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Apresentacao

Coccidioidomicose, conhecida também como Febre do Vale, é uma
doenga causada pelos fungos geofilicos e dimdrfico térmicos das espécies
Coccidioides immitis e Coccidioides posadasii. Estudos mostram que o fator
climatico possui um papel importante para o desenvolvimento da
Coccidioidomicose, ja que os maiores indices de infecgdo ocorrem em regides

aridas e semi-aridas dos Estados Unidos, México e América do Sul.

Em relacéo a taxa de incidéncia, dados epidemiologicos revelam que a
doenca tem aumentado drasticamente nas ultimas décadas nos estados do
Arizona e Califérnia. No entanto, no Brasil, somente a poucas décadas a regiao
semi-arida do nordeste foi incluida como area endémica. O pouco conhecimento
da coccidioidomicose e provaveis diagndésticos errbneos como pneumonias
inespecificas, tuberculoses ou mesmo pneumoconiose e silicose podem ter

dificultado o diagndstico da doenca.

A infecgéo ocorre pela inalagéo de artroconidios infectantes presentes no
solo que acabam por se instalar no pulmao, o qual é considerado fonte primaria
de infecgdo. As manifestagdes clinicas da micose ocorrem sob trés formas
clinicas principais: forma pulmonar primaria, forma pulmonar progressiva ou
forma disseminada, sendo que, na forma primaria 60% das pessoas infectadas
com o fungo permanecem assintomaticos ou com a presencga de leves sintomas
respiratorios. Além disso, a semelhanga dos sintomas clinicos da
coccidioidomicose com outras doencgas respiratérias dificulta o reconhecimento

da doencga, necessitando, portanto, de novas metodologias de reconhecimento.

Uma das formas de identificar a infeccdo é através do teste cutaneo
contra Coccidioides. A reacao de hipersensibilidade tardia apés o teste com o
antigeno coccidioidal tem sido associado a uma resposta celular, e a forte
resposta imune é considerada fator critico para o controle da infeccdo. Estudos
clinicos mostraram que ha uma estreita relacdo entre a resposta imune

coccidioidal especifica e a severidade da infecgao clinica. Pacientes com HIV ou
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sob terapia por longo periodo a base de corticdides, por exemplo, possuem
maiores chances de desenvolver sintomas severos da coccidioidomicose. Além
disso, estudos in vitro relatam que a liberagao da citocina interferon-gama pelas
células aumenta o poder fungicida/efetor dos mondcitos, enquanto que a
liberacdo de 1I-10 esta associada com a maior chance de adquirir e disseminar o

fungo.

A disseminagao da doenga ou o sucesso do Coccidioides como patégeno,
contudo, principalmente em imunocomprometidos, estd relacionado com a
capacidade do fungo em alterar a composicdo de sua parede -celular
possibilitando assim, um escape do sistema imune. Uma via pela qual isso
ocorre € promovendo o desequilibrio do balango Th1/Th2. Estudos em modelo
de camundongos tém mostrado que o direcionamento da resposta para a via
Th2 aumenta o sucesso de infec¢do pelo fungo. Dessa forma, a alteracéo de
algumas proteinas e carboidratos da parede celular do fungo, considerados
como padrdes moleculares associados aos patégenos (PAMPs), promovem a
viruléncia e o escape imune. Assim, estudar a imunologia da doenga € um
aspecto importante para conhecer a patologia e desenvolver as melhores formas

terapéuticas.

Phage display tem sido considerado uma ferramenta poderosa para a
selecédo de peptideos miméticos ou ligantes para epitopos de superficie celular,
bem como de fragmentos de anticorpos, como moléculas de fragmentos variavel
de cadeia simples (scFv) com potencial aplicagdo clinica. Por apresentar
sequéncias randémicas de peptideos na superficie dos fagos, essa metodologia
tem sido utilizada para gerar mimetopos para diagndstico, vacina ou com agao

bloqueadora a diversos patégenos como virus, bactérias e fungos.

Assim, o objetivo deste trabalho foi postular que exista um possivel
escape imune por parte do fungo Coccidioides, analisando por meio do perfil
imunoldgico dos diferentes grupos de pacientes (saudaveis, curados e crbnicos)
estimulados com antigenos coccidioidais (T27K, endosporo e esférula). Além

disso, produzimos por Phage display provaveis biomoléculas que poderiam vir a
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estimular uma resposta imune (mimetopos e fragmentos de anticorpos-scFv)
como uma alternativa de terapéutica para combater a infeccdo. A inovagao
desse estudo se fundamenta em analisar trés tipos diferentes de estimulo sobre
PBMCs em trés diferentes grupos de pacientes ao mesmo tempo e ainda por ser
o primeiro grupo a buscar uma nova alternativa (Phage Display) de
desenvolvimento de novas biomoleculas a serem utilizadas como terapéutica ou

detecgao da coccidioidomicose.
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Fundamentacao tedrica:

1. Coccidiodomicose

1.1 Aspectos gerais e Epidemiologia:

Coccidioidomicose € uma doenga que acomete humanos e animais causada
por Coccidioides immitis/posadasii, um fungo presente no solo [1] . Esta doenga
foi primeiramente reconhecida e relatada por um estudante de medicina na
Argentina, Alejandro Posadas, em 1892 [2]. Posteriormente, Thorne and Rixford,
em 1894, apresentaram dois casos clinicos semelhantes no estado da
California, EUA [1]. C.immitis e C. posadasii causam coccidioidomicose tanto em
humanos como em animais, 0 que, para constar, sao doengas aparentemente
indistintas quando se considera manifestagdes clinicas e resposta imune de
hospedeiro. As espécies sao classificadas em agentes de nivel 3 de
bioseguranga por manual a biobliografia [3].

A recente historia da Coccidioidomicose € relatada por Smith e
colaboradores [4]. Eles desenvolveram um importante diagnostico, o teste
cutaneo de coccidiodina e o teste sorolégico, que permanece util até os dias de
hoje. Em um dos seus estudos com os soldados no campo do Vale de Sé&o
Joaquim, Smith foi capaz de demonstrar que 60% dos novos casos de infecgao
coccidioidal eram completamente assintomaticos. Além disso, eles demostraram
que as pessoas que perderam ou nunca demostraram reatividade com o teste
cutdneo eram mais propensas a desenvolver coccidioidomicose disseminada

pela regido toraxica [4].

Coccidioides immitis aparentemente possui a menor distribuicdo
biogeografica quando comparado com C. posadasii, ficando assim centralizada
no Vale de Sao Joaquim, Califérnia. Nesta regidao C. immitis parece ser a unica
espécie, no entanto dois isolados clinicos de C. posadasii, Silveira e K-727,
foram recuperadas destas areas. Silveira foi isolada de um paciente em

Bakersfield em 1951 e K-727 de uma paciente em 1992 [5]. Estima-se, que todo
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ano nos Estados Unidos, 150 mil pessoas tornam-se infectadas com
Coccidioides ssp. e 50 mil desenvolvem sintomas. No caso dos estados do
Arizona e California, estudos tém mostrado que a coccidioidomicose aumentou
drasticamente, com taxa de incidéncia de 97,8% e 91,1% dos anos de 2001-
2006, nos dois estados, respectivamente [6].

Mais recentemente, o Brasil foi incluido como uma area endémica, incluindo
os estados de Ceara, Piaui, Bahia e sul do Maranhdo [7]. No Brasil, os
primeiros casos foram registrados no final da década de 70, mas o pais s6 foi
incluido como regido endémica para coccidioidomicose em 1994 apds surtos da
doenga no Piaui e Ceara [8]. Em 1991 em Oeiras (PI) foi registrada a primeira
microepidemia brasileira [7]. No entanto, a real incidéncia no Brasil ainda é
desconhecida, provavelmente por trés razdes: por ndao ser uma doencga
altamente notificada, por ser erroneamente diagnosticada (ndo mais nos dias
atuais), assim como a tuberculose, a qual € endémica no Brasil e por apresentar

altas porcentagens de pacientes assintomaticos [8].

1.2.Ciclo de vida e Transmissao

Coccidioides ¢ um fungo presente no solo, em que o homem é
eventualmente o hospedeiro final, apesar de que outroas animais como cavalo,
tatu, gato e cdes também desenvolverem coccidioidomicose. No solo, o fungo
existe como filamentos de hifas septadas (Fig. 1), os quais posteriormente séo
degenerados e liberados na forma de artroconidios. Esses artroconidios
apresentam-se em forma de barris e possuem um tamanho de 2 X 5um, o que
facilita a dispersédo e aumenta a probabilidade de atingir os brénquios apds a

inalagao por um hospedeiro sensivel [8].
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FASE SAPROFITICA CICLO PARASITICO

ENDOSPORO
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O

ARTROCONIDIOS ARTROCONIDIOS SAO >
INALADOS

Fig. 1 Ciclo de vida Coccidioides immitis/posadasii. Filamentos de micelas crescem no solo e formam
artroconidios. Apos ser disperso pelo ar os artroconidios podem ser re-implantados no solo ou ser inalado
pelo hospedeiro, os quais se transformam em esferula no pulméo. A esferula libera endosporo, o qual se
desenvolve em esferula novamente dentro do tecido do hopedeiro. Extraido de DiCaudo, 2006.

Uma vez dentro do hospedeiro, o fungo passa por uma profunda
alteragdo morfolégica em que a parede externa fratura-se e o interior
da parede espessa-se. O aumento da temperatura e da concentracdo de CO2
[9], o decréscimo do pH, e uma interagdo com os fagécitos [10] tendem a facilitar
essa metamorfose. Este processo leva a formacéo da esférula que pode crescer
até 120 um, e apresenta em seu interior com multiplos segmentos, chamados de
endosporos, 0s quais sao liberados apdés o rompimento da esférula,
desenvolvendo-se em uma nova esférula no interior do hospedeiro, reiniciando

seu ciclo [11].

1.3.Fatores de risco para desenvolver Coccidioidomicose severa e

disseminada

Existem muitos fatores de risco que predispdéem o hospedeiro a desenvolver
coccidioidomicose. A susceptibilidade determinada geneticamente € um desses
fatores. Estudos epidemiolégicos tem mostrado que filipinos, afro-americanos, e

latino-americanos  possuem  maior  susceptibiidade a  desenvolver
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coccidioidomicose disseminada [12]. Verificaram que filipinos possuem 176
vezes mais chances de desenvolver a doenga disseminada quando comparados
com caucasianos; afro-americanos e mexicanos nascidos nos Estados Unidos

possuem 14 e 3 vezes mais chances, respectivamente, do que caucasianos [12].

Embora a base genética para este aumento da susceptibilidade
permaneca indefinida, os pesquisadores tém realizado estudos para avaliar
polimorfismos genéticos que possam controlar ou estarem associados
a predisposicao de determinadas populacdes étnicas para Coccidoides. Louie et
al. [13] examinaram a influencia genética do hospedeiro na severidade da
doenca entre os grupos de loci HLA de classe Il e no tipo sanguineo (ABO).
Neste estudo verificou que entre os hispanicos a predisposicdo para o0s
sintomas, bem como, para a severidade da doenca € associada ao tipo
sanguineo A e B, respectivamente. Ja os alelos HLA class || DRB1*1301
promovem a predisposi¢cao da severidade da doencga, enquanto que os genes
DRB1*0301-DQB1*0201 e DRB1*1501-DQB1*0602, diminuem o risco de obter
coccidioidomicose severa em caucasianos € hispanicos como nos afro-

americanos.

Outros fatores seriam o género, idade, gravidez e imunossupressao.
Para o género, foi evidenciado que homens apresentam uma predisposi¢ao de
desenvolver a doenca severa de 3.5 a 5 vezes mais quando comparado as
mulheres [14] e, que criangas com menos de 5 anos de idade e pessoas acima
de 50 anos possuem maior susceptibilidade a doenca em uma populagao
indigena americana [15]. J& em relagdo a gravidez, estudos mostraram que
mulheres em gestacdo possuem grandes chances de adquirir
coccidioidomicose, principalmente no terceiro més da gravidez [16]. Drutz et al
[17] mostrou que a progesterona e o 17 p-estradiol estimulam o crescimento da
esférula e endosporo in vitro. Além disso, a imunossupressdo atribuida a
mulheres gravidas poderia ser uma das razdes do desenvolvimento da doenga,

assim como em pacientes imunossuprimidos, seja por medicamento ou outra
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enfermidade como na Sindrome de Imunodeficiéncia Adquirida (AIDS)[12, 17,
18].

1.4.Manifestagao Clinica

C. immitis é transmitido por uma rota respiratéria. Na infeccdo pulmonar
primaria, cerca de 60% dos individuos infectados evoluem para a cura
espontanea sem apresentar manifestagcdes clinicas [19]. Os demais (40%)
geralmente apresentam manifestagcées de doencga respiratéria aguda, simulando
gripe, com febre, sudorese noturna, tosse e/ou dor toracica tipo pleuritica que
pode evoluir para pneumonia. A intensidade dos sintomas depende diretamente
da carga infectante, variando desde um estado gripal até o quadro de uma grave
infecgao respiratéria inespecifica [20]. Nesta forma da doenca apresentam-se
com multiplos infiltrados difusos, os maiores podendo apresentar cavidades que
cursam com manifestagdes respiratorias graves, que podem levar a insuficiéncia
respiratéria, e sdo mais comumente observados em pacientes
imunocomprometidos [20]. Além da doenga pulmonar, a coccidioidomicose pode
disseminar e causar doenca miliar 6ssea e infecgdo conjunta, doenga de pele,
abcessos dos tecidos moles, e meningite. Estas complicagdes extrapulmonares

s&o pouco frequentes (<5% das infecgdes) [21].
1.5. Diagnéstico e Tratamento

Apesar dos avangos proporcionados por técnicas moleculares e
imunoldgicas recentemente, o isolamento e crescimento de Coccidioides ainda é
considerado o padrdo ouro em laboratérios de diagndstico para
coccidioidomicose [22]. Ensaios imunoenzimaticos, aglutinagdo de particulas de
latex e imunodifusdo podem ser usados como técnicas qualitativas, que
produzem resultados positivos no inicio do curso da infecgdo. Ensaios
imunoenzimaticos fornecem uma avaliagado qualitativa rapida de IgM e IgG para
a coccidioidomicose [23]. No entanto, reacdes positivas requerem outra

confirmacao por testes mais especificos.
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Técnicas moleculares, como a hibridizagao in situ (ISH) e reagdo em cadeia da
polimerase (PCR), podem auxiliar na identificagdo de C. immitis e C. posadasii
em tecidos parafinados [24]. Nos casos em que 0Os organismos nao Sao
morfologicamente distintos, ISH pode fornecer a confirmacédo especifica em
cortes histolégicos. [25]. Foi desenvolvido ainda um teste para detecc¢ao direta
de DNA de C. Posadassi em amostras de escarro por amplificagdo do gene
altamente especifico Ag2/PRA. Os resultados obtidos sugerem que a detecgao
direta da sequéncia de Ag2/PRA em amostras de escarro € um excelente

meétodo de diagnadstico rapido e especifico de coccidioidomicose [24].

Testes cutaneos de hipersensibilidade tardia para antigeno coccidididico
sdo uteis em estudos populacionais, que avaliam as tendéncias globais na
incidéncia da micose. No entanto, o teste cutaneo é de utilidade limitada no
diagndstico de uma infecgdo aguda. Um teste cutaneo positivo ndo distingue
infeccdo atual de infeccdo prévia. Além disso, anergia pode se desenvolver
durante a infeccdo ativa em alguns casos. Individuos com testes cutaneos
positivos frequentemente mostram declinio na reatividade apds cerca de 12 a 15
anos [26].

Para o tratamento da coccidioidomicose, drogas estdo disponiveis. A
anfotericina B tem sido usada para tratar a coccidioidomicose severa [27]. No
entanto, a limitagdo da administragdo via intravenosa na meningite coccidioidal,
tem requerido tratamentos que ultrapassem a barreira hemato-encefalica tal
como terapia intratecal. Devido a esses problemas e a toxicidade da anfotericina
B, antifungicos tais como azois tem sido utilizados. Vericonazol, bem como
Fluconazol e intraconazol foram relatados como eficazes terapias primarias para

a meningite coccidioidica [28].

Outras classes de antifungicos também sao utilizadas. Caspofungina, um
inibidor  da sintase de 1,3-p-D-glucano, uma equinocandina,
foi considerado eficaz no tratamento da coccidioidomicose em murinos [29].
Nicomicina Z, um inibidor da quitina sintase, também se apresentou eficaz no

tratamento da coccidioidomicose [29].
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2. Resposta immune

A resposta imune tem papel fundamental no combate a agentes
infecciosos e constitui o principal impedimento para a ocorréncia de infecgdes
disseminadas. No caso da Coccidioidomicose, a imunidade celular é
considerada o mecanismo chave para o controle da proliferagdo do fungo. Além
disso, recentes estudos [30, 31] tém ajudado a elucidar o mecanismo pelo qual

se promove a defesa celular [1].

A resposta imune inata é considerada a primeira linha de defesa apés a
inalagdo de artroconidios infectantes. Pesquisas tém mostrado que o influxo
celular ocorre em resposta aos extratos soluveis derivados do fungo, o qual ativa
o sistema complemento que atua com atividade quimiotatica [10]. Células
mononucleares, compostas principalmente por mondcitos e macrofagos,
realizam a fagocitose dos artroconidios [32], endosporo [33] e esférulas recém
formadas [34], além de promoverem a apresentagdo de antigeno para os
linfécitos T CD4+, o qual inicia a resposta adaptativa, conforme mostrado na Fig.
2 [30].
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Fig. 2 llustracao resposta celular contra fungos. Reconhecimento de moleculas
conservadas nos patogenos (PAMPs) pelos receptores Toll-Like e apresentagéo
antigénica pelas células apresentadoras de antigeno (APCs) para a ativagao da
resposta imune adaptativa. Figura extraida de Cutler et al. [37]
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O reconhecimento do agente infeccioso pelas células do sistema imune
inato ocorre via receptores de reconhecimento padrao (PRRs), tal como receptor
Toll-like [35] e Dectina-1 [36]. Estes PRRs reconhecem os padrées moleculares

associados ao patdgeno e permitem a eliminagdo do mesmo [37].

Receptores Toll-like tém sido identificados como a maior classe de PRRs.
Pesquisas mostram que os TLRs exibem um reconhecimento restrito. TLR-2, por
exemplo, reconhece peptidoglicano, lipoproteinas bacterianas, zimosan, ao
passo que TLR-3 reconhece dupla fita de RNA; TLR-4, lipopolissacarideos e
proteinas de choque térmico (Heat-shock proteins); TLR-5, flagelina; TLR7/8
reconhece RNA de fita simples e, por fim, as sequencias CpG de DNA néo
metilado bacteriano sao identificados por TLR-9 [35]. No entanto, a funcido dos
TLRs na infecgdo por fungos ainda né&o foi totalmente esclarecida. Ampel [38],
nos estudos da complexidade imunoldogica da coccidioidomicose humana
mostrou, contudo, nos ensaios com células mononucleares do sangue periférico
(PBMC) e mondcitos aderentes, que TLR-2 e TLR-4 parecem mediar uma
resposta imune celular em resposta ao estimulo com T27K, um antigeno

presente em Coccidioides.

Dectina-1 é um receptor lectina do tipo C que reconhece p-glucano, um
carboidrato presente na parede celular do fungo. Esse receptor reconhece
diversos fungos tal como Saccharomyces, Candida e outros [31]. Na
coccidioidomicose, ha relatos de que p-glucano, carboidrato que corresponde a
60% do peso-seco da esferula, estimula dectina-1 de maneira dependente para

a producéo de citocinas proé-inflamatérias [30].

Ja para resposta adaptativa, a estimulagcdo de linfécitos T CD4+ na
ativacao de TH1 ao invés de TH2 parece ser crucial para a protecdo contra C.
immitis. Magge, 1995, mostrou que camundongos resistentes (DBA/2) a infecgao
por Coccidioides produz muito mais IFN-y quando comparado com a linhagem
susceptivel (BALB/c), a qual libera mais IL-4. Além disso, ao tratar a linhagem

susceptivel com IFN-y recombinante, este apresentou um efeito protetor a
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infeccado [39]. Da mesma forma, a estimulagdo de PBMCs de pacientes imune
saudaveis, com resultado positivo para o teste cutaneo de hipersensibilidade,
produz uma aumento significativo de IFN-y, IL-2, IL-12 e TNF-a, porém baixa
producdao de IL-4 e IL-10, quando comparado a individuos saudaveis nao-
imunes e pacientes com coccidioidomicose disseminada [40, 41]. Interferon
gama € uma das citocinas pro-inflamatérias produzidas por TH1 que aumenta a
ativagdo dos macréfagos além de regular a expressao de moléculas de classe Il
do complexo principal de histocompatibilidade (MHC IlI) [42]. A alta
susceptibilidade dos individuos com HIV e imunossuprimidos em desenvolver
coccidioidomicose severa, também é um outro indicativo de que a defesa é feita
por meio de linfécitos T CD4+, ja que esses pacientes tém deplecao neste tipo
de linfécito T [18, 43, 44].

Em experimentos com camundongos, foi analisada a importancia de IL-10
na resisténcia dos mesmos a coccidioidomicose. Existe uma relacao direta entre
niveis de IL-10 e a susceptibilidade a peritonite por Coccidioides immitis em
camundongos C57BL/6 (B6), DBA/2 e BXD [45]. Esta mesma citocina tem um
efeito significativo na habilidade de camundongos C57BL em resistir a infec¢ao
por C. immitis, ou seja, influencia na susceptibilidade desta espécie de
camundongos, bem como de outras, a coccidioidomicose [46].

Em relagdo a resposta humoral, pouca ateng¢ao tem sido dada ao papel
do anticorpo na protecdo a coccidioidomicose, ja que Kong et al. [47] relataram
que a transferéncia passiva de soro de camundongos vacinados com o antigeno
coccidioidal ndo protege o receptor da vacina. Beaman et al. [48] complementou
essa afirmacdo ao mostrar que a pré-incubagao do soro com artroconidios de
camundongos imunizados falha na neutralizacdo da infectividade do
artroconidios. Dessa forma, embora os anticorpos nao paregcam estar
associados com a protecdo, maiores estudos sdo necessarios para confirmar

esses dados.
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3. Mecanismo de viruléncia e imuno evasao dos fungos

Os fungos apresentam diversas estratégias para evadir a imunidade inata
e adaptativa. Um dos mecanismos que Coccidioides parece utilizar para tal € a
transformacdo de artroconidias em esférulas no interior das células
mononucleares, o qual este ultimo pode lisar a célula devido ao seu grande
tamanho (60-80um) quando comparado com células (12um). O outro
mecanismo seria pelo qual artroconidias e endosporos conseguem inibir a fuséo

fagossomo-lisossomo [49].

Existem proteinas de C. Immitis com grande importancia em relagdo a
infectividade deste fungo. Uma glicoproteina de parede externa de esférula
(SWOgp) aparentemente funciona como adesina e contribui para viruléncia do
C. Immitis. [50] e ainda sua urease recombinante pode ser usada como
candidata a uma vacina para coccidioidomicose. [51].

Um outro exemplo é a producao de uma proteina especifica, a adesina e
fator de viruléncia-1 (BAD-1) liberada por Blastomyces dermatitidis. BAD-1
promove a diminuicdo da produg¢ao de TNF-a, pela interagcdo com os receptores
(CR3 e CD14) presentes em macrdéfagos e neutrofilos, e a estimulagcdo e
liberacdo de TGF-f, a qual atua de maneira autocrina ou paracrina, na inibigao
de TNF-a. Além disso, BAD-1 soluvel liga-se a CR3 e promove a endocitose
mediada pelo receptor, alterando, também, a sinalizagdo intracelular para a
inibicdo de TNF-a. A capacidade de alterar a composicdo da parede celular dos
fungos durante suas diferentes fases e consequentemente a alteragdo da
resposta imune pode ser uma explicagdo pelo qual permite que o patégeno

evada o sistema imune [52].
4, Phage Display

Diversas metodologias de apresentagcdo de moléculas na superficie de
virus e células tém sido descritas, incluindo as técnicas de Phage-Display [53],

Ribossome Display [54, 55] e Cell-Surface Display [56], através das quais
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anticorpos ou fragmentos de anticorpos podem ser selecionados pela

reatividade a antigenos de interesse.

As bibliotecas de peptideos recombinantes apresentados em fagos sao
uma ferramenta importante para identificar os sitios ligantes de moléculas
biolégicas de interesse e no desenvolvimento de novas vacinas. Phage Display
€ um método de selecdo no qual uma biblioteca de peptideos, anticorpos ou
proteinas sdo expressos na superficie de uma particula viral (fago). Assim, é
possivel a correlacdo entre cada seqUéncia de proteina variante e sua

respectiva sequéncia de DNA [57].

Smith [58], em 1985, foi 0 pioneiro em conseguir a expressdo da enzima
de restricdo Eco Rl em fusdo com proteina oito (pVIIl) do capsideo do fago. E
comum, utilizar o fago M13 [59] para a infecgao, um bacteridfago filamentoso
que infecta bactérias gram-negativas, que por sua vez apresentam pilus F. O
virus utiliza a maquinaria de replicagao, transcricao e traducao da bactéria para
se reproduzir. Este bacteri6fago ndo provoca lise na célula hospedeira, mas
induz um estado no qual a célula infectada origina e libera particulas virais,
causando uma queda na taxa de reproducdo bacteriana [60]. Vetores virais,
como o fago lambda [61], bacteri6fagos T4 e P4 [62, 63], além dos virus de
eucariotos, tais como baculovirus, também podem ser utilizados neste

processo[64].

A apresentagdo de peptideos em fagos apresenta a vantagem sobre
outras tecnologias pela facilidade de mapear grandes numeros de clones
simultaneamente. Bibliotecas de cDNA, tal como as expressas em fagos
lambda, sdo limitadas pelo numero de colbnias com o qual podem ser
detectadas por hibridizacdo, tipicamente na ordem de 10* colénias. Tecnologias
baseadas em sintese quimica (quimica combinatorial) apresentam um limite
maximo de peptideos randdmicos que podem ser mapeados com 10° a 10*

sequéncias diferentes [65].
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O sucesso de selegao por Phage Display depende da complexidade da
biblioteca: a maior diversidade de clones dentro da biblioteca aumenta a
probabilidade de conter sequéncias que ligardo a um determinado alvo com

maior afinidade [65].

Bibliotecas de peptideos randémicos compreendem um vasto numero de
peptideos (10”-10%) de um dado tamanho, onde suas seqiiéncias sdo geradas
aleatoriamente por uma variedade de residuos de aminoacidos em cada
posicdo. Os peptideos expressos, em forma linear ou conformacional, séo
capazes de mimetizar estruturas conformacionais e epitopos continuos ou
descontinuos. A construgdo dessas bibliotecas € feita principalmente pela
insercao de oligonucleotideos degenerados, sintetizados quimicamente, no gene

que codifica a proteina do capsideo [60, 66, 67].

O vetor M13KE, derivado do vetor de fagos m13mp19, possui uma rapida
propagacédo e nao necessita de selegdo por antibiético ou superinfecgédo por
fago helper. Além disto, o gene lacZ presente neste vetor facilita a distingao
entre col6nias bacterianas, infectadas com fagos de bibliotecas, das colénias
nao- infectadas ou infectadas com fagos selvagens [68, 69]. O vetor M13KE
permite a construgao e propagacgao de bibliotecas de Phage Display pelo uso de
técnicas padronizadas para fagos M13. Para pequenos insertos, a biblioteca
pode ser amplificada repetidamente com pouca perda de sequéncias e
diversidade [70].

A particula de fago é formada por uma fita simples de DNA envolta por
uma capa protéica constituida por cinco proteinas (plll, pVI, pVIl, pVIIl e pIX)
(Figura 3). Destas cinco proteinas, existem aproximadamente 2800 copias da
pVIIl e cinco cépias da plll. Neste sistema, o gene codificador do peptideo ou
proteina de interesse é geralmente fusionado a um dos genes destas duas

proteinas da capa protéica do fago [71].
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Figura 3. Constituicdo do Bacteriofago. Capa proteica (plll, pVI, pVII,
pVIIil e pIX) e DNA.

plil

A descoberta de que sitios funcionais de anticorpos, como os scFvs,
podem ser apresentados na superficie de bacteriéfagos permitiu a selegdo de
anticorpos contra antigenos de interesse sem a necessidade de utilizagdo da
tecnologia do hibridoma [53]. Bibliotecas de scFv apresentadas em fagos
consistem de diversos dominios de cadeias leves e pesadas fusionados a
proteina plll do fago e apresentados externamente como um scFv [72]. Os
fragmentos de anticorpos podem ser expressos em bactérias rapidamente, em
grandes quantidades e a baixos custos, se comparados a expressao de
anticorpos completos em cultura de células animais. O DNA codificante para
uma biblioteca de scFv pode ser clonado no genoma de um fago ou em um vetor
fagomideo para produzir uma fusao scFv-plll. Em vetores, o DNA codificante da
biblioteca pode ser clonado no genoma de fagos filamentosos [73] ou pode ser
inserido como um cassete génico que codifique a sequéncia completa da fuséo
scFv-plll dentro do genoma do fago. Ambos os tipos de vetores possuem
sequéncias codificantes para todas as proteinas necessarias para a replicacéo e

montagem do fago [74].

O método mais comum de Ph.D. para bibliotecas de anticorpos é
realizado com vetores fagomideos, uma vez que esse sistema utiliza uma
estratégia de clonagem mais facil e apresenta uma estabilidade genética maior
quando comparados aos demais vetores, além de permitir a ligagdo mais

eficiente do scFv ao alvo. Fagomideos tém sido desenvolvidos para aumentar a
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eficiéncia da expressao [75] e fagos auxiliares tém sido remodelados para
reduzir sua influéncia negativa (‘bald phage’ background) nos processos de

selegéo dos fagos ligantes [76].

A selecdo é realizada pela incubacdo da biblioteca de peptideos ou
anticorpos apresentados em fagos contra o alvo, a molécula alvo € imobilizada,
geralmente, em uma placa de microtitulagdo (utiliza-se, também, “beads”,
resinas ou membranas); entdo uma populagao de fagos, em solugao, € incubada
com a molécula alvo. Os fagos, contendo peptideos recombinantes com
afinidades pelo alvo, sdo capturados e permanecem ligados; ja os fagos nao
ligados (nd&o especificos) sdo eliminados por sucessivas lavagens. O pool de
fagos, ligados ao alvo é eluido e amplificado em Escherichia coli. Os fagos
resultantes deste processo sao titulados e submetidos a um novo ciclo (ligagéo
ao alvo, eluicdo e amplificagdo) visando selecionar mais sequéncias especificas
para o alvo. Apos trés ou quatro repeticdes deste processo, clones individuais
sdo submetidos a ensaios imunolégicos e suas sequéncias de DNA podem ser

obtidas por sequenciamento [70].

O processo de eluicdo dos fagos ligados a alvos protéicos imobilizados
compreende um ponto chave nos protocolos de selegdo. Algumas alteracdes
realizadas neste processo, durante o primeiro passo de selecado por afinidade,
podem levar ao isolamento de clones com maior afinidade para a molécula alvo.
D’Mello e Howard (2001) [77], por exemplo, testaram tampdes de eluicdo com
pHs decrescentes, enquanto Gaskin et al. (2001) [78] usaram a solugdo de
proteina alvo como tampao de eluicdo. Como resultado, todos obtiveram

aumento na selecao de clones fortemente ligantes as respectivas proteinas.

Anticorpos protetores contra doencas infecciosas reconhecem peptideos
extraidos de bibliotecas recombinantes como seus epitopos. estes peptideos
sdo capazes de induzir a formagao de anticorpos efetivos contra a doenga [79]
[80]. Peptideos recombinantes dispersos em fagos podem se ligar a receptores
hormonais [81], proteinas [82] e componentes inorganicos [83] e, assim, elucidar

suas moléculas alvo.
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A tecnologia de Phage Display pode levar a produgdo de uma enorme
gama de ligantes, incluindo anticorpos recombinantes e peptideos, com
especificidades predefinidas. Além disso, tecnologias emergentes baseadas em
Phage Display podem beneficiar testes diagndsticos através da produgdo de
moléculas que seria impossivel de serem obtidas por métodos tradicionais.
Foram expressos na superficie viral anticorpos [84-86], peptideos [65], enzimas

[87], receptores de superficie celular [88], entre outras estruturas.

Phage display ja foi utilizado para selecionar diferentes alvos, tais como,
agonistas e antagonistas de receptores [89], inibidores de angiogénese tumor-
especifico [90], desenvolvimento de vacinas [91] e biomarcadores [92, 93],sendo
muitos deles direcionados para doencas infecciosas, causadas por protozoarios
(Plasmodium spp.) como malaria [94, 95], bactérias (Staphylococcus aureus e
Staphylococcus epidermidis) [96] e fungos (Paracoccidioides brasiliensis [93],

Saccharomyces sp., Candida sp. [97] e Phytophthora sp. [98].

Kioshima e colaboradores [89] encontraram um marcador de viruléncia
para Paracoccidioides brasiliensis, utilizando uma biblioteca de fagos CX7C (C,
cisteina, X, qualquer residuo de aminoacido). Ensaios in vitro do peptideo
sintético selecionado demonstraram que este era capaz de matar apenas os
fungos mais virulentos, pois o peptideo era internalizado apenas pela linhagem
mais virulenta. Ensaios in vivo também foram realizados demonstrando que a
infeccdo pulmonar era significativamente inibida quando antes de ser injetado no
camundongo o fungo mais virulento era pré-incubado com o peptideo
selecionado [93]. Esses trabalhos utilizando a tecnologia de Phage Display nos
mostra a importancia desta técnica como uma nova alternativa a ser utilizada no
desenvolvimento e aprimoramento de técnicas de deteccdo e tratamento da

coccidioidomicose.

Neste trabalho buscou-se uma nova estratégia na busca por novas
moléculas no tratamento e deteccdo prévia da coccidioidomicose, selecionando
anticorpos e peptideos, respectivamente. Tal abordagem apresenta inumeros

resultados de impacto em outras doengas relacionadas nao somente a fungos,
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mas infecciosas de uma forma geral, mas inédita no estudo de
coccidioidomicose. Nas anadlises de citometria, apesar de alguns trabalhos
recentes trazendo informagbes de importdncia no manejo da doenga,
procuramos especificar com maior acuracia os tipos celulares que realmente
apresentam influéncia no entendimento desta doenca, bem como o uso dos trés
estagios do C. Immitis afim de identificar qual destes realmente seria a mais

critica durante a infecgao.
5. Referéncias Bibliograficas

1. Ampel NM: Coccidioidomycosis: A Review of Recent Advances. Clin
Chest Med 2009, 30(2):241-+.

2. Hirschmann JV: The early history of coccidioidomycosis: 1892-1945.
Clinical infectious diseases : an official publication of the Infectious
Diseases Society of America 2007, 44(9):1202-1207.

3. Rossana de Aguiar Cordeiro RSNB, Marcos Fabio Gadelha Rocha, José
Julio Costa Sidrim: Molecular Detection of Human Fungal Pathogens;
2011.

4. CHARLES EDWARD SMITH MD, F.A.P.H.A., AND RODNEY R. BEARD,
M.D., F.A.P.H.A.: Varieties of Coccidioidal Infection in Relation to the
Epidemiology and Control of the Diseases. AMERICAN JOURNAL OF
PUBLIC HEALTH 1946, 36(12):1394-1402. .

5. Fisher MC, Koenig GL, White TJ, Taylor JW: Molecular and phenotypic
description of Coccidioides posadasii sp. nov., previously
recognized as the non-California population of Coccidioides immitis.
Mycologia 2002, 94(1):73-84.

6. Richard F. Hector GWR, Clarisse A. Tsang, Laura M. Erhart, Orion
McCotter, Shoana M. Anderson, Kenneth Komatsu, Farzaneh Tabnak,
Duc J. Vugia, Ying Yang and John N. Galgiani: The Public Health Impact
of Coccidioidomycosis in Arizona and California. Int J Environ Res
Public Health 2011, 8:1150-1173.

7. Wanke B, Lazera M, Monteiro PC, Lima FC, Leal MJ, Ferreira Filho PL,
Kaufman L, Pinner RW, Ajello L: Investigation of an outbreak of
endemic coccidioidomycosis in Brazil's northeastern state of Piaui
with a review of the occurrence and distribution of Coccidioides
immitis in three other Brazilian states. Mycopathologia 1999,
148(2):57-67.

8. Pappagianis D: Epidemiology of coccidioidomycosis. Curr Top Med
Mycol 1988, 2:199-238.

9. Klotz SA, Drutz DJ, Huppert M, Sun SH, DeMarsh PL: The critical role of
CO2 in the morphogenesis of Coccidioides immitis in cell-free
subcutaneous chambers. The Journal of infectious diseases 1984,
150(1):127-134.

29



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Galgiani JN, Isenberg RA, Stevens DA: Chemotaxigenic activity of
extracts from the mycelial and spherule phases of Coccidioides
immitis for human polymorphonuclear leukocytes. Infection and
immunity 1978, 21(3):862-865.

Sun SH, Huppert M: A cytological study of morphogenesis in
Coccidioides immitis. Sabouraudia 1976, 14(2):185-198.

Cox RA, Magee DM: Coccidioidomycosis: host response and vaccine
development. Clinical microbiology reviews 2004, 17(4):804-839, table of
contents.

Louie L, Ng S, Hajjeh R, Johnson R, Vugia D, Werner SB, Talbot R, Klitz
W: Influence of host genetics on the severity of coccidioidomycosis.
Emerging infectious diseases 1999, 5(5):672-680.

Drutz DJ, Catanzaro A: Coccidioidomycosis. Part Il. Am Rev Respir Dis
1978, 117(4):727-771.

Sievers ML: Disseminated coccidioidomycosis among southwestern
American Indians. Am Rev Respir Dis 1974, 109(6):602-612.

VanBergen WS, Fleury FJ, Cheatle EL: Fatal maternal disseminated
coccidioidomycosis in a nonendemic area. Am J Obstet Gynecol 1976,
124(6):661-663.

Drutz DJ, Huppert M, Sun SH, McGuire WL: Human sex hormones
stimulate the growth and maturation of Coccidioides immitis.
Infection and immunity 1981, 32(2):897-907.

Jeffrey L. Jones PLF, Carol A. Ciesielski, Dale J. Hu, Jonathan E.
Kaplan and John W. Ward: Coccidioidomycosis among Persons with
AIDS in the United States. J Infect Dis 1995, 171(4):961-964.

Smith CE, Whiting EG, et al.: The use of coccidioidin. Am Rev Tuberc
1948, 57(4):330-360.

Smith CE: Diagnosis of pulmonary coccidioidal infections. Calif Med
1951, 75(6):385-394.

Smith CE, Beard RR, et al.: Varieties of coccidioidal infection in
relation to the epidemiology and control of the diseases. Am J Public
Health Nations Health 1946, 36(12):1394-1402.

Sutton DA: Diagnosis of coccidioidomycosis by culture: safety
considerations, traditional methods, and susceptibility testing. Ann N
Y Acad Sci 2007, 1111:315-325.

Zartarian M, Peterson EM, de la Maza LM: Detection of antibodies to
Coccidioides immitis by enzyme immunoassay. Am J Clin Pathol
1997, 107(2):148-153.

Bialek R, Kern J, Herrmann T, Tijerina R, Cecenas L, Reischl U, Gonzalez
GM: PCR assays for identification of Coccidioides posadasii based
on the nucleotide sequence of the antigen 2/proline-rich antigen. J
Clin Microbiol 2004, 42(2):778-783.

Hayden RT, Qian X, Roberts GD, Lloyd RV: In situ hybridization for the
identification of yeastlike organisms in tissue section. Diagn Mol
Pathol 2001, 10(1):15-23.

30



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Larwood TR: Coccidioidin skin testing in Kern County, California:
decrease in infection rate over 58 years. Clinical infectious diseases :
an official publication of the Infectious Diseases Society of America 2000,
30(3):612-613.

Winn WA: The use of amphotericin B in the treatment of coccidioidal
disease. Am J Med 1959, 27:617-635.

Galgiani JN, Catanzaro A, Cloud GA, Johnson RH, Williams PL, Mirels LF,
Nassar F, Lutz JE, Stevens DA, Sharkey PK et al: Comparison of oral
fluconazole and itraconazole for progressive, nonmeningeal
coccidioidomycosis. A randomized, double-blind trial. Mycoses
Study Group. Ann Intern Med 2000, 133(9):676-686.

Gonzalez GM, Tijerina R, Najvar LK, Bocanegra R, Luther M, Rinaldi MG,
Graybill JR: Correlation between antifungal susceptibilities of
Coccidioides immitis in vitro and antifungal treatment with
caspofungin in a mouse model. Antimicrob Agents Chemother 2001,
45(6):1854-1859.

Viriyakosol S, Fierer J, Brown GD, Kirkland TN: Innate immunity to the
pathogenic fungus Coccidioides posadasii is dependent on Toll-like
receptor 2 and Dectin-1. Infection and immunity 2005, 73(3):1553-1560.
Taylor PR, Tsoni SV, Willment JA, Dennehy KM, Rosas M, Findon H,
Haynes K, Steele C, Botto M, Gordon S et al: Dectin-1 is required for
beta-glucan recognition and control of fungal infection. Nat Immunol
2007, 8(1):31-38.

Ampel NM, Galgiani JN: Interaction of human peripheral blood
mononuclear cells with Coccidioides immitis arthroconidia. Cell
Immunol 1991, 133(1):253-262.

Deresinski SC, Levine HB, Stevens DA: Coccidioides immitis
endospores: phagocytosis by human cells. Mycopathologia 1978,
64(3):179-181.

Ampel NM, Bejarano GC, Galgiani JN: Killing of Coccidioides immitis
by human peripheral blood mononuclear cells. Infection and immunity
1992, 60(10):4200-4204.

Akira S, Hemmi H: Recognition of pathogen-associated molecular
patterns by TLR family. Immunol Lett 2003, 85(2):85-95.

Saijo S, Fujikado N, Furuta T, Chung SH, Kotaki H, Seki K, Sudo K, Akira
S, Adachi Y, Ohno N et al: Dectin-1 is required for host defense
against Pneumocystis carinii but not against Candida albicans. Nat
Immunol 2007, 8(1):39-46.

Cutler JE, Deepe GS, Jr., Klein BS: Advances in combating fungal
diseases: vaccines on the threshold. Nat Rev Microbiol 2007, 5(1):13-
28.

Ampel NM: The complex immunology of human coccidioidomycosis.
Annals of the New York Academy of Sciences 2007, 1111:245-258.
Magee DM, Cox RA: Roles of gamma interferon and interleukin-4 in
genetically determined resistance to Coccidioides immitis. /nfection
and immunity 1995, 63(9):3514-3519.

31



40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Ampel NM, Kramer LA: In vitro modulation of cytokine production by
lymphocytes in human coccidioidomycosis. Cell Immunol 2003,
221(2):115-121.

Corry DB, Ampel NM, Christian L, Locksley RM, Galgiani JN: Cytokine
production by peripheral blood mononuclear cells in human
coccidioidomycosis. The Journal of infectious diseases 1996,
174(2):440-443.

Cano LE, Singer-Vermes LM, Vaz CA, Russo M, Calich VL: Pulmonary
paracoccidioidomycosis in resistant and susceptible mice:
relationship among progression of infection, bronchoalveolar cell
activation, cellular immune response, and specific isotype patterns.
Infection and immunity 1995, 63(5):1777-1783.

Carmichael JK: Coccidioidomycosis in HIV-infected persons. Clinical
infectious diseases : an official publication of the Infectious Diseases
Society of America 2006, 42(7):1059; author reply 1059-1060.

Sun Z, Denton PW, Estes JD, Othieno FA, Wei BL, Wege AK, Melkus
MW, Padgett-Thomas A, Zupancic M, Haase AT et al: Intrarectal
transmission, systemic infection, and CD4+ T cell depletion in
humanized mice infected with HIV-1. J Exp Med 2007, 204(4):705-714.
Jimenez Mdel P, Walls L, Fierer J: High levels of interleukin-10 impair
resistance to pulmonary coccidioidomycosis in mice in part through
control of nitric oxide synthase 2 expression. Infect Immun 2006,
74(6):3387-3395.

Fierer J, Walls L, Eckmann L, Yamamoto T, Kirkland TN: Importance of
interleukin-10 in genetic susceptibility of mice to Coccidioides
immitis. Infect Immun 1998, 66(9):4397-4402.

Kong YM, Savage DC, Levine HB: Enhancement of immune responses
in mice by a booster injection of Coccidioides spherules. J Immunol
1965, 95(6):1048-1056.

Beaman LV, Pappagianis D, Benjamini E: Mechanisms of resistance to
infection with Coccidioides immitis in mice. Infection and immunity
1979, 23(3):681-685.

Beaman L, Holmberg CA: In vitro response of alveolar macrophages
to infection with Coccidioides immitis. Infection and immunity 1980,
28(2):594-600.

Hung CY, Yu JJ, Seshan KR, Reichard U, Cole GT: A parasitic phase-
specific adhesin of Coccidioides immitis contributes to the virulence
of this respiratory Fungal pathogen. Infect Immun 2002, 70(7):3443-
3456.

Li K, Yu JJ, Hung CY, Lehmann PF, Cole GT: Recombinant urease and
urease DNA of Coccidioides immitis elicit an immunoprotective
response against coccidioidomycosis in mice. Infect Immun 2001,
69(5):2878-2887.

Gauthier G, Klein BS: Insights into Fungal Morphogenesis and
Immune Evasion: Fungal conidia, when situated in mammalian

32



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

lungs, may switch from mold to pathogenic yeasts or spore-forming
spherules. Microbe Wash DC 2008, 3(9):416-423.

McCafferty J, Griffiths AD, Winter G, Chiswell DJ: Phage antibodies:
filamentous phage displaying antibody variable domains. Nature
1990, 348(6301):552-554.

Hanes J, Pluckthun A: In vitro selection and evolution of functional
proteins by using ribosome display. Proc Natl Acad Sci U S A 1997,
94(10):4937-4942.

He M, Taussig MJ: Antibody-ribosome-mRNA (ARM) complexes as
efficient selection particles for in vitro display and evolution of
antibody combining sites. Nucleic Acids Res 1997, 25(24):5132-5134.
Francisco JA, Campbell R, Iverson BL, Georgiou G: Production and
fluorescence-activated cell sorting of Escherichia coli expressing a
functional antibody fragment on the external surface. Proc Natl Acad
Sci U S A 1993, 90(22):10444-10448.

Adda CG, Anders RF, Tilley L, Foley M: Random sequence libraries
displayed on phage: identification of biologically important
molecules. Comb Chem High Throughput Screen 2002, 5(1):1-14.

Smith GP: Filamentous fusion phage: novel expression vectors that
display cloned antigens on the virion surface. Science 1985,
228(4705):1315-1317.

Sidhu SS: Engineering M13 for phage display. Biomol Eng 2001,
18(2):57-63.

Azzazy HM, Highsmith WE, Jr.: Phage display technology: clinical
applications and recent innovations. Clin Biochem 2002, 35(6):425-
445,

Sternberg N, Hoess RH: Display of peptides and proteins on the
surface of bacteriophage lambda. Proc Natl Acad Sci U S A 1995,
92(5):1609-1613.

Houshmand H, Froman G, Magnusson G: Use of bacteriophage T7
displayed peptides for determination of monoclonal antibody
specificity and biosensor analysis of the binding reaction. Anal
Biochem 1999, 268(2):363-370.

Lindgvist BH, Naderi S: Peptide presentation by bacteriophage P4.
FEMS Microbiol Rev 1995, 17(1-2):33-39.

Boublik Y, Di Bonito P, Jones IM: Eukaryotic virus display: engineering
the major surface glycoprotein of the Autographa californica nuclear
polyhedrosis virus (AcNPV) for the presentation of foreign proteins
on the virus surface. Biotechnology (N Y) 1995, 13(10):1079-1084.
Noren KA, Noren CJ: Construction of high-complexity combinatorial
phage display peptide libraries. Methods 2001, 23(2):169-178.
Romanov VI, Durand DB, Petrenko VA: Phage display selection of
peptides that affect prostate carcinoma cells attachment and
invasion. Prostate 2001, 47(4):239-251.

33



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Dybwad A, Lambin P, Sioud M, Zouali M: Probing the specificity of
human myeloma proteins with a random peptide phage library. Scand
J Immunol 2003, 57(6):583-590.

Messing J, Gronenborn B, Muller-Hill B, Hans Hopschneider P:
Filamentous coliphage M13 as a cloning vehicle: insertion of a Hindll
fragment of the lac regulatory region in M13 replicative form in vitro.
Proc Natl Acad Sci U S A 1977, 74(9):3642-3646.

Messing J: New M13 vectors for cloning. Methods Enzymol 1983,
101:20-78.

Barbas CF: Phage display : a laboratory manual. Cold Spring Harbor,
NY: Cold Spring Harbor Laboratory Press; 2001.

Phizicky EM, Fields S: Protein-protein interactions: methods for
detection and analysis. Microbiol Rev 1995, 59(1):94-123.

Vaughan TJ, Williams AJ, Pritchard K, Osbourn JK, Pope AR, Earnshaw
JC, McCafferty J, Hodits RA, Wilton J, Johnson KS: Human antibodies
with sub-nanomolar affinities isolated from a large non-immunized
phage display library. Nat Biotechnol 1996, 14(3):309-314.

Scott JK, Smith GP: Searching for peptide ligands with an epitope
library. Science 1990, 249(4967):386-390.

McLafferty MA, Kent RB, Ladner RC, Markland W: M13 bacteriophage
displaying disulfide-constrained microproteins. Gene 1993, 128(1):29-
36.

Pavoni E, Monteriu G, Cianfriglia M, Minenkova O: New display vector
reduces biological bias for expression of antibodies in E. coli. Gene
2007, 391(1-2):120-129.

Kristensen P, Winter G: Proteolytic selection for protein folding using
filamentous bacteriophages. Fold Des 1998, 3(5):321-328.

D'Mello F, Howard CR: An improved selection procedure for the
screening of phage display peptide libraries. J Immunol Methods 2001,
247(1-2):191-203.

Gaskin DJ, Starck K, Turner NA, Vulfson EN: Phage display
combinatorial libraries of short peptides: ligand selection for protein
purification. Enzyme Microb Technol 2001, 28(9-10):766-772.

Demangel C, Maroun RC, Rouyre S, Bon C, Mazie JC, Choumet V:
Combining phage display and molecular modeling to map the
epitope of a neutralizing antitoxin antibody. Eur J Biochem 2000,
267(8):2345-2353.

Lundin K, Samuelsson A, Jansson M, Hinkula J, Wahren B, Wigzell H,
Persson MA: Peptides isolated from random peptide libraries on
phage elicit a neutralizing anti-HIV-1 response: analysis of
immunological mimicry. Immunology 1996, 89(4):579-586.

Cwirla SE, Balasubramanian P, Duffin DJ, Wagstrom CR, Gates CM,
Singer SC, Davis AM, Tansik RL, Mattheakis LC, Boytos CM et al:
Peptide agonist of the thrombopoietin receptor as potent as the
natural cytokine. Science 1997, 276(5319):1696-1699.

34



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Dennis MS, Eigenbrot C, Skelton NJ, Ultsch MH, Santell L, Dwyer MA,
O'Connell MP, Lazarus RA: Peptide exosite inhibitors of factor Vlla as
anticoagulants. Nature 2000, 404(6777):465-470.

Whaley SR, English DS, Hu EL, Barbara PF, Belcher AM: Selection of
peptides with semiconductor binding specificity for directed
nanocrystal assembly. Nature 2000, 405(6787):665-668.

Barbas CF, 3rd, Bain JD, Hoekstra DM, Lerner RA: Semisynthetic
combinatorial antibody libraries: a chemical solution to the diversity
problem. Proc Natl Acad Sci U S A 1992, 89(10):4457-4461.

Liu B, Conrad F, Cooperberg MR, Kirpotin DB, Marks JD: Mapping tumor
epitope space by direct selection of single-chain Fv antibody
libraries on prostate cancer cells. Cancer Res 2004, 64(2):704-710.
Rader C, Barbas CF, 3rd: Phage display of combinatorial antibody
libraries. Curr Opin Biotechnol 1997, 8(4):503-508.

Soumillion P, Jespers L, Bouchet M, Marchand-Brynaert J, Winter G,
Fastrez J: Selection of beta-lactamase on filamentous bacteriophage
by catalytic activity. J Mol Biol 1994, 237(4):415-422.

Robertson MW: Phage and Escherichia coli expression of the human
high affinity immunoglobulin E receptor alpha-subunit ectodomain.
Domain localization of the IgE-binding site. J Biol Chem 1993,
268(17):12736-12743.

Pillutla RC, Hsiao KC, Beasley JR, Brandt J, Ostergaard S, Hansen PH,
Spetzler JC, Danielsen GM, Andersen AS, Brissette RE et al: Peptides
identify the critical hotspots involved in the biological activation of
the insulin receptor. J Biol Chem 2002, 277(25):22590-22594.

Trepel M, Arap W, Pasqualini R: In vivo phage display and vascular
heterogeneity: implications for targeted medicine. Curr Opin Chem
Biol 2002, 6(3):399-404.

Wang LF, Yu M: Epitope identification and discovery using phage
display libraries: applications in vaccine development and
diagnostics. Curr Drug Targets 2004, 5(1):1-15.

Krag DN, Shukla GS, Shen GP, Pero S, Ashikaga T, Fuller S, Weaver DL,
Burdette-Radoux S, Thomas C: Selection of tumor-binding ligands in
cancer patients with phage display libraries. Cancer Res 2006,
66(15):7724-7733.

Kioshima ES, Aliperti F, Maricato JT, Mortara RA, Bagagli E, Mariano M,
Lopes JD: A synthetic peptide selectively kills only virulent
Paracoccidioides brasiliensis yeasts. Microbes Infect 2011, 13(3):251-
260.

Lauterbach SB, Lanzillotti R, Coetzer TL: Construction and use of
Plasmodium falciparum phage display libraries to identify host
parasite interactions. Malar J 2003, 2(1):47.

Ghosh AK, Ribolla PE, Jacobs-Lorena M: Targeting Plasmodium
ligands on mosquito salivary glands and midgut with a phage
display peptide library. Proc Natl Acad Sci U S A 2001, 98(23):13278-
13281.

35



96.

97.

98.

von Eiff C, Peters G, Heilmann C: Pathogenesis of infections due to
coagulase-negative staphylococci. Lancet Infect Dis 2002, 2(11):677-
685.

Kabir ME, Krishnaswamy S, Miyamoto M, Furuichi Y, Komiyama T: An
improved phage-display panning method to produce an HM-1 killer
toxin anti-idiotypic antibody. BMC Biotechnol 2009, 9:99.

Park HY, Park HC, Yoon MY: Screening for peptides binding on

Phytophthora capsici extracts by phage display. J Microbiol Methods
2009, 78(1):54-58.

36



Capitulo 1

EVALUATION OF NEW BIOMARKERS
WITH POTENTIAL USE IN
THERAPEUTICS AND DIAGNOSTIC OF
COCCIDIOIDOMYCOSIS BY PHAGE
DISPLAY

37



EVALUATION OF NEW BIOMARKERS
WITH POTENTIAL USE IN
THERAPEUTICS AND DIAGNOSTIC OF
COCCIDIOIDOMYCOSIS BY PHAGE
DISPLAY

Fausto Emillio Capparelli*®; George Richard Thompson; ?; Lauren Nagy?® Satya
*

Dandekar®; Luiz Ricardo Goulart™® .

a. Department of Medical Microbiology and Immunology, Medical School, UC Davis,
Davis, CA — USA

b. Nanobiotechnology Laboratory of the Federal University of Uberlandia, Uberlandia,
MG - Brazil

* Corresponding author at:

Dept. of Medical Microbiology and Immunology
Genome & Biomedical Sciences Facility
University of California — Davis, CA 95616, USA
E-mail. Irgoulart@ucdavis.edu

Resumo

Coccidioidomicose, conhecida com Febre do Vale, é uma doenga
causada pelo fungo C. immitis/ C. posadasii. Esta doenga € endémica no
sudoeste dos Estados Unidos da América. Devido a complexidade da doenca,
multiplos testes, tanto sorolégicos, microbiolégicos ou microscopicos, devem ser
realizados na identificagdo desta micose. Por causa disto, nds propusemos uma
nova abordagem no desenvolvimento de novos biomarcadores, baseados em
uma estratégia protedbmica subtrativa conhecida por Phage Display, para

identificar ligantes que mimetizam mimotopos antigénicos. Interessantemente, a
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mesma estratégia foi utilizada para selecionar fregmentos de anticorpos, tais
como moléculas scFv (single chain fragment variable), as quais podem ser
utilizadas para bloquear ou neutralizer um microorganismo, reforgando seu
potencial como moléculas terapéuticas. N6s mostramos que um de nossos
scFvs selecionados, clone B8, apresentou alta especificidade e sensibilidade
com diferenga significativa entre pacientes cronicos e saudaveis. Diversos
clones do biopanning de peptideos foram capazes de distinguir
significativamente IgGs de pacientes cronicos e saudaveis. Esta investigagao
nos trouxe importantes perspectivas no diagnostic e terapéutica desta doenca.

Abstract

Coccidioidomycosis, known as “Valley Fever”, is a disease caused by the fungus
C. immitis/ C. posadasii. This disease is endemic to the Southwestern United
States. Due to the complexity of the disease, multiple tests, such as serological,
microbiological and microscopical, should be performed to identify this mycosis.
Because of that we have proposed a new approach for the development of novel
biomarkers, which is based on the subtractive proteomic strategy known as
Phage Display to identify ligands that mimics antigenic mimotopes. Interestingly,
the same strategy was used to select antibody fragments, such as scFv (single
chain fragment variable) molecules, which may be used to block or neutralize a
microorganism, reinforcing its potential use as therapeutic molecules. We
showed that one of our selected scFv, clone B8, had high specificity and
sensitivity with significant difference between chronic and healthy non-immune
patients. Several clones from the peptide biopanning were able to significantly
distinguish between purified IgG from chronic patients and healthy non-immune
individuals. This investigation brought important perspectives for the diagnosis

and therapeutics of the disease.

1.BACKGROUND

Coccidioidomycosis, known as “Valley Fever”, is a disease caused by the

pathogenic dimorphic soil-dwelling fungus of the genus Coccidioides [1]. This
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disease is endemic to the Southwestern United States with estimated 150,000
cases every year. Epidemiological data have shown that incidence rates of
disease have risen in Arizona and California with a 97.8% and 91.1% increase
from 2001 to 2006 in the two states, respectively [2]. In other endemic countries,
however, is probably underreported. In Brazil, for example, coccidioidomycosis is
not a notifiable disease, so there is not enough information about its
epidemiology. A study performed in Ceara State, Brazil, has reported 19 cases
from May 1999 to September 2007, from which 14 patients presented non-
specific respiratory symptoms, and 5 cases were found in other reports. So,
improvements in diagnosis should be performed in order to understand the
disease epidemiology, and to bring information for proper coccidioidomycosis
treatment [3, 4] in the Northeast Brazil.

There is great difficulty to stablish a precise and fast diagnostic for
coccidioidomycosis, due to the complexity of the disease, and multiple tests,
such as serological and microscopical, should be performed to identify this
mycosis. Even skilled clinicians experience problems in its diagnosis and in the
choice of proper treatment for fungal infections. Thus, early clinical, radiological
and biological confirmation of the diagnosis is essential in order to avoid the

possible complications of pulmonary mycosis [5].

Currently, antigen detection and fungi serology are useful in the diagnosis
of endemic mycoses as causes of pneumonia [6]. Enzyme immunoassay (EIA)
can also be performed quickly and locally, but has the potential of false-positive
results in patients manifesting a positive EIA for immunoglobulin M (IgM)

antibodies and a negative EIA for IgG [7].

Due to the variable efficacy in the coccidioidomycosis diagnosis, we have
proposed a new approach for the description of novel biomarkers, which is based
on the subtractive proteomic strategy known as Phage display. This technology
has been widely used to identify ligands that bind specifically to biological

molecules through cycles of selections. The most exciting potential of phage
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displayed libraries is to obtain short peptide molecules that mimic antigens,
defined as mimotopes, which may be useful as diagnostic tools or therapeutics
[8, 9]. Interestingly, the same strategy can be used to select antibody fragments,
such as scFv (single chain fragment variable) molecules, which may also be
used to block or neutralize a microorganism, reinforcing its potential use as

therapeutic molecules [10, 11] or antigen detection.

In this investigation, we aimed to develop novel biomarkers for antigen
and antibody detection to the coccidioidomycosis diagnosis using the T27K

protein complex as a target.

2.RESULTS
2.1. ScFv selection against T27K

The biopanning performance of Phage Display libraries was analyzed,
after 2 rounds of selection against the antigen T27K fraction. We have produced
soluble scFv antibodies, which were tested by enzyme-linked immunosorbent
assay (ELISA). Although we selected 48 clones in the biopanning, only three
clones showed reactivity to the immobilized target (Figure 1). Furthermore,
antigen-specific binding affinity was done with human serum samples (healthy
subjects and chronic patients) pre-coated on a plate. In this assay, we showed
that clone B8 had high specificity and sensitivity (Figure 2), with significant
difference between chronic and healthy non-immune patients (p<0.05), therefore

confirming the success of the selection.
2.2. Peptide selection against a polyclonal antibody (pAb) anti-T27K

Sixteen clones were selected against the pAb anti-T27K after three rounds
of selection using the 7-mer peptide library. Several peptides presented
significant immunoreactivity in ELISA tests, and were able to significantly
distinguish between purified IgG from chronic patients and healthy non-immune
individuals (p < 0.0001) (Figure 3), and the peptides proved to be potential

mimotopes of coccidioidal antigens of the T27K complex.
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2.3. Epitope mapping of Coccidioides proteins

We have observed that peptides that mimic different exposed sites of
known proteins SOWgP and MEP-1, both predicted. We obtained a great
diversity of motifs when comparing with the linear sequence of the SOWgp,
which are GXXXAXY (peptide1), SSSVXXX (peptide2), SXXKXXY,SVXXSXX
(peptide3) and AXXGNXX (peptided). All of them are aminoacids exposed on the
surface and therefore accessible to solvent so that, increasing the possibility of
high antigenicity of the mapped regions. For MEP-1, only peptides 2 and 3
presented alignments higher than 3 hits (SXSXXRX and SXTXSXY, respectively)
(Figure 4).

2.4. Protein-G magnetic beads immunoprecipitation/ Western-blot.

After immunoprecipitation, bands were detected in both sera (healthy
non-immune individuals and chronic patients) by Western-blotting, using the
anti-T27K pAb as the primary antibody (Figure 5B). The two between 25 and 37
kda bands were cut, and sequenced by mass spectrometry, which revealed an

lg gamma 3 chain C region from Homo sapiens (Figure 6).
2.5. Histoplasmosis cross-reaction

After blotting the T27K protein fraction, spherule and endospore on the
membrane, we have observed that two mAb produced in mouse for
histoplasmosis diagnosis cross-reacted with antigens from the two

developmental stages of Coccidioides immitis and also with T27K (Figure 7)

3.DISCUSSION
3.1 Novel biomarkers for Coccidioidomycosis diagnostics

We have successfully used the phage display technology for the discovery
of new antigens and antibodies targeting the T27K heterogeneous antigen in
order to map the epitopes that could contribute to both diagnosis and protective
immunity. We have also provided new insights on how to develop novel

molecules and targets for treatment, which might help us to better understand the
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pathology and improve diagnostics and therapeutics.

We have used two strategies: a combinatorial fragment antibody phage
display and a random peptide phage-display. On the first one our goal was to
develop monoclonal antibodies that could be used to detect circulating
Coccidioides antigens, and the later was used to obtain peptides expressed on
the phage’s surface that were immunoreactive against polyclonal antibody anti-
T27K. Successful examples of Phage Display selections have been presented
elsewhere showing ligands that bind to the surface of microorganisms [12] and

that also act as antimicrobial peptides [13].

A specific antibody selected against T27K was able to discriminate chronic
patients from controls; however, it also cross-reacted with samples from healthy
Brazilian individuals. The immunoprecipitation and sequencing of the ligand
found in the serum of patients that was bound to the scFv indicated that a
putative idiotope, defined serologically by the reaction of anti-idiotopic antibodies
with antibodies bearing the idiotopes [14], was identified as the Immunoglobulin
gamma 3 chain C. We postulate that the pAb anti-T27K might be recognizing an
idiotope present on antibodies against Coccidioidomycosis in healthy immune
patients. Also idiotopes from antibodies against other types of fungus from
healthy non-immune patients are apparently being recognized by the pAb. This
idea was reinforced by cross-reaction of mAbs developed for histoplasmosis with

the Coccidioides antigens (T27K, endospores and spherules).

Regarding the selected peptides against the polyclonal antibody anti-
T27K, mimotopes were aligned in conformational structures that matched the
metalloproteinase-1 (MEP-1) and regions of the surface of SOWgp (Spherule
outerwall glycoprotein). This is the first description of such attempt to map
functional antigens and epitopes in the heterogeneous protein preparation from

Coccidioides immitis.

Despite the peptides had presented no common motifs between them, we

can propose that the selection was still efficient, due to the hits presented were
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higher than 3 aminoacids (Figure 4) on each region aligned with the peptides and
of course because the selection was against a polyclonal antibody, which would
increase anyway the variability of selected clones. The same was observed when
we analyzed the peptides over the MEP-1 predicted structure. Certainly, the
more clones we sequence and analyze, the more regions of mapping over the
3D structures of these two proteins and others of interest, we will obtain,
consequently increasing the chances of these peptides being used as target

biomolecules against coccidioidomycosis.
4.CONCLUSION

Our findings support the idea of different literatures over the demanding
studies about the APCs response to Coccidioides. Fungal infections are normally
of high complexity to understand, and for that, various technologies should be
applied at the same time to assess which would be most effective way to detect
and control the disease. We presented a broad view of what we obtained so far,
but gene expression, higher amounts of clones sequencing, increasing numbers
of patients and testing the scfvs and the peptides as new stimuli will give us great

perspectives of driving this disease to a greater management and/or prevention.

5.MATERIALS AND METHODS

5.1 Antigen preparation

T27K was purified by water-soluble coccidioidal preparation isolated from
disrupture of mature spherules, which were killed with thimerosal and after
centrifugation at 27 000 g. Spherule-endospore (SE) cultures were prepared as
previously described using the C. posadasii Silveira strain [15]. Spherules and
endospores were harvested from SE phase cultures and placed in thimerosal
(1:10,000) for 72 hours. An aliquot was then cultured to confirm no viable

organisms remained prior to other experiments.
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5.2 scFv library

The scFv library used for antibody selection against the T27K antigen
complex was constructed in the Laboratory of Nanobiotechnology, Federal
University of Uberlandia, MG, Brazil by Ana Paula Carneiro dos Santos and
kindly donated to this work. It was constructed according following protocol using
total RNA of leukocytes. First strand cDNA was generated from 5 pg of total RNA
using SuperScript Il kit (Invitrogen). The genes for variable regions of heavy
chain, k light chain, and A light chain (VH, Vk, and VA) were amplified separately
in 55 independent reactions to generate variable domains of the heavy and light
chains, and then were precipitated, purified and equal amount of PCR products
were pooled into collections of VH, VK, and VA gene repertoire. That gene
repertoire were used for two overlap PCR reactions (VH+VK) and (VH+ VA), the
samples were purified by a Promega Kit for the cloning (digested with Sfil),
ligated and electroporated into E. coli XL-1 Blue. The library stock was grown to

log phase and rescued with VCM13 helper phage.
5.3 scFv selection over T27K

T27K antigen (10-100 pg/ml) in 0.1 mM NaHCO3 pH 9.4 were coated on
Immuno 96 plate MicroWell Plates (Nunc, Denmark) overnight at 4°C. Following
blocking with 2% (w/v) BSA/PBS, a scFv library containing between 10'°and 10"
phage particles were added and the plate was incubated for 2 hours at room
temperature. For elimination of non-specific binding phages, wells were washed
10 times with PBS-Tween 0.1%, and then incubated with 100 pyL of 0.2M glycine-
HCI, pH 2.2 for specific phages detach, neutralized with 15 ul of 1M Tris-HCI, pH
9.1. Eluted phages were used to infect exponentially growing E.coli XL-1 Blue

incubated for 15 minutes at 37°C.
5.4 Peptide selection over pAb anti-T27K

NuncPlates were coated with policlonal anti-T27K (kindly provided by Dr.
Pappagianis’ laboratory UC Davis) overnight at 4°C, after blocking (2% skimmed
milk powder in PBS) we incubated for 1 hour with 2x10'° phage (Ph.D.C7C,
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Phage Display Peptide Library, New England Biolabs, Inc.). Non-bound phages
were eliminated by washing 10 times with PBS containing 0.1% Tween 20 (PBS-
T). The bound phages were eluted by incubation with 100 pyL of 0.2Mglycine-HCI
buffer, pH 2.2 (immediately neutralized with 1M Tris-HCI pH 9.1) then, after three
rounds, eluted phages were amplified in Escherichia coli (ER2738 host strain,

New England Biolabs Inc.), titrated and sequenced.
5.5 Sequencing of selected phage clones

Peptide phage clones single-strand DNA was isolated by the iodide buffer
extraction procedure (Instruction Manual Ph.D.-C7C Phage Display Peptide
Library Kit). The nucleotide sequence of the gene lll insert was sequenced with
-96 glll sequencing primer 5-HO CCC TCA TAG TTA GCG TAA CG-3' by
automated dye terminator cycle sequencing. The amino acid sequence of the
insert was deduced from the nucleotide sequence in program DNA2PRO

(http://www.relic.bio.anl.gov).
5.6 Soluble scFv production

Bacteria E. coli TOP10 (carbenicilin resistant) carrying the phagemid
encoding the scFv antibody were grown in 1 ml of SB medium containing
carbenicilin (50 pg/ mL) and glucose (2% wl/v). After 4 hours, cells were
harvested and grown at 30°C in glucose free SB medium containing 50 ug/mL
carbenicilin and 2.5 mM isopropyl-y-d-thiogalactopyranoside (IPTG). The cell

culture supernatant containing scFv was collected after induction for 18 hours.
5.7 Phage/scFv ELISA (Selection confirmation)

Antigen (T27K) or antibody (pAb anti-T27K) were added to the plate (1.0
pg/well) in 0,1AM NaHCOs; pH 9.4 overnight at 4°C. That was subsequently
washed three times with PBST 0,1%, blocked with skym milk 3% for 1 hour at
37°C. The wells were washed three times and were incubated with 100 pL of
scFv anti-T27K supernatant (plate coated with T27K) or phage supernatants

(plate coated with pAb anti-T27K) for one hour at 37°C. After washed five times,
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the bound scFvs and the phage particles were detected with peroxidase
conjugated anti-HA (Roche Applied Science) and anti-M13 monoclonal antibody
(Amersham Pharmacia Biotech Benelux, Roosendaal, The Netherlands),
respectively diluted 1:5000 in the blocking buffer. The peroxidase staining
reaction was developed in the presence of SIGMAFAST" OPD (o-
Phenylenediamine dihydrochloride) tablets (Sigma—Aldrich). Then incubation at
room temperature for five minutes and stopped with diluted acid solutions, the
OD 492nm values were measured on a microplate reader (TP-READER -

Thermo plate).
5.8 Phage/scFv ELISA (Specificity)

Two plates were coated for determine specificity of selected phage clones
and scFv B8. One with serum from 4 chronic and healthy non-immune donors
(individually in duplicate) and other plate with a pool of magnetic bead-purified
IgG from the serum of the same patients (diluted to 1ug/well in 0,1M NaHCOs3 pH
9.4 overnight at 4°C). The plates were washed three times with PBST 0,1%,
blocked with skym milk 3% for 1 hour at 37°C. The wells were washed three
times and were incubated with 100 uL of scFv (clone B8) anti-T27K supernatant
(plate coated with serum) or phage supernatants (plate coated with magnetic
bead-purified IgG) for 1 hour at 37°C. After washed five times, the bound scFvs
and the phage particles were detected with peroxidase conjugated anti-HA
(Roche Applied Science) and anti-M13 monoclonal antibody (Amersham
Pharmacia Biotech Benelux, Roosendaal, The Netherlands), respectively diluted
1:5000 in the blocking buffer. The peroxidase staining reaction was developed in
the presence of SIGMAFAST  OPD (o-Phenylenediamine dihydrochloride)
tablets (Sigma-Aldrich). Then incubation at room temperature for five minutes
and stopped with diluted acid solutions, the OD 492nm values were measured on
a microplate reader (TP-READER - Thermo plate).
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5.9 Immunoprecipitation/Magnetic Protein-G beads

The Dynabeads® Protein G (Invitrogen) were resuspended by pipetting or
rotating on a roller (5 min). Only 50 ul were transferred to a tube, placed on
magnet and the supernatant removed. The tubes were removed from the magnet
and 10 ug of the pAb anti-T27K were added to resuspend the beads and a 10
minutes incubation with rotation at room temperature was performed. The
supernatants were removed by placing the tubes on the magnet and the beads
were washed with PBS-Tween 0.05% twice (200 pl). The tubes were placed on
the magnet to remove the supernatant and the samples -100 pl of pool of chronic
patients in one tube and healthy donors in the other tube- were added and
incubation was proceeded for 30 minutes at room temperature. We removed the
supernatant as previous steps and washed the beads 3 times with PBS-Tween
0.05%. The elution step occurred by adding 100 ul of 2M glycine-HCI, pH 2.2 for
target detach during 10 minutes agitating at room temperature and finally
neutralized with 15 pl of 1M Tris-HCI, pH 9.1.

5.10 SDS-PAGE

To run the samples from the immunoprecipitation with the pAb anti-T27K
we used a 15% SDS PAGE gel - lower Buffer (for the separating gel) with 1.5M
Tris pH to 8.8, 0.4% SDS; Stacking (Upper) buffer (for the stacking gel) with Tris
0.5M pH 6.8, 0.4% SDS; 30% acrylamide for both, TEMED and 10% ammonium
persulfate. The samples were boiled for 5 minutes with sample buffer and 10%
total volume with beta-mercaptoethanol (PIERCE-THERMO SCIENTIFIC). After
that, the gel was loaded for running at 100V.

5.11 Western Blot

For the Western blot, we used the iBlot™ Dry Blotting System (Invitrogen)
to transfer the gel to the membrane, which was blocked for 1 hour at 370C with
3% skym milk in 1X PBS pH7.4 (Thermo Scientific). After three washing steps
with PBS +Tween 20 (0.05%) the anti-T27K rabbit pAb was added (1:100 diluted
in Blocking buffer- 3% skym milk in 1X PBS pH7.4) and incubated at 370C for 1
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hour. Three more washing steps were performed with PBS Tween 20 (0.05%)
and we added the secondary antibody, monoclonal anti-rabbit peroxidase
conjugated in a 1:5000 dilution with blocking buffer (3% skym milk in 1X PBS
pH7.4), for 1hr at 370C. After that we developed the reaction with SIGMAFAST"
OPD (o-Phenylenediamine dihydrochloride) tablets (Sigma—Aldrich) and the

reaction was stopped with 2M Sulfuric Acid.
5.12 Dot Blot (Histoplasmosis mAbs)

We got a nitrocellulose membrane ready and using a narrow-mouth pipet
tip, we spotted 2 pl of samples of T27K, spherules and endospores onto two
nitrocellulose membrane strips and left the membrane to dry. The non-specific
sites were blocked by soaking in 5% BSA in TBS-T (0.5-1 hr, RT) using 10cm
Petri Dish for reaction chamber. The membranes were than incubated with
primary antibody (1.0 ug/ml for mAb 1 and mAb2 anti-histoplasmosis), dissolved
in BSA/TBS-T, for 30 min at RT, washed three times with TBS-T (3 x 5 min) for
later incubation with secondary antibody conjugated with HRP (anti-rabbit
1:5000) for 30 min at RT. After washing three times with TBS-T, DAB

(Diaminobenzidine) was used to check the reaction.
5.13 Bioinformatics analysis

After testing peptide clones reactivity, they were sequenced and their
translated peptides were aligned with known proteins and structures in the
GeneBank. We had to predict the SOWgp and also MEP-1 structures using I-
TASSER (http://zhanglab.ccmb.med.umich.edu/I-TASSER) so that the alignment
of the clones selected by peptide Phage Display could be highlighted over the
predicted structures. The mimetic epitope mapping was performed using the
pepitope server (http://pepitope.tau.ac.il) using the pepsurf algorithm and later

was visualized with Pymol (http://www.pymol.org).
5.14 Statistical analysis

Statistical analyses were performed by comparisons among healthy
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immune, healthy non-immune and chronic patients groups using the Mann —

Whitney test or Student’s t test, both with two-tailed P values. The level of

significance was set at 0.05.
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Figure 1. ELISA for scFvs selected against T27k. A total of 48 clones were analyzed with
T27K antigen. Only three had reactivity with T27K (E8, B8, H8).
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Figure 2. ScFvs over Chronic and healthy non-immune patients. A. Detection and
distinction of healthy non-immune (scfv B8+Patients) and chronic patients serum (scfv

B8+Patients) using one of the most reactive selected scfv (B8 / p=0.0286) and B. its
respective ROC-curve.
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Figure 3. ELISA with clones selected against anti-T27k. A. Peptides from clones selected
by Phage Display reacting with magnetic bead-purified IgG from healthy non-immune donors
and chronic patients. There was a great significance between IgG from Chronic and Healthy
non-immune patients (p<0.0001 — t-student) and B. the specificity and sensitivity of the
reaction is presented at its ROC curve (AUC =1.0 and p = 0.0001).
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Figure 4. 3D predicted structure analysis. A. The clones mimetic to some
regions of the surface of MEP-1 (Metalloproteinase-1) are highlighted in different
colors peptide 1 (yellow), peptide 2 (purple), peptide 3 (blue) and peptide 4 (red).
The table shows (in red) the aminoacids identical to the protein sequence. B. The
clones mimetic to some regions of the surface of SOWgp (Spherule outerwall
glycoprotein) are highlighted in different colors peptide 2 (purple) and peptide 3
(blue). The table shows (in red) the aminoacids identical to the protein sequence.
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Purif-, Healthy non-immune patients)are shown on an SDS 15% Gel and B. the
western blot presented two bands of approximately 41kda.
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Figure 7. Dot-blot analysis. Cross-reaction of
two histoplasmosis monoclonal antibodies
against the T27K protein complex, endospores
and spherules from Coccidioides immitis. The
figure shows the reaction of two mAbs (mAb1
and mAb 2) from histoplasmosis, against T27K,
endospore and spherule.
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Resumo

Coccidioidomicose é causada por um fungo dimorfico presente no solo,
pertencente ao género Coccidioides. A falta de um entendimento profundo de
sua resposta imune nos guia a investigar o perfil de células apresentadoras de
antigenos e, tivemos sucesso ao demonstrar que linhagesn especificas (CD3-
CD19-CD14+/-CD11c+/-) apresentaram expressao diferenciada de receptores e
citocinas. Apods estimulo com endosporos e esférulas, pacientes curados
apresentaram maiores niveis de IL-10, e foram similares aos de pacientes
cronicos. No6s ainda observamos uma redugdo significativa na expressao de
PRRs na superficie de células CD14+CD11c-, tais como TLR2, CD206
(Receptor de Manose) e Dectin-1. A expressdo de TLR2 por células HLA-
DR+CD14-CD11c+, HLA-DR+CD14+ e CD14+CD11c+ de pacientes crbnicos

foi reduzida significativamente apds os mesmos estimulos, o que pode estar
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relacionado com o processo de internalizagado de receptores apds a fagocitose

do fungo.
Abstract

Coccidioidomycosis is caused by the pathogenic dimorphic soil-dwelling
fungus of the genus Coccidioides. The lack of a thorough understanding of its
immune response guided us to investigate the antigen presenting cells profile,
and we have successfully demonstrated that specific cell lineages (CD3-CD19-
CD14+/-CD11c+/-) present differential expression of receptors and cytokine
production. Under stimulation of endospores and spherules, healthy-immune
patients presented higher levels of IL-10, and were similar to the chronic patients.
We have also observed a significant reduction of PRRs surface expression in
CD14+CD11c- cells, such as TLR2, CD206 (Mannose Receptor) and Dectin-1.
TLR2 expression from HLA-DR+CD14-CD11c+, HLA-DR+CD14+ and
CD14+CD11c+ cells of chronic patients were significantly decreased under same
stimuli, which maybe is related with internalization of the receptor after

phagocytosis of the fungus.

1.BACKGROUND

The systemic fungal disease coccidioidomycosis is caused by the etiologic
agent Coccidioides immitis and Coccidioides posadasii, a dimorphic fungus
which lives as an arthroconidium-forming saprophyte in the earth and on the
ground [1].

Infection in humans usually occurs through the inhalation of coccidioidal
arthroconidia [2] that are carried in dust and install in the terminal alveoli of the
lung, and differentiate into large endosporulating spherules once they are in the
host [3, 4]. The disease presents a diverse clinical spectrum that includes
unapparent infection, primary respiratory disease (usually with uncomplicated
resolution), stabilized or progressive chronic pulmonary disease, and

extrapulmonary dissemination, which can be acute, chronic, or progressive [4]
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The severity of coccidioidomycosis is variable, and it is influenced by
several factors, such as the concentration of inhaled arthroconidia, the genetic
predisposition of the host, and especially the human immune response.
Immunocompromised and immunocompetent individuals have been clearly
identified as at increased risk for developing severe and disseminated
coccidioidomycosis [5-7]. Therefore, the identification of host genetic variants
that predispose persons to severe disseminated coccidioidomycosis would be of

great value in vaccine development [4].

Delayed-type hypersensitivity tests and in vitro studies have shown that
immune responses against infection are achieved by cell-mediated immune
responses [8, 9]. In the innate immune response the cell receptor binds to
microbial molecules [10] and activate the T-helper type 1 response rather than
Th2 [11] by releasing cytokines, such as interleukin-2 (IL-2) and gamma
interferon (IFN-y) [8]. Among the innate immune receptors, the Toll-like receptors
(TLRs) represent a major class of Pattern Recognition Receptors (PRRs), which
mediate the production of cytokines that are necessary for the development of
effective immunity. The TLRs consist of 10 members (TLR1-TLR10) and MyD88
is an essential signaling component for the activation of innate immunity [12].
The TLR2 recognizes peptidoglycan and lipoteichoic acid (LTA) of gram-positive
bacteria and lipoproteins of both gram-negative and gram-positive bacteria [13].
Also it may be an important receptor for fungi recognition, once macrophages of
TLR-2-deficient mice infected with Paracoccidioides brasiliensis displayed low
phagocytic activity, resulting in the secretion of low concentrations of NO and
MCP-1 (Monocyte Chemotactic Protein-1) [14].

Another pattern recognition receptor involved in the innate immune
response against fungal pathogens is Dectin-1, which is a C-type lectin that
recognizes B-glucans present on cell walls of fungi. Studies have shown that
Dectin-1-deficient mice presented significant impaired responses to fungi [15,
16]. Furthermore, mouse cytokine responses to C. posadasii spherules in mouse

peritoneal macrophages are dependent on TLR2, MyD88, and Dectin-1,
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highlighting the importance of these receptors to control this infection of diseases
[17].

However, subversion of protective immunological mechanisms of the host
by the fungus may lead to a successful infection. Results published elsewhere
have suggested that the susceptible host with a disseminated disease mounts an
early and sustained Th2 immune response to coccidioidal infection [18]. It has
been reported that the dominant spherule outer wall glycoprotein (SOWgp) is
capable of modulating host immune responses and may result in compromised
cell-mediated immunity to coccidioidal infection by driving Th2 response.
Moreover, mouse models (BALB/c or C57BL/6) that are susceptible to
Coccidioides immitis manifested a predominant IL-4/IL-10 response respectively,

whereas the resistant strain (DBA/2) showed increased levels of IFN-y [11, 19].

For this study our objective was to partially characterize the antigen
presenting cells profile under stimulation of the T27K protein mixture, endospores
and spherules of non-immune healthy individuals, post-discharged immune

patients, and chronic patients with Coccidioidomycosis.
2.RESULTS

2.1. Flow citometry

To analyze the immunological profile of subjects, we have performed
isolation and stimulation of PBMCs of healthy non-immune individuals, healthy-
immune and chronic patients. We observed a significant increase on IL-10
production of CD19+ cells on healthy non-immune patients when stimulated with
endospores and spherules from Coccidioides (Figure 1). Discharged immune
patients presented higher levels of IL-10 in all stimulations, and were similar to

the chronic patients.

We have also observed a significant reduction of PRRs surface
expression in CD14+CD11c- cells, such as TLR2, CD206 (Mannose Receptor)

and Dectin-1 under stimulation of endospores and spherules. Interestingly, both
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CD206 and Dectin-1 presented a similar pattern of reduction in all patients and
controls (Figures 2 and 3A). However, contrary to the previous data, the
CD14+CD11c+ cells presented higher expression of Dectin-1 only in discharged
immune patients, maintaining a significant difference between control media and

the endospores and spherules stimulations in chronic patients (Figure 3B).

TLR2 expression from HLA-DR+CD14-CD11c+, HLA-DR+CD14+ and
CD14+CD11c+ cells of chronic patients (Figure 4A, B and C, respectively) were
significantly decreased under stimulation with T27K, endospores and spherules
and a similar pattern was observed for healthy non-immune individuals (Figure
5).

TNF-alpha production was also significantly increased in HLADR+CD14-
CD11c+ cells of chronic patients stimulated with T27K and spherules. A similar
pattern could be observed on healthy non-immune individuals, but was not
significant (Figure 6A). Also CD14+CD11c- cells from healthy non-immune
patients had significant TNF-alpha production when stimulated with endospore
and spherule. The chronic patient’s cells were also significantly stimulated by
spherules for TNF-alpha production (Figure 6B). Interestingly, the CD14-CD11c+
(Figure 6C) CD14+CD11c+ (Figure 6D) and CD14-CD11c- (Figure 6E) cells of
healthy-immune patients also presented much higher expression of TNF-alpha

than chronic patients or controls, despite it was not significant.
3.DISCUSSION

Coccidioidomycosis is a very difficult disease to work with due to its great
complexity, no vaccine is available, diagnostics is difficult to achieve and disease
may progress to a chronic stage even under treatment. The lack of a thorough
understanding of its immune response guided us to further investigate the
antigen presenting cell profile, and we have successfully demonstrated that
specific cell lineages (CD3-CD19-CD14+/-CD11c+/-) present differential
expression of receptors and cytokine production, indicating possible defects in

the pro-inflammatory cytokine expression of these cells in chronic patients. We
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have also developed markers for detection of antigens and antibodies associated
with this disease, which may become potential markers for both diagnosis and
therapeutics. This investigation provides new information about the immune
response of coccidioidomycosis, and brings important perspectives for the

diagnosis and therapeutics of the disease.
3.1 Antigen Presenting Cells profile under different stimuli

To investigate the APCs response in chronic and healthy-immune
patients, we have stimulated PBMCs with endospores and spherules of the
fungus stages, and with the protein fraction T27K, consisted of whole killed
spherules mechanically disrupted and centrifuged at 27,000 g to collect the
supernatant, which was designated T27K. This protein fraction is known to
generate a protective response in mice [20]. However, the T27K is antigenically
heterogeneous, and the protective component has yet to be identified [21]. This
explains why we have incorporated this antigen in our cell stimulations and later

on in our search for epitopes and antibody fragments.

The interaction between the pathogen and the host involves the
simultaneous recognition of several microbial products, each one with specific
agonist activities. A deeper understanding of such a complex process can only
be achieved by first characterizing each recognition event separately. Once the
response to each microbial agonist is defined, one can start to analyze the
synergies and antagonisms caused by the simultaneous recognition of different
microbial products [22]. Different techniques can help us on better understanding

how a disease progress occurs.

Flow cytometry panels were designed to identify specific cell subsets
representing antigen presenting cells under three different stimuli. Patients and
healthy control profiles under stimulation presented similar behavior across
patients and control groups in CD14(+/-)CD11c(+/-) cells, but the most striking
difference was observed for the T27K and media control when compared to

endospores and spherules’ stimuli with opposite expressions of dectin-1 and
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mannose receptor (CD206) in CD14+CD11c- cells, and for TLR2 in
CD14+CD11c+ cells. CD14+CD11c- cells also presented higher TNF-alpha
production when stimulated with endospores and spherules, but not with T27K.
However, two cell phenotypes CD14+CD11c+/Dectin-1 and CD14-CD11¢c-/TNF-
alpha could differentiate chronic from discharged immune patients, with the
highest expression of dectin-1 and TNF-alpha in the immune patients’ group in
both cell types, respectively, and again the T27K response was also much higher
than the other fungus stages. The contrasting response between T27K and the
Coccidioides stages suggests that this cell lineage may be critical for the fungus
survival or for the disease establishment, and that the T27K may also present a
protective action against the pathogen, inducing higher TNF-alpha production in
all cells, except in CD14+CD11c-.

It has been shown that conidial and hyphal forms of A. fumigatus are able
to differentially modulate host response and generate distinct cytokine responses
[23]. The same can be observed in coccidioidomycosis, where three spherule-
specific genes, BLG2, SOWgp, and MEP1, contribute to virulence of
Coccidioides spp. BLG2 encodes a 120-kDa B -glucosidase that cleaves B -1,3-

glucan, enabling the cell wall to expand during spherule growth [24].

A. fumigatus modulates the host TLR responses by directly decreasing the
capacity of the host cells to respond to TLR2 and TLR4 ligation, a mechanism
that can be interpreted as a means to evade detection by host immune system or
to interfere with the resultant signaling pathways [25]. Our study corroborates
those findings by demonstrating that whole cell constituents of Coccidioides
endospores and spherules may modulate host innate immune responses through
the TLR2 pathway, which is evidenced by its decreased expression in
CD14+CD11c+ cells. Another study also supports this result through a confocal
microscopy analysis after incubation of Aspergillus conidia with monocytes,
demonstrating internalization of the TLR2 into the phagosome together with the
A. fumigatus conidia [23]. We suggest that this mechanism could be an

explanation for the low expression of TLR2 onto the surface of monocytes.
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Inhibition of TLR2-mediated responses by Aspergillus conidia was due to
induction of TLR2 engagement and internalization, rather than by mediation via
other PRRs like mannose receptor, TLR4 or Dectin-1. In the case of A. fumigatus
conidia, phagocytosis may conversely result in surface receptor depletion and
consequently decreased receptor mediated signaling [23]. The evidence that
phagocytosis modulates TLR activation [26] can partially explain our results
showing that chronic and immune patients had increased IL-10 production by B
cells in comparison to healthy non-immune controls, which also showed
increased IL-10 production when stimulated with endospores and spherules,
suggesting that the Coccidioides surface constituents are triggering this
immunosuppressive response, an event that is counteracted by TNF-alpha
production by CD3-CD19-CD14- cells. For example, spherule outer-wall
glycoprotein encoded by SOWgp is an adhesin that binds to host extracellular
matrix. Although the cellular and humoral immune systems recognize SOWgp, it
promotes a Th2 cytokine response that favors pathogen survival. During
spherule maturation, the developing endospores become coated with SOWgp,

which MEP1 (Metalloproteinase-1) degrades, retarding immune recognition [24].

Another interesting mechanisms of escape by fungi is the a-(1,3)-glucan,
which effectively shields B-(1,3)-glucan from dectin-1 on myeloid cells. This may
explain how a-(1,3)-glucan promotes virulence in dimorphic fungi such as
H.capsulatum. C. albicans displays B-(1,3)-glucan only on the bud scars of
dividing yeast, and not on the more pathogenic hyphae. The large capsule of C.

neoformans also shields B-(1,3)-glucan [24].

Apparently each fungus species has its unique way of escaping the
immune response, and this is mainly related to the Th2 pathway. Supporting our
results, capsular polysaccharides of the pathogenic fungus Cryptococcus
neoformans (GXM, GalXM and MPs) display various immunomodulatory effects
on the host response, therefore enhancing the production of anti-inflammatory IL-
10 [27].

Another explanation for the Th2 (IL-10 B-cell production) response
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probably related to the Dectin-1 internalization is demonstrated by the decreased
expression of Dectin-1 on the surface of CD14+CD11C-cells triggered by each
Coccidioides developmental stages. It was strongly suggested that internalization
is the first step to attenuate Dectin-1-mediated pro-inflammatory responses in DC
[28]. Furthermore macrophage internalization of fungal R-Glucans is not

necessary for initiation of related inflammatory responses [29].

The Th1 response due to fungus recognition is mediated by TLR2 and
Dectin-1, and both may work synergistically. For example, TLR2 signals pro-
inflammatory cytokines that control fungal growth during C. albicans keratitis [30].
Dectin-1 collaborates with TLRs in promoting responses associated with Th1
immunity including production of IL-12 and activation of antimicrobial killing
(ROS) [31]. Dectin-1 is likely to be centrally involved in the innate response to
fungal pathogens. It has also been shown that pathogen-specific receptors, in
addition to the TLR receptors, are required to generate proinflammatory

responses to pathogens [32].

Proinflammatory cytokine responses in mouse peritoneal macrophages to
C. posadasii spherules are dependent on TLR2, MyD88, and Dectin-1 [17]. Our
results with human samples support such evidences observed in mouse models,
but apparently there are other pathways that are convoluted in the Coccidioides
immune response. The increased TNF-alpha production by CD14-CD11¢c- and
CD14-CD11c+ cells in the immune patients group of human coccidioidomycosis
is the first evidence that shows a subset of cells associated with the cure of the
disease, but because due to the large variation in expression, it is quite probable
that other factors may also be involved in combination with this specific
immunophenotype. The first data showing the production of TNF-alpha in
PBMCs from both immune and non-immune subjects incubated with
arthroconidia or spherules derived from the dimorphic fungus Coccidioides
immitis were performed elsewhere [33, 34], but were unable to differentiate the
response from those that progressed to a chronic disease. However, the

production of these acute inflammatory cytokines was associated with the
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immunopathogenesis of active coccidioidomycosis [41].

By our evidences we suggest that might have a Th2 polarization in the
PBMC response to Coccidioides, mainly due to endospores and spherules
stimuli. Furthermore, our results also suggest that TNF-alpha production may be
necessary in certain APC subtypes to counteract the immunosuppressive effect
of IL-10 produced by B cells, which is especially observed in the discharged
immune patients. Apparently, the TNF-a production may be induced by
CD14+CD11c+ mediated by dectin-1, which is highly expressed only in immune
patients, but we need to perform more tests, like blocking Dectin-1, before we

confirm that.

Despite of so many evidences of Dectin-1 acting in different fungi
infections, our results reinforce a notion that other pathways in different cell types
may also be acting towards the progression of Coccidioidomycosis, which is also

dependent on the type of stimulus.

4.CONCLUSION

This is the first study that uses three different stimuli from Coccidioides
with two patients’ groups and a healthy control. Our hypothesis was that the
stimulus would allow us to identify specific subsets of cells that could differentiate
immune patients from chronic ones. But most important, we could prove that both
fungus stages (forms) behaved with an immunosuppressive effect in chronic
patients, while the T27K antigen complex generated an opposite profile,
suggesting that the protective effect observed in mouse may also be induced in

humans, reinforcing the vaccine approach in the near future.

5.MATERIALS AND METHODS

5.1 Antigen preparation

T27K was purified by water-soluble coccidioidal preparation isolated from

disrupture of mature spherules, which was killed with thimerosal and after
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centrifuged at 27 000 g. Spherule-endospore (SE) cultures were prepared as
previously described using the C. posadasii Silveira strain [35]. Posterior,
spherules and endospores were harvested from SE phase cultures and placed in
thimerosal (1:10,000) for 72 hours. An aliquot was then cultured to confirm no

viable organisms remained prior to other experiments.
5.2 Human subjects

Blood samples of thirteen patients were obtained by a licensed
phlebotomist at the University of California Davis Medical Center (Sacramento,
CA) and samples placed on ice until testing begun. Donors known to be infected
with human immunodeficiency virus or known to have undergone allogeneic
transplantation were excluded from the study. The clinical score of severity of
coccidioidomycosis was determined by serologic testing for the presence of
antigens reactive with IgM and IgG antibodies by immunodiffusion (ID). It was
performed as previously described using heated antigen to detect IgM antibody
reactivity, and unheated antigen to detect IgG reactive with the antigen (chitinase
Cts1) [36]. The study protocol was approved by the Internal Research Board of
the University of California, Davis. The patients are described as shown on Table
1.

69



Chronic

PATIENT 1

PATIENT 2

PATIENT3

PATIENT 4

PATIENT 5

PATIENT 6
PATIENT 7
PATIENT 8

Sex Ethnicity Age | Healthy- Sex Ethnicity | Age Healthy Sex Ethnicity
Immune non-
immune
MALE Caucasian 61 PATIENT MALE Caucasian | 83 PATIENT MALE Caucasian
9 13
MALE Asian 39 PATIENT MALE Hispanic 40 PATIENT MALE Caucasian
10 14
MALE African 54 | PATIENT FEMALE Caucasian | 22 PATIENT FEMALE Filipino
American 11 15
FEMALE Caucasian 70 PATIENT MALE Caucasian | 37 PATIENT MALE Caucasian
12 16
MALE African 59
American
FEMALE Caucasian 71
MALE Caucasian 75
MALE African 33
American

Table 1: Description of all the patients that volunteered for this experiment.
5.3 Isolation and stimulation of PBMC

Approximately 30 ml of peripheral blood was drawn by venipuncture from
volunteer healthy donors, immune donors and chronic patients and collected into
sodium heparin. Whole blood was spin and collected 2ml plasma. Blood was
transferred to 50ml falcon tube added with 20ml of PBS. Isolation was performed
layering over ficoll gradient (Ficoll-Hypaque; Amersham Pharmacia, GE
Healthcare, Piscataway, NJ). PBMC were collected from the interface layer, and
these were ressuspended in culture media (RPMI-1640 supplemented with 10 %
FBS, 100 U ml ~" penicillin / streptomycin, and 1 % glutamine (Gibco). Then, 3
million cells (1ml) were added to Falcon Round-bottom for stimulation with T27K
(20ug/ml), endospore and spherules (10* cells/ml each) overnight at 37 ° C with
5 % CO2. After 4 hours of incubation we added 2uL of BFA (Brefeldin- A)

10ug/ml (Biolegend) for intracellular cytokine analysis.
5.4 Flow Cytometric analysis of PBMC

For surface receptors and intracellular cytokine analysis, nonadherent
cells (three million cells per tube) were incubated first with Aqua Live / Dead Dye
(Invitrogen,Carlsbad, CA), for 18 min at 37°C with 5 % CO2 and then we

proceeded with surface staining by adding fluorochrome-conjugated mouse anti-

70

Age

30
22
40

34



human monoclonal antibodies specific for the surface antigens CD3 Pacific Blue
conjugated, CD3 APC-Cy7 conjugated (Biolegend, San Diego, CA), CD4 Qdot
605 conjugated, CD14 Qdot 655 conjugated (Invitrogen), CD8 AF700
conjugated, CD11c PE/Cy5 conjugated, CD19 Pacific Blue conjugated, CD19
PE/Cy5 conjugated, HLA-DR APC/Cy7 (allophycocyanin [APC]-Cy7
conjugated), TLR2 FITC conjugated, CD206 (Mannose receptor) PE/Cy5
conjugated (Biolegend, San Diego, CA), DECTIN-1 FITC conjugated (Ab
SEROTEC) and then fixed the cells using the 2%PFA (Caltag, Burlingame, CA).
After incubation for 30 min at RT, cells were washed and the intracellular
staining, IL-10 PE conjugated and TNF alpha PerCP/Cy5.5 (Biolegend, San
Diego, CA) were added with Perm&Fix buffer (Invitrogen), incubated for 30 min
at RT and then fixed with 2%PFA (Caltag, Burlingame, CA). Flow cytometry was
performed using LSR Il flow cytometer (Beckton Dickinson at the UC Davis core
facility) with a minimum acquisition of 1.000.000 events collected. The data was
analyzed by Flow Jo (Tree Star, San Carlos, CA). For one panel cells were gated
based on forward and side-scatter characteristics first and then CD3/CD19 (PE
conjugated) gate was performed so that the monocytes and DC gate for cells
expressing DECTIN-1 could be possible. For the lymphocyte panel, CD3, CDS,
CD4 and CD19 were gated separately. At a last panel the gate was for the TLR2
expressing cells. The TNF alpha was analyzed at all panels and the IL-10 only at

the lymphocyte panel.
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Figure 1. IL-10 production by CD19+ cells after stimulation with T27K, endospore and
spherules within 3 distinct groups of patients: The p values are showing the significance
after stimulation with endospore and spherules, where p=0.0286 and p=0.0286 for both
stimulations (using two tailed T-student test). Stimuli : MED=Media (without stimuli),
T27K=T27K antigen, END=endospore, SPH=spherules. Patients : CONT=healthy non immune
patients, IMUN= healthy immune patients, CHR= chronic patients.
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Figure 2. CD206 (Mannose receptor) reduction of cell surface expression by
CD14+CD11c- cells of chronic patients: The p values are showing the significance after
stimulation with endospore and spherules (p=0.0011 and p=0.0002, respectively, with the t-
student). Stimuli : MED=Media (without stimuli), T27K=T27K antigen, END=endospore,
SPH=spherules. Patients : CONT=healthy non immune patients, IMUN= healthy immune
patients, CHR= chronic patients.
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Figure 3. A. DECTIN-1 reduction of cell surface expression by CD14+CD11c- cells of
chronic and healthy non-immune patients: The p value is showing the significance after
healthy non-immune patients cells stimulation with spherules (p=0.0133) and chronic patients
cells stimulation with endospores and spherules (p=0.0012 and p=0.0006, respectively). B.
DECTIN-1 reduction of cell surface expression by CD14+CD11c+ cells of chronic
patients: The p values are showing the significance after stimulation with endospore and
spherules (p=0.0011 and p=0.0002, respectively). Stimuli : MED=Media (without stimuli),
T27K=T27K antigen, END=endospore, SPH=spherules. Patients : CONT=healthy non
immune patients, IMUN= healthy immune patients, CHR= chronic patients. All comparisons
were evaluated by t-student test.
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Figure. 4A. TLR2 reduction of cell surface expression by HLA-DR+CD14-CD11c+ cells of
chronic patients: The p values are showing the significance after stimulation with T27K,
endospore and spherules (p=0.0011, p=0.0019 AND p=0.0006, respectively). B. TLR2
reduction of cell surface expression by HLA-DR+CD14+ cells of chronic patients: The p
values are showing the significance after stimulation with endospore and spherules (p=0.0005
AND P=0.0002, respectively). C. TLR2 reduction of cell surface expression by
CD14+CD11c+ cells of chronic patients: The p values are showing the significance after
stimulation with T27K, endospore and spherules (p=0.0093, p=0.0023 AND P=0.002,
respectively). Stimuli: MED=Media (without stimuli), T27K=T27K antigen, END=endospore,
SPH=spherules. Patients: CHR= chronic patients.
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Figure 5. TLR2 lack of cell surface expression by A. HLA-DR+CD14+ cells and B.
CD14+CD11c+ cells from healthy non-immune patients. The p values are showing the
significance after stimulation with endospore and spherules (p=0.0001) for both types of cells.
Stimuli: MED=Media (without stimuli), T27K=T27K antigen, END=endospore, SPH=spherules.

Patients: CONT=healthy non immune patients.
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Figure 6. TNF alpha production by APCs. A. HLADR+CD14-CD11c+ cells from chronic
patients expressing increasing levels of TNF alpha after stimulation with T27K and endospores
(p values of 0.0148 and 0.0104, respectively). CD14+ CD11c- cells from healthy non-immune
donors increasing production levels of TNF alpha after stimulaton with endospore (p=0.0471)
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and spherules (P=0.0452). Also, chronic patients had their levels of TNF alpha significantly
increased (p = 0.0281). C, D and E. Other APCs (CD14-CD11c+, CD14+CD11c+ and CD14-
CD11c-, respectively) that did not present significance between the stimulations but indicated a
pattern of higher TNF alpha production on healthy immune donors comparing with other groups
of patients.
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