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Polimorfismo HLA e MICA em candidatos ao transplante renal da regido

Norte/Noroeste do Estado do Parana

RESUMO
O sistema HLA (Human Leukocyte Antigen) ¢ um importante marcador de sobrevida do
enxerto. Embora a importancia do HLA-A, -B e -DR no transplante de 6rgdos sélidos seja
conhecida ha muitos anos, o papel do HLA-C, HLA-DQ e MICA (major histocompatibility
complex MHC class I chain-related gene A) no transplante foi recentemente documentado.
Neste estudo, avaliamos as frequéncias alélicas e haplotipicas de MICA; HLA-A, -B, -C, -
DRBI, -DQA1 e -DQB1 em 346 pacientes, de diferentes etnias, com doenga renal cronica
(DRC), candidatos ao transplante renal da regido Norte/Noroeste do Estado do Parand, Sul do
Brasil. Também foi avaliado o desequilibrio de ligagdo entre MICA e HLA-B nas mesmas
amostras. As frequéncias alélicas e haplotipicas de MICA e HLLA-B encontradas nos pacientes
renais foram comparadas com frequéncias encontradas em individuos saudaveis da mesma
regido do Brasil. A tipificagdo HLA e MICA foi realizada pelo método de reacdo em cadeia
da polimerase-sequéncia especifica de oligonucleotideos (PCR-SSO), associado a tecnologia
Luminex. Os 346 participantes foram classificados de acordo com o grupo étnico (189
caucasianos, 98 mesticos, 50 negros e 9 orientais). Um total de 19 grupos alélicos MICA, 20
HLA-A, 29 HLA-B, 14 HLA-C, 13 HLA-DRBI1, 6 HLA-DQA e¢ 5 HLA-DQBI foram
identificados. Os grupos alélicos mais frequentes foram MICA*008, HLA-A*02, B*35, C*07,
DRBI1*04, DOAI1*01 e DQOBI1*03. Diferencas significativas (p<0.05) foram observadas na
frequéncia dos grupos alélicos MICA*009, MICA*010, HLA-A*24, A*68, B*52, DRB1*09,
C*03, C*07 e DQAI1*03 entre os grupos étnicos. O haplétipo extendido mais comum no total
de amostras foi 0 HLA-A*01-C*07-B*08-MICA*008-DRB1*03-DQA1*05-DOBI1*02 (2.4%).
Os haplotipos MICA-HLA-B mais comuns foram: MICA*009-B*51 (7,8%), MICA*004-B*44
(6,1%) e MICA*002-B*35 (5,6%). Como esperado devido a proximidade do loci MICA e
HLA-B, a maioria dos haplotipos mostraram forte desequilibrio de ligacao. Pacientes renais e
individuos saudéveis da mesma regido do Brasil mostraram diferengas estatisticamente
significativas em seus polimorfismos MICA. O grupo alélico MICA*027 foi mais frequente
em pacientes renais (Pc=0,018; OR: 3,4; IC 95%: 1,5-7,7), enquanto o grupo alélico
MICA*019 foi mais frequente em individuos saudaveis (Pc<0,01; OR: 0,0; IC 95%: 0,0-0,5).
Foi demonstrado uma contribui¢do étnica nas amostras analisadas, com evidéncias de que a

populagdo brasileira ¢ formada por uma mistura de etnias, e que a contribui¢do HLA ¢ MICA



pode ser determinada pela etnia predominante de cada regido, uma vez que os alelos de
origem européia se apresentaram em maior numero que os demais. No entanto, foi encontrado
uma série de outros grupos alélicos, que podem resultar da contribuicdo de alelos de
diferentes populacdes amerindias ou europé€ias, africanas e asiaticas que colonizaram a regido.
O conhecimento da diversidade HLA e MICA em pacientes com DRC, potenciais candidatos
ao transplante de uma regido e sua comparagao com individuos saudaveis pode favorecer um
melhor entendimento da relagdo entre antigenos do MHC e desenvolvimento da doenga renal.
Finalmente, nossos dados poderdo ser uteis como referéncia clinica preliminar para melhor
compreensdo dos mecanismos envolvidos na rejeicdo de aloenxertos associados aos
polimorfismos HLA e MICA na populagdo brasileira.

Palavras-chave: Alelos; Brasil; Antigenos de Histocompatibilidade classe I; Antigenos de
Histocompatibilidade classe II; Antigenos HLA-A; Antigenos HLA-B; Antigenos HLA-C;
Antigenos HLA-D; Transplante renal; Desequilibrio de ligagcdo; Polimorfismo Genético;

Complexo Principal de Histocompatibilidade; Genética populacional.



HLA and MICA polymorphism in renal transplant candidates in North/

Northwest of Parana State
ABSTRACT

The HLA (Human leukocyte antigen) system is an important marker of graft survival. While
the importance of HLA-A, -B, and -DR in solid-organ transplantation has been known for
many years, the role of HLA-C, HLA-DQ and MICA (major histocompatibility complex
MHC class I chain-related gene A) in the transplantation has recently been documented. In
this study, we evaluated the allelic and haplotype frequencies of MICA; HLA-A, -B, -C, -
DRBI, -DQA1 and -DQBI in 346 patients, of different ethnicities, with chronic kidney
disease (CKD), renal transplant candidates from Northern/Northwestern of Parana State,
Southern Brazil. HLA and MICA typing were performed using the polymerase chain reaction-
sequence specific primer method (PCR-SSO), combined with the Luminex technology. The
allelic frequencies of MICA and the linkage disequilibrium with HLA-B alleles were studied
in the same samples. The 346 participants were classified according to ethnic group (189
caucasians, 98 mestizos, 50 blacks and 9 orientals). A total of 19 MICA, 20 HLA-A, 29 HLA-
B and 14 HLA-C, 13 HLA-DRBI1, 6 HLA-DQA and 5 HLA-DQBI allele groups were
identified. The most frequent allele groups were MICA*008, HLA-A*02, B*35, C*07,
DRBI1*04, DQAI*01 and DQBI*03. Significant differences (p<0.05) were observed in
MICA*009, MICA*010, HLA-A*24, A*68, B*52, DRB1*09, C*03, C*07 and DQA1%*03 allele
group frequencies between ethnic groups. The most common extended haplotype in the total
samples was HLA-A*01-C*07-B*08-MICA*008-DRB1*03-DQAI1*05-DQOBI1*02 (2.4%). The
most common haplotypes were MICA*009-B*51 (7.8%), MICA*004-B*44 (6.1%) and
MICA*002-B*35 (5.6%). As expected from the proximity of the MICA and HLA-B loci, most
haplotypes showed strong LD. Renal patients and healthy subjects in the same region of
Brazil showed statistically significant differences in their MICA polymorphisms. The
MICA*027 allele group was more frequent in renal patients (Pc=0.018; OR: 3.4; CI 95%: 1.5-
7.7), while the MICA*019 allele group was more frequent in healthy subjects (Pc<0.01; OR:
0.0; CI 95%: 0.0-0.5). The MICA; HLA-A ,-B, -C, -DRBI, -DQAI1, -DQBI1 alleles and
haplotypes frequencies were studied in 346 renal-transplant candidates. An ethnic
contribution was shown in the analyzed samples, with evidence that the Brazilian population
is composed of a mixture of ethnicities, and that the HLA and MICA contribution can be
determined by the predominant ethnicity of each region, since the alleles of European origin

presented in greater number than the others. However, a number of other allelic groups have



been found, which may result from the contribution of alleles from different Amerindian or
European, African and Asian opopulations that colonized the region. Knowledge of HLA and
MICA diversity in patients with CKD, potential candidates for transplantation in a region and
its comparison with healthy individuals may favor a better understanding of the association
between MHC antigens and the development of renal disease. Finally, our data could be
useful as a preliminary clinical reference for better understanding of the mechanisms involved
in the allograft rejection associated with HLA and MICA polymorphisms in the Brazilian
population.

Keywords: Alleles; Brazil; Histocompatibility antigens class I; Histocompatibility Antigens
Class II; HLA-A Antigens; HLA-B Antigens; HLA-C Antigens; HLA-D Antigens; Gene
Frequency, Haplotypes; Kidney transplantation; Linkage Disequilibrium; Polymorphism,

Genetic; Major Histocompatibility Complex; Population genetics.
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1. CAPITULOI1

1.1. INTRODUCAO

O primeiro sucesso no transplante de 6rgaos ocorreu em 1954, na cidade de
Boston, Estados Unidos (EUA), onde foi realizado um transplante de rim, entre gémeos
idénticos. Este fato foi um marco para o tratamento da doenga renal cronica (DRC)
terminal (MURRAY, 2011). O fator mais importante no transplante de 6érgaos continua
sendo a compatibilidade entre doador e receptor. Essa compatibilidade, atualmente, ¢
definida por meio da tipagem sanguinea e, principalmente, pela tipagem HLA (Human
Leucocyte Antigen). Quanto mais semelhantes forem os alelos HLA do doador e do
receptor, melhores serdo os resultados. Por este motivo, laboratérios de
histocompatibilidade e centrais de transplante que, atendem estes pacientes, mantém um
banco de dados com as tipagens HLA, seguindo o que preconiza a politica nacional de
transplantes de 6rgdo e tecidos'. Esses bancos de dados, por garantirem uma consulta
rapida da tipagem HLA de doadores e receptores favorecem a melhor distribuicdo de
orgaos.

O transplante renal é o tratamento de escolha para uma parcela significativa dos
pacientes com DRC. Esta op¢ao possibilita a melhoria da qualidade de vida e sobrevida
desses pacientes, quando comparado aquele mantido continuamente em didlise
(CARVALHO et al., 2012). No entanto, esta ¢ uma forma de tratamento que ainda se
encontra longe da perfeicdo, uma vez que 6rgaos transplantados podem ser perdidos por
diversas causas (FADILI; HABIB ALLAH; LAOUAD, 2013; FIDLER et al., 2013;
MEHRA et al., 2013; PEREZ-GUTIERREZ et al., 2013).

Os transplantes de 6rgdos e tecidos tém o objetivo de suprir a deficiéncia da
fun¢do de um 6rgdo. Cada tipo de transplante tem suas proprias dificuldades clinicas e
cirtirgicas, mas, de modo geral, a principal barreira no sucesso dos transplantes ¢ a
propria resposta imune do receptor frente ao enxerto. Exceto quando o doador e o
receptor sejam geneticamente idénticos, os antigenos do enxerto, invariavelmente,
estimulam uma reacdo imunoldgica no receptor, ativando varios mecanismos de
imunidade celular e humoral. O reconhecimento do tecido transplantado como estranho

¢ determinado principalmente pelos genes polimodrficos do complexo principal de

' Lei n°9.434/97, Lei n°10.211/01, Lei n°8.080/90 e Lei n°8.142/90.
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histocompatibilidade (CPH ou MHC, do inglés: Major Histocompatibility Complex)
(ABBAS, 2015).

Nos seres humanos, o sistema HLA foi assim denominado por ter sido descrito
inicialmente na superficie de leucécitos humanos (DAUSSET, 1958). As moléculas
classicas do sistema HLA compreendem as moléculas classe I (HLA-A, -B e -C) e
classe 11 (HLA-DR, -DQ e -DP). Tais moléculas sdo glicoproteinas altamente
polimorficas, distribuidas em diferentes frequéncias na populagao e que diferem entre si
quanto a distribuicdo em tecidos e fungdes (ABBAS, 2015). Por estarem presentes em
todas as células do organismo, tais moléculas funcionam como aloantigenos, sendo
considerado um potente marcador de sobrevida dos transplantes, vindo a apresentar um
papel de destaque entre os sistemas bioldgicos envolvidos no processo de rejei¢ao
(OTTEN et al., 2012; FIDLER et al., 2013, MEHRA et al., 2013; ABBAS, 2015).

Uma nova familia de genes nao classicos do MHC de classe I, denominada MIC,
(do inglés, MHC class I chain-related genes) tem sido estudada no contexto dos
transplantes. A primeira descri¢ao de anticorpos induzidos por peptideos derivados de
MIC aconteceu em 1996, a partir de experimentos realizados com coelhos imunizados e
também pela andlise com marcacdo fluorescente de diversos tipos de tecidos
(LEELAYUWAT et al., 1996). Mais tarde, estudos realizados com receptores renais,
apresentando rejeicdo aguda ou cronica, demonstraram a presenca de anticorpos contra
as moléculas MIC provenientes do aloenxerto (HANKEY et al., 2002).

Anticorpos especificos contra MIC também foram detectados, juntamente com
anticorpos anti-HLA, em pacientes sensibilizados aguardando um transplante renal, em
pacientes ja transplantados e em amostras obtidas a partir de enxertos rejeitados. Estes
dados sugerem fortemente a participagdo de MIC na patogénese da rejei¢ao de 6rgaos
(ZOU et al., 20006).

Virios estudos demonstram o efeito dos anticorpos anti-HLA na sobrevida do
enxerto, no entanto, embora sejam responsaveis por uma grande parte dos danos
causados, eles ndao explicam por si s6 as perdas de enxertos (SUMITRAN-

HOLGERSSON, 2008; STASTNY et al., 2009; ZOU; STASTNY, 2011).

1.2. SISTEMA HLA
O sistema HLA foi descoberto em 1958, quando Jean Dausset observou a

capacidade do soro de pessoas politransfundidas aglutinar leucocitos de outros
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individuos, descrevendo assim, a primeira molécula HLA que, foi chamada de MAC
(atualmente HLA-A*02) (DAUSSET, 1958; PORTO; PONTES, 2007). Em 1963, Van
Rood e Van Leeuwen descobriram o primeiro loco do sistema de antigenos
leucocitarios humanos, chamado de 4 “Four” (atualmente HLA-B) (VAN ROOD; VAN
LEEUWEN, 1963). Posteriormente, surgiram evidéncias de novos sistemas antigénicos
analogos, associados ao HLA-C (SOLHEIN et al.,1973) ¢ HLA-DR (DUQUESNOY;
MARRARI; ANNEN, 1979). As investigagdes levaram ao reconhecimento, em 1983,
dos genes que codificam os isotipos HLA-DR, -DQ e DP. Atualmente, a estrutura e
funcdo dos genes do sistema HLA, ja sdo conhecidos detalhadamente (STEINMETZ;
HOOD, 1983; BIORKMAN et al., 1987).

O Sistema HLA esta inserido nos genes do MHC, localizado no brago curto do
cromossomo 6, na posi¢dao p21.3 (LAMM, 1974, SENGER et al., 1993). O MHC ¢
didaticamente divido em 3 regides: regido de classe I, II e III. Cada regido de classe I e
IT é constituida de diversos locos, os quais contém genes que codificam os antigenos ou
moléculas HLA de classe I e II. Tais moléculas sdo glicoproteinas altamente
polimorficas, que diferem entre si quanto a distribuicao em tecidos, estrutura e fungdes
(ABBAS et al., 2015). Os genes da regido de classe I codificam as moléculas classicas
HLA-A, -B e -C, e as moléculas nao classicas HLA-E, -F ¢ —G. Enquanto que os genes
da regido de classe II codificam as moléculas classicas HLA-DR, -DQ e —DP
(JANEWAY et al., 2002; ABBAS, 2015).

A estrutura das moléculas do sistema HLA de Classe I (Figura 1) consiste em
uma cadeias polipeptidicas, ligadas de forma ndo covalentes, a cadeia o (ou cadeia
pesada) de 44 a 47 kDa e, a cadeia f2-microglobulina, uma subunidade de 12 kDa, ndo
codificada pelo MHC. Os segmentos aminoterminais al e a2 interagem para formar
uma plataforma de oito fitas, em estrutura B-pregueada, nas quais se apoiam duas a-
hélices paralelas. Esta estrutura forma a fenda de ligagdo de peptideos, nas moléculas de
Classe I, sendo a regido onde se concentra o polimorfismo da molécula, devido as
substituicoes nucleotidicas, nos éxons 2 e 3. As moléculas de MHC da Classe II sao
compostas de duas cadeias polipeptidicas, ligadas de forma nao-covalente, uma cadeia a
com 32 a 34 kDa e uma cadeia 3 de 29 a 32 kDa. Ao contrario das moléculas de Classe
I, ambas as cadeias das moléculas de Classe II sdo codificadas por genes MHC

polimérficos (ABBAS, 2015).
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Figura 1. Estrutura das moléculas HLA de Classe I e II (MHC Classe I ¢ MHC Classe II). A molécula
HLA de Classe I possui trés dominios extracelulares classificados em al, 02 e a3, um segmento
transmembrana (TM) e uma pequena cauda citoplasmatica. A molécula 2 microglobulina (f2m) esta
particularmente ligada ao dominio a3 fora da célula. A molécula HLA de Classe II possui uma cadeia o e
uma B, as quais possuem dois dominios extracelulares cada uma, al e 02, e Bl e B2, respectivamente,

além de um segmento transmembrana e uma por¢ao citoplasmatica. Adaptado de Klein (2000).

As moléculas HLA de Classe I sdo expressas, na maioria das células humanas
nucleadas, e sdo as principais responsaveis pela apresentagdo de antigenos enddgenos.
Quando héa uma infeccdo viral ou alteracdo de proteinas da propria célula, as proteinas
citosolicas sdo degradadas no proteossomo, formando peptideos capazes de se ligar as
moléculas HLA de Classe I, resultando em um complexo na superficie celular. Os
linfocitos T CD8+ reconhecem esse complexo, e desencadeiam uma resposta que,
resulta na eliminacao da célula (DOHERTY; ZINKERNAGEL, 1975; ABBAS, 2015).

As moléculas HLA de Classe II sdo expressas principalmente nos macrofagos e
células dendriticas. Essas moléculas estao envolvidas na apresentagdo dos antigenos as
células T CD4+, ativando-as. As células apresentadoras de antigenos (APCs)
interiorizam as proteinas extracelulares nos endossomas que, por acdo de enzimas, sdo
clivadas. Apés o processamento, essas proteinas sdao ligadas ao MHC de Classe 1I,
formando um complexo que migra até a superficie celular, para ser reconhecido pelos
linfécitos T CD4+. A partir desse reconhecimento, serdo secretadas citocinas que,
desencadeiam as cascatas de reagdes imunologicas (MAGALHAES; BOHLKE;
NEUBARTH, 2004; ABBAS, 2015).

Entre os locos de Classe 1 e os locos de Classe II existe uma por¢do nado

relacionada, ocupada por genes que, desempenham outras fun¢des do sistema imune, e
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por outros sem funcdo definida. Esses locos sdo denominados como regido MHC de
Classe III. Nessa regido, estdo presentes os locos que codificam proteinas do
complemento, genes de citocinas, o gene da enzima 21-hidroxilase (CYP 21B); gene do
citocromo P-450, bem como alguns genes de proteinas de choque térmico (HSP)
(JANEWAY et al., 2002; ABBAS; 2015).

O sistema HLA tem como caracteristica principal o seu polimorfismo, sendo
considerado o conjunto de genes mais polimorfico entre todos os locos expressos no
genoma humano. Atualmente, ja foram identificados milhares de alelos diferentes para
o HLA de Classe I e II (DORAK et al., 2006; EBI, 2016; ALLELE FREQUENCIES,
2016).

1.2.1. SISTEMA HLA E TRANSPLANTE DE ORGAOS

Pelo fato do sistema HLA ser composto de moléculas, encontradas na superficie
dos leucdcitos, e em quase todas as células de tecidos; e seus genes serem extremamente
polimorficos e co-dominantes (JANEWAY et al.,, 2002), a compatibilidade dos
antigenos HLA do doador e do receptor torna-se essencial. Estudos evidenciaram que o
nimero de incompatibilidades HLA (ou seja, nimero de antigenos no doador diferentes
do receptor) pode estar associado a menor sobrevida do enxerto (OPELZ; DOHLER,
2007). A maior compatibilidade HLA, entre doador e receptor, favorece a tolerancia do
sistema imune, aumentando a sobrevida do enxerto renal, tanto em transplante
intervivos, quanto em doador falecido (OPELZ; DOHLER, 2007).

Os anticorpos anti-HLA, presentes no soro do receptor, também representam um
sério fator de risco para o transplante, podendo gerar um fendmeno chamado de
Rejeicdo Mediada por Anticorpos (AMR) e, consequente perda do enxerto
(TERASAKI; OZAWA, 2004; GLOOR et al., 2008).

Sem duvida o transplante de tecidos e 6rgaos ¢ uma alternativa terapéutica para
uma variedade de doencas. No entanto, uma grande limita¢do, para o sucesso do
transplante, ¢ a resposta imune do receptor ao tecido ou 6rgdo do doador. Quando um
orgdo ou tecido alogénico ¢ transplantado em um receptor, este ¢ reconhecido como
estranho pelo seu sistema imune. O reconhecimento de antigenos transplantados, como
proprios ou nao-proprios, ¢ determinado principalmente pelas moléculas HLA, por
serem altamente imunogénicas. A resposta imune ao enxerto inicia-se com uma fase de

sensibilizacdo, onde os linfocitos reativos aos antigenos de histocompatibilidade
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realizam o reconhecimento de antigenos estranhos, posteriormente proliferam e
diferenciam-se em células efetoras; e uma fase efetora, na qual ocorre o ataque do
sistema imune contra o enxerto, podendo ocorrer de forma humoral ou celular (ABBAS
et al., 2015).

Em especial, a resposta imune humoral aos aloantigenos HLA desempenha um
papel importante na rejei¢do, seja por anticorpos pré-formados (rejeicao hiperaguda) ou
formados apo6s o transplante (rejeicdes agudas ou cronicas) (ABBAS et al., 2015).
Individuos que desenvolvem anticorpos anti-HLA sdo denominados sensibilizados e
representam um numero expressivo dentro da lista de espera em um centro de
transplante (SAITO et al., 2014).

Além das moléculas HLA, outras moléculas, presentes no organismo humano,
estdo envolvidas no estudo da compatibilidade entre doador e receptor. Recentemente
uma nova familia de genes ndo classicos do MHC de classe I, os genes MICA, tem se

destacado no contexto dos transplantes.

1.3. GENES RELACIONADOS A CADEIAS MHC DE CLASSE I (MIC)

Os genes MIC (genes relacionados as cadeias MHC de classe I) constituem uma
segunda linhagem de genes ndo classicos do MHC de classe I que foram descritos por
Bahram em 1994 (BAHRAM et al., 1994). Estudos identificaram sete genes MIC (A ao
G), dos quais MICA e MICB sao funcionalmente genes expressos, enquanto MICC,
MICD, MICE, MICF e MICG sao pseudogenes (BAHRAM, 2000). O gene MICA
(MHC class I chain-related gene A) (Figura 2) esta localizado no cromossomo 6
aproximadamente 46,4 kb distantes do HLA-B em dire¢@o ao centrdmero (MORALES-
BUENROSTRO; ALBERU, 2008).

centrdmero telémero
E— ——i
TNF BC 3 A G F

[ 1
I MICA MICC () l MICE (¥)
MICB MICD (%)
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Figura 2 — Mapa da regido do MHC Classe I humano. Os genes classicos do MHC Classe I (HLA-A, -B e
—C) estdo indicados como caixas cinzas, os genes ndo classicos do MHC Classe I (HLA-E, -F ¢ —G) estdo
indicados como caixas quadriculadas, os membros da familia MIC estdo representados como caixas
brancas e, o gene TNF, estd como caixa preta. O simbolo “¥” indica alguns dos pseudogenes MIC.

Adaptado de Zwirner (2006).

Os genes MICA e MICB codificam proteinas de membrana, que funcionam
como ligantes para o receptor NKG2D (C-Type lectin-like activating immunoreceptor),
expresso em células NK, células v8, af e células T CD8". A molécula MICA ¢ formada
por uma cadeia a, com aproximadamente 383 aminodcidos, com 3 dominios
extracelulares (al, 02, a3) (BAHRAM et al., 1994). Ao contrario de seus classicos HLA
classe I homologos, ndo esta associada a uma cadeia de f2-microglobulina, nem parece
apresentar peptideos ligados em sua fenda (Figura 3)(GROH et al., 1996). As moléculas
MICA sdo expressas principalmente na superficie do epitélio intestinal (GROH et al.,
1996) células endoteliais, queratindcitos, fibroblastos (ZWIRNER; DOLE; STASTNY,
1999) e células estressadas, tais como células tumorais (GROH et al., 1999). Varios
estudos demonstraram que a expressao de MICA desempenha um papel na eliminagdo
tumoral. A interagdo MICA-NKG2D, associado a proteina adaptadora de membrana
DAPI10, parece potencializar a atividade anti-tumoral inata das células NK, mesmo na
presenca de moléculas HLA de classe I, além de promover respostas antigeno

especificas de células T (BAUER et al., 1999 e WU et al., 1999).

Faziidas

I Cain Citmzimmaitzy l Lo Citmslmeiten

HLA Class | MICA
Figura 3 — Diagrama da comparagdo entre as estruturas das moléculas HLA de Classe 1 e MICA.

Adaptado de Atlas of Genetics and Cytogenetics in Oncology and Haematology (2014).

A expressao de MICA estd portanto relacionada com varios tumores epiteliais e
sugerem uma fun¢do potencial na resposta imune de vigilancia tumoral, sendo
reconhecida como importante marcador em situagdes de “estresse" no epitélio (GROH

etal., 1996; GROH et al., 1999).
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A grande proximidade dos genes MICA e HLA-B no cromossomo, favorece um
alto grau de desequilibrio de ligacdo entre seus alelos. Diversos estudos demonstram a
formagdo de haplotipos mais frequentes como: HLA-B51 com MICA006 ¢ MICA009;
MICAO008 com HLA-BO7 e -B08; MICA002 com HLA-B35 e —B53 entre outros
(KOMATSU-WAKUI et al., 1999; MENDONZA-RINCON et al., 1999; FODIL et al.,
1999).

A associagdo de alelos MICA e HLA pode estar envolvida com a sucetibilidade
a algumas doengas, assim como sugerem alguns estudos sobre a doenca de Behget
(MIZUKI et al., 1997, MIZUKI et al., 1999), espondiloartropatias (TSUCHIYA et
al.,1998), diabetes (GAMBELUNGHE et al., 2001), uveite anterior aguda (GOTO et al.,
1998) e doenga celiaca (LOPEZ-VAZQUEZ et al., 2002). O alto grau de desequilibrio
de ligacdo entre os locus HLA, possivelmente, ¢ resultado da sele¢do natural e eventos
demograficos (MEYER et al., 2006).

A expressao de MICA também tem sido relatada em rejei¢des de aloenxertos de
rim e pancreas (HANKEY et al., 2002; ZOU; STASTNY, 2011). Existem também
evidéncias de anticorpos anti-MICA sendo detectados em receptores de aloenxerto
renal. Isto sugere que a expressdo de MICA pode desempenhar um papel importante na
sobrevivéncia de transplantes de 6rgdos (HANKEY et al., 2002; ZWINER et al., 2000).
E provavel que o polimorfismo de genes MICA possa ser alvo de anticorpos especificos
e de células T nos orgaos transplantados ou na doenga do enxerto contra o hospedeiro

(ZWIRNER; DOLE; STASTNY, 1999).

1.3.1. ANTICORPORPOS ANTI-MICA E TRANSPLANTE RENAL

A evolugdo na terapia imunossupressora tem reduzido em grande escala os
episodios de rejeicao aguda a transplantes. Ela garante um melhor resultado de enxerto
em curto prazo, mas nao tem modificado a sobrevida em longo prazo no transplante
renal. A rejei¢do cronica ¢ definida como a deterioragdo do tecido transplantado,
ocorrendo meses ou anos apos a enxertia e representa a principal ameaca a sobrevida em
longo prazo do aloenxertos (NICKNAM et al., 2004). Se o receptor possuir um sistema
imune competente, invariavelmente, a transplantacdo resultara em alguma forma de
rejei¢cdo. Para evitar ou retardar esse processo pode-se tornar o enxerto menos

imunogénico com a diminui¢do das diferencas aloantigénicas e, desta forma, selecionar
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o melhor doador para um determinado receptor (MAGALHAES; BOHLKE;
NEUBARTH, 2004).

Diversos estudos tém demonstrado que MICA representa um papel relevante nos
processos imunes e em transplantes (BAHRAM et al., 1994, ANGASWAMY et al,
2010). Sua diversidade genética e sua expressdo na superficie de células endoteliais
sugerem a participacdo desta molécula nos processos de rejeicdes agudos e cronicos de
aloenxertos (ZWIRNER; DOLE; STASTNY, 1999).

A importancia dos genes MICA na rejeigdo de enxertos foi sugerida por Zwirner
e colaboradores (2000), onde anticorpos para os varios produtos MICA foram
detectados em soros de pacientes que haviam rejeitado o aloenxerto renal. Terasaki
(2003), por meio de um estudo para determinar os fatores imunoldgicos e ndo
imunoldgicos que levam a falha do enxerto, observou-se que do total de 60% de falhas
do enxerto que ocorriam em transplantes com doador falecido ao longo de dez anos,
38% das falhas eram devido a reagdes imunoldgicas contra fatores ndo-HLA, 18% das
falhas eram devido aos fatores HLA e 43% foram atribuidos a fatores nao
imunolégicos.

Estudos preliminares com um pequeno numero de pacientes submetidos ao
transplante renal indicaram que anticorpos anti-MICA detectados apds o transplante
podem estar associado com rejei¢do de aloenxertos e que estes anticorpos sdo
produzidos no decorrer da imunizagdo em mulheres gravidas e no transplante renal (YU
et al., 2011). Estes anticorpos também ocorrem mais frequentemente em pacientes que
rejeitaram o enxerto (MIZUTANI et al., 2006).

Zou e colaboradores (2006), em um estudo envolvendo a detec¢do de anticorpos
anti-MICA, no soro de pacientes em lista de espera para o transplante renal, no soro de
pacientes transplantados (em um periodo de quatro anos) e no eluato, obtido a partir da
nefrectomia, sugeriram que incompatibilidades MICA entre doador e receptor levam a
producdo de anticorpos anti-MICA e que os anticorpos anti-MICA alelo especificos
encontrados no eluato, podem estar envolvidos na patogénese da rejeicdo do enxerto
renal.

Outro estudo realizado por Zou e colaboradores (2007), observou que, dos 1910
receptores renais, anticorpos anti-MICA foram detectados em 217 pacientes (11,4%) os
quais se encontravam associados aos processos de rejeicdo. Foi também observado

neste estudo que a taxa de sobrevida do enxerto no periodo de um ano foi de 88,3 +
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2,2% entre os receptores que apresentavam anticorpos anti-MICA, em comparagdo com
93,0 + 0,6% entre os receptores sem anticorpos anti-MICA (p=0.01). Entre os
receptores do primeiro transplante renal, a taxa de sobrevida foi menor entre os
pacientes com a presenca de anticorpos MICA (87.8 + 2.4%) do que entre os pacientes
sem anticorpos MICA (93.5 £ 0,6%, p= 0.005). Além disso, foi constatado que a
associacao da sensibiliza¢dao as moléculas MICA com a diminuigdo da taxa de sobrevida
do enxerto foi mais evidente mesmo nos transplantes de rins com boa compatibilidade
HLA.

Diversos outros estudos também evidenciaram a presenga de anticorpos anti-
MICA em transplantes renais e na rejeicdo de enxertos (COX et al., 2011; LI et al.,
2012; RODRIGUEZ et al., 2012; SEYHUN et al., 2012; YU et al, 2012). Li e
colaboradores (2012) sugeriram que anticorpos anti-MICA estdo associados com a
disfunc¢do do enxerto renal a longo prazo em receptores renais. Seyhun e colaboradores
(2012) confirmaram que anticorpos anti-HLA e anti-MICA podem ser prejudiciais no
pos-transplante, promovendo processos de rejeicdo e representando uma importante

causa de faléncia do enxerto renal.

1.4. JUSTIFICATIVA

Durante as ultimas décadas, estudos demostram a importancia do HLA na
rejei¢do do aloenxerto e o efeito que os aloanticorpos HLA representam na sobrevida do
orgdo transplantado. Com certeza, a grande variabilidade e o papel central
desempenhado pelos antigenos HLA justificam esta atengcdo. No entanto, embora sejam
responsaveis por uma grande parte das rejeigdes, o sistema HLA ndo é o tUnico
envolvido nesse processo. O endotélio representa um importante alvo da resposta imune
em transplantes e, por expressar moléculas ndo-HLA envolvidas na rejeicdo, merecem
uma investigacdo e uma discussdo mais aprofundada. Semelhante ao HLA, o gene
MICA também ¢ polimorfico, no entanto, dados sobre MICA em diferentes populacdes
ndo tem sido bem explorados como os descritos para o0 HLA.

Tendo em vista a participacdo dos sistemas HLA e MICA como antigenos de
histocompatibilidade principal e secunddrio, respectivamente e, considerando-se suas
funcdes fisiologicas, relacionadas a resposta imune em diversas doencas e processos
inflamatorios, torna-se importante a pesquisa da frequéncia de seus antigenos na

populacdo. No caso dos pacientes renais cronicos, esses dados favorecem um melhor
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entendimento da relacdo entre os antigenos do MHC ao desenvolvimento da doenca
renal, além de contribuir no planejamento de distribuicdo de 6rgdos, de acordo com o

perfil genético de cada regido.

1.5. OBJETIVOS
1.5.1. Geral
Analisar os polimorfismos HLA (-A, -B ¢ —C, -DRBI, - DQA1 ¢ -DQBI) ¢ MICA em

pacientes com doenga renal cronica a espera de um transplante.

1.5.2. Especificos
- Determinar as frequéncias de alelos HLA classe I (HLA-A, -B e -C) e classe II (HLA-
DRBI, -DQA1 ¢ -DQBI1);
- Determinar as frequéncias de alelos MICA;
- Verificar a conformidade das frequéncias genotipicas observadas em relagdo as
expectativas em equilibrio de Hardy-Weinberg;
- Comparar as frequéncias alélicas e haplotipicas MICA e HLA-B entre individuos com
DRC e individuos saudaveis da mesma regido;
- Verificar o desequilibrio de ligagdo entre MICA e HLA-B;
- Estimar os haploétipos HLA mais frequentes;

- Comparar as frequéncias alélicas e haplotipicas HLA entre os grupos étnicos.
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Abstract

The major histocompatibility complax (MHC) class | chain-reiated gene A (MICA) is
located centromencally to the human leukocyte antigen (HLA}-8. The short distance
botwasn thess locl in the MHC indicates the presance of linkage diseqidlibeium (LD). Simi-
larty 1o tha HLA, the MICA is highly polymorphic, and this polymorphism has not baen well
documented in different populations. In this study, we estimated the allelic frequancies of
MICA and the linkags diseguilibrium with HLA-B alleles in 346 renal-transplant candidates
in southern Brazil, MICA and HLA were typed using the polymerase chain reaction-
sequence-specific primer methed (PCR-550), combinad wilh 1he Luminax technalogy.

A total of 19 MICA sllelo groups were identified. The moat frequant allele groups ware
MICA® D08 (21.8%), MICA*002(17.0%) and MICA*® 004 (14.8%). The most cammon hap-
lotypes ware MICA® 009-8* 51 (7.8%)., MICA® 004-8* 44 (6.06%) and MICA® 002-8* 35
(5.63%). As expected from the proximity of the MICA and HLA-B loci, most haplatypes
showed strong LD. Renal patients and healthy subjects in the sama reglon of Brazil
showed statistically significant differences in their MICA polymarphisms. The MICA® 027
alkele group was morne frequent in renal patients (Pc= 0.018, OR: 3.421, 85% Gl 1.516-
7.722), while the MICA® 019 allsle group was more freguent in healthy subjects (Pc =
0.001, OR: 0.027, 95% CI: 0.002-0,469). This study provided information on the distribu-
tion of MICA polymorphisms and inkage disequilibrium with HLA-8 alieles in Brazilian
renal-transplant candidates. This information should help to determing the machanisms of
susceptibility to different diseases in patlents with chronic kidney disease, and to elucidate
the mechanisms involved in allogralt rejection assockated with MICA polymorphisms in a
Brazilian population.
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Introduction

The major histocom patibility complex (MHC) class | chain-related gene A (MICA) 5 one of
the highly polymorphic genes located im the human MHC [ 1-3] and is located 46 kb centro-
merically from the human lenkocyte antigen (HLAJ-B. The short distance separating MICA
from HLA-Bin the MHC indicates the presence of linkage disequilibrium between these loci
24l

Several studics have dermonstrated the role of MICA polymorphism in a large number off
discases, and the immune response against MICA antigens may correlate with acale and
chronic rejection of sarious organs, including renal transplants | 59|, Similardy to the known
invalverment of preformed antibodies against the HLA antigens in acute and chronic refection
of a graft [, 10=12], many studies have shown the impertance of MICA alloantibodies in the
rejection of various organs {13, 14].

The Brarilian population (s one of the most ethnically diverse in the world |1 5], which may
impede the search for a matching. unrelated donor. Previous studies have reported some eth-
nie differences in the distribution of MICA poelymorphisme, similar 1o those found for HLA
palymorphisms [ 16-15). However, MICA polymorphisms in different populations have not
been as well documented as those of HEA, To our knowledge, no studies in Brazil have investi-
gated the MICA allelic diversity and linkage disequilibrium with HLA-B in renal-transplant
candidates.

Tofill this gap, we evaluated the MICA drversity and linkage disequilibriam with HLA-#
alleles in renal-transplant candidates in a population in southern Brazil,

Materials and methods
Samples

The study included a total of 346 patients (female/male: 135/211) with chronic kidney diseass
who were renal-transplant candidates and were registered at two regional transplant centers,
the Central Regional de Transplantes Norte/Londring (CRTN/ Londrina) and the Central
Regional de Transplantes Noroesie/Marings (CRTNOMaringd}, in northern and northeasi-
em Parand, respectively, in the period from July 2000 to March 2011, Inclusion criteria were
patients with current data {active patients and potential recipients), on dialysis for at least 60
days and 10 give informed consent to participate in the study, Age over 18 vears was consid-
ered as exclusion criteria, The study was approved by the Ethics Committe of the Universi-
dade Estadual de Maringd (Protocol No. 33372011). All procedures followed Resolution 196/
1996 of the Brazilian Health Council, which rules on research invalving humans, All proce-
dures were explzined to each subject, and written informed consent was obtained from each

subject.

DNA extraction and HLA-B and MICA typing

To perform the FILA-B and MICA typing. sbout 5 mL of blood was collected by venipuncture
in vacuum tubes (Vacutainer, Becton and Dickson, Oxford, UK) containing ethylene diamine
tetraacetic acid (EDTA] as anticoagulant, Then, we extracted the genomic DMNA by the separa-
tion-column method, using the Biopur kit for DMNA extraction (Biometrix, Curitiba, Parand,
Brazil}, lellowing the manufacturer's protocol. Alter adjusting the DNA concentration,
obtained by the optical-density method, we amplified the DNA using pobrmernise chain reac-
tion-sequence specific primers (PCR-550) combined with Luminex technology. The genomic
A was amplified using biotinylated sequence-specific primers for HEA-f and MICA ina
GeneAmp PCR System 2700 thermal cycher (Applied Biosystems, Foster City, CA, USA),
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followed by hybridization with complementary probes fior DNA, conjugated with micro-
spheres (beads) labeled with different fluorochromes to identify complementary sequences of
the amplified YN A, using the LABType kit (One Lambda, Inc., Canoga Park, CA, USA), fol.
lowing the manufacturer's protocol. After hybridization, the results were read using the flow
cytometry platform LABScan™100 {One Lambda, Inc. ), followed by analysis using the program
HLA Fusion version 2.0 (One Lambda, Inc.). The results showed low. medium resolution.

Comparison of the results with published data

In the HLA-B and MICA comparisans, this study used as control the dats poblished by Ribas
et al (2008)]17], since their study was carrbed oul in the same region of Brazil.

Statistical analyses

The Ardequin software package version 3,11 | 19] was used 1o calculate the allele and haplotype
frequencies and to assess the Hardy-Weinberg equlibrium. The haplotype frequencies were
estimated using the expectation-maximization algorithm {maximum-likelihood method) as
included in Arlequin 3.11. The values for relative finkage disequilibrium (LD} between pairs of
MICA and HLA-B allele groups and their level of significance (p values) were determined with
the same software package, The overall comparison of HLA and MICA alllic frequencies
between renal patients and healthy subjects [17] was performed with o G-test, and individual
comparisons were performed using Fisher's exact test. Statistically significant differemces
(P<0.05) were corrected by the Bonferroni method for multiple comparisons (Pc). Odds ratios
(OR) and 95% confidence intervals {C1) were calculated.

Results

The MICA and HLA-B allelic [requencies are shown in Tables | and 2, respectively. A total of
29 HLA-Band 1% MICA allele groups were identified. The most common allele groups were
HILA-B 35 (10.5%), HEA-B"44 (9.9%), HLA-B" 51 (9.6%), MICA" 008 (21.6%), MICA=002
(17.0%) and MICA™ 004 { 14.8%),

Thie MICA allele distribution was in Hardy-Weinberg equilibrivm (p=0.05], the observed
heterorygosity was 82.0% and the expected heterozygosity was 87.9%. In contrast, the observed
and expected heterozygosity of the FLA-B allelic distribution differed significandy (p = 0.009);
the observed heterozygosity was 90,7% and the expected, 94,1%.

The erverall comparison of MICA allele frequencies between renal patients and healthy sub-
fects indicated a significant difference between the groops (p<0.0001). In individual compari-
sons, the MICA™027 allele was more frequent in renal patients (Pe = 0018 OR: 3421, %5%

Clz L516-7.722), while the MICA" 019 allele was more requent in the heelthy population

{Pe = D00, OR: 0,027, 95% C1: 0L002-0.469), The MICA" 008 allele was more fmqur_l'l.'l in
healthy subjects; however, with the Bonferroni correction, no statistically significant difference
was apparent.

The HLA-8 allele frequencles did not differ significantly between renal patients and healthy
subjects.

The result for haplotype inference showed a total of 77 haplotypes, of which 23 had a fre-
quency greater than 1%, Table ¥ shows the frequencies and linkage disequilibrivm (LDY) values
for all haplotypes with a frequency greater than 1% in both studies. The supplementary table
(51 Tahle) presents a graphical view of the LD parmmeters and frequencies for all haplotypes
characterized in our study.
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The most frequent haplotype was MICA"009-8" 51 (7.8%), followed by MICA™004-8"44
(6.0%) and MICA*0G2- 8" 35 {5.6%). The analysis of finkage disequilibrium (L1} showed thart 8
haplotypes had a relative LD value (D) of L

No statiatically signilicant difference was observed in the frequency of those MICA-HLA-B

haplotypes with a frequency greater than 1%, in both studies.

Discussion

The vast majority of studies have addressed the MICA polymorphism of an entire population,
using apparently healthy subjocts [16-18, 20].

Thie Brazilion population has wide genetic heterogeneity, composed of a mix of ethnic
groups, & result of immigration from several countries during the colonization of Brazil, resuli-
ing in an interracial mixture of Furopeans, Africans, Amerindians and Asians [15]. The sam-
ples evaluated in this study are from the north/northeastern region of Parand, in southern
Braxil, The southern region, including the state of Parand, was colonized largely by European
immigrants in the 19th century, and presently has a high proportion of Caucasians. However,
peopk of Amerindian and African descent are also frequent in the population (21 ],

In the current study, a significant difference between the observed and expected heterozy-
gosity was ohserved for HLA-B. Despite a high degree of heterozygosity (90,7%), the numbser
of heterorygous individuals was lower than expected. This difference can be explained by the
composition of our sample, i.e. non-healthy individuals. This deviation from Hardy-Weinberg
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Tabie 2. Alisle group frequencies of HLA-Sin all samplos (1 = 346, and comparison with healthy
subjects.
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! I (Ribuas et al.. 2008)(17]
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proportions may alse be related to the pathological condition itself, whether or not it is related
o genetic causes; or because we did not exclude individuals who had some degree of kinship
o each other [22, 23],

A total of 19 alleles of MICA were found in this study. Similar numbers of alleles were
observed in Brazilian Cancasians |1 7], Afro-Americans and Euro- Americans [ 21), Moroceans
[25] and in Murcia, Spain |20], Although 19 MICA alleles were detected, a large number of
these alleles were found with a frequency of only 1%. In addition, MICA® 008, MICA" 002,
MICA” 004 and MICA” 009 together comprised more than 7% of the allelic distribution, and
thiese lleles are alw comumon in other populations [16, 17, 20, 24, 25].

The MICA allelic diversity found in this study is similar to the levels found by Marin et al.
(2006} [ 15] and Ribas et al, (2008) |1 7] in samples from healthy Brazilian subjects. MICA™ 008
was the most frequent allele group, similar 1o findings in other Cancasian populations 5, 17,
21, 26, 27). However, we also found a serbes of other alleles from differént European, Alrican
and Asian populations that colonized the region |20, 25, 29],
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Tabile 3. MICA-HLA-8 haplotype requencies and relstive LD values (D7) for haploty pes with 8 frequency excesding 1% in all samples (n = 348),
‘and comparison with healthy subjects.
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| (Ribas ot al., 2008)[17]
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As expected from the short distance between the HLA-B and MICA locl, 2 significant link-
age disequilibriom was observed. The largest number of MICA-HLA-8 haplotypes was found
in Caucasian populations, such as MICA"009-5 51, MICA” 004844 and MICA® 002-
HILA-B*35 7, 20, 26, 30-32], However, these haplotypes were also found in Asian [15] and
African population [29].

More typically, s single MICA allele is associated with several HLA-B alleles, whereas a few
HLA-B allches are associated with some MICA alieles [17]. In this study, the most common
allele groups {( MICA® (08, -*002, and -* (M) had several associations with HEA-B; MICA* 008
wis associated with HLA-B" 15, -"07, <" 44, <" 08, =" 1.3, =" 4, =" 37 and -4k MICA" 002 was associ-
ated with HLA-B* 15, -* 39, -* 35, -* 58 and -*43; and MICA" 004 was associated with HLA- 844,
=42, -*41, 49 and -*48. In contrast, HLA-B alleles had associations with MTCA, such as
HLA-B* 35 with MICA" (002, MICA-" 16, -*46 and *-52. In addition, most HLA-B alleles, such as
the 07 and * 08 alicle group, had only a single MICA association (MICA-008).

This assoclation may indlcate a different evolutionary history of the MICA gene from classi-
cal HLA; the common alleles MICA are very old, predating major branches of the HLA-B
alleles [ 24]. In witro, the MICA allelic diversity may affect ligand binding between the MICA
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I stromg or weak binders) and the NK-cell receptor NKG2D, affecting natural killer-cell activa-
tinn and the modulation of T.cell responsees [0, 24, 33, 34). According 1o Gao et al (2006)

| 24, Future studies of the capacity of MICA 1o interact with NK-cell receplors across popula-
tions may provide information for population-based studies of discases.

The frequencies of the MICA and HLA-B allele groups reported in this study were com-
pared with those published by Ribas et al. [17], since we adopted the similar criteria used in
thiat study. Our enrolled patients and the bone-marrow volunieer donors selected by Ribas
etal. [17] came from the same geographic area (the same State) and showed the same pattern
of ethnicity, predominantly Caucasians [21].

The present results are very similar 1o those found by Ribas et al, (2008} [17], Among 23
haplotypes with a frequency above 1%, 20 had significant values of attraction in both studies,
MICA™D0E-8 15 and MICA®009-1° 35 did not show any significant values, so they are in link-
age equilibrium. A discordant result was found for MICA"008-8° 40, which dhowed 2 signili-
cant result only in the study by Ribas et al. (2008) [17]. MICA™002-8° 39, MICA"002-B" 38 and
MICA"004-642 had [0 = 1 in both studies, making it possible to determine the MICA allele
merely by knowing the HLA-B allde. Among the significant results, 7 haplotypes showed
D' = | in the study of Ribas et al, (2008) [17], and D"< 1 in our renal pathents, These results sug-
gest that despite the strong linkage disequilibrium observed in the majority of frequent haplo-
types in our population, the linkage is not absolute, and as the sample size increases, the
number of “[7' = 1” values may decrease,

Another interesting result, as observed in the 51 Table, is the haplotype repulsion, indicat.
ing that 36 haplotypes that would be expected if the sample were in linkage equilibrium were
not observed in this sample. Also, 8 haplotypes were found with significantly lower frequencies
than expected. A very unusual combination expected for our population was found in haplo-
type MICA" (45-1 47, the only combination that showed a correlation equalto 1 {r = 1. D' =
L, g = 0L0000), Le., a perfect corrdation between two rare alleles (both 0.14%). This could be
explained by inferring & recent in-migration of the family of the individual wheo provided the
sample, with no direct association with the overall population. Although Ribas et all (2008)
| 17] did mot list samples with a frequency less than 1%, one can deduce that these values would
nod have appeared in that study, because the MICA" 45 allele was not observed and the
HLA-8"47 allele was observed, so the correlation is not absolute.

Caomparison of MICA=HLA-B haplotype requendcies showed no significant difference
between the haplotypes with s frequency above 1% in both studies. Notably, the MICA*027-
B 40 and MICA® 002-B° 53 haplotypes, found in this study in frequencies of 3.32% and 2.02%,
respectively, could be candidates for common haplotypes: however, we could not determine
the exact frequencies that were observed in the healthy population.

Considering that several studies have suggested associations of the HELA haplotype with var-
inus diseases, the calculation of LD parameters was used for comparison with the results of
health subjects also in the state of Parand found by Ribas etal. (2008) [17], and not with the
atrn of determining the population structure,

In conchusion, the MICA allelic diversity in our population iz similar to those of other Cau-
casian populations worldwide, However, we found a series of other allele groups, which may
result from the contribution of alleles from different European, African or Amerindian popu-
lations that colonized the region. This study expands our knowledge of the distribution of
MICA polymorphisms and linkage disequilibrium with HLA-B alleles, helping o elucidate
possible sseociations with different diseases in palients with chronic kidney disease. Finally,
our data could be useful as o preliminary clinical reference for better understanding of the
mechandsms tnvolved in the allograft rejection associated with MICA polymorphisms in the
Brazilian population,
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Supporting information

51 Table. Graphic representation of the linkage disequilibrium between MICA and HLA-B
alleles. The values shown in the fields are haplotype frequencies and in brackets the correlation
index 12, 0% frequency was not represented. P values <0.05 were colored. Haplotypes in
attraction with [ = 1 were coloned in dark red. Haplotypes in attraction with ['<1 were col-
ored in bright red. Haplotypes in repulsion with D' = -] were colored in dark blue, Haplotypes
in repulsion with D= -1 were colored light blue.
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Supporting Information

S 1 Table. Graphic representation of the Linkage Disequilibrium between MICA
and HLA-B alleles. The values shown in the fields are haplotype frequencies and in
brackets the correlation index 2. 0 % frequency was not represented. P values <0.05
were colored. Haplotypes in attraction with D'=1 were colored in dark red. Haplotypes
in attraction with D'<1 were colored in bright red. Haplotypes in repulsion with D'=-1

were colored in dark blue. Haplotypes in repulsion with D">-1 were colored light blue.
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Supplementary Table 1: Graphic representation of the Linkage Disequilibrium between MICA
and HLA-B alleles.
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The values shown in the fields are haplotype frequencies and in brackets the correlation index r°.
0 % frequency was not represented. P values <0.05 were colored. Haplotypes in attraction with D'=1 were
colored in dark red. Haplotypes in attraction with D'<1 were colored in bright red. Haplotypes in
repulsion with D'=-1 were colored in dark blue. Haplotypes in repulsion with D"™>-1 were colored light

blue.
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ABSTRACT

The HLA polymorphisms and recently, MICA polymorphisms, have been shown to be
associated with large number of diseases and allograft rejection. The frequencies of
MICA and HLA-A,-B,-C,-DRB1,-DQA1,-DQBI1 alleles and haplotypes were studied in
346 renal transplant candidates in a population from southern Brazil. Participants were
classified according to ethnic group (189 caucasians, 98 mestizos [mixed race], 50
blacks and 9 orientals). The MICA and HLA typing was performed using the
polymerase chain reaction-sequence specific primer method (PCR-SSO), combined
with the Luminex technology. A total of 19 MICA, 20 HLA-A, 29 HLA-B and 14
HLA-C, 13 HLA-DRBI, 6 HLA-DQA and 5 HLA-DQBI allele groups were identified.
The most frequent allele groups were MICA*008, HLA-A*02, B*35, C*07, DRB1*04,
DQAI*0] and DQBI*03. Significant differences (p<0.05) were observed in
MICA*009, MICA*010, HLA-A*24, A*68, B*52, DRBI1*09, C*03, C*07 and DQAI*03
allele group frequencies between ethnic groups. The most common extended haplotype
in the total samples was HLA-A*01-C*07-B*08-MICA*008-DRB1*03-DQA1*05-
DQOBI1*02 (2.4%). An ethnic contribution was shown in the analyzed samples, with
evidence that the Brazilian population is composed of a mixture of ethnicities. The data
from this study showed the distribution of the MICA and HLA alleles and haplotypes in
renal transplant candidates from southern Brazil.

Keywords: Gene Frequency; haplotypes; histocompatibility antigens class I

Histocompatibility Antigens Class II; HLA antigens; population genetics.
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1. INTRODUCTION

Although the classical human leukocyte antigens (HLA) loci (HLA-A, -B, -C, -DR, -
DQ and -DP) are the major genetic determinants to organ transplantation success, recent
studies in kidney transplantation have demonstrated the roles of MHC class I chain-
related gene A (MICA) [1, 2]. The genes of the HLA and MICA are located on the short
arm of chromosome 6. The genes of HLA class I (A, B, and C) and class II (DR, DQ,
DP) encode molecules that participate in antigen presentation to T cells and MICA
genes encode surface glycoproteins strongly implicated in innate immunity [1, 3].

The HLA system is an important marker of graft survival , and is the main factor among
the biological systems involved in graft rejection [4, 5]. While the importance of HLA-
A, -B, and -DR in solid-organ transplantation has been known for many years [5, 6]. T,
the role of HLA-C, -DQ and MICA in the transplantation has recently been documented
[2, 7, 8]. The HLA polymorphisms and recently, MICA polymorphisms, have been
shown to be associated with large number of diseases and allograft rejection [1, 4, 9-
11].

For historical reasons, the Brazilian population is one of the most mixed in the world
[12], which may difficult the search for a donor with the best immunological
compatibility. The research of HLA genetical profile is important for studies of the
ethnic influence, genetic pattern and origin of populations [13]. Previous studies have
shown ethnic differences in the distribution of MICA polymorphisms, likewise, HLA
polymorphisms [14, 15]. However, the information available for MICA is not been well
documented as HLA polymorphisms [15, 16].

In Brazil, the frequencies of HLA and MICA alleles may vary according to the

predominant ethnic group of each region [13, 14, 17-19]. However, to our knowledge,
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very few studies in Brazil have investigated the HLA alleles and haplotype diversity in
renal transplant candidates [10] and no study evaluated the HLA-C, -DQAI, -DQBI1
and MICA loci.

In this study, we evaluated the frequencies of the MICA and HLA-A, -B, -C, -DRBI, -
DQA1, -DQBI alleles and haplotypes in renal transplant candidates in the

north/northwestern region of Parana state in southern Brazil.

2. MATERIAL AND METHODS

2.1 Samples

The study was conducted with 346 blood samples of patients with chronic kidney
disease, renal transplant candidates, who were registered at two regional transplant
centers, the Central Regional de Transplantes Norte/Londrina (CRTN/Londrina) and the
Central Regional de Transplantes Noroeste/Maringd (CRTNO/Maringd), in northern
and northwestern Parand, respectively, in the period from July 2010 to March 2011. We
included only patients with updated data (active patients and potential recipients).
Patients were divided into four ethnic groups: Caucasian (n = 189), mestizo (mixed
race/mixed of Europeans, Africans and Amerindians individuals; n = 98), black (n = 50)
and oriental (n=9). The ethnic group was reported by Transplant Centers, using self-
definition as the criterion for determining the ethnic group, based on the method used by
the official census of Brazil (Brazilian Institute of Geography and Statistics national
census survey). This study was approved by the Ethics Committee of the Universidade
Estadual de Maringa (protocol no. 333/2011). All procedures followed Resolution

466/2012 of the Brazilian Health Council which rules on research work on humans.
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2.2 DNA extraction, MICA and HLA typing

To perform the HLA and MICA typing, about 5 mL of blood was collected by
venipuncture into vacuum tubes (Vacutainer, Becton and Dickson, Oxford, UK)
containing ethylene diamine tetraacetic acid (EDTA) as anticoagulant. Then, we
extracted the genomic DNA by the separation column method, using the commercial kit
for DNA extraction Biopur (Biometrix, Curitiba, Parand, Brazil), following the
manufacturer's protocol. After adjusting the DNA concentration, obtained by the optical
density method, we amplified the DNA using polymerase chain reaction-sequence
specific primers (PCR-SSO) combined with Luminex technology. The genomic DNA
was amplified using biotinylated sequence-specific primers for MICA, HLA class |
(HLA-A, -B, -C) and class II (-DRBI, -DQA1, -DQBI) in a GeneAmp PCR System
9700 thermal cycler (Applied Biosystems, Foster City, CA, USA), followed by
hybridization with complementary probes for DNA, conjugated with microspheres
(beads) labeled with different fluorochromes to identify complementary sequences of
the amplified DNA, using the commercial kit LABType (One Lambda, Inc., Canoga
Park, CA, USA), following the manufacturer's protocol. After hybridization, the results
were read using the flow cytometry platform LABScanTM100 (One Lambda, Inc.),
followed by analysis using the program HLA Fusion version 2.0 (One Lambda, Inc.).

The results showed low-medium resolution.

2.3 Statistical analyses

The Arlequin program version 3.11 [20] was used to calculate the allele and haplotype
frequencies and to assess the Hardy-Weinberg equilibrium. The haplotype frequencies
were estimated using the expectation-maximization algorithm (maximum likelihood

method). The Statistica 7.0 and R programs were used to calculate the comparison
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among the allele frequencies of the ethnic groups. Significant differences among the
allele frequencies in these groups were calculated using the Fisher exact test with
Bonferroni correction for multiple comparisons. The p values were considered

significant when less than 0.05. The Odds Ratio (OR) was used to estimate the risk.

3. RESULTS

Among the 346 renal transplant candidates, 211 (60.98%) were males. The predominant
ethnic group was Caucasian (54.6%), followed by mestizo (28.3%) and black (14.4%).
The MICA, HLA-A, -C, -DRBI1, -DQA1 and -DQBI loci were in Hardy-Weinberg
equilibrium (p > 0.05). For the MICA locus, the observed heterozygosity was 82.0%
and the expected heterozygosity was 87.9% (p = 0.07). For the HLA, in the A locus, the
observed heterozygosity was 86.9% and the expected heterozygosity was 88.6% (p =
0.52); for the C locus, these values were 89.3% and 88.6% respectively (p = 0.65); for
the DRBI1 locus, 87.5% and 89.8% (p = 0.16); for the DQAT locus, 69.0% and 72.6% (p
= 0.66) and for the DQBI1 locus, 74.5% and 76.4% (p = 0.42). A significant difference
was observed only for the B locus between the observed and expected heterozygosity (p
<0.01), meaning; only the B locus was not in Hardy-Weinberg equilibrium (p < 0.05).
In the B locus, the observed heterozygosity was 90.7% and the expected, 94.1%.

Table 1, 2 and 3 shows the frequencies of the MICA, HLA class I (-A, -B and -C) and
class I (-DRBI, -DQA1 and -DQBI) alleles in the total sample and the comparison
among the ethnic groups. A total of 19 MICA, 20 HLA-A, 29 HLA-B, 14 HLA-C, 13
HLA-DRBI1, 6 HLA-DQAT1 and 5 HLA-DQBI allele groups were identified. The most
frequent allele groups MICA locus were: MICA*008, MICA*002, MICA*004 and for

each HLA locus were: HLA-A*02, A*24, A*01, B*35, B*44, B*51, C*07, C*04, C*03,
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C*12, DRB1*04, DRB1*11, DRBI1*13, DQAI1*01, DQAI1*05, DQAI1*03, DQBI1*03,
DQOBI1*05, DOBI1*02 and DOBI1*06. There was good agreement in the distribution of
allele frequencies among the three groups. Significant differences (p < 0.05) were
observed in MICA*009, MICA*010, HLA-A*24, A*68, B*52, DRBI1*09, C*03, C*07
and DQA1*03 allele group frequencies between ethnic groups.

Table 4 shows the most common HLA-MICA extended haplotypes. The HLA-A*01-
C*07-B*08-MICA*008-DRB1*03-DQAI1*05-DQOBI1*02 was the most common for the
total samples (2.4%), Caucasian (2.9%), mestizo (1.0%) and black (4.0%) and A*24-
C*12-B*52-MICA*009-DRB1*15-DQA1*01-DOB1*06 was the most common in the

oriental group (2.1%).

4. Discussion

A significant number of HLA and MICA diversity studies have been conducted in
different regions, using healthy subjects, but none has involved the HLA-A ,-B, -C, -
DRBI, -DQAL, -DQBI1, MICA loci and combinations [13, 14, 17-19, 21-27].

Recent studies have shown ethnic differences in the MICA frequencies [14, 15].
However, the information available for M/CA polymorphisms is still insufficient. To
our knowledge, our study provides the first data of the MICA and HLA-A, -B, -C, -
DRBI, -DQA1, -DQBI alleles and haplotypes frequencies in Brazilian renal transplant
candidates.

In the current study, a significant difference between the observed and expected
heterozygosity was observed only for HLA-B. The B locus was not in Hardy-Weinberg
equilibrium (p < 0.05) and showed a high degree of heterozygosity (90.7%), even the

number of heterozygous individuals was lower than expected. This difference can be
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explained by the number of samples, difficulties in the identification of HLA,
pathological condition itself, natural forces (such as a selective advantage or recent
racial admixture, natural selection, or gene flow due to migration) or because we did not
exclude individuals who had some degree of kinship to each other [28].

The Brazilian population is characterized by a wide mix of ethnic groups, a result of
immigration from several countries during the colonization of Brazil, over a period of
five centuries, resulting in an interracial mixture of Europeans, Africans, Amerindians
and Asians [12].

The investigation of HLA and MICA alleles and haplotypes indicate the origin of the
populations in a particular country or region [13-15], and assist in studies of
susceptibility to disease [9-11].

This state was colonized largely by Europeans, and now has a high proportion of
Caucasians, but Amerindian and African descents are also frequent in the population
[13]. These influences can be observed in our study, which show a high contribution of
HLA alleles of European origin, such as HLA-A*02, B*35 and -B*44 [14, 29-31], as
well as the occurrence of alleles of African origin, such as HLA-4*30 and B*15 [32-
34].

Because of its biological function and high degree of polymorphism, the HLA system
has been increasingly studied as a genetic marker involved in susceptibility to different
diseases [9, 10]. The HLA-A*74 and HLA-DRBI*11 allele groups, in the current study,
showed a frequency of 1.0% and 13.0%, respectively, and were positively associated
with chronic renal disease, like a study of Brazilian patients awaiting a kidney
transplant [35].

The overall comparison among the allele frequencies of all HLA loci investigated and

the ethnic groups of samples of the current study, revealed more similarities than



57

differences. The general distribution of the HLA-A, -B, and -DRBI1 loci is similar to
that found in other studies in southern Brazil, where the health populations studied were
also described as mostly Caucasian [19, 26].

The MICA allelic diversity found in our study is similar to that found in Brazil by
Marin et al. (2004) [18] and Ribas et al. (2008) [14]. The MICA*008, MICA*002 and
MICA*004 allele group was the most common observed and are common in several
populations [14, 36].

Only certain HLA allele groups exhibited significant differences in frequency among
ethnic groups. HLA-A*24, B*52, DRBI1*09, C*03, DQAI*03 showed a significant
difference between oriental and others ethnic groups; HLA-A4*68, between black and
Caucasian and between black and mestizo; and HLA-C*07 between Caucasian and
mestizo groups. This indicates that these alleles may be characteristic of a particular
ethnic group in the population or their origin. However, allele groups that generally
have a high frequency in Caucasian, such as HLA-A*02, HLA-B*35, B*44, B*51, -
C*04, -DRBI1*11, -DRBI1*04, -DQA1*05 and -DQBI*03 showed similar, higher
frequencies in Caucasians, blacks and mestizos, and therefore showed no significant
differences among the three groups.

Other differences are the highest allelic frequencies of MICA*009 and MICA*010 in
orientals, when compared with blacks and Caucasians. These MICA alleles are common
in Asian populations of China, Japan, Korea and Thailand [15, 37-39].

The similarities found in HLA and MICA allele frequencies among the four study
groups reflect the mixing of ethnic groups in the population, and the difficulty to define
the ethnicity of each individual, based on self-definition and using only the physical
evaluation and skin color. The official census of Brazil (Brazilian Institute of

Geography and Statistics [IBGE] national census) also uses the criteria of self-definition
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based in skin color to determine the ethnicity of respondents. However, HLA and MICA
diversity studies may provide knowledge of the true ancestry and the degree of mixing
of a population, and are therefore important in populations with a wide mix of ethnic
groups, such as in Brazil.

Two studies with samples of populations from five continents found differences among
HLA alleles, and these differences increased in populations that had a high degree of
mixing of ethnic groups [40, 41]. However, in agreement with our results, a study of
five different Brazilian populations, with samples composed of both Caucasians and
blacks, also showed more similarities than differences in the frequencies of HLA alleles
[21].

The HLA and MICA allele frequencies found in mestizos were not intermediate
between blacks and caucasians, it seems like the mestizo ethnic group was formed by
mixing different populations of Europeans, Africans, or Amerindians and who
colonized the region.

The haplotype frequencies differed according to the reported ethnic group. The HLA-
A*01-C*07-B*08-MICA*008-DRB1*03-DQAI1*05-DQBI1*02 was the most common
for the total samples (2.4%), Caucasians (2.9%), mestizos (1.0%) and blacks (4.0%).
This haplotype was not found in orientals. The A*24-C*12-B*52-MICA*009-DRB1*15-
DQAI1*01-DQBI1*06 haplotype was more common in orientals (2.1%), and did not
occur in Caucasians, mestizos and blacks. Haplotypes found in mestizos may be the
result of the contribution of HLA alleles from different European, African or
Amerindian populations [13].

The present results are in agreement with other studies conducted in southern Brazil,
where the haplotype HLA-A*01-B*08-DRB1*03 was more frequent in the total sample

19, 26]. This haplotype was also the most common in caucasians (2.7%) and African-
[ plotyp
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Brazilians (1.5%) in a study of HLA frequency in Parand [27]. In Americans of
European descent, the haplotypes HLA-A*01-B*08-C*07-DRBI1*03 (4.3%) [31] and
DRBI1*03-DQA1*05-DOB1*02 (13.1%) [42] were the most frequent. The HLA-A*01-
B*08-C*07-DRB1*03-DQBI1*02 haplotype was found in Caucasian populations from
the Balearic Islands of Ibiza, Majorca and Minorca, with frequencies of 6.1%, 5.7% and
0.8% respectively [43]; and also in Caucasians from Albania (3.1%)[44].

Because of the proximity between MICA and HLA-B genes, their alleles tend to be in
linkage disequilibrium. More commonly, a single MICA allele is associated with
several HLA-B alleles or allelic groups rather than the opposite [14]. The B*0S-
MICA*008 haplotype shows the highest frequency in our study, and it is also common
in Caucasian populations [14, 45]. The B*52-MICA*009 haplotype was described in our
oriental group and it is also common in asians [15] and Euro-caucasians populations
[46].

In the current study, the haplotype frequencies were estimated based on the MICA and
HLA alleles identified in the sample. The distribution of haplotypes provides important
information on the ethnic influence and ancestry of the populations under study. In the
context of organ transplants, this knowledge may assist in the search for a donor with
the best immunological compatibility in organ or tissue transplantation [19].

In conclusion, an ethnic contribution was shown in the analyzed samples, with evidence
that the Brazilian population is composed of a mixture of ethnicities, and that the HLA
and MICA contribution can be determined by the predominant ethnicity of each region,
since the alleles of European origin presented in greater number than the others. The
data from this study document the diversity of alleles and haplotypes MICA, HLA class
I (HLA-A, -B and -C) and class II (HLA-DRB1, DQA1 and -DQBI1) in renal transplant

candidates from southern Brazil. These data will be important for understanding the



60

biology of the distribution of these alleles in our population, as well as in studies of

susceptibility to different diseases, in patients with chronic kidney disease.
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Table 1 - MICA allele frequencies for renal-transplant candidates and comparisons among ethnic groups.

HLA fa TOTAL faC faM faB fa O CXM CXB CXO MXB MXO BXO
p-value OR(CI95%) p-value OR(CI95%) p-value OR(CI95%) p-value OR(CI95%) p-value OR(CI95%) p-value OR(CI95%)
MICA*001 0.013 0.015 0.010 0.01 - ns ns ns ns ns ns
MICA*002 0.170 0.158 0.173 0.21 0.166 ns ns ns ns ns ns
MICA*004 0.148 0.134 0.178 0.19 - ns ns ns ns ns ns
MICA*006 0.005 0.005 - - - ns ns ns - - - - - -
MICA*007 0.024 0.023 0.025 0.03 - ns ns ns ns ns ns
MICA*008 0.216 0.230 0.183 0.26 0.055 ns ns ns ns ns ns
MICA*009 0.137 0.142 0.147 0.06 0.333 ns ns ns ns ns 0.049 7.6 (1.7;33.9)
MICA*010 0.066 0.055 0.076 0.04 0.333 ns ns 0.010 8.4(2.4;27.3) ns ns 0.014 11.6 (2.4;64.3)
MICA*011 0.030 0.031 0.030 0.03 - ns ns ns ns ns ns
MICA*012 0.013 0.010 0.020 - 0.055 ns ns ns ns ns ns
MICA*015 0.010 0.007 0.015 0.01 - ns ns ns ns ns ns
MICA*016 0.033 0.034 0.030 0,04 - ns ns ns ns ns ns
MICA*017 0.020 0.021 0,020 0.02 - ns ns ns ns ns ns
MICA*018 0.046 0.060 0.035 0.02 - ns ns ns ns ns ns
MICA*027 0.056 0.060 0.045 - 0.055 ns ns ns ns ns ns
MICA*044 0.001 - 0.005 0.06 - ns ns - - - ns ns ns
MICA*045 0.001 0.002 - - - ns ns ns - - - - - -
MICA*046 0.001 - - 0.01 - - - ns - - ns - - ns
MICA*052 0.002 0.002 - 0.01 - ns ns ns ns - - ns

fa, allele frequencies; C, Caucasian; M, mestizo; B, black; O, oriental; OR, Odds ratio; CI, Confidence Interval;

ns — not significant; -. Did not occur in this group.



Table 2 - HLA class I (-A,

-B and -C) allele frequencies for renal-transplant candidates and comparisons among ethnic groups.

HLA fa TOTAL fa C faM faB faO CXM CXB cXo MXB MXO BXO
p-value OR(IC95%) p-value OR(IC95%) p-value OR(IC95%) p-value OR(IC95%) p-value OR(IC95%) p-value OR(IC95%)
A*01 0.101 0.111 0.096 0.09 - ns ns ns ns ns ns
A*02 0.255 0.253 0.290 0.2 0.222 ns ns ns ns ns ns
A*03 0.098 0.097 0.127 0.06 - ns ns ns ns ns ns
A*11 0.049 0.044 0.066 0.04 - ns ns ns ns ns ns
A*23 0.052 0.060 0.035 0.06 - ns ns ns ns ns ns
A*24 0.108 0.103 0.091 0.09 0,5 ns ns <0.01 8.6(2.8;26.1) ns <0.001 9.7 (3.0;31.7) <0.01 9.8(2.7;36.9)
A*25 0.023 0.026 0.025 0.01 - ns ns ns ns ns ns
A*26 0.053 0.047 0.056 0.04 0.222 ns ns ns ns ns ns
A*29 0.034 0.047 0.020 0.02 - ns ns ns ns ns ns
A*30 0.054 0.044 0.061 0.09 - ns ns ns ns ns ns
A*31 0.030 0.031 0.025 0.03 0.055 ns ns ns ns ns ns
A*32 0.020 0.026 0.015 0.01 - ns ns ns ns ns ns
A*33 0.027 0.029 0.010 0.06 - ns ns ns ns ns ns
A*34 0.010 0.002 0.015 0.03 - ns ns ns ns ns ns
A*36 0.004 - 0.010 0.01 - ns ns - - ns ns ns
A*66 0.008 0.007 0.015 - - ns ns ns ns ns - -
A*68 0.053 0.050 0.015 0,15 - ns 0.032 3.3(1.5:7.2) ns <0.001 11.3(3.1:62.3) ns ns
A*69 0.001 0.002 - - - ns ns ns - - - - ns
A*74 0.010 0.005 0.020 0,01 - ns ns ns ns ns ns
A*80 0.002 0.005 - - - ns ns ns - - - - - -
B*07 0.065 0.068 0.051 0.09 - ns ns ns ns ns ns
B*08 0.059 0.079 0.030 0.05 - ns ns ns ns ns ns
B*13 0.015 0.013 0.025 0.01 - ns ns ns ns ns ns
B*14 0.031 0.034 0.030 0.03 - ns ns ns ns ns ns
B*15 0.085 0.068 0.096 0.09 0.277 ns ns ns ns ns ns
B*18 0.049 0.066 0.035 0.02 - ns ns ns ns ns ns
B*27 0.030 0.034 0.030 0.02 - ns ns ns ns ns ns
B*35 0.105 0.105 0.107 0.1 0.111 ns ns ns ns ns ns
B*37 0.013 0.018 0.005 0.01 - ns ns ns ns ns ns
B*38 0.033 0.031 0.035 0.03 0.055 ns ns ns ns ns ns
B*39 0.034 0.031 0.025 0.07 - ns ns ns ns ns ns
B*40 0.052 0.044 0.045 0.08 0.111 ns ns ns ns ns ns
B*41 0.018 0.021 0.015 0.02 - ns ns ns ns ns ns
B*42 0.021 0.007 0.040 0.04 - ns ns ns ns ns ns
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B*44 0.099 0,103 0.096 0.11 - ns ns ns ns ns ns

B*45 0.020 0.021 0.025 0.01 - ns ns ns ns ns ns
B*46 0.001 - - - 0.055 - - - - ns - - ns ns
B*47 0.001 0.002 - - - ns ns ns - - - - - -
B*48 0.004 0.002 0.005 0.01 - ns ns ns ns ns ns
B*49 0.031 0.039 0.025 0.02 - ns ns ns ns ns ns
B*50 0.024 0.021 0.040 0.01 - ns ns ns ns ns ns
B*51 0.096 0.105 0.102 0.05 0.111 ns ns ns ns ns ns
B*52 0.020 0.013 0.020 0.01 0.222 ns ns <0.01 20.8(3.7;108.9) ns ns 0.049 26.9(2.4;1392.9)
B*53 0.021 0.015 0.020 0.05 - ns ns ns ns ns ns
B*54 0.002 0.002 - - 0.055 ns ns ns - - ns ns
B*55 0.010 0.005 0.020 0.01 - ns ns ns ns ns ns
B*56 0.001 0.002 - - - ns ns ns - - - - - -
B*57 0.026 0.021 0.035 0.03 - ns ns ns ns ns ns
B*58 0.021 0.015 0.030 0.03 - ns ns ns ns ns ns
C*01 0.037 0.037 0.040 0.01 0.166 ns ns ns ns ns ns
C*02 0.066 0.063 0.076 0.07 - ns ns ns ns ns ns
C*03 0.095 0.066 0.107 0,14 0.333 ns ns 0.017 7.0(2.0;22.3) ns ns ns
C*04 0.147 0.153 0.147 0.14 0.055 ns ns ns ns ns ns
C*05 0.041 0.042 0.040 0.05 - ns ns ns ns ns ns
C*06 0.091 0.092 0.112 0.06 - ns ns ns ns ns ns
Cc*07 0.225 0.275 0.158 0.19 0.111 0.025 2.0(1.3:3.3) ns ns ns ns ns
C*08 0.033 0.034 0.020 0.05 0.055 ns ns ns ns ns ns
C*12 0.095 0.100 0.076 0.09 0.222 ns ns ns ns ns ns
C*14 0.026 0.021 0.035 0.02 0.055 ns ns ns ns ns ns
C*15 0.052 0.050 0.056 0.06 - ns ns ns ns ns ns
C*16 0.046 0.042 0.056 0.05 - ns ns ns ns ns ns
C*17 0.037 0.021 0.061 0.06 - ns ns ns ns ns ns
C*18 0.004 - 0.010 0.01 - ns ns - - ns ns ns

fa, allele frequencies; C, Caucasian; M, mestizo; B, black; O, oriental; OR, Odds ratio; CI, Confidence Interval; ns — not significant; -. Did not

occur in this group.



Table 3 - HLA class II (-DRBI1, -DQA1 and -DQBI1) for renal-transplant candidates and comparisons among ethnic groups.

HLA fa TOTAL faC faM fa B fa O CXM CXB cXo MXB MXO BXO
pvalue  OR(IC95%)  p-value  OR(IC95%) p-value OR(IC95%)  p-value  OR(IC95%) p-value OR(IC95%)  p-value OR(IC95%)

DRB1*01 0.104 0.095 0.112 0.14 - ns ns ns ns ns ns
DRB1%03 0.108 0.116 0.096 0.12 - ns ns ns ns ns ns
DRB1*04 0.132 0.132 0.117 0.15 0.222 ns ns ns ns ns ns
DRB1*07 0.114 0.140 0.091 0.08 - ns ns ns ns ns ns
DRB1*08 0.050 0.042 0.051 0.08 0.055 ns ns ns ns ns ns
DRB1%09 0.015 0.010 0.010 0.01 0.222 ns ns 0.002 25.9 (4.4;155.4) ns 0.006 26.6(3.5:316.1) 0.023 26.9 (2.4;1392.9)
DRB1*10 0.021 0.026 0.020 0.01 - ns ns ns ns ns ns
DRB1*11 0.130 0.132 0.137 0.13 - ns ns ns ns ns ns
DRB1*12 0.010 0.002 0.025 0.01 - ns ns ns ns ns ns
DRB1*13 0.119 0.126 0.137 0.08 - ns ns ns ns ns ns
DRB1*14 0.046 0.044 0.040 0.04 0.166 ns ns ns ns ns ns
DRB1*15 0.104 0.087 0.107 0.12 0.333 ns ns ns ns ns ns
DRB1*16 0.041 0.042 0.051 0.03 - ns ns ns ns ns ns
DQAI1*01 0.407 0.394 0.433 0.39 0.5 ns ns ns ns ns ns
DQAI1*02 0.119 0.142 0.102 0.09 - ns ns ns ns ns ns
DQA1*03 0.144 0.129 0.137 0.17 0.388 ns ns 0.043 4.2(1.3;12.7) ns ns ns
DQA1*04 0.053 0.044 0.066 0.07 - ns ns ns ns ns ns
DQAI1*05 0.264 0.277 0.255 0.26 0.111 ns ns ns ns ns ns
DQAI1*06 0.010 0.010 0.005 0.02 - ns ns ns ns ns ns
DQB1%02 0.199 0.235 0.173 0.15 - ns ns ns ns ns ns
DQB1*03 0.333 0317 0.321 0.4 0.444 ns ns ns ns ns ns
DQB1*04 0.065 0.058 0.071 0.06 0.166 ns ns ns ns ns ns
DQB1*05 0.202 0.193 0.224 0.22 0.055 ns ns ns ns ns ns
DQB1*06 0.199 0.195 0.209 0.17 0.333 ns ns ns ns ns ns

fa, allele frequencies; C, Caucasian; M, mestizo; B, black; O, oriental; OR, Odds ratio; CI, Confidence Interval; ns — not significant; -. Did not

occur in this group.



Table 4 - The most common HLA-A-C-B-MICA-DRB1-DQA1-DQBI1 haplotype in renal-

transplant candidates and in the different ethnic groups.

Haplotypes
HLA-A-C-B-MICA-DRB1-DQA1-DQB1 f Total fCaucasian  f Mestizo f Black f Oriental
A*01 C*07 B*08 MICA*08 DRB1*03 DQA7*05 DQB1*02 0.024 0.029 0.010 0.040 -
A*26 C*12 B*38 MICA*02 DRB1*13 DQA1*01 DQB1*06 0.008 0.007 - - -
A*02 C*'04 B*35 MICA*16 DRB1*03 DQA71*05 DQB1*02 0.007 0.007 - - -
A*02 C*'07 B*07 MICA*08 DRB1*01 DQA1*01 DQB1*05 0.007 0.005 0.005 - -
A*24 C*12 B*52 MICA*09 DRB1*15 DQA1*01 DQB1*06 0.007 - - - 0.222
A*24 C*07 B'08 MICA*08 DRB1*03 DQA1*05 DQB1*02 0.007 0.005 - - -
A*03 C*07 B*07 MICA*08 DRB1*15 DQA1*01 DQB1*06 0.007 0.007 - - -
A*33 C*'08 B*14 MICA*11  DRB1*01 DQA1*01 DQB1*05 0.007 0.005 - - -
A*68 C*'03 B*40 MICA*27 DRB1*04 DQA1*03 DQB1*03 0.007 0.002 - 0.010 -
A*11 C*'04 B*35 MICA*02 DRB1*01 DQA1*01 DQB171*05 0.007 0.010 - - -

-. Did not occur in this group.
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3. CAPITULO III

3.1. CONCLUSOES

Os alelos HLA classe I e classe II dos pacientes com doenga renal cronica foram
determinados, sendo os mais frequentes: HLA-A*02, B*35, C*07, DRB1*04, DQA1*01 e
DQB1*03, alelos comuns em outros estudos com populagdes européias.

Quanto a frequéncia dos alelos MICA, o MICA*008 foi o mais comum na populacao
investigada e em outros povos pelo mundo.

Todos os alelos estudados estavam em equilibrio de Hardy-Weinberg com excessao do
HLA-B, sugerindo interferéncia do tipo de amostra.

A comparacdo global dos alelos MICA, entre individuos com DRC e individuos
saudaveis da mesma regido, apresentou diferenga estatisticamente significativa, sendo o
MICA*019 mais frequente nestes 0 MICA*027 naqueles. A mesma comparagdo realizada
com HLA-B ndo apresentou diferenca. O haplotipo MICA*009-HLA-B*51 foi o mais comum
nos dois gupos. Como esperado devido a proximidade do loci MICA e HLA-B, a maioria dos
haplotipos mostraram forte desequilibrio de ligagdo. O conhecimento do perfil desses
marcadores em pacientes com DRC, potenciais candidatos ao transplante de uma regido e sua
comparagdo com individuos saudaveis pode favorecer um melhor entendimento da relagao
entre antigenos do MHC e desenvolvimento da doenga renal.

Nesse trabalho foram comparadas as frequéncias alélicas e haplotipicas HLA e MICA
entre os grupos étnicos. Foi demonstrado uma contribuicdo €tnica nas amostras analisadas,
com evidéncias de que a populacdo brasileira ¢ formada por uma mistura de etnias, € que a
contribui¢do HLA e MICA ¢ determinada pela etnia predominante de cada regido, uma vez
que os alelos de origem européia se apresentaram em maior nimero que os demais (HLA-
A*01- C*07-B*08-MICA*008-DRB1*03-DQA1*05-DQB1*02). No entanto, foi encontrado
uma série de outros grupos alélicos, que podem resultar da contribui¢do de alelos de
diferentes populagdes amerindias ou européias, africanas e asiaticas que colonizaram a regiao.

Nossos dados podem ser uteis como referéncia clinica preliminar para melhor
compreensdo dos mecanismos envolvidos na rejei¢do de aloenxertos associados aos
polimorfismos HLA e MICA na populagdo brasileira, além de contribuir com parametros
epidemioldgicos no planejamento de distribuigdo de 6rgdos, de acordo com o perfil genético

de cada regido.
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3.2.PERSPECTIVAS FUTURAS

O antigeno MICA, desde seu primeiro relato, tem sido alvo de constantes estudos e
discussoes. Isso se deve por ser uma molécula que carrega fortes indicios de associagdo na
patogénese de diversas doencgas, imunogenicidade e indu¢ao de aloanticorpos em transplantes,
presenca chave em células cancerigenas e outras diversas areas relevantes para a evolucao da
espécie humana. Em virtude dessas caracteristicas, sua participagdo no desenvolvimento da
doenca renal precisa ser ainda melhor investigado.

O conhecimento do polimorfismo HLA, na populacdo de candidatos ao transplante,
podera contribuir em estudos de associacdo e suscetibilidade a diversas doencas as quais os
pacientes portadores de DRC sdo acometidos.

O estudo de antigenos de histocompatibilidade, principal e sencundéario, na DRC
pordera auxiliar na compreensdo da doenca, melhor sele¢do no transplante de orgdos e

evolugdo do enxerto.



