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Associação entre genes HLA e KIR e sensibilização a ácaros em uma população 
brasileira 

RESUMO 

Introdução. A sensibilização aos ácaros afeta entre 15 a 20% da população dos países 

industrializados e ocorre por influência de diversos fatores genéticos e ambientais. Reações 

alérgicas são desencadeadas por alérgenos em certos indivíduos pré sensibilizados que 

possuem anticorpos IgE específicos sobre a superfície dos mastócitos, provocando a liberação 

de substâncias vasoativas. Genes de resposta imune são um dos candidatos responsáveis à 

suscetibilidade das atopias. As interações dos isótipos KIR (killer cell immunoglobulin-like 

receptors), presentes nas células NK (natural killer), com certas moléculas HLA (human 

leukocyte antigen) de classe I, são conhecidas por manter a homeostasia. As moléculas HLA 

são responsáveis pela apresentação dos peptídeos aos linfócitos T e os receptores KIR pela 

ativação/inibição das células NK, funções que poderiam explicar as associações observadas 

com certas alergias. Objetivo. Realizar um estudo de associação genética, para investigar 

marcadores de resposta imune em genes HLA de Classe I (-A, -B, and –C), de Classe II (-

DRB1) e genes KIR em indivíduos sensíveis a ácaros (Dermatophagoides farinae, 

Dermatophagoides pteronyssinus, ou Blomia tropicalis) e controles. Métodos. O total de 396 

participantes foi classificado em sensíveis e não sensíveis a ácaros, após a realização do teste 

cutâneo de hipersensibilidade imediata – Prick Test™. A genotipagem dos genes HLA e a 

verificação da presença/ausência dos genes KIR foram realizadas pelo método PCR-SSO 

(polymerase chain reaction-sequence specific oligonucleotides). Resultados. Após o teste de 

heterogeneidade, o loco HLA-DRB1 apresentou diferença significativa entre as frequências 

dos indivíduos sensíveis e não sensíveis para o alelo DRB1*04:11 (1,2% vs. 4,4%, P = 

0,0042, OR = 0,26 e IC95% = 0,09 - 0,70). Para os receptores KIR e seus respectivos ligantes, 

nenhuma diferença significativa foi observada. Conclusão. Nossos resultados sugerem uma 

possível associação entre os genes HLA-DRB1 à sensibilização aos ácaros.  

Palavras-chave: Ácaros; KIR; HLA; associação genética; teste de heterogeneidade; 

Dermatophagoides farinae; Dermatophagoides pteronyssinus; Blomia tropicalis. 

 



Association between HLA and KIR genes and dust mite sensitization in a 
Brazilian population 

ABSTRACT 

Introduction.  Sensitization to dust mites affects between 15 to 20% of the population in 

industrialized countries and is influenced by several genetic and environmental factors. 

Allergic reactions are triggered by allergens in certain pre-sensitized individuals who have 

specific IgE antibodies on the surface of the mast cells, causing the release of vasoactive 

substances. Immune response genes are one of the candidates responsible for the 

susceptibility of atopic diseases. The interactions of the KIR (killer cell immunoglobulin-like 

receptors) isotypes, present in NK (natural killer) cells, with certain HLA (human leukocyte 

antigen) class I molecules are known to maintain homeostasis. HLA molecules are 

responsible for the presentation of peptides to the T lymphocytes and the KIR receptors 

controls the activation/inhibition of NK cells, functions that could explain the associations 

observed with certain allergies. Objective. Conduct a genetic association study, to investigate 

markers of immune response in Class I (-A, -B, and -C) and Class II (-DRB1) HLA genes, 

and KIR genes in mite-sensitive individuals (D. farinae, D. pteronyssinus, or Blomia 

tropicalis) and controls. Methods. A total of 396 participants were classified as mite-sensitive 

and mite-insensitive individuals, after the immediate-type hypersensitivity skin test - Prick 

Test ™. Genotyping of HLA (human leukocyte antigen) genes and the presence/absence of 

KIR genes were performed by PCR-SSO (polymerase chain reaction-sequence specific 

oligonucleotides). Results. After the heterogeneity test, the HLA-DRB1 locus presented a 

significant difference between the frequencies of the sensitive and non-sensitive individuals 

for the DRB1*04:11 allele (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, no significant difference was observed. 

Conclusion. Our results suggest a possible association between HLA-DRB1 genes and dust 

mite sensitization. 

Keywords: Mites; KIR; HLA; genetic association; heterogeneity test; Dermatophagoides 

farinae; Dermatophagoides pteronyssinus; Blomia tropicalis. 
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CAPÍTULO I 

 

1.1 REVISÃO BIBLIOGRÁFICA 

A defesa do nosso organismo tem por objetivo manter a integridade da homeostasia, 

dessa forma, a resposta imune contribui para o reconhecimento de agentes não próprios e 

desenvolve mecanismos capazes de eliminá-los. Em casos excepcionais, reações de 

hipersensibilidade são desencadeadas por desvios destes mecanismos, que resultam em uma 

resposta descontrolada/exacerbada, com danos teciduais e sistêmicos (WANG, 2003). O 

fenômeno da alergia é extremamente complexo, no entanto, o avanço das pesquisas tem 

ajudado a revelar mecanismos que permitem o desdobramento das medidas terapêuticas. 

As principais manifestações clínicas da hipersensibilidade podem aparecer de forma 

isolada ou combinada e são de ordem: cutânea, respiratória, ocular e digestiva (ASBAI & 

SBAN, 2012). A alergia respiratória, como a asma e a rinite, é considerada o maior problema 

de saúde que atinge a população pediátrica, por causa da alta prevalência e cronicidade, bem 

como das limitações que impactam a qualidade de vida (TORTAJADA-GIRBÉS et al., 2016). 

Essas doenças são caracterizadas pela inflamação das vias respiratórias, resultante de uma 

reação imunológica por anticorpos imunoglobulinas E (IgE) específicos ao alérgeno, fixados 

sobre superfície de mastócitos. A ativação desses anticorpos desencadeia o rompimento da 

membrana e consequente liberação de substâncias vasoativas dos mastócitos, provocando 

efeitos inflamatórios, como a vasodilatação, o aumento da permeabilidade vascular, 

quimiotaxia e a estimulação da secreção de muco (MALE et al., 2014).  

A doença alérgica surge devido a uma resposta imediata, que está relacionada com 

uma série de fatores de riscos, categorizada em predisposição genética, faixa etária, alérgenos, 

exposições pré-natais, alimentação, infecções, efeitos sazonais, condições climáticas e fatores 

psicossociais (BUSH; PEDEN, 2009; WALLAERT, 2011).  

1.2 ORIGEM DA HIPERSENSIBILIDADE 

Uma das dificuldades enfrentadas no diagnóstico da hipersensibilidade é a 

investigação das causas que possam estar envolvidas na etiologia da doença, diversos estudos 

são realizados para entender como essa reação se inicia. Existem algumas hipóteses que 
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fundamentam a origem desse processo, que por sua vez, podem ou não estar relacionadas 

entre si.  

1.2.1 HIPÓTESE GENÉTICA 

Essa hipótese defende que a alergia é desencadeada por fatores genéticos individuais, 

ou seja, afirma que a resposta anormal das IgE é de origem genética e possivelmente passa de 

geração em geração. Estudos de análise de segregação da atopia confirmam esse traço 

hereditário (FEIJEN; GERRITSEN; POSTMA, 2000). 

O desenvolvimento das técnicas avançadas, na biologia molecular, permite que os 

estudos de genômica estrutural e funcional, da genética de determinadas populações e da 

genética evolutiva, ajudem a buscar a compreensão do papel individual que cada gene tem na 

fisiologia da resposta imune (GOLDBREG; KALIL, 2005). 

O efeito de múltiplos genes (poligenia) é umas das causas desse grupo de doenças, 

uma vez que, cada um dos genes possui variado grau de envolvimento. Estudos indicam um 

alto grau de complexidade por envolver características individuais, interações gene-gene e 

mudanças epigenéticas do genoma (STEINKE; RICH; BORISH, 2008).  

No homem, o sistema imune é composto por um grande número de genes, com alto 

grau de polimorfismo genético, isto é, presença de múltiplos alelos num loco, cujas 

frequências superiores a 1% estão distribuídas nas populações, o que reafirma a complexidade 

desse sistema, com consequências importantes na fisiopatologia de diversas doenças que 

acometem o ser humano (GOLDBREG; KALIL, 2005).  

Nas doenças alérgicas, a atopia pode ser manifestada através da rinite, asma, dermatite 

atópica (eczema) e também das alergias alimentares. As características dos indivíduos 

atópicos são: predisposição hereditária para produção de anticorpos IgE, consequente 

aumento da concentração desses anticorpos na corrente sanguínea e maior quantidade de 

receptores FcERI específicos na superfície dos mastócitos (FEIJEN; GERRITSEN; 

POSTMA, 2000; KAY et al., 2001). 

1.2.2 HIPÓTESE DA HIGIENE  

Originalmente proposta por Strachan em 1989, foi baseada em estudos 

epidemiológicos e relaciona a questão de que as doenças alérgicas são muito mais frequentes 
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em populações da era moderna e países desenvolvidos, dando ênfase na relação inversamente 

proporcional entre sanitização e desenvolvimento de atopias (STRACHAN, 1989). 

Nas sociedades modernas, até 30% da população sofre de doenças atópicas, ou seja, 

respondem inadequadamente às proteínas estranhas, como ácaros, polens ou mofo 

(AALBERSE; PLATTS-MILLS, 2004). Percebe-se que nos últimos 40-50 anos houve um 

aumento súbito das doenças inflamatórias crônicas no mundo ocidentalizado, em especial as 

atópicas (SIRONI; CLERICI, 2010), com nítida diferença entre regiões Norte e Sul, ao 

relacionarmos com o nível socioeconômico (BACH, 2005).  Autores revelam que a rapidez na 

elevação das taxas de prevalência das doenças alérgicas sugere uma causa ambiental (TSE; 

HORNER, 2008). 

O conceito inicial dessa hipótese é que exposição diminuída aos microrganismos, bem 

como a menor frequência de infecções na infância precoce – até mesmo pré-natais – 

predispõem o indivíduo a um quadro de sensibilidade (VON MUTIUS, 2007). Além disso, foi 

observado que a razão pela qual essas exposições ocorrem em menor extensão, seria por conta 

de uma tendência de famílias menores e com melhor condição econômica (BLOOMFIELD et 

al., 2006).  

Nos anos seguintes, outros estudos deram suporte à hipótese da higiene, expandindo as 

causas da origem das doenças alérgicas, incluindo os seguintes fatores de risco: exposição 

reduzida a animais domésticos, aumento da prescrição/uso de antibióticos, alteração dos 

hábitos alimentares, mudança na colonização intestinal da criança e maior exposição aos 

poluentes (WRIGHT, 2005; YU, 2009; GOLD).  

1.3 HIPERSENSIBILIDADE DO TIPO I 

A resposta imune adaptativa confere proteção específica contra infecções, oriundas 

de vírus, bactérias, parasitos e fungos. No entanto, algumas repostas imunes desencadeiam 

uma reação excessiva ou inadequada, que é chamada de hipersensibilidade (MALE et al., 

2012).  

Há aproximadamente 100 anos, o termo hipersensibilidade foi introduzido por Richet 

e Portier (MAY, 1985), que descreveram o resultado do experimento da exposição de um 

animal pré-sensibilizado ao antígeno, reação com o desfecho denominado de anafilotaxia, que 

se tornou modelo das respostas de hipersensibilidade imediatas (MALE et al., 2012). 



20 
 

 

Em 1963, os autores Coombs e Gells apresentaram um esquema de classificação, na 

qual a hipersensibilidade alérgica, descrita anteriormente por Richet e Portier, foi chamada de 

tipo I (DESCOTES; CHOQUET-KASTYLEVSKY, 2001). 

A reação de hipersensibilidade do tipo I decorre de um desvio da resposta do 

hospedeiro, direcionado à produção de anticorpos IgE contra proteínas estranhas, encontradas 

no meio ambiente (como os ácaros presentes na poeira domiciliar). As IgE se ligam com 

grande afinidade aos receptores FcERI presentes, por exemplo, na superfície dos mastócitos – 

células ricas em substâncias vasoativas, sobretudo a histamina – que, quando ativados, através 

do contato repetido com o alérgeno, desencadeiam efeitos biológicos (Figura 1) 

(JANEWAY et al., 2001). 

1.3.1 COMPONENTES DA REAÇÃO DE HIPERSENSIBILIDADE DO TIPO  I 

1.3.1.1 ALÉRGENOS 

Alérgenos são usualmente proteínas, heterogêneas e complexas, formados por 

diferentes epítopos, que são reconhecidos a partir das imunoglobulinas (Ig) de diferentes 

especificidades. Essas proteínas referem-se especificamente aos antígenos, que, por sua vez, 

são capazes de estimular a resposta mediada por IgE, em indivíduos atópicos (MENO, 2011; 

WORLD ALLERGY ORGANIZATION, 2015).  

A caracterização primária dos alérgenos é relacionada com sua via de exposição. Esses 

antígenos podem acessar o organismo humano, basicamente, por 3 vias: inalação, ingestão ou 

penetração da pele, e dessa, forma desencadear uma hiperatividade imunológica (MOREIRA, 

2006). Via de regra, a forma mais comum de transmissão é por inalação, já que os ácaros 

ficam dispersos na poeira, são transportados pelo ar e, involuntariamente, inalados. No 

entanto, a contaminação dos alimentos por ácaros também é recorrente, especialmente aqueles 

a granel e agrícola, que são mantidos em grandes armazéns, os quais oferecem condições 

normalmente favoráveis de temperatura e umidade para sua sobrevivência e multiplicação 

(FRANZOLIN; BAGGIO, 2000).  

O alérgeno, quando inalado, atravessa a membrana mucosa e é processado e 

degradado em peptídeos pelas células apresentadoras de antígeno, como as células 

dendríticas. Alguns desses peptídeos se ligam às moléculas HLA (Human Leukocyte Antigen) 

de Classe II e, posteriormente, são expostos na superfície da célula e apresentados aos 
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linfócitos T CD4+. Para os receptores das células T, a sequência dos aminoácidos é que 

determina o reconhecimento dos antígenos (MENO, 2011).   

 

Figura 1 – Esquema representativo da reação de 
hipersensibilidade do tipo I. 
Abbas, Lichtman & Pillai, 2012. 

 

A base estrutural da interação entre os alérgenos e o sistema imune é a formação do 

complexo entre IgE, alérgeno e receptor IgE de alta afinidade, por isso, a determinação da 

estrutura dos alérgenos tem sido uma área ativa de pesquisa. Além do mais, para caracterizar 
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detalhadamente a interação anticorpo-alérgeno, o conhecimento do complexo, tanto de um 

como do outro, é fundamental (MENO, 2011).   

1.3.1.2 ÁCAROS 

Os ácaros pertencem ao filo Arthropoda, classe Arachnida e subclasse Acari. São os 

organismos mais abundantes da mesofauna, constituída por animais invertebrados 

macroscópicos, presentes no solo (CROSSLEY; MULLER; PERDUE, 1992). Atualmente, a 

subclasse Acari abrange mais de 55.000 espécies (entre ácaros e carrapatos) e formam o maior 

grupo da classe Arachnida. Muitas dessas espécies são responsáveis por ameaçar, não 

somente a saúde dos seres humanos, mas também das plantas e animais, provocando grandes 

perdas econômicas e problemas de saúde pública, em escala global (GU et al., 2014). 

 Existe uma diversidade considerável da fauna acarina em diferentes partes do 

mundo, que é atribuída aos fatores climáticos, aos fatores ecológicos e também nutricionais de 

cada território (BINOTTI et al., 2001; GODINHO et al., 2003).  

Os fatores temperatura e umidade relativa do ar são fundamentais para o 

desenvolvimento e sobrevivência dos ácaros. Para a maioria das espécies, a temperatura ideal 

situa-se no intervalo entre 20ºC a 30ºC, porém, em temperaturas mais baixas, a taxa de 

produtividade e de desenvolvimento é retardada. Em relação à quantidade de água no ar, 

locais com maior umidade permitem que as populações acarinas se mantenham estáveis. 

Normalmente, quando a umidade se encontra abaixo dos 55%, a maioria dos ácaros não 

resiste, salvo algumas espécies (FERREIRA, 2013).   

Dentre os ácaros mais estudados nas doenças atópicas estão: Dermatophagoides 

pteronyssinus (que abrange os alérgenos Der p 1-11, 13-15, 18, 20, 21, 23, 24), 

Dermatophagoides farinae (Der f 1-4, 6-8, 10, 11, 13-18, 20-22, 24-35) e Dermatophagoides 

microceras (Der m 1) (http://www.allergen.org), os quais são identificados a partir do peso 

molecular e sequência homóloga (BRUNTON; SAPHIR, 1999). Os alérgenos sensibilizantes 

dos ácaros estão divididos em grupos, os principais são cisteína-proteases (alérgenos do grupo 

1: D. pteronyssinus 1, D. farinae 1 e D. microceras 1), serino-proteases (alérgenos do grupo 

9), e as amilases (alérgenos do grupo 4). Essas enzimas alergênicas são provenientes das 

células do trato gastrointestinal dos ácaros e são encontradas em altas concentrações em suas 

fezes. São essas proteínas, eliminadas no excremento dos ácaros, responsáveis por estimular a 
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produção de anticorpos IgE, ao entrarem em contato com o hospedeiro (STEWART et al., 

1997;  GREIFF et al., 2002; POST et al., 2014).   

Em regiões tropicais e subtropicais, como o Brasil, os alérgenos provenientes de outras 

espécies de ácaros, tal como a Blomia tropicalis, também é considerada uma importante causa 

de sensibilização em pacientes predispostos (FERNANDEZ-CALDAS et al., 1993). 

Diferentes alérgenos já foram identificados para essa espécie (Blo t 1-6, 8, 10, 11-13, 19 e 

21), visto que o Blo t 5 é o mais importante (http://www.allergen.org).  

Esses artrópodes são considerados organismos de vida livre, que se alimentam de 

fragmentos da pele humana, o que justifica serem frequentemente encontrados em larga escala 

em camas/colchões, roupas, almofadas, bichos de pelúcia, dentre outros materiais têxteis, 

presentes no domicílio (MOGHTADERI et al., 2016). Os fungos e outras substâncias 

proteicas, também servem como fonte de alimento para os ácaros (JENTZSCH; 

CARMARGOS; MELO, 2002).  

A partir de meados de 1960, os ácaros passaram a ser relacionados com os processos 

alérgicos e serem apontados como responsáveis por desencadear as doenças das vias 

respiratórias. Atualmente, são classificados como um dos mais importantes alérgenos, uma 

vez que 50% dos adultos e 90% das crianças asmáticas são sensíveis a ácaros, pois 

demonstram sinais de alergia, mediada por IgE, diante das proteínas inaladas  (MOFFATT et 

al., 2003; ATAMBAY et al., 2006; ERTABAKLAR; YAMAN; ERTUG, 2006). 

De acordo com o estudo de Solé e colaboradores (2014), sobre a epidemiologia da 

asma na população pediátrica brasileira, a prevalência média entre adolescentes no país, se 

mantém entre as mais elevadas do mundo. O estudo aponta que viver em ambiente rural, é um 

fator protetor, tanto no desenvolvimento da asma, como no das outras doenças alérgicas. 

Outra pesquisa nacional, que incluiu crianças e adolescentes atendidos em serviços brasileiros 

de alergia, demonstrou índices de positividade de 66,7% para D. pteronyssinus, de 64,5% para 

D. farinae e de 55,2% para Blomia tropicalis (NASPITZ et al., 2004) 

1.3.2 MÉTODO DE DETECÇÃO DA REAÇÃO DE HIPERSENSIBILIDADE DO 

TIPO I 

O diagnóstico da alergia é baseado na detecção de uma reação de sensibilização e para 

tal é realizado o teste de puntura, denominado Prick Test. Esse teste é baseado no princípio de 
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que, tendo o paciente atópico, IgE específico aos alérgenos testados, ocorrerá liberação de 

substâncias farmacologicamente vasomotoras, além da liberação de substâncias do interior 

das células, ocasionando edema, hipersecreção e espasmo  (Anthygenus™, Rio de Janeiro, 

Brasil). Essa é considerada a técnica padrão, recomendada para diagnóstico de alergia 

mediada por IgE (BURBACH et al., 2009; BOUSQUET et al., 2012). 

Esse teste é realizado com a suspensão de alérgenos específicos, que são dispensados 

em pequenas quantidades no antebraço após a assepsia com álcool 70%. Para que a substância 

penetre na pele, é realizada uma picada ou leve escoriação, com o auxílio de uma lanceta. 

Passados 15 a 20 minutos, nos casos positivos, surgem uma reação pápulo-eritematosa, que é 

classificada de acordo com o tamanho do diâmetro em milímetros, cuja magnitude é dada em 

cruzes (Quadro 1). 

Quadro 1 – Classificação da reação de hipersensibilidade tipo I ao alérgeno testado. 

 

Anthygenus™, Rio de Janeiro, Brasil. 

 

1.4 SISTEMA IMUNITÁRIO 

Nos seres humanos, existem dois sistemas de resposta imunológica distintos que, 

inclusive, interagem entre si, chamadas de imunidade inata/natural e imunidade adquirida/ 



25 
 

 

adaptativa. Ambos atuam de forma separada, ou em conjunto no desenvolvimento da 

imunidade (JANEWAY et al., 2007). 

Em linhas gerais, a imunidade inata representa a primeira linha de defesa e é 

caracterizada pela rapidez na resposta e não especificidade, ou seja, permite uma reação 

“instantânea” no encontro com o antígeno, além disso, não possui memória imunológica e tem 

atuação de curta duração. É representada por barreiras físicas, químicas e biológicas, 

componentes celulares e moléculas solúveis, presentes em todos os indivíduos 

(MEDZHITOV; JANEWAY, 2000; PACHECO; CARDOSO, 2007). 

Em contraste, a resposta adaptativa age lentamente, ao realizar o contato inicial com o 

antígeno, mas é considerada mais específica e gera memória imunológica. Em um segundo 

contato com o antígeno, produz uma resposta rápida e vigorosa (KINDT; GOLDSBY; 

OSBORNE, 2004; JANEWAY et al., 2007). Esta é mediada por linfócitos e abrange a 

imunidade celular e a humoral.  

As respostas imunes adaptativas atuam por meio de dois padrões: a resposta imune, 

mediada por linfócitos T auxiliares do tipo 1 (Th1) e a resposta imune Th2. Enquanto a 

resposta imune Th1 ocorre na reação às infecções virais e bacterianas e nas doenças auto-

imunes, a Th2 ocorre na reação às infecções helmínticas e nas doenças alérgicas, como a 

asma, a rinite e o eczema (PONTE; RIZZO; CRUZ, 2007). 

A resposta Th2, ao ser ativada através do contato com o antígeno, provoca a liberação 

de citocinas Th2, tais como, IL-4, IL-5, IL-6, IL-9, IL-10 e IL-13 que, por sua vez, estimulam 

a diferenciação dos linfócitos B e a produção de anticorpos de classe IgE, ocasionando a 

imunidade humoral (LINSINGEN, 2008). 

1.5 COMPLEXO PRINCIPAL DE HISTOCOMPATIBILIDADE 

O MHC (Major Histocompatibility Complex) representa o conjunto de mais de 220 

genes com funções diversas, que inclui os genes responsáveis por codificar as moléculas de 

histocompatibilidade, denominados como sistema HLA. Esse sistema está localizado na 

porção distal 6p21.3 do cromossomo 6, cujos produtos codificados são localizados em 

moléculas de superfície celular e podem ser classificados em clássicos e não-clássicos, de 

acordo com a sua estrutura molecular, distribuição tecidual e função biológica (ROBINSON 

et al., 2013).  
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Os genes do MHC são divididos em três grupos distintos: classe I, localizado na 

porção telomérica do MHC, que codifica os genes clássicos HLA-A, -B e –C e não clássicos 

HLA-E, -F e -G; classe II, mais próxima ao centrômero, a qual codifica os genes HLA-DRA, 

-DRB1, -DRB3, -DRB4, -DRB5, -DQA1, -DQB1, -DPA1 e -DPB1. Localizada entre as 

regiões classe I e II, encontra-se a classe III, na qual os genes presentes são: C2, C4b e BF. 

Outros locos também situados nessa região são: 21 hidroxilase, C2 do sistema Complemento 

e TNF (fator de necrose tumoral) (CAMPBELL; TROWSDALE, 1993) (Figura 2). 

 

Figura 2 – Mapa genético da região HLA – Figura esquemática mostrando o 
cromossomo 6, a região HLA  e os genes HLA de Classe I e II.  
Cen = centrômero; Tel= telômero. 
Expert reviews in molecular medicine, 2003, Cambridge University Press.  

 

As moléculas de classe I são heterodímeros, que se expressam em membranas de todas 

as células nucleadas. São constituídas por duas cadeias polipeptídicas designadas de α e outra 

β2-microglobulina (Figura 3). A cadeia alfa possui três módulos funcionais (α1, α2 e α3), 

seguidos da porção transmembrânica e cauda citoplasmática (BARNSTABLE et al., 1978). A 

fenda do domínio extracelular da cadeia α acomoda peptídeos de origem citosólica, entre 8 a 

10 aminoácidos de comprimento, que são processados no interior da célula e expostos na 

superfície, através das moléculas MHC. A função biológica dessas moléculas está relacionada 

com o fenômeno de restrição das células mediadoras de lise, como células T citotóxicas e 

supressoras (CD8+) e no reconhecimento do peptídeo apresentado (MCDEVITT, 1985; 

ABBAS; LICHTMAN; PILLAI, 2012). 
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Figura 3 – Representação estrutural da molécula do MHC de 
Classe I. 
Abbas, Lichtman & Pillai, 2012. 

 

As moléculas de classe II são glicoproteínas – constituídas de duas cadeias 

polipeptídicas, que possuem porções transmembrânicas – são ligadas de forma não covalente, 

e designadas como cadeia α e cadeia β; ambas são codificadas por genes distintos (Figura 4). 

A cadeia α é pouco variável, enquanto a cadeia β, codificada por HLA-DRB1, é altamente 

polimórfica, especialmente no primeiro domínio. Normalmente, são expressas por células B, 

macrófagos e células dendríticas (KLEIN et al., 1986). A fenda abriga peptídeos antigênicos, 

de origem extracelular, com comprimento de aproximadamente 13-25 aminoácidos que, ao 

serem reconhecidos como não próprios, fazem a apresentação dos peptídeos às células T 

CD4+ (helper) e à regulação das interações entre as células imunocompetentes (DAVIS; 

BJORKMAN, 1988; ABBAS; LICHTMAN; PILLAI, 2012). 
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Figura 4 – Representação estrutural da molécula do MHC de 
Classe II. 
Abbas, Lichtman & Pillai, 2012. 

 

Esse sistema é caracterizado pelo alto grau de polimorfismo, distribuição desigual das 

frequências alélicas em populações e também prevalência de alelos típicos em uma dada 

população. Segundo Morton et al. (1966), o termo polimorfismo genético refere-se à 

ocorrência de duas ou mais formas genéticas descontínuas, de uma mesma espécie, em uma 

mesma população. A mais comum é determinada por um alelo com frequência não superior a 

99%. Em outras palavras, se a frequência do alelo mais comum for inferior a 99%, o sistema é 

classificado como polimórfico. Por outro lado, o sistema é monomórfico quando houver um 

alelo com frequência superior a 99%, independente do fato de haver apenas um, nenhum ou 

muitos alelos com frequência inferior a 1%. 

Grandes populações urbanas são caracterizadas por um variado número de alelos, sem 

prevalência de nenhum deles; esse padrão é consequência do processo de miscigenação. 

Nessas condições, os estudos são pouco informativos, quando se pretende verificar efeitos de 

outros fatores evolutivos, que não a miscigenação (LIENERT; PARHAM, 1996). Em 

populações isoladas, fica mais evidente a ação de deriva genética. 
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1.6 CÉLULAS NATURAL KILLER E SEUS RECEPTORES KIR (KILLER CELL 

IMMUNOGLOBULIN-LIKE RECEPTOR) 

As células Natural Killer (NK) são derivadas da medula óssea e compõem uma 

subpopulação de linfócitos granulares, que tem por característica serem heterogêneos e 

produtores de citocinas. Representam 5 a 25% do total de células mononucleares na 

circulação sanguínea em condições normais e podem ser encontradas em certos tecidos, como 

placenta, intestino, fígado e cavidade peritoneal (LANIER, 1998; PARHAM, 2003; 

CALIGIURI, 2008). Devido ao seu fenótipo de superfície e linhagem, não são linfócitos T, 

nem B, além de não expressarem somaticamente receptores de antígenos rearranjados e 

distribuídos clonalmente (ABBAS; LICHTMAN; PILLAI, 2012). 

As citocinas IL-2, IL-15 e IL-18 produzidas por outras células, são capazes de ativar 

as células NK e provocar a expansão delas, podendo migrar para uma variedade de tecidos e 

órgãos (MIDDLETON; CURRAN; MAXWELL, 2002). As células NK empregam diferentes 

mecanismos indutores de apoptose, tais como perfurinas, granzimas e fatores de necrose 

tumoral (TNF), com objetivo de lisar as células-alvo de maneira rápida, eficiente e precisa 

(FLODSTROM et al., 2002). 

Essas células integram o sistema imune inato e têm como função principal 

proporcionar resposta defensiva de primeira linha, fazendo as vezes de sentinelas, com 

capacidade de detectar e lisar células tumorais ou infectadas por vírus, sem que seja 

necessária uma sensibilização prévia (CALIGIURI, 2008; VIVIER et al., 2011). Para tanto, é 

preciso uma regulação cuidadosa dessas respostas, para que haja distinção entre as células 

doentes e os tecidos vizinhos saudáveis, ou seja, o chamado mecanismo do missing self 

(reconhecimento do próprio). Para tal fim, as células NK lançam mão de sua habilidade em 

reconhecer a ausência ou expressão reduzida das moléculas HLA de classe I na superfície das 

células-alvo, o que caracteriza uma expressão anormal, sendo este o sinal que as diferencia 

das células normais ou próprias do organismo, já que estas expressam normalmente as 

moléculas HLA (KÄRRE, 2002). 

Os receptores das células NK pertencem, dentre outras, à superfamília das 

imunoglobulinas, na qual os receptores KIR estão inseridos. Estes, são codificados por um 

grupo de 14 genes, mapeados no cromossoma 19q13.4 situado no LRC (leukocyte receptor 

complex), formados por: KIR2DL1, KIR2DL2, KIR2DL3, KIR2DL4, KIR2DL5, KIR2DS1, 
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KIR2DS2, KIR2DS3, KIR2DS4, KIR2DS5, KIR3DL1, KIR3DL2, KIR3DL3 e KIR3DS1, além 

de dois pseudogenes KIR2DP1 e KIR3DP1 (HOU et  al., 2012), dos quais KIR2DS e KIR3DS 

são classificados como ativadores e KIR2DL e KIR3DL como genes inibidores, com exceção 

do KIR2DL4 (MIDDLETON; GONZELEZ, 2010). 

KIRs de inibição apresentam cauda citoplasmática longa, contendo um ou dois 

motivos de inibição baseados em tirosina, ITIMs (immunoreceptor tyrosine-based inhibition 

motifs), enquanto KIRs de ativação apresentam cauda citoplasmática curta e possuem um 

aminoácido no domínio transmembrana, que permite associação com a molécula DAP-12, que 

libera sinais ativatórios por meio de ITAMs (immunoreceptor tyrosinebased activating motifs) 

(VILCHES; PARHAM, 2002) (Figura 5). 

 

Figura 5 – Nomenclatura e organização molecular de KIR. 
Marangon et al., 2008.  

Os receptores KIR interagem com seus respectivos ligantes HLA, sendo que o 

reconhecimento ocorre de forma específica com um (ou mais) dos quatro epítopos das 

moléculas HLA de classe I. Estas apresentam um dimorfismo no loco HLA-C, na posição 80 

da hélice α1, onde são classificadas em HLA-C1 e HLA-C2. Receptores KIR2DL2, KIR2DL3 

e KIR2DS2 reconhecem moléculas HLA-C, pertencentes ao grupo 1 (HLA-C1), as quais 
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incluem os grupos alélicos mais comuns HLA-C*01, C*03, C*07 e C*08, ao passo que 

KIR2DL1 e KIR2DS1 ligam-se às moléculas HLA-C2, em que as mais frequentes 

correspondem aos grupos alélicos HLA-C*02, C*04, C*05 e C*06 (PISEGNA et al., 2004). 

Além disso, receptores KIR3DL2, KIR2DS2 e KIR2DS4 reconhecem o subconjunto de 

alótipos HLA-A, que correspondem aos epítopos A3/11 (LIU et al., 2014) (Quadro 2). 

Quadro 2 – Especificidade dos receptores KIR e seus ligantes. 

 

Carrington & Norman, 2003. 

A presença e a ausência de certos genes resultam em uma imensa diversidade 

haplótípica e, consequente, alto grau de polimorfismo, distribuído na população 

(características mais importantes desse complexo). Em geral, de acordo com a variabilidade 

do conteúdo gênico, dois grupos básicos são conhecidos, denominados como haplótipos A e 

haplótipos B (CARRINGTON; NORMAN, 2003). 

O haplótipo A contém os genes KIR3DL3, KIR2DL3, KIR2DL1, KIR3DP1, KIR2DL4, 

KIR3DL1, KIR2DS4 e KIR3DL2, em que KIR2DS4 é o único gene de ativação. O conteúdo 

gênico do haplótipo A tem baixa variabilidade genética, contudo apresenta grande extensão 

alélica. O haplótipo B apresenta maior variação em termos de conteúdo gênico, especialmente 

em relação aos genes de ativação, que podem variar em diferentes combinações de KIR2DS1, 

KIR2DS2, KIR2DS3, KIR2DS5, KIR3DS1 e KIR2DS4 e possui menor polimorfismo alélico 

(CARRINGTON; NORMAN, 2003). 
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É bem estabelecida a importância dos receptores KIR, na regulação da atividade das 

células NK, na ativação/inibição da resposta aos ligantes HLA de classe I e como regulador 

no curso das infecções virais e nas transformações tumorais. Estudos recentes demonstram a 

participação das células NK em mecanismos adversos, no entanto o conhecimento sobre a sua 

função e a de seus receptores KIR nas doenças atópicas ainda é muito pouco conhecido. 

1.7 JUSTIFICATIVA  

Ao considerar a hipersensibilidade aos ácaros uma causa relativamente comum entre 

as crianças e responsável por desencadear inúmeras respostas cutâneas e respiratórias, além de 

promover um grande impacto na saúde dessa população, entendemos que esse é um assunto 

de grande importância na área da saúde humana.  

As alergias do aparelho respiratório têm sido umas das principais enfermidades do 

homem moderno e a alta prevalência dessas doenças está relacionada a uma série de fatores 

de riscos, dentre eles, o genético. Estudos de análise de segregação das doenças atópicas 

confirmam o traço genético no desvio da resposta dos anticorpos IgE (FEIJEN; GERRITSEN; 

POSTMA, 2000). 

Em contrapartida, poucos autores investigaram a associação dos genes HLA com os 

ácaros e até onde vai nosso conhecimento, este é o primeiro trabalho que aborda essa relação 

com os receptores KIR.  

Após encontrarmos importantes associações entre SNPs (polimorfismos únicos de 

nucleotídeos) de citocinas e a sensibilização aos ácaros (CANIATTI et al., 2014), em um 

estudo prévio envolvendo as mesmas amostras da presente pesquisa, foi levantada a hipótese 

de outras possíveis associações com os genes HLA e KIR.  

Em conclusão, os conhecimentos atuais demonstram a importância de continuarmos a 

investigação dos mecanismos acerca das atopias e, a partir daí, possibilitar novos planos 

terapêuticos para o controle dessas doenças.  
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1.8 OBJETIVOS  

1.8.1 GERAL  

 Conduzir um estudo de associação genética para investigar marcadores de resposta 

imune em genes HLA de Classe I (-A, -B, and –C), e Classe II (-DRB1) e genes KIR, em 

indivíduos sensíveis e não sensíveis a ácaros.  

1.8.2 ESPECÍFICOS 

- Classificar todos os participantes em sensíveis (casos) e não-sensíveis (controles) aos 

ácaros: Dermatophagoides farinae, Dermatophagoides pteronyssinus e Blomia tropicalis, 

através do teste cutâneo de hipersensibilidade imediata – Prick Test™; 

- Identificar os genes de resposta imune HLA de Classe I (-A, -B, and –C), HLA de 

Classe II (-DRB1) e KIR nos indivíduos sensíveis e não-sensíveis;  

- Estimar as frequências dos alelos, dos grupos alélicos e dos haplótipos dos genes 

HLA, por contagem direta; 

- Estimar as frequências dos genes KIR, bem como de seus ligantes HLA de Classe I, 

por contagem direta; 

- Calcular a distribuição dos genes HLA e KIR, de acordo com cada agente etiológico; 

- Avaliar a associação dessas variantes com a susceptibilidade aos ácaros, de acordo 

com o valor de P, usando o teste exato de Fisher bi caudal, com nível de significância de 5%; 

- Avaliar o risco de desenvolver sensibilidade aos ácaros pela determinação de odds 

ratio; 

- Comparar os resultados com o método proposto por Hollenbach et al. (2012), 

aplicando o teste de heterogeneidade e calculando o valor de P, pelo teste do qui-quadrado 

(χ2). 
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ABSTRACT 

Background. Type I 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 (IgE), 

especially in children, which is closely involved in atopic asthma and rhinitis. Objective. This 

study aimed to investigate the association between HLA class I (-A, -B, and –C), and HLA 

class II (-DRB1) genes in individuals sensitive to dust mites (Dermatophagoides farinae, 

Dermatophagoides pteronyssinus, or Blomia tropicalis) and mite-insensitive controls. 

Methods. The 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-SSO). 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 etiologic agent confirmed these associations. 

Conclusion. Our results suggest a possible association between HLA-DRB1 genes and 

hypersensitivity to dust mites.  

Keywords: Mites; sensitive; genetic association; HLA; disease susceptibility. 
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1 INTRODUCTION 

The development of advanced techniques in molecular biology has allowed the study 

of structural and functional genomics, the genetics of certain populations, and evolutionary 

genetics, studies that can help to gain a better understanding of the role of each individual 

gene in the physiology of the immune response. In humans, the immune system has evolved 

to protect the host from a universe of pathogens, and is composed of a large number of highly 

polymorphic genes, i.e., the presence of multiple alleles at a locus, being found at frequencies 

greater than 5% in certain populations, which results in a complex system with important 

consequences for the pathophysiology of several diseases that affect humans [1, 2, 3]. 

Allergy is one of these diseases. It produces immune responses to environmental 

antigens, causing tissue inflammation and organ dysfunction. The etiology of atopy involves 

genetic factors that are still poorly understood. Sensitization occurs when antigen presenting 

cells (APCs) of predisposed individuals process allergens (proteins) and present the resulting 

peptides within HLA molecules to the allergen-specific CD4+ T cells.  The latter produce 

cytokines that induce a class switch in B cells to IgE antibodies, which bind to the high 

affinity FceRI on mast cells and basophils (rich in vasoactive substances). Upon a second 

contact, the allergen crosslinks these IgE antibodies, and the effector cells react immediately 

to release preformed inflammatory substances within seconds. The ability of these allergens to 

make individuals become sensitized and respond by producing IgE antibodies varies and is 

determined by the individual’s genetic makeup and by cultural and environmental factors [4, 

5]. 

Both the prevalence and severity of allergic respiratory diseases have increased over 

the past 5 decades, represent global health problems for all age groups, particularly among 

children. This is possibly due to environmental changes and increased exposure to allergens. 

More than 50,000 species of mite allergens have been described, and house dust mites, such 
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as Dermatophagoides pteronyssinus (D. pteronyssinus) and Dermatophagoides farinae (D. 

farinae), are the most common among the known atopic allergens. These mites have been 

found in house dust samples worldwide, being more prevalent in warm and humid climates 

[6, 7, 4].  

The human leukocyte antigen (HLA) system is a complex of several loci in the major 

histocompatibility complex (MHC) region of chromosome 6 in humans, whose encoded 

products are found in cell-surface molecules and subdivided into class I and II according to 

their molecular structure, tissue distribution, and biological function. This system is 

characterized by a high degree of polymorphism, uneven distribution of allele frequencies in 

the population, and prevalence of typical alleles in certain populations. HLA molecules are 

responsible for the presentation of peptides to immunocompetent T cells. In addition to 

interacting with natural killer cell receptors the HLA molecules are considered to play a key 

role in the adaptive immune response, since they are involved in the onset, maintenance, 

protection, or predisposition to certain diseases [8, 9, 10].  

In a previous study, allelic and genotypic associations in pro-inflammatory (IL1A-889 

and IL2-330), and anti-inflammatory (IL4-590, IL4RA+1902 and IL10-592) cytokine variants were 

observed in allergic individuals [11]. Considering that HLA molecules are also immune 

response genes and connect innate and adaptive immune responses, the prior results led us to 

the current study. In addition, no other study has yet distinguished between the three most 

frequent allergen sources in tropical regions.  

It is worth mentioning that in the southern hemisphere, no database exists for the 

sensitization to the most important allergen sources, namely the different species of dust 

mites. 
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To date, some studies have investigated the relationship between HLA genes and 

sensitivity to dust mites (Table 1), however, the importance of these associations remains 

unclear. Considering that the identification of candidate genes in mite-sensitive individuals 

could reveal mechanisms of interaction between allergens and hosts, the aim of the present 

study was to conduct a genetic association study to investigate markers of immune response 

in HLA class I (-A, -B, and –C), and HLA class II (-DRB1) genes in individuals sensitive to 

dust mites (D. farinae, D. pteronyssinus, or Blomia tropicalis) compared to mite-insensitive 

controls. 

2 METHODS 

2.1 Ethical Considerations 

 The study was approved by the Research Ethics Committee of Universidade Estadual 

de Maringá (protocol No. 412.420/2013) and conducted in accordance with the provisions of 

the Declaration of Helsinki. All participants provided written informed consent prior to their 

inclusion in the study. In the case of minors, under 18 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 children (individuals under 14 years of age) 

and 53 adolescents and educators (individuals over 14 years of age) from 3 public institutions 

located in the city of Maringá (Paraná, southern Brazil: latitude 23º 25' 31" S and longitude 

51º 56' 19" W) who voluntarily agreed to participate in the study. Individuals were randomly 

invited to participate, and 396 agreed to enter the study. 

The exclusion criteria included consanguineous individuals and Asian descent. 

Whereas to the ethnical group, considering the rejection of subjects of Asian origin, all other 
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participants were considered to be white Brazilians, bearing 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 determined by skin prick testing. At least 1 of 

the 3 tested mite allergens (D. farinae, D. pteronyssinus, and Blomia tropicalis) had to be 

positive. A positive response was defined as presence of erythema ranging from <15 mm (+) 

to >30 mm (++++). For each individual, a negative and a positive control parameter were 

tested. Reactions were read and noted by two specialists, 10 to 15 minutes after the reagents 

were applied, according to the manufacturer's instructions (Anthygenus™, Rio de Janeiro, RJ, 

Brazil). The mite-insensitive group consisted of individuals with no history of allergy and 

who showed no simultaneous reaction to the 3 allergens, serving as healthy controls.  

Peripheral blood samples (10 mL) were collected from all individuals into tubes 

containing EDTA as anticoagulant. DNA was then extracted using the commercial kit 

(Biopur™, Reinach, Switzerland), according to the manufacturer’s instructions. Genomic 

DNA (OD ratio 260/280 of 1.6-1.9) was adjusted to a concentration of 20 to 50 ng/µL. 

2.4 HLA Class I and II Genotyping 

HLA class I (HLA-A, -B, and -C) and class II (HLA-DRB1) were genotyped by 

polymerase chain reaction-sequence specific oligonucleotide (PCR-SSO) using the 

commercial kit SSO LabType™ (One Lambda, Canoga Park, CA, USA).  

The amplified product was denaturated and hybridized with microbeads linked to 

specific oligonucleotide probes for determination of HLA genotypes. Complementary 

products were detected by chemiluminescence and analyzed using the Luminex™ flow 
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cytometer (LabScan™ 100), and the results were interpreted using HLA Fusion™, version 

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

2.5 Ambiguities 

One of the alternatives to solve the ambiguities found in the PCR-SSO technique, was 

the use of PCR-SSP method [12] followed by PCR-SBT. When one of the ambiguities 

suggested unusual genotypes, it was adopted as a criterion the inclusion of the most common 

genotypes, based on our database of bone marrow donors. Most ambiguities of the HLA-B 

locus were resolved by specific primers of Bw4 group provided by the commercial kit SSO 

LabType™ (catalog RSSO1S4). In addition, allele and haplotype frequencies obtained were 

compared using the Allele Frequencies Net Database (AFND) 

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

2.6 Statistical Analysis 

The high levels of polymorphism and strong linkage disequilibrium (LD) associated 

with the HLA loci must be taken specifically for this purpose when analyzed data for disease 

association studies, in order to avoid confounding results. Population analyses, including 

calculations of alleles and genotype frequencies, tests for fit to expectations under Hardy–

Weinberg equilibrium, and estimations of haplotype frequencies, were the initial steps in this 

study involving immunogenetic data [13].  

According to Hollenbach et al. [14], the second step was to use a contingency table to 

test the difference, or independence, of frequency distributions for categorical variables. This 

table was constructed utilizing raw counts data. The approach in this type of analysis for 

highly polymorphic immunogenetic data was to first examine heterogeneity in overall allele 

frequency distributions in cases vs. controls for a particular locus, using a 2 × k row by 
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column (r × c) contingency table, in OpenEpi software (version 3.01), available on: 

http://www.openepi.com. 

For rare alleles, there is a particular difficulty, although the χ2 test has been the 

standard approach for testing fit at the overall locus-level, this test can lead to false 

acceptance or rejection of the null hypothesis when the expected genotype counts in a 

contingency table are small (sparse cells), in accordance with Hollenbach et al. [14], the χ2 

test is inappropriate if any of the expected counts are less than one or if the expected counts 

are less than five in more than 20% of all cells in a contingency table. Albeit Yates’ correction 

for continuity is sometimes applied to account for numerous sparse cells, this may be overly 

conservative, and the preferred method is to combine low frequency alleles into a single 

category, often referred to as the “binned” category. 

Therefore, the conservative approach was respected, combining alleles with expected 

value of less than five in cases or controls into the binned category prior to calculation of the 

χ2 statistic. 

The degrees of freedom (DF) for the goodness of fit χ2 analysis were calculated from 

the number of alleles with expected values in cases and controls of five or greater, plus the 

combined category, −1 (i.e., k − 1). A p-value was obtained by comparing the test statistic to 

the χ2 distribution for the appropriate degrees of freedom. 

Whereas to results that were significant at the overall locus level, additional testing 

were used 2 × 2 contingency tables for each allele (expected counts of five or more only) 

against all other alleles.  

In Relative Predispositional Effects (RPE) analysis [15], by means of the OpenEpi 

software (version 3.01), alleles, haplotypes, or genotypes with the strongest predisposing 

(PRE) or protective (PRO) effects were sequentially removed from the analysis, until there is 
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no further significant heterogeneity detected either overall or for an individual allele, to reveal 

the relative predispositional effects of the HLA alleles that are associated with the disease.    

Allele frequencies were determined by direct counting and compared using a 2×2 

contingency table. The significance of the differences was evaluated using two-tailed Fisher’s 

exact test [16], and P-values less than 0.05 were considered significant, obtained by use of the 

Epi Info™ (version 7.0). Odds ratio (OR) was calculated, with a 95% confidence interval 

(95%CI) according to Woolf [17], using Epi Info™ (version 7.0). Hardy-Weinberg 

equilibrium was tested using the method described by Guo and Thompson [18] with the 

Arlequin software, version 3.5 [19]. 

Because the gametic phase is unknown, maximum-likelihood estimates of haplotype 

frequencies were obtained from multilocus genotype data and computed using the 

expectation-maximization (EM) algorithm [20], also using the Arlequin software, version 3.5 

[19].  

3 RESULTS 

Of 396 individuals, 45.5% (180/396) were male and 54.5% (216/396) were female. A 

total of 249 (63%) were included as cases (individuals who were atopic to at least one mite) 

and 147 (37%) as controls (non-atopic individuals). There was no difference in sex 

distribution between cases and controls (P = 0.2509).  

Regarding age, only 13% (53/396) of the total participants were adults, the group of 

sensitized individuals had a mean (SD) age of 12.5 (6.9) years (range, 4-48 years), while non- 

sensitized controls had a mean (SD) age of 11.5 (5.8) years (range, 5-37 years). There was no 

difference in age between the two groups (P = 0.1408).  
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Overall, 56% tested positive for D. farinae, 43% for D. pteronyssinus, 37% for Blomia 

tropicalis, and 29% for the 3 mites simultaneously.  

The observed and expected frequencies between genotypes for loci A, B, C, and 

DRB1 showed no deviation from Hardy-Weinberg equilibrium in cases or controls, with P-

values greater than 0.05.  

 The frequencies of HLA-A, -B, -C, and -DRB1 allele groups were calculated and no 

differences were found between the populations studied, except for the DRB1 locus, which 

showed a statistically significant difference for the DRB1*04 allele group (8.8% vs. 14.6%, P 

= 0.0135, OR = 0.56, and 95%CI = 0.36 – 0.88), when compared to sensitized individuals to 

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

As shown in Table 2 (supplementary Table 2), when HLA-DRB1 high-resolution 

allele frequencies were compared, the most frequent allele in both case and control groups 

was DR*07:01, with 13.4% vs. 12.2%. However, the DRB1*04:05 and DRB1*04:11 alleles 

was significantly less frequent in cases (1.0% vs. 3.1%, P = 0.0481, OR = 0.32, and 95%CI = 

0.10 – 0.96 and 1.2% vs. 4.4%, P = 0.0067, OR = 0.26, and 95%CI = 0.09 – 0.70), 

respectively. 

For the DRB1 locus, the frequencies of HLA alleles were compared for each mite 

species (D. farinae, D. pteronyssinus, and Blomia tropicalis) separately. All species differed 

statistically, and were associated on resistance to sensitization.  

 The DRB1*04 allele group had a negative association with allergy to D. farinae and D. 

pteronyssinus (P = 0.0339, OR = 0.60 and P = 0.0166, OR = 0.53), respectively (Tables 3 and 

4). There was also a negative association between allergy to Blomia tropicalis and both the 
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DRB1*04 allele group (P = 0.0089 and OR = 0.49) and the DRB1*15 allele group (P = 0.0295 

and OR = 0.54) (Table 5). 

For the chi-square heterogeneity test, there were no significant heterogeneity in allele 

counts in HLA class I. However, for the HLA class II, the DRB1 locus (in high-resolution) 

was the only one to show significant differences between cases and controls (χ2 = 45.26 e P = 

0.0006) (Table 6). 

In Relative Predispositional Effects (RPE) analysis, no significant heterogeneity was 

detected when DRB1*04:11 was removed, revealing the relative predispositional effects of 

this HLA allele associated with the disease. The results of DRB1*04:11 in the chi-square test 

using 2 × 2 contingency table were: 1.2% vs. 4.4%, P = 0.0042, OR = 0.26, and 95%CI = 0.09 

– 0.70. 

In relation to haplotypes, no significant difference was found between mite-sensitive 

and mite-insensitive individuals, and the most frequent haplotype was HLA-A*01 B*08 C*07 

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

The genotype and allele frequencies of HLA-C killer cell immunoglobulin-like 

receptor (KIR) ligands, called C1 and C2, were also compared; however, no significant 

difference was found. 

Finally, analyses based on a series of 2 × 2 tests requires corrections for multiple 

comparisons (usually utilizing the Bonferroni method), with a correction factor minimally 

equivalent to the number of alleles tested. However, when significance of the association of 

all individual alleles was assessed with a priori knowledge of overall heterogeneity at the 

locus, it was not necessary to correct for multiple comparisons in subsequent 2 × 2 tests 
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intended to identify the allele(s) with significant contributions to the overall deviation at the 

locus [14, 21].  

4 DISCUSSION 

Allergy is a complex phenomenon with manifestations involving the skin, digestive 

tract, and even the eyes (among many other sites). It is considered a multifactorial condition 

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

  The production of IgE antibodies against allergens from house dust mites is closely 

involved in the development of atopic asthma and rhinitis. Although several family-based 

studies have confirmed the participation of genetic control in this response, the mechanism 

that explains this relationship remains to be fully elucidated [23]. 

Ninety percent of asthmatic children show signs of IgE-mediated allergy to inhaled 

proteins, described as allergens [24]. It is known that these specific IgE responses to allergens 

provide useful models for understanding the genetic factors that control immune responses 

[25]. 

Solé et al. [26], in a study on the epidemiology of asthma in the Brazilian pediatric 

population, reported that the mean prevalence of asthma in Brazilian adolescents remains 

among the highest averages in the world. The study points out that living in a rural 

environment is a protective factor in the development of asthma and allergic diseases. 

Another nationwide survey, which included children and adolescents treated at different 

Brazilian allergy centers, showed positivity rates of 66.7% for D. pteronyssinus, 64.5% for D. 

farinae, and 55.2% for Blomia tropicalis [27]. 

In our previous studies, we found a strong association with single nucleotide 

polymorphisms (SNPs) of cytokines in mite-sensitive individuals. In particular, IL-4 [11], 
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which is involved in IgE production of B cells, is associated with mite-sensitivity. The 

immunological reaction triggered by the interaction of HLA and peptide may alter the 

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

 HLA class I and II genes have been revealed as candidates for involvement in the 

etiology of allergic respiratory diseases, such as asthma [28, 29]. Initially, a relationship 

between HLA class II molecules and IgE responses was observed in patients sensitized to 

allergens. Later, different studies involving epidemiological investigation revealed a number 

of HLA-DR and DQ genes that were able to restrict the recognition of allergens from house 

dust mites [23].  

Other studies already reported the involvement of HLA-DRB1 allele group in 

individuals with diagnosis of rhinoconjunctivitis and/or bronchial asthma and a positive skin 

prick test [30]. Another finding, described that HLA-DRB1*03:01 plays an important function 

in Th2-predominant immune response to house dust mite [31], as well as HLA-DRB1*07 with 

susceptibility to and DRB1*04 and DRB1*14 as protective factors against the development of 

allergy to D. pteronyssinus [23].  

In the present study, when mite species were evaluated individually, the DRB1*04 

allele group showed a protective effect for all of 3 mites (D. farinae, D. pteronyssinus and 

Blomia tropicalis). When high-resolution allele frequencies were compared, the DRB1*04:11 

allele was significantly different between cases and controls. In our Brazilian population, the 

frequency of this allele is approximately 1.7%, being a typical allele in Amerindian 

populations in South America. High frequencies of this allele have been observed among the 

Guarani-M’yba (26.8%) of Brazil, the Ache (74.1%) of Paraguay, and the Yucpa (60.2%) of 

Venezuela. Considering that this allele would be more advantageous to the survival of 

individuals exposed to greater environmental adversity, it is possible to make an association 
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between the effect of the diversifying selection pressure exerted by pathogens, the 

overdominance effect of HLA genes, and frequency-dependent selection [32].  

 In a Korean research with 178 atopic individuals (to D. pteronyssinus) and 99 non-

atopic controls, Kim et al. [23] suggested a strong negative association (27.5% vs. 45.5%, P = 

0.002) for DRB1*04. In another study, with the same researchers, investigating Koreans with 

asthma induced by the citrus red mite, negative association 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 bronchial asthma caused by mite allergy and 

two control groups, one with 57 non-atopic children and the other with 45 mite-insensitive 

asthmatic children, to examine the frequencies of DRB1*07 and DRB1*04 alleles groups. The 

authors found a negative association for the DRB1*04 allele group when frequencies were 

compared between cases and non-atopic controls (P = ≤ 0.01 and OR = 0.21). These findings 

are consistent with the present results, since, according to OR values, the DRB1*04 allele 

group was associated as a protective gene for the disease.  

Parapanissiou et al. [34], investigated 60 Greek children with allergic bronchial 

asthma due to mite sensitivity (D. farinae and D. pteronyssinus) and 125 controls, they 

observed an important factor in susceptibility to asthma with sensitivity to mites related to 

DRB1*04.  

Concerning diverging results, it is understood that the allelic group ranges a great 

variety of alleles, which only through high-resolution could the association be determined. 

Moreover, it is to be considered that our results displayed association to the DRB1*04:11 

allele which is only found in Amerindian populations. 

 In addition to being associated with protection against allergic respiratory disease, the 

DRB1*04 allele group is also an important marker of susceptibility to other diseases, such as 
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rheumatoid arthritis. Studies conducted in Korea (P < 0.00005) [35], in China [36], in Japan 

[37], and in Hungary [38] have well elucidated the association of this gene with susceptibility 

to rheumatoid arthritis. 

 Soriano et al. [39], in a study conducted in Spain after 26 outbreaks of asthma caused 

by the inhalation of soybean dust, affecting 688 individuals, raised the hypothesis that a 

genetic determinant, in this case the HLA class II molecules, could have influenced the 

susceptible individuals. Indeed, their results showed that the risk of epidemic asthma was 

particularly associated with the DRB1*13 gene (P < 0.02). In the present study, this gene also 

showed a tendency towards positive association with mite allergy but the allele DRB1*13:01 

was excluded after the heterogeneity test was applied.  

The HLA-DR alleles have also been investigated by researchers from China, who 

evaluated the association between tumor necrosis factor, HLA-DR molecules, and IgE-

mediated asthma in 80 Taiwanese adolescents with asthma and 69 without asthma. The 

DRB1*13 gene showed a positive association (11.3% vs. 1.5%; P = 0,021) and was related to 

both high dust-mite-specific IgE and high total serum IgE, especially for D. farinae [40], 

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

The DRB1*15, in the present study, was associated with a resistance effect in the 

development of hypersensitivity to Blomia tropicalis, but after the heterogeneity test, it was 

disregarded.   This gene was also investigated in a case-control study involving 103 children 

with asthma and 152 controls, and the results showed a negative association with asthma 

(35% vs. 80%, P = 0.003, OR = 0.46, and 95%CI = 0.28 – 0.78) [41]. Reinforcing such 

evidence, Kalpaklioğlu et al. [42] revealed that for this given gene, a relation of resistance 

between cockroach sensitivity and cutaneous reactivity to aeroallergens (P < 0.001).  In 

addition, DRB1*15 was also reported to play a protective role in the development of asthma 
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in the Asian Indian population, since this is the most common class II allele in this population, 

which may explain the lower incidence of asthma compared to other regions of the world 

[43]. 

  Finally, this study allows us to expand our horizons in the understanding of the 

immune response and sensitivity to dust mite, in the future we may be able to analyze the 

complex interaction of the effector sites of the HLA molecule with different peptides. Other 

genetic markers of immune response may also be investigated, such as MICA and KIR genes, 

to better understand the relationship between gene expression and allergy.  

For the elucidation of the obtained data, we suggest further studies in different 

populations, for example, the Amerindians, using high-resolution methodology for defining 

alleles. Our results could be the basis for a three-dimensional study of analysis of HLA 

epitopes with the peptides, and the interrelation with clinical and laboratory aspects (IgE and 

cytokines). 

 In conclusion, our results support previously reported associations between the 

DRB1*04 allele group and protection against developing IgE-mediated allergy to 

Dermatophagoides farinae, Dermatophagoides pteronyssinus, and Blomia tropicalis. 
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Table 1.  Overview of HLA-DRB1 data associated with sensitization 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. pteronyssinus [23]. 

The risk of developing 

asthma in citrus red mite-

exposed adults [25]. 

HLA-DR genotypes and 

immunoglobulin E 

responses to common major 

allergens [44]. 

DRB1*07 

 

 

 

>1 

 

>1 

 

0.009 

 

0.010* 

 

Development of a 

sensitization to house dust 

mite D. pteronyssinus [23]. 

The risk of developing 

asthma in citrus red mite-

exposed adults [25]. 

DRB1*11 >1 0.020* The influence of the MHC 

class I and class II 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 [40]. 

DRB1*14 <1 0.020 Development of a 

sensitization to house dust 

mite D. pteronyssinus [23]. 

HLA allele OR   P Investigation  

DRB1*08:03:02 >1 0.009 Association between HLA 
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class II genes alleles and 

Allergic rhinitis in house 

dust mites sensitive Chinese 

subjects [46]. 

HLA haplotypes OR   P Investigation  

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

DQB1*03:01 

>1 < 0.010* The influence of the MHC 

class I and class II genes in 

the susceptibility to atopic 

asthma in a Venezuelan 

population [45]. 

DRB*01/DRB1*03/DRB1*11 >1  < 0.010 The relevance of HLA-class 

II molecules to the 

regulation of immune 

response to the mite allergen 

D. pteronyssinus and to 

clinical atopic disorders [47]. 

DQB *03:03/*05:03, DRB1 

*02/DRB1*07, and DPB* 04:02 

<1  < or = 0.01 The relevance of HLA-class 

II molecules to the 

regulation of immune 

response to the mite allergen 

D. pteronyssinus and to 

clinical atopic disorders [47]. 

*Corrected  P value; OR= odds ratio.  
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Table 2. Allele frequencies of HLA-DRB1 in individuals sensitized to at least one of the 
following dust mites: Dermatophagoides farinae, Dermatophagoides pteronyssinus, and 
Blomia tropicalis, and controls. 

 Cases   Controls         

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

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 1.49 0.65-3.44 

DRB1*03:01 41 8.2 28 9.5 0.6021 0.85 0.51-1.41 

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 0.0481*  0.32 0.10-0.96 

DRB1*04:11 6 1.2 13 4.4 0.0067*  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 1.4 10 3.4 0.0758 0.40 0.15-1.07 

DRB1*09:01 7 1.4 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 1.53 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 ratio; P= two-tailed Fisher’s exact test; 
95%CI= 95% confidence interval; Binned=  sum of values < 5 in cases or controls. 
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Table 3. Allele group frequencies of HLA-DRB1 in individuals sensitized to 
Dermatophagoides farinae and 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 14.6 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 0.45 0.17-1.20 

DRB1*10 5 1.1 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 1.4 0.4255 1.83 0.57-5.81 

HLA= human leukocyte antigen; OR= odds ratio; P= two-tailed Fisher’s exact test; 
95%CI= 95% confidence interval; Binned=  sum of values < 5 in cases or controls. 
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Table 4. Allele group frequencies of HLA-DRB1 in individuals sensitized to 
Dermatophagoides pteronyssinus and 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 14.6 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 1.4 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 2.4 0.4893 1.46 0.56-3.76 

Binned 9 2.6 4 1.4 0.4004 1.92 0.58-6.31 

HLA= human leukocyte antigen; OR= odds ratio; P= two-tailed Fisher’s exact test; 
95%CI= 95% confidence interval; Binned=  sum of values < 5 in cases or controls. 
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Table 5. Allele group frequencies of HLA-DRB1 in individuals sensitized to Blomia 
tropicalis and controls. 

 Cases   Controls         

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

DRB1*01 37 12.5 23 7.8 0.0760 1.68 0.97-2.91 

DRB1*03 33 11.1 31 10.5 0.8948 1.06 0.63-1.78 

DRB1*04 23 7.8 43 14.6 0.0089* 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 2.4 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 1.42 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 2.4 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 ratio; P= two-tailed Fisher’s exact test; 
95%CI= 95% confidence interval; Binned=  sum of values < 5 in cases or controls. 
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Table 6. Heterogeneity test by chi-square for HLA class I 
and II. 

Locus Chi-square (χ2)  DF P 

HLA-A  16.69 12 0.1615 

HLA-B 24.19 22 0.3374 

HLA-C 16.61 13 0.2176 

HLA-DRB1¹ 45.26 19 0.0006* 

DF= degrees of freedom; P= Uncorrected p-value from the 
chi-square test of heterogeneity. 
¹High-resolution. 
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Supplementary Table 1.  Allele group frequencies of HLA-A, -B, -C, and -DRB1 in 
individuals sensitized to at least one of the following dust mites: Dermatophagoides 
farinae, Dermatophagoides pteronyssinus, and Blomia tropicalis, and controls. 

 Cases   Controls         

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

A*01 47 9.4 30 10.2 0.7117 0.91 0.56-1.48 

A*02 118 23.7 75 25.5 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*74 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 33 6.6 16 5.4 0.5448 1.23 0.66-2.28 

B*15 42 8.4 29 9.9 0.5209 0.84 0.51-1.38 

B*18 32 6.4 10 3.4 0.0721 1.95 0.94-4.02 

B*27 17 3.4 9 3.1 0.8397 1.11 0.49-2.54 

B*35 58 11.6 29 9.9 0.4815 1.20 0.75-1.92 

B*37 5 1.0 3 1.0 1.0000 0.98 0.23-4.14 

B*38 7 1.4 2 0.7 0.4967 2.08 0.42-10.08 

B*39 12 2.4 6 2.0 0.8100 1.18 0.44-3.19 

B*40 26 5.2 13 4.4 0.7345 1.19 0.60-2.35 

B*41 3 0.6 4 1.4 0.4336 0.43 0.09-1.97 

B*42 8 1.6 9 3.1 0.2062 0.51 0.19-1.35 

B*44 54 10.8 26 8.8 0.3950 1.25 0.76-2.05 

B*45 9 1.8 3 1.0 0.5502 1.78 0.47-6.64 

B*46 0 0 1 0.3 0.3712 0 Undef 

B*47 0 0 1 0.3 0.3712 0 Undef 

B*48 2 0.4 2 0.7 0.6302 0.58 0.08-4.20 

B*49 8 1.6 9 3.1 0.2062 0.51 0.19-1.35 

B*50 16 3.2 5 1.7 0.2551 1.91 0.69-5.29 

B*51 33 6.6 29 9.9 0.1313 0.64 0.38-1.09 

B*52 21 4.2 8 2.7 0.3310 1.57 0.68-3.60 

B*53 13 2.6 6 2.0 0.8170 1.28 0.48-3.42 

B*54 1 0.2 0 0 1.0000 Undef Undef 

B*55 2 0.4 4 1.4 0.2020 0.29 0.05-1.60 

B*56 3 0.6 0 0 0.2988 Undef Undef 

B*57 14 2.8 10 3.4 0.6709 0.82 0.36-1.87 
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B*58 

B*59 

11 

0 

2.2 

0 

9 

1 

3.1 

0.3 

0.4872 

0.3712 

0.71 

0 

0.29-1.74 

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%CI 

C*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 19.5 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 

C*18 

11 

2 

2.2 

0.4 

12 

2 

4.1 

0.7 

0.1872 

0.4746 

0.53 

0.58 

0.23-1.21 

0.08-4.20 

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

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 13.5 36 12.2 0.6629 1.11 0.72-1.71 

DRB1*08 36 7.2 24 8.2 0.6772 0.87 0.51-1.50 

DRB1*09 7 1.4 10 3.4 0.0758 0.40 0.15-1.07 
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DRB1*10 8 1.6 8 2.7 0.3032 0.58 0.21-1.57 

DRB1*11 68 13.7 34 11.6 0.4427 1.20 0.77-1.87 

DRB1*12 12 2.4 4 1.4 0.4350 1.79 0.57-5.60 

DRB1*13 67 13.5 26 8.8 0.0528 1.60 0.99-2.58 

DRB1*14 21 4.2 10 3.4 0.7051 1.25 0.58-2.69 

DRB1*15 48 9.6 38 12.9 0.1574 0.71 0.45-1.12 

DRB1*16 16 3.2 7 2.4 0.6622 1.36 0.55-3.34 

HLA= human leukocyte antigen; OR= odds ratio; P= two-tailed Fisher’s exact test; 
95%CI= 95% confidence interval; Undef= undefined.  
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Supplementary Table 2.  Allele frequencies of HLA-DRB1 in individuals sensitized 
to at least one of the following dust mites: Dermatophagoides farinae, 
Dermatophagoides pteronyssinus, and Blomia tropicalis, and controls. 

 Cases   Controls         

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

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 1.49 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 0.51-1.41 

DRB1*03:02 7 1.4 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 1.4 1 0.3 0.2697 4.17 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 0.0481*  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 1.48 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 4.4 0.0067*  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 2.97 0.34-25.56 

DRB1*08:04 7 1.4 10 3.4 0.0758 0.40 0.15-1.07 
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DRB1*08:07 0 0 1 0.3 0.3712 0 Undef 

DRB1*09:01 7 1.4 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 1.53 0.86-2.75 

DRB1*11:02 9 1.8 8 2.7 0.4494 0.65 0.25-1.72 

DRB1*11:03 4 0.8 1 0.3 0.6563 2.37 0.26-21.32 

DRB1*11:04 12 2.4 8 2.7 0.8169 0.88 0.35-2.18 

DRB1*12:01 12 2.4 4 1.4 0.4350 1.79 0.57-5.60 

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*13:03 8 1.6 3 1.0 0.7547 1.58 0.41-6.01 

DRB1*13:05 1 0.2 2 0.7 0.5589 0.29 0.02-3.25 

DRB1*14:01 12 2.4 8 2.7 0.8169 0.88 0.35-2.18 

DRB1*14:02 7 1.4 2 0.7 0.4967 2.08 0.42-10.08 

DRB1*14:04 1 0.2 0 0 1.0000 Undef Undef 

DRB1*14:06 1 0.2 0 0 1.0000 Undef Undef 

DRB1*15:01 25 5.0 22 7.5 0.1637 0.65 0.36-1.18 

DRB1*15:02 12 2.4 3 1.0 0.1897 2.93 0.67-8.55 

DRB1*15:03 11 2.2 13 4.4 0.0884 0.48 0.21-1.10 

DRB1*16:01 6 1.2 4 1.4 1.0000 0.88 0.24-3.15 

DRB1*16:02 10 2.0 3 1.0 0.3912 1.98 0.54-7.28 

HLA= human leukocyte antigen; OR= odds ratio; P= two-tailed Fisher’s exact test; 
95%CI= 95% confidence interval; Undef= undefined.  
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Supplementary Table 3. Haplotype frequencies of HLA in individuals sensitized to 
at least one of the following dust mites: Dermatophagoides farinae, 
Dermatophagoides pteronyssinus, and Blomia tropicalis, and controls. 

              Haplotypes 
Cases 

n= 249 
% 

Controls 

n= 147 
% P 

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 1.4 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 
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A*02-B*49-C*07-DRB1*11 0 0 3 1.0 ns 

Others 429  234   

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

Background. Killer cell immunoglobulin-like receptors (KIRs), found on the surface of 

natural killer (NK) cells, play a key role in controlling the innate and acquired response. Such 

response depends on a series of cellular interactions associated with genetic patterns inherited 

by individuals. Atopic diseases have been associated with genes that regulate cytokine 

production and with immune response genes, which may either protect or predispose to 

hypersensitivity. Recent studies have demonstrated the involvement of NK cells in adverse 

mechanisms. However, little is known about the role of these cells and their receptors in 

atopic disease. Objective. We conducted an association study of KIR genes with sensitization 

to the following mites: Dermatophagoides farinae, Dermatophagoides pteronyssinus, and 

Blomia tropicalis. Methods. A total of 341 children aged up to 14 years, were classified as 

mite-sensitive or mite-insensitive after undergoing a skin prick test for immediate allergic 

reactions. The presence/absence of KIR genes and their human leukocyte antigen (HLA) 

ligands was determined by polymerase chain reaction-sequence specific oligonucleotide 

(PCR-SSO) with the commercial kit LabType™ using Luminex™. Results. The frequencies 

of KIR genes and their respective class I HLA ligands and the frequency of each of these 

ligands were performed in sensitive and insensitive individuals, and no significant differences 

were found. Conclusion. Our results suggest no influence of KIR genes on 

resistance/susceptibility to sensitization to dust mites. 

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

heterogeneity.  
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Introduction 

According to Darwin’s theory, living beings have been perpetuated and may continue 

to evolve due to genetic enhancement and adaptation to external factors in their habitat. 

Diversity within the same species contributes to a greater chance of survival of the species. As 

a result, self-nonself discrimination mechanisms have been developed over time and consist 

of a complex network of highly specialized cells that interact to eliminate harmful agents in 

order to maintain homeostasis [1].  

Atopic diseases, such as asthma, allergic rhinitis, atopic dermatitis, and food allergies, 

are caused by a number of risk factors, including genetic predisposition, age, allergens, 

prenatal exposure, diet, infections, seasonal effects, climate, and psychosocial factors. Some 

studies have shown that environmental factors have a modifying effect on the expression of 

different genes in atopic disease [2].  

Chronic and allergic inflammatory diseases affect millions of people worldwide [3]. In 

developing countries, particularly in Latin America, the prevalence of asthma in children is 

high [4], and most of these children have allergic sensitization. In tropical countries, such as 

Brazil, mites are the main aeroallergens responsible for respiratory allergies [5]. In Thailand, 

a region also considered to have a tropical climate, a study showed that more than 70% of 

children with respiratory allergy were sensitized to mites [6]. 

Hypersensitivity to house dust mite allergens is a usual allergic reaction. 

Dermatophagoides farinae (D. farinae) and Dermatophagoides pteronyssinus (D. 

pteronyssinus) are the most common house dust mites. These arthropods thrive in high 

temperatures and humidity levels [7] and are often found in beds, mattresses, carpets, and 

other fabric-covered items, as they feed on human skin scales [8]. Type I hypersensitivity 
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reactions occur due to deviation of the host immune response toward the production of IgE 

antibodies, which bind to the surface of cells rich in vasoactive substances (especially 

histamine) and, once activated by repeated contact with the allergen, trigger inflammatory 

processes [9], such as vasodilation, increased vascular permeability, attraction of 

polymorphonuclear leukocytes, cytokine release, and stimulation of mucus secretion. 

Natural killer (NK) cells are key components of the immune system. A major function 

of NK cells is to control cell interactions and death and to release cytokines. Other than their 

well-established role in controlling tumor activity, NK cells are now reported to play a role in 

many other diseases. Mandal and Viswanathan [10] reported that NK cells are a major 

determinant of the development of viral-associated asthma. This is related to their biological 

role, as NK cells contribute to the progress of T-cell-mediated allergic response during the 

allergen-specific sensitization phase [10], such as in house dust mite sensitization.  

The function of NK cells is regulated by cell-surface receptors belonging to three 

major families: killer cell immunoglobulin-like receptors (KIRs), natural cytotoxicity 

receptors (NCRs), and C-type lectins [11]. The KIR locus in chromosomal region 19q13.4 is 

characterized by unusually high diversity in the numbers of both genes and their alleles [12]. 

The region varies in size from 100 to 350 kb as a result of structurally diverse haplotypes with 

duplicated segments, large deletions, and gene fusions [13, 14]. As a consequence of this 

plasticity, the 13 distinct KIR genes (KIR2DL1 [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. Haplotypes have between 

four and twenty KIR genes, and the most common KIR region haplotype has seven genes 

[15].  Each KIR gene is highly polymorphic, reaching to an extent that over 600 KIR alleles 
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are currently defined [16], among these, there are two pseudogenes, KIR2DP1 and KIR3DP1 

[17]. The presence or absence of certain genes results in extensive haplotype diversity and 

consequently high degree of polymorphism within populations. In general, based on the 

variability of KIR gene content, the haplotypes are divided into two primary sets, termed 

haplotypes A and B [18]. 

KIRs interact with their human leukocyte antigen (HLA) ligands, which are found in 

almost all nucleated cells [19]. Recognition occurs specifically with one (or more) of the four 

epitopes of class I HLA molecules. These molecules show a dimorphism at position 80 in the 

α1 helix of the HLA-C locus, where they are classified as HLA-C1 and HLA-C2. The 

receptors KIR2DL2, KIR2DL3 and KIR2DS2 recognize HLA-C1 molecules, which include 

the most common allelic groups (HLA-C*01, C*03, C*07, and C*08), while KIR2DL1 and 

KIR2DS1 bind to HLA-C2 molecules, with the most common allelic groups corresponding to 

HLA-C*02, C*04, C*05, and C*06 [20]. In addition to that, the receptor KIR3DL2 recognizes 

and interacts with HLA-A3 and -A11 [21]. Other ligands recognized by KIRs include HLA-

Bw4 molecules, which differ from Bw6 based on the variability of their amino acids at 

positions 77-83 of the transcribed gene [22]. While Bw6 is found only in HLA-B epitopes, 

Bw4 is present in HLA-B and some HLA-A molecules [23]. 

Advances in the understanding of the KIR complex are extremely important primarily 

because of their biological function, but also because of the need for a better understanding of 

how these genes affect the activation and regulation of inflammatory processes. Although 

recent studies have demonstrated the involvement of NK cells in adverse mechanisms, little is 

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

Considering that previous studies have presented results suggesting an association of 

cytokine genes [24] and certain HLA molecules [25] with mite sensitivity, the aim of the 
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present study was to investigate the role of KIR genes and their HLA ligands in sensitization 

to the following mites: D. farinae, D. pteronyssinus, and Blomia tropicalis. 

Material and methods 

Ethical considerations 

 The study was approved by the Research Ethics Committee of Universidade Estadual 

de Maringá (protocol No. 412.420/2013) and conducted in accordance with the provisions of 

the Declaration of Helsinki. All participants provided written informed consent prior to their 

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

Study design 

 The sample consisted of 341 individuals, randomly selected from three public 

institutions in the city of Maringá (Paraná, southern Brazil: latitude 23º 25' 31" S and 

longitude 51º 56' 19" W), who voluntarily agreed to participate in the study. Children aged up 

to 14 years were included in the study. Of these, 177 (52%) were female and 164 (48%) were 

male. The mean (SD) age of the sample was 10 (2.1) years.  

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

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

Consanguineous individuals and those of Asian descent were excluded from the study. 

It is known that HLA alleles have a heterogeneous distribution across racial groups. Our 

region has a strong Asian component due to Japanese immigration to Brazil in the 20th 

century. Therefore, based on information about their ancestors, individuals of Asian descent 

were excluded from the sample. Based on this (exclusion) criterion, all other participants were 
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considered Brazilian whites, and ethnicity matching was not required because the Brazilian 

population is heterogeneous.  

Biological samples 

Blood samples (10 mL) were collected from all individuals into tubes containing 

EDTA as anticoagulant and kept frozen until extraction. Genomic DNA was extracted using 

the commercial kit Biopur™ (Reinach, Switzerland), according to the manufacturer’s 

instructions, quantified using the NanoDrop™ 2000 UV-Vis spectrophotometer (Thermo 

Scientific, Waltham, MA, USA) and adjusted to a concentration of 30 to 50 ηg/µL, with a 

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

Allergy testing 

The participants’ allergic status was determined by skin prick testing (Anthygenus™, 

Rio de Janeiro, RJ, Brazil). Participants were defined as sensitive when they showed 

hypersensitivity to at least one of the three investigated mites: D. farinae, D. pteronyssinus, 

and/or Blomia tropicalis. Individuals who did not react to any of the tested allergen extracts 

served as (insensitive) controls.   

Each participant underwent a skin prick test for immediate allergic reactions. The right 

forearm was cleaned with 70% alcohol and the allergen extracts of the three investigated 

mites were applied using a disposable prick lancet (3 to 4 cm apart), followed by a positive 

control (0.01% histamine chlorohydrate) and a negative control. Results were obtained 15 to 

20 minutes after the test was applied and interpreted by two observers, followed by proper 

recording. A positive reaction was defined as the presence of red papule formation (reaction 

indicative of IgE), which was classified using plus signs (+) to indicate intensity [< 15 mm (+) 

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

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

Typing of KIR and HLA class I genes  

The presence/absence of KIR genes and HLA class I types (-A, -B, and -C) was 

determined by polymerase chain reaction-sequence specific oligonucleotide (PCR-SSO) with 

the commercial kit LabType™ SSO (One Lambda, Canoga Park, CA, USA) using 

Luminex™. Each PCR product was biotinylated to be detected by streptavidin R-

phycoerythrin conjugate (SAPE) and then denatured and hybridized with probes conjugated 

with encoded fluorescent microbeads. Complementary products were detected by 

chemiluminescence, which identifies phycoerythrin fluorescence intensity in each microbead, 

and analyzed on a flow cytometer (LabScan™ 100). The results were interpreted using HLA 

Fusion™ version 3.1 and Fusion Research version 3.0 (One Lambda, Canoga Park, CA, 

USA). 

Statistical analysis 

KIR gene and HLA molecule frequencies were determined by direct counting in mite-

sensitive and mite-insensitive individuals. Bw4, C1 and C2 groups were defined based on 

information obtained from the IMGT/HLA database, according to the locus of the positions of 

typed genotypes. A 95% confidence interval (95%CI) was adopted according to Woolf [26]. 

The significance of differences was evaluated using two-tailed Fisher’s exact test [27], and a 

P-value less than 0.05 was considered significant. For values below the level of significance, 

odds ratio (OR) was calculated. Data were processed and analyzed using Epi Info™ (version 

7.0). 
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The heterogeneity test proposed by Hollenbach et al. [28] was also used and calculated 

based on a 2 × k, row-by-column (r × c) contingency table. P-values were estimated using the 

chi-square test (χ2) in OpenEpi (version 3.01), available at: http://www.openepi.com. Based 

on this method, allele frequencies with an expected value of less than 5 in cases or controls 

were combined into a single category, referred to as the binned category. The degrees of 

freedom for the χ2 analysis were calculated from the number of alleles −1 (e.g., k − 1). 

Results 

Out of 341 individuals, 211 (61.9%) were sensitive to at least one of the three 

investigated mites (D. farinae, D. pteronyssinus, and/or Blomia tropicalis), while 130 (38.1%) 

were included as mite-insensitive controls. The frequencies of the KIR genes 2DL1, 2DL2, 

2DL3, 2DL4, 2DL5, 2DP1, 2DS1, 2DS2, 2DS3, 2DS4, 2DS5, 3DL1, 3DL2, 3DL3, 3DP1, and 

3DS1 in participants sensitive to at least one mite and in controls are shown in Table 1. As 

expected, 2DL4, 3DL2, 3DL3 and 3DP1 were present in all individuals in both groups, as 

they are framework genes. When mite-sensitive and mite-insensitive groups were compared, 

using Fisher’s exact test and the heterogeneity test, there was no significant difference 

between the two groups. 

An analysis of KIR genes and their respective class I HLA ligands and of the 

frequency of each of these ligands was performed in individuals sensitive to at least mite and 

controls, and the results are shown in Tables 2 and 3, respectively. However, no significant 

differences were found between cases and controls.  

Table 4 shows the distribution of KIR gene frequencies among individuals who were 

sensitive to a mite species vs individuals insensitive to this species (including mite-insensitive 
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controls). Most individuals were sensitive to D. farinae (n = 55.4%), followed by D. 

pteronyssinus (n = 43.0%) and Blomia tropicalis (n = 40.8%). 

When comparing sensitive individuals (according to the species) with the insensitive 

group, using a 2 × 2 contingency table and heterogeneity test, no significant differences were 

found (Table 4). 

No association was found between the frequencies of KIR genes and their ligands 

(HLA-C1, HLA-C2, HLA-Cw4, HLA-Bw4, and HLA-A3/A11) for any mite species (D. 

farinae, D. pteronyssinus, and Blomia tropicalis) or controls.  

Discussion 

How to explain the fantastic genetic versatility and epigenetic changes of the human 

body in response to factors that are related to gender, age, psychological, emotional, 

hormonal, seasonal, nutritional and hygienic phenomena? 

Despite problems of methodological order, statistical analysis and lack of insight 

regarding cellular interaction and biologic function which lead to dubious interpretations, the 

influence of these factors, can bias the true inference of the study: which is to know whether 

these genes contribute or not towards susceptibility/protection of the disease in question, 

hypersensitivity to mites. 

Even though the studies are complex, many of them have already shown conclusive 

results in the biological relationship with the participation of some related genes, as has also 

been presented in our previous studies. The first work [24] demonstrates the participation of 

cytokine genes, especially IL4-590 (pc = 0.000055) in susceptibility to mite sensitivity, 
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whereas in the second study [25], with a larger sample number, we revealed the association 

between HLA-DRB1 genes and hypersensitivity to dust mites. 

It is well established that KIRs play an essential role in the regulation of NK cell 

activity, in the activation/inhibition of response to class I HLA ligands and as a regulator of 

the course of viral infections and tumor transformation [29]. Numerous studies have 

demonstrated the involvement of KIR genes in the pathogenesis of several autoimmune 

diseases, such as rheumatoid arthritis [30], ankylosing spondylitis [31], and systemic lupus 

erythematosus [32]. However, to the best of our knowledge, this is the first study to 

demonstrate a relationship between mite hypersensitivity and KIR genes. From this 

relationship, we did not find significant statistical difference among the studied groups, 

however, we believe that even though we did not find such differences, these data open space 

for the discussion of this new relationship, not yet investigated by other researchers. 

Regarding the data analysis, of complex genes such as HLA and KIR, Hollenbach et 

al. [28], consider that there are some limitations that permeate this data. Among the specific 

questions for KIR data in disease studies are: the treatment of presence/absence or gene-

content typing data; the incorporation of HLA interaction effect; the controlling for other 

HLA associations; the use of estimated haplotypes designations; and the treatment of 

haplotypic data [28].  

Despite a knowledge of the mechanisms of sensitization and triggering of allergic 

diseases and of several experimental models of allergy, controversies still exist regarding the 

involvement of regulatory cells and their activated products. The allergens that can trigger the 

activation of the immune response are extremely variable in nature, and most of them contain 

protease activity, such as group I house dust mites, called cysteine proteases (e.g., Der p 1) 

[33]. Predictably, some authors have described that the development of Th2 immunity to 
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inhaled house dust mite allergens is associated with different degrees of activity of these 

proteases [34, 35, 36, 37]. These studies opened up new ways of research that revealed the 

indifferent role of basophils, as dendritic cells alone are sufficient to trigger Th2 responses to 

inhaled house dust mite allergens/antigens and migrate to lymph nodes [33].  

In the meantime, NK cells have also been shown to play a key role in allergic 

processes by actively participating in antigen-specific immunological suppression and IgE 

production [38]. Some authors have reported that atopic individuals, such as asthmatic 

patients, show increased NK cell activity, which decreases after allergen exposure. This can 

be explained by the fact that these cells are transported through the circulation toward the 

lungs and lymphoid organs [10].  

Niepiekło-Miniewsk et al. [39], in a study of atopic dermatitis and KIRs, investigated 

240 patients and 570 healthy controls and observed a protective effect of KIR2DS1 on disease 

development (Pcorr = 0.0158 and OR = 0.658). Atopic dermatitis, due to the immune response 

to allergic challenge, is considered one of the most common manifestations in mite-sensitive 

individuals.  

The uneven distribution of KIR alleles and the diversity of their haplotypes have been 

described in several ethnic groups in different populations [40, 41, 42, 43, 44, 45, 46]. The 

constant search for understanding the distribution of KIR genes in population groups allows 

us to expand the understanding of their characteristics and determine whether these 

peculiarities are in some way related to protection/susceptibility to certain diseases. Therefore, 

we believe these preliminary findings may provide further insight into defining the 

importance of these genes, and after a deeper analysis of these data, as described, we can 

more concisely determine the participation (or not) of KIR genes in hypersensitivity to dust 

mites. 
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A limitation of the present study is the KIR genotyping method, which determines 

only the presence/absence of genes; therefore, the alleles of each gene and the amount of 

expressed product were not defined. A future perspective from our study would be to 

conclude that there is no relationship of NK cells to sensitization to mites or conduct more in-

depth research at the allele level on genes that regulate the expression of products, on 

products expressed in soluble forms, on interactions with other HLA-G ligands and on 

different populations. According Norman et al. [47], the development of methods for 

assessing the nature and extent of KIR genomic diversity has been limited by the complexity 

of the region. The widely used methods that exist for typing KIRs focus principally on gene 

content.  In contrast, the methods being used for determining allelic variation are costly, time 

consuming, and unsuitable for high-throughput studies. The results of the few allele-level 

population studies of KIRs, however, show that such investigation is likely to be informative.  

For example, some KIRs are restricted to population groups of specific geographic ancestry. 

Other KIRs have lost expression but appear common and widely distributed. To extend such 

studies to other populations, as well as disease cohorts, they have developed a sequencing and 

bioinformatics method that determines complete KIR and HLA class I genomic diversity. 

Further advances are still needed in the etiopathogenesis of mite sensitivity to clarify the 

causes and pathogenic mechanisms underlying this condition.  

Data were analyzed using two statistical methods: one that is traditionally used in 

case-control association studies, based on comparisons in a 2 × 2 contingency table, where P-

values are calculated by two-tailed Fisher’s exact test, 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 KIR genes on resistance/susceptibility 

to sensitization to dust mites. However, we consider that these results are not conclusive 

enough to reject this hypothesis. 
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Table 1. Distribution of KIR genes between individuals sensitized 
to at least one of the following dust mites Dermatophagoides 
farinae, Dermatophagoides pteronyssinus, and/or Blomia 
tropicalis, and mite-insensitive controls. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P = two-tailed Fisher’s exact test; OR = odds ratio; 95%CI = 95% 
confidence interval; ns = non-significant. 
¹Heterogeneity test - χ² = 0.77, P = > 0.99 and degrees of freedom = 15. 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 
Cases   Controls    

 Genes¹ 
 

n= 211   % n= 130   % P  

2DL1 207 98.1 125 96.2 ns 
2DL2 116 55.0 77 59.2 ns 
2DL3 186 88.2 116 89.2 ns 
2DL4 211 100 130 100 ns 
2DL5 114 54.0 67 51.5 ns 
2DP1 208 98.6 128 98.5 ns 
2DS1 80 37.9 50 38.5 ns 
2DS2 114 54.0 70 53.8 ns 
2DS3 55 26.1 31 23.8 ns 
2DS4 195 92.4 125 96.2 ns 
2DS5 80 37.0 48 36.9 ns 
3DL1 198 93.8 126 96.9 ns 
3DL2 211 100 130 100 ns 
3DL3 211 100 130 100 ns 
3DP1 211 100 130 100 ns 
3DS1 81 38.4 51 39.2 ns 
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Table 2. Frequencies of KIR genes in the presence of their ligands 
HLA Class I in individuals sensitized to at least one of the 
following dust mites Dermatophagoides farinae, 
Dermatophagoides pteronyssinus, and/or Blomia tropicalis, and 
mite-insensitive controls. 

 

 
 
 
 
 
 
 
 
 
 
 
 

P = two-tailed Fisher’s exact test; OR = odds ratio; 95%CI = 95% 
confidence interval; ns = non-significant. 
¹Heterogeneity test - χ² = 2.02, P = 0.95 and degrees of freedom = 7. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Cases   Controls     

 KIR-Ligands¹ 
 

n= 211   % n= 130 % P  

2DL1-C2 146 70.5 90 72.0 ns  
2DL2-C1 90 77.6 64 83.1 ns  
2DL3-C1 152 81.7 96 82.8 ns  
2DS1-C2 59 73.8 36 72.9 ns  
2DS4-Cw4 61 31.3 30 24.0 ns  
3DL1-Bw4 137 69.2 81 64.3 ns  
3DL2-A3A11 59 28.0 34 26.2 ns  
3DP1-Bw4 141 66.8 85 65.4 ns  
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Table 3. Frequencies of ligands HLA Class I in individuals 
sensitized to at least one of the following dust mites 
Dermatophagoides farinae, Dermatophagoides pteronyssinus, 
and/or Blomia tropicalis, and mite-insensitive controls. 

. 

 

 
 
 
 
 
 
 

P = two-tailed Fisher’s exact test; OR = odds ratio; 95%CI = 95% 
confidence interval; ns = non-significant. 
¹Heterogeneity test - χ² = 1.46, P = 0.83 and degrees of freedom = 4. 
 
 
 
 

 
Cases   Controls     

 Ligands¹ 
 

n= 211  % n= 130 % P  

A3A11 62 29.4 34 26.2 ns 
Bw4 141 66.8 85 65.4 ns 
C1 170 80.6 110 84.6 ns 
C2 148 70.1 92 70.8 ns 
Cw4 65 30.8 32 24.6 ns 
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Table 4. Distribution of KIR genes between individuals sensitive (by species) and insensitive. 

 P = two-tailed Fisher’s exact test; OR = odds ratio; 95%CI = 95% confidence interval; ns = non-significant. 
¹Heterogeneity test - χ² = 1.26, P = 1.00 and degrees of freedom = 15. 
²Heterogeneity test - χ² = 1.26, P = 1.00 and degrees of freedom = 15. 
³Heterogeneity test - χ² = 1.53, P = 1.00 and degrees of freedom = 15. 

 
     
 

 

  

 
Cases 

sensitive to 
D. farinae¹ 

Insensitive 

Cases 
sensitive to 

D. 
pteronyssinus² 

Insensitive 
Cases 

sensitive to 
Blomia 

tropicalis³ 

 
Insensitive 

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)  
2DL4 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)  
2DS1 73 (38.6) 57 (37.5) 51 (36.7) 79 (39.1) 42 (36.2) 88 (39.1)  
2DS2 103 (54.5) 81 (53.3) 79 (56.8) 105 (52.0) 67 (57.8) 117 (52.0)  
2DS3 50 (26.5) 36 (23.7)  36 (25.8) 50 (25.8) 31 (26.7) 55 (24.4)  
2DS4 174 (92.1) 146 (96.1) 126 (90.6) 194 (96.0) 109 (94.0) 211 (93.8)  
2DS5 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)  
3DS1 73 (38.6) 59 (38.8) 53 (38.1) 79 (39.1) 41 (35.3) 91 (40.4)  
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CAPÍTULO III 

 

3.1 CONCLUSÕES 

Nossos resultados sugerem uma possível associação entre os genes HLA-DRB1 na 

resistência à sensibilização aos ácaros.   

� O grupo alélico DRB1*04 foi associado como fator de proteção no 

desenvolvimento da alergia, mediada por IgE, de acordo com cada agente 

etiológico: Dermatophagoides farinae, Dermatophagoides pteronyssinus e 

Blomia tropicalis. 

 

� Genes KIR não demonstraram associação com a hipersensibilidade aos ácaros.  

 

3.2 PERSPECTIVAS FUTURAS 

Este estudo permitiu expandir o conhecimento da resposta imune na sensibilização aos 

ácaros e aprofundar o entendimento dessa relação, abrindo caminho para analisar, no futuro, a 

interação dos sítios efetores das moléculas HLA, com diferentes tipos de peptídeos.  

A interação de genes KIR e HLA é ainda muito obscura e pouco investigada e, por 

isso, requer estudos mais aprofundados sobre os mecanismos que regulam a expressão dos 

produtos; quais alelos desses genes são significativos; quando, onde e por que os produtos são 

expressos na forma solúvel; como ocorre a interação com outros ligantes HLA-G e também 

qual é a distribuição desses genes em diferentes populações. Outras perspectivas seriam em 

torno da etiopatogenia da sensibilidade aos ácaros, para o entendimento das causas e dos 

mecanismos patogênicos que permeiam essa condição.  

Diferentes marcadores genéticos de resposta imune também podem ser investigados, 

como, por exemplo, os genes MICA, DQ e DP, para melhor entendermos a associação entre a 

expressão gênica e a alergia. 
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ANEXOS 

 

4.1 ANEXO I – Publicação do Artigo 1 
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4.2 ANEXO II – Manual Prick Test - (Anthygenus™, Rio de Janeiro, Brasil) 
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4.3 ANEXO III – Parecer do Comitê de Ética e Pesquisa 
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APÊNDICES 

 

5.1 APÊNDICE I – Termo de Consentimento Livre e Esclarecido 

 

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO PARA MENORES 

Gostaríamos de solicitar sua autorização para a participação de seu filho(a) na pesquisa intitulada 

Associação de genes HLA e KIR em indivíduos sensíveis e não sensíveis a ácaros 

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

curso de pós graduação em Ciências da Saúde e é orientada pela prof. Luiza Tamie Tsuneto da 

Universidade Estadual de Maringá (UEM). O objetivo da pesquisa é definir se há determinadas 

diferenças genéticas (informações do DNA que a pessoa possui) nos marcadores genéticos que 

poderiam influenciar na ocorrência da alergia aos ácaros. Para isto a participação de seu filho(a) é 

muito importante, e ela se daria da seguinte forma: será realizada a coleta de uma amostra de 

sangue de 20ml (o equivalente a aproximadamente 2 colheres de sopa), que será obtida pela veia do 

braço (com material estéril e descartável, sem risco de contaminação para o participante). 

Informamos que poderão ocorrer desconforto relacionado somente à picada da agulha, que pode 

gerar um leve ardor no local da coleta. Em seguida, será realizado o teste alérgico, chamado “prick 

test”, para avaliar se o participante apresenta reação alérgica aos ácaros, fungos do ar, leite, 

amendoim, caseína, gliadina e clara de ovo. Para isso, será aplicada uma gota de cada substância a 

ser testada no antebraço, seguido de um pequeno movimento de escoriação (de forma suave, o 

produto será raspado na pele), permanecendo por 10 minutos. Destaca-se que o “prick test” pode 

trazer incômodo em relação à coceira e vermelhidão no local da aplicação, que desaparecerá dentro 

de alguns minutos. O teste não oferece riscos ao participante, uma vez que, todo material utilizado 

será estéril e descartável. Gostaríamos de esclarecer que a participação de seu filho(a) é totalmente 

voluntária, podendo você: recusar-se a autorizar tal participação, ou mesmo desistir a qualquer 

momento sem que isto acarrete qualquer ônus ou prejuízo à sua pessoa ou à de seu filho(a). 

Informamos ainda que as informações serão utilizadas somente para os fins desta pesquisa, e serão 

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 deverá ficar conservado no Laboratório de 

Imunogenética da UEM por pelo menos 5 anos. Caso seja utilizado em outros projetos, um novo 

termo de consentimento será solicitado ao participante após aprovação pelo Comitê de Ética. Em 

relação aos benefícios esperados, a priori achamos que não haverá benefício imediato ao 

conhecermos a constituição genética individual em desenvolver a doença, pois trata-se de uma 

doença multifatorial, onde o risco relativo de cada gene contribui com uma pequena parcela de 

suscetibilidade à doença. O que queremos saber é se existe a participação ou não desses genes. Por 

estarmos realizando o teste alérgico, podemos informar o diagnóstico (resultados do teste), o que irá 

beneficiar o paciente portador de alergias. 
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Caso você tenha mais dúvidas ou necessite maiores esclarecimentos, pode entrar em contato nos 

endereços a seguir ou procurar o Comitê de Ética em Pesquisa da UEM, cujo endereço consta neste 

documento.  

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

preenchida e assinada entregue a você. 

Além da assinatura nos campos específicos pelo pesquisador e por você, solicitamos que sejam 

rubricadas todas as folhas deste documento. Isto deve ser feito por ambos (pelo pesquisador e por 

você, como sujeito ou responsável pelo sujeito da pesquisa) de tal forma a garantir o acesso ao 

documento completo. 

Eu, _________________________________________________ (nome por extenso do responsável 

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

da pesquisa coordenada pela Prof.ª Luiza Tamie Tsuneto. 

__________________________________________               Data: ______________________ 

Assinatura do RESPONSÁVEL PELO MENOR 

 

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

com capacidade de leitura e compreensão): 

Eu, _________________________________________________ (nome por extenso do sujeito de 

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

em participar da mesma, desde que meu pai/mãe (responsável) concorde com esta participação. 

_____________________________________   Data: ______________________ 

Assinatura do MENOR DE IDADE 

 

Eu, _________________________________________________ (nome do pesquisador ou do 

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

projeto de pesquisa supra-nominado. 

_____________________________________   Data: ______________________ 

Assinatura do PESQUISADOR 

 

Qualquer dúvida com relação à pesquisa poderá ser esclarecida com o pesquisador, conforme o 

endereço abaixo: 
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� Nome: Luiza Tamie Tsuneto 

Endereço: Av. Colombo, nº 5.790 - Universidade Estadual de Maringá (UEM) – Departamento de 

Ciências Básicas da Saúde (DBS) – Laboratório de Imunogenética - bloco T20, sala 111. Maringá, 

Paraná 

 

E-mail: lttsuneto@uem.br 

Qualquer dúvida com relação aos aspectos éticos da pesquisa poderá ser esclarecida com o Comitê 

Permanente de Ética em Pesquisa (COPEP) envolvendo Seres Humanos da UEM, no endereço 

abaixo:  

� COPEP/UEM 

Universidade Estadual de Maringá.  

Av. Colombo, 5790. Campus Sede da UEM.  

Bloco da Biblioteca Central (BCE) da UEM.  

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

E-mail: copep@uem.br 
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5.2 APÊNDICE II – Laudo Prick Test 

 
 

Ficha Nº: 
Nome do Paciente:  
Data do exame: 
 

Prick Test® - KIT: Anthygenus 
 
 
 

Manifestação alérgica 

 
Magnitude 

(Nﾟde cruzes) 

Reação 

+ / 1 FRACA 
++ / 2 MÉDIA 

+++ / 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 Caseína  - 
09 Clara de ovo - 
10 Leite - 
 

 
Maringá, _____ de Junho de 2014.  

 

_____________________________________________________________________________ 

Profa. Dra. Luiza Tamie Tsuneto 
Pesquisadora Responsável 
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Descrição dos alérgenos: 
 
O1 e 04) Dermatofagoides farinae e Dermatophagoides pteronyssunus: são duas 
espécies de ácaros, as mais prevalente no Brasil.  Os dermatophagoides ("ácaros de 
cama") são organismos que se alimentam de pele descamada, que se soltam na cama e 
também em roupas, almofadas, bichos de pelúcia e bonecas de pano. Além disso, são 
abundantemente encontrados na poeira domiciliar.  
 

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

03) Blomia tropicalis: é uma espécie de ácaro presente na poeira dentro do domicílio. É 
causador de alergias e crises de asma e rinite alérgica. É um ácaro encontrado em 
colchões e carpetes/tapetes. 
 

05) Fungos do ar, em geral: são transportados pelo ar e agem como alérgenos, quando 
inspirados causam sintomas respiratórios alérgicos nos pacientes sensíveis a eles. Estão 
presentes na poeira, no domicílio, especialmente em locais com umidade elevada, mal 
ventilados e quentes. 
 

06) Gliadina: é uma proteína que compõe o glúten, 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. 
paçoca), torrados, crus ou mesmo como manteiga. O amendoim está entre os cinco 
alimentos mais alergênicos.  
 

08) Caseína: é a proteína 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 preparações como doces, pães e bolos.  
 

10) Leite: o leite de vaca é o principal responsável 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 ácaros e fungos do ar? 
 
Ambiente 

• Evite carpetes e objetos que acumulam poeira, como pelúcias, tapetes e 
cobertores. 

• Lave os lençóis, fronhas e capas com água quente (60ºC). 
• Aspire seu colchão mensalmente. 
• Assegure que sua casa seja ventilada várias vezes por dia, mantendo a menor 

umidade possível. 
• Se o banheiro ficar muito úmido após o banho, ele também deve ser bem arejado. 
• Remova os mofos formados nas paredes, embaixo das pias, armários e banheiros. 
• Evite guardar roupas por muito tempo. As roupas de inverno devem ser lavadas e 

arejadas, para evitar a formação de mofos. 
• Evite manter alimentos velhos, frutas passadas e flores frescas por muito tempo, 

pois facilitam o crescimento dos fungos. 

 


