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RESUMO

NASCIMENTO, Regina Santos. Avaliacdo funcional de polimorfismos nos genes EBI3 e
IL12A associados ao desenvolvimento de asma em uma coorte de criangas do municipio de
Salvador-BA. Tese (Doutorado) — Instituto de Ciéncias da Salde, Universidade Federal da
Bahia.

A asma é doenca inflamatoria cronica das vias reas, de carater ndo transmissivel, influenciada
por fatores ambientais e genéticos. A asma alérgica é o fen6tipo mais comum da doenga e esta
associada com a exacerbacdo da resposta imune Th2. Varios tipos celulares estdo envolvidos
na regulacdo do sistema imunoldgico no pulmdo, com destaque para as células T e B
regulatorias. Diversos mecanismos inibitérios desenvolvidos por estas células ja foram
descritos, dentre os quais estdo a liberagdo de citocinas supressoras como IL-10, TGF-§ e IL-
35. A IL-35 é uma citocina heterodimérica, composta pelas subunidades EBI3 e 1L12p35, que
sdo codificadas respectivamente pelos genes EBI3 e IL12A. Alteracdes nos niveis dessa citocina
tém sido associadas a asma e atopia. A relevancia do componente genético no desenvolvimento
da asma é amplamente discutida na literatura. Nesse contexto, dada a importancia das células
Treg e da susceptibilidade genética, este estudo se propds a investigar o impacto funcional de
polimorfismos nos genes regulatorios EBI3 e IL12A em uma populagdo de criancgas brasileiras.
O DNA de 1.218 criancas foi genotipado usando o Ilumina 2.5 Human Chip Omni Bead.
Anélises de regressdo logistica foram realizadas usando o software PLINK 1.9 para verificar a
associacao entre os polimorfismos em EBI3 e IL12A, asma e marcadores atopicos, ajustados
para sexo, idade, infeccBes por helmintos e marcadores de ancestralidade. A expressao do
MRNA foi realizada usando gPCR em tempo real. Um total de 4 marcadores para IL12A e 5
para EBI3 foram encontrados. Os resultados mostraram que o alelo C de rs2243131 em IL12A
foi positivamente associado a asma (OR 1.35, Cl 1.06-1.71), gravidade de asma (OR 1.36, CI
1.02-1.81), teste cutaneo positivo para Blatella germanica (OR 1.59, Cl 1.09-2.22), e também
positivamente associado para a producao espontanea da producédo de IL-5 (OR: 1.71; Cl: 1.11—
2.62). O alelo A de rs568408 em IL12A também foi positivamente associado ao teste cutaneo
positivo para B. germanica (OR 1.65, ClI 1.10-2, 37). Jd 0 rs582537 em IL12A foi negativamente
associado ao teste cutaneo positivo para B. germanica (OR 0.64, Cl 0.42-0.98) e
Dermatophaoides pteronyssinus (OR 0.77, Cl 0.60-0.98), além de negativamente associado
com a producéo espontanea de INF-y (OR: 0.52; CI: 0.52-0.99). Com relacéo a EBI3, todas as
variantes encontradas foram negativamente associadas a marcadores de atopia: o alelo C de
rs78749916 (OR 0.61, Cl 0.40-0.93), o alelo G de rs77145509 (OR 0.66, Cl 0.46-0.94), e 0
alelo A de rs76353132 (OR 0.68, CI 0.43-0.96), foram negativamente associados ao teste
cutdneo positive para Periplaneta americana. A variante 1s76353132 também foi
negativamente associada a produ¢ado espontanea de INF-y (OR: 0.72; Cl: 0.52-0.99). O alelo C
de rs428253 foi negativamente associado com teste cutaneo positivo para pelo menos um
alérgeno (OR: 0.64; CI: 0.44-0.92), e o alelo G de rs4905 foi negativamente associado com IgE
positivo para pelo menos um alérgeno (OR 0.62, CI 0.40-0.95). Os niveis de expressdo do
MRNA de IL12A foram reduzidos em individuos asmaticos atopicos quando comparados aos
controles. Os niveis de expressao de mMRNA EBI3 foram diminuidos em individuos asmaticos
atépicos em comparacdo com individuos ndo asmaticos e atopicos, e quando comparados aos
controles. Neste estudo pudemos, pela primeira vez, descrever novas variantes na via
regulatoria da IL-35 ligada a asma e atopia, destacando a importancia da regulagdo imune na
patogénese da asma. Palavras-chave: IL-35, EBI3, IL12A, células regulatorias, imunogenética.



ABSTRACT

NASCIMENTO, Regina Santos. Functional evaluation of polymorphisms in the EBI3 and
IL12A genes associated with the development of asthma in a cohort of children in the city of
Salvador-BA. Tese (Doutorado) — Instituto de Ciéncias da Salude, Universidade Federal da
Bahia.

Asthma is a chronic inflammatory disease of the airways, non-transmissible, influenced by
environmental and genetic factors. Allergic asthma is the most common phenotype of the
disease and is associated with an exacerbation of the Th2 immune response. Several cell types
are involved in the regulation of the immune system in the lung, with emphasis on regulatory
cells Treg and Breg. Several inhibitory controls included by these cells have already been
admitted, among which are the release of suppressive cytokines such as IL-10, TGF-$ and IL-
35. IL-35 is a heterodimeric cytokine, composed of the EBI3 and 1L12p35 subunits, which are
encoded by the EBI3 and IL12A genes, respectively. Changes in the levels of this cytokine have
been associated with asthma and atopy. The consternation of the genetic component in the
development of asthma is widely reported in the literature. In this context, given the importance
of Treg cells and genetic susceptibility, this study set out to investigate the functional impact of
polymorphisms in the regulatory genes EBI3 and IL12A in a population of Brazilian children.
DNA from 1.218 children was genotyped using the Illumina 2.5 Human Chip Omni Bead.
Logistic regression analyzes were performed using PLINK 1.9 software to verify the
association between polymorphisms in EBI3 and IL12A, asthma and atopic markers, adjusted
for sex, age, helminth survivors and ancestry markers. mMRNA expression was performed using
real-time gPCR. A total of 4 markers for IL12A and 5 for EBI3 were found. The surprising
results that the C allele of rs2243131 in IL12A was positively associated with asthma (OR 1.35,
Cl 1.06-1.71), asthma severity (OR 1.36, Cl 1.02-1.81), positive skin test for Blatella
germanica (OR 1.59, CI 1.09-2.22), and also positively associated with the spontaneous
production of IL-5 (OR: 1.71; CI: 1.11-2.62). The A allele of rs568408 in IL12A was also
positively associated with a positive skin test for B. germanica (OR 1.65, ClI 1.10-2, 37).
rs582537 in IL12A was associated with a positive skin test for B. germanica (OR 0.64, Cl 0.42-
0.98) and Dermatophaoides pteronyssinus (OR 0.77, CI 0.60-0.98), in addition to being
associated with the natural production of INF-y (OR : 0.52; CI: 0.52-0.99). With regard to
EBI3, all the variants found were incorporated into atopy markers: the C allele of rs78749916
(OR 0.61, CI 0.40-0.93), the G allele of rs77145509 (OR 0.66, Cl 0.46-0.94), and the A allele
of rs76353132 (OR 0.68, CI 0.43-0.96), were associated with a positive skin test for Periplaneta
americana. The rs76353132 variant was also associated with spontaneous INF-y production
(OR: 0.72; CI: 0.52-0.99). The rs428253 C allele was associated with a positive skin test for at
least one allergen (OR: 0.64; Cl: 0.44-0.92), and the rs4905 G allele was associated with a
positive IgE for at least one allergen (OR 0.62, CI 0 .40-0.95). IL12A mRNA expression levels
were reduced in atopic asthmatic subjects when compared to controls. EBI3 mRNA expression
levels were decreased in atopic asthmatic subjects compared to non-asthmatic and atopic
subjects, and when compared to controls. In this study, we were able, for the first time, to
describe new variants in the IL-35 regulatory pathway linked to asthma and atopy, highlighting
the importance of immune regulation in the pathogenesis of asthma.

Keywords: IL-35, EBI3, IL12A, regulatory cells, immunogenetics.
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1. INTRODUCAO

A asma consiste em uma inflamacdo cronica das vias aéreas que apresenta um conjunto
heterogéneo de condicdes clinicas que variam em gravidade, fatores de risco, resposta ao
tratamento, aspectos genéticos e historia natural da doenca. Cerca de 339 milhGes de pessoas
no mundo sdo afetadas pela asma, e os padrdes de incidéncia e prevaléncia diferem entre
criancgas e adultos. Ainda que o diagndstico seja frequentemente realizado durante a infancia,
pode ocorrer em qualquer momento da vida, com alguns individuos desenvolvendo pela
primeira vez na idade adulta. Por outro lado, enquanto a incidéncia e prevaléncia sdo maiores
em criancas, a mortalidade € maior em adultos. Os mecanismos envolvidos no desenvolvimento
da asma néo séo totalmente compreendidos, mas sabe-se que eles podem causar um infiltrado
de células inflamatérias no tecido pulmonar, hipersecrecdo de muco, inflamagcédo,
remodelamento e hiper responsividade das vias aereas (Dharmage, Perret, and Custovic 2019;
Del Giacco et al. 2017; Hu 2017; Maciag and Phipatanakul 2020; Network 2018).

Sintomas como falta de ar, tosse, limitacéo reversivel do fluxo aéreo e sibilancia, sdo associados
a diferentes padrdes da doenca, que apresenta variaveis clinicas e mecanismos fisiopatoldgicos
diversos. A asma alérgica é o fendtipo mais comum, principalmente na infancia, e esta
associada a sensibilizacdo a aeroalérgenos. J& a asma ndo alérgica inclui uma resposta
imunologica ndo Th2, incluindo anormalidades neutrofilicas intrinsecas e ativacéo de linfocitos
Th-17. (Akar-Ghibril et al. 2020; Boonpiyathad et al. 2019; Schoettler and Strek 2020;
Verschoor and VVon Gunten 2019; Victor, Lezmi, and Leite-de-Moraes 2020; Zhao and Wang
2018).

Uma variedade de alérgenos, como acaros de poeira doméstica, polen e alérgeno de baratas
desempenham um papel importante na patogénese da asma alérgica, na qual predomina a
resposta Th2, com producéo de citocinas como IL-4, IL-5 e IL-13. A inducdo de células Th2
reativas a alérgenos requer a exposicdo inicial/sensibilizacdo ou e reativacdo/segunda
exposicdo. Trata-se de um processo complexo no qual ocorrem diversas interagcdes entre
variados tipos de células nos pulmdes e linfonodos (Boonpiyathad et al. 2019; Wang et al.
2020).

A populacdo esta rotineiramente exposta a uma ampla gama de alérgenos, mas nem todos 0s
individuos séo sensibilizados, ou apresentam atopia ou asma. Esse fato pode ser explicado pela
susceptibilidade genética, e por fatores imunoldgicos. Nesse sentido, a resposta imune requer o

mecanismo imunossupressor orquestrado pelas células T regulatérias (Treg). Um ndmero
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crescente de estudos tem demonstrado defeitos funcionais e diferenciagdo insuficiente dessas
células como importante fator envolvido na patogénese da asma (Martin-Orozco, Norte-Mufioz,
and Martinez-Garcia 2017; Zhao and Wang 2018).

As células Treg participam do controle da inflamagdo em diversos processos biolégicos, como
infeccBes, doencas metabdlicas, reparo tecidual, cancer e reacbes de hipersensibilidade.
Quando um antigeno estimula a diferenciacdo de células T CD4+ naive em células Th2, ele
também promove a diferenciacdo de células Treg, que tem por funcdo manter o equilibrio entre
as respostas imues. Células Treg disfuncionais ou quantitativamente insuficientes néo
conseguem controlar efetivamente uma resposta Th2 excessiva, como ocorre na asma e em
doencas alérgicas. As células Treg podem ser classificadas em naturais (nTregs), induzidas
(iTreg), coestimuladoras induziveis (ICOS+ Treg), células Trl produtoras de IL-10, CD8+
Treg, e Tregs produtoras de 1L-17. Além das células T, existe uma populacdo de linfdcitos B,
denominados Breg, que também apresenta papel importante na modulacdo da asma e alergia
(Bergantini et al. 2021; Catalén et al. 2021; Martin-Orozco et al. 2017; Zhao and Wang 2018).

O fator de transcrigdo FOXP3 (forkhhead box P3) é um marcador nuclear largamente utilizado
na identificagdo de células Tregs. Ele controla a diferenciacdo e as fungdes desse grupo de
células, que por sua vez apresenta uma variedade de mecanismos supressores, como a producao
de citocinas inibitorias, a exemplo da IL-10, IL-35 e TGF-B1. IL-10 é imunoreguladora e
apresenta atividade supressora em muitas células efetoras diferentes, influenciando na
tolerdncia imunoldgica a alérgenos. TGF-B1 € uma citocina pleiotropica capaz de inibir a
proliferacdo de linfécitos B e T, e esta envolvida na regulacdo de respostas alérgicas. I1L-35 é
uma citocina heterodimérica composta das subunidades EBI3 (Epstein—Barr virus-induced gene
3) e I1L-12p35, que apresenta atividade anti-inflamatoria e imunossupressora. Alteracdes nos
niveis dessas citocinas tém sido associadas a asma e atopia. As Tregs apresentam um certo nivel
de plasticidade funcional, possuindo a capacidade de perceber citocinas em seu meio e
responder a elas com a expressdo de genes apropriados (Boonpiyathad et al. 2020; Martin-
Orozco et al. 2017; Zhao and Wang 2018).

A relevancia do componente genético no desenvolvimento da asma é amplamente discutida na
literatura. Identificar loci genéticos associados a asma e atopia auxiliam na compreensédo das
vias bioldgicas implicadas. (Martin-Orozco et al. 2017; Ntontsi et al. 2021). Nesse contexto,
dada a importancia das células Treg e da susceptibilidade genética, este estudo se propds a
investigar o impacto funcional de polimorfismos nos genes regulatérios EBI3 e IL12A, que

codificam a IL-35, em uma populacédo de criangas brasileiras.
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2. FUNDAMENTACAO TEORICA
2.1. Epidemiologia da asma

A asma é doenca nédo transmissivel, globalmente importante como problema de salde
publica. Diferentes status socioecondémicos, ragas, etnias, e faixa etarias sdo afetados. Embora
a incidéncia e prevaléncia sejam maiores em criangas, a morbidade e mortalidade s&o maiores
em adultos. Estima-se que cerca de 339 milhGes de pessoas tenham asma no mundo, ocupando
0 16° lugar entre as principais causas de anos vividos com incapacidade. Existe uma grande
variacdo geogréfica na prevaléncia da asma, embora seja mais elevada em paises de renda
média, a maior parte da mortalidade ocorre em paises de renda média e baixa, e a incidéncia
global tem estabilizado e até mesmo diminuido em paises desenvolvidos (Dharmage et al. 2019;
Enilari and Sinha 2019; Network 2018; Stern, Pier, and Litonjua 2020).

Em 2019, 12,9 mil criangas morreram de asma no mundo. A prevaléncia da asma infantil
estad acima de 10% em praticamente todos os paises da América Latina, onde o impacto da
doenca é complicado pelo acesso limitado aos servigcos de salde e medicamentos essenciais.
No Brasil, a prevaléncia em criangas e adolescentes é cerca de 20%, uma das mais altas do
mundo. A falta de controle da doenca durante a infancia pode levar a altas taxas de inatividade
fisica, absenteismo escolar e hospitalizacdes. A carga de incapacidade provocada pela asma,
causou 13,8 milhdes de dias de aulas perdidas nos Estados Unidos em 2013, sendo o principal
fator de absenteismo escolar no pais. 36 mil criangas estadunidenses faltam a escola diariamente
devido a doencga, 0 que causa um importante impacto negativo no desenvolvimento académico
dos jovens. (Cardoso et al. 2017; Liu et al. 2016; Zhang and Zheng 2022).

Ainda que possa ocorrer em qualquer idade, a asma é mais comum em criangas € € a
principal causa de doenca crbnica das vias aéreas nessa faixa etaria. Com o passar dos anos,
torna-se mais complexo diferenciar o inicio da asma na idade adulta, de outros diagnosticos
como doenca pulmonar obstrutiva crénica (DPOC) ou sobreposicdo DPOC-asma, levando a
frequentes subdiagnoésticos. Apesar das taxas de internagdes hospitalares e mortalidade
provocadas pela doenca apresentarem atualmente um declinio na maioria das regides
brasileiras, a asma é uma das principais responsaveis por internaces no pais em todas as idades,
e a mortalidade ainda é superior a 2000 mortes por ano. (Cardoso et al. 2017; Enilari and Sinha
2019; Network 2018; Zhang and Zheng 2022).
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2.2. Asma alérgica e atopia

A asma é uma doenca fisiopatologicamente complexa, e, portanto, dificil de ser definida
de maneira simplista. Trata-se de uma doenca inflamatoria crénica das vias aéreas representada
por um conjunto heterogéneo de condices clinicas que variam em gravidade, inicio, fatores de
risco desencadeantes, resposta ao tratamento, genética e histdria natural. A manifestacdo de
sintomas como sibilo, tosse e falta de ar, estdo patologicamente relacionados a obstrucéo
variavel do fluxo aéreo, causada por hiperreatividade brénquica, hipersecrecdo de muco, e
inflamacgdo cronica das vias aéreas. A diversidade de apresentacdes clinicas e mecanismos
fisiopatologicos envolvidos, permitem classificar a asma em diferentes fen6tipos e endotipos
(Boonpiyathad et al. 2019; Mims 2015; Padem and Saltoun 2019).

A asma alérgica é o fendtipo mais comum da doenca, especialmente em criangas, € €
frequentemente induzida por sensibilizacdo a alérgenos ambientais, como poélen e acaros da
poeira doméstica. A predisposi¢do genética para produzir imunoglobulina E (IgE) em resposta
a pequenas quantidades desses alérgenos comuns é denominada atopia. Essa condicdo aumenta
0 risco de desenvolvimento de doencas como dermatite atOpica, alergias alimentares,
rinoconjuntivite e asma. (Thomsen 2015; Verschoor and VVon Gunten 2019).

As doencas atdpicas geralmente se desenvolvem em uma marcha atopica, progressao
sequencial de sintomas ou doencas seguindo um certo padrdo ao longo da vida. A dermatite
atopica e sensibilizacdo a alimentos e aeroalérgenos comecam ainda na primeira infancia,
progredindo para rinite alérgica e asma. Apesar dessa sequéncia de eventos ser comum, 0
desenvolvimento desses sintomas e doencas ndao é uniforme em todas as criangas atopicas. O
diagnostico de asma em criangas menores de 3 anos de idade € dificil, pois muitas apresentam
episddios recorrentes de sibilos e tosse, geralmente em resposta a infec¢Bes respiratdrias
agudas, causadas especialmente por virus tais como o virus sincicial respiratorio e o rinovirus.
Apesar da complexidade diagnostica nessa faixa etaria, alguns fatores como histéria familiar
positiva para doenca atdpica, presenca de dermatite atopica e sensibilizacdo a alimentos e
aeroalérgenos predizem asma persistente na infancia e vida adulta. (Akar-Ghibril et al. 2020;
Thomsen 2015; Verschoor and VVon Gunten 2019).

2.3. Imunopatogénese da asma alérgica

A asma alérgica implica em uma relacdo entre reatividade clinica e exposicdo a

aeroalérgenos. A inalacdo dessas particulas desencadeia sintomas de asma devido ao processo
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inflamatorio controlado por uma gama de mediadores bioativos incluindo IgE, citocinas e
qguimiocinas. Ja na asma ndo alérgica ndo ha deteccdo de IgE especifica para alérgenos, bem
como relacdo temporal entre a exposicao a essas particulas e sintomas de asma. Infeccdes do
trato respiratorio superior, refluxo gastroesofagico, ar frio ou exposi¢des a substancias
irritantes, como o tabaco, sdo tipicamente associadas a asma nao alérgica (Padem and Saltoun
2019; Shum, Rolph, and Sewell 2008).

A asma alérgica tende a iniciar na infancia e esta associada com a resposta de células T
helper 2 (Th2), também observada em outras condi¢des alérgicas como dermatite e rinite. Este
fendtipo da doenca é normalmente induzido por encontros precoces com alérgenos ambientais.
O desenvolvimento de linfécitos T CD4+ do tipo Th2 requer a exposicao inicial, sensibilizacéo,
e a reativacdo com uma segunda exposi¢do. As células Th2 especificas produzem entdo
citocinas que levam ao acumulo de uma grande quantidade de eosin6filos nas paredes das vias
aéreas, superproducdo de muco e sintese de IgE por células B alérgeno-especificas (figura 1),
gue podem ser detectadas no soro ou atraves de teste cutaneo. Essa resposta exagerada das vias
aéreas a um estimulo inespecifico € denominada hiperresponsividade e é uma importante
caracteristica fisiopatologica da asma. O aumento da producéo de muco, hiperplasia do musculo
liso e remodelamento sdo mecanismos de obstrucdo reversiveis das vias aéreas, mas que podem
evoluir para o comprometimento irreversivel da fun¢do pulmonar. (Boonpiyathad et al. 2019;
Hammad and Lambrecht 2021).

O estreitamento, que leva a obstrucdo, € mediado pela infiltracdo e ativacao de células
imunes como as células dendriticas, eosindfilos, neutréfilos, linfécitos, células linféides inatas
(ILCs), mastdcitos e basofilos. Uma interacdo complexa entre essas células imunolégicas e
células estruturais das vias aéreas leva ao desenvolvimento das caracteristicas da asma. Sua
imunofisiopatologia envolve, portanto, a ativacdo do sistema imune inato e adaptativo para
estimular a inflamacéo crénica das vias aéreas (Hammad and Lambrecht 2021).

O reconhecimento de antigenos ambientais comuns € inicialmente regulado por células
apresentadoras de antigenos (APCs), como células dendriticas, macrofagos e linfécitos B. Os
antigenos sao processados pelas APCs através da via endocitica, e apresentados como epitopos
de 8-10 aminoacidos em moléculas de MHC classe 11 (MHCII) para os linfocitos T CD4+. A
célula dendritica (CD) é o ativador mais potente de células T naive, e sdo essenciais para induzir
e preparar respostas Th adequadas, além de cruciais tanto para a iniciagdo quando para a
manutencdo da inflamacdo na resposta alérgica. Os complexos MHCII e antigenos interagem
com receptores de células T (TCR), e essa ativacdo em conjunto com a expressao de moléculas

co-estimuladoras e citocinas irdo determinar a diferenciacdo Th. Os linfécitos T CD4+ sdo
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geralmente divididos em classes que sdo caracterizadas pelo arranjo de citocinas produzidos
pelas células. A diferenciacdo requer a expressao de um fator de transcricdo mestre juntamente
com um transdutor de sinal e ativador de transcricdo, que no subtipo Th2 sdo respectivamente
o fator de transcricdo GATA-3 e o transdutor STAT5. (Caminati et al. 2018; Kwilasz 2016;
Vroman, van den Blink, and Kool 2015; Walker and McKenzie 2018)

As células Th2 especificas produzem uma variedade de citocinas pro-alérgicas como
IL4, IL-5, e IL-13. IL-4 € uma citocina que possui um papel muito importante na propria
diferenciacdo de células T naive para células Th2, além de promover a mudanca da producao
de anticorpos para o isotipo IgE; IL-5 é responsavel pela maturagdo e liberacdo de eosinofilos
na medula 6ssea; e IL-13 induz a proliferacdo de células B produtoras de IgE e células
endoteliais, sendo um mediador central no processo de hiperreatividade das vias aéreas (figura
1) (Caminati et al. 2018; Kwilasz 2016; Walker and McKenzie 2018).

Secrecao de muco, proliferacao, producao de quimiocinas
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Figura 1. Agdo das citocinas Th2 na asma. O possivel efeito das citocinas Th2 em vérias células do pulméo na
asma. Adaptado de (Hamid and Tulic 2009).

A producdo de IgE alérgeno-especifica pelos linfécitos B é uma caracteristica
importante da resposta imune alérgica. O papel bioldgico da IgE é complexo e esta relacionado

a sua capacidade de influenciar as funcgGes de diversas células imunoldgicas e estruturais
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envolvidas na patogénese da inflamacéo alérgica. Isso ocorre por meio da ligacdo da IgE aos
seus receptores, como CD23 de alta afinidade (FceRI) e CD23 de baixa afinidade (FceRII),
expressos por mastocitos, basofilos, células dendriticas, células musculares lisas das vias
aéreas, células epiteliais, endoteliais e eosindfilos. Quando a IgE especifica se liga aos seus
receptores nos mastocitos e basofilos, ocorre a degranulacdo de mediadores pré-formados como
histamina e triptase, e outros mediadores como prostaglandinas e leucotrienos sdo gerados a
partir do metabolismo do acido araquidénico da membrana celular (Boonpiyathad et al. 2019;
Kwilasz 2016).

Além das Th2, outras citocinas inflamatorias como IL-31 e IL-33 demonstram papel
importante na asma e outros distarbios imunomediados. IL-31 regula a proliferacdo celular e
estd envolvida no remodelamento tecidual, ja tendo sido encontrada aumentada no soro de
pacientes com asma alérgica juntamente com seu receptor IL-31R. Ja a IL-33 é uma citocina
alarmina da familia IL-1, cuja expressdo é mediada a partir do dano tecidual, sendo capaz de
induzir a expressdo de citocinas Th2 e ativar basofilos e eosinéfilos (Boonpiyathad et al. 2019;
Kwilasz 2016; Murdaca et al. 2019).

As celulas linféides inatas tipo 2 (ILC2s) pertencem a linhagem linfoide e também
produzem citocinas do tipo 2, como IL-4, IL-5, IL-9 e IL-13. As ILCs s&o indiretamente
ativadas por alérgenos, se infiltram nos pulmdes e sdo uma importante fonte inata de IL-13. A
via do receptor IL-33-ST2 e ILC2 desempenha um papel importante no desenvolvimento de

doencas alérgicas e na asma (Boonpiyathad et al. 2019; Kwilasz 2016).

2.4.  Resposta imune regulatoria na asma alérgica

As vias aéreas sdo constantemente acometidas por uma mistura de particulas inaladas
durante a respiracdo, incluindo patdgenos, alérgenos e poluentes. Como o dano tecidual
mediado pelo sistema imune pode comprometer as trocas gasosas, a resposta imunoldgica
pulmonar deve estar bem regulada, permitindo a rapida eliminacéo de patdgenos, e evitando
respostas excessivas. A atividade de varios tipos celulares, incluindo macréfagos intersticiais,
células dendriticas, e subgrupos de células T regulatérias FoxP3* e FoxP3", esta envolvida na
regulacdo do sistema imunoldgico no pulméo (Branchett and Lloyd 2019).

A inducdo e manutencdo da toleréncia ao alérgeno é uma marca registrada da resposta
imune saudavel. Em modelos in vivo de exposi¢cdo natural a altas doses de alérgenos,
demonstrou-se que a geracdo de células Treg e Breg alérgeno-especificas é essencial na indugéo
da tolerancia (Meiler et al. 2008; Palomares et al. 2017; Platts-Mills et al. 2001; Van De Veen
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et al. 2013; Vroman et al. 2015). Em contraste, nas doencas alérgicas ocorre uma resposta
imunoldgica inadequada aos alérgenos, ocasionada por um desequilibrio entre resposta imune
Th2 e as células regulatorias, que suprimem a funcao aberrante ou excessiva de outras células
(Boonpiyathad et al. 2020; Wang et al. 2020).

O papel das células T e B regulatérias ja foi documentado em diferentes contextos e
patologias. Varias células T possuem o potencial de mediar a imunossupressdo, mas as Treg
FoxP3* sdo consideradas o tipo celular dominante. Tregs sdo potentes células
imunossupressoras, fundamentais para manter o equilibrio homeostatico em casos de resposta
imune desregulada, uma caracteristica critica da inflamacdo na asma. Ja as células B,
classicamente reconhecidas por seu papel singular na producéo de anticorpos, tem demonstrado
um importante potencial imunorregulador (Bregs), e recebido atencdo crescente sob esse
aspecto nas ultimas duas décadas. Apesar dos extensos esforcos para caracterizar
fenotipicamente as Bregs, incluindo andlises de transcriptoma e citometria de fluxo
multiparamétrica, ainda ndo ha um conjunto definitivo de marcadores fenotipicos ou regulador
transcricional de assinatura, equivalente ao FoxP3 em células Treg, que permita a identificacdo
das Breg. (Khan 2020; Ma et al. 2021).

As células Breg continuam sendo uma populacéo funcionalmente definida com base em
sua capacidade de suprimir respostas inflamatdrias in vitro ou in vivo, ao contrario das células
B efetoras, que produzem moléculas pro-inflamatorias ou induzem outras células a fazé-lo
(Catalan et al. 2021). As Breg podem desempenhar um papel importante na inducdo da
tolerdncia imunoldgica aos alérgenos regulando a inflamacéo via secrecéo de IL-10 e TGF-,
suprimindo assim as respostas das células T efetoras e favorecendo a inducdo de Tregs
(Palomares et al. 2017).

Com relacao as células Treg, diversos mecanismos inibitérios ja foram descritos, dentre
0s quais estdo a liberagdo de citocinas supressoras como IL-10, TGF-p e IL-35; citdlise da
célula efetora pela produgdo de granzima e perforina; interrupcdo metabdlica mediada pela
inibicdo da resposta proliferativa via receptor de IL-2; inibicdo metabolica mediada por CAMP;
e inibicdo da maturacédo e funcéo das células dendriticas via CTLA-4 (Arce-Sillas et al. 2016;
Catalan et al. 2021). Usando estes mecanismos, as Tregs suprimem direta ou indiretamente
quase todos os tipos de células que contribuem para o inicio e manutencdo das doencas
alérgicas, incluindo a ativacao e degranulacdo de mastocitos e basofilos (figura 2) (Palomares
etal. 2017).

As células Treg podem se desenvolver otogeneticamente no timo (tTregs) ou

perifericamente (pTregs) a partir de células efetoras. tTregs expressam constitutivamente
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FoxP3 e sdo predominantes na corrente sanguinea e linfonodos, estando envolvidas
principalmente na tolerancia a autoantigenos. As pTregs sdo geradas fora do timo apds
estimulacdo antigénica, e estdo atuam principalmente na regulacdo da inflamacao local na
presenca de antigenos exdgenos. Duas populacdes de pTreg, Th3 e Trl, apresentam alta
secrecdo de TGF-B e IL-10 respectivamente (figura 2). Além dessas, outras populacdes de
Treg, como Treg CD8*, Treg CD4CD8TCR ofi+, e TCRyS Tregs ja foram descritas.
(Sakaguchi et al. 2020; Zheng et al. 2007).
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Figura 2. Imunoregulacdo via células Treg na asma. As células Treg suprimem as reac@es alérgicas inibindo
diferentes eventos inflamat6rios importantes. CDs de estado estacionario ou CDs condicionadas por sinais
exogenos, células epiteliais, patdgenos, microbiota, etc., promovem a geracdo de diferentes tipos de células Treg
funcionais que empregam quatro mecanismos principais de supressdo (citocinas inibitérias, citolise, interrupcao
metabolica e inibicdo de DCs) usando uma infinidade de moléculas sollveis e ligadas a superficie. As células Treg
previnem e inibem a inflamacéo continua, agindo em muitos tipos diferentes de células que causam inflamacéo
alérgica incluindo células B, células endoteliais e musculares lisas, células efetoras, CDs, células T e teciduais.
Adaptado de (Palomares et al. 2017)

24.1. 1L-35

As citocinas sdo um amplo grupo de fatores soluveis, diretamente influenciadas por uma
série de reguladores e feedbacks. Essas moléculas desempenham papéis essenciais na
coordenacdo das atividades de diversos tipos de células imunes, interligando estimulos
extracelulares a intracelulares, e participando de redes de transducdo de sinal que mediam
multiplos processos fisioldgicos (Behzadi, Behzadi, and Ranjbar 2016; Taniguchi 1995).
Existem mais de 40 tipos de interleucinas (IL) com propriedades diferentes. Os membros da
familia IL-12 sdo conhecidos por apresentarem caracteristicas muito distintas entre si, e por
serem 0s Unicos a apresentarem apenas citocinas heterodiméricas. Fazem parte dessa familia a
IL-12, IL-23, IL-27 e IL-35 (Vignali and Kuchroo 2012). Dentre essas, a I1L-35 é reconhecida
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pelo seu carater imunossupressor, semelhante a IL-10 e TGF-B, sendo produzida pelas células
regulatorias do tipo B (iBregs), T naturais (nTreg) e induzidas (iTR35). A citocina
heterodimérica IL35 é composta pela p35 e a Ebi3 associadas por uma ligacao dissufeto, essas

subunidades também s&o encontradas na IL-27 e IL-12 (Behzadi et al. 2016) (figura 3).
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Figura 3. Arquitetura da familia IL-12 de citocinas. Membros da familia de citocinas IL-12 sdo apresentados junto
com seus receptores e ligantes Jak-STAT. Adaptado de (Vignali and Kuchroo 2012).

Estudos sugerem que a IL-35 esta desregulada na asma, e analises funcionais desta citocina
indicam que ela desempenha um papel importante na fisiopatologia da doenga (Hu 2017). A
IL-35 pode suprimir a proliferacdo e producdo de citocinas como IL-5 e IL-13, pelas células
TH2 em resposta a alérgenos, além de inibir a producéo de IgE por células B. Recentemente foi
relatada uma reducdo da transformacéo de células TCD4 naive em células iTR35 pds exposi¢ao

a alérgenos em pacientes com asma alérgica (Hu 2017; Wang et al. 2020).

2.5.  Fatores imunogenéticos na asma e atopia

A asma resulta de uma interagdo disfuncional entre fatores geneticos, ambientais e
comportamentais, especialmente na vida fetal e infantil. A complexa interacdo gene-ambiente
modula os diferentes fendtipos da doenca, uma vez que fatores ambientais aumentam a
penetrancia de gendtipos suscetiveis. Identificar os loci genéticos e 0s mecanismos moleculares
que afetam o risco de desenvolver asma, ajuda a compreender melhor as vias biologicas
implicadas na patogénese da doenca. O primeiro estudo a vincular um locus genético com a
asma foi publicado em 1989. (Herrera Luis et al. 2022; Ntontsi et al. 2021; Toskala and
Kennedy 2015).
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Na ultima década, diversos estudos de associacdo ampla gendmica (GWAS),
identificaram variantes genéticas associadas a doenca. O primeiro GWAS que avaliou a asma
na infancia, identificou que a variante rs7216389, na regido 1721, ndo s6 aumentou o risco de
desenvolver asma em criancas, como também, estava envolvido na regulacdo da expressao do
gene ORMDL3. Desde entdo, centenas de genes candidatos tem sido descritos nesse contexto
(Herrera Luis et al. 2022; Moffatt et al. 2007; Shi, Zhang, and Qiu 2022). Outras variantes
genéticas, como as Variacdes de Numero de Copias também tem sido associadas com o
aumento da susceptibilidade a asma, inclusive em nossa populacéo (Oliveira et al. 2018).

As variantes genéticas associadas as doencas alérgicas podem ou ndo ser codificantes,
e mesmo que nao sejam, desempenham um papel importante na regulacdo da expressao génica
e na herdabilidade da doenca. Essa regulacdo é complexa e envolve interaces entre ambiente,
DNA, RNA e proteinas. (Herrera Luis et al. 2022; Shi et al. 2022). Tendo em vista 0 ambiente
inflamatorio, as células regulatérias exercem funcdo critica na regulacdo da resposta imune
periférica, ja que sdo capazes de suprimir a inflamacéo regulando positivamente a expressdo de
genes repressores, moléculas imunossupressoras e receptores teciduais (Frank, Matthew G.
annis, Watkins 2019; Martin-Orozco et al. 2017).

Dentre os mecanismos imunoregulatorios ja descritos, destaca-se nessa tese a liberacao
das citocinas IL-10, TGF-p e IL-35 pelas células Treg Foxp3*. Essas moléculas desempenham
papel importante na polarizacdo da resposta imune em diversas patologias.

Nosso grupo demonstrou anteriormente a associagao entre polimorfismos genéticos nos
genes IL-10, TGF-B e FOXP3, com asma e atopia em criancas da coorte do programa SCAALA
em Salvador (Costa et al. 2017; Figueiredo, Barreto, and Maria 2016; Marques et al. 2022).
Tendo em vista 0 impacto que variantes genéticas possuem na expressdo génica, e aimportancia
dessa expressdo como mecanismo subjacente de doencas complexas como a asma, neste
trabalho propusemo-nos a avaliar o impacto funcional de polimorfismos nos genes
imunorregulatorios EBI3 e IL12A, que codificam a IL-35, nunca antes estudado no contexto da
asma na populacdo brasileira.
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3. OBJETIVOS

3.1. GERAL
Avaliar o impacto funcional de polimorfismos nos genes imunorregulatérios EBI3

e IL12A no contexto da asma e atopia numa populacdo brasileira.

3.2. ESPECIFICO
- Descrever a frequéncia de polimorfismos nos genes imunorregulatérios EBI3 e
IL12A e avaliar o impacto funcional in silico destes polimorfismos.;
- Avaliar a associacao de polimorfismos nos genes imunorregulatorios EBI3 e IL12A
com asma e gravidade de asma;
- Avaliar a associagdo de polimorfismos nos genes imunorregulatorios EBI3 e IL12A
com marcadores de atopia;
- Avaliar o efeito de polimorfismos em EBI3 e IL12A sobre a producéo de citocinas
Thle Th2,
- Avaliar a expressdo de RNAm de EBI3 e IL12A, em cultura de sangue total.
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ABSTRACT

The role of regulatory T and B cells has already been documented in different contexts and
pathologies. Such group of cells has a variety of suppressor mechanisms, such as the production
of inhibitory cytokines, such as IL-10, TGF-B1 and IL-35. The heterodimeric cytokine IL35 is
composed of 1L-12p35 and Ebi3, and encoded by the IL12A and EBI3 genes. Studies suggest
that IL-35 is dysregulated in asthma, and functional analyzes of this cytokine indicate that it
plays an important role in the pathophysiology of the disease. Bearing this in mind, the impact
that genetic variants have on gene expression, and the importance of this expression as an
underlying mechanism of complex diseases such as asthma, in this work, we set out to evaluate
the functional impact of polymorphisms in the immunoregulatory genes EBI3 and IL12A, never
studied before in the context of asthma in other populations. DNA from 1245 children was
genotyped using the lllumina 2.5 Human Chip Omni Bead. Logistic regression analyzes were
performed using the PLINK 1.9 software to verify the association between EBI3 and IL12A
polymorphisms, asthma and atopy markers, adjusted for sex, age, helminths infections and
ancestry markers. The mRNA expression was performed using real-time gPCR. The C allele of
rs2243131 in IL12A was positively associated with asthma (OR 1.35, CI 1.06-1.71), asthma
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severity (OR 1.36, Cl 1.02-1.81), positive skin test for Blatella germanica (OR 1.59, Cl 1.09-
2.22), and also positively associated with the spontaneous production of IL-5 (OR: 1.71; CI:
1.11-2.62). The A allele of rs568408 in IL12A was also positively associated with a positive
skin test for B. germanica (OR 1.65, Cl 1.10-2, 37). rs582537 in IL12A was associated with a
positive skin test for B. germanica (OR 0.64, Cl 0.42-0.98) and Dermatophaoides pteronyssinus
(OR 0.77, CI 0.60-0.98), in addition to being associated with the natural production of INF-y
(OR : 0.52; CI: 0.52-0.99). With regard to EBI3, all the variants found were associated with
atopy markers: the C allele of rs78749916 (OR 0.61, CI 0.40-0.93), the G allele of rs77145509
(OR 0.66, CI 0.46-0.94), and the A allele of rs76353132 (OR 0.68, CI 0.43-0.96), were
associated with skin test reactivity for Periplaneta americana. The rs76353132 variant was also
associated with spontaneous INF-y production (OR: 0.72; ClI: 0.52-0.99). The rs428253 C allele
was associated with a positive skin test for at least one allergen (OR: 0.64; Cl: 0.44-0.92), and
the rs4905 G allele was associated with a positive IgE for at least one allergen (OR 0.62, CI 0
.40-0.95). IL12A mRNA expression levels were reduced in atopic asthmatic subjects when
compared to controls. EBI3 expression levels were decreased in atopic asthmatic subjects
compared to non-asthmatic and atopic subjects, and when compared to controls. In this study,
we were able, for the first time, to describe new variants in the IL-35 regulatory pathway linked
to asthma and atopy, highlighting the importance of immune regulation in the pathogenesis of

asthma.

INTRODUCTION

Cytokines are a large group of soluble factors, directly influenced by a number imune
modulators fators. These molecules play an essential role in coordinating the activities of
different types of immune cells, interconnecting extracellular to intracellular stimuli, and
participating in signal transduction networks that mediate multiple physiological processes
(Behzadi et al. 2016; Taniguchi 1995). There are more than 40 types of interleukins (IL) with
different properties. Members of the IL-12 family are known to have very different
characteristics from each other but one to highlight is their, heterodimeric nature. This family
includes IL-12, 1L-23, IL-27 and IL-35 (Vignali and Kuchroo 2012). Among these, 1L-35 is
recognized for its immunosuppressive character, similar to IL-10 and TGF-B, being produced
by type B regulatory cells (iBregs) and natural (nTreg) and induced (iTR35) T cells. The
heterodimeric cytokine IL35 is composed of I1L-12p35 and Ebi3, associated by a disufficed
bond, these subunits are also found in IL-27 and IL-12 (Behzadi et al. 2016).
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Studies suggest that IL-35 is dysregulated in asthma, and functional analyzes of this cytokine
indicate that it plays an important role in the pathophysiology of the disease. (Hu 2017).
Asthma is a chronic inflammation of the upper airways that presents a heterogeneous set of
clinical conditions that vary in severity, risk factors, response to treatment, genetic aspects and
natural history. (Verschoor and Von Gunten 2019). The disease can be triggered by many
different factors and is characterized by infiltration of inflammatory cells, mucus
hypersecretion, remodeling and airway hyperresponsiveness (Hamid and Tulic 2009; Hu 2017).
The relative severity may differ between patients due to the heterogeneity of factors influencing
the course of the disease. In addition to clinical forms, asthma has distinct pathophysiological
mechanisms. It can be clinically classified as intermittent or persistent, and it can still be
considered mild, moderate or severe. When it is immunologically mediated by IgE, it is called
allergic or atopic. On the other hand, non-atopic asthma has been associated with intrinsic
neutrophilic abnormalities and activation of TH17 lymphocytes (Boonpiyathad et al. 2019;
Hamid and Tulic 2009; Schoettler and Strek 2020).

Allergic diseases are caused by inadequate immune responses to allergens. In allergy, an
imbalance between regulatory cells and T helper (Th) 2 cells can be observed. In allergic
individuals, common allergens induce a response where naive CD4+ T cells differentiate into
Th2-type effector cells, a response characterized by IgE-producing B cells, eosinophils, type 2
lymphoid cells (ILC2), mast cells, and basophils. Type 2 cytokines include IL-4, IL-5, IL-9 and
IL-13 (Boonpiyathad et al. 2020). The regulatory cells are essential for the maintenance of
immune tolerance, prevention of autoimmune disease and regulation of immune response to
foreign antigens. Among the basic suppression mechanisms mediated by regulatory cells, we
can mention the production of inhibitory cytokines IL-10, TGF-B and IL-35. (Boonpiyathad et
al. 2020; Layhadi, Eguiluz-Gracia, and Shamji 2019) IL-35 can suppress the proliferation and
production of cytokines such as IL-5 and IL-13 by TH2 cells in response to allergens, in
addition to inhibiting IgE production by B cells. A reduction in the transformation of CD4 T
cells has recently been reported in naive iTR35 cells after allergen exposure in patients with
allergic asthma (Hu 2017; Wang et al. 2020). Considering all together, we hypothesize that
genetic alterations in EBI3 and IL12A, genes that encode IL-35, may play a role in immune

mediated diseases, in particular, allergy and asthma.

In this way, in this study, we investigate the association between variants IL-35 gene and

markers of atopy and atopic asthma.
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METHODS

Study Population

Data were collected in northeastern Brazil, in the city of Salvador. The study population
consisted of approximately 1245 children between 4 and 11 years of age, born between 1994
and 2001. This population was originally recruited for Social Changes Asthma and Allergy in
Latin America (SCAALA), as previously described (Barreto et al. 2006). In short, were applied
standardized questionnaires, based on the ISAAC (International Study of Asthma and Allergies
in Childhood) phase 2 study, to the children’s guardians; blood samples were collected from
the children for laboratory tests and isolation of genetic material; and skin prick test were done
with several allergens in a field ambulatory. Written free informed consent was obtained from
the legal guardian of each child. The project was approved by the ethics committees of the
Federal University of Bahia (registry 003-05/CEP-1SC) and the National Council of Ethics in
Research (CONEP, resolution number 15 895/2011).

Asthma symptoms and atopy definitions

Asthma was defined according to the ISAAC questionnaire as follows: asthmatic children were
those who presented wheezing in the last 12 months, plus at least 1 of the following symptoms:
diagnosis of asthma ever; wheezing with exercise during the previous 12 months, four or more
episodes of wheezing during the previous 12 months, or night waking due to wheezing episodes
during the previous 12 months. Children who had specific IgE levels greater than or equal to
0.7 kU/L and/or Skin prick test>3 mm for at least one tested aeroallergens, were classified as
atopics (Figueiredo, Amorim, and Alcantara-neves 2013). Children who did not meet these
criteria were classified as non-asthmatic and non-atopic. In cases where a child had asthma and
atopy, we classified as atopic asthmatics. Those who had asthma without atopy, were

considered as non-atopic asthmatics.
Skin prick test and allergens specific IgE (SIgE)

Heparinized blood was collected, and the plasma was used for determination of following
allergen-specific IgE (sIgE): Dermatophagoides pteronyssinus, Blomia tropicalis, Blatella
germanica and Periplaneta americana. Children with >0.70 kU/L or greater of specific IgE for
any allergen tested were considered to have a positive result (Figueiredo et al. 2013). The skin

prick test SPTs were performed using extracts of D. pteronyssinus, B. tropicalis, B. germanica,



29

P. americana, fungi, cat and dog danders (ALK-Abello, Sdo Paulo, Brazil). The test was
performed on the right forearm of each child. Saline solution was used as negative control, and
10 mg mL-1 histamine solution was used as positive control. The reactions were read after 15
min. Was considered positive if the mean of the largest perpendicular diameters, was at least
3mm greater than the negative control.

Cell culture and measurement of IL-5, IL-10, IL-13 and IFN-y by ELISA

For the detection of IL-5, IL-10, IL-13 and IFN-y, the cells were cultured at a 1:4 dilution in
RPMI medium (Gibco, Auckland, New Zealand) containing 10 mM of glutamine (Sigma-
Aldrich, Inc., St. Louis, Missouri, USA) and 100 pg/ml gentamycin (Sigma-Aldrich, Inc. St.
Louis, Missouri, USA) within 6 h following collection in heparinized tubes. Cell cultures were
maintained in a humidified atmosphere of 5% CO2 at 37 °C for 5 days, either without
stimulation. To evaluate spontaneous production, or with stimulation, it was used 2,5 pg/ml of
B. tropicalis extract (Greer, Brazil). The concentrations of each cytokine were measured by
sandwich ELISA, following the manufacturer's recommendations (BD PharMingen, San Diego,
CA, USA)

DNA extraction and genotyping

DNA was extracted from peripheral blood samples according to the Flexigene® DNA Kit
protocol (Qiagen, Hilden, Germany) and genotyping performed using a commercial panel, a
[llumina Bead Chip HumanOmni 2.5 Kit (www.illumina.com), through the Consortium
EPIGEN-Brazil (https://epigen.grude.ufmg.br). The genetic information for IL12A was
extracted from positions 159988835 to 159996019 (location: NC_000003.12) on chromosome
3 and for EBI3 from positions 4229523 to 4237528 (location: NC_000019.10) on chromosome
19. The following filters were applied for quality control: a genotyping call rate of less than
0.98; an imbalance of the Hardy—Weinberg equilibrium with a P-value of less than 10—4; and
a P-value for the minor allele frequency (MAF) of less than 1%.(Laurie et al. 2010) A total of
4 markers for IL12A and 5 for EBI3 were analyzed after quality control.

RNA extraction and cDNA production

RNA extraction and cDNA production were performed from the whole blood cultures
mentioned above, to evaluate the expression of the EBI3 and IL12A genes comprises the

heterodimeric protein IL-35. RNA was isolated using the RNeasy Mini Kit (Qiagen, Hamburg,
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Germany), according to the manufacturer's protocol. Subsequently, 0.3 pg of total RNA from
each sample was reverse transcribed into cDNA using 200 U of Superscript 11l Reverse
Transcriptase (Life Technologies, Carlsbad, CA, USA) and 500 ng of Oligo (dT) (Life
Technologies, Carlsbad, CA, USA), according to the manufacturer's instructions.

Quantitative Real-Time Polymerase Chain Reaction

The cDNA produced from RNA extracted from whole blood cultures used in presynthesized
Tagman® Gene Expression Assays (Applied Biosystems, Foster City, CA, USA). The probes
Hs01057148 m1 (EBI3), Hs01073447_m1 (IL-12A) and Hs99999903_m1 ($-actin) were used.
cDNA samples derived from the investigated genes were detected by a QuantStudio 12 K
Sequence Detection System (Applied Biosystems, Foster City, CA, USA), according to the
manufacturer’s recommendations. Each qRT-PCR assay was performed with 10 ng of the
cDNA sample in 10 uL of Tagman-PCR Mastermix 2X (Applied Biosystems, Foster City, CA,
USA) and 1 pL of the respective primer/probe set and was purified using deionized H20 g:.s.
20 uL. The gene expression levels were normalized to B-actin levels. Relative quantification

was performed by the comparative threshold cycle (AACT) method.
In silico functional analyses

To perform the in silico analysis, we used GTEX platform, genotype-tissue expression project

(www.gtexportal.org) and rSNPBase (http://rsnp.psych.ac.cn/). Using GTEX, it is possible to

study the relationship between gene expression and genetic variation, and other molecular
phenotypes, in multiple reference human tissues. Expression quantitative trait loci (eQTL)
mapping offers a powerful approach to elucidate the genetic component underlying altered gene
expression. Genetic variation can also influence gene expression through alterations in splicing,
non-coding RNAs, and RNA stability (Lonsdale et al. 2013).

The rSNPBase (http://rsnp.psych.ac.cn) is a database that provides annotations focused on
regulatory SNVs that are involved in a wide range of regulation types, including proximal,
distal and post-transcriptional regulation, and that helps to identify their potentially regulated
genes (Guo et al. 2014), in respect of: proximal regulation indicates SNVs that are involved in
proximal transcriptional regulation; the distal regulation, SNVs should be involved in distal
transcriptional regulation; the micro RNA regulation describes SNVs within mature miRNA;
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and the RNA binding protein are SNVs involved in RNA binding protein-mediated post-

transcriptional regulation.

Statistical analysis

The analyses for associations between SNVs in the EBI3 and IL12A genes and asthma or atopy
(skin tests and specific IgE production) were performed using logistic regressions applied to
estimate odds ratio (OR), permutational-p value, and 95% confidential interval (Cl), adjusted
for sex, age, helminth infections and ancestry markers. The analyses were performed using the
additive genetic model. A permutational p-value lower than 0.05 was considered statistically
significant. The permutation test is performed to test the null hypothesis, a difference in the
values is expected under the null hypothesis. Permutation procedures provide a computationally
intensive approach to generating significance levels empirically. This test control the false
discovery rate in order to solve the problem of multiple comparisons (Lage-Castellanos et al.
2010), preserving the correlational structure between SNVs (Purcell et al. 2007). All the
analyses above were performed using the software PLINK (version 1.9). The Linkage
Disequilibrium among cases and controls was created using Haploview 4.2. We considered
significant associations to be those with P-values < 0.05. Statistical analysis of the EBI3 and
IL12A gene expression levels was performed using GraphPad 6 software, using a t-test for

parametric data and a Mann-Whitney test for non-parametric data.

RESULTS AND DISCUSSION

IL-35 is a heterodimeric cytokine composed of IL-12p35 and Ebi3 subunits. The IL-12A gene,
located on chromosome 3¢25.33, encodes the p35 subunit, and has seven exons. The Ebi3
subunit of IL-35 is encoded by the EBI3 gene located on chromosome 19q13.3 and contains 5
exons. SNVs in the IL-12A and EBI3 genes have been little explored in the scientific literature,
mainly in the context of asthma and allergies. The present study is the first to show the influence
of genetic variants in the IL12A and EBI3 gene on asthma and atopy in a Brazilian population.

We find associations of SNVs in IL12A and EBI3 with asthma and atopy markers.

Characteristics of study population

Table 1 shows the main characteristics of the studied population. The main differences between
cases and controls were for age and atopy measures by both skin prick test (SPT) and IgE, with

higher prevalence among asthmatics. The genetic predisposition to produce IgE in response to
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small amounts of these common allergens is called atopy. This condition increases the risk of
developing diseases such as atopic dermatitis, food allergies, rhinoconjunctivitis and asthma
(Thomsen 2015; Verschoor and Von Gunten 2019). No difference was found between cases
and controls for gender and helminth infection. The prevalence of severe asthma was 53.1%

among cases.

Table 1. Characteristics of the SCAALA population according to asthma symptoms status and other

variables included in the study.

Control (n=945) Case (n=273) p-value*

Age

<5 314 33.3% 132 48.3% <0.001

6-7 336 35.7% 88 32.2%

>8 291 30.9% 53 19.4%
Sex

Male 506 53.7% 150 54.9% 0.785

Female 435 46.2% 123 45.0%
SPT 271 28.8% 100 36.6% 0.017
IgE > 0.70 324 34.4% 133 48.7% <0.001
Severe Asthma - - 145 53.1% -
Helminth Infection 206 22.3% 67 25.0% 0.386

*p-value obtained from the chi square test

IL12A and EBI3 polymorphisms

Table 2 shows characteristics of studied SNVs in IL-12A and EBI3 evaluated in this study. A
total of 9 SNVs, 4 for IL12A, and 5 for EBI3 were analyzed. The majority of the SNVs are
intron variants. The genetic variants associated with allergic diseases may or may not be coding,
and even if they are not, they play an important role in the regulation of gene expression and in

the heritability of the disease. Considering IL-35 route has a regulatory role, in the an
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inflammatory environment, regulatory cells play a critical role in regulating the peripheral
immune response, as they are able to suppress inflammation by positively regulating the
expression of repressor genes, immunosuppressive molecules and tissue receptors (Frank,
Matthew G. annis, Watkins 2019; Herrera Luis et al. 2022; Martin-Orozco et al. 2017; Shi et
al. 2022). Thus, it is worth to verify how variants in such genes may affect the development of

asthma and allergies.

As can be seen in Table 2, the minor allele frequency (MAF) of the studied SNVs in IL12A
ranged from 15% (rs568108) to 25% (rs582537) and for EBI3 ranged from 12% (rs78749916)
to 49% (rs4905). The Regulome DB database was used to identify possible regulatory regions
of the studied SNVs as presented (Table 3). The SNV showing the strongest evidence of being
regulatory is given the score of 1 and SNV demonstrating the less evidence of being functional
is marked as 6. SNV rs428253 (EBI3 gene) demonstrated a higher significant functional impact,

according to the Regulome DB 2b classification, and SNV rs568408 is a missense variant.

Table 2. Characterization of the IL12A and EBI3 SNVs evaluated in this study.

SNVL Risk allele’  wild allele® MAF* HWES Function®
Asthma Symptoms
IL12A
rs2243131 C A 0.18 0.20 Intron variant, nc
rs568408 A G 0.15 0.44 Intron variante, utr
rs582537 A C 0.25 0.80 Intron variant
rs2243123 C T 0.21 0.09 Intron variant
EBI3
C
rs428253 G 0.42 0.15 Intron variant
rs78749916 C T 0.12 0.60 Intron variant
rs77145509 G T 0.15 0.53 Intron variant
rs76353132 A C 0.15 0.35 Intron variant
rs4905 G A 0.49 0.91 Synonymous codon,

Single Nucleotide Variants; ? Alternative / Polymorphic allele; ® Wild allele; * Minor allele frequency; SHardy-

Weinberg equilibrium.
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Table 3. IL12A and EBI3 SNVs function and regulatory properties

SNV? Proximal Distal miRNA RNA- RegulomeDB
regulation regulation regulation binding- score
protein
mediated
regulation
IL12A
rs2243131 No No No Yes 3a
rs568408 Yes No No Yes 6
rs582537 No No No Yes 5
rs2243123 No No No Yes 3a
EBI3
rs428253 Yes Yes No No 2b
rs78749916 Yes Yes No No 5
rs77145509 No Yes No No 4
rs76353132 No Yes No No 5
rs4905 No Yes No No 5

1Single Nucleotide Variants.
(*) in silico data analysis obtained from rSNPBase and RegulomeDB platforms.

Association of IL12A and EBI3 variants with asthma and atopy

The C allele of rs2243131 IL12A, was positively associated with asthma (OR 1.35, Cl 1.06—
1.71) and asthma severity (OR 1.36, ClI 1.02-1.81) (Table 4). Previously, the SNV rs2243131
was related to Breg cell disorder in Vogt-Koyanagi-Harada Syndrome patients, and was
strongly related to rheumatoid arthritis disease susceptibility, both studies carried out in a
Chinese population (Feng et al. 2021; Xie et al. 2021). According to RegulomeDB this variant
has scored 3a, which means that this SNV can influence transcription factor (TF) binding, some
motif sequences (indicates sequence-specific binding sites for proteins such as TF) and the
DNase peak, (Boyle et al. 2012).

Table 4. Significant associations between IL12A and EBI3 SNVs, asthma symptoms and asthma severity,

using logistic regression adjusted for sex, age, helminth infections, and ancestry markers.

CHR SNV Model Al OR Cl9%5%  Pvalue

IL12A
ADD 135 1.06-1.71 0.01

Asthma symptoms 3 ¢
rs2243131  DOM 1.06-1.92 0.01

C 1.42

ADD 136 1.02-1.81 0.03

Asthma severity 3 ¢
rs2243131  DOM C 147 1.02-2.12 0.03

CHR, chromosome; SNP, single-nucleotide polymorphism; A1, polymorphicallele; OR, odds ratio; Cl, confidence interval.
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Table 5 shows the significant associations between IL12A and EBI3 polymorphisms and atopy
markers. SNV rs2243131 was positively associated with a positive skin test for Blatella
germanica (OR 1.59, CI 1.09-2.22), as well as rs568408 (A allele) (OR 1.65, CI 1.10-2, 37).
IL-12A rs568408 seems to have no association with susceptibility to rheumatoid arthritis in a
Chinese population, but in the same population it was identified as a genetic risk factor for
Alzheimer’s disease linked to this variant. In addition, rs568408 decreased the risk of metabolic
syndrome in a Mexican population. (Posadas-Sanchez et al. 2017; Xie et al. 2021; Zhu et al.
2014). On the other hand, the variant rs582537 was negatively associated with a positive skin
test for Blatella germanica (OR 0.64, Cl 0.42-0.98) and Dermatophaoides pteronyssinus (OR
0.77, C1 0.60-0.98).

Regarding SNVs in EBI3, all were negatively associated with atopy markers. The allele C of
rs78749916 (OR 0.61, Cl 0.40-0.93), the allele G of rs77145509 (OR 0.66, Cl 0.46-0.94), and
the allele A of rs76353132 (OR 0.68, CI 0.43-0.96), were negatively associated with a positive
skin test for Periplaneta americana. The last two variants, rs77145509 and rs76353132 are in
high LD (Figure 3B). The allele G of rs4905 (OR 0.62, CI 0.40-0.95) was negatively associated
for IgE positive for at least one allergen. EBI3 rs4905 had no association with rheumatoid
arthritis susceptibility or serum levels of IL-35 among different genotypes (Xie et al. 2021) in
a previous report. Finally, the rs428253 (C allele) in EBI3 (OR: 0.64; Cl: 0.44-0.92) was
negatively associated with SPT positivity for at least one allergen. The same variant, rs428253,
has been previously associated with a decreased risk of developing premature chronic arterial
disease in a Mexican population, and had no association with susceptibility to arthritis
rheumatoid in China (Posadas-Sanchez et al. 2017; Xie et al. 2021).
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Table 5. Significant associations between IL12A and EBI3 SNVs and atopy markers, using a logistic

regression adjusted for sex, age, helminth infections, and ancestry markers.

Atopy marker CHR SNV Model = Ay OR Cl 95% VaTue
IL12A
1.09-2.22 0.01
SPT(+) Blatella , 152243131 ADD C 159
germanica REC c 198 1.25-7.105 0.01
1.10-2.37 0.01
SPT(+) Blatella s resios A 165
germanica DOM A 166 1.06-2.58 0.02
SPT(+) Blatella 0.42-0.98 0.04
germanica 3 rs582537 ADD A 0.64
0.04
SPT(+) ADD A 0.77 0.60-0.98
Dermatophaoides 3 rs582537
pteronyssinus DOM A 0.48 0.29-0.79 0.05
EBI3
_ ADD C 0.61 0.40-0.93 0.02
SPTS%EZGCZ';’]?”M& 19 1578749916
DOM C 0.60 0.38-0.94 0.02
0.02
SPT(+) Periplaneta ADD G 0.66 0.46-0.94
americana 19 rs77145509 043096 0.3
DOM G 0.64 St '
" | ADD A 0.68 0.47-0.97 0.03
SPT(+) Periplaneta
\ 19 rs76353132
americana DOM A 0.64 0.43-0.96 003
IgE positive forat (4905  DOM G 0.62 0.40-095  0.02
least one allergen
SPT () positivefor 4 oao53  ADD C 0.64 0.44-0.92 0.01

at least one allergen
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Association of IL12A and EBI3 polymorphisms with spontaneous IL-5 and IFN-y

production

The SNVs rs2243131, which was positively associated with asthma, asthma severity, and
positive skin test for Blatella germanica, was also positively associated with spontaneous IL-5
production (OR: 1.71; Cl: 1.11-2.62). Such findings indicates that this variant possibly
impaired regulatory cells function, enhancing the inflammatory Th2-mediated process, as
previously found in studies in a Chinese population (Feng et al. 2021; Xie et al. 2021). The
allele A of rs568408, which was positively associated positive skin test for Blatella germanica,
was also positively associated with spontaneous IL-5 production (OR: 1.78; ClI: 1.12-2.82)
(Table 6). As can be seen in Figure 3A, rs2243131 and rs568408 are in linkage disequilibrium
(LD) and thus we hypothesize that rs568408 may have similar effect along with rs2243131,

inhibiting the regulatory role of Treg cells, increasing inflammation.

The SNVs rs582537, which was negatively associated with a positive skin test for Blatella
germanica and Dermatophaoides pteronyssinus, Was also negatively associated with
spontaneous INF-y production (OR: 0.52; CI: 0.52-0.99). The allele C of rs78749916 of EBI3,
in addition to being negatively related with a positive skin test for Periplaneta americana, was
also negatively associated with spontaneous INF-y production (OR: 0.72; CI: 0.52-0.99) (Table
6). No previous study was found in literature for both rs582537 and rs78749916. Our group has
previously described IFN-y in vitro production upon Dermatophagoides pteronyssinus
stimulation (Figueiredo et al. 2010) in the same population studied herein. Thus, such findings
could be linked to a non-atopic phenotype of asthma which has been also described in this

population.
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Table 6. Significant associations between IL12A and EBI3 SNVs and spontaneous IL-5 and IFN-y

production, using a logistic regression adjusted for sex, age, helminth infections, and ancestry markers.

Spontaneous

cytokine CHR Gene/SNV  Model Al OR Cl 95% P
. value

production
LS 3 IL12A ADD C 1.71 1.11-2.62 0.01
rs2243131 DOM C 2.24 1.30-3.85 0.003
IL12A ADD A 1.78 1.12-2.82 0.01

IL-5
rs568408  pom A 2.05 1.18-3.56 0.01
IEN. 3 IL12A ADD A 0.72 0.52-0.99 0.04
y 1582537 DOM A 0.63 0.41-0.96 0.03

EBI3

IFN-y 19 o7ag016 DPOM C 0.52 0.29-0.93 0.02

MRNA expression of IL12A and EBI3 by real-time gPCR

Figure 1. shows the expression levels of the IL12A and EBI3 genes assessed by Real-Time
gPCR. As can be seen in Figure 1 (A) and (B) there were no difference for IL12A and EBI3
gene expression among asthmatics in comparison to non-asthmatics subjects (P>0.05) and also
no difference (Figure 1 C and D) in terms of IL12A and EBI3 gene expression among atopic
and non-atopic subjects (p>0.05). However, when we stratified subjects according to asthma
and atopy together, as can be seen in Figure 1 (D) and (E), IL12A mRNA expression levels

were decreased in atopic asthmatic subjects when compared with controls (hon-asthmatic and

non atopic individuals) (Pvalue = 0.04) (E). EBI3 expression levels were decreased in atopic

asthmatic individuals (Pvalue = 0.01) in comparison to both non-asthmatic and atopic
individuals (Pvalue = 0.03) and, when compared with controls (hon-asthmatic and non-atopic
individuals) (F). These data corroborate, at least in part, previous published studies carried out
in the Chinese population where decreased levels of EBI3 and IL12A mRNA in patients with

asthma when compared to healthy controls (Ma et al. 2014; Wang, Li, and Yang 2015).

Another Chinese study that evaluated the expression of I1L-35 in the peripheral blood of patients
with allergic rhinitis found a reduction in EBI3 mRNA in patients with allergic rhinitis, with
the level of EBI3 mRNA in the allergic rhinitis group being about half of the level found in the
normal control group. The level of IL-12A mRNA expression in these patients showed a
significant difference in relation to the normal control group (Wan, J., Luo, Y., Yang, C., Liu,
J.,Du, Y., & Wang 2014)
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In this study, we were able to see the same reduction trend when we stratified for atopic asthma
(Figure 1 E and F). This observation can lead us to hypothesizes that considering non-atopic
asthma account for a great part of our asthma cases, the effect on gene expression could be

diluted in the asthma group. This also highlight the need of additional studies with a greater

sample size to address this.

We did not measure IL-35 serum levels in blood or sputum, however, the data found in our
study reinforce other results found in the literature. A study carried out in Egypt demonstrated
that the IL-35 dosage was significantly lower in asthmatics than in the healthy control group.
Furthermore, the serum level of IL-35 was significantly higher in non-atopic asthmatic patients
than in atopic asthmatic patients (Mansour et al. 2017) corroborated by Li et al., 2020 findings,
which showed that IL-35 concentrations in sputum are lower in asthmatics than in healthy

controls.
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Figure 1. IL12A and EBI3 gene expression analysis according to asthma/atopy status. (A) and (B) IL12A and EBI3
MRNA gene expression, respectively, among asthmatics versus non-asthmatics subjects; (C) and (D) IL12A and
EBI3 mRNA gene expression, respectively, among atopics versus non-atopics subjects and; (E) and (F) IL12A and

EBI3 mRNA gene expression, respectively, for atopic asthmatics, non-atopic asthmatics and controls (non-atopic-

non asthmatics).
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Figure 2: GTEx-IL12A gene expression levels in lung tissue according to SNVs genotypes: (A). rs2243131 (p-
value 5.46 x10°); (B). rs568408 (p-value 2.69 x107%) and (C). rs582537 (p-value 2.67 x10°5).

Linkage disequilibrium

Figure 3 (A e B) shows the linkage disequilibrium (LD) analysis between the studied SNVs in

the IL12A and EBI3 genes. There is a high degree of linkage disequilibrium between the SNVs
rs771455509 and rs76353132 from EBI3 gene. The LD was also found between the SNVs
rs22243131 and rs568408 in the IL12A gene. The LD plots were generated by the Haploview

4.2 program using the PLINK 1.9 data set.

A) B)

-~
-

-

rs428253
rs78749916 -
rs¥7145509 -
rs76353132 /
rs4905
rs2243123
rshH82537

rs2243131 —

rs568408

Block 1 (3 ki)
Block 1 (3 kb

2 3

13

Figure 3: LD plots of SNVs from IL12A (A) and EBI3 (B) genes, in the studied Brazilian cohort. The top horizontal

bar illustrates the location of SNVs on a physical scale. The color of the squares illustrates the strength of pairwise

r2 values on a scale where black indicates perfect LD (r2 = 1), shades of gray indicates imperfect LD (0 <r2 < 1)

and White indicates perfect equilibrium (r2 = 0).
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Taken all together, in this study we were able to, for the first time, describe new variants in IL-
35 regulatory route linked to asthma and atopy and also corroborate with previous studies
conducted in different environmental scenarios attesting that genetic variations in this route can

have an impact on asthma and atopy.
CONCLUSION

In conclusion, polymorphisms in the EBI3 and IL12A genes, which encode as subunits of the
heterodimeric cytokine IL-35, are associated with asthma, asthma severity and atopy markers.
This was the first study to demonstrate the association of these genes with asthma and atopy in
the Brazilian population. Our results suggest that IL-35 plays an important role in the

pathogenesis of childhood asthma.
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5. CONCLUSAO:

Variantes presentes nos genes EBI3 e IL12A, que codificam as subunidades da citocina
heterodimérica I1L-35, estdo associados a asma, gravidade da asma e marcadores de atopia. Este
foi o primeiro estudo a demonstrar a associacao desses genes com asma e atopia na populacéo
brasileira. Nossos resultados sugerem que a IL-35 desempenha um papel importante na
patogénese da asma. Estudos a nivel celular e molecular, em um nimero maior de pacientes,
s80 necessarios para entender melhor o impacto dos SNVs e da molécula I1L-35 na asma. Com
esses dados esperamos contribuir com varios outros trabalhos que buscam compreender o

impacto das variantes genéticas em doencas complexas como asma e atopia.
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