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RESUMO

As alergias afetam cerca de 20 a 30% da populagdo mundial e sua prevaléncia, bem como a
gravidade dos sintomas, tem aumentado nas Ultimas décadas. As terapias existentes para as
desordens do trato respiratério ocorrem por periodos prolongados, apresentam efeitos
colaterais, muitas vezes nao sao efetivas para pacientes graves ¢ dependem do afastamento do
alérgeno. Uma alternativa para esses pacientes seria a indugdo de tolerancia imunologica,
através da terapia celular com células dendriticas pulsadas com o alérgeno. O presente
trabalho objetivou avaliar o efeito de células dendriticas mieloides sensibilizadas in vitro com
extrato de B. tropicalis em modelo murino de alergia respiratoria. Em modelos experimentais
de alergia respiratdria, células T auxiliares (Th2) alérgeno-especifica produzem citocinas que
regulam a sintese de anticorpos IgE alérgeno-especificos e controlam a inflamacao
eosinofilica e a remodelagao do tecido das vias aéreas, ¢ esses pardmetros foram analisados
neste trabalho. Células dendriticas tolerogénicas de camundongos A/J foram obtidas na
presenca de GM-CSF e dexametasona e caracterizadas por apresentarem baixa expressao de
MHC-II e moléculas coestimulatorias, reducdo acentuada de PD-L2 e um perfil anti-
inflamatorio de produgdo de citocina.A inoculagdo prévia de células dendriticas
sensibilizadascom Blomia reduziu especificamente e significativamente o nimero total de
leucocitos e o numero de eosinodfilos no fluido de lavagem broncoalveolar e reduziu a
produgdo de IgE, em comparagdo a inoculagdo de células sensibilizadas com ovalbumina, e
estes efeitos foram mais intensos com uma segunda inoculagdo de células tolerogénicas. Além
disso, reducao do infiltrado inflamatorio pulmonar foi observada em animais que tinham sido
tratados com células dendriticas, independente do antigeno utilizado na sensibiliza¢do das
mesmas. Estes resultados indicam que células dendriticas geradas como descrito neste
trabalho podem inibir uma resposta alérgica Th2. A especificidade do tratamento, entretanto,

deve ser melhor investigada.

Palavras-chave: Acaros, Imunomodulacao, Tolerancia imunoldgica.
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ABSTRACT

Allergies affect about 20-30% of world population and its prevalence and severity of
symptoms has increased in recent decades. Existing therapies to respiratory tract disorders are
extense, with side effects, not effective for severe patients and depending on the allergen
removal. An alternative for these patients is the induction of immune tolerance by cell therapy
with dendritic cells pulsed with the allergen. This study aimed to evaluate the effect of
myeloid dendritic cells sensitized in vitro with B. tropicalis extract in a murine model of
respiratory allergy. In experimental models of respiratory allergy, T helper cells (Th2)
produce allergen-specific cytokines which regulate the synthesis of allergen-specific IgE
antibodies and control eosinophilic inflammation and tissue remodeling of the airways, these
parameters were evaluated in this study. Tolerogenic dendritic cells from A / J mice were
obtained in the presence of GM-CSF and dexamethasone and were characterized by low
MHC-II expression and costimulatory molecules, marked reduction of PD-L2 and anti-
inflammatory profile of cytokine production. Prior inoculation of sensitized dendritic cells
with Blomiasignificantly and specifically reduced the total number of leukocytes and
eosinophils in the bronchoalveolar lavage fluid and reduces IgE production compared to
inoculation with cells sensitized with ovalbumin, and these effects were improved with a
second inoculation of tolerogenic cells. Furthermore, reducing the pulmonary inflammatory
infiltrate was seen in animals that had been treated with dendritic cells regardless of the
antigen used for sensitization. These results indicate that dendritic cells generated as described
here can inhibit an allergic Th2 response. The specificity of the treatment, however, should be

examined.

Palavras-chave: Mite, Immunemodulation, Immune tolerance.
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1 INTRODUCAO

As doencas alérgicas sdo altamente prevalentes, podendo atingir cerca de 20 a 30 % de
individuos em todo mundo. A prevaléncia dessas doengas vem aumentando nas ultimas
décadas, tanto em criangas quanto em adultos (HOLGATE et al., 2010), sendo que a asma,
uma das manifestacdes alérgicas mais graves, afeta de 5 a 10% da populagdo mundial
(KUHLEN et al., 2014). Trabalhos realizados em Salvador, Bahia, mostram prevaléncia
acima de 12% para asma bronquica e rinite alérgica, em individuos de diferentes classes

sociais (BAQUEIRO et al., 2007; MEDEIROS JUNIOR et al., 2000).

A asma ¢ uma sindrome complexa, caracterizada patologicamente por inflamagao das
vias aéreas, remodelamento bronquico, broncoconstric¢do ¢ hiperresponsividade, e
clinicamente por dispneia, tosse, coriza e aperto no peito (ATHARI e ATHARI, 2014). Esses
eventos sdo mediados por citocinas liberadas por linfocitos T auxiliares do tipo 2 (Th2) e
células como eosinofilos, basofilos, mastocitos e células dendriticas (ATHARI ¢ ATHARI,
2014; CHIPPS, 2004; GILL, 2012; GUERRA; MARTINEZ, 2008). Antigenos ambientais,
particularmente os antigenos inalados, associados a fatores genéticos, podem levar a ativagao
de uma resposta de hipersensibilidade imediata, resultando em asma alérgica. A Comissao de
Avaliacdo da Asma e do Ar Interior do Instituto de Medicina dos Estados Unidos (IOM)
considera que os alérgenos domésticos tem forte relacdo causal ou pelo menos estdo
associados com a exacerbacdo da asma (IOM, 2000). Os acaros da poeira sdo 0s principais
agentes desencadeadores de asma em individuos sensibilizados especificamente a poeira e a
exposi¢ao continua a esses alérgenos pode levar a hiperreatividade bronquica cronica (I0OM,
2000; PLATTS-MILLS et al., 1997), e estdo associados a quadros de rinite alérgica e asma
(SATO et al., 2002). Dentre estes, o Blomia tropicalis e o Dermatophagoides pteronyssinus
revelam-se como importante causa de fendmenos alérgicos nas regides tropicais e subtropicais
do mundo (SATO et al., 2002), sendo o B. tropicalis o acaro mais prevalente em leitos
domésticos na cidade de Salvador, Bahia, estando presente em 71,8% desses leitos

(BAQUEIRO et al., 2006).

A relevancia do desenvolvimento de protocolos capazes de inibir o desenvolvimento
ou reduzir os sinais e sintomas da alergia respiratoria a acaros da poeira doméstica se torna
cada vez mais evidente, visto que os tratamentos atuais para enfermidades alérgicas objetivam

limitar os danos ocorridos ou amenizar os sintomas, assim como reduzir o risco de crises
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posteriores mais graves. A terapia geralmente apresenta efeitos colaterais importantes como a
imunossupressao gerada pelo uso de corticosteroides, droga de primeira escolha em alergias.
A eficdcia da maioria das imunoterapias para alergia respiratoria atualmente em uso ¢
controversa, além de necessitarem de anos de aplicacdo constante (WALKER, C.; ZUANY-
AMORIM, 2001). Diversas abordagens para desenvolvimento de vacinas contra alergia foram
propostas (WALKER, M. L. et al., 2014, WOHLLEBEN; ERB, 2001). Recentemente, a
inducdo de tolerancia imunologica se tornou um alvo essencial para estratégias de prevencao e
tratamentos para diversas doencas nas quais a desregulagdo do sistema imune desempenha um
papel crucial, como as alergias (AKDIS, 2006). Células dendriticas (DCs) sdo células
apresentadoras de antigeno profissionais do sistema imune, com potencial de iniciar, estimular
ou inibir respostas imunes (MOSER, 2003). Além disso, DCs humanas (LI, X. et al., 2010) e
murinas (HENRY et al., 2008) geneticamente modificadas para expressar interleucina 10 (IL-
10), foram capazes de induzir tolerdncia duradoura in vitro e em modelo experimental de
asma induzida por ovalbumina, respectivamente. A abordagem desenvolvida nesse trabalho
envolve o uso de células dendriticas tolerogénicas, induzidas por dexamentasona, como

imunoterapia especifica para alergias ao acaro Blomia tropicalis.
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2 REFERENCIAL TEORICO

1.1 ALERGIAS E ASMA
2.1.1 Aspectos gerais

Alergias respiratorias sdo distarbios inflamatorios das vias aéreas, resultantes de
reacoes de hipersensibilidade tipo I a alérgenos (GALLI; TSAI; PILIPONSKY, 2008). As
alergias apresentam um amplo espectro de possiveis sintomas e, portanto, suas manifestagcdes
cobrem uma vasta gama de fendtipos, dentre eles asma, rinite, conjutivite, dermatite atopica,
urticaria e reagdes anafilaticas (GALLI; TSAI; PILIPONSKY, 2008; PAPADOPOULOS et
al., 2012). A asma alérgica pode ser caracterizada por uma sequéncia de eventos que
envolvem a obstrugdo reversivel das vias aéreas, broncoconstric¢do, hiperresponsividade
bronquica, desencadeados por resposta do tipo Th2 e inflamagdo eosinofilica mediada por
imunoglobulina E (IgE), que podem estar relacionados a fatores genéticos, definindo a atopia,
ou ambientais, como exposi¢do a epitélio de animais e a antigenos de baratas, polén e acaros
de poeira (CHIPPS, 2004; GUERRA; MARTINEZ, 2008; MIZUTANI; NABE; YOSHINO,
2013).

A atopia pode ser definida como uma predisposicdo genética a sintese de anticorpos
IgE contra os alérgenos ambientais ou in6cuos, ocasionando reatividade cutdnea aos mesmos
antigenos (GODAVA; VRTEL; VODICKA, 2013). A interacdo de multiplos genes ¢
responsavel pelo surgimento dos varios fenotipos existentes na asma (BORISH, 1999). Dentre
os genes envolvidos, pode-se destacar o gene codificador das citocinas IL-3, IL-4, IL-5, IL-9
e IL-15, no cromossoma 5, cromossoma 11 (cadeia beta do receptor de alta afinidade para
IgE), cromossoma 16 (receptor da IL-4), e cromossoma 12 (transdutor de sinal e ativador de
transcrigao 6- STAT 6), e os genes envolvidos na apresentacao de antigeno e da cadeia alfa do

receptor da célula T (BORISH, 1999; GODAVA; VRTEL; VODICKA, 2013).

A resposta inflamatéria se inicia com a captura de antigenos por células
apresentadoras, responsaveis por iniciar a ativagdo de linfocitos T CD4 naive, diferenciando-
os em linfocitos efetores tipo Th2, produtores de IL-4 (HAMMAD; LAMBRECHT, 2006).
Uma das principais caracteristicas das doengas relacionadas a atopia ¢ a producao de IgE apos
ativacdo dos linfocitos B por IL-4 (GODAVA; VRTEL; VODICKA, 2013). Esses anticorpos

IgE se associam a receptores de alta afinidade para IgE (FceRI) em células como eosinofilos,
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basofilos e mastdcitos, as quais sdo consequentemente ativadas ao reconhecerem antigenos,
liberando rapidamente uma variedade de mediadores inflamatérios, causando aumento da
permeabilidade vascular, vasodilatacdo e contragdo do musculo liso visceral e bronquico,
caracterizando a reagdo de hipersensibilidade tipo I ou imediata (LARCHE; AKDIS;
VALENTA, 2006; LARCHE, 2007; NAKAJIMA; TAKATSU, 2007).

A fase tardia, que pode persistir por dias em auséncia de tratamento, ¢ caracterizada
pelo remodelamento das vias aéreas, envolvendo hiperplasia das células caliciformes,
metaplasia das células produtoras de muco, espessamento do musculo liso e fibrose, associado
com a liberagdo de mediadores inflamatorios por mastocitos e basofilos (HOLGATE et al.,
2010; MIZUTANI; NABE; YOSHINO, 2013; WILLS-KARP, 1999) ¢ a ativagdo das células
Th2 (GALLI; TSAI; PILIPONSKY, 2008). IL-4, IL-5, IL-9 e IL-13, citocinas produzidas
pelas células Th2, estimulam a inflamagao alérgica e eosinofilica, bem como células epiteliais
e de musculo liso, que contribuem para as alteragdes patoldgicas da asma (HOLGATE;

POLOSA, 2008; NAKAJIMA; TAKATSU, 2007).

2.1.2 Blomia tropicalis

Os 4acaros da poeira doméstica sdo os principais agentes desencadeadores de
fendmenos alérgicos em todo o mundo (PLATTS-MILLS et al., 1997), estando
principalmente associados a quadros de rinite alérgica e asma (FERNANDEZ-CALDAS,
ENRIQUE; PUERTA; CARABALLO, 2014). Dentre estes, o B. tropicalis e o D.
pteronyssinus revelam-se como importantes causas de fendmenos alérgicos nas regides
tropicais e subtropicais do mundo (ARRUDA et al., 1997, HUANG et al., 2006). O B.
tropicalis ja foi descrito na literatura como tendo alta prevaléncia em paises da América do
Sul e Asia como Cuba, Venezuela, Taiwan e Brasil, assim como nos Estados Unidos e Europa
(CASTRO ALMARALES et al., 2006; CROCE et al., 2000; FERNANDEZ-CALDAS, E et
al., 1990; MUSKEN et al., 2000; RIZZO et al., 1997; TSAI et al., 1998). Nestas areas,
antigenos do B. tropicalis demonstraram ser componentes alergénicos da poeira doméstica
importante clinicamente, capazes de induzir resposta de anticorpos IgE em pacientes com

doengas alérgicas, tais como asma e rinite.

O extrato de B. tropicalis possui mais de 30 proteinas potencialmente alergénicas,

dentre as quais, sabidamente, duas reagem intensamente com IgE no soro de pacientes com
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teste cutdneo positivo para esse acaro, o antigeno recombinante do acaro B. tropicalis (Blo t)
1 (70%) e Blo t 5 (87 %) (TANG et al., 2011; TSAI et al., 1998). Embora seja descrita a
reagdo cruzada entre antigenos de B. tropicalis e D. pteronyssinus, um estudo utilizando
diferentes técnicas, como dot blot e imunoeletroforese enzimatica, mostrou que essa reagao ¢é
pequena e que os antigenos de Blomia devem ser incluidos no desenvolvimento de novas

terapias (CHEW et al., 1999).

Foi demonstrado por colaboradores do nosso grupo de pesquisa que o B. tropicalis é a
fonte dos principais aeroalérgenos na cidade de Salvador- Bahia (BAQUEIRO et al., 2007;
RODRIGUES et al., 2008), sendo este o acaro mais prevalente, estando presente em 71,8%
dos leitos domésticos naquela cidade (BAQUEIRO et al., 2006).

2.1.3 Modelos experimentais

Geralmente os modelos experimentais convencionais de inducdo de alergia
respiratoria utilizam a ovalbumina como antigeno (MASID-DE-BRITO et al., 2014). No
entanto, o uso de alérgenos desencadeadores de crises em seres humanos em modelos
experimentais tem maior relevancia quando se objetiva o desenvolvimento de terapias
direcionadas a esses antigenos. Na literatura existem poucos grupos que estudam modelos
experimentais em que a alergia ¢ induzida através da sensibilizagdo com B. tropicalis
(CARVALHO et al., 2004; COLLAZO; DIAZ, 2003; OLIVEIRA et al., 2005; RAMOS et
al., 2004; SATO et al., 2002; TAKEDA et al., 2004), e muitos desses trabalhos foram
desenvolvidos por nosso grupo de pesquisa (BAQUEIRO et al., 2006, 2010; BARBOZA et
al., 2013; COSTA et al., 2012; PONTE et al., 2011). Em um desses trabalhos, um protocolo
curto de indugdo de alergia experimental ao B. tropicalis foi avaliado em quatro diferentes
linhagens de camundongos (CBA/J, BALB/c, A/J e C57B1/6) e mostrou que a linhagem A/J
foi a melhor respondedora a sensibilizacdo por esse dcaro, com indu¢do de muco no interior
dos bronquios, hiperresponsividade das vias aéreas e inflamagdo pulmonar (BAQUEIRO et

al., 2010).

2.1.4 Epidemiologia

Segundo a Organizagdo Mundial de Alergia (2011), a prevaléncia de doengas alérgicas

em todo o mundo estd aumentando drasticamente tanto em paises desenvolvidos como nos em
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desenvolvimento. De acordo com a Organizagdao Mundial de Saude, centenas de milhdes de
individuos no mundo sofrem de rinite alérgica e estima-se que cerca de 300 milhdes possuem

asma alérgica, o que afeta significativamente a qualidade de vida desses individuos.

Trabalho desenvolvido na cidade de Salvador- Bahia, com individuos residentes em
uma favela, indicou prevaléncia de asma bronquica de 14,5% e de rinite alérgica de 17,4%
(MEDEIROS JR. et al., 2000). Nosso grupo observou prevaléncias semelhantes as obtidas por
Medeiros e colaboradores, para asma bronquica (12,1%) e rinite (18,8%) em individuos de
nivel socioecondmico baixo, enquanto para individuos de condi¢des socioecondmicas mais
favoraveis, as prevaléncias de asma e rinite foram mais elevadas, respectivamente de 21,1% e

32,5% (BAQUEIRO et al., 2007).

2.1.5 Terapias

A relevancia do desenvolvimento de protocolos capazes de inibir o desenvolvimento
ou reduzir os sinais e sintomas da alergia respiratoria a acaros da poeira doméstica se torna
cada vez mais evidente, visto que muitos dos tratamentos atuais para enfermidades alérgicas
sdo sintomaticos, envolvendo uso de medicamentos geralmente caros e com efeitos colaterais,
e/ou depende de afastamento, nem sempre possivel, do alérgeno. A cura ndo ¢ alcangada em
muitos individuos, especialmente quando se considera todos os fenétipos de asma (WENZEL,
2012). Verifica-se também que as imunoterapias para alergia respiratéria em uso, atualmente,
tém efeito controverso, além de necessitarem de anos de aplicagdo constante (WALKER, C.;

ZUANY-AMORIM, 2001).

H4 muitos estudos na literatura sobre terapias para doengas alérgicas, tais como
vacinas com antigenos purificados ou recombinantes, vacinas, usando citocinas e produtos
bacterianos como adjuvantes (WALKER, C.; ZUANY-AMORIM, 2001; WOHLLEBEN;
ERB, 2001), os corticosteroides (KANDEEL et al., 2013; KUNICKA et al., 1993) e pB2-
agonistas (PAGE; SPINA, 2006), inibidores da resposta imune celular (GERVAIS et al.,
2011; KON et al., 2001) e estudos que tem citocinas Th2 como alvo (PAVORD et al., 2012;
WENZEL, 2012).

A imunoterapia com alérgenos pode levar a reacdes anafilaticas e ¢ indicado apenas
para pacientes com asma controlada (CRETICOS, 2000). Embora os corticosterdides sejam os

tratamentos farmacologicos mais eficazes, eles inibem a resposta das vias aéreas ao alérgeno
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através de mecanismos nao-especificos (KUNICKA et al., 1993; MANEECHOTESUWAN et
al.,, 2009; PAGE; SPINA, 2006). Cerca de 50-60% dos pacientes com asma grave nio
respondem a terapia anti-IgE especifica (omalizumabe) (HANANIA et al., 2011) e sdo
refratarios ao uso de corticosterdides. Esses pacientes foram tratados com imunossupressores,
tais como sais de ouro, metotrexato, azatioprina, ciclosporina e tacrolimus (HOLGATE, 2012)
e imunoglobulina intravenosa (BEL; TEN BRINKE, 2005). Mais recentemente, os anticorpos
monoclonais t€m sido usados para inibir a resposta das células T (Keliximab) (KON et al.,
2001), eosindfilos (MK-7246) (GERVAIS et al.,, 2011) e mastocitos (DAVIS; TODD;
COCKCROFT, 2005). No entanto, os efeitos adversos dessas terapias sdo superiores aos

beneficios da sua utilizagao clinica.

A inibicdo de células T e da coestimulagdo por DCs ¢ uma nova abordagem

interessante para atenuar as respostas de células T na asma.

2.2 TOLERANCIA IMUNOLOGICA

Tolerancia imunolégica pode ser compreendida como a modulacdo do sistema
imunoldgico, através de diversos mecanismos, que levam a auséncia de resposta a um
antigeno. Esse processo ¢ dividido em tolerancia central, que ocorre nos o6rgdos linfoides
geradores, e periférica, que ocorre nos 6rgaos linféides secundarios. No processo de tolerancia
central, os linfécitos T incapazes de reconhecer a interagdo entre o complexo principal de
histocompatibilidade (MHC) e o peptideo proprio ou que reconhecem com alta afinidade
sofrem apoptose (ANDERSON, G.; JENKINSON, 2007). Apesar do processo de delegdo
clonal no timo, varios grupos mostram evidéncias de que ndo ¢ completamente eficaz, uma
vez que muitos clones autorreativos sdo encontrados na periferia (MATHIS; BENOIST,
2004). A tolerancia periférica envolve mecanismos como inibi¢ao da coestimulacdo pela
ligagdo da proteina 4 associada ao linfocito T citotoxico (CTLA-4) com CD28, expressao da
proteina de morte celular programada (PD-1) nos linfocitos que ao interagir com seu ligante 1
(PD-L1) em células apresentadoras de antigenos inibem a resposta de linfocitos T
(GREENWALD; FREEMAN; SHARPE, 2005), agao de citocinas regulatorias como TGF-3 e
IL-10 (WATANABE et al., 2002), indugdo de anergia e supressio (KAMRADT;
MITCHISON, 2001) e de células regulatérias (MOSER, 2003).
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Recentemente, a inducao de tolerancia imunologica se tornou um alvo essencial para
estratégias de prevencdo e tratamentos para diversas doencas nas quais a desregulacdo do

sistema imune desempenha um papel crucial, como as alergias (AKDIS, 2006).

2.3 CELULAS DENDRITICAS
2.3.1 Aspectos gerais

As DCs sao células apresentadoras de antigeno profissionais do sistema imune, com
potencial de iniciar, estimular ou inibir respostas imunes (HUBO et al., 2013; MOSER,
2003). Sao imunofenotipicamente e funcionalmente heterogéneas e estdo distribuidas através
dos tecidos linfoides e na maioria dos tecidos nao linféides (BODEY; SIEGEL; KAISER,
2004). Essas células representam o principal grupo de células apresentadoras de antigeno,
funcionando como sentinelas da superficie mucosa, capturando antigenos para apresentagao
aos linfocitos T (BODEY; SIEGEL; KAISER, 2004; GILL, 2012). As DCs apresentam
capacidade de interagir com células epiteliais através da expressdo de citocinas e moléculas
coestimulatorias, quando essa interacdo ocorre com o epitélio pulmonar a reposta inflamatoria
a aeroalérgenos pode ser afetada (GILL, 2012). Sdo também capazes de fornecer todos os
sinais coestimulatorios necessarios para a ativagao de linfocitos T naives, sendo consideradas
as células mais efetivas na inducdo da resposta imunolégica mediada por células T (PAGLIA

et al., 1993), inclusive apds a exposigdo a alérgenos (BATES et al., 1998).

Embora tenham sido descobertas em 1868 por Paul Langerhans na epiderme,
confundidas com células nervosas, apenas em 1973 foram identificadas e caracterizadas
morfofuncionalmente (STEINMAN, R M; COHN, 1973). Este trabalho levou a uma nova
compreensdo do controle da tolerancia e da resposta imune e deu inicio a um novo campo de
estudo dentro de imunologia: o papel das células dendriticas na regulacdo imune, o seu

potencial para a descoberta de novas vacinas e tratamentos de doengas autoimunes.

Existem diferentes subpopulagdes de DCs, caracterizadas imunofenotipicamente por
imunocitoquimica ou citometria de fluxo. Elas podem ser derivadas da medula dssea, e
subdivididas em DCs mieloides CD8+ CD205+ ou CD8- 33DI1+, DCs plasmocitdides,
CD45RA+, produtoras de interferon (IFN) tipo I e as DCs produtoras de Fator de necrose
tumoral o (TNF-a) e 6xido nitrico. Ja foram descritas também DCs derivadas do bago, da

derme e epiderme, conhecidas com células de Langerhans, células derivadas de tecidos
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linfoides e de tecidos nao linfoides, como por exemplo, pulmao e figado (BODEY; SIEGEL;
KAISER, 2004; HU; WAN, 2011; MOORE; ANDERSON, 2013; STEINMAN, RALPH M;
BANCHEREAU, 2007). As DCs podem ser encontradas ao longo de todo o epitélio do trato
respiratorio, desde o nariz até o intersticio alveolar. No pulmdo de camundongos podem ser
encontrados trés subtipos de DCs: as DCs convencionais com alta expressdo de CDllc,
subdivididas em CD103+ e CD11b+, e as DCs plasmocitdides, com Siglec-H, Ly6C e B220 ¢
baixa expressdo de CD11c (GILL, 2012). Enquanto as ultimas estdo relacionadas a tolerancia
aos antigenos inocuos inalados (DE HEER et al.,, 2004), as DCs CDI11b+ produzem
quimiocinas atratoras de linfécitos Th2 e TCD8+, influenciando a inflamacao alérgica (VAN

RUT et al., 2005).

A principal molécula diferencial de superficie das DCs mieldides murinas ¢ a CD11c¢
(LL, H. S.; WATOWICH, 2013; XIAO-KUI HE, XIANG-LING WU, XIU-JUAN HE, BO LI,
2010). Ao contato com antigenos, DCs sdo responsaveis por sua captura e processamento,
quando sdo ativadas e amadurecem, adquirindo novas propriedades, como aumento na
expressao de MHC-II, de moléculas coestimulatdrias, como CD80 e CD86, de secrecao de
citocinas, como o TNF-a, IL-12, IL-15 e IL-6 e elevagdo da expressao de CCR7 (HUBO et
al., 2013; STEINBRINK et al., 2009; TISCH, 2010). O CCR7 ¢é necessario para migragao
das DCs para os linfonodos periféricos e ¢ alvo das quimiocinas CCL19 e CCL21, produzidas

em linfonodos nas zonas de linfécitos T (TISCH, 2010).

Os protocolos descritos na literatura para geragdo de células dendriticas tolerogénicas
utilizam células de origem mieloide, a partir de medula 6ssea animal ou células
mononucleares de sangue periférico humano (BOKS et al., 2012; KOYA et al., 2007;
STEINBRINK et al., 2009).

2.3.2 Geragdo de células dendriticas tolerogénicas in vitro

A geracdo de células dendriticas a partir de progenitores de medula Ossea de
camundongos ocorre de modo dependente do receptor tirosina quinase Flt3 e do fator
estimulante de colonias de granuldcitos macréfagos (GM-CSF), enquanto DCs podem ser
derivadas de mondcitos humanos quando cultivadas em presenga de GM-CSF e IL-4 (HUBO
etal, 2013; LI, H. S.; WATOWICH, 2013).
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Embora o GM-CSF seja geralmente adicionado em culturas in vitro para estimular o
desenvolvimento de DCs, ele ndo ¢ capaz de estimular a diferenciacdo de todos os subtipos de
DCs, como por exemplo, as DCs CD8+ (MOORE; ANDERSON, 2013). No entanto, GM-
CSF parece desempenhar um papel importante na fungdo de DCs. A adicio de GM-CSF
resultou no aumento da expressdo de CD103 e na capacidade de apresentacdo cruzada por
essas células (SATHE et al., 2011), além de levar a ativagao de DCs CD11b+ indutoras da
resposta Th2 (GILL, 2012; ZHOU et al., 2014). A apresentagdo cruzada ¢ uma caracteristica
de alguns subtipos de DCs derivadas da medula 6ssea, em que essas células apresentam
antigenos exogenos via MHC-I (SATHE et al., 2011). Essa habilidade ¢ crucial para ativagio
de linfécitos T CD8+ e para manutencao de tolerancia imunologica a tecidos proprios

(SHORTMAN; HEATH, 2010).

A adicdo de agentes farmacoldgicos na cultura de DCs, como aspirina (HACKSTEIN
et al., 2001), vitamina D3 (ANDERSON, A. E. et al., 2008; PIEMONTI et al., 2000), drogas
imunossupressoras, como corticoides (ANDERSON, A. E. et al., 2008), rapamicina
(HORIBE et al., 2008), micofenilato mofetil (GREGORI et al., 2001), ¢ citocinas como IL-10
e TGF-B (LAN et al., 2006), inibem o amadurecimento das DCs, induzindo-as a um estado de

amadurecimento parcial, mantendo-as em seu imunofendtipo tolerogénico.

A dexametasona (DEXA) pertence a um grupo de glicocorticdides sintéticos,
conhecidos por suas propriedades antinflamatdrias e imunossupressoras, sendo comumente
utilizados para tratar diversas doengas autoimunes ¢ alérgicas, e se apresenta como um agente
farmacologico de interesse para inducao de células dendriticas tolerogénicas (XIAO-KUI HE,

XIANG-LING WU, XIU-JUAN HE, BO LI, 2010).

A dexametasona regula a resposta imune modulando as células dendriticas fenotipica e
bioquimicamente, estimulando o aumento da atividade do canal de Na+/H+ NHE3 através da
quinase SGK1, causando acidificacdo citosoélica e redugdo do volume celular (ROTTE et al.,
2011). Foi demonstrado ainda, que a dexametasona induz a redu¢do da producao de IL-12
através do aumento da producdo da proteina quimiotatica de monoécitos-1 (MCP-1) (ROCA et
al., 2007) e é capaz de reverter ou interferir nos efeitos do lipopolissacarideo (LPS) nas
células dendriticas sobre o volume celular e produ¢do de intermediérios reativos do oxigénio
(GONG et al., 2011). Mesmo sem alteragdes fenotipicas marcantes, o efeito da dexametasona
na inibi¢do de citocinas proinflamatorias, como a IL-12, é capaz de suprimir a resposta de

linfocitos T efetores, através de inducdo de células T regulatorias, que dependem da expressao
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de CD80 e CD86 para proliferacio (ALBERT; JEGATHESAN; DARNELL, 2001;
YAMAZAKI; STEINMAN, 2009).

2.3.3 Aplicacdes terapéuticas

O uso de DCs tolerogénicas (tolCDs) vem sendo extensivamente estudado para
desenvolvimento de imunoterapias especificas para doengas alérgicas e autoimunes. Ja foi
demonstrado anteriormente que tolDCs mostraram-se capazes de inibir o desenvolvimento de
tircoidite autoimune (GANESH et al., 2009; VERGINIS; LI; CARAYANNIOTIS, 2005),
diabetes autoimune (KRIEGEL; RATHINAM; FLAVELL, 2012), miocardite autoimune
(YANG et al., 2006) e interferir na resposta de células T derivadas de pacientes com esclerose
multipla (RATCH-REGUE et al., 2012). Além disso, DCs humanas (LI, X. et al., 2010) e
murinas (HENRY et al., 2008) geneticamente modificadas para expressar IL-10 foram
capazes de induzir tolerancia duradoura in vitro e em modelo experimental de asma induzida

por ovalbumina, respectivamente.
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2 JUSTIFICATIVA

A asma ¢ uma das doengas mais comuns do trato respiratorio. Ela afeta cerca de 20 a
30% da populagdo humana e sua prevaléncia vem aumentando nas ultimas décadas
(HOLGATE et al., 2010). Trabalhos realizados em Salvador demonstraram prevaléncia de
asma bronquica de 14,5% e de rinite alérgica de 17,4% para individuos com nivel
socioecondmico baixo e de 21,1% e 32,5% para individuos de classe alta (BAQUEIRO et al.,
2007, MEDEIROS JR., 2000). A eficacia da maioria das imunoterapias para alergia
respiratoria atualmente em uso ¢ controversa, além de necessitarem de anos de aplicagdo
constante, envolvendo uso de medicamentos geralmente caros e com efeitos colaterais, e/ou
depende de afastamento, nem sempre possivel, do alérgeno. Embora, nas ultimas décadas,
significante redu¢do na morbidade e mortalidade pela asma tenha ocorrido gragas ao avanco
de pesquisas para a compreensdo da patogenia, novas estratégias ainda precisam ser
desenvolvidas (SZEFLER, 2011). A inflamacdo das vias aéreas esta fortemente associada ao
agravamento dos sintomas da asma e ¢ mediada por fatores que envolvem a interagdo entre o
epitélio pulmonar e as células dendriticas. O papel crucial das células dendriticas na regulagdo
resposta imune apds a inalagdo de aeroalérgenos as torna um potencial alvo terapéutico. A
inducdo de tolerancia imunoldgica ocorre fisiologicamente a antigenos indcuos no epitélio das
vias respiratdrias, mediada por células dendriticas plasmocitoides, enquanto as DCs mieldides
estdo associadas a inflamagao (GILL, 2012). A modulagdo farmacoldgica de DCs mieloides,
através do uso de dexametasona, visando gerar células tolerogénicas especificas pode
contribuir na terapéutica das doencas alérgicas, através do desvio da resposta imune ou

inducdo de células T regulatorias.
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3 OBJETIVOS

3.1 OBJETIVO GERAL
Investigar o papel de DCs diferenciadas de células de medula 6ssea na presenca de

dexametasona na modulagdo de resposta alérgica.

3.2 OBJETIVOS ESPECIFICOS

o Determinar se DCs diferenciadas de células de medula 6ssea na
presenga de dexametasona e pulsadas in vitro com extrato de B. tropicalis sdo capazes
de inibir a produgdo de IgE especifica em modelo de alergia respiratoria em
camundongos A/J

o Analisar o impacto da inoculagdo de DCs geradas na presenca de
dexametasona no infiltrado inflamatorio pulmonar dos camundongos A/J submetidos
ao modelo de alergia experimental

o Avaliar a modulacdo da produ¢ao de citocinas Th2 no lavado
broncoalveolar apds tratamento com as DCs pulsadas com extrato de B.tropicalis

o Avaliar a especificidade dos efeitos das DCs

o Investigar se o refor¢o da tolerizagdo ¢ eficaz na potenciacao do efeito

das CDs pulsadas com extrato de B.tropicalis
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The present manuscript deals with myeloid-derived dendritic cells that have
differentiated in vitro from bone-marrow cells in the presence of dexamethasone
and subsequently stimulated with bacterial LPS. It shows that these cells clearly
down-modulate important inflammatory/immunological parameters in mice in which
experimental respiratory allergy to a house dust mite allergenic extract is induced.

We hope the manuscript is suitable for publication in PLoS One.
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ABSTRACT

Allergies affect about 20 to 30% of the world population and their
prevalence, as well as the severity of their symptoms, have been
increasing in recent decades. Blomia tropicalis has been implicated as
one of the most important causative agents of allergic diseases in
many Latin-American countries, and it is related to the occurrence of
asthma, atopic dermatitis and rhinitis. Dendritic cells in a state of
partial maturation have a tolerogenic profile, being able to induce
immunological tolerance. In this work, the effect of intraperitoneally
injected myeloid DCs that had been in vitro sensitized with a Blomia
tropicalis extract was evaluated in a murine respiratory allergy model.
Tolerogenic dendritic cells from A/]J mice were obtained in the
presence of GM-CSF and dexamethasone. They expressed low
amounts of MHC-II and costimulatory molecules, and had a marked
reduction of PD-L2 and an anti-inflammatory cytokine profile. In
allergic models, allergen-specific T helper type 2 cells produce
cytokines that lead to the synthesis of allergen-specific IgE and to
eosinophilic airway inflammation and airway remodeling. These cells
were in vitro sensitized with B. tropicalis extract and intraperitoneally
inoculated into mice in which respiratory allergy to B. tropicalis
extract was subsequently induced. This procedure specifically and
significantly reduced the total number of leukocytes and the number
of eosinophils in bronchoalveolar lavage fluid and reduced the serum
concentrations of anti-B. tropicalis extract IgE antibodies. Reduced
lung inflammatory infiltrate was observed in animals that had been
treated either with B. tropicalis extract- or ovalbumin-sensitized
dendritic cells. These results indicate that the dendritic cells generate
here can inhibit Th2 allergic responses. The specificity of the
treatment should be further investigated so that tolerogenic dendritic
cells could be considered as a possible therapeutic strategy for Th2-

immune response mediated diseases.
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INTRODUCTION

The concept of allergic asthma equates to a group of clinical and
physiological characteristics including reversible airway obstruction,
bronchoconstriction in association with airway hyperresponsiveness
(AHR), T helper type (Th)2 responses and eosinophilic airway
inflammation mediated by allergen-specific IgE [1,2]. Airway
remodeling, which involves permanent changes such as goblet cell
hyperplasia, mucus cell metaplasia, smooth muscle thickening,
fibrosis and release of inflammatory mediators by mast cells and
basophils, is a feature of chronic inflammation, orchestrated by Th2
cytokines, such as IL-4, IL-5 and IL-13 [1,3].

Asthma is one of the most common diseases of respiratory tract in
childhood [4], although epidemiologic studies have demonstrated the
high prevalence of asthma in all ages [5]. This chronic airway
inflammation affects 5-10% of the population in many developed
countries and has been inversely correlated with socioeconomic
burden, explained by the hygiene hypothesis [6]. However, recent
studies demonstrate that this association needs to be revised. The
ISAAC study showed that the prevalence of asthma and allergic
diseases is progressively increasing in countries in Africa, Latin
America and parts of Asia, but it is not uniform [7]. In Brazil, every
year, there are 350,000 hospitalizations for asthma, which is the
fourth leading cause of hospitalization in the public health system
(2.3% of total). Our research group has demonstrated a prevalence
of 71.8% of Blomia tropicalis followed by 39.9% of
Dermatophagoides pteronyssinus in beds of different districts in the

city of Salvador, Brazil [8].
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The dendritic cells (DCs) constitute an immunophenotipically and
functionally heterogeneous population of professional antigen
presenting cells that display a unique potential to initiate both
immunogenic and tolerogenic primary immune responses depending
on their functional state [9-11]. This ability is due in part to the fact
that those DCs are found in lymphoid tissues, such as the thymus
and lymph nodes, and in non-lymphoid organs, such as skin and lung
[10], privileged location that favors the capture of antigens, but
mainly because they provide all the essential costimulatory signals for
activation of naive T lymphocytes [12,13]. The activation of the
immune response or induction of tolerance by DCs is set up during
the process of maturation [14]. Antigen-presenting DCs in a state of
partial maturation — alternative activated tolerogenic DCs — have
therefore a tolerogenic profile, being able to induce immunological
tolerance [15,16].

In this work, DCs were differentiated from murine bone-marrow cells
in vitro in the presence of dexamethasone, activated with bacterial
lipopolysaccharide (DC-DexalPS) and sensitized with a Blomia
tropicalis mite extract (BtE). The effect of intraperitoneal injections of
this dendritic cell preparation (DC-DEXA®*) on a murine experimental
respiratory allergy model was evaluated. Significant reductions in
levels of circulating anti-Blomia tropicalis IgE, eosinophil numbers in

bronchoalveolar lavage fluid and lung inflammation were observed.

MATERIAL AND METHODS

Animals and ethical consideration

Five to 7 week-old A/J female mice were bred and maintained at the
animal house of the Gongcalo Moniz Research Center, Oswaldo Cruz
Foundation, Salvador, Brazil. The experiments and all the animal

procedures were approved by the Committee for Ethics in Use of
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Experimental Animals, Gongalo Moniz Research Centre, Fundagao

Oswaldo Cruz, Salvador, Brazil.

Antigens

The antigens used in this study were the following: house dust mite
Blomia tropicalis (Greer Laboratories, Lenoir, NC, USA); ovalbumin
grade V (Sigma-Aldrich, St. Louis, MO, USA).

Generation of bone marrow-derived dendritic cells (BMDC)

The method of isolation of BMDC was adapted from a previously
described protocol [14]. A/J mouse bone marrow cells were collected
by flushing femur bone marrows with RPMI medium (Sigma-Aldrich,
St. Louis, MO, USA). The cells were then cultured in 75 cm? flasks at
a concentration of 10° nucleated cells/mL in RPMI medium, with 100
mM pyruvate, 200 mM glutamine, 10 mM HEPES, 10% fetal bovine
serum (FBS; Cripion, Sao Paulo, Brazil), 50-80 upg/mL gentamicin,
0.2% NaHCOs3, pH 7.4, supplemented with 30% of the supernatant
from a X-63-cell culture (containing GM-CSF). Cultures were
incubated at 37° C in a 5% CO, atmosphere. After 72 hours, the
supernatant was removed and the sediments containing non-
adherent cells were resuspended with fresh medium. DC-DexalPS
were obtained by adding dexamethasone (10°® M; Decadron, Prodome
Laboratory, Campinas, SP, Brazil) on days 3 and 6 of culture. After 7
days of culture, the BMDC were harvested and activated with 1
Mg/mL bacterium lipopolysaccharide (LPS; Sigma-Aldrich, St. Louis,
MO, USA) for 24 hours. Some bone-marrow cells were left to
differentiate into BMDC in the absence of dexamethasone and then
stimulated with LPS (DC-LPS).
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Dendritic cell characterization

The phenotypic characterization of DCs was carried out by three-
colour flow cytometry. Monoclonal antibody (mAb)-fluorochrome or
biotin conjugates [fluorescein isothiocyanate anti-CD11c mAb,
phycoerythrin-cyanine anti-CD11b mAb, biotin anti-I-A? mAb, biotin
anti- PD-L1, biotin anti- PD-L2, phycoerythrin (PE) anti-CD40 mAb,
PE anti-CD80 mAb, PE anti-CD86 mAb] were from eBioscience
(eBioscience Inc., San Jose , CA, USA). The cells were incubated with
the conjugates on ice for 20 minutes and washed twice. Those
incubated with biotin-mAb conjugates were subsequently incubated
with PE-avidin for 20 minutes. The cell suspensions were then
washed once with 0.15 M phosphate-buffered saline, pH 7.2 (PBS).
For each sample, data from 100,000 cells were acquired. Dendritic
cells were typically 70% CD11c-positive, as published elsewhere [17].
The cells supernatants, harvested 24 hours after LPS stimulation,
were stored at -20° C until used for cytokine measurements. IL-1j,
IL-6, IL-10, IL-12 and TNF-a concentrations were quantified in
commercial ELISA Ready-SET-Go! kits, in accordance with

manufacturer's instructions (eBioscience Inc., San Jose, CA, USA).

Experimental allergy model

Groups of A/]J mice were sensitized by means of intraperitoneal
injections of BtE containing 100 pg of protein adsorbed to 1.6 mg of
aluminium hydroxide gel (Sigma-Aldrich, St. Louis, MO, USA) on days
0 and 14. They were challenged intranasally with of BtE containing 10
Mg of protein in 25 pl of saline on days 21, 23, 25 and 27. Control
groups received only saline and were challenged with saline. The

mice were euthanized 24 hours after the last challenge.
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Antigen-sensitization of DCs and induction of tolerance

For induction of tolerogenic dendritic cells, DC-DexalLPS were pulsed

overnight with BtE (100 pg of protein/mL of medium; DC-Dexa®*

OVA

) or
100 pg ovalbumin/mL of medium (DC-Dexa~"") on day 6 of culture.
Ten days before the first sensitizing exposure to BtE, mice were
injected intraperitoneally with 10° DC-Dexa®* or DC-Dexa®"?, in 100

ML of saline. Control mice were injected only with the vehicle (saline).

Bronchoalveolar lavage fluid (BALF) collection and cell
counting

The tracheas of the dead mice were cannulated and the BALF
collected with 0.5 mL of PBS containing 1% of bovine serum albumin
(PBS-BSA; Sigma Chemical Co., St. Louis, MO, USA). An aliquot of
the BALF cells was washed by centrifugation, and the cell pellet
resuspended in PBS-BSA. Total cell counts were carried out in a
Neubauer chamber. Differential cell counts were performed in blinded
fashion by counting 100 cells in hematoxylin and eosin-stained
cytospin preparations in a light microscope. Following centrifugation
of the BALF (400 g for 5 minutes at 4° C), the supernatants were
collected and stored at -20° C for subsequent measurement of
cytokine content, and the pellets were used for the measurement of

eosinophil peroxidase (EPO) activity.

Quantification of EPO and histopathology analysis

After the BALF collection, the lungs were perfused, via the heart right
ventricle, to remove residual blood, with PBS containing 10 mM
EDTA. Fragments of the lungs were macerated with Hank's balanced
salt solution (HBSS) and incubated for 5 minutes with red blood cell
lysis buffer (0.15 M NH4Cl, 1 mM KHCOs and 0.1 mM EDTA, pH 7.4).
Following centrifugation (400 g for 10 minutes at 4° C), the

precipitates were resuspended in HBSS containing 0.5%
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hexadecyltrimethyl-ammonium bromide and stored at -20° C for
subsequent measurement of EPO activity.

A second fragment of 100 mg of lung tissue was resuspended in
a solution containing 0.4 M NaCl, 0.05% Tween 20, 0.1 mM PMSF,
0.1 mM benzethonium chloride, 10 mM EDTA and 20 KIU/mL
aprotinin. The samples were centrifuged (9,300 g for 10 minutes at
4° C) and the supernatants collected and stored at -20° C for
subsequent measurement of cytokine content.

For histological analysis, a third fragment of the lung was fixed
with 10% formalin. Specimens were placed onto slides, stained with
hematoxylin and eosin, and evaluated by light microscopy. The
degree of peribronchial and perivascular inflammation was scored by
three independent, blinded investigators using a subjective scale of 0
to 3 (0, no detectable inflammation; 1, occasional cuffing with
inflammatory cells; 2, most bronchi or vessels surrounded by a thin
layer of between one and five inflammatory cells; 3, most bronchi or
vessels surrounded by a thick layer of more than five inflammatory
cells), as described elsewhere [18].

The EPO activity present in lung cells and BALF was determined
by means of a colorimetric assay [19]. Briefly, the BALF was
incubated with erythrocyte-lysing buffer and centrifuged. The cell
pellets were resuspended in PBS and lysed by three successive
freezing and thawing procedures, and then assayed for peroxidase
activity in 96-well microassay plates, in duplicates, using 6.6 mM
H.O0, and 1.5 mM orthophenylenediamine (Merck, Whitehouse
Station, NJ, USA).

Cytokine assays

The BALF and the lung cells supernatants were stored at -70° C until
used. IFN-y and IL-4, IL-10 and IL-13 concentration measurements
were assayed with commercial ELISA kits according to manufacturer's

instructions (eBioscience Inc., San Jose, CA, USA).
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ELISA for immunoglobulin isotypes

Serum anti-BtE IgG1 and IgG2a antibodies were measured using BtE-
coated microtitre plates and biotin-conjugated anti-mouse IgG1l or
anti-mouse IgG2a, respectively (Pharmingen, St. Diego, CA, USA),
streptavidin-horseradish peroxidase, H,0, and
orthophenylenodiamine (Merck, Whitehouse Station, NJ, USA) [20].
Serum anti-BtE IgE antibodies were detected using BtE-coated
microtitre plates and biotin-conjugated anti-mouse IgE (eBioscience
Inc., San Jose, CA, USA), streptavidin-horseradish peroxidase, H20
and 3,3’,5,5'-tetramethylbenzidine (eBioscience Inc., San Jose, CA,
USA) [21].

Statistical analysis

The normality of the data was determined by the Shapiro-Wilk
normality test. In order to analyze differences among more than two
mouse groups, the one-way ANOVA test followed by the Bonferroni’s
test was used for parametric data and the Kruskall-Wallis test
followed by the Dunn's post test was used for non-parametric data.
To compare the means of two groups, the Mann-Whitney's U test for
non-parametric data and the t test for parametric data were used. All

results were considered statistically significant when p < 0.05.

RESULTS AND DISCUSSION

Dexamethasone treatment induces a semi-mature phenotype

and an antinflammatory profile to myeloid DCs

It has been shown that myeloid dendritic cells are the main cells that
initiate allergic asthma [22]. These cells, therefore, may be important

targets for the induction of immunological tolerance. Several
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approaches to generate TolDCs from myeloid precursors have been
developed, which include pre-treatment with immunosupressive
agents, such as dexamethasone [23,24], rapamycin [25], and
mycophenolate mofetil [26], the addiction of pharmacological agents
to the bone marrow culture such as aspirin [27], vitamin D3
[24,26,28], and the cytokines IL-10 or TGF-B [29], followed by
activation by LPS or CD40-L [30]. In this work, DCs with a
tolerogenic profile were generated in vitro by adding dexamethasone
on the 3rd and 6th day of A/J mouse bone-marrow cell culture in the
presence of GM-CSF, followed by activation by LPS [24].

The maturity of the myeloid DCs differentiated in the presence of
dexamethasone was evaluated by conventional light microscopy for
morphology changes and flow cytometry for changes in surface
molecules. DC-DexalPS appeared regular, round, with less prominent
dendrites than DC-LPS, which were variable in size, with many cells
forming clusters (not shown).

The dendritic cells derived from bone marrow were characterized as
CD11c" CD11b" cells and constituted approximately 80% of cells in
culture (Figure 1, A). Those double-positive cells were gated for
posterior analysis of costimulatory molecules that have been shown
to be markers of dendritic cell activation [31,32].

Programmed cell death 1 (PD-1) is a receptor expressed on activated
T cells. Signaling via PD-1 is involved in maintaining peripheral
tolerance, via apoptosis [33,34]. Antigen-presenting cells have two
ligands to this molecule, PD-L1 and PD-L2. A higher percentage of
cells expressing PD-L1 in the DC-DexalLPS preparation (52%) than in
the DC-LPS preparation (36%) was observed (Figure 1, B). On the
other hand, PD-L2 was strikingly downregulated (from 42.0% to
5.6%) in the DC-DexalLPS (Figure 1, C). The relationship between the
expression of PD-1 ligands and induction of tolerance by tolerogenic
dendritic cells is controversial in the literature and can vary

depending on the stimulus, cell line, species or tolerogenic induction.
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Although these molecules are inversely correlated with maturation
[35], a study clearly shows the increase of these ligands in
alternatively activated DCs [36], another shows their downregulation
[37], while others show no variation [37,38]. A study on lung
biopsies from allergic individuals shows a direct association of PD-L2
expression with allergen-induced airway hyperresponsiveness and
with the production of IL-12 by DCs [39]. In an allergy context,
therefore, it seems that PD-L2 is associated with pathology, and the
fact that the DC-DexalLPS express little PD-L2 might be relevant for
their possible therapeutic use. The marked decrease in PD-L2
concentration in tolerogenic DCs, to the best of the authors'

knowledge, has not been reported so far.

The exposure of immature DCs to dexamethasone resulted in a semi-
mature phenotype, as indicated by the reduced expression of CD80
(66 % of the cells in DC-DexalPS cultures and 96 % in DC-LPS
cultures; Figure 1, D), CD86 (15 % of the cells in DC-DexalPS
cultures and 46 % in DC-LPS cultures; Figure 1, E), CD40 (2.0 % of
the cells in DC-DexalPS cultures and 4.5 % in DC-LPS cultures;
Figure 1, F), and MHC II (43,51 % of the cells in DC-DexalPS
cultures and 90,51% in DC-LPS cultures; Figure 1, G and H), and the
lack of secretion of TNF-a, IL-12p70, and IL-1 (Figure 2, A-C). The
downregulation of CD80 was mainly due to a reduction of the CD80
high subpopulation, from 42% to 13% (Figure 1, D). Although only a
small percentage (4.5%) of DC-LPS expressed CD40, this percentage
was 2.25-fold lower in DC-DexalPS (2.0%; Figure 1, F). The
reduction in the percentage of DC-DexalPS that expressed MHC II
was mainly accounted for by the MHC II-high subpopulation (which
was 21.6% in the DC-DexalPS and 51.3% in DC-LPS; Figure 1, H).

Recent studies demonstrate that the lack of IL-12p70 production is a
key feature of tolerogenic DCs and is important to their regulatory

actions, since the replacement of this cytokine can prevent anergy of
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T cells, and, together with IL-10 production, its absence is considered
as a quality control criterium for therapeutic DCs preparations [29].
Both dendritic cell preparations, the DC-DexalLPS and the DC-LPS,
produced similar amounts of IL-10 (Figure 2, E).

MCP-1 (CCL2) is a chemokine which plays an important role in the
recruitment of different immune cells to sites of inflammation. Ours
results show similar amounts of MCP-1 in both DC cultures (Figure 2,
D), indicating that DC-DexalLPS may be induced to migrate by that
chemokine.

Collectively, these results demonstrate that DCs with an
immunosuppressive phenotype were generated in the present work
by the presence of dexamethasone during their differentiation
process from bone marrow cells, confirming previous reports in the
literature [14,24,28,29].

Blomia-pulsed dexamethasone-induced tolerogenic DCs

reduce in a specific manner important markers of allergy

There are many reports in the literature on therapies for allergic
diseases, such as immunotherapies with purified or recombinant
antigens, immunotherapies using cytokines or bacterial products as
adjuvants [40,41], corticosteroids [42,43] and PB2-agonists [44],
inhibitors of the cellular immune response [45,46] and targeting of
Th2 cytokines [47,48]. However, the cure is not achieved in many
subjects, especially when considering all asthma phenotypes [6].
While corticosteroids are the most effective pharmacotherapies, they
have as drawback the inhibition the immune response to allergen
through non-specific mechanisms [42,44,49].

Tolerogenic DCs have already been used before prophylactically and
therapeutically to prevent the development of allergic respiratory
diseases in laboratory animals. However, cells differentiated in the

presence of TGF-B or IL-10 were used [50-53]. In the present work,
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dendritic cells generated in the presence of dexamethasone, which
produce normal amounts of IL-10 (Figure 2, E), were used to induce
immune tolerance to the house dust mite Blomia tropicalis. One

million DC-Dexa®®

were injected intraperitoneally 10 days before
induction of airway inflammation (Figure 3). In order to assess the
specificity of the tolerance induction procedure, the same number of
dendritic cells were pulsed with ovalbumin and inoculated in a group
of A/J mice prior to immunization.

The total number of cells (Figure 4, A), the percentage of eosinophils
(Figure 4, B), and the concentration of IL-5 (Figure 5, A) were
significantly lower in the BALF from DC-Dexa®®-treated mice than in
the BALF from non-treated sensitized mice or DC-Dexa®"* treated
group. In two out of three experiments, an increase in the percentage
of macrophages in the BALF of animals which have received DC-

DexaP’tt

was observed (data not shown). No differences in EPO
activity levels in BALF or lung extracts were observed (Figure 4, C).
The immunization protocol used here consistently failed to lead to
increased levels of IL-5, IL-13 and IFN-y in the BALF (Figure 5) and in
lung extract (not shown). Even so, the BALF of mice that received
DC-Dexa®™f had lower amounts of IL-5 than the mice that received
the other treatments (Figure 5, A), a fact that is consistent with their
having less eosinophils in the BALF than the other mice.

Inoculation of both DC-Dexa®® and DC-Dexa®"” significantly reduced
the allergen-induced airway inflammation (Figure 6, A) and lung
perivascular infiltration by polymorphonuclear cells (Figure 6, B). The
neutrophilic infiltrates were mostly found around bronchioles and
vessels (Figure 6, D-G). No differences in mucus production were
observed (Figure 6, C), in accordance with the finding that IL-13 were
practically undetectable in the BALF (Figure 5, B) or in the lung
extract (not shown) of any mice.

The mice treated with DC-Dexa®f had significantly lower levels of

BtE-specific IgE antibodies than the control mice that were not



405
406
407
408
409
410
411
412
413
414
415
416
417

418
419
420
421
422
423
424
425
426
427
428

429
430
431
432
433
434
435

14

treated with DCs. Although they also had lower levels than those that
received DC-Dexa®’*, the difference was not statistically significant
(Figure 7).

Although it has been reported that tolerogenic DCs generated in the
presence of dexamethasone may act non specifically [54,55], our
results clearly show that these cells modulate immunological
parameters related to the pathogenesis of allergic diseases, such as
eosinophilic infiltration, IL-5 and IgE antibodies in an antigen-specific
way. On the other hand, the reduction of pulmonary inflammation
was non-specific, i.e., it was also seen in mice treated with DC-
Dexa®"A. It seems, therefore, that the pulmonary inflammation is
more easily controlled than the Th2 immune response by DC-
DexalPS.

The mechanisms through which dexamethasone generates
tolerogenic dendritic cells have been extensively investigated
[38,56,57], and the discrepancies between the studies have been
associated with the origin of the cells, the culture medium and the
stimuli used, and the incubation time with dexamethasone
[38,51,54,58]. Boks and colleagues reported an in vivo instability of
these cells when they were treated with dexamethasone for 1 hour
[54], while treating for 48 hours produced better results in terms of
inhibiting the IFN-y production by effector lymphocytes than a 6-hour
treatment [58]. In the present work, the differentiating bone marrow

cells were treated for four days with dexamethasone.

Tolerogenic DCs can induce tolerance by T-cell deletion, T-cell
anergy, cytokine deviation or induction of Tregs [35,59,60]. The
capacity to produce IL-10, together with the low costimulatory
phenotype, is consistent with the view that the DC-DexalPS could be
modulating the airway inflammation via the induction of Tregs. The
mechanism of action of the DCs in the present work, however, is

open to investigation.
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Other studies employing DCs have been carried out in an attempt to
reduce the allergic phenomena. For instance, genetically engineered
DCs protected OVA-sensitized recipient mice from airway eosinophilia
upon OVA provocation [61] and airway hyperreactivity was abrogated
between three and ten weeks post-induction of allergy in an antigen-
especific manner by the inoculation of DCs differentiated in vitro in
the presence of IL-10 [52]. In the present work a more readly
available reagent, dexamethasone, was used in place of IL-10. It
should still be investigated, however, whether the DC-DexalLPS would

be able to control an ongoing allergic response.

CONCLUDING REMARKS

Tolerogenic DCs are promising immunotherapeutic tools for
immunologically mediated pathologies. However, there is no
consensus in the literature about the most appropriate methodology
that should be used for a particular disease. The work described here
shows that bone marrow-derived dendritic cells generated in the
presence of dexamethasone, and stimulated in vitro with LPS, can
inhibit the development of a Th2 allergic response. This methodology
deserves be further investigated with the aim of specifically inhibiting
pathogenic humoral immune responses, such as those found in

allergy and autoimmune diseases.
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FIGURE LEGENDS

Figure 1. Immunophenotype of dendritic cells differentiated

from bone marrow cells in the presence of dexamethasone.

The cells were further incubated with bacterial lipopolysaccharide

(DC-DexalLPS). Control cells were left to differentiate in the absence

of dexamethasone (DC-LPS). The cells were stained with antibodies

against surface markers as indicated. Debris and dead cells were

excluded on the basis of forward-scatter and side-scatter. (A)

Representative dot plots depicting the percentages of CD11c* CD11b*
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cells. (B-G) Fluorescence histogram of PD-L1* (B), PD-L2" (C), CD80™
(D), CD86™ (E), CD40* (F), MHC-II* (G) cells gated on CD1l1c*
CD11b™ double positive cells. DC-LPS are represented by filled gray
histograms and DC-DexalPS by black lines; negative controls,
consisting of unlabelled cells, are shown by dotted gray lines. Results
are representative of three independent experiments. (H) Amounts of
CD11c* CD11b* MHC-II* cells in cultures of DC-DexalPS and DC-LPS,

1*high cells in DC-DexalPS cultures

showing lower amounts of MHC-I
than in DC-LPS cultures (p = 0.0079, Mann-Whitney test). The data
represented are the mean and standard error of the mean of 6

independent experiments.

Figure 2. Anti-inflammatory cytokine production profile of
dendritic cells differentiated from bone marrow cells in the
presence of dexamethasone. The cells were further incubated with
bacterial lipopolysaccharide (DC-DexalPS). Control cells were left to
differentiate in the absence of dexamethasone (DC-LPS). The
supernatants of DC were harvested 24 hours after the activation with
lipopolysaccharide . The cytokines were quantified by sandwich
ELISA. (A) Levels of TNF-a in DC-DexalPS and DC-LPS cultures. (B)
IL-12p70 was downregulated to nondetectable levels (less than 15
pg/mL). (C) Levels of IL-1B in DC-DexalPS and DC-LPS cultures. (D)
Levels of MCP-1 in DC-DexalLPS and DC-LPS cultures. (E) Levels of
IL-10 in DC-DexalLPS and DC-LPS cultures. The data represented are
the median with range of 4 (TNF-a, IL-12p70, and IL-13), 7 (MCP-1),
and 6 (IL-10) independent experiments. *p = 0.0143; **p = 0.0147;
Mann-Whitney test.

Figure 3. Protocol used to test the effect of dendritic cells
differentiated from bone marrow cells in the presence of
dexamethasone on the development of airway inflammation.

Mice were inoculated intraperitoneally (i.p.) with those cells pre-
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activated in vitro with bacterial lipopolysaccharide and pulsed
overnight with Blomia tropicalis extract (DC-DexaBtE) or with
ovalbumin (DC-DexaOVA), or saline, in the indicated day. Airway
inflammation was induced in animals through the intraperitoneal
injection of Blomia tropicalis extract (BtE) adsorbed to aluminium

hydroxide.

Figure 4. Total Ileukocytes and eosinophyls in the
bronchoalveolar alveolar lavage fluid (BALF) and eosinophyl
peroxidase activity in BALF and lung tissue of mice treated
with dexamethasone-induced tolerogenic dendritic cells. Mice
were treated with saline (Saline) or with one inoculation of Blomia
tropicalis extract-pulsed dexamethasone-induced tolerogenic dendritic
cells (DC-Dexa®'f) or OVA-pulsed dexamethasone-induced tolerogenic
dendritic cells (DC-Dexa®'*). Airway inflammation was subsequently
induced, the animals were challenged with Blomia tropicalis extract
(BtE), euthanized one day later and the BALF and lung extract were
obtained as described in the Materials and Methods. Negative control
mice (- Ctrl) received only saline (in place of DCs, of the sensitization
preparation and of the BtE in the intranasal challenge). (A) Total
number of cells in BALF. (B) Percentage of eosinophils in BALF. (C)
Eosinophil peroxidase activity in BALF and lung tissue. Each symbol
represents the result obtained from a single animal. Horizontal lines
represent the median (A) or mean (B and C) values for groups of six
animals. Comparisons among groups were performed by Dunn's
multiple comparison test (A) or Bonferroni's multiple comparison test
(B and C). *p < 0.05; **p < 0.01.

Figure 5. Cytokine levels in bronchoalveolar lavage fluid
(BALF) of mice treated with dexamethasone-induced
tolerogenic dendritic cells. The mice received one inoculation of

saline (Saline), Blomia tropicalis extract-pulsed dexamethasone-
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induced tolerogenic dendritic cells (DC-Dexa®f) or OVA-pulsed
dexamethasone-induced tolerogenic dendritic cells (DC-Dexa®').
Airway inflammation was subsequently induced, the animals were
challenged with Blomia tropicalis extract (BtE), euthanized one day
later and the BALF was obtained as described in the Materials and
Methods. Negative control mice (- Ctrl) received only saline (in place
of DCs, of the sensitization preparation and of the BtE in the
intranasal challenge). (A), levels of IL-5. (B), levels of IL-13. (C),
levels of IFN-y. The results are representative of three independent
experiments. Each symbol represents the result obtained from a
single animal. Horizontal lines represent the mean values for each
group of 5-9 animals. Comparisons among groups were performed by

Bonferroni's multiple comparison test. *p < 0.05.

Figure 6. Dexamethasone-induced tolerogenic dendritic cells
reduce allergic airway inflammation. The mice received one
inoculation of saline (Saline), Blomia tropicalis extract-pulsed

BtE

dexamethasone-induced tolerogenic dendritic cells (DC-Dexa~") or

OVA-pulsed dexamethasone-induced tolerogenic dendritic cells (DC-

OVA), Airway inflammation was subsequently induced, the

Dexa
animals were challenged with Blomia tropicalis extract (BtE), and
euthanized one day later as described in the Materials and Methods.
Negative control mice (- Ctrl) received only saline (in place of DCs, of
the sensitization preparation and of the BtE in the intranasal
challenge). (A) Score of peribronchial infiltration by inflammatory
cells. (B) Score of perivascular infiltration of inflammatory cells. Data
represent the percentage of polymorphonuclear cells corrected by the
extent of infiltration which was determined from an arbitrary score of
0-3, as explained in the Material and Methods. (C) Percentage of
mucus-producing cells. Each symbol corresponds to the result
obtained from an individual animal. (D-G) Representative

hematoxylin and eosin-stained sections of the lungs of A/J mice. (D)
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Normal tissue of an untreated animal, depicting a branch bronchus
and an arteriole in the center. (E) Inflammatory infiltrate with a
predominance of neutrophils around a bronchus and an arteriole in
tissue from an animal of the positive control group (BtE-sensitized).
(F) Infiltrate with predominance of neutrophils around a bronchus, in
a BtE-sensitized animal pre-treated with DC-Dexa®®. (G) Infiltrate
with predominance of neutrophils around a vessel and bronchus, in a
BtE-sensitized animal pre-treated with DC-Dexa®"”. (H&E, 200X). The
data are representative of three independent experiments. *p < 0.05

and **p < 0.01; Dunn's multiple comparison test.

Figure 7. Inhibition of IgE antibody production by
dexamethasone-induced tolerogenic dendritic cells. The mice
received one inoculation of saline (Saline), Blomia tropicalis extract-
pulsed dexamethasone-induced tolerogenic dendritic cells (DC-

DexaP’tt

) or OVA-pulsed dexamethasone-induced tolerogenic dendritic
cells (DC-Dexa®"?). Airway inflammation was subsequently induced,
the animals were challenged with Blomia tropicalis extract (BtE), and
euthanized one day later as described in the Materials and Methods.
Negative control mice (- Ctrl) received only saline (in place of DCs, of
the sensitization preparation and of the BtE in the intranasal
challenge). Anti-Blomia tropicalis IgE antibody levels were assessed
in serum samples by ELISA. Data are representative of three
independent experiments. Each symbol represents the result obtained
from a single animal. Horizontal lines represent the mean values for
each group of ten animals. Comparisons of groups were performed by

Bonferroni's multiple comparison test. *p < 0.001.
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S MANUSCRITO 2- PRELIMINAR

TITULO: EFEITO DE DUAS DOSES DE CELULAS DENDRITICAS SOBRE A
PRODUCAO DE ANTICORPOS IgE E SOBRE A INFLAMACAO PULMONAR EM
CAMUNDONGOS IMUNIZADOS COM EXTRATO DE B. tropicalis

CONSIDERACOES:

Muitos protocolos terapéuticos para asma experimental (com DCs induzida com IL-
10), e em um caso de terapia para adenocarcinoma pulmonar usando DCs apresentaram
melhores resultados apos doses de reforco (NAYYAR et al., 2012; UNGER et al., 2009;
WOJAS-KRAWCZYK et al., 2012). Desse modo, avaliamos se duas injegdes de células
dendriticas tolerogénicas seriam capazes de intensificar a prote¢do observada anteriormente
com uma s6 dose dessas células sobre a producdo de anticorpos IgE e sobre a inflamacao

pulmonar em camundongos imunizados com extrato de B. tropicalis.

5.1  METODOLOGIA

Para realizagdo desse experimento, células dendriticas mieldides foram obtidas dos
fémures de camundongos A/J de 6 a 8 semanas de idade e cultivadas na presenga de GM-CSF
¢ dexametasona 10°® M (Decadron, Laboratério Prodome, Campinas, SP, Brasil), a partir de
protocolo adaptado de Anderson e colaboradores (2008) (ANDERSON, A. E. et al., 2008).
Dexametasona foi inserida na cultura ap6s o terceiro dia, apds troca parcial do meio de cultura
por meio novo. No sexto dia, as células dendriticas foram incubadas com 100 pg/mL de
extrato de B. tropicalis (BtE) por 16 horas e apds remogdo do excesso de antigeno por

centrifugacio a 130 g por 10 minutos a 4° C, as células (DC-Dexa™"

) foram ativadas por 24
horas com 1 pg/mL de LPS. As culturas foram incubadas por um periodo de oito dias, em
estufa a 37° C, com atmosfera de 5% de CO..

Grupos de dez camundongos A/J fémeas receberam injecdes intraperitoneais das
células dendriticas pulsadas com extrato de B. tropicalis, em uma dose dez dias antes (DC-
Dexa® 1x), ou em duas doses, dez e cinco dias antes da indugdo de alergia respiratoria

experimental (DC-Dexa®" 2x), ou salina (controle negativo da tolerizagdo). Esses grupos, € o

grupo controle positivo, receberam uma solucdo contendo 100 ug de extrato de B. tropicalis
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adsorvido em 1,6 mg de hidréxido de aluminio para inducao de alergia respiratdria seguido de
quatro desafios intranasais com 10 pg de extrato, enquanto o controle negativo recebeu

apenas salina em todas as intervencdes (Tabela 1 e Figura 8).

Tabela 1 - Grupos experimentais

Tolerizagao Imunizacao Sensibilizagdo
Salina Salina Salina
Salina EBt + Alum EBt + Alum
DC pulsada com EBt 1x EBt + Alum EBt + Alum
DC pulsada com EBt 2x EBt + Alum EBt + Alum

Tempo (dias)

-10 -5 0 14 21 23 25 27 28

—

1 L0

Injecaol.p.: Injecaol.p.: Desafio
i DC-Dexa Bt ou ! BtE + hidréxido de intranasal :
Salina | aluminio ou salina BtE ou salina

Eutanasia

Figura 8. Protocolo utilizado para avaliar o efeito de duas doses de células
dendriticas no desenvolvimento de inflamagdo das vias aéreas. Os camundongos foram
inoculados por via intraperitoneal (ip) com as células, pré-ativadas in vitro com LPS, pulsadas

com extrato de B. tropicalis (DC-Dexa®"

), ou com solugdo salina, nos dias indicados. A
inflamacdo das vias aéreas respiratdrias foi induzida por meio de inje¢do intraperitoneal do
extrato B. tropicalis (BtE) adsorvido a hidroxido de aluminio, seguido de quatro desafios

intranasais. A eutandsia ocorreu 24 horas ap6s o ultimo desafio.

52  RESULTADOS E DISCUSSAO
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Grande quantidade de eosinofilos podem ser recuperadas do escarro ou do lavado
broncoalveolar de individuos com asma, e existe correlagdo poitiva entre o percentual de
células e a gravidade da doengca (ATHARI; ATHARI, 2014). Observou-se uma redugdo
significativa no numero total de células no lavado broncoalveolar (Figura 9, A) e na
porcentagem de eosindfilos (Figura 9, C) nos animais tratados com uma dose. Este efeito foi
mais acentuado quando duas doses de DC-Dexa®" foram inoculadas.

Uma melhora na resposta tolerogénica a injeg¢des repetidas foi observada também no
trabalho de Zhang e colaboradores em modelo de alergia utilizando ovalbumina (NAYYAR et
al., 2012).

Embora sem diferencas estatisticamente significativas, a inoculacao de duas doses de
DC-Dexa"" resultou em redugio na produgdo de peroxidase no lavado broncoalveolar e no
extrato de pulmao na maioria dos camundongos (Figura 9, B), bem como as concentragdes de
IL-13 no lavado broncoalveolar (figura 10, B). O aumento na porcentagem de neutr6filos no
lavado broncoalveolar de animais do grupo DC-Dexa™® 1x (Figura 9, D) pode explicar o
aumento da concentrag¢do de peroxidase pulmonar neste grupo (Figura 9, B).

Apenas uma inoculagdo de CD-Dexa®" inibiu a produgdo basal de IL-5 no lavado
broncoalveolar (Figura 10, A). Apesar de esse resultado indicar que as CDs sdo capazes de
inibir a produgdo de IL-5, essa redug¢ao da producao basal dessa citocina provavelmente nao
teve relevancia no modelo experimental estudado, visto que esta citocina foi detectada apenas
em quantidades minimas, e ndo houve diferenca entre o grupo controle positivo e o grupo
controle negatvo. Concentragdes baixas dessa citocina também foram observadas na maioria
dos animais tratados com duas doses de células. Alguns trabalhos demonstram que, mesmo na
auséncia de IL-5, os eosinofilos podem ser ativados por GM-CSF e liberar leucotrieno C4,
indutor de constric¢do de musculo liso e permeabilidade vascular (COWBURN et al., 1998;
NAKAGOME; NAGATA, 2011). Nao houve diferenga na producdo de IFN-y e IL-17A no
lavado broncoalveolar nos grupos tratados (Figura 10, C-D) ou na produgdo de citocinas no

extrato pulmonar (dados ndo mostrados).
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Figura 9. Efeito da inoculacio de duas doses de células dendriticas pulsadas com
extrato de B. tropicalis sobre a celularidade do fluido do lavado broncoalveolar e sobre a
atividade de peroxidase do eosindfilo no fluido do lavado broncoalveolar e no pulmao.
Camundongos A/J foram tratados com solugio salina ou com uma inoculagio (DC-Dexa®*®
1x) ou duas inoculagdes (DC-Dexa® 2x) de células dendriticas pulsadas com extrato de B.
tropicalis (BtE). A inflamagdo das vias respiratérias foi induzida e os animais foram
desafiados com BtE. Ap6s 24 horas foram eutanasiados e fluido do lavado broncoalveolar e
extrato de pulmao foram obtidos. A, Numero total de leucocitos no fluido do lavado
broncoalveolar. B, Atividade de peroxidase no fluido do lavado broncoalveolar e no extrato
pulmonar. C, Eosinoéfilos. D, Neutrofilos. Cada simbolo representa o resultado obtido a partir
de um tUnico animal. As linhas horizontais representam os valores médios para cada grupo. As
comparagdes entre os grupos foram realizadas pelo teste de comparagdes multiplas de

Bonferroni. * P <0,05; ** P <0,01; *** P <0,001.
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Figura 10. Concentracio de citocinas em fluido de lavado broncoalveolar. As
concentragdes de IL-5 (A), IL-13 (B), IFN-y (C), e IL-17A (D) foram avaliadas no
sobrenadante do fluido do lavado broncoalveolar de camundongos A/J nos quais alergia
respiratéria foi induzida pré-tratados com uma inoculagio (DC-Dexa® 1x) ou duas
inoculagdes (DC-Dexa® 2x) de células dendriticas pulsadas com extrato de B. tropicalis
(BtE). Cada simbolo representa o resultado obtido a partir de um tnico animal. As linhas
horizontais representam os valores médios para cada grupo. As comparagdes entre os grupos

foram realizadas pelo teste de comparagdes multiplas de Bonferroni. * P <0,05.

Embora tenha sido observada redugdo na producdo de IgG2a e IgE anti-B.tropicalis,
ndo houve, entretanto diferencas entre o efeito de uma ou duas inoculacdes de DC-Dexa®®

sobre a resposta de anticorpos especificos anti-Blomia (Figura 11).
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Figura 11. Concentracao de anticorpos no soro dos camundongos alérgicos
tratados com protocolo preventivo de tolerincia imunolégica. A concentracio sérica de
IgG1 (A), IgG2a (B) e IgE (C) anti-Blomia tropicalis foi determinada através de ELISA. Cada
simbolo representa o resultado obtido a partir de um Unico animal. As linhas horizontais
representam os valores médios para cada grupo. As comparagdes entre os grupos foram

realizadas pelo teste de comparacdes multiplas de Bonferroni. * P <0,05; *** P <0,001.
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6 CONSIDERACOES FINAIS

O protocolo utilizado nesse trabalho para geragdo de células dendriticas derivadas de
medula 6ssea, na presenca de GM-CSF e dexametasona, foi capaz de induzir células com
perfil tolerogénico cuja utilizagdo em modelo experimental de inflamacdo das vias aéreas
induzido por sensibilizagdo a B. tropicalis reduziu o infiltrado inflamatério pulmonar, o
influxo de eosindfilos para o lavado broncoalveolar, assim como a produgdo de IgE
especifica. Esse resultado foi mais marcante com o aumento do numero de doses utilizadas.
Embora caracteristicas fundamentais da resposta alérgica tenham sido afetadas, em nosso
modelo experimental ndo foram detectadas quantidades aumentadas de citocinas Th2 no
fluido do lavado broncoalveolar, de modo que o efeito das DCs sobre a produgdo dessas
citocinas nao pode ser estudado.

Esses resultados indicam que a utilizagdo de DCs tolerogénicas ¢ uma metodologia
promissora e deve ser investigada como uma possivel estratégia terapéutica para o controle da

inflamacao das vias aéreas desencadeada por alérgeno.
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7 PERSPECTIVAS

1 Determinar se DCs tratadas com extrato de B. tropicalis sdo capazes de
reverter a alergia respiratoria experimental;

2 Avaliar se a terapia com DCs tratadas com B. tropicalis é capaz de induzir
Tregs no pulmao dos animais tratados.

3 Investigar a migracdo das DCs injetadas in vivo através da marcacdo dessas
células com corante PKH.

4 Estudar o efeito de células dendriticas tolerogénicas derivadas de PBMC
sensibilizadas com antigenos dos acaros (extrato bruto e recombinantes) sobre a resposta
de leucdcitos de individuos com alergia respiratoria in vitro;

5 Avaliar a capacidade tolerogénica de células dendriticas mieldides pulsadas
com antigenos recombinantes de B. tropicalis em modelo experimental de alergia;

6 Determinar se as tolDCs podem ser eficazmente substituidas por vesiculas

extracelulares delas derivadas.
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