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RESUMO

Introducdo: A exposicdo a acaros da poeira doméstica, como o0
Dermatophagoides pteronyssinus, desencadeia reacdes que estimulam e
induzem a fisiopatologia da asma alérgica. A imunoterapia alérgeno-especifica
(AIT) é o unico tratamento capaz de induzir tolerancia a alérgenos e a Unica
alternativa ao tratamento farmacologico atual, o qual apresenta diversos efeitos
colaterais. Apesar de alguns protocolos da AIT serem realizados usando extratos
brutos, trazendo algumas limitacdes, novas abordagens visam a construcao de
hipoalérgenos hibridos de epitopos de células T. Essas constru¢des podem ser
produzidas de forma a aumentar a imunogenicidade, reduzindo o niumero de
moléculas que precisam ser produzidas para serem incluidas em uma
formulacdo vacinal. Objetivo: Produzir uma proteina hibrida hipoalergénica
baseada em epitopos de células T dos principais alérgenos do éacaro D.
pteronyssinus para uso em imunoterapia em doencas alérgicas causadas por
este acaro. Métodos: O hipoalérgeno hibrido rDer p 2231, engenheirado
utilizando epitopos de células T dos alérgenos Der p 1, Der p 2 e Der p 23 e
purificado por cromatografia de afinidade, teve sua reatividade a IgE humana
verificada em comparacdo aos alérgenos parentais. Um total de 18 citocinas
foram avaliadas no sobrenadante de PBMCs (Peripheral blood mononuclear
cells) de individuos atopicos e ndo atopicos, estimulados com rDer p 2231. O
potencial terapéutico do hibrido rDer p 2231 também foi avaliado através de
modelos murinos agudos e crbnicos de alergia ao acaro D. pteronyssinus.
Resultados: PBMCs isolados de pacientes atopicos e esplendcitos de
camundongos, quando estimulados com rDer p 2231, produziram niveis mais
elevados de citocinas de perfil Thl e citocinas reguladoras, enquanto reduziram
citocinas Th2. O uso de rDer p 2231 como vacina terapéutica levou a reducéo
da producao de IgE e menor atividade da peroxidase eosinofilica nas vias aéreas
de camundongos alérgicos a D. pteronyssinus. O hipoalérgeno também atuou
terapeuticamente no modelo cronico de alergia, reduzindo significativamente a
hipertrofia da musculatura lisa, diminuicdo da fibrose da membrana sub-basal,
hiperplasia de células caliciformes e resposta inflamatoria alérgica. Concluséo:
rDer p 2231 € uma molécula hibrida multicomponente com potencial para ser
utilizada em AIT em pacientes co-sensibilizados aos principais alérgenos de D.
pteronyssinus, uma vez que foi capaz de reduzir a producao de IgE, induzindo
anticorpos blogueadores alérgeno-especificos, restaurando e equilibrando as
respostas Th1/Th2 e levando a inducéo de células T reguladoras, além de reduzir
os efeitos patoldgicos teciduais associados a asma cronica.

Palavras-chave: Acaros da poeira doméstica, hipoalérgenos, imunogenicidade,
proteina quimérica, candidato vacinal, imunoterapia alérgeno-especifica



ABSTRACT

Introduction: Exposure to house dust mites, such as Dermatophagoides
pteronyssinus, triggers reactions that stimulate and induce the pathophysiology
of allergic diseases, such as asthma. Allergen-specific immunotherapy (AIT) is
the only treatment capable of inducing tolerance to allergens and the only
alternative to current pharmacological treatment, which has adverse effects.
Although some AIT protocols are performed using crude extracts, bringing some
limitations, new approaches such as the hybrid hypoallergens of T cell epitopes
brought innovation in the area. These constructs increase immunogenicity and
improve production scale, since only one vaccine formulation will be need.
Objective: To produce a hypoallergenic hybrid protein based on T-cells epitopes
of the main allergens of the dust mite Dermatophagoides pteronyssinus for use
in immunotherapy in allergic diseases caused by this mite. Methods: The rDer p
2231 hybrid hypoallergen, engineered using T cell epitopes from Der p 1, Der p
2 and Der p 23 allergens and purified by affinity chromatography, had its reactivity
to human IgE verified in comparison to parental allergens. A total of 18 cytokines
were evaluated in the supernatant of PBMCs from atopic and non-atopic
individuals, stimulated with rDer p 2231. The therapeutic potential of the hybrid
rDer p 2231 was also evaluated through acute and chronic murine models of D.
pteronyssinus mite allergy. Results: PBMCs isolated from atopic patients and
splenocytes from mice, when stimulated with rDer p 2231, produced higher levels
of Th1l profile cytokines and regulatory cytokines, while reducing Th2 cytokines.
The use of rDer p 2231 as a therapeutic vaccine led to reduced IgE production
and lower eosinophilic peroxidase activity in the airways of mice allergic to D.
pteronyssinus. The hypoallergen also acted therapeutically in the chronic model
of allergy, significantly reducing smooth muscle hypertrophy, decreased subbasal
membrane fibrosis, goblet cell hyperplasia and allergic inflammatory response.
Conclusion: rDer p 2231 is a multicomponent hybrid molecule with potential to
be used in AIT in patients co-sensitized to major D. pteronyssinus allergens, since
it was able to reduce IgE production, inducing allergen-specific blocking
antibodies, restoring and balancing Th1/Th2 responses and leading to the
induction of regulatory T cells, in addition to reducing the tissue pathological
effects associated with chronic asthma.

Keywords: House dust mites, hypoallergens, immunogenicity, chimeric protein,
vaccine candidate, allergen-specific immunotherapy
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INTRODUCAO

As doencas alérgicas tém apresentado um significativo aumento na
prevaléncia e morbidade nas ultimas décadas (JULIA; MACIA; DOMBROWICZ,
2015), destacando-se como um importante problema de saude publica, sendo
incluidas no grupo de doencas crbnicas, ndo transmissiveis, podendo afetar 30%
a 40% da populacdo mundial, especialmente criancas. Essas doencas geram
grandes impactos socioecondmicos associados a custos diretos e indiretos,
sobre os doentes, suas familias e os servi¢cos de saude publica (CAFFARELLI;
MASTRORILLI; PROCACCIANTI; SANTORO, 2020; MORAIS-ALMEIDA,; PITE;
AGUIAR; ANSOTEGUI et al., 2020).

A rinite e a asma alérgica sdo as enfermidades alérgicas com maior
prevaléncia mundial e estimativas da Organizacdo Mundial da Satude (OMS) em
2015, projetaram que aproximadamente 400 milhdes de pessoas no mundo
seriam acometidas pela rinite alérgica. Ja a asma, afeta 300 milhdes de
individuos globalmente, com tendéncia de crescimento para 400 milhdes, até
2025 (PAWANKAR, 2014). No Brasil, o ISAAC (The International Study of
Asthma and Allergies in Childhood) constatou, na fase | do estudo, que o pais
esta em oitavo lugar na prevaléncia de asma no mundo, existindo ainda a
necessidade constante da pesquisa em nosso pais para o desenvolvimento de
novas abordagens terapéuticas (SOLE; MELO; CAMELO-NUNES; FREITAS et
al., 2007; TO; STANOJEVIC; MOORES; GERSHON et al., 2012; 2021).

Entre os varios agentes desencadeantes ou agravantes das doencas
alérgicas, os acaros da poeira doméstica tem sido apontados como um dos
principais fatores etiolégicos causadores de alergia em todo o mundo
(FONSECA, 2008). Aproximadamente 40 espécies de acaros presentes na
poeira doméstica manifestam capacidade alergizante. Destacam 0s acaros
Blomia tropicalis com maior prevaléncia em pais tropicais e subtropicais, o
Dermatophagoides farinae em regides temperadas, e o Dermatophagoides
pteronyssinus, com distribuicdo cosmopolita (HOLT; THOMAS, 2005; YONG,;
JEONG, 2009).

O acaro D. pteronyssinus € considerado uma importante fonte de
sensibilizacdo alergénica, sendo fator de risco para o desenvolvimento de

doencas respiratorias alérgicas em pacientes geneticamente predispostos
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(SILVA; PINHEIRO; PACHECO; ALCANTARA-NEVES, 2020; YEPES-NUNEZ;
GOMEZ-GARCIA; ESPINOSA-HERRERA; CARDONA-VILLA, 2012). No sul do
Brasil este acaro representa 72% e 84% do total de 4caros presentes em bercos
e camas, respectivamente (DA SILVA; BINOTTI; DA SILVA; DE OLIVEIRA et al.,
2005). Embora 30 alérgenos diferentes de D. pteronyssinus ja tenham sido
descritos (WHO/IUIS, 2019), Der p 1, Der p 2, e mais recente o Der p 23,
representam os alérgenos clinicamente mais importantes (POSA, D.; PERNA,
S.; RESCH, Y.; LUPINEK, C. et al.,, 2017; SILVA; PINHEIRO; PACHECO;
ALCANTARA-NEVES, 2020). Por causa disso, uma vacina contra D.
pteronyssinus precisa incluir esses trés alérgenos (WEGHOFER; GROTE;
RESCH; CASSET et al., 2013).

Terapias atualmente disponiveis combinam anti-mediadores e anti-
inflamatorios tais como anti-histaminicos, anti-leucotrienos, corticosteroides e
novos produtos biolégicos recentemente aprovados, como 0S anticorpos
monoclonais (KANG; RHEE; LEE; YOON et al., 2016; VIRCHOW, 2019). Estes
medicamentos suprimem temporariamente 0s sintomas e 0 processo
inflamatorio em andamento, mas nao afetam o curso da doenca (AGACHE; LAU;
AKDIS; SMOLINSKA et al., 2019; PFAAR; LOU; ZHANG; KLIMEK et al., 2018),
sendo drogas paliativas. Os corticosteroides s&o considerados 0s mais
eficientes, mas possui desvantagens, com efeitos colaterais a médio e longo
prazo (CIRIACO; VENTRICE; RUSSO; SCICCHITANO et al., 2013; HOSSNY;
ROSARIO; LEE; SINGH et al., 2016). Os gastos com drogas paliativas no
tratamento de doencas alérgicas sdo grandes e crescentes, levando em conta a
alta prevaléncia dessas doencas em escala mundial. No Brasil, dados do sistema
publico de salde, apontam que a asma € responsavel por gastos acima dos R$
106 milhdes anuais por internacbes (DAMASCENO; COSTA-CARVALHO;
SOLE; WANDALSEN, 2012; FRANCO; NASCIMENTO; CRUZ; SANTOS et al.,
2009).

Na contramdo das drogas paliativas, a imunoterapia alérgeno-especifica
(AIT) é o unico tratamento para doencas alérgicas, capaz de impedir o inicio de
novas sensibilizacbes alérgicas e da progressdo da doenca (DHAMI;
KAKOUROU; ASAMOAH; AGACHE et al.,, 2017; PFAAR; LOU; ZHANG;
KLIMEK et al., 2018; VIRCHOW, 2019), resultando na melhora dos sintomas e

diminuicAo da necessidade de farmacoterapia paliativa (GLOBINSKA;
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BOONPIYATHAD; SATITSUKSANOA; KLEUSKENS et al.,, 2018; PFAAR;
ALVARO; CARDONA; HAMELMANN et al., 2018; VIRCHOW, 2019). AIT
consiste na administracdo de doses crescentes de um alérgeno (ou extrato
alergénico) a pacientes alérgicos com o0 objetivo de induzir uma resposta
imunologica tolerogénica (BERINGS; KARAASLAN; ALTUNBULAKLI;
GEVAERT et al., 2017; KUCUKSEZER; OZDEMIR; CEVHERTAS; OGULUR et
al., 2020).

A utilizacdo de extratos brutos diluidos na AIT apresenta desvantagens ja
descritas em diversas publicacées (AKDIS; AKDIS, 2015; FERREIRA; WOLF;
WALLNER, 2014; WALLNER; PICHLER; FERREIRA, 2013), como epitopos
intactos de células B que sdo prontamente capazes de se ligar a moléculas de
IgE especificas na superficie das células efetoras (VALENTA; CAMPANA,
FOCKE-TEJKL; NIEDERBERGER, 2016). Para superar as desvantagens, uma
serie de ensaios utilizando derivados hipoalergénicos recombinantes
(JONGEJAN; VAN REE; POULSEN, 2016; JUTEL; KOSOWSKA; SMOLINSKA,
2016; SILVA; PINHEIRO; QUINTELLA; FERREIRA et al., 2016; WAI; LEUNG;
LEUNG; CHU, 2017) e hipoalérgenos recombinantes de epitopos de células T
(MACKENZIE, KAREN J; FITCH, PAUL M; LEECH, MELANIE D; ILCHMANN,
ANNE et al., 2013; PRICKETT, S.; ROLLAND, J.; O'HEHIR, R., 2015), tem sido
propostos como uma abordagem inovadora para melhorar os protocolos da AlT,
por serem menos passiveis de suscitar reacfes colaterais (HOYNE; O'HEHIR;
WRAITH; THOMAS et al., 1993; MACKENZIE, K. J.; FITCH, P. M.; LEECH, M.
D.; ILCHMANN, A. et al.,, 2013; MACKENZIE, KAREN J; FITCH, PAUL M;
LEECH, MELANIE D; ILCHMANN, ANNE et al.,, 2013; PRICKETT, S. R,
ROLLAND, J. M.; O'HEHIR, R. E., 2015).

Tendo em vista a necessidade de reduzir a alergenicidade das vacinas
atualmente utilizadas na imunoterapia, mantendo a imunogenicidade, contudo
aumentando a seguranca e reduzindo os efeitos colaterais, faz-se necessario o
estudo e caracterizagdo de novos alérgenos, 0s quais podem ser obtidos através
da utilizagéo da tecnologia do DNA recombinante. Sendo assim, o projeto atual
prevé a obtencdo de uma proteina hipoalergénica baseada em epitopos de
células T dos principais alérgenos do acaro D. pteronyssinus (derp 1,derp 2 e
der p 23) e a avaliacdo dessa molécula como um candidato vacinal contra alérgia

induzida pelo acaro D. pteronyssinus.
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ALERGIAS RESPIRATORIAS

As manifestacdes alérgicas, referem-se a sintese de imunoglobulinas do
isotipo IgE especifica contra componentes proteicos de alérgenos, causando
inflamacé&o tecidual e disfuncdo orgéanica (GALLI; TSAI; PILIPONSKY, 2008;
HOLGATE, 2012). As manifestacdes clinicas mais comuns das doencas
alérgicas respiratorias sao a rinite e a asma alérgica, as quais sdo doencas
atopicas que na maioria das vezes sdo desencadeadas pela exposicdo a
alérgenos presentes na poeira domiciliar (AGACHE; LAU; AKDIS; SMOLINSKA
et al., 2019; FONSECA, 2008).

A atopia, caracteriza-se pela propensdo genética a responder
exacerbadamente a baixas doses de alérgenos, com produc¢éo de anticorpos IgE
especifica e elevacdo nos niveis de eosindfilos, tornando o individuo atépico
mais susceptivel a doencas alérgicas. A producdo de IgE é dependente do
aumento das populacdes de linfécitos T CD4* produtores de citocinas do tipo
Th2, que orquestram a cascata inflamatéria alérgica, desempenhando uma
funcdo importante na sensibilizagéo alergénica (HOLGATE, 2012). Esta reacao
€ denominada reacdo de hipersensibilidade tipo I. A condicdo atOpica, €
detectada pelo teste cutaneo de punctura (SPT) e presenca de IgE alérgeno-
especifica (BOUSQUET; ANTO; BACHERT; BAIARDINI et al., 2020; BROZEK;
BOUSQUET; AGACHE; AGARWAL et al., 2017).

A asma alérgica € uma doenca crbénica das vias aéreas que provoca
obstrucao do fluxo aéreo associada a inflamacéo das vias aéreas, induzindo um
quadro de hiper-reatividade bronquica e consequentemente episodios
recorrentes de sibilancia, dispnéia, opressado toracica e tosse (NABE, 2020).
Considerada uma doenca heterogénea, altamente poligénica com diversas
variantes de risco, sendo influenciada pela diminuicdo da exposicdo a antigenos
microbianos e agentes infecciosos entre eles os aeroalérgenos, impulsionado
pelo aumento da urbanizacdo (BOWEN; KELLY; LEE; LAVENDER, 2008;
VIRCHOW, 2019).

Em contrapartida, a rinite alérgica € uma patologia inflamatoéria das vias
aéreas superiores, induzida pela exposicdo a aeroalérgenos, que, apos
sensibilizagdo, desencadeia uma resposta inflamatéria mediada por IgE
semelhante a da asma (BOUSQUET; ANTO; BACHERT; BAIARDINI et al.,
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2020). Entre as doencas respiratorias crbnicas, a rinite alérgica é a que tem
maior prevaléncia, afetando 10 a 20% da populagdo mundial (BROZEK;
BOUSQUET; AGACHE; AGARWAL et al., 2017). Apesar de apresentar perfil
imunologico, epidemiolégico e fisiopatolégico semelhante a asma, a rinite
alérgica distingue-se por sintomas classicos como: obstrucdo, prurido nasal,
rinorréia aquosa, espirros e coceira (NABE, 2020). Além desses sintomas, 0s
extranasais, como prurido ocular e faringeo também podem estar presentes
(BOUSQUET; ANTO; BACHERT; BAIARDINI et al., 2020).

Os mecanismos das doencas alérgicas respiratorias sdo semelhantes, em
individuos atopicos, com padrédo de inflamacgéo impulsionado por mecanismos
dependentes do anticorpo IgE. Na fase de sensibilizacdo, os aeroalérgenos
passam pelo epitélio nasal e as células epiteliais ativadas liberam CCL2 e CCL20
(quimiocinas que induzem a mobilizagédo de calcio e a quimiotaxia), que recrutam
células dendriticas imaturas (Figura 1. A). Entrando em contato com o alérgeno
as ceélulas dendriticas ativam, migram para os linfonodos de drenagem regional,
onde, no contexto das moléculas do complexo principal de histocompatibilidade
(MHC) classe Il, apresentam os peptideos derivados do alérgeno as células T
naives. A migracdo das células dendriticas é iniciada por IL-13 produzida por
ILC2s e por IL-4 produzida principalmente por basdfilos. Dentro do centro
germinativo do linfonodo, um subconjunto de células Th se diferencia em células
T foliculares auxiliares (Tfh). As células Tfh produzem IL-4 e IL-21 que,
juntamente com a IL-4 derivada de células Th2, promovem a troca de classe de
imunoglobulina da cadeia pesada para IgE nas células B. A IgE é distribuida de
forma sistémica, passa a ter acesso ao fluido intersticial, e IgE especifica ou ndo
especifica se liga aos receptores de alta afinidade (FceRIl) dos mastdcitos,
basdfilos e de baixa afinidade (FceRlIl) de eosindfilos, linfécitos B, macréfagos
ativados, células dendriticas foliculares e plaquetas (GALLI; TSAI; PILIPONSKY,
2008; HAMS; LOCKSLEY; MCKENZIE; FALLON, 2013; SHAMJI; DURHAM,
2017)
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Figura 1- Representacdo esquematica do mecanismo de inflamacgéo
alérgica. A e B, resumo da resposta imunologica aos estimulos iniciais,

sensibilizacdo alérgica e inflamacao alérgica apds reexposi¢cdo a alérgenos.
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Fonte: GALLI et al., 2008.

Durante a exposicdo subsequente ao alérgeno, o reconhecimento é
facilitado por IgE especificas para o mesmo alérgeno, que se encontram ligadas
ao receptor FceRI de alta afinidade (cross-linking) na superficie das células
efetoras, levando a uma cascata de sinalizacdo que culmina na liberacédo de
varios mediadores celulares, incluindo histamina, leucotrienos, prostaglandinas,
proteases e citocinas (Figura 1), mediadores responsaveis pela reacdo de
hipersensibilidade imediata tipo 1. A exposi¢cdo frequente ao aeroalérgeno
ocasiona inflamacgé&o cronica que culmina no espessamento dos bronquiolos,
aumento da producdo de muco, fibrose e remodelamento brénquico (GALLI;
TSAI; PILIPONSKY, 2008; SHAMJI; DURHAM, 2017). Outras citocinas, como a
IL-5, secretadas pelas células Th2, e ativas os eosinofilos, um tipo de célula que
é abundante em reagdes de hipersensibilidade tipo | e IV (KIM; ELLIS; FISCHER;
NOSEWORTHY et al., 2017; TAKATSU; NAKAJIMA, 2008). Ja a IL-13 estimula
as células epiteliais a secretar quantidades aumentadas de muco, caracteristica
comum das reacgOes imediatas de hipersensibilidade tipo | em mucosas (KIM;
ELLIS; FISCHER; NOSEWORTHY et al., 2017)
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Dermatophagoides pteronyssinus E SEUS ALERGENOS

A exposicdo ambiental a poluentes do ar e a aeroalérgenos tem sido
relacionada como causas potencial para o aumento acentuado da prevaléncia
de condicdes alérgicas nos ultimos 70 anos (RIDER; YAMAMOTO; GUNTHER;
HIROTA et al.,, 2016). Aeroalérgenos, alérgenos transportados pelo ar, sao
amplamente distribuidos no ambiente, uma vez que fazem parte da composicéo
de diversos organismos (SMITS; VAN DER VLUGT; VON MUTIUS; HIEMSTRA,
2016). Sdo compostos de proteinas relativamente pequenas, solliveis em meio
aguoso, propriedades que facilitam a dispersdo no muco e consequentemente a
passagem pela membrana basal epitelial transporte aos linfonodos regionais,
desencadeando a resposta imunolégica (LANTZ; PAUL, 1999; ROSARIO-
FILHO; JACOB; SOLE; CONDINO-NETO et al., 2013; SMITS; VAN DER
VLUGT; VON MUTIUS; HIEMSTRA, 2016). Os aeroalérgenos possuem enzimas
gue podem acionar receptores ativados por proteases (NARLA; SILVERBERG,
2020). Alguns autores documentam que a sensibilizacdo a alérgenos inalantes
domiciliares, especialmente os acaros da poeira doméstica, sdo importantes
preditores de alergias respiratérias (ROSARIO-FILHO; JACOB; SOLE;
CONDINO-NETO et al., 2013; SIERRA-HEREDIA; NORTH; BROOK; DALY et
al., 2018). Além dos alérgenos dos &caros provocarem sintomas por inalacao
(rinite, asma), podem ocasionar sintomas por contato externo direto (conjuntivite,
eczema) e ingestdo (urticaria, anafilaxia) em pessoas sensibilizadas (GHOSH,;
DUTTA; PODDER; MONDAL et al., 2018).

Acaros da poeira domiciliar sdo animais microscépicos, com tamanho
entre 100 a 400 um, possuem corpo ovoide, com quatro pares de pernas (nas
fases pos-larvais) articulaveis, esqueleto externo, corpo ndo segmentado. O ciclo
de vida normalmente passa pelos estagios de ovo, larva, protoninfa, tritoninfa e
adulto (MILIAN; DIAZ, 2004; PIKE; CUNNINGHAM; LESTER, 2005). Podem
sofrer variacbes de acordo com a espécie e também devido as condi¢des
abidticas, as quais influenciam fortemente na dindmica da populagédo (PIKE;
CUNNINGHAM; LESTER, 2005). A umidade e a temperatura sao os fatores mais

preponderantes, determinando com isso diferencas geograficas e sazonais na
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prevaléncia e concentracdo de determinadas espécies de acaros (BOQUETE;
IRAOLA; FERNANDEZ-CALDAS; ARENAS VILLAROEL et al., 2006). Mais de
48.000 espécies de acaros ja foram descritas (HALLIDAY; O'CONNOR; BAKER,
2000) e aproximadamente 40 espécies de importancia médica foram
encontradas na poeira domeéstica (FISCHER; WALTON, 2014; YONG; JEONG,
2009). Os acaros pertencentes a familia Pyroglyphidae, desempenham um papel
significativo em varios disturbios alérgicos (PODDER; GUPTA; SAHA, 2010). O
Dermatophagoides pteronyssinus e o Dermatophagoides farinae sao dois dos
principais piroglifideos causadores de sensibilizagdo em pacientes alérgicos
(CALDERON; LINNEBERG; KLEINE-TEBBE; DE BLAY et al., 2015).

Oficialmente 32 alérgenos de D. pteronyssinus (Tabela 1) ja foram
descritos, caracterizados e organizados em grupos (SILVA; PINHEIRO;
PACHECO; ALCANTARA-NEVES, 2020). Os alérgenos dos grupos 1, 2 e 23 séo
considerados os mais importantes clinicamente (SILVA; PINHEIRO; PACHECO;
ALCANTARA-NEVES, 2020). Estudos em determinadas populagdes, apontam
que os niveis de sensibilizacdo de sIgE a D. pteronyssinus, variaram de 72,1%
paranDerp 1, 81,7% para nDer p 2 e 70,9% para rODrp 23 (KOWAL; PAMPUCH,;
SIERGIEJKO; SIERGIEJKO et al., 2020). Ja um outro estudo analisou os niveis
de IgE em amostras de soros de 191 pacientes jovens (0-20 anos), desses 77%,
61% e 50% eram positivas para Der p 2, Der p 1 e Der p 23, respectivamente
(POSA, D.; PERNA, S.; RESCH, Y.; LUPINEK, C. et al., 2017). Atualmente,
assume-se que alérgenos com altas frequéncias de ligacédo de IgE (>50%) sao
relevantes, enquanto aqueles com baixas frequéncias (<50%) sé&o consideradas
alérgenos “menores”. Em geral, alérgenos com alta frequéncia de ligacao a IgE,
induzem fortes respostas de IgE tornando o principal critério para decidir o
impacto clinico dos alérgenos (CARABALLO; VALENTA; PUERTA; POMES et
al., 2020).

Der p 1 € uma glicoproteina encontrada nas fezes dos acaros, com peso
molecular de 25 kDa e funcdo de uma cisteina protease que parece aumentar
seletivamente a resposta de IgE, condicionando as células T a produzir mais IL-
4 e menos IFN- y, e pode destruir a funcao da barreira do epitélio bronquico, por
romper as moléculas transmembranas, induzindo a liberac&o de citocinas proé-
inflamatorias (ASOKANANTHAN; GRAHAM; STEWART; BAKKER et al., 2002;
FERNANDEZ-CALDAS; PUERTA; CARABALLO, 2014). Uma alta atividade
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alergénica foi demonstrada para este componente usando diferentes ensaios,
incluindo testes de provocacéo in vivo e in vitro (BOUAZIZ; WALGRAFFE;
BOUILLOT; HERMAN et al, 2015; BURTIN; CHABRE; OLAGNIER;
DIDIERLAURENT et al., 2009; TAKAI; KATO; YASUEDA; OKUMURA et al.,
2005) e sua sensibilizacédo esta associada a asma (POSA, DANIELA; PERNA,
SERENA; RESCH, YVONNE; LUPINEK, CHRISTIAN et al.,, 2017; RESCH,;
MICHEL; KABESCH; LUPINEK et al., 2015; SCOBIE; RAVINDRAN; DEAM;
THOMAS et al., 1994). Os niveis de IgE para Der p 1 sdo significativamente
maiores em criancas asmaticas e o anticorpo IgE para Der p 1 em criangas como
menos de 5 anos é um fator de risco para o desenvolvimento de asma (POSA,
DANIELA; PERNA, SERENA; RESCH, YVONNE; LUPINEK, CHRISTIAN et al.,
2017; RESCH; MICHEL; KABESCH; LUPINEK et al., 2015). Estudos sugerem
gue a diminuicédo dos niveis de Der p 1 e Der p 2 esta associada a melhora dos
sintomas de asma em pacientes alérgicos a D. pteronyssinus (MAESTRELLI;
ZANOLLA; PUCCINELLI; POZZAN et al., 2001).

Tabela 1 — Lista oficial dos alérgenos de D. pteronyssinus de acordo com a
composicdo bioquimica e massa molecular em quilo Dalton (kDa), aprovada
pelo Subcomité de Nomenclatura Alergénica da Organizacdo Mundial da
Saude e da International Union of Immunological Societies (OMS / IUIS).

Alérgeno Funcao Bioquimica Peso Molecular (kDa)
Derp1l Cisteino protease 25 kDa
Derp2 Familia NPC2 15 kDa
Derp3 Tripsina 31 kDa
Derp 4 Alfa amilase 60 kDa
Derp5 N&o determinado 14 kDa
Derp 6 Quimotripsina 25 kDa

Proteina semelhante ao aumento da
26, 30 e 31 kDa

Derp7 permeabilidade bactericida

Derp 8 Glutationa S-transferase 27 kDa
Derp9 Serina protease colagenolitica 29 kDa
Der p 10 Tropomiosina 36 kDa
Der p 11 Paramiosina 103 kDa

Proteina de ligacéo a 4cidos graxos
S 15 kDa
Der p 13 citosolicos
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Tabela 2 — Lista oficial dos alérgenos de D. pteronyssinus de acordo com a
composi¢do bioguimica e massa molecular em quilo Dalton (kDa), aprovada
pelo Subcomité de Nomenclatura Alergénica da Organizacdo Mundial da
Saude e da International Union of Immunological Societies (OMS / IUIS).

(Concluséao).

Alérgeno Funcédo Bioquimica Peso Molecular (kDa)

Derp 14 Apolipoforina 177 kDa

Der p 15 Proteina semelhante a quitinase 58,8 e 61,4 kDa

Der p 18 Proteina de ligacao a quitina 49,2 kDa

Der p 20 Arginina quinase 40 kDa

Derp 21 N&o determinado 14,726 kDa
Dominio proteico semelhante &

Der p 23 peritrofina (PF01607) 8 kba
Proteina de ligacdo biquinol-citocromo

Derp 24 Cc redutase 13 kba

Derp 25 Triose-fosfato isomerase 27 kDa

Der p 26 Cadeia leve de miosina 14,1 kDa

Der p 28 Proteina de choque térmico (Hsp70) 45 kDa

Der p 29 Ciclofilina 27,7 kDa

Der p 30 Ferritina 12,1 kDa

Der p 31 Cofilin 16,8 kDa

Der p 32 Pirofosfatase inorganica 45 kDa

Der p 33 Alfa-tubulina 44 .2 kDa

Der p 36 N&o determinado 23 kDa

Der p 37 Dominio de proteina petrotrofica 30 kDa

Der p 38 Enzima litica bacteriana 15 kDa

Der p 39 Troponina C 18 kDa

Der p 40 Proteina semelhante a tioredoxina 12 kDa

Fonte: www.allergen.org 2019

Der p 2 é uma proteina procedente do corpo do acaro, com fungéo
bioldgica relacionada com transporte de colesterol, pertence a familia NPC2, é
uma proteina estavel ao calor e ao pH, com peso molecular de aproximadamente
15 kDa (JOHANNESSEN; SKOV; KASTRUP; KRISTENSEN et al., 2005;
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OVSYANNIKOVA; VAILES; LI; HEYMANN et al., 1994). Der p 2 € uma proteina
de fusdo, com frequéncia de 90% de reconhecimento especifico de IgE
(PITTNER; VRTALA; THOMAS; WEGHOFER et al., 2004). Pacientes alérgicos
a acaros, em particular asmaticos, tém niveis elevados de anticorpos IgE
especificos de Der p 2 (RESCH; MICHEL; KABESCH; LUPINEK et al., 2015).
Por muito tempo, Der p 1 e Der p 2 foram considerados os dois alérgenos mais
importantes de D. pteronyssinus, sendo necessarios para diagnéstico e
imunoterapia. Contudo varios estudos indicaram que esses dois alérgenos nao
sdo suficientes para diagnosticar todos os pacientes sensibilizados por D.
pteronyssinus (BECKER; SCHLEDERER; KRAMER; HAACK et al.,, 2016;
WEGHOFER; THOMAS; KRONQVIST; MARI et al., 2008). Além disso, a
imunoterapia como uma vacina a base de extrato de D. pteronyssinus, que
continha principalmente Der p 1 e Der p 2, ndo foi bem-sucedida para todos os
pacientes alérgicos a D. pteronyssinus, mas apenas para aqueles com
sensibilizacdo exclusiva a esses dois alérgenos (KUAN-WEI; ZIEGLMAYER,;
ZIEGLMAYER; LEMELL et al., 2019).

Der p 23 € uma proteina de aproximadamente 8 kDa com homologia com
dominios de ligagdo a quitina e é encontrada principalmente em membranas
peritréficas ao redor do pellet fecal ( WEGHOFER; GROTE; RESCH; CASSET et
al., 2013), foi recentemente caracterizada e classificada como um alérgeno
importante (KOWAL; PAMPUCH; SIERGIEJKO; SIERGIEJKO et al., 2020). Der
p 23 é reconhecido por mais de 70% dos pacientes alérgicos aos acaros da
poeira domiciliar e exibe alta reatividade alergénica, conforme determinado por
sua capacidade de induzir a ativacdo de basoéfilos dependente de IgE
(WEGHOFER; GROTE; RESCH; CASSET et al.,, 2013). Der p 23 é uma
peritrofina e ja foi relatado que as peritrofinas podem ativar diretamente o sistema
imunologico inato (MIKA; GOH; HOLT; KEMP et al.,, 2011). Embora apenas
pequenas quantidades de Der p 23 estejam presentes nos pellets fecais e na
poeira doméstica, a baixa exposi¢cdo é suficiente para sensibilizar pacientes
alérgicos e induzir niveis especificos de IgE comparaveis aos principais
alérgenos. Além disso, varios pacientes foram sensibilizados apenas para Der p
23, mas néo para Der p 1 ou Der p 2, mostrando assim a importancia desse
alérgeno (WEGHOFER; GROTE; RESCH; CASSET et al., 2013).
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IMUNOTERAPIA ALERGENO ESPECIFICA

As formas atuais de tratamento para alergias respiratorias, baseiam-se na
reducdo dos sintomas causados pela liberacdo de mediadores liberados pelos
mastocitos e basofilos ou células-alvo envolvidas na inflamacgé&o alérgica da fase
tardia (células T, eosindfilos) (BAGNASCO; FERRANDO; VARRICCHI;
PASSALACQUA et al., 2016). Além dos farmacos convencionais, tem-se usado
anticorpo monoclonal humanizado, que impede a ligacdo da IgE aos seus
receptores. Diversos anticorpos monoclonais ja foram aprovados para uso em
pacientes com asma alérgica grave ndo controlada pelo tratamento
medicamentoso convencional (INCORVAIA; MAURO; RIARIO-SFORZA; FRATI
et al., 2008; OKAYAMA; MATSUMOTO; ODAJIMA; TAKAHAGI et al., 2020).

Tanto a farmacoterapia quanto os anticorpos monoclonais, suprimem
temporariamente os sintomas alérgicos, porém néo afetam o curso da doenca.
A imunoterapia alérgeno-especifica (AIT) é o Unico tratamento para doencas
alérgicas, capaz de impedir o inicio de novas sensibilizacGes alérgicas e da
progressao da doenca (DHAMI; KAKOUROU; ASAMOAH; AGACHE et al., 2017;
PFAAR; LOU; ZHANG; KLIMEK et al., 2018; VIRCHOW, 2019). Resultando na
melhora dos sintomas e diminuicdo da necessidade de farmacoterapia paliativa
(GLOBINSKA; BOONPIYATHAD; SATITSUKSANOA; KLEUSKENS et al., 2018;
PFAAR; ALVARO; CARDONA; HAMELMANN et al., 2018; VIRCHOW, 2019).
AIT consiste na administracéo de doses crescentes de um alérgeno (ou extrato
alergénico) a pacientes alérgicos com o fim de induzir uma resposta imunolégica
tolerogénica, e consequentemente induzir a melhora dos sintomas. O tempo de
tratamento da AIT varia de trés a cinco anos (BERINGS; KARAASLAN;
ALTUNBULAKLI; GEVAERT et al., 2017; KUCUKSEZER; OZDEMIR;
CEVHERTAS; OGULUR et al., 2020).

Os mecanismos de acdo da imunoterapia, ainda ndo sado totalmente
compreendidos, e ouso de preparagfes heterogéneas de alérgenos, diferentes
protocolos de tratamento e vias de administracdo dificultam ainda mais o
processo de esclarecimentos (AKDIS; AKDIS, 2014). No entanto, sabe-se que
durante a fase inicial de sensibilizacdo em pacientes com rinite alérgica (Figura
2), a baixa exposicdo a alérgenos na superficie da mucosa nasal resulta na

ativacado de células epiteliais, que ativam as células dendriticas, que captam e
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apresentam antigenos nas células T imaturas para induzir respostas alérgicas
Th2, com apresentacao de antigeno facilitada por IgE. A exposicao subsequente
ao alérgeno leva a degranulacdo de mastocitos e basofilos, causando reagdes
classicas da fase inicial. A infiltracdo subsequente de outros leucdcitos leva a
inflamacéo alérgica da fase tardia. Exposicao a altas doses de alérgenos por
imunoterapia restaura a funcdo das células dendriticas, que produz
principalmente IL-10 e TGF-B, promovendo um desvio imune de uma resposta
Th2 para Thl e inducdo de células Treg e Breg (incluindo outros subconjuntos
de células B). A IL-10 induz mudancas do isotipo da IgE especifica para 1gG4
especifica, que se liga ao alérgeno antes do mesmo formar o crosslinking com a
IgE presente nos receptores de alta afinidade das células efetoras, agindo assim
como um anticorpo bloqueador. O TGF- foi associado n&o s6 com a inibicdo da
proliferacéo e diferenciacdo das células B, mas também com a diminuicdo da
producdo de imunoglobulinas, exceto de IgA especifica para alérgeno. TGF-8
ainda esté envolvida na inducéo de fibrose, contribuindo para o remodelamento
bronquico (AKDIS; AKDIS, 2014; OJIAKU; YOO; PANETTIERI, 2017; SHAMJI;
DURHAM, 2017).

Figura 2- Mecanismos da imunoterapia alérgeno especifica.
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As principais vantagens da AIT séo os efeitos modificadores do curso da
doenca e os efeitos duradouros da resposta imune protetora obtidos, 0s quais
podem ser alcancados através da adminstracdo de uma vacina terapéutica. A
AIT é geralmente mais eficaz na reducdo dos sintomas e demonstrou ser mais
econdbmica quando comparado com o uso da farmacoterapia e dos anticorpos
monoclonais (COX, 2016). No entanto, a abordagem inicial utilizando extratos
brutos diluidos, ainda em uso pela maioria dos médicos, apresenta
desvantagens ja descritas em diversas publicacbes (AKDIS; AKDIS, 2015;
FERREIRA; WOLF; WALLNER, 2014; WALLNER; PICHLER; FERREIRA,
2013), inclusive nas recentes prospecc¢des tecnoldgicas realizadas por nosso
grupo (FERNANDES; SILVA; PACHECO; ALCANTARA-NEVES et al., 2021;
SILVA; PINHEIRO; QUINTELLA; FERREIRA et al., 2016; SILVA; PINHEIRO;
PACHECO; ALCANTARA-NEVES, 2020). Entre tais desvantagens, tem-se: (i) a
composi¢do molecular de extratos brutos pode variar entre as varias fontes e
lotes; (i) dificuldades na padronizacao do extrato; (iii) risco de indugéo de efeitos
secundarios anafilaticos; (iv) inducdo de novas sensibilizacbes de IgE; (V)
auséncia de importantes alérgenos em extratos comercialmente disponiveis; (vi),
dificuldade para definir a poténcia exata de extratos; (vii) a ligagéo da IgE total
ao extrato ou a ligacdo da IgE aos alérgenos maiores ndo podem ser
quantificadas de forma satisfatoria e (viii) a imunoterapia com extrato necessita
ser realizada em clinicas sob a supervisdo da equipe médica (BERINGS;
KARAASLAN; ALTUNBULAKLI; GEVAERT et al, 2017; BESH; BESH;
SOROKOPUD; KONDRATIUK et al., 2018; SILVA; PINHEIRO; QUINTELLA,
FERREIRA et al., 2016; SILVA; PINHEIRO; PACHECO; ALCANTARA-NEVES,
2020).

Na tentativa de melhorar os protocolos da AIT, novas abordagens e
formulac@es utilizando engenharia genética tem sido propostas. Com base no
conhecimento detalhado das sequéncias proteicas, estruturas secundarias e
caracteristicas imunolégicas dos alérgenos. Técnicas de biologia molecular
permitem a producdo de alérgenos recombinantes bem caracterizados, com
atividade biologica conhecida (JONGEJAN; VAN REE; POULSEN, 2016; JUTEL;
KOSOWSKA; SMOLINSKA, 2016; SILVA; PINHEIRO; QUINTELLA; FERREIRA
et al.,, 2016; WAI; LEUNG; LEUNG; CHU, 2017). Além disso, a engenharia

genética permite a modificacdo de alérgenos do tipo selvagem para gerar
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derivados de alérgenos com reatividade reduzida a IgE (hipoalérgenos), os quais
apresentam risco reduzido de desencadear reacfes alérgicas indesejaveis
durante o curso da imunoterapia, além de induzir uma resposta de células T
eficiente e imuneprotetora de longa duracéo (DA SILVA; AGLAS; PINHEIRO; DE
ANDRADE BELITARDO et al., 2020a).

HIPOALERGENOS RECOMBINANTES

A principal caracteristica de uma proteina hipoalergénica € a reatividade
reduzida a IgE a partir de uma modificagdo na estrutura da molécula selvagem.
Com isso, o ideal é que o hipoalérgeno apresente uma boa inducdo de
proliferacéo de células T semelhante aos alérgenos nativos, seguido da reducao
da capacidade de inducdo da degranulacéo de células efetoras, e um aumento
da producao de anticorpos IgG bloqueadores especificos para alérgenos, em
particular IgG4 (DA SILVA; AGLAS; PINHEIRO; DE ANDRADE BELITARDO et
al., 2020a). Diversas abordagens moleculares podem ser empregadas para
realizacdo das modificacdes na estrutura da molécula hipoalergénica. As mais
utilizadas séo: a fragmentacdo ou fusdo de moléculas, mutacdes pontuais,
mosaicos e uso de peptideos sintéticos ndo alergénicos compreendendo o
repertorio de epitopos de células T (BHATTACHARYA; SIRCAR; DASGUPTA,;
GUPTA BHATTACHARYA, 2018; HUANG; CURIN; BANERJEE; CHEN et al.,
2019).

As proteinas multicomponentes ou hibridas sao criadas juntando as
informacdes genéticas de pelo menos duas proteinas diferentes, podendo conter
partes ou as proteinas originais completas. As moléculas hibridas séo ideais para
a producao de candidatos a vacina para organismos como 0s acaros da poeira
domeéstica, pélen de grama ou veneno de insetos, 0s quais apresentam varios
alérgenos importantes. As proteinas hibridas podem ser produzidas de forma a
aumentar a imunogenicidade, reduzindo o nimero de moléculas que precisam
ser produzidas para serem incluidas em uma formulacéo vacinal além disso,

existe a possibilidade de exclusdo ou inclusdo de regibes conservadas de
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alérgenos (LINHART; FOCKE-TEJKL; WEBER; NARAYANAN et al., 2015;
SILVA; PINHEIRO; PACHECO; ALCANTARA-NEVES, 2020). Recentemente,
nosso grupo desenvolveu uma proteina hibrida hipoalergénica dos alérgenos Blo
t 5/Blo t 21 do acaro Blomia tropicalis, com potencial a ser usada para combater
reacoes alérgicas causadas por este acaro, rendendo uma prospeccao
tecnoldgica (DA SILVA; AGLAS; PINHEIRO; DE ANDRADE BELITARDO et al.,
2020a).

As abordagens que visam epitopos de células T especificas de alérgenos
com peptideos sintéticos sdo baseadas principalmente em pequenos peptideos
com menos de 20 aminoécidos para evitar a sensibilizacdo de IgE,
reconhecimento de IgE e efeitos colaterais associados (HUANG; CURIN;
BANERJEE; CHEN et al., 2019). Uma série de ensaios clinicos ja demonstraram
que alérgenos hipoalergénicos baseados em epitopos de células T podem
compor formulacdes terapéuticas seguras e eficazes para AIT. Trabalhos com
hibridos dos trés alérgenos principais do veneno de abelha, Apim 1, 2 e 3, onde
0 autor preservou epitopos de células T e subtraiu os epitopos de células B de
todos os trés alérgenos, e mostraram que a molécula hibrida passou a ter uma
reatividade de IgE, capacidade de ligacdo em mastdcitos e basofilos humanos,
altamente reduzida (KARAMLOO; SCHMID-GRENDELMEIER; KUSSEBI;
AKDIS et al., 2005). Em um outro trabalho, autores produziram uma molécula
hibrida de Der p 1 e Der p 2, a qual foi capaz de induzir uma resposta reduzida
no nivel do SPT (do inglés, Skin Prick Test), e aumentar aproliferacéo de células
T quando comparadas aos alérgenos naturais (CHAISRI; TUNGTRONGCHITR;
INDRAWATTANA; MEECHAN et al., 2017). Mesmo ap0s todos esses estudos
nenhuma dessas moléculas encontram-se comercialmente disponiveis para
utilizacdo em uma formulacéo vacinal, mostrando que esse ainda € um campo

de pesquisa que ainda necessita inovacao e investimento.
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OBJETIVO GERAL

Produzir uma proteina hibrida hipoalergénica baseada nos principais
alérgenos do acaro de poeira Dermatophagoides pteronyssinus para utilizacédo

em imunoterapia nas doencas alérgicas.

OBJETIVOS ESPECIFICOS

e Selecionar as sequéncias peptidicas de epitopos de Células T para os
alérgenos Der p 1, Der p 2 e Der p 23.

e Desenvolver a partir de epitopos de Células T dos alérgenos Der p 1, Der
p 2 e Der p 23 uma proteina hibrida multicomponente (rDer p2231) com
potencial hipoalergénico.

e Predizer as estruturas secundarias e terciarias da proteina rDer p 2231.

e Induzir a producao heterdloga, purificar e avaliar a purificacdo da proteina
rDer p 2231 e do alérgeno rDer p 1 (controle).

e Avaliar o efeito do rDer p 2231 sobre a produgcdo de 18 citocinas
detectadas simultaneamente usando um painel multiplex de
citocinas/quimiocinas em individuos atépicos e nao atépicos.

e Caracterizar imunologicamente a proteina rDer p 2231 e seus respectivos
controles.

e Testar o potencial terapéutico do hipoalérgeno rDer p 2231 em um modelo
murino agudo de alergia ao 4caro Dermatophagoides pteronyssinus.

e Testar o potencial terapéutico e de romodelamento do hipoalérgeno rDer
p 2231 em modelo murino crénico de alergia ao acaro Dermatophagoides

pteronyssinus.
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Highlights

e T cell epitopes from the Der p 1, Der p 2 and Der p 23 allergens of
Dermatophagoides were used to construct the molecule named rDerp2231.

e PBMCs from atopic patients, stimulated with rDer p 2231, show an increase in
regulatory and Th1 cytokines and a reduction in Th2.

e Mice allergic to Dermatophagoides pteronyssinus and treated with rDer p 2231,
showed higher levels of regulatory cytokines, Thl, IgG and lower levels of Th2
end IgE.

Abbreviations: BALF, bronchoalveolar lavage fluid; DpE, D. pteronyssinus extract; IFN-
Yy, Interferon-gamma; IL-4, Interleukin 4; IL-5, Interleukin 5; IL-10, Interleukin 10; PWM,
pokeweed mitogen.
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Abstract

Background:

Allergen-specific immunotherapy (AIT) is the only clinical approach that can potentially cure
some allergic diseases by inducing immunological tolerance. Dermatophagoides
pteronyssinus is considered as the most important source of mite allergens worldwide, with
high sensitization rates for the major allergens Der p 1, Der p 2 and Der p 23. The aim of this
work was to generate a hypoallergenic hybrid molecule containing T-cell epitopes from these
three major allergens.

Methods:

The hybrid protein termed Der p 2231 containing T-cell epitopes was purified by affinity
chromatography. The human IgE reactivity was verified by comparison to those of the parental
allergens. The hybrid was also characterized immunologically through an in vivo mice model.
Results:

The hybrid rDer p 2231 stimulated in PBMCs isolated from atopic patients higher levels of IL-
2, 1L-10, IL-15 and IFN-y, as well as lower levels of IL-4, IL-5, IL-13, TNF-a and GM-CSF. The
use of hybrid molecules as a therapeutic model in D. pteronyssinus allergic mice led to the
reduction of IgE production and lower eosinophilic peroxidase activity in the airways. We found
increased levels of IgG antibodies, which blocked the IgE binding to the parental allergens in
the serum of atopic patients. Furthermore, the stimulation of splenocytes from mice treated
with rDer p 2231 induced higher levels of IL-10 and IFN-y and decreased the secretion of IL-4
and IL-5, when compared to parental allergens and D. pteronyssinus extract.

Conclusion:

rDer p 2231 has the potential to be used in AIT in patients co-sensitized with D. pteronyssinus
major allergens, once it was able to reduce IgE production, inducing allergen-specific blocking
antibodies, restoring and balancing Th1/Th2 immune responses, and inducing regulatory T-

cells.
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Key Messages
e T-cell epitopes from the Der p 1, Der p 2 and Der p 23 allergens of the
Dermatophagoides were used to construct the molecule termed rDerp2231;
e PBMCs from atopic patients, stimulated with rDer p 2231, show an increase in
regulatory and Thl cytokines and low secretion in Th2;
¢ Mice allergic to Dermatophagoides pteronyssinus treated with rDer p 2231 showed

higher levels of regulatory cytokines, Thl, IgG and lower levels of Th2 and IgE.

INTRODUCTION

Allergen-specific immunotherapy (AIT) is the only clinical management of allergies that can
control the progression of these immune-mediated diseases, by inducing immunological
tolerance.>? Therapies with T-cell-targeted molecules can significantly impact the safety and
efficacy of AIT, making them good alternatives to natural extracts.® A series of clinical trials
have already demonstrated that hypoallergenic T-cell epitope-based allergens can compose
safe and effective therapeutic formulations for AIT. These studies involved allergens from cats,
bees, birch pollen and house dust mites (HDM)3*'®* Among the HDM, Dermatophagoides
pteronyssinus is considered as an important source of allergic sensitization, being present in
nearly 80% - 90% of house dust worldwide.** In southern Brazil, this mite represents 72% to
84% of the total number of mites present in cribs and beds, respectively.*® Officially, 32 IgE-
binding proteins from D. pteronyssinus (Der p) have already been documented by the
WHO/IUIS allergen nomenclature sub-committee [www.allergen.org].2® Allergens in groups
1, 2, and 23 are the most clinically relevant. Frequency of specific IgE (sIgE) reached values
of 72.1% for nDer p 1, 81.7% for nDer p 2 and 70.9% for rDerp 23.1'® Hypoallergenic
derivatives of these allergens have already been reported, but there are no reports to date of
molecular or T-cell epitope-based mixtures for these three allergens in a hybrid form.8 In this
study, we generated a hypoallergenic hybrid molecule based on T-cell epitopes of the Der p
1, Der p 2 and Der p 23 allergens that can be potentially used as an immunotherapeutic

formulation to treat allergic reactions caused by the HDM D. pteronyssinus.


http://www.allergen.org/
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2. METHODS

2.1 Construction of hypoallergenic hybrid protein

Six hypoallergenic proteins were designed using dominant sequences from antigenic regions
of T-cell epitopes of the Der p 1, Der p 2 and Der p 23 allergens. The sequences were retrieved
from a study whose authors mapped 137 specific T-cell epitopes of D. pteronyssinus.'® The
chosen sequences are shown in Figure 1A. Peptide linkers EAAAK and KK were used in the
construction of the chimera to assist in obtaining molecule stability and flexibility.?° The
immunogenicity of the generated hybrids was predicted through analysis of MHC-II binding
using the IEDB analysis resource Consensus tool (https://www.iedb.org/). The tertiary
structures were modeled using the publicly available RaptorX server.?! The hybrid was chosen
based on the number of functional domains, P-value and uGDT (GDT) and was termed rDer p
2231. The molecular model was visualized in the UCFS Chimera.

2.2 Heterologous expression and purification

The recombinant mature allergen rDer p 1 (27 kDa) and the hybrid protein rDer p 2231 (25
kDa) were produced as described in Appendix S1. rDer p 2 and rDerp 23 have been kindly
provided by the Department of Biosciences and Medical Biology, University of Salzburg,
Salzburg, Austria and by the Department of Biochemistry of Chulalongkorn University,
Thailand, respectively.

2.3 D. pteronyssinus extract (DpE)
Commercially available mites (Stallergenes Greer Ltd, London, United Kingdom) and 5 g of D.
pteronyssinus (DpE) were used to generate the extract, according to the protocol previously

described.?? The whole procedure is described in Appendix S2.

2.4 Donors and sera
Venous blood of non-atopic (n=30) and atopic (n=12) individuals was collected in heparin tubes

and the plasma samples were evaluated for the presence of specific IgE (sSIgE) to D.
pteronyssinus (Phadia Diagnostics AB, Uppsala, Sweden) to confirm atopy and their positive
clinical history. Additionally, positivity in the skin prick test (SPT) for the D. pteronyssinus
extract was also used as an inclusion criterion to atopy. Non-atopic donors reported no clinical
symptoms of allergy and were presented with negative reaction to SPT, besides lack of sIgE.
Table S1 details the reactivity profiles of the donors included in the study. The study was
approved by the Ethics Committee on Research of the Faculty of Medicine of the Federal
University of Bahia, (CAAE 45376814.0.0000.5577).
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2.5 Reactivity of Human IgE
The reactivity of human IgE to rDer p 223, rDerp 1, rDerp 2 and Der p 23 allergens was
obtained by indirect ELISA. Appendix S1 describes the experiment.

2.6 Culture of peripheral blood mononuclear cells (PBMC) for the determination of
cytokine by MILLIPLEX MAP magnetic bead panel

Secreted cytokines and rDer p 2231 protein-induced reactivity profile were evaluated in
peripheral blood mononuclear cells (PBMC). Peripheral blood from atopic (N=6) and non-
atopic (N=6) patients was used to obtain PBMC.? Cells were stimulated for 120 hours with 20
pg/mL of DpE, 12.5 pg/mL of rDer p 2231; 10 pg/mL of pokeweed mitogen (PWM) was used
as positive control.*?” Supernatants were used to quantify a total of 18 cytokines, which were
detected simultaneously using a multiplex human cytokine/chemokine magnetic bead panel
(MILLIPLEX MAP Human Cytokine/Chemokine Magnetic Bead Panel - Immunology Multiplex
Assay, Millipore, Burlington, MA, USA), following the manufacturer's instructions. Mean
fluorescent intensities were determined on a MAGPIX® System and serum concentration was
calculated according to the standard curve and analyzed using MILLIPLEX® Analyst 5.1
(Merck KGaA, Darmstadt, Germany). Appendix S1 describes the experiment.

2.8 In vivo immunotreatment using a murine model of allergy

A previously described murine model,?2%3! with some modifications, was used to verify the
potential of rDer p 2231 to attenuate airway inflammation. On days 0 and 7 A/J, mice (n=6)
were sensitized by two subcutaneous injections of DpE (100 ug) adsorbed to 4 mg/mL Al(OH)3
and diluted in phosphate-buffered saline (PBS). On days 14, 15, 16, 18, 20, 22 and 24, the
challenge was applied by intranasal instillations of DpE (10 ug in 50 pyL of PBS). During
sensitization, the negative control group received PBS plus AI(OH)3, whereas during
challenges only PBS was applied. The treatments were performed daily from the 18" to the
24'h day of the murine model. The experimental groups are detailed in Table 1. A day after the
last challenge/treatment, the animals were euthanized; serum, bronchoalveolar lavage fluid
(BALF) and lung tissue were collected for measurements of IgG1, 1gG2a, IgE antibody
responses and the production of blocking antibodies by indirect ELISA. Eosinophilic
peroxidase (EPO) activity was measured by a colorimetric assay.?2° Spleens were collected
and processed.?*3° The production of cytokines IL-4, IL-5, IFN-y and IL-10 was quantified in
splenocyte culture supernatants, BALF and lung tissue by standard ELISA as recommended
by the manufacturer (BD Pharmingen, San Diego, CA, USA). All these procedures are detailed
in Appendix S1.
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3. RESULTS

3.1 Construction, expression and purification of the hybrid proteins

The rDer p 2231 hybrid protein consists of a sequence of 183 amino acid residues. In order to
construct the hybrid protein, two types of ligands were used (Figure 1A). The tertiary structure
presented 100% of residues modeled in a three-dimensional format, with three functional
domains, p, uGDT and GDT values of 1.34 X 10, 126 and 69 respectively. Therefore, based
on these results, our model is of good quality. The modeled structure consists of 11% alpha
helices, 32% beta-sheet and 55% spirals. The expression profile of the hybrid protein rDer p
2231, as well as the chromatograms obtained in the purification, is shown Figure 1B-D and the
protein rDer p 1 is shown in Figure S1A. Both proteins were obtained in the insoluble fraction

and migrated with a molecular weight (MW) of 25 and 27 kDa, respectively.

3.2 rDer p 2231 has lower IgE reactivity than parental allergens and allergen extract in
D. pteronyssinus reactive sera

We tested with ELISA the IgE reactivity of rDer p 2231, DpE (extract), rDer p 1, rDer p 2 and
rDer p 23 in the plasma from atopic individuals with allergic rhinitis and asthma (Table S1). Out
of 30 samples, 50% displayed sIgE against rDer p 1, 63% for rDer p 2 and 67% for rDer p 23.
Figure S1B shows the overall IgE reactivity with the cut-off line for each parent allergen. The
frequency of triple sensitization to rDer p 1, rDer p 2 and rDer p 23 allergens was 13%. Double
sensitization was observed with up to 27%, 23%, and 43% between rDer p 1 and rDer p 2,
between rDer p 1 and rDer p 23, and rDer p 2 and rDer p 23, respectively. The hypoallergen
rDer p 2231, on the other hand, showed an IgE reactivity profile of 36%. Although rDer p 2231
had an IgE percentage of 36%, a percentage reduction was observed in relation to rDer p 1,
rDer p 2 and rDer p 23 of 67%, 88% and 79%, respectively (Figure 1E). The data from figure
1E was used to generate figures 1F-H.

3.3 PBMCs from atopic individuals stimulated with rDer p 2231 showed high levels of
regulatory and Th1l cytokines

PBMC supernatants from atopic subjects stimulated or unstimulated with DpE were compared
showing a reduction in baseline levels of IFN-y (Figure 2A), an increase in basal levels of IL-
4, IL-5, IL- 6, TNF-a, GM-CSF and a trend of increasing levels of IL-13, IL-1a, IL-1p and IL-1ra
(Figure 2B).

Figure 2 also shows the baseline values of cytokines present in PBMC supernatants from
atopic individuals stimulated or not with rDer p 2231, showing a reduction in baseline levels of
IL-4, IL-5 and IL-13 (Figure 2B), an increase in the baseline values of IL-2, IL-15, IFN-y

cytokines and an expressive increase in IL-10, although not statistically significant (Figure 2A).
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When the baseline values of cytokines present in the supernatants of non-stimulated cells of
PBMC from atopic and non-atopic individuals were compared, a significant increase in IL-2,
IL-13 and IL-1RA was observed, as well as a slight increase in IFN-y and a significant reduction
in IL-1a and IL-1B (Figure 2A-B.) The cytokines not mentioned in these comparisons showed
no statistical differences.

Upon rDer p 2231 stimulation, a significant increase in the levels of IL-2, IL-10, IL-15, IFN-y
(Figure 2A) and a reduction in the levels of IL-1 (Figure 2A) was observed in PBMC of atopic
subjects in comparison with those of healthy donors. Figure 2B also shows a reduction in TNF-
a and GM-CSF levels in PBMCs stimulated with rDer p 223.1

3.4 Treatment with rDer p 2231 reduced IgE production in mice allergic to D.
pteronyssinus

In order to investigate the efficacy of rDer p 2231 as a therapeutic hypoallergen, we followed
the schedule depicted in Figure 3A, which details our acute asthma model. Antibody responses
in sera (Figure 3B-F), BALF and lung tissues (Figure S2A-J) of mice show significantly
increased DpE-sIgE in Sham group compared to the Control group. The rDer p 2231 group,
when compared with the Sham group, showed a tendency to reduce DpE-sIgE and rDer p 1-
slgE and cause a significant reduction for rDer p 2-sIgE and rDer p 23-siIgE (Figure 3B-F).
Unlike the IgE responses, slgG1s were significantly produced after treatment with rDer p 2231
and Dexamethasone when compared to the Control group (Figure 3B-F). As for slgG2a, a
trend towards increased levels was noted for rDer p 1-slgG2a, rDer p 23-slgG2a and rDer p
2231-slgG2a when compared with Control and Sham groups (Figures 3C, D, F). rDer p 2231
group displayed a trend of increased serum levels of rDer p 1-slgG2a and rDer p 2231-slgG2a
compared to the Dexa group (Figures 3C, D). The animals treated with rDer p 2231 had serum
levels of rDer p 2-slgG1, rDer p 23-slgG1, DpE-slgG2a, rDer p 2231-slgG2a and rDer p 23-
slgG2a significantly increased when related to the Sham group (Figure 3D-F). In an inhibitory
assay, it was possible to observe that the serum of mice treated with rDer p 2231 significantly
reduced the IgE binding capacity of rDer p 1, rDer p 2, rDer p 23 and DpE to reactive human
sera (Figure 3G). This outcome suggests that rDer p 2231 can generate blocking antibodies

against these antigens.

3.51In the lungs, rDer p 2231 induces proliferation of lymphocytes and a decrease in the
eosinophil numbers.

As shown in Figure 4, treatment with rDer p 2231 led to the downregulation of inflammatory
immune cells as well as eosinophil peroxidase activity. In BALF total cell counts, an increase
in the number of these cells was observed among mice in the Sham group compared to

animals in the Control group (Figure 4A). Mice either treated with rDer p 2231 or
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Dexamethasone have shown a significant decrease in the total number of these cells
compared to animals in the Sham group. We also explored the distribution of the number of
leukocytes in the BALF (Figure 4B); we observed that the ratio analysis for the differential
counting revealed that the treatment with rDer p 2231 was associated with a significantly higher
number of lymphocytes over the low number of eosinophils, whereas the Dexamethasone
treatment was associated with lymphocytes and macrophages (Figure 4C). The eosinophil
findings corroborate the profile of Eosinophilic Peroxidase (EPO) activity measured in the
BALF and Lung (Figure 4D). Notably, sensitizations and challenges in mice with DpE produced
a significant increase in EPO activity in BALF and in lung homogenates in animals in the Sham
group when compared to the Control group. Treatment with rDer p 2231 significantly
decreased EPO activity, as did the animals in the Dexamethasone-treated group, compared

to the Sham group.

3.6 rDer p 2231 reduced the expression of Th2 profile cytokines and induced high
levels of IL-10 and IFN-y

Mice treated with rDer p 2231, when compared with the Sham treatment group, significantly
reduced IL-4 and IL-5 levels in lung tissue and BALF (Figure 5A, B). Splenocytes from mice
were stimulated with DpE, rDer p 2231, their parental allergens, LPS and/or PHA. These stimuli
were initially compared with non-stimulated cells, with the results showed in the Figure 5C-F.
In this figure one can observe that the treatment with rDer p 2231 was more effective than
Dexamethasone regarding the reduction of IL-4, given the significantly lower secretion in non-
stimulated cells and when DpE and rDer p2231 were used as stimuli. In contrast, IL-10 showed
an increase in its baseline values compared to all the other mice groups, and when splenocytes
were stimulated with rDer p 23, DpE and rDer p 2231. Very similar significant results were
found for IFN-y (DpE and rDer p2231 stimuli), although the increased baseline levels were not

significant (Figure 5C-F).

DISCUSSION

The hypoallergenic hybrid molecule rDer p 2231 based on T-cell epitopes was successfully
expressed and purified. The hybrid molecule displayed an IgE reactivity of 36%, with a
percentage of reduction observed in relation to the parental molecules rDer p 1, rDer p 2 and
rDer p 23 suggesting a reduced risk of rDer p 2231 in inducing IgE-mediated side effects. The
frequency of sensitization to the main D. pteronyssinus allergens in the present study was
similar to previous reports from Thailand, USA and Europe.!”1832-34

It has been shown that the Der p 23 allergen is as important as Der p 1 and Der p 2 in the
process of allergic sensitization in individuals sensitized to D. pteronyssinus in the population

of Salvador.®® These data corroborate our findings, where comparable levels of IgE reactivity
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to Der p 23 and Der p 2 were shown, with Der p 23 being slightly more frequent than Der p 2
and Der p 1. Studies showed that the variability of allergen IgE reactivity may be associated
with factors such as geographic region, age and clinical manifestations of allergy.11832:34
PBMC cultures from atopic individuals revealed that stimulation with rDer p 2231 induced
higher levels of IL-2, IL-10, IL-15 and IFN-y than D. pteronyssinus extract, and lower levels of
IL- 4, IL-5, IL-13, TNF-a and GM-CSF. These results allow us to speculate that rDer p 2231
induces an immune response different from the classical allergic Th2 response, which predicts
the efficacy for the treatment of allergy.*® By inducing high levels of IL-10, a cytokine with anti-
inflammatory and regulatory functions, rDer p 2231 appears to stimulate T-cell proliferation. IL-
10 derived from TH cells is an important mediator in the success of AIT, as these cells play a
crucial role in the regulation of allergic responses.?*37-3 |L-2 showed high levels in PBMCs
stimulated with rDer p 2231, corroborating previous studies where AIT increased IL-2 in
asthmatic individuals.*®4? It is known that IL-2 produced in the nasal mucosa may act in
combination with IL-10 to cause immune shift from Th2 / ThO to ThO / Th1.4® Another cytokine
found in high levels in this study was IL-15. Asthmatic patients who used glucocorticosteroids
had elevated IL-15 in both sputum and cultured sputum leukocytes.** That indicates a possible
immunomodulating function of IL-15, involving the induction of alterations from Th2 to Th1.4
In part, the high levels of IFN-y in PBMCs stimulated with rDer p 2231 also influence the change
in the response profile. This change may inhibit airway remodeling induced by Th2
responses.*®

Furthermore, the reduction in sIgE levels can be explained by the downregulation that rDer p
2231 was able to induce in the production of cytokines IL-4, IL-5, IL-13, TNF-a and GM-CSF
in PBMCs. Allergen-activated Th2 cells secrete IL-4, IL-5 and IL-13, whose main biological
functions are the production of IgE, recruitment of eosinophils to the local inflammatory site
and production of mucus in the airway epithelium, respectively.4547

Our data also show a reduction in TNF-a and GM-CSF levels in PBMCs stimulated with rDer
p 2231. Studies show that, in both humans and mice, the increase in these cytokines is
involved in a worsening of the therapeutic response, and an exacerbation of asthma.*>! In
this study, we also evaluated the profile of cytokines IL-1q, IL-1B and IL-1RA. Among PBMCs
from non-atopic individuals, it was observed that the IL-1B expression was increased, and no
data were found in the literature that correlate with an increase in IL-1B in non-atopic
individuals. Studies have revealed that specifically IL-1a and IL-1f can instruct lung dendritic
cells to induce Th2 responses.®?** Among PBMCs from atopic individuals stimulated with rDer
p 2231, we noticed a trend towards increased expression of IL-1RA, which seems to regulate
the expression of IL-1B. Previous studies have shown that IL-1RA regulates IL-1 signaling,

competing with IL-1a and IL-18 for IL-1RI binding, thus preventing the formation of a receptor
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signaling complex mediated by IL-1a and IL-1B. An additional study showed that elevated
serum levels of IL-1RA correlate with a lower risk of worsening asthma control. >

In our in vivo study, we showed the hypoallergenic potential of rDer p 2231 in the treatment of
pulmonary inflammation induced by the model of asthma is DpE extract. Mice treated with rDer
p 2231 showed reduced IgE to the extract and to parental allergens in serum, BALF and lung.
Although there are no statistical differences in IgG1l and IgG2a antibody titers between the
animals in the treatment groups, an increase in these titers compared to the untreated group
in serum samples was observed. Additionally, there was an increase in these antibodies in the
animals treated with rDer p 2231 compared to the Sham group, Dexamethasone and the
untreated group in the BALF and lung samples. Previous studies with D. pteronyssinus-derived
hypoallergens reported induction of high titers of IgG antibodies and regulation of IgE to lower
levels after immunization.3”%%57 Qur findings were similar to this, because the T-cell epitopes
of the allergens Der p 1, Der p 2 and Der p 23 were used to construct the rDer p 2231 molecule,
which was capable of inducing an adaptive immune response in mice with the production of
IgG antibodies and low production of IgE. Treatment with rDer p 2231 changed the total cells
in BALF, as well as the number of eosinophils and neutrophils and an increase in the number
of lymphocytes and macrophages. The reduction in neutrophil and eosinophil secretion was
previously associated with an improvement in allergies and the increase is often correlated
with the severity and exacerbation of the disease.%® A downregulation in EPO activity in BALF
and lung tissue has also been observed in mice treated with rDer p 2231. These effects are
likely associated with a decreased Th2 response, as EPO, the most abundant cationic protein
in toxic granules, which is used as a specific marker of eosinophils and is related to the release
of cytokines such as IL-4, IL-5 and IL-13.%8

Reduced levels of Th2 profile cytokines were observed in lung tissue, BALF and splenocytes,
followed by increased levels of IL-10 and IFN-y in splenocytes from rDer p 2231 treated mice.
These data corroborate PBMC cytokine results, whose ratio results indicate that the decrease
observed in Th2 cytokines can be mediated by IL-10 and IFN-y. However, these data do not
make it clear which of these two cytokines has more influence on the downregulation of IL-4
and IL-5 in this model presented. Nevertheless, our findings indicate that rDer p 2231 can
potentially induce a regulatory and/or Th1l biased immune response. This response profile has
already been described in other studies.’%23% Finally, our results indicate that the hybrid
molecule rDer p 2231 has displayed potential to be used as a multicomponent vaccine with
the potential to treat D. pteronyssinus sensitized individuals. Future studies using rDer p 2231
in a chronic mouse model of allergy will demonstrate the long-term benefits of its

hypoallergenic and immunogenic characteristics.
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Table 1. Distribution of In vivo model groups

o Challenge
Group Sensitization Treatment
) (Intranasal
Experimental (Subcutaneous) o (Subcutaneous)
instillations)
+
Control PBS + Alum (4 PBS PBS
mg/mL)

D. pteronyssinus .
b y D. pteronyssinus

Sham (100 pg) + Alum (4 PBS
mg/mL) + PBS (10 Hg) + PBS
D. pteronyssinus Dexamethasone
DEXA (100 pg) + Alum (4 D. pteronyssinus Dlso_d|um Phosphate
mg/mL) + PBS (10 ug) + PBS received (1 mg / kg)
g diluted in PBS
D. pteronyssinus : rDer p 2231 (25 pg)
rDer p 2231 (100 pg) + Alum (4 - Preronyssinus i odin PBS

mg/mL) + PBS (10 Hg) + PBS
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Figure Legends

Figure 01. Structural and in vitro characterization of rDer p 2231. A: Peptide sequence of
the T-cell epitopes of the Der p 1, Der p 2 and Der p 23 allergens and of ligands. B: Expression
and purification of rDer p 2231: Lane 1. before IPTG induction; Lane 2: after IPTG, 1 h
induction; Lane 3: after IPTG, 6 h induction; Lane 4: soluble fraction of bacterial extract; Lane
5: solubilized-bacterial pellet; Lane 6: representative sample from affinity chromatography;
Lane 7: representative sample from desalting. C: Chromatogram of rDer p 2231 protein
purification using HisTrap FF Ni Sepharose. D: Chromatogram of HiTrap Desalting in
Sephadex G-25 resin. E: Determination of IgE reactivity to DpE, rDer p2231 and parental
allergens in plasma samples from non-atopic (n=30) and atopic (n=12) individuals. IgE activity
comparisons between rDer p 2231 and Der p 1(F), Der p 2 (G), Der p 23 (H).

Figure 02. Cytokine concentrations in cultures of peripheral blood mononuclear cells
from healthy (n=6) and allergic healthy (n=6) individuals stimulated with rDer p 2231, D.
pteronyssinus extract (DpE), and the pokeweed mitogen (PWM). The Milliplex Map Human
Cytokine kit was used to measure Eotaxin, GM-CSF, IFN-a2, IFN-y, IL-1a, IL-13, IL-1ra, IL-2,
IL-4, IL-5, IL- 6, IL-10, IL-12 (p40), IL-13, IL-15, IL-17A, MIP-1a and TNF-a. A: Treg and Thl
cytokines. B: Th2, Thl7 and IL-1 family cytokines. The paired t-test was used to verify
statistical differences, which are indicated by the symbols § (hon-stimulated cells / stimulated
cells from the atopic group) and # (non-stimulated cells / stimulated cells from the non-atopic
group). After this analysis, for comparisons between groups with the same stimulus, the
unpaired t test was used, indicated by the symbol *.§, #, *- P <0.05; 8§, ##, **- P <.01; 88§,
###, ***- P <0.0001 and 888, #### P <0.00001.

Figura 03. In vivo responses of the hypoallergenic hybrid rDer p 2231 in serum. A:
Schematic representation of sensitization, challenge and treatment schedules in A/J mice
(n=6). B: specific IgE, 1gG1, 1gG2a for DpE. C: specific IgG1, IgG2a and IgE for rDer p 2231.
D: specific IgG1, IgG2a and IgE for rDer p 1. E: specific IgG1, IgG2a and IgE for rDer p 2. F:
specific IgG1, IgG2a and IgE for rDer p 23. G: Human slIgE inhibition profile in animals treated
with rDer p 2231. One-way ANOVA with Tukey’s or Dunn’s post tests were used to verify
statistical differences. # Control comparisons, * Sham treatment comparisons, §
Dexamethasone treatment comparisons. #, *, § -P <.05; ##, **, 88 -P <.01; ###, ***, 88§ -P
<0.0001.

Figure 04. Effect of hypoallergenic hybrid rDer p 2231 on cellular inflammation and

eosinophil peroxidase activity. Total (A) and differential (B) cell counts. C: Heat map
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analysis of the inflammatory cell ratio. D: EPO activity in BALF and lungs in A/J mice (n=6).
One-way ANOVA with Tukey’s or Dunn’s post tests were used to verify statistical differences.
#Control comparisons, *Sham treatment comparisons, & Dexamethasone treatment
comparisons. #, *, & -P <.05; ##, **, && -P <.01; ###, *** &&& -P <0.0001.

Figure 05. Influence of hypoallergenic hybrid rDer p 2231 on cytokines levels from
splenocytes, BALF and lung tissue of mice. Samples were analyzed by capture ELISA to
measure IL-4, IL-5, IL-10, and IFN-y in BALF (A) and lung tissue (B) in A/J mice (n=6). One-
way ANOVA with Tukey's or Dunn’s post tests was used to verify statistical differences.
#Comparisons with Control group. *Comparisons with Sham treated group. 8Comparisons with
dexamethasone treatment group. #, *, 8 -P < .05; ##, **, 88§ -P < .01; ###, ***, 888 -P < .0001.
Supernatants of splenocytes’ cultures were collected for the measurements of IL-4(C), IL-5(D),
IL-10(E), and IFN-y(F).
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Figure 02
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Figure 03
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Figure 04
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Figure 05

(A) (B)
900.00 L ® 1600.00 o "' o
= ~ 1150.00 L L
£ 600.00 2
) § 700.00 TR ‘ ‘ ‘ ‘
o 30000 =
g 200.00 5 400.00
c £ 300.00 ‘
= 150.00
2 8 20000 '+
= -
10000 2 o8
-3 S 10000 *
O 5000
0.00 0.00
IL-4 IL-5 IL-10 IFN IL-4 IL-§ IL-10 IFN
© Control W Sham A Dexa @ rDerp 2231 © Control M Sham A Dexa 4 rDerp 2231
(©) (D)
1007 a) ax)
-2 for) 15001
=] .
501 9) i i (o) 9004
=i 14 i i = ( o -
£ E 0 i
& 2 [as)
3 _'3 1004
504
L J L J L J L J o' L J L J L J L J
Control Sham Dexa rDer p 2231 Control Sham Dexa rDer p 2231
L None ®8 rDerp1 WM rDerp2 I rDerp23 8 DpE -rDQI‘pZZM-PNq £ None &5 rDerp1 BN rDerp2 B9 rDerp23 B8 DpE -rﬂovpﬂu-nﬂ
Splenocyte stimuli Splenocyte stimuli
(E) (F)
" 0y
10001 s 6000 &= i 4 (=0 (4]
30004
7504 300
z ] z
= 250 200+
& E
o 2004 >
-—
o 150 Fra
—_— - 1004
1004
504
0- 0

L 1L 3 L ¥ it ) L ;oL ;oL ST 5

Control Sham Dexa rDer p 2231 Control Sham Dexa rDer p 2231

None E8 rDerp1 WM rDerp2 U rDerp23 ©m DpE 8 rDerp 2231 m Pnﬁ { None @5 rDerp1 ®8 rDerp2 &3 rDerp23 5 DpE ®W rDerp 2231 W Pﬂﬁ

Splenocyte stimuli Splenocyte stimuli




CAPITULO I - 70

ONLINE SUPPORTING INFORMATION

Recombinant T-cell epitope conjugation: a new approach for Dermatophagoides

hypoallergen design

Antdnio Marcio Santana Fernandes'?, Eduardo Santos da Silva', Elisania Fontes Silveira®, Emilia Maria
Medeiros de Andrade Belitardo?, Leonardo Freire Santiago!, Raphael Chagas Silval, Vitor dos Santos
Alves?, Deise Malta Carneiro!, Fatima Ferreira®, Alain Jacquet?, Luis Gustavo Carvalho Pacheco'?,

Neuza Maria Alcantara-Neves!2, Carina Silva Pinheiro!2*

METHODS

Construction of hypoallergenic chimeric proteins

Six hypoallergenic proteins were designed using dominant sequences from antigenic regions
of T-cell epitopes of the Der p 1, Der p 2 and Der p 23 allergens. The sequences were selected
from a published work, in which the authors defined 137 specific immunodominant T-cell
epitopes for the D. pteronyssinus mite.> For the construction of candidate proteins, EAAAK
ligands were used to separate the peptides between the different allergens and KK ligands
were used to bind peptides.? The design of the six hybrid molecules were generated by
modifying the position of the peptides of the allergens. The constructs were termed rDer p
2321, rDer p 2123, rDer p 1232, rDer p 2231, rDer p 2312 and rDer p 1223. The
immunogenicity of the generated hybrids was confirmed by prediction of MHC-II binding using
the IEDB analysis resource Consensus tool (https://www.iedb.org/). The tertiary structures of
the different arrays were modeled using the RaptorX server
(http://raptorx.uchicago.edu/StructurePrediction/prever/).® The best rDer p 2231 model was
chosen based on the number of functional domains, P-value and uGDT (GDT).

Heterologous expression and purification

All the protein coding sequences in the present work were codon-harmonized for optimal
expression in Escherichia coli. The expression vectors for rDer p 2231 and rDer p 1 containing
the harmonized sequences were transformed into Escherichia coli BL21(DE3) pLysS
(Invitrogen, Carlsbad, CA, USA) and BL21 (DE3) (Novagen, Madison, WI), respectively. One
colony was selected for protein expression, which was performed in Luria Bertani (LB) medium
and the induction of expression was performed through the addition of 1 mM Isopropyl-b-D-
thiogalactopyranoside (IPTG) when OD600 reached 0.6 nm. The expression of recombinant
proteins occurred for 6h, 200 rpm rotation and temperatures 26°C for rDer p 2231 and 37°C

for rDer p 1. Then, the bacterial pellet of the cultures was obtained by centrifugation at 4,000
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g, 20 minutes, 4 °C and resuspended in 50 mM NaP (Na;HPO., NaH,PO,), pH 7.4. Seven 15-
second sonication cycles were used to lyse the bacteria in a Q55-110 Qsonica® sonicator
(Newtown, CT, USA), and the experiment was performed in an ice bath. The samples were
then centrifuged at 13,000 g for 20 min, at 4 ° C and the supernatant was collected. The lysate
pellet was resuspended in 6M urea. The expression and solubility of the recombinant antigens
were evaluated using 12% SDS-PAGE. The purification of recombinant proteins was
performed by automated affinity chromatography (rDer p 2231), using a HisTrap FF Ni
Sepharose, and HiTrap Desalting columns with Sephadex G-25 resin for fast and convenient
desalting and buffer exchange. The size exclusion chromatography (rDer p 1) with a Superdex
TM 75 increase 10/300 GL column (GE healthcare) in AKTA pure equipment (GE healthcare).
Fractions of 1mL were collected, and the material analysis was performed using a 12% SDS-
PAGE and stained with Coomassie Blue. rDer p 2 and rDerp 23 have been kindly provided by
the Department of Molecular Biology, University of Salzburg, Austria, and by the Department

of Biochemstry Chulalongkorn University, Thailand, respectively.

D. pteronyssinus extract (DpE)

Commercially available mites (Stallergenes Greer Ltd, London, United Kingdom) and 5 g of D.
pteronyssinus (DpE) were used to generate the extract, according to the protocol previously
described.* The Bradford method was used to determine the protein content of the extract,
which was standardized by determining the Der p 1 allergen concentration using an ELISA kit
(INDOOR Biotechnologies, Charlottesville, VI, USA). The concentration of Der p 1 was 15.12
ng ng per ug of protein in DpE. The somatic extract was stored at -20 °C until use.

Reactivity of Human IgE

In brief, ELISA plates were coated with with 100 ug/ml of DpE and 5 pg/ml of each recombinant
protein in a sodium carbonate-bicarbonate buffer, pH 9.6, overnight at 4°C. After a 12-hour
blocking (4 °C) with PBS-T containing 10% fetal calf serum (FCS, Gibco, Pisley, UK), plasma
of atopic patients was added (1:5), which was incubated overnight (ON). After washing, specific
IgE (slgE) was detected with a biotinylated anti-human IgE antibody (BD Pharmingen, San
Diego, CA, USA) incubated for 1 h, followed by the addition of HRP-streptavidin. The reaction
was developed using 3.3 ', 5.5"-Tetramethylbenzidine (TMB) substrate.

Stimulation of peripheral blood mononuclear cells with hybrid proteins and their
parental allergens

Blood donors were selected to obtain PBMCs following the same criteria as in item 2.4,
associated with the gold standard diagnostic tools. We also used an in vitro multiplex allergen

assay recently developed by our group.® This item also contains the informed consent form



CAPITULO | - 72

used in this trial. Peripheral blood from atopic patients (N=6) and non-atopic patients (N=6)
(Table S2) was obtained under sterile conditions and disposed in tubes containing sodium
heparin (0.1 mg/mL). Whole blood was diluted 1:1 in a sterile 0.9% sodium chloride solution.
Cells were isolated by gradient centrifugation with Ficoll-PaqueTM Plus (GE Healthcare,
lllinois, USA) at a ratio of 4:1 v/v. After centrifugation, the cells placed in the separation cloud
were collected, thus yielding the PBMC. Cells were washed two times with RPMI 1640
medium, counted and resuspended in RPMI 1640 medium (GIBCO, Grand Island, NY, USA)
supplemented with 2 mM L-glutamine (v/v), 100 pl/ml gentamicin, enriched with 10% FCS
(SIGMA-Aldrich, St. Louis, MO, USA). Cells were incubated in 96-well plates (2 x 10° cells/well)
in a humidified atmosphere of 5% CO; at 37°C, and restimulated with 20 pg/mL DpE, 12.5
ug/mL rDer p 2231. The 10 pg/mL pokeweed mitogen (PWM) was used as a positive control.®
10 Polymyxin B (20 ug/ mL) was used to block lipopolysaccharide (LPS)-related cytokine
production. Cultures were performed 120 h and supernatants were collected after this time and

stored at -20°C for further quantification of cytokine concentrations.

Determination of cytokines by MILLIPLEX MAP Magnetic Bead Panel

Secreted cytokines and rDer p 2231 protein-induced reactivity profile were evaluated in
peripheral blood mononuclear cells (PBMC). Following the same criteria as in item 2.4,
associated with the gold standard diagnostic tools, we also used an in vitro multiplex allergen
assay recently developed by our group.® The method allows simultaneous measurement of
slgE against the entire allergen extract as well as its components. Table S2 details the
reactivity profile of the donors included in the study. Peripheral blood from atopic (N=6) and
non-atopic (N=6) patients was used to obtain PBMC.® Cells were stimulated for 120 hours with
20 pg/mL of DpE, 12.5 pg/mL of rDer p 2231; 10 pg/mL of pokeweed mitogen (PWM) was
used as positive control.®1% Supernatants were used to assay a total of 18 cytokines, which
were detected simultaneously using a multiplex human cytokine/chemokine magnetic bead
panel (MILLIPLEX MAP Human Cytokine/Chemokine Magnetic Bead Panel - Immunology
Multiplex Assay, Millipore, Burlington, MA, USA), following the manufacturer's instructions.
Cytokines/chemokine for which we measured concentration levels at 120h were as follows:
eotaxin, granulocyte and macrophage colony stimulating factor (GM-CSF), interferon-a2 (IFN-
a2), IFN-y, interleukin-1a (IL-10), IL-1B, IL-1ra, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12 (p40), IL-13,
IL-15, IL-17A, macrophage-1a inflammatory protein (MIP-1a), tumor necrosis factor-a (TNF-
a). Mean fluorescent intensities were determined on a MAGPIX® System and serum
concentration was calculated according to the standard curve and analyzed using
MILLIPLEX® Analyst 5.1 (Merck KGaA, Darmstadt, Germany).

In vivo treatment-murine model
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A previously described murine model,%'*1* with some modifications, was used to verify the
potential of rDer p 2231 to attenuate airway inflammation. The amount of LPS in the
recombinant protein and allergenic extract samples was quantified by the end-point
chromogenic LAL assay (QCL-1000 kit; Lonza, Walkersville, MD, USA). When it was needed,
LPS was removed from the sample using Pierce High-Capacity Endotoxin Removal Resin
(Thermo Fisher Scientific, Waltham, MA, USA). After removal, the content of LPS was verified
again (rDer p 2231 presented 11.83 EU/mL and DpE presented 2.27 EU/mL). Samples of the
present work showed lower amounts than the limits recommended in the literature.’>® On
days 0 and 7 A/J, mice were sensitized by two subcutaneous injections of DpE (100 pg)
adsorbed to 4 mg/mL AI(OH)3 and diluted in phosphate-buffered saline (PBS). On days 14,
15, 16, 18, 20, 22 and 24 challenge was applied by intranasal instillations of DpE (10 ug in 50
puL of PBS). During sensitization, the negative control group received PBS plus Al(OH)3,
whereas during challenges only PBS was applied. The treatments were performed daily from
the 18" to the 24'h day of the murine model. The treatment groups were as follows: (i) rDer p
2231 group, which received 25 ug of rDer p 2231 protein diluted in PBS by subcutaneous
injections; (i) the Dexamethasone group, which received Disodium Phosphate (DEXA) 1
mg/kg diluted in PBS; (iii) the Sham-treated group, which received PBS; and (iv) Negative
control group received only PBS (Table 1). In the case of days in which treatments coincided
with the challenge, the former was performed one hour after the latter. A day after the last
challenge/treatment, the animals were euthanized; serum, bronchoalveolar lavage fluid (BALF)
and lung tissue were collected for measurements of IgG1, IgG2a, IgE antibody responses and
production of blocking antibodies by indirect ELISA. Eosinophilic peroxidase (EPO) activity
was measured by a colorimetric assay.!'!* Spleens were collected, processed® and
splenocytes (2 x 10° cells/well) were restimulated with 20 pg/mL DpE, 12.5 pg/ ml of hybrid
protein and parental allergens, 4 EU/ml of LPS or 5 pg/ml phytohemagglutinin (PHA), for 48 or
72 hours.®*® The production of cytokines IL-4, IL-5, IFN-y and IL-10 was quantified in
splenocyte culture supernatants, BALF and lung tissue by standard ELISA as recommended
by the manufacturer (BD Pharmingen, San Diego, CA, USA). Ethical authorization for the use
of experimental animals in this study was provided by the local ethics committee (CEUA-
ICS/UFBA 137/2018).

Blood collection and antibody detection in mice

Blood samples from the retro orbital plexus of mice were collected after anesthesia was
confirmed. Then sera were obtained by centrifugation at 13,000 g at 4 °C for 10 minutes. The
samples were stored at -20 °C until use. Dosage of sIgE, specific IgG1 (slgG1) and specific
lgG2 (slgG2a) were performed through ELISA. In short, DpE (100 pg/mL) or: rDer p 2231, rDer
p 1, rDer p 2, rDer p 23 (2-5 pyg/mL) were coated in 96-well half-area high-binding plates
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(Greiner, Cambridge, MA, USA) and incubated overnight (ON) at 4 °C. After this period and
washing, the plates were blocked with PBS-T containing 10% FCS at room temperature (RT)
for 1 h. After that, mouse individual serum samples were added following dilutions depicted in
(Table S3). After another washing, horseradish peroxidase-conjugated antibodies were
incubated (see dilutions in Table S3) for 1h to detect slgG1 and slgG2a antibodies, and ON
for the measurement of sIgE. The reaction between hydrogen peroxide and 3,3',5,5-
tetramethylbenzidine (BD Pharmingen, San Diego, CA, USA) allowed the detection. Reactions

were stopped with 4M sulfuric acid and reading of the absorbance was performed at 450 nm.

Analysis of blocking IgG antibodies in chimeric hypoallergen-treated mice

In order to access whether the treatment of mice with the hypoallergenic proteins produced
IgG blocking antibodies against DpE, rDer p 1, rDer p 2, and rDer p 23, an inhibition ELISA
was performed, as previously described.!’” As it is aforementioned for usual indirect ELISA,
coatings, washing steps and blocking were identically carried out, but an additional sample
step was needed. The first was the incubation with individual serum of mice (1:20) from
hypoallergen-, dexamethasone-, Sham-treated and Control groups for 2h at RT. The second
sample step was the incubation of human sera pool diluted 1:10 of 15, 19, 20 and 20 rDer p
1-, rDer p 2, rDer p 23- and DpE-atopic donors, respectively. These sera were incubated ON
at 4°C. Then, streptavidin-horseradish peroxidase (1:1000, BD Pharmingen, San Diego, CA,
USA) plus biotin-conjugated anti-human IgE (1:9000, Invitrogen, Carlsbad, CA, USA) were
placed in the wells and incubated for 1h at RT. The remaining steps were also identical to the
usual and aforementioned ELISA. Lastly, to determine the percentage of inhibition, uninhibited
control wells were primarily used to normalize data. Then a calculation was performed, as
follows: 100—(IWEIMC x 100/UCW), where IWEIMC and UCW stand for the absorbance of

inhibited wells of each individual mice serum and uninhibited control wells, respectively.

Counting of cells from bronchoalveolar lavage fluid

Five hundred microliters of PBS plus 1% of bovine serum albumin (BSA, Sigma Chemical Co.,
St. Louis, MO, USA) were used to wash the lungs through the tracheas of dead mice, as we
previously detailed.>*® With this bronchoalveolar lavage fluid (BALF), centrifugation was
performed at 2000 g, 10 min, 4°C. While supernatants were stored at -20 °C for later
guantification of cytokine and antibodies, the cell pellet was resuspended in 400 pL of PBS-
BSA. Using a Neubauer chamber and Trypan blue, total cell counts were performed and with
this number cytospin were carried out as previously published.?12® After Romanowsky—Giemsa
staining (Pandéticorapido, Laborclin, Pinhais, PR, Brazil) differential count of at least 100 cells

was accessed according to standard morphologic criteria, in a blinded fashion. A maximum of
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200 pL of resuspended cells was used for cytospin and the remaining volume was stored at -
70 °C.

Eosinophil peroxidase (EPO) activity in BALF and lung tissue

A colorimetric assay was applied to determine whether EPO activity was as previously
delineated. 212 Preceding the test itself and following BALF obtaining, the lungs were washed
through the heart using an injection of 5 mL of PBS. Then, the right lobe was sectioned,
weighted and macerated in the presence of cold PBS. Afterwards, centrifugation was
performed at 1,800 g, 10 min, 4 °C to yield the supernatant, which was collected and stored at
-20°C for subsequent quantification of cytokine content and antibodies. Red cell lysis buffer
was incubated with residual debris in a final suspension of 10% (w/v) in PBS plus 0.5% HTAB.
Not only this sample, but the suspensions from BALF were lysed using a sonicator. Seven
cycles of 15 seconds were used with a setting of 25 kHz and the experiment was performed in
an ice bath. Centrifugation (1,000 g, 4 °C, 10 min) was carried out in order to yield the
supernatants, which were placed in 96-well micro titer plates. Enzymatic substrate solution
(1.5 mmol/L o-phenylenediamine and 6.6 mmol/L H202 in 0.05 mol/L Tris—HCI, pH 8.0) was
added and, after thirty minutes of incubation at RT in a dark chamber, the reaction was stopped
with citric acid (0.2 mol/L). The absorbance was read at 492 nm.

Measurement of immunoglobulins in BALF and lung tissue

Concerning the quantification of sIgE, slgG1 and slgG2a in the aforementioned supernatants
of BALF and processed lungs, the same procedure detailed in item 2.9 was applied, but with
different dilutions that are described in Table S4.

Splenocytes culture

Lymphocytes were harvested from the spleen, as previously described.*® Briefly, spleens were
homogenized, and after erythrocyte lysis, cells were counted. Splenocytes (2 x 10° cells/well)
were restimulated with 20 ug/mL of DpE and 12.5 pg / mL of recombinant proteins, LPS or
phytohemagglutinin (PHA). Although our samples showed low levels of LPS, we decided to
use polymyxin B to block any LPS-related cytokine production. Cultures were performed for
48h or 72h and splenocyte supernatants were collected after this time and stored at -20 for
later quantification of cytokines. On the day of the sample collection, MTT (3-(4,5-
dimethylthiazol-2-yl) -2,5-diphenyl tetra-zolium bromide) assay was performed to infer
lymphocyte proliferation. One million cells were incubated with 600 pyg/ml of MTT in 100 pl of
RPMI medium in cell culture plates. After 4 h of incubation at 37°C and 5% CO2, the plates
were centrifuged for 5 min at 128 g, 4°C and the supernatants were discarded by inversion.
100 pl of dimethylsulfoxide (Sigma-Aldrich, St. Louis, MI, USA) was added to each well, the
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microculture plate was shaken on a plate shaker for 10 min and the optical densities of the
reaction mixtures were read with a 490-nm wavelength light. Results were expressed as
stimulation index, defined by the ratio: mean absorbance of antigen-stimulated cells / non-
stimulated ones for each donor.

Cytokine quantification in BALF, lung tissue and supernatants of cell culture

IL-4, IL-5, IFN-y, and IL-10 were quantified in the supernatants of BALF, processed lungs and
splenocyte culture supernatants by a standard ELISA, as recommended by the manufacturer
(BD Pharmingen, San Diego, CA, USA).

Data analysis and statistics

Ratio analyses were performed for comparisons between immunoglobulins isotypes, number
of differential cells in BALF and all cytokine measurements. Only mean values were considered
in these analyses. In order to enable ratio calculation of concentrations that were below the
detectable assay limit or with value of zero, the median value between zero and the reliable
lower limit was assigned, as performed by other authors.*

Statistical analyses were performed using GraphPad Prism 8 (San Diego, CA, USA,
www.graphpad.com). Komogorov-Smirnov test was used for checking the normality of data.
When the distribution was parametric, paired t-test was used to verify statistical differences
between stimulated and non-stimulated cells. If the distribution was otherwise non-normal,
Wilcoxon test was applied.

For detecting differences among the mice groups, the results were analyzed identically,
regarding normality verification. However, the one-way ANOVA test with Tukey’s or Dunn-s
poste tests were used, depending on data distribution. All results were considered statistically

significant when p < 0.05.
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Table S1. Responsive characteristics of the subjects included in the study

Donor Nummber SPT D. pteronyssinus -specific IgE Class
(D. pteronyssinus)t (ku/L)*
#01 + 24.6 4
#02 + 49.9 4
#03 + 70 5
#04 + 54.2 5
#05 + 70 5
#06 + 100 5
#07 + 100 5
#08 + 100 5
#09 + 55.5 5
#10 + 38.7 4
#11 + 18.2 4
#12 + 1.16 2
#13 + 27 4
#14 + 17.08 3
#15 + 4.86 3
#16 + 77.3 5
#17 + 4.05 3
#18 + 24.5 4
#19 + 43.5 4
#20 + 14.02 3
#21 + 0.85 2
#22 + 6.01 3
#23 + 6.08 3
#24 + 3.02 2
#25 + 5.78 3
#26 + 19.6 4
#27 + 4.14 3

T - SPT - skin prick test, D. pteronyssinus extracts from Alergolatina Produtos Alergénicos
Ltd, Rio de Janeiro, RJ, Brazil, were used. The test was considered to be positive (+) if the
diameter of the weal was at least 3 mm greater than the saline control;

I — IgE specific-levels were measured by ImmunoCAP (D1, Phadia Diagnostics AB,
Uppsala, Sweden).
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Table S1. Continued

SPT D. pteronyssinus -specific IgE
Donor Number Class
(D. pteronyssinus)t (ku/L)*
#28 + 8.79 4
#29 + 3.08 2
#30 + 0.63 1
#31 - 0 0
#32 - 0 0
#33 - 0.12 0
#34 - 0.14 0
#35 - 0.2 0
#36 - 0.17 0
#37 - 0 0
#38 - 0 0
#39 - 0 0
#40 - 0.14 0
#41 - 0.21 0
#42 - 0 0

T - SPT - skin prick test, D. pteronyssinus extracts from Alergolatina Produtos Alergénicos Ltd, Rio de
Janeiro, RJ, Brazil, were used. The test was considered to be positive (+) if the diameter of the weal
was at least 3 mm greater than the saline control;
I - IgE specific-levels were measured by ImmunoCAP (D1, Phadia Diagnostics AB, Uppsala, Sweden).
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Table S2. Responsive characteristics of the PBMC donors

SPT D. rDerp 1 rDerp 2 rDer p 23

Donor (D. pteronyssinu  Class (ALEX®) (ALEX®) (ALEX®)

Number pteronyssinu s -specific slgE (KUA/  sIgE (KUA/  slIgE (KUA
s)t IgE (kU/L)* L)s L)s /L)8
#10 + 38.7 4 15.07 19.65 13.42
#09 + 55.5 5 16.55 31.06 19.05
#21 + 0.85 2 1.09 4.13 0.31
#26 + 19.6 4 2.24 24 3.38
#28 + 8.79 3 3.27 1.73 0.82
#27 + 4.14 3 6.48 0.48 0.48
#31 - <0.10 0 <0.19 <0.19 <0.19
#32 - <0,10 0 <0.19 <0.19 <0.19
#37 - <0.10 0 <0.19 <0.19 <0.19
#38 - <0.10 0 <0.19 <0.19 <0.19
#39 - <0.10 0 <0.19 <0.19 <0.19
#42 - <0.10 0 <0.19 <0.19 <0.19

T - SPT - skin prick test, D. pteronyssinus extracts from Alergolatina Produtos Alergénicos
Ltd, Rio de Janeiro, RJ, Brazil, were used. The test was considered to be positive (+) if the
diameter of the weal was at least 3 mm greater than the saline control;

I — IgE specific-levels were measured by ImmunoCAP (D1, Phadia Diagnostics AB,
Uppsala, Sweden);

§ - ALEX® - MadXmacroarray diagnostic. The test was considered to be positive > 0.19.
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Table S3. Sera and secondary antibody dilutions

Secondary
Antigen Target antibody  Sera dilutiont antibodies
dilution*t
19G1 1:3,200 1:2000
DpE lgG2a 1:25 1:1,000
IgE 1:5 1:500
19G1 1:25 1:2,000
rDer p 2231 lgG2a 1:12.5 1:1,000
IgE 15 1:500
lgG1 1:50 1:2,000
rDerpl IgG2a 1:12.5 1:1,000
IgE 1:5 1:500
19G1 1:25 1:2,000
rDerp 2 lgG2a 1:12.5 1:1,000
IgE 15 1:500
lgG1 1:25 1:2,000
rDer p 23 IgG2a 1:12.5 1:1,000
IgE 1:5 1:500

T - Determined by titration curves; It - anti-mouse IgE (Abcam,
Cambridge, United Kingdom), anti-mouse IgG1 (Abcam, Cambridge,
United Kingdom), anti-mouse IgG2a (Invitrogen, Carlsbad, CA, USA).
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Table S4. Dilutions of samples and secondary antibodies used in ELISA assays

Secondary
) . Sample o
Sample source Antigen Target antibody o antibodies
dilutiont o
dilutiont
lgG1 1:100 1:1,000
DpE lgG2a 1:12.5 1:1,000
IgE 1:2 1:250
lgG1 1:10 1:1,000
rDer p 2231 lgG2a 1:2.5 1:1,000
IgE Pure 1:250
lgG1 1:10 1:1,000
Lungs rDerpl IgG2a 1.2.5 1:1,000
IgE Pure 1:250
lgG1 1:10 1:1,000
rDerp 2 IgG2a 1:25 1:1,000
IgE Pure 1:250
lgG1 1:10 1:1,000
rDer p 23 IgG2a 1:25 1:1,000
IgE Pure 1:250
lgG1 1:50 1:1,000
DpE IgG2a 15 1:1,000
IgE Pure 1:250
lgG1 1:6.25 1:1,000
rDerpl IgG2a 1:1.25 1:1,000
IgE Pure 1:250
BALF
lgG1 1:6.25 1:1,000
rDerp 2 IgG2a 1:1.25 1:1,000
IgE Pure 1:250
lgG1 1:6.25 1:1,000
rDer p 23 IgG2a 1:1.25 1:1,000
IgE Pure 1:250

1 - Determined by titration curves; ft - anti-mouse IgE (Abcam, Cambridge, United
Kingdom), anti-mouse 1gG1 (Abcam, Cambridge, United Kingdom), anti-mouse IgG2a
(Invitrogen, Carlsbad, CA, USA). BALF — bronchoalveolarlavagefluid;
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Figure Legends

Figure S1. Expression and purification of rDer p 1 and human sIgE reaction to wild -type
allergens blocker assay. A: Expression and purification of rDer p 1: Lane 1: before induction
with IPTG; Lane 2: after IPTG (1 mmol / L), 6 h induction; Lane 3: soluble fraction of bacterial
extract; Lane 4: solubilized bacterial pellet (6 mol/L urea); Lane 5: Representative sample from
size exclusion chromatography. Chromatogram of rDer p 1 protein purification using size
exclusion chromatography. B: Reactivity of IgE to DpE, rDer p 1, rDer p 2 end rDer p23 in

serum reactive to D. pteronyssinus with their respective cut-off lines and reactivity percentage.

Figura S2. In vivo responses of the hypoallergenic hybrid rDer p 2231 in BALF and lung.
A: IgE specific for IgG1, IgG2a and DpE in lung. B: 1gG1, IgG2a and IgE specific for rDer p
2231 in lung. C: IgG1, 1gG2a and IgE specific for rDer p 1 in lung. D: IgG1, 1gG2a and IgE
specific for rDer p 2 in lung. E: 19G1, IgG2a and IgE specific for rDer p 23 in lung. F: IgE specific
for 1I9G1, 1gG2a and DpE in BALF. G: IgG1, IgG2a and IgE specific for rDer p 2231 in BALF.
H: 1gG1, 1gG2a and IgE specific for rDer p 1 in BALF. I: IgG1, 1gG2a and IgE specific for rDer
p 2 in BALF. J: IgG1, IgG2a and IgE specific for rDer p 23 in BALF. F: Heat map of the
proportion of antibodies in the BALF. F: Heat map of the proportion of antibodies in the lung.
# - Comparisons with the Control group; * - Comparisons in relation to the Sham group; & -
Comparisons in relation to the group treated with dexamethasone. The number of symbols
represents the degree of significance when ANOVA with Tukey's post-test or Kruskal-Wallis
with Dunn's post-test were used, depending on the data distribution. One symbol, P < 0.05;
two symbols P < 0.01; three symbols P<0.0001; and four symbols P<0.00001.
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Figure S2
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Abstract

Background

The mite Dermatophagoides pteronyssinus, the most important house dust mite (HDM)
associated with asthma worldwide, has been seen as key trigger in terms of inducing the
pathophysiology of allergic asthma. The hybrid hypoallergen (termed rDer p 2231)
consisting of T cell epitopes of the D. pteronyssinus major allergens Der p 1, Derp 2
and Der p 23 was previously evaluated in an acute allergy model, showing promising
results. However, the acute model does not induce proper remodeling in the lung
therefore, to understand the benefits of rDer p 2231 treatment, the goal of this work was;
to test the hypoallergenic and immunogenic characteristics of rDer p 2231 in a murine
model of chronic asthma induced by D. pteronyssinus.

Methods:

We verified the potential of rDer p 2231 to attenuate inflammation and airway remodeling
in a model of chronic asthma induced by D. pteronyssinus. A/J male mice (n = 9 to 10)
were sensitized with subcutaneous injections on days 0, 7, 14 and 21 and by intranasal
instillations on days 27, 29 and 31. Challenges occurred twice weekly for 3 months via
intranasal instillations. Treatment with rDer p 2231 was performed for 3 months, five days
a week, using the subcutaneous route. Levels of IgE, IgG1, IgG2a were verified, as well
as IL-4, IL-5, IFN-y, and IL-10 levels in lung and splenocytes. Histopathological

investigations of the chronic inflammatory response were also performed by assessing
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inflammation and airway remodeling parameters of lung sections using staining
approaches.

Results:

The use of the hybrid molecule rDer p 2231 as a therapeutic vaccine led to a reduction
in IgE production, as well as in the number of eosinophils and neutrophils, a lower
activity of eosinophilic peroxidase in the airways and an increase in the production of
IgG1 and IgG2a antibodies. Those IgG antibodies may have acted as blockers of the
binding of IgE to parental allergens in the sera of atopic patients. rDer p 2231-stimulated
splenocytes from mice treated with rDer p 2231 to secrete higher levels of Thl and
regulatory cytokines, as well as reduced secretion of Th2 cytokines. Histopathological
investigation of the lower airways revealed a reduction in smooth muscle hyperplasia,
fibrosis in the subbasal membrane and hyperplasia of mucus-producing goblet cells.
Conclusion:

rDer p 2231 has show na potential to be used as an allergy vaccine in future clinical trials
with asthmatic humans, given that it achieved several efficacy parameters, restoring and

balancing Th1/Th2 immune responses, specially changing airway remodeling factors.

Keywords: Airway remodeling, allergen-specific immunotherapy, Asthma,
Hypoallergen, Immunogenicity

1 INTRODUCTION

Allergic asthma is a highly prevalent inflammatory airway disorder characterized by
reversible airflow obstruction and bronchial hyperresponsiveness (Heffler et al., 2020;
Zheng et al., 2021). Exposure to aeroallergens triggers reactions that stimulate and
induce the pathophysiology of allergic asthma (Agache et al., 2019; Kang et al., 2016).
Currently available therapies combine anti-inflammatory mediators, anti-inflammatory
drugs and newly approved immunobiologics such as monoclonal antibodies (Kang et al.,
2016; Silkoff et al., 2015; Virchow, 2019). Medications temporarily suppress symptoms
and the ongoing inflammatory process, but do not affect the course of the disease
(Agache et al., 2019; Pfaar et al., 2018b).

Allergen-specific immunotherapy (AIT) is the only treatment for allergic diseases capable
of preventing the onset of new allergic sensitization and disease progression (Dhami et
al., 2017; Pfaar et al., 2018b; Virchow, 2019), resulting in improvement of symptoms and
decreasing need the for pharmacotherapy (Globinska et al., 2018; Pfaar et al., 2018a;
Virchow, 2019).
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AIT is currently performed using natural allergenic extracts, which brings several
limitations in its use, related to safety, efficacy, long treatment and adherence (Klimek et
al., 2012; Valenta et al., 2016; Valenta et al., 2018). A series of assays using recombinant
T cell epitope hypoallergens has been proposed as an innovative approach to improve
SIT protocols (Hoyne et al., 1993; Mackenzie et al., 2013; Prickett et al., 2015). This
technology is based in modulation of specific responses to allergens without the
activation of effector cells mediated by IgE, in a safe, effective and convenient process
for patients (Hoyne et al., 1993; Larche, 2014; Prickett et al., 2015; Takaiwa, 2021).
However, the use of recombinant hypoallergenic hybrids, including those with design
based in T cell epitopes, must undergo preclinical and clinical studies before approval
for routine use in AIT (Silva et al., 2020).

Preclinical in vivo studies using house dust mite (HDM) allergens as an allergy inducer
usually use short-term trials, obtaining characteristics of airway inflammation and
hyperresponsiveness, but not remodeling (Asturias et al., 2009; Cates et al., 2004; K. W.
Chen et al., 2012; Couroux et al., 2015; Gupta et al., 2014; Huang et al., 2019; Martinez
et al., 2018; Pellaton et al., 2013; Prickett et al., 2015; Prickett et al., 2011; Silva et al.,
2020; Zhao et al., 2014). Murine models of asthmatic inflammation with chronic
responses following exposure to HDM have been proposed, with the objective to
examine inflammatory processes and airway remodeling (Ahn et al., 2007; Piyadasa et
al., 2016). Airway remodeling occurs during early tissue repair in response to continued
allergic inflammation (Ahn et al., 2007; Davies et al., 2003).

Recognized as the most important asthma-associated house dust mite (HDM)
worldwide, Dermatophagoides pteronyssinus induces the development of high titer
allergen-specific IgE (Agache et al., 2019; Kowal et al., 2020; Posa et al., 2017). The
high epidemiological prevalence of D. pteronyssinus makes it necessary to develop new
vaccines, especially those designed as recombinant hybrid hypoallergenics of T cell
epitopes (Batard et al., 2016; Posa et al., 2017; Prickett et al., 2015; Silva et al., 2020),
as well as using them in murine models of HDM-induced chronic asthmatic inflammation.
Our group recently tested, using in vitro and in vivo experiments, a multicomponent
hypoallergenic hybrid molecule with the potential to treat patients co-sensitized with the
major allergens Der p 1, Der p 2 and Der p 23. This hypoallergens was termed rDer p
2231, and is based on T cell epitopes of these allergens (in submission). These are
considered the three major allergens of D. pteronyssinus, as they have high allergenic
activity, leading to more than 50% of IgE reactivity in allergic patients (Kowal et al., 2020;
Posa et al., 2017). Previous results indicated that rDer p 2231 had a reduced ability to
bind human IgE, and produce this antibody in treat mice, as well as it modulated TH2

responses in human and murine cells, indicating that the hypoallergen kept the T cell
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proliferation features. Herein, we have tested the hypoallergenic and immunogenic
characteristics of rDer p 2231 in a D. pteronyssinus-induced chronic asthma allergy
model. This is the first proposed murine model, which uses HDM to induce chronic
asthma in mice and treats them with a hypoallergenic protein, in order to confirm rDer p
223 as a promising immunotherapeutic agent.

2 METHODS
2.1 Allergens

All recombinant allergens exhibited the same IgE binding capacity as their natural
counterparts, except rDer p 2231. The hypoallergen rDer p 2231 and the recombinant
allergen rDer p 1 mature were produced and purified in-house. The IgE reactivity from
the rDerp 1 was compared with the natural Derp 1 (Indoor biotechnologies, Virginia,
United States). rDer p 2 and rDerp 23 were kindly provided by the Department of
Molecular Biology, University of Salzburg, Austria and by the Department of Medicine

Chulalongkorn University, Thailand, respectively.

2.2 D. pteronyssinus extract (DpE)

This procedure followed in part our own previous report (Santos da Silva et al., 2019).
Briefly, commercial available mites (Stallergenes Greer Ltd, London, United Kingdom)
were weighted and 5 g of lyophilized D. pteronyssinus (DpE) was diluted in 40 mL of
phosphate-buffered saline (PBS) pH 7.4. This solution was grounded for 3 min using a
blender (Waring Commercial, Torrington, CT, USA), followed by centrifugation at 13,000
g, 4°C for 20 min. Then,three cycles of incubation for 30 min with diethyl ether (PA ACS;
HexisCientifiica, Jundai, Brazil) and centrifugation at 13,000 g for 20 min were performed
in order to delipidate the supernatants. The amount of protein in the somatic extract was
quantified by bicinchoninic acid (BCA) assay (Smith et al., 1985). The concentration of
Der p 1 in DpE was 15.12 ng of protein. The somatic extract was stored at -20 °C until

use.

2.3  Treatment protocol in a chronic in vivo allergy model

Based on a previously described chronic model of allergy (Kang et al., 2016), we verified
the potential of rDer p 2231 to attenuate airway inflammation. In summary, male mice of
the A/J strain at 6 weeks of age and weighing 20 to 25 g were used (n = 9 to 10 mice per
group). Mice were assigned to one of the following three treatment groups: (1) Control
Group; (2) Sham treatment group; (3) rDer p 2231 treatment group (Table 1). First, mice

were sensitized on days 0, 7, 14 and 21 with subcutaneous injections containing 100 pg
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of DpE adsorbed to 4 mg/mL Al(OH)s (Sigma-Aldrich, Milwaukee, WI, USA). Additional
sensitizations by intranasal instillations with DpE (10 pg in 50 yL of PBS), which were
made on days 27, 29 and 31. Challenges with DpE (intranasal route) were then
performed twice a week for 3 months. Treatment was carried out for 3 months, 5 days a
week, as described below. Mice from the rDer p 2231 treatment group, sensitized and
challenged with DpE, were treated with subcutaneous injections of 25 pg rDer p 2231
diluted in PBS. The Sham treatment group, sensitized and challenged with DpE, received
injections with PBS during treatments. It is important to note that during all stages,
animals from the Control Group received PBS (plus Al(OH)z in the case of sensitization).
Animals were sacrificed with intraperitoneal injections of xylazine (5-10 mg/kg/body
weight) and ketamine (80-100 mg/kg/body weight) 24 hours after the last challenge.
Blood samples were collected via submandibular puncture on days 0, 26, 32 and at the
end of each month of treatment.

The endpoint chromogenic LAL assay (Pierce™ Chromogenic Endotoxin Quant Kit;
Thermo Fisher Scientific; Massachusetts, USA) was used to quantify endotoxins in DpE
and rDer p 2231 protein, (Brito and Singh, 2011; Malyala and Singh, 2008). Pierce High-
Capacity Endotoxin Removal Resin (Thermo Fisher Scientific, Waltham, MA, EUA) was
used for LPS removal. The Ethics Committee for the Use of Experimental Animals of the
Institute of Health Sciences of the Federal University of Bahia approved these animal
experiments (CEUA 8373280920).

2.4 Blood collection and antibodies detection

Mouse blood samples were centrifuged at 13,000 g at 4 °C for 10 minutes for serum
obtaining. The sera were stored at -20 °C until use. Dosage of sIgE, specific IgG1 (slgG1)
and specific 1IgG2 (slgG2a) were performed through Indirect ELISA. In short, DpE (100
pg/mL) or rDer p 2231, rDer p 1, rDer p 2, rDer p 23 (2-5 pg/mL) were coated in 96-well
half-area high-binding plates (Greiner, Cambridge, MA, USA) and incubated overnight
at 4 °C, the plates then were blocked with PBS-T containing 10% FBS at room
temperature (RT) for 1 h. After that, mouse individual serum samples were added
following dilutions depicted in (Table Al). After another washing, horseradish
peroxidase-conjugated antibodies were incubated (see dilutions in Table Al) for 1h to
detect slgG1 and slgG2a antibodies, and overnight for the measurement of slgE. The
reaction between hydrogen peroxide and 3,3',5,5'-tetramethylbenzidine (BD
Pharmingen, San Diego, CA, USA) was then developed. Reactions were stopped with

4M sulfuric acid and reading of the absorbance was performed at 450 nm.
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2.5 Blocking IgG antibodies and IgE avidity index in a chronic model of
allergy

In order to access if the treatment of mice with the hypoallergenic proteins produced IgG
blocking antibodies against Dp Extract, rDer p 2231, rDer p 1, rDer p 2, and rDer p 23,
an inhibition ELISA was performed, as previously described (Aglas et al., 2020). As it is
aforementioned for usual indirect ELISA, coatings, washing steps and blocking were
identically carried out, but it needed an additional sample step. The first was the
incubation with individual serum of mice (1:20) from hypoallergen-, Sham-treated, and
Control groups for 2h at RT. The second step was the incubation with the pool of sera
from atopic individuals (Table A2) diluted 1:10. These sera were incubated overnight at
4°C. Then, streptavidin-horseradish peroxidase (1:1000, BD Pharmingen, San Diego,
CA, USA) plus biotin-conjugated anti-human IgE (1:9000, Invitrogen, Carlsbad, CA,
USA) were placed in the wells and incubated for 1h at RT. The remaining steps were
also identical to the usual and aforementioned Indirect ELISA. Lastly, to determine the
percentage of inhibition, uninhibited control wells were primarily used to normalize data.
Then a calculation was performed, as follow: 100—(IWEIMC x 100/UCW), where IWEIMC
and UCW stands for the absorbance of inhibited wells of each individual mice serum and
uninhibited control wells, respectively.

To determine IgE avidity, the thiocyanate elution ELISA (KSCN) assay was performed
as described (EI-Khouly et al., 2007). The Dp Extract antigen was used to coat the plate,
as in the usual indirect ELISA washing steps and blocking were performed identically.
An additional step was carried out, with the addition of the KSCN curve (0.125M-4),
under stirring for 30 minutes. Avidity indices (Al) for each hybrid protein and parent
allergens were obtained and used to compare the concentration of KSCN needed to

interfere 50% of the allergen-antibody interaction.

2.6 Counting of cells from bronchoalveolar lavage fluid

Five hundred microliters of PBS plus 1% of bovine serum albumin (BSA, Sigma Chemical
Co., St. Louis, MO, USA) were used to wash the lungs through the tracheas of the dead
mice, as we previously detailed (Oliveira et al., 2015; Santos Serafim Machado et al.,
2015). With this bronchoalveolar lavage fluid (BALF), centrifugation was performed at
2000 g, 10 min, 4°C. Supernatants were stored at -20 °C for later quantification of
cytokine and antibodies. Cell pellet was resuspended in 400 pL of PBS-BSA. Using a
Neubauer chamber and Trypan blue, total cell counts were performed and, with this
number, cytospin were carried out as previously published (Oliveira et al., 2015; Santos
Serafim Machado et al., 2015). After Romanowsky—Giemsa staining (Panoticorapido,

Laborclin, Pinhais, PR, Brazil) differential counts of at least 100 cells were accessed
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according to standard morphologic criteria, in a blinded fashion. A maximum of 200 pL
of resuspended cells were used for cytospin and the remaining volume was stored at -
70 °C.

2.7 Eosinophil peroxidase (EPO) activity and specific IgA in BALF and lung
tissue

A colorimetric assay was applied to determine EPO activity, as formerly delineated
(Oliveira et al., 2015; Santos Serafim Machado et al., 2015). Preceding the test itself and
followed BALF obtaining, the lungs were washed through the heart using an injection of
5 mL of PBS. Then, the right lobe was sectioned, weighted and macerated in the
presence of cold PBS. Afterwards, centrifugation was performed at 1,800 g, 10 min, 4
°C to obtain the supernatant, which was collected and stored at -20°C for subsequent
gquantification of cytokines and antibodies. Red cell lysis buffer was incubated with
residual debris in a final suspension of 10% (w/v) in PBS plus 0.5% HTAB. This sample,
and the suspensions from BALF were lysed using a sonicator. Seven cycles of 15
seconds were used with a setting of 25 kHz. Centrifugation (1,000 g, 4 °C, 10 min) was
carried out in order to obtain the supernatants, which were placed in 96-well microtiter
plates. Enzymatic substrate solution (1.5 mmol/L o-phenylenediamine and 6.6 mmol/L
H20- in 0.05 mol/L Tris—HCI, pH 8.0) were added and, after thirty minutes of incubation
at RT in a dark chamber, the reaction was stopped with citric acid (0.2 mol/L). The
absorbance was read at 492 nm.

2.8  Splenocytes culture

Splenocytes were harvested from the spleen as previously described (da Silva et al.,
2020b). Briefly, spleens were homogenized, and after erythrocyte lysis, cells were
counted. Splenocytes (2 x 10° cells/well) were restimulated with 20 pug / mL of Dp Extract
and 12.5 ug / mL of recombinant proteins, phytohemagglutinin (PHA). Even though our
samples had shown low levels of LPS, we decided to use polymyxin B to block any LPS-
related cytokine production. Cultures were performed for 48h or 72h and splenocyte
supernatants were collected after this time and stored at -20 for later quantification of
cytokines. On the day of the samples collection MTT (3-(4,5-dimethylthiazol-2-yl) -2,5-
diphenyl tetra-zolium bromide) assay was performed to infer lymphocyte proliferation.
One million cells were incubated with 600 pg/ml of MTT in 100 pl of RPMI medium in cell
culture plates. After 4 h of incubation at 37°C and 5% CO.. After that, the plates were
centrifuged for 5 min at 128 g, 4°C. The supernatants were discarded by inversion, 100
I of dimethylsulfoxide (Sigma-Aldrich, St. Louis, MI, United States) were added to each

well, and the microculture plate was shaken for 10 min. The absorbance was read at 492
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nm. Results were expressed as stimulation index, defined by the ratio: mean absorbance

of antigen-stimulated cells / unstimulated ones for each donor.

2.9 Cytokines quantification in BALF, lung tissue and supernatants of cell
culture

IL-4, IL-5, IFN-y, and IL-10 were quantified in the supernatants of BALF, processed lungs
and splenocyte culture supernatants a standard ELISA, as recommended by the

manufacturer (BD Pharmingen, San Diego, CA, USA).

2.10 Morphological analysis

Histopathological parameters of chronic inflammatory response were investigated by
assessment of airway inflammation and airway remodeling (quantitative analysis of
collagenous extracellular matrix and contractile tissue). The histopathological
parameters included cell infiltration, mucus production, subepithelial fibrosis, elastic
fibers and peribronchial smooth muscle, evaluated as described previously (Ahn et al.,
2007; Ellis et al., 2003; Leick-Maldonado et al., 2004; Tanaka et al., 2001). The right lobe
of the lung was resected and immediately fixed in 10% neutral buffered formalin for a
minimum of 24 and a maximum of 36 hours. Paraffin embedded tissue sections were
prepared with four-micrometer-thick-sections and stained for morphological
analysis.(Santos Serafim Machado et al., 2015) Histopathological parameters of chronic
inflammatory response were investigated by assessment of airway inflammation and
airway remodeling.

Hematoxylin and Eosin staining was performed to assess the fibroblasts/myofibroblasts
and residual inflammatory infiltration, as described previously (Leick-Maldonado et al.,
2004). In short, in order to assess peribronchial inflammatory infiltratration, mononuclear
cells distributed in submucosa and adventitia layers were quantified in three randomly
selected areas of airway, involving at least three to five airways of each animal. The
results were expressed as cells/unit area (10* um?).  Additionally,
fibroblasts/myofibroblasts in the lamina propria of the same airway areas were used to
measure inflammatory infiltration.

Periodic Acid-Schiff (PAS) staining was performed to assess overproduction of mucus,
inferred by changes of goblet cells in the bronchus epithelium, as follows: A 5-point
scoring system was applied (absence of goblet cells — grade 0; less than 25% - grade 1;
25 to 50% - grade 2; 50 to 75% - grade 3; above 75% or complete bronchus obstruction
by mucus - grade 4) (Tanaka et al., 2001). For each sample, five fields of view were
examined for quantification and five to ten independent measurements per bronchi were

developed.
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Masson’s Trichrome and Picrosirius Red were performed to assess collagen deposition
in remodeling. Particularly, Masson’s Trichrome was used to measure bronchial
epithelial sub basement membrane due to fibrosis (subepithelial fibrosis) and thickness
of bronchiolar smooth muscle layer (x200) (Ellis et al., 2003). Collagen deposition was
analyzed by Picrosirius Red in polarizing microscopy. Additionally, Weigert's resorcin-
fuchsin stain was performed to demonstrate elastic fibers at x400 magnification, as
previously described with modifications (Florencio et al., 2019).

Morphological analysis was conducted blindly, in relation to protocol design. Only
equivalent sized and rounded shaped bronchio were preferentially considered (Ahn et
al., 2007). All histological evaluations were performed with a digital imaging system
containing a microscope Nikon Eclipse E-200 (Nikon Instruments Inc., Melville, NY, USA)

and camera Tucsen (da Silva et al., 2020a).

3 RESULTS

3.1 rDer p 2231 reduces IgE levels and increases Igl and IgG2a production in
mice submitted to a chronic model of D. pteronyssinus allergy

The schedule detailed in Figure 1A was used to sensitize, challenge, and treat mice
subjected to a mice model of D. pteronyssinus-induced chronic asthma and treated with
the therapeutic hypoallergen rDer p 2231. Figure Al details the response curve of (A)
slgE, (B) slgG1 and (C) slgG2a anti-Dp Extract and parental allergens of rDer p 2231,
from day zero to euthanasia. Figure 1 shows an increase in IgE, IgG1 and Ig2a levels in
all groups that were induced allergy (Sham and rDer p 2231) from the 26th day of the
experimental model. The serum levels of these antibodies in the reported groups
remained until the 32nd day, which corresponds to two days after the 3rd challenge. In
Figure Al there is a gradual decrease in sIgE in the group treated with rDer p 2231, from
the 61st, 89th and 125th day, which corresponds to the 1st, 2nd, and 3rd month of
treatment with the hypoallergen rDer p 2231. The group of Sham treatment, kept sIgE
levels high and stable throughout the protocol. The Control Group had no sigE
responses. Figure Al B-C display the increase in the slgG1l and slgG2a serum levels
from the 26th day of the protocol, remaining elevated in the group treated with rDer p
2231, throughout treatment with the hypoallergenic. Serum levels of sigG1 and slgG2a
in the Sham Group remained stable throughout the protocol. The Control Group showed
no difference in serum antibody. Treatment with rDer p 2231 led to significantly reduced
levels of Dp Extract-sigE, rDer p 1-slgE, rDer p 2-silgE and rDer p 23-slgE when

compared to the Sham treatment group (Figure 1B-F). The Sham Group, when
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compared to the Control Group, presented high and significant levels of Dp Extract-sIgE,
rDer p 1-sIgE, rDer p 2-sIgE and rDer p 23-sIgE.

At the end of the protocol, treatment with rDer p 2231 produced significantly increased
levels of slgG1ls and slgG2a (anti-Dp Extract, anti-rDer p 2231 and their parental
allergens), both in comparison to the Control Group and compared to the group of Sham
treatment (Figure 1B-F). The Sham Group showed a significant increase in comparison
to the Control Group, in the levels of Dp Extract-slgG1, rDer p 2231-slgG1, rDer p 1-
slgG1, rDer p 2-slgG1 and Dp Extract-slgG2a, rDer p 1-slgG2a and rDer p 2-slgG2a.

3.2 Sera from mice treated with rDer p 2231 in a chronic model of allergy
showed blocking activity and induced low IgE avidity activity

The ability of slgG produced by treated mice to inhibit the binding of human IgE to
parental allergens was verified by an inhibition ELISA. As shown in Figure 1G, pre-
incubation with sera from treated mouse produced a significant reduction in the IgE
binding capacity of rDer p 1, rDer p 23 and Dp Extract reactive human sera, compared
to Sham and Control groups. Additionally, there was only a trend for rDer p 2. These
findings suggest that in the proposed chronic model the treatment with rDer p 2231 was
able to generate blocking antibodies against the reported antigens.

We have also evaluated the IgE avidity to Dp Extract, given that in the mice group treated
with rDer p 2231 the sIgE was not reduced as strongly as the parental allergens. As
shown in Figure 1H, the concentration of KSCN required to elute 50% of the allergen-
antibody interaction in Dp Extract was significantly lower when compared to the Sham

treated group.

3.3 Mice treated with rDer p 2231 showed a significantly reduced number of
inflammatory cells in the BALF

To investigate the changes in the airways of treated mice, an inflammatory immune cell
count and an assessment of the eosinophil peroxidase activity present in the BALF and
Lung were performed. Figure 2A, presents the data of BALF total cell counts, showing a
significant increase in the number of these cells among the mice of the Sham Group
compared to the animals of the Control Group. Mice treated with rDer p 2231 showed a
significant decrease in the total number of these cells compared to animals in the Sham
group. Figure 2B explores the distribution of leukocytes in BALF. It is possible to observe
a significant decrease in eosinophils and neutrophils and a significant increase in
lymphocytes and macrophages in the group of mice treated with rDer p 2231, when

compared to the Sham group. We observed that the ratio analysis for the differential
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counting revealed that the treatment with rDer p 2231 was associated with a significantly
higher number of lymphocytes over the low number of macrophages (Figure 2C).

The data on the count of inflammatory immune cells and the number of leukocytes
present in the BALF correlates with the findings of the Eosinophil Peroxidase (EPO)
activity profile verified in the BALF and in the Lung (Figure 2D). Notably, mice treated
with rDer p 2231, when compared with the Sham treatment group, showed a significant
decrease in EPO activity in both BALF and lung.

34 Splenocytes from mice stimulated with rDer p 2231 reduced the expression
of Th2 cytokines and induced high levels of IL-10 and IFN-y

As shown in Figure 3A,B, after three months of treatment, lung tissue and BALF of mice
from rDer p 2231 group showed significantly elevated levels of IL-10 and IFN-y, when
compared with Sham treatment group, and significantly reduced IL-4 and IL-5.
Splenocytes from mice were stimulated with Dp Extract, rDer p 2231, their parental
allergens and PHA. These stimuli were initially compared with unstimulated cells from
the own treatment group, presenting the following results (Figure 3C-F): (i) The Control
Group displayed a significant increase only for IFN-y when stimulated with rDer p 2231.
The other cytokines IL-10, IL-4 and IL-5 showed no statistical differences; (ii) the Sham
group had a significant increase in IL-10 in cells when stimulated with rDer p 1, rDer p 2
and Dp Extract. Significantly increased levels of IFN-y for Der p 1 and a reduction for
rDer p 23 were also observed. IL-4 showed a significant increase for stimuli with Dp
Extract and rDer p 2231 and a tendency to increase for rDer p 23. On the other hand, IL-
5 had a significant increase only for rDer p 2231; (iii) the group treated with rDer p 2231
showed a significant increase of IL-10 for all stimuli. There was a significant increase in
IFN-y in cells stimulated with parental allergens and Dp Extract, and a tendency to
increase in stimulus with rDer p 2231. For IL-4 there was a significant reduction in stimuli
with parental allergens, Dp Extract and a tendency to decrease in stimulus with rDer p
2231. A significant reduction in IL-5 for the stimuli with rDer p 1, rDer p 23 and a tendency
of reduction in the stimuli with rDer p 2, rDer p 2231 and Dp Extract were also observed.
PHA stimulus had a significant increase over unstimulated cells for all cytokines tested
across all treatment groups. The stimuli not mentioned within each group did not show
statistical differences. Figure 3C-F also shows the baseline splenocyte values of mice
from the Sham treatment group.

The stimuli from the group treated with rDer p 2231 were initially compared with the
stimuli from the Control Group (Figure 3C-F). Basal IL-10 production was high and
significant in unstimulated cells, when stimulated with Dp Extract, rDer p 2231 and all

parental allergens. IFN-y had basal levels significantly increased for rDer p 1, rDer p 23
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and rDer p 2231. For IL-4, basal production was significantly reduced in unstimulated
cells, rDer p 1 and rDer p 23. On the other hand, IL-5 was not statistically different among
the basal levels produced within the tested stimuli. All cytokines in the rDer p 2231
treatment group showed significant and elevated levels in PHA stimuli when compared
to the Control Group.

When splenocytes from mice treated with rDer p 2231 had their basal levels compared
with basal levels production from the Sham treatment group, the following data were
generated. A significant increase in IL-10 for the rDer p 1, rDer p 23, rDer p 2231 stimuli
and an increased trend for the rDer p 2 and Dp Extract stimuli was observed. IFN-y had
its basal production significantly increased for all parental allergens, Dp Extract and
tendency to increase for rDer p 2231. On the other hand, IL-4 had its basal production
significantly reduced in unstimulated cells, stimulated with Dp Extract, rDer p 2231 and
parental allergens. IL-5 had a significant reduction in its production for stimuli with Dp
Extract, rDer p 2231 and parental allergens. All cytokines in the rDer p 2231 treatment
group showed significant and elevated levels in PHA stimuli when compared to the Sham

treatment grupo.

3.5 The lung tissue of mice treated with rDer p 2231 in a chronic model of
allergy, presented a decrease in morphological changes caused by chronic
inflammation

Figures 4 and 5 show histological sections of lungs from mice sensitized and challenged
repeatedly with D. pteronyssinus extract, which clearly induced subepithelial fibrosis,
peribronchial smooth muscle hyperplasia, increase in the number of mucus-producing
goblet cells and collagen fibers. Those pathological changes were especially observed
in the Sham group when compared to mites of the control group, showing effector
responses with lung tissue remodeling bias when stimulated by D. pteronyssinus. These
histopathological inflammatory changes were reduced after treatment with rDer p 2231,
as detailed below.

Figure 4A shows that treatment with rDer p 2231 reduced inflammatory cell infiltration
and mononuclear cells around the submucosa and in the lung adventitia when compared
to representative images of the Sham group. The Sham group, on the other hand,
gualitatively showed an increase in these infiltrates and mononuclear cells when
compared to the Control group, staining performed by Hematoxilyn and Eosin. Figure
4B, on the other hand, shows a decrease in the number of goblet cells in the bronchial
epithelium of mice treated with rDer p 2231, when compared to the animals of the Sham
group. This reduction was significant when applied to a 5-point scoring system used to

determine the goblet cell index (Fig. 4D), which assesses mucus overproduction. The
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animals in the Sham group showed a significant increase in the goblet cell index
compared to the Control group. Under normal conditions, mice express a limited number
of goblet cells in the lungs, as shown by the animals in the Control group (Fig. 4B) in
PAS staining. Treatment with rDer p 2231 was also able to markedly reduce subepithelial
fibrosis and peribronchial smooth muscle hyperplasia, as shown in the representative
image Fig. 4C. These findings were confirmed by the quantitative method, evaluated by
Masson's Trichrome stain, showing that the animals in the group treated with rDer p
2231, when compared to the animals in the Sham group, displayed significant reduction
in subepithelial fibrosis (Fig. 4E) and peribronchial smooth muscle hyperplasia (Fig. F).
On the other hand, the group of animals from the Sham group showed a significant
increase in subepithelial fibrosis and smooth muscle hyperplasia compared to the control
group.

To evaluate the dysplasia in the elastic fibers, the slides were stained with Weigert's
resorcin-fuchsin, showing that the group treated with rDer p 2231 had a noticeably lower
degree of dysplasia in these fibers than the animals in the Sham group, as shown in the
representative images of Figure 5A. Figure 5B shows the staining of tissue with
Picrosirius Red, and Figure 5C displays the results for polarizing microscopy. As it can
be observed, both are powerful tools for analyzing collagenic fibers, considering the
finding of a reduced number of such fibers in rDer p 2231-treated group in comparison

to the Sham group.

4 DISCUSSION

Between murine allergic asthma models, the chronic model demonstrates pathological
features more similar to those of human asthma than the acute model (Lee et al., 2016).
However, to date, there is a lack of studies investigating the action of hypoallergens in
chronic models of allergy and how it acts in the process of chronic airway remodeling.
Our study is original in using a model of HDM-induced chronic asthma and treating it with
a hypoallergen. Several researchers use repeated airway exposure to ovalbumin (OVA)
to establish chronic exposure (Kang et al., 2016; Kumar et al., 2008; Lee et al., 2016;
Shinagawa and Kojima, 2003). However, OVA is rarely implicated in human asthma, and
other groups have used alternative allergens that may have greater clinical relevance,
such as HDMs (Ahn et al., 2007; Johnson et al., 2004; Piyadasa et al., 2016; Ulrich et
al., 2008). In addition, chronic exposure to allergens, with antigens from model proteins
such as OVA, can lead to the development of tolerance, downregulation of inflammation
and airway hyperresponsiveness (Kumar et al., 2008; Swirski et al., 2006). Since HDMs

are important sources of indoor allergens and are significantly linked to atopic asthma in
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humans, they may lead to a better understanding of inflammation and airway remodeling
and provide data to improve the evaluation of new therapies (Ulrich et al., 2008).
Herein, we used a murine model of chronic allergy induced by D. pteronyssinus and we
were able to follow the kinetics of allergic inflammation, by increasing the serum levels
of the sIgE response to Dp Extract and parental allergens of rDer p 2231, in the sera of
the animals in different protocol steps.

Our results are in agreement with the immune response observed in human disease,
(Schulman and Pohlig, 2015), and in acute (da Silva et al., 2020a) and chronic allergy
protocols (Ahn et al.,, 2007), whose elevated levels of total and/or specific IgE were
correlated with allergic and chronic asthma. Following treatment with rDer p 2231, we
also observed the kinetics in the levels of IgG1l and IgG2a against Dp Extract, the
hypoallergen itself and the parental allergens. Corroborating findings from studies with
the hypoallergens of Bet v 1, used to immunize mice, where an increase in Bet v 1-
specific IgG1 and lgG2a were associated with a Thl-skewing effect (Aglas et al., 2020;
Wallner et al., 2011). It is already well established within mouse models of HDM-induced
allergy, the increase in IgG antibody levels (da Silva et al., 2020a). In previous studies
with hypoallergens derived from D. pteronyssinus, there have been reports of induction
of high titers of IgG antibodies and down-regulation of sIgE following immunization
(Banerjee et al., 2014; Branchett et al., 2020; Kulwanich et al., 2019). Also in line with
published data, (da Silva et al., 2020a; Ferreira et al., 2014; Valenta et al., 2016) our in
vivo study in an acute model of allergy previously showed a tendency to increase IgG
antibody titers among the animals in the treatment groups. Now, in a chronic model, we
show that rDer p 2231 induces increasing levels of IgG1 antibodies with statistical
differences between groups. Additionally, the hypoallergenic hybrid protein displayed the
ability to block the human IgE-allergen interaction. We were also able to show, through
the avidity index, that although the reduction in IgE for Dp extract was not so expressive,
the strength of interaction between this antigen and the antibody is not high. Thus, our
results indicate that rDer p 2231 is able to induce an adaptive immune response in mice
with the production of IgG and reduction in IgE levels. Thus, it is possible that vaccination
with rDer p 2231 will protect individuals against reactions triggered by natural exposure
to D. pteronyssinus.

In this chronic model of allergy, we comprehensively characterize lung inflammation.
Initially, a change in the total number of cells in the BALF of animals treated with rDer p
2231 was observed, as well as the number of eosinophils and neutrophils and an
increase in the number of lymphocytes and macrophages. Reduced neutrophil and
eosinophil secretion has previously been associated with improvement in allergies, and

the increase is often correlated with disease severity and exacerbation. Eosinophils
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migrate from the peripheral circulation to inflammatory lesions, where they release
mediators that contribute to airway inflammation (Z. Chen et al., 2018; Dullaers et al.,
2012). Some studies point out that neutrophilic, rather than eosinophilic, inflammation of
the airways has been implicated in severe asthma (Z. Chen et al., 2018; Jungsuwadee
et al., 2004). Treatment with the hypoallergen rDer p 2231 also reduced EPO in BALF
and lung tissue. EPO, the most abundant cationic protein in toxic granules, when
released into target tissue, causes injury and pathogenic effect and is implicitly linked to
eosinophilic inflammation (Akar-Ghibril et al., 2020; Choi et al., 2019). Thus, factors that
interrupt the reactivity of neutrophils and eosinophils, such as this hypoallergen,
represent promising therapeutic targets.

In this model and in the previous model, reduced levels of Th2 cytokines were found in
lung tissue, BALF and splenocytes, followed by increased levels of IL-10 and IFN-y in
splenocytes from mice treated with rDer p 2231. Thus, we believe that the observed
decrease in Th2 cytokines may be mediated by IL-10 and IFN-y. However, these data
do not make it clear which of these two cytokines has more influence on the
downregulation of IL-4 and IL-5. Again, our findings indicate that rDer p 2231 can
potentially induce a regulatory and/or Thl-biased immune response (da Silva et al.,
2020a; Hofer et al., 2017; Martinez et al., 2018).

Histological changes in the lower airways, such as goblet cell hyperplasia, subepithelial
collagen deposition with increased fibrosis, thickening of the basement membrane and
smooth muscle proliferation, result in a decline in lung function which are pathological
features observed in airway remodeling in the lower airways in human and experimental
asthma (Hough et al., 2020; Samitas et al., 2018). In this study, we demonstrated that
rDer p 2231 was able to significantly reduce mucus-producing goblet cells, suggesting a
decrease in the hyperplasia and hypersecretion of these cells. It is known that excessive
mucus productions, blocking the peripheral airways, is an important characteristic of
chronic asthma (Galli et al., 2008). One of the main focus of therapeutic approaches is
to reduce goblet cell hyperplasia and consequently mucus production (Dong et al., 2021).
In this study, there seems to be a correlation between the reduction of IL-4 and the
reduction of mucus production in the lungs of animals treated with rDer p 2231. It is
already known that IL-4 together with IL-13 induce the production of TGF-f by epithelial
cells, causing metaplasia and mucus production through autocrine signaling, all
immunopathological features of Th2-mediated inflammation (Santos Serafim Machado
et al., 2015). The significant reduction of neutrophils in BALF is another correlation,
which could be attributed to the reduction of goblet cell hyperplasia, as well as the
reduction of subepithelial fibrosis in animals treated with rDer p 2231, when correlated

with the untreated group. Neutrophils produce TGF-f and matrix metalloproteinase
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(MMP-9), which are both involved in chronic inflammation, remodeling process
associated with asthma (Ahn et al., 2007; Zastrzezynska et al., 2021). Studies indicate
that increased levels of MMP-9 in the lungs of asthmatic patients is related to the severity
of asthma and the degree of subepithelial fibrosis (Wenzel et al., 2003; Zastrzezynska
et al., 2021).

Another correlation seems to exist between the reduction of eosinophils influenced by
the reduction of IL-5 in the BALF, lungs and splenocytes of the animals of the group
treated with rDer p 2231, with the reduction of several fibrotic syndromes observed in
the lower airways of these animals. Since IL-5 is essential in the terminal differentiation,
maturation, migration and survival of eosinophils in peripheral tissues (Rosenberg et al.,
2013). Evidences suggest that eosinophils may also be involved in the pathophysiology
of airway remodeling, characterized by the deposition of collagen fibrils and thickening
of the subepithelial basement membrane, which has been associated with an increase
in bronchial mucosa eosinophils in severe asthma (Flood-Page et al., 2003). Tissue
eosinophilia and eosinophil degranulation have been associated with several fibrotic
syndromes, but the molecular mechanisms by which eosinophils induce fibrotic changes
remain unclear (Flood-Page et al., 2003; Nakayama et al., 2017). Studies indicate that
eosinophils directly produce non-collagenous extracellular matrix components, and the
excessive deposition of these components associated with collagenous components
contributes to tissue fibrosis in allergic airways inflammation (Morimoto et al., 2018).

In this study, we also showed that the hypoallergen rDer p 2231 reduced the thickness
of the smooth muscles of the airways in the group of animals treated with rDer p 2231.
The smooth muscles of the airways have the function of regulating the diameter of the
bronchi and the tone airways, in addition to secreting extracellular matrix, cytokines and
chemokines under normal conditions. Under pathological conditions, smooth muscle
cells proliferate excessively, becoming the main determinant under airways pathologies.
Several studies point to the importance of smooth muscle for airways wall remodeling
(Kaczmarek et al., 2019; McAlinden et al., 2019). This is the first tissue pathology
associated with severe and fatal asthma in humans (Fang et al., 2020). Taken together,
these results show that the proposed asthma model is effective in generating an effector
response, where there is evident remodeling of the lung tissue with subepithelial fibrosis,
peribronchial smooth muscle hyperplasia, an increase in the number of goblet cells that
produce mucus and collagen fibers in the animals of the Sham group, showing that the
chronic allergy model using D. pteronyssinus soluble extract was able to induce chronic

asthma and remodeling, mimicking the human disorder.



CAPITULO Il - 103

CONCLUSIONS

In conclusion, our results indicate that treatment with the hybrid molecule rDer p 2231 in
mice subjected to repeated exposure to D. pteronyssinus extract significantly reduced
remodeling factors in their airway. Furthermore, in BALF, lung and splenocytes,
treatment with rDer p 2231 led to a reduction in the levels of Th2 cytokines and an
increase in Thl and regulatory cytokines. In addition, reductions in neutrophils and
eosinophils were also observed in BALF. Thus, this hypoallergen may be described as
a strong vaccine candidate, displaying several efficacious features. Such vaccine may

be safely used in future clinical trials in asthmatic patients.
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Figure Legends

Figure 01. In vivo responses of hypoallergenic hybrid rDer p 2231. A: Schematic
representation of the therapeutic model of chronic allergy in mice. B: Specific IgE for
lgG1, IgG2a and Dp Extract. C: 1gG1, 1gG2a and IgE specific for rDer p 2231. D: IgG1,
lgG2a and IgE specific for rDer p 1. E: IgG1, IgG2a and IgE specific for rDer p 2. F: IgG1,
lgG2a and IgE specific for rDer p 23. G: Heat map of the proportion of antibodies in the
serum. H: Percent inhibition of human serum IgE binding to Dp Extract and the parental
allergens of rDer p 2231. I: IgE avidity index. # - Comparisons with the negative control
group; * - Comparisons with the positive control group; & - Comparisons with the
dexamethasone-treated group. The number of symbols represents the degree of
significance when ANOVA with Tukey's post-test or Kruskal-Wallis with Dunn's post-test
were used, depending on the data distribution. One symbol, P<0.05; two symbols
P<0.01; three symbols P<0.0001; and four P<0.00001 symbols.
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Figure 02. Effect of hypoallergenic protein on cellular inflammation and eosinophil
peroxidase activity. Total (A) and differential (B) cell counts. C: Heat map analysis of
the inflammatory cells ratio. D: EPO activity in BALF and lungs. One-way ANOVA with
Tukey or Dunn post-tests were used to verify statistical differences. # Control
comparisons, * Sham treatment comparisons. #, *, & -P <.05; ##, **, && -P <.01; ###,
*** &&& -P <0.0001.

Figure 03. Influence of rDer p 2231 on cytokines levels in BALF, lung tissue and
cells from the spleen of mice. Samples were analyzed by capture ELISA to measure
IL-4, IL-5, IL-10, and IFN-y in BALF (A) and lung tissue (B). One-way ANOVA with
postests of Tukey or Dunn were used to verify statistical differences. #Comparisons with
Control group. *Comparisons with Sham treated group. 8Comparisons with
dexamethasone treated group. #, *, § -P < .05; ##, **, 88 -P < .01, ###, ***, 888 -P <
.0001. Supernatants of splenocytes’ cultures were collected for the measurements of IL-
10(C), IFN-y(D), IL-4 (E), and IL-5(F). Supernatants of splenocytes’ cultures were
collected for the measurements of IL-10(C), IFN-y(D), IL-4 (E), and IL-5(F). One-way
ANOVA with posttests of Tukey or Dunn were used to verify statistical differences.
*comparison with unstimulated cells within the group itself. “Comparison with estimated
cells of the Control group. “Comparison with estimated cells of the Sham group. #, *, A
-P <.05; ##, **, AA -P < .01; ###, ***, AAA -P < .0001.

Figure 04.

Representative photomicrographs of histological analysis of mouse lung airway from all
experimental groups. H/E staining (A) demonstrates intense peribronchial inflammatory
and fibroblasts/myofibroblasts infiltrating in the lamina propria, submucosa and
adventitia layers of Sham group. PAS staining (B) exhibited decreased production of
mucus inferred by hyperplasia of goblet cells in the bronchus epithelium of rDer p 2231
Group in comparison to Sham Group. Part of contractile elements observed in H/E (A)
and Masson’s Trichrome (C) staining corresponding to a thick smooth muscle tissue
observed only in Sham Group. Subepithelial fibrosis assessed by Masson’s Trichrome
(C) was considerable reduced in rDer p 2231 Group in comparison to Sham Group.

Regions captured for analysis correspond to first generation airway. Magnification 200X.
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Figure 05.

Representative photomicrographs of extracellular matrix remodeling in mouse lung
airway from all experimental groups. Weigert's Resorcin-Fuchsin staining (A)
demonstrate reduced elastic fiber content in rDer p 2231 Group in comparison to Sham
Group. Collagen remodeling was observed by Picrosirius Red staining in Ordinary (B)
and Polarized Light Microscope (C). Deposition was notably decreased in rDer p 2231
Group in comparison to Sham Group. Regions captured for analysis correspond to first
generation airway. Magnification 200X.
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Figure 03
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Figure 04
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Figure 05
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SUPPLEMENTARY

Figure Al. Kinetics of serum levels of specific antibodies to D. pteronyssinus in
sera from mice submitted to a chronic asthma model and treated with rDer p 2231.
(A) sIgE, (B) slgG1 e (C) slgG2a anti-Dp Extract e anti alergénos parenteais de rDer p
2231. One-way ANOVA with Tukey or Dunn post-tests were used to verify statistical
differences. #Control comparisons (# red in comparison to Sham, # green in comparison
to rDer p 2231) *Sham treatment comparisons. #, * -P <.05; ##, ** -P <.01; ###, *** -P
<0.0001.
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Table 1. In vivo model groups

L Challenge
Group Sensitization Treatment
_ (Intranasal
Experimental (Subcutaneous) o (Subcutaneous)
instillations)
+
Control PBS + Alum (4 PBS PBS
mg/mL)
D. pteronyssinus .
D. pt
Sham (100 pg) + Alum (4 pteronyssinus PBS

mg/mL) + PBS

D. pteronyssinus
rDer p 2231 (100 pg) + Alum (4
mg/mL) + PBS

(10 pg) + PBS

D. pteronyssinus
(10 pg) + PBS

rDer p 2231 (25 pg)
diluted in PBS
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Table Al. Sera and secondary antibodies dilutions

. Target I Set_:ond.ary
Antigen antibody Seradilution* Zntll:_)od;*es
ilution
lgG1 1:3200 1:3000
Dp Extract lgG2a 1:25 1:1000
IgE 1:5 1:500
lgG1 1:800 1:3000
rDer p 2231 IgG2a 1.6,25 1:1000
IgE 15 1:500
lgG1 1:3200 1:3000
rDerp1l lgG2a 1:6,25 1:1000
IgE 1:5 1:500
IgG1 1:3200 1:3000
rDerp 2 lgG2a 1:6,25 1:1000
IgE 1:5 1:500
lgG1 1:3200 1:3000
rDer p 23 IgG2a 1.6,25 1:1000
IgE 1:5 1:500

*Determined by titration curves; #anti-mouse IgE (Abcam, Cambridge, United Kingdom),
anti-mouse 1gG1 (Abcam, Cambridge, United Kingdom), anti-mouse IgG2a (Invitrogen,
Carlsbad, CA, USA).
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Table A2. Responsive characteristics of the subjects included in the study

Donor SPT D. pteronyssinus -specific
Number (D. pteronyssinus)’ IgE (kU/L)* Class
#01 + 24,6 4
#02 + 49,9 4
#03 + 70 5
#04 + 54,2 5
#05 + 70 5
#06 + 100 5
#07 + 100 5
#08 + 100 5
#09 + 55,5 5
#10 + 38,7 4
#11 + 18.2 4
#12 + 1,16 2
#13 + 27 4
#14 + 17,08 3
#15 + 4,86 3
#16 + 77,3 5
#17 + 4,05 3
#18 + 24,5 4
#19 + 43.5 4

T - SPT - skin prick test, D. pteronyssinus extracts from Alergolatina Produtos
Alergénicos Ltd, Rio de Janeiro, RJ, Brazil was used. The test was considered to be
positive (+) if the diameter of the weal was at least 3 mm greater than the saline control;
T — IgE specific-levels were measured by ImmunoCAP (D1, Phadia Diagnostics AB,
Uppsala, Sweden).
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Table A2. Continued

Donor SPT D. pteronyssinus -specific

Number (D. pteronyssinus)’ IgE (kU/L)* Class
#20 + 14,02 3
#21 + 0,85 2
#22 + 6,01 3
#23 + 6,08 3
#24 + 3,02 2
#25 + 5,78 3
#26 + 19,6 4
#27 + 4,14 3

T - SPT - skin prick test, D. pteronyssinus extracts from Alergolatina Produtos Alergénicos Ltd,
Rio de Janeiro, RJ, Brazil was used. The test was considered to be positive (+) if the diameter
of the weal was at least 3 mm greater than the saline control;

I — IgE specific-levels were measured by ImmunoCAP (D1, Phadia Diagnostics AB, Uppsala,
Sweden).
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RESUMO

Patente de invencao: “Processo de construcao e producao de proteina quimérica
recombinante hipoalergénica a partir de epitopos de células T dos alérgenos
dos grupos 1, 2 e 23 do acaro Dermatophagoides pteronyssinus, para uso

profilatico e tratamento de doencas alérgicas”.

A presente invencgdo trata-se de um polipeptideo engenheirado a partir de sequéncia
proteica de regifes antigénicas de epitopos de células T dos alérgenos Der p 1, Der
p 2 e Der p 23 do acaro de poeira Dermatophagoides pteronyssinus para gerar uma
molécula hipoalergénica, cujas sequéncias de aminoacidos e nucleotideos estado
apresentadas em SEQ ID N°.: 1 e SEQ ID N°.: 2, caracterizados por uma reducao na
reatividade de sIgE em soros de individuos alérgicos. Refere-se também aos métodos
de producéo, purificacdo e caracteriza¢do imunoldgica dessa molécula. Em modelo in
vivo foi observado uma diminuicéo de sIgE e um aumento de sigG1 e slgG2a no soro,
BAL e no pulmédo de camundongos submetidos a um modelo de sensibilizag&o,
desafio e tratamento de alergia. Também foi observado uma reducdo de maneira
significativa em comparacao com o grupo controle positivo da atividade EPO no BAL
e tecido pulmonar. Em modelo in vitro no que se refere a quantificacdo dos niveis de
citocinas produzidas a partir da reestimulacao de células em culturas de esplendcitos,
observou-se uma reducédo nas respostas de citocinas das células Th2 (IL-4 e IL-5),
um aumento de Thl (INFy) e Treg (IL-10).



CAPITULO Il - 124

TITULO: “Processo de construcdo e producdo de proteina quimérica
recombinante hipoalergénica a partir de epitopos de células T dos alérgenos
dos grupos 1, 2 e 23 do acaro Dermatophagoides pteronyssinus, para uso

profilatico e tratamento de doencas alérgica”

Campo de aplicacéao

[001] A presente invencao refere-se a montagem in silico e obtencdo de proteinas
guiméricas recombinantes hipoalergénicas baseada em epitopos de células T dos trés
principais alérgenos do acaro de poeira Dermatophagoides pteronyssinus (Der p 1,
Der p 2 e Der p 23), bem como os procedimentos envolvidos na produgéo destas

moléculas e as formulagbes que as contenham.

[002] A referida invencéo é aplicada ao campo da imunoterapia alérgeno-especifica
(AIT) objetivando o tratamento de doencas alérgicas mediadas por imunoglobulina E
(IgE) reativas aos alérgenos de D. pteronyssinus, assim como alérgenos de outros

acaros da poeira que apresentem reatividade cruzada de IgE.

[003] Refere-se a construcéo in silico de uma sequéncia génica contendo regides
antigénicas de epitopos de células T dos alérgenos Der p 1, Der p 2 e Der p 23 para
gerar uma molécula hibrida, com posterior modificacdes de residuos de aminoéacidos
in silico a fim de predizer alteracGes estruturais que modificam o perfil de ligacdo da

IgE, produzindo proteinas quiméricas hipoalergénicas.

Estado da Técnica

[004] Entre as enfermidades imunomediadas, as doencas alérgicas tém apresentado
um significativo aumento em sua prevaléncia e morbidade nas ultimas décadas,
atingindo proporc¢des epidémicas (CAMPBELL, D. E. e MEHR, S. Fifty years of allergy:
1965-2015. J Paediatr Child Health, v. 51, n. 1, p. 91-93, 2015; VALERIE et al. The
impact of diet on asthma and allergic diseases. Nat Rev Immunol. v. 15, n. 5, p. 308-
22, 2015). Destacando-se como um importante problema de saude publica, sendo
incluidas no grupo de doencgas crénicas ndo transmissiveis, podendo afetar 30% a

40% da populagcdo mundial, especialmente criangas. Essas doengas geram grandes
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Impactos socioecondmicos associados a custos diretos e indiretos, sobre os doentes,
suas familias e os servicos de saude publica (PRESCOTT, S.; ALLEN, K. J. Food
allergy: riding the second wave of the allergy epidemic. Pediatric allergy and
immunology official publication of the European Society of Pediatric Allergy and
Immunology. v. 22, n. 2, p. 155-60, 2011; MORAIS-ALMEIDA, M. et al. Asthma and
the Coronavirus Disease 2019 Pandemic: A Literature Review. Int Arch Allergy
Immunol, v. 181, n. 9, p. 680-688, 2020). A etiologia das doencas alérgicas do trato
respiratorio € multifatorial e sua exacerbacdo esta relacionada a predisposicao
genética, resposta antiviral deficiente, comprometimento da fungcdo das células
imunoldgicas, dano no epitélio e resposta de citocinas e quimiocinas (GAVALA, M. L.
e GERN, J. E. Virus/allergen interactions in asthma. Curr Allergy Asthma v. 13, p. 298-
307). A rinite alérgica e a asma alérgica sdo as enfermidades alérgicas com maior
prevaléncia mundial e estimativas da Organizacao Mundial da Saude (OMS) em 2015
projetaram que aproximadamente 400 milhdes de pessoas no mundo sdo acometidas
pela rinite alérgica. J& a asma, afeta 334 milh6es de individuos a nivel global e
aproximadamente 20 milhées no Brasil (SOLE, D.; WANDALSEN, G.F.; CAMELO-
NUNES, I.C.; NASPITZ, C.K. e ISAAC - Brazilian Group. Prevalence of symptoms of
asthma, rhinitis, and atopic eczema among Brazilian children and adolescents
identified by the International Study of Asthma and Allergies in Childhood (ISAAC) -
Phase 3, J Pediatr (Rio J), 82(5), p. 341-6, 2006; PAWANKAR, R. Allergic diseases
and asthma: a global public health concern and a call to action. World Allergy Organ
J,v.7,n.1,p. 12, 2014).

[005] A asma alérgica € uma doenca crbénica das vias aéreas, que provoca obstrucado
do fluxo aéreo associada a inflamacao das vias aéreas, induzindo um quadro de hiper-
reatividade brbnquica e, consequentemente, episédios recorrentes de sibilancia,
dispneia, opresséao toracica e tosse (HOLGATE, S. T. Innate and adaptive immune
responses in asthma. Nat. Med. v. 18, p. 673—-683, 2012; WHEATLEY, L. M., TOGIAS,
A. Allergic rhinitis. N Engl J Med. v. 372, p.456-63, 2015). E considerada uma doenca
heterogénea, altamente poligénica com diversas variantes de risco e sob influéncia de
fatores ambientais, destacando-se entre eles o0s aeroalérgenos, que, apos
sensibilizagdo, desencadeiam uma resposta inflamatoria mediada por IgE (BOWEN,
H., KELLY, A., LEE, T., LAVENDER, P. Control of cytokine gene transcription in TH1
and TH2 cells. Clin. Exp. Allergy. v. 38, p. 1422-1431, 2008). A regiao nordeste do
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Brasil vem apresentando um aumento significativo no indice de mortalidade por asma
(DE SOUZA-MACHADO, C.; SOUZA-MACHADO A. e CRUZ A.A. Asthma mortality
inequalities in Brazil: tolerating the unbearable. ScientificWorldJournal, 2012, p.
625829, 2012) e estudos mostram o municipio de Salvador, Bahia, como a cidade
com 0S maiores riscos para sintomas de asma, entre outros 16 grandes centros da
América Latina (COOPER, P. J.; RODRIGUES, L. C.; CRUZ, A. A., BARRETO, M.L.
Asthma in Latin America: a public heath challenge and research opportunity. Allergy,
v. 64,n. 1, p. 5-1, 2009).

[006] Em contrapartida, a rinite alérgica € uma patologia inflamatéria das vias aéreas
superiores, induzida pela exposicdo a aeroalérgenos, com resposta inflamatoria
semelhante a da asma. A sintomatologia pode ser classificada em intermitente ou
persistente, dependendo da duracdo. Apesar de apresentar perfil imunolégico,
epidemiolodgico e fisiopatologico semelhante a asma, a rinite alérgica distingue-se
pelos sintomas classicos como: obstrucao, prurido nasal, rinorréia aquosa, espirros e
coceira. Além desses sintomas, 0s extranasais como prurido ocular e faringeo
também podem estar presentes (BOUSQUET, J. et al. Allergic Rhinitis and its Impact
on Asthma (ARIA) 2008 update (incollaboration with the World Health Organization,
G. A (2) LEN and AllerGen Allergy. v. 63, p. 8-160, 2008; BROZEK, J. L. et al. Allergic
Rhinitis and its Impact on Asthma (ARIA) guidelines: revision.J Allergy Clin Immunol.
v. 126, p. 466-476, 2010).

[007] Os mecanismos das doencas alérgicas respiratdrias sdo semelhantes, em
individuos atdpicos, apresentando respostas imunes inatas e adaptativas. Os
aeroalérgenos passam pelo epitélio nasal e as células epiteliais ativadas liberam
CCL2 e CCL20 (quimiocinas que induzem a mobilizacdo de calcio e a quimiotaxia)
qgue recrutam células dendriticas imaturas. As células dendriticas ativadas migram
para os linfonodos de drenagem regional e polarizam as células T imaturas
em células Th2. A migracdo de células dendriticas é iniciada por IL-13 produzida por
ILC2s e também por IL-4, produzida principalmente por baséfilos. Dentro do centro
germinativo do linfonodo, um subconjunto de células Th se diferencia em células T
foliculares auxiliares (Tfh). As células Tth produzem IL-4 e IL-21, que, juntamente com
a IL-4 derivada de células Th2, promovem a troca de classe de imunoglobulina da
cadeia pesada para IgE nas células B (MOHAMED, H., SHAMJI, P. H. D., STEPHEN,



CAPITULO Ill - 127

R., DURHAM, M. D. Mechanisms of allergen immunotherapy for inhaled allergens and
predictive biomarkers. Journal of Allergy and Clinical Immunology. v. 140, n. 6, p.
1485-1498, 2017). Individuos alérgicos atopicos expressam nao apenas citocinas Th2
tradicionais, como IL-4, IL-5, IL-9 e IL-13, mas também novas citocinas, como IL-25,
IL-31 e IL-33. Citocinas epiteliais que favorecem o desenvolvimento de um fendtipo
de células dendriticas pro-alérgico, induzem IgE especifica para alérgenos, eosinofilia,
producdo de muco e o recrutamento de células inflamatérias para tecidos inflamados
(GUEGUEN, C. et al. Changes in markers associated with dendritic cells driving the
differentiation of either TH2 cells or regulatory T cells correlate with clinical benefit
during allergen immunotherapy. J Allergy Clin Immunol. v. 137, p. 545-558, 2016;
SOYKA, M. B., AKDIS, M., AKDIS, C. A. Mechanisms of allergen-specific
immunotherapy. Allergology International. v. 9, p. 594-600, 2020). Essas citocinas
derivadas do epitélio sdo os principais fatores de crescimento para ILC2s que
amplificam e mantém a inflamacédo alérgica local controlada por Th2. Durante a
exposicao subsequente ao alérgeno, o reconhecimento é facilitado por IgE por meio
de FceRl nas células dendriticas e FceRIl nas células B, o qual amplifica o
desenvolvimento das respostas Th2 a alérgenos inalados (KOUSER, L et al. Update
on biomarkers to monitor clinical efficacy response during and post treatment in
allergen immunotherapy. Curr Treat Options Allergy. v. 4, p. 43-53, 2017). Uma vez
gue uma mudanca Th2 é estabelecida, o mecanismo das doencas alérgicas consiste
em duas fases principais. Na fase inicial ocorre a sensibilizacdo e o desenvolvimento
das células de memoaria. A fase tardia é caracterizada por inflamacao e leséo tecidual
causada pela acdo das células efetoras (FUJITA, H., SOYKA, M. B., AKDIS, M.,
AKDIS, C. A. Mechanisms of allergen-specific immunotherapy. Allergology
International. v. 9, p. 594-600, 2020). As células dendriticas, dependendo da fase de
maturacdo, da localizagdo, e das citocinas associadas, podem iniciar e manter a
inflamacéo alérgica (DC2s proé-alérgicas) ou promover um estado de tolerancia
imunoldgica a sensibilizagdo a alérgenos. Quando as DC2 pro-alérgicas forem
expostos a alérgenos e co-cultivados posteriormente com células T, eles promoveram
respostas preferenciais aos linfocitos Th2 (PALOMARES, O., AKDIS, FONTECHA, M.
M., AKDIS, C. A. Mechanisms of immune regulation in allergic diseases: the role of
regulatory T and B cells. Immunol Ver. v.278, pp.219-236, 2017).
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[008] Os aeroalérgenos séo provenientes de diversas fontes ambientais, porém aqui
iremos destacar os acaros da poeira domiciliar. Entre os &4caros da poeira domiciliar,
os pertencentes a familia Pyroglyphidae sdo estabelecidos como fonte potencial de
alergia, desempenhando um papel significativo em varios distarbios alérgicos com
resposta de hipersensibilidade do tipo I. (PODDER, S., KUMAR, GUPTA, S. G,,
SAHA, G. K. Incrimination of Blomia tropicalis as a Potent Allergen in House Dust and
Its Role in Allergic Asthma in Kolkata Metropolis, India. World Allergy Organ J. v. 3, n.
5, p.182-187, 2010). O D. pteronyssinus é um dos principais piroglifideos causadores
de sensibilizagdo em pacientes alérgicos (CALDERON, A. M. et al. Respiratory allergy
caused by house dust mites: What do we really know? J Allergy Clin Immunol. v. 136.
n. 1, P. 38-48, 2015). No sul do Brasil este acaro representa 72% do total de acaros
presentes em bercos e camas (SILVA, D. R. et al. Mites in dust samples from mattress
surfaces from single beds or cribs in the south Brazilian city of Londrina. Pediatr Allergy
Immunol. v. 16, p. 132-6, 2005). Oficialmente, 35 grupos de alérgenos de D.
pteronyssinus (Der p) j& foram descritos, caracterizados e organizados em grupos de
acordo com as caracteristicas bioquimicas dos alérgenos (Nomenclatura Alergénica
da Organizacdo Mundial da Saude e da International Union of Immunological
Societies (OMS / IUIS; 2019), sendo que desses 14 estdo incluidos como alérgenos
principais (SILVA, E.S.; PINHEIRO, C.S.; PACHECO, L.G.C. e ALCANTARA-NEVES,
N.M. Dermatophagoides spp. hypoallergens design: what has been achieved so far?
Expert Opin Ther Pat, 30(3), p. 163-177, 2020) Der p 1, Der p 2 e mais recente o Der
p 23. Esses alérgenos representam os clinicamente mais importantes, ou seja, essas
moléculas possuem alta atividade alergénica, causando respostas de IgE em mais de
50% dos pacientes alérgicos (POSA, D. et al. Evolution and predictive value of IgE
responses toward a comprehensive panel of house dust mite allergens during the first
2 decades of life. J Allergy Clin Immunol. v. 139, p. 541-54, 2017). Nessa perspectiva,
uma mistura molecular ou epitdpica para imunoterapia alérgeno especifica ao D.

pteronyssinus precisa incluir Der p 1, Der p 2 e Der p 23.

[009] Der p 1 é uma glicoproteina encontrada nas fezes dos &caros com peso
molecular 25 kDa e fun¢&o bioquimica de cisteina protease (FERNANDEZ-CALDAS,
E. PUERTA. L. C., CARABALLO, L. C. History of Allergy. Chem Immunol Allergy. v.
100, p. 234-242, 2014). Foi demonstrado que a atividade enzimatica de Der p 1

parece aumentar seletivamente a resposta de IgE, e que a atividade proteolitica do
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Der p 1 condiciona as células T a produzir mais IL-4 e menos interferon-y
(GHAEMMAGHAMI, A. M., ROBINS, A., GOUGH, L. Human T cell subset commitment
determined by the intrinsic property of antigen: the proteolytic activity of the major mite
allergen Der p 1 conditions T cells to produce more IL-4 and less IFN-y. Eur J Immunol.
v. 31, p. 1211-1216, 2001). O caréater enzimatico de Der p 1 e outros alérgenos de
acaros também pode contribuir para sua imunogenicidade aumentando a
permeabilidade da mucosa (DEB, R., SHAKIB, F., REID, K., CLARK, H. W. Major
house dust mite allergens Der p 1 and Der f 1 degrade and inactivate lung surfactant
proteins-A and -D. Journal of Biological Chemistry. v. 282, p. 36808-36819, 2007).

[010] Der p 2 é uma proteina procedente do corpo do &caro, com funcéo biolégica
relacionada com transporte de colesterol, pertence a familia NPC2. Além disso, € uma
proteina estavel ao calor e ao pH, com peso molecular de aproximadamente 15 kDa
(Ovsyannikova, I. G+ Vailes, L. D., Li. Y., Heymann, P. W., Chapman, M. D.
Monoclonal antibodies to group Il Dermatophagoides spp allergens: murine immune
response, epitope analysis, and development of a twosite ELISA. J Allergy Clin
Immunol. v. 94, p. 537-546, 1994; JOHANNESSEN, B. R. et al., Structure of the house
dust mite allergen Der f 2: Implications for function and molecular basis of IgE cross-
reactivity. FEBS Letters. v. 579, p. 1208-1212, 2005). No estagio nativo € expresso
como uma proteina de fusdo, com uma frequéncia de 83% de reconhecimento
especifico de IgE (DEREWENDA, U. et al. The crystal structure of a major dust mite
allergen Der p 2, and its biological implications. J Mol. Biol. v. 318 p. 189-197, 2002).

[011] Der p 23 é uma proteina de aproximadamente 8 kDa que mostra homologia
com dominios de ligacdo a quitina e é encontrada principalmente em membranas
peritréficas ao redor do pellet fecal. Der p 23 € reconhecido por mais de 70% dos
pacientes alérgicos aos acaros da poeira domiciliar e exibe alta atividade alergénica,
conforme determinado por sua capacidade de induzir a ativacdo de basdfilos
(WEGHOFER, M. et al: Identification of Der p 23, a peritrophin-like protein, as a new
major Dermatophagoides pteronyssinus allergen associated with the peritrophic matrix
of mite fecal pellets. J Immunol. v.190, p.3059-3067, 2013). Der p 23 é uma peritrofina
e ja foi relatado que as peritrofinas podem ativar diretamente o sistema imunolégico
inato 2011. Embora apenas pequenas quantidades de Der p 23 estejam presentes

nos pellets fecais e na poeira doméstica, a baixa exposicdo é suficiente para
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sensibilizar pacientes alérgicos e induzir niveis especificos de IgE comparaveis aos
principais alérgenos. Além disso, varios pacientes foram sensibilizados apenas para
Der p 23, mas nao para Der p 1 ou Der p 2, mostrando assim a importancia desse
alérgeno (MIKA, A. et al. Scabies mite peritrophins are potential targets of human host
innate immunity. PLoS Negl. Trop. Dis. v. 5, p. 1331, 2011).

[012] As formas atuais de tratamento para alergias respiratorias, baseiam-se
principalmente na farmacoterapia visando a reducdo dos sintomas causados por
mediadores inflamatoérios liberados pelos mastécitos e basofilos ou células-alvo
envolvidas na inflamacao alérgica da fase tardia (células T, eosinodfilos) (INCORVAIA,
C. et al. Current and future applications of the anti-lgE antibody omalizumab.
EBioMedicine. V. 17, p 16-17, 2017). Além dos anti-histaminicos e corticosteroides,
tem-se usado anticorpos monoclonais humanizados, que impedem a ligacdo da IgE
aos seus receptores (BAGNASCO, D. Ferrando M., Varricchi G., Passalacqua G. A
critical evaluation of anti-IL-13 and anti-IL-4 strategies in severe asthma. Int Arch
Allergy Immunol. v. 170, p. 122-131, 2016). Esses medicamentos suprimem
temporariamente os sintomas alérgicos, porém néo afetam o curso da doenca. Dessa
forma, a imunoterapia alérgeno especifica € o Unico tratamento para alergias
associadas a IgE, que induz tolerancia ao alérgeno, impedindo a progressao dos
sintomas da alergia, proporcionando assim um efeito modificador do curso da doenga
(COX, M. D. The role of allergen immunotherapy in the management of allergic
rhinitis. Am J Rhinol Allergy. v.30, p.48-53, 2016). Além das manifestacfes
enddcrinas e imunossupressoras, dependendo da dose do medicamento utilizada, do
periodos prolongado do tratamentos e da gravidade da asma, mesmo que nao
frequente, estas drogas quando utilizadas em terapia sistémica podem desencadear
reacdes imunologicas adversas, as quais podem levar o paciente a apresentar
manifestacbes anafilaticas e pseudo-anafilaticas (VENTURA, M. T et al. Alternative
glucocorticoids for use in cases of adverse reaction to systemic glucocorticoids: a study
on 10 patients. Br J Dermatol, v.1, n.48, p. 139-41, 2003).

[013] A Imunoterapia especifica para alérgenos, baseia-se na administracdo de
alérgenos causadores de alergia na forma de uma vacina terapéutica, com o objetivo
de modificar a resposta imune especifica (COX, M. D. The role of allergen

immunotherapy in the management of allergic rhinitis. Am J Rhinol Allergy. v. 30, p
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.48-53, 2016). Os mecanismos de acédo da imunoterapia ainda ndo sao totalmente
compreendidos, dificultado pelo uso de prepara¢gbes heterogéneas de alérgenos,
diferentes protocolos de tratamento e vias de administracdo (AKDIS, C. A.
Mechanisms of allergen-specific immunotherapy: multiple suppressor factors at work
in immune tolerance to allergens. J Allergy Clin Immunol. v. 133, p. 621-31, 2014). No
entanto, sabe-se que, durante a fase inicial de sensibilizacdo em pacientes com rinite
alérgica, a baixa exposicado a alérgenos na superficie da mucosa nasal resulta na
ativacdo de células epiteliais. Tais células ativam as células dendriticas, que captam
e apresentam antigenos as células T imaturas para induzir respostas alérgicas Th2,
apresentacdo de antigeno esta facilitada por IgE. A exposicdo subsequente ao
alérgeno leva a degranulacdo de mastocitos e basofilos, causando reacdes as
classicas da fase inicial. A infiltracdo subsequente de outros leucdcitos leva a
inflamacéo alérgica da fase tardia. Exposicdo a doses baixas de alérgenos por
imunoterapia restaura a funcdo das células dendriticas, que produzem IL-12, IL-27 e
IL-10 e promovem o desvio imune de uma resposta Th2 para Thl e inducéo de células
Treg e Breg (incluindo outros subconjuntos de células B), que induzem a producéo de
anticorpos IgA e 1gG4 bloqueadores (GALLI, S. J. et al. The development of allergic
inflammation. Nature, v. 454, p. 445-454, 2008).

[014] Quando iniciada precocemente, a imunoterapia alérgeno especifica pode
prevenir o desenvolvimento da asma em criancas e em adultos com predisposicdo
alérgica (JACOBSEN, L. e VALOVIRTA E. How strong is the evidence that
immunotherapy in children prevents the progression of allergy and asthma? Curr Opin
Allergy Clin Immunol, v. n. 6: p. 556-60, 2007). Especificamente a imunoterapia €
geralmente realizada através da administracdo de doses graduais dos alérgenos ao
longo de um periodo de tempo, que pode variar de 3 a 5 anos, procurando desenvolver
uma tolerancia imune, enquanto os sintomas da alergia diminuem (AKDIS, C.A.
Therapies for allergic inflammation: refining strategies to induce tolerance. Nat Med, v.
18, n. 5, p. 736-49, 2012). Apesar das vantagens, o uso da imunoterapia alérgeno
especifica ainda é limitado, quando comparado a farmacoterapia. A farmacoterapia
pode ser amplamente prescrita para pacientes que sofrem de diferentes
manifestacdes alérgicas, ao contrario da imunoterapia, a qual exige que os alérgenos
causadores da doenca sejam determinados, para prescricdo da vacina correta
(VALENTA, R., CAMPANA, R., MARTH, K., VAN HAGE, M. Allergen-specific
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immunotherapy: from therapeutic vaccines to prophylactic approaches. J Intern Med.
v.272,n .2, p. 144-157, 2012). Outros fatores ainda podem influenciar a eficiéncia da
imunoterapia sao (i) baixa qualidade dos extratos naturais de alérgenos usados como
imunoterapicos, os quais podem reduzir a eficacia do tratamento, (ii) a administracao
de extratos alergénicos durante a imunoterapia pode induzir a sensibilizacdo a
diferentes alérgenos presentes no extrato, induzindo efeitos colaterais locais, graves
e sistémicos, (iii) a imunoterapia exige horarios corretos e profissionais licenciados
para as aplicacoes das doses, além das administracdes repetidas, o que leva a baixa
adesdo do paciente, (iv) os extratos empregados contém todos os alérgenos com
epitopos intactos de células B que sao prontamente capazes de se ligar moléculas de
IgE especificas na superficie das células efetoras (LARCHE, M., Akdis, C. A., Valenta,
R. et al. Immunological mechanisms of allergen-specific immunotherapy. Nat Rev
Immunol. v. 6, p. 761-771, 2006; VALENTA, R., CAMPANA, R., FOCKE-TEJKL, M.,
NIEDERBERGER, V. Vaccine development for allergen-specific immunotherapy
based on recombinant allergens and synthetic allergen peptides: lessons from the past
and novel mechanisms of action for the future. J Allergy Clin Immunol. v. 137, p. 351
357, 2016).

[015] Através do diagndstico molecular é possivel identificar com precisdo os
alérgenos responsaveis pela sensibilizacao, e assim prescrever de forma correta uma
imunoterapia alérgeno-especifica (KAZEMI-SHIRAZI, L., NIEDERBERGER, V.,
LINHART, B., LIDHOLM, J., KRAFT D., VALENTA, R. Recombinant marker allergens:
diagnostic gatekeepers for the treatment of allergy. Int Arch Allergy Immunol. v. 127,
p. 259-268, 2002). Com base no conhecimento detalhado das sequéncias proteicas,
estruturas secundarias e caracteristicas imunoldgicas dos alérgenos, as técnicas de
biologia molecular permitem a producdo de alérgenos recombinantes bem
caracterizados, com atividade biolodgica conhecida. Além disso, a engenharia genética
permite a modificacdo de alérgenos do tipo selvagem para gerar derivados de
alérgenos com reatividade reduzida a IgE (hipoalérgenos), os quais apresentam risco
reduzido de desencadear reacdes alérgicas indesejaveis durante o curso da
imunoterapia, além de induzir uma resposta de células T eficiente e imuneprotetora
de longa duracdo (TSCHEPPE, A., BREITENEDER, H. Recombinant Allergens in
Structural Biology, Diagnosis, and Immunotherapy. Int Arch Allergy Immunol. v. 172,

n. 4, p. 187-202, 2017). As modificagbes estruturais nas moléculas de alérgenos para
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desestabilizar epitopos de células B, enquanto conservam o0s epitopos das células T
do alérgeno, sao realizadas de forma tolerogénica livre de adjuvante, podendo assim
evitar reacdes alérgicas mediadas por IgE (LARCHE, M., Akdis, C. A., Valenta, R. et
al. Immunological mechanisms of allergen-specific immunotherapy. Nat Rev Immunol.
V. 6, p. 761-771, 2006). Varias técnicas podem ser empregadas para realizacdo das
modificagbes na estrutura da molécula alergénica com o intuito de torna-la
hipoalergénica, dentre essas as mais utilizadas sédo: fragmentacdo ou fusédo de
moléculas, mutacdes pontuais, formacao de quimeras, mosaicos e uso de peptideos
sintéticos curtos e solaveis (TSCHEPPE, A., BREITENEDER, H. Recombinant
Allergens in Structural Biology, Diagnosis, and Immunotherapy. v. 172, n. 4, p. 187—
202, 2017; SILVA, E. S. et al. Dermatophagoides spp. hypoallergens design: what has
been achieved so far? Expert Opin Ther Pat, v. 30, n. 3, p. 163-177, 2020).

[016] As proteinas quimeéricas ou hibridas sdo criadas a partir da conjuncédo das
informacdes genéticas de pelo menos duas proteinas diferentes. Tais construcfes
podem conter partes ou as proteinas originais completas. As moléculas quiméricas
sao ideais para a producdo de candidatos a vacina para organismos como 0S acaros
da poeira doméstica, pélen de grama ou veneno de insetos, 0s quais apresentam
varios alérgenos importantes. As proteinas quiméricas podem ser produzidas de
forma a aumentar a imunogenicidade, reduzindo o nimero de moléculas que precisam
ser produzidas para serem incluidas em uma formulacao vacinal, inclusive reduzindo
custos e possiveis problemas de escalonamento para fases de producao industrial
das mesmas (LINHART, B., VALENTA, R. Vaccine engineering improved by hybrid
technology. Int Arch Allergy Immunol. v.134, p.324-331, 2004). Uma proteina hibrida
dos trés alérgenos principais do veneno de abelha Api m 1, 2 e 3, na qual o autor
preservou epitopos de células T, e subtraiu os epitopos de células B de todos os trés
alérgenos, passou a apresentar uma reatividade de IgE altamente reduzida, e
consequentemente baixa capacidade de ligacdo em mastdcitos e baséfilos humanos
(KARAMLOO, F. et al. Prevention of allergy by a recombinant multi-allergen vaccine
with reduced IgE binding and preserved T cell epitopes. Eur J Immunol. v. 35, p. 3268—
3276, 2005). Em um outro trabalho, autores produziram uma molécula hibrida de Der
p 1 e Der p 2, a qual foi capaz de induzir uma resposta reduzida no nivel do SPT (do
inglés, Skin Prick Test), e aumentar a proliferacdo de células T quando comparadas

aos alérgenos naturais (ASTURIAS, J. A. et al. Engineering of major house dust mite
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allergens Der p 1 and Der p 2 for allergen-specific immunotherapy. Exp Allergy. v.39,
p.1088-98, 2009).

[017] Problemas do estado da técnica

[018] Diante da importancia médica da rinite e asma alérgicas, e os efeitos adversos
dos medicamentos paliativos, novas estratégias de prevencéao e tratamento para estas
enfermidades, fazem-se necessarias. Sabe-se que AIT é o Unico tratamento curativo
disponivel para as doencas alérgicas; no entanto, a eficacia do tratamento depende
muito da qualidade do produto alergénico aplicado (WALLNER, M.; PICHLER, U.,
FERREIRA, F. Recombinant allergens for pollen immunotherapy. Immunotherapy, v.
5,n. 12, p. 1323-1338, 2013), isso porque, a forma que € feita atualmente, utilizando
extrato proteico total, proveniente da extracdo das proteinas do agente causador da
alergia, composto por uma mistura de alérgenos principais e proteinas nao
alergénicas (AALBERSE, R.C. e CRAMERI, R. IgE-binding epitopes: a reappraisal.
Allergy, v. 66, N.10, p. 1261-74, 2011) podem apresentar um potencial sensibilizante
baixo, ou desencadear efeitos secundarios indesejados mediados pela producéo de
IgE durante o tratamento (Al, et al. Suppression of dust mite allergy by mucosal
delivery of a hypoallergenic derivative in a mouse model. Appl Microbiol Biotechnol, v.
99, n. 10, p. 4309-19, 2015).

[019] Uma maneira de aumentar a seguranca da AIT seria o uso de alérgenos
recombinantes, porém, essa alternativa resolve apenas os problemas relacionados a
falta de alérgenos bem definidos dos extratos brutos. As moléculas recombinantes do
tipo selvagem ainda apresentam a capacidade de realizar reagédo cruzada com a IgE
pré-existente, podendo provocar efeitos anafilaticos graves e com risco de vida
(VRTALA, S. et al. Strategies for converting allergens into hypoallergenic vaccine
candidates. Methods, v. 32, n. 3, p. 313-320, 2004). Com o objetivo de resolver os
efeitos indesejaveis e aumentar principalmente a seguranca da AIT, passou-se a
utilizar ferramentas modernas de engenharia de proteinas associados com
ferramentas da imunoinforméatica, com o propésito de desenvolver moléculas
recombinantes hipoalergénicas (VRTALA, S. et al. Strategies for converting allergens
into hypoallergenic vaccine candidates. Methods, v. 32, n. 3, p. 313-320, 2004,
THALHAMER, T. et al. Designing hypoallergenic derivatives for allergy treatment by
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means of in silico mutation and screening. J Allergy Clin Immunol, v. 125, n. 4, p. 926—
934, 2010).

[020] Em recente prospeccao tecnoldgica realizadas por nosso grupo, observamos
uma busca crescente por substituicdo da AIT baseadas em extratos alergénicos por
AIT utilizando alérgenos recombinantes, com destaque para o0s derivados
recombinantes hipoalergénicos (ALCANTARA-NEVES, N. M., SILVA, E. S,
PACHECO, L. G. C., PINHEIRO, C. S. Desenho e producao de proteinas hibridas
recombinantes hipoalergénicas construidas a partir de alérgenos dos grupos 5 e 21
de Blomia tropicalis para uso profilatico e tratamento de doencas alérgicas. INPI.
Brasil: Universidade Federal da Bahia 2018), dados corroborados por Silva e
colaboradores (SILVA, E. S. et al. Dermatophagoides spp. hypoallergens design: what
has been achieved so far? Expert Opin Ther Pat, v. 30, n. 3, p. 163-177, 2020) onde
os autores fizeram uma busca de patentes e artigos publicados relacionados com a
criacdo de moléculas hipoalergéncias a partir do acaro Dermatophagoides spp. para
producado de vacinas. Verificou-se que os alérgenos Derp 1, Derp 2, Der p 3, Der p
5, Der p 7, Der p 8, Der p 23, Der f 1, Der f 2, Der f 3, Der f 7 e Der f 13 ja foram

utilizados como alvos para construgéo de vacinas hipoalergénicas.

Vantagens da invengao

[021] Prospeccdes tecnoldgicas destacam as diversas vantagens do uso de variantes
hipoalergénicas recombinantes de alérgenos, mostrando o avanco de tecnologias
mais seguras, eficazes e orientadas para o perfil individual de sensibilizacao alérgica
do paciente. Nas ultimas décadas tem se observado o aumentado de pedidos de
patentes com essa tecnologia, ocupando a quarta posi¢cao no nimero total de pedidos
de patentes nesse periodo. Observa-se também, um aumento no pedido de patentes
de proteinas quiméricas (hibridas) principalmente as que preservam sequéncias de
epitopos de células T (SILVA E. S. et al. Advances in patent applications related to
allergen immunotherapy. Expert Opin Ther Pat, v. 26, n. 6, p. 657-68, 2016; SILVA, E.
S. et al. Dermatophagoides spp. hypoallergens design: what has been achieved so
far? Expert Opin Ther Pat, v. 30, n. 3, p. 163-177, 2020).
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[022] As construgdes de proteinas hibridas ou quimeras tem se destacado como uma
abordagem inovadora entre 0os grupos de patentes, pelas seguintes vantagens: (i)
simplificacdo da producao da proteina recombinante, ja que uma Unica molécula sera
produzida; (ii) uma Unica molécula contém a informacédo imunoldgica relevante de
alérgenos maiores de um ou mais organismos; (iii) aumento do potencial imunogénico;
e (iv) possibilidade de exclusdo ou inclusdo de regiées conservadas de alérgenos
(SILVA, E. S. et al. Dermatophagoides spp. hypoallergens design: what has been
achieved so far? Expert Opin Ther Pat, v. 30. n. 3, p. 163-177, 2020).

[023] Um levantamento feito por SILVA e col. (SILVA et al., Dermatophagoides spp.
hypoallergens design: what has been achieved so far? Expert Opin Ther Pat, v. 30, n.
3, p. 163-177, 2020) mostrou que Der p 2 foi o alérgeno mais direcionado para a
construcdo de derivados hipoalergénico ou hibridos, fazendo parte de 8 pedidos de
patente e 9 artigos. Der p 1 foi o segundo alérgeno mais presente nos dados
analisados fazendo parte de 6 pedidos de patente e 10 artigos, e estava presente
apenas nas patentes como segmentos de proteinas hibridas. Der p 23, considerado
um alérgeno imunodominante, foi encontrado em uma patente e um artigo relacionado
como uma variante hipoalergénica. Os dados levantados, apontando a frequéncia de
estudos feitos com os alérgenos Der p 1, Der p 2 e Der p 23 concordam com 0s
achados de POSA e col. 2017 (POSA, D. et al. Evolution and predictive value of IgE
responses toward a comprehensive panel of house dust mite allergens during the first
2 decades of life. J Allergy Clin Immunol. v. 139, p. 541-54, 2017), onde os autores
apontam esses trés alérgenos como as “principais” moléculas alergénicas de D.
pteronyssinus. Em estudo feito por eles foram analisados os niveis de IgE em soros
de 191 pacientes jovens (0-20 anos) e mostrou-se que 77%, 61% e 50% das amostras
eram positivas para Der p 2, Der p 1 e Der p 23, respectivamente. A frequéncia das
patentes e artigos publicados estdo interinamente relacionados com a importancia
clinica dos alérgenos em questéao.

[024] A patente numero W0O2016193126A1 e titulo “Allergy-specific immunotherapy
compositions for use in the treatment of house-dust mite allergy” descreve uma
composicao contendo alérgenos Der p 1 e Der p 2 ou alérgenos Der f 1 e Der f 2
naturais purificados para uso no tratamento de alergias aos acaros D. pteronyssinus

e D. farinae. No entanto, sabe-se que a imunoterapia com alérgenos naturais podem
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provocar efeitos secundarios, por isso é recomendado o uso de alérgenos
hipoalergénicos, podendo ser desenvolvidos de forma racional utilizando ferramentas

de bioinformatica e imunoinformatica, como € descrito neste pedido de patente.

[025] A patente W0O2015100360 A1 e com titulo “Peptide Combinations and uses
thereof in treating dust mite allergy” trata-se da combinac¢éo de peptideos ou variantes
dos alérgenos de Dermatophagoides spp., Der p 1, Der f 1, Der p 2 e / ou Der f 2.
Esses peptideos compreendem pelo menos um epitopo de célula T. A invencéo
também se refere ao uso de tais combinacdes de peptideos na tentativa de uma
resposta imune causada por um acaro. A mistura desses peptideos ocorreu de forma
aleatdria sem nenhum estudo prévio sobre processos de hipoalergenizacéo, diferente
da nossa proposta de patente que utiliza estudos in silico para testar o potencial da

tecnologia desenvolvida.

[026] A patente WO2009118642A2 com titulo “Hypoallergenic hybrid proteins of
major group 1 and 2 mite allergens for use in the treatment of allergies” refere-se a
uma composicdo contendo proteinas hibridas hipoalergénicas compostas por
fragmentos de alérgenos Der p 1 e Der p 2. Em um artigo publicado por ASTURIAS,
J. A e col. 2009 (ASTURIAS, J. A. et al. Engineering of Major House Dust Mite
Allergens Der P 1 and Der P 2 for Allergen-Specific Immunotherapy. Clinical &
Experimental Allergy, 39, p. 1088-1098, 2009) os autores fizeram uma descrigdo
semelhante, apresentando dados da construcdo de duas proteinas quiméricas, sendo
gue uma mostrou quase a mesma reatividade de IgE quando comparado ao alérgeno
natural. A segunda quimera descrita, mostrou reatividade reduzida de IgE, mas nao
foi demonstrado se a imunizagcdo com este derivado induziu anticorpos IgG
especificos para o alérgeno Der p 1. Por outro lado, nossa proposta mostrou
experimentalmente reducéo significativa da IgE em soros de individuos alérgicos. In
vivo também foi observado também uma diminuicédo de slgE e um aumento de slgG1l
e slgG2a no soro, BAL e no pulméao de camundongos. Também foi observado uma
reducdo da atividade EPO no BAL e tecido pulmonar in vitro. Em culturas de
esplendcitos foi ainda observado uma reducéo nas respostas de citocinas das células
Th2 (IL-4 e IL-5), um aumento de Thl (INFy) e Treg (IL-10). Tais parametros séo

fundamentais na avaliagdo da eficacia da imunoterapia em humanos.
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[027] A patente WO 2012072678 A1, titulo “Hypoallergenic polypeptides for the
treatment of house dust mite allergy” descreve o processo de hipoalergenizagcao pela
técnica de fusdo de proteinas com objetivo de tratar a alergia causada pelo acaro da
poeira D. pteronyssinus. O derivado em questédo foi produzido pela fusdo de proteina
e modificacdes pontuais usando as técnicas de DNA shuffling e mutagénese sitio
dirigida. Os inventores geraram um hibrido contendo epitopos de células T dos
alérgenos Der p 1 e Der p 2 de D. pteronyssinus, além de reduzida reatividade de IgE
e baixa capacidade de ativacdo de basofilos isolados de pacientes alérgicos. Apesar
da grande vantagem do DNA shuffling de montar moléculas com potencial anafilatico
reduzido e imunogenicidade melhorada, ainda existe a necessidade de realizar
multiplos ensaios, para finalmente se obter moléculas candidatas adequadas. No
pedido de patente aqui proposto, as moléculas foram selecionadas previamente in
silico, antes de qualquer experimento de bancada. Apenas as moléculas com os
melhores escores preditivos foram escolhidas para expressao heteréloga, reduzindo
assim o numero de etapas experimentais para a obtencdo das moléculas hibridas
hipoalergenizadas. Além disso, a molécula desse pedido de patente contém nédo sé
epitopos de células T dos alérgenos Der p 1 e Der p 2 mas também do Der p 23,
incluindo dessa forma os trés alérgenos maiores do D. pteronyssinus em uma Unica

formulacao.

[028] A patente US 2015050301 A1 com titulo “Contiguous overlapping peptides for
treating house dust mite allergy” descreve o processo de hipoalergenizacéo pela
técnica de peptideos contiguos sobrepostos (COPSs) para o tratamento de pacientes
alérgicos, fornecendo uma composi¢do contendo epitopos de células T potenciais
para Der p 1 e Der p 2 a partir de sequéncia originais do alérgeno. Esses peptideos
sao desprovidos da estrutura tridimensional do alérgeno original, reduzindo, portanto,
sua capacidade de ligar-se a IgE. Embora a técnica do COPs consiga fornecer todos
0s epitopos de células T potenciais para um determinado alérgeno, com baixa
capacidade de ligacdo a IgE, existe ainda a necessidade de realizac&o de ensaios de
bancada como por exemplo o de resposta anafilatica para testar o comportamento da
sobreposicao dos peptideos gerados, para finalmente definir as moléculas candidatas
adequadas. No pedido de patente aqui proposto, as moléculas foram selecionadas
previamente in silico, reduzindo assim tais etapas experimentais. Na patente US

2015050301 também nao foi demonstrado experimentalmente se as moléculas
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geradas conseguiam induzir o perfil de resposta regulatoria e/ou Thl, uma vez que
apenas os dados da hipoalergenizacao foram apresentados. Diferentemente do
pedido de patente por nés proposto, onde os dados indicam a inducéo de tais perfis

imunes.

DefinigOes

[029] O termo ‘“alérgeno” refere-se a um antigeno que suscita reagbes de
hipersensibilidade imediata. A maioria dos alérgenos séo proteinas ambientais
comuns, produtos de origem animal ou produtos quimicos. Em pacientes alérgicos, a
presenca do alérgeno induz a producdo aumentada da IgE, cuja posterior ligacao as
células efetoras e segunda exposicao ao alérgeno, conduz a liberacdo de mediadores

inflamatorios e consequente manifestacdes clinicas.

[030] O termo “hipoalergénico” significa pouco alergénico, e tal como aqui utilizado
define-se por sua diminuida reatividade de IgE, e consequentemente ndo ativa células
efetoras de reacdo de hipersensibilidade tipo I, mas retém capacidade imunogénica

induzindo a proliferacéo de células Thl e T regulatérias.

[031] O termo “hibrido” ou “quimera” diz respeito a fusdo de regides de interesse
de duas ou mais proteinas, dentro de uma mesma espécie ou organismos diferentes,

seja por técnicas in silico ou por técnicas experimentais de sobreposi¢ao de regides.

[032] O termo “mutagao” é a alteracdo permanente da sequéncia nucleotidica de
um elemento genético de um organismo. Na presente aplicacdo de patente, refere-se
a modificacbes pontuais em um ou mais codons que codificam residuos de
aminoacidos. Tais substituicbes causam alteragcdes estruturais na nova molécula, que

serd expressa, produzindo uma molécula hipoalergénica.

[033] O termo “valor p” é a probabilidade de um modelo previsto ser pior ou melhor
em um conjunto de modelos gerados aleatoriamente para essa proteina (ou dominio),
portanto, o valor-p avalia a qualidade relativa de um modelo. Quanto menor o valor do

p, maior sera a qualidade do modelo.
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[034] O termo “uGDT” representa a pontuacdo do teste de distancia global nao
normalizada e mede a qualidade absoluta do modelo. Se um modelo tiver uGDT bom
(> 50), mas GDT ruim (<50), isso indica que apenas uma pequena parte do modelo

pode ser boa.

Sumario da invencao

[035] Considerando todos os dados relatados, este pedido de patente refere-se a
construcdo in silico de um gene sintético que ira codificar uma proteina recombinante
guimérica hipoalergénica combinando sequéncias proteicas de regifes antigénicas de
epitopos de células T dos alérgenos Der p 1, Der p 2 e Der p 23. Além da inclusédo de
ligantes usados para separar 0s peptideos entre os diferentes alérgenos ou para ligar
peptideos do mesmo alérgeno, a fim de predizer estruturas que mantenham a
capacidade imunogénica e sem perfil de ligacédo a IgE. Apés analise e sintese génica
foi possivel realizar a expressao de uma proteina quimérica hipoalergénica contendo
epitopos de células T imunodominantes dos alérgenos Der p 1, Der p 2 e Der p 23 do
acaro D. pteronyssinus. Essa proteina foi chamada de Der p 2231. Os dados aqui
apresentados através da analise das caracteristicas bioquimicas e imunolégicas da
proteina Derp 2231 podem tornar o processo de imunoterapia mais seguro, eficaz e
orientado para o perfil individual de sensibilizag&o alérgica do paciente.

Descrigcdo detalhada da tecnologia

Desenho in silico da proteina quimérica hipoalergénica

[036] A presente invencao refere-se a construcéo in silico de um gene sintético que
irA expressar uma proteina quimérica hipoalergénica de regides antigénicas de
epitopos de células T dos alérgenos Der p 1, Der p 2 e Der p 23. A proteina é
constituida por quatro peptideos de Der p 1, quatro peptideos de Der p 2 € um
peptideo de Der p 23, além dos ligantes usados para separar 0s peptideos entre os
diferentes alérgenos ou para ligar peptideos do mesmo alérgeno. A caracterizacao
funcional da molécula gerada foi avaliada com base no arranjo de posi¢coes dos

peptideos dos alérgenos. As estruturas terciarias desses diferentes arranjos foram
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preditas e a melhor estrutura proteica modelada foi escolhida. Detalhadamente, o

processo compreende 0s passos a segulir:

[037] A recuperacdo das sequéncias peptidicas foi feita a partir de estudos
publicados por Hinz e col. 2016 (HINZ, D. et al. Definition of a pool of epitopes that
recapitulates the t cell reactivity against major house dust mite allergens. Clin Exp
Allergy. v.45, n.10, p.1601-1612, 2015), onde o grupo definiu um total de 137 epitopos
imunodominantes de células T especificas para 4caro da poeira doméstica. Desses,
foram selecionados nove peptideos de epitopos de células T especificos para o &caro
D. pteronyssinus, quatro peptideos eram de epitopos de células T especificos para

Der p 1, quatro para Der p 2 e um para o Der p 23.

[038] A molécula gerada foi projetada combinando epitopos de células T com
vinculadores/ligantes usados para a separacéao eficaz de cada epitopo. Um total de 2
ligantes EAAAK, 6 ligantes KK foram usados. Esses ligantes, além do papel de
conexdo, impedem a geracdo de epitopos juncionais (neo-epitopos), preocupacao
importante em projetos de construcdo de sequéncias peptidicas constituidas por
epitopos, melhorando, portanto, o rendimento da expressdo e atividade biologica,
além de auxiliar na obtencao de perfis farmacocinéticos desejaveis (CHEN, X., ZARO,
J. L., SHEN, W. Fusion protein linkers: property, design and functionality, Adv. Drug
Deliv. Rev. v.65, n.10, p.1357-1369, 2013.

[039] Para determinar uma melhor caracterizacdo funcional da proteina quimérica in
silico, foram feitas seis diferentes modificacdes em relagédo a posi¢do dos peptideos
dos alérgenos. As estruturas terciarias dessas diferentes modificacdes foram
modeladas usando o] servidor RaptorX
(http://raptorx.uchicago.edu/StructurePrediction/prever/). O melhor modelo foi
escolhido com base na quantidade de dominios funcionais, este demostrou a melhor
estrutura proteica modelada, uma vez que a saida do servidor apresentou 100% de
residuos modelados em formato tridimensional, com trés dominios funcionais. A partir

deste ponto a proteina quimérica gerada sera sempre referida como rDer p 2231.

Desenho e sintese das sequéncias de nucleotideos harmonizadas da proteina

quimérica hipoalergénica
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[040] A harmonizacdo de codons foi realizada para recodificagdo das sequéncias do
hibrido, buscando uma expressao 6tima em E. coli. Nesse sentido, as frequéncias de
utilizacdo de codons do hospedeiro de expressao (E. coli) foram estreitamente
alinhadas as frequéncias de utilizacdo de cédons do hospedeiro dos genes-alvo (D.
pteronyssinus). Para tal, tabelas de utilizacdo de cdédons espécie-especificos do
Kazusa DNA Res Inst foram utilizadas (http://www.kazusa.or.jp/codon/). As
sequéncias harmonizadas dos hibridos foram sintetizadas pela empresa FASTBIO

(Campus USP Ribeirdo Preto, SP) e clonadas no vetor de expressao pET21a(+).

Exemplos de utilizagao

[041] Os exemplos seguintes séo apresentados para demonstrar o potencial inovador
da aplicacao da invencéo, para que possa ser melhor compreendido e ndo devem ser
interpretados como limitacdes das reivindicacdes feitas nesta patente. Uma variedade
de outros tipos de sistemas de expressao heterdlogos estao disponiveis podendo ser
usadas para producédo das proteinas hibridas hipoalergénicas, como sistemas cell-
free e sistemas eucaribticos. A purificacdo desses hibridos, inclusive, pode ser
ajustada com diversas modalidades de cromatografia e o modo de obté-los também

pode ser alterado.

Exemplo 1. Analises in silico das sequéncias da proteina quimérica
hipoalergénica

[042] Foram projetados 6 hibridos, construidos a partir de modificacbes em relacao
a posicao dos peptideos dos diferentes alérgenos. Os hibridos foram nomeados como
rDer p 1223, rDer p 2312, rDer p 1232, rDer p 2123, rDer p 2231 e rDer p 2321. Os
peptideos dos epitopos de células T dos alérgenos Der p 1, Der p 2 e Der p 23 foram
obtidos através de revisao da literatura (HINZ, D. et al. Definition of a pool of epitopes
that recapitulates the t cell reactivity against major house dust mite allergens. Clin Exp
Allergy. v. 45, n. 10, p. 1601-1612, 2015). A imunogenicidade dos hibridos geradas
foi confirmada através de predicdo de ligagdo de MHC-II usando IEDB analysis
resource Consensus tool (https://www.iedb.org/). As estruturas terciarias das
diferentes modificacdbes foram modeladas usando o servidor RaptorX

(http://raptorx.uchicago.edu/StructurePrediction/prever/), o melhor modelo foi
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escolhido com base na quantidade de dominios funcionais, valor-P e uGDT (GDT)
gerado. Para ilustracdo final foram geradas 6 modelos (Figura 1A-F). Para fins de
registro apenas os resultados referentes a construcéo rDer p 2231 (Figura 1E) serdo
incluidos nessa patente. Portanto, a partir disso, a sequéncia de aminoacidos e de
nucleotideos codificadores foram identificadas como SEQ ID N°.: 1 e SEQ ID N°.: 2

foi finalizada.

Exemplo 2: Expressdo em pequena escala e avaliacao da solubilidade do hibrido

hipoalergénico

[043] Os vetores de expressdo contendo as sequéncias harmonizadas foram
transformados em Escherichia coli BL21(DE3) pLysS (Invitrogen, Carlsbad, CA, EUA),
incubadas em placas LB-agar (100 pug/mL ampicilina, 34 pg/mL de cloranfenicol). Uma
Gnica colbnia resistente foi selecionada para expressao proteica, realizada em 5 mL
de meio Luria Bertani (LB) (100 pg/mL ampicilina, 34 pg/mL de cloranfenicol).
Diferentes parametros foram testados, como: variacdo do tempo (0 a 20 h),
temperatura (26°C e 37°C), inducao nas densidades 6tica do cultivo (O.Deoo) 0,6 — 0,9
com rotacao de 200 rpm. A inducéo da expressao foi feita através da adicdo de 1 mM
de Isopropil-b-D-tiogalactopiranésido (IPTG). Em seguida, o sedimento bacteriano da
cultura foi obtido por centrifugacdo a 7000 g, 20 minutos, 4 °C e ressuspenso em
tampéo sodio fosfato (50 mM NazHPO4, 50 mM NaH2PO4) pH 7.4. O sonicador de
sonda (Q55 Qsonica®) foi usado para rompimento celular (25 kHz; 15 segundos). Os
passos de sonicacdo foram repetidos sete vezes com intervalos de 15 segundos, as
células foram lisadas em ambiente refrigerado. Todo o contetdo foi centrifugado por
20 minutos, 4 °C, a 7000 g. O sobrenadante retirado (fracdo solavel) e o pellet
solubilizado em 25 mL de tampao fosfato de sédio (50 mM Naz2HPOas4, 50 mM
NaH2PO4, 6 M U), pH 7.4. Apo6s solubilizacdo, as amostras foram centrifugadas por
20 minutos, 4° C, a 7000 g, e o sobrenadante coletado (fracédo insoltvel). O produto
final foi filtrado em filtro estéril de 0,22 microns. A avaliacdo da expressdo e da
solubilidade foi realizada em SDS-PAGE a 12%. A proteina quimérica rDer p 2231 foi
expressa na temperatura de 26 °C, tempo de 6 horas, O.Deoo 0,6, apresentando peso
molecular aproximado de 25 kDa e encontrando-se nos corpos de inclusdo sendo

portanto insoltvel (Figura 02).



CAPITULO Ill - 144

Exemplo 3: Purificagdo do hibrido hipoalergénico

[044] A purificacdo da proteina recombinante foi realizada através de cromatografia
de afinidade automatizada, utilizando uma coluna niquel HisTrap FF Ni Sepharose
(GE Healthcare) no equipamento AKTA pure (GE Healthcare, Healthcare, Bio-
Sciences AB, Bjorkgatan 30 751 84 Uppsala, Sweden). A coluna foi previamente
equilibrada com tampéao fosfato de sédio (50 mM Na2HPO4, 50 mM NaH2PO4, 2 mM
Imidazol) pH 7.4 e a eluicao foi realizada utilizando um gradiente de imidazol (50 mM
Na2HPO4, 50 mM NaH2PO4, 6 M Ureia e 500 mM Imidazol) pH 7.4, até atingir 100%
da concentracdo. Foram coletadas fragcbes de 1 mL, e a analise do material foi
realizada através de gel SDS-PAGE 12% corado com Coomasie blue (Figura 02).

[045] A retirada do sal das proteinas eluidas foi realizada através de cromatografia
de afinidade no equipamento AKTA Pure25 (GE Healthcare, Healthcare, Bio-Sciences
AB, Bjorkgatan 30 751 84 Uppsala, Sweden) utilizando a coluna HiTrap desalting
Sephadex G-25 Superfine (GE Healthcare) seguindo as especificagcbes de
programacao do equipamento para a coluna utilizada. A troca de tampao foi feita para
o tampao fosfato de sodio (NaP) 50 mM, cloreto de sédio (NaCl) 0,15 M, pH 7,4 as
fracOes foram coletada e a anéalise do material foi realizada através de gel SDS-PAGE
12% corado com Coomasie blue (Figura 02). A quantificagéo da producéo proteica foi

realizada utilizando o Quick Start ™ Bradford.

Exemplo 4: Ensaios para avaliacdo da reducéo da reatividade da IgE

[046] Ensaios foram realizados a fim de definir o grau de reducéo da ligacéo da IgE
ao hibrido hipoalergénico rDer p 2231 em relacdo ao extrato e aos alérgenos tipo-
selvagem, produzidos de forma recombinante rDer p 1, rDer p 2 e rDer p 23. Apés
definir a concentracdo proteica, um ensaio imunoenzimatico (ELISA), foi realizado
para investigar as respectivas reatividades com IgE. Para tal, placas Greiner Bio-One
(Greiner Bio-One Brasil, Americana - SP, Brasil) foram sensibilizadas com os
antigenos recombinantes (5 ug/mL) e com extrato do D. pteronyssinus (DpE) ;100
pMg/mL) em PBS 1x pH, 7.4, 16h a 4 °C. O bloqueio (PBS 1x/ T 0,05% / SFB 10%) das
placas foi realizado em temperatura ambiente 12h, 4°C. Em seguida, 30 soros de

doadores alérgicos a D. pteronyssinus e 12 soros de doadores néo alérgicos, diluidos
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a 1:5 em PBS-T/SFB, foram incubados a 4 °C, por 16h. O anticorpo monoclonal anti-
IgE humano conjugado com HRP (BD Pharmingen, San Diego, CA, EUA) foi incubado
durante 1h a 37 °C. Por fim, para deteccdo da absorbéancia a 450 nm, as placas foram
incubadas utilizando uma solugao de 3,3’,5,5-tetrametilbenzidina (TMB) e peroxido
de hidrogénio (BD Pharmingen, San Diego, CA, EUA) para a detec¢do colorimétrica
num leitor de placas (Multiskan™ FC Microplate Photometer). Os resultados gerados
pelo ELISA apresentaram reducéo significativa na ligacdo da IgE para rDer p 2231

guando comparados com rDer p 1, rDer p 2, rDer p 23 e o DpE (Figura 03).

Exemplo 5: Avaliacéo in vivo do potencial terapéutico do hibrido hipoalergénico

Camundongos A/J machos foram sensibilizados subcutaneamente com 100 pg de
extrato de DpE adsorvido em 4 mg/mL de Al(OH)s nos dias 0 e 7. Nos dias, 14, 15,
16, 18, 20, 22 e 24 os animais foram desafiados com instilacéo intranasal de DpE (10
Mg em 50 yL de PBS). O grupo tratado com rDer p 2231 recebeu 25 ug da proteina
diluida em PBS por inje¢cBes subcutaneas, diariamente dos dias 18 a 24 do protocolo
experimental. O grupo Dexa foi tratado com fosfato dissédico de dexametasona (1
mg/kg). O grupo controle negativo recebeu solucdo salina nos procedimentos de
sensibilizacdo, desafio e tratamento. O controle positivo (DpE) foi tratado com injecdes
de solucédo salina. Nos dias em que os tratamentos coincidiam com os desafios, 0
tratamento era realizado uma hora ap6s os desafios intranasais. Um dia apos o ultimo
desafio, os animais foram eutanaziados com injecdes intraperitoneais de xilazina e

cetamina (40 mg/kg /peso corporal).

[047] A concentracdo de Der p 1 em DpE foi determinada usando um kit ELISA
(INDOOR Biotechnologies, Charlottesville, VI, EUA). A concentracao de Der p 1 foi de
16,17 ng por pg de proteina em DpE. A concentracéo dos niveis de endotoxinas (LPS,
lipopolissacarideo) no extrato alergénico e proteina hibrida foram quantificadas pelo
ensaio Limulus Amebocyte Lysate (LAL) (kit Pierce LAL Chromogenic Endotoxin
Quantitation, Thermo Fisher Scientific, Waltham, MA, EUA). Quando necessério, a
remocao do LPS foi feita da amostra usando a Resina de Remocao de Endotoxina
Pierce de Alta Capacidade (Thermo Fisher Scientific, Waltham, MA, EUA).

[048] Para obtencdo do Lavado Broncoalveolar (BAL) uma canula foi inserida na
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traqueia do animal e aplicado uma solucdo contendo 500 pL de PBS 1x / BSA 1%
gelado, sendo inoculando e retirando essa solucéo trés vezes. O volume final foi
centrifugado a 1952 g a 4 °C, durante 10 minutos. O sobrenadante foi coletado e
armazenado a -20 °C para posterior quantificacdo de anticorpos e citocinas. O pellet
de células, por sua vez, foi ressuspenso na mesma solucdo para quantificacao total
de células e posterior contagem diferencial de leucécitos e avaliagdo da atividade da
peroxidase de eosinofilos (EPO). Um ELISA indireto foi utilizado para dosar IgE, IgG1
e lgG2a especificas contra DpE, rDer p 1, rDer p 2, rDer p 23, rDer p 2231.
Resumidamente, placas de alta ligacdo de 96 pocos (Greiner Bio-One Brasil,
Americana - SP, Brasil) foram revestidas com DpE (100 ug / mL) ou os antigenos
recombinantes (5 pg / mL) durante a noite a 4 °C. Os pogos foram bloqueados por 1
h com PBS-T 0,05% contendo soro fetal bovino 10% (FCS, Gibco, Pisley, Reino
Unido) a temperatura ambiente. Depois disso, as amostras do BAL foram adicionadas,
com as seguintes diluices: (i) puro para deteccdo da IgE contra DpE e antigenos
recombinantes; (ii) 1:5 para deteccéo da IgG1 contra DpE e antigenos recombinantes;
(iii) 1:1,25 para deteccédo da IgG2a contra DpE e antigenos recombinantes. IgE e IgG1
(Abcam, Cambridge, UK) ou IgG2a (Thermo Fisher Scientific, Waltham, MA, EUA)
conjugadas com HRP na diluicdo de: IgE 1:250; IgGl e IgG2a 1:1000 foram
adicionadas aos pocos e incubados durante a noite ou durante 1h em temperatura
ambiente, respectivamente. Em seguida, a detecc¢éo foi realizada com 3,3 ', 5,5'-
tetrametilbenzidina (TMB) e peroxido de hidrogénio (BD Pharmingen, San Diego, CA,
EUA) e a reacdo foi interrompida com &cido sulfarico 4 M. A absorbéncia foi
determinada em 450 nm. em um leitor de placas (Multiskan™ FC Microplate
Photometer). Em relacédo aos anticorpos especificos (slg) contra DpE, rDer p 1, rDer
p 2, rDer p 23 e rDer p 2231, embora ndo tenha ocorrido aumento significativo da
producao de slgE em animais tratados com rDer p 2231, foi observado uma diminuicao
significativa de sIgE em relag&o ao controle positivo para DpE, rDer p 2, rDer p 23. E
também uma diminuicéo significativa de sIgE em relagdo a rDer p 2 nos animais
tratado com Dexametasona (Figura 4). Além disso, ocorreu aumento de slgG1 tanto
para Der p 1 e rDer p 2231, além de um aumento significativo slgG1 para DpE, rDer
p 2 e rDer p 23 nos animais tratados com rDer p 2231 quando comparado com 0 grupo
controle negativo. Observa-se um aumento significativo slgG1 para rDer p 2 nos
animais tratados com rDer p 2231 quando comparado com o grupo positivo (Figura

4). Todavia, os animais tratados com rDer p 2231 apresentaram niveis aumentados
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da slgG2a contra rDer p 23 e niveis aumentados significativamente slgG2a contra
DpE e rDer p 2231 em relagdo ao controle negativo, rDer p 2231 também apresentou
niveis significativamente aumentados de slgG2a para rDer p 2231 em relacdo ao

controle positivo (Figura 4).

[049] Foi feita a lavagem do pulmé&o injetando 5 mL de salina através do coragéo do
animal. O Iébulo direito do pulmao foi retirado, pesado (100 mg) e macerado com a
adicdo de 1 mL de PBS 1x contendo inibidor de protease, centrifugado a 1700 g por
10 min a 4 °C e o sobrenadante coletado. A ruptura de tecidos e células foi feita com
0 sonicador de sonda (Q55 Qsonica®), usado para rompimento celular (25 kHz; 15
segundos). Os passos de sonicacao foram repetidos sete vezes com intervalos de 15
segundos, apos a ruptura de tecidos e células o material foi sonicado e centrifugado
a 1500 g por 10 minutos a 4°C. O sobrenadante desta centrifugacdo foi entédo
analisado por ELISA para dosar sIgE, slgGl e slgG2a para os mesmos antigenos
analisados nas amostras de BAL. Os parametros de todos ELISA foram os mesmos,
com excecado da etapa da adicdo das amostras de tecido pulmonar, cujas diluicbes
foram: (i) puro para detecc¢éo da IgE contra DpE e antigenos recombinantes; (ii) 1:10
para deteccdo da IgG1 contra DpE e antigenos recombinantes; (iii) 1:5 para detec¢éo
da IgG2a contra contra DpE e antigenos recombinantes. No que se refere as slg
contra DpE foi observado uma diminui¢ao significativa de slgE em relagéo ao controle
positivo para DpE, rDer p 1, rDer p 2, rDer p 23 e rDer p 2231 nos animais tratado com
rDer p 2231 (Figura 5). Além disso, ocorreu aumento significativo de slgG1 para DpE,
rDer p 2, rDer p 23 e rDer p 2231 nos animais tratados com rDer p 2231 quando
comparado com o0 grupo controle negativo, rDer p 2231 demonstrou um aumento
significativo de slgG1 nos animais tratados com a proépria rDer p 2231 em relacdo ao
controle positivo. rDer p 23 e rDer p 2231 também demonstrou aumento significativo
de slgG1l nos animais tratado com dexametasona (Figura 5). Todavia, 0os animais
tratados com rDer p 2231 apresentaram niveis significativamente aumentados de
slgG2a contra DpE e rDer p 2231 em relagdo ao controle negativo. E rDer p 2231
também apresentou niveis aumentados significativamente de slgG2a para rDer p

2231 em relacdo ao controle positivo (Figura 5).

[050] O sangue dos camundongos foi coletado acessando a veia braquial. Apés

centrifugacéo a 13.000 g a 4 ° C por 10 minutos, os soros foram obtidos e congelados
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a -20 ° C. Um ELISA indireto foi utilizado para detectar os anticorpos especificos
anteriormente mencionados. Porém, as amostras de soro foram adicionadas, com as
seguintes diluicdes: (i) 1:5 para IgE seja para deteccdo contra DpE ou antigenos
recombinantes; (ii) 1:50 para deteccédo da IgG1 contra o recombinante rDer p 1; (iii)
1:25 para deteccédo da IgG1 contra os recombinantes rDer p 2, rDer p 23, rDer p 2231,
(iv) 1:3200 para a deteccao da IgG1 contra DpE; (v) 1:12,5 para a deteccao da lgG2a
contra DpE ou antigenos recombinantes. IgE, IgG1 (Abcam, Cambridge, UK) ou IgG2a
(Thermo Fisher Scientific, Waltham, MA, EUA) conjugadas com HRP foram
adicionadas aos pocos e estes foram incubados durante a noite ou durante 1h em
temperatura ambiente, respectivamente. As diluicdes dos conjugados foram: (i) 1:500
para deteccdo da IgE contra DpE e antigenos recombinantes, respectivamente; (ii)
1:2000 e 1:1000 para deteccdo da IgG1l e IgG2a contra os recombinantes e DpE,
respectivamente. Reacgdes enzimaticas e leituras também foram realizadas como ja
mencionado. Em relagcéo as slgs, houve reducéo da producdo de IgE em animais
tratados com rDer p 2231, sendo essa reducao significativa para rDer p 2 e rDer p 23
(Figura 6). Além disso, ocorreu aumento slgG1 tanto pararDer p 1, rDer p 2 e rDer p
23, e um aumento significativo de slgG1 para DpE como para rDer p 2231 nos animais
tratados com rDer p 2231 quando comprado com o grupo controle negativo (Figura
6). Todavia, os animais tratados com rDer p 2231 apresentaram niveis aumentados
da slgG2a contra rDer p 1, rDer p 2, rDer p 23, rDer p 2231 e niveis aumentados

significativamente da slgG2a contra DpE em rela¢édo ao controle negativo (Figura 6).

Exemplo 5: Ensaios para contagens total e diferencial de células do BAL

Conforme anteriormente descrito, apds a obtencéo do pellet de células do BAL, uma
contagem total das células feita em camara de Neubauer a partir da coloracdo com
Azul de Tripan 0,1%. Conforme mostrado na (Figura 7A), os animais tratados com o
hibrido hipoalergénico rDer p 2231 apresentaram uma regulacéo negativa das células
imunes inflamatorias, sendo estatisticamente significativo quando comparado com o

grupo controle positivo.

[051] Uma aliguota das células do BAL foi utilizada para realizar o citoesfregago
(cytospin) em duplicata, acrescentando 200 pl do lavado em cada cacapa do aparelho,
centrifugado por 5 minutos a 500 rpm em temperatura ambiente. Logo em seguida as
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laminas foram retiradas e colocadas para secagem e posteriomente submetidas a
coloragdo de Romanowsky — Giemsa (Pandtico rapido, Laborclin, Pinhais, PR, Brasil).
O perfil das células foi determinado através de caracteristicas morfolégicas de 100
leucdcitos por animal, utilizando-se para isso um microscopio biolégico binocular
modelo L-1000 bac (Bioval, Bauru-SP) em objetiva de imerséo (aumentado de 1000x).
Os animais tratados com o hibrido hipoalergénico rDer p 2231 produziu um numero
significativamente menor de eosinéfilos em comparacdo com o0s animais do grupo
positivo (Figura 7B). Foi observada uma diminuicdo de neutréfilos apds o tratamento
com rDer p 2231 (Figura 7B). Embora nédo tenha havido diferengas significativas no
namero de linfécitos, observa-se um aumento destes em comparagcao com animais do
grupo positivo. O nimero de macroéfagos foi significativamente maior nos animais
tratados com dexametasona comparado com 0s animais do grupo positivo (Figura
7B).

Exemplo 6: Ensaios para avaliacao da peroxidase de eosinofilos (EPO)

[052] A atividade da EPO presente no BAL foi determinada por meio do ensaio
colorimétrico. Apés a realizacdo da contagem total e citoanalises, o volume restante
de células passou por ruptura através da utilizacdo de um sonicador de sonda (Q55
Qsonica®), usado para rompimento celular 25 kHz; 15 segundos. Os passos da
sonicacao foram repetidos sete vezes com intervalos de 15 segundos, ap0s a ruptura
de tecidos e células o material foi centrifugado a 1500 g por 10 minutos a 4°C. Tal

sobrenadante foi analisado em um ensaio enziméatico in vitro.

[053] A lavagem do pulmao foi feita injetando 5 mL de salina através do coracdo do
animal, o lébulo direito do pulmao foi retirado, seccionado, pesado (100 mg) e
macerado com a adicdo de 1 mL de PBS 1x contendo inibidor de protease,
centrifugado (1700 g, 10 min, 4 °C). Os detritos residuais foram incubados com tampao
de lise de hemacias, produzindo uma suspenséo final de 10% (p / v) em PBS 1x mais
0,5% de HTAB. A ruptura de tecidos e células foi feita com descrito acima.

[054] Os sobrenadantes do BAL ou tecido pulmonar foram plaqueados, por meio de
6 diluicbes seriadas, em placas de 96 pocos. A deteccdo da EPO foi realizada

adicionando em cada poc¢o 150 pL do o-Phenylenediamine dihydrochloride (Sigma
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Chemical Co., St. Louis, Mo, EUA) mais peréxido de hidrogénio em tris HCI, pH 8,0.
O material foi incubado por 30 minutos no escuro e a reagéo foi interrompida com
acido sulfarico 4 M. A absorbancia foi determinada em 492 nm em um leitor de placas
(Multiskan™ FC Microplate Photometer).

[055] Enquanto o grupo controle positivo apresentou atividade da EPO
significativamente maior em ambos os locais avaliados (BAL e tecido pulmonar), em
comparacdo com O grupo controle negativo, a atividade da enzima foi
significantemente reduzida nos camundongos tratados com rDer p 2231, em

comparacao com o grupo controle positivo (Figura 8).

EXEMPLO 7: Resposta de células T ao hibrido hipoalergénico

[056] O tipo de resposta imune das células T e perfil de modulacdo foram inferidos
mediante a quantificacdo dos niveis de citocinas produzidas em lavado
broncoalveolar, pulméo e reestimulacdo de células de culturas de esplendcitos in vitro.
A citocinas IL-4 e IL-5 foram dosadas para inferir a resposta de células T-helper tipo 2
(Th2), INF-y para a resposta de células T-helper tipo (Thl) e, por fim, IL-10 para

células T-regulatérias (Treg).

[057] Para avaliacdo dos niveis de IL-4, IL-5, IL-10 e INF-y nos sobrenadantes do
BAL e processamento do tecido pulmonar, foi usado um ELISA captura comercial (BD
Pharmingen, San Diego, CA, EUA).

[058] Para a cultura de esplendcitos, o baco foi removido, macerado, centrifugado (7
min, 1200 rpm / 4 °C) e o pellet ressuspenso em 1 mL de tamp&o ACK (NH4Cl 150
mM, KHCOs3 10 mM, NazEDTA 0,1 mM, pH 7,2-7,4); apds a lise dos eritrécitos e
centrifugagéo, o sedimento obtido foi ressuspenso em meio RPMI suplementado com
200 mM de L-glutamina, 100 unidades/mL de penicilina, 100ug/mL de estreptomicina
e 10% de soro fetal de bovino inativado (Gibco, Pisley, UK). As células foram, em
seguida, contadas em camara de Neubauer com Azul de Tripan 0,1%. As células
foram em seguida plaqueadas em placas de cultura de tecidos de 96 pocos de fundo
plano (Costar, Cambridge, MA, EUA) a uma densidade de 2x10° células/poco. As

células foram reestimuladas com DpE, rDer p 1, rDer p 2, rDer p 23 e a proteina
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quimérica hipoalergénica rDer p 2231, além dos controles positivos (IL-10 — LPS a
1000 ng/mL ou outras citocinas — PHA a 1:50) e controle negativo (células néo
estimuladas). As células foram incubadas a 37°C numa atmosfera umidificada, com
5% de CO:2 durante 48 ou 72 horas. Os sobrenadantes das culturas celulares foram
coletados e analisados por ensaio imunoenzimatico (ELISA) para deteccédo de IL-4,
IL-5, IL-10 e IFN-y (BD Pharmingen, San Diego, CA, EUA).

[059] No BAL foi observado uma reducao de IL-4 estatisticamente significante entre
0s animais tratados com rDer p 2231 quando comparado com 0s animais do grupo
controle positivo e também com os tratados com dexametasona. A IL-5 também
reduziu significativamente entre os animais tratados com rDer p 2231 quando
comparado com controle positivo. Ja IL-10 e IFN-y ndo apresentaram reducdo ou
aumento (Figura 9). Uma reducéo significativa foi observada nas citocinas IL-4 e IL-5
no pulmao, entre os animais tratados com rDer p 2231 quando comparado com o
grupo controle positivo. Para o pulméo, foi observado uma reducao significativa de IL-
10, mas nado de IFN-y em animais tratados com a vacina ou dexametasona (Figura
9).

Os esplendcitos dos animais tratados com a quimérica hipoalergénica rDer p 2231 e
reestimuladas com DpE, rDer p 1, rDer p 2, rDer p 23, rDer p 2231 e os controles,
mesmo que néo estatisticamente significante, reduziram a produgéo de IL-4 e IL-5
guando comparado com os esplendcitos de animais nao tratados e que receberam os
mesmos reestimulos (Figura 10 e Figura 11). Para IL-10 e IFN-y foram observados
niveis elevados dessas citocinas, sendo: IL-10 estatisticamente significante para os
reestimulos com DpE, rDer p 1, rDer p 2231 e os controles, quando comparado com
0S outros grupos de tratamento (Figura 12); O IFN-y mostrou niveis altos e
significantes para os reestimulo com DpE, rDer p 223 quando comparado com 0s
outros grupos de tratamento e PHA, significativo ao controle negativo dentro do

proprio grupo (Figura 13).

Breve descricdo das Figuras

[060] Figura 1. Estruturas terciarias tridimensionais das diferentes modificagfes

realizadas em relacao a posicéo dos peptideos de epitopos de células T dos alérgenos
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Der p 1, Der p 2 e p 23, a fim de definir o melhor modelo com base na quantidade de
dominios funcionais, valor-P e uGDT (GDT) gerado por meio do servidor RaptorX.

[061] Figura 2. Expressédo e purificacdo do hibrido hipoalergénico rDer p 2231 na
linhagem BL21(DE3)pLysS, analisada em SDS-PAGE 12%. (PM) Padrdo de peso
molecular; (1) Antes da inducdo com IPTG; (2) Apés IPTG (1 mmol /L), inducéo de 1
h; (3) Ap6s IPTG (1 mmol /L), inducéo de 6 h; (4) Fracao solUvel do extrato bacteriano;
(5) Sedimento bacteriano solubilizado (6 mol / L uréia); (6) Amostra representativa da

cromatografia de afinidade; (7) Amostra representativa da dessalinizac&o.

[062] Figura 3. Avaliacdo dos niveis de reatividade de IgE determinada por ELISA
indireto em soros de pacientes alérgicos a D. pteronyssinus. Foi detectada uma
reducao significativa de IgE para o hibrido hipoalergénico rDer p 2231 em comparacao
com o extrato e moléculas recombinantes nativas (rDer p 1, rDer p 2, rDer p 23).
Simbolos para significancias sdo mostrados no grafico. A quantidade de simbolos
representa o grau de significancia quando ANOVA, com pos-teste de Mann whithney
ou Kruskal wallis utilizados, a depender da distribuicdo dos dados. O valor mediano
dos resultados do grupo é representado por linhas solidas horizontais curtas; * P
<0,05; ** P <0,01; ** P <0,0001; ns: n&o significativo.

[063] Figura 4. Niveis especificos de IgE, IgG1 e IgG2a contra DpE, rDer p 1, rDer p
2, rDer p 23 e do hibrido hipoalergénico rDer p 2231 produzidos por camundongos
tratados e ndo tratados com rDer p 2231. A producdo de anticorpos no BAL de
camundongos foi determinada por ELISA indireto. Simbolos para significancias séao
mostrados em cada gréafico. # - Comparacdes em relacdo ao grupo controle negativo;
* - Comparacgdes em relagéo ao grupo controle positivo; § - Comparacdes em relagcéo
ao grupo Dexa (tratados com dexametasona). A quantidade de simbolos representa
o grau de significancia quando ANOVA com pés-teste de Tukey ou Kruskal-Wallis com
pos-teste de Dunn foram utilizados, a depender da distribuicdo dos dados. Um
simbolo, P < 0,05; dois simbolos P < 0,01; trés simbolos P <0,0001; e quatro simbolos
P < 0,00001.

[064] Figura 5. Niveis especificos de IgE, IgG1 e IgG2a contra DpE, rDer p 1, rDer p
2, rDer p 23 e rDer p 2231 produzidos por camundongos tratados e néo tratados com
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o hibrido hipoalergénico rDer p 2231. A producdo de anticorpos no pulméo de
camundongos foi determinada por ELISA indireto. Simbolos para significancias sdo
mostrados em cada grafico. # - Comparacdes em relacdo ao grupo controle negativo;
* - Comparacdes em relacédo ao grupo controle positivo; § - Comparacdes em relacéo
ao grupo Dexa (tratados com dexametasona). A quantidade de simbolos representa
o grau de significancia guando ANOVA com pés-teste de Tukey ou Kruskal-Wallis com
pos-teste de Dunn foram utilizados, a depender da distribuicdo dos dados. Um
simbolo, P < 0,05; dois simbolos P < 0,01; trés simbolos P < 0,0001; e quatro simbolos
P < 0,00001.

[065] Figura 6. Niveis especificos séricos de IgE, IgG1 e IgG2a contra DpE, rDer p
1, rDer p 2, rDer p 23 e rDer p 2231produzidos por camundongos tratados e nao
tratados com hibrido hipoalergénico rDer p 2231. A producédo de anticorpos no soro
de camundongos foi determinada por ELISA indireto. Simbolos para significancias séo
mostrados em cada gréafico. # - Comparacdes em relagcdo ao grupo controle negativo;
* - Comparacdes em relacédo ao grupo controle positivo; § - Comparacdes em relacéo
ao grupo Dexa (tratados com dexametasona). A quantidade de simbolos representa
o grau de significancia quando ANOVA com pés-teste de Tukey ou Kruskal-Wallis com
pés-teste de Dunn foram utilizados, a depender da distribuicdo dos dados. Um
simbolo, P < 0,05; dois simbolos P < 0,01; trés simbolos P < 0,0001; e quatro simbolos
P < 0,00001.

[066] Figura 7. Efeito da proteina hibrida hipoalergénica rDer p 2231 sobre a
inflamacéao celular alérgica. (A) Contagem de células total (B) Contagem de células
diferencial. Simbolos para significAncias sdo mostrados em cada grafico. # -
Comparacgbes em relacéo ao grupo controle negativo; * - Comparag6es em relagdo ao
grupo controle positivo; 8 - Comparacfes em relagdo ao grupo Dexa (tratados com
dexametasona). A quantidade de simbolos representa o grau de significAncia quando
ANOVA com pos-teste de Tukey ou Kruskal-Wallis com pds-teste de Dunn foram
utilizados, a depender da distribuicdo dos dados. Um simbolo, P < 0,05; dois simbolos
P < 0,01; trés simbolos P < 0,0001; e quatro simbolos P < 0,00001.

[067] Figura 8. Analise do efeito da proteina hipoalergénica rDer p 2231 na atividade
da peroxidase de eosinofilos em células do BAL e do tecido pulmonar de
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camundongos. Simbolos para significAncias sdo mostrados em cada gréfico. # -
Comparacdes em relagao ao grupo controle negativo; * - Comparacdes em relagéo ao
grupo controle positivo; 8 - Comparagdes em relagdo ao grupo Dexa (tratados com
dexametasona). A quantidade de simbolos representa o grau de significancia quando
ANOVA com pos-teste de Tukey ou Kruskal-Wallis com poés-teste de Dunn foram
utilizados, a depender da distribuicdo dos dados. Um simbolo, P < 0,05; dois simbolos
P < 0,01; trés simbolos P < 0,0001; e quatro simbolos P < 0,00001.

[068] Figura 9. Analise do efeito de resposta das células T e perfil de modulacéo da
proteina hipoalergénica rDer p 2231 produzidos por camundongos, inferidos mediante
a quantificacdo dos niveis de citocinas (pg / mL) produzidas em (A) lavado bronco
alveolar e (B) tecido pulmonar. Simbolos para significancias sdo mostrados no grafico.
# - Comparacg6es em relagéo ao grupo controle negativo; * - Comparacdes em relagédo
ao grupo controle positivo; 8 - Comparacdes em relagcéo ao grupo Dexa (tratados com
dexametasona). A quantidade de simbolos representa o grau de significAncia quando
ANOVA com pos-teste de Tukey ou Kruskal-Wallis com pdés-teste de Dunn foram
utilizados, a depender da distribuicdo dos dados. Um simbolo, P < 0,05; dois simbolos
P < 0,01; trés simbolos P < 0,0001; e quatro simbolos P < 0,00001.

[069] Figura 10. Resultados do efeito de resposta das células T-helper tipo 2 (Th2)
mostrando os indices de IL-4 produzidos por camundongos tratados e nao tratados
com o hibrido hipoalergénico rDer p 2231, obtidos mediante a quantificacao dos niveis
de citocinas (pg / mL) e inferidos pelos indices de estimulacdo de esplendcitos ao
DpE, rDer p 1, rDer p 2, rDer p 23, rDer p 2231, controle e PHA, cultivados por 72
horas. Simbolos para significAncias sdo mostrados em cada grafico. * - Comparac¢fes
em relacdo as células do controle (producao basal, sem reestimulo). Notar que a cor
para esse simbolo foi igual ao respectivo grupo do modelo animal. Cinza, vermelho,
azul e verde para 0s grupos controle negativo, controle positivo, Dexa (tratados com
dexametasona) e Der p 2231 (trados com a vacina hipolargénica). Os testes utilizados
para tal analise foram teste t pareado ou teste pareado de Wilcoxon, a depender da
distribuicdo dos dados. A quantidade de simbolos representa o grau de significancia,
sendo * < 0,05; ** P < 0,01; ** P < 0,0001; e **** P < 0,00001. Outra analise foi
realizada para comparar os resultados dos diferentes grupos de animais frente a

restimulagdo com os diferentes estimulos. ANOVA com poés-teste de Tukey ou
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Kruskal-Wallis com pos-teste de Dunn foram utilizados neste caso. # - Comparacgdes
em relag&o ao grupo controle negativo; A - Comparagcdes em relagao ao grupo controle
positivo; § - Comparacdes em relagéo ao grupo Dexa (tratados com dexametasona).
A quantidade de simbolos representa o grau de significancia. Um simbolo, P < 0,05;
dois simbolos P < 0,01; trés simbolos P < 0,0001; e quatro simbolos P < 0,00001.
Notar que as cores para cada grupo do modelo animal também foram aqui utilizadas.

[070] Figura 11. Resultados do efeito de resposta das células T-helper tipo 2 (Th2)
mostrando os indices de IL-5 produzidos por camundongos tratados e nao tratados
com o hibrido hipoalergénico rDer p 2231, obtidos mediante a quantificacdo dos niveis
de citocinas (pg / mL) inferidos pelos indices de estimulacao de esplendcitos ao DpE,
rDer p 1, rDer p 2, rDer p 23, rDer p 2231, controle e PHA, cultivados por 72 horas. *
- Comparacdes em relacdo as células do controle (producéo basal, sem reestimulo).
Notar que a cor para esse simbolo foi igual ao respectivo grupo do modelo animal.
Cinza, vermelho, azul e verde para os grupos controle negativo, controle positivo,
Dexa (tratados com dexametasona) e Der p 2231 (trados com a vacina). Os testes
utilizados para tal analise foram teste t pareado ou teste pareado de Wilcoxon, a
depender da distribuicdo dos dados. A quantidade de simbolos representa o grau de
significancia, sendo * < 0,05; ** P < 0,01; ** P < 0,0001; e **** P < 0,00001. Outra
andlise foi realizada para comparar os diferentes grupos de animais frente a
restimulacdo com os diferentes estimulos. ANOVA com poés-teste de Tukey ou
Kruskal-Wallis com pos-teste de Dunn foram utilizados neste caso. # - Comparacfes
em relag&o ao grupo controle negativo; A - Comparacdes em relagdo ao grupo controle
positivo; § - ComparacgOes em relagéo ao grupo Dexa (tratados com dexametasona).
A quantidade de simbolos representa o grau de significancia. Um simbolo, P < 0,05;
dois simbolos P < 0,01; trés simbolos P < 0,0001; e quatro simbolos P < 0,00001.

Notar que as cores para cada grupo do modelo animal também foram aqui utilizadas.

[071] Figura 12. Resultados do efeito do perfil de modulagcdo de resposta de
esplendcitos, mostrando os indices de IL-10 produzidos por camundongos tratados e
nao tratados com o hibrido hipoalergénico rDer p 2231, obtidos mediante a
quantificacdo dos niveis de citocinas (pg / mL) inferidos pelos indices de estimulacdo
de esplendcitos ao DpE, rDer p 1, rDer p 2, rDer p 23, rDer p 2231, controle e LPS,

cultivados por 48 horas. * - Comparac¢des em relagéo as células do controle (producéo
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basal, sem reestimulo). Notar que a cor para esse simbolo foi igual ao respectivo
grupo do modelo animal. Cinza, vermelho, azul e verde para 0s grupos controle
negativo, controle positivo, Dexa (tratados com dexametasona) e Der p 2231 (trados
com a vacina). Os testes utilizados para tal analise foram teste t pareado ou teste
pareado de Wilcoxon, a depender da distribuicdo dos dados. A quantidade de
simbolos representa o grau de significancia, sendo * < 0,05; ** P < 0,01; *** P <0,0001,
e **** P < (0,00001. Outra analise foi realizada para comparar os diferentes grupos de
animais frente a restimulacédo com os diferentes estimulos. ANOVA com poOs-teste de
Tukey ou Kruskal-Wallis com pés-teste de Dunn foram utilizados neste caso. # -
Comparagdes em relagdo ao grupo controle negativo; A - Comparagdes em relacéo
ao grupo controle positivo; 8 - Comparacdes em relagéo ao grupo Dexa (tratados com
dexametasona). A quantidade de simbolos representa o grau de significancia. Um
simbolo, P < 0,05; dois simbolos P < 0,01; trés simbolos P < 0,0001; e quatro simbolos
P < 0,00001. Notar que as cores para cada grupo do modelo animal também foram

aqgui utilizadas.

[072] Figura 13. Resultados do efeito de resposta das células T-helper tipo 1 (Thl)
mostrando os indices de INFy produzidos por camundongos tratados e nao tratados
com o hibrido hipoalergénico rDer p 2231, obtidos mediante a quantificacdo dos niveis
de citocinas (pg / mL) inferidos pelos indices de estimulacao de esplendcitos ao DpE,
rDer p 1, rDer p 2, rDer p 23, rDer p 2231, controle e PHA, cultivados por 72 horas. *
- Comparacdes em relacéo as células do controle (producéo basal, sem reestimulo).
Notar que a cor para esse simbolo foi igual ao respectivo grupo do modelo animal.
Cinza, vermelho, azul e verde para os grupos controle negativo, controle positivo,
Dexa (tratados com dexametasona) e Der p 2231 (trados com a vacina). Os testes
utilizados para tal analise foram teste t pareado ou teste pareado de Wilcoxon, a
depender da distribuicdo dos dados. A quantidade de simbolos representa o grau de
significancia, sendo * < 0,05; ** P < 0,01; ** P < 0,0001; e **** P < 0,00001. Outra
analise foi realizada para comparar os diferentes grupos de animais frente a
restimulagdo com os diferentes estimulos. ANOVA com pos-teste de Tukey ou
Kruskal-Wallis com pos-teste de Dunn foram utilizados neste caso. # - Comparacdes
em relag&o ao grupo controle negativo; A - Comparacdes em relagdo ao grupo controle
positivo; § - Comparacgdes em relagéo ao grupo Dexa (tratados com dexametasona).

A guantidade de simbolos representa o grau de significancia. Um simbolo, P < 0,05;
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dois simbolos P < 0,01; trés simbolos P < 0,0001; e quatro simbolos P < 0,00001.
Notar que as cores para cada grupo do modelo animal também foram aqui utilizadas.
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SEQUENCIAS

SEQID NO.: 1
MDLRQMRTVT PIRMQGGCGS CKKGCGSCWA FSGVAATESA YLAKKQESYY
RYVAREQSCR KKHAVN IVGY SNAQGVDEAA AKPKDPHKFY ICSNWEAVHK
DCEAAAKCHG SEPCIIHRGK PFQLEAVKKY DIKY TWNVPK IAPKSENVVK
KNTKTAKIEI KASIDGKKGV LACAIATHAK IRD

SEQ ID NO.: 2
GGA TCC ATG GAT CTG CGT CAG ATG CGT ACC GTG ACC CCG ATT CGT ATG
CAG GGC GGC TGT G GC TCT TGT AAA AAA GGC TGT GGT TCT TGT TGG GCA
TTT AGC GGC GTG GCC GCA ACC GAA TC A GCC TAT CTG GCC AAA AAA CAG
GAA TCT TAT TAT CGC TAT GTT GCA CGC GAA CAG AGC TGT CGT AAA AAA
CAT GCA GTG AAT ATT GTT GGC TAT AGT AAT GCA CAG GGT GTT GAT GAA
GCA GCC GCC AAA CCG AAA GAT CCG CAT AAA TTT TAT ATT TGT AGT AAT
TGG GAA GCA GTT CAT A AA GAT TGT GAA GCC GCA GCC AAA TGT CAT GGT
AGT GAA CCG TGT ATT ATT CAT CGC GGC AA A CCG TTT CAG TTA GAA GCC
GTT AAA AAA TAT GAT ATT AAA TAT ACC TGG AAT GTT CCG AAA ATT GCC
CCG AAA TCA GAA AAT GTG GTT AAA AAA AAT ACC AAA ACC GCC AAA ATT
GAA ATT AAA GCA AGT ATT GAT GGT AAA AAA GGT GTG CTG GCC TGT GCC
ATT GCC ACC CAT GCC AAA ATT CGC GAT CTC GAG
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REIVINDICACOES

1. PROTEINA RECOMBINANTE HIPOALERGENICA caracterizada por uma
proteina recombinante derivada de sequéncias proteicas de regifes antigénicas de
epitopos de células T dos alérgenos Der p 1, Der p 2 e Der p 23 do acaro da poeira
domeéstica Dermatophagoides pteronyssinus, as quais exibem reduzida atividade
alergénica, possibilitando seu uso na profilaxia e tratamento de doencas alérgicas

como rinite e asma atopicas;

2. PROTEINA RECOMBINANTE HIPOALERGENICA de acordo com a
reivindicacdo 001, caracterizada por uma sequéncia proteica de quatro peptideos
deDer p 1, quatro peptideos de Der p 2 e um peptideo de Der p 23 de regibes
antigénicas de epitopos de Células T, além de dois ligante EAAAK, trés ligantes KK,
usados para separar os peptideos entre os diferentes alérgenos ou para ligar

peptideos do mesmo alérgeno;

3. PROTEINA RECOMBINANTE HIPOALERGENICA de acordo com as
reivindicagdes 001 e 002, caracterizada por sequéncias de peptideos de epitopos
de células T que possue modificactes e ligacdes especificas in silico responsaveis
pela reducdo na reatividade de IgE, quando comparadas com os alérgenos Der p 1,
Der p 2 e Der p 23 tipo-selvagem, representada pelas sequéncias de aminoacidos:
SEQ ID N°.: 1,

4. PROCESSO DE PRODUCAO DA PROTEINA RECOMBINANTE
HIPOALERGENICA de acordo com reivindicacdes 001 a 003, caracterizado por
compreender as seguintes etapas:

- Revisao da literatura e selecdo dos epitopos de células T ja descritos;

- Confirmacao da reatividade desses epitopos de células T dos alérgenos Der p 1, Der
p 2 e Der p 23 através do IEDB analysis resource Consensus tool;

- Montagem in silico da proteina quimérica de epitopos de Células T dos alérgenos
Der p 1, Der p 2 e Der p 23;

- Modelagem da estrutura tridimensional de uma proteina quimérica em diferentes

softwares;
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- Desenho das sequéncias génicas contendo os epitopos de células T dos alérgenos
Der p 1, Der p 2 e Der p 23;

- Método de obtencdo da proteina hibrida hipoalergénica utilizando sistemas
heterdlogos;

- Sintese quimica das sequéncias génicas codificadoras da proteina quimérica
hipoalergénica e clonagem em vetor plasmidiano de expressao;

- Avaliacdo da utilizacdo da proteina hibrida hipoalergénica recombinantes como
moléculas de referéncia através de experimentos fisico-quimicos e imunoldgicos in

vitro e in vivo;

5. METODO de acordo com reivindicacdo 004, caracterizado por construcéo
in silico de uma proteina hibrida hipoalergénica usando como molde sequéncias
proteicas de regides antigénicas de epitopos de células T dos alérgenos Der p 1, Der
p 2 e Der p 23, através da determinacéo in silico de regides de ligacdo a moléculas de
MHC classe Il do alérgeno Der p 1, Der p 2 e Der p 23 com intencédo de manter e/ou
aumentar a reposta celular e diminuir a resposta humoral mediada pela
imunoglobulina IgE, bem como avaliagdo da estabilidade proteica das proteinas
quiméricas hipoalergénicas, cuja sequencia codificadora otimizada identifica-se como
SEQ ID N°.: 2;

6. SEQUENCIAS CODIFICADORAS DA PROTEINA RECOMBINANTE
HIPOLAERGENICA de acordo com reivindicacdes 004 e 005, caracterizadas por
uma sequéncia de peptideos de epitopos de células T mais ligantes especificos (SEQ
ID N°.: 1, SEQ ID N°.: 2) servindo de molde para construcao in silico da proteina
guimérica hipoalergénica, a qual contém quatro peptideos de Der p 1, quatro
peptideos de Der p 2, um peptideo de Der p 23, dois ligante EAAAK e seis ligantes
KK;

7. METODO de acordo com reivindicacbes 004 a 006, caracterizado por
presenca de modificacbes especificas em relacdo a posicdo das sequéncias
codificadoras da proteina quimérica hipoalergénica, com objetivo da expressao

heter6loga das mesmas;
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8. METODO de acordo com reivindicacbes 004 a 007, caracterizado pela
producdo heterdloga da proteina quimérica hipoalergénica em células procariotas,
eucariotas e/ou sistemas cell-free; abrange-se sistemas de expressédo recombinante
gue envolvam a fusdo dessas proteinas hipoalergénicas das SEQ ID N°.: 1, tal como
suas variantes de acordo com as reivindicagées 005 a 007, para permitir a expressao
da versao recombinante da proteina hipoalergénica;

9. METODO de acordo com reivindica¢cdes 004 a 007, caracterizado por o
desenho do vetor de expressao conter unidade transcricional que incluem as
sequéncias de nucleotideos SEQ ID N°.: 2, tal como suas variantes de acordo com as
reivindicacbes 005 a 007, para permitir a expressdo da versao recombinante das

proteinas hibridas tipo-selvagem e hipoalergénicas;

10. METODO de acordo com reivindicacdes 004 a 008 caracterizado por
producdo recombinante da quiméricas hipoalergénica em sistemas heterdlogos
procariéticos, eucariéticos e/ou sistemas in vitro livres de células; inclui-se sistemas
de producédo recombinante que envolvam a fusao dessas proteinas hibridas das SEQ
ID N°.: 1, com diferentes proteinas parceiras e/ou tags, além da alteracdo das
sequéncias nucleotidicas SEQ ID N°.: 2, no intuito de purificar e/ou otimizar o processo
de obtencdo da versdo recombinante, conforme requerido nas reivindicacbes 001 a
003;

11. UMA VACINA PARA A IMUNOTERAPIA ALERGENO-ESPECIFICA
caracterizada por utilizacdo da proteina quimérica hipoalergénica na sua formulacao,
conforme solicitado nas reivindicacées 001 a 003, apresentando o hipoalérgeno na

sua forma purificada ou combinado a agentes excipientes e/ou adjuvantes;

12. COMPOSICAO VACINAL PARA A IMUNOTERAPIA ALERGENO-
ESPECIFICA de acordo com a reivindicacdo 009 caracterizada por serem
formuladas na forma de uma solucdo, suspensédo, emulsao, liofilizada ou sistema

transdérmico;

13. COMPOSICAO VACINAL PARA A IMUNOTERAPIA ALERGENO-
ESPECIFICA de acordo com a reivindicag&o 009 caracterizada por administragéo
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via subcutanea, sublingual, bucal, nasal, retal, topica, por inalacdo, ou administracédo

parentérica.
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Neste estudo onde conseguimos destacar as diversas vantagens do uso de
variantes hipoalergénicas recombinantes de alérgenos, mostrando o avanco de
tecnologias mais seguras, eficazes e orientadas para o perfil individual de
sensibilizacdo alérgica do paciente. Mostramos também que construcdes de proteinas
hibridas tem se destacado como uma abordagem promissora em AIT, pela
simplificacdo da producgdo de proteinas recombinantes, ja que uma unica molécula
sera produzida contendo a informacdo imunoldgica relevante de alérgenos maiores
de um ou mais organismos. Aumenta-se assim, 0 potencial imunogénico,
possibilitando a exclusdo ou inclusdo de regiées conservadas de alérgenos. Essas
vantagens provavelmente irdo ajudar a contornar o problema dos protocolos de longo
prazo em AIT, permitindo uma melhor adeséo dos pacientes.

Constatamos que o hibrido rDer p 2231 estimulou em PBMCs isoladas de
pacientes atopicos e de esplendcitos de camundongos tratados com rDer p 2231,
produzindo niveis mais elevados de citocinas do perfil Thl e citocinas reguladoras,
bem como niveis mais baixos de citocinas do perfil Th2. Em modelo terapéutico com
camundongos alérgicos a D. pteronyssinus tratado com a molécula hibrida, levou a
reducdo da producdo de IgE e menor atividade da peroxidase eosinofilica nas vias
aéreas. Além desses achados, rDer p 2231 atuou no modelo crénico de alergia,
reduzindo de forma significativa a hipertrofia da musculatura lisa, diminuindo a fibrose
na membrana subbasal, a hiperplasia das células caliciformes, assim como a resposta
inflamatoria alérgica, como hiperreatividade das vias aéreas.

Por fim, esses resultados mostram que rDer p 2231 foi capaz de reduzir a
producdo de IgE, induzindo anticorpos bloqueadores alérgeno-especificos,
restaurando e equilibrando as respostas Th1/Th2 e levando a inducéo de células T
reguladoras, além de reduzir os efeitos patologicos teciduais associados a asma
cronica destacando esse hibrido hipoalergénico como um potente imunoterapico que
poderia tratar pacientes co-sensibilizados aos trés alérgenos maiores de D.

pteronyssinus.
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