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Resumo




A Criptococose € uma micose sistémica, cuja incidéncia tem aumentado nas
ultimas décadas. E causada pelos fungos Cryptococcus neoformans e Cryptococcus
gattii que se apresentam sob a forma de levedura capsulada. Uma importante
caracteristica da infeccdo com as duas espécies do fungo € que enquanto o
C.neoformans esté associado a doenca em pacientes imunossuprimidos, o C.gattii é
capaz de induzir a micose em individuos imunocompetentes. O entendimento dos
mecanismos envolvidos nestas diferencas tem sido um desafio para os pesquisadores
da area. No que se refere a resposta imune do hospedeiro contra o Cryptococcus,
estd bem estabelecido que a resisténcia/suscetibilidade a infeccdo envolve a
participacdo de diferentes subpopulagfes de células CD4. No entanto, os estudos
sobre o papel das subpopulacdes TH17 e Treg sdo escassos. Além disso, sao raros
os trabalhos que de uma forma sistematica objetivaram comparar o perfil de células
CD4 induzido por uma ou outra espécie do fungo. Diferencas nesse perfil poderiam
explicar a inducéao da doenca em diferentes populagdes. Assim, um primeiro objetivo
do presente estudo foi avaliar o perfil de células CD4 efetoras induzido pelo
C.neoformans e C.gatti . A abordagem experimental foi a incubacdo de células
mononucleares do sangue periférico humano (PBMCs) in vitro com leveduras vivas
de C. neoformans e C.gattii, seguida da avaliacdo da expressao intracitoplasmatica
das citocinas IFN-[1(TH1), IL-4 (TH2), IL-17 (TH17) e o fator de transcricdo Foxp3
(células Tregs) , por citometria de fluxo, bem como a expressdo de mRNA para Foxp3
e RORyt (fator de transcricdo para TH17). A analise global dos resultados mostrou
que o C.neoformans nao € capaz de induzir a diferenciacdo de TH1 e TH2, mas sim
de células Treg e TH17. Por outro lado, o C.gattii induz apenas a diferenciacéo de
células Treg. Outro aspecto da relacdo hospedeiro/ Cryptococcus que merece ser
avaliado, refere-se ao achado de que varios microrganismos podem causar
genotoxicidade em células do hospedeiro como uma forma de evasdo dos
mecanismos de defesa. Assim, um segundo objetivo do presente estudo foi avaliar se
as diferentes espécies do Cryptococcus sdo capazes de induzir danos no DNA de
PBMCs e se este processo esta relacionado aos niveis de éxido nitrico (NO)
produzidos por essas células. Detectamos que ambas as espécies sao igualmente
capazes de induzir genotoxicidade em PBMCs. No entanto, uma associagcao entre
danos no DNA e altos niveis de NO foi detectada apenas em relacdo a C. gattii. Os
resultados apontam para a possibilidade de que os pacientes com criptococose sejam

mais suscetiveis ao desenvolvimento de outras doencas.



Abstract




Cryptococcosis is a systemic mycosis, whose incidence has increased in the
last decades. It is caused by the fungi Cryptococcus neoformans and Cryptococcus
gattii which present as capsulated yeasts. An important feature of infection with both
fungus species is that while C.neoformans is associated with the disease in
iImmunosuppressed patients, C.gattii is able to induce mycosis in immunocompetent
individuals. To understanding the mechanisms involved in these differences has been
a challenge for researchers. Regarding the host immune response against
Cryptococcus, it is well established that resistance/ susceptibility to infection involves
the participation of different subpopulations of CD4 cells. However, studies on the role
of TH17 and Treg subpopulations are scarce. In addition, there are few studies that
systematically aimed to compare the CD4 cell subpopulations profile induced by one
or another species of the fungus. Differences in this profile could explain the induction
of the disease in different populations. Thus, a first objective of the present study was
to evaluate the effector CD4 cells subpopulations profile induced by C.neoformans and
C.gattii. The experimental approach was the incubation of human peripheral blood
mononuclear cells (PBMCSs) in vitro with living yeasts of C. neoformans and C.gattii,
followed by evaluation of the intracytoplasmic expression of the cytokines IFN-y (TH1),
IL-4 (TH2), IL-17(TH17) and Foxp3 transcription factor (Tregs cells) by flow cytometry,
as well as mRNA expression for Foxp3 and RORyt (transcription factor for TH17).
Overall, the analysis of the results showed that C.neoformans is not able to induce the
differentiation of TH1 and TH2, but induces Treg and TH17 cells. On the other hand,
C.gattii only induces Treg cells differentiation. Another aspect of the host /
Cryptococcus interaction that deserves to be evaluated relates to the finding that
various microorganisms may cause genotoxicity in host cells as a mechanism of
evading defense mechanisms. Thus, a second objective of the present study was to
evaluate if the different species of Cryptococcus are able to induce DNA damage of
PBMCs and whether this process is related to the levels of nitric oxide (NO) produced
by these cells. We have detected that both species are equally capable of inducing
genotoxicity in PBMCs. However, an association between DNA damage and high NO
levels was only detected in relation to C. gattii. The results point to the possibility that
patients with cryptococcosis are more susceptible to the development of other

diseases.
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Cryptococose e resposta imune

O fungo do género Cryptococcus spp. foi descrito pela primeira vez na Italia em 1894,
por Sanfelice.® A criptococose é uma micose sistémica causada pelas espécies
Cryptococcus neoformans e Cryptococcus gattii.34 O C. neoformans compreende os
sorotipos A, D, AD (molecularmente conhecidos como VNI, VNII, VNIII e VNIV) enquanto
gue o C. gatti corresponde aos sorotipos B e C (VGI, VGII,VGIIl e VGIV).®

Esses fungos apresentam-se sob a forma de leveduras basidiomicéticas, globulosas
ou ovuladas, de 3 a 8 um de diametro, com brotamento Unico ou mdaltiplo. O principal fator
de viruléncia do género Cryptococcus spp. € a presenca da capsula polissacaridica
contendo manose, xilose e acido glucurdnico, determinante dos sorotipos.® A infeccdo
criptococOcica ocorre atraves da inalagdo de basidiésporos do fungo que alcangam os
pulmbes, atingem a corrente sanguinea, podendo assim afetar outros Orgaos,

particularmente o sistema nervoso central.(")

O C. neoformans pode ser encontrado no solo, principalmente naqueles
enriquecidos com fezes de aves, excretas secas, ricas em fontes de nitrogénio, como uréia
e creatinina.® Sua distribuicdo é cosmopolita, acometendo geralmente individuos
imunocomprometidos em area urbana. O C. gattii se encontra na vegetacdo e madeiras
apodrecidas de certas arvores. (Cassia grandis, Senna multijuga, Ficus mucrocarpa,
Eucalyptus camadulensis e Eucalyptus tereticornis).®9 A sua presenca é relatada apenas
em clima tropical e subtropical, no entanto, areas de clima temperado e frio devem ser
incluidas em sua distribuicdo. Geralmente acomete individuos imunocompetentes em areas

rurais e urbanas e apresenta-se em forma de surtos.(01

O aumento dos casos de criptococose ocorreu apds a pandemia da Aids, pois essa
infeccdo ocorre como a primeira manifestagdo oportunista em cerca de 4% desses
pacientes e é responsavel por 50% dos ébitos neste grupo.®*!? No Brasil, a criptococose
associada com a Aids predomina nas regides Sul, Sudeste e Centro-Oeste.* Outros grupos
de risco incluem individuos submetidos ao uso prolongado de tratamento imunossupressor

como os transplantados.(1?®

O maior nimero de casos de criptococose ocorre na Africa, onde a mortalidade é
estimada entre 50 e 70%. Nos EUA, a incidéncia anual de criptococose entre as pessoas

com HIV/Aids é estimada entre 2 e 7 casos por 1.000 habitantes.( A meningite
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criptocococica € a infeccdo fungica mais frequente do sistema nervoso central e a 32
complicacéo neurolégica em pacientes com Aids nos quais pode causar mortalidade de até
30%. 15

A criptococose por C. gatti ocorre em varios paises da América Latina incluindo o
Brasil, Austrélia, paises de Africa Central, sudeste da Asia, México e algumas regides dos
Estados Unidos. No Brasil, o C. gattii € endémico nas regides Norte e Nordeste e causa
letalidade entre 35% a 40% dos casos detectados. A incidéncia anual é de entre 0,4 e 1,3

casos por 100.000 pessoas da populacdo em geral .4

As manifestacbes clinicas gerais da criptococose podem ser inespecificas.
Geralmente, os pacientes relatam histéria crénica com duragdo de semanas ou meses,
caracterizada por febre baixa, anorexia e perda de peso. As manifestacfes especificas sao
polimorfas e variam com os 6rgaos afetados. Manifestacfes cutaneas podem ocorrer em

10 a 15% dos casos.19

O desenvolvimento da criptococose ocorre em dois estagios: um primeiro,
delimitado ao sistema respiratdrio e um segundo onde ha disseminacao sistémica pela via
hematogénica. A doenca pulmonar sintomatica pode assumir formas agudas, subagudas
ou crdnicas, sendo de dificil diagnostico e confundida inUmeras vezes com outras doencas
pulmonares. Os principais sintomas da forma pulmonar, quando presentes, incluem febre
variavel, dor no peito, tosse e producao de escarro mucoide e sanguinolento. Os achados
radiolégicos séo variaveis com areas bem circunscritas de pneumonite comum e as lesdes
podem ser uni ou bilaterais. Infiltrado difuso e doenca miliar semelhante a tuberculose

também s&o diagnosticados.16:17)

A infeccdo do cérebro e das meninges por C. neoformans € a forma clinica mais
importante, sendo também a mais relacionada com mortes.*® A meningite criptococdcica
€ a infeccdo fungica mais frequente do sistema nervoso central e a 3° complicacao
neurolégica em pacientes com Aids nos quais pode causar mortalidade de até 30%.
Mundialmente, o C. neoformans causa um numero estimado de 1 milhdo de casos de
meningite criptococica por ano entre pessoas com HIV/Aids, resultando em cerca de 625
mil 6bitos.(® No paciente imunocompetente a infeccdo por C. gattii € clinicamente
caracterizada por queixas pulmonares e pneumonia, com ou sem meningite, podendo
também ocorrer manifestacdo nos musculos esqueléticos, com tendéncia a apresentar

lesdes com massa pulmonar e/ou cerebral, e hidrocefalia.(t6)

Andrade, J. C.B.N., 2017 |
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A defesa imunolégica do hospedeiro contra as micoses sistémicas, incluindo a
cryptococose € complexa e multifatorial, dependendo de uma série de mecanismos inatos

e adaptativos ainda nao totalmente esclarecidos. (1920

A grande maioria dos estudos para o0 entendimento da relacdo
hospedeiro/Cryptocccocus foram realizados com o C. neoformans e mostraram que de
forma similar aos outros fungos as primeiras barreiras contra esses microrganismos incluem

as epiteliais (pele e mucosas) e fatores fungicidas sollveis contidos no soro e saliva.(?12?)

Apos ultrapassar as barreiras anatémicas e solaveis, as células fagocitarias passam
a ser as barreiras mais importantes na defesa contra o fungo.?® Assim, apés inalagédo, o
Cryptococcus encontra de inicio com os macrofagos alveolares e outras células fagocitarias
como os neutréfilos e células dendriticas.?42526) O processo de fagocitose pode ser
mediado por receptores para complemento assim como para a fragédo Fc de anticorpo.(@7:28)
A céapsula do Cryptococcus consegue ativar o sistema complemento pela via alternativa 9
ou pela via classica ®%3D ou ainda pela via da lectina.®? No entanto, a fagocitose do
Cryptoccocus pode ainda ocorrer por processos independentes de opsonizagcao
envolvendo o reconhecimento de PAMPS do fungo pelos PRRs que incluem os TLRs, os
receptores do tipo lectinas (CLRs) e os do tipo NOD. Nesse sentido, os TLR2 e TLR4
reconhecem a glicuronoxilomanana (GXM) da capsula do Cryptococcus. 333435 O TLR9 é
um PRR endossomal que reconhece CPGs nao metiladas dos patégenos. Alguns estudos
tém mostrado que o DNA do Cryptococcus pode ser reconhecido pelo TLR9.@637) A
presenca abundante de diferentes carboidratos na superficie do fungo permite que ele seja
reconhecido pelos receptores do tipo lectina como o dectina-1 que reconhece -
glucanas.®® As mananas do fungo podem ser reconhecidas pelos receptores dectin-2,
receptor de manose (MR- CD206) e DC-SIGN.(39.40)

Apos a fagocitose, é extremamente importante que essas células consigam destruir
os fungos evitando a disseminacdo desses microrganismos a partir do pulmé&o. Assim, apos
a fagocitose, havera a formacéo do fagossomo que ird maturar, fundir-se com o lisossomo,
formando o fagolisossomo um local propicio para a destruicdo de microrganismos

fagocitados.

No entanto, os Cryptococcus ssp. desenvolveram uma série de mecanismos de
defesa e fatores de viruléncia que permitem que eles sobrevivam no interior do fagossoma

ou mesmo evitem a sua fagocitose, ! 42.4344.45.46) fazendo com que essa interagdo a favor
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do fungo, seja determinante para o desenvolvimento da doenca, comprovando 0O

importante papel dos macréfagos nos mecanismos de defesa do hospedeiro infectado .

Um desses fatores que inibem a fagocitose do fungo envolve a GXM da capsula que
tem atividade anti-fagocitica devido a sua espessura, pode mascarar PAMPs que seriam
reconhecidos pelos varios PRRS ou ainda evitar a acao de fatores microbicidas como os
do metabolismo oxidativo e peptideos antimicrobianos.®*”) A opsoniza¢do com anticorpos
anti-capsulares ou ainda com fatores do complemento € justamente necessaria para evitar
as propriedades anti-fagociticas da capsula.®® Outros mecanismos de escape levam a
proliferacdo dos fungos no interior dos fagocitos. Entre esses mecanismos esta a sua
capacidade de proliferacdo mesmo em condi¢cdes acidas do fagossoma, nas quais fica
exposto a fatores microbicidas como os metabdlitos do oxigénio e nitrogénio.“%50 Assim ,
0 mecanismo de escape ndo esta no fato de esse microrganismo alterar o pH acido para
alcalino, mas sim pela sua capacidade de inibir a acdo do metabdlitos microbicidas.
Realmente, estudos tém mostrado que caracteristicas de membrana do fungo vinculadas
aos canais de calcio promovem a sobrevivéncia do fungo durante exposicdo ao stress
oxidativo. Outros estudos tém mostrado que o C. neoformans € capaz de sobreviver mesmo
em um fagossoma com ROS, em parte devido a absorcdo desses metabdlitos pela
capsula.®” Além disso, a sobrevivéncia no interior do macréfago pode ocorrer devido a
ativacdo da via de stress nessas células incluindo a HIF-1alfa, proteina que interage com

o receptor 1, o fator de inducéo de apoptose e despolarizacdo da mitocondria.®V

De forma diferente dos primeiros estudos, outros mais recentes demonstraram que o
C. neoformans induz a acidificacdo do fagossoma, influxo de calcio e atividade de protease
tornando o fagossomo permissivo a sua proliferaco.®? Outro mecanismo de escape
envolve a capacidade do fungo de causar danos nos lisossomos dos macroéfagos. 3

Esses mecanismos estdo vinculados a proteinas do Cryptoccoccus consideradas
como fatores de viruléncia. Por ex: a Fosfolipase B (PLB1) € uma enzima da superficie
celular ®® importante para a proliferacéo e sobrevivéncia dos fungos dentro dos macréfagos
e também pela disseminacédo ao sistema nervoso central.®® OQutra proteina, a Fbp1l, é
critica para a sobrevivéncia e proliferacdo dentro de macréfagos e disseminacdo a partir

dos pulmdes, assim como para a resisténcia ao NO. (56)

Um mecanismo de escape tem sido atribuido unicamente ao C.gatti. Essa espécie

do fungo induz tubularizacdo de suas mitocondrias, facilitando o crescimento de células
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vizinhas e consequentemente fazendo com que o macréfago se torne um nicho de

armazenamento de fungos. 7

Esses mecanismos de escape do Cryptococcus exige que o hospedeiro infectado
desenvolva respostas imunes inata e adaptativa que culminem com um processo de
ativacao dessas células, transformando-os em macrofagos com fenotipo M1. Essas células
medeiam a defesa do hospedeiro contra agentes patogénicos microbianos por meio da
geracdo de espécies de oxigénio e nitrogénio.®® A enzima NO sintase ( iINOS) que se
constitui em um marcador desse tipo de macréfago, atua sobre o substrato L-arginina para
produzir 6xido nitrico (NO), que possui propriedades anti-criptocécicas.®9 60 61, 62,63,64)
Durante a resposta imune inata esse processo € garantido pela liberacdo de IFN-y por
células NK. No entanto, durante a resposta imune adaptativa € necessario 0
desenvolvimento de uma resposta imune mediada por TH1 caracterizada pela producao de
IL-2, IL12, IL-18, IFN-y e TNF-a (656667, 68,69.70.71,72.6) que induzird ativacdo macrofagica e
portanto sendo considerada como a subpopulacdo de células CD4* envolvida na
resisténcia do hospedeiro ao fungo. Ao contrario, inducdo de resposta imune TH2 anti-
inflamatoria caracterizada pela liberacdo de IL-4, IL-5, IL-13 e IL-10 esta associada com a

geracdo de macrofagos M2 e exacerbacio da doenca. (7273, 74.75.76.77, 78,79)

As citocinas IL-4 e IL-13 estdo diretamente envolvidas na inducdo de macréfagos
M2. (80.81.82) Ag contrario dos macréfagos M1 que possuem como marcador importante a
enzima iNOS, os M2 tem como marcador a enzima arginase-1 (Arg-1) que compete com a
iINOS pelo substrato produzindo L-ornitina e uréia ) em vez de NO , fazendo com que
esses macrofagos ndo tenham capacidade de destruir o fungo.®3 Essas diferencas fazem
com que a relacdo Arg-1/NO seja considerada como determinante no processo de

polarizacdo de macréfagos para M1 ou M2.(8482)

Apesar de os macrofagos M2 serem induzidos por uma resposta do tipo TH2, essas
células ja podem adquirir esse fendtipo em fases iniciais da infecgéo via 0s mecanismos de
escape do fungo. Uma proteina denominada Ssal esta envolvida na inducdo de
macrofagos M2 por estimular uma producao precoce de IL-4 e IL-13, durante a resposta
imune inata.® Qutros estudos mostraram que a quitina que integra a parede do fungo
estimula a producdo de citocinas que levam as células linféides da resposta inata a
produzirem IL-5, IL-13 e 1L-4.(86:87)
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Além das subpopulacbes TH1 e TH2, as TH17 caracterizadas pela producao de IL-
17A, IL-21, IL-22, IL-6, e TGF-B,®88990) podem participar dos mecanismos de defesa do
hospedeiro contra o fungo.(™>°) No entanto, outros estudos mostraram que a resposta
mediada por IL-17 € importante para uma otimizacdo da resposta contra a infeccao
pulmonar por Cryptococcus uma vez que a resposta TH1 é suficiente para conferir protecao.

Assim, o papel da TH17 na infecgdo por Cryptococcus permanece ainda indefinido.(®?

Além dessas subpopulacdes de T CD4*, as TCD4"* “naives” podem transformarem-
se preferencialmente em células T reguladoras (Tregs), cuja diferenciacdo ocorre na
presenca de TGF-B e sdo caracterizadas pela expressao do fator de transcricdo FOXP3 e
producédo de IL-10 e TGF-B. As Tregs apresentam atividade supressora e desempenham
um papel importante na modulacdo das respostas inflamatdrias. Assim, podem ter um
importante papel protetor, limitando as respostas inflamatorias excessivas e prejudiciais ao
hospedeiro, mas ao mesmo tempo podem exercer um papel nao protetor inibindo de forma
desnecessaria essas respostas.®® Desse modo, € crucial que exista durante uma infeccdo
um equilibrio entre a inducéo das subpopulacfes de células TCD4* efetoras e a atuacao
das células Tregs.®*%) No entanto, os estudos sobre o papel das Tregs na cryptococose

Sd0 escassos.

Quando do estudo das diferentes subpopulacdes de linfécitos efetores /reguladores
dentro de uma determinada relacéo hospedeiro /parasita deve-se lembrar que a inducéo
preferencial de uma ou outra subpopulacdo depende essencialmente da natureza da
interacdo desses microrganismos com células da resposta imune inata tais como as
dendriticas (DCs) e mondcitos/ macréfagos, as quais além de funcionarem como células
efetoras dessa resposta tem um papel primordial na instrugdo da resposta imune
adaptativa durante o processo de processamento e apresentacdo de antigenos para as

células TCD4* “naives”.

Embora os macrofagos sejam importantes células apresentadoras de antigenos, as
DCs séo especializadas nesta funcdo. Assim, a relagdo DC/ Cryptococcus é extremamente
importante no sentido de definir a resposta imune que se desenvolvera contra o fungo.
Estudos iniciais in vitro mostraram que essas ceélulas sao extremamente importantes para
a ligacao, fagocitose, destruicdo, processamento e apresentacdo de antigenos do fungo
para as células T (96.97.9899) e que elas sdo necesséarias para a inducdo de respostas

protetoras contra o C. neoformans. %679 Estudos tém mostrado que as DCs pulmonares
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internalizam os Cryptococcus e sdo ativadas a maturarem expressando as moléculas
coestimulatérias CD80 e CD86, as MHC de classe Il e apresentam antigenos compostos
por manoproteinas do fungo para células T que proliferam e se diferenciam em células TH1
especificas.(100.98.10)  Além dos marcadores de ativagdo as manoproteinas do fungo
induzem essas células a secretarem IL-12 e TNF-a associados a uma resposta TH1.(102)
Apesar desses trabalhos mostrando essa atividade das DCs os estudos tém deixado claro
gue esse processo € altamente influenciado pela capsula do fungo que além de impedir a
fagocitose pelas DCs na auséncia de opsonizacdo por anticorpo e complemento, interfere
com a ativacdo e maturacdo dessas células (103104105 e g expressdo génica de varias

citocinas e quimiocinas associadas a apresentagdo de Ag.(194

Apesar desse estudo mostrando o papel protetor das DCs na criptococose, outros
mostraram que a cepa virulenta do C.neoformans leva a um aumento significativo na
quantidade de DCs imaturas nos linfonodos associados ao pulmao (%) e consequente

inducao de células TH2 em vez de TH1.(109)

Estudos bastante interessantes mostraram que a interagcdo de DCs com C. gattii
difere de uma forma substancial da com C. neoformans. DCs derivadas de mondcitos
humanos destroem o C.gattii, mas esse processo nao resulta em uma efetiva maturacéo
dessas células, pois ndo ha um aumento da expressdo de moléculas MHC classe I,
CD86, CD83, CD80 , e CCR7, e ndo liberam TNF-a. 1%) Em camundongos infectados com
C. gatti, as DCs expressam niveis muito mais baixos de MHC classe Il, IL-12 ou IL-23 e
consequentemente ndo induzem uma resposta efetora TH1 e TH17. Um processo
contrario, no entanto, ocorre quando os camundongos sao infectados com o C.
Neoformans.(19 A ndo maturacdo das DCs em resposta ao C.gatti parece envolver a
capsula do microrganismo uma vez que a captacdo por essas células de um mutante
acapsular leva a um aumento na expressao de moléculas co-estimuladoras induzidas e de
citocinas inflamatorias.19 Camundongos imunizados por via intravenosa com BMDCs
pulsadas com este mutante acapsular e desafiados com C. gattii R265 mostraram uma
significativa reducéo da carga fungica, e aumento de células produtoras de IL-17, IFN-y e

TNF-a em comparagdo aos nao imunizados. (110

De uma forma global os estudos citados acima mostram que a resposta imune ao
Cryptococcus pode variar na dependéncia de cepas mais ou menos virulentas dentro da
mesma espécie, mas principalmente em relacéo as duas espécies C. neoformans e C.gattii.

Embora existam vérios estudos comparativos em relacdo a resposta imune do hospedeiro
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infectado com C. neoformans e C. gattii, ainda faltam estudos comparando de uma forma
mais sisteméatica qual o perfil de células CD4+ induzidos por uma ou outra espéecie em

células humanas, particularmente em relacdo as células Tregs e TH17.

Genotoxicidade € a capacidade de um agente quimico, fisico ou biolégico de causar
alteracbes no DNA que podem ou néo ser reparaveis. Quando estas alteragbes ndo séo
reparaveis e se fixam no material genético, o agente é considerado mutagénico. A inducao
de mutacdes génicas ou cromossdmicas pode levar a diferentes problemas de saude como
cancer, alteracbes reprodutivas e anomalias genéticas.'t) Um dos fatores que pode
também estar associado a infeccbes sdo as mutacdes no DNA, que podem ser decorrentes
de alteracBes na resposta imune, e responsaveis pelo aumento da susceptibilidade a
transformacdes malignas. Estima-se que de 8 a 17% dos canceres sejam causados por
virus, bactérias, protozoarios. A carcinogénese associada a infeccdo € um processo
complexo que muitas vezes € mediado por condi¢des inflamatérias crénicas que se

constituem em microambientes para o desenvolvimento de tumores.(112-115)

Ribeiro-Vieira®1® realizaram um estudo em pacientes com paracoccidioidomicose e
observaram que o fungo causador dessa micose nao induz genotoxicidade. Entretanto,
outros estudos realizados na leishmaniose 17 e na tuberculose 112 observaram que os
pacientes apresentaram danos no DNA em células mononucleares do sangue periférico.
Além disso, em infeccdo de camundongos com o Trypanosoma cruzi (13 e com Leishmania
chagasi 11 também foi verificada a ocorréncia de danos no DNA em 6rgédos e células
desses animais. Vale ressaltar que nestas infecgdes os danos no DNA foram associados
com processo inflamatério intenso ligado ao stress oxidativo. 118117 Desta forma, temos
gue considerar que a resposta imune responsavel pelo controle da maioria das infeccdes
intracelulares é dependente da producéo de NO e de algumas citocinas como IFN-y e TNF-
a, € guando esses mediadores inflamatorios séo estimulados de forma excessiva podem
causar danos celulares e induzir alteracbes no DNA. Embora estudos com inumeras
infeccbes mostrem a ocorréncia de danos no DNA e associagdo destes danos com
carcinogénese em algumas destas infec¢cdes, sdo ausentes estudos que verifiquem

alteracbes genotoxicas em infecgcdo com C. neoformans e C.gatti.

O estudo genotoxico pode ser realizado pelo Ensaio Cometa ou Eletroforese em gel,

considerado como um meétodo sensivel que avalia danos ao DNA de células individuais e
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possibilita a quantificacdo de quebras da fita. Possui custo relativamente baixo, rapidez,

precisdo e reprodutibilidade.®19

Embora existam varios estudos comparando a resposta imune dos hospedeiros
infectados com o C. neoformans e C. gattii, ainda faltam estudos comparando de uma forma
mais sistematica qual o perfil de células CD4 + induzido por uma ou outra espécie em
células humanas, particularmente em relacdo as células Tregs e TH17. Esse estudo pode
contribuir de forma significativa para o entendimento dos mecanismos que levam o C.
neoformans a cometer com mais frequéncia os individuos imunosuprimidos e o C. gattii os
imunocompetentes. Também ha auséncia de estudos objetivando avaliar as possiveis
alteracdes genotoxicas induzidas pelas duas espécies de Cryptococcus. Portanto,
acreditamos que um estudo comparando o comportamento dessas duas espécies no
contexto imunoldgico e genotdxico, permitira um melhor entendimento da relacdo parasita
/hospedeiro na micose contribuindo ao final para uma melhor compreenséo da patogénese

da doenca.
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DNA damage and nitric oxide production by human peripheral blood
mononuclear cells challenged with Cryptococcus species neoformans and

gattii
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ABSTRACT

Cryptococcosis, a systemic mycosis capable of disseminating to the central nervous
system with frequent letal effects, is caused by the species Cryptococus neoformans
and Cryptococcus gattii. Several infectious agents such as virus, bacteria and
parasites may be associated to DNA damage and carcinogenesis in humans.
Products of the oxidative metabolism,such as NO, produced during the response
triggered as a host defence strategy to destroy these pathogens, have been implicated
in this damage process, due to excessive production related to a stablished chronic
inflammatory response. Here, we asked whether Cryptoccocus neoformans and /or
C .gattii can cause DNA damage in human peripheral blood cells (PBMCs) and
whether this process is related to NO levels produced by these cells.We found that that
both species equally are able to inducing genotoxicity in PBMCs. However an
association between DNA damage and high NO levels were only detected in relation
to C. gattii. The results point to the possibility that patients with cryptococcosis are
more susceptible to the development of other diseases.

Keywords: Cryptococcus neoformans, Cryptococcus gatti, DNA damage, NO,

peripheral blood mononuclear cells.
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INTRODUCTION

Cryptococcosis, a systemic mycosis whose incidence has increased drastically
in last decades, is caused by capsulated yeasts of the fungus belonging to genus
Cryptococcus. Despite Cryptococcus contain several species, infection in humans are
only associated to two of them: Cryptococcus neoformans and Cryptococcus gattii
that present important differences in relation to the affected populations.® While
C.neoformans infects individuals in the urban area and with a profound impairment of
the immune response, as those with AIDS, in whom cryptococcosis is listed as one of
the most important causes of death, C. gattii is able to infect immunocompetent
individuals in both, rural and urban areas.?% To understanding the mechanisms
involved in these differences have been a challenge for researchers. Infection of brain
and meninges by C. neoformans is the most important clinical form related to deaths.®
Worldwide, C. neoformans causes approximately 1 million of cases of meningitis per
year among people with HIV/AIDS, resulting in approximately 625,000 deaths.® In the
immunocompetent patient, C. gattii infection is clinically characterized by pulmonary
complications and pneumonia, with or without meningitis. Symptoms may also occur
in the skeletal muscles, with a tendency to present lesions with lung and/or cerebral
mass, and hydrocephalus.®

Studies have been strongly suggested that several infectious agents such as
virus, bacteria and parasites may be associated to genotoxicity in humans.(”) Despite
this, it has been very difficult to identify pathogens as causative agents of cancers.

Host protection against Cryptococcus is closely associated to M1 or classically
activated macrophages.® This mechanism, in turn, depends on immune cells,
including natural killer (NK) cells, CD8* T cells, and CD4* T-helper 1 (Th1)-type cells®
that respond to the pathogen secreting inflammatory cytokines, such as IFN-y which
signals macrophages to polarize toward a M1 phenotype.®12 These macrophages
destroy pathogens mainly via the activation of the oxidative metabolism.®3)
Specifically in the relation to Cryptoccocus, the enzyme iNOS acts on the substrate L-
arginine to produce nitric oxide (NO), which has anti-fungal properties.(417) However,
the metabolite produced primarely to attack the pathogen by nitration , oxidation or
chlorination @8 can cause,when in excess, injury to host cells inducing DNA damage
leading to mutagenesis and other diseases. (19

Studies making this association in fungal diseases are rare. This study aimed to

evaluate whether Cryptoccocus neoformans and/or C .gattii can cause DNA damage
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in human peripheral blood cells and whether this process is related to NO levels

produced by these cells .

METHODS

Subjects

Peripheral blood from healthy donors from University Hospital of the School of
Medicine Botucatu, Sdo Paulo State University, UNESP was used after signature of
informed consent form. This study was approved by the Ethics in Research of the
Faculty of Medicine of Botucatu, protocol n°® 38381014.2.0000.5411.

Fungi

C. neoformans and C. gattii strains were provided by the Mycology Service
from the Department of Microbiology and Immunology of the Institute of Biosciences -
[.B.B., UNESP, Botucatu. Yeasts were cultured in 20 x 200 mm tubes containing

Sabouraud culture medium (Difco) with yeast extract, at 25 ° C for 5 days.

Obtention of peripheral blood mononuclear cells (PBMCs)

Peripheral blood mononuclear cells (PBMCs) were separated by Ficoll-
Hypaque density gradient (Sigma-Aldrich, St. Louis, MO, USA) (centrifugation at 405
g for 30 minutes). The ring rich in lymphocytes and monocytes was removed ando
washed with RPMI-1640 (Sigma-Aldrich, St. Louis, MO, USA) and then centrifuged at
450 g for 15 minutes. The cells were subsequently resuspended in complete culture
medium (RPMI 1640 supplemented with 2 mM L-glutamine, 40 mg/mL gentamicin and
10% inactivated fetal bovine serum). Identification of the cells and assessment of their
viability were performed using Trypan Blue staining. The cells were seeded in 96-well
tissue culture plates (1x107/mL) and stimulated with C.neoformans or C.gattii (10°
yeasts/mL) during 7 days. After this period, culture supernatants were collected and

evaluated for NO concentrations and cells were analysed for DNA damage .
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NO quantification

NO concentrations were evaluated by measuring the accumulation of nitrite in
PBMCs supernatants using the standard Griess assay. Aliquots (100 ul) of the
supernatants were added to equal volums of Griss reagent constituted of 1%
sulfananilamide diluted in 5% H3PO4 and 0.1% naphthylenediamine (all of Sigma -
Aldrich) in 96-well tissue culture plates. Absorbance at 540nm of the resultant reaction
was determined by using an Elisa reader. Conversion of absorbance to NO
concentrations was performed according to a standard curve (NaNO3z) and the results

were expressed in pM.

DNA damage

This evalution was performed by the comet assay as described by Singh et al
(20 with some modifications. Three types of lesions were analysed: the general
lesions, the oxidized purines by using the enzyme formamidopyrimidine-DNA
glycosylase (FPG) and the oxidized pyrimidines by using the enzyme endonuclease
[l (endolll). Aliquots of 10 ul of PBMCs were added to 120 ul of 0.5%low — melting
point agarose. This mixture was layered onto a slide pre- coated with a 1,5% normal
— melting point agarose and covered with a cover slip and placed at 4 ° C for 10 minutes
to allow agarose to solidify. After this period, the coverslip was removed and the slide
submersed in freshly prepared cold lysis solution (2.5M NaCl, 100mM EDTA, 10mM
Tris, pH 10, 1% Triton X100 and 10% DMSO) followed by washing in PBS (Caz + and
Mg2 + free) for 5 m and treatment with FPG and endolll enzymes (1:1000 dilution) at
37 ° C for 30 minutes. Slides were then transferred to horizontal electrophoresis cuba
, which was filled with freshly prepared alkaline buffer (1 mM EDTA and 300 mM NaOH,
pH> 13). After 40 m, electrophoresis was performed (25 V for 30 minutes). The slides
were placed for 15 minutes in neutralization solution (0.4 M Tris, pH 7.5), fixed with
absolute ethanol, dried at room temperature and stored at 4 °C. At the time of analysis,
the slides were stained with 50 ul Syber Gold solution, covered with coverslips and 100
nucleoids per slide were examined under a immunofluorescence microscope (400X
magnification) coupled to the Comet Assay Il (Perceptive Instruments, Havervill,
Suffolk, UK). The test was performed in duplicate, with slides coded and analyzed by
blind test. DNA damage was measured by analyzing tail intensity (% of migrated DNA)
and tail moment [the product of tail length (DNA migration) and fraction of DNA in the

comet tail, i.e % of DNA in the tail]. @V
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Statistical analysis

Analyzes were performed by using the GraphPad Prism 5.0 software. Results
concerning to NO evaluation were analysed by ANOVA for independent samples
followed by Tukey Kramer test. Differences among the results of DNA damage
evaluation were calculated by the gamma distribution test. The level of significance
was set at p<0.05.

RESULTS

DNA damage induced by C. gattii and C. neoformans in PBMCs cultures

The results regarding general lesions triggered by both fungus species and
refering to tail moment, that identifies the presence or absence of lesions ,and those
of tail intensity indicating the lesions intensity, are shown in Figure 1A. We found that
the values after challenge with C. gatti were significantly higher ("tail moment" and "tail
intensity") as compared to control cultures. The same did not occur in cultures
challenged with C.neoformans, in which the values were similar to the controls. In
figure 1B, the lesions detected specifically in purines, by using the enzyme
formamidopyrimidine-DNA glycosylase (FPG), are shown. Values higher than those
obtained in the control cultures were detected after challenge with C.gatti and
C.neoformans ("tail moment" and "tail intensity"). However, the results were statistically
significant only after challenge with C.neoformans. In Figure 1C the lesions occurring
specifically in the pyrimidines (enzyme ENDO lll) can be analysed. We detected values
significantly higher than control cultures for both species (tail moment and tail
intensity). Together, our results indicate that both, C. neoformans and C.gattii are able
to induce damage in the DNA of the evaluated cells, without no important differences
between them. Images revealing the DNA damage in the analysed laminas are shown
in the Figure 2. Cells with slight and more advanced lesions can be visualyzed. All

degree of lesions were considered for our analysis.
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Figure 1 . DNA damage detected by Comet Test and expressed as tail moment and

tail intensity in peripheral blood mononuclear cells

C.neoformans and C.gattii . A: Basal damage.

purines, by using

(PBMCs) challenged with
B: lesions detected specifically in

the enzyme formamidopyrimidine-DNA glycosylase (FPG). C:

lesions occurring specifically in the pyrimidines (enzyme ENDO lll). The results are

expressed as mean + SD of experiments performed with cells obtained from 10

subjects. Statistically significant differences between groups are indicated: *p< 0.05

versus control.
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Figure 2. Images representatives of tipical DNA damages detected by Comet test.

Slight and more advanced lesions (comet like) can be observed .
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NO production

In order to evaluate whether the detected DNA damage is associated to NO
production, levels of this metabolite were quantified in the supernatants of PBMCs
challenged with the two species of Cryptococcus. Unstimulated PBMCs produced low
NO levels, that were significantly increased only after challenge with C.gatti (Figure
3).

1

0 .
Control C.gatti  C. neoformans

Figure 3. NO production by peripheral blood mononuclear cells (PBMCs) challenged
with C. neoformans or C. gattii. The results are expressed as mean + SD of
experiments performed with cells obtained from 10 subjects. Statistically significant
differences between groups are indicated: *p< 0.05 versus control and C.

neoformans.
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DISCUSSION

Although studies have demonstrated that some pathogens are able to induce
DNA damage, () data about fungi genotoxicity are rare. Peripheral blood leukocytes
have been used to study DNA damage caused by some factors such as infectious
agents , as they can represent the lesions induced in other cells. Another advantage
is the feasibility of using such cells in human studies. In turn, comet assay is a relative
simple, sensitive and powerful method to determinating genotoxicity. ?® Thus, in this
sudy the capacity of Cryptococcus neoformans d C.gattii in inducing DNA damage
was tested by using human peripheral blood mononuclear cells and the comet assay.
To our knowledge, this is the first report aiming to evaluate this process associated to
Cryptococcus.

In the experiments in which the general lesions were evaluated, we found that
only C. gattii induced significant DNA damage. However, when lesions on specific
bases (purines and pyrimidines) were analysed, we concluded that both species are
able to inducing genotoxicity. Based on these results we can suggest that differences
in patogenicity among these two species may be not associated to differences in
the capacity to inducing DNA damage.

This finding allow us to include the two species of Cryptococcus among the
infectious agents that can cause cells genotoxicity such as Mycobacterium
tuberculosis,?® Trypanossoma cruzi,®® Leishmania chagasi,®4#2% Klebsiella
pneumoniae % and others.

The mechanisms involved in the association carcinogenesis/infection are not
totally elucidated. Two main mechanisms are proposed : direct action of the pathogen
on DNA or an indirect effect by activating a strong inflammatory response that induces
cells to an excessive oxidative metabolism. Oxidative damage to DNA has been
recognized as the main factor that promote carcinogenesis. @¢” 28 This second
mechanism has already been proven in infections whose resistance requires the
generation of an important inflammatory response that culminates with the activation
of the oxidative metabolism for the destruction of the pathogen, as in the case of
infection with leishmania 2425 and T.cruzi. ?® These data imply that this mechanism
can also be suggested by infection with Cryptococcus, as host resistance to this fungus
is associated with M1 macrophages which, for activation, requires the production of

proinflammatory cytokines such as IFN-y and TNF-a. The main product of activated
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M1 macrophages is NO that is able to destroy Cryptoccocus 2 but that in excess can
lead to oxidative stress.

Here, in an attempt to determinate the association DNA damage /high NO
production , the levels of this metabolite were evaluated in the supernatants of
PBMCs challenged with C.neoformans and C. gatti. Surprisingly, we detected that
only C.gatti was able to induce high NO production. Thus, an association between DNA
damage and high NO levels were only detected in relation to this Cryptococcus
species. Further studies are need to bether understanding these unexpected results.
Independent of these differences, the results show the potential capacity of both
fungus species in inducing carcinogenesis and point to the possibility that patients

with cryptococcosis are more susceptible to the development of other diseases.
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ABSTRACT

Cryptococcus neoformans and Cryptococcus gattii are the etiological agents of human
Cryptococcosis, a systemic mycosis whose incidence has increased drastically in last
decades, particularly in immunosuppressed patients as those with AIDS. Of extreme
importance for the study of the host's immune response to this infection is that these
two fungus species cause disease in different populations and with different clinical
forms. While C. neoformans is associated with disease in immunosuppressed patients,
C.gattii is able to induce mycosis in imunocompetent ones. Here,in an attempt to better
understanding these differences, we compared the ability of C. neoformans and C.
gattii in inducing differentiation of the different CD4 cell subsets, with a focus on Treg
and TH17 cells, as studies on the role of these two subjets are scarce in
cryptococcosis. The experimental approach was to incubate in vitro human peripheral
blood mononuclear cells (PBMCs) with live yeasts of C. neoformans and C. gattii
followed by evaluation of the intracellular expression of the cytokines IFN-y (TH1), IL-
4 (TH2), IL-17 (TH17) and the Foxp3 transcription factor (Treg cells) as well as mRNA
expression for Foxp3 and RORyt (transcription factor for TH17). Overall, we found that
C. neoformans is not able to induce TH1 and TH2 differentiation but induce Treg and
TH 17 cells. By other hand, C. gattii induces only Treg cells. The contribution of these
results for better understanding the differences in the relationship C. neoformans and
C. gattii host is discussed.

Keywords: Cryptococcus neoformans, Cryptococcus gattii, human peripheral blood
mononuclear cells, CD4 cell subsets.
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INTRODUCTION

Cryptococcosis is a life-threatening systemic mycosis caused by the
species Cryptococcus neoformans and Cryptococcus gattii.() These two species of the
fungus affect different patients populations and with different disease manifestations.
While C. neoformans infects individuals in the urban area and with a profound
impairment of the immune response, as those with AIDS, C. gattii is able to infect
immunocompetent individuals in both, rural and urban areas.?®* To understanding the
mechanisms involved in these differences have been a challenge for researchers. The
infection of the brain and meninges by C. neoformans is the most important clinical
form, as it is frequently associated to deaths.® Worldwide, C. neoformans is
responsible for approximately 1 million of cases of cryptococcal meningitis per year
among people with HIV / AIDS, resulting in approximately 625,000 deaths.® In the
immunocompetent patient, C. gattii infection is clinically characterized by pulmonary
lesions and pneumonia, with or without meningitis. Symptoms may also occur in the
skeletal muscles, with a tendency to present lesions characterized by lung and/or
cerebral mass, and hydrocephalus.®

The main host immune response against Cryptococcus correlates with
macrophage polarization to a M1 phenotype.() These cells mediate pathogens killing
through generation of oxygen and nitrogen species.® The NO synthase (iINOS)
enzyme that is a marker of this type of macrophage acts on the L-arginine substrate to
produce nitric oxide (NO), which has anti-cryptococcal properties.®4 M1
macrophages generation depends on a response mediated by a TH1 CD4
subpopulation, which is characterized by the production of IL-2, IL-12, IL-18, IFN-y and
TNF-a. In contrast, induction of anti-inflammatory TH2 CD4 immune response
characterized by the release of IL-4, IL-5, IL-13 and IL-10 is associated with the
generation of M2 macrophages. Thus, TH1 and TH2 responses are associated to
resistance and susceptibility to infection to Cryptococcus, respectively.*>16) |n addition
to the TH1 and TH2 subpopulations, TH17 characterized by the production of IL-17A,
IL-21, IL-22, IL-6, and TGF-B @719 can potentially participate in host defense
mechanisms against this fungus.%?) Naive CD4* cells, can also preferentially
differentiate into regulatory T cells (Tregs), whose differentiation occurs in the
presence of TGF-B and are characterized by expression of the Foxp3 transcription
factor and IL-10 production. Tregs exhibit suppressive activity and play an important
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role in the modulation of inflammatory responses. Thus, they may have an important
protective role, limiting excessive and harmful inflammatory responses to the host, but
at the same time may play a non-protective role by over-inhibiting this response.?
Studies on role of TH17 and Tregs in cryptococcosis are scarce. Here, we compared
the ability of C. neoformans and C. gattii in inducing differentiation of the different CD4

subpopulations, with a focus on Treg and TH17 cells.

METHODS

Subjects

Peripheral blood from healthy donors from University Hospital of the School
of Medicine Botucatu, S&o Paulo State University, UNESP was used after signature of
informed consent form. This study was approved by the Ethics in Research of the
Faculty of Medicine of Botucatu, protocol n°® 38381014.2.0000.5411.

Fungi

C. neoformans and C. gattii strains were provided by the Mycology Service
from the Department of Microbiology and Immunology of the Institute of Biosciences -
[.B.B., UNESP, Botucatu. Yeasts were cultured in 20 x 200 mm tubes containing

Sabouraud culture medium (Difco) with yeast extract, at 25 ° C for 5 days.

Obtention of peripheral blood mononuclear cells (PBMCs)

Peripheral blood mononuclear cells (PBMCs) were separated by Ficoll-
Hypaque density gradient (Sigma-Aldrich, St. Louis, MO, USA) (centrifugation at 405
g for 30 minutes). The ring rich in lymphocytes and monocytes was removed, washed
with RPMI-1640 (Sigma-Aldrich, St.Louis, MO, USA) and then centrifuged at 450 g for
15 minutes. The cells were subsequently resuspended in complete culture medium
(RPMI 1640 supplemented with 2 mM L-glutamine, 40 mg/mL gentamicin and 10%
inactivated fetal bovine serum). Identification of the cells and assessment of their
viability were performed using Trypan Blue staining. The cells were seeded in 96-well
tissue culture plates (1x107/mL) and stimulated with C. neoformans or C. gattii (10°

yeasts/mL) during 7 days.
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Intracytoplasmic expression of IFN-y, IL-4, and IL-17

Six h before the end of the culture (7 days) a solution of blefeldin (5 mg/mL)
(BioLegend, San Diego, CA, USA) were added to the PBMCs cultures to prevent
cytokines release from the cytoplasm. After this period, cells were collected from the
96-well plates, transferred to Eppendorf-type microfuge tubes and centrifuged at
10.000 rpm for 60 s. Supernatant was disposed and cells washed again with 200 pL
of 1% BSA. After cells were labeled with anti-CD4 monoclonal antibody conjugated to
PE-Cy7 (phycoerythrin) (0.6 uL), and anti-CD3 conjugated to FITC (Fluorescein) (2 pL)
(BD-Becton, Dickinson and Company, San Diego, CA, USA) and incubated for 20 min.
At the end of this period cells were treated with 100 pL of Reagent A fixing Fix & Perm
kit (Nordic MUbio) for 20 min at room temperature, washed with 0.5% BSA, suspended
in 100 pL of Reagent B permeabilization Fix & Perm kit (Nordic MUbio), and incubated
with antibodies anti-IFN-y conjugated with PE (phycoerythrin), anti-IL-4 conjugated to
PE and anti-IL17 conjugated with Alexa 488 (5 pL) for 20 min at room temperature.
Finally, cells were washed with 500 yL of PBS + 0.5% BSA, and suspended in

cytometric buffer solution.

Intracitoplasmic expression of Foxp3 transcription factor

PBMCs were submitted to the same treatments described for
intracytoplasmic  expression of IFN-y, IL-4, and IL-17 until the incubation with the
surface marker antibodies. After , to the cellular suspension was added 300 pL of
wash (eBiosciense - San Diego, CA, USA), followed by centrifugation in a
microcentrifuge at 10.000 rpm for 60 s, discard of the supernatant and incubation with
300 uL of Perm reagent/FIX (eBiosciense), for 30 min in free light refrigerator. After
this period, 500 pL of wash buffer was added and the suspension was 2x centrifuged
for 5 min at 405 g and 1x for 60 s at 9500 g. The supernatant was discarded by
inversion, 3 pL of Foxp3 antibody conjugated to PE (phycoerythrin) was added and the
cells incubated for 30 min at room temperature. Finally, cells were ressuspended in 1
mL wash buffer, centrifuged and ressuspended in 300 pL of electrolyte solution

Isotonic + 1% BSA for analysis in flow cytometer.

Foxp3 and Roryt mRNA expression
Total RNA was extracted from PBMCs by the TRIzol method (Invitrogen, Sao

Paulo, Brazil). The RNA concentration was determined by absorbance at 260 nm; all
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samples showed an absorbance value of approximately 2.0. One microgram of RNA
was used for the synthesis of 20 pL of complementary DNA (cDNA) by ImProm-II™
Reverse Transcription System (Promega, Brazil). Foxp3 and Roryt mRNA levels were
determined by real-time PCR. Primer sequences are shown in Table 1. The B-actin
gene was used as an internal control. Relative quantification of each target mMRNA was
performed using a standard curve-based method for relative real-time PCR data
processing with a StepOne™ Real-Time PCR System (Applied Biosystems,Foster
City, CA, USA) and Power SYBR Green PCR Master Mix . The real-time PCR cycler
conditions were 95°C for 10 minutes, followed by 40 annealing cycles at 95°C for 15
seconds and extension at 60°C for 1 minute. Fluorescence signals were collected
during the annealing and extension cycle of amplification (60°C for 1 minute).
Amplification of specific transcripts was confirmed based on the melting curve profiles
generated at the end of each run. The control samples' mean expression was assigned
a relative value of 1.0, and concentrations in all other samples were normalized

proportionately.

Table 1. Primers

Gene Primers sequence

Ror-yT | F- 5TGAGAAGGACAGGGAGCCAA-3’
R- 5CCACAGATTTTGCAAGGGATCA-3’

F- 5ACAGTCTCTGGAGCAGCAGC-3

FOXP3 | b 5 CCACAGATGAAGCCTTGGTC-3'

F-5’AAGGGACTTCCTGTAACAATGCA-3’

B-aclina | B 5 CTGGAACGGTGAAGGTGACA-3'
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RESULTS

To determine the profile of CD4 cells that is induced by both fungus species,
the expression of typical cytokines produced by each subpopulation was analysed
(Figure 1). We observed that CD4* cells do not express intracytoplasmic cytokines
associated with the subpopulations TH1 (IFN-y), TH2 (IL-4), TH17 (IL-17). However,
Foxp3 transcription factor was significantly and equally expressed in response to C.
neoformans and gattii, which reveal that Treg cells are the CD4 subpopulation
preferentially induced by both species (Figure 1A). Representative dotplots of CD4*
intracytoplasmatic cytokines of the subpopulation IFN-y (TH1), IL-17 (TH17), IL-14
(TH2) and Foxp3 (Treg) (B).
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Figure 1. Expression of intracytoplasmic cytokines IFN-y, IL-17, IL-4, and the
transcription factor Foxp3 by PBMCs (1x107/mL) stimulated with C.neoformans or
C.gattii (10% yeasts/mL) during 7 days (A). Representative dotplots of CD4*
intracytoplasmatic cytokines of the subpopulation IFN-y (TH1), IL-17 (TH17), IL-14
(TH2) and Foxp3 (Treg) (B). The results obtained with cells from 5 individuals are

expressed as mean + standard deviation. * p<0.05 compared with other groups.
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As we were focusing on Treg and TH17 cells, to confirm the results, we
performed experiments in which the mRNA expression for Foxp3 (Figure 2A) and also
for RORyt (Figure 2B) the transcription factor for TH17, was quantified. A significant
expression of MRNA for Foxp3 was detected in response to C. neoformans. This result
confirms the capacity of this fungus to induce this factor, as it was detected at both:
MRNA and protein phases (intracitoplasmic expression). Differently, C. gattii did not
induce a significant expression of mMRNA for Foxp3. However, a significant expression
of this factor was detected at protein phase (intracitoplasmic expression) , which lead
us to consider that despite faill in detect mRNA for this factor, the protein was
produced. Thus, our interpretation for the results is that both C. neoformans and C.
gattii are able to induce Foxp3 expression , and consequently Treg differentiation.
Significant expression of mMRNA for the RORyt factor (Figure 2B) was detected for C.
neoformans, which allow us to consider the ability of this fungus to induce TH17
response, regardless IL-17 is not detected in the cytoplasm of the cell (Figure 1).
Similar response was not obtained for C. gattii, as both RORyYT mRNA and cytokine

were not expressed .
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Figure 2. Relative quantification of mRNA expression for Foxp3 (A) and RORyT (B)
by PBMCs cultures, without stimulation (control) or stimulated with C.gattii or C.
neoformans. The results are expressed as mean + standard deviation. ** p <0.05 x

control and x C.gattii.
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DISCUSSION

Here we aimed to compare the profile of CD4 cell subsets induced by C.
neoformans and C. gattii. Studies comparing the host response to these two species
can help to understanding why they affect different patients populations and with
different disease manifestations. Despite we also tested TH1 and TH2 subsets, the
focus of our study was TH17 and Treg, as studies on these subpopulations in
cryptococcosis are scarce. The experimental approach was to incubate PBMCs with
live yeasts of C. neoformans and C.gattii and to detect the intracellular expression of
the cytokines IFN-y (TH1), IL-4 (TH2), IL-17 (TH17) and the Foxp3 transcription factor
(Treg cells) as well as mRNA expression for Foxp3 and RORyt (transcription factor for
TH17). Overall, we found that C. neoformans is not able to induce TH1 and TH2
differentiation but induces Treg and TH17 cells. By other hand, C. gattii induces only
Treg cells. Our results differs from a similar study in the literature showing that PBMCs
incubation with C. gattii, induces high concentrations of the pro-inflammatory
cytokines IL-1B8, TNF-a and IL-6 and the Th17/22 cytokines IL-17 and IL-22 while
Cryptococcus neoformans species complex seems to induce mainly a IL-22 response,
with low IL-17 production. @3 One of the explanations for these differences is the use
of heat killed cryptoccocus in this study and live yeasts in ours. Factors released by
live Cryptococcus may interfere significantly in cells response to this pathogen.

The experimental approach used for us in vitro, may represent the in vivo
situation, in which immunocompetent individuals is infected with live yeasts of C.
neoformans or C. gattii. Following this reasoning, the finding that C. gattii is able to
induce only Treg response may at least partially explain how this specie can induce
disease in immunocompetent individuals. Studies have shown that Tregs exhibit
suppressive activity and play an important role in the modulation of inflammatory
responses. Thus, they may have an important protective role, limiting excessive and
harmful inflammatory responses to the host, but at the same time may play a non-
protective role, unnecessarily inhibiting these responses. ?2 Thus, it is crucial that
there is a balance between the induction of effector CD4 + subpopulations and Treg
cell activation during an infection. 2425 Thus, our study suggests that Treg response
is involved in an excessive inhibition of effector cells important for fungus destruction
which enable C. gattii to induce disease in immunocompetent host. This interpretation
agrees with studies showing that low numbers of TH1/TH17 lymphocytes are found in

the lungs of C. gattii infected mice.?® To our knowledge this is the first report on
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induction of Treg cells by both Cryptococcus species. A different interpretation can be
given by infection with C. neoformans. Despite this species induce Treg response, a
concomitant important effector response mediated by TH17 is also present, which at
least partially can assure protection in immunocompetent individuals. This highlights
the role of this CD4 subset in protection against Cryptococcus, that is yet undefined.
Some studies have shown that TH17 can participate in host defense mechanisms
against the fungus.®2) However, other studies have shown that IL-17 mediated
response is only important for optimizing the response to Cryptococcus pulmonary
infection since TH1 response is sufficient to confer protection.?”) Overall our results
contribute to a better understanding of host immune mechanisms to infection with
these two fungus species that result in disease in different populations and with

different clinical forms.
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Os resultados referentes ao primeiro objetivo do presente estudo permitiram
concluir que o C.neoformans nao é capaz de induzir a diferenciacdo de TH1 e TH2,
mas sim de células Treg e TH17. Por outro lado, o C.gattii induz apenas a

diferenciacéo de células Treg.

Quanto ao segundo objetivo os resultados mostraram que ambas as espécies
sao igualmente capazes de induzir genotoxicidade em PBMCs. No entanto, uma
associacao entre danos no DNA e altos niveis de NO foi detectada apenas em relacéo

a C. gattii.
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Anexo 1

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO PARA PARTICIPACAO
EM TRABALHO CIENTIFICO

O sr(a)

esta sendo convidado(a) a participar de uma pesquisa chamada , “Analise de células
T regulatérias e avaliagdo genotdxica na infeccdo in vitro por diferentes
espécies de fungos do género Cryptococcus spp”. A doenga Criptococose € uma
micose, causada pelo fungo das espécies Cryptococcus neoformans e Cryptococcus
gattii. A espécie C. neoformans geralmente acomete pessoas em que as células do
sistema de defesa nao funcionam bem e vivem em area urbana e C. gattii acomete
pessoas no geral em areas urbanas e rurais. A infeccdo acontece quando o fungo que
estd no ambiente entra através da respiracdo e chega aos pulmdes e na corrente
sanguinea, podendo também invadir o cérebro e atingir outros 6rgdos. Nao se sabe a
razdo de cada espécie de fungo atingir diferentes tipos de pessoas, com isso
pretendemos estudar o papel de algumas células e substancias presentes no sangue
para tentar entender melhor como ocorre a infeccdo. Convidamos o senhor (a), doador
de sangue e saudavel, pois precisamos de células de defesa que estejam funcionando
normalmente para observar seu comportamento quando infectada com o fungo,
simulando a infeccéo.

Este trabalho € desenvolvido sob a responsabilidade da Farmacéutica Jéssica
Cristina Bilizario Noguerol Andrade e da Bi6loga Prof2. Dr2 Sueli Aparecida Calvi, do
Departamento de Doencas Tropicais e Diagndstico por Imagem. Sendo assim,
estando devidamente informado do trabalho a cima exposto, o Sr(a) estd sendo
convidado a participar da pesquisa, conforme os termos abaixo:

Fui devidamente informado sobre os objetivos e técnicas envolvidas que
consistem em: coleta de 30 mL de sangue através da veia do bragco em um unico
momento do estudo. Fui informado que os técnicas realizados nao trds nenhum risco
para minha saude e o Unico desconforto serd a coleta de sangue para o estudo, que

pode causar dor durante e manchas roxas apos.
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Declaro que concordo em participar do projeto de pesquisa. Estou ciente de
gue os resultados dos exames serdao utilizados somente pelas pesquisadoras, que

manterao sigilo

sobre minha identidade, e que as mesmas estao disponiveis para responder a
quaisquer perguntas. Declaro que ndo receberei nenhum beneficio financeiro em
participar da pesquisa. Sei ainda, que poderei retirar este consentimento a
qualquer tempo, sem gue isso resulte em prejuizo para meu seguimento, atual
ou futuro, em qualquer dependéncia do Hospital das Clinicas da UNESP. Em
caso de divida adicional, sei que poderei entrar em contato com o Comité de Etica
em Pesquisa da Faculdade de Medicina de Botucatu, através do fone: 3880-1608, ou
com as pesquisadoras responsaveis pelo trabalho, nos contatos mencionados no fim

deste documento.

Este documento apos aprovacdo do CEP sera elaborado em 2 vias, sendo uma
entregue ao sujeito da pesquisa e outra sera mantida em arquivo pelo pesquisador.

Botucatu, de 20

Assinatura do paciente Assinatura da pesquisadora
Sueli Aparecida Calvi Jéssica Cristina Bilizario Noguerol Andrade
End: Rua Fausto Lyra Branddo, 211 Vila End: Agenor Nogueira, 496 Vila S3o Lucio,
Nogueira, Botucatu Botucatu
Tel:14-38821395; Tel:14-99124-0397:

Email: sacalvi@fmb.unesp.br

Lab. Doencas Tropicais 14-3880-1641
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Anexo 2

FACULDADE DE MEDICINA DE Mo
BOTUCATU -UNESP w

PARECER CONSUBSTANCIADD DO CEP

ek e
-

DADCE DD FROJETD DE FEEZQUIZA

Tthslo da Pecquilca: Andlize de células Tregulabdrias e avallagio genctavica na infecglo I vilo por
deerenb=s =spécies de fungos do ginero CrypbocoCous SpR

Pecigulcador: JESSICA CRISTINA BILZARID NOGUERDL ANDRADE

Arsa Tematioa: Genébca Hoana:
[Trata-s= de pesquisa enyoleEndo Sendtica Humana gues rdo necessita de andilse
Eficy por parte da CONEP; )

Varcio: 2

CAAE: 38384014.2,0000.5411

Inctitulpdo Proponanis: Ceparamento de Doencas Tropicals = Dlagndsfion por Imagem

Pabrooinador Primcipal: Financamenis Priprio

DADCE DD FPARECER

Homar do Pansssr 316.780
Daia da Aslatorla: 14122014

Aprecentsyio do Projata:
Erojets pendents =m reunido do CEF realizada no dia 0141272014, Retoma para andlis=.

Dbjettvo da Pacgulca:

Cibjetivo gerak Axallar a penoloxicidade = anall=ar a5 ofulas Tregs & PEMCs de indlviduos sauddvels
estimuladas in vitro com C. gattll & C. meoformans.

Ogefivos especiioos: Avallar:

- a frequiéncls de cejules Tregs am oufturas de PEMCE estiuiadas com O gattll, ©. necformans, LPS ou
sem esimaio;

- a expressio ginilca 3o Foxp3 em culturas d= PEMCS esimuladas com C. gattll, . neoformans, LPS ou
sem esimuio, por RT-FCR;

-3 prl:ldu-;!l:l daes cliocimas IL-2, IL-10, IL-35 & TGS do sobremsdanis de culluras de PEMCS estimuladss
com C. gaiEl, & neoformans, LPE ou sem ssiimaio;

- as alteragBes genotdxicas em culturas de FEACE esimuladas oom C. gafill, C. mecformans, ou sem
eskimula.

Avallagdo dos Fleoot & Benaficlon:
Riscos: bickhgkcn, sagundo os aulones.

Chisa 3l | mi=
Balrro:  FBusdio Junior CEP: j&&nes0n
L = Eunicipio: BOTLCATL
Talsfona )4 pessnme E-mall: cacslocm urssp br

i £ b £
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Benefcios: Os resultsdos podem ser bemeficlos para fulurcs padenies infectsdos com C. gattl & C.
meoformans.

Comantarios & Concldaragles cobre & Pecgulca:

Berdo colelados 30 mi de sangue perterico de 20 Indhviducs saudavels, de ambos 05 SENDS, Enne 18 &40
ances, doadores de sampoe do Hemmoenio do HE FRIB, mﬂ-:-:t-l:a‘-;!u do TCLE. As o&ulys mononuciean=s

do sangue perférico (FEMCs) serfo cbidas por melo da separagic em gradients de Flooll-Histopague;
Fara o cukho do C. neoformans = &, gattl & Esﬂr*ulu;iu das PEMCs serlo ulllizadas cepas de ©.
mzoformians & C. galtl, formecdas pelo Deplo Microbiologla = Imasoicgls do Instiute de Blecl®nclas de
Bofucaiu, UNEEF. A a'rﬂll!l,'.il:l da pll'-:-I:IIJI,'.EI:I de icoins em sobrenadanie= d= FEMCS s Tella peila
dosagem das chocras IL-2, IL-10, IL-35 & TGS por chomsiria de fan. Far 3 quantficapls da evpressio
prica do fator de franscriclo Foap3 pela PCR em Tempo Real (gPCR ) serd realizado & extragdo de RNA,
tofal, sintese de cOMA. A gquantficapio relatva da expressio génica (RT-FCR) serd fela por andils: da
ampificapio dos genes Foxp3 & -actina peio método da quantificacio relatha. A avallagio das cfiulas Treg
serd fedtn por cltcrmetria de Muxo & dos damcs fo DMA por proloooio especiion. Metcdologia & & analkse
eskatizica foram deialhadas no projefo. Cronopgrama adeguado. Orcamenio estimado e 25.000,00.
TCLE para of dosdores de sangue, esorio & inpusgem mulio itomica.

Conclderagles cobre ot Termos de aprecsniagdo obrigatoria:
Fendéndas:

- TCZLE em Inguagem maks informal = explcaivaFendénch atendlds.
- na Plal%rma Brasll, s=r mals direto com relaclo aos riscos bioldglicos e acrescentar os riscos da

wenopunipio (dor, hematoma).Pendéncia ndo atendida, porém os autores foram explicativos o TCLE, &
portanis do ponto de vist &tico, considero as colocagles do TCLE suficlentes.

- dnexar uuhrul;iu do Chefs de Departsmenio de Microbiclogla do Instiulo d= Blocléncies: Femdéncla
anendics,

Re=nmar-dagiac:
Bugire aprovario do projeto, sem necessidade de envio & COMEP.

Conolusehss ou Penddnolac & Licia de Insdequsglec:
Aproriada.

Ercdarsss: Chasa Subigmoll | wi-

Bmlrre: Fobiio Junior CEP: (EgiEgm
L - Hunicipio: BOTLCATL
Talmfona | |4QISS0- A0S E-mail: cassboc @b urssp br

gl 2 i
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EHuagdo oo Faneosr:
Aprovrado

Kececcia Apraclaglo da COMEP:
TL5]

Conclderagbec Finale a arttéric do CEF:
Frojeln de Fesguisa AFRCVADD em rewntlo EXTRACRDINARLA de 161 22014, sem necessidade de
envio & COMEP.

05 pesguisadorss deverdo enviar "Relabirio Final de Attvidades™ 180 logo o presents projeto esieja
conciuldo.

ECTUCATU, 16 de Dezembro de 20148

BAgcinado por
ZILVAMA AHNORES MOLINA LIS
(Coordenador)
Erclaregz: Chioew Budigmolll | =i
Balrro: Mol Junior CEP: =g
ur- EP Bunicipia: BOTLCATU
Talmfona: | 143850-1808 E-mail: cassloomh urssp br
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