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Associacao entre genes HLA e KIR e sensibilizacaocasos em uma populacdo
brasileira

RESUMO

Introducdo. A sensibilizacdo aos acaros afeta entre 15 a 20%ogalacdo dos paises
industrializados e ocorre por influéncia de diver§atores genéticos e ambientais. Reagdes
alérgicas sdo desencadeadas por alérgenos em gaitegluos pré sensibilizados que
possuem anticorpos IgE especificos sobre a sujgetiids mastocitos, provocando a liberacéo
de substancias vasoativas. Genes de resposta sdonem dos candidatos responsaveis a
suscetibilidade das atopias. As interacfes dop@OKIR (iller cell immunoglobulin-like
receptory, presentes nas células NKafural killer), com certas moléculas HLA{man
leukocyte antigende classe |, sdo conhecidas por manter a honsesfes moléculas HLA
sao responsaveis pela apresentacdo dos peptidediafaoitos T e os receptores KIR pela
ativacaol/inibicdo das células NK, fun¢Bes que padeexplicar as associacdes observadas
com certas alergia®©bjetivo. Realizar um estudo de associacdo genética, peaestigar
marcadores de resposta imune em genes HLA de Qlgsse-B, and —C), de Classe Il (-
DRB1) e genes KIR em individuos sensiveis a acdisrmatophagoides farinae,
Dermatophagoides pteronyssinuai Blomia tropicalig e controlesMétodos. O total de 396
participantes foi classificado em sensiveis e mfziseis a acaros, apos a realizacdo do teste
cutaneo de hipersensibilidade imediat®rek Test™.A genotipagem dos genes HLA e a
verificacdo da presenca/auséncia dos genes KIRnfoealizadas pelo método PCR-SSO
(polymerase chain reaction-sequence specific oligeaiide$. Resultados.Apés o teste de
heterogeneidade, o loco HLA-DRB1 apresentou dif@esignificativa entre as frequéncias
dos individuos sensiveis e nao sensiveis paralo BRB1*04:11 (1,2% vs. 4,4%, P =
0,0042, OR = 0,26 e 1C95% = 0,09 - 0,70). Paraeosptores KIR e seus respectivos ligantes,
nenhuma diferenga significativa foi observa@anclusdo.Nossos resultados sugerem uma

possivel associagdo entre os genes HLA-DRB1 alskregédo aos 4caros.

Palavras-chave: Acaros; KIR; HLA; associagdo genética; teste deerogieneidade;
Dermatophagoides farinae; Dermatophagoides ptersimys Blomia tropicalis



Association between HLA and KIR genes and dust ragasitization in a
Brazilian population

ABSTRACT

Introduction. Sensitization to dust mites affects between 120&0 of the population in
industrialized countries and is influenced by salvegenetic and environmental factors.
Allergic reactions are triggered by allergens imtaie pre-sensitized individuals who have
specific IgE antibodies on the surface of the nwadls, causing the release of vasoactive
substances. Immune response genes are one of tididaigs responsible for the
susceptibility of atopic diseases. The interactiohthe KIR (killer cell immunoglobulin-like
receptors) isotypes, present in NK (natural Killeg)ls, with certain HLA (human leukocyte
antigen) class | molecules are known to maintaimémstasis. HLA molecules are
responsible for the presentation of peptides to Thigmphocytes and the KIR receptors
controls the activation/inhibition of NK cells, famons that could explain the associations
observed with certain allergie®bjective. Conduct a genetic association study, to investigat
markers of immune response in Class | (-A, -B, &pand Class Il (-DRB1) HLA genes,
and KIR genes in mite-sensitive individual®. (farinag D. pteronyssinusor Blomia
tropicalis) and controlsMethods. A total of 396 participants were classified asergénsitive
and mite-insensitive individuals, after the immeelitype hypersensitivity skin test - Prick
Test ™. Genotyping of HLA (human leukocyte antiggepes and the presence/absence of
KIR genes were performed by PCR-SSO (polymerasen chemction-sequence specific
oligonucleotides)Results. After the heterogeneity test, the HLA-DRB1 locuggented a
significant difference between the frequencieshaf $ensitive and non-sensitive individuals
for theDRB1*04:11allele (1.2%vs 4.4%,P = 0.0042, OR = 0.26 and 95% IC = 0.09-0.70).
For KIR receptors and their respective ligands, significant difference was observed.
Conclusion. Our results suggest a possible association betWé#iDRB1 genes and dust

mite sensitization.

Keywords: Mites; KIR; HLA; genetic association; heterogeneigst; Dermatophagoides
farinae; Dermatophagoides pteronyssinBsomia tropicalis
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CAPITULO |

1.1REVISAO BIBLIOGRAFICA

A defesa do nosso organismo tem por objetivo mantetegridade da homeostasia,
dessa forma, a resposta imune contribui para onhemimento de agentes nao proprios e
desenvolve mecanismos capazes de elimind-los. Esoscaxcepcionais, reacdes de
hipersensibilidade s&o desencadeadas por deswtssdaecanismos, que resultam em uma
resposta descontrolada/exacerbada, com danos decidusistémicos (WANG, 2003). O
fendbmeno da alergia € extremamente complexo, n@nento avanco das pesquisas tem

ajudado a revelar mecanismos que permitem o demtheinto das medidas terapéuticas.

As principais manifesta¢fes clinicas da hipersdigade podem aparecer de forma
isolada ou combinada e sdo de ordem: cutanearatsya, ocular e digestiva (ASBAI &
SBAN, 2012). A alergia respiratéria, como a asnaarmite, € considerada o maior problema
de saude que atinge a populagéo pediatrica, psaaia alta prevaléncia e cronicidade, bem
como das limitagdes que impactam a qualidade de(liI@RTAJADA-GIRBES et al., 2016).
Essas doencas séo caracterizadas pela inflamagawoiagarespiratorias, resultante de uma
reacao imunologica por anticorpos imunoglobulina@gE) especificos ao alérgeno, fixados
sobre superficie de mastocitos. A ativacdo dessesogos desencadeia o rompimento da
membrana e consequente liberagdo de substancieativas dos mastocitos, provocando
efeitos inflamatérios, como a vasodilatacdo, o aumeda permeabilidade vascular,

guimiotaxia e a estimulacéo da secre¢do de mucd_- @& al., 2014).

A doenca alérgica surge devido a uma resposta at@gedjue esta relacionada com
uma série de fatores de riscos, categorizada etisposicdo genética, faixa etéria, alérgenos,
exposicoes pré-natais, alimentacéo, infeccbedpsfeazonais, condi¢cdes climaticas e fatores
psicossociais (BUSH; PEDEN, 2009; WALLAERT, 2011).

1.20RIGEM DA HIPERSENSIBILIDADE

Uma das dificuldades enfrentadas no diagndstico hiteersensibilidade é a
investigacdo das causas que possam estar envahadafologia da doenca, diversos estudos

sao realizados para entender como essa reacadcie Existem algumas hipoteses que
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fundamentam a origem desse processo, que por gupaeeem ou nao estar relacionadas

entre si.
1.2.1 HIPOTESE GENETICA

Essa hipétese defende que a alergia € desencgutwadsores genéticos individuais,
ou seja, afirma que a resposta anormal das IgEogigkem genética e possivelmente passa de
geracdo em geracdo. Estudos de andlise de segredacatopia confirmam esse traco
hereditario (FEIJEN; GERRITSEN; POSTMA, 2000).

O desenvolvimento das técnicas avancadas, na l@ofoglecular, permite que os
estudos de gendmica estrutural e funcional, datigande determinadas populagbes e da
genética evolutiva, ajudem a buscar a compreensgajkl individual que cada gene tem na
fisiologia da resposta imune (GOLDBREG; KALIL, 2005

O efeito de multiplos genes (poligenia) € umas casas desse grupo de doencas,
uma vez que, cada um dos genes possui variadadgranvolvimento. Estudos indicam um
alto grau de complexidade por envolver caractedstindividuais, interacbes gene-gene e
mudancas epigenéticas do genoma (STEINKE; RICH; BBIR2008).

No homem, o sistema imune € composto por um graadeero de genes, com alto
grau de polimorfismo genético, isto €, presencandetiplos alelos num loco, cujas
frequéncias superiores a 1% estéo distribuidapo@msacoes, o que reafirma a complexidade
desse sistema, com consequéncias importantes iopafslogia de diversas doencas que
acometem o ser humano (GOLDBREG; KALIL, 2005).

Nas doencas alérgicas, a atopia pode ser maniéeataaés da rinite, asma, dermatite
atopica (eczema) e também das alergias aliment&®scaracteristicas dos individuos
atopicos séo: predisposicdo hereditaria para pémdute anticorpos IgE, consequente
aumento da concentracdo desses anticorpos ha teoseanguinea e maior quantidade de
receptores FcERI especificos na superficie dos duitst (FEIJEN; GERRITSEN;
POSTMA, 2000; KAY et al., 2001).

1.2.2 HIPOTESE DA HIGIENE

Originalmente proposta por Strachan em 1989, fosedda em estudos

epidemioldgicos e relaciona a questao de que axdsalérgicas sdo muito mais frequentes
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em populagdes da era moderna e paises desenvoldawo énfase na relagdo inversamente
proporcional entre sanitizacao e desenvolvimentatogias (STRACHAN, 1989).

Nas sociedades modernas, até 30% da populacdodsofieencas atopicas, ou seja,
respondem inadequadamente as proteinas estranbag) @caros, polens ou mofo
(AALBERSE; PLATTS-MILLS, 2004). Percebe-se que ndsmos 40-50 anos houve um
aumento subito das doencas inflamatérias cronioamumdo ocidentalizado, em especial as
atopicas (SIRONI; CLERICI, 2010), com nitida difeta entre regides Norte e Sul, ao
relacionarmos com o nivel socioeconémico (BACH,®00Autores revelam que a rapidez na
elevacdo das taxas de prevaléncia das doencagadesyigere uma causa ambiental (TSE;
HORNER, 2008).

O conceito inicial dessa hipdtese é que exposigamdida aos microrganismos, bem
como a menor frequéncia de infeccbes na infancecqoe — até mesmo pré-natais —
predispdem o individuo a um quadro de sensibilidgd@@N MUTIUS, 2007). Além disso, foi
observado que a raz&o pela qual essas exposigiiesoem menor extenséo, seria por conta
de uma tendéncia de familias menores e com metimatigho econémica (BLOOMFIELD et
al., 2006).

Nos anos seguintes, outros estudos deram supbipétase da higiene, expandindo as
causas da origem das doencas alérgicas, incluindgseguintes fatores de risco: exposicao
reduzida a animais domésticos, aumento da presfuisi@ de antibidticos, alteracdo dos
habitos alimentares, mudanca na colonizacdo intdstla crianca e maior exposicdo aos
poluentes (WRIGHT, 2005; YU, 2009; GOLD).

1.3HIPERSENSIBILIDADE DO TIPO |

A resposta imune adaptativa confere protecdo dg@ecbntra infecgbes, oriundas
de virus, bactérias, parasitos e fungos. No entahgomas repostas imunes desencadeiam
uma reacao excessiva ou inadequada, que € chareadipedsensibilidade (MALE et al.,
2012).

Héa aproximadamente 100 anos, o termo hipersermkid#i foi introduzido por Richet
e Portier (MAY, 1985), que descreveram o resultddoexperimento da exposicdo de um
animal pré-sensibilizado ao antigeno, reacédo caséecho denominado de anafilotaxia, que

se tornou modelo das respostas de hipersensitslidaediatas (MALE et al., 2012).
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Em 1963, os autores Coombs e Gells apresentaramsquema de classificacdo, na
qual a hipersensibilidade alérgica, descrita amterente por Richet e Portier, foi chamada de
tipo | (DESCOTES; CHOQUET-KASTYLEVSKY, 2001).

A reacdo de hipersensibilidade do tipo | decorreude desvio da resposta do
hospedeiro, direcionado a producgéo de anticorgesdégtra proteinas estranhas, encontradas
no meio ambiente (como o0s &caros presentes naapdemiciliar). As IgE se ligam com
grande afinidade aos receptores FCERI presentegxpmplo, na superficie dos mastocitos —
células ricas em substancias vasoativas, sobrethikiamina — que, quando ativados, atraves
do contato repetido com o alérgeno, desencadeiaeito®f biologicos (Figura 1)
(JANEWAY et al., 2001).

1.3.1 COMPONENTES DA REACAO DE HIPERSENSIBILIDADE DO TIPO |
1.3.1.1ALERGENOS

Alérgenos sao usualmente proteinas, heterogéneasmplexas, formados por
diferentes epitopos, que sdo reconhecidos a mhsirimunoglobulinas (Ig) de diferentes
especificidades. Essas proteinas referem-se espeuénte aos antigenos, que, por sua vez,
sdo capazes de estimular a resposta mediada poergkdividuos atépicos (MENO, 2011,
WORLD ALLERGY ORGANIZATION, 2015).

A caracterizacdo primaria dos alérgenos € relademeam sua via de exposi¢cdo. Esses
antigenos podem acessar o organismo humano, basitgrpor 3 vias: inalacdo, ingestao ou
penetracdo da pele, e dessa, forma desencadedriperatividade imunoldgica (MOREIRA,
2006). Via de regra, a forma mais comum de trarsini® por inalacdo, ja que os acaros
ficam dispersos na poeira, sdo transportados pele, anvoluntariamente, inalados. No
entanto, a contaminacdo dos alimentos por acami®ta € recorrente, especialmente aqueles
a granel e agricola, que sdo mantidos em granteszans, os quais oferecem condi¢des
normalmente favoraveis de temperatura e umidade $ae sobrevivéncia e multiplicacdo
(FRANZOLIN; BAGGIO, 2000).

O alérgeno, quando inalado, atravessa a membrarsmue € processado e
degradado em peptideos pelas células apresentaderaantigeno, como as células
dendriticas. Alguns desses peptideos se ligam &cubas HLA Human Leukocyte Antiggn
de Classe Il e, posteriormente, sdo expostos narftip da célula e apresentados aos
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linfécitos T CD4+. Para os receptores das célulag Bequéncia dos aminoacidos é que
determina o reconhecimento dos antigenos (MENQL)201

gy o o Al
Primeira exposican RLE
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Afivacao de calulaa
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Figura 1 — Esquema representativo da reacdo de
hipersensibilidade do tipo I.

Abbas, Lichtman & Pillai, 2012.

A base estrutural da interacdo entre os alérgemosigema imune € a formacao do
complexo entre IgE, alérgeno e receptor IgE de alitdadade, por isso, a determinagédo da

estrutura dos alérgenos tem sido uma area atiyeestguisa. Além do mais, para caracterizar
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detalhadamente a interacdo anticorpo-alérgeno,nbecimento do complexo, tanto de um
como do outro, é fundamental (MENO, 2011).

1.3.1.2ACAROS

Os acaros pertencem ao filo Arthropoda, classehiida e subclasse Acari. Sao os
organismos mais abundantes da mesofauna, conatitp@mt animais invertebrados
macroscopicos, presentes no solo (CROSSLEY; MULLERRDUE, 1992). Atualmente, a
subclasse Acari abrange mais de 55.000 espécies émaros e carrapatos) e formam o maior
grupo da classe Arachnida. Muitas dessas espéd@msresponsaveis por ameacar, nao
somente a saude dos seres humanos, mas tambémarttas p animais, provocando grandes
perdas econdmicas e problemas de saude publices@ata global (GU et al., 2014).

Existe uma diversidade consideravel da fauna reeaeim diferentes partes do
mundo, que € atribuida aos fatores climaticosfatoses ecoldgicos e também nutricionais de
cada territério (BINOTTI et al., 2001; GODINHO dt,2003).

Os fatores temperatura e umidade relativa do ar fsémlamentais para o
desenvolvimento e sobrevivéncia dos acaros. Parai@ia das espécies, a temperatura ideal
situa-se no intervalo entre 20°C a 30°C, porém,t@mperaturas mais baixas, a taxa de
produtividade e de desenvolvimento é retardada.r@atdo a quantidade de agua no ar,
locais com maior umidade permitem que as populag@esinas se mantenham estaveis.
Normalmente, quando a umidade se encontra abaigo58%, a maioria dos &caros nao

resiste, salvo algumas espécies (FERREIRA, 2013).

Dentre os acaros mais estudados nas doencas at@st@o:Dermatophagoides
pteronyssinus(que abrange os alérgenos Der p 1-11, 13-15, 18, 220 23, 24),
Dermatophagoides farinager f 1-4, 6-8, 10, 11, 13-18, 20-22, 24-39)ermatophagoides
microceras(Der m 1) (http://www.allergen.org), os quais séentificados a partir do peso
molecular e sequéncia homologa (BRUNTON; SAPHIRR990s alérgenos sensibilizantes
dos &caros estado divididos em grupos, 0s princgiasisteina-proteases (alérgenos do grupo
1: D. pteronyssinug, D. farinae1l e D. microcerasl), serino-proteases (alérgenos do grupo
9), e as amilases (alérgenos do grupo 4). Essamanalergénicas sao provenientes das
células do trato gastrointestinal dos acaros ees@ontradas em altas concentragcdes em suas

fezes. Sao essas proteinas, eliminadas no excreh@nticaros, responsaveis por estimular a
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producdo de anticorpos IgE, ao entrarem em cowr@io 0 hospedeiro (STEWART et al.,
1997; GREIFF et al., 2002; POST et al., 2014).

Em regides tropicais e subtropicais, como o Brasiklérgenos provenientes de outras
espécies de acaros, tal comBlamia tropicalis também é considerada uma importante causa
de sensibilizagdo em pacientes predispostos (FERNENCALDAS et al.,, 1993).
Diferentes alérgenos ja foram identificados pasaespécie (Blo t 1-6, 8, 10, 11-13, 19 e

21), visto que o Blo t 5 é 0 mais importante (iMypwvw.allergen.org).

Esses artropodes sdo considerados organismos ddiwid, que se alimentam de
fragmentos da pele humana, o que justifica serequéntemente encontrados em larga escala
em camas/colchdes, roupas, almofadas, bichos deigedentre outros materiais téxteis,
presentes no domicilio (MOGHTADERI et al., 2016)s @Qungos e outras substancias
proteicas, também servem como fonte de alimentoa pags acaros (JENTZSCH;
CARMARGOS; MELO, 2002).

A partir de meados de 1960, os acaros passaramrel@@onados com 0S processos
alérgicos e serem apontados como responsaveis gg@nchdear as doencas das vias
respiratorias. Atualmente, séo classificados comodoes mais importantes alérgenos, uma
vez que 50% dos adultos e 90% das criancas ass&@a sensiveis a &caros, pois
demonstram sinais de alergia, mediada por IgE telidas proteinas inaladas (MOFFATT et
al., 2003; ATAMBAY et al., 2006; ERTABAKLAR; YAMAN;ERTUG, 2006).

De acordo com o estudo de Solé e colaboradoregt)28dbre a epidemiologia da
asma na populacédo pediatrica brasileira, a presalénédia entre adolescentes no pais, se
mantém entre as mais elevadas do mundo. O estodteague viver em ambiente rural, € um
fator protetor, tanto no desenvolvimento da asmoajccno das outras doencas alérgicas.
Outra pesquisa nacional, que incluiu criancas éadentes atendidos em servicos brasileiros
de alergia, demonstrou indices de positividade6je% pareD. pteronyssinusde 64,5% para
D. farinaee de 55,2% par@lomia tropicalis(NASPITZ et al., 2004)

1.3.2 METODO DE DETECCAO DA REACAO DE HIPERSENSIBILIDADE DO
TIPO |

O diagndstico da alergia € baseado na deteccamdeaacao de sensibilizacéo e para

tal é realizado o teste de puntura, denomirRriltk TestEsse teste € baseado no principio de
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que, tendo o paciente atopico, IgE especifico d&rgenos testados, ocorrerd liberacdo de
substancias farmacologicamente vasomotoras, aléfibetacdo de substancias do interior
das células, ocasionando edema, hipersecrecadoasnesAnthygenus™, Rio de Janeiro,
Brasil). Essa é considerada a técnica padrdo, esudewla para diagnostico de alergia
mediada por IgE (BURBACH et al., 2009; BOUSQUEBRkt2012).

Esse teste é realizado com a suspensao de alémmpexdficos, que sdo dispensados
em pequenas gquantidades no antebraco apés a assmpsalcool 70%. Para que a substancia
penetre na pele, é realizada uma picada ou levwias&o, com o auxilio de uma lanceta.
Passados 15 a 20 minutos, nos casos positivogrsuwma reacdo papulo-eritematosa, que é
classificada de acordo com o tamanho do diametranéimetros, cuja magnitude é dada em

cruzes (Quadro 1).

Quadro 1 - Classificacdo da reacéo de hipersensibilidgael tho alérgeno testado.

Magnitude . Papula Eriterma ~aracier
, Reacao Caracterislicag
(n° de cruzes) ¢ {rmim) (mmy} visuais
Apenas
""""""""" MEGATIVA | soemmemmmmems | smssssmsmemeees | do ponlo de
incculagio
................................................... Papula acima
POSITIVA, e 3
+11 FRACA < 3mm =15 Papula
de Imm
: Fapula de
++ <
/2 MEDIA Brmm =15 i
P Pdpula de
+44+ [ 3 FORTE 7-9mm 16-30 & & Srm
Papula de
s44t ] 4 INTEMNSA > 9mm =0 Smm com
ramiflicagdes

Anthygenus™, Rio de Janeiro, Brasil.

1.4SISTEMA IMUNITARIO

Nos seres humanos, existem dois sistemas de rasposholdgica distintos que,

inclusive, interagem entre si, chamadas de imueidadta/natural e imunidade adquirida/
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adaptativa. Ambos atuam de forma separada, ou amunto no desenvolvimento da
imunidade (JANEWAY et al., 2007).

Em linhas gerais, a imunidade inata representaimepa linha de defesa e é
caracterizada pela rapidez na resposta e nao keipecie, ou seja, permite uma reacao
“instantanea” no encontro com o antigeno, alénodis&o possui memadria imunoldgica e tem
atuacdo de curta duracdo. E representada por raarréisicas, quimicas e bioldgicas,
componentes celulares e moléculas solaveis, pesemm todos os individuos
(MEDZHITOV; JANEWAY, 2000; PACHECO; CARDOSO, 2007).

Em contraste, a resposta adaptativa age lentanantealizar o contato inicial com o
antigeno, mas é considerada mais especifica engaradria imunolégica. Em um segundo
contato com o antigeno, produz uma resposta rapidégorosa (KINDT; GOLDSBY;
OSBORNE, 2004; JANEWAY et al., 2007). Esta é medigubr linfoécitos e abrange a

imunidade celular e a humoral.

As respostas imunes adaptativas atuam por meimidepddrdes: a resposta imune,
mediada por linfécitos T auxiliares do tipo 1 (Thd)a resposta imune Th2. Enquanto a
resposta imune Thl ocorre na reacdo as infecc@as @ bacterianas e nas doencas auto-
imunes, a Th2 ocorre na reacdo as infeccdes héasné nas doencas alérgicas, como a
asma, a rinite e o eczema (PONTE; RIZZO; CRUZ, 2007

A resposta Th2, ao ser ativada através do contetoccantigeno, provoca a liberagéo
de citocinas Th2, tais como, IL-4, IL-5, IL-6, IL-B.-10 e IL-13 que, por sua vez, estimulam
a diferenciacdo dos linfocitos B e a producdo d&campos de classe IgE, ocasionando a
imunidade humoral (LINSINGEN, 2008).

1.5COMPLEXO PRINCIPAL DE HISTOCOMPATIBILIDADE

O MHC (Major Histocompatibility Complexrepresenta o conjunto de mais de 220
genes com funcdes diversas, que inclui os genpsnséveis por codificar as moléculas de
histocompatibilidade, denominados como sistema HEAse sistema esta localizado na
porcao distal 6p21.3 do cromossomo 6, cujos predetdificados séo localizados em
moléculas de superficie celular e podem ser cleadifs em classicos e nao-classicos, de
acordo com a sua estrutura molecular, distributegmual e funcéo biologica (ROBINSON
et al., 2013).
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Os genes do MHC sao divididos em trés grupos thstinclasse 1, localizado na
por¢do telomérica do MHC, que codifica os genessads HLA-A, -B e —C e ndo classicos
HLA-E, -F e -G; classe Il, mais proxima ao centréope qual codifica os genes HLA-DRA,
-DRB1, -DRB3, -DRB4, -DRB5, -DQA1, -DQB1, -DPA1 ®PBL1. Localizada entre as
regides classe | e Il, encontra-se a classe llqua os genes presentes sdo: C2, C4b e BF.
Outros locos também situados nessa regido saad&ixitase, C2 do sistema Complemento
e TNF (fator de necrose tumoral) (CAMPBELL; TROWSIA 1993) (Figura 2).

Cromossomo b

Tel Brago longo Cen Bragocurto  Tel
== _'_'_,__\_‘_\‘
= — Regido
e HLA \\x
— ey

e UClasse Il Classe 111 Classe |
I &
DP DM Do DR C4 C2HspTOTNF B C E AGF

Figura 2 — Mapa genético da regido HLA — Figurauesgatica mostrando o
cromossomo 6, a regidao HLA e os genes HLA de €lhsdl.

Cen = centrébmero; Tel= telébmero.

Expert reviews in molecular medicine, 2003, Canditniversity Press.

As moléculas de classe | sdo heterodimeros, gerepsessam em membranas de todas
as ceélulas nucleadas. S&o constituidas por duagsasgublipeptidicas designadascde outra
B2-microglobulina (Figura 3). A cadeia alfa poss@istmodulos funcionaisiy, a2 e a3),
seguidos da porcédo transmembranica e cauda citogliga (BARNSTABLE et a).1978). A
fenda do dominio extracelular da cadeiacomoda peptideos de origem citosolica, entre 8 a
10 aminoacidos de comprimento, que sédo processamlasterior da célula e expostos na
superficie, através das moléculas MHC. A funca®bioa dessas moléculas esté relacionada
com o fendmeno de restricdo das células mediadtrdse, como células T citotoxicas e
supressoras (CD8+) e no reconhecimento do peptgeesentado (MCDEVITT, 1985;
ABBAS; LICHTMAN; PILLAI, 2012).
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MHC de Classe |
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Figura 3 — Representacao estrutural da moléculMdE de
Classe I.
Abbas, Lichtman & Pillai, 2012.

As moléculas de classe Il sédo glicoproteinas - titoilas de duas cadeias
polipeptidicas, que possuem porc¢des transmembganrisao ligadas de forma ndo covalente,
e designadas como cadei& cadeig; ambas s&o codificadas por genes distintos (Figura
A cadeiaa € pouco variavel, enquanto a cadgjaodificada por HLA-DRB1, € altamente
polimorfica, especialmente no primeiro dominio. idalmente, sdo expressas por células B,
macrofagos e células dendriticas (KLEIN et al.,6)98 fenda abriga peptideos antigénicos,
de origem extracelular, com comprimento de aprogean@ente 13-25 aminoacidos que, ao
serem reconhecidos como nado proprios, fazem aapegso dos peptideos as células T
CD4+ (helpe) e a regulagdo das interagBes entre as célulasocompetentes (DAVIS;
BJORKMAN, 1988; ABBAS; LICHTMAN; PILLAI, 2012).
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MHC de Ciasse i S
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Figura 4 — Representacao estrutural da moléculMdE de
Classe II.
Abbas, Lichtman & Pillai, 2012.

Esse sistema € caracterizado pelo alto grau den@dismo, distribuicdo desigual das
frequéncias alélicas em populacdes e também prevalé&e alelos tipicos em uma dada
populacdo. Segundo Morton et 4lL966), o termo polimorfismo genético refere-se a
ocorréncia de duas ou mais formas genéticas désuasf de uma mesma espécie, em uma
mesma populagdo. A mais comum é determinada palelm com frequéncia ndo superior a
99%. Em outras palavras, se a frequéncia do alals comum for inferior a 99%, o sistema é
classificado como polimorfico. Por outro lado, stema € monomaorfico quando houver um
alelo com frequéncia superior a 99%, independeattaid de haver apenas um, nenhum ou

muitos alelos com frequéncia inferior a 1%.

Grandes populac¢des urbanas sdo caracterizadaspaariado nimero de alelos, sem
prevaléncia de nenhum deles; esse padrdao é comsemu processo de miscigenacao.
Nessas condi¢des, os estudos sdo pouco informatjuaado se pretende verificar efeitos de
outros fatores evolutivos, que ndo a miscigena¢d&NERT; PARHAM, 1996). Em

populacdes isoladas, fica mais evidente a acaeliacdyenética.



29

1.6CELULAS NATURAL KILLER E SEUS RECEPTORES KIR KILLER CELL
IMMUNOGLOBULIN-LIKE RECEPTOR)

As células Natural Killer (NK) sdo derivadas da miadossea e compdem uma
subpopulacdo de linfécitos granulares, que tem qawecteristica serem heterogéneos e
produtores de citocinas. Representam 5 a 25% du ti# células mononucleares na
circulacdo sanguinea em condi¢Bes normais e podeansontradas em certos tecidos, como
placenta, intestino, figado e cavidade peritondaAN(ER, 1998; PARHAM, 2003;
CALIGIURI, 2008). Devido ao seu fenotipo de supz€ie linhagem, ndo sao linfocitos T,
nem B, além de ndo expressarem somaticamente seeepde antigenos rearranjados e
distribuidos clonalmente (ABBAS; LICHTMAN; PILLARO12).

As citocinas IL-2, IL-15 e IL-18 produzidas por msg células, sdo capazes de ativar
as células NK e provocar a expanséao delas, podaigtar para uma variedade de tecidos e
orgédos (MIDDLETON; CURRAN; MAXWELL, 2002). As célas NK empregam diferentes
mecanismos indutores de apoptose, tais como pmafyrigranzimas e fatores de necrose
tumoral (TNF), com objetivo de lisar as célulaseatle maneira rapida, eficiente e precisa
(FLODSTROM et al., 2002).

Essas células integram o sistema imune inato e ¢dmo funcdo principal
proporcionar resposta defensiva de primeira lifaaendo as vezes de sentinelas, com
capacidade de detectar e lisar células tumoraisnfactadas por virus, sem que seja
necessaria uma sensibilizacéo prévia (CALIGIURD&OIVIER et al., 2011). Para tanto, €
preciso uma regulacdo cuidadosa dessas respoatasquye haja distincdo entre as células
doentes e os tecidos vizinhos saudaveis, ou se@amado mecanismo duaissing self
(reconhecimento do proprio). Para tal fim, as esWK lancam mé&o de sua habilidade em
reconhecer a auséncia ou expresséao reduzida dasutasl HLA de classe | na superficie das
células-alvo, 0 que caracteriza uma expressao ahosendo este o sinal que as diferencia
das células normais ou proprias do organismo, g estas expressam normalmente as
moléculas HLA (KARRE, 2002).

Os receptores das células NK pertencem, dentreaputa superfamilia das
imunoglobulinas, na qual os receptores KIR est&eridos. Estes, sdo codificados por um
grupo de 14 genes, mapeados no cromossoma 19dtt&dosno LRC leukocyte receptor
compley, formados porKIR2DL1, KIR2DL2, KIR2DL3, KIR2DL4, KIR2DL5, KIR2DS
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KIR2DS2, KIR2DS3, KIR2DS4, KIR2DS5, KIR3DL1, KIR2DKIR3DL3e KIR3DS1 ,além
de dois pseudogen&$R2DP1e KIR3DP1(HOU et al., 2012), dos quaidR2DSe KIR3DS
sao classificados como ativadoreKI®2DL e KIR3DL como genes inibidores, com excec¢ao
do KIR2DL4 (MIDDLETON; GONZELEZ, 2010).

KIRs de inibicdo apresentam cauda citoplasméaticagdp contendo um ou dois
motivos de inibicdo baseados em tirosina, ITIMsniunoreceptor tyrosine-based inhibition
motifg, enquanto KIRs de ativacdo apresentam caudalastoatica curta e possuem um
aminoacido no dominio transmembrana, que permstecaés;ao com a molécula DAP-12, que
libera sinais ativatérios por meio de ITAMmmunoreceptor tyrosinebased activating mptifs
(VILCHES; PARHAM, 2002) (Figura 5).
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Figura 5 — Nomenclatura e organizagcdo moleculdiBe
Marangon et al., 2008.

Os receptores KIR interagem com seus respectigantks HLA, sendo que o
reconhecimento ocorre de forma especifica com um nj@ais) dos quatro epitopos das
moléculas HLA de classe |. Estas apresentam umrtismm no loco HLA-C, na posi¢ao 80
da hélicenl, onde séo classificadas em HLA-C1 e HLA-C2. RawegKIR2DL2 KIR2DL3
e KIR2DS2reconhecem moléculas HLA-C, pertencentes ao giugblLA-C1), as quais
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incluem os grupos alélicos mais comuns HLA-C*010&*C*07 e C*08, a0 passo que
KIR2DL1 e KIR2DS1 ligam-se as moléculas HLA-C2, em que as mais fregpse

correspondem aos grupos alélicos HLA-C*02, C*040%® C*06 (PISEGNA et al., 2004).
Além disso, receptore&IR3DL2 KIR2DS2 e KIR2DS4 reconhecem o subconjunto de
alétipos HLA-A, que correspondem aos epitopos ABLLW et al., 2014) (Quadro 2).

Quadro 2 — Especificidade dos receptores KIR e seus ligante

2DL1 and 2DS1 2DL2/3 and 2DS2 3DL1/S1  3DL2 2DL4 2DS4
HIACgp?2 HLACgpl  HLA-BBwd HLA-A HLAG
C*02 C=01 B*08 A*03 C*04
C*04 C*03 B*13 A*11
C*05 C*07 B*27
C*06 C*08 B*44

B*51

B*52

B*53

B*57

B*58

Carrington & Norman, 2003.

A presenca e a auséncia de certos genes resultammnmemimensa diversidade
hapldtipica e, consequente, alto grau de polinmodis distribuido na populacéo
(caracteristicas mais importantes desse compl&m)geral, de acordo com a variabilidade
do contetudo génico, dois grupos basicos sdo catdsalenominados como haplétipos A e
haplétipos B (CARRINGTON; NORMAN, 2003).

O haplétipo A contém os genk$R3DL3, KIR2DL3, KIR2DL1, KIR3DP1, KIR2DL4,
KIR3DL1, KIR2DS4e KIR3DL2,em queKIR2DS4€é o unico gene de ativacdo. O conteudo
génico do haplétipo A tem baixa variabilidade ge@étcontudo apresenta grande extensdo
alélica. O haplotipo B apresenta maior variagddeamos de contetdo génico, especialmente
em relacdo aos genes de ativacdo, que podem garidiferentes combinacdes IKER2DS1,
KIR2DS2, KIR2DS3, KIR2DS5, KIR3D8KIR2DS4e possui menor polimorfismo alélico
(CARRINGTON; NORMAN, 2003).
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E bem estabelecida a importancia dos receptores dRegulacio da atividade das
células NK, na ativagao/inibicdo da resposta agentes HLA de classe | e como regulador
no curso das infeccdes virais e nas transformaitegrais. Estudos recentes demonstram a
participacdo das células NK em mecanismos adveansosntanto o conhecimento sobre a sua

funcéo e a de seus receptores KIR nas doencasag@inda € muito pouco conhecido.
1.7JUSTIFICATIVA

Ao considerar a hipersensibilidade aos acaros wuaacrelativamente comum entre
as criancas e responsavel por desencadear inUraspastas cutaneas e respiratorias, além de
promover um grande impacto na saude dessa popukag@&mdemos que esse € um assunto

de grande importancia na area da saide humana.

As alergias do aparelho respiratorio tém sido udess principais enfermidades do
homem moderno e a alta prevaléncia dessas doesigasetacionada a uma série de fatores
de riscos, dentre eles, o genético. Estudos desand segregacdo das doencas atOpicas
confirmam o traco genético no desvio da respostaadticorpos IgE (FEIJEN; GERRITSEN;
POSTMA, 2000).

Em contrapartida, poucos autores investigaram ecagsio dos genes HLA com os
acaros e até onde vai nosso conhecimento, esfgigneiro trabalho que aborda essa relacéo
com os receptores KIR.

Apds encontrarmos importantes associacfes entres $pHimorfismos Unicos de
nucleotideos) de citocinas e a sensibilizacdo aas8 (CANIATTI et al.,, 2014), em um
estudo prévio envolvendo as mesmas amostras denpegsesquisa, foi levantada a hipotese

de outras possiveis associa¢cdes com os genes HIR. e

Em concluséo, os conhecimentos atuais demonstiarpatancia de continuarmos a
investigacdo dos mecanismos acerca das atopiagpartia dai, possibilitar novos planos

terapéuticos para o controle dessas doencas.
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1.80BJETIVOS
1.8.1 GERAL

Conduzir um estudo de associacdo genética paestigar marcadores de resposta
imune em genes HLA de Classe | (-A, -B, and —C{la&sse 1l (-DRB1) e genes KIR, em

individuos sensiveis e ndo sensiveis a acaros.
1.8.2 ESPECIFICOS

- Classificar todos os participantes em sensiwaisas) e ndo-sensiveis (controles) aos
acaros:Dermatophagoides farinae, Dermatophagoides ptersinys e Blomia tropicalis

através do teste cutaneo de hipersensibilidadeiataedPrick Test™

- Identificar os genes de resposta imune HLA desgdd (-A, -B, and —C), HLA de

Classe Il (-DRB1) e KIR nos individuos sensiveigie-sensiveis;

- Estimar as frequéncias dos alelos, dos grupdeadée dos haplétipos dos genes

HLA, por contagem direta;

- Estimar as frequéncias dos genes KIR, bem conszde ligantes HLA de Classe |,

por contagem direta;
- Calcular a distribuicdo dos genes HLA e KIR, derdo com cada agente etiologico;

- Avaliar a associacao dessas variantes com apistidade aos acaros, de acordo
com o valor dé>, usando o teste exato de Fisher bi caudal, cosel dévsignificancia de 5%;

- Avaliar o risco de desenvolver sensibilidade acaros pela determinacao oéds

ratio;

- Comparar os resultados com o método propostoHmdlenbach et al. (2012),

aplicando o teste de heterogeneidade e calculanddoo deP, pelo teste do qui-quadrado
(x2).
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ABSTRACT

Background. Type | hypersensitivity, also known as IgE-mediatdigrgy, is a complex,
multifactorial condition whose onset and severity anfluenced by both genetic and
environmental factors. Mite allergens stimulate fgreduction of humoral response (IgE),
especially in children, which is closely involvadatopic asthma and rhiniti®bjective. This
study aimed to investigate the association betwdeA class | (-A, -B, and —C), and HLA
class Il (-DRB1) genes in individuals sensitivedost mites Dermatophagoides farinae,
Dermatophagoides pteronyssinuer Blomia tropicali§ and mite-insensitive controls.
Methods. The 396 participants were grouped as mite-sensatidemite-insensitive according
to immediate hypersensitivity as determined by gkiok tests, and to HLA genotyping by
polymerase chain reaction-sequence specific oligeotide (PCR-SSOResults. After chi-
square heterogeneity testing significant differences were observed in HLAB, and C
genes, except for the HLA-DRBL1 locus, which, showeatkgative association fBRB1*04
between mite-sensitive and mite-insensitive indiaid. In high resolutionDRB1*04:11
allele was significantly different from all othezsults P = 0.0042, OR = 0.26, and 95%CI =
0.09 - 0.70). The analysis stratified by etiologigent confirmed these associations.
Conclusion. Our results suggest a possible association betw#e®h-DRB1 genes and

hypersensitivity to dust mites.

Keywords: Mites; sensitive; genetic association; HLA; digeassceptibility.
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1 INTRODUCTION

The development of advanced techniques in moletitdogy has allowed the study
of structural and functional genomics, the genetitsertain populations, and evolutionary
genetics, studies that can help to gain a bettdenstanding of the role of each individual
gene in the physiology of the immune response.uimdns, the immune system has evolved
to protect the host from a universe of pathogend,iss composed of a large number of highly
polymorphic genes, i.e., the presence of multifildess at a locus, being found at frequencies
greater than 5% in certain populations, which fssii a complex system with important

consequences for the pathophysiology of severahdes that affect humdas 2, 3].

Allergy is one of these diseases. It produces imentgsponses to environmental
antigens, causing tissue inflammation and orgafudgsion. The etiology of atopy involves
genetic factors that are still poorly understooeinstization occurs when antigen presenting
cells (APCs) of predisposed individuals processrgéins (proteins) and present the resulting
peptides within HLA molecules to the allergen-specCD4+ T cells. The latter produce
cytokines that induce a class switch in B cellslgh antibodies, which bind to the high
affinity FceRI on mast cells and basophils (richvasoactive substances). Upon a second
contact, the allergen crosslinks these IgE antémdand the effector cells react immediately
to release preformed inflammatory substances wgbaonds. The ability of these allergens to
make individuals become sensitized and respondrbguging IgE antibodies varies and is
determined by the individual's genetic makeup apditural and environmental factors [4,

5.

Both the prevalence and severity of allergic regpny diseases have increased over
the past 5 decades, represent global health preblemall age groups, particularly among
children. This is possibly due to environmentalradies and increased exposure to allergens.

More than 50,000 species of mite allergens have described, and house dust mites, such
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as Dermatophagoides pteronyssin(I3. pteronyssinysand Dermatophagoides farinagD.
farinae), are the most common among the known atopicgales. These mites have been
found in house dust samples worldwide, being moexglent in warm and humid climates

[6, 7, 4].

The human leukocyte antigen (HLA) system is a cexpif several loci in the major
histocompatibility complex (MHC) region of chromese 6 in humans, whose encoded
products are found in cell-surface molecules armtisided into class | and 1l according to
their molecular structure, tissue distribution, ahbblogical function. This system is
characterized by a high degree of polymorphismyenalistribution of allele frequencies in
the population, and prevalence of typical alleleseértain populations. HLA molecules are
responsible for the presentation of peptides to ummecompetent T cells. In addition to
interacting with natural killer cell receptors thikA molecules are considered to play a key
role in the adaptive immune response, since theyirarolved in the onset, maintenance,

protection, or predisposition to certain disease®][ 10].

In a previous study, allelic and genotypic assamiat in pro-inflammatory | 1A88°
andIL2339 and anti-inflammatoryli(4°%, IL4RA1%2 andIL10°%) cytokine variants were
observed in allergic individuals [11]. Consideritizat HLA molecules are also immune
response genes and connect innate and adaptivenenrasponses, the prior results led us to
the current study. In addition, no other study gesdistinguished between the three most

frequent allergen sources in tropical regions.

It is worth mentioning that in the southern hemeseh no database exists for the
sensitization to the most important allergen sasirecemely the different species of dust

mites.
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To date, some studies have investigated the rekdtip between HLA genes and
sensitivity to dust mites (Table 1), however, thgortance of these associations remains
unclear. Considering that the identification of diglate genes in mite-sensitive individuals
could reveal mechanisms of interaction betweerrgdles and hosts, the aim of the present
study was to conduct a genetic association studgviestigate markers of immune response
in HLA class | (-A, -B, and —C), and HLA class {DRB1) genes in individuals sensitive to
dust mites D. farinae, D. pteronyssinu®r Blomia tropicali9 compared to mite-insensitive

controls.

2 METHODS

2.1 Ethical Considerations

The study was approved by the Research Ethics Ctiemof Universidade Estadual
de Maringa (protocol No. 412.420/2013) and condiateaccordance with the provisions of
the Declaration of Helsinki. All participants proed written informed consent prior to their
inclusion in the study. In the case of minors, untlé years of age, written consent was

obtained from their parents/legal guardian.

2.2 Participants, Inclusion and Exclusion Criteria

This cross-sectional study included 343 childrerdigiiduals under 14 years of age)
and 53 adolescents and educators (individuals b4 eears of age) from 3 public institutions
located in the city of Maringa (Parana, southerazbr latitude 23° 25' 31" S and longitude
51° 56' 19" W) who voluntarily agreed to particgpat the study. Individuals were randomly

invited to participate, and 396 agreed to enteistbdy.

The exclusion criteria included consanguineous viddals and Asian descent.

Whereas to the ethnical group, considering thectieje of subjects of Asian origin, all other
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participants were considered to be white Brazilidmsaring in mind that, the Brazilian

population is heterogeneous as well as highly mixed

2.3 Allergy Testing, and Sample Collection

Each participant's sensitized status was deternbgeskin prick testing. At least 1 of
the 3 tested mite allergenB.(farinae, D. pteronyssinygndBlomia tropicali9 had to be
positive. A positive response was defined as pseh erythema ranging from <15 mm (+)
to >30 mm (++++). For each individual, a negativel & positive control parameter were
tested. Reactions were read and noted by two dig¢sidl0 to 15 minutes after the reagents
were applied, according to the manufacturer'suicstons (Anthygenus™, Rio de Janeiro, RJ,
Brazil). The mite-insensitive group consisted ofliunduals with no history of allergy and

who showed no simultaneous reaction to the 3 alesgserving as healthy controls.

Peripheral blood samples (10 mL) were collectednfrall individuals into tubes
containing EDTA as anticoagulant. DNA was then a&sted using the commercial kit
(Biopur™, Reinach, Switzerland), according to thanofacturer’s instructions. Genomic

DNA (OD ratio 260/280 of 1.6-1.9) was adjusted twoacentration of 20 to 50 ng/uL.

2.4 HLA Class | and Il Genotyping

HLA class | (HLA-A, -B, and -C) and class Il (HLA®B1) were genotyped by
polymerase chain reaction-sequence specific oligeotide (PCR-SSO) using the

commercial kit SSO LabTyp¥ (One Lambda, Canoga Park, CA, USA).

The amplified product was denaturated and hybradiméth microbeads linked to
specific oligonucleotide probes for determinatioh LA genotypes. Complementary

products were detected by chemiluminescence antyzakausing the Lumine¥ flow
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cytometer (LabScdi 100), and the results were interpreted using HW&IGN™, version

3.1 (One Lambda, Canoga Park, CA, USA).

2.5 Ambiguities

One of the alternatives to solve the ambiguitiesitbin the PCR-SSO technique, was
the use of PCR-SSP method [12] followed by PCR-SB/hen one of the ambiguities
suggested unusual genotypes, it was adopted aie@ocr the inclusion of the most common
genotypes, based on our database of bone marroarsddaviost ambiguities of the HLA-B
locus were resolved by specific primers of Bw4 grquovided by the commercial kit SSO
LabType™ (catalog RSS0O1S4). In addition, allele and hapletiequencies obtained were
compared using the Allele Frequencies Net Databas€AFND)

(http://www.allelefrequencies.net).

2.6 Statistical Analysis

The high levels of polymorphism and strong linkatigequilibrium (LD) associated
with the HLA loci must be taken specifically forighpurpose when analyzed data for disease
association studies, in order to avoid confoundiegults. Population analyses, including
calculations of alleles and genotype frequencieststfor fit to expectations under Hardy—
Weinberg equilibrium, and estimations of haplotyyegjuencies, were the initial steps in this

study involving immunogenetic data [13].

According to Hollenbach et al. [14], the secongsi@s to use a contingency table to
test the difference, or independence, of frequethslyibutions for categorical variables. This
table was constructed utilizing raw counts datae Ejpproach in this type of analysis for
highly polymorphic immunogenetic data was to fegamine heterogeneity in overall allele

frequency distributions in cases. controls for a particular locus, using a 2 x k row
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column (r x c) contingency table, in OpenEpi sofevgversion 3.01), available on:
http://www.openepi.com.

For rare alleles, there is a particular difficulglthough they2 test has been the
standard approach for testing fit at the overaliukslevel, this test can lead to false
acceptance or rejection of the null hypothesis wkien expected genotype counts in a
contingency table are small (sparse cells), in @=zrwe with Hollenbach et al. [14], th2
test is inappropriate if any of the expected coamésless than one or if the expected counts
are less than five in more than 20% of all cella icontingency table. Albeit Yates’ correction
for continuity is sometimes applied to accountriamerous sparse cells, this may be overly
conservative, and the preferred method is to coentonv frequency alleles into a single

category, often referred to as the “binned” catggor

Therefore, the conservative approach was respectedhining alleles with expected
value of less than five in cases or controls ihi® binned category prior to calculation of the

¥2 statistic.

The degrees of freedom (DF) for the goodness gRfnalysis were calculated from
the number of alleles with expected values in casescontrols of five or greater, plus the
combined category, -1 (i.e., k — 1). A p-value was$ained by comparing the test statistic to

they2 distribution for the appropriate degrees of faad

Whereas to results that were significant at theraléocus level, additional testing
were used 2 x 2 contingency tables for each a(etpected counts of five or more only)

against all other alleles.

In Relative Predispositional Effects (RPE) analyj4i§], by means of the OpenEpi
software (version 3.01), alleles, haplotypes, onaggpes with the strongest predisposing

(PRE) or protective (PRO) effects were sequentiaipoved from the analysis, until there is



48

no further significant heterogeneity detected eitheerall or for an individual allele, to reveal

the relative predispositional effects of the HLAelds that are associated with the disease.

Allele frequencies were determined by direct cauptand compared using a 2x2
contingency table. The significance of the differemwas evaluated using two-tailed Fisher’s
exact test [16], anB-values less than 0.05 were considered signifiabtgined by use of the
Epi Info™ (version 7.0). Odds ratio (OR) was cadtad, with a 95% confidence interval
(95%Cl) according to Woolf [17], using Epi Info™grsion 7.0). Hardy-Weinberg
equilibrium was tested using the method describgdsbo and Thompson [18] with the

Arlequin software, version 3.5 [19].

Because the gametic phase is unknown, maximumHikedl estimates of haplotype
frequencies were obtained from multilocus genotygeta and computed using the
expectation-maximization (EM) algorithm [20], alssing the Arlequin software, version 3.5

[19].

3 RESULTS

Of 396 individuals, 45.5% (180/396) were male adb% (216/396) were female. A
total of 249 (63%) were included as cases (indi@iswho were atopic to at least one mite)
and 147 (37%) as controls (non-atopic individual§here was no difference in sex

distribution between cases and contréls=(0.2509).

Regarding age, only 13% (53/396) of the total pgréints were adults, the group of
sensitized individuals had a mean (SD) age of (&% years (range, 4-48 years), while non-
sensitized controls had a mean (SD) age of 118 {®ars (range, 5-37 years). There was no

difference in age between the two groups(0.1408).
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Overall, 56% tested positive f@r. farinag 43% forD. pteronyssinus37% forBlomia

tropicalis, and 29% for the 3 mites simultaneously.

The observed and expected frequencies between ypesofor loci A, B, C, and
DRB1 showed no deviation from Hardy-Weinberg eduilim in cases or controls, with

values greater than 0.05.

The frequencies of HLA-A, -B, -C, and -DRB1 allgJeoups were calculated and no
differences were found between the populationsietiidexcept for the DRB1 locus, which
showed a statistically significant difference foe DRB1*04allele group (8.8%s.14.6%,P
= 0.0135, OR = 0.56, and 95%CI = 0.36 — 0.88), wtmmpared to sensitized individuals to

at least one of the dust mites and controls (supghtary Table 1).

As shown in Table 2 (supplementary Table 2), whdrAHDRB1 high-resolution
allele frequencies were compared, the most freqakele in both case and control groups
was DR*07:01, with 13.4%vs. 12.2%. However, th®RB1*04:05and DRB1*04:11alleles
was significantly less frequent in cases (1843.1%,P = 0.0481, OR = 0.32, and 95%CI =
0.10 — 0.96 and 1.2%s. 4.4%, P = 0.0067, OR = 0.26, and 95%CI = 0.09 — 0.70),

respectively.

For the DRBL1 locus, the frequencies of HLA allelesre compared for each mite
species D. farinae, D. pteronyssinysndBlomia tropicalig separately. All species differed

statistically, and were associated on resistansengitization.

TheDRB1*04allele group had a negative association with ayiéodD. farinaeandD.
pteronyssinugP = 0.0339, OR = 0.60 arfeil= 0.0166, OR = 0.53), respectively (Tables 3 and

4). There was also a negative association betwkengyato Blomia tropicalisand both the
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DRB1*04allele group(P = 0.0089 and OR = 0.49) and th&B1*15allele group P = 0.0295

and OR = 0.54) (Table 5).

For the chi-square heterogeneity test, there wersignificant heterogeneity in allele
counts in HLA class I. However, for the HLA clagsthe DRBL1 locus (in high-resolution)
was the only one to show significant differencesveen cases and controjg € 45.26 P =

0.0006) (Table 6).

In Relative Predispositional Effects (RPE) analysis significant heterogeneity was
detected whe®RB1*04:11was removed, revealing the relative predisposiiaifects of
this HLA allele associated with the diseaBke results 0DRB1*04:11in the chi-square test
using 2 x 2 contingency table were: 1.2%04.4%,P = 0.0042, OR = 0.26, and 95%CI = 0.09

—0.70.

In relation to haplotypes, no significant differenwas found between mite-sensitive
and mite-insensitive individuals, and the most tieaf haplotype walklLA-A*01 B*08 C*07

DRB1*03 with 2.2%uvs. 2.4%, respectively (supplementary Table 3).

The genotype and allele frequencies of HLA-C Kkillezll immunoglobulin-like
receptor (KIR) ligands, called C1 and C2, were atsmpared; however, no significant

difference was found.

Finally, analyses based on a series of 2 x 2 tegjgires corrections for multiple
comparisons (usually utilizing the Bonferroni meathowith a correction factor minimally
equivalent to the number of alleles tested. Howewsen significance of the association of
all individual alleles was assessed with a priorokledge ofoverall heterogeneity at the

locus, it was not necessary to correct for multipbenparisons in subsequent 2 x 2 tests
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intended to identify the allele(s) with significacdntributions to the overall deviation at the

locus [14, 21].

4 DISCUSSION

Allergy is a complex phenomenon with manifestatiamsolving the skin, digestive
tract, and even the eyes (among many other sitas)considered a multifactorial condition

whose onset and severity are influenced by botletgeand environmental factors [22].

The production of IgE antibodies against allergeEnm house dust mites is closely
involved in the development of atopic asthma anditih. Although several family-based
studies have confirmed the participation of genetintrol in this response, the mechanism

that explains this relationship remains to be fellycidated [23].

Ninety percent of asthmatic children show signdgif-mediated allergy to inhaled
proteins, described as allergens [24]. It is knolat these specific IgE responses to allergens
provide useful models for understanding the gerfetitors that control immune responses

[25].

Solé et al. [26], in a study on the epidemiologyasthma in the Brazilian pediatric
population, reported that the mean prevalence thfnas in Brazilian adolescents remains
among the highest averages in the world. The sfouoipts out that living in a rural
environment is a protective factor in the developmef asthma and allergic diseases.
Another nationwide survey, which included childrand adolescents treated at different
Brazilian allergy centers, showed positivity raté$6.7% forD. pteronyssinus64.5% forD.

farinag, and 55.2% foBlomia tropicalis[27].

In our previous studies, we found a strong associatvith single nucleotide

polymorphisms (SNPs) of cytokines in mite-sensitimdividuals. In particular, IL-4 [11],
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which is involved in IgE production of B cells, @ssociated with mite-sensitivity. The
immunological reaction triggered by the interactioh HLA and peptide may alter the

presentation to CD4+ T cells and consequently thieation of certain cytokines.

HLA class | and Il genes have been revealed adidates for involvement in the
etiology of allergic respiratory diseases, suchaathma [28, 29]. Initially, a relationship
between HLA class Il molecules and IgE responses oimerved in patients sensitized to
allergens. Later, different studies involving epidelogical investigation revealed a number
of HLA-DR and DQ genes that were able to resthet tecognition of allergens from house

dust mites [23].

Other studies already reported the involvement &fAHDRB1 allele group in
individuals with diagnosis of rhinoconjunctiviti:@or bronchial asthma and a positive skin
prick test [30]. Another finding, described thitA-DRB1*03:01plays an important function
in Th2-predominant immune response to house dust[Bi], as well agiLA-DRB1*07with
susceptibility to anddRB1*04andDRB1*14as protective factors against the development of

allergy toD. pteronyssinu§23].

In the present study, when mite species were etemluadividually, theDRB1*04
allele group showed a protective effect for all3omites D. farinae, D. pteronyssinuand
Blomia tropicalis) When high-resolution allele frequencies were carad, theDRB1*04:11
allele was significantly different between cased aontrols. In our Brazilian population, the
frequency of this allele is approximately 1.7%, rigeia typical allele in Amerindian
populations in South America. High frequencieshas tllele have been observed among the
Guarani-M’yba (26.8%) of Brazil, the Ache (74.1%)Raraguay, and the Yucpa (60.2%) of
Venezuela. Considering that this allele would beremadvantageous to the survival of

individuals exposed to greater environmental adtyers is possible to make an association
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between the effect of the diversifying selectionegsure exerted by pathogens, the

overdominance effect of HLA genes, and frequengyedédent selection [32].

In a Korean research with 178 atopic individuats[¥. pteronyssinusand 99 non-
atopic controls, Kim et al. [23juggested a strong negative association (2vH%b.5%,P =
0.002) forDRB1*04.In another study, with the same researchers, igastg Koreans with
asthma induced by the citrus red mite, negativea@ason was also observed for the same
allele group (19.8%vs 40.8%,Pc = 0.01) [25].In Hungary, Bede et al. [33] conducted a
case-control study involving 57 patients with brioiat asthma caused by mite allergy and
two control groups, one with 57 non-atopic childeamd the other with 45 mite-insensitive
asthmatic children, to examine the frequencieBRB1*07andDRB1*04alleles groups. The
authors found a negative association for BfeB1*04 allele group when frequencies were
compared between cases and non-atopic con®ats<(0.01 and OR = 0.21). These findings
are consistent with the present results, sincegrdoty to OR values, thBRB1*04 allele

group was associated as a protective gene foriseask.

Parapanissiou et al. [34], investigated 60 Greekdm@n with allergic bronchial
asthma due to mite sensitivityp( farinae and D. pteronyssinugnd 125 controls, they
observed an important factor in susceptibility sthana with sensitivity to mites related to

DRB1*04

Concerning diverging results, it is understood ttegt allelic group ranges a great
variety of alleles, which only through high-resodut could the association be determined.
Moreover, it is to be considered that our resulspldyed association to tHeRB1*04:11

allele which is only found in Amerindian populatgon

In addition to being associated with protectioaiagt allergic respiratory disease, the

DRB1*04 allele group is also an important marker of susb#jy to other diseases, such as
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rheumatoid arthritis. Studies conducted in Koréa<(0.00005) [35], in China [36], in Japan
[37], and in Hungary [38] have well elucidated #ssociation of this gene with susceptibility

to rheumatoid arthritis.

Soriano et al. [39], in a study conducted in Sgdier 26 outbreaks of asthma caused
by the inhalation of soybean dust, affecting 688iviiuals, raised the hypothesis that a
genetic determinant, in this case the HLA classndlecules, could have influenced the
susceptible individuals. Indeed, their results skdvthat the risk of epidemic asthma was
particularly associated with ti#RB1*13gene P < 0.02). In the present study, this gene also
showed a tendency towards positive association mith allergy but the allel®RB1*13:01

was excluded after the heterogeneity test was eghpli

The HLA-DR alleles have also been investigated ésearchers from China, who
evaluated the association between tumor necrosi®rfaHLA-DR molecules, and IgE-
mediated asthma in 80 Taiwanese adolescents wittmasand 69 without asthma. The
DRB1*13gene showed a positive association (11v3%4.5%;P = 0,021) and was related to
both high dust-mite-specific IgE and high totaluserigE, especially foD. farinae [40],

findings that are in contrast to the results obseiin the current study.

The DRB1*15 in the present study, was associated with ateesis effect in the
development of hypersensitivity Blomia tropicalis but after the heterogeneity test, it was
disregarded. This gene was also investigatedcasa-control study involving 103 children
with asthma and 152 controls, and the results slcav@egative association with asthma
(35% vs. 80%, P = 0.003, OR = 0.46, and 95%CIl = 0.28 — 0.78) [H¢éinforcing such
evidence, Kalpakligiu et al. [42]revealed that for this given gene, a relation sistance
between cockroach sensitivity and cutaneous ragctio aeroallergensR( < 0.001). In

addition,DRB1*15was also reported to play a protective role indbeelopment of asthma
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in the Asian Indian population, since this is thestcommon class Il allele in this population,
which may explain the lower incidence of asthma parad to other regions of the world

[43].

Finally, this study allows us to expand our hong in the understanding of the
immune response and sensitivity to dust mite, enftiture we may be able to analyze the
complex interaction of the effector sites of theAdimolecule with different peptides. Other
genetic markers of immune response may also betigated, such as MICA and KIR genes,

to better understand the relationship between gepeession and allergy.

For the elucidation of the obtained data, we sug@edher studies in different
populations, for example, the Amerindians, usinghkiesolution methodology for defining
alleles. Our results could be the basis for a tdiseensional study of analysis of HLA
epitopes with the peptides, and the interrelatiath wlinical and laboratory aspects (IgE and

cytokines).

In conclusion, our results support previously régd associations between the
DRB1*04 allele group and protection against developing -hggdiated allergy to

Dermatophagoides farinae, Dermatophagoides ptersinys andBlomia tropicalis
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Table 1. Overview of HLA-DRB1 data associated with semsition to house dust mites.

HLA alleles groups

OR

P

Investigation

DRB1*04

<1

<1

>1

0.002

0.010*

0.006

Development of a
sensitization to house dust
mite D. pteronyssinug3].

The risk of developing
asthma in citrus red mite-
exposed adultgs].

HLA-DR genotypes and
immunoglobulin E
responses to common major

allergeng44].

DRB1*07

>1

>1

0.009

0.010*

Development of a
sensitization to house dust
mite D. pteronyssinug3].
The risk of developing
asthma in citrus red mite-

exposed adultgs].

DRB1*11

>1

0.020*

The influence of the MHC
class | and class Il genes in
the susceptibility to atopic
asthma in a Venezuelan

population[45].

DRB1*13

>1

0.021

The association between
tumor necrosis factor, HLA-
DR alleles, and IgE-
mediated asthma in

Taiwanese adolescents].

DRB1*14

<1

0.020

Development of a
sensitization to house dust

mite D. pteronyssinug3].

HLA allele

OR

Investigation

DRB1*08:03:02

>1

0.009

Association between HLA
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class Il genes alleles and
Allergic rhinitis in house
dust mites sensitive Chinese

subjectg4e6].

HLA haplotypes

OR

P

Investigation

DRB1*11:01/DQA1*05:01/
DQB1*03:01

>1

< 0.010*

The influence of the MHC
class | and class Il genes in
the susceptibility to atopic
asthma in a Venezuelan

population(4s].

DRB*01/DRB1*03/DRB1*11

>1

< 0.010

The relevance of HLA-class
[l molecules to the

regulation of immune
response to the mite allergen
D. pteronyssinuand to

clinical atopic disordergi7].

DQB *03:03/*05:03, DRB1
*02/DRB1*07,andDPB* 04:02

<1

<or=0.01

The relevance of HLA-class
[ molecules to the

regulation of immune
response to the mite allergen
D. pteronyssinuand to

clinical atopic disordergi7].

*Corrected P value; OR= odds ratio.



Table 2. Allele frequencies of HLA-DRBL1 in individuals setiged to at least one of the
following dust mitesDermatophagoides farinae, Dermatophagoides ptergsinys and
Blomia tropicalis and controls.

Cases Controls
HLA n= 249 % n= 147 % P OR 95%Cl

DRB1*01:01 31 6.2 15 5.1 0.6374 1.23  0.65-2.32
DRB1*01:02 20 4.0 8 2.7 0.4273 149 0.65-3.44
DRB1*03:01 41 8.2 28 9.5 0.6021 0.85 0.51-141
DRB1*04:04 6 1.2 9 3.1 0.1017 0.38 0.13-1.09
DRB1*04:05 5 1.0 9 3.1 0.048¢ 0.32 0.10-0.96

DRB1*04:11 6 1.2 13 4.4 0.006% 0.26 0.09-0.70

DRB1*07:01 67 13.4 36 12.2 0.6629 1.11 0.72-1.71
DRB1*08:01 12 2.4 8 2.7 0.8169 0.88 0.35-2.18
DRB1*08:04 7 14 10 3.4 0.0758 0.40 0.15-1.07
DRB1*09:01 7 14 10 3.4 0.0758 0.40 0.15-1.07
DRB1*10:01 8 1.6 8 2.7 0.3032 0.58 0.21-1.57
DRB1*11:01 43 8.6 17 5.8 0.1651 153 0.86-2.75
DRB1*11:02 9 1.8 8 2.7 0.4494 0.65 0.25-1.72
DRB1*11:04 12 2.4 8 2.7 0.8169 0.88 0.35-2.18
DRB1*13:01 39 7.8 12 4.1 0.0503 1.99 1.02-3.87
DRB1*13:02 19 3.8 9 3.1 0.6920 1.25 0.56-2.81
DRB1*14:01 12 2.4 8 2.7 0.8169 0.88 0.35-2.18
DRB1*15:01 25 5.0 22 7.5 0.1637 0.65 0.36-1.18
DRB1*15:03 11 2.2 13 4.4 0.0884 0.48 0.21-1.10
Binned 118 23.9 43 14.6 0.0018* 1.83 1.24-2.68

HLA= human leukocyte antigen; OR= odds ratRx two-tailed Fisher's exact test;
95%ClI= 95% confidence interval; Binned= sum ofuesl < 5 in cases or controls.



Table 3. Allele group frequencies of HLA-DRB1 in individwsalsensitized to
Dermatophagoides farinagnd controls.

Cases Controls
HLA n= 223 % n= 147 % P OR 95%CI

DRB1*01 52 11.7 23 7.8 0.1055 1.55 0.92-2.60
DRB1*03 42 9.4 31 10.5 0.6165 0.88 0.54-1.43
DRB1*04 42 9.4 43 146 0.0339 0.60 0.38-0.95

DRB1*07 61 13.7 36 12.2 0.6563 1.13 0.73-1.76
DRB1*08 33 7.4 24 8.2 0.7783 0.89 0.51-1.55
DRB1*09 7 1.6 10 3.4 0.1323 045 0.17-1.20
DRB1*10 5 11 8 2.7 0.1508 0.40 0.13-1.25
DRB1*11 60 13.5 34 11.6 0.4991 1.18 0.75-1.86
DRB1*13 59 13.2 26 8.8 0.0771 1.57 0.96-2.55
DRB1*14 19 4.3 10 3.4 0.6993 1.26 0.57-2.75
DRB1*15 42 9.4 38 12.9 0.1469 0.70 0.43-1.11
DRB1*16 13 2.9 7 2.4 0.8178 1.23 0.48-3.12
Binned 11 2.5 4 14 0.4255 1.83 0.57-5.81

HLA= human leukocyte antigen; OR= odds rafiy; two-tailed Fisher’'s exact test;
95%ClIl= 95% confidence interval; Binned= sum ofugdl < 5 in cases or controls.
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Table 4. Allele group frequencies of HLA-DRB1 in individwsalsensitized to
Dermatophagoides pteronyssirausd controls.

Cases Controls
HLA n=174 % n= 147 % P OR 95%CI

DRB1*01 35 10.1 23 7.8 0.3374 1.31 0.75-2.28
DRB1*03 36 10.3 31 10.5 1.0000 0.97 0.58-1.62
DRB1*04 29 8.3 43 146 0.0166 0.53 0.32-0.87

DRB1*07 50 14.4 36 12.2 0.4857 1.20 0.75-1.90
DRB1*08 25 7.2 24 8.2 0.6572 0.87 0.48-1.55
DRB1*09 5 14 10 3.4 0.1194 0.41 0.13-1.22
DRB1*10 6 1.7 8 2.7 0.4264 0.62 0.21-1.82
DRB1*11 48 13.8 34 11.6 0.4092 1.22 0.76-1.95
DRB1*13 46 13.2 26 8.8 0.1022 1.57 0.94-2.61
DRB1*14 11 3.2 10 3.4 1.0000 0.92 0.38-2.21
DRB1*15 36 10.3 38 12.9 0.3230 0.77 0.47-1.26
DRB1*16 12 3.4 7 24 0.4893 1.46 0.56-3.76
Binned 9 2.6 4 14 0.4004 1.92 0.58-6.31

HLA= human leukocyte antigen; OR= odds raffs; two-tailed Fisher’'s exact test;

95%ClIl= 95% confidence interval; Binned= sum ofugdl < 5 in cases or controls.
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Table 5. Allele group frequencies of HLA-DRBL1 in individgasensitized t8lomia

tropicalisand controls.

Cases Controls
HLA n= 148 % n= 147 % P OR 95%CI

DRB1*01 37 12.5 23 7.8 0.0760 1.68 0.97-291
DRB1*03 33 111 31 10.5 0.8948 1.06 0.63-1.78
DRB1*04 23 7.8 43 14.6 0.008% 0.49 0.28-0.83

DRB1*07 41 13.9 36 12.2 0.6253 1.15 0.71-1.86
DRB1*08 21 7.1 24 8.2 0.6449 0.85 0.46-1.57
DRB1*09 7 24 10 3.4 0.4730 0.68 0.25-1.83
DRB1*11 44 14.9 34 11.6 0.2741 1.33 0.82-2.15
DRB1*13 36 12.2 26 8.8 0.2269 142 0.83-2.43
DRB1*14 12 4.1 10 3.4 0.8286 1.20 0.51-2.82
DRB1*15 22 7.4 38 12.9 0.0295 0.54 0.31-0.93

DRB1*16 7 2.4 7 24 1.0000 0.99 0.34-2.86
Binned 13 4.4 12 4.1 1.0000 1.07 0.48-2.40

HLA= human leukocyte antigen; OR= odds raffs; two-tailed Fisher’'s exact test;
95%ClIl= 95% confidence interval; Binned= sum ofugdl < 5 in cases or controls.
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Table 6. Heterogeneity test by chi-square for HLA class |
and Il.

Locus Chi-squarey® DF P

HLA-A 16.69 12 0.1615
HLA-B 24.19 22 0.3374
HLA-C 16.61 13 0.2176
HLA-DRB1' 45.26 19 0.0006*

DF= degrees of freedor®= Uncorrected p-value from the
chi-square test of heterogeneity.
1High-resolution.



Supplementary Table 1. Allele group frequencies of HLA-A, -B, -C, and -DRBn
individuals sensitized to at least one of the felloy dust mitesDermatophagoides
farinae, Dermatophagoides pteronyssinasdBlomia tropicalis,and controls.

Cases Controls

HLA n= 249 % n= 147 % P OR 95%Cl

A*01 47 9.4 30 10.2 0.7117 0.91 0.56-1.48
A*02 118 23.7 75 255 0.6073 0.90 0.64-1.26
A*03 45 9.0 29 9.9 0.7060 0.90 0.55-1.48
A*11 31 6.2 13 4.4 0.3367 1.43 0.73-2.78
A*23 25 5.0 15 5.1 1.0000 0.98 0.50-1.89
A*24 47 9.4 21 7.1 0.2952 1.35 0.79-2.31
A*25 5 1.0 6 2.0 0.3455 0.48 0.14-1.60
A*26 15 3.0 9 3.1 1.0000 0.98 0.42-2.27
A*29 28 5.6 14 4.8 0.7430 1.19 0.61-2.30
A*30 27 5.4 12 4.1 0.4972 1.34 0.67-2.70
A*31 19 3.8 16 5.4 0.2879 0.68 0.34-1.36
A*32 19 3.8 6 2.0 0.2088 1.90 0.75-4.82
A*33 23 4.6 10 3.4 0.4655 1.37 0.64-2.93
A*34 4 0.8 6 2.0 0.1862 0.38 0.10-1.38
A*36 3 0.6 2 0.7 1.0000 0.88 0.14-5.32
A*68 33 6.6 25 8.5 0.3269 0.76 0.44-1.31
A*T74 9 1.8 5 1.7 1.0000 1.06 0.35-3.20
HLA n= 249 % n= 147 % P OR 95%CI

B*07 30 6.0 28 9.5 0.0893 0.60 0.35-1.04
B*08 24 4.8 16 5.4 0.7380 0.87 0.45-1.68
B*13 13 2.6 5 1.7 0.4691 1.54 0.54-4.39
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B*14

B*15

B*18

B*27

B*35

B*37

B*38

B*39

B*40

B*41

B*42

B*44

B*45

B*46

B*47

B*48

B*49

B*50

B*51

B*52

B*53

B*54

B*55

B*56

B*57

33

42

32

17

58

12

26

16

33

21

14

6.6

8.4

6.4

3.4

11.6

1.0

1.4

2.4

5.2

0.6

1.6

10.8

1.8

0.4

1.6

3.2

6.6

4.2

2.6

0.2

0.4

0.6

2.8

16

29

10

29

10

5.4

9.9

3.4

3.1

9.9

1.0

0.7

2.0

4.4

1.4

3.1

8.8

1.0

0.3

0.3

0.7

3.1

1.7

9.9

2.7

2.0

1.4

3.4

0.5448

0.5209

0.0721

0.8397

0.4815

1.0000

0.4967

0.8100

0.7345

0.4336

0.2062

0.3950

0.5502

0.3712

0.3712

0.6302

0.2062

0.2551

0.1313

0.3310

0.8170

1.0000

0.2020

0.2988

0.6709

1.23

0.84

1.95

1.11

1.20

0.98

2.08

1.18

1.19

0.43

0.51

1.25

1.78

0.58

0.51

191

0.64

1.57

1.28

Undef

0.29

Undef

0.82

0.66-2.28

0.51-1.38

0.94-4.02

0.49-2.54

0.75-1.92

0.23-4.14

0.42-10.08

0.44-3.19

0.60-2.35

0.09-1.97

0.19-1.35

0.76-2.05

0.47-6.64

Undef

Undef

0.08-4.20

0.19-1.35

0.69-5.29

0.38-1.09

0.68-3.60

0.48-3.42

Undef

0.05-1.60

Undef

0.36-1.87
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B*58 11 2.2 9 3.1 0.4872 0.71  0.29-1.74
B*59 0 0 1 0.3 0.3712 0 Undef
B*81 1 0.2 1 0.3 1.0000 0.58 0.03-9.46
HLA n= 249 % n= 147 % P OR 95%Cl
Cc*01 13 2.6 11 3.7 0.3951 0.68 0.30-1.55
C*02 36 7.2 23 7.8 0.7803 0.91 0.53-1.58
C*03 42 8.4 26 8.8 0.8957 0.94 0.56-1.58
C*04 81 16.3 40 13.6 0.3578 1.23 0.81-1.85
C*05 32 6.4 11 3.7 0.1431 1.76 0.87-3.56
C*06 47 9.4 22 7.5 0.3648 1.28 0.75-2.18
C*07 97 195 71 24.1 0.1267 0.75 0.53-1.07
C*08 35 7.0 20 6.8 1.0000 1.03 0.58-1.83
C*12 32 6.4 12 4.1 0.1993 1.61 0.81-3.18
C*14 12 2.4 8 2.7 0.8169 0.88 0.35-2.18
C*15 20 4.0 21 7.1 0.0672 0.54 0.28-1.02
C*16 38 7.6 15 5.1 0.1873 1.53 0.83-2.84
C*17 11 2.2 12 4.1 0.1872 053 0.23-1.21
C*18 2 0.4 2 0.7 0.4746 058  0.08-4.20
HLA n= 249 % n= 147 % P OR 95%Cl
DRB1*01 56 11.2 23 7.8 0.1408 1.49 0.89-2.48
DRB1*03 48 9.6 31 10.5 0.7133 0.90 0.56-1.45
DRB1*04 44 8.8 43 14.6 0.0135* 0.56 0.36-0.88
DRB1*07 67 135 36 12.2 0.6629 111 0.72-1.71
DRB1*08 36 7.2 24 8.2 0.6772 0.87 0.51-1.50
DRB1*09 7 14 10 3.4 0.0758 0.40 0.15-1.07
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DRB1*10

DRB1*11

DRB1*12

DRB1*13

DRB1*14

DRB1*15

DRB1*16

68

12

67

21

48

16

1.6

13.7

2.4

135

4.2

9.6

3.2

34

4

26

10

38

7

2.7

11.6

1.4

8.8

3.4

12.9

2.4

0.3032

0.4427

0.4350

0.0528

0.7051

0.1574

0.6622

0.58

1.20

1.79

1.60

1.25

0.71

1.36

0.21-1.57

0.77-1.87

0.57-5.60

0.99-2.58

0.58-2.69

0.45-1.12

0.55-3.34

HLA= human leukocyte antigen; OR= odds ratits; two-tailed Fisher's exact test;

95%CIl= 95% confidence interval; Undef= undefined.
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Supplementary Table 2. Allele frequencies of HLA-DRB1 in individuals setized
to at least one of the following dust miteDermatophagoides farinae,
Dermatophagoides pteronyssinasdBlomia tropicalis and controls.

Cases Controls
HLA n= 249 % n= 147 % P OR 95%Cl
DRB1*01:01 31 6.2 15 5.1 0.6374 1.23  0.65-2.32
DRB1*01:02 20 4.0 8 2.7 0.4273 149 0.65-3.44
DRB1*01:03 4 0.8 0 0 0.3026  Undef Undef
DRB1*01:04 1 0.2 0 0 1.0000 Undef Undef
DRB1*03:01 41 8.2 28 9.5 0.6021 0.85 0.51-141
DRB1*03:02 7 14 3 1.0 0.7519 1.38 0.35-5.38
DRB1*04:01 9 1.8 2 0.7 0.2269 2.68 0.57-12.52
DRB1*04:02 4 0.8 3 1.0 0.7146 0.78 0.17-3.53
DRB1*04:03 7 14 1 0.3 0.2697 417 0.51-34.12
DRB1*04:04 6 1.2 9 3.1 0.1017 0.38 0.13-1.09
DRB1*04:05 5 1.0 9 3.1 0.048r 0.32 0.10-0.96
DRB1*04:06 0 0 1 0.3 0.0516 0 Undef
DRB1*04:07 5 1.0 2 0.7 1.0000 148 0.28-7.68
DRB1*04:08 2 0.4 2 0.7 0.6302 0.58 0.08-4.20
DRB1*04:09 0 0 1 0.3 0.3712 0 Undef
DRB1*04:11 6 1.2 13 44 0.006*# 0.26 0.09-0.70
DRB1*07:01 67 13.4 36 12.2 0.6629 1.11 0.72-1.71
DRB1*08:01 12 2.4 8 2.7 0.8169 0.88 0.35-2.18
DRB1*08:02 12 2.4 4 1.4 0.4350 1.79 0.57-5.60
DRB1*08:03 5 1.0 1 0.3 0.4207 297 0.34-25.56

DRB1*08:04 7 1.4 10 3.4 0.0758 040 0.15-1.07



DRB1*08:07

DRB1*09:01

DRB1*10:01

DRB1*11:01

DRB1*11:02

DRB1*11:03

DRB1*11:04

DRB1*12:01

DRB1*13:01

DRB1*13:02

DRB1*13:03

DRB1*13:05

DRB1*14:01

DRB1*14:02

DRB1*14:04

DRB1*14:06

DRB1*15:01

DRB1*15:02

DRB1*15:03

DRB1*16:01

DRB1*16:02

12

12

39

19

25

12

11

6

10

14

1.6

8.6

1.8

0.8

2.4

2.4

7.8

3.8

1.6

0.2

2.4

1.4

0.2

0.2

5.0

2.4

2.2

1.2

2.0

10

17

22

13

4

3

0.3

3.4

2.7

5.8

2.7

0.3

2.7

1.4

4.1

3.1

1.0

0.7

2.7

0.7

7.5

1.0

4.4

1.4

1.0

0.3712

0.0758

0.3032

0.1651

0.4494

0.6563

0.8169

0.4350

0.0503

0.6920

0.7547

0.5589

0.8169

0.4967

1.0000

1.0000

0.1637

0.1897

0.0884

1.0000

0.3912

0

0.40

0.58

1.53

0.65

2.37

0.88

1.79

1.99

1.25

1.58

0.29

0.88

2.08

Undef

Undef

0.65

2.93

0.48

0.88

1.98

Undef

0.15-1.07

0.21-1.57

0.86-2.75

0.25-1.72

0.26-21.32

0.35-2.18

0.57-5.60

1.02-3.87

0.56-2.81

0.41-6.01

0.02-3.25

0.35-2.18

0.42-10.08

Undef

Undef

0.36-1.18

0.67-8.55

0.21-1.10

0.24-3.15

0.54-7.28

HLA= human leukocyte antigen; OR= odds ratits; two-tailed Fisher's exact test;

95%ClIl= 95% confidence interval; Undef= undefined.
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Supplementary Table 3.Haplotype frequencies of HLA in individuals serzgtl to
at least one of the following dust mitesDermatophagoides farinae,
Dermatophagoides pteronyssinasdBlomia tropicalis,and controls.

Cases Controls
Haplotypes % % P
n= 249 n= 147
A*01-B*08-C*07-DRB1*03 11 2.2 7 2.4 ns
A*29-B*44-C*16-DRB1*07 10 2.0 3 1.0 ns
A*02-B*35-C*04-DRB1*11 10 2.1 0 0 ns
A*33-B*14-C*08-DRB1*01 8 1.6 3 1.0 ns
A*03-B*07-C*07-DRB1*15 6 1.2 6 2.0 ns
A*11-B*35-C*04-DRB1*07 5 1.0 0 0 ns
A*02-B*44-C*05-DRB1*04 5 1.0 0 0 ns
A*02-B*13-C*06-DRB1*07 4 0.8 3 1.0 ns
A*02-B*44-C*05-DRB1*13 3 0.6 3 1.0 ns
A*02-B*15-C*07-DRB1*13 3 0.6 3 1.0 ns
A*02-B*44-C*04-DRB1*07 2 0.4 3 1.0 ns
A*24-B*44-C*16-DRB1*11 1 0.2 3 1.0 ns
A*02-B*07-C*07-DRB1*01 1 0.2 4 14 ns
A*68-B*40-C*03-DRB1*04 0 0 4 1.4 ns
A*68-B*15-C*03-DRB1*08 0 0 5 1.7 ns
A*24-B*35-C*04-DRB1*04 0 0 3 1.0 ns
A*02-B*52-C*07-DRB1*04 0 0 3 1.0 ns

A*02-B*51-C*15-DRB1*04 0 0 4 1.4 ns



A*02-B*49-C*07-DRB1*11 0 0

Others 429

234

1.0

ns

P= two-tailed Fisher’s exact test; ns= nonsigniftcan
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Abstract

Background. Killer cell immunoglobulin-like receptors (KIRs),ofind on the surface of
natural killer (NK) cells, play a key role in coaliing the innate and acquired response. Such
response depends on a series of cellular interectssociated with genetic patterns inherited
by individuals. Atopic diseases have been assatiatgh genes that regulate cytokine
production and with immune response genes, whicly eidner protect or predispose to
hypersensitivity. Recent studies have demonstrtednvolvement of NK cells in adverse
mechanisms. However, little is known about the rolehese cells and their receptors in
atopic diseasébjective. We conducted an association study of KIR genes sedtisitization

to the following mites:Dermatophagoides farinae, Dermatophagoides ptersinys and
Blomia tropicalis Methods. A total of 341 children aged up to 14 years, wdassified as
mite-sensitive or mite-insensitive after undergomgkin prick test for immediate allergic
reactions The presence/absence of KIR genes and their hum#wodyte antigen (HLA)
ligands was determined by polymerase chain reasguence specific oligonucleotide
(PCR-SSO) with the commercial kit LabTypeusing LuminexX™. Results. The frequencies

of KIR genes and their respective class | HLA ligarand the frequency of each of these
ligands were performed in sensitive and insensitidéviduals, and no significant differences
were found. Conclusion. Our results suggest no influence of KIR genes on

resistance/susceptibility to sensitization to dnges.

Keywords: Mites; KIR receptors; HLA antigens; genetic asstora studies; genetic

heterogeneity.
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Introduction

According to Darwin’s theory, living beings haveebeperpetuated and may continue
to evolve due to genetic enhancement and adapt&tiaxternal factors in theinabitat.
Diversity within the same species contributes gpeater chance of survival of the species. As
a result, self-nonself discrimination mechanismgehlaeen developed over time and consist
of a complex network of highly specialized cellattimteract to eliminate harmful agents in

order to maintain homeostasis [1].

Atopic diseases, such as asthma, allergic rhirdtspic dermatitis, and food allergies,
are caused by a number of risk factors, includiegegic predisposition, age, allergens,
prenatal exposure, diet, infections, seasonal &ffetimate, and psychosocial factors. Some
studies have shown that environmental factors amedifying effect on the expression of

different genes in atopic disease [2].

Chronic and allergic inflammatory diseases affeitions of people worldwide [3]. In
developing countries, particularly in Latin Ameridhe prevalence of asthma in children is
high [4], and most of these children have alleggasitization. In tropical countries, such as
Brazil, mites are the main aeroallergens respoagtsl respiratory allergies [5]. In Thailand,
a region also considered to have a tropical climatstudy showed that more than 70% of

children with respiratory allergy were sensitizedites [6].

Hypersensitivity to house dust mite allergens is usual allergic reaction.
Dermatophagoides farinae(D. farinag and Dermatophagoides pteronyssinufD.
pteronyssinus are the most common house dust mites. These adtisofhrive in high
temperatures and humidity levels [7] and are oftamd in beds, mattresses, carpets, and

other fabric-covered items, as they feed on hunkam scales [8]. Type | hypersensitivity
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reactions occur due to deviation of the host immigsponse toward the production of IgE
antibodies, which bind to the surface of cells richvasoactive substances (especially
histamine) and, once activated by repeated contédhtthe allergen, trigger inflammatory
processes [9], such as vasodilation, increased ulascpermeability, attraction of

polymorphonuclear leukocytes, cytokine release,stimaulation of mucus secretion.

Natural killer (NK) cells are key components of ihenune system. A major function
of NK cells is to control cell interactions and tteand to release cytokines. Other than their
well-established role in controlling tumor activityK cells are now reported to play a role in
many other diseases. Mandal and Viswanathan [1frted that NK cells are a major
determinant of the development of viral-associastthma. This is related to their biological
role, as NK cells contribute to the progress ofell-mediated allergic response during the

allergen-specific sensitization phase [10], sucimd®use dust mite sensitization.

The function of NK cells is regulated by cell-suwdareceptors belonging to three
major families: killer cell immunoglobulin-like reptors (KIRsS), natural cytotoxicity
receptordNCRSs), and C-type lectins [11]. The KIR locus mr@mosomal region 19913.4 is
characterized by unusually high diversity in thentners of both genes and their alleles [12].
The region varies in size from 100 to 350 kb assallt of structurally diverse haplotypes with
duplicated segments, large deletions, and generfsidil3, 14]. As a consequence of this
plasticity, the 13 distinct KIR gene&IR2DL1 [MIM: 604936], KIR2DL2 [MIM: 604937],
KIR2DL4 [MIM: 604945], KIR3DL1 [MIM: 604946], KIR3DL2 [MIM: 604947], KIR2DS1
[MIM: 604952], KIR2DS2 [MIM: 604953], KIR2DS3 [MIM: 604954], KIR2DS4 [MIM:
604955], KIR2DS5[MIM: 604956], KIR2DL5 [MIM: 605305], KIR3DL3 [MIM: 610095],
and KIR3DP1 [MIM: 610604]) are combined in numerous ways. kéypes have between
four and twenty KIR genes, and the most common Kd&on haplotype has seven genes

[15]. Each KIR gene is highly polymorphic, reaahito an extent that over 600 KIR alleles
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are currently defined [16], among these, theretacepseudogene&IR2DP1andKIR3DP1

[17]. The presence or absence of certain genestyanuextensive haplotype diversity and
consequently high degree of polymorphism within ydapons. In general, based on the
variability of KIR gene content, the haplotypes digided into two primary sets, termed

haplotypes A and B [18].

KIRs interact with their human leukocyte antigerL&) ligands, which are found in
almost all nucleated cells [19]. Recognition occgpscifically with one (or more) of the four
epitopes of class | HLA molecules. These molecshesv a dimorphism at position 80 in the
al helix of the HLA-C locus, where they are clagsifias HLA-C1 and HLA-C2. The
receptorsKIR2DL2, KIR2DL3 and KIR2DS2recognize HLA-C1 molecules, which include
the most common allelic groupkll(A-C*01, C*03, C*07, and C*08), while KIR2DL1 and
KIR2DS1bind to HLA-C2 molecules, with the most commorekld! groups corresponding to
HLA-C*02, C*04, C*05, andC*06 [20]. In addition to that, the receptidtR3DL2 recognizes
and interacts with HLA-A3 and -Al1l [21]. Other ligds recognized by KIRs include HLA-
Bw4 molecules, which differ from Bw6 based on thariability of their amino acids at
positions 77-83 of the transcribed gene [22]. WHile6 is found only in HLA-B epitopes,

Bw4 is present in HLA-B and some HLA-A molecule8]2

Advances in the understanding of the KIR complexetremely important primarily
because of their biological function, but also heseaof the need for a better understanding of
how these genes affect the activation and regulatioinflammatory processes. Although
recent studies have demonstrated the involvemeRKoéells in adverse mechanisms, little is

known about the role of these cells and their rewspn atopic disease.

Considering that previous studies have presentagtsesuggesting an association of

cytokine genes [24] and certain HLA molecules [28ih mite sensitivity, the aim of the
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present study was to investigate the role of KIRegeand their HLA ligands in sensitization

to the following mitesD. farinae, D. pteronyssinyandBlomia tropicalis

Material and methods

Ethical considerations

The study was approved by the Research Ethics Cemof Universidade Estadual
de Maringa (protocol No. 412.420/2013) and condliateaccordance with the provisions of
the Declaration of Helsinki. All participants proed written informed consent prior to their

inclusion in the study that was obtained from tipairents/legal guardian.

Study design

The sample consisted of 341 individuals, randondyected from three public
institutions in the city of Maringd (Parana, southdrazil: latitude 23° 25' 31" S and
longitude 51° 56' 19" W), who voluntarily agreedptarticipate in the study. Children aged up
to 14 years were included in the study. Of the3@&, (52%) were female and 164 (48%) were

male. The mean (SD) age of the sample was 10 y24k}k.

Two groups were formed, one of individuals that seesitive to at least one of the

dust mites investigated (n = 211), and other orik insensitive controls (n = 130).

Consanguineous individuals and those of Asian d¢seere excluded from the study.
It is known that HLA alleles have a heterogeneoistridution across racial groups. Our
region has a strong Asian component due to Japamesgration to Brazil in the 20th
century. Therefore, based on information aboutrtaecestors, individuals of Asian descent

were excluded from the sample. Based on this (skahy criterion, all other participants were
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considered Brazilian whites, and ethnicity matchivas not required because the Brazilian

population is heterogeneous.
Biological samples

Blood samples (10 mL) were collected from all induals into tubes containing
EDTA as anticoagulant and kept frozen until extoactGenomic DNA was extracted using
the commercial kit Biopur™ (Reinach, Switzerland)ccording to the manufacturer’s
instructions, quantified using the NanoDrop2ZB00 UV-Vis spectrophotometer (Thermo
Scientific, Waltham, MA, USA) and adjusted to a centration of 30 to 5@g/uL, with a

purity of 1.6-1.9 (OD 260/280).
Allergy testing

The patrticipants’ allergic status was determinedkin prick testing (Anthygen(ié,
Rio de Janeiro, RJ, Brazil). Participants were ro=fi as sensitive when they showed
hypersensitivity to at least one of the three itigased mitesD. farinae, D. pteronyssinys
and/orBlomia tropicalis.Individuals who did not react to any of the testdldrgen extracts

served as (insensitive) controls.

Each participant underwent a skin prick test fomiediate allergic reactions. The right
forearm was cleaned with 70% alcohol and the atlergxtracts of the three investigated
mites were applied using a disposable prick laf@d¢b 4 cm apart), followed by a positive
control (0.01% histamine chlorohydrate) and a negatontrol. Results were obtained 15 to
20 minutes after the test was applied and integdrély two observers, followed by proper
recording. A positive reaction was defined as thes@nce of red papule formation (reaction
indicative of IgE), which was classified using pkigns (+) to indicate intensity k5 mm (+)

to >30 mm (++++)], while a negative reaction was ddfires the absence of papule or
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erythema formation, a result indicative of insaagit. Based on information provided, none

of the participants were taking any medication tiwatld influence the skin test results.

Typing of KIR and HLA class | genes

The presence/absence of KIR genes and HLA clagpdst(-A, -B, and -C) was
determined by polymerase chain reaction-sequenaafgpoligonucleotide (PCR-SSO) with
the commercial kit LabTypg®# SSO (One Lambda, Canoga Park, CA, USA) using
Luminex™. Each PCR product was biotinylated to be detedbyd streptavidin R-
phycoerythrin conjugate (SAPE) and then denaturetlheybridized with probes conjugated
with encoded fluorescent microbeads. Complementprgducts were detected by
chemiluminescence, which identifies phycoerythhiofescence intensity in each microbead,
and analyzed on a flow cytometer (LabS®ah00). The results were interpreted using HLA
Fusion™ version 3.1 and Fusion Research version(@r® Lambda, Canoga Park, CA,

USA).
Statistical analysis

KIR gene and HLA molecule frequencies were deteeahiby direct counting in mite-
sensitive and mite-insensitive individuals. Bw4, &id C2 groups were defined based on
information obtained from the IMGT/HLA database¢@aing to the locus of the positions of
typed genotypes. A 95% confidence interval (95%s adopted according to Woolf [26].
The significance of differences was evaluated usiv@tailed Fisher's exact test [27], and a
P-value less than 0.05 was considered significamt.values below the level of significance,
odds ratio (OR) was calculated. Data were proceasddanalyzed using Epi Info™ (version

7.0).
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The heterogeneity test proposed by Hollenbach. §28] was also used and calculated
based on a 2k, row-by-column ( x c) contingency tableP-values were estimated using the
chi-square testyR) in OpenEpi (version 3.01), available at: httpwiv.openepi.com. Based
on this method, allele frequencies with an expeetdde of less than 5 in cases or controls
were combined into a single category, referred dahe binned category.The degrees of

freedom for the2 analysis were calculated from the number ofedlell (e.g., k — 1).

Results

Out of 341 individuals, 211 (61.9%) were sensitieeat least one of the three
investigated mited). farinae, D. pteronyssinyand/orBlomia tropicalig, while 130 (38.1%)
were included as mite-insensitive controls. Thedencies of the KIR genéDL1, 2DL2,
2DL3, 2DL4, 2DL5, 2DP1, 2DS1, 2DS2, 2DS3, 2DS4,2238L1, 3DL2, 3DL3, 3DRland
3DS1in participants sensitive to at least one mite endontrols are shown in Table 1. As
expected2DL4, 3DL2, 3DL3and 3DP1 were present in all individuals in both groups, as
they are frameworlgenes When mite-sensitive and mite-insensitive groupsensmpared,
using Fisher's exact test and the heterogeneity tBsre was no significant difference

between the two groups.

An analysis of KIR genes and their respective claddLA ligands and of the
frequency of each of these ligands was performaddividuals sensitive to at least mite and
controls, and the results are shown in Tables 23mdspectively. However, no significant

differences were found between cases and controls.

Table 4 shows the distribution of KIR gene freques@mong individuals who were

sensitive to a mite specigsindividuals insensitive to this species (includmge-insensitive
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controls). Most individuals were sensitive . farinae (n = 55.4%), followed byD.

pteronyssinugn = 43.0%) andBlomia tropicalis(n = 40.8%).

When comparing sensitive individuals (accordinghe species) with the insensitive
group, using a & 2 contingency table and heterogeneity test, noifsignt differences were

found (Table 4).

No association was found between the frequenciekiief genes and their ligands
(HLA-C1, HLA-C2, HLA-Cw4, HLA-Bw4, and HLA-A3/Al1l)for any mite speciesD(

farinae, D. pteronyssinysindBlomia tropicalig or controls.

Discussion

How to explain the fantastic genetic versatilitydagpigenetic changes of the human
body in response to factors that are related todggenage, psychological, emotional,

hormonal, seasonal, nutritional and hygienic phesrwaf

Despite problems of methodological order, statstianalysis and lack of insight
regarding cellular interaction and biologic functizvhich lead to dubious interpretations, the
influence of these factors, can bias the true anrfee of the study: which is to know whether
these genes contribute or not towards suscepyipiidtection of the disease in question,

hypersensitivity to mites.

Even though the studies are complex, many of thawe lalready shown conclusive
results in the biological relationship with the fi@pation of some related genes, as has also
been presented in our previous studies. The fisk24] demonstrates the participation of

cytokine genes, especiall.4°%° (pc = 0.000055) in susceptibility to mite sensitiy
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whereas in the second study [25], with a largergdamumber, we revealed the association

between HLA-DRB1 genes and hypersensitivity to doises.

It is well established that KIRs play an essentadé in the regulation of NK cell
activity, in the activation/inhibition of responge class | HLA ligands and as a regulator of
the course of viral infections and tumor transfaiora [29]. Numerous studies have
demonstrated the involvement of KIR genes in ththggenesis of several autoimmune
diseases, such as rheumatoid arthritis [30], askytpspondylitis [31], and systemic lupus
erythematosus [32]. However, to the best of ourwkadge, this is the first study to
demonstrate a relationship between mite hypersengsitand KIR genes. From this
relationship, we did not find significant statisticdifference among the studied groups,
however, we believe that even though we did nat finch differences, these data open space

for the discussion of this new relationship, ndtipgestigated by other researchers.

Regarding the data analysis, of complex genes asdiLA and KIR, Hollenbach et
al. [28], consider that there are some limitatitdmst permeate this data. Among the specific
guestions for KIR data in disease studies are:tth@ment of presence/absence or gene-
content typing data; the incorporation of HLA irgtetion effect; the controlling for other
HLA associations; the use of estimated haplotypesigthations; and the treatment of

haplotypic data [28].

Despite a knowledge of the mechanisms of sensaizadand triggering of allergic
diseases and of several experimental models afyg/leontroversies still exist regarding the
involvement of regulatory cells and their activapgdducts. The allergens that can trigger the
activation of the immune response are extremelyalbe in nature, and most of them contain
protease activity, such as group | house dust mii@ted cysteine proteases (e.g., Der p 1)

[33]. Predictably, some authors have described titatdevelopment of Th2 immunity to
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inhaled house dust mite allergens is associated difterent degrees of activity of these
proteases [34, 35, 36, 37]. These studies openatkwpways of research that revealed the
indifferent role of basophils, as dendritic cellsree are sufficient to trigger Th2 responses to

inhaled house dust mite allergens/antigens andat@dgo lymph nodes [33].

In the meantime, NK cells have also been shown l&ay p key role in allergic
processes by actively participating in antigen-gfmeanmunological suppression and IgE
production [38]. Some authors have reported thapiatindividuals, such as asthmatic
patients, show increased NK cell activity, whiclcidases after allergen exposure. This can
be explained by the fact that these cells are pi@mesd through the circulation toward the

lungs and lymphoid organs [10].

Niepiekto-Miniewsk et al. [39], in a study of atgpiermatitis and KIRs, investigated
240 patients and 570 healthy controls and obseavadtective effect dkKIR2DS1on disease
developmentRcorr=0.0158 and OR 0.658). Atopic dermatitis, due to the immune resgon
to allergic challenge, is considered one of thetnsosxmon manifestations in mite-sensitive

individuals.

The uneven distribution of KIR alleles and the dsity of their haplotypes have been
described in several ethnic groups in differentybaipons [40, 41, 42, 43, 44, 45, 46]. The
constant search for understanding the distribubibKIR genes in population groups allows
us to expand the understanding of their charatiesisand determine whether these
peculiarities are in some way related to prote¢tiosceptibility to certain diseases. Therefore,
we believe these preliminary findings may providerter insight into defining the
importance of these genes, and after a deepersialf/ these data, as described, we can
more concisely determine the participation (or radtKIR genes in hypersensitivity to dust

mites.
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A limitation of the present study is the KIR gemutyg method, which determines
only the presence/absence of genes; thereforeallbles of each gene and the amount of
expressed product were not defined. A future petsme from our study would be to
conclude that there is no relationship of NK c&dlsensitization to mites or conduct more in-
depth research at the allele level on genes th@ilate the expression of products, on
products expressed in soluble forms, on interastiaiith other HLA-G ligands and on
different populations. According Norman et al. [4The development of methods for
assessing the nature and extent of KIR genomiagltyenas been limited by the complexity
of the region. The widely used methods that exasttyping KIRs focus principally on gene
content. In contrast, the methods being used dterchining allelic variation are costly, time
consuming, and unsuitable for high-throughput @sidiThe results of the few allele-level
population studies of KIRs, however, show that smefestigation is likely to be informative.
For example, some KIRs are restricted to populagi@mups of specific geographic ancestry.
Other KIRs have lost expression but appear commadmvadely distributed. To extend such
studies to other populations, as well as diseaBerts) they have developed a sequencing and
bioinformatics method that determines complete KRl HLA class | genomic diversity.
Further advances are still needed in the etiopathegjs of mite sensitivity to clarify the

causes and pathogenic mechanisms underlying thditam.

Data were analyzed using two statistical method® that is traditionally used in
case-control association studies, based on conoparia a 2 2 contingency table, wheke
values are calculated by two-tailed Fisher’'s exast, and another that uses the heterogeneity

test proposed by Hollenbach et al. [28].
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Conclusion

This preliminary study suggests no influence of Kj&es on resistance/susceptibility
to sensitization to dust mites. However, we consitiat these results are not conclusive

enough to reject this hypothesis.
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Table 1.Distribution of KIR genes between individualssensitized
to at least one of the following dust mit@ermatophagoides
farinae, Dermatophagoides pteronyssinusand/or Blomia

tropicalis, and mite-insensitive controls.

Cases Controls

Genes? n=211 % n= 130 % P

2DL1 207 98.1 12& 96.2 ns
2DL2 11€ 55.0 77 59.2 ns
2DL3 18¢€ 88.2 11¢€ 89.2 ns
2DL4 211 100 13C 100 ns
2DLE 114 54.0 67 51.5 ns
2DP1 20¢ 98.6 12¢ 98.5 ns
2DS! 80 37.¢ 5C 38.F ns
2DS: 114 54.C 7C 53.¢ ns
2DS: 55 26.1 31 23.¢ ns
2DS¢ 19t 92.£ 12t 96.2 ns
2DSt 80 37.C 48 36.¢ ns
3DL1 19¢ 93.¢ 12¢€ 96.¢ ns
3DL2 211 10C 13C 10C ns
3DL3 211 10C 13C 10C ns
3DP1 211 10C 13C 10C ns
3DS! 81 38.2 51 39.2 ns

P = two-tailed Fisher's exact test; OR = odds rat®%Cl = 95%
confidence interval; ns = non-significant.
1Heterogeneity testy? = 0.77,P = > 0.99 and degrees of freedom = 15.



Table 2. Frequencies of KIR genes in the presence of tigginds
HLA Class | in individuals sensitized to at leasteoof the
Dermatophagoides
Dermatophagoides pteronyssinuand/or Blomia tropicalis and

following dust mites

mite-insensitive controls.

farinae,

Cases Controls
KIR-Ligands®! n=211 % n=130 % P
2DL1-C2 14¢€ 70.5 90 72.0 ns
2DL2-C1 9C 77.6 64 83.1 ns
2DL3-C1 152 81.7 96 82.8 ns
2DS-C2 5¢ 73.8 36 72.9 ns
2DS¢-Cw4 61 31.3 30 24.C ns
3DL1-BwA 137 69.2 81 64.5 ns
3DL2-A3A11 59 28.0 34 26.2 ns
3DP1-Bw4 141 66.8 85 65.4 ns

P = two-tailed Fisher's exact test; OR = odds ra®®%Cl = 95%

confidence interval; ns = non-significant.

1Heterogeneity testy2 = 2.02,P = 0.95 and degrees of freedom = 7.
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Table 3. Frequencies of ligands HLA Class | in individuals
sensitized to at least one of the following dusttemi

Dermatophagoides farinae, Dermatophagoides ptersinys,

and/orBlomia tropicalis and mite-insensitive controls.

Cases Controls
Ligands? n=211 % n=130 % P
A3A11 62 29.4 34 26.2 ns
Bw4 141 66.8 85 65.4 ns
C1 17C 80.6 11C 84.6 ns
C2 14¢ 70.1 92 70.8 ns
Cw4 65 30.8 32 24.6 ns

P = two-tailed Fisher's exact test; OR = odds rat®%%Cl = 95%
confidence interval; ns = non-significant.
1Heterogeneity testy? = 1.46,P = 0.83 and degrees of freedom = 4.
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Table 4. Distribution of KIR genes between individuals sews (by species) and insensitive.

Cases Cases
Cases " . . .
sensitive o Insensitive sensitive to  Insensitive sensmv_e to Insensitive
D. farinae! 2 . B"?m"?‘
pteronyssinus? tropicalis®
Genes n=189 (%) n=152 (%) n=139 (%) n=202 (%) n=116 (%) n=225 (%)
2DL1 185 (97.9 147 (96.7) 136 (97.8 196 (97.0 114 (98.3 219 (97.3
2DL2 104(55.0 89 (58.6) 81 (58.3 112 (55.4 68 (58.6 125 (55.6
2DL3 165 (87.3 137(90.1) 125(89.9 177 (87.6 101 (87.1 201 (89.3
2DLA4 189 (100 152 (100 139 (100 202 (100 116 (100 225 (100
2DL5 103 54.5 78 (53.1 71 (51.1 108 (53.5 61 (52.6 120 (53.3
2DP1 186 (98.4 150 (98.7 137 (98.6 199 (98.5 113 (97.4 223 (99.1
2DS! 73 (38.6 57 (37.5 51 (36.7 79 (39.1 42 (36.2 88 (39.1
2DS: 103 (54.5 81 (53.3 79 (56.8 105 (52.0 67 (57.8 117 (52.0
2DS: 50 (26.5 36 (23.7) 36(25.8 50 (25.8 31 (26.7 55 (24.4
2DS¢ 174 (92.1 146 (96.1 126 (90.6 194 (96.0 109 (94.0 211 (93.8
2DSE 71 (37.6 57 (37.5 52 (37.4 76 (37.6 43 (37.1 85 (37.8
3DL1 177 (93.7 147 (96.7 128 (92.1 196 (97.0 111 (95.7 213 (94.7
3DL2 189 (100 152 (100 139 (100 202 (100 116 (100 225 (100
3DL3 189 (100 152 (100 139 (100 202 (100 116 (100 225 (100
3DP1 189 (100 152 (100 139 (100 202 (100 116 (100 225 (100
3DS! 73 (38.6 59 (38.8 53 (38.1 79 (39.1 41 (35.3 91(40.4

P = two-tailed Fisher’s exact test; OR = odds ra86%Cl = 95% confidence interval; ns = non-sigrafit

1Heterogeneity testy? = 1.26,P = 1.00 and degrees of freedom = 15.
2Heterogeneity testy2 = 1.26,P = 1.00 and degrees of freedom = 15.
3Heterogeneity testy2 = 1.53,P = 1.00 and degrees of freedom = 15.
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CAPITULO 1l

3.1CONCLUSOES

Nossos resultados sugerem uma possivel associag@os genes HLA-DRB1 na

resisténcia a sensibilizacdo aos acaros.

v' O grupo alélico DRB1*04 foi associado como fator de protecdo no
desenvolvimento da alergia, mediada por IgE, dedacaom cada agente
etiol6gico: Dermatophagoides farinae, Dermatophagoides ptersinys e
Blomia tropicalis

v" Genes KIR ndo demonstraram associacdo com a higérdielade aos acaros.

3.2PERSPECTIVAS FUTURAS

Este estudo permitiu expandir o conhecimento daosta imune na sensibilizacdo aos
acaros e aprofundar o entendimento dessa relagdiogda caminho para analisar, no futuro, a

interacd@o dos sitios efetores das moléculas HL#, diferentes tipos de peptideos.

A interacdo de genes KIR e HLA € ainda muito obsapouco investigada e, por
isso, requer estudos mais aprofundados sobre ognmews que regulam a expressao dos
produtos; quais alelos desses genes sao signiisatjuando, onde e por que os produtos sao
expressos na forma sollvel; como ocorre a interagéo outros ligantes HLA-G e também
qual é a distribuicdo desses genes em diferenfmsgmdes. Outras perspectivas seriam em
torno da etiopatogenia da sensibilidade aos acaars, o entendimento das causas e dos

mecanismos patogénicos que permeiam essa condicao.

Diferentes marcadores genéticos de resposta inambém podem ser investigados,
como, por exemplo, os genes MICA, DQ e DP, pardaredntendermos a associagao entre a

expressao génica e a alergia.
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ANEXOS

4.1 ANEXO | — Publicacao do Artigo 1

Hum Immuncl. 2016 Oct 22, pii: S0198-8855(16)30470-0. doi: 10.1046/.humimm.2016.10.044. [Epub ahead of print]
Association between HLA genes and dust mite sensitivity in a Brazilian population.
da Costa Lima Caniatti MC?, Borelli SD?, Guilherme AL®, Tsuneto LT*.

# Author information

Abstract

BACKGROUND: Type | hypersensitivity, also known as IgE-mediated allergy, is a complex, multifactorial condition whose onset and
severity are influenced by both genetic and environmental factors. Mite allergens stimulate the production of humoral response (IQE),
especially in children, which is closely involved in atopic asthma and rhinitis.

OBJECTIVE: This study aimed to investigate the association between HLA class | (-A, -B, and -C). and HLA class Il (-DRB1) genes in
individuals sensitive to dust mites (Dermatophagoides farinae, Dermatophagoides pteronyssinus, or Blomia tropicalis) and mite-
insensitive controls.

METHODS: 396 participants were grouped as mite-sensitive and mite-insensitive according to immediate hypersensitivity as
determined by skin-prick tests, and to HLA genotyping by polymerase chain reaction-sequence specific oligonucleotide (PCR-550).

RESULTS: After chi-square heterogeneity testing no significant differences were observed in HLA-A_ B, and C genes, except for the
HLA-DRB1 locus, which, showed a negative association for DRB1=04, between mite-sensitive and mite-insensitive individuals. In high
resolution, DRB1+04:11 allele was significantly different from all other results (P=0.0042, OR=0.26. and 95%CI=0.09-0.70). The
analysis stratified by eticlogic agent confirmed these associations.

CONCLUSION: Qur results suggest a possible association between HLA-DRB1 genes and hypersensitivity to dust mites.
Copyright ® 2016 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights reserved.

KEYWORDS: Disease susceptibility; Genetic association; HLA; Mites; Sensitive
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4.2 ANEXO II — ManualPrick Test- (Anthygenus™, Rio de Janeiro, Brasil)

TESTE DE PUNTURA
(PRICK TEST)

FORMA FARMACEUTICA:

Solucdo glicerinada contende extrato alergénica indicado no
ratulo,

VIA DE ADMINISTRACAO:
Uso Epicutdnea (Puntura).
APRESENTACAQ:

Frasco conta-gotas em vidro admbar, contendo 2,5mL ou
5,0mL de extrato conforme descrito no rétulo.

USO ADULTO/PEDIATRICO:
COMPOSICAD:

As substancias ativas sao fragies protéicas de antigenos
especiflicos, conforme descrito no rotulo, O wveicula é
compaosto por glicering, cloreto de sddio e fenal,

INFORMACOES TECNICAS:
CUIDADOS DE ADMINISTRACAO:

*Fazer assepsia, limpando o antebrage ou o local onde sera
realizado o teste com alcool 70%.,

*Em intervalos de 3 a 4 centimetros de disténcia entre os
testes aplicar uma gota da solucdo do frasco,

*Em sequida proceder ligeirs press3o no centro da gota com
um puntor descartavel.

*aguardarde 15 a 20 minutos.

*anotar a intensidade da restividade local através de
medida do diametra do eritema e/ou papula fermada.

*Eritemas com didmetro igual ou maior gque quinze
milimetros indicam hipersensibilidade ao antigeno, assim
como papula igual 8 trés milimetros ou maiaor,

*lLambranda que este resultado deve ser confrontado com o
controle negativo e positive.

US0 EXCLUSIVO PARAPUNTURA.

ALTERAGOES NOS TESTES:

Fods ccorrer resullado falso negativa no caso do pacienls astar am
tratamente ou wilizanda medicamentos imunosupressores
{quimiclerapia ou radialerapia, blogueadores H1, corbcoslercides).



Algumas palalagias podemn causar allerages no tesla. Terapia
dessensibilizante ac antigeno especifico, Uso das substancias
ranitidina, amitrnpliina, norriplilina a imipramina.

Fodem ocorre alteragies nos resultades com o uso de puntores
inadequados, aneslésicas locals, dermogralisma. Teslas
intradérmicos aos antigenos especifico, realizades com intervale
manorgua 10 dias.

PRAZD DE VALIDADE:

Um ano a partir da data de manpulagio, observando os cuidados
de conservacdo.

TODO MEDICAMENTO DEVE SER MANTIDO FORA DO
ALCANCE DE CRIANGAS.,

INDICAGOES E USO:

FPesquiza de hipersensipllidade imediata ao antigena descrito no
ratulo,

FARMACOIMUNOLOGIA:

Os testes de puniura baselam-se no principic de que, endo o
pacianta alépico imuraglobulinas da classe E (g€}, especilico aos
anigenos que estio sendo testados, ocorerd liberagio de
subslancias farmacologicamente vasomoloras e liberagdo de
subsidncias do inferior das células [predominantemente
masidcilos), produzindo adema, hiparsecrecdo & espasmo (Reagdo
dotipol de Gel & Coombs).

INTERPRETAGAD DOS RESULTADOS:

Reagdio posiiva ao antigeno testado indica gue o paciente
apresenta uma hipersensibilidade ao mesmo. Este paciente deve
ser encaminhado ao médico assislenle especializado para
avaliagdo da melhor terapia.

Uma reagio positiva caracteriza-se pelo tamanho do eriterma em
milimeatras, cuja magnitude & dada em nimaro de cruzas da 1 a 4
(Tabela ao lado}, & a presenga ou ndo de ramificagdes. Comparar
com o contrala positive & negativa.

PRECAUCGGES E ADVERTENCIAS:

Oz testes para avaliagBo de hipersensibilidede sSo iestes
diagndsticos complementares ¢ como tais lem de ser vislos come
uma informagio que deve ser interpratada junto com a anamnese e
aa histérico elinico do paciente.

US0 GERIATRICO:

O tamanho médio das papulas/entema diminui com o aumento da

idade.
Us0 PEDIATRICO:

O tamanho médio das papulas/eflema podam Ser manoras em
criangas.
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Magnitude Papula Eritema | caracieristic
E Reacio aracirishices
in® da cnzes) A {mim) {mm) visuals

Apanss

e | NEGATIVA do panio da

Inecutacio
———=—| POSITIVA Fapa e
+/1 FRACA < Amm <15 ::gi*}n
Fapula da
++ /2 MEDIA < Bmm <15 Hpda de
+++/3 FORTE 7-gmm 1630 | oogede
Papula de

b A INTENSA = Bmm =40 9mm com

ramilicagiag

CONTROLE NEGATIVO: Apenas o ponto de inoculagio. Ouando
ooarrer reacgao deve-se desconlar a madida dos demais
resultadas.

CONTROLE POSITIVO: Geralmente igual ou malor gue 3mm de
papula.

REAGOES ADVERSAS:

O erlama poda parmanrecar por algumas horas. Caso o pacianta
sinta-se muita incomodado com a reagao de formigamento e
pruride, recomeanda-se ao meédico assslenlea administrar um anti-
histamipico, E em casa de ocorrer reagao anafildxica sistémica,
aplicar um fomiguete acima do local de inje¢da e injetar 1:1000 de
epinefrina intramuscular ou subcutinea no lado oposto ao brago.,
Afrouxar o torniquete antes de 10 minutos. Nao obstrua o fluxo de
sangue arlerial com o tomiguete. A dose de epinefrina sera
determinada pelo médico assisténte avaliando o quadro do paciente
adulto ou pedidtrico.

Fonte: J. Alergy Clin. Immurnol, T7(2) 271-273, 1986,

CUIDADOS DE CONSERVAGAD:

Armazenar sob refrigerador, em temperatura entra 2°C & 8°C.
Nao cangelar.

VALIDADE: 12 Meses apds a data de Manripulagao,

WENDA SOMENTE A PROFISSIONAL HABILITADO OU
ENTIDADES ESPECIALIZADAS

Farm. Rasp.: Andarson B. &. Matos - CRF-RJ - 11,837
Manipulado por; Anthyoenus Pesquisa Comidrcio o Manipulagio de Vacinas
Eepacials para Alargia & Imunologla LTDA
Tl (21) 2832-2224 - FAX: (M) 22406722
A Rio Branco, 277 - Sala 1107
Rio de Janerng - RJ
CNPJ; 05 382 2080001 47
E-mall: anthygenus@antliygenus.com o
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4.3 ANEXO Il — Parecer do Comité de Etica e Pesquisa

¢ UNIVERSIDADE ESTADUAL DE 4% Plaboforma
—‘/A'\UE MARINGA %ﬂ"

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa:ASSQCl.ﬁ.gﬁQ DE GENES HLA E KIR EM INDIVIDUOS SENSIVEIS E NAO
SENSIVEIS A ACAROS (Dermatophagoides farinae, Dermatophagoides pteronyssinus,
Blomia tropicalis)

Pezquisador: LUIZA TAMIE TSUNETO

Area Tematica: Genética Humana:

(Trata-se de pesquisa envolvendo Genética Humana gue ndo necessita de analise
ética por parte da COMEP;);

Versdo: 2

CAAE: 17098913.5.0000.0104

Instituigio Proponente: CCS - Centro de Ciéncias da Sadde
Patrocinador Principal: Financiamento Praprio

DADOS DO PARECER

Hamero do Parecer: 412420
Data da Relatoria: 16/09/2013

Apresentagio do Projeto:

A reagdo alérgica aos acaros & relativaments comum entre as criangas, sendo responsavel por desencadear
diferentes respostas cutdneas e respiratorias, as quais promovem um grande impacto na salde desta
populagdo. A hipersensibilidade tipo |, também chamada de anafiladtica, ocorre em certos
individuos(previamente sensibilizados), devido a um desvio da resposta imune para Th2 induzida por
citocinas, gue & caracterizada por apresentar altos niveis de anticorpos IgE, fixados sobre a superficie dos
mastocitos, basofilos e eosinofilos.

Objetivo da Pesquisa:

O objetivo geral & realizar um estudo de associag8o genética de marcadores de resposta imune entre

pacientes sensiveis a acaros e um grupo controle.

Avaliagiao dos Riscos e Beneficios:
Avalia-se que o5 possiveis rizcos a gque estardo submetidos os sujeitos da pesquisa serdo suportados pelos
beneficios apontados.

Comentarios & Consideragdes sobre a Pesquisa:

O protocole de pesguisa restou pendente para que a pesguisadora descrevesse no projeto e no

Enderego: Aw. Colombo, 5780, UEM-PPG

Bairro: Jardim Universitaric CEP: B7.020-200

UF: PR Municipio: MARINGA

Telefone: (441301 1-4444 Fax: (4430114513 E-mail: copep@uem.br
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. (. UNIVERSIDADE ESTADUAL DE 4 Plobaforma
—/_‘;\UE MARINGA asil

Confnuagdo do Parecer: £12.420

TCLE os riscos e desconfortos relativos ao exame de alergias. & pesguisadora atendeu a pendéncia.

Congideragies sobre os Termos de apresentacio obrigatdria:
Foram juntados os termes de apresentago cbrigatoria.

Recomendagdes:

Conclusdes ou Pendéncias e Lista de Inadequagdes:

O Comité de Etica em Pesquisa Envolvendo Seres Humanos da Universidade Estadual de Maringa € de
parecer favoravel & aprovagio do protocelo de pesquisa apresentado.

Situagdo do Parecer:

Aprovado

Mecessita Apreciagio da CONEP:

Mo

Consideragies Finais a critério do CEP:

Face ac exposto e considerando a normativa ética vigente, este Comité se manifesta pela aprovacio do
protocolo de pesqguisa em tela. observa-se, contudo, de gue ndo se trata de pesquisa em area tematica
ezpecial, como especificado pela pesquisadora.



107

APENDICES

5.1 APENDICE | — Termo de Consentimento Livre e Esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO PARA MENORES

Gostariamos de solicitar sua autorizacdo para a participacao de seu filho(a) na pesquisa intitulada

Associacdo _de genes HLA e KIR em individuos sensiveis e ndo_sensiveis a acaros

(Dermatophagoides farinae, Dermatophagoides pteronyssinus e Blomia tropicalis), que faz parte do

curso de pos graduacdo em Ciéncias da Saude e é orientada pela prof. Luiza Tamie Tsuneto da
Universidade Estadual de Maringa (UEM). O objetivo da pesquisa € definir se ha determinadas
diferencas genéticas (informagdes do DNA que a pessoa possui) nos marcadores genéticos que
poderiam influenciar na ocorréncia da alergia aos acaros. Para isto a participagdo de seu filho(a) é
muito importante, e ela se daria da seguinte forma: sera realizada a coleta de uma amostra de
sangue de 20ml (o equivalente a aproximadamente 2 colheres de sopa), que seré obtida pela veia do
braco (com material estérii e descartavel, sem risco de contaminacdo para o0 participante).
Informamos que poderdo ocorrer desconforto relacionado somente a picada da agulha, que pode
gerar um leve ardor no local da coleta. Em seguida, seréa realizado o teste alérgico, chamado “prick
test”, para avaliar se o participante apresenta reacdo alérgica aos acaros, fungos do ar, leite,
amendoim, caseina, gliadina e clara de ovo. Para isso, sera aplicada uma gota de cada substancia a
ser testada no antebraco, seguido de um pequeno movimento de escoriacdo (de forma suave, o
produto sera raspado na pele), permanecendo por 10 minutos. Destaca-se que o “prick test” pode
trazer incbmodo em relacdo a coceira e vermelhidao no local da aplicagédo, que desaparecera dentro
de alguns minutos. O teste ndo oferece riscos ao participante, uma vez que, todo material utilizado
ser& estéril e descartavel. Gostariamos de esclarecer que a participacao de seu filho(a) é totalmente
voluntaria, podendo vocé: recusar-se a autorizar tal participacdo, ou mesmo desistir a qualquer
momento sem que isto acarrete qualquer énus ou prejuizo a sua pessoa ou a de seu filho(a).
Informamos ainda que as informacgfes serdo utilizadas somente para os fins desta pesquisa, e seréo
tratadas com o mais absoluto sigilo e confidencialidade, de modo a preservar a identidade, sua e a de
seu (sua) filho(a), destaca-se que, o material genético devera ficar conservado no Laboratério de
Imunogenética da UEM por pelo menos 5 anos. Caso seja utilizado em outros projetos, um novo
termo de consentimento sera solicitado ao participante apés aprovacéo pelo Comité de Etica. Em
relagdo aos beneficios esperados, a priori achamos que ndo haverd beneficio imediato ao
conhecermos a constituicdo genética individual em desenvolver a doenga, pois trata-se de uma
doenca multifatorial, onde o risco relativo de cada gene contribui com uma pequena parcela de

suscetibilidade a doenga. O que gueremos saber € se existe a participacdo ou ndo desses genes. Por

estarmos realizando o teste alérgico, podemos informar o diagnéstico (resultados do teste), o que ira

beneficiar o paciente portador de alergias.
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Caso vocé tenha mais davidas ou necessite maiores esclarecimentos, pode entrar em contato nos
enderecos a seguir ou procurar o Comité de Etica em Pesquisa da UEM, cujo endereco consta neste

documento.

Este termo deverd ser preenchido em duas vias de igual teor, sendo uma delas, devidamente

preenchida e assinada entregue a vocé.

Além da assinatura nos campos especificos pelo pesquisador e por vocé, solicitamos que sejam
rubricadas todas as folhas deste documento. Isto deve ser feito por ambos (pelo pesquisador e por
VOCé, como sujeito ou responsavel pelo sujeito da pesquisa) de tal forma a garantir o acesso ao

documento completo.

Eu, (nome por extenso do responsavel

pelo menor) declaro que fui devidamente esclarecido e concordo em participar VOLUNTARIAMENTE

da pesquisa coordenada pela Prof.2 Luiza Tamie Tsuneto.

Data:

Assinatura do RESPONSAVEL PELO MENOR

Campo para assentimento do sujeito menor de pesquisa (para criancas escolares e adolescentes

com capacidade de leitura e compreensao):

Eu, (nome por extenso do sujeito de

pesquisa /menor de idade) declaro que recebi todas as explicacdes sobre esta pesquisa e concordo

em participar da mesma, desde que meu pai/mae (responsavel) concorde com esta participacao.

Data:

Assinatura do MENOR DE IDADE

Eu, (nome do pesquisador ou do

membro da equipe que aplicou o TCLE), declaro que forneci todas as informacdes referentes ao

projeto de pesquisa supra-nominado.

Data:

Assinatura do PESQUISADOR

Qualquer davida com relagdo a pesquisa podera ser esclarecida com o pesquisador, conforme o

endereco abaixo:
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- Nome: Luiza Tamie Tsuneto

Enderecgo: Av. Colombo, n° 5.790 - Universidade Estadual de Maringd (UEM) — Departamento de
Ciéncias Basicas da Salde (DBS) — Laboratério de Imunogenética - bloco T20, sala 111. Maringa,

Parana

E-mail: lttsuneto@uem.br

Qualquer divida com relagdo aos aspectos éticos da pesquisa podera ser esclarecida com o Comité
Permanente de Etica em Pesquisa (COPEP) envolvendo Seres Humanos da UEM, no endereco

abaixo:

- COPEP/UEM

Universidade Estadual de Maringa.

Av. Colombo, 5790. Campus Sede da UEM.

Bloco da Biblioteca Central (BCE) da UEM.

CEP 87020-900. Maringa - PR. Tel: (44) 3261-4444

E-mail: copep@uem.br



5.2 APENDICE Il — LaudoPrick Test
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Ficha N¢:
Nome do Paciente:
Data do exame:

Prick Test® - KIT: Anthygenus

Manifestacio alérgica

Magnitude Reacao
(N de cruzes)
+/1 FRACA
++ /2 MEDIA
+++ /3 FORTE
++++ /4 INTENSA
Resultado do teste:
Ordem Alérgenos utilizados Resultados
01 Dermatophagoides farinae -
02 Aspergillus fumigatus -
03 Blomia tropicalis -
04 Dermatophagoides pteronyssunus -
05 Fungos do ar, em geral -
06 Gliadina -
07 Amendoim -
08 Caseina -
09 Clara de ovo -
10 Leite -

Marings,

de Junho de 2014.

Profa. Dra. Luiza Tamie Tsuneto
Pesquisadora Responsavel
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Descrigdo dos alérgenos:

01 e 04) Dermatofagoides farinae e Dermatophagoides pteronyssunus: sio duas
espécies de acaros, as mais prevalente no Brasil. Os dermatophagoides ("acaros de
cama") sdo organismos que se alimentam de pele descamada, que se soltam na cama e
também em roupas, almofadas, bichos de peldcia e bonecas de pano. Além disso, sdo
abundantemente encontrados na poeira domiciliar.

02) Aspergillus fumigatus: é um fungo presente no ar e na mucosa das vias
respiratorias.

03) Blomia tropicalis: é uma espécie de acaro presente na poeira dentro do domicilio. E

causador de alergias e crises de asma e rinite alérgica. E um acaro encontrado em
colchdes e carpetes/tapetes.

05) Fungos do ar, em geral: sdo transportados pelo ar e agem como alérgenos, quando
inspirados causam sintomas respiratérios alérgicos nos pacientes sensiveis a eles. Estdo
presentes na poeira, no domicilio, especialmente em locais com umidade elevada, mal
ventilados e quentes.

06) Gliadina: é uma proteina que compode o gluten, o qual é naturalmente encontrado
em alguns cereais, tais como: trigo (ex. farinha de trigo), aveia, centeio e cevada.

07) Amendoim: alimento consumido popularmente de diferentes formas: doces (ex.
pagoca), torrados, crus ou mesmo como manteiga. O amendoim esta entre os cinco
alimentos mais alergénicos.

08) Caseina: é a proteina encontra amplamente no leite de vaca.

09) Clara de ovo: presente no ovo, é o segundo alimento que mais causa alergia no
Brasil. Encontrado em sua forma natural, ou em preparagdes como doces, paes e bolos.

10) Leite: o leite de vaca € o principal responsavel pelas alergias de origem alimentar no
Brasil. Pode ser encontrado em sua forma natural, ou em alimentos que dele derivam,
como iogurtes e queijos.

Como eu evito acaros e fungos do ar?

Ambiente

« Evite carpetes e objetos que acumulam poeira, como pelucias, tapetes e
cobertores.

« Lave os lencdis, fronhas e capas com agua quente (602C).

« Aspire seu colchdao mensalmente.

« Assegure que sua casa seja ventilada varias vezes por dia, mantendo a menor
umidade possivel.

+ Se o banheiro ficar muito Umido apés o banho, ele também deve ser bem arejado.

« Remova os mofos formados nas paredes, embaixo das pias, armarios e banheiros.

« Evite guardar roupas por muito tempo. As roupas de inverno devem ser lavadas e
arejadas, para evitar a formac¢do de mofos.

- Evite manter alimentos velhos, frutas passadas e flores frescas por muito tempo,
pois facilitam o crescimento dos fungos.



