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RESUMO

Cryptococcus neoformans e Cryptococcus gattii sGo 0s agentes etioldgicos da
criptococcose, micose sistémica que afeta principalmente os pulmdes e o sistema
nervoso central. O processo infeccioso inicia com a inalagcdo de células de
criptococcus e deposi¢cdo nos alvéolos pulmonares, onde uma complexa interacédo
com macrofagos inicia. Esta interacdo normalmente resulta na inibicdo da fungéo
de macréfagos podendo acarretar em apoptose das células de defesa. Sendo
assim, o objetivo deste trabalho € avaliar vias e genes em macréfagos afetados
pela infeccdo por C. neoformans e C. gattii. Para isso, foi realizada uma analise
transcricional comparativa para avaliar mudancas em macréfagos expostos a C.
neoformans e C. gattii. Macréfagos pré-ativados da linhagem J774.A1 foram
infectados com C. neoformans linhagem H99 e C. gattii linhagem R265 por 6
horas. O RNA poli-adenilado destes macréfagos foi purificado e submetido a
sequenciamento no sistema lon PGM, no qual foi detectada a expressao alterada
em cerca de 40 genes de J774.A1 pela presenca de ambas leveduras. Esses
genes diferencialmente expressos foram usados como dados de entrada no
programa String 10, gerando duas diferentes redes com mais 700 proteinas.
Essas redes foram analisadas no programa Cytoscape 2.8.3 e observamos que a
maioria dos bioprocessos que apresentavam pelo menos um gene
diferencialmente expresso estavam relacionadas com a via Akt/mTOR. Para a
confirmacdo dos dados de RNAseq, nds realizamos gqRT-PCRs dos genes dos
macréfagos envolvidos com esta via. Todos 0s genes apresentaram reducdo da
expressdo apos 24 horas de interacdo com as células fungicas. Também
realizamos analises de Western blot para avaliar a expressao de Akt total, S6K
total e fosforilada e GSK-3p fosforilada em macrofagos pré-ativados J774.A1 ap6s
a incubacédo com as linhagens fungicas. Observamos uma diminuicdo nos niveis
de S6k e GSK-3B fosforiladas apds 24 horas de interacdo sugerindo que o
MTORC1 apresenta uma menor atividade em macréfagos infectados com C.
neoformans e C. gattii. Nossos resultados indicam que C. neoformans e C. gattii
conseguem explorar a modulacdo de varias vias para potencialmente reduzir a
atividade antifingica destas células, uma vez que essa via esta envolvida em

processos chaves da resposta imune.



ABSTRACT

Cryptococcus neoformans and Cryptococcus gattii are the etiological causes of
cryptococcosis, systemic mycosis that mainly affects the lungs and central
nervous system. The infectious process for both species starts with the inhalation
of yeast cells and deposition in lung alveoli, where a complex interaction of
cryptococcal cells with macrophages takes place. This interaction normally results
in the inhibition of macrophage function or even apoptosis. Therefore, the aim of
this project was to evaluate pathways and genes in macrophages affected by the
C. neoformans and C. gattii infection. For that, a genome-scale comparative
analysis of transcriptional changes in macrophages exposed to C. neoformans
and C. gattii was conducted. Pre-activated J774.A1 macrophage cells were
infected with C. neoformans H99 strain and C. gattii R265 strain for 6 hours.
Poly(A) RNA was purified from macrophage cells and submitted to sequencing in
an lon PGM System. Transcriptome analysis revealed an altered expression of
near 40 genes in j774.A1 by the presence of both yeasts. These differentially
expressed genes were used as input in String 10, resulting in two different
networks with more 700 proteins. These networks were analyzed in the Cytoscape
2.8.3 software and we notice that the major bioprocesses with at least one
differentially expressed gene was related with de Akt/mTOR pathway. For the
confirmation of the RNAseq data, we performed qRT-PCRs of macrophage genes
that were involved in the mTOR pathway. All of the genes present reduction of the
expression after 24 hours of incubation with the fungal cells. We also performed
Western blot analysis for evaluate the expression of total AKT, total and
phosphorylated S6K and phosphorylated GSK-3B in pre-activated J774.Al
macrophages cells after the incubation with the same fungal strains. We observed
a decrease in the levels of the phosphorylated proteins S6K e GSK-3p after 24
hours of co-incubation suggesting that the mTORC1 present less activity in
macrophages infected with C. neoformans and C. gattii. Our results indicate that
C. neoformans and C. gattii can exploit the modulation of many pathways,
between them the Akt/mTOR pathway. Using this strategy, fungal cells potentially
reduce macrophage antifungal activities, once this pathway is involved in key

processes in the immune response.
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1 INTRODUCAO

A criptococcose € uma doenca que acomete em torno de um milhdo de
individuos por ano em todo o mundo, causando cerca de 600.000 6bitos por ano,
principalmente na Africa Sub-sahariana (Park et al., 2009). No Brasil, o principal
agente etioldgico desta enfermidade, Cryptococcus neoformans, € isolado em
torno de 51 % dos pacientes com AIDS que vao a 6bito e apresentam micose
sisttmica como condicdo associada, sendo que as regides sul e sudeste
apresentam predominéancia em casos de criptococcose (Prado et al., 2009). A
infeccdo, causada pelas leveduras C. neoformans e Cryptococcus gattii, tem inicio
apos a inalacdo de esporos ou leveduras dessecadas, encontradas em fontes
ambientais, causando um foco primario no pulmao (Kwon-Chung et al., 2014).

No ambiente pulmonar, as leveduras de C. neoformans entram em contato
com células epiteliais e macrofagos alveolares, considerados como a primeira
linha de defesa contra este organismo (Osterholzer et al., 2009; Brown, 2011).
Neste contexto, os macrofagos, através da fagocitose e exposicdo a agentes
microbicidas, tentam eliminar as células do patdégeno e assim evitar a
disseminacgéo para o resto do organismo (Ghosn et al., 2006; Leopold Wager et
al., 2016). Porém, as células patogénicas conseguem se replicar neste ambiente
e, ainda, sair destas células sem causar alteracbes aparentes (Tucker e
Casadevall, 2002; Alvarez e Casadevall, 2006).

Sendo assim, as células leveduriformes e os macrofagos do hospedeiro
ficam em contato direto, o que ja foi descrito que acarreta alguns danos a célula
do hospedeiro (Coelho et al.,, 2015; Davis et al., 2015). Uma vez que essa
interacdo causa modificacdes na célula fagocitica € de extrema importancia tentar
reconhecer mais profundamente as vias e genes que estdo sendo alterados

devido a presenca das células leveduriformes de C. gattii e C. neoformans.

1.1 Cryptococcus spp.
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Fungos sé&o conhecidos causadores de enfermidades em humanos, tendo
grande prevaléncia as infec¢des superficiais, as quais apresentam, geralmente,
uma facilidade de cura (Havlickova et al., 2008). Entretanto, com um aumento na
sobrevida de pessoas com imunidade debilitada, tais como pacientes com AIDS e
ou que fazem uso de imunossupressores, doencas fungicas sistémicas tém se
tornado uma grande preocupac¢ao. Isto ocorre principalmente devido ao fato de
sua alta mortalidade, a qual frequentemente esta acima de 50 %, chegando a
causar o 6bito de 1,5 milhdes de pessoas por ano. Dentre os géneros dos fungos
mais mortais estdo: Cryptococcus, Candida, Aspergillus e Pneumocystis (Brown
et al., 2012).

O género Cryptococcus inclui mais de 30 espécies ubiquamente
distribuidas no ambiente, sendo somente duas delas consideradas patogénicas:
Cryptococcus neoformans e Cryptococcus gatti as quais sdo 0s agentes
etiolégicos da criptococose, doenca sistémica que tem como predilecdo os
pulmdes e sistema nervoso central (SNC) (Kwon-Chung et al., 2014). Este género
pertence ao filo Basidimycota e ja foi descrito apresentando diferentes morfologias
— esporos, shmoo, pseudohifa, hifa, células gigantes e células leveduriformes de
tamanho usual, sendo que células gigantes e predominantemente leveduras
foram associadas a patogenicidade (Taylor-Smith e May, 2016). C. neoformans foi
identificado como patégeno humano no final do século 19, mas somente a partir
do final dos anos 70 passou a ser reconhecido como causa frequente de
enfermidade humana (Knoke e Schwesinger, 1994; Maziarz e Perfect, 2016).

Sabe-se que C. neoformans e C. gattii emergiram de um ancestral comum
e por muito tempo foram consideradas a mesma espécie, sendo C. gattii uma
variedade de C. neoformans (Lin e Heitman, 2006). Entretanto, baseado em
estudos filogenéticos e diferencas na ecologia, epidemiologia e biologia das
mesmas, estas leveduras sdo agora consideradas espécies distintas (Kwon-
Chung e Varma, 2006) (Figura 1).

A classificacdo das espécies € baseada em dois critérios: primeiro em
subtipos sorologicos, na qual a separagao € baseada nos antigenos presentes no
polissacarideo capsular das leveduras e, segundo, por critérios moleculares, tais

como os padrdes obtidos por PCR fingerprinting e analise por Polimorfismo de
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tamanho de fragmento amplificado (AFLP) (Belay et al., 1996; Sorrell et al., 1996;
Meyer et al., 2003). A espécie C. neoformans apresenta os sorotipos Ae D e o
hibrido AD. Isolados do sorotipo A podem ser ainda subclassificados em 3 tipos
moleculares: VNI, VNIl e VNB, representantes do sorotipo D sao classificados
como tipo molecular VNIV e aqueles associados ao sorotipo hibrido AD apresenta
o tipo molecular VNIII. A espécie C. gattii apresenta os sorotipos B e C, sendo que
representantes do sorotipo B sdo associados aos tipos moleculares VGI e VGII e
do sorotipo C em VGIIl e VGIV (Lin e Heitman, 2006) (Figura 1).

Sorotipos Tipos Moleculares
VNI
Sorotipo A VNII
var. grubii é
VNB

C. neoformans

18,5 milhdes de anos Hibrido AD VNI

Sorotipo D —_ VNIV
var. neoformans

C. neoformans
Complexo de
espécies

37 milhdes de anos

Sorotipo B VGI
VGll

VGl
Sorotipo C VGIV

C. gattii
9,5 milhdes de anos

Figura 1: Evolucdo das espécies patogénicas do género Cryptococcus: sorotipos e
subtipos moleculares. As espécies patogénicas C. neoformans e C. gatti originaram-se de um
ancestral comum. Elas sdo subdivididas em cinco sorotipos e nove genétipos. Adaptado de (Lin e
Heitman, 2006).

Um novo estudo baseando-se em analises filogenéticas e na reconhecida
heterogeneidade presente na viruléncia, preferéncia de hospedeiro e
susceptibilidade a antifingicos sugere que as espécies C. neoformas e C. gattii
sejam separadas em sete novas espécies. Sendo assim, C. neoformans var.
neoformans passaria a ser chamada de C. deneoformans, C. neoformans var.
grubii seria C. neoformans e a espécie C. gattii seria separada conforme o tipo
molecular: VGI seria C. gattii, VGIIl seria C. bacillisporus, VGIl seria C.
deuterogattii, VGIV seria C. tetragattii e VGIV/VGllIc seria C. decagattii (Hagen et
al., 2015). Entretanto, a comunidade cientifica tem manifestado contraria a esta

nova nomenclatura (Kwon-Chung et al., 2017). Durante a dissertacdo, sera
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utiizada a nomenclatura antiga, na qual a separacdo baseia-se em duas
espécies.

Estes fungos apresentam distincbes na sua ecologia e distribuicbes
geograficas. O sorotipo A de C. neoformans apresenta uma distribuicdo mundial
enquanto o sorotipo D foi primeiramente observado nos paises Europeus (Maziarz
e Perfect, 2016). Dentre os sorotipos de C. neoformans, o sorotipo A é o
predominante entre as amostras clinicas, sendo responsavel por mais de 95 %
dos casos de criptococose ao redor do mundo (Lin e Heitman, 2006). Com
relacdo a C. gattii, acreditava-se que este era um fungo endémico apenas em
regibes tropicais e subtropicais, tais como Australia e América do Sul (Kwon-
Chung e Bennett, 1984). Entretanto, em 1999, C. gattii foi responsavel por um
surto iniciado na ilha de Vancouver (Columbia Britanica, Canadd) que se
disseminou para o Canada e noroeste dos EUA (Oregon e Washington), as quais
sao regides que apresentam um clima temperado (Macdougall et al., 2007).

Entre os anos de 1999 — 2007 este surto foi responsavel por atingir 218
individuos e causar a morte de 19 e entre os anos de 2004-2011, nos EUA, o
surto afetou 100 pessoas e teve um indice de mortalidade de 33 % (Galanis et al.,
2010; Harris et al., 2011). Dentre os casos documentados, 97 % destes foram
causados pelo tipo molecular VGII, sendo que o subtipo VGlla foi relacionado com
86,3 % dos casos na Columbia Britanica e 81 % dos casos em Oregon e
Washington (Galanis et al.,, 2010; Harris et al.,, 2011). O subtipo VGlla é
considerado o mais virulento entre as espécies e com a mais baixa

susceptibilidade a drogas antifungicas (Trilles et al., 2012; Lizarazo et al., 2014).

1.2 Criptococose

A criptococose € uma doenca sistémica causada pelos fungos C.
neoformans e C. gattii. Apesar de apresentar predilecdo pelo pulméo e sistema
nervoso central, estes fungos também sdo capazes de afetar outros 6rgaos, tais
como pele, ossos, glandula prostética, figado, baco, nédulos linfaticos (Sabiiti e
May, 2012). Esta enfermidade comecou a tomar grandes propor¢des nos anos 70

por causa da sua associacdo com algumas malignidades, transplante de 6rgéos e
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alguns tratamentos imunossupressivos e, nos anos 80 a incidéncia da doenca
aumentou devido a sua associacdo com HIV/AIDS (Hajjeh et al., 1999; Maziarz e
Perfect, 2016). Apesar da implementacao da terapia antirretroviral ter diminuido a
incidéncia de criptococcose associada com HIV nas nacfes desenvolvidas, a
prevaléncia, morbidade e mortalidade continuam altas em locais onde 0 acesso a
terapia antirretroviral e outros cuidados médicos sdo escassos, especialmente na
Africa Sub-sahariana e partes da Asia (Bratton et al., 2012; Maziarz e Perfect,
2016).

A rota de infeccao inicia-se através da inalagdo de propagulos infecciosos,
0S quais sdo esporos ou leveduras dessecadas que, devido ao seu tamanho
reduzido sdo capazes de alojar-se nos alvéolos pulmonares (Figura 2). Apesar do
tamanho reduzido dos propagulos infecciosos, poucas células conseguem
alcancar o alvéolo pulmonar, uma vez que precisam ultrapassar a barreira fisica
do muco, ac¢ao ciliar e turbuléncia do ar (Shoham e Levitz, 2005). Mesmo assim, a
inalacdo deste fungo por humanos € de grande ocorréncia, sendo que 70 % das
criancas com mais de cinco anos de idade em ambiente urbano, nos EUA,
manifesta reatividade sorolégica a C. neoformans, consistente com exposicao

primaria (Goldman et al., 2001).

Fontes

ambientais Disseminacao

hematogénica

Infecgao
pulmonar

Meningite
criptococodcica

T
o

Esporos/leveduras
Excretas dessecadas
de pombos

Figura 2: Rota de infeccdo de Cryptococcus spp. O fungo sobrevive no solo geralmente
associado a arvores e excretas de pombos. A infeccdo ocorre por inalacdo de esporos ou células
leveduriformes dessecadas, que se depositam nos alvéolos pulmonares, causando pneumonia, €
podem se disseminar para outros 6rgdos por via hematogénica, dentre eles o sistema nervoso
central causando uma forma mais grave da doenca conhecida como meningoencefalite. Adaptado
de (Lin e Heitman, 2006).
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Os propagulos infecciosos encontram-se no ambiente e as diferentes
espécies apresentam nichos distintos. Enquanto C. neoformans encontra-se
usualmente em excretas de pombos, reservas ambientais como amebas, solo e
arvores, C. gattii & preferencialmente encontrado em troncos de arvores de
eucaliptos, em clima subtropical, e carvalhos e abetos em climas temperados
(Emmons, 1955; Ellis e Pfeiffer, 1990; Lin e Heitman, 2006; Maziarz e Perfect,
2016).

Uma vez que o fungo alcanca os alvéolos pulmonares varios resultados
podem ocorrer os quais dependem da complexa interacdo entre o sistema imune
do hospedeiro e os fatores de viruléncia expressos pelo patdégeno. Sendo assim,
a inalacdo do fungo pode resultar no (i) ndo desenvolvimento da doenca, quando
0 patdégeno consegue ser eliminado pelo sistema imune do hospedeiro; na (ii)
infeccdo assintomatica, na qual o patégeno entra em laténcia, formando
granulomas (grandes massas inflamatoérias, compostas por macréfagos, células
gigantes nucleadas, ambas contendo leveduras no seu interior, e linfécitos CD4"),
e pode ser reativado quando o hospedeiro torna-se imunocomprometido; na (iii)
doenca pulmonar, caracterizada pela presenca de ndodulos pulmonares e
inflamacdo do 6rgdo ou na (iv) doenca disseminada, na qual o patdgeno
consegue entrar na corrente sanguinea e através deste alcangar outros 6rgaos
(Sabiiti e May, 2012) (Figura 2).

JXV\/ Sobrevivéncia e laténcia
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Figura 3: Possiveis resultados ap6s a fagocitose de Cryptococcus spp. As leveduras C. gattii
e C. neoformans sao capazes de sobreviver na célula fagocitica e ficar um periodo de laténcia até
conseguir se replicar intracelularmente, quando o organismo apresenta uma queda na imunidade.
Algumas células de C. gattii também podem maodificar sua mitocdndria, impulsionando a replicagao
das células vizinhas. Essas leveduras podem sair do hospedeiro causando lise ou sem causar
dano aparente (vomocitose). No meio extracelular essas células podem proliferar-se ou aumentar
de tamanho, formando as células gigantes. Adaptado de (May et al., 2016)

Nos alvéolos pulmonares, as células fungicas encontram como primeira
defesa os macréfagos alveolares, os quais possuem papel central na resposta
imune (Shao et al., 2005). Além disso, existem fortes evidéncias de que as células
epiteliais pulmonares conseguem induzir uma resposta imune localizada, através
da secrec¢do de citocinas, quimiocinas e peptideos antimicrobianos, além de servir
como uma barreira fisica para exclusdo dos propagulos infecciosos inalados (Bals
e Hiemstra, 2004).

Os macrofagos utilizam o mecanismo de fagocitose e exposicao a agentes
causadores de danos, presentes no fagossomo, tais como baixo pH e espécies
reativas de oxigénio e nitrogénio, com o objetivo de eliminar as células fungicas
(Ghosn et al., 2006; Leopold Wager et al., 2016). Entretanto, é descrito que estas
espécies de patdgenos sdo capazes de sobreviver dentro deste ambiente
inospito, podendo permanecer neste local por periodos de laténcia (Maziarz e
Perfect, 2016). Uma vez que o hospedeiro apresente condi¢cdes favoraveis para o
desenvolvimento do patdgeno, geralmente relacionado com uma
imunossupressao do hospedeiro, as células fungicas sédo capazes de replicarem-
se dentro das células fagociticas e sairem causando, ou néo, lise da célula
mamifera (Tucker e Casadevall, 2002; Alvarez e Casadevall, 2006) (Figura 3).

Para que o fungo consiga alcangar o sistema nervoso central € necessario
atravessar a barreira hematoencefalica. Foram descritas trés maneiras utilizadas
pelas leveduras para fazer essa migracao: (i) por entre as células que formam a
barreira hematoencefalica; (i) atravessando intracelularmente as células
endoteliais e (iii) pelo mecanismo conhecido como Cavalo de Tréia, no qual as
células fungicas usam macrofagos para conseguir alcancar o SNC (Sabiiti e May,
2012). Com relacédo ao ultimo, evidéncias como o fato de que a deplecdo de
macrofagos resulta em uma reducdo na invasdo através da barreira

hematoencefalica e mortalidade em camundongos suportam a importancia deste
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mecanismo para a migracdo do fungo (Kechichian et al., 2007). Uma vez que o
fungo consegue atravessar a barreira hematoencefalica, sua eliminacdo torna-se
bastante dificil e os tratamentos muito agressivos (Coelho et al., 2014).

C. neoformans é considerado um patégeno oportunista, causando doenca
em individuos que apresentem debilidade no sistema imunoldgico. Durante o
curso da doenca, apresenta alto grau de migracdo para o SNC, o6rgdo de
preferéncia de disseminacdo, causando o0s quadros mais severos de
meningoencefalite e meningite. Provavelmente devido a este alto grau de
migracdo nao apresentam formacgédo de cryptococcomas, apresentando apenas
pequenas lesdes pulmonares (Bielska e May, 2016).

C. gattii € ainda considerado um patdgeno primario, causando doencga em
individuos saudaveis bem como em paciente imunocomprometidos. Contudo,
estudos recentes apontam que alguns fatores podem aumentar o risco de
infeccédo, tais como fumo, uso de corticoides orais e idade avancada (Macdougall
et al., 2011). Além disso, a alta concentracdo de autoanticorpos contra o fator
estimulante de colbnia de granuldcitos e macrofagos (GM-CSF) é um fator de
risco para infeccdo do SNC por C. gattii, mas ndo por C. neoformans (Saijo et al.,
2014).

1.3 Fatores de viruléncia

Fatores de viruléncia sdo 0s mecanismos que permitem a sobrevivéncia e
replicacdo do patogeno, defesa contra o ataque imune do hospedeiro e,
consequentemente, a progressao para a doenca (Coelho et al., 2014). Embora as
espécies de C. neoformans e C. gattii apresentem varias diferencas, elas
compartilham alguns fatores de viruléncia, os quais permitem a patogenicidade
destes organismos.

Dentre esses fatores classicos destaca-se a termotolerancia, capacidade
esta que torna possivel a infeccdo em hospedeiros mamiferos e pode explicar a
sua distribuicdo mundial (Martinez et al., 2001; Perfect, 2006; Coelho et al., 2014).
A habilidade de C. neoformans e C. gatti de sobreviver e replicar em

temperaturas elevadas pode ser considerado um dos principais fatores que
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tornam essas leveduras patogénicas, uma vez que comparando com outros
fungos filogeneticamente relativos, pode-se obervar que estas outras espécies
possuem outros fatores de viruléncia como a lacase e a capsula polissacaridica,
mas ndo causam doenca por ndo conseguirem sobreviver na temperatura do
hospedeiro (Petter et al., 2001).

Outro fator relevante para a sobrevivéncia das células de Cryptococcus
spp. no hospedeiro € a producdo do composto melanina, sendo que a associagédo
deste pigmento com a viruléncia ndo € exclusiva para C. neoformans e C. gattii,
apresentando-se conservado em varias bactérias e fungos (Liu e Nizet, 2009). A
melanina € capaz de estabilizar radicais livres, sendo assim um potente
antioxidante protegendo o patdgeno destes radicais produzidos pelo sistema
imune (Wang e Casadevall, 1994). Além disso, consegue absorver a radiacao
eletromagnética, sendo esse mecanismo muito importante para protecdo dos
organismos de vida livre da radiacdo (Dadachova et al., 2008). Este composto
ainda contribui para a estrutura da parede celular, aumentando a rigidez da
mesma (Williamson, 1997). A enzima produtora de melanina é a enzima lacase,
que além de produzir este pigmento, possui atividade oxidase dependente de
ferro, o que pode contribuir para aumentar a disponibilidade deste metal no
fagossomo, e também, catalisa a producao de prostaglandina E2, podendo a sua
producdo no local da infeccao interferir no controle da mesma (Erb-Downward e
Huffnagle, 2007; Coelho et al., 2014).

A secrecdo de enzimas também é um fator que auxilia na probabilidade de
causar doenca. Dentre a gama de enzimas importantes para a infeccdo que os
fungos patogénicos do género Cryptococcus expressam podemos citar as
fosfolipases, as quais sdo enzimas responsaveis pela degradacdo de
fosfolipideos (Coelho et al.,, 2014). Ja foram descritas duas classes de
fosfolipases, fosfolipases B e foslipases C em espécies de Cryptococcus. A
isoforma de fosfolipase B (Plbl) ja foi observada sendo secretada durante a
infeccdo e foi relacionada com o aumento da sobrevivéncia da levedura dentro do
fagossomo e invasdao ao SNC (Cox et al., 2001). Devido a sua funcédo, esta
enzima ja foi relacionada com um efeito potencializador da permeabilizacdo de

fagossomo (Chrisman et al., 2011). Quando o gene codificante da isoforma Plcl,
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€ inativado, ocorre diminuicdo da secrecdo de PIbl, da melanizacdo e do
crescimento a 37 °C. Desta forma, € evidenciado o papel central do Plcl na
viruléncia (Chayakulkeeree et al., 2008).

A enzima urease, também sendo secretada para o meio extracelular,
apresenta um papel na migracdo do fungo através das barreiras epiteliais e
invasdo ao SNC (Olszewski et al., 2004). Seu papel foi primeiramente avaliado
em C. neoformans no qual, quando deletada, apresenta um fendétipo hipovirulento
em modelo de infecc¢éo intravenosa e intranasal em murinos (Cox et al., 2000). No
fungo C. gattii também ja foi comprovado o seu papel na invasdo ao SNC, sendo
esse mecanismo provavelmente independente da atividade basica descrita desta
enzima (Feder et al., 2015).

Com o intuito de eliminar o patdgeno, as células fagociticas do hospedeiro,
diminuem a disponibilidade de nutrientes dentro do fagossomo, mecanismo
conhecido como imunidade nutricional (Cassat e Skaar, 2012). Contudo, C.
neoformans e C. gattii possuem varios mecanismos que possibilitam a aquisi¢cao
destes nutrientes em ambiente de pouca disponibilidade, permitindo assim a sua
sobrevivéncia e replicacdo. Um desses mecanismos é a permeabilizacdo que C.
neoformans causa na membrana do fagossomo, consequentemente, ganhando
acesso aos nutrientes presentes no citoplasma do macrofago (Tucker e
Casadevall, 2002). Outro fator descrito é a dependéncia da autofagia que C.
neoformans possui para a sua viruléncia, provavelmente obtendo parte dos
nutrientes através da reciclagem autofagica (Palmer et al., 2008). Com relacdo a
aquisicdo de metais, a obtencéo de ferro por C. neoformans esta relacionada com
enzimas redutases férricas, tais como a lacase e a obtencdo do metal zinco, esta
muito relacionada com os transportadores da familia Zip, em especial Zipl, o
qual, quando deletado apresenta um fendétipo hipovirulento (Jung et al., 2009;
Schneider et al., 2015).

Outro fator relacionado com a viruléncia é a secrecdo de vesiculas
extracelulares, as quais sdo estruturas que carregam uma ampla gama de
moléculas através da parede celular para o ambiente extracelular (Rodrigues et
al., 2007; Rodrigues, Nakayasu, et al., 2008; Rodrigues, Nimrichter, et al., 2008).

Dentre as moléculas que ja foram descritas presentes nestes compartimentos
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estdo alguns fatores de viruléncia, tais como componentes da capsula
polissacaridica, pigmentos, proteinas e lipidios (Casadevall et al., 2009; Eisenman
et al., 2009; Oliveira et al., 2009). Linhagens de Cryptococcus que apresentam
defeitos na producdo destas estruturas, tais como Asnf7 de C. gattii e C.
neoformans e Agrasp de C. neoformans apresentam também fendtipos de
hipoviruléncia (Kmetzsch et al., 2011; Godinho et al., 2014).

1.3.1 Cépsula polissacaridica

A producao de uma capsula polissacaridica é um dos principais fatores de
viruléncia expressos por este fungo sendo unicamente encontrado nas espécies
do complexo Cryptococcus (Maziarz e Perfect, 2016). Esta estrutura apresenta
grande complexidade, sendo formada principalmente por 3 moléculas:
glucuronoxilomanana (GXM), que perfaz de 90 a 95 % da massa molecular;
galactoxilomanana (GalXM), compondo 5 a 10 % da massa capsular; e, na menor
proporcao, inferior a 1 %, por manoproteinas (Doering, 2000). Sua ancoragem é
realizada na parede celular, a qual é formada por quitina, quitosana, glucanas e
glicoproteinas (Doering, 2009).

Os componentes formadores da capsula sdo sintetizados intracelularmente
e secretados em vesiculas (Rodrigues et al., 2007). A montagem desta estrutura,
provavelmente, ocorre com 0s polissacarideos recém-sintetizados se agregando
na parte mais externa da capsula, intercalando-se com as estruturas mais velhas
(Zaragoza et al., 2006). Esse mecanismo €& provavelmente dependente da
presenca de cétions divalentes (Nimrichter et al.,, 2007). Dependendo de
determinados estimulos, a capsula pode aumentar a sua espessura, tais como
durante a infeccdo e quando o fungo é cultivado em condigbes indutoras que
mimetizem o hospedeiro (Leopold Wager et al., 2016). Os polissacarideos da
capsula também podem ser recuperados de sobrenadante de cultura celular e ja
foi descrita a sua deteccdo em soro de pacientes e no SNC (Lee et al., 1996;
Coelho et al., 2014).

Esta estrutura funciona como um “escudo”, mascarando os padrdes
moleculares associados aos patogenos (PAMPs), os quais sdo moléculas

caracteristicas da parede celular de fungos, e quando reconhecidos por
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receptores reconhecedores de padrdes (PRRs) por células do sistema imune,
induzem uma resposta de defesa do hospedeiro (Leopold Wager et al., 2016).
Sendo assim, a capsula é uma estrutura evasora do sistema imune, impedindo a
fagocitose e, além disso, € descrita como capaz de proteger contra espécies
reativas de oxigénio e peptideos antimicrobianos (Zaragoza et al., 2008).

Os polissacarideos formadores da capsula possuem atividade
imunomodulatérias, sendo que ja foram descritos afetando a migracdo de células
do sistema imune, inibindo a secrecdo de citocinas e interferindo com a
apresentacao de MHC (Vecchiarelli et al., 2003; Ellerbroek et al., 2004; Pericolini
et al., 2013). O aumento da capsula de C. neoformans também ja foi relacionado
com a absorcédo de ROS na fagossomo, podendo ser um mecanismo que auxilia a
sobrevivéncia do fungo neste ambiente (Zaragoza et al., 2008). GXM secretado
induz a expressao de FasL em macrofagos, induzindo a apoptose de células T
vizinhas (Monari, et al., 2005). Também ja foi descrito que este polissacarideo
induz a producdo de NO por macrofagos e, como consequéncia desta producao,
as células de macrofagos entram em apoptose em uma via independente de
caspase (Chiapello et al., 2008). GalXM também possui a capacidade de induzir
apoptose em linfocitos T e B e macrofagos (Vecchiarelli et al., 2011).

A capsula polissacaridica também € descrita possuindo uma potente
capacidade antifagocitica in vitro, sendo a fagocitose praticamente nula se o
fungo n&o é coberto por opsoninas (Shoham e Levitz, 2005). In vivo, a inducdo da
fagocitose seria, primeiramente pelo complemento e, apés a indu¢do de uma
resposta humoral, por anticorpos especificos ligados a capsula (Diamond et al.,
1974; Kozel, 1993). Além do fato da capsula impedir o reconhecimento de PAMPs
e com isso diminuir a fagocitose, outro fator que provavelmente esta relacionado
com essa diminuicdo € o aumento da cépsula observado in vivo e um
impedimento da fagocitose relacionado com o grande tamanho que o fungo atinge
(Coelho et al., 2014). Alguns estudos também relacionaram caracteristicas fisicas
da capsula, como viscosidade e rigidez, e a sua interferéncia na fagocitose
(Araujo et al., 2012; Cordero et al., 2013).
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1.4 Criptococose e respostaimune

Como resposta a infeccdo por patdogenos, o hospedeiro inicia distintos
mecanismos com o objetivo de eliminar o organismo invasor, sendo esta resposta
diferente conforme os estimulos aos quais o hospedeiro é apresentado. J4 €&
amplamente descrito que uma resposta pro-inflamatéria do tipo-Thi,
caracterizada pela presenca das moléculas interleucina (IL)-2, IL-12, IL-18,
Interferon-y (IFN-y) e fator de necrose tumoral-a (TNF- a) € protetora contra as
espécies de Cryptococcus sp. e a resposta do tipo Thl7, caracterizada por IL-
17A, IL-21, IL-22, IL-6 e TGF-B, também contribui para uma resposta anti-
criptocococica (Huffnagle et al., 1991; Zhang et al., 1997; Huffnagle e Lipscomb,
1998; Zhang et al., 2009). Entretanto, uma resposta antiinflamatéria do tipo-Th2,
caracterizada por IL-4, IL-5, IL-13 e IL-10, é associada com o aumento da
sintomatologia da criptococose (Milam et al., 2007; Muller et al., 2007; Jain et al.,
2009).

Algumas linhagens de C. neoformans, tal como a linhagem altamente
virulenta H99 da espécie C. neoformans var. grubii, é capaz de induzir uma
resposta nao protetora, polarizada para o tipo Th2 (Zhang et al., 2009).
Entretanto, uma vez que linhagens recombinantes contendo cassetes para
expressdo de IFN-y murino foram utilizadas para infectar camundongos, os
mesmos apresentaram uma resposta do tipo Thl protetora e a imunizagdo com
essa linhagem torna o camundongo 100 % protegido contra novo desafio com a
linhagem selvagem (Hardison et al., 2010).

Uma vez no ambiente pulmonar, ja foi descrito que a leveduras de C.
neoformans, e possivelmente C. gattii, podem formar células gigantes, sendo
esse um mecanismo anti-fagocitico, na qual as células atingem um tamanho
maior, variando de 50 a 100 um de diametro (Okagaki e Nielsen, 2012).

A resposta imune adaptativa é essencial para a erradicacdo de leveduras
de C. neoformans, uma vez que o principal grupo acometido, e que chega a 6ébito,
por essa doenca sao individuos com AIDS (Jarvis e Harrison, 2007). Esta
resposta é ativada quando o fungo é reconhecido apds a apresentacao através de
células apresentadoras de antigenos, as quais sdo principalmente as células
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dendriticas (Syme et al., 2002; Gibson e Johnston, 2015). Durante a infecgcdo com
HIV, o perfil de citocinas muda de Thl para Th2, uma vez que o aumento da
carga viral e diminuicdo da contagem de células CD4+ acarreta numa
proeminéncia de IL-4 sobre IFN-y, acarretando em um defeito na capacidade do
hospedeiro de combater estas leveduras (Panackal et al., 2015).

Apesar da grande importancia que o sistema imune adaptativo apresenta
na resolucdo da infeccdo por Cryptococcus, as células do sistema imune inato
possuem grande papel, principalmente na resposta aguda a infeccdo, visto que
sdo as primeiras recrutadas para o local da infeccdo (Osterholzer et al., 2009).
Além disso, como individuos com a imunidade adaptativa suprimida sao os
principais afetados por essa enfermidade, estudos que possuem como foco a
interacdo da imunidade inata com essas leveduras apresentam grande relevancia

para o avanco dos tratamentos.

1.4.1 Macréfagos

Os macrofagos sdo células fagociticas, pertencentes ao sistema imune
inato, que apresentam papel fundamental contra os agentes etiolégicos de
diversas infeccdes pulmonares, tais como contra os fungos das espécies
Cryptococcus sp, Aspergillus fumigatus, Pneumocystis, Blastomyces dermatitidis
e Paracoccidioides brasiliensis (Brummer et al., 1988; Limper et al., 1997; Segal,
2007; Leopold Wager e Wormley, 2014). Os macrofagos alveolares, juntamente
com células dendriticas, sdo a primeira linha de defesa contra os esporos ou
leveduras dessecadas que conseguem alcancar o espaco alveolar (Fels e Cohn,
1986; Gibson e Johnston, 2015). Uma vez que essas células sao depletadas
farmacologicamente de pulmdes de ratos, pode-se observar um aumento da
carga fangica e disseminacdo apds infeccdo intratraqueal por C. neoformans
(Shao et al., 2005). Entretanto, os macrofagos também ja foram relacionados com
disseminagdo uma vez que linhagens fungicas que apresentem alto indice de
fagocitose por macréfagos avaliado in vitro foram relacionados com um alto indice

de carga fungica no liquido cefalorraquidiano. As linhagens mais susceptiveis a
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essa fagocitose foram descritas como hipocapsulares e com maior atividade de
lacase (Sabiiti et al., 2014).

Através da secrecdo de citocinas pelos macréfagos alveolares, células
fagociticas mononucleares, circulantes na corrente sanguinea, sao recrutadas
para os pulmdes (Maus et al., 2002). Camundongos deficientes do receptor de
quimiocina CC 2 (CCR2) apresentam uma diminuicdo no recrutamento dos
monaocitos e subsequente diferenciagdo em macréfagos nos pulmdes durante a
infeccdo pulmonar em camundongos, além disso, had o desenvolvimento de uma
resposta imune ndo-protetora do tipo-Th2 (Traynor et al., 2000).

Dependendo das citocinas presentes no microambiente em que o
macrofago se encontra, estas células sdo capazes de ativar diferentes fenoétipos,
classificados em classico (M1) e alternativo (M2), baseados na producédo de
citocinas, expressao de receptores extracelulares e secrecdo de subprodutos
(Stout e Suttles, 2004; Mosser e Edwards, 2008). Esta ativacdo ndo é
determinativa, podendo uma célula que ja apresenta marcas de um fendtipo,
através da estimulacdo de certas citocinas, comecar a apresentar marcas do
outro fendtipo (Davis et al., 2013). Os macrofagos M1 séo induzidos por IFN-y ou
na presenca dessa citocina associada com TNF-a e GM-CSF (Tomioka et al.,
2012), e estdo relacionados com a defesa através da geracao de moléculas
microbicidas, como espécies reativas de nitrogénio e de oxigénio. Por outro lado,
macrofagos M2, principalmente induzidos por IL-4 e IL-13, contribuem para a
regulacdo da resposta inflamatéria possuindo papel na cicatrizacdo (Leopold
Wager e Wormley, 2014).

E descrito na literatura que macréfagos M1 sio protetores contra C.
neoformans, principalmente através da produ¢cdo moléculas de antimicrobianas no
fagossomo (Arora et al., 2011; Hardison et al., 2012; Leopold Wager e Wormley,
2014). Dentre essas moléculas, destaca-se o 6xido nitrico (NO), um radical livre
ao qual ja foi descrito que C. neoformans apresenta sensibilidade (Alspaugh e
Granger, 1991; Aguirre e Gibson, 2000). Macréfagos de camundongos mutantes
para a enzima responsavel pela sintese de NO (iNOS) ou macrofagos cultivados
com inibidores para iINOS foram incapazes de controlar a proliferacao intracelular

de C. neoformans, mesmo com a producdo de espécies reativas de oxigénio
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intacta, evidenciando a importancia de NO como mecanismo para controle desta
levedura (Leopold Wager et al., 2015).

Células de C. neoformans possuem a capacidade de sobreviver em
macrofagos que apresentem polarizacdo M2, usando estas células como um
nicho protetor para evadir o reconhecimento e eliminacdo pelo hospedeiro
(Johnston e May, 2013). Ja foi descrito que algumas linhagens de Cryptococcus
spp. sédo capazes de induzir polarizacao alternativa em macréfagos. Essa inducéo
de polarizacdo do tipo M2 por células de Cryptococcus spp. ainda nao foi bem
esclarecida, mas sabe-se que a proteina Ssal, secretada por C. neoformans,
promove aumento inicial da carga fungica e mudanca para ativacdo M2 em
macréfagos através da estimulacdo das citocinas IL-4 e IL-13 (Eastman et al.,
2015). A molécula quitina, que faz parte da parede celular de células de
Cryptococcus sp., também ja foi descrita como indutora de ativacao alternativa de
macrofagos em outros modelos fungicos (Van Dyken et al., 2014). Além disso, C.
neoformans € capaz de inibir INOS resultando em ativagdo M2 de macrofagos
(Leopold Wager et al., 2016).

Dentre as vias de sinalizacdo envolvidas na resposta a Cryptococcus sp.,
foi demonstrado que a via do STAT1 € necessaria para a protecdo contra C.
neoformans pois esta envolvida na ativacéo classica de macréfagos, e seu knock
out ou silenciamento acarretam em aumento da inflamacao pulmonar, aumento da
carga fungica, desbalanco na resposta imune Th1l/Th2 e perda da protecdo na
infeccdo por H99 expressando IFN-y murino (Hardison et al., 2012; Leopold
Wager et al.,, 2014; Leopold Wager et al., 2015). Além disso, macrofagos
deficientes em STAT1 expressam menos NO do que macréfagos selvagens
(Leopold Wager et al., 2014; Leopold Wager et al., 2015).

A via de NF-kB também esta relacionada com a polarizacdo de macréfagos
M1, pois regula a expressdo de genes caracteristicos deste tipo de ativagédo
(Lawrence e Natoli, 2011; Chen et al., 2016). Ja foi demonstrado que, através da
modulagdo da via de NF-kB, C. neoformans induz instabilidade cromossomica,
alteracéo do ciclo celular e apoptose em macréfagos (Ben-Abdallah et al., 2012).
Outro fator que demonstra a relevancia desta via de sinalizacao € o fato de que

macréfagos de camundongos SJL/J, resistentes naturais a infeccdo por C.
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neoformans, apresentam producao de TNF-a e KC/CXCL1 reguladas por NF-«xB e
a quinase fosfatitidilinosital-3 (Guillot et al., 2008). Os mecanismos da ativacao
desta via estdo sendo estudados, mas sabe-se que tanto o polissacarideo GXM,
quanto a célula fungica inteira sédo capazes de modular esta via e esta modulacao
é distinta frente a patégenos intactos ou ao produto microbiano isolado (Hayes et
al., 2016).

Apesar de dados indicarem que C. neoformans aparentemente ndo evade
a acidificacdo do fagossomo, sobrevivendo neste ambiente, este fungo também ja
foi citado como capaz de diminuir a acidificacdo do fagossomo, fluxo de calcio e
protease, tornando o fagossomo mais permissivo a proliferagdo (Levitz et al.,
1999; Smith et al., 2015). Sua internalizacao foi relacionada com depolarizacao da
mitocdndria e dano a lisossomos de macrofagos (Coelho et al., 2015; Davis et al.,
2015; Smith et al., 2015). Além disso, esta levedura é capaz de causar a
permeabilizacdo do fagossomo, sendo citados dois mecanismos na literaratura: (i)
a formacdo de poros na membrana do fagossomo, relacionada também com
vacuolizacdo da célula mamifera; e (ii) permeabilizacdo que antecede a extrusao
da levedura, atraves de fusdo do fagossomo com a membrana plasmatica (Tucker
e Casadevall, 2002; Johnston e May, 2010).

1.4.2 C. neoformans x C. gattii na resposta imune

As duas espécies patogénicas do género Cryptococcus sp. apresentam
algumas distingbes quanto a modulacdo que causam no hospedeiro e, talvez,
essas diferencgas reflitam nos individuos acometidos e no curso da doenga. A
levedura C. gattii induz uma resposta inflamatdria menos protetora em murinos,
com uma menor migracdo de neutroéfilos para os pulmdes e menor secrecao de
citocinas pro-inflamatérias, tais como TNF-a e IFN-y (Cheng et al., 2009). Essa
resposta esta provavelmente relacionada com diferentes compostos secretados
pelas leveduras, pois uma resposta menos pro-inflamatéria e uma inibicdo da
funcdo de neutrdfilos foi obtida com o sobrenadante de cultivo de C. gattii (Wright
et al., 2002).

A relacdo entre as células dendriticas, importantes apresentadoras de

antigenos, e C. gattii € bastante estudada por fazer a ligacdo entre o sistema
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imune inato e adaptativo e tentar responder porque esta levedura € capaz de
causar infeccdo em individuos imunocompetentes. Foi observado que as
leveduras de C. gattii sdo eliminadas por estas células do sistema imune, porém
ndo ha uma inducdo da maturacdo destas células, podendo evadir assim a
resposta imune adaptativa (Huston et al.,, 2013). Foi observada uma menor
quantidade de células Thl e Th17 nos pulmdes de camundongos infectados com
C. gattii, o que pode ser explicado por uma menor expressao de receptores de
superficie de células dendriticas, como MHC de classe Il, e uma menor expressao
de transcritos de quimiocinas para células Thl nos pulmdes (Angkasekwinai et al.,
2014). Foi comprovado, também, que a capsula polissacaridica de C. gattii possui
um papel no impedimento da maturacdo destas células dendriticas através do
blogueio do reconhecimento extracelular e ativacdo da cascata necesséria para a
maturacdo e consequente apresentacao do antigeno (Huston et al., 2016).

O reconhecimento das leveduras C. neoformans e C. gattii também ocorre
de forma um pouco distinta, enquanto que é descrito que o fungo C. neoformans é
reconhecido, entre outros receptores, por receptor do tipo-Toll (TLR) 2 e TLR4 e
TLR9, C. gattii, dentre os receptores citados ndo € reconhecido pelo receptor
TLR2 (Shoham et al., 2001; Vecchiarelli, 2005). Este resultado sugere que uma
distincdo na resposta imune pode ser gerada pelos PAMPs distintos que os dois
patdgenos apresentam (Bielska e May, 2016).

As duas espécies patogéncias do género Cryptococcus sdo capazes de
infectar macr6fagos e replicar-se no fagossomo porém, os isolados do surto de
Vancouver apresentam indices de proliferacdo mais elevados quando comparado
com as outras linhagens de C. gattii (Ma et al., 2009). Como a infecgéo por C.
gattii acontece principalmente em individuos imunocompetentes, a taxa de
replicacdo precisa ser elevada o suficiente para sobrepor o sistema imune do
hospedeiro (Bielska e May, 2016). Essa rapida replicacdo intrafagossémica
relacionou-se com o aumento da expressao de um grupo de genes do genoma
mitocondrial e relacionados com atividades da mitocondria e, também, com
mudancas morfolégicas nesta mesma organela (Ma et al., 2009; Voelz et al.,
2014). Inicialmente, esta morfologia distinta foi relacionada com protecdo do

patégeno contra o ambiente indspito do macréfago (Ma e May, 2010). Atualmente,
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essa mudancga na morfologia mitocondrial foi relacionada com um mecanismo de
“divisdo de trabalho” adotado pelas células cryptococécicas para aumentar a taxa
de replicacdo. As células que adotam esta morfologia alterada param de dividir,
entretanto as células vizinhas aumentam suas taxas de replicacdo, aumentando a
carga fungica total (Voelz et al., 2014). Nao foram relacionadas mudancas
morfolégicas na mitocondria e aumento na taxa de replicacao de linhagens de C.

neoformans (Leopold Wager et al., 2016).

1.5 Viade sinalizacao TOR

A via de sinalizacdo TOR tem como proteina-chave a Tor (em inglés: target
of rapamycin) uma enzima serina/treonina quinase que interage com diferentes
proteinas, formando dois complexos distintos TORC1 e TORC2 (Figura 4). Essa
enzima € conservada, de leveduras a humanos, possuindo um papel central na
regulacdo da célula, sendo relacionado com crescimento celular, envelhecimento
e metabolismo, além de outras fun¢des (Cornu et al., 2013).
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Figura 4: Via de sinalizagdo mTOR Retirado de (Katholnig et al., 2013).
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O complexo 1 em mamiferos (MTORC1l) é formado por cinco
componentes: mMTOR, a qual é a unidade catalitica do complexo, Raptor (em
inglés: regulatory-associated protein of mTOR), mLST8 (em inglés: mammalian
lethal with Secl13 protein 8), PRAS40 (em inglés: prolinerich AKT substrate 40
kDa) e Deptor (em inglés: DEP-domain-containing mTOR-interacting protein)
(Laplante e Sabatini, 2009; Peterson et al., 2009). Este complexo € responsavel
por regular processos relacionados com crescimento, como biogénese de
ribossomos, sintese de proteinas, absorcao de nutrientes e autofagia em resposta
a nutrientes, fatores de crescimento e a condicdo energética da célula (Cornu et
al., 2013).

O complexo 2 em células mamiferas, mMTORC2, é composto por seis
diferentes proteinas: mTOR, Rictor (em inglés: rapamycin-insensitive companion
of mMTOR), mSIN1 (em inglés: mammalian stress-activated protein kinase
interacting protein), Protor-1 (em inglés: protein observed with Rictor-1), mLST8 e
Deptor (Laplante e Sabatini, 2009). E responsavel por fosforilar e ativar
diretamente a enzima quinase Akt, enzima SGK1 e a enzima PKC (Hresko e
Mueckler, 2005; Garcia-Martinez e Alessi, 2008; Ikenoue et al.,, 2008),
promovendo sobrevivéncia celular via Akt e mediando a organizacdo do
citoesqueleto de actina (Sarbassov et al., 2004; Cybulski e Hall, 2009). A ativacao
do mTORC2 esté relacionada fisicamente com o ribossomo garantindo que a sua
ativagdo seja somente em células em crescimento (Zinzalla et al., 2011).

A estimulacdo de receptores de fatores de crescimento ou TLRs acarreta
no recrutamento de PI3K (phosphoinositide 3-kinase) para o receptor. PI3K
fosforila  PIP2  (phosphatidylinositol  4,5-biphosphate) gerando  PIP3
(phosphatidylinositol 3,4,5-triphosphate) o qual recruta Akt para a membrane
plasmatica. Neste local, Akt € fosforilado e ativado por PDK1 (phosphoinositide-
dependent kinase 1) e, entdo Akt fosforila TSC2, entre outros alvos. TSC2 é uma
proteina que forma um complex heterodimérico com TSC1l e este complexo
previne a ativacdo de mTORC1. Quando TSC2 é fosforilado por Akt ele se torna
inativado, permitindo a ativacdo de mTORC1 (Laplante e Sabatini, 2012;
Weichhart, 2012) (Figura 4).
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Descobertas ao longo dos anos mostraram que a via mTOR é ativada
durante varios processos celulares, como formacdo de tumor e angiogénese,
resisténcia a insulina, adipogénesis, e ativacdo de linfocitos T (Laplante e
Sabatini, 2009). Disregulagcdes nesses complexos acarretam em Vvarias
enfermidades relacionadas com o metabolismo, tais como obesidade, diabetes
tipo 2 e cancer (Cornu et al., 2013). Sendo assim, o uso de inibidores de mTOR
(tais como rapamicina e seus analogos) para tratar patologias esta aumentando,
tais como tumores sdlidos, transplante de 6rgaos e artrite reumatoides (Laplante e
Sabatini, 2009).

1.5.1 Via mTOR e imunidade

A via de sinalizacdo mTOR funciona em varios aspectos da biologia celular
e estudos atualmente demonstram que esta via funciona como um mecanismo
chave que orquestra uma ampla rede de atividades metabdlicas e celulares para
moldar a resposta imune (Weichhart et al., 2015). Um exemplo desta relacao de
metabolismo e imunidade € um aumento na sintese de proteina em macrofagos e
células dendriticas ap6s quatro horas de estimulacdo com lipopolissacarideo
(LPS), sendo este dependente da via PIK3-mTORC1 (Lelouard et al., 2007).

Os complexos MTORC1 e mTORC2, em células imunes, sdo ativados por
inimeros sinais extracelulares, tais como ligantes de receptores do tipo Toll e
citocinas (Weichhart et al., 2015). Dentre essas moléculas destacam-se o GM-
CSF e 0 FLT3L (em inglés: FMS- related tyrosine kinase 3 ligand) que induzem a
ativacdo de mTORC1 em neutrofilos e células dendriticas; ligantes de TLRs que
ativam mTORC1 e mTORC2 em mondcitos, macrofagos e células dendriticas
humanas e murinas e IL-4 que promove ativacdo de mTORC1 e mTORC2 em
macrofagos de camundongos (Ohtani et al., 2008; Haidinger et al., 2010;
Sathaliyawala et al., 2010; Zhu et al., 2014). Sem esses sinais de ativagao, a via
de mTOR é inativa nesses tipos celulares in vitro, diferentemente de outras
células primarias (Weichhart et al., 2015).

MTORC1 também ja foi relacionado com a imunidade treinada (trained
immunity), conceito que refere-se a protecado ndo-especifica contra infeccfes pela
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segunda vez, mediada por reprogramacdo epigenética, em células imunes
mieloides, permitindo uma resposta imune secundaria mais rdpida e mais
pronunciada (Quintin et al., 2014). Neste contexto, mTORC1 medeia a
reprogramacao de uma fosforilagdo oxidativa para glicolise aerdbica, mudanca
que representa a base metabdlica deste mecanismo de imunidade treinada
(Weichhart et al., 2015). Foi observado que doses pequenas de B-glucana de C.
albicans ativa uma resposta glicolitica dependente de Akt-mTORC1-HIFla em
mondcitos humanos e esta resposta é essencial para a alta expressao de IL-6 e
TNF-a que ocorre apds nova estimulacao destes monécitos com ligantes de TLR
depois de sete dias (Cheng et al., 2014).

Os estudos sobre a interacdo da via mTOR e as células do sistema imune
apresentam dados um pouco controversos, o que pode ser explicado pela
diferenca nas células estudas e na metodologia empregada. Com relacdo as
células dendriticas foi observado que a ativacdo da via PISK-AKT-mTORC1 é
necessaria para o desenvolvimento in vivo do nimero normal deste tipo celular
em camundongos e humanos na presenca de FLT3L (Sathaliyawala et al., 2010).
A delecdo do gene que codifica LAMTOR2 (em inglés: endosomal/lysossomal
adaptor, MAPK and mTOR activator 2) em células dendriticas ativa mTORCL1 e
resulta em expanséo de células dendriticas em camundongos em envelhecimento
(Scheffler et al., 2014). Porém, quando o gene Tscl € deletado, ocorre ativacao
de mMTORC1 mas uma diminuicdo no desenvolvimento de células dendriticas in
vitro e in vivo, associado com defeitos na sobrevivéncia e proliferacéo celular
(Wang et al., 2013). Uma resposta para essa diferenca pode ser devido ao fato de
que ativagdo constitutiva de mTORC1 pode ser prejudicial por promover a
geragcdo de ROS (Chen et al, 2008). Além disso, a delecdo de Tscl é
acompanhada de diminuicdo da fosforilacdo de Akt, sendo essa responsavel por
promover a sobrevivéncia de varios tipos celulares (Byles et al., 2013).

A producéo de citocinas também esta relacionada com a via de mTOR e
depende muito do tipo celular testado e das diferentes condicbes experimentais
utilizadas (Weichhart et al., 2015). Tratamento de mondcitos humanos ou células
dendriticas primarias com rapamicina, um inibidor de mTORC1, aumentou a

producdo de IL-12p70 apos estimulagcdo com ligantes de TLR (Macedo et al.,
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2013). A inibicdo de mTOR também foi relacionada com bloqueio da expressao
de IL-10, sugerindo que a inibicdo de mTOR seria pro-inflamatéria. Entretanto,
TNF e IL-6 sdo bloqueados pelo inibidor rapamicina, levando a conclusdo que a
inibicdo de mTOR seria anti-inflamatéria e sendo esse um resultado controverso
ao anterior. Além das diferencas experimentais, deve-se levar em consideracéo
que esta via ndo é linear, e sim um ponto chave que integra varias respostas
celulares, e alterar, farmacologicamente ou geneticamente, determinadas
proteinas pode encaminhar para alteracdées em outras vias que sao inesperadas
culminando em respostas controversas (Weichhart et al., 2015).

Com relacao a macréfagos, sabe-se que a esta via esta relacionada com a
polarizacéo desta célula para uma ativacao classica M1 ou alternativa M2. Porém,
assim como os resultados com as citocinas, varios estudos estido relatando
resultados contraditorios em relacdo a este assunto (Weichhart et al., 2015). Por
exemplo, a inativacdo do gene Pten em macréfagos murinos, causando aumento
constitutivo da sinalizacdo de mMTOR, acarreta na expressdo elevada de
marcadores M2 (Sahin et al, 2014). Além disso, a inibicdo por rapamicina em
macrofagos humanos aumentou a polarizacdo de macrofagos M1 (Mercalli et al.,
2013). Entretanto, o silenciamento de Tscl aumentou a atividade de mTORC1 e
diminuiu a atividade de mTORC2 e promoveu uma polarizacdo para macréfagos
M1 e reduziu polarizacdo para macréfagos M2 (Byles et al., 2013; Zhu et al.,
2014).

Pouco é descrito na literatura sobre a relagdo entre modulagdo nessa via
em células do sistema imune e infec¢cdo por fungos. Dentre os fungos mais
patogénicos, apenas alguns estudos com Candida albicans e Aspergillus
fumigatus foram realizados, nos quais observou-se modulagéo desta via durante a
infeccédo (Moyes et al., 2014, Cui et al., 2016).
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2 OBJETIVOS

2.1 Objetivo geral

Avaliar genes e processos metabdlicos em macréfagos afetados pela infeccao por

C. neoformans e C. gattii.

2.2 Objetivos especificos

e Analisar genes diferencialmente expressos em macrofagos influenciados
pela presenca de C. gattii e C. neoformans.

e Analisar processos metabdlicos compartilhados e diferentes em
macréfagos influenciados pela presenca de C. gattii e C. neoformans
usando dados de transcriptoma.

e Confirmar genes diferencialmente expressos.

e Confirmar a modulagéo da via de mTOR.
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Abstract

Background: Cryptococcus neoformans and Cryptococcus gattii can interact and
modulate innate immune cells, including macrophages. The interaction with this
phagocyte cells normally leads to the modulation of several cellular functions.
Eventually, such cells can undergo apoptosis. The aim of this work was to
evaluate processes and pathways that are affected in the macrophages by the
presence of the yeasts cells.

Results: For a better understanding of the molecular mechanisms that govern
such alterations on macrophage cells, a genome-scale comparative analysis of
transcriptional changes in macrophages exposed to C. neoformans and C. gattii
was conducted. The expression of nearly 40 genes was detected as altered in
macrophage cell line J774.Al by either C. neoformans or C. gattii. We create and
analyze networks, using String 10 and Cytoscape 2.8.3 software, and we noticed
that the major processes with at least one differentially expressed gene was
related with the mTOR pathway. We confirmed the RNA-seq data employing gRT-
PCRs of some macrophage genes involved in the mTOR pathway (Ddit 4, mTOR,
Pdkl1, Pten, Raptor, Rictor, Ukl and TNF-a). All genes exhibited a decrease of
expression when macrophages were co-incubated for 24 hours with cryptococcal
cells. We also performed Western blot analysis to evaluate the phosphorylation
state of p70SK6 and GSK-3[3, as well the levels of total AKT and S6K, in
macrophage cells after the incubation with C. neoformans and C. gatti. We
observed a decrease in the levels of the phosphorylated proteins S6K and GSK-33
after 24 hours of co-incubation. We also investigated if the main capsule

polysaccharide, GXM, can influence the phosphorylation state of p70SK6. We did
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not observe any difference in the level of the phosphorylation of this protein after
the incubation with the polysaccharide from both species.

Conclusions: In this study, we noticed that several processes are involved in the
macrophage infection by C. neoformans and C. gattii. In particular, our results
indicate that these yeasts can exploit the modulation of mMTOR pathway in
macrophages, perhaps using this strategy to reduce macrophage antifungal

activities, once this pathway is involved in immune response to pathogens.

Keywords: macrophage, mTOR, Cryptococcus neoformans, Cryptococcus gattii.

1. Background

Invasive fungi diseases are responsible for a high mortality rate, killing
about one and a half million people every year. Of all reported fungal-related
deaths, a total of 90% results from species that belong to one of four genera:
Cryptococcus, Candida, Aspergillus and Pneumocystis [1]. Cryptococcosis are
related with nearly one million cases per year and with more than 620,000 deaths
in sub-Saharan Africa [2] and it is caused, predominantly, by the basidiomycetes
yeasts Cryptococcus neoformans and Cryptococcus gattii [3]. Although C.
neoformans and C. gattii show 80-90 % of genomic identity and share a lot of
major virulence factors [4-6], these species affect different patient population and
with different disease manifestation. C. neoformans causes disease in
immunocompromised patients and has a tendency to disseminate to the central
nervous system meanwhile C. gattii can affect both immunocompromised and

healthy individuals, and disseminate less for the central nervous system [6-8].
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The disease initiates with inhalation of basiodiospores or dessicated cells
from the environment source. The infection propagules that reach the pulmonary
alveoli encounter phagocytic cells, such as macrophages, dendritic cells and
neutrophils, as the first line of host defense [9, 10]. These mammalian cells will
engulf the pathogen and, in the phagosome, will expose the yeast to damage
agents, such as low pH, ROS, NO and proteases with the aim of killing the yeast
cells [11, 12]. However, the fungi cells can survive and replicate in the phagosome
and also can exit the mammalian cell without lysis [13, 14].

It was described that the fungi cells not only use the mammalian host for
replication, but can also modulate the cells to benefit themselves. C. neoformans
can prevent significant acidification of the phagosome, calcium efflux and protease
activity, rendering the phagosome permissive to cryptococcal proliferation in vitro
[15]. It can, also, cause lysosomal damage in bone marrow derived macrophages,
which is correlated with increased C. neoformans intracellular replication [16]. The
C. gattii fungi cells can deregulate the maturation of dendritic cells causing
suboptimal T cell activation and proliferation [17]. Besides that, it was also
described that the fungi can modulate the macrophage polarization to M2
(alternatively activated) which are less fungicidal and use them as a niche to
evade recognition and killing by the host [12]. This polarization can be triggered by
a secreted heat shock protein 70 homolog, Ssal, or by chitin, an integral part of of
the cryptococcal cell wall, which promotes this shift by stimulating the production
of IL-4, IL-5 and IL-13 cytokines [18-20].

Mammalian target of rapamycin (nTOR) is a conserved serine/threonine

kinase that senses the external and internal signals to control a large amount of
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processes, including those related to immune response, cell cycle and cell death
[21-24]. This protein is found in two multiprotein complexes designated mTORC
(mTOR complex) 1 and mTORC2, whereas Raptor (regulatory associated protein
of MTOR) is the defining protein for mTORC1 and Rictor (rapamycin-insensitive
companion of mMTOR) and Sinl are specific for mTORC2 [23, 25]. Stimulation of
TLRs (Toll-like receptors) by PAMPs (pathogen associated molecular patterns)
activates mTORC1 and mTORC2 in macrophage and dendritic cells as well as the
growth factor GM-CSF (granulocyte/macrophage colony stimulating factor) induce
MTORCL1 activation in dendritic cells [26, 27]. In the context of the defense
response, the mTOR complexes, especially the mTORC1, was described involved
in the regulation of dendritic cells development, NK cells activation and
proliferation, pro- and anti- inflammatory cytokine production in various cell types,
macrophage polarization and nitric oxide production [21, 28-32]. Meanwhile, it was
not described yet in the literature if the response of macrophages infected with
Cryptococcus spp. are related with the mTOR signaling pathway.

In this work, we co-incubated pre-activated J774.A1 macrophage-like cells
with C. gattii R265 and C. neoformans H99 fungi cells and evaluated the gene
transcription levels of the macrophage-like cells as well as the transcription and
protein levels of genes related with the mTOR signaling pathway. Our data
suggest that Cryptococcus spp. cells can modulate a lot of bioprocesses in the
phagocytic cells and decrease the activation of the mTORC1 in the mammalian
cells using this as a strategy to, perhaps, make the macrophage cells less

fungicidal, once this pathway is involved in the defense response.
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2. Methods

Strains and cell lines

The pathogenic yeasts Cryptococcus gattii R265 strain and Cryptococcus
neoformans H99 strain were routinely maintained at YPD agar media (2% glucose,
2% peptone, 1% yeast extract and 1.5% agar — Sigma Aldrich). Murine
macrophage-like cell line, J774.A1, was obtained from Banco de Células do Rio
de Janeiro (BCRJ — accession number 0121) and cultured with Dulbecco’s
modified Eagle’s medium (DMEM- Gibco Life Technologies) supplemented with
10% heat-inactivated fetal bovine serum (FBS- Gibco Life Technologies), penicillin
20 U/ml and streptomycin 20 pg/ml (Gibco Life Technologies), incubated at 37 °C
with 5% CO,. Confluent cultures were expanded every 2-3 days until a maximum

of 10 passages.

Macrophage and fungi cells interaction experiments

For the co-incubation assays, J774.A1 macrophages were seeded in culture
plates in a density of 10° cells per milliliter and activated with 100 U/ml
recombinant murine IFN-y (Sigma Aldrich) and 500 ng/mL LPS (Sigma Aldrich)
overnight. The Cryptococcus R265 and H99 strains were grown in YPD media (2%
glucose, 2% peptone, 1% yeast extract — Sigma Aldrich) in a shaker platform at 30
°C for 18 hours. After growth, cryptococcal cells were washed three times with
PBS and were opsonized in a density of 10’ cells per mililiter with 1 ug/ml of anti-
GXM antibody 18B7 for 1h at 37°C. Then, the opsonized cryptococcal cells were
incubated with activated J774.A1 cells, and again, 100 U/ml IFN-y and 500 ng/mL

LPS was added. The control samples were performed as the co-incubation
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assays, without the addition of fungi cells. Each experiment has a distinct period of

interaction between the mammalian and cryptococcal cells.

RNA-seq assay

Activated J774.A1 cells were incubated with opsonized cryptococcal cells, as
described above, for RNA extraction and evaluation of the transcriptome. After six
hours of co-incubation, each well was washed three times with warm PBS buffer
for eliminate the non-phagocysed cryptococcal cells. The macrophages were lysed
with TRIzol™ (ThermoFischer Scientific). The macrophage RNA was purified
using the RNeasy Mini kit (Qiagen) and the poly (A) RNA were purified from
macrophage cells with Dynabeads® mRNA purification kit (ThermoFisher
Scientific), according to the manufacturer instructions. The RNA quality was
assessed with Bioanalyzer 2100 system (Agilent Technologies) and sequenced in
an lon PGM System, at the LNCC laboratory in Petr6polis — Rio de Janeiro/ Brasil.
The data were analyzed using the software FastQC [33] and the software Fastx
Toolkit (http://hannonlab.cshl.edu/fastx_toolkit/index.html) was used for processing
the sequences. The sequences were aligned against the Mus musculus genome
using the TMAP aligner (https://github.com/iontorrent/TMAP) and the counting was
made by HTseq program [34]. The differentially expressed genes (DEGS) were
determined by R, using Package TCC and EdgeR as method test [35]. Transcript
levels were further screened by applying an unadjusted false discovery rate (FDR)
of 10%. Genes with a corrected p-value < 0.05 and |log, fold change| = 0.58 were
considered to be statistically significant and differentially expressed. Two major

libraries were created: genes that are differentially expressed in activated
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macrophages infected with C. gattii R265 compared to control (just activated
J774.A1) and genes that are differentially expressed in activated macrophages

infected with C. neoformans H99 compared to control.

Interatomic networks
To design the interatomic networks and to elucidate the pathways involved in
macrophage response to cryptococcal infection the software STRING 10 were

used (http://string-db.org/) [36, 37]. The input data was the differentially expressed

genes found in the RNA-seq with a q value <0.05 of each library, creating two
distinct networks (C. gattii network and C. neoformans network). The parameters
used to prospect the networks for STRING 10 software were as follows: co-
expression, experiments, databases, 700 additional nodes, no more than 20
interactions. The results gathered using the STRING 10 were analyzed with
Cytoscape 2.8.3 program [38]. To analyze the networks in terms of the major
clusters or module composition we used the program Molecular Complex
Detection (MCODE) [39]. The parameters for MCODE cluster finding were as
follows: degree cutoff, 2; expansion of a cluster by one neighbor shell allowed (fluff
option enabled); deletion of a single connected node from clusters (haircut option
enabled); node density cutoff, 0.1; node score cutoff, 0.2; k-core, 2; and maximum
network depth, 100. Centrality analysis was performed for the two main networks
using the program CentiScaPe 1.2 [40]. This analysis allowed us to identify the
most topologically “central” nodes within the network using an algorithm to
evaluate each node according to the node degree and betweenness. The majors

networks, the clusters generated by MCODE and the centrality nodes from de two
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major networks were further studied by focusing on major biology-associated
processes using the Biological Network Gene Ontology (BINGO) 2.44 Cytoscape
2.8.3 plugin [41]. The degree of functional enrichment for a network was
quantitatively assessed (p value) using a hypergeometric distribution. Multiple test
correction was also assessed by applying the false discovery rate algorithm [42],

at a significance level of p<0.05.

Quantitative Real Time PCR analyses

J774.A1 macrophage-like cells pre-activated overnight with 100 U/ml recombinant
murine IFN-y (Sigma Aldrich) and 500 ng/mL LPS (Sigma Aldrich) were exposed
to opsonized R265 and H99 cryptococcal cells for two, six and twenty-four hours
and the transcription profile of some genes of mTOR pathway was evaluated. The
genes mMTOR, Ddit4, Pten, Pdkl, Rictor, Raptor, Ukl and TNF-a had their
transcript levels analyzed.

After the co-incubation times, the wells were washed with warm PBS buffer for
three times, and the macrophage cells were lysed with TRIzol™ reagent. Samples
were centrifuged to eliminate the non-phagocysed cryptococcal cells. RNA
extraction was performed according the TRIzol™ reagent manufacturer
instructions and the quality of the RNA was assessed by electrophoresis on a 1%
agarose gel. Quantification was performed by absorbance analysis using a
NanoDrop spectrophotometer (Thermo Scientific). RNA was treated with DNase
(Promega) and the cDNAs were prepared using ImProm-lI™ Reverse
transcriptase (Promega) using oligo-dT. gRT-PCR was performed using SYBR

green (Invitrogen) on a StepOne Real-Time PCR System (Applied Biosystems)
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with thermal cycling conditions set with an initial step at 94 °C for 5 min, followed
by 50 cycles at 94 °C for 15s, 60 °C for 10s, 72 °C for 15s and 60 °C for 35s
followed by a melting curve. All experiments were performed in biological triplicate,
and each cDNA sample was also analyzed in triplicate for each primer pair. The
transcript abundance was calculated using 2%°' [43]. Expression level
of Gapdh gene was used as control to normalize the value across different target
genes. The primers used in these analyses are listed in Table S1. Data were
expressed as mean + SM. All assays were performed in three experiments
conditions, with triplicate technical repetitions for each of them. Statistical analyses
were performed using GraphPad Prism 6 employing one-way ANOVA followed by

Tukey multicomparison.

Protein extraction and Western blotting assay

J774.A1 pre-activated cells were co-incubated with opsonized C. gattii R265 or
C.neoformans H99 cells for two, six and twenty-four hours in 6-well culture cell
plates or the pre-activated mammalian cells were incubated with 50 pg/mL of GXM
polysaccharide isolated from C. neoformans H99 or C. gattii R265 for 24 hours
[44]. IFN-y (100 U/ml - Sigma Aldrich) and LPS (500 ng/mL - Sigma Aldrich) was
added again in all samples at the same time that cryptococcus cells or GXM
polysaccharide as well as in the control. After the incubations times, the
macrophages were washed with warm PBS buffer for three times, and they were
lysed with a denaturation buffer (4 mL SDS 10%, 0.2 mL EDTA 100 mM, 1 mL Tris
500 nM, ddH»0 g.s. 10 mL). Then, the proteins extracts were incubated at 70 °C

for 5 minutes.
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The quantification was made with Pierce™ BCA Protein Assay Kit (ThermoFisher
Scientific), according to the manufacturer instructions. Equal amounts of proteins
(20 ng) was electrophoresed in sodium dodecylsulfate polyacrylamide gels and
transferred to Hybond-polyvinylidene difluoride membranes (Amersham)
overnight. After, the membranes were incubated with the primary antibodies
overnight at 4 °C and peroxidase-conjugated secondary antibodies at 4 °C for
2 hours. The signal was detected using ECL. The primary antibodies used were:
phospho-p70 S6K- Thr389 (#9234 — Cell signaling), phospho-GSK-3p — Ser9
(#9323 — Cell signaling), total AKT (#4691 — Cell signaling), and total S6K (sc-230

— Santa Cruz Biotechnology).

3. Results
3.1 The presence of Cryptococcal spp. cells induces changes in the gene

expression in macrophages-like cells.

To evaluate the changes that Cryptococcal spp. cells induce in the
transcriptional profile of macrophages, we co-incubated the J774.A1 macrophage-
like cells with the fungi cells for six hours and perform a RNA-seq analysis with the
macrophage poly A RNA. We found 38 differentially expressed genes when the
mammalian cells were co-incubated with C. gattii R265 (Table 1, Table S2) and 31
differentially expressed genes when the mammalian cells were co-incubated with
C. neoformans H99 (Table S3). Between them, just three genes (UbeZ2c, Kif20a,
Iggap3) were found up regulated in the presence of both fungi cells (Table 2), and
seven (Ndrgl, Ddit4, Pdkl, Nat6, Pfkl, Hilpda, Bnip3) were down regulated in the

co-incubation with H99 and R265 cells (Table 2), which demonstrate that even
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though they are very similar species, they can affect the expression of distinct
genes in this phagocytic cells. All the three genes that appear up regulated in the
presence of both fungi cells are related to cell cycle and proliferation. The gene
Ube2c is necessary for degradation of mitotic cyclins [45], the gene Kif20a is
related to cytokinesis [46] and the gene Iggap3 is associated with proliferation, and
capable of inducing cell-cycle re-entry when exogenously expressed in quiescent
cells [47]. Looking to the genes that are down regulated in the presence of the
yeast cells, we could notice that three of them (Ndrgl, Ddit4, Pdkl) are related to
the Akt/mTOR pathway [48-50], a cascade involved in cell cycle progression as
well in other cell functions. These data suggest that the cell cycle was being
affected in some manner by the presence of the fungi cells, which is in agreement

with the literature [51].

Table 1. Differentially expressed genes in the J774.A1 macrophage-like cells after

exposure to C. neoformans or C. gattii.

Fungal cells Differentially expressed Up-regulated Down-regulated
genes

C. gattii 38 16 22

C. neoformans 31 14 17

Number of genes that present differential expressed levels in J774.A1

macrophage-like cells after the exposure to C. neoformans or C. gattii.

Table 2. Genes up-regulated and down-regulated in J774.A1 macrophage-like

cells after exposure to C. neoformans and C. gattii.

Gene_ID m.value for C. neoformans m.value for C. gattii

Ube2c 0.8326 0.7916
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Kif20a 0.8322 0.9988

lggap3 0.8090 1.0776
Ndrgl -0.5982 -0.7039
Ddit4 -0.5995 -0.8485
Pdk1l -0.8477 -0.9299
Nat6 -0.8568 -1.6466
Pfkl -0.9725 -0.9369
Hilpda -1.0911 -1.0917
Bnip3 -1.5543 -3.1972

List of genes up-regulated and down-regulated in J774.A1 macrophage-like cells
by the presence of both fungi cells. m. value: numeric vector of fold-change on
log, scale for each gene between the two groups compared (C. neoformans X

control and C.gattii x control).

3.2 The fungi cells can affect gene expression in various bioprocesses in
mammalian cells

To gain more information about alterations in cell cycle due to the presence
of the fungi cells and to find other biological processes that were possibly affected,
we used systems biology tools. First, we designed two main networks in the String
10 software using as input the differentially expressed genes encountered in the
presence of C. gatti R265 cells against control (C. gattii network) and the
differentially expressed genes encountered in the presence of C. neoformans H99
cells against control (C. neoformans network) followed by the addition of 700
nodes.

We evaluated these two networks in the Cytoscape 2.8.3 software. Using
the plug-in MCODE we found clusters of genes in the two main networks. With a
score cutoff of 2.0, we were able to identify 8 clusters of genes in the C. gattii

network and 12 in the C. neoformans network (Table S4). Looking for genes that
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are more topologically central for the networks, we performed an analysis using
the CentiScape plug-in, choosing as parameters the hubs degree and
betweenness. In the C. gattii network we found 129 hubs bottlenecks (Fig 1A),
including 4 upregulated genes (Bublb, Ube2c, Tubada, Espll) and 2
downregulated genes (Pten, Vav3). In the C. neoformans network we found 98
hubs bottlenecks (Fig 1B), among the differentially expressed genes, just 5
upregulated genes were considered bottlenecks (Aurka, Oasll, Ncapd2, H2afx,

UbeZ2c).

Fig 1: C. neoformans and C. gattii networks present DEGs between their
hubbs bottlenecks. The networks were generated in String 10 using as input the
macrophage differentially expressed genes and adding 700 more related proteins
(co-expression, experiments, database). Centrality analysis was performed for the
two main networks using the program CentiScaPe 1.2, in the Cytoscape 2.8.3
software. Red: differentially expressed genes upregulated in the fungus presence.
Green: differentially expressed genes down-regulated in the fungus presence.
Grey: non-expressed genes found in the RNA-seq. Blue: non-differentially
expressed genes found in the RNA-seq. Pink: differentially expressed genes with

a |log; fold change| < 0.58.
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Finally we analyzed the cellular processes that the genes presents in the
two main networks and clusters could be related. For that, we used the BINGO
plug-in and setting the analysis as described in materials and methods, choosing
the processes who present, at least, one DEG. We could observe that besides the
low similarities in genes that we found in the RNA-seq data, the bioprocesses that
are probably modulated by the presence of the fungi cells are very similar. The
processes that we highlight in the presence of C. gattii include signaling, cell
differentiation, death and regulation of immune system processes (Fig 2, Table

S5).
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Fig 2. C. gattii modulates different bioprocesses in the macrophages cells. C.
gattii networks are submitted to bioprocesses analysis using the BINGO 2.44
plugin, in the Cytoscape 2.8.3 software. A. Signaling; B. Cell differentiation; C.
Death; D. Regulation of immune system process. Red: differentially expressed
genes upregulated in the fungus presence. Green: differentially expressed genes
down-regulated in the fungus presence. Grey: non-expressed genes found in the
RNA-seq. Blue: non-differentially expressed genes found in the RNA-seq.
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In the C. neoformans condition, we highlight response to stimulus, response
to DNA damage stimulus, cell differentiation and cell death (Fig 3, Table S6).
Processes involved in DNA damage and response to DNA damage are uniquely

found in the C. neoformans network.

Fig 3. C. neoformans modulates different bioprocesses in the macrophages
cells. C. neoformans networks are submitted to bioprocesses analysis using the

BINGO 2.44 plugin, in the Cytoscape 2.8.3 software. A. Response to stimulus; B.
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Response to DNA damage stimulus; C. Cell differentiation; D. Cell death. Red:
differentially expressed genes upregulated in the fungus presence. Green:
differentially expressed genes down-regulated in the fungus presence. Grey: non-
expressed genes found in the RNA-seq. Blue: non-differentially expressed genes
found in the RNA-seq. Pink: differentially expressed genes with a |log, fold
change| < 0.58.

3.3 The fungi cells modulate the expression level of genes involved in mTOR
pathway.

The evaluation of the modulated processes found in the networks, as well
as some differentially expressed genes found in the RNA-seq (Ddit 4, Pdkl and
Pten), allowed us to pinpoint a convergence to the mTOR pathway. Then to
confirm the data found in the RNA-seq and start to look more specifically to the
possible modulation in the mTOR pathway by the fungi cells, we extracted RNA
from macrophage-like cells J774.A1 after different times of co-incubation with C.
gatti R265 or C. neoformans H99 strains and evaluated the transcriptional
profiling of genes involved in that cascade: Ddit 4, mTOR, Pdkl, Pten, Raptor,
Rictor, Ulk1l, TNF-a (Fig 4). Comparing the three different conditions in the same
time of co-incubation we could observe a partial agreement of qRT-PCR with
RNA-Seq data. Transcript levels analysis of the gene Pdkl and Pten confirmed
the observed reduced expression in the presence of both fungi cells at six hours of
incubation compared with the control. This pattern was also observed after 24
hours. The gene Ddit 4 did not confirm the RNA-seq data, showing less
expression in the presence of the fungi cells just after 24 hours of analysis. From
the other genes assayed all of them showed decay in the expression after 24

hours of incubation with both cryptococcal cells. The genes Rictor and Raptor
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already showed less expression after six hours of incubation with both fungal
species. The gene TNF-a was the only one which, after two hours of interaction
with fungi cells, presented decay in expression. The gene mTOR was also down
regulated after six hours of incubation just with C. gattii cells.

We also evaluated the level of expression of each condition under all the
times tested. We could observe that the presence of both fungi cells decreased
the expression of the genes mTOR and Pdkl in the time course evaluated
meanwhile the control expression remained the same. The gene Ddit 4 showed a
decrease in the expression during the 24 hours tested just in the presence of C.
neoformans. The expression of the gene Pten increased in all conditions tested
after six hours, but after 24 hours of interaction with C. gattii and C. neoformans
the expression decreased to similar values that we found after 2 hours co-
incubation. The gene Rictor was upregulated after six hours in all conditions tested
and maintained this in 24 hours, but this increase was not big as the control when
the J774.A1 cells were co-incubated with the fungi cells. The expression of the
gene Raptor increased in all conditions tested after six hours, but this expression
decreased after 24 hours when co-incubated with C. gatti. The gene Ulkl
presented an increase in the expression in the control condition after 24 hours.
The gene TNF- a presented a decrease in its expression during the periods tested
in all conditions, but the decay was more pronounced when the J774.A1 cells were
co-incubated with the cryptococcal cells. These data suggest that somehow the

cryptococcal cells can modulate the Akt/mTOR pathway.
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393

394 Fig 4. Fungi cells modulate the transcript levels of genes involved in the
395 mTOR pathway. IFN-y and LPS activated J774.A1 cells were incubated for 2 h, 6
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h and 24 h with C. neoformans or C. gattii. The measured quantity of the genes
tested in each sample was normalized using the Ct values obtained for the Gapdh
gene. Data are shown as the mean+SM from three experimental replicates of
three biological replicates. Columns denoted by different capital letters differ, in the
same period of incubation between the conditions, significantly at a P of <0.05 by
one-way ANOVA. Columns denoted by different small letters differ, the same
condition between the times tested, significantly at a P of <0.05 by one-way
ANOVA.

3.4 C. gattii R265 and C. neoformans H99 can modulate the phosphorylation
levels of proteins involved in the AKT / mTOR pathway.

Next, we asked if the modulation that we observed in the expression level
was also noticed in the phosphorylation or protein level. For that, we extracted
proteins of J774.Al cells after two, six and 24 hours of co-incubation with C. gattii
R265 or C. neoformans H99 cells and evaluated by Western blot these
parameters. We observed difference just after 24 hours of co-incubation when the
levels of phosphorylation of p70S6K and GSK-3@ were diminished in comparison
with the control (Fig 5A). We did not observe any difference in the total amount of
S6K and AKT protein with or without the yeast cells.

As we observed this modulation in the co-incubation with cryptococcal cells
we asked if this regulation in the phosphorylation of p70S6K could also be
observed when the J774.A1 cells where incubated with GXM, the most abundant
polysaccharide in the capsule [52]. We did not observe any difference in the
phosphorylation of the p70S6K in macrophages treated with R265 nor H99 GXM

in comparison to the control sample (Fig 5B).
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Fig 5. Fungi cells decreased the levels of the phosphorylated proteins S6K e
GSK-3B. A. Proteins were extracted from pre-activated J774.A1 macrophage-like
cells and pre-activated J774.A1 macrophage-like cells after coincubation for
different times with C. gattii R265 or C. neoformans H99 and a Western blot assay
were performed. B. Proteins were extracted from pre-activated J774.Al
macrophage-like cells and pre-activated J774.A1 macrophage-like cells after
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coincubation for 24 hours with C. gattii R265, C. neoformans H99, purified R265
GXM and purified H99 GXM and a Western blot assay were performed.

These data suggest that the presence of cryptococcal cells causes a
modulation of the macrophage-like cells in pos translational levels, influencing the
signaling of the downstream proteins, once the phosphorylation is affected.
Probably that modulation is only caused in the presence of the viable fungi cell,
once the major capsule polysaccharide are incapable of impairing the p70S6K

phosphorylation, but more studies are needed.

4. Discussion

During the cryptococcal infection, the interaction between macrophages and
fungi cells is close, once the phagocytosed pathogen can live inside the
mammalian cells [53]. Considerable evidences suggest that these phagocytic cells
can be strongly affected by the fungus presence, ultimately undergoing apoptosis
[13, 51, 54, 55]. Here, we performed a genome-scale comparative analysis of
transcriptional changes in J774.A1 macrophages-like cells exposed to C.
neoformans and C. gattii to begin to understand the processes and pathways that
the fungi cells can modulate in the phagocytic cells as well the differences that the
distinct species can cause in these immune cells.

We could notice a modulation in the expression of 38 genes by the
presence of C. gattii and 31 genes by the presence of C. neoformans. This
number was smaller than that observed in other studies. Coelho et al. found 110
genes with differentially modulated expression after the ingestion of C.

neoformans for 2 and 24 hours [56]. However, there are differences in the
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methodology of the two works, between these differences, here the macrophage-
like cells were incubated with IFN-y and LPS what makes the cells already
activated and polarized [57-59], and, furthermore, the co-incubation time with the
fungi may not have been sufficient to make bigger changes in the transcriptional
profile.

To understand the processes that could be modulated in the macrophages
by the presence of fungi cells we analyzed the gene ontology in the networks with
at least one differentially expressed gene. Comparing the results that we obtained
from the two networks we noticed that even with few shared differentially
expressed genes, the biological processes modulated are very similar. Also,
despite the comparison between the DEGs found in this work with the DEGs in
Coelho et al. study shown just few genes in common, the comparison between the
modulated process in this two studies show a major similarity [56]. In this context,
the bioprocesses more evident are related with: cell cycle, cell death, signaling
and cell communication, response to stimulus, protein modification, immune
process and glucose metabolic process. Most of them were already cited in the
literature as being modulated by C. neoformans [51, 55, 60, 61] but now, our work
could enable easier gene level studies, once the bioprocesses are related with a
list of possible modulated genes.

Once we noticed that some apparently modulated bioprocesses as well as
some important differentially expressed genes are related with the Akt/mTOR
pathway, we hypothesized that cyrptococcal cells could generate such
modifications in the mammalian cells because it was modulating a key pathway

from the cells as is the Akt/mTOR pathway. We confirmed this hypothesis from
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results based on two methods (i) cryptococcal cells could modulate the expression
of all tested genes related with the Akt/mTOR pathway (Fig. 4) and (ii)
cryptococcal cells could modulate the phosphorylation of Akt/mTOR target
proteins (Fig. 5). Our results suggest that the mTORC1 complex was being down
regulated in the macrophages-like cells by the presence of the yeast cells.

In the context of the gRT-PCR results, we could confirm the RNA-seq data
in two of three genes (Pten and Pdkl) which showed less expression when
incubated with cryptococcal cells in comparison to the control in six hours of
incubation. The result obtained with gene Ddit4 did not confirm the RNA-seq data,
presenting decay in the expression just after 24 hours of incubation. A possible
explanation for this result could be the fact that we set a false discovery rate (FDR)
of 0.1 and, with that, more false positive genes could be collected. Besides that,
the sequence methodology used was sequencing RNA fragments from one end
(single-end strategy), which could also provide a major number of false positive
genes [62].

A fact that called our attention is that the two genes Pten and Pdkl were
down-regulated in the presence of the yeast cells, but in the Akt/mTOR pathway
they needs the same substrate for their activity: PIP3 recruits PDK1 and Akt to
plasma membrane enabling PDK1 to phosphorylate and activate Akt, however
Pten convert PIP3 to PIP2, being thus a inhibitor of the Akt activation [21]. This
could be explained by the fact that the gene Pten is not only regulated in the
transcriptionally level. It has being described that this gene is also regulated in the
post-transcriptionally, and post-translationally levels and is also sensitive to

regulation by its interacting proteins and its localization [63]. Therefore, we could
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not predict if this pathway is activated just looking to the transcriptional level of
these genes. This difference expression induced by the fungi cells could just
indicate a modulation in this pathway, but a decreased activation of Akt and
MTORCL is just proven by the Western blot analysis.

The Akt/mTor pathway is a key control in the cells, and it was cited as being
involved in a lot of outcomes in defense response that we already observe in
immune cells after infection with cryptococcal cells. In this context, this pathway
was involved in the production of nitric oxide (NO) and inhibition of mMTORC1
inhibits NO production in inflammatory mouse DCs cells [32]. The NO production
was inhibited in macrophages infected with cryptococcal cells [64] and this could
be explained with the mTORC1 complex down regulation observed in this work.

Here we also observe that the expression of the gene TNF-a was
decreasing by the presence of the fungi cells in comparison with the control (Fig
4). In the literature is described that the expression of TNF-a and other
proinflammatory cytokines are increased in cells knock out for TSC1 following
stimulation with LPS and this increased expression are related to the fact that
MTORCL1 are activated in this cells [65]. Therefore, this decreased expression of
the gene TNF-a by the presence of Cryptococcus spp. could be related to the fact
that this fungi cells inhibited the activity of the mTORC1 complex.

Another outcome observed in macrophages infected with cryptococcal cells
that could be responded by modulation with the Akt/mTOR pathway is the
polarization of the immune cell. Studies are controversial of how each mTOR
complex polarize M1 or M2 macrophage cell as well as if they act as activating just

one kind of cells, but the studies agree that metabolic changes have to occur in
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the cell to support this differentiation [24, 66]. In this work, we showed that the
yeasts cells inhibit the Akt and mTORC1 activation in the contrary as we observed
in the control cells, that are treated with IFN-y and LPS. As LPS are described as
MTORCL1 activator and M1 driver molecule [58, 67, 68] we suppose that the
macrophages incubated with cryptococcal cells are M2 polarized. This data agree
with literature studies who show that C. neoformans polarize macrophages for the
alternative differentiation [20, 69, 70]. Another data that corroborate our hypothesis
is that the protein p70S6K negatively regulates some M2 genes [71] and as the
cryptococcal cells could inhibit its phosphorylation and activation probably this M2
genes are expressed, but further studies are needed to confirm this.

As the capsule polysaccharides are described as antiphagocytic and a
strong modulator of immune cells [72-74], we supposed that the major capsule
polysaccharide, GXM, could interfere with the Akt/mTOR pathway, but we did not
see any difference between the control and GXM treated cells (Fig. 5b). Two
hypotheses emerge from these data: first, just the entire and active cell could
modify such pathways and, second, perhaps other molecules in the cryptococcal
surfaces are needed to cause such modulations. In this context, two molecules
bring attention, the Hsp 70 homologous, Ssal, and chitin. These two molecules
were described as possible modulators of macrophage polarization [19, 20] and as
this outcome is involved with the Akt/mTOR pathway, these two could be good

candidates for cause this interfering in the macrophages cells.

5. Conclusion
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In summary, our results confirm that some processes are modulated in
macrophage cells because of the infection with C. neoformans and C. gattii, and
besides these two species present some peculiarities the processes that these
organisms modulates in the phagocytic cells are very similar. In this context,
Akt/mTOR pathway emerged as a probable key modulator of the outcomes that
are observed after the co-incubation of macrophage cells and cryptococcal cells.
We showed here that this fungi cells could modulate this pathway and, as this
pathway is involved in defense response, perhaps using this strategy to reduce

macrophage antifungal activities.

6. List of abbreviations

GXM: glucuronoxylomannan ROS: reactive oxygen species NO: nitric oxide
MTOR: Mammalian target of rapamycin mTORC1/2: Mammalian target of
rapamycin complex 1/2 TLRs: Toll-like receptors PAMPs: pathogen associated
molecular patterns IFN-y: Interferon-y LPS: lipopolysaccharide DEGs:
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Supplementary material.

Table S1. Primers

Gene Forward (5’ 2 3’) Reverse (5’ 2> 3’)

Ddit4 CAAGGCAAGAGCTGCCATAG CCGGTACTTAGCGTCAGGG
MTOR ACCGGCACACATTTGAAGAAG CTCGTTGAGGATCAGCAAGG
Pdk1l GTGCCCATTCAGTCCAGTGT AAGGGGTTGGTGCTTGGTC

Pten TGGATTCGACTTAGACTTGACCT GCGGTTTCATAATGTCTCTCAG
Raptor TTTGTCTACGACTGTTCCAATGC GCTACCTCTAGTTCCTGCTCC
Rictor GCTGCGCTATCTCATCCAAGA GGGTTCTGAAGTGCTAGTTCAC
Ulkl AAGTTCGAGTTCTCTCGCAAG CGATGTTTTCGTGCTTTAGTTCC
TNF-a AGCCTCTTCTCATTCCTGC GGAGGCCATTTGGGAACT
Gapdh AGGTCGGTGTGAACGGATTTG TGTAGACCATGTAGTTGAGGTCA

List of primers used in this work.

Table S2. Differentially expressed genes in J774.A1 macrophage-like cells after

exposure to C. gattii.

Gene Gene_ID m.value p.value g.value
Diacylglycerol O-
Dgat2 1.6568 6.42E-05 0.0321
acyltransferase 2
Cell division cycle
. Cdca2 1.6185 3.69E-05 0.0239
associated 2
Transmembrane  protein
Tmem229b  1.2908 1.23E-04 0.0465
229B
IQ motif containing
GTPase activating protein lggap3 1.0776 8.04E-05 0.0357
3
Family with sequence
- Fam64a 1.0432 5.03E-05 0.0286
similarity 64, member A
Forkhead box M1 Foxml 1.0297 2.15E-05 0.0145
Fc receptor, IgG, high
. Fcagrl 1.0210 1.91E-05 0.0135
affinity |
Kinesin family member 202 Kif20a 0.9988 1.24E-05 0.0107
Nfat activating molecule
_ . Nfam1 0.9539 7.61E-05 0.0348
with ITAM motif 1
Extra spindle pole bodies Espll 0.9133 3.79E-06 0.0042
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1, separase

Ubiquitin-conjugating
Ube2c 0.7916 4.62E-05 0.0276
enzyme E2C

Tubulin, alpha 4A Tubada 0.7817 1.25E-08 3.25E-05

BUB1 mitotic checkpoint
serine/threonine kinase B

Bublb 0.6168 1.04E-04 0.0407

Stearoyl-Coenzyme A
Scd2 -0.6021  1.05E-04 0.0407
desaturase 2

Proline-rich nuclear
_ Pnrcl -0.7103 3.96E-05 0.0246
receptor coactivator 1

Polo-like kinase 2 Plk2 -0.7751 4 51E-06 0.0048

Egl-9 family  hypoxia-
_ ) Eginl -0.7889  6.87E-05 0.0333
inducible factor 1

DNA-damage-inducible _
_ Ddit4 -0.8485  1.69E-09 6.55E-06
transcript 4

71



Phosphatase and tensin
homolog

Pyruvate dehydrogenase
kinase, isoenzyme 1
Phosphofructokinase
Hypoxia inducible lipid
droplet associated

Matrix metallopeptidase 12
Vav 3 oncogene
N-acetyltransferase 6
Nuclear receptor subfamily
1, group D, member 1
1-acylglycerol-3-
phosphate O-
acyltransferase 9
BCL2/adenovirus E1B
interacting protein 3

Ankyrin repeat domain 37

Pten

Pdk1
Pfkl
Hilpda

Mmp1l2
Vav3
Nat6

Nrldl

Agpat9

Bnip3

Ankrd37

-0.9014

-0.9299

-0.9369

-1.0917

-1.3546
-1.5756
-1.6466

-1.6601

-1.6832

-3.1972

-3.9218

1.68E-05

6.41E-06

5.61E-10

7.79E-11

5.69E-08
7.36E-05
8.64E-08

9.27E-05

6.01E-05

1.53E-06

1.22E-06

0.0127

0.0058

4.35E-06

1.21E-06

1.26E-04
0.0346
1.68E-04

0.0397

0.0311

0,0022

0.0019

List of the DEGs in macrophage cells after exposure to C. gattii. m.value:
numeric vector of fold-change on log, scale for each gene between the two
groups compared (C. gattii x control). p.value: numeric vector of p-value.
g.value: numeric vector of g-value calculated based on the p-value using FDR

of 0.1.

Table S3. Differentially expressed genes in macrophages cells after exposure to

C. neoformans.

Gene Gene_ID m.value p.value g.value
Cyclin-dependent  kinase
- Cdkn3 2.9350 8.74E-05 0.0397
inhibitor 3
Family with  sequence

Fam83d 1.1525 2.55E-05 0.0181
similarity 83, member D
Myosin IF Myo1f 1.0411 8.78E-05 0.0397
Centromere protein F Cenpf 0.9470 9.83E-05 0.0411
Kinesin family member 11  Kifll 0.8688 6.52E-05 0.0379
Ubiquitin-conjugating

Ube2c 0.8326 5.02E-08 1.02E-04

enzyme E2C

72



Kinesin family member 202
1Q motif
GTPase activating protein
3

Aurora kinase A

containing

Thioredoxin interacting
protein

H2A histone
member X
Non-SMC

complex, subunit D2

family,

condensin |

2'-5' oligoadenylate
synthetase-like 1
Transforming growth
factor, beta induced
N-myc downstream
regulated gene 1
DNA-damage-inducible
transcript 4

Jumoniji domain containing

1C

Prolyl 4-hydroxylase,
alpha polypeptide |
Elongation factor RNA
polymerase Il

A kinase (PRKA) anchor
protein 2
Lysine (K)-specific
demethylase 3A
Phosphoinositide-
dependent kinase 1
N-acetyltransferase 6

Phosphofructokinase,

Kif20a

lggap3

Aurka

Txnip

H2afx

Ncapd2

Oasl1

Tgfbi

Ndrgl

Ddit4

Jmjdlc

P4hal

Ell

Akap2

Kdm3a

Pdk1

Nat6
Pfkl

0.8322

0.8090

0.7523

0.7328

0.7296

0.6435

0.5970

0.5888

-0.5982

-0.5995

-0.6900

-0.7160

-0.7476

-0.7586

-0.8236

-0.8477

-0.8567
-0.9725

9.73E-05

9.84E-05

7.58E-05

9.93E-09

4.37E-06

1.42E-05

2.78E-05

4.90E-06

2.02E-05

7.75E-05

7.57E-05

3.22E-08

1.37E-05

8.18E-06

4.81E-07

2.72E-08

1.33E-05
2.03E-14

0.0411

0.0411

0.0394

5.39E-05

0.0059

0.0115

0.0189

0.0061

0.0150

0.0395

0.0395

8.75E-05

0.0115

0.0095

7.84E-04

8.75E-05

0.0115
1.78E-10
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liver, B-type

Suppression of
tumorigenicity 7-like
Mir6236 microRNA 6236
Hypoxia inducible lipid
droplet associated
Fibronectin leucine rich
transmembrane protein 2
BCL2/adenovirus E1B
interacting protein 3
Hyaluronoglucosaminidas
el

Tropomodulin 1

St7l
Mir6236

Hilpda

Firt2

Bnip3

Hyall

Tmod1l

-0.9860

-1.0482

-1.0911

-1.1175

-1.5543

-2.0573

-3.4012

1.08E-05

3.11E-08

2.18E-14

1.18E-05

3.02E-06

4.86E-08

4.96E-05

0.0112

8.75E-05

1.78E-10

0.0113

0.0045

1.02E-04

0.0311

List of the DEGs in macrophage cells after exposure to C. neoformans. m.value:
numeric vector of fold-change on log, scale for each gene between the two
groups compared (C. neoformans x control). p.value: numeric vector of p-value.
g.value: numeric vector of g-value calculated based on the p-value using FDR

of 0.1.

Table S4. Score and number of nodes for the two main networks.

C. gattii network

Score
Cluster 1 35.008
Cluster 2 21.41
Cluster 3 19.523
Cluster 4 19.353
Cluster 5 15.495
Cluster 6 8.777
Cluster 7 6.893
Cluster 8 3.59

C. neoformans network

Score
Cluster 1 41.459
Cluster 2 21.804

Nodes
378
371
283
215
186
94

28

78

Nodes
508
439
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Cluster 3
Cluster 4
Cluster 5
Cluster 6
Cluster 7
Cluster 8
Cluster 9
Cluster 10
Cluster 11
Cluster 12

16.083
14.692
12.855
9.766
5.639
4.286
3.862
3.375
2.75
2.071

156
156
110
a7
108
63
29
8
24
14

The analysis of the networks in terms of the major clusters or module
composition was performed using the program Molecular Complex Detection
(MCODE). The score cutoff was 2. C. gatti network present 8 clusters and C.

neoformans network present 12 cluster.

Table S5. Bioprocess C. gattii network

. Total Up- Down-
GO-ID Description N regulated regulated g.value
odes
nodes nodes
Bublb
51301  Cell division 105 Ube2c - 3.96E-87
Cdca2
Pkl
16310  Phosphorylation 93 Bublb Pdk1 3.08E-32
PIk2
Pten
23052  Signaling 217 IC:E(l:Jcralla Vav3 3.78E-30
9 Pdk1
Pkl
Gucala Pten
50896 Response to stimulus 163 Foxm1l Pdk1 1.88E-26
Fcorl Eginl
Ddit4
30154  Cell differentiation 120 Foxm1 Eﬁgg 2.67E-21
Regulation of cell Pten -
42127 proliferation 70 Foxm1 Cd274 7.82E-20
2376 ~ \mmune system 69 Fegrl Ndrg1 8.55E-18
process
Cellular component Pikl 1.07E-17
22607 61 Tubada Pdk1 . -
assembly V.
av3
42325  Regulation of 47 . Vav3 5.36E-15
phosphorylation
2682 Regulation of immune o Fegrl Cd274 2 46E-14

system process
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10468

10941

6464

10646

30030

45595

48583

16477

51049
1775
50865

16265

16192
6952

16043

23034

51128

43412

45941

30031

35466

10628
42981
6915

Regulation of gene
expression

Regulation of cell death

Protein modification
process

Regulation of cell
communication

Cell projection
organization
Regulation of cell
differentiation
Regulation of response
to stimulus

Cell migration

Regulation of transport

Cell activation

Regulation of cell
activation

Death

Vesicule mediated
transport

Defense response

Cellular component
organization

Intracellular signaling
pathway

Regulation of cellular
component
organization
Macromolecule
modification

Positive regulation of
transcription

Cell projection
assembly

Regulation of signaling
pathway

Positive regulation of
gene expression

Regulation of apoptosis

Apoptosis

126

59

81

66

39

a7

41

31

43
27
22

39

32
30

156

46

31

48

30

11

27

52
45
22

Foxm1
Fcgrl

Bublb
Ube2c

Foxm1

Foxm1l
Fcarl

Fcgrl

Bubilb

Fcarl

Fcgrl

Tubada
Bublb
Espll
Ube2c
Cdca2

Bublb
Ube2c

Foxm1

Foxm1

Foxml

Fcgrl

Pten
Nrldil
Pten
Bnip3
Pten
Pdk1
Plk2
Pfkl
Pten
Vav3
Ddit4
Pten
Vav3

Pten

Pten
Vav3
Pfkl

Pten

Ndrgl
Cd274

Pten
Ddit4
Bnip3

Vav3

Pten
Vav3

Vav3

Pten

Pten
Plk2

Vav3

Pten
Vav3

Pten

Pten
Ddit4

2.67E-14

1.26E-12

6.99E-12

6.42E-11

5.24E-09
9.10E-09
1.69E-08
5.53E-08

2.72E-07
2.55E-05
4.66E-05

1.27E-04

2.74E-02
3.03E-02

1.40E-80

1.00E-10

2.00E-09

6.58E-07
1.33E-05
2.20E-04
1.09E-02

2.54E-22
6.01E-16
7.17E-03
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gilgs  CeUEIEDEIEE] g i Pten 1.92E-02
projection organization
6096  Glycolysis 14 - Pkl 1.53E-13
Antigen processing and : 7.71E-08
19882 presentation 11 Fcgrl
2694 Regulation of leukocyte 16 ) cd274 8.48E-07
activation
6954 Inflammatory response 17 Fcgrl - 4.70E-06
2443 Leukocyte mediated 12 Fegri i 5.50E-06
immunity
43687 Post-translation protein 35 ) Pten 1.94E-09
modification
i ] Pten 6.24E-04
48870  Cell motility 15 Vav3
30258 Lipid modification 22 - Pten 3.28E-26
43067 Regulation of 28 i Pten 2.04E-10
programmed cell death
Glucose metabolic : Pkl 7.54E-07
e process L Pdk1
30334 Regulation of cell 13 - Pten 2.14E-06
migration
16311  Dephosphorylation 13 - Pten 1.80E-05
Cell surface receptor
7166 linked signaling 28 - Vav3 3.03E-04
pathway
19318 Hexose/parbohydrate 18 ) Pkl 6.47E-28
metabolic process
46835 ~ Carbohydrate 8 . Pfkl 8.63E-16
phosphorylation
Cellular component ) 7.73E-09
16043 organization 29 Vav3
Regulation of nitrogen
51171  compound metabolic 28 - Vav3 7.22E-07
process
Phosphate metabolic 3.88E-15
6796 process 33 Bublb Pten
51270 Regulation of cellular 11 ) Pten 3.90E-05
component movement
Bublb
6996 Organelle organization 36 Espll Vav3 4.54E-17
Ube2c

List of the selected bioprocesses from the C. gattii network and clusters. The

analysis was performed using the BINGO 2.44 plugin, in the Cytoscape 2.8.3

software.
Table S6. Bioprocess C. neoformans network
Total Up- Down-
GO-ID  Description regulated regulated g.value
Nodes
nodes nodes
6974 Response to DNA 59 H2afx : 8.77E-32

damage stimulus

1



6950

50896

10468

7010

30154

43412

16310

10941

8219

71103
6096
2376

10467

32386

46835
6310
32880
16567
6468

7049

48285

Response to stress

Response to stimulus

Regulation of gene
expression

Cytoskeleton
organization

Cell differentiation
Macromolecule
modification

Phosphorylation

Regulation of cell death

Cell death

DNA conformation
change

Glycolysis

Immune system
process

Gene expression

Regulation of
intracellular transport
Carbohydrate
phosphorylation

DNA recombination

Regulation of protein
localization

Protein ubiquitination

Protein aminoacid
phosphorylation

Cell cycle

Organelle fission

115

163

144

50

118

94

70

63

55

24
17
59

117

13

12
14

13

182

109

H2afx
TXnip
Myo1lf
H2afx
Txnip
Myo1f

TXnip
Kif1l

Cenpf
Aurka
Ube2c
Aurka

Cenpf
Txnip

H2afx
Ncapd2

Myo1f
Txnip

Cenpf

H2afx
Cenpf
Ube2c

Aurka

Cdkn3
Fam83d
Aurka
Ube2c
Kif11
H2afx
Ncapd2
Fam83d
Aurka
Ube2c
Kif1l

Ddit4
Pdk1

Ddit4
Pdk1
Pfkl
Kdm3a
Jmjdic
Ell

Tmod1l

Bnip3
Kdm3a
Tmod1
P4hal
Pdk1
Pdk1
Pfkl

Bnip3

Bnip3
Ddit4
Hyall

Pkl

Ndrgl

Jmjdic
Kdm3a
Ell

Pkl

3.19E-31

8.71E-28

8.10E-24

1.40E-22

4.12E-21

4.30E-18
1.31E-16

1.33E-15

5.58E-15

7.93E-15
3.91E-12
6.18E-12

1.28E-10

6.26E-06

1.23E-04
6.29E-03
2.16E-02
4.65E-03
1.75E-02

0.0000E-
100

0.0000E-
100
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51726

43067

16043

6007

10646

6091

9617
6955
6952

22607

51707

2682
6996
19318

51049
1775

43687
23052
5996

6464

Regulation of cell cycle

Regulation of
programmed cell death
Cellular component
organization

Glucose catabolic
process

Regulation of cell
communication
Generation of precursor
metabolites and energy

Response to bacterium
Immune response

Defense response

Cellular component
assembly

Response to other
organism

Regulation of immune
system process

Organelle organization

Hexose metabolic
process

Regulation of transport

Cell activation

Pos-translation protein
modification

Signaling

Monosaccharide
metabolic process
Protein modification
process

44

37

131

15

37

17

11
13
14

23

14

13
16
25

16
9

20
21
6

14

Ncapd2
Cdkn3
Cenpf

Cenpf

Fam83d
H2afx

Myo1f
Myo1f
Myo1lf
H2afx

Myo1lf

Myo1f

Pkl

Pkl

Ddit4
Pkl

Pkl

Tmod1l
Pfkl
Pfkl
Ndrgl
Pdk1
Pdk1
Pdk1

Pdk1l

1.37E-27
6.26E-06
5.65E-47
1.11E-10
3.88E-04

1.19E-02

4.42E-04
4.29E-03
7.92E-03

7.10E-10
1.35E-07

1.47E-04
3.08E-07
1.35E-27

4.79E-06
2.36E-02

1.29E-16
1.38E-07
4.83E-07

5.53E-08

List of the selected bioprocesses from the C. neoformans network and clusters.

The analysis was performed using the BINGO 2.44 plugin, in the Cytoscape

2.8.3 software.
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4 CONCLUSOES

e As leveduras C. neoformans e C. gattii s&o capazes de modular genes e
processos metabolicos em macréfagos.

e Apesar de apresentarem bastante similaridade, as espécies sao
capazes de causar mudanca na expressao de um numero pequeno de
genes idénticos.

e Os processos metabdlicos modulados por ambas as espécies sao
similares, mesmo que 0s genes com diferenca de expressdo ndo sejam
0S Mesmos.

e A via de sinalizacdo mTOR é modulada pela presenca dos fungos C.
gattii e C. neoformans apos 24 horas de infeccao.

e O polissacarideo GXM de ambas as espécies testadas ndo € capaz de

causar modulacao da via de sinalizacdo mTOR.
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5 PERSPECTIVAS

e Avaliar se somente os macréfagos infectados com as leveduras
apresentam modulacao na via de sinalizacdo mTOR.

e Avaliar se a presenca dos fungos modificou a polarizacdo dos
macrofagos de M1 para M2.

e Avaliar se esta modulacdo também acontece em outros tipos celulares,

como células dendriticas e macréfagos primarios.

81



6 REFERENCIAS

AGUIRRE, K. M.; GIBSON, G. W. Differing requirement for inducible nitric oxide
synthase activity in clearance of primary and secondary Cryptococcus
neoformans infection. Med Mycol, v. 38, n. 5, p. 343-53, Oct 2000. ISSN 1369-
3786. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/11092381 >.

ALSPAUGH, J. A.; GRANGER, D. L. Inhibition of Cryptococcus neoformans
replication by nitrogen oxides supports the role of these molecules as effectors
of macrophage-mediated cytostasis. Infect Immun, v. 59, n. 7, p. 2291-6, Jul
1991. ISSN 0019-9567. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/2050398 >.

ALVAREZ, M.; CASADEVALL, A. Phagosome extrusion and host-cell survival
after Cryptococcus neoformans phagocytosis by macrophages. Curr Biol, v.
16, n. 21, p. 2161-5, Nov 2006. ISSN 0960-9822. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/17084702 >.

ANGKASEKWINAI, P. et al. Cryptococcus gattii infection dampens Thl and
Th17 responses by attenuating dendritic cell function and pulmonary chemokine
expression in the immunocompetent hosts. Infect Immun, v. 82, n. 9, p. 3880-
90, Sep 2014. ISSN 1098-5522. Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/24980974 >.

ARAUJO, G. E. S. et al. Capsules from pathogenic and non-pathogenic
Cryptococcus spp. manifest significant differences in structure and ability to
protect against phagocytic cells. PLoS One, v. 7, n. 1, p. €29561, 2012. ISSN

1932-6203. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/22253734
>,

ARORA, S. et al. Effect of cytokine interplay on macrophage polarization during
chronic pulmonary infection with Cryptococcus neoformans. Infect Immun, v.
79, n. 5, p. 1915-26, May 2011. ISSN 1098-5522. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/21383052 >.

BALS, R.; HIEMSTRA, P. S. Innate immunity in the lung: how epithelial cells
fight against respiratory pathogens. Eur Respir J, v. 23, n. 2, p. 327-33, Feb
2004. ISSN 0903-1936. Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/14979512 >.

BELAY, T. et al. Serotyping of Cryptococcus neoformans by dot enzyme assay.
J Clin Microbiol, v. 34, n. 2, p. 466-70, Feb 1996. ISSN 0095-1137. Disponivel
em: < https://www.ncbi.nlm.nih.gov/pubmed/8789042 >.

BEN-ABDALLAH, M. et al. Fungal-induced cell cycle impairment, chromosome
instability and apoptosis via differential activation of NF-kB. PLoS Pathog, v. 8,
n. 3, p. e1002555, 2012. ISSN 1553-7374. Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/22396644 >.

82


https://www.ncbi.nlm.nih.gov/pubmed/11092381
https://www.ncbi.nlm.nih.gov/pubmed/2050398
https://www.ncbi.nlm.nih.gov/pubmed/17084702
http://www.ncbi.nlm.nih.gov/pubmed/24980974
https://www.ncbi.nlm.nih.gov/pubmed/22253734
https://www.ncbi.nlm.nih.gov/pubmed/21383052
http://www.ncbi.nlm.nih.gov/pubmed/14979512
https://www.ncbi.nlm.nih.gov/pubmed/8789042
http://www.ncbi.nlm.nih.gov/pubmed/22396644

BIELSKA, E.; MAY, R. C. What makes Cryptococcus gattii a pathogen? FEMS
Yeast Res, v. 16, n. 1, p. fov106, Feb 2016. ISSN 1567-1364. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/26614308 >.

BRATTON, E. W. et al. Comparison and temporal trends of three groups with
cryptococcosis: HIV-infected, solid organ transplant, and HIV-negative/non-
transplant. PLoS One, v. 7, n. 8, p. e43582, 2012. ISSN 1932-6203. Disponivel
em: < https://www.ncbi.nlm.nih.gov/pubmed/22937064 >.

BROWN, G. D. Innate antifungal immunity: the key role of phagocytes. Annu
Rev Immunol, v. 29, p. 1-21, 2011. ISSN 1545-3278. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/20936972 >.

BROWN, G. D. et al. Hidden killers: human fungal infections. Sci Transl Med,
V. 4, n. 165, p. 165rv13, Dec 2012. ISSN 1946-6242. Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/23253612 >.

BRUMMER, E. et al. In vivo and in vitro activation of pulmonary macrophages
by IFN-gamma for enhanced Kkilling of Paracoccidioides brasiliensis or
Blastomyces dermatitidis. J Immunol, v. 140, n. 8, p. 2786-9, Apr 1988. ISSN
0022-1767. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/3128610 >.

BYLES, V. et al. The TSC-mTOR pathway regulates macrophage polarization.
Nat Commun, v. 4, p. 2834, 2013. ISSN 2041-1723. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/24280772 >.

CASADEVALL, A. et al. Vesicular transport across the fungal cell wall. Trends
Microbiol, v. 17, n. 4, p. 158-62, Apr 2009. ISSN 0966-842X. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/19299133 >.

CASSAT, J. E.; SKAAR, E. P. Metal ion acquisition in Staphylococcus aureus:
overcoming nutritional immunity. Semin Immunopathol, v. 34, n. 2, p. 215-35,
Mar 2012. ISSN 1863-2300 (Electronic)

1863-2297 (Linking). Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/22048835 >.

CHAYAKULKEEREE, M. et al. Role and mechanism of phosphatidylinositol-
specific phospholipase C in survival and virulence of Cryptococcus neoformans.
Mol Microbiol, v. 69, n. 4, p. 809-26, Aug 2008. ISSN 1365-2958. Disponivel
em: < https://www.ncbi.nlm.nih.gov/pubmed/18532984 >.

CHEN, C. et al. TSC-mTOR maintains quiescence and function of
hematopoietic stem cells by repressing mitochondrial biogenesis and reactive
oxygen species. J Exp Med, v. 205, n. 10, p. 2397-408, Sep 2008. ISSN 1540-
9538. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/18809716 >.

CHEN, W. et al. Attenuation of the programmed cell death-1 pathway increases
the M1 polarization of macrophages induced by zymosan. Cell Death Dis, v. 7,
p. e2115, Feb 2016. ISSN 2041-4889. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/26913605 >.

83


https://www.ncbi.nlm.nih.gov/pubmed/26614308
https://www.ncbi.nlm.nih.gov/pubmed/22937064
https://www.ncbi.nlm.nih.gov/pubmed/20936972
http://www.ncbi.nlm.nih.gov/pubmed/23253612
https://www.ncbi.nlm.nih.gov/pubmed/3128610
https://www.ncbi.nlm.nih.gov/pubmed/24280772
https://www.ncbi.nlm.nih.gov/pubmed/19299133
http://www.ncbi.nlm.nih.gov/pubmed/22048835
https://www.ncbi.nlm.nih.gov/pubmed/18532984
https://www.ncbi.nlm.nih.gov/pubmed/18809716
https://www.ncbi.nlm.nih.gov/pubmed/26913605

CHENG, P. Y.; SHAM, A.; KRONSTAD, J. W. Cryptococcus gattii isolates from
the British Columbia cryptococcosis outbreak induce less protective
inflammation in a murine model of infection than Cryptococcus neoformans.
Infect Immun, v. 77, n. 10, p. 4284-94, Oct 2009. ISSN 1098-5522. Disponivel
em: < http://www.ncbi.nlm.nih.gov/pubmed/19635827 >.

CHENG, S. C. et al. mTOR- and HIF-la-mediated aerobic glycolysis as
metabolic basis for trained immunity. Science, v. 345, n. 6204, p. 1250684, Sep
2014. ISSN 1095-9203. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/25258083 >.

CHIAPELLO, L. S. et al. Cryptococcus neoformans glucuronoxylomannan
induces macrophage apoptosis mediated by nitric oxide in a caspase-
independent pathway. Int Immunol, v. 20, n. 12, p. 1527-41, Dec 2008. ISSN
1460-2377. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/18927317
>,

CHRISMAN, C. J. et al. Phospholipids trigger Cryptococcus neoformans
capsular enlargement during interactions with amoebae and macrophages.
PLoS Pathog, v. 7, n. 5, p. €1002047, May 2011. ISSN 1553-7374. Disponivel
em: < https://www.ncbi.nlm.nih.gov/pubmed/21637814 >.

COELHO, C.; BOCCA, A. L.; CASADEVALL, A. The tools for virulence of
Cryptococcus neoformans. Adv Appl Microbiol, v. 87, p. 1-41, 2014. ISSN
0065-2164 (Print)

0065-2164 (Linking). Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/24581388 >.

COELHO, C. et al. Macrophage mitochondrial and stress response to ingestion
of Cryptococcus neoformans. J Immunol, v. 194, n. 5, p. 2345-57, Mar 2015.
ISSN 1550-6606. Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/25646306 >.

CORDERO, R. J. et al. Antibody binding to Cryptococcus neoformans impairs
budding by altering capsular mechanical properties. J Immunol, v. 190, n. 1, p.
317-23, Jan 2013. ISSN 1550-6606. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/23233725 >.

CORNU, M.; ALBERT, V.; HALL, M. N. mTOR in aging, metabolism, and
cancer. Curr Opin Genet Dev, v. 23, n. 1, p. 53-62, Feb 2013. ISSN 1879-
0380. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/23317514 >.

COX, G. M. et al. Extracellular phospholipase activity is a virulence factor for
Cryptococcus neoformans. Mol Microbiol, v. 39, n. 1, p. 166-75, Jan 2001.
ISSN 0950-382X. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/11123698 >.

84


http://www.ncbi.nlm.nih.gov/pubmed/19635827
https://www.ncbi.nlm.nih.gov/pubmed/25258083
https://www.ncbi.nlm.nih.gov/pubmed/18927317
https://www.ncbi.nlm.nih.gov/pubmed/21637814
http://www.ncbi.nlm.nih.gov/pubmed/24581388
http://www.ncbi.nlm.nih.gov/pubmed/25646306
https://www.ncbi.nlm.nih.gov/pubmed/23233725
https://www.ncbi.nlm.nih.gov/pubmed/23317514
https://www.ncbi.nlm.nih.gov/pubmed/11123698

. Urease as a virulence factor in experimental cryptococcosis. Infect
Immun, v. 68, n. 2, p. 443-8, Feb 2000. ISSN 0019-9567. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/10639402 >.

CUI, N. et al. mnTOR Modulates Lymphocyte Differentiation through T-bet and
Eomesodermin in Response to Invasive Pulmonary Aspergillosis in Rats. Chin
Med J (Engl), v. 129, n. 14, p. 1704-10, Jul 2016. ISSN 0366-6999. Disponivel
em: < https://www.ncbi.nlm.nih.gov/pubmed/27411458 >.

CYBULSKI, N.; HALL, M. N. TOR complex 2: a signaling pathway of its own.
Trends Biochem Sci, v. 34, n. 12, p. 620-7, Dec 2009. ISSN 0968-0004.
Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/19875293 >.

DADACHOVA, E. et al. The radioprotective properties of fungal melanin are a
function of its chemical composition, stable radical presence and spatial
arrangement. Pigment Cell Melanoma Res, v. 21, n. 2, p. 192-9, Apr 2008.
ISSN 1755-1471. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/18426412 >.

DAVIS, M. J. et al. Cryptococcus neoformans-induced macrophage lysosome
damage crucially contributes to fungal virulence. J Immunol, v. 194, n. 5, p.
2219-31, Mar  2015. ISSN 1550-6606. Disponivel em: <
https://www.ncbi.nIim.nih.gov/pubmed/25637026 >.

. Macrophage M1/M2 polarization dynamically adapts to changes in
cytokine microenvironments in Cryptococcus neoformans infection. MBio, v. 4,
n. 3, p. e00264-13, Jun 2013. ISSN 2150-7511. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/23781069 >.

DIAMOND, R. D. et al. The role of the classical and alternate complement
pathways in host defenses against Cryptococcus neoformans infection. J
Immunol, v. 112, n. 6, p. 2260-70, Jun 1974. ISSN 0022-1767. Disponivel em:
< https://www.ncbi.nlm.nih.gov/pubmed/4596700 >.

DOERING, T. L. How does Cryptococcus get its coat? Trends Microbiol, v. 8,
n. 12, p. 547-53, Dec 2000. ISSN 0966-842X. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/11115750 >.

. How sweet it is! Cell wall biogenesis and polysaccharide capsule
formation in Cryptococcus neoformans. Annu Rev Microbiol, v. 63, p. 223-47,
2009. ISSN 1545-3251. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/19575556 >.

EASTMAN, A. J. et al. Cryptococcal heat shock protein 70 homolog Ssal
contributes to pulmonary expansion of Cryptococcus neoformans during the
afferent phase of the immune response by promoting macrophage M2
polarization. J Immunol, v. 194, n. 12, p. 5999-6010, Jun 2015. ISSN 1550-
6606. Disponivel em: < http://www.ncbi.nlm.nih.gov/pubmed/25972480 >.

85


https://www.ncbi.nlm.nih.gov/pubmed/10639402
https://www.ncbi.nlm.nih.gov/pubmed/27411458
https://www.ncbi.nlm.nih.gov/pubmed/19875293
https://www.ncbi.nlm.nih.gov/pubmed/18426412
https://www.ncbi.nlm.nih.gov/pubmed/25637026
https://www.ncbi.nlm.nih.gov/pubmed/23781069
https://www.ncbi.nlm.nih.gov/pubmed/4596700
https://www.ncbi.nlm.nih.gov/pubmed/11115750
https://www.ncbi.nlm.nih.gov/pubmed/19575556
http://www.ncbi.nlm.nih.gov/pubmed/25972480

EISENMAN, H. C. et al. Vesicle-associated melanization in Cryptococcus
neoformans. Microbiology, v. 155, n. Pt 12, p. 3860-7, Dec 2009. ISSN 1465-
2080 (Electronic)

1350-0872 (Linking). Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/19729402 >.

ELLERBROEK, P. M. et al. Effects of the capsular polysaccharides of
Cryptococcus neoformans on phagocyte migration and inflammatory mediators.
Curr Med Chem, v. 11, n. 2, p. 253-66, Jan 2004. ISSN 0929-8673. Disponivel
em: < https://www.ncbi.nlm.nih.gov/pubmed/14754421 >.

ELLIS, D. H.; PFEIFFER, T. J. Natural habitat of Cryptococcus neoformans var.
gattii. J Clin Microbiol, v. 28, n. 7, p. 1642-4, Jul 1990. ISSN 0095-1137.
Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/2199524 >.

EMMONS, C. W. Saprophytic sources of Cryptococcus neoformans associated
with the pigeon (Columba livia). Am J Hyg, v. 62, n. 3, p. 227-32, Nov 1955.
ISSN 0096-5294. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/13268414 >.

ERB-DOWNWARD, J. R.; HUFFNAGLE, G. B. Cryptococcus neoformans
produces authentic prostaglandin E2 without a cyclooxygenase. Eukaryot Cell,
v. 6, n. 2, p. 346-50, Feb 2007. ISSN 1535-9778. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/17158733 >.

FEDER, V. et al. Cryptococcus gattii urease as a virulence factor and the
relevance of enzymatic activity in cryptococcosis pathogenesis. FEBS J, v. 282,
n. 8, p. 1406-18, Apr 2015. ISSN 1742-4658. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/25675897 >.

FELS, A. O.; COHN, Z. A. The alveolar macrophage. J Appl Physiol (1985), v.
60, n. 2, p. 353-69, Feb 1986. ISSN 8750-7587. Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/3005225 >.

GALANIS, E. et al. Epidemiology of Cryptococcus gattii, British Columbia,
Canada, 1999-2007. Emerg Infect Dis, v. 16, n. 2, p. 251-7, Feb 2010. ISSN
1080-6059. Disponivel em: < https://www.ncbi.nim.nih.gov/pubmed/20113555
>,

GARCIA-MARTINEZ, J. M.; ALESSI, D. R. mTOR complex 2 (mTORC?2)
controls hydrophobic motif phosphorylation and activation of serum- and
glucocorticoid-induced protein kinase 1 (SGK1). Biochem J, v. 416, n. 3, p.
375-85, Dec 2008. ISSN 1470-8728. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/18925875 >.

GHOSN, E. E.; RUSSO, M.; ALMEIDA, S. R. Nitric oxide-dependent killing of
Cryptococcus neoformans by B-1-derived mononuclear phagocyte. J Leukoc
Biol, v. 80, n. 1, p. 36-44, Jul 2006. ISSN 0741-5400. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/16670124 >.

86


http://www.ncbi.nlm.nih.gov/pubmed/19729402
https://www.ncbi.nlm.nih.gov/pubmed/14754421
https://www.ncbi.nlm.nih.gov/pubmed/2199524
https://www.ncbi.nlm.nih.gov/pubmed/13268414
https://www.ncbi.nlm.nih.gov/pubmed/17158733
https://www.ncbi.nlm.nih.gov/pubmed/25675897
http://www.ncbi.nlm.nih.gov/pubmed/3005225
https://www.ncbi.nlm.nih.gov/pubmed/20113555
https://www.ncbi.nlm.nih.gov/pubmed/18925875
https://www.ncbi.nlm.nih.gov/pubmed/16670124

GIBSON, J. F.; JOHNSTON, S. A. Immunity to Cryptococcus neoformans and
C. gattii during cryptococcosis. Fungal Genet Biol, v. 78, p. 76-86, May 2015.
ISSN 1096-0937 (Electronic)

1087-1845 (Linking). Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/25498576 >.

GODINHO, R. M. et al. The vacuolar-sorting protein Snf7 is required for export
of virulence determinants in members of the Cryptococcus neoformans
complex. Sci Rep, v. 4, p. 6198, Sep 2014. ISSN 2045-2322. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/25178636 >.

GOLDMAN, D. L. et al. Serologic evidence for Cryptococcus neoformans
infection in early childhood. Pediatrics, v. 107, n. 5, p. E66, May 2001. ISSN
1098-4275. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/11331716
>,

GUILLOT, L. et al. Enhanced innate immune responsiveness to pulmonary
Cryptococcus neoformans infection is associated with resistance to progressive
infection. Infect Immun, v. 76, n. 10, p. 4745-56, Oct 2008. ISSN 1098-5522.
Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/18678664 >.

HAGEN, F. et al. Recognition of seven species in the Cryptococcus
gattii/Cryptococcus neoformans species complex. Fungal Genet Biol, v. 78, p.
16-48, May 2015. ISSN 1096-0937. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/25721988 >.

HAIDINGER, M. et al. A versatile role of mammalian target of rapamycin in
human dendritic cell function and differentiation. J Immunol, v. 185, n. 7, p.
3919-31, Oct 2010. ISSN 1550-6606. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/20805416 >.

HAJJEH, R. A. et al. Cryptococcosis: population-based multistate active
surveillance and risk factors in human immunodeficiency virus-infected persons.
Cryptococcal Active Surveillance Group. J Infect Dis, v. 179, n. 2, p. 449-54,
Feb 1999. ISSN 0022-1899. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/9878030 >.

HARDISON, S. E. et al. Protective immunity against pulmonary cryptococcosis
is associated with STAT1-mediated classical macrophage activation. J
Immunol, v. 189, n. 8, p. 4060-8, Oct 2012. ISSN 1550-6606. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/22984078 >.

. Pulmonary infection with an interferon-gamma-producing Cryptococcus
neoformans strain results in classical macrophage activation and protection.
Am J Pathol, v. 176, n. 2, p. 774-85, Feb 2010. ISSN 1525-2191. Disponivel
em: < https://www.ncbi.nlm.nih.gov/pubmed/20056835 >.

HARRIS, J. R. et al. Cryptococcus gattii in the United States: clinical aspects of
infection with an emerging pathogen. Clin Infect Dis, v. 53, n. 12, p. 1188-95,
Dec 2011. ISSN 1537-6591 (Electronic)

87


http://www.ncbi.nlm.nih.gov/pubmed/25498576
https://www.ncbi.nlm.nih.gov/pubmed/25178636
https://www.ncbi.nlm.nih.gov/pubmed/11331716
https://www.ncbi.nlm.nih.gov/pubmed/18678664
https://www.ncbi.nlm.nih.gov/pubmed/25721988
https://www.ncbi.nlm.nih.gov/pubmed/20805416
https://www.ncbi.nlm.nih.gov/pubmed/9878030
https://www.ncbi.nlm.nih.gov/pubmed/22984078
https://www.ncbi.nlm.nih.gov/pubmed/20056835

1058-4838 (Linking). Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/22016503 >.

HAVLICKOVA, B.; CZAIKA, V. A.; FRIEDRICH, M. Epidemiological trends in
skin mycoses worldwide. Mycoses, v. 51 Suppl 4, p. 2-15, Sep 2008. ISSN

1439-0507. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/18783559
>,

HAYES, J. B. et al. Modulation of Macrophage Inflammatory Nuclear Factor kB
(NF-kB) Signaling by Intracellular Cryptococcus neoformans. J Biol Chem, v.
291, n. 30, p. 15614-27, Jul 2016. ISSN 1083-351X. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/27231343 >.

HRESKO, R. C.; MUECKLER, M. mTOR.RICTOR is the Ser473 kinase for
Akt/protein kinase B in 3T3-L1 adipocytes. J Biol Chem, v. 280, n. 49, p.
40406-16, Dec 2005. ISSN 0021-9258. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/16221682 >.

HUFFNAGLE, G. B.; LIPSCOMB, M. F. Cells and cytokines in pulmonary
cryptococcosis. Res Immunol, v. 149, n. 4-5, p. 387-96; discussion 512-4, 1998
May-Jun 1998. ISSN 0923-2494. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/9720956 >.

HUFFNAGLE, G. B.; YATES, J. L.; LIPSCOMB, M. F. Immunity to a pulmonary
Cryptococcus neoformans infection requires both CD4+ and CD8+ T cells. J
Exp Med, v. 173, n. 4, p. 793-800, Apr 1991. ISSN 0022-1007. Disponivel em:
< https://www.ncbi.nlm.nih.gov/pubmed/1672543 >.

HUSTON, S. M. et al. Cryptococcus gattii is killed by dendritic cells, but evades
adaptive immunity by failing to induce dendritic cell maturation. J Immunol, v.
191, n. 1, p. 249-61, Jul 2013. ISSN 1550-6606. Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/23740956 >.

. Cryptococcus gattii Capsule Blocks Surface Recognition Required for
Dendritic Cell Maturation Independent of Internalization and Antigen
Processing. J Immunol, v. 196, n. 3, p. 1259-71, Feb 2016. ISSN 1550-6606.
Disponivel em: < http://www.ncbi.nlm.nih.gov/pubmed/26740109 >.

IKENOUE, T. et al. Essential function of TORC2 in PKC and Akt turn motif
phosphorylation, maturation and signalling. EMBO J, v. 27, n. 14, p. 1919-31,
Jul 2008. ISSN 1460-2075. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/18566587 >.

JAIN, A. V. et al. Th2 but not Thl immune bias results in altered lung functions
in a murine model of pulmonary Cryptococcus neoformans infection. Infect
Immun, v. 77, n. 12, p. 5389-99, Dec 2009. ISSN 1098-5522. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/19752036 >.

88


http://www.ncbi.nlm.nih.gov/pubmed/22016503
https://www.ncbi.nlm.nih.gov/pubmed/18783559
https://www.ncbi.nlm.nih.gov/pubmed/27231343
https://www.ncbi.nlm.nih.gov/pubmed/16221682
https://www.ncbi.nlm.nih.gov/pubmed/9720956
https://www.ncbi.nlm.nih.gov/pubmed/1672543
http://www.ncbi.nlm.nih.gov/pubmed/23740956
http://www.ncbi.nlm.nih.gov/pubmed/26740109
https://www.ncbi.nlm.nih.gov/pubmed/18566587
https://www.ncbi.nlm.nih.gov/pubmed/19752036

JARVIS, J. N.; HARRISON, T. S. HIV-associated cryptococcal meningitis.
AIDS, v. 21, n. 16, p. 2119-29, Oct 2007. ISSN 0269-9370. Disponivel em: <
https://www.ncbi.nIlm.nih.gov/pubmed/18090038 >.

JOHNSTON, S. A.; MAY, R. C. The human fungal pathogen Cryptococcus
neoformans escapes macrophages by a phagosome emptying mechanism that
is inhibited by Arp2/3 complex-mediated actin polymerisation. PLoS Pathog, v.
6, n. 8 p. e1001041, Aug 2010. ISSN 1553-7374. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/20714349 >.

Cryptococcus interactions with macrophages: evasion and
manipulation of the phagosome by a fungal pathogen. Cell Microbiol, v. 15, n.
3, p. 403-11, Mar 2013. ISSN 1462-5822 (Electronic)

1462-5814 (Linking). Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/23127124 >.

JUNG, W. H. et al. Role of ferroxidases in iron uptake and virulence of
Cryptococcus neoformans. Eukaryot Cell, v. 8, n. 10, p. 1511-20, Oct 2009.
ISSN 1535-9786 (Electronic)

1535-9786 (Linking).

KECHICHIAN, T. B.; SHEA, J.; DEL POETA, M. Depletion of alveolar
macrophages decreases the dissemination of a glucosylceramide-deficient
mutant of Cryptococcus neoformans in immunodeficient mice. Infect Immun, v.
75, n. 10, p. 4792-8, Oct 2007. ISSN 0019-9567. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/17664261 >.

KMETZSCH, L. et al. Role for Golgi reassembly and stacking protein (GRASP)
in polysaccharide secretion and fungal virulence. Mol Microbiol, v. 81, n. 1, p.
206-18, Jul 2011. ISSN 1365-2958. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/21542865 >.

KNOKE, M.; SCHWESINGER, G. One hundred years ago: the history of
cryptococcosis in Greifswald. Medical mycology in the nineteenth century.
Mycoses, v. 37, n. 7-8, p. 229-33, 1994 Jul-Aug 1994. ISSN 0933-7407.
Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/7739651 >.

KOZEL, T. R. Opsonization and phagocytosis of Cryptococcus neoformans.
Arch Med Res, v. 24, n. 3, p. 211-8, 1993. ISSN 0188-4409. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/8298269 >.

KWON-CHUNG, K. J.; BENNETT, J. E. High prevalence of Cryptococcus
neoformans var. gattii in tropical and subtropical regions. Zentralbl Bakteriol
Mikrobiol Hyg A, v. 257, n. 2, p. 213-8, Jul 1984. ISSN 0176-6724. Disponivel
em: < https://www.ncbi.nlm.nih.gov/pubmed/6207684 >.

KWON-CHUNG, K. J. et al. The Case for Adopting the "Species Complex"
Nomenclature for the Etiologic Agents of Cryptococcosis. mSphere, v. 2, n. 1,
Jan-Feb  2017. ISSN  2379-5042 (Linking). Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/28101535 >.

89


https://www.ncbi.nlm.nih.gov/pubmed/18090038
https://www.ncbi.nlm.nih.gov/pubmed/20714349
http://www.ncbi.nlm.nih.gov/pubmed/23127124
https://www.ncbi.nlm.nih.gov/pubmed/17664261
https://www.ncbi.nlm.nih.gov/pubmed/21542865
https://www.ncbi.nlm.nih.gov/pubmed/7739651
https://www.ncbi.nlm.nih.gov/pubmed/8298269
https://www.ncbi.nlm.nih.gov/pubmed/6207684
https://www.ncbi.nlm.nih.gov/pubmed/28101535

. Cryptococcus neoformans and Cryptococcus gattii, the etiologic agents
of cryptococcosis. Cold Spring Harb Perspect Med, v. 4, n. 7, p. a019760, Jul
2014. ISSN 2157-1422. Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/24985132 >.

KWON-CHUNG, K. J.; VARMA, A. Do major species concepts support one, two
or more species within Cryptococcus neoformans? FEMS Yeast Res, v. 6, n. 4,
p. 574-87, Jun 2006. ISSN 1567-1356 (Print)

1567-1356 (Linking). Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/16696653 >.

LAPLANTE, M.; SABATINI, D. M. mTOR signaling at a glance. J Cell Sci, v.
122, n. Pt 20, p. 3589-94, Oct 2009. ISSN 1477-9137. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/19812304 >.

. mTOR signaling in growth control and disease. Cell, v. 149, n. 2, p.
274-93, Apr 2012. ISSN 1097-4172. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/22500797 >.

LAWRENCE, T.; NATOLI, G. Transcriptional regulation of macrophage
polarization: enabling diversity with identity. Nat Rev Immunol, v. 11, n. 11, p.
750-61, Oct 2011. ISSN 1474-1741. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/22025054 >.

LEE, S. C.; CASADEVALL, A.; DICKSON, D. W. Immunohistochemical
localization of capsular polysaccharide antigen in the central nervous system
cells in cryptococcal meningoencephalitis. Am J Pathol, v. 148, n. 4, p. 1267-
74, Apr 1996. ISSN 0002-9440. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/8644867 >.

LELOUARD, H. et al. Regulation of translation is required for dendritic cell
function and survival during activation. J Cell Biol, v. 179, n. 7, p. 1427-39, Dec
2007. ISSN 1540-8140. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/18166652 >.

LEOPOLD WAGER, C. M. et al. STAT1 signaling within macrophages is
required for antifungal activity against Cryptococcus neoformans. Infect
Immun, v. 83, n. 12, p. 4513-27, Dec 2015. ISSN 1098-5522. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/26351277 >.

. STAT1 signaling is essential for protection against Cryptococcus
neoformans infection in mice. J Immunol, v. 193, n. 8, p. 4060-71, Oct 2014.
ISSN 1550-6606. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/25200956 >.

. Cryptococcus and Phagocytes: Complex Interactions that Influence
Disease Outcome. Front Microbiol, v. 7, p. 105, 2016. ISSN 1664-302X
(Electronic)

90


http://www.ncbi.nlm.nih.gov/pubmed/24985132
http://www.ncbi.nlm.nih.gov/pubmed/16696653
https://www.ncbi.nlm.nih.gov/pubmed/19812304
https://www.ncbi.nlm.nih.gov/pubmed/22500797
https://www.ncbi.nlm.nih.gov/pubmed/22025054
https://www.ncbi.nlm.nih.gov/pubmed/8644867
https://www.ncbi.nlm.nih.gov/pubmed/18166652
https://www.ncbi.nlm.nih.gov/pubmed/26351277
https://www.ncbi.nlm.nih.gov/pubmed/25200956

1664-302X (Linking). Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/26903984 >.

LEOPOLD WAGER, C. M.; WORMLEY, F. L. Classical versus alternative
macrophage activation: the Ying and the Yang in host defense against
pulmonary fungal infections. Mucosal Immunol, v. 7, n. 5, p. 1023-35, Sep
2014. ISSN 1935-3456. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/25073676 >.

LEVITZ, S. M. et al. Cryptococcus neoformans resides in an acidic
phagolysosome of human macrophages. Infect Immun, v. 67, n. 2, p. 885-90,
Feb 1999. ISSN 0019-9567. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/9916104 >.

LIMPER, A. H.; HOYTE, J. S.; STANDING, J. E. The role of alveolar
macrophages in Pneumocystis carinii degradation and clearance from the lung.
J Clin Invest, v. 99, n. 9, p. 2110-7, May 1997. ISSN 0021-9738. Disponivel
em: < https://www.ncbi.nlm.nih.gov/pubmed/9151783 >.

LIN, X.; HEITMAN, J. The biology of the Cryptococcus neoformans species
complex. Annu Rev Microbiol, v. 60, p. 69-105, 2006. ISSN 0066-4227.
Disponivel em: < http://www.ncbi.nlm.nih.gov/pubmed/16704346 >.

LIU, G. Y.; NIZET, V. Color me bad: microbial pigments as virulence factors.
Trends Microbiol, v. 17, n. 9, p. 406-13, Sep 2009. ISSN 1878-4380.
Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/19726196 >.

LIZARAZO, J. et al. Retrospective study of the epidemiology and clinical
manifestations of Cryptococcus gattii infections in Colombia from 1997-2011.
PLoS Negl Trop Dis, v. 8, n. 11, p. €3272, 2014. ISSN 1935-2735. Disponivel
em: < https://www.ncbi.nlm.nih.gov/pubmed/25411779 >.

MA, H. et al. The fatal fungal outbreak on Vancouver Island is characterized by
enhanced intracellular parasitism driven by mitochondrial regulation. Proc Natl
Acad Sci U S A, v. 106, n. 31, p. 12980-5, Aug 4 2009. ISSN 1091-6490
(Electronic)

0027-8424 (Linking). Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/19651610 >.

MA, H.; MAY, R. C. Mitochondria and the regulation of hypervirulence in the
fatal fungal outbreak on Vancouver Island. Virulence, v. 1, n. 3, p. 197-201,
2010 May-Jun 2010. ISSN 2150-5608. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/21178442 >.

MACDOUGALL, L. et al. Risk factors for Cryptococcus gattii infection, British
Columbia, Canada. Emerg Infect Dis, v. 17, n. 2, p. 193-9, Feb 2011. ISSN
1080-6059. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/21291588
>,

91


http://www.ncbi.nlm.nih.gov/pubmed/26903984
https://www.ncbi.nlm.nih.gov/pubmed/25073676
https://www.ncbi.nlm.nih.gov/pubmed/9916104
https://www.ncbi.nlm.nih.gov/pubmed/9151783
http://www.ncbi.nlm.nih.gov/pubmed/16704346
https://www.ncbi.nlm.nih.gov/pubmed/19726196
https://www.ncbi.nlm.nih.gov/pubmed/25411779
http://www.ncbi.nlm.nih.gov/pubmed/19651610
https://www.ncbi.nlm.nih.gov/pubmed/21178442
https://www.ncbi.nlm.nih.gov/pubmed/21291588

. Spread of Cryptococcus gattii in British Columbia, Canada, and
detection in the Pacific Northwest, USA. Emerg Infect Dis, v. 13, n. 1, p. 42-50,
Jan 2007. ISSN 1080-6040. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/17370514 >.

MACEDO, C. et al. Rapamycin augments human DC IL-12p70 and IL-27
secretion to promote allogeneic Type 1 polarization modulated by NK cells. Am
J Transplant, v. 13, n. 9, p. 2322-33, Sep 2013. ISSN 1600-6143. Disponivel
em: < https://www.ncbi.nlm.nih.gov/pubmed/24034707 >.

MARTINEZ, L. R.; GARCIA-RIVERA, J.; CASADEVALL, A. Cryptococcus
neoformans var. neoformans (serotype D) strains are more susceptible to heat
than C. neoformans var. grubii (serotype A) strains. J Clin Microbiol, v. 39, n.
9, p. 3365-7, Sep 2001. ISSN 0095-1137. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/11526180 >.

MAUS, U. A. et al. Role of resident alveolar macrophages in leukocyte traffic
into the alveolar air space of intact mice. Am J Physiol Lung Cell Mol Physiol,
v. 282, n. 6, p. L1245-52, Jun 2002. ISSN 1040-0605. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/12003780 >.

MAY, R. C. et al. Cryptococcus: from environmental saprophyte to global
pathogen. Nat Rev Microbiol, v. 14, n. 2, p. 106-17, Feb 2016. ISSN 1740-
1534. Disponivel em: < http://www.ncbi.nlm.nih.gov/pubmed/26685750 >.

MAZIARZ, E. K.; PERFECT, J. R. Cryptococcosis. Infect Dis Clin North Am, v.
30, n. 1, p. 179-206, Mar 2016. ISSN 1557-9824. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/26897067 >.

MERCALLI, A. et al. Rapamycin unbalances the polarization of human
macrophages to M1. Immunology, v. 140, n. 2, p. 179-90, Oct 2013. ISSN

1365-2567. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/23710834
>,

MEYER, W. et al. Molecular typing of IberoAmerican Cryptococcus neoformans
isolates. Emerg Infect Dis, v. 9, n. 2, p. 189-95, Feb 2003. ISSN 1080-6040.
Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/12603989 >.

MILAM, J. E. et al. Modulation of the pulmonary type 2 T-cell response to
Cryptococcus neoformans by intratracheal delivery of a tumor necrosis factor
alpha-expressing adenoviral vector. Infect Immun, v. 75, n. 10, p. 4951-8, Oct
2007. ISSN 0019-9567. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/17646355 >.

MOSSER, D. M.; EDWARDS, J. P. Exploring the full spectrum of macrophage
activation. Nat Rev Immunol, v. 8, n. 12, p. 958-69, Dec 2008. ISSN 1474-
1741. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/19029990 >.

MOYES, D. L. et al. Protection against epithelial damage during Candida
albicans infection is mediated by PI3K/Akt and mammalian target of rapamycin

92


https://www.ncbi.nlm.nih.gov/pubmed/17370514
https://www.ncbi.nlm.nih.gov/pubmed/24034707
https://www.ncbi.nlm.nih.gov/pubmed/11526180
https://www.ncbi.nlm.nih.gov/pubmed/12003780
http://www.ncbi.nlm.nih.gov/pubmed/26685750
https://www.ncbi.nlm.nih.gov/pubmed/26897067
https://www.ncbi.nlm.nih.gov/pubmed/23710834
https://www.ncbi.nlm.nih.gov/pubmed/12603989
https://www.ncbi.nlm.nih.gov/pubmed/17646355
https://www.ncbi.nlm.nih.gov/pubmed/19029990

signaling. J Infect Dis, v. 209, n. 11, p. 1816-26, Jun 2014. ISSN 1537-6613.
Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/24357630 >.

MULLER, U. et al. IL-13 induces disease-promoting type 2 cytokines,
alternatively activated macrophages and allergic inflammation during pulmonary
infection of mice with Cryptococcus neoformans. J Immunol, v. 179, n. 8, p.
5367-77, Oct  2007. ISSN 0022-1767. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/17911623 >.

NIMRICHTER, L. et al. Self-aggregation of Cryptococcus neoformans capsular
glucuronoxylomannan is dependent on divalent cations. Eukaryot Cell, v. 6, n.
8, p. 1400-10, Aug 2007. ISSN 1535-9778. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/17573547 >.

OHTANI, M. et al. Mammalian target of rapamycin and glycogen synthase
kinase 3 differentially regulate lipopolysaccharide-induced interleukin-12
production in dendritic cells. Blood, v. 112, n. 3, p. 635-43, Aug 2008. ISSN
1528-0020. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/18492954
>,

OKAGAKI, L. H.; NIELSEN, K. Titan cells confer protection from phagocytosis
in Cryptococcus neoformans infections. Eukaryot Cell, v. 11, n. 6, p. 820-6,
Jun 2012. ISSN 1535-9786. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/22544904 >.

OLIVEIRA, D. L. et al. Cryptococcus neoformans cryoultramicrotomy and
vesicle fractionation reveals an intimate association between membrane lipids
and glucuronoxylomannan. Fungal Genet Biol, v. 46, n. 12, p. 956-63, Dec
20009. ISSN 1096-0937. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/19747978 >.

OLSZEWSKI, M. A. et al. Urease expression by Cryptococcus neoformans
promotes microvascular sequestration, thereby enhancing central nervous
system invasion. Am J Pathol, v. 164, n. 5, p. 1761-71, May 2004. ISSN 0002-
9440. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/15111322 >.

OSTERHOLZER, J. J. et al. Role of dendritic cells and alveolar macrophages
in regulating early host defense against pulmonary infection with Cryptococcus
neoformans. Infect Immun, v. 77, n. 9, p. 3749-58, Sep 2009. ISSN 1098-5522.
Disponivel em: < http://www.ncbi.nim.nih.gov/pubmed/19564388 >.

PALMER, G. E.; ASKEW, D. S.; WILLIAMSON, P. R. The diverse roles of
autophagy in medically important fungi. Autophagy, v. 4, n. 8, p. 982-8, Nov
2008. ISSN 1554-8635. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/18927489 >.

PANACKAL, A. A. et al. Paradoxical Immune Responses in Non-HIV
Cryptococcal Meningitis. PLoS Pathog, v. 11, n. 5, p. 1004884, May 2015.
ISSN 1553-7374. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/26020932 >.

93


https://www.ncbi.nlm.nih.gov/pubmed/24357630
https://www.ncbi.nlm.nih.gov/pubmed/17911623
https://www.ncbi.nlm.nih.gov/pubmed/17573547
https://www.ncbi.nlm.nih.gov/pubmed/18492954
https://www.ncbi.nlm.nih.gov/pubmed/22544904
https://www.ncbi.nlm.nih.gov/pubmed/19747978
https://www.ncbi.nlm.nih.gov/pubmed/15111322
http://www.ncbi.nlm.nih.gov/pubmed/19564388
https://www.ncbi.nlm.nih.gov/pubmed/18927489
https://www.ncbi.nlm.nih.gov/pubmed/26020932

PARK, B. J. et al. Estimation of the current global burden of cryptococcal
meningitis among persons living with HIV/AIDS. AIDS, v. 23, n. 4, p. 525-30,
Feb 20 2009. ISSN 1473-5571 (Electronic)

0269-9370 (Linking). Disponivel em: <
http://www.ncbi.nim.nih.gov/pubmed/19182676 >.

PERFECT, J. R. Cryptococcus neoformans: the yeast that likes it hot. FEMS
Yeast Res, v. 6, n. 4, p. 463-8, Jun 2006. ISSN 1567-1356. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/16696642 >.

PERICOLINI, E. et al. The microbial capsular polysaccharide
galactoxylomannan inhibits IL-17A production in circulating T cells from
rheumatoid arthritis patients. PLoS One, v. 8, n. 1, p. €53336, 2013. ISSN
1932-6203. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/23308194
>,

PETERSON, T. R. et al. DEPTOR is an mTOR inhibitor frequently
overexpressed in multiple myeloma cells and required for their survival. Cell, v.
137, n. 5, p. 873-86, May 2009. ISSN 1097-4172. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/19446321 >.

PETTER, R. et al. A survey of heterobasidiomycetous yeasts for the presence
of the genes homologous to virulence factors of Filobasidiella neoformans,
CNLAC1 and CAP59. Microbiology, v. 147, n. Pt 8, p. 2029-36, Aug 2001.
ISSN 1350-0872. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/11495981 >.

PRADO, M. et al. Mortality due to systemic mycoses as a primary cause of
death or in association with AIDS in Brazil: a review from 1996 to 2006. Mem
Inst Oswaldo Cruz, v. 104, n. 3, p. 513-21, May 2009. ISSN 1678-8060
(Electronic)

0074-0276 (Linking). Disponivel em: <
http://www.ncbi.nim.nih.gov/pubmed/19547881 >.

QUINTIN, J. et al. Innate immune memory: towards a better understanding of
host defense mechanisms. Curr Opin Immunol, v. 29, p. 1-7, Aug 2014. ISSN

1879-0372. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/24637148
>,

RODRIGUES, M. L. et al. Extracellular vesicles produced by Cryptococcus
neoformans contain protein components associated with virulence. Eukaryot
Cell,v. 7,n. 1, p. 58-67, Jan 2008. ISSN 1535-9786 (Electronic)

1535-9786 (Linking). Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/18039940 >.

. Vesicular polysaccharide export in Cryptococcus neoformans is a
eukaryotic solution to the problem of fungal trans-cell wall transport. Eukaryot
Cell, v. 6, n. 1, p. 48-59, Jan 2007. ISSN 1535-9778 (Print)

94


http://www.ncbi.nlm.nih.gov/pubmed/19182676
https://www.ncbi.nlm.nih.gov/pubmed/16696642
https://www.ncbi.nlm.nih.gov/pubmed/23308194
https://www.ncbi.nlm.nih.gov/pubmed/19446321
https://www.ncbi.nlm.nih.gov/pubmed/11495981
http://www.ncbi.nlm.nih.gov/pubmed/19547881
https://www.ncbi.nlm.nih.gov/pubmed/24637148
http://www.ncbi.nlm.nih.gov/pubmed/18039940

1535-9786 (Linking). Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/17114598 >.

. Vesicular Trans-Cell Wall Transport in Fungi: A Mechanism for the
Delivery of Virulence-Associated Macromolecules? Lipid Insights, v. 2, p. 27-
40, Aug 2008. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/20617119 >.

SABIITI, W.; MAY, R. C. Mechanisms of infection by the human fungal
pathogen Cryptococcus neoformans. Future Microbiol, v. 7, n. 11, p. 1297-
313, Nov 2012. ISSN 1746-0921. Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/23075448 >.

SABIITI, W. et al. Efficient phagocytosis and laccase activity affect the outcome
of HIV-associated cryptococcosis. J Clin Invest, v. 124, n. 5, p. 2000-8, May
2014. ISSN 1558-8238. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/24743149 >.

SAIJO, T. et al. Anti-granulocyte-macrophage colony-stimulating factor
autoantibodies are a risk factor for central nervous system infection by
Cryptococcus gattii in otherwise immunocompetent patients. MBio, v. 5, n. 2, p.
e00912-14, Mar 2014. ISSN  2150-7511. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/24643864 >.

SARBASSOV, D. D. et al. Rictor, a novel binding partner of mTOR, defines a
rapamycin-insensitive and raptor-independent pathway that regulates the
cytoskeleton. Curr Biol, v. 14, n. 14, p. 1296-302, Jul 2004. ISSN 0960-9822.
Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/15268862 >.

SATHALIYAWALA, T. et al. Mammalian target of rapamycin controls dendritic
cell development downstream of Flt3 ligand signaling. Immunity, v. 33, n. 4, p.
597-606, Oct  2010. ISSN 1097-4180. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/20933441 >.

SCHEFFLER, J. M. et al. LAMTOR?2 regulates dendritic cell homeostasis
through FLT3-dependent mTOR signalling. Nat Commun, v. 5, p. 5138, Oct
2014. ISSN 2041-1723. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/25336251 >.

SCHNEIDER, R. E. O. et al. Effects of zinc transporters on Cryptococcus gattii
virulence. Sci Rep, v. 5, p. 10104, May 2015. ISSN 2045-2322. Disponivel em:
< https://www.ncbi.nlm.nih.gov/pubmed/25951314 >.

SEGAL, B. H. Role of macrophages in host defense against aspergillosis and
strategies for immune augmentation. Oncologist, v. 12 Suppl 2, p. 7-13, 2007.
ISSN 1083-7159. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/18039634 >.

SHAO, X. et al. An innate immune system cell is a major determinant of
species-related susceptibility differences to fungal pneumonia. J Immunol, v.

95


http://www.ncbi.nlm.nih.gov/pubmed/17114598
https://www.ncbi.nlm.nih.gov/pubmed/20617119
http://www.ncbi.nlm.nih.gov/pubmed/23075448
https://www.ncbi.nlm.nih.gov/pubmed/24743149
https://www.ncbi.nlm.nih.gov/pubmed/24643864
https://www.ncbi.nlm.nih.gov/pubmed/15268862
https://www.ncbi.nlm.nih.gov/pubmed/20933441
https://www.ncbi.nlm.nih.gov/pubmed/25336251
https://www.ncbi.nlm.nih.gov/pubmed/25951314
https://www.ncbi.nlm.nih.gov/pubmed/18039634

175, n. 5, p. 3244-51, Sep 2005. ISSN 0022-1767. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/16116215 >.

SHOHAM, S. et al. Toll-like receptor 4 mediates intracellular signaling without
TNF-alpha release in response to Cryptococcus neoformans polysaccharide
capsule. J Immunol, v. 166, n. 7, p. 4620-6, Apr 2001. ISSN 0022-1767.
Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/11254720 >.

SHOHAM, S.; LEVITZ, S. M. The immune response to fungal infections. Br J
Haematol, v. 129, n. 5, p. 569-82, Jun 2005. ISSN 0007-1048. Disponivel em:
< http://www.ncbi.nlm.nih.gov/pubmed/15916679 >.

SMITH, L. M.; DIXON, E. F.; MAY, R. C. The fungal pathogen Cryptococcus
neoformans manipulates macrophage phagosome maturation. Cell Microbiol,
v. 17, n. 5, p. 702-13, May 2015. ISSN 1462-5822. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/25394938 >.

SORRELL, T. C. et al. Concordance of clinical and environmental isolates of
Cryptococcus neoformans var. gattii by random amplification of polymorphic
DNA analysis and PCR fingerprinting. J Clin Microbiol, v. 34, n. 5, p. 1253-60,
May 1996. ISSN 0095-1137. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/8727912 >.

STOUT, R. D.; SUTTLES, J. Functional plasticity of macrophages: reversible
adaptation to changing microenvironments. J Leukoc Biol, v. 76, n. 3, p. 509-
13, Sep 2004. ISSN 0741-5400. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/15218057 >.

SYME, R. M. et al. Primary dendritic cells phagocytose Cryptococcus
neoformans via mannose receptors and Fcgamma receptor Il for presentation
to T lymphocytes. Infect Immun, v. 70, n. 11, p. 5972-81, Nov 2002. ISSN

0019-9567. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/12379672
>,

TAYLOR-SMITH, L. M.; MAY, R. C. New weapons in the Cryptococcus infection
toolkit. Curr Opin Microbiol, v. 34, p. 67-74, Dec 2016. ISSN 1879-0364.
Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/27522351 >.

TOMIOKA, H. et al. Characteristics of suppressor macrophages induced by
mycobacterial and protozoal infections in relation to alternatively activated M2
macrophages. Clin Dev Immunol, v. 2012, p. 635451, 2012. ISSN 1740-2530.
Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/22666284 >.

TRAYNOR, T. R. et al. CCR2 expression determines T1 versus T2 polarization
during pulmonary Cryptococcus neoformans infection. J Immunol, v. 164, n. 4,
p. 2021-7, Feb 2000. ISSN 0022-1767. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/10657654 >.

TRILLES, L. et al. Correlation of antifungal susceptibility and molecular type
within the Cryptococcus neoformans/C. gattii species complex. Med Mycol, v.

96


https://www.ncbi.nlm.nih.gov/pubmed/16116215
https://www.ncbi.nlm.nih.gov/pubmed/11254720
http://www.ncbi.nlm.nih.gov/pubmed/15916679
https://www.ncbi.nlm.nih.gov/pubmed/25394938
https://www.ncbi.nlm.nih.gov/pubmed/8727912
https://www.ncbi.nlm.nih.gov/pubmed/15218057
https://www.ncbi.nlm.nih.gov/pubmed/12379672
https://www.ncbi.nlm.nih.gov/pubmed/27522351
https://www.ncbi.nlm.nih.gov/pubmed/22666284
https://www.ncbi.nlm.nih.gov/pubmed/10657654

50, n. 3, p. 328-32, Apr 2012. ISSN 1460-2709. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/21859388 >.

TUCKER, S. C.; CASADEVALL, A. Replication of Cryptococcus neoformans in
macrophages is accompanied by phagosomal permeabilization and
accumulation of vesicles containing polysaccharide in the cytoplasm. Proc Natl
Acad Sci U S A, v. 99, n. 5, p. 3165-70, Mar 2002. ISSN 0027-8424. Disponivel
em: < https://www.ncbi.nlm.nih.gov/pubmed/11880650 >.

VAN DYKEN, S. J. et al. Chitin activates parallel immune modules that direct
distinct inflammatory responses via innate lymphoid type 2 and yd T cells.
Immunity, v. 40, n. 3, p. 414-24, Mar 2014. ISSN 1097-4180. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/24631157 >.

VECCHIARELLI, A. The cellular responses induced by the capsular
polysaccharide of Cryptococcus neoformans differ depending on the presence
or absence of specific protective antibodies. Curr Mol Med, v. 5, n. 4, p. 413-
20, Jun 2005. ISSN 1566-5240. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/15977997 >.

VECCHIARELLI, A. et al. Cryptococcus neoformans galactoxylomannan is a
potent negative immunomodulator, inspiring new approaches in anti-
inflammatory immunotherapy. Immunotherapy, v. 3, n. 8, p. 997-1005, Aug
2011. ISSN 1750-7448 (Electronic)

1750-743X (Linking). Disponivel em: <
http://www.ncbi.nlm.nih.gov/pubmed/21843086 >.

. The polysaccharide capsule of Cryptococcus neoformans interferes
with human dendritic cell maturation and activation. J Leukoc Biol, v. 74, n. 3,
p. 370-8, Sep 2003. ISSN 0741-5400. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/12949240 >.

VOELZ, K. et al. 'Division of labour' in response to host oxidative burst drives a
fatal Cryptococcus gattii outbreak. Nat Commun, v. 5, p. 5194, Oct 2014. ISSN
2041-1723. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/25323068
>,

WANG, Y.; CASADEVALL, A. Susceptibility of melanized and nonmelanized
Cryptococcus neoformans to nitrogen- and oxygen-derived oxidants. Infect
Immun, v. 62, n. 7, p. 3004-7, Jul 1994. ISSN 0019-9567. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/8005689 >.

WANG, Y. et al. Tuberous sclerosis 1 (Tscl)-dependent metabolic checkpoint
controls development of dendritic cells. Proc Natl Acad Sci U S A, v. 110, n.
50, p. E4894-903, Dec 2013. ISSN 1091-6490. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/24282297 >.

WEICHHART, T. Mammalian target of rapamycin: a signaling kinase for every
aspect of cellular life. Methods Mol Biol, v. 821, p. 1-14, 2012. ISSN 1940-
6029. Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/22125056 >.

97


https://www.ncbi.nlm.nih.gov/pubmed/21859388
https://www.ncbi.nlm.nih.gov/pubmed/11880650
https://www.ncbi.nlm.nih.gov/pubmed/24631157
https://www.ncbi.nlm.nih.gov/pubmed/15977997
http://www.ncbi.nlm.nih.gov/pubmed/21843086
https://www.ncbi.nlm.nih.gov/pubmed/12949240
https://www.ncbi.nlm.nih.gov/pubmed/25323068
https://www.ncbi.nlm.nih.gov/pubmed/8005689
https://www.ncbi.nlm.nih.gov/pubmed/24282297
https://www.ncbi.nlm.nih.gov/pubmed/22125056

WEICHHART, T.; HENGSTSCHLAGER, M.; LINKE, M. Regulation of innate
immune cell function by mTOR. Nat Rev Immunol, v. 15, n. 10, p. 599-614, Oct
2015. ISSN 1474-1741. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/26403194 >.

WILLIAMSON, P. R. Laccase and melanin in the pathogenesis of Cryptococcus
neoformans. Front Biosci, v. 2, p. €99-107, Nov 1997. ISSN 1093-9946.
Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/9342305 >.

WRIGHT, L. et al. Metabolites released by Cryptococcus neoformans var.
neoformans and var. gattii differentially affect human neutrophil function.
Microbes Infect, v. 4, n. 14, p. 1427-38, Nov 2002. ISSN 1286-4579.
Disponivel em: < http://www.ncbi.nlm.nih.gov/pubmed/12475633 >.

ZARAGOZA, O. et al. Capsule enlargement in Cryptococcus neoformans
confers resistance to oxidative stress suggesting a mechanism for intracellular
survival. Cell Microbiol, v. 10, n. 10, p. 2043-57, Oct 2008. ISSN 1462-5822.
Disponivel em: < https://www.ncbi.nlm.nih.gov/pubmed/18554313 >.

. The polysaccharide capsule of the pathogenic fungus Cryptococcus
neoformans enlarges by distal growth and is rearranged during budding. Mol
Microbiol, v. 59, n. 1, p. 67-83, Jan 2006. ISSN 0950-382X. Disponivel em: <
https://www.ncbi.nim.nih.gov/pubmed/16359319 >.

ZHANG, T. et al. Interleukin-12 (IL-12) and IL-18 synergistically induce the
fungicidal activity of murine peritoneal exudate cells against Cryptococcus
neoformans through production of gamma interferon by natural killer cells.
Infect Immun, v. 65, n. 9, p. 3594-9, Sep 1997. ISSN 0019-9567. Disponivel
em: < https://www.ncbi.nlm.nih.gov/pubmed/9284124 >.

ZHANG, Y. et al. Robust Thl and Thl7 immunity supports pulmonary
clearance but cannot prevent systemic dissemination of highly virulent
Cryptococcus neoformans H99. Am J Pathol, v. 175, n. 6, p. 2489-500, Dec
2009. ISSN 1525-2191. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/19893050 >.

ZHU, L. et al. TSC1 controls macrophage polarization to prevent inflammatory
disease. Nat Commun, v. 5, p. 4696, Sep 2014. ISSN 2041-1723. Disponivel
em: < https://www.ncbi.nlm.nih.gov/pubmed/25175012 >.

ZINZALLA, V. et al. Activation of mTORC2 by association with the ribosome.
Cell, v. 144, n. 5, p. 757-68, Mar 2011. ISSN 1097-4172. Disponivel em: <
https://www.ncbi.nlm.nih.gov/pubmed/21376236 >.

98


https://www.ncbi.nlm.nih.gov/pubmed/26403194
https://www.ncbi.nlm.nih.gov/pubmed/9342305
http://www.ncbi.nlm.nih.gov/pubmed/12475633
https://www.ncbi.nlm.nih.gov/pubmed/18554313
https://www.ncbi.nlm.nih.gov/pubmed/16359319
https://www.ncbi.nlm.nih.gov/pubmed/9284124
https://www.ncbi.nlm.nih.gov/pubmed/19893050
https://www.ncbi.nlm.nih.gov/pubmed/25175012
https://www.ncbi.nlm.nih.gov/pubmed/21376236

