centrifugation at 4400 rpm for 10 min at room temperature and washed
several times with cold distilled water until the supernatant did not contain any soluble protein
detected by Bradford method (Bradford, 1976). The supernatant was discarded and the wet f3-
D-glucans were frozen to -80 °C and lyophilized (Jouan LP3®). The obtained extract was
analyzed for glucans content with Megazyme assay and chemical analysis were done to

characterize the glucan composition and structure.

2.2.3. Chemical analysis
2.2.3.1. Monosaccharide composition by NMR

The polysaccharide extract (5mg) was hydrolyzed with 2 M trifluoroacetic acid (200
ul) at 100 °C for 8 h in reinforced 4-mL Pyrex tubes with Teflon-lined screw cap vessel. After
evaporation to dryness under N2 pressure the residue was dissolved in 0.5 mL of D20.

Presaturation of residual HDO was performed with the pulse program zgpr, using a relaxation
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delay = 5.0 s, number of time domain points = 65536, and acquisition time = 2.7 s to obtain a
spectrum width of 10 ppm, using 16 scans to give a signal/noise (S/N) ratio of at least 1000:1.
Integration of hydrogen areas of monosaccharides and amino-acids/peptide region were
performed without tube spinning and respecting an HDO signal with a medium half line width
varying from 1.0-1.2 Hz. The identification of monosaccharide was based on the chemical shifts
obtained from a standard mixture containing 5 mM of all 18 monosaccharides (Sassaki et al.,

2014).

2.2.3.2. Nuclear magnetic resonance (NMR) analysis

An aliquot of 100 mg of freeze dry material was extracted 4 mL of Dimethyl sulfoxide
(DMSO) for 24 h at 70 °C. The extract suspension was centrifuged at 10.000 rpm for 5 min, at
20 °C. The DMSO solution was frozen dried, giving DMSO-Soluble polyssacharides (DSpol
15 mg), the remaining insoluble material was recovered and stored at —20 °C.

DSpol (15 mg) was dissolved in 0.5 mL of DMSO-ds. The nuclear magnetic resonance
spectra were obtained using a Bruker Avance I11 14.1 T spectrometer equipped with an inverse
5-mm pentanuclear resonance probe head (QXI) at 343 K. 1D *H-NMR at 600 MHz were
performed after 90 ° (p1) pulse calibration at 10.93 ps. *H and 3C chemical shifts were
determined by 2D COSY (homonuclear) and HSQC (heteronuclear) experiments. The latter
were carried out by correlation via double inept transfer with decoupling during acquisition,
using sensitivity improvement trim pulses in inept transfer and shaped pulses for all 180 degree
pulses on the 3C channel, compiled in the pulse program hsgcedetgpsisp2.2, using 6993 Hz
(*H) and 24900 Hz (*C) widths, and a recycle delay of 1.080 s. The spectra were recorded for
quadrature detection in the indirect dimension, using 32 scans per series of 1024 x 256 data

points with zero filling in F1 (2048) prior to Fourier transformation (Sassaki et al., 2013).
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2.2.3.3. Methylation analysis of polysaccharides

Methylation of DSpol was carried out using NaOH-Me;SO-Mel (Ciucanu & Kerek,
1984) 1.0 mg of polysaccharide was solubilized in Me>SO (250 pL), followed by addition of
fresh pulverized NaOH (10 mg) and vortexed for 10 min. Into the mixture, Mel (500 pL) was
added and vigorously shaken for 30 min, neutralized with HOAc and the sample was extracted
with CHCIz and methylation was completed. Per-O-methylated polysaccharide was
hydrolyzated with 45% aqueous formic acid (HCO2H, 1,0 mL) for 26h at 100°C. The sample
in 200 pL of water was reduced with NaB2Ha (2.0 mg), and, after 12 h, 2M TFA (100 uL) and
the solution evaporated to dryness, and the resulting boric acid removed as trimethyl borate by
co-evaporation with MeOH. Acetylation was carried out with Ac2O-pyridine (1:1, v/v; 200 pL)
at 100°C for 1 h. An excess of ice-water was added to the solution and the resulting Per-O-
methylated alditol acetate derivatives (PMAA) were extracted with CHCIz. The samples were
analysed by GC-MS (Varian-Saturn 4000-3800 gas chromatograph coupled to a Varian lon-
Trap 4000 mass spectrometer) using a VF-5MS column (30 m 0.25 mm) programmed from 50
to 220 °C at 40 °C/min, and helium was used as the carrier gas. Partially O-methylated alditol
acetates were identified from m/z of their positive ions, by comparison with standards, the
results being expressed as a relative percentage of each component (Sassaki, Gorin, Souza,

Czelusniak & lacomini, 2005).

2.4. The design of experiment in vitro
2.4.1. Isolation of lymphocytes

Equine and human lymphocytes were isolated from peripheral blood of a healthy donor
by density gradient centrifugation using Histopaque-1077 (Sigma-Aldrich®). Briefly, after
centrifugation, the cell pellet was washed with Phosphate-Buffered Saline (PBS) pH 7.4 and

resuspended in a complete tissue culture medium [CTCM: RPMI-1640 (Sigma-Aldrich®), 10%
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fetal bovine serum (Vitrocell®), penicillin-streptomycin (Sigma-Aldrich® - 100 U and 100
pg/mL, respectively)]. Lymphocytes from mouse were isolated from the spleen of the control
group used in the in vivo experiment, which was removed aseptically, minced and passed
through a stainless steel mesh to obtain single cell suspensions in phosphate buffer saline (PBS).
After the red blood cells were disrupted, the splenocytes were washed twice with PBS, and the
resulting pellet was re-suspended and diluted in CTCM. Cell viability was assessed by trypan

blue exclusion, and all lymphocytes suspensions were diluted to 2 x 106 mL™* in CTCM.

2.4.2. Lymphocyte proliferation assay

The cell suspensions of equine, human and mouse lymphocytes were added to 96-well
culture plates, 100 uL per well. Then, B-glucan extract at series of concentrations were added,
in RPMI-1640 (cell control group), concanavalin A (ConA, Sigma-Aldrich®) and
phytohemagglutinin (PHA, Vitrocell®) (control mitogen groups), 100 pL per well, five wells
each concentration. The final concentration of ConA and PHA reached to 5 ug mL™* and 10 ug
mL, respectively. The plates were incubated in a humid atmosphere with 5% CO, at 37°C for
3 days and then, 20 uL of MTT 5 mg mL* (3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide) was added into each well at 4 h before the end of incubation. The plates
were centrifuged at 440 x g for 5 min at room temperature. The supernatant was removed
carefully and 200 pL of DMSO was added into each well. The plates were shaken for 5 min to
dissolve the crystals completely. The absorbance of cells in each well was measured at 590 nm
in a plate reader (Bio-Rad Laboratories®) as the index of lymphocytes proliferation (Aseo value)

(Fan et al., 2012). The experiments were done in five replications and repeated twice.
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2.5. The design of experiment in vivo
2.5.1. Animals

Female BALB/c mice, 6-8 weeks old, were used in this study (25.5 g + 3,4). Animals
were housed in groups of five and allowed access to food and water ad libitum. All animal
experiments were done with the approval of the Institutional Animal Care and Use committee

at the Federal University of Santa Maria (number 071/2014).

2.5.2. Immune response test

Twenty mice were randomly divided into 4 groups (n=5). The P. insidiosum-derived j3-
glucan at concentration of 0.5, 2.5, and 5.0 mg/mouse were suspended in sterile distilled water
and were administered subcutaneously to mice at the dorsal site (100, 150, and 200 pL,
respectively) once a week for 3 weeks. Control group received just 100 pL of sterile distilled
water. Two weeks after the last dose, mice were euthanized with isoflurane (Cristalia®); spleens
were aseptically removed, and lymphocytes isolated as previously described. All lymphocytes
suspension were diluted to 2 x 10° mL* in CTCM and cultured at 5% CO;, 37°C for 3 days, in
triplicate. Cells were re-stimulated with B-glucan solutions at 0.5, 2.5 and 5.0 mg.mL
according to original groups. The supernatant of spleen cell cultures were stored at -80 °C until

analyzed for cytokines content.

2.5.3. Determination of cytokines by flow cytometry

For the cytokine profile, the mouse Th1/Th2/Th17 cytokines Cytometric Bead Array
(CBA) kit (BD Biosciences®) was used, which measures IL-2, IL-4, IL-6, IL-10, IFN-y, TNF
and IL-17A. Data were acquired on BD Accuri™ C6 (BD Biosciences®) flow cytometer. Assay

was performed according to the manufacturer’s instructions.
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2.6. Statistical analysis
Data are expressed as the mean * S.D. Significance was assessed by ANOVA one way
followed by Holm-Sydak post-hoc. All analysis were performed on software SigmaPlot®

version 12.5. Significant differences were considered at p < 0.05.

3. Results and Discussion
3.1. B-Glucan content in Pythium spp. mycelia and extract

Measured values of total glucan, a-glucan and B-glucan from mycelia and glucan extract
are given in Table 1. The screening of the thirteen P. insidiosum clinical isolates revealed the
follow glucan content in the dry mycelium (% w/w, mean = SD): 23.06 + 3.55 of total glucan,
3.82 = 0.91 of a-glucan and 19.24 + 3.57 of B-glucan. The reference strains presented similar
results, with B-glucan content ranging from 20.81 to 28.85 % w/w. In addition, Glucan extract
showed 66.0% of total glucan and 65.81% of B-glucan, respectively.

This is the first work that quantified the glucan content of P. insidiosum. Comparison
between the glucan content of P. insidiosum (= 20%) with Aspergillus candidus (= 3.4%),
Fusarium gramineraum and Trichoderma harzianum (= 6%), Penicillium and Paecilomyces
spp (= 17-23%) (Kyanko, Canel, Ludemann, Pose & Wagner, 2013) shown a significant amount
of this carbohydrate in its composition. Pioneering work on oomycetes revealed that the cell
walls of this class of microorganisms consist essentially of 1,3-p- and 1,6-p-glucans (Aronson,
Cooper & Fuller, 1967; Novaes-Ledieu & Jimenez-Martinez, 1968). However, the information
available is restricted to a limited number of species and based on data obtained from analytical
methods with rather poor resolution (Melida, Sandoval-Sierra, Dieguez-Uribeondo & Bulone,

2013).

3.2. Chemical analysis of B-Glucans extract from the P. insidiosum cell wall
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The monosaccharide composition showed exclusively glucose (Fig. 1). Integration of
the *H NMR spectrum revealed ~81.7% of carbohydrate and ~18.3% of residual amino acids
and peptides which were observed in the aliphatic region and aromatic region (Fig. 1). The
glucan was submitted to methylation and NMR analyses. GC-MS analysis of DSpol of PMAA
showed 2,3,4,6- MesGlc (34%), 2,4,6-MesGlc (18%), 2,3,4-MesGlc (17%) and 2,4-Me>Glc
(31%), showing the presence of a branched (1,3) B-glucan by side chains of (1,6) -
glucopyransyl units. Edited HSQC analysis was used to observe the glycosidic configuration
and linkage of the glucan, particularly for the signals regarding H1/C1 cross peaks. The
anomeric region for the polysaccharide showed characteristic signals with chemical shifts
attributed to B-linked Glcp units at & 102.7/4.53, 103.0/4.27, 102.6/4.36 and 103.5/4.38,
corresponding to 3-O-substituted, 6-O-substituted, 3,6-di-O-substituted and non-reducing ends
units, respectively (Fig. 2). The presence of signals at 6 86.2/3.49 and 87.3/3.40 arise to
substitutions at C-3 of O-3 and di-O-3,6 units. In the negative phase is possible to observe the
C-6 substitutions at 6 68.0/4.01, 3.63, which confirm the presence of (1,6)-B-linked units. The
combination of the presented data from monosaccharide composition, methylation analysis and
2D NMR spectroscopy suggests that P. insidiosum glucan contains a (1,3)-linked, B-D-
glucopyranosyl main chain, substituted at O-6 by side chains of -D-glucopyranosyl units of
the backbone on average every 1-2 repeat units, according to methylation and NMR integration

of the anomeric areas.

3.3. Effects of B-glucan extract on splenic lymphocyte proliferation

The data of equine lymphocyte proliferation are shown in Fig. 3A. The mitogen PHA
and all doses of B-glucan tested promoted significant proliferation compared to the cell control
group. With human lymphocyte (Fig. 3B), PHA and all doses of B-glucan tested also promoted

significant proliferation compared to the cell control group. In mice spleen cells, the mitogen,
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ConA, and B-glucan from 50 pg mL* promoted significant proliferation compared to the cell
control group (Fig. 3C).

Lymphocyte proliferation is the immediate index that reflecting organic immunity. T
and B lymphocytes play an important role in enhancing immune function of organism and to
determine its changes in proliferation rate is the better method to study the activity and action
mechanism of drugs (Fan et al., 2012). We observed that B-glucan significantly stimulated
human, mouse and equine lymphocyte proliferation indicating the ability to enhance cellular

immunity, and that it displayed no toxicity toward peripheral mononuclear blood cells.

3.4. Effects of B-glucans extract in vivo on cytokine profile

To determine whether in vivo treatment with B-glucan could modify the cytokine
production, we analyze the supernatant of spleen cell's culture. The levels of IL-2, IL-10, IL-
17A and TNF-a produced by spleen cells from all f-glucan vaccinated mice were significantly
higher than those observed in cultures of cells from the control group. IL6 production was
significant higher than the control group in 2.5 and 5.0 B-glucan groups. Significant difference
between treatments was observed in IL-6, IL-10 and TNF-a concentration that generally
increased with increasing dose. IFN-y, IL-2 and IL-17A production did not significantly differ
between concentrations (Fig. 4). IL-4 production was detected in few samples at very low levels
and so that was not described.

Cytokine production by CD4" helper T lymphocytes during immune response play an
important role in regulating the nature of the response (Huang, Ostroff, Lee, Specht & Levitz,
2010). The proposed host immune response to natural P. insidiosum infection is a Th2 response
with eosinophilic inflammation and release of IL-4 and IL-5 associated to disease progression.
A likely explanation for the curative mechanism by which treatment of pythiosis with antigens

extracted from P. insidiosum culture works is a switch of the Th2 to a Th1 response, producing
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high level of IFN-y and IL-2 (Mendoza & Newton, 2005). Moreover, many fungal infections
are predicted to be cured when a Th1 and/or Th17 response is established (Huang, Ostroff, Lee,
Specht & Levitz, 2010). Indeed, Wuthrich et al. (2011) showed that vaccine-induced Th17 cells
were necessary and sufficient to protect against multiple dimorphic fungi: Coccidioides
posodasii, Histoplasma capsulatum and Blastomyces dermatitidis. The experimental results
found by us indicated that B-glucan from P. insidiosum could promote proliferation and
differentiation of Th17 cell, and promote the Th17-mediated cellular immunity.

B-glucans are a basis of fungal cell wall structure. They are not found in animals, so that
as carbohydrates they can be recognized by the innate immune system of vertebrates (Brown &
Gordon, 2005). In vitro experiments showed that B-glucans can directly activate leukocytes,
stimulating their phagocytic, cytotoxic, and antimicrobial activity (Vetvicka, 2011). Recent
works using a Saccharomyces cerevisiae-derived whole glucan particle demonstrated its
potential as vaccines against coccidioidomycosis and aspergillosis (Clemons et al., 2015;
Clemons et al., 2014). In addition, they have anti-tumor (Qi et al., 2011), anti-oxidative (Ceyhan
et al., 2012), anti-inflammatory (Du, Lin, Bian & Xu, 2015) and immunomodulating (Stuyven
etal., 2010) activities. This just explain the mechanism of immune modulating activity observed

in our work and provides the theoretical basis for more studies.

Conclusion

For the first time a Pythium insidiosum-cell wall B-glucan was successfully extracted,
characterized and tested to biological activities. Based on the results mentioned above, the
branched (1,3)(1,6)-B-D-glucan the major component of the tested extract could be implicated
in the immunomodulatory potential observed by in vitro lymphoproliferation ability and in vivo

induction of Th17 responses in mice. Future studies aiming purification of this B-D-glucan and
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its application on pythiosis or against different fungal infections are needed to better to know

its biological potential.
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Tab 1 — Glucan content of Pythium spp. mycelia and B-glucan extract

Measured glucan content® (% w/w)

Sample Total glucan  a-glucan B-glucan
Pythium insidiosum clinical isolates
Pi-135 23.01 5.08 17.94
Pi-187 28.71 4.81 23.90
Pi-210 26.47 2.57 23.90
Pi-271 23.57 5.10 18.47
Pi-255 19.07 4.90 14.17
Pi-260 18.86 3.49 15.37
Pi-289 26.14 3.13 23.01
Pi-290 23.14 3.58 19.57
Pi-291 23.35 2.77 20.58
Pi-293 25.07 3.58 21.50
Pi-294 19.07 3.33 15.74
Pi-295 17.14 3.00 14.14
Pi-296 26.14 4.33 21.82
All clinical isolates? 23.06 £3.55 3.82+£0.91 19.24 +3.57
Reference strains
Pythium insidiosum ATCC 58.637 31.71 2.86 28.85
Pythium insidiosum CBS 101.555 25.10 4.29 20.81
Pythium aphanidermatum CBS 128995 24.90 2.72 22.18
Glucan extract 66,00 0,09 65,91

3 values are express as mean + SD; °, determined by the B-glucan assay kit (Megazyme®)
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Figure 1 - 'H NMR spectrum of the hydrolyzed polysaccharide from P. insidiosum. Integration and
identification of the carbohydrate region revealed Glc as major component. The carbohydrate content was
estimated and quantified ~ 81.7 %. The chemical shifts were obtained at 600 MHz in D,O at 303K.
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Figure 2 - 2D edited-HSQC NMR spectrum, positive phase (black) correspond to CH and negative phase
(red) correspond to CH2. *H/*3C NMR signals of P. insidiosum p-Glucan were determined via COSY and HSQC.
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Figure 3 - Changes of lymphocyte proliferation of spleen cells from equine (A), human (B) and mice (C)
stimulated with pB-glucan (G12.5 — G800 pg/mL), Phytohemagglutinin (PHA) or Concanavalin A (ConA) [A590
value]. Data presented as means + DP (n = 5). Different lower case letters indicate significant difference between
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Abstract

The immunology of pythiosis was studied and the role of Th1, Th2 and Th17 cytokines
in host response to P. insidiosum was characterized in immunosuppressed mice. We tested two
immunosuppressive protocols: cyclophosphamide (CYP) 150 mg/Kg intraperitoneal (i.p.) was
given once 24 h before zoospore inoculation, and CYP 200 mg/Kg (i.p.) three days before
infection plus hydrocortisone acetate (HCA) 250 mg/Kg 24 h (subcutaneous) before challenge.
BALB/c mice were infected by subcutaneous injection of 2 x 10* zoospores/mouse. The
immunosuppression was established with one dose of CYP (200 mg/Kg) followed by one dose
of HCA (250 mg/kg). Mortality started at 48 h after inoculation and stabilized at ninth day, and
the rates were 60%. Histophatological findings in kidney and livers suggested an acute vascular
inflammation that mimics the vascular pythiosis in humans. Cytokine profiles in the supernatant
of spleen cells from infected mice showed higher levels of IL-10, IL-6 and TNF-a. Increased
IL-10 values are related to fungal infection's susceptibility and led us to speculate that infection
can be established by an immunosuppression in host immune response triggered by P.

insidiosum cell-wall components or to exoantigens released during infection.

Keywords: Pythiosis; fungal infection; cytokines



91

Introduction

Pythiosis is a chronic pyogranulomatous and life-threatening disease that affect humans
and other animals. The etiologic agent is the oomycete Pythium insidiosum, a fungal-like
organism (1). Equines are the most frequent animal affected by pythiosis and the disease
appears as an ulcerative, pyogranulomatous lesion on cutaneous/subcutaneous tissue (2). In
humans can occur as cutaneous/subcutaneous, vascular, ocular and disseminated forms (3).

The presence of a chronic infection with eosinophilia, a high serum level of
Immunoglobulin E (IgE) in human and horses led researchers to postulate that a Th2 response
is probably activated by the immunogens expressed by P. insidiosum in the infected hosts.
Furthermore, the exoantigens produced during infection can play a key role on locking the
immune system into a Th2 subset, as reviewed by E. S. Loreto, et al. (4). On the other hand, the
immunotherapy with immunogens extracted from P. insidiosum mycelium has curative
properties associated with a switch from a Th2 to a Thl response (5-7). However, the
immunological mechanism underlying the response to natural infection and to immunotherapy
approaches were not fully clarified. Indeed, in the group of animal-pathogenic oomycetes, little
is known regarding the major molecular players involved in host-pathogen interactions (8).

Animal models are important for studying the pathogenesis, virulence, immunology,
diagnosis and treatment of fungal infections. Various species of animals have been used in
mycological investigation, with the mouse being the species of choice (9, 10). Recently R. A.
Zanette, et al. (11), described an experimental model of pythiosis in Drosophilla melanogaster.
Up to now, experimental pythiosis studies on vertebrate animals are conducted with rabbits
since they are the only animal susceptible to experimental infection (2, 12). Although rabbit
models are quite useful for the study of fungal infections, and their treatment, they are more
expensive to purchase, their husbandry requires special installations and careful monitoring,

and more important, there are few immunological and biomolecular reagents available (9).
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In this context, the objective of this study was to develop a feasible murine model of

pythiosis in attempted to better understand the immunology of this infection.

Materials and methods
Microrganism and zoosporogenesis

A clinical P. insidiosum Pi-135 isolate from equine case was utilized. Briefly, zoospores
were obtained by the zoosporogenesis technique (12) and counted using a Neubauer chamber.
The clinical isolate was previously identified (JSM Tondolo et al., unpublished) and the
nucleotide data for the P. insidiosum Pi-135 isolate were deposited in GenBank under accession

number KJ133548.

Mice

Forty female BALB/c mice, 6-8 weeks old, were used in this study (25.30 g £ 2.23).
Animals were housed in groups of ten in which cage and allowed access to food and water ad
libitum. All animal experiments were done with the approval of the Institutional Animal Care

and Use Committee at the Federal University of Santa Maria (number 071/2014).

Immunosuppression and Infection

Mice were rendered susceptible to infection with P. insidiosum by immunosuppression
with cyclophosphamide (CYP, Baxter) (13) or a combination of (CYP) and hydrocortisone
acetate (HCA, Sigma-Aldrich®) (14). At the first time, we tested two protocols with 10
mice/group: group CYP received just one dose of CYP 150 mg/kg, 24 h before the infection;
group CYP+HCA received 72 h before the challenge, a dose of CYP (200 mg/kg) and one 24
h before challenge a dose of HCA (250 mg/kg). CYP was reconstituted in sterile distilled water

and administered via intraperitoneal injection, and HCA was prepared as a suspension in sterile



93

phosphate-buffered saline (PBS) with 0.02% Tween 80 and given by subcutaneous injection.
On day 0, mice were infected with a subcutaneous injection of 2 x 10* zoospores/mouse, an
inoculum concentration known to induce experimental pythiosis in rabbits (12). In the second
experiment, to analyze the immunological status, we choice the CYP+HCA
immunosuppression protocol and then more 20 mice were immunosuppressed and infected. The
animals were monitored daily up to 14™ day of infection for signs of morbidity and mortality,
if any. As a control group, five healthy mice were used. The body weight of the animals was
recorded daily. Individual organs (kidney, liver and lung) of mice naturally death or euthanized
were cultured on corn-meal agar (CMA — Himedia®) at 37 °C for a week. If growth occurred,

confirmation of pythiosis was made by zoosporogenesis and PCR techniques.

Ethics procedure

All standard animal husbandry practices were followed meticulously during the course
of study. Appropriate steps were adopted to keep the mice free from stress or discomfort. To
further prevent distress to animals, humane endpoints were established at the very beginning of
experiment. Throughout study, the mice were examined 3—4 times daily for clinical signs such
as rapid or very slow, shallow and labored breathing, ruffled fur, hunched posture, impaired
ambulation, lethargy/drowsiness. Other signs taken into consideration included physical and
mental alertness, chronic diarrhea and bleeding. These signs were used to sacrificing the
animals during the course of the study and at the endpoint, and the euthanasia was performed

by deepening anesthesia with isoflurane (Cristalia®).

Immunological studies
To evaluate the immunological response of the mice to pythiosis infection, we choice

the combined protocol CYP+HCA. Spleen of each mouse from healthy and pythiosis infected
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mice were removed aseptically, minced and passed through a stainless steel mesh to obtain
single cell suspensions in PBS. After the red blood cells were disrupted, the splenocytes were
washed twice with PBS, and the resulting pellet was re-suspended and diluted in a complete
tissue culture medium [CTCM: RPMI-1640 (Sigma-Aldrich®), 10% fetal bovine serum
(Vitrocell Embriolife®), penicillin-streptomycin (100 U and 100 pg/mL, respectively - Sigma-
Aldrich®)] after the cell viability was assessed by trypan blue (Sigma-Aldrich®) exclusion. All
lymphocyte's suspensions were diluted to 2 x 10° mL™* in CTCM. Lymphocyte from infected
mice were cultivate just with RPMI-1640 (non-stimulated) or stimulate with P. insidiosum cell

wall B-glucan (as mitogen) at 0.1 mg. mL™* (unpublished manuscript).

Cytokine measurement

Supernatant fluids were collected for cytokine determination from cultures of
splenocytes of each mouse, in triplicate, after 72 h of culture at 37 °C in a 5% humidified CO-
atmosphere. These were then frozen at — 80 °C until being analyzed. Cytokines were measured
by the mouse Th1/Th2/Th17 cytokines Cytometric Bead Array (CBA) kit (BD Biosciences,
San Jose, CA), which measures IL-2, IL-4, IL-6, IL-10, IFN-y, TNF and IL-17A. Data were
acquired on BD Accuri™ C6 (BD Biosciences, USA) flow cytometer. Assay was performed

according to the manufacturer’s instructions.

Histology

The tissues of lung, liver and kidney were collected of all mice used in the second
experiment (naturally death and euthanized). Formalin-fixed tissues were embedded in paraffin,
sectioned at 3 um, stained with hematoxylin and eosin (H&E). Immunohistochemistry (IHC)
with a polyclonal antibody anti-P. insidiosum raised in rabbit was performed as previously

described (15). Negative control slides (with antibody diluent as the primary antibody) and a
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positive control tissue (obtained from a confirmed case of equine pythiosis) were included with

each immunohistochemistry procedure.

Statistical analysis
Data are expressed as the mean * S.D. Significance was assessed by ANOVA one way
followed by Holm-Sydak post-hoc. All analysis were performed on software SigmaPlot®

version 12.5. Significant differences were considered at p < 0.05.

Results
Immunosuppression —course of infection
First experiment

For the CYP protocol, the course of infection was less severe and mortality was not
observed (Fig. 1). During the experiment, five mice showed a nodular formation at the site of
infection; two displayed a dry lesion, and three showed no reaction. The loss of corporal weight
was not significant (mean + SD = 23.78 + 1.21 at day 0 and 23.2 = 0.97 at day 14). In the
CYP+HCA protocol, the course of infection was most severe than in the CYP protocol.
Mortality occurred early in infection, beginning at 48 h after zoospore's inoculation with four
mice (40%), at 72 h more one mouse died (50%), and the last death occurred at 10 days after
infection (60%) (Fig. 2). The mouse that died at 72 h was euthanized because it showed
difficulty breathing and lethargy signs. The remaining mice presented a dry lesion at the site of
infection. The loss of body weight was higher than in CYP protocol, but did not achieve 20%
of initial weight (mean + SD = 26.40 + 1.72 at day 0 and 22.6 £ 1.37 at day 14). Once the
CYP+HCA protocol allowed the development of a lethal infection, this protocol was used for

the second experiment (immunological studies).
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Second experiment

In this experiment, mortality also started early, with three mice at 48 h (15%), more
three at day 4 (30%), four mice at day 5 (50%), one mouse at day 7 (55%), and the last death at
day 9 (60%) post infection. Mortality rate was the same observed in the first experiment with
CYP+HCA protocol. Mice presented difficulty breathing, lethargy and paralysis of the lower

limbs. No cutaneous reaction was observed at the site of infection during experiment.

Histopathology

The hitopathological analysis demonstrated that on the kidney of nine of 20 infected
animals were observed focally extensive coagulation necrosis associated with severe multifocal
thrombosis in arteries, arterioles and venule. In the midst of thrombi were observed negative
images of hyphae and weakly basophilic hyphae. These hyphae were occasionally branched,
occasionally septate and some were observed in the interstice of the necrotic area, where there
was slight, predominantly neutrophilic inflammatory infiltrate. In the remaining 11 mice were
not observed hyphae; cortical multifocal acute tubular necrosis was observed in six mice, and
in five mice, no changes in the normal structure were observed (Fig. 3A-D).

In the liver from five of 20 animals, there was a marked multifocal arterial and venous
thrombosis. In the midst of thrombi (and sometimes in the vessel wall) there are numerous
negative images of hyphae and weakly basophilic hyphae. Hyphae were occasionally seen in
sinusoids. There was necrosis of hepatocytes, and inflammatory neutrophilic infiltrate in the
areas adjacent to the affected vessels. Some vessels have neutrophilic infiltrate in the wall
(neutrophilic vasculitis); neutrophils are also numerous among the thrombi. In the remaining
from the 15 mice were observed mild multifocal vacuolization of the cytoplasm of hepatocytes
in eight mice; slight focal necrosis in two mice; and a multifocal marked to coalescing areas of

necrosis in hepatocytes, interspersed with a few neutrophils in five mice (Fig. 3E-F).
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The majority of the animals have been mild to moderate fibrinoid necrosis in arterioles
walls, sometimes with mild thrombosis when the lungs were evaluated; marked congestion of
the capillaries and multifocal septal hemorrhage in alveoli and slight presence of fibrin, and
some neutrophils in alveoli were observed. Hyphae were not observed (Figure 3G).

Animals that survived the experiment end point (day 14) and were euthanized, had a
blackened area at the site of inoculation of zoospores and the histopathology detected the
presence of hyphae with neutrophilic infiltrate and necrosis in the skin of six (n=8) surviving

animals (Figure 3H).

Cytokine's production by spleen cells

To determine whether in vivo experimental pythiosis could modify the cytokine
production, we analyze the supernatant of spleen cells culture. The cytokines IL-2, IL-4, IL-6,
IL-10, IL-17A, IFN-y and TNF-a were measured in cultures of B-glucan-stimulated cells (P-
Glucan) and non-stimulated (P-N/S) spleen cells, but detectable levels were only observed for
IL-6, IL-10 and TNF-a cytokines. P-Glucan (IL6, 432.82 + 90.2; IL-10, 112.79 +£ 12.53; TNF-
a, 1612.96 + 325.58) and P-N/S (IL6, 21.62 + 7.56; 1L-10, 17.07 £ 6.33; TNF-a, 37.65 +12.81)
groups had significant higher concentration of all detected cytokines than healthy control (IL6,

8.07 + 3.16; IL-10, 1.03 + 0.53; TNF-a, 2.02 + 0.47) (Fig. 4).

Discussion

Several studies evaluating fungal infections in mice use chemical immunosuppression
protocols to favor the development of the disease (10). Cyclophosphamide is a non-phase
specific cytotoxic agent that can inhibit both humoral and cellular immunity, affecting
granulocytes and lymphocytes (16). The effects of corticosteroids are pleiotrophic, affecting

both T and B cells, macrophages, granulocytes, and monocytes (17). Combining cytotoxic
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chemotherapy and corticosteroids appears to augment each, as either alone may not result in
consistently lethal infections (18). In this way, we induced pythiosis in a mice
immunosuppressed with a combination of CYP and HCA, a well-documented protocol (14, 19,
20).

Immunosuppression greatly altered disease outcome, with subcutaneous zoospore's
inoculation leading to death, while immunocompetent mice developed a self-healing ulcerative
subcutaneous lesion (personal data). Approximately 48 h after the subcutaneous inoculation of
P. insidiosum zoospores in CYP+HCA immunosuppressed group, the first mice have died and
mortality reached at 60%. We observed during the experiment that some mice had difficulty
breathing, lethargy and paralysis of the lower limbs. The ulcerative skin lesion, characteristic
of subcutaneous pythiosis in immunocompetent animals, as rabbits, was not seen. The death of
animals can be explained by the dissemination of the oomycete and the colonization of vital
organs. The histophatological findings in kidney and livers, suggested an acute vascular
inflammation, similar to vascular pythiosis that occurs in humans (3).

The invasion of large arteries of the limbs is commonly diagnosed in human patients
from Thailand. This condition leads to obstruction of blood vessels, aneurysms, and gangrene
of the affected limbs. Arterial pythiosis is a life-threatening condition, especially when P.
insidiosum reaches the aorta and the major cause of death is the rupture of aortic aneurysm (3).
In this way, our pythiosis infection model in mice can be very useful to study therapeutic
approaches in human pythiosis.

The host immune response to natural P. insidiosum infection is thought to be a Th2
response with eosinophilic inflammation and release of IL-4 and IL-5 associated to disease
progression (7). Indeed, in a human patient with vascular pythiosis, high levels of IL-4 and IL-
5 cytokines were detected during the infection (5). However, evaluation of cytokine levels in

animals with pythiosis was not performed.
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In this study, all infected animals presented a high level of IL-6, IL-10 and TNF-a
compared with healthy mice. This mix of cytokines with up-regulation of IL-10 and not a
typical Thl response with high levels of IFN-y may be partially responsible for the impediment
of a total clearance of the fungus. The same set of cytokines have been demonstrated to mediate
the normal immune response and to be responsible for the immunopathogenesis of systemic
mycoses such as coccidioidomycosis and paracoccidioidomycosis (21, 22).

IL-10 represents an important cytokine that may affect the Th1/Th2 balance in fungal
infections. This cytokine is known to be a major immunoregulatory cytokine influencing Th
cell development as well as production of numerous pro-inflammatory cytokines (23). High
levels of IL-10 that downregulate IFN-y production, are detected in chronic candidal diseases,
in the severe forms of endemic mycoses and in neutropenic patients with aspergillosis, and thus
have been linked to susceptibility to fungal infections (24, 25). Indeed, in chronic
mucocutaneous candidiasis (CMC) the defective production of Th 1 cytokines does not occur
concomitantly with the increase in Th 2 cytokine production (that is, IL-4 or IL-5) but, more
often, with 1L-10 (26). The same was observed in our study, high IL-10 levels and absence of
IFN-y and IL-4 production.

Our data are in agreement with previous studies on pathogenesis of invasive pulmonary
aspergillosis (IPA), where chemotherapy-treated mice presented high levels of pro and anti-
inflammatory cytokine responses (TNF-a and IL-10, respectively), and I1L-10 was associated to
increase in mortality and to pathogenesis of IPA (17, 27). Because several cell types produce
IL-10, mainly CD4" T regulatory cells, early secretion of this cytokine cannot be used as a
marker of Th2 activation (28). Furthermore, the absence of IL-4 secretion observed in our
studyrenders it difficult to ascribe infection development to a typical activation of Th2 cells.

A recent study with Saprolegnia parasitica, also an oomycete, that cause infection in

fish, observed a strong induction of proinflammatory cytokines triggered by the cell wall
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components and the immune suppression of the most genes related to cytokines associated with
Th cell responses that compromised Thl and Th2 responses in infected animals. They
concluded that an active suppression of fish adaptive immunity during infection is responsible
by immune system failure to respond adequately to infection (8). All these findings can led to
the speculation that P. insidiosum persistence in host tissues may be related to an
immunosuppressive property of cell-wall components or to exoantigens released during
infection.

We successfully establish the infection by P. insidiosum in immunosuppressed mice.
This is extremely important once it will be a useful tool for future treatment tests, especially in
human pythiosis cases. Cytokine profile of immunosuppressed-infected mice led us to speculate
that infection may be established through an immunosuppression in the host immune response.
The results should be interpreted with carefully and further studies using non-
immunosuppressed mice and/or different protocols of immunosuppression should be conducted

to clarify these findings.
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Fig. 1 - Survival of immunosuppressed mice experimentally infected by the subcutaneous route with
2x10* P. insidiosum zoospores.Mice were rendered susceptible with one dose of cyclophosphamide (CYP) 200
mg/Kg 24 h before infection (Pythiosis + CYP) or with one dose of CYP 200 mg/Kg plus one dose of
hydrocortisone acetate (HCA) 250 mg/Kg, 72 h and 24 h before infection, respectively (Pythiosis + CYP+HCA).
n = 10 mice per group. Survival was monitored up to 14 days.
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Fig. 2 — Survival of immunosuppressed mice experimentally infected by the subcutaneous route with
2x10* P. insidiosum zoospores. Mice were rendered susceptible with one dose of CYP 200 mg/Kg plus one dose
of Hydrocortisone acetate (HCA) 250 mg/Kg, 72 h and 24 h before infection, respectively. n = 20 mice. Survival
was monitored up to 14 days.



Fig. 3- A and C. Kidney. thrombosis, necrosis and hyphae (as negative image). HE, magnification 400x.
B and D. Kidney. thrombosis, necrosis and positive staining hyphae. IHC, anti-P. insidiosum, alkaline
phosphatase-streptavidin-biotin, magnification 400x. E. Liver. Thrombosis and hyphae. HE, magnification 400x.
F. Liver. Thrombosis and positive hyphae. IHC, anti-P. insidiosum, alkaline phosphatase-streptavidin-biotin,
magnification 400x. G. Lung. No hyphae. HE, magnification 400x.H. Lesion skin. Hyphae, IHC.
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Fig. 4 - Cytokine secretion after mice immunosuppression and challenge with 2x10* P. insidiosum zoospores. Mouse spleen cells were incubated up to 72 h in 5% CO;

at 37 °C, cytokine levels in the supernatant of lymphocytes culture were measured by flow cytometry. Mouse spleen cells from infected mice were cultured in the presence of

B-glucan 0.1 mg/mL (P Glucan) or no stimulated (P N/S). Spleen cells of the control group were no stimulated (Healthy). Control group received just phosphate buffered saline
(PBS) injection. Data are presented means + SD (n = 5). * Significant difference compared to Healthy group (p < 0.001).
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7 DISCUSSAO

Dados sobre a suscetibilidade de Conidiobolus lamprauges frente aos antifungicos
comumente utilizados sdo escassos e ndo existe um consenso sobre a melhor abordagem
terapéutica para o tratamento das infecgdes causadas por Conidiobolus spp. (Chowdhary et al.,
2010; Kimura et al., 2011; Reiss et al., 2012). NGs avaliamos, no artigo 1, a suscetibilidade de
seis isolados clinicos de infeccdo em ovinos frente a diferentes classes de antiflingicos, seguindo
0 protocolo M38-A2 do CLSI (Clinical and Laboratory Standards Institute., 2008). Os
resultados sugerem resisténcia ou reduzida suscetibilidade aos antifingicos testados, com
excecdo da terbinafina (TRB) que foi o farmaco com melhor atividade inibitoria. Nossos
resultados estdo de acordo com resultados prévios que avaliaram C. lamprauges e encontraram
uma suscetibilidade reduzida, proxima a resisténcia, também excluindo a terbinafina (Guarro
etal., 1999; Kimura et al., 2011).

Em um segundo momento, nds avaliamos a associa¢do de sulfametoxazol (SMX),
trimetoprima (TMP) e antifungicos frente a C. lamprauges no manuscrito 1. N6s confirmamos
0 potencial sinérgico da associagdo entre SMX e TMP (100%) na proporcdo 1:4,
respectivamente, mas ndo observamos interacdes sinérgicas quando a associagdo SMX-TMP
foi combinada com os farmacos antifungicos avaliados. A anfotericina B (AMB), a TRB e 0
miconazol (MON) foram considerados os farmacos mais eficazes por apresentarem as menores
concentragdes inibitérias minimas (CIM, pg/mL). No entanto, como os pontos de cortes
(breakpoints) ainda ndo foram caracterizados para os fungos filamentosos e baseado em
sugestdes de breakpoints contidas no protocolo M38-A2 para outros fungos filamentosos,
sugere-se que neste estudo os isolados de C. lamprauges demonstraram resisténcia ou

suscetibilidade reduzida, com excec¢do da TRB, confirmando os achados do artigo 1.
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A pitiose caracteriza-se por ser uma infeccdo de dificil tratamento e também de dificil
diagnostico por ser confundida com outras infecgBes fungicas. O sucesso terapéutico do
tratamento da pitiose esta intimamente relacionado com o diagnostico precoce do patdgeno
(Gaastra et al., 2010). N6s demonstramos, no artigo 2, a habilidade de um disco de minociclina
em inibir o crescimento de 38 isolados clinicos de P. insidiosum provenientes de casos de
pitiose equina e duas cepas padrao de P. insidiosum, utilizando a técnica de disco difusdo. Como
controle do teste de inibicdo foram utilizadas 18 cepas de diferentes fungos que néo tiveram seu
crescimento inibido pela presenca do disco de minociclina. Uma vez que os fungos nao foram
inibidos e todas as cepas de P. insidiosum tiveram seu crescimento totalmente inibido, este teste
pode ser utilizado como um método rapido de identificacdo de P. insidiosum. No entanto,
recomenda-se que o diagnostico definitivo da pitiose deva ser realizado por técnicas
moleculares e/ou soroldgicas e/ou avaliacdo imuno-histoquimica (Mendoza e Vilela, 2013).

A parede celular dos fungos exerce um papel importante na manutencéo da integridade
celular e também é o contato com o0 meio externo, representando assim um alvo interessante no
controle de doencas (Bowman e Free, 2006; Melida et al., 2013). Estudos sobre a constituicdo
da parede celular de Pythium spp. sdo das décadas de 1960 a 1980 e relataram a presenca de 80
a 90% de carboidratos, sendo as B-glucanas o principal carboidrato encontrado (Aronson et al.,
1967; Novaesle.M et al., 1967; Bartnicki-Garcia, 1968; Sietsma et al., 1969; Vaziri-Tehrani e
Dick, 1980). Porém, estudos com P. insidiosum ndo foram realizados.

Nos avaliamos, no manuscrito 2, 0 micélio (em peso seco) de treze isolados clinicos de
P. insidiosum, utilizando um kit enzimatico para quantificagdo de glucanas e obtivemos uma
média de 23,06 g + 3,55 de glucana total, 3,82 g £ 0,91 de a-glucana e 19,24 g + 3,57 de f3-
glucana. O estudo de Kyanko et al. (2013) também realizou enzimaticamente a avaliagcdo do
conteudo de glucanas do micélio seco de diferentes fungos, obtendo para Aspergillus candidus

(= 3.4%), Fusarium gramineraum e Trichoderma harzianum (= 6%), Penicillium e
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Paecilomyces spp (= 17-23%). A comparacao destes resultados com o obtido para P. insidiosum
(= 23%) demonstram uma significante quantidade desse polissacarideo na constituicdo do
micelio de P. insidiosum.

Diversos estudos com B-glucanas extraidas principalmente da levedura Saccharomyces
cerevisiae e de cogumelos comestiveis, ttm demostrado uma grande variedade de atividades
fisioldgicas, o que levou as B-glucanas a serem classificadas como modificadores de resposta
bioldgica com pronunciado efeito imunomodulador (Novak e Vetvicka, 2009; Stier et al.,
2014). Devido ao potencial imunomodulador desse polissacarideo, nos realizamos a extracdo
do mesmo da parede celular de P. insidiosum utilizando, com pequenas modificacdes, um
processo descrito por Liu et al. (2008) (manuscrito 2). O processo baseia-se na autolise
induzida, seguida por tratamento com agua quente e solventes organicos, homogeneizacao e
tratamento enzimatico com protease.

O extrato obtido (3,5 g), comparado com a massa total de micelio utilizada na extragao
(75 g) mostra um rendimento de aproximadamente 5%. A avaliacdo do extrato pelo kit
enzimético mostrou um contetdo de aproximadamente 66 % de B-glucana, que comparada com
o contetido de B-glucana obtido inicialmente para cepa Pi-135 mostra a recuperacgéo de 26% do
contetdo de B-glucana. A avaliacdo do contetdo de proteinas pelo método de Bradford (1976)
resultou em 1,8% de proteinas que s6 foram detectadas quando o extrato foi solubilizado em
etanol. No entanto, a anélise da composicao do extrato por métodos fisico-quimicos (metilagéo,
cromatografia gasosa acoplada a espectrometria de massa [CG-EM] e espectroscopia de
ressonancia magnética — RMN) mostrou um contetdo de B-glucana de aproximadamente 82%
e de aminoacidos e peptideos residuais de 18%. Dois pontos podem ser destacados:
primeiramente os métodos analiticos (CG e NMR) sdo mais precisos e tém maior poder de
deteccdo, 0 que por si sO justifica as diferencas encontradas no contetdo de glucanas e

proteinas; em segundo, por tratar-se de uma glucana altamente ramificada a enzima utilizada
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pelo kit Megazyme® pode nio ter sido totalmente eficiente na quebra da molécula levando a
uma menor deteccao.

A avaliacdo da composicdo de monossacarideos do extrato evidenciou tratar-se de um
polissacarideo constituido exclusivamente por moléculas de glicose e o espectro de *H NMR
apresentou sinais caracteristicos de uma B-glucana e como contaminante foram observados
sinais de aminodacidos e peptideos residuais. Por tratar-se de um polimero ramificado contendo
diferentes tipos de ligacdo glicosidica, procedeu-se a metilacdo da amostra e posterior analise
por CG-EM e RMN que mostrou a presenca de uma cadeia principal (1,3)-ligada e formada por
unidades [B-D- glicopiranosil parcialmente substituidas em O-6 por unidades p-D-
glicopiranosil (1,6)-ligadas, em média a cada 1 ou 2 unidades da cadeia principal.
Escleroglucana é um polissacarideo secretado por fungos do género Sclerotium que também
apresenta uma cadeia principal com unidades B-D- glicopiranosil (1,3)-ligadas e unidades
laterais de B-D-glicopiranosil (1,6)-ligadas, vérias atividades biologicas ja foram descritas para
essa B-glucana, entre elas: imunoestimulante, antioxidante, antiviral (Batbayar et al., 2012;
Giavasis, 2014). Dois dos mais estudados polissacarideos com atividade imunomodulatora sdo
0 Lentinano e o Esquisofilano, extraidos dos cogumelos comestiveis Lentinan edodes e
Schizophyllun comune, respectivamente, e ambos sdo comercializados como terapia no
tratamento de cancer (Giavasis, 2014). Ambos polissacarideos acima citados apresentam
estrutura semelhante a da B-glucana extraida de P. insidiosum.

Com a finalidade de conhecer o potencial imunomodulador da B-glucana extraida de P.
insidiosum, realizamos o teste de proliferagdo de linfécitos in vitro com linfocitos extraidos de
humanos, equinos e camundongos (manuscrito 2). O uso de linfocitos de humanos e equinos
objetivou a observagdo direta do potencial dessa B-glucana em células das principais espécies
afetadas pela pitiose. Nos observamos que a [B-glucana aumentou significativamente a

proliferacdo de linfdcitos de todas as espécies testadas, demonstrando assim habilidade de
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melhorar a imunidade celular, aléem de ndo apresentar efeito toxico sobre as ceélulas.
Sequencialmente, o potencial de induzir resposta imune do tipo T in vivo em camundongos foi
avaliado através da quantificacdo de citocinas induzidas pela imunizacdo dos animais com
diferentes concentrac¢des de B-glucana. O perfil de citocinas observado indica a promocéo de
uma resposta imune do tipo Th17, a qual esta relacionada com a cura e com vacinas efetivas
contra infeccGes fungicas (Huang et al., 2010; Wuthrich et al., 2011).

Os coelhos séo os animais utilizados como modelo experimental em pitiose, uma vez
que sdo considerados 0s Unicos animais suscetiveis a infeccdo experimental (Santurio et al.,
2003; Gaastra et al., 2010). Recentemente, Zanette et al. (2013d) descreveram um modelo de
infeccdo em Drosophila melanogaster Toll-deficiente. Embora os modelos com coelhos sejam
bastante Uteis para o estudo de infecg¢bes fungicas e seu tratamento, eles sdo mais caros para
comprar, sua criacdo exige instalacbes especiais e acompanhamento cuidadoso, e mais
importante, ha poucos reagentes imunoldgicos e moleculares disponiveis (Capilla et al., 2007).

Uma vez que camundongos sdo naturalmente resistentes a pitiose experimental (dados
pessoais), nés testamos no manuscrito 3 dois protocolos de imunossupressao na tentativa de
estabelecer a infecgdo: i) uma dose de ciclofosfamida 150 mg/Kg, intraperitoneal (i.p.), 24 horas
antes da inoculagdo (Cenci et al., 2000); ii) associacdo de uma dose de ciclofosfamida 150
mg/Kg, i.p. e uma dose de hidrocortisona acetato 250 mg/Kg, subcutanea, 72 e 24 horas antes
da inoculagéo, respectivamente (Sheppard et al., 2004). O segundo protocolo produziu uma
mortalidade de 60% e foi escolhido para os estudos subsequentes.

A imunossupressao dos animais antes do desafio com os zodsporos de P. insidiosum
mostrou ser uma estratégia eficaz para o estabelecimento da infecgdo experimental, uma vez
que a partir de 48 horas apds a inoculacdo 0s animais comegaram a sucumbir a doenga e a
mortalidade atingiu 60% no nono dia pos-infeccdo, mantendo-se estavel até o final do

experimento. Durante o experimento alguns sinais clinicos foram observados, tais como,
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dificuldade respiratoria, letargia e paralisa dos membros inferiores. As lesdes ulcerativas
subcutaneas comumente observadas nos coelhos experimentalmente infectados e em animais
naturalmente infectados, ndo foram observadas. A avaliacdo histopatolégica mostrou um
quadro de trombose vascular aguda, com a presenca de hifas e sinais de necrose nos rins e/ou
figado de 60% dos animais. Os animais que sobreviveram ao periodo do experimento (14 dias)
e foram eutanasiados no final, apresentaram uma area enegrecida no local da inoculacdo dos
zoosporos e a analise histopatologica detectou a presenca de hifas com infiltrado neutrofilico e
necrose na pele de seis dos oito animais sobreviventes. A deteccdo de hifas pela anélise
histopatoldgica em rim, figado e pele, quando somadas atingiram 75% dos animais infectados.

A avaliacgéo das citocinas produzidas durante a infec¢do experimental nos camundongos
mostrou uma grande secrecdo de citocinas pro e anti-inflamatorias, I1L-6, TNF-a ¢ 1L-10,
respectivamente. As citocinas de resposta Thl (INF-y) e Th17 (IL-17) que sdo relacionadas a
cura de infecgdes fungicas (Huang et al., 2010), ndo foram detectadas no sobrenadante do
cultivo dos linfdcitos dos animais infectados. Inesperado foi a auséncia de IL-4, uma citocina
relacionada a respostas do tipo Th2 e associada a instalacdo e progressao da pitiose em humanos
e animais (Wanachiwanawin et al., 2004; Mendoza e Newton, 2005).

A IL-10 é uma importante citocina que afeta o equilibrio entre as respostas Thl e Th2
durante as infecgbes fungicas. Essa interleucina € considerada a principal citocina
imunorregulatoria, influenciando o desenvolvimentos das células T bem como a producdo de
varias citocinas pro-inflamatérias (Cyktor e Turner, 2011). Altos niveis de IL-10 regulam
negativamente a secrecdo de INF-y ¢ sdo detectadas nos casos de candidiase mucocutanea
cronica, onde a resposta Thl é bloqueada sem o aumento de resposta Th2, evidenciando a
supressdo do sistema imune pela IL-10 favorecendo a persisténcia da infec¢do (Lilic, 2002;

Romani, 2011).
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Trabalhos anteriores que avaliaram a patogénese da aspergilose pulmonar invasiva em
um modelo de camundongos imunossuprimidos quimicamente, também encontraram a
expressao de altos niveis de citocinas pré e anti-inflamatorias (TNF-a e IL-10) e associaram o
aumento na mortalidade e a patogénese da doencga aos altos niveis de IL-10 encontrados (Balloy
et al., 2005; Lewis e Kontoyiannis, 2009). A acéo da IL-10 resulta em supressdo das principais
proteinas e moléculas co-estimulatorias do complexo de histocompatibilidade classe Il (MHC
I1) sobre a superficie de macrofagos, além de diminuir a producdo de espécies reativas do
oxigeénio e nitrogénio liberadas durante a ativacao dos macrofagos. Portanto, a IL-10 diminui a
capacidade das células do sistema imune inato de erradicar patdgenos, bem como reduz sua
capacidade de gerar e manter uma resposta de células T antigeno-especifica (Cyktor e Turner,
2011).

Em um estudo recente com o oomiceto Saprolegnia parasitica, que causa infeccdo em
peixes, observou-se uma forte inducdo de citocinas pro-inflamatdrias desencadeadas por
componentes da parede celular de S. parasitica além da supressdo imunitaria da maioria dos
genes relacionados com as citocinas associadas as respostas Th, o que comprometeu as
respostas Thl e Th2 nos animais infectados. Eles concluiram que a supressdo ativa da
imunidade adaptativa dos peixes durante a infeccdo é a responsavel pela falha do sistema
imunolégico em responder adequadamente a infeccdo e esta relacionada aos componentes da
parede celular e a produgéo e secrecdo de prostaglandina E2 pelo patégeno (Belmonte et al.,
2014). Até entdo, a supressdo da resposta imunoldgica em hospedeiros vertebrados durante a
infeccdo por oomicetos havia sido previamente sugerida (Alvarez et al., 1995; Kales et al.,
2007; Fregeneda-Grandes et al., 2009), porém nao claramente comprovada in vivo.

A resposta imune do hospedeiro naturalmente afetado pela pitiose € descrita como sendo
uma resposta Th2, caracterizada por inflamacéo eosinofilica e secrecdo de I1L4 e IL-5 (Mendoza

e Newton, 2005). As células Th2 sdo secretoras de IL-10, porém varios tipos de células sdo
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capazes de secretar IL-10, principalmente as células T regulatorias, portanto, a secre¢do dessa
citocina no inicio da infeccdo ndo pode ser utilizada como marcador da ativacao de resposta
Th2 (Romani e Puccetti, 2006). Além disso, a auséncia da producdo de IL-4 observada em

nosso estudo dificulta a ligacdo do desenvolvimento da infeccdo a uma tipica resposta Th2.
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8 CONCLUSAO

- A avaliagdo da suscetibilidade in vitro de Conidiobolus lamprauges frente aos
antifangicos individualmente testados mostrou um perfil geral de resisténcia ou suscetibilidade
reduzida, tendo apenas a terbinafina (CIM < 0,06-0,5 pug/mL) demonstrado potencial de uso
terapéutico.

- A avaliacdo da combinacdo do sulfametoxazol com a trimetoprima demonstrou 100%
de interacdes sinérgicas frente a C. lamprauges. A terbinafina, quando associada com 0s
antifangicos azolicos (miconazol, posaconazol e voriconazol) resultou em 71% de interacGes
sinérgicas. A associacdo sulfametoxazol + trimetoprima com os farmacos antifungicos
avaliados apresentou 100% de interacdes indiferentes.

- O uso da técnica de disco difusdo com discos de minociclina mostrou-se uma
ferramenta Gtil para a identificacdo presuntiva de Pythium insidiosum bem como para sua
diferenciacdo de C. lamprauges e outros fungos verdadeiros.

- A quantificacdo enzimatica do conteudo de B-glucanas presente no micélio de isolados
clinicos de P. insidiosum mostrou uma quantidade significativa desse carboidrato quando
comparado a outros fungos (meédia £ DP: 23,06 + 3,55 de glucana total, 3,82 £ 0,91 de a-glucana
e 19,24 + 3,57 B-glucan).

- A extragdo de B-glucanas do miceélio de P. insidiosum gerou um extrato com contetido
de 82% de B-glucanas e 18% de aminoacidos e peptideos residuais. A analise estrutural
evidenciou tratar-se de uma B-glucana com cadeia principal do tipo p-(1,3) com ramificacGes
do tipo B-(1,6) a cada 1-2 unidades da cadeia principal;

- A avaliagdo do potencial imunomodulador ex vivo em linfdcitos de camundongos
BALB/c imunizados com diferentes concentragfes de (1,3)(1,6)-B-D-glucana mostrou um
perfil de citocinas compativel com a indugdo de uma resposta imunologica do tipo Th17,

- O uso de camundongos BALB/c quimicamente imunossuprimidos (associacdo de
ciclofosfamida e hidrocortisona) demonstrou ser um bom modelo experimental para o estudo
da pitiose. A mortalidade dos animais infectados atingiu 60% e a invasdo de 6rgaos internos
(rim e figado) por P. insidiosum foi confirmada através de imuno-histoquimica;

- A dosagem de citocinas do sobrenadante do cultivo de linfocitos extraidos dos
camundongos infectados com P. insidiosum mostrou altos niveis de secrecdo de IL-6, IL-10 e
TNF-a, indicando uma subversdo da resposta imune do hospedeiro, provavelmente induzida

por componentes da parede celular ou por exoantigenos liberados durante a infecgéo.
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