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Resuma

Introducio: A toxoplasmose ocular, caracterizada por uma inflamagdo intraocular, ¢ a
manifestacdo clinica mais comum da toxoplasmose, doenga infecciosa causada pelo
protozoario Toxoplasma gondii. As lesdes podem afetar a macula, as diversas camadas da
retina ¢ a coroide resultando em retinocoroidite com diferentes graus de comprometimento
ocular. A doenca de Chagas é resultante da infec¢@o pelo protozoario Trypanosoma cruzi.
Apds 20 anos de infecgdo, cerca de 30% dos pacientes desenvolvem a cardiopatia chagasica
cronica, que se manifesta clinicamente por arritimia ventricular maligna, tromboembolismo,
morte subita cardiaca e insuficiéncia cardiaca cronica. Dez por cento dos pacientes
apresentam a forma digestiva, caracterizada principalmente por dilatacdes do esdfago e/ou
cblon devido ao processo de denervacdo. A progressdo de uma infec¢do, assim como o
desenvolvimento de diferentes formas clinicas e diferentes graus de gravidade, podem estar
relacionadas com as caracteristicas genédticas do patéogeno e do hospedeiro. Dentre os
fatores relacionados ao hospedeiro, a resposta imunologica desperta um interesse especial e
os marcadores genéticos exercem importante papel modulador neste contexto, pois podem
contribuir para patogénese ou resisténcia do curso clinico dessas infeccdes. Objetivo: O
presente estudo teve como objetivo verificar a hipdtese de que os genes KI/R, seus ligantes
HLA e o polimorfismo do gene MICA estio associados a toxoplasmose ocular (TO) e as
diferentes formas clinicas da doenga de Chagas. Casuistica e métodos: Foram incluidos no
estudo 297 pacientes com toxoplasmose, 148 clinicamente classificados com TO e 149 sem
TO. Também participaram deste estudo 267 pacientes com doenga de Chagas, 78
clinicamente classificados com a forma digestiva da doenga, 107 com a forma cardiaca, 82
com a forma mista. O teste de ELISA foi realizado para confirmar as infec¢des por T.
gondii e T. cruzi. Os polimorfismos destes genes foram identificados por PCR-SSOP e PCR

nested. As variaveis continuas foram comparadas utilizando o teste t ndo pareado. Para
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comparag@o dos demais resultados foram realizados o Teste Qui-quadrado com corregdo de
Yates ou o Teste Exato de Fisher. Resultados: Em relagio a toxoplasmose, alelos ¢
gendtipos MICA nido diferiram entre os pacientes com e sem TO, nem entre os pacientes
com a manifestagdo primaria ou recorrente da doenca. O gene KIR3DSI foi associado
positivamente com o desenvolvimento da TO. Genes KI/R ativadores juntamente com o0s
seus ligantes HLA (KIR3DS17/Bw4-80lle* e KIR2DS1%/C2* + KIR3DS1*/Bw4-80Ile")
foram associados com suscetibilidade a TO e as suas manifestagdes clinicas primaria e
recorrente. Os pares inibidores - KIR2DL3/2DL3-C1/C1 e KIR2DL3/2DL3-C1 — foram
associados com a resisténcia a TO e suas manifestacdes clinicas, enquanto que a
combina¢do KIR3DS1/KIR3DL1%/Bw4-801le* foi associada como fator de prote¢do para o
desenvolvimento da TO e, em particular, para a manifestagdo recorrente. Quanto a doenga
de Chagas, o alelo MICA-129met foi associado como fator de risco para o desenvolvimento
da disfungio sistdlica ventricular esquerda (DSVE) em pacientes com cardiopatia chagasica
cronica, enquanto que o alelo MICA-129val foi associado com a protegdo ao
desenvolvimento da DSVE. Em especial o haplotipo homozigoto MICA-129 met/met foi
associado com o desenvolvimento da DSVE grave e o gendtipo homozigoto MICA-129
val/val foi associado com a protecdo desta condicdo. Também foi possivel demonstrar que o
haplotipo  MICA*008~HLA-C*06 e a combinagdo entre KIR e seus ligantes HLA -
KIR2DS2-/KIR2DL2-/KIR2DL3*/C1* - foram associados como fatores de suscetibilidade a
forma clinica digestiva da doenga de Chagas. Conclusdes: Nossos resultados demonstram
que os genes KIR podem exercer influéncia tanto na toxoplasmose ocular quanto na forma
clinica digestiva da doenca de Chagas, enquanto que MICA pode exercer influéncia nas
formas clinicas da doenca de Chagas, mas nao no desenvolvimento da toxoplasmose ocular.
Palavras-chave: Toxoplasmose; Doenca de Chagas; Receptores KIR; Antigenos HLA;

Associag¢do genética.
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Ubstract

Introduction: Ocular toxoplasmosis, characterized by an intraocular inflammation, is the
most common clinical manifestation of toxoplasmosis, the infectious disease caused by the
protozoan Toxoplasma gondii. The lesions can affect the macula and other layers of the
retina and the choroid, resulting in retinochoroiditis with different degrees of ocular
involvement. Chagas disease is resulting from infection by the protozoan Trypanosoma
cruzi. After 20 years of infection, about 30% develop chronic Chagas heart disease, which
is clinically manifested by malignant ventricular arrhythmia, thromboembolism, sudden
cardiac death, and chronic heart failure. Ten per cent of Chagas patients present the
digestive form of the disease, characterized mainly by dilatations of the esophagus and/or
colon, due to the denervation process. The progression of the infection, as well as the
development of the different clinical forms and different degrees of severity may be related
to genetic characteristics of the pathogen and the host. Among the factors related to the
host, the immunological response is of special interest with genetic markers playing an
important modulating role in this context as they may contribute to the pathogenesis or
resistance in the clinical course of these infections. Objective: The present study aimed to
verify the hypothesis that K/R genes, their HLA ligands and MICA gene polymorphisms are
associated with ocular toxoplasmosis (OT) and the different clinical forms of Chagas
disease. Patients and Methods: This study included 297 patients with toxoplasmosis, 148
clinically diagnosed with OT and 149 without OT. Moreover, 267 patients with Chagas
disease were enrolled: 78 clinically diagnosed with the digestive form of the disease, 107
with the cardiac form and 82 with the mixed form. The ELISA technique was used to
confirm infection by 7. gondii and T. cruzi. Polymorphisms of the K/IR and MICA genes
were identified by PCR-SSOP and nested PCR. Continuous variables were compared using

the unpaired t test and the Chi-square test with Yates correction or the Fisher's exact test
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were used compare the other results. Results: In relation to the toxoplasmosis, MICA
genotypes and alleles did not differ between patients with and without OT, or between
patients with the primary or recurrent manifestations of the disease. KIR3DSI gene was
positively associated with the development of OT. KIR activating genes along with their
HLA ligands (KIR3DS1%/Bw4-80Ile®, KIR2DS1*/C2* and KIR3DS17/Bw4-80Ile") were
associated with susceptibility to OT and both its primary and recurrent clinical
manifestations. The ihibitory pairs - KIR2DL3/2DL3-C1/C1 and KIR2DL3/2DL3-C1 -
were associated with resistance to OT and its clinical manifestations, whereas the
combination KIR3DS1-/KIR3DL1"/Bw4-80lle* was a protection factor for the development
of OT and, in particular, against recurrent manifestations. As for Chagas disease, The
MICA-129met allele was associated with the development of left ventricular systolic
dysfunction (LVSD) in patients with chronic chagasic cardiomyopathy, while the MICA-
129val allele was associated with a protection of developing LVSD. In particular, the
MICA-129 met/met homozygous haplotype was associated with the development of severe
LVSD and the MICA-129 val/val homozygous genotype protected against this condition. It
was also possible to demonstrate that the haplotype MICA*008~HLA-C*06 and the
combination between KI/R genes and their HLA ligands - KIR2DS2/KIR2DL2-
/KIR2DL3*/C1* - were associated with susceptibility for the digestive clinical form of
Chagas disease. Conclusions: Our results demonstrate that K/R genes may influence both
OT and the clinical digestive form of Chagas disease, whereas the MICA gene may
influence the clinical forms of Chagas disease, but not the development of OT.

Key words: Toxoplasmosis; Chagas disease; KIR receptors; HLA antigens; Genetic

association
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1.

INTRODUCAO

1.1 Toxoplasmose

O Toxoplasma gondii, agente causador da toxoplasmose, foi descrito
oficialmente em 1909 por Nicolle ¢ Manceaux em um pequeno roedor (Ctenodactylus
gundi) no norte da Africa.))’. Ao mesmo tempo no Brasil, Splendore® observou o
mesmo parasito em coelhos. Inicialmente, acreditou-se ser uma forma particular de
Leishmania sp., no entanto, os primeiros autores constataram que se tratava de um novo

parasito.

O T. gondii ¢ um protozoario pertencente ao Filo Apicomplexa, Classe
Sporozoa, Subclasse Coccidia, Ordem Eucoccidiida, Subordem Eimeriina, Familia
Sarcocystidae, Subfamilia Toxoplasmatinae, Género Toxoplasma e Espécie Toxoplasma
gondii.® Considerado um parasito intracelular obrigatorio, o 7. gondii consiste em um
patogeno de importdncia médica e veterinaria. Este protozodrio apresenta trés estagios
evolutivos como formas infectantes para o homem: oocisto esporulado, taquizoito e
cisto de bradizoito.* O ciclo de vida desse parasito ¢ heteroxeno, tendo os felinos
como hospedeiros definitivos, e varios mamiferos e aves como hospedeiros
intermediarios, incluindo o homem.® A descrigdo completa do ciclo de vida do T

gondii encontra-se na figura 1.
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Figura 1. Ciclo de vida do protozoario 7. gondii. (Adaptado).©

(1) Apds a ingestdo de cistos teciduais de bradizoitos, os quais podem ser encontrados
em tecidos de hospedeiros intermedidrios que servem como presas (ratos, passaros), (2)
os parasitos mvadem os enterécitos e se multiplicam de forma assexuada, (3) até a
formagdo do macro e microgametocitos, responsaveis pela reprodugdo sexuada. (4)
Apds a fecundagdo dos gametas, ocorre a formagdo dos oocistos ndo esporulados, os
quais sdo liberados juntamente com as fezes do animal (5) Os oocistos no ambiente
sofrem esporulacdo com formacdo de dois esporocistos (6) com quatro esporozoitos
cada. A forma esporulada do parasito é resistente por anos em ambientes com condi¢cdes
favoraveis. (7) Uma vez ingerido, pelos hospedeiros intermedidrios, os esporozoitos sao
liberados dos oocistos e estes penetram nas células epiteliais do intestino, onde sofrem
diferenciacdo em taquizoitos (8), forma extremamente proliferativa, a qual estabelece a
infecc@o aguda. (9) Durante a infeccdo aguda, os taquizoitos podem ser transmitidos da
mae para o feto, levando a toxoplasmose congénita. (10) Com o desenvolvimento das
respostas imunoldgicas, os taquizoitos diferenciam-se em bradizoitos dentro de cistos
teciduais. Neste estdgio o parasito pode permanecer latente por toda a vida do
hospedeiro mntermediario ou (11) pode ser transmitido por carnivorismo para outros

hospedeiros, inclusive o gato, reiniciando o ciclo.*?



A infeccdo pelo 7. gondii pode ser adquirida pelo homem por vias vertical ou
pds-natal. A transmissdo pela via vertical ocorre geralmente quando a mie adquire a
infeccdo primaria durante a gravidez com disseminacdo de taquizoitos ou, menos
comumente, quando passa por periodos de reagudizacdo.® A transmissdo via pos-natal
geralmente ocorre por meio da ingestio de alimentos ou dgua contaminada com os
oocistos esporulados, pelo consumo de carne crua ou mal passada de animais com cistos
de bradizoitos, ou pelo leite ndo pasteurizado contaminado com taquizoitos.®) Além
destes meios de infeccdo ha possibilidades de transmissdo via transplante de drgdos

solidos ® e por transfusdo de hemocomponentes.©®19

Considerada uma zoonose altamente disseminada, estima-se que 25 a 30% da
populacdo mundial esteja cronicamente infectada pelo 7. gondii. Todavia, as taxas de
prevaléncia s@o varidveis em diversas partes do mundo, variando de 10 a 80% entre
diferentes paises e dentro do mesmo de acordo com comunidades e regides devido a
fatores climaticos, geograficos e culturais atribuidos principalmente com tipo de
alimentagdo, higiene e exposi¢do ambiental. No Brasil, a prevaléncia de infec¢do por 7.
gondii ¢ bastante elevada, estimando atingir cerca de 50% das criancas em idades do

ensino fundamental, e entre 50 a 80% das mulheres em idade fértil.®)

O termo toxoplasmose, na maioria das vezes, ¢ utilizado indistintamente para se
referir tanto a infeccdo como a doenga causada pelo agente. Porém, apenas a presenga
do protozoario caracteriza-se a infec¢do, enquanto que a doenca ¢ acompanhada de
sinais ¢ desfechos clinicos. A mvestigagdo das consequéncias da infec¢do por 7. gondii
em humanos ¢ o principal fator que responde pelo enorme interesse em se estudar a

doenga atualmente por constituir um problema de satde publica em todo mundo, e tem



sido direcionada a grupos de risco tais como portadores de imunodeficiéncias, pacientes
transplantados, gestantes e neonatos pelo risco de transmissdo congénita e das sequelas

resultantes, além de portadores de lesdo ocular.(!D

A toxoplasmose ocular (TO) € a manifestacio clinica mais comum da
toxoplasmose e caracterizada por um processo inflamatério intraocular.(2 As lesdes
podem ser originadas tanto da infec¢do congénita, quanto da infec¢do adquirida apds o
nascimento(3:19 e pode atingir a macula, as demais camadas da retina e a coroide,
resultando em retinocoroidite, a causa mais frequente de uveite posterior em pacientes
imunocompetentes.(!2) As manifestacdes oculares ocorrem de forma precoce ou tardia,
com manifestagdo clinica primaria ou recorrente(!5) ¢ apresenta diferentes graus de
comprometimento ocular que podem variar de acordo com o estado imunoldgico do

individuo e a viruléncia do parasito.(12:10)

Apesar da soroprevaléncia da toxoplasmose ser elevada, o percentual de
individuos com comprometimento ocular ¢é relativamente baixo.!”)  Segundo
estimativas, a TO ocorre aproximadamente 2 em cada 100 individuos com sorologia
reagente que adquiriram a infec¢do apos o nascimento.(!® Adicionalmente, a incidéncia
anual global de 19.000 novos casos de infec¢do congénita traz sequelas oculares
significativas,(1?) atingindo indices de 20% em criangas até os seis anos de idade.?0
Contudo, o niimero de casos de TO ndo deixa de representar um grande fardo para os
sistemas de saude publica em todo mundo, ¢ um bom exemplo disso ¢ que cerca de
250.000 pacientes que procuraram consultas nos oftalmologistas nos EUA em um
periodo de dois anos foi devido a TO.2D No Brasil, a prevaléncia de TO ¢ elevada em

algumas regides geograficas e varia de acordo com as regides do pais.(2227)



A fundocospia e a retinografia sdo ferramentas utilizadas para o diagndstico
clinico das lesdes oculares, que permitem ao especialista visualizar as caracteristicas da
lesdo e sua gravidade. As lesdes compativeis com a toxoplasmose apresentam: A- focos
de retinocoroidite em atividade caracterizados por lesdes brancacentas da cordide e da
retina com margens imprecisas, podendo ou ndo apresentar exudag¢do vitrea e, B-
podendo também, estar associada a lesdo cicatrizada satélite, indicativa de recorréncia
(Figura 2). Focos de retinocoroidite em processo de cicatrizacdo ou cicatrizados
caracterizados como sendo do tipo: I- cicatrizes atroficas com halo pigmentado; II-
cicatrizes pigmentadas com halo atréfico; III- cicatrizes inteiramente pigmentadas ou
atréficas (Figura 3).2® Recentemente, a técnica de Tomografia de Coeréncia Optica
(OCT) também tem sido utilizada para o diagndstico e acompanhamento de lesdes
decorrentes da infecgdo toxoplasmica.@”39 A OCT ¢ uma técnica ndo invasiva que
possibilita realizar cortes transversais nas estruturas oculares através da comparagdo
entre diferentes feixes de luz, transmitido e refletido ao olho, os quais possibilitam obter
medidas de alta resolucdo das estruturas oculares.(®!) Dessa forma, a imagem da OCT na
toxoplasmose ocular representa a refletividade das camadas da retina e dos tecidos
subjacentes, o qual permite localizar o infiltrado inflamatorio e especificar a camada da
retina acometida, sendo util na avaliacdo da extensdo e gravidade das lesdes oculares;
além de identificar alteracdes morfologicas ndo evidenciadas clinicamente. @30 (Figura

4).



Figura 2. Retinografia colorida mostrando (A) uma lesdo coriorretiniana exsudativa

aguda e (B) lesdo satélite decorrentes da infecgdo por 7. gondii. (Adaptado).?



Figura 3. Retinografia colorida mostrando os tipos de cicatrizes oculares decorrentes da
infec¢do por 7. gondii. (Adaptado).®)

(I) Area central clara com halo hiperpigmentado, na qual a parte clara representa a
esclera, camada mais externa do globo ocular; nesse tipo de lesdo o processo
inflamatério causou a destruicdo da retina e da cordide permitindo assim a visualizagcdo
da esclera. (II) Centro hiperpigmentado com borda clara; nesse tipo de lesdo a reagdo
inflamatéria € provavelmente de menor intensidade e acarreta em destruicdo mais
moderada do tecido. (IlI-a) hiperpigmentadas e/ou (I1I-b) apigmentadas; Nesses tipos de
lesdes os danos teciduais sdo menos graves que os causados pelas lesdes representadas
por (I) e (II), e a etiologia deixa margens de duvida de ser ou ndo causada pela infeccao

por T. gondii.?®



Figura 4. Tomografia de Coeréncia Optica (OCT) mostrando diferentes estagios de
uma lesdo ocular decorrente da infeccdo por 7. gondii durante um periodo de
acompanhamento. (Adaptado).?

(A) Primeiro exame. Descolamento da membrana hialdide posterior (MHP) (ponta de
flechas) e aumento de refletividade das camadas da retina interna com presenga de
sombreamento Optico posterior localizado na regido do complexo estrato pigmentoso da
retina coriocapilar-cordide subjacente ao local da les@o ativa (asterisco), caracterizando
o processo inflamatorio retiniano. (B) Segundo exame, 12 semanas. Aumento da
extensdo do descolamento da MHP. (C) Terceiro exame, 24 semanas. Aumento na
extensdo do descolamento da MHP (pontas de flechas), diminuigdo na espessura
retiniana com desorganizagdo completa de suas camadas, e aumento relativo da
refletividade da coriocapilar-cordide (asterisco), achados caracteristicos de cicatrizagcdo

das lesdes.GCO

Rotinerramente na pratica clinica, emprega-se o uso de testes laboratoriais, os
quais atuam de forma complementar para o diagnéstico clinico defmitivo.G3) O
diagndstico laboratorial da infec¢do por 7. gondii pode ser realizado através de métodos
indiretos e diretos de detec¢do. Os métodos indiretos sdo baseados em critérios
imunologicos, ou seja, na deteccdo de anticorpos especificos da classe IgM como
marcador de infeccdo recente/aguda e da classe IgG para infec¢do cronica.G+3% Os
métodos diretos sdo baseados na identificacdo do parasito ou de seu material genético
através de técnicas moleculares que empregam o uso da Reacdo em Cadeia da

Polimerase (PCR).(6.37)



1.2

10

A terapéutica empregada para o tratamento da TO consiste no uso de
pirimetamina, sulfadiazma e 4cido folinico. O uso de corticosterdides também &
indicado quando ha intensa reacdo inflamatéria. No entanto, a administragdo de
corticosterdides durante a parasitemia (sem medicagcdo especifica para toxoplasmose)
pode causar acentuada destruicdo da retina e disseminacdo descontrolada da infeccdo.
Assim, o diagnostico preciso e o rapido inicio do tratamento sdo fatores essenciais para
a preserva¢do de uma boa acuidade visual final.®® Também tem sido demonstrado que

o tratamento prolongado a base de sulfa reduz as frequéncias de recidivas.?)

Respostaimune contra o 7. gondii e suainfluéncia na patogénese da toxoplas mose

ocular

O controle do 7. gondii envolve a imunidade inata e adquirida por meio da

mobilizacdo de uma variedade de células tais como, neutréfilos, macrofagos, células

dendriticas, células natural killer (NK) e células T e B.

Neutrdfilos, macrofagos e células dendriticas s@o essenciais na fase inicial da
resposta imunologica dirigida ao parasito, pois sdo células secretoras de Interleucina-12
(IL-12) e de fator de necrose tumoral-alfa (TNF-a), citocinas essenciais para a
resisténcia contra a infec¢do.0:4) Essas citocinas estimulam as células NK a
produzirem interferon-gama (IFN-y), e este por sua vez, estimula a atividade
microbicida dos macréfagos, mediado por radicais téxicos de oxigénio, € promove o
desenvolvimento de células T helper 1 (Thl), também produtoras de IFN-y.42) A agdo
combinada dessas citocinas, além de outros mecanismos imunoldgicos, é responsavel
pela protegdo do hospedeiro contra a rapida proliferacdo de taquizoitos e, subsequente

alteragdes patologicas.®
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A imunidade celular, mediada pelos linfocitos T, atua como mecanismo de
defesa contra os parasitos que sobrevivem dentro de fagocitos ou em células nio-
fagociticas infectadas, onde estdo protegidas de anticorpos. Os linfocitos helper (Th) sao
divididos nas subpopulagdes Thl e Th2, distinguidas pelo padrio de producdo de
citocinas. Células Thl CD4" produzem citocinas, cuja fungdo € estimular a proliferacao
e a diferenciacdo dos linfocitos citotoxicos e macrdfagos. Células com perfil Thl
secretam preferencialmente IFN-y e IL-2, sendo IL-2 responsavel pela indugdo da
ativagdo de células T CDS8", as quais sdo citotoxica para as células-alvo infectadas com
o T. gondii devido a producdo de IFN-y, além de estimular a ativacdo das células NK.
No entanto, um efeito efetivo das células T contra o parasito ¢ mediado pelo Major
histocompatibility complex (MHC).3-44 Por outro lado, células Th2 produzem IL-4, IL-
5, IL-10 e IL-13, citocinas associadas a baixa regulacdo da resposta imune mediada por
células e responsdveis por induzirem a imunidade predominantemente do tipo
humoral.*» Na infec¢do por 7. gondii, as citocinas de perfil Th2 também podem ser

recrutadas para controlar a resposta imune proinflamatoria prejudicial.43)

Outro conjunto de células Th, denominadas de Thl7, também foram descritas
como tendo um papel crucial no dano tecidual autoimune, devido a producdo de 1L-17,
potente indutor da inflamagdo. Além disso, a auséncia de IL-17 impede a migracdo dos

neutrofilos para os sitios de infec¢do o que pode ser prejudicial para o hospedeiro.(!7)

Anticorpos também s3o produzidos em resposta ao 7. gondii. Em sintese, eles
atuam nos taquizoitos extracelulares que s@o liberados apos a lise de uma célula
infectada; limitando a multiplicagdo dos mesmos através da lise do parasito apos a

ativagao da via do complemento, pela opsonizagdo dos parasitos ou aumentando a agao
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fagocitaria dos macrofagos. Entretanto, esses mecanismos nio oferecem proteg¢do contra

0s parasitos vivos que estdono interior das células.®>

A resposta imune intraocular € suprimida em circunstdncias normais o que
diminui chance de destruicdo tecidual.#® Nessas condi¢des, células presentes em varios
tecidos do olho expressam constitutivamente ligante de Fas (Fas-L), o qual ¢ capaz de
promover a delegdo de células T e de células NK no olho. Além disso, também ha
presenca de citocinas como transforming growth factor beta (TGF-B) que possui
propriedades imunossupressoras ¢ que reduz a expressdo de moléculas MHC de classe
L4748 na qual pode comprometer as respostas citotoxicas de linfocitos. Contudo,
evidéncias recentes indicam que o olho ¢ um sitio que possui um sistema de
imunorregulagdo bem estabelecido, no qual ocorre apresentagdo de antigeno, produgdo
de citocinas e de anticorpos.(?) Niveis menores de TGF-p foram encontrados em fluidos
oculares de individuos portadores de uveites;#® além disso, foi demonstrado que o 7.
gondii ¢é capaz de estimular a expressdo e modificar a forma ativa do TGF-B

favorecendo assim a replicagdo do parasito.©?

Os danos aos tecidos oculares levaram a proposicdo de fendmenos que podem
estar relacionados aos mecanismos patogénicos da toxoplasmose ocular, e esses
fendmenos podem ser explicados principalmente pela viruléncia do parasito e pela agdo
da resposta imunologica dirigida contra o parasito que pode resultar em autoagressio. (10
Em relagdo a resposta imune, ha evidencias de que a infec¢do por 7. gondii promove a
produgcdo de fatores que anulam o privilégio imune, como IFN-y, que desenvolve papel
crucial na resisténcia contra a infec¢do, além de ser um antagonista potente de TGF- f3 e,

hiper-regular a expressdo de moléculas MHC.#3-5) Em modelos murinos foi
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demonstrado que a resposta imune ocular contra 7. gondii envolve fatores semelhantes a
resposta que ocorre nos demais tecidos podendo levar ao aumento da intensidade das
lesdes oculares caracterizadas pela necrose ou inflamagdo acentuada da retna e da

coroide.“2.52,53)

A resposta imunoldgica pode determinar o desenvolvimento das lesdes oculares
decorrentes da infeccdo por 7. gondii, ¢ os mecanismos envolvidos podem estar
associados tanto com a patogénese quanto aos efeitos protetores que controlam o dano
tecidual. Atualmente sabe-se que uma resposta Thl exacerbada, conduzida em especial
por células Th-17, pode causar danos teciduais e contribuir para a gravidade da
toxoplasmose ocular devido a producdo de IL-17, um indutor potente da
inflama¢d0.6433) Entretanto, além das Th-17, existem fontes celulares adicionais de IL-
17 que contribuem para o desenvolvimento de condicdes inflamatérias, incluindo as

células NK.0)

Tem-se demonstrado um aumento do nimero de monocitos proinflamatdrios e
células NK CD564im citotdxicas circulantes ¢ diminuigdo de células NK CD56bright
imunoregulatérias em criancas infectadas por 7. gondii de forma congénita e que
apresentam lesdo ocular ativa. Ainda, subpopulagdes de células NK e T CD8* exercem
participacdo crucial como biomarcadores de lesdo ocular cicatricial.5?) Além disso, ha
evidéncias de que as células NK apresentam perfil predominantemente pro-inflamatorio

in vintro frente a infec¢do por 7. gondii, devido produgdo aumentada de IFN-y em

pacientes com toxoplasmose ocular congénita.>)

Os dados encontrados na literatura sugerem que a resposta imunoldgica mediada

por células NK parece ser diretamente influente no combate ao 7. gondii e no quadro
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final da toxoplasmose ocular. Tem sido demonstrado recentemente que as células NK
exercem funcdes bioldgicas sofisticadas que sdo atributos da imunidade inata e
adaptativa rompendo as fronteiras funcionais entre essas respostas.*® Assim, interagdo
das células NK com a célula-alvo exerce fungdo relevante na iniciagdo e regulagdo da
resposta imunoldgica e, a base molecular dessas interagdes celulares parece ser crucial
para que ocorra uma resposta eficiente ¢ modulada no combate ao parasito evitando
danos teciduais. Dessa maneira, polimorfismos em genes que codificam seus receptores

e ligantes podem exercer papel relevante nessa patologia.

1.3 Doenga de Chagas

A doenga de Chagas ¢ uma antropozoonose de larga distribuicdo no continente
americano, especialmente na América Latina, resultante da infec¢do pelo protozoario
flagelado Trypanosoma cruzi. A doenca foi descrita pela primeira vez em 1909 por
Carlos Justiniano Ribeiro das Chagas, médico e cientista brasileiro.C? Atualmente, as
estimativas de prevaléncia da infeccdo apontam que aproximadamente 6-7 milhdes de
individuos estdo infectados,® e cerca de 65 milhdes estdo sob o risco de contrair a
doenca, com uma incidéncia total estimada de 28.000 novos casos por ano.®) No
Brasil, estima-se que pouco mais de 4 milhdes de pessoas estariam infectadas pelo 7.
cruzi, e as maiores prevaléncias foram verificadas em mulheres, com idade superior a

60 anos e residentes nas regides nordeste e sudeste do pais.(©2)

A prevaléncia, a incidéncia e a taxa de mortalidade associadas a doenga de Chagas
apresentaram considerdveis variagdes nas ultimas décadas, devido principalmente ao
impacto de programas de controle de vetores, migracdes de populagdes rurais e urbanas,

além de mudangas socio-econdmicas.(® No entanto, a taxa da mortalidade relacionada
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a doenca de Chagas, persiste em niveis elevados.©+%0) Embora conhecida a mais de um
século, a doenca de Chagas ainda ¢ considerada uma doen¢a negligenciada, que além de
afetar areas rurais e pobres, 7 por causa da crescente urbanizagdo durante as trés
ultimas décadas do século XX também tornou-se uma doeng¢a de endemia urbana.®®
Atualmente, sua propagagdo da América Latina para paises ndo endémicos, devido a
migracdo internacional, se tornou em um problema de saude global, atingindo areas ndo

endémicas que sdo destinos dos imigrantes latinos.©?)

A forma classica e natural de transmissdo do 7. cruzi para o homem e outros
mamiferos ¢ através da via vetorial e ocorre pelas fezes contaminadas dos triatomineos,
que possuem o habito de defecar durante o repasto sanguineo, € que penetram na pele
pelo local da lesdo decorrente da picada ou mucosas, sendo considerado o mecanismo
de transmissdo de maior importidncia epidemiologica.™® A infecg¢do também pode ser
transmitida por meio de transfuso sanguinea, o segundo mecanismo de maior
importancia epidemioldgica na transmissdo da doenga de Chagas,’) de forma congénita
e oral, sendo esta ultima adquirida pela ingestdo de alimentos e bebidas contaminados
com o 7. cruzi, no qual os triatomineos infectados geralmente sdo ftriturados
acidentalmente junto ao alimento durante o preparo. Existem ainda outros mecanismos
de transmissdes menos incidentes, tais como transplantes de orgdos e acidentes

laboratoriais.(©%

O T. cruzi é um protozoario flagelado pertencente a Ordem Kinetoplastida, Familia
Trypanosomatidae ¢ Género Trypanosoma (» e mais de 100 espécies sdo reconhecidas
como reservatorios naturais para esse parasito.© Os vetores da doenga de Chagas sdo

msetos hematdfagos da Ordem Hemiptera, Familia Reduvidae e Subfamila
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Triatominae.(”® Entre as mais de 150 espécies encontradas como potenciais vetores do
T. cruzi(™» as de maior importdncia epidemioldgica para infecgdo humana sdo:
Triatoma infestans, Triatoma brasiliensis, Triatoma dimidiata, Rhodnius prolixus,
Triatoma pseudomaculata, Triatoma sordida e Panstrongylus megistus.(™ Sob
condi¢des naturais, o ciclo de vida do 7. cruzi alterna entre um hospedeiro invertebrado
da Familia Reduviidae e, um hospedeiro vertebrado, que pode ser qualquer espécie de
mamifero de diferentes ordens e envolve varias fases de desenvolvimento. A descri¢do

completa do ciclo do 7. cruzi encontra-se na figura 5.
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Figura 5. Ciclo de vida do protozoario T. cruzi. (Adaptado).

(1) O mseto infectado elimina os tripomastigotas metaciclicos através das excretas
durante o hematofagismo. (2) As formas tripomastigotas invadem células do
hospedeiro, onde se transformam em amastigotas. (3) Dentro das células, os amastigotas
multiplicam-se por divisdo bindria simples. (4) Amastigotas intracelulares se
transformam em tripomastigotas e, com o rompimento das células entram nas correntes
sanguinea e linfatica, podendo invadir novas células para cumprirem novo ciclo celular
no hospedeiro. (5) Os tripomastigotas sanguineos podem ser ingeridos por novo inseto,
contmuando o ciclo do parasito. (6) No mterior do tubo digestivo do iseto os
tripomastigotas sanguineos se transformam em epimastigotas, (7) os quais se
multiplicam por divisdo bindria simples. (8) Os epimastigotas se diferenciam em

tripomastigotas metaciclicos. ()

O desenvolvimento da doenga de Chagas ocorre por fases aguda e cronica e,
tanto a variabilidade genética e bioldgica do parasito quanto do hospedeiro podem
influenciar o curso de evolugdo da doenga.® A fase aguda pode ser sintomatica ou

assintomatica. Quando sintomatica, os sinais clinicos mais relacionados com a infecgdo
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aguda sdo reacdo inflamatdria local com formacdo de forte edema na regido de entrada
do parasito (chagoma de inoculagdo ou sinal de Romaiia, quando a transmissdo ocorre
de forma natural), febre, mal estar, poliadenia, hepatoesplenomegalia e msuficiéncia

cardiaca.(’

Apds um periodo de 4-10 semanas os pacientes progridem para uma fase cronica
indeterminada que acomete a maioria dos individuos (aproximadamente 60%) e podem
permanecer assim por toda vida.%79) Essa fase ¢é caracterizada por auséncia de
sintomas, estudos radioldgicos e eletrocardiograficos normais e sorologia reagente para

o7 cruzi.(’?

Os idividuos infectados cronicamente podem vir a desenvolver manifestagdes
clinicas da doenca de Chagas com lesdes irreversiveis em alguns 6rgdos. Cerca de 30%
desenvolvem, a cardiopatia chagasica cronica (CCC) de gravidade variavel; e 10%
apresentam a forma digestiva, caracterizada principalmente por dilatacdes do esofago
e/ou codlon. Alguns pacientes apresentam também associacdo das manifestagdes

cardiaca e digestiva, conhecida como forma mista ou cardiodigestiva.(78:80)

A CCC constitui uma das manifestagdes clinicas graves da doenca de Chagas, e
em areas endémicas, representa a principal causa de incapacidade e mortalidade.®) A
doenca manifesta-se por insuficiéncia cardiaca, transtornos do ritmo dos batimentos e
da conducdo elétrica, fenomenos tromboembolicos, dor no peito precordial e morte
subita. Pacientes portadores desta forma clinica apresentam miocardite usualmente
mtensa e difusa, sendo acompanhadas de cardiomegalia, lesdes vasculares e

fibrose.(66.82)
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Pacientes portadores da forma digestiva apresentam sintomas decorrentes de
comprometimento de orgdos deste sistema devido a dilatagdo e hipertrofia muscular
com formag¢do de megavisceras, principalmente do eséfago (megaesdfago) e do cédlon
(megacdlon). As manifestagdes clinicas devido ao megaesofago incluem ptialismo,
disfagia, regurgitacdo, dor epigastrica, podendo levar a desnutrigdo em alguns casos. O
megacdlon se manifesta comumente como distensdo abdominal, constipacdo e
obstrugdo intestinal.®83) No entanto, como a doenga de Chagas causa comprometimento
do sistema nervoso autébnomo, podem ocorrer alteracdes anatomo-funcionais ao longo
de todo trato digestivo, at¢é mesmo de dOrgdos ndo pertencentes a esse sistema.® O
desenvolvimento de megaesofago estd associado com reducdo de aproximadamente
85% do nimero de neurdnios, enquanto no megacdlon a reducdo destas células € cerca
de 50%.®% A figura 6 apresenta as manifestagdes clinicas mais comuns encontradas na

da doenga de Chagas cronica.
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Doenca cardiaca

e

Doenca digestiva

LURLE & €

Megacolon

Megaesofagp (grpos L, II, I e IV)

Figura 6. Principais achados na doenga de Chagas cronica. (Adaptado).©”)

(A) Forma segmentar cardiaca. (B) Forma cardiaca dilatada. AV, atrioventricular;
LAFB, bloqueio fascicular anterior esquerdo; MR, insuficiéncia mitral, RBBB,
bloqueio de ramo direito; TR, msuficiéncia tricispide; VE, venticulo esquerdo; VD,

ventriculo direito; AE, atrio esquero; AD, atrio direito.

Os exames convencionais no diagndstico clinico da doengca de Chagas na fase
cronica incluem: raios X de tdrax, eletrocardiograma e ecocardiograma para o

diagndstico cardioldgico; manometria anorretal e raios X de enema opaco para o
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diagnostico de megacolon; e manometria esofagica e raios X de seriografia para forma

megaesdfago.®)

O diagndstico laboratorial da infeccao durante a fase aguda da doenca de Chagas
pode ser realizado por testes diretos de detec¢do do parasito no sangue periférico por
meio de exame de sangue a fresco, gota espessa e esfregaco sanguineo. O diagndstico
laboratorial durante a fase cronica da doenga deve ser realizado, preferencialmente, por
métodos sorologicos, os quais detectam anticorpos anti-7. cruzi da classe IgG por meio
dos testes de mmunofluorescéncia indireta (IFI), ensaio imunoenzimatico (ELISA -
Enzyme linked immunosorbent assay) e hemaglutinagdo indireta (HAI),’) e segundo
recomendagdo da Organizagdo Mundial da Satde dois testes diferentes devem ser

empregados para um diagnostico preciso.©?)

As tnicas opg¢des utilizadas no tratamento etioldgico da doenga de Chagas sdo os
antiparasitarios nifurtimox e benzonidazol. No entanto, essas drogas parecem ter maior
eficdcia terapéutica apenas na fase aguda da infeccdo. Além disso, podem causar efeitos
colaterais graves e induzir resisténcia no parasito.® O nifurtimox, langado em 1972
com o nome comercial de Lampit®, teve sua comercializacdo cancelada em diversos
paises, inclusive no Brasil, por ser considerado toxico ao homem. O benzonidazol,
comercializado desde 1978 sob o nome de Rochagan®, ¢ a unica droga comercializada
para o tratamento da doenca de Chagas no Brasil.®?) Atualmente, um estudo
denominado BENEFIT (Benznidazole Evaluation for Interrupting Trypanosomiasis)
esta avaliando a eficacia do tratamento com benzonidazol na doenga de Chagas cronica,
e os primeiros resultados mostram que o medicamento ndo conseguiu interromper o

agravamento da doenga em individuos com problemas cardiacos estabelecidos.®®)
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1.4 Resposta imune contra o 7. cruzi e sua influéncia na patogénese da doenca de

Chagas

A infeccdo pelo 7. cruzi pode ativar multiplas vias do sistema imune inato e
adaptativo do hospedeiro que envolve a participagdo de um grande ntimero de células,
como, células NK, células T CD4* e CD8* e células B,® as quais favorecem a sintese
de moléculas reguladoras e efetoras do sistema imune, tais como citocinas, quimiocinas

e oxido nitrico (NO).0

Durante a fase aguda da infecg¢do, a presenga do parasito induz um rapido
aumento na producdo, maturagdo e ativacdo de monécitos € macréfagos na tentativa de
controlar a sua replicacdo. A interacdo do 7. cruzi com essas células envolvidas na
resposta imune inata é mediada por receptores especificos de reconhecimento de
padrdes do patdogeno, como os receptores do tipo Toll (TLRs). A infeccdo dos
macrofagos pelo parasito tipicamente resulta na secrecdo de citocinas pro-inflamatorias,
tais como TNF-a e IL-12. Estas citocinas ativam as células NK a produzirem IFN- y. O
IFN- vy exerce feedback positivo na ativacdo dos macrofagos, que destroem os parasitos
pela produg¢do NO. Por outro lado, citocinas regulatérias como IL-4, IL-10 e TGF-
inbem a producdo de NO e a atividade dos macrdfagos,®D sendo responsaveis pela
desativagdo e pelo controle dos efeitos inflamatdrios letais das citocinas tipo 1

produzidas durante a infecgdo.®?

A teracdo de citocinas, macrofagos e outras células do sistema imune iato sdo
essenciais para a evolucdo da infec¢do e orienta o organismo para uma resposta imune
adaptativa. Os parasitos ao se infiltrarem nas células do hospedeiro vertebrado sdo
processados, e o antigeno ¢ apresentado as células T CD8" pelas moléculas MHC de

classe I. As células T CD8" exercem efeito citotoxico para as células infectadas,
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relacionado principalmente a producdo de IFN-y. Assim, a replicacdo do parasito ¢é

controlada pela capacidade das células T CD8" destruirem as células infectadas.®3)

Células T CD4" atuam no reconhecimento de antigenos processados e
apresentados pelas moléculas MHC de classe 11, que em resposta secretam citocinas, as
quais atuam como mediadores da inflamagdo e, sobretudo sdo importantes para o
controle da parasitemia.®® Células T CD4" com fenotipo Thl estio envolvidas na
diferenciacdo e ativacdo de células T CD8' e na producdo de IFN-y, e, por meio da
sintese deste, também exerce participagdo indireta na produgdo de anticorpos que
ativardo o sistema complemanto.®> Entretanto, a resposta imune ndo é capaz de

eliminar o 7. cruzi,apenas controla sua replicagdo.®4)

Os mecanismos patogé€nicos envolvidos nas formas clinicas da doenca de
Chagas podem ser explicados pela persisténcia do parasito como responsavel por
manter a inflamacdo, e pela autoagressio decorrente da resposta imune contra antigenos
proprios resultando em danos teciduais.®490) A evolugdo clinica da doenga, no que diz
respeito a resposta imune, depende particularmente da modulagdo Thl/Th2 e Treg
(células T reguladoras). Tanto na forma cardiaca, como na forma digestiva, as
manifestagdes patologicas estdo associadas com a ocorréncia de uma reagdo pro-
inflamatoria do tipo Thl nos orgdos acometidos, caracterizada pela presenca de IFN-y,
TNF-a e IL-6; enquanto que na forma indeterminada da doencga a resposta induzida ¢ de
carater predominantemente anti-inflamatorio, ou seja, com exacerbagdo de linfocitos do
tipo Th2 com a presenga de IL-10 como elemento protetor.® No entanto, apos a
descoberta de uma nova linhagem de linfocitos efetores, chamados de células Thl7, o

saldo Th1/Th2 passou a ser revisto. Células Th17 produzem IL-17 que tem propriedades
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pro-inflamatorias®”? e induz a producdo de varios mediadores, levando ao recrutamento
de neutrdfilos e consequente inflamagdo,®® fato que tem associado a resposta Th17 com
varias doencas inflamatdrias e autoimunes.®? Além disso, em adi¢cdo as células Thl7,

outras células como T CD8*, neutrdfilos, monocitos e células NK sdo produtoras de IL-

17.(100)

Assim, o envolvimento da imunidade mediada por células é de suma
importdncia em todas as formas clinicas da doenca de Chagas, uma vez que
desempenham papel efetor nos danos teciduais de acordo como perfil de moléculas que
secretam.(19) Na CCC as principais células que constituem o infiltrado inflamatorio do
tecido cardiaco sdo linfocitos T e B, macrofagos e células NK, sendo a populagdo
predominante a de células T CD8".%5%102) Na forma digestiva da doenga, da mesma
maneira, ha associacdo das lesdes encontradas nas células musculares com o infiltrado
inflamatério e fibrose, sendo que o infiltrado celular € constituido principalmente por

células TCD4*, macrdfagos, células TCDS*, B e NK.(44

Apesar do fato da resposta imune adaptativa ser considerada hd anos como o
mecanismo protetor mais importante durante a infeccdo cronica da doenca de Chagas,
estudos recentes sugerem a importancia da resposta imune inata como um mecanismo
regulador relevante, uma vez que as citocinas produzidas por células NK e mondcitos

tem sido relatadas como importantes biomarcadores da morbidade da doenga.(103-105)

Em especial, o recrutamento de células NK e mondcitos pode ser uma ponte
importante entre eventos imunoldgicos inatos e adaptativos durante infeccdo por T.
cruzi. Na doenga de Chagas cronica assintomatica ou indeterminada, a presenga de

células NK (CD3- CD16" CD56" e CD3- CD16" CD564im) juntamente com a presenga de



25

células imunoreguladoras (Treg- CD4" CD25hieh ¢ NTK- CD3* CD16- CD56%) e
macrofagos circulantes (CD147CD16%) sdo responsaveis pelo controle dos mecanismos
inflamatdrios. No entanto, falha em mecanismos imunorreguladores, com niveis basais
das células NK, NKT e CD4" CD25high, associadas com um aumento da expressdo de
células T CDS8" ativadas, estdo associados com a doenga cardiaca.(106-108) Neste
contexto, as citocinas produzidas por estas células podem constituir um mecanismo
regulador fundamental.(19%) Além disso, a presenga de células NK como constituinte do
nfiltrado mnflamatdério persistente no miocardio e no trato digestivo sugere a
participagdo destas na continuidade do processo inflamatério da fase cronica da doenga

de Chagas.©3.109

Assim, o claro envolvimento das células NK na infec¢do pelo 7. cruzi e nas
formas evolutivas da doenca de Chagas cronica parece possuir implicacdes relevantes.
Entretanto, tais células precisam ser adequadamente ativadas para tornarem-se
competentes na execu¢do de suas atividades efetoras sem causar danos teciduais, sendo
importante avaliar polimorfismos em seus receptores e ligantes, os quais podem ter
efeitos funcionais e estarem intimamente relacionadas nos processos fisiopatoldgicos da

CCC e dos megacolon e magaesogfago chagasicos.

1.5 Fatores genéticos do hospedeiro relacionados as manifestacdes clinicas da

toxoplasmose e da doenca de Chagas

A interacdo entre o parasito, o hospedeiro e o vetor (ao se tratar da doenga de
Chagas), em um ecossistema apropriado e contexto epidemioldgico pode determinar a
incidéncia, a prevaléncia e at¢ mesmo a gravidade das manifestagdes clinicas resultantes

da infeccdo por 7. gondiie T. cruzi.
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Entre os fatores individuais de risco para a ocorréncia das formas clinicas da
toxoplasmose e da doenga de Chagas estd o estado imunoldgico do hospedeiro, uma vez
que a maioria dos casos de infecgdo humana em individuos imunocompetentes &

assintomatica.*79)

Assim, fatores genéticos do hospedeiro, em especial a resposta imunoldgica,
parecem ter influéncia na manifestacdo dessas doencas, pois apenas parte das pessoas
infectadas desenvolve os sintomas clinicos dessas zoonoses. Os mecanismos
munolégicos relevantes que contribuem para patogénese ou resisténcia da
toxoplasmose ocular e das formas clinicas da doenca de Chagas s@o numerosos e
envolvem varios tipos de células e mediadores do sistema imune inato e adaptativo do

hospedeiro, entretanto, tais mecanismos ainda ndo foram completamente elucidados.

Na fase inicial dessas infec¢des, a imunidade inata tem papel crucial na
resisténcia ao 7. gondii e ao T. cruzi e as células NK sdo uma importante subpopulacdo
de linfocitos atuantes nessa fase da resposta imunologica na toxoplasmose € na doenga
de Chagas. A ativacdo das células NK limita a replicagdo dos parasitos além de
desencadear a resposta imune adaptativa.“%119) As fungdes efetoras das células NK sdo
determinadas tanto pela expressdo de moléculas HLA (antigenos leucocitarios
humanos) de classe I e MICA (MHC class I chain related) quanto por distirbio do
equilibrio mediado por receptores existentes em sua superficie, tais como os receptores
KIR (killer immunoglobulin-like receptor).(111:112) O extenso polimorfismo genético
presente nos genes que codificam essas moléculas, assim como a regulagdo da

expressdo das mesmas sdo fatores importantes no delineamento da resposta imune inata
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¢ adaptativa de cada individuo. Nesse sentido é de especial interesse a investigagdo de

genes de resposta imune envolvidos na regulagcdo da atividade das células NK.

1.6 Células Natural Killer

As células NK foram descritas inicialmente em 1975 por Herberman et al.(113) ¢
Kiessling et al.(!% e representam uma subpopulacdo de linfocitos granulosos que
exercem fungdo crucial na resposta imune, especialmente contra células infectadas,
transformadas ou alogénicas, pela sua capacidade de lise celular sem sensibilizacdo
prévia e também pela produgdo de citocinas e quimiocinas que mediam a resposta
inflamatoria.(115) Essas células estdo presentes em diversos tipos de tecidos e orgdos
como medula dssea, bago, linfonodos, figado, intestino e placenta. Elas também estio
presentes na circulacdo periférica, e possuem a capacidade de migrar para locais

especificos de infecg¢do, inflamacdo e desenvolvimento tumoral.(116)

Em humanos, as células NK sdo caracterizadas pela expressdo do marcador de
superficie CD56 e pela auséncia de expressdo de CD3 e CD19. De acordo com o nivel
de expressdo de CD56 em sua superficie as células NK podem ser classificadas em duas
principais populacdes: as células que expressam abundantemente CD56 sdo
denominadas de células CDS56Might ¢ correspondem cerca de 10% das células NK
circulantes, as quais possuem propriedades imunoregulatorias; as células com baixa
expressdo de CD56 sdo denominadas de células CD564im e, apresentam alta capacidade
citotéxica correspondendo a 90% de todas as células NK circulantes. Além disso, a
maioria das células CD56 também expressa o receptor CD16, que confere a capacidade

de mediar a citotoxidade celular dependente de anticorpos.(!17)
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A funcdo efetora das células NK é regulada por um equilibrio de sinais gerados
por seus receptores de ativagdo e inibicdo; € o mecanismo que faz com que as células
NK sejam capazes de distinguir as células normais das células infectadas ou
transformadas acontece pela interacdo desses receptores com moléculas especificas
expressas na superficie das células-alvo que atuam como ligantes, dentre elas moléculas
MHC de classe I classicas como HLA-A, -B e —C e nio classicas como HLA-E, -G e

moléculas MIC.(1D

Moléculas HLA de classe I s@o normalmente expressas em células saudaveis do
organismo, mas podem ter sua expressdo alterada em células infectadas ou malignas. A
perda ou diminuicdo da expressdo dessas moléculas resulta na ativacdo das células NK;
e a partir dessa caracteristica foi postulada a hipétese do missing-self (perda do
reconhecimento do proprio), que estabelece que a auséncia dessas moléculas remove os
ligantes dos receptores inibidores das células NK ativando a fungdo efetora das
mesmas.(11® A expressdo de moléculas MIC ¢ induzida em resposta ao estresse celular,
e ao serem reconhecidas pelo receptor ativador das células NK, desencadeia uma
cascata de sinalizagdo que termina com o processo de lise celular da célula-alvo,(119.120)

hipdtese conhecida como “induced self”.(12D

Os receptores das células NK pertencem a duas familias: a superfamilia das
imunoglobulinas e a familia dos receptores semelhantes a lectina. A superfamilia das
imunoglobulinas engloba os receptores KIR, LILR (leucocyte immunoglobulin-like
receptor), LAIR (leucocyte associated inhibitory receptor), FcaR (Fc-alfa receptor) e
NKp46 (activating NK recptors). Os membros mais representativos da familia dos

receptores semelhantes a lectina sdo as moléculas NKG2 (C-type lectin receptor), no
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qual as classes NKG2A, B, C, E ¢ H precisam estar associados a molécula CD94 para
tornarem receptores funcionais. NKG2D nio se liga a CD94. Cada familia de receptores

contém receptores inibidores e ativadores.(122)

Os receptores KIR e CD94/NKG2A, por exemplo, desempenham importante
papel reconhecendo moléculas MHC dos grupos HLA-A, -B ¢ —C e moléculas HLA-E,
respectivamente,(123) enquanto que o receptor NKG2D reconhece moléculas MICA e
MICB,(12) além varias outras moléculas com expressdo celular induzida por estresse,
como a familia de proteinas ligantes de UL16 (ULBPs).029 Assim, a interagdo das
células NK com a célula-alvo sugere fungdo relevante na iiciagdo e regulagido da
resposta imune inata e adaptativa e a base molecular dessas interagdes celulares parece

ser crucial para que ocorra uma resposta eficiente e modulada.

1.7 Genes KIR

Os genes de resposta imune KIR (killer cell immunoglobulin-like receptors
genes) representam uma familia de genes polimorficos que estdo localizados no
cromossomo 19q13.4, em uma regido chamada Complexo de Receptores Leucocitarios
(LRC - Leukocyte Receptor Complex).(12%) (Figura 7). Esses genes sdo responsaveis por
codificar os receptores KIR que estdo envolvidos na resposta imunolégica mediada por
células NK, sendo encontrados também em algumas subpopulagdes de células T.(020) Os
genes KIR sdo organizados em nove exons. Os dois primeiros exons codificam as
sequéncias lideres. Os exons trés, quatro e cinco codificam respectivamente os dominios
semelhantes a imunoglobulinas DO, D1 e D2, que sdo responsaveis pelo reconhecimento

dos ligantes. O exon seis codifica a regi@o de ser¢do da molécula na membrana
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plasmatica e o exon sete codifica a regido transmembrana. Os exons oito € nove

codificam dominios citoplasmaticos.(127)
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Figura 7: Complexo de Receptores Leucocitarios e os genes K/R. (Extraido).(128)

Os receptores KIR mibidores e ativadores tém a mesma estrutura quanto aos
dominios extracelulares (2D ou 3D), mas em relagdo a cauda citoplasmatica possuem
caracteristicas diferentes: os receptores mibidores possuem cauda longa (L) contendo
um ou dois motivos de mibicdo denominados ITIMs (Immunoreceptor tyrosine-based
inhibition motifs), enquanto que os receptores ativadores possuem cauda curta (S),
auséncia de ITIMs, presengca de um aminodcido (lisina ou argnina) carregado

positivamente na regido transmembrana, os quais permitem a associagdo dos receptores
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KIR com a molécula acessoria DAP12, ¢ contém motivos de ativagio ITAM
(Immunoreceptor tyrosine-based activation motifs); além dos pseudogenes (P) que néo
tém fungdo descrita.(2%) Uma excecdo ¢ o receptor KIR2DL4, pois possui ITIM em sua
cauda citoplasmatica e o aminoacido arginina na regido transmembrana. Desta forma
possui dupla fungdo: inibidora e ativadora. Esse receptor ao se associar a molécula

FceRl-y (Fc epsion receptor type y) envia sinais estimulatorios as células NK via

ITAM.(30 (Figura 8).
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Figura 8: Estrutura molecular dos receptores KIR. (Extraido).(12%)
Dominios extracelulares (azul), regido transmembrana, molécula acesséria DAP-12

(verde) e cauda citoplasmatica com presenga de ITIMs (vermelho).

Na espécie humana, cada individuo expressa em suas células diferentes tipos e
numeros de receptores KIR. Ha existéncia de dois genotipos distintos designados de AA

e BX (BB e AB), que s3o compostos pela combinacdo de genes inibidores e
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ativadores.(129 O genotipo AA ¢é caracterizado pela presenga dos genes KIR2DLI,
KIR2DL3, KIR2DL4, KIR2DS4, KIR3DLI, KIR3DL2, KIR3DL3, KIR2DPI ¢ KIR3DPI,
e tem como caracteristica a presenga de somente um gene que codifica um receptor
ativador, o KIR2DS4. A presenca de um ou mais dos seguintes genes: K/R2DLS,
KIR2DS1, KIR2DS2, KIR2DS3, KIR2DS5 e KIR3DSI caracterizam o gendtipo BX.
Todos os gendtipos KIR apresentam os genes KIR3DL3, KIR3DL2, KIR3DPI e
KIR2DL4. Esses genes presentes em todos os genotipos sdo denominados genes de

moldura ou genes estruturais (frameworks genes).(127

Os receptores KIR reconhecem moléculas HLA de classe I presente na
superficie das células-alvo,127:13) ¢ auséncia ou diminuicdo da expressdo das moléculas
HLA faz com que a acdo das células NK seja efetiva sobre as células-alvo.(11®)
KIR2DL1 e KIR2DSI1 se ligam a moléculas HLA-C do grupo C2, que incluem as
especificidades HLA-C*02, *04, *05, *06, *07,*15, *17, e *18. KIR2DL2, KIR2DL3 e
KIR2DS2 mteragem com moléculas HLA-C do grupo Cl1, entre elas: HLA-C*01, *03,
*07, *08, *12, *13, *14 ¢ *16. KIR3DL2 liga-se a HLA-A*03 e/ou -A*11 e KIR3DLI
reconhecem epitopos HLA-Bw4 (HLA-A*23, *24, *25, *32; HLA-B*13, *27, *44,
*51, *52, *53, *57, *58). Moléculas HLA-Bw4 sdo divididas em dois grupos baseados
na presenca de isoleucina ou treonina na posicdo 80 (Bw4-80lle e Bw4-80Thr,
respectivamente). KIR3DSI1 se liga a moléculas Bw4-80Ile ¢ KIR2DL4 se liga ao HLA-
G. Ainda permanecem indefinidos os ligantes para KIR2DLS5, KIR2DS3, KIR2DS5 e

KIR3DL3.(132-134)

Entretanto, a segregacdo independente dos genes KIR e HLA possibilita a

expressao de moléculas KIR para as quais o ligante HLA ndo estd presente, ou vice-
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versa, o que resulta na auséncia de funcionalidade das células NK pela falta de
sinalizagdo.(132) Além disso, dependendo da combinagdo entre KIR e ligantes HLA, as
células NK podem apresentar varios niveis de resposta, como o excesso de mnibicdo ou

ativacdo ou balango entre nibigdo ¢ ativagdo.(!35)

Estudos independentes demonstraram que a presengca ou auséncia de certos
genes e gendtipos KIR, bem como diferentes combinagdes entre os receptores KIR e
moléculas HLA de classe I podem estar envolvidos na evolugdo clinica de varias
doengas infecciosas,(136-146) doencas autoimunes ou inflamatdrias(47-149) e ainda em
muitos tipos de cancer.(130-152) Recentemente foi verificado que a citotoxidade das
células NK, mediada pelos receptores KIR e ligantes HLA, pode contribuir no
desenvolvimento das lesdes teciduais observadas na cardiopatia chagdsica cronica.(!53)
Entretanto, até a realizagdo deste trabalho ndo havia registros na literatura sobre a
influéncia dos genes K/R na toxoplasmose ocular; e ndo ha registros na literatura sobre

o papel destes genes na forma digestiva da doenca de Chagas cronica.

1.8 Gene MICA

O complexo principal de histocompatibilidade (CPH) ou MHC representa um
conjunto de locos génicos situados no brago curto do cromossomo 6 na regido p21.31
que sdo responsaveis pela sintese de moléculas envolvidas na resposta imunoldgica.
Este complexo estd dividido em trés grandes grupos denominados de classes I, II e III
de acordo com a estrutura e fung@o dos produtos génicos. No entanto, 0 MHC humano
ndo contém apenas os genes HLA classicos, mas uma grande variedade de genes
relevantes, tais como genes MIC (major histocompatibility complex class I chain-

related gene). Os genes MIC estdo localizados dentro da regido de classe I e consiste
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uma familia de sete genes, MICA-MICG, dos quais apenas MICA ¢ MICB expressam

transcritos funcionais; os demais locos (MICC-MICG) ndo codificam nenhum transcrito

detectavel e sdo, portanto, pseudogenes.(134-155)

MICA é o mais polimérfico gene de classe I ndo classico (até o momento foram
identificados 106 alelos)(150) ¢ esta situado proximo aos locos HLA-B ¢ HLA-C. Possui
seis exons, dentre os quais o primeiro exon codifica uma sequéncia lider, o segundo,
terceiro e quarto exons codificam as sequéncias dos dominios externos a-1, a-2 e a-3,
respectivamente, o quinto exon codifica o segmento transmembrana da molécula. A
cauda citoplasmatica e as sequéncias 3’UTR (regido ndo traduzida) estdo fusionadas no

exon 6.05% (Figura 9).
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Figura 9: Localizagdo do gene MICA no brago curto do cromossomo 6 e representacdo

dos seis exons (Ex1-6) que codificam a molécula MICA. (Adaptado).(57
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A expressdo de MICA ¢ induzida em resposta ao estresse celular em muitos
tipos de células, incluindo epitélio, fibroblastos, queratindcitos, células endoteliais e
mondcitos.(138:159) As moléculas MICA sdo reconhecidas pelos linfocitos Ty, linfécitos
Taf (CD8" e subconjuntos de CD4") e células NK, através de seus receptores NKG2D
presentes em sua superficie em associagdo com a molécula DAP10, uma proteina
adaptadora de membrana. Este complexo NKG2D-MICA ativa a fosforilagdo dos
residuos de tirosina da molécula DAP10, desencadeando uma cascata de sinalizagdo

celular que termina com o processo de lise da célula-alvo.(119.120)

As glicoproteinas MICA apresentam estrutura similar as moléculas HLA de
classe 1 classicas, incluindo trés dominios externos (al, a2 e a3), um dominio
transmembrana e um dominio citoplasmatico.( Porém, as moléculas MICA
apresentam diferencas significantes uma vez que sua estrutura ndo estd associada a
molécula PB2-microglobulina, sdo independentes de TAP (moléculas transportadoras
associadas ao processamento de antigeno) e ndo possuem uma regido de ligagdo com

peptideo.1%0) (Figura 10).
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Figura 10: Semelhancas estruturais entre 0 MHC de classe I e II e moléculas MICA.
(Adaptado).(157)

Conforme os genes HLA de classe I classicos, o gene MICA possui uma grande
variedade alélica devido polimorfismos de nucleotideo unico (SNP) encontrados
principalmente nos exons 2, 3 e 4, correspondentes aos dominios extracelulares da
molécula, dentre os quais um deles apresenta implicagdo funcional: A presenga do
aminodcido metionina na posi¢do 454 que corresponde ao aminoacido 129 do dominio
a2 da proteina (MICA-129met) tem maior afinidade pelo receptor NKG2D do que as
proteinas com o aminodcido valina (MICA-129val) nessa mesma posigdo,
comprometendo a ativagdo das células NK e a coestimulagdo dos linfocitos T CD8.(16D
Alm disso, os alelos MICA*010 e MICA*025, apresentam uma substituicdo de
nucleotideo que causa uma troca de prolina para arginina na posi¢do 6 do dominio al,
afetando a dobra da molécula e eliminando sua expressdo na superficie celular.(162)
Ainda, em determinadas condigdes de estresse, as moléculas MICA podem formar

complexos com outras moléculas reguladas positivamente sob tais condigdes e sofrer
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uma clivagem proteolitica devido a uma mudanga conformacional de sua estrutura e,

dessa maneira serem secretadas na forma solivel.(157)

Outra caracteristica do gene MICA ¢ a presenga de um polimorfismo de curta
sequéncia repetida em tandem (STR) localizado no exon 5, que codifica a regido
transmembrana da molécula. Os STR consistem em repeticdes (GCT)n. Oito alelos
foram descritos, A4, AS, AS.1, A6, A7, A8, A9 e A10, com 4-10 repeticoes GCT. No
caso da variante AS5.1, além das 5 repeticdes, ocorre a inser¢do de uma guanina apos a
segunda repeticdo GCT, esta inser¢cdo cria um codon de parada prematuro, deixando a
proteina sem cauda citoplasmatica e que aparentemente ndo consegue alcancar a

superficie celular ndo sendo, portanto, uma molécula secretada.(163)

Moléculas MICA expressas na superficie celular parecem ativar células NK e
promover a atividade citotéxica das mesmas; por outro lado, estas moléculas na forma
soluvel podem bloquear a ativagdo do receptor NKG2D mibindo a citotoxicidade das
NK, situagdo que pode ser deletéria nos processos antitumorais, autoimunes ou até
mesmo em situagdes de infecgdo. Mesmo as moléculas ancoradas na superficie celular
exibem variabilidade em sua estrutura ou posicionamento na membrana e desta forma
provavelmente ndo interagem com a mesma intensidade com o receptor, principalmente
aquelas cujos alelos apresentam polimorfismo funcional parecem trazer consequéncias

para o sistema de defesa do organismo.(164)

Neste sentido, varios estudos de associacdo tém analisado a diversidade MICA
em doengas infecciosas(105-109) ¢ em muitos tipos de cancer,(170-172) além do seu papel na
rejeigdo de transplantes.(173) Em relacdo a toxoplasmose ocular, ndo havia registros na

literatura sobre a influéncia do gene MICA nessa patologia até¢ o memento da realizagdo
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deste trabalho. No que diz respeito a doenga de Chagas, um estudo realizado na Bolivia
mostrou que o haplétipo HLA-DRB1*01~B*14~MICA*01 estava associado com a
protecdo contra a doenga cronica.(!7® Entretanto, o papel de MICA no desenvolvimento

e gravidade da DSVE em pacientes com CCC também ndo havia sido abordado.

1.9 Objetivos

O presente estudo teve como objetivo geral verificar a hipotese de que os genes KIR,
seus ligantes HLA e o polimorfismo do gene MICA estdo associados a toxoplasmose

ocular e as diferentes formas clinicas da doenga de Chagas. Os objetivos especificos

foram:

1. Identificar os genes KIR, os grupos de alelos HLA-A, HLA-B, HLA-C (ligantes
de KIR) e MICA em individuos infectados pelo 7. gondii, com e sem
toxoplasmose ocular e, dentre aqueles com toxoplasmose ocular, com

manifestagdo ocular primaria e recorrente.

2. Identificar os genes KIR, os grupos de alelos HLA-A, HLA-B, HLA-C (ligantes
de KIR) e MICA em individuos com doenga de Chagas Cronica, com as formas
clinicas cardiaca e digestiva da doenga e, dentre aqueles com cardiopatia

chagdasica cronica, com e sem disfungdo sistolica ventricular esquerda.



39

2. Untigas
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2. ARTIGOS

Os resultados deste trabalho estdo apresentados na forma de 4 artigos, sendo trés

artigos publicados e um submetido a publicagdo.

Em relacio a toxoplasmose ocular:

Artigo 1

Titulo: MHC Class [ Chain-Related Gene A Polymorphisms and Linkage
Disequilibrium with HLA-B and HLA-C Alleles in Ocular Toxoplasmosis.

Autores: Christiane Maria Ayo, Ana Vitéria da Silveira Camargo, Fabio Batista
Frederico, Rubens Camargo Siqueira, Mariana Previato, Fernando Henrique Antunes
Murata, Aparecida Perpétuo Silveira-Carvalho, Amanda Pires Barbosa, Cinara de
Cassia Brandido de Mattos, Luiz Carlos de Mattos.

Periddico: Plos One, 2015; 10: e0144534. IF: 3.05.

Artigo 2

Titulo: Ocular toxoplasmosis: susceptibility in respect to the genes encoding the KIR
receptors and their HLA class I ligands.

Autores: Christiane Maria Ayo, Fabio Batista Frederico, Rubens Camargo Siqueira,
Cmara de Cassia Branddo de Mattos, Mariana Previato, Amanda Pires Barbosa,
Fernando Henrique Antunes Murata, Aparecida Perpétuo Silveira-Carvalho, Luiz
Carlos de Mattos.

Periodico: Scientific Reports 2016; 6: 36632. IF: 5.22.

Em relacio a doenca de Chagas:

Artigo 3
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Titulo: Association of the Functional MICA-129 Polymorphism With the Severity of
Chronic Chagas Heart Disease.

Autores: Christiane Maria Ayo, Amanda Priscila de Oliveira, Ana Vitoria da Silveira
Camargo, Cinara de Cassia Brandio de Mattos, Reinaldo Bulgarelli Bestetti, Luiz
Carlos de Mattos.

Periédico: Clnical Infectious Disease 2015; 61:1310-1313. IF: 8.73.

Artigo 4

Titulo: MICA and KIR: Immunogenetic factors influencing the cardiac and digestive
clinical forms of chronic Chagas disease.

Autores: Christiane Maria Ayo, Remaldo Bulgarelli Bestetti Eumildo de Campos
Junior, Luiz Sérgio Ronchi, Aldenis Albaneze Borim, Cinara Céssia Brandao de Mattos,
Luiz Carlos de Matttos.

Periodico: Cellular & Molecular Immunology (Submetido para publicagdo). IF: 5.19.
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HLA-B and HLA-C Alleles in Ocular Toxoplasmosis
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Abstract

This study investigated whather polymorphisms of the MICA (major histocompatibility complex
class | chain-related gene A) gene are associated with eye lesions due to Toxoplasma gondi
infection in a group of immunocompetent patients from southeastem Brazil. The study enrolied
297 patients with serological diagnosis of toxoplasmosis. Participants were classified into two
distinct groups after conducting fundosoopic exams according to the presence (n = 148) or
absence [n = 148) of ocular scarsfiesions due fo toxoplasmosis. The group of patients with
scarsdesions was further subdivided info two groups according to the type of the ocular mani-
testation observed: primary (n = 120) or recurrent {n = 28). Genotyping of the MICA and HLA
alleles was performed by the polymerase chain reaction-sequence specific oligonuckectide
technique {(PCR-SS0; One Lambda i ) and the MICA-129 polymorphism (rs1051792) was
identified by nested polymerase chain reaction (PCR-RFLP). Significant associations involv-
ing MICA polymorphisms were not found. Although the MICA®002~HLA-B*35 haplotype was
associated with increased risk of developing ocular ioxoplasmosis (P-value = 0.04; OR =
2.20; 85% Cl = 1.05-4.60), and the MICA*008-HLA-C*07 haplotype was associated with
protection against the development of manifestations of ocular toxoplasmosis (P-value =
0.009; OR: 0.44; 85% CI: 0.22-0.76). these associations were not statistically significant after
adjusting for multiple comparisons. MICA polymorphisms do not appear to influence the devel-
opment of ocular lesions in patients diagnosed with toxoplasmosis in this study population.

Introduction
Ocular toxoplasmosis, characterized by intrancular inflammation, is the most common clinical

manifestation of toxoplasmosis, the infectious disease caused by Toxoplasma gondii [1].
Lesions originate both from congenital infection and from infections acquired after birth [2,3].

PLOS ONE | DOL16.1371 journal pone. 0144534 December 16. 2015
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The lesions can affect the macula and other lavers of the retina and the choroid, resulting
retinochoroiditis, the most Irequent cause of postenor overtis i Immunocompetent patients
[1}. Ocular manifestations can have an early or late onset, with primary or recurrent climical
manifestations 4] and present different degrees of ocular invelvement that vary according to
the immune status of the individual [15] and different T. gondii strains [6-5]. Whether the
ocular manifestation resulting from infection by T. gondii is attributable to host or parasite
genetic factors or differences in exposure rale remains uncertain |4,

The MICA gene is located on chromosome 6 in the region of the class I major histocompati-
bility complex gene {MHC) close to the HLA-B and HLA-C gene loci [10]. Under stress the
MICA gene encodes a cell surface protein that is a ligand for NKG2DD, an activating receptor of
Tyé lymphocytes, CDE* Taf lymphocytes and matural killer cells (NK) [11,12]. The MICA
alleles can be categorized as strong (MICA-129 met) or weak ligands (MICA-129 val) of the
NKG2D receptor based on the MICA 129 polymorphist (rs1051792). Corresponding to the
129 amino acid of the protein, this polymorphism alters a single amine acid with the substitu-
tion of methionine to valine {A>G) at position 454 of the third exon of the MICA gene and
maost likely alters the activation of these cells [13].

Besides the involvement of both CD8” T lymphocytes and NK cells, the immune response
to T. gondii infection is also characterised by a strong T helper-1 (Th-1) response orchestrated
by CD4* T cells and dominated by the production of proinflammatory mediators. However,
while the Th-1 response prevents parasite replication, the strong Th- | response may also cause
unmune-mediated tissue damage contributing to the severity of ocular loxoplasmusis, More
recently, Th-17 cells, characterised by the production of interleukin-17 (IL-17), a potent
inducer of inflammation, have been identified as key contributors to immunopathological
responses in ocular wxeplasmosis [14-16].

MICA polymorphisms are possibly assocated with the susceptibility or progression of several
mfectious diseases such as dengue fever [ 17], leprosy [1£], tuberculosis [15], schistosomiass [20],
and Chagas disease [11,22], among others. Furthermore, the expression of MICA in inflamed tis-
sues of in autoimmune diseases, in particular the MICA-12% polymorphism, would contribute to
the immunaopathelogy of these diseases [22-27]. However, the role of the MICA alleles and the
effect of the MICA-129 functional polymorphism in ocular toxoplasmosis remain unknown and
there is no dala on the expression of MICA in ocular tissue affected by T. gonadii.

This study investigaled whether the MICA alleles and the 129 polymorphism in exon 3 of
the MICA gene are associated with the development of eye lesions resulting from T gondii
infection in a group of immunocompetent patients from southeastern Brazil.

Materials and Methods
Ethics information
This study was approved by the Research Ethics Committee of the School of Medicine in Sao

José do Rio Preto (21980/2009) and all individuals who agreed to participate in this research
were mformed about the nature of the study and signed mformed consent forms.

Sample selection

A total of 297 unrelated patients were selected from those seeking ophthalmological treatment
in the Retinopathy Outpatient Service of Hospital de Base of the School of Medicine in Sao José
do Rio Preto and Medical Outpatient Clinic (AME) in Sao José do Rio Preto. All patients
selected for this study had positive serology for T. gondii. Anti-T. gendii antibodies were
detected by immunosorbent assay (ELISA) according to the manufacturer’s instructions (ETI-
TOXOK-M reverse PLUS; DiaSorin S.p.A. Italy and ETI-TOXO-G PLUS; DiaSorin S.p.A.

PLOS ONE | DOL10.1371/journal.pone.0144534 December 16, 2015 2/14
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Ttaly). Of all the patients included in this study, only five of those with ocular scars/lesions due
to toxoplasmosis showed positive serology for both 1gM and IgG anti-T. gondii antibodies. The
remaining patients only had positive serology for IgG anti-T. gondii antibodies.

The clinical evaluation of patients was conducted by two experienced physicians using an indi-
rect hinocular ophthalmaoscope {Binocular Ophthalmoscope 1014, Topeon Corporation, USA) as
to the presence of ocular scarsflesions due o toxoplasmoss (n = 148; 79 men and 69 women: mean
age: 423 + 206 years) or to the presence of ocular diseases other than toxoplasmosis (n = 14%; 73
men and 76 women; mean age- 57.7 + 16,9 years) such as cataracts (17 5%), perygiam (4.0%), age-
related macular degeneration (23.0%), glavcoma (6.7%), retinal detachment {16.1%), optic newrop-
athy (2.4%), macular ederna (4.6%), macular atrophy (2.6%), diabetic retinopathy (8.7%) and other
ocular diseases (13.4%). The group of patients with scars/lestons due 1o toxoplasmosis was further
subdivided imo two groups according to the type of ocular menifestation observed during a tollow
up perind of al least two years: primary manifestations (n = 120; 65 men and 55 women; mean age:
44.9 £ 209 years) and recurrent manifestations characterisad by the presence of satellite lesions
(n=28; 14 men and 14 women; mean age: 318 & 30.5 years) {Table 1) [29].

All patients underwent detailed eve examinations including visual acuity (logMAR Early
Treatment Diabetic Retinopathy Study [ETDRS] chart) with best correction according to the
ETDRS standards [30], measurement of intraocular pressure by Goldmann applanation
tonometry, biomicroscopy using a slit lamp, and steresscopic biomicroscopy performed using
a T8-diopter lens (Valk) and classified according to the ETDRS criteria.

Colour fundus photographs and fluorescent photographs were taken using a digital retinal
camera (TRC-530DX, Topcon Medical Systems) to document the macula region and optic
nerve. Areas of progressive hyperfluorescence {leakage), staining and transmitted hyperfluores-
cence (window effect) were investigated by fluorescein angiography. Progressive hyperfluores-
cence with late leakage was considered a sign of lesion activity. Fig | shows the different stages
of eye lesions caused by T. gondii infection by colour retinography.

Although the patients in this study were of European descent, mixed African and European
descent, and African descent, they were grouped as a population of mixed ethnicity due to high
miscegenation of the Brazilian population [31]. The risk of population stratification bias
between patients with scarsflesions and patients without ocular manifestations was minumized
by matching the ethnac background, gender and geographic area of residence. These data were
carefully checked to select groups.

Table 1. General characteristics of patients with and without ocular toxoplasmosis and its manifestation as primary or recurrent

Characleristic Patients withoul ocular Patients with ocular Patients wilh primary Patients with récurrent
Toxeplasmosis (n = 149) loxoplssmasis (n = 148} ‘manilestation (n = 120] manifestation (n = 28}

Age {Wear 2 ED) LERLT 42.30206" 44 9220.5% 318030.5°
Median B ar 4E 30

Gender (%)
Female T (51.0%) 89 46 5% 56 (45.8%) 14 0.0
M 73 (49.0%) 79 {53.4%) 65 (534.2%) 14 (50.0%)

1 = Student t test.

“Pyalue=0.0001 t = 7.00 (Patients without acular toxoplasmesis vs. Patients with ooular toxoplasmosis)
P_yaiue<0.0001 t = 5.48 {Patients without ooular toxoplasmosss vs. Patients with primary manifestation)
“P_yalue=0.0001 t = 7.51 (Patisnts without ocular toxoplasmosis vs. Patisnis with recurrent manifestation)
“P_yaiue = 0.002 1 = 3.12 {Patients with primary manifestation vs. Patients with recurrsni maniisstation)

doi: 10137 1 fjournal pone 0144534 101

PLOS OME | DOE10.1371/journal.pone.0144534  December 16, 20158 3414
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DNA extraction and MICA, HLA-B, and HLA-C genotyping

Genomic DNA was attained from peripheral blood using a commercial kit for silica column
extraction (QlAamp R DNA Blood Mini Kit, QIAGEN, the Netherlands) following the manu-
facturer's instructions. The genotyping of the MICA, HLA-B and HLA-C alleles was performed
using the polymerase chan reaction-sequence specific ld.igmucl:u!iﬂir {PCR-550) technique
with the r550 Lumnex |t genotyping kit (One Lambda, Caniga Park, CA, USA}, This tech-
nique first targets PCR-amplified DNA using specific biotinylated primers and subsequently
the amplified product is hybridized by complementary DNA probes conjugated to fluores-
cently coded microspheres, with detection using R-Phycoenythrin-conjugated Streptavidin
{SAPE). H}'b'ridi).allun was verified by flow cytometry (LABScanTM 100 ﬂuwana]}'zﬂ] and
data were inberpreted using computer software (HLA Fusion, version 3.4, One Larnbda i ).
The 129 A>G (rs1051792) polymorphism of the MICA gene was identified by nested paly-
merase chain reaction (PCR-RFLP) using a technigue adapted from Amroun et al. [23]. In this
technigue, the MICA gene-specilic amplicon was used as a template in a second round amplifica-
tiom of its exon 3. The primer pair used in the first reaction was 5'CGT TCT TGTCOC TTT
GCCOGT GTGC ¥ and 5 GAT GCT GCCOCC ATT COC TTC CCA AA ¥ with an initial
denaturation at 95°C for 5 min, followed in 40 cycles of 95°C for 45 &, 65°C for45 5, 72°Clor 45 5
and a final extension at 72°C for 5 min. The primer pair used in the second reaction was 5 GGG
TCT GTG AGATCC ATG A ¥ and 5 TGA GCT CTG GAG GAC TGG GGT A ¥ with an ini-
tial denaturation at 95°C for 5 min, followed by 25 cycles of 95°C for 45 5, 61°C for 45 5, 72°C for
455 and a final extension at 72°C for 5 min. The MICA-129 val allele was identified by the pres-
ence of a restriction site for the Rsal enzvme { FastDigest ™, Thermo Scientific, USA) created b‘v a

Fig 1. Colour i stages of eye lesions caused by Toxoplasma gondii
lnhcnonbnBrnilmmh(A)t\ennowmdmasﬂumgonwmmncmoommchw\omml

lesion (“lighthouse in the fog") and cloudy vitreous. In (B) the arrow indicates a chorioretinal lesions in the
heahgwmsa—mepaumhdgoodcmlraapmsemmvmwscaredgeshddwtm In{C) the

amrow jon of an old ioretinal scar and an old chorioretinal sateflite lesion with pigment
bilizati .‘In(D)r: ioretinal ing with well-defined edges indicated by the arrows with visualization of

the sclera.

doi:10.1371ournal. pone. 0144534 g001
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mismatch introduced into the nonsense primer. For reasons of clarity and 1o follow the published
nomenclature, the alleles will be designated here as MICA-129 met and MICA-129 val.
Genotype frequencies were obtained by direct counting, while the ARLEQUIN software (ver-
stom 3.11; hitpfempg unibe chlsolftware/arleguind) was ased 1o calculate the allele and hﬁo—
type frequencies. The haplotype frequency was estimated by the expectation-maximization
algorithm method [32], which allows an estimation of random haplotype frequencies based on
the allele frequencies of the sample. Relative linkage disequilibrium (A') was calculated accord-
ing to the Imanishi method [33), and the Hardy-Weinberg equilibrium was verified according
to the method described by Guo & Thompson [34].

Comparisons of allele, haplotype and genotype Irequencies between groups of patients were
attained using the chi-square test with Yates' correction or Fisher's exact test. Odds ratio (OR)
with a 95% confidence interval (95% CI) was also calculated to evaluate the risk association. The
mean ages were compared using the t-test. Differences, considered statistically significant for
P-values £0.03, were correcied by the Bonferroni inequality method for multiple cormparisons
(Pe). Statistical analyses were performed using the GraphPad Instat software {version 3.06).

Resulis

General characteristics of patients with and without ocular
manifestations of toxoplasmosis

The general characteristics of the study participants are shown in Table | The group of
patients without ocular Wxoplasmosis presented a significantly higher mean age compared
with the group of patients with ecular wxoplasmosis {P-value <0.0001; L= 7.00), with the sub-
group of patients with primary manifestations of ocular toxoplasmosis { P-value <0.0001;
t=5.48) and with the subgroup of patients with the recurrent form of the disease (P-value
<0.0001; 1 =7.51). Differences in age were also observed between the subgroups of patients:
those with the primary manifestation of the disease had a higher mean age than those who had
recurrent manifestations (P-value = 0.002; t= 3.12).

Frequency of MICA alleles in patients with and without ocular
manifestations of toxoplasmosis

Table 2 shows the distribution of the MICA alleles. Sixteen alleles were identified in the sample
of patients without ocular toxoplasmosis and 20 in patients with ocular toxoplasmosis. The
most common alleles in both groups were MICA*008, MICA*002, MICA*004 and MICA*009
totalling 63.5% and 64.8% of the possible alleles in patients with and without ocular toxoplas-
mosis, respectively. The MICA®030, MICA® 041, MICA®044 and MICA*068 alleles were pres-
ent only in patients with ocular manifestations of toxoplasmosis, with only one individual
having each allele (0.3%). No significant differences were found in the distribution of MICA
alleles between the groups of patients with and without ocular toxoplasmaosis or between those
with primary or recurrent clinical manifestations of the disease, so that the distribution of these
alleles is in Hardy-Weinberg equilibrium in the study population.

Frequency of MICA-129 genotypes and alleles in patients with and
without ocular manifestations of toxoplasmosis

There were no associations of genotypes or alleles of the MICA-129 polymorphism between the
groups of patients with and without ocular toxoplasmosts or between the subgroups of patients
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Table 2. Distribution of MIC A alleles in patients with and without occular toxoplasmosis and its manifestation as primary or recurrent

MICA Patients without ocular ‘Patients with ocular Patients with primary Patlents with recurrent
alleles toxoplasmosis (n = 149) toxoplasmosis {n = 148) ‘manifestation (n = 120) ‘manifestation (n = 28)
N (%) N (%) H (%) N (%)
*001 T &4.1) &i2.5 ofo.0y
=002 50(33.8) 51(34.5) 37 (15.5) 14 (25.0)
004 40 (26.8) 37 (12.5) @133 5(@s)
008 107 17 1(0.4) 0 {0.0)
007 1 {74 14(8.5) 11{4.8) 354
008 65 (43.8) 50 (30.9) 48 (20.0) 11 (19.8)
008 38 (25.5) a12rm 37(15.4) 471
010 15 (10.1) 15 (10.1) 11 {4.8) 4(r.1)
o 11{74) 17{11.5) 15{6.3) 238
2 427 320 (1.3 0 {00
ms 5(3.4) 42m s 1{1.8)
018 18 (10.7) 10(E.8) B13.3) 2(38)
07 5(3.4) 9(6.1) TRy 238
“018 16 (10.7) 10(E8) B8(3.3) 2(28)
*0ig Tiam Bid.1) angy 3is4)
ey B(54) 261} 52.1) 3(54)
030 0(0.0) 140.7) 110.4) ofoo)
041 0(0.0) 1407 1i0.4) o0
044 0(0.0) 140.7) 1(0.4) 0{00)
"oes 0 (o.o) 1{on 104} 000

N number of allsles

doi 10,137 tjounal. pore. 0144534 1002

with primary or recurrent ocular mamifestations of the disease. The MICA-129 val allele and the
heteroeygous MICA-129 met/val genotypes were the most common in all groups (Table 3).

Frequency of MICA~HLA-B and MICA~HLA-C haplotypes in patients
with and without ocular manifestations of toxoplasmosis

The most common MICA~HLA haplotypes are shown in Table 4. The MICA*002~HLA-B*35
haplotype was assocated with mereased risk of developing ocular toxoplasmosis (P-value = (L04;
OF: 2.20;95% CI: 1.08-4.93), while the MICA®008~HLA-C"07 haplotype was associated with

Table 3. Genotype and allele frequencies of the MICA-129 polymarphism {rs10517%2) in patients with and withouwt ocular toxeplasmosis and its.

manifestation as primary or recurrent
MICA-128 Patients without ocular Patients with ocular Patients with primary Patients with recurrent P-
poly T {n=148) toxoplasmosis {n = 148) ‘manifestation (n = 120} ‘manifestation [n = 28) value
Genatypes (%) %) n (%} n (%)
metimet 22 (14.8) 22 (14.9) 18 (15.0) 4(14.3) ns
misthal B4 43.0) 73 (40.3) 5T (475) 16{57.1) ns
valival 63 [42.3) 53 (35.8) 45 (37.5) 2288 ns
Allsk=s M%) (%) N %) (%)
met 108 (36.2) 117 (30.5) 93 (38.8) 24 (428) s
val 190 (83.8) 179 {50.5) 142 (59.2) 2(57.1) ne

M: number of alleles; ns: non-significant (when P-value >0.05)

doi: 10,137 tfournal pore 0144534 003
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protection against the development of manitestations of ocular oxoplasmoss (P-value = 0.008;
OR: 0:44; 95% Cl: 0.22-0.76). However, the significance of these associations was not statistically
signaficant after correcting for multiple comparisons. There was no significant difference on com-
paring the MICA~HLA-B and MICA~HLA-C haplatypes between patients with primary mani-
festatioms and those with recurrent manifestations of ecular toxoplasmosis.

Discussion
Although the importance of NK cells and CD8* T lymphocytes to the immune response of
ndividuals infected by T. gondii [35.26] and the role of MICA alleles in the activation of these
cells has been established [£,2], 1o the best of our knowledge, this is the first study that
addresses the role of MICA alleles and the MICA- 129 palymorphism (rs1051792) in the
immunopathogenesis of toxoplasmasis, Several factors related to both the host and the parasite
have been suggested as possible causes of the initial manilestation and the recurrence of ocular
toxoplasmosis, but none is widely accepted [5,6.37,28].

Thm**tﬂ&emnnﬂﬂpﬂqx&yﬁﬂhhﬂhmﬂuim#ﬂmmh
than the average age of patients without ocular toxepl . Moreover, f presenting
mmmm.mmmmmmmmw
studies have reported the importance of age in the clinical course of ocular toxoplasmosis with
most of them showing that the disease most often aflects patients from the second to fourth
decades of life [29,39-41]. Moreaver, the risk of recurrence is higher in the year lollowing the
first episode than in following years [42]. A common feature of these studies (including this
study} is that the patients with ocular toxoplasmesis were relatively young, Indeed, other eye
diseases, those without ocular scarsflesions due to toxopl is, are prevalent in older
patients [43], although ocular toxoplasmosis may develop at any stage of life |4]. The majority
of cases of ocular involvement due to toxoplasmosis are considered postnatally acquired infec-
tions [1].

No distinction was made between congenital and acquired disease in the analysis of the
characteristics of eye injuries. During infection, a pregnant woman presents a lemporary para-
sitaemia, which, can cause focal lesions in the placenta and infect the fetus, with varying sever-
ity of damage, depending on the virulence of the parasite strain, the immune response of the
maother and the gestational period [44]. Reactivation of chronic T. gondii infection and conse-
quent disease is common in congenitally infected individuals and some studies report that ocu-
lar disease 15 the most common manifestation of congenital toxeplasmeosis [45-45]. In addition
to the presence of clinically detectable ocular lesions at birth, new lesions typically appear late
in children who receive treatment or not [49,50], although the recurrence rates of congenital
and acquired ocular toxoplasmosis appear to be similar [29].

It has been postulated that recurrence is associated with reactivation of cysts in the retina
attributed Lo immaturity or alterations in host immunity {51]. Both patients with congenital
mfection and older patients seem o be at higher risk of developing ocular lesions [47]. How-
ever, independent studies show that individuals with primary toxoplasmic retinochoroiditis
without a pre-existing retinochoroidal lesion were older than those with recurrent ocular toxo-
plasmuosis [29,52]. Furthermore, it is possible that recurrent ocular manifestations result from
repeated infections of more than ane strain of the parasite [53,54], or they may also be associ-
ated with more virulent parasite strains [£,7,55].

The frequency of the MICA alleles in this study population was similar to that found by
Marin of al. [56] in a healthy population of the state of Sio Paulo and Ribas ef al. [57] ina
healthy population from the state of Parand, with the MICA®008, "002, "004 and "009 alleles
being the most common. However, the data of this study do not suggest that the extensive
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alielic polymorphism of the MICA gene contributes independently from HLA-B and HLA-C to
the appearance of ocular lesions resulting from T. gondii infection.

Furthermore, comparisons between the MICA alleles revealed differences in their ability o
bind to the NKG2D receptor. Sequences whose codon 129 is encoded with methionine express
protemns with a 10 to 50 times greater capacity to form a complex with NKG2D than sequences
with valine at this position, which possibly affects the activation and modulation of NK and T
cells [ 13], However, our results showed there were no associations of the genotypes or alleles of
the MICA-129 polymorphism between the groups of patients diagnosed with toxoplasmaosis
{with or without scular injury) or between the subgroups of patients with manifestations of
primary or recurrent disease,

The intraocular immune response is suppressed in normal circumstances thereby decreas-
ing the risk of tissue destruction [5#]. Under these conditions, cells in different tissues of the
eye constitutively express the Fas ligand {Fas-L), which can promote the deletion of T cells and
NE cells in the eye. Moreover, cytokines, such as transforming growth factor-beta (TGF-fi),
which have immunosuppressive properties, are also present, reducing the expression of MHC
class I molecules |59,50), which may affect cytotoxic lymphocyte responses. However,
decreased levels of TGF-i were found in ocular fluids of individuals with uveitis [0 ] and it has
been shown that T. gondii is capable of stimulating the release and modifying the active form
of TGE-P thereby facilitating replication of the parasite [62].

The pathogenesis of inflammation in ocular toxeplasmosis remains unclear, but several the-
ories have been proposed in an attempt to explain this process [3]. There is evidence that T. gon-
dii inflection promaotes the production of factors, such as interferon-gamma (IFN-y}, that
suppress immune privilege which has a crucial role in protecting against infection, as well as
being a potent TGF-B antagonist and hyper-regulating the expression of MHC molecules
{55,64]. Murine models have shown that the ocular immune response against T, gondii involves
factors similar to responses in other tissues, possibly leading 1o increased severity of lesions char-
acterized by marked necrosis or inflammation of the retina and the choroid [63-67].

S0 far it has been shown that MICA alleles participate in the rejection process of solid organ
transplants, immune surveillance of tumours and viruses [65] and the progression of several
infectious [17-22], inflammatory and autoimmune diseases [ 23-27]. However, there is no evi-
dence that immunopathogeni: mechanisms related to diseases that involve MECA molecules
also act on the immumty of ocular tissue alfected by T. gondii, as the nature of the expression
of MICA as a response 1o this parasite infection has not been demonstrated in these issues yet.
It has only been reported that, in wtro, the MICA protein has a reduced expression in normal
corneal epithelium and that an increase in the expression of this protein results in cytotoxic
activity of NK cells and CD8" T cells [62].

Lymphocytes expressing the NKG2D receptor are present in the eye during episodes of
inflammation | 58,70], and there is evidence that both NK and CD8" T cells are important com-
ponents of the immune response against T. gondi. 1t is known that the expression of MICA
mulecules increases in response 1o infections and can trigger cytotoxicity and IFN-y secretion
by cells expressing the NKG2D receptor [71]. This study investigated whether the MICA allele
and MICA-129 polymorphism, which affect binding affinity to the NKG2D receplor, are asso-
ciated with the onset of acular lesions in patients who are serologically positive for toxoplasme-
sis; however, no correlation was found,

Another possibility is that some MICA allotypes are intimately linked to other alleles

for this association, such as HLA, due to the relatively close physical proximity
between their loci. According to Stephens [7.2], it is common for MICA alleles to be associated
with HLA alleles, principally with HLA-B and thus exert a synergistic effect when combined.
The association between MICA and ocular toxoplasmosis was observed only when the linkage
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disequilibrium between the HLA-B and HLA-C loci was analysed. The MICA"002~HLA-B"35
haplotype was associated with increased risk of developing ocular toxoplasmosis, while the
MICA™008~HLA-C*07 haplotype was associated with protection against the ocular manifesta-
tions of toxoplasmosis. A relatively significant linkage disequilibrium value was observed for
the MICA®002~HLA-E*35 haplotype in patients who developed ocular symptoms (A'=
0.4305; P-value = 0.002), and for the MICA®008~HLA-C*07 haplotype in the group of patients
without ocular manifestations of the disease (A’ = 0.3582; Povalue = 0.001).

When the alleles that make up the haplotypes listed above were analysed separately, no asso-
cuation was detected in respect to ocular toxoplasmosis or 1o the primary or recurrent clinical
forms of the disease (data not shown for the HLA-B and HLA-C loci), so the possibility that
the HLA alleles are mainly responsible for the association can be excluded On the other hand,
we cannot exclude chance as an explanation for the observed associations, as the statistical sig-
nificance was no longer statistically significant after correcting for multiple comparisons.
Moreover, as the haplotype {requencies were obtained from the allele Irequencies, it is impor-
tant to emphasize thal they may not be accurate. To evaluate the true haplotype distribution, it
1 necessary to know the ancestors of the individuals i order to identify inherited haplotypes;
this was not possible in the current study.

In conclusion, in this stedy population, the MICA alleles and MICA functional polymaor-
phism-129 do not seem to influence the development of ocular lesions in patients diagnosed
with toxoplasmosis. For a better understanding of the influence of MICA~HLA haplotypes as
risk factors for ocular texoplasmosis we suggest that additional studies should be conducted, in
particular involving families. As allelic diversity of the MICA gene can differ between popula-
tions, sccording to regional variations, associations involving MICA polymorphisms could
result in different clinical and immune phenotypes in patients with ocular toxoplasmosis from
less racially mixed populations [ 16]. Furthermore, it is important 1o emphasize that the ocular
toxoplasmosis diagnostic criteria used in this study were the same as in the clinical practice,
injury identified by ophthalmoscopy associated with pasitive serology for T gondii. As no inva-
sive test was performed, this is a presumptive diagnosis when antibodies, antigens and proto-
roas were not detected in the injury. Furthermore, a histological analysis of the ocular tissue
affected by T. gondii is necessary as well as investigations of the cytotoxicity of NK and CD8* T
cells to clarify the expression of MICA molecules and 1o gain a better understanding of the role
of cells expressing the NKG2D) receptor in the immunopathogenesis of ocular toxoplasmosis.

Acknowledgments

The authors are grateful to all of the velunteers who participated in this study, to Laboratory of
Immunogenetics at FAMERP and to David Hewitt and James Joseph Hesson for their help
with the English version. Many thanks to Prolessor Stephen Henry from Auckland University
of the Technology for providing library access.

Author Contributions

Conceived and designed the experiments: CMA LCM CCBM. Performed the experiments:
CMA AVSC MP FHAM APSC. Analyzed the data: CMA LCM. Contributed reagents/materi-
als/analysis tools: CMA AVSC FEF RCS MP APB CCBM LCM. Wrote the paper: CMA LCM,
Head of the FAMERP Toxoplasma Research Group: CCBM. Performed the inclusion of
patients: FBF APE RCS MP. Sample collection: FBF APB RCS MP. Developed the clinical eval-
wation and chinical analyses: FBF APE RCS MP.

PLOS ONE| DOE10.137 1 ournal pone. 0144534 December 16, 2015 10714



@ PLOS | one

53

MICA Polymorphisms in Ocular Toxoplasmosis

References

1.

10.

1"

12

13.

14

Maenz M. Schiiiter D, Liesenfeld O, Schares G, Gross U, Pleyer U. Ccular toxoplasmosis past, present
and new aspects of an old disease. Prog Retin Eye Res. 2014; 39:77-106. doic 10,1016/ preteyeres.
2013.12.005 PMID: 24412517

Vi los-Santos DV. Ocular ions of systemic disease: toxoplasmosis. Curr Opin
Ophthalmol. 2012; 23: 542-550.
Boothroyd JC and Grigg ME. Population biology of Toxplasmagondii and its t0 human infec-

12180866

Furtado JM, Winthrop KL, Butier NJ, Smith JR. Ocular toxoplasmosis |- parasitology. epidemiclogy and
public health. Clin Experiment Ophthalmel. 2013, 41: 82-94. doi: 10.1111/.1442-0071 2012.02821 x
PMID: 22534508

Pleyer U, Schluter D. Manz M. Ocular toxoplasmosis: recent aspects of pathophysiology and ttiul
implications. Ophthalmic Res. 2014; 52: 116-123. doi: 10.115%/00036314 1 PMID: 25248
MERFWKLQDEE&WMTMMWM.GIMMd
congenital is in Brazil compared with Europe. PLoS Negl Trop Dis. 2008; 2: e277. doi: 10.
137 1oumal pntd 0000277 PMID: 18638419

Camneiro ACAV, Andrade GM, Costa JGL, Pinheiro BV, Vmw Ferraira AM, at al.
Genetic characterization of Toxoplasma gondii led highty isolates from
mmmmmm&qumxu 51:901-807.
doi: 10.1128/JCM.02502-12 PMID: 23284022

melﬁ.VhﬂJEDﬂhnOC&DﬂﬂuLc Qu D, SuC, et al. Toxoplasma gonadli isolates:

Multilocus RFLP PCR g ients in Sao Paulo State. Brazil identified distinct
mEmP.llhlmll "129: 190-195. doi: 1 0.1016/ exppara 2011.06 002 PMID: 21741380

Khan A, Jordan C. Muccioli C, Vallochi AL. Rizzo LV, Belfort R Jr, &t al. Genetic divergence of Toxo-
plasma gondii strains associated with ocular toxoplasmosis, Brazil. Emerg Infect Dis. 2006, 12: 942—
949. PMID: 18707050
Bahram S, Bresnahan M. Geraghty DE. Spies S. A second lineage of mammalian major histocompati-
bility complex class | genes. Proceedings of the Proc Natl Acad Sci USA. 1994 91: 6250-6263.
Bauer S, Groh V, Wu J, Steinle A, Phillips JH, Lanier LL, et al. Activation of NK cells and T cells by
NKG2D, a receptor for stress-inducible MICA. Science. 1999; 285: 727-729. PMID: 10426093
Pardoll DM. Stress, NK receptors, and immune surveillance. Science. 2001; 204: 534-536. PMID:
11567108
Steinle A, LI P, Morris DL, Groh V, Lanier LL, Strong RK, et al. Interactions of human NKG2D with its
ligands MICA. MICB. and homologs of the mouse RAE-1 protein family. Immunogenetics. 2001: 53:
279-287. PMID: 11491531
Sauer A, Pfaff AW, Villard O, Creuzo:-Garcher C. Dalle F, Chiguet C, et al. Interleukin 17A as an effec-
tive target for anti-inflammatory and antiparasitic treatment of toxoplasmic uveitis. J Infect Dis. 2012,
206: 1319-1329. PMID: 22027448
Dwtra MS, Béla SR, Peixoin-Range! AL, Fakiola M, Cruz AG. Gazzinelli A, et al. Association of a NOD2
gene polymorphism and T-helper 17 celle with p ocular is. J Infiect Dis. 2013,
2I.'ﬂ' 152-163. doi: 10.1003 indisEs640 PMID: 23100550
de-la-Tore A, Sauer A, Bourcier T, Speeg-Schatz C, Ballonzoli L, Ajzenberg D, st al. Severs South Amer
ican ocular ioxoplasmosis is associated with decreased IFK-ZAL 17A and increased IL-&/1L-13 intraocular
levels. PLoS Negl Trop Dis 2013; 7: e2541. doi: 10.137 1/jounal prvd, 0002541 PMWID: 24278400
Garcia G. del Pueno F, Pérez AS, Sierra B. Aguirre E, Kikuchi M, 1 al. Association of MICA and MICE
alsles with symptomatic dengue infection. Hum Immunal. 2011; 72: 804—007. doi: 101016/ humimrm,
2011.06.010PWID: 21762746
do Sacramento WS, Mazini PS, Franceschi DAS, de Melo FC. Braga MA, Sell AM, &t al. Frequencies
of MICA alieles in patients from southem Brazd with mutibacillary and paucibacillary leprosy. Int J
nmunogen. 2012; 3% 210-215.
Souza CF, Noguti EN, Visentaines JEL. Cardoso RF, Peizi-Erer ML, Tsuneio LT. HLA and MICA
genes in patients with tubarcullosis in Brazil. Tissue antigens. 2012, 79 5883 dok: 10.11114.1359-
0038 2011.04 788 » PMID: 22032421
ﬂr'l'. Lua @, Lin L. Su YP, Peng HE, Du K, et al. Association of MICA gene polymomphisms with fiver
in echésiosomiasis patients in the Dongting Lake region. Braz J Med Biol Res. 2012, 45 222-
mmaaazoluﬂ

PLOS ONE | DOE10.137Vjoumal pone. 0144534 December 16, 215 11714



54

@PLOS | ONE MICA Polymorphisms in Ocular Toxoplasmosis

21. del Puero F, Mishizawa JE, Kikuchi M, Roca ¥, Avilas C. Gianella A, et al. Protective human
antigen haplatype, HLA-DRE1*01-B* 14, against chronic Chagas disease in Balivia. PLaS MNegl Trop
Dis. 2012, 6:21587. doi: 10.1371/journal pnid. 0001587 PWID: 22448288

22 mmmmm,wnmm*mm_mm,*mm.m
of the Functional MICA-120 Palymorphism With the Severity of Chronic Chagas Heart Disease. Clin
Infect Dis. 2015, pii: civd40.

23.  Amwoun H, Djoudi H, Busson M, Allal R, E| Sherbini SM. Sloma |, et al. Early-onset ankylosing
fis is associated with a funciional MICA polymorphism. Hum Immunal. 2005; B8: 1057-1061. PMID-
16386647

24, Ldpez-Hernandez R, Valdés M, Lucas D, Camgpillo J&, Martinez-Garcia P, dd.ﬁnu:hmmﬂphd
MICA gene polymorphism and MIC A-128 dimorphism with infl tory bowel di tibility i
a Spanish population. Hum Immunal. 2010; 71: 512-514. doi: 10 101&" hurmirmm. 2010.02.003 PMID:
20152875

25. Yoshida K. Komai K, Shiozawa K, Mashida A, Hariuchi T, Tanaka ¥, et al. Role of the MICA polymor-
phism in systemic lupus erythematosus. Artheitis and Rheumatism, 2011; &3 3058-3066. doi: 10,
1002/art. 30501 PMID:; 21702010

26. Poliock RA. Chandran V. Pellet FJ, Thavaneswaran A, Eder L, Barrstt J, et al. The funcional MICA-
128 polymarphesm is asseciated with skin but not joint mansestations of psoriatic disease indepen-
dertiy of HLA-B and HLA-C. Tisswe Anfigens. 2013; B2. 43—47. doi: 10,1111/1an.12125 PMID:
23611685

27.  Achour ¥, Kammoun A, Ben Hamad M, Mahfoudh N, Chaabane 5, Marzouk S, et al. Association study
of MIC A gene polymorphisms with rheumatoid arthritis suscaptibility in south Tumnisian population. Int J
Fmmunogenet, 2014; 41: 886482 dok: 10,1111/, 12146 PMID; 25256191

28. Femeira AIC. De Mattos CCB, Frederce FB, Meira CS, Almeida GC, Nakashima F. et al. Risk factors
for ocular toxoplasmasis in Brazil. Epidemiol Infect. 2014, 42:142-148.

28. Bosch-Dressen LE. Berendschot TT, Ongkosuwio JY, Rethova A. Ocular toxoplasmosss: clinical fea-
tures and prognosis of 154 patients. Ophthaimology. 2002; 109: 869-878. PMID: 11556090
ber 1. Early Treatment Diabetic Retinopathy Study research group. Arch Ophthabmol. 1885, 103;
1TO6-806. PMID: 2866750

#. Parma FC. Amado RC, Lambertucei JR, Rocha J. Anfunes CM, Pena S04, Color and genomic ancestry
in Brazilians. Proc Mat Aca Sci. 2003; 100:177-182.

32, Excoffier L, Slatkin M. fikelibood estimation of molecular haplotype frequencies in a diploid
population. Malecular biokogy and evelution 1995; 12: 421, PRMID: 7478138

33. Imanishi T, Akaza T, Kimura A, Tokunaga K. Gojobori 7. Allele and naplotype frequencies for HLA and
compbsment loci in various ethnic groups. In: Tsuji K, Aizewa M. Sasazuls T, editors. HLA 1981: Pro-
oceedings of the Eleventh Intemational Histocompatibility Workshop and Conference. Curdard: Oxford
University Press; 1932 pp. 10851220,

34. Guo SW, Thompeon EA. Perfoming the exact test of Hardy Weinberg proportion for multiple alleles.

Biometrics. 1902 48: 381 PMID: 1637366

Miller C, Boulter MR. lkin RJ, Smith MC. The immunobiclogy of the innate responss to Ti

gondii. Int J Parasitol. 2008; 38: 23-30. doi: 1010716/ jipas. 2008 08,002 PMID: 18775432

Combe CL. Curiel TJ. Moretto Mid, Khan |4, NK cells help to induce CD&{+)-T-cell Immunity agains:

Toxoplasma gendii in the absence of CD4{+) T cells. Infeci Imman. 2005, 73: 481340821, PRID:

16041005

Rothova A. Ocular manifestations of toxoplasmasis. Cur Opin Ophthalmol. 2003; 14: 384-388. PMID:

1461564

Gngg ME, Dubbey JP, Mussenbiatt RE. Ocular toxoplasmosss: lessons from Brazil. Am J Ophthatmal.

2015 158 9991001, doi: 10.1016/].8j0.2015.04 005 PMID: 25956461

Holiand GM. Ocular toxoplasmosis: a glebal reassssement. Pant il: disease manifestations and man-

agement. Am J Ophthalmol. 2004; 137:1-17. PMID: 14700638

Busiilio JL, Diaz D, Pachece IC, Gritz DC . Cuban Dcular Texoplasmosis Epidemiclogy Study

{COTES): incidence and prevalence of ocular woxoplasmasis in Central Cuba. BrJ Ophthalmod. 2015;

96: 3823686 doi: 10.1136hiophthalmol-2014-305843 PMID: 25253767

41, Mendes MHD, Oliveira CBS. Garoia CA. Holanda CMXC, HMeto VF. Epi ¥ pcal and sero-
logical profiéss of ocular toxoplasmosis in the municipality of Natal, northeastem Brazil. Trans A Soc
Trap Med Hyg. 2014; 108:656—661. dai: 10,1093 rsimbyiru 113 PMID: 25096254

42.  Holland GN. Ocular is: & global Part I: epsdemicéogy and course of disease.
Am J Ophihalmal. 2003, 138 973-988. PMID: 14644206

%

B B B 3

PLOS OME | DOE10.1371/journal pone. 0144534  December 16, 2015 1214



@'PLOS | one

55

MICA Polymorphiems in Ocular Toxoplasmosss.

5 8 6 & B

&

8

&1,

Rosenberg EA, Sperazza LC. The visually impaired patient. Am Fam Physician. 2008, 77: 1431-1436.
PMID: 18533377

Desmonis G, Couvreur J. Cangenital T 0sis. A prospective study of 378 pregnancies. N Enal
J Med. 1974, 280 1110-1116. PMID: i&E_]Jb

Safadi MA, Berezin EN, Farhat CK. Carvalho ES. Clinical presentation and ioow up of children with
congenital toxoplasmosie in Brazil. Braz J infect Dis 2003; 7: 325-331. PMID: 14552742

Berrébi A, Aszouline C, Bessigres MH, Lathiére W, Cassaing S. Minville V, et al. Long-term cutcoms of
children with congenital toxoplasmesis. Am J Obstet Gynecol 2010; 203: 552 e1-6.

Dubey JP, Lago EG, Gennari M, SuC, Jones JL. Toxoplasmosss in humans and animals in Brazil:
high prevalence, high burden of disease, and epidemiology. Parasitology. 2012; 130: 1375-1424. doi:
10.101 750031 18201 2000765 PMID: 22776457

Jones JU, Panise ME, Fiore AE. Neglecied Parasitic Infeciions in the United Siaies: Toxoplasmesis. Am
J Trop Med Hyg. 2014; B0: 784798 doi: 10 4260 adimh 13-0722 PMID: 24808248

Phan L, Kasza K, Jalbrzicowssi J. Moble AG, Latkany P, Kuo A et al. Longitudinal study of new eye
lesions in reated congenital toxopissmosis. Ophthalmology 2008; 115: 553-558 88 PMID: 17225414
Phan L, Kasza K, Jalbrzikowski J. Moble AG, Latkany P. Kuo A. et al. Longitudinal study of new eye
lesions in chitdren with toxoplasmosis who wers not treated during the first year of life. Am J Ophthal-
mol. 2008 146: 375-384. doi: 10.1016/.2j0 2008 0 033 PMID: 18615570

Solana R, Tarazona R, Gayoso I, Lesur O, Dupuis G, Fulop T. Innates immunosenescence: effect of
aging on celis and recaptors of the innate immune system in humans. Semin. immonol. 2012, 24: 337-
341.doi: 101016/ smim 2012 04,008 PMID: 22560035

Asantes TE, Silvewa C, Halland GN. Muccioli C. Yu F, Jones JL, =t al. Qcular Invabement Follewng
Posinatally Acquired Toxoplasma gondi Infection in Southern Brazil: A 28-Year Experience. Am J
Ophthalmal. 2015; 158: 1002-1012. doi: 10,10160.8:0.2015,02,015 PMID: 25743338

Andrade GMQ, Vasconcelos-Santos DV, Carellos EVM, Romansli RMC, Vitor RWA. Cameiro ACAY,
&1 al. Congennal toxoplasmosis from a chronically imfected woman with reactivation of retinochoroidits
during pregnancy—an underestimated event? J Pediatr (Rio J). 2009 86:85-88.

Aspinall TV, Guy EC. Roberis KE. Joynson DH, Hyde JE, Sims PF. Molecular evidence for multiple:
Toxoplasma gendii infections in individual patients in England and Wales: public healit implications..
Int: J. Parasitol. 2000, 33: 87-103. PMID: 12547351

Meeburg BG, Kistra A. Changing climate-changing pathogens: Toxoplasma gondii in North-Westem
Ewrope. Parasitol Res. 2008, 105 17-24_doc 10, 1007/500436-009-1447-4 PMID; 12415068

Marin MLC, Saviol CR, Yamamoto JH, Kali J, Goldberg AC. MICA palymorphism in a sample of the
San Paulo popalstion, Brazil. Eur J immunogen. 2004; 31:63-71. PMID: 15086345

Ribas F, Dlwveira L&, Petzl-Erer ML Bicalho MG. Major histooomipatibdity compisx ciass | chain-related
gene A polymorphism and linkage disequilibrium with HLA-B alleles in Eurp-Brazilians. Tissue Arti-
gens. 2008; 72: 532538, doi: 10.1111/].1399-0039 3008.01 142.x PMID: 18000131

Caspi RA. Ocular autoimmunity: the price of prvilege? Immunol Rev. 2008; 213: 23-35. PMID:
18872804

Klaren VM, Peek R. Evidence for a compartmentalized B cell response as characterized by IgG
specificity in human ocular foxoplasmosis. J lmmunol. 2001; 187 82836260 PMID: 11714735
Hunter CA, Suzuki ¥, Subausts C5. Remingten 5. Celis and cytokinss in resistance to Towoplasma
gondii. Cur Top Microbiol Immuncd. 1906; 218: 113-125, PMID: 8721654

de Boar JH, Limpens J. Orengo-Mania 5, de Jong PVTM, HEL EL, Kajlstra A. Low maturs TGF-b2 lev-
els i agueocus humor during wveitis. invest Opthalmol Vis Sci. 1894; 35: 3702-3710.

Magineni CH, Detrick B. Hooks 1J. Transiorming growth factor-beta expression in human retinal pig-

ment epithelial oalls is by Toxog gendii: Ap role. Clin Exp Immunol. 2002; 128:
372378 PMID: 11085530

Roberis F. MoLeod R. Pathog of iasmec retinochonoiditis. Parasiol Today. 1994; 15 81—
57. PMID: 10234 186

Stredsin JW. mechanisms of the eye. Prog Retin Eye Res. 1980; 18 357-370_
PMID: 10182517

Gazzmelli AT. Brézm A, Li O, Mussenblatt RE. Chan CC. Toxoplasma gondii: scquired ocular
mosis in the muring model, protective role of TMF-a and IFM-g. Exp Parasitol. 1984; T8 217-220.
PMID: 8118376

LuF, Huang 5, Kasper LH. CD4* T calls in the pathogenesis of murine ocular toxoplasmosis. Infect
Imemun. 2004; 72 40664072 PMID: 15321988

PLOS ONE | DOI:10.1371 fjoumai pone 1144534  Decamber 16. 2015 13714



@'PLOS | onE

56

MICA Polymorphisms n Ocular Toxoplas moss

&7.

Lemaitre C, Thillaye-Goldenberg B, Maud MC, de Kozak ¥. The efiects of intrancular injection of intar-
lgukin-13 on endotoxin- induced wveitis in rats. Invest Opithalmol Vie Sci. 2001; 42- 2022-2030.
PMID: 11481267

Colins BW. Human MHC diass | chain related (MIC) genes: their biological functon and relevance 1o
disease and ransplantation. Eur J immunogenst. 2004; 31:106-1714. PAID: 15182323
Hong J, Qiu T. Qian T, Li G, Yu X. Chen J, et al. Heightensd ion of MICA the

CytotoK-
dﬁrﬂhﬁoﬂthlﬂrhhﬂnﬂWlﬂlﬂhﬂmm BMC ophihalmology. 2012, 12: 6.
diai: 10.1186/1471-2415-12-6 PMID: 22475346
Crane LI, Liversidge J. Mechanisms of leukocyte migration across the bipod-retina barrier. Semin
Immunopathol 2008, 30: ¥85-177. doi: 10.1007/500281-008-0106-7 PRID: 18305541
Zwimer NW, Fusries MB, Girart MV, Domaica Cl, Rossi LE. immunobiology of the human MHC class |
cham-related gene A (MICA}: from fransplamation immunology to tumour immune escape. Inmunobo-
gia. 2006; 25 25-38.
Stephens HAF. MICA and MICE genes: can the enigma of their polymorphism be resobved? Trends
Immunol. 2001; 22: 376-365. PMID: 11420322

PLOS OME | DOE10.1371/joumnal pone. 0144534 Decamber 16, 2015 14714



57

(utige 2




58

SCIENTIFIC REPg}RTS

Z7E Ocular toxoplasmosis:
susceptibility in respect to the
genes encoding the KIR receptors

o vomewe @and their HLA class | ligands

Published: 03 November 3008 ¢ hristiane Maria Ayo?, Fibio Batista Frederico®’, Rubens Camargo Siqueira’,
Cinara de Céssia Branddo de Mattos™*, Mariana Previato™, Amanda Pires Barbosa®,
Fernande Henrigue Antunes Murata®?, Aparecida Perpétuo Silveira-Carvalho® &
Luiz Carlos de Mattos™?

and their HLA ligands in the susceptibility of ocular tomoplasmosis. A total of 257 patients serologically-
diagnosed with toxoplasmosis were selected and stratified according to the presence (n = 148) or
absence (n = 143) of ocular scarsflesions due te toxoplasmosis. The group of patients with scars/
lesions was further subdivided into two groups according to the type of ocular manifestation observed:
primary (n = 120} or recurrent (n = 28). Genotyping was performed by PCR-S50F. Statistical analyses
were conducted using the Chi-sguare test, and odds ratio with a 95% confidence interval was also
calculated to evaluate the risk association, The activating KIRIDS51 gene was associated with increased
susceptibility for ooular toxoplasmosis. mmwmmmmuuwmmb
Bwé-80lle and KIR2DS1-/C2+- KIRIDS]1-/Bws-B0lle*) were associated with increased

for ocular toxoplasmosis and its clinical manifestations. KIR-HLA inhibitory pairs -KIR2DL3/2DL3-C1)
C1and KIRZDL 3/200L3-C1- were associated with decreased suscaptibility for ocular toxoplasmaosis

and its clinical forms, while the KIRIDS1-/KIRIDLL" (Bwé-80lle* combination was associated as a
protective factor against the development of ocular toxoplasmeosis and, in particular, against recurrent
manifestations. Our data demonstrate that activating and inhibitory KiR genes may influence the
development of ocular toxoplasmosis.

Ocular Toxoplasmesis, the mest common form of pesterion aveitis, results from Toxoplasma gondii infection”.
The prevalence varies widely between different countries however, both the frequency and the severity of the
resulting ocular manifestations are higher in Brazil than in many ather parts of the world*®. Eye injuries atfect the
retina and the choroid with local inflammatory reactions being observed in ocolar tissues intected by T2 gondir'.

The damage to ocular tissues led to the proposal of phenomena that may be related to pathogenic mechanisms
of ocular toxoplasmosis, including autoimmune mechanisms'*. Mow it is known that an exaggerated T-helper
L (Th-1) response, in particular by Th-17 cells, can cause tissue damage and contribute to the severity of ooular
toxnplasmosis due to the production of interleukin- 17 (IL-17), a potent inducer of inflammation®®. In addition
to Th-17, other sources of IL-17, including natural killer cells {NK), can contribute to the development of inflar-
matory conditions”,

Increases in the numbers of circulating prointlammatory monocytes and MK CD56%= cytatoxic cells and a
decrease in immunoregulatory NK CD5ee cells have been identified in children congenitally infected with
T. gowdii who have active eve lesions. Furthermore, subsets of MK cells and CD8+ T cells play a crucial role as
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Age (Mean = 801) 577 &It 413 20wt 4094 2008 3182 305

Median | [ | £ | M | ]
Gender K (%)

Female 6 (5100 B4 0 S5 (45.8) {300

Male 73 {4800 79 (534} 5543 14(50.0)
Serclagical prafile & (%)

Igh=flgh+ 45 1R 143 (8600 O 28 { 1000}

g™ +AgG+ © i) T 514.3) e

Ighl +figG— 0l s Dl w{an)
Table 1. Mmﬂwp&imﬂ and without ocular wxoplasmosis
and its primary or recurrent manifestations. Clinical diagnosis: * Presence of ocular diseases other than

toxnplasmnosis as cataracts (17.5%), pterygium (4.0%), agerelated macular degeneration (23 0%), glaucoma
16.7%), retinal detachmwent {16.1%). optic neuropathy (3 4%), macular edema {4.6%), macular atrophy
{2.6%), diabetic setinopathy (8 7%} and other ocular diseases (13 4% ). ** Presence of ocular scars/lesions.
due to toxoplasmosis. 1 =Stadent t test. *P < 0.0001 1= 7.00 (Patients without ocular toxeplasmosis vs.
Patients with ocular toxoplasmesis), P </0.0001 t = 5.48 (Patients without ocular toxoplasmosis vs. Patients
with primary manifestation). “P <0.0001 t =7.51 (Patients without ocular toxoplasmosis ve. Patients with
recurrent manifestation). *P =0.002 t=3.12 (Patients with primary manifestation vs. Patients with recurrent
manifestation).

biomarkers of cicatricial lesion of the eye®. There is also evidence that NK cells have a predominantly proinflam-
matory profile in vitro during T. gondii infections, due to an increased production of interfernn-gamma (IFN-~)
in patients with congenital ocular
m&mmﬁmmﬁuuﬁﬂhlﬂdmmmmﬁﬁrm
{KIR) expressed on the cell surface that recognize human leukocyte antigen (HLA) class 1 molecules of target
cells™® KIR genes are responsible for coding the KIR receptors of NK cells. These genes comprise a family of 15
lendm 19q134 characterized as inhibitors (KIR2DL], -2DL2, -2DL3, -2[0L.54,-2DL58
-3DL], -3D0.2, and -3DL3) or activators (KIR2DSI1, -21052, -2D83, -2I¥54, -2DS5, -3051 and -2DL4,), and two
m-u[miamd -3DP1). Moreover, hﬂdmﬁ!cﬂ“dhm EIWﬂM“
W wnmnmnummuxnﬁmmwdm,m
i.’.!.lgaunl-u described as risk or protective factors in different types of non-toxoplasmic uveitis and
mmmmmmm:—u“. uveitis in patients with spondyloarthyop-
athies'* and Vogt 'qu'“‘.dﬁw:humnmdhmmm
genes are also associated many other infections diseases'” . Additionally, both murine and himan studies
mmuwww[m)m Ticalled HLA class 1 in human) are associated
NK cells have great importance in the contral of T. i infection™ however, the role of KIR genes that
mmmwdﬂta&nﬁnw inflammation in the eye has not been elundated in
vet. The ohjective of this study was to investigate the intluence of the genes encoding the KIR
!.'B{q.!lll‘ MH’L& ligands in the resistance or susceptibility to the development of ocular toxoplasmosis.

Results
mﬂm;ummmmmm.rw
sis. The characteristics of the study population with respect ta age, gender, clinical
profile are shown in Table 1. mmpmwm:ummwuam mean
age was observed for the group of patients without toxoplasmosis compared to the group of patients with
ocular toxoplasmosis (P < 0.0001, t=7.00), with the subgroup of patients with primary manifestations of ocular
is [P < QL0001 t = 5.48) and with the subgroup of patients with the recurrent form of the disease
{P< 00001 t="7.51). A higher mean age was also observed for the of patients with primary manifesta-
tions than these who had recurrent manifestations (P=0.002; t=3.12).

Distribution of KIR genes and KIR genotypes in patients with and without ocular toxoplasmo-
sis. The distribution of genotype frequencies of KIR2D12/3 and KIR3DILI/51 were in Handy-Weinberg equi-
librium (P > 0.05) in this study population. However, KIR3DLI/S1 for the patient group that developed ocular
Wmumnmmmu:ammmm KIR2DL4, KIR3DL2,
KIR3DL3 and KIR3DFI, as expected were present in all samples, which are important internal controls to check
the quality of genotyping.

The distribution of IR gene frequencies and AA and BX genotype frequencies are shown in Table 2. An
increased susceptibility for developing ocular toxeplasmosis (OR = 2.15; C1=1.31-3.50; P=0.003, Pc =0.04) was
observed for the KIR3DS] activating gene. There was also 4 positive association between KIR3DS] and recurrent
manifestations of disease [OR = 3.25, Cl = 1.42-7.44, P=0.007; Fc=0.1) when this patsent group was compared
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Table 2. Distribution of KIR genes and KIR genotypes in patients with and without ocular

and its primary or recurrent manifestations. *0R =10.55; Cl =0.31-0.97; P=0.05; Pc =080 | Patients withom
ocular toxoplasmosis vs. Patients with ocular toxoplasmosis). *OR =215 Cl = 1.31-3.50; P=0.003, Fr=0.04
[ Patients without ocular toxoplasmesis vs. Patients with ocular toxoplasmosis). “DR =325 Cl=1.42-7.44,
P=10.007; Pc=0.1{Panents without ocular toxoplasmosis vs. Patients with recurrent manifestation ).

Adandior ALk 51 2008) 42 (20.4) (T WH3LT)
[ 115 {75.8) T [P0.5) i) (T
Bwd B0l we24) W7 (sEE) Tr{snm| 18 (=3.8)
Ik B0 The {305 Win4) 200243 1037
i B2 {41.8) 58 (34.2) (323} 12 (41%)
CICE b7l 25 (169) 14415.8) BizLd)
== Bl {405 LLITER) S5{458) 0{35.7}

Table 3. Distribution of the HLA dlass | KIR-ligands in in patienis with and withont ecular
ﬂ‘ikpi-[ or recurrent m Bwd =HLA-A"23, "24, "3 HLA-B *13,"27, "4, "5], "52,*53,
57, 58, Bwd-800ke = HLA-A®23, *24, *32; HLA-B*5], *52, *53, *57, *54, Bwd-80Thr=HLA-B*13,°27, "44.
Group Cl =HLA-C*01, *03,*07, 08, *12, *14, *16. Group {2 = HLA-C*02, "04, 05, *06, *07, *15,*17. "18.
*The same individual could express mose than one pair KIR-HLA ligand.

eﬁumﬁtﬂmm;-ﬂumﬂ for ocular

(OR =055 Cl=0.31-0.97; P=0.05; Fr =080}, but the significance was also ﬁumﬁrw
correction. m@hlﬁmmmnhMﬂ“mwmmﬂm
investigated in this study.

mdﬂnuud-ulm—ﬁ'-ﬁh in patients with and without ocular
antigen nhHﬂdg—W’:&rgqﬂlﬁmﬂlP}GHjn all groups studied.
mm—mammmrw:‘m{umnu.nﬂ-ﬂh —80The, C1 and €2, in homozygo-
sity and heterozygosity) were snalyzed and were samilar between groups { Table 3).
Distribution of KIR and their respective HLA ligands in patients with and without ocular tox-
i Diata on the distribution of KIR genes with their HLA class 1 ligands are listed in Table 4. The
KIR3DS1-Bwd-600le pair was associated to increased susceptibility for developing ecular toxoplasmosis. The
frequency was higher for patients with acular toxoplasmosis (OR =2 28, Cl=124-4.19; P=0.007; Pc=0.01),
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Table 4. Distribution of KIR and their respective HLA ligands in patients with and without ocular

and its primary or recurrent manifestations. *0R =228 Cl1=124-4.1% P=0.007; Fe=001
{ Patients without ocular soxoplasmosis vs. Patients with ocular toxoplasmosis). "0OR = 2.08; C1 = 1.09-3.95;
P=1042; Pc= 0.4 { Patients without ocular toxoplasmosis vs. Patients with primary manifestation). "0 = 3.24:

Cl1=1.28-8.8% P=0.02; Pc =0.04 ( Patients without ocular toxoplasmaosis vs. Patients with recurrent

manifestation). “0OR =0.27; C1=0.15-0.48; P=0.000007; Pc=0.00002 | Patients without ocular
vs. Patients with ocular toxoplasmosis). SOR=0.31; CI=0.17-0.56 P=0.0001; Pc = 0.0003 (Patients without
ocular toxoplasmosis vs. Patients with primary manifestation), R =0.12; Cl=029-0.5% P=0.003; Pr=0.00%
{ Patients without ocular toxoplasmosis vs, Patients with recurrent manifestation). SOR = 0.1%; Cl = 0.07-0.51;
P=10.0005; Pc=0.001 (Patients withowt ocular toxoplasmesis vs. Patients with ocular E
SOR =023 Cl = 0.08-0.64; P=0.002; Pr=0.006 ( Patients without ocular toxoplasmasis vs. Patients with
primary manifestation). ‘'0OR =0.0% CI=005-0.91; P=0.0]; Pr=0.05(Patients without ocular toxoplasmesis
ws. Patients with recurrent manifestation),

patients with primary manifestations (OR = 2.08; Cl=1.09-3.95; P=0.02; Pr=0.04) and patients with recurrent
manifestations (OR =3.24; C1=1.28-8.89; P=0.02; Pc=0.04) than patients without ocular toxoplasmosis.
The KIR2DL3 inhibitory allele in the homozygous state and presence of its ligands whether homozygous or
not (KIR2DL3/2DL3-C1/C1 and KIR2DL3/2DL3-C1) was associated with res ¢ to ocular !
whenpuumﬂbmuulumuﬂmwuo-pndmﬁdmem&mhrmqlm(m-ow
CI=0.07-0.51; P=0.0005; Pc=0.001 and OR =0.27; CI1=10.15-0.48; P=0.000007; Pc =0.00002
primary manitestations (OR = 0.23; C1=0.08-0.64; P=0.002; Pc=0.006 and OR = 031;Cl=0.l7-0.56.
P=0.0001; Pc=0.0003 respectively) and recurrent manifestations (OR =0.09; C1=0.05-0.91; P=0.01; Pc=0.05
and OR=0.12; C1=0.29-0.59; P=0.003; Pc=0.009 respectively) (Table 4).

Frequencies of the number of KIR-HLA class | activating and inhibitory ligands in patients with
mmmmmm Figure | shows the influence of the number of KIR-HLA class [ acti-
nnqnduhbmry ds on the devel of ocular toxopl and its clinical manifestations. There
MMMMMMWW(G-M CI=1.19-4.39;
Psom Pc=0.04) and patients with primary manifestations and without ocular toxoplasmosis (OR =2.29;
Cl=1.16-452; P=001; k-on%)whauiymmofumw“nm(ﬁ; 1A). Significant
associations were not found in the analysis of pairs of lnhh&ymﬂudaulh'uda{}'i‘,ls
Subsequently, discrimination of the two activator pairs (KIR-HLA class I) for the association mentioned above
umdn.mmhmmxmoslndxmmlnmmdmww
(KIR2DS17/C2** KIR3DS1%/Bw4-801le”) is responsible for increasing the risk of
meosis (OR =5:56; Cl=222-13.88; P=0.0001; Pc=0.0004). mm&;horm&mprwy
(OR=5.35 C1=2.09-13.68; P=0.0002; Pc=0.0008) and recurrent clinical forms (OR=6.50; C1=1.92-21.96;
P=0.004; Pc=0.01) compared to patients without ocular toxoplasmosis (Fig. 2).
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Figure 1. Frequencies of pairs of KIR-HLA class | activating { A) and inhibitory (B) ligands in patients with
and without ocular toxoplasmaosis and its manifestation as primary or recurrent. "OR= 2. 19; Cl = . 19-4.59,
P=0.01; Pr=10.04 { Patients without ocular toxoplasmosis vs. Patients with ocular toxoplasmosis); BOR=229;
Cl=1.16-45% P=10.01; Pr=0.04 { Patients without ocular toxoplasmosis vs. Patients with primary
manifestation).

OHLY TWO PAIRS ACTIVATING
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inthe presence of their HLA Class I ligands in patients with and without ocular toxoplasmosis and

its manifestations as primary or recurrent. * snd *° represents respectively that patients with recurrent
manifestations and patients without ocular toxoplasmosis presented results of 0% for two activating pairs.
30OR =556 Cl=2.22-13.88; P=0.0001; hzim(mmmmum
mmmﬁmu}.‘m.zsﬂ Cl =2.09-13.68; P=0.0002; Fr =0.0008 ( Patients without ocular
toxeplasmosis vs, Patients with primary manifestations); SOR = 6.50; C1 = 1.92-21 .96, F =0.004; Pc=0.01

{ Patients without ocular toxoplasmosis vs. Patients with recurrent manifestations).

DmmndmmlﬂnmmMMHWWIhmm
and without ecular toxeplasmaosis. The correlation between the distribution of activating and inhibitory
KIR and their respective HLA ligands was analyzed ( Table 5). A decreased risk of devel g ocular pl
inosts (OR=0.52 C1=0.32-0.84; P=0.009; Pc=002) and recurrent manifestatinns of the disease (DR =0.13;
Cl=10.03-0.45 P=0.0003; Pc =0.0009) was observed for the KIRIDS 1 ~/KIR3DLL* Bwa-801le* combination
(KIR2DLI and the Bw4-80le ligand in the ahsence of KIR3DS1) when compared to patients without ocular

is. This correlation was alse observed when patients with recurrent manijestations were compared 1o
patients with primary manifestations (R =020; Cl = §.05-0.70; P=0.006; Pc =0.01).

Discussion

Possible causes of ocular manifestations of toxoplasnuosis have not been fully elucidated, but it is believed that fac-
tors related both to the parasite and the host contribute to the development of this disease’™™. Therefore, the study
«of the impact of genes on infections, such as toxoplasmosis, is extremely important because it provides infor-
mation about the contribution of the Mmmumtk&mdﬁuwdmmm
previoualy shown that MICA polymorphisms are not associated with the devel of ocular toxopl i
MhmmhcummmmmmmlﬂMMAw re assockated
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Table 5. Distribution of activating KIR plus inhibitory KIR and their respective ligands in patients with
and without ecular toxoplasmosis and its primary or recurrent manifestations. *0OR =052, Cl=022-0.84;
P=0.00%; Pc=0.02 (Patients without ocular toxoplasmosis vs. Patientes with ocular toxoplasmosis).
BOR=0.13; Cl = 0.03-0.45; F=0.0003; Fr =0.0009 (Patients without ocular toxoplasmosis vs. Patientes with
recurrent manifestation), “0R =0.20; C1 =0.05-0.70; P=0.006; Pr = 0.01 (Patients with primary manifestation
va. Patients with recurrent manifestation ).

with the development of ocular besions resulting from T, gondli infection. To the best of our knowledge, this is the
first study of KIR genes and HLA ligands in the immunopathology of ocular toxoplasmesis.

The difference in the mean ages of the patient groups of this study was caretully discussed previousty™ Brietly,
rﬂiﬂdhmmlqﬂﬂroﬂﬁ.-d“”mdmﬂHMuc-hh
infections acquired after birth, 2 significant number of § Can acgui disease congenitally and the
resulting scars trend to be persistent’. hhhbmﬂhﬁeﬂﬁd’“mh*ﬂ:h

year following the first infection than in future years**_ A5 no distinction was made berween congenital and
M&mhhuﬂudh:ﬁmdmmﬁumqhud&pﬂkm
-ﬁmwwihmmcﬁﬂmmMﬂmmﬂnﬂuMun—nﬁk
miosis, are prevalent in slder

W&emdlﬂl after Bonferroni correction only the KIE30$! activating gene was
associated with increased risk of ing ocular toxoplasmosis with the other associations being lost. The
Bonferroni correction decreases the chance of a significant difference by chance slone, the data more
robust™, The association observed for the KIR3DS | with ocular toxoplasmosis can be by the absence
#mtiﬁmlﬂﬁlﬂdﬂlwnnﬂdﬁdnm#hmﬁnhmﬂfmm and
consequently the sbsence of KIRSDLI, can create an increased potential for the activation of NK cells owing
uhmhhrﬂdwm‘mmwlmm involvement of the
mjﬂ.ll.’l-hl:haumrpgu uveitis and inflammatory eye diseases triggered by amo-
immumne factors. Levinson ef al * observed that individuals with the KIR3DS! gene in their haplotype have an
increased risk of developing Vogi-Keyanagi-Harada syndrome, while the presence of KIR3DL] was associated to
protection against the development of the disease. A similar result was ohserved by Moon ef al.'* for the devel-
opment of wveitis relared to ankylosing spondylitis: KTR3DS] was associated as & risk factor and KIR3DL] was
associated as a protective factor.

In this study, KIRIDL /5] tor the patient group that developed the ocular toxeplasmosis were not in
Hardy-Weinberg equilibrium. However, ﬂeudlnndlllthﬂl‘hurllﬁmn only be investigated in
the control group, hecause it represents the general population®-*, Thus, the high frequency of KIRIDS! might be
mmm&mm-wmmmmmmm
the Hardy- Weinberg equilibrium. Considering that prec WETe o pr bias in this
Mnm-ﬂ;qhhﬂ!wmaﬂnﬁmmhhﬂwﬂdmw

even though KIR3DL1/51 were not in Hardy-Weinberg equilibrium.
mmdmmmmmumwuhmammmmu

-
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means of & balance in activation and inhibition signals that regulate the NK cell effector function®"”, The recogni-
md#mw&mx[luﬂw There is chear evidence that HLA-Bw4-801le is
powerfully by KIR3DILA, but there is still conmtroversy as to whether its homologue, KIR3DS1, interacts
with the same ligand, as only indirect evidence was found™®. There is abse & hierarchy of inhibition related to
xmm-nﬂmmnmmwmn.mmnnmmum
In this study, where the KIE genes were analyzed in the presence of their respective ligands (KIR-HLA), the
KIR3[151-Bw4-801le pair was associated with the development of ocular toxoplasmosis irrespective of the type of
clinical manifestation (primary or recurrent); while KIR2DL3/2DL3-C1ACH and KIR2DL3/2D13-C1 were associ-
ated with pratection against the developrment of ocular toxoplasmosis and its dinical manifestations. In scooerd with
aur results, sther studies found an association involving the KIR31381-Bw4-801ke pair in other human diseases ™+,
suggested an interaction between these molecules. KIRIDL 3 and KIR2DL2 are considered alleles, as are KIRADL 1
and KIR3DS1 Although the KIR2DL2-C] interaction is strenger than the KIR2DL3-C1 interaction, the inhibi-
m*ﬂpﬂdiﬂhhmﬁﬂlﬂi(ﬂlﬂjﬂiﬂ.ﬂllﬂmmm}whh
sufficient to inhibit the effector function of NK cells and protect against elevated infl ation and tissue d
hhhﬂh&hhﬂw‘mwimmmhﬂmm
may be associated with the development of Behcet's disease®.
lhwnWﬁ:uﬂumﬁrdﬂmﬁpﬁJJMHMWﬂ&m

two pairs of ligends was observed in patients with ocular and in patsents with primary manifesta-
tions compared to pmmm ol The comhinati ible for this association was

KIR2DEI=HC2H KIRZDS 1/ Bwd-8000e*, lw'lhm.l -nlﬂl;lﬂﬂ'gmnm-ntmlﬂ:'&qm
librium as ohserved among patients with ocular toxoplasmeosis (A" =0.06; P=0.68) and patients withoet ocular
toxoplasmosis (A’ =0.15; F=045). The combination of one pair (inhibitory) in the absence of the sther pair
{activating) was analyzed. It was possible to observe that the KIR3DS1~/KIR3DL1*/Bw4-801le* combination
decreases the risk of developing ocular texoplasmosis and its recurrent clinical forms.
hnﬂhmlﬁlhhmﬁﬂgfnﬂﬂhﬂ”ﬂlﬁ]#ﬂﬂldhm
factor interfering in ocular toxoplasmosis, since such a combination
may affect Hinudﬂhﬂqfﬂiﬂm!gﬂﬂtrﬂlmxmdﬁ-ﬂmuum&m
tion signals, even if these is a combination of strong or weak inhibitory signals®. Yet, the ahsence of KIR3DS1 in
the presence of its inhibitor homologoe, KIRIDL1, was indicative of the inhibitery or protective role played by

MK cells, which perhaps avoids subsequent immune resp that may trigger inflammation and sutoinmunity.
hwﬂmmimud‘mﬂmmﬂmmmmh
KIR-HLA pairs in another ocular infl iy i birdshot chororeni

HKCD-IIIJEDIT:&&.;MW!qlnldlu.;udilsﬂﬂ—ﬁlndﬂri.llqimnnirm T. gowadii
infection. IL-12 stimulates NK cells to produce [FN-~ and to thmﬂ‘nl 1 cells that produce
[FN-". & cytokine involved in the activation of macroph: the main phagocytes in chronic inflammation ™€
In the eye, although the immune response is usually suppressed to prevent tissue damage, there is experimental
evidence that T. gendii infection the production of factors such as IFN-+ that suppress the immune
«af the retina and the choraid®®!,

damage. It has been shown that increases in the frequency of circulating NE cells and proinflammatory mono-
qklhc“ﬁnlﬂiﬁadhg?pﬂ,wﬂuﬂuﬁmhmmmiﬂh&m indicative of a strong.
Mmirlpﬂ_m subsets of NK cells and CDE* T cells act as baomarkers for
mhﬂlflﬁtqﬂh mmmmhmdumma‘;mﬂ-
patients with congenital ocular toxoplasmosis®. Furth the high i ath ity respansible for tissue
damage and deterioration of ocular toxoplasmosis may hhhihpmd'npul-ﬂ-urdnm
sul.ll.—ﬂ“ MHMMHNK&’ On the other hand, ocular toxoplasmosis may be linked to

mmmmhmMWHgﬂmmEﬁWMhm

qmumd&wmmmd;umm
mmmmumﬂuwmdnm

h-zﬂch'l Tpﬂﬂﬂlc?m,whhmmﬁnﬁiﬂﬁuﬁﬂlhm
sion of KIR in the immunopathegenesis of ocular

In conclusion, ﬂtmdﬁumﬁhﬁntﬁ-ﬂﬂﬂﬂthﬁmdﬁhw
mmwwhﬂ!"' ce on the devel and its clinical form in this
population. putﬂuﬁhhlﬂmﬁﬁzmw activating signals as risk factors (KIRIDS],
KIR3DS1-Bw4-80He and KIRIDS1*/Bw4-80Tle** KIR2DS)+AC27) -dmw as profective factors
(EIRZDLI2DLI-CI, KIRZDLA2ZDL-CIACL and KIRIDETKIRILL */ Bwd-801le* ).
Methods
mWiMMMNMMWhHMMMhMﬁ
Ethies Information.  This study was approved by the Research Ethics Commitiee of the Medicine Schoaol in
mwhﬁ!m[llm)ﬂﬂwwhw participate signed informed consent forms.

The experiments were carried out in accordance with the approved selevant guidelines and regulations.
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Patient selection. A total of 297 unrelated patients from the Retinopathy Outpatient Service of Hospital de
Base of the Medicine School in 550 José do Rio Preto (HB-FUNFARME) and Medical Outpatient Clinic (AME)
nﬂ-mhhmwuhﬂ
‘The study subjects have been described previoushy™. were grouped to the p ol ncu-
lar scarsflesions due mﬂm{lzlmﬂmﬂﬂmn—*ﬂitn.ﬁ}tﬂwnh
mimﬁ“mﬂﬂd-m{lzlﬁllm-ﬂxm“qeﬂ?:klij
years). The group of patients with scars/lesi due to 1l is was further subdivided into two groups
Muhwimmmwthpﬂiimmmm
-uﬁm[l-ilﬂ;iSmﬂﬂﬁm.m‘LHjiﬂimﬂmmm
characterized by of satellite lesions™ (n.= 28; 14 men and 14 women; mean age: 31 8 + 30.5 years)

All individuals who participated in this study were monitored and evalusted in respect to dinical symptoms,
lnﬂlﬂrﬁl TM‘&MWMMMMM s European

hmﬂpuuhrumlhlu&mﬂpmmmbmmﬁq
hmmmmmdmnhﬁhiq-mh-mw

during group selection.

The number of patients enrolled is suthcient to demonstrate whether there is an association between ocular
nqimm&ﬂl'miuﬂ statistical power of more than 90% and it mdﬁlﬂlmﬂdﬂ! frequency
af KIR genes recorded in Allele”Frequencies datahase (hirpfivwww allelefrequencies net) observed in a population
hn-Hdnﬁtm;uFldlulﬂaldMBlemdM

Wﬁnahh mmwiwmmwmmw
oratory di sis of ioxoplasmosis, the p ce of ocular scarsfl and live in munic-
Wﬁm&mwﬁhmdmmmmhmqhdhﬂ.hnm
20°49'137S and 49°2247YW). The inclusion criteria of patients without ocular toxoplasniosis were positive lab-

oratory diagnosis of toxoplasmosis but without ecular scars/lesions due to toxoplasmosis and living in the same
mmm-ﬁmﬂmﬂ-w All patients were clinically evaluated by two expe-
rienced

mmm wWere: mmmm—:ﬂ,ﬂmm patients with lqrt”tnf

Laboratory diagnosis. Blood samples were collected into tubes without anticoagulant to abtain serum.
MTN-MMMHMwiH&M}thMMM
m{mmnmmmnip_xwd TOXO-G PLUS; DiaSorin S.p.A.
Ttaly). The microplates were read using Epoch™ equipment using the Gen5™ 2.0 software (BioTek, Winooski,
Vermont, USA). The samples were tested in duplicate and in cases of indeterminate resulis, the samples were
retested in duplicate. Positive and negative controls were included in all reactions.

Clinical diagnosis.  All patients were climically assessed using an indirect binocular ophthal
{Binacular Ophthalmoscope 1D10, Tepcon Corporation, USA). The evaluation of visual ﬂfﬁhﬂtﬁrh’
mmwmmmmﬂ{m criteria®. Intrancular pressure was measured
by Goldmann applanation y. and roscopy was performed using a 78-diopter lens
(\H]nllﬁhpﬂﬂuuymdluiﬂm&qhhlmﬁm"

As no invasive test was performed, the ocular toxoplasmosis diagnostic criteria used were the same a3 in the
clinical practice: injury identified by ophthalmoscopy associated with positive serology for T gondii. This is there-

diagnosis.

fore a presumptive

KIR and HLA Blood samples were also collected inte tubes containing EDTA anticoagulant
hmmma all paticnts was extracted the commercial kit for silica column extraction
{lAamp® DMA Blood Mini Kit, LAGEN, the Netherlands) the manufacturer’s instructions. All DNA
-ﬂeum%uunﬂmdwﬂ rity using the ratio of the absorbance at optical
Mﬂ(ﬂ)}dlﬂlﬂzﬂmﬂﬂpﬂ W{hu.mmunj KIR and HLA-A,
-B and -C were genotyped according to manufacturer’s instructions by Polymerase chain reaction-sequence spe-
akwpm(mmmmm'mmumnncwm
R-Phycoerythrin-conjugated Streptavidin (SAPE). ‘Huddnm interpreted using a computer program {HLA
Fusion, 2.0 Research, One Lambda).

KIRIDLI and KIRZDS] bind to HLA molecules from the C2 group, which indude the HLA-C*02, 04, *05,
*06, *07,"15, *17, and ~ 18 specificities. KIRZDL2, KIR2DL3 and KIR2DS2 interact with HLA molecules from the
C1 group, among them: HLA-C*01, *03, 07, *08, 12, *13, 14 and *16. KIR3DL2 binds to HLA-A"03 o -A"11

and KIR3DLI recognizes HLA-Bw# epitopes {HLA-A"23, 24, 25, "31: HLA-B"13, "27, "44, "51.
*52, *53, *57, *58). HLA-Bw4 molecules were divided into two groups based on whether isaleacine or threonine
was present at position 80 { Bw4-&01ke and Bw4-80The). KIR3DS | binds to Bw4-801e molecules. HLA-KIR ligand
specificities were considered according to Carr et al. ¥, Thananchai et al * and Kulkarni et al ®.
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Two types of KIR genotypes have been described based on the content of the genes: AA and BX (BB and AB)
{defined according to http://www.allelefrequencies.net). Individual genotypes were determined to be AA when
the genes KIR2DL I, KIRIDL3, KIR2DL4, KIR2DS4, KIR3DLI, KIR3DL2, KIR3DL3, KIR2DP] and KIR3DP] were
present. The presence of one or more of the following genes: KIR2DLS, KIR2DS1, KIR2DS2, KIR2DS3, KIR2DS5
and KIR3DS! characterized the BX genotyp

Statistical analysis. KIR, HLA and KIR-HLA frequencies were obtained by direct counting. The compar-
isons of the frequencies of HLA ligands, KIR genes, KIR AA and BX genotypes and KIR with or without ligands
kmnmdp&wmwhudwﬁhdﬁ-wmwﬁhYu’- ion or, when
Fisher's exact test using the program Graph Pad Instat (WJMWM'!&;.
MM(OI)MCQHCMumm%a)mﬁoakﬂmdbeuhan&ﬁtm
m mwﬂﬁqhm%u«h?dm(oosmw&mm-
for multiple comparisons (£c) were d MWAMW«F
w&mmwmw i paring that with the observed
values for KIR2DL2/3, KIR3DL1/SI, uﬂ&em%mwﬂvrnmll (http://cmpg.
unibe.ch/software/arlequin3).
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Association of the Functional
MICA-129 Polymorphism With the
Severity of Chronic Chagas Heart
Disease

Christisne Maria Ayo,' Amanda Priscila de Dliveira,"

Ana Vitéria da Silveira Camargo,’ Cinara Cassia Brandao de Matios,'
Reinaldo Bulgarelli Bestetti,™* and Luiz Carios de Matios’

'\abaratdria de Imunogenatica, Departamenta e Bisiogia Melecular, and
“Depariamento de Cardabogia & Cirurgia Car lar, Facubdade de Meduing oe
S0 Jazé do Fin Pretn, S& Pauly, Brasi

MICA-129 polvmorphism affects the binding affinity of
MICA molecules with the NKGZD receptor and influences ef-
fector cell function. The genotype met/met was associated
(LVSD)) in patients with chronic Chagas heart discase, while
the valfval genotype was associated with the absence of LVSD.

ical manifestations of Chagas disease. The condition manifests
as heart failure, heart thythm and electrical conduction disor-
ders, thromboembolic events, precordial chest pain, and sudden
death [1]. Patients with OCHD usually have a mononuclear cell
infiltrate and interstitial and confluent myocardial fibrosis
throughout the myocardium, accompanied by microvascular le-
sions [2]. thus provoking left ventricular remodeling. |owever,
the precise pathogenic mechanism of Chagas heart disease is
not completely elucidated [3].
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The MICA {major histocompatibility complex class I-related
chain A gene) molecules are recognized by Tyd and Tofl lym-
phocytes, CD8* cells, and natural killer (NK) cells by the
NRG2D receptors on their surfaces [4]. But, changing a single
aming acid, a methionine (met) for a valine {val) at position 454
of exon 3, which corresponds o the amine acid 129 of the pro-
tein, changes MICA alleles from strong (MICA-129 met) 1o
weak (MICA-12% val) binders of the NKG2D receptor; this
very likely affects the activation of NK cells and the modulation
of T cells [S].

The relationship between the MICA-129 palymorphism
(rs1051792) and severity of CCHIY remains unknown. Accord-
ingly, we investigated the relationship between the MICA-129
met » val polymorphism (A > G) in exon 3 of the MICA gene
and the severity of left ventricular l]r,st,nli: dysfunction
(LVSDY) in patients with CCHD,

The Besearch Ethics Committee of the Medicine School in Sao
Jose do Rio Preto (FAMERP - £ 009/2011) approved this study.
An informed consent form was signed by all participants.

A total of 189 consecutive unrelated male and female patients
with CCHD, treated in the Cardiomyopathy Clinic of Hospital
de Base of Fundagio Faculdade de Medicina de S3o Jos¢ do Rio
Preto participated in this study. All patients underwent 2-
dimensional echocardiogram. The severity of LYSIF was graded
sccording to left ventricular ejection fraction {LVEF) values
measured with the Teichholz method according to the Brazilian
guidelines of severe chronic heart discase [6]. Patients were
classified into the following 3 groups according to LVEF:
LVEF > 60% { patients without LVSDY), LVEF between 60% and
40% ( paticnts with mild to moderate LVSD), and LVEF < 40%
{ paticnts with scvere LVSDY) {Supplementary Table 1).

Thm,dw«fﬂmd&:mmmkhcn-
eyme-linked immunesorbent assay (ELISA) of serum or plasma
using the ELISAcruzi immunoassay (bioMericux SA Brazil)
and following the manufacturer’s instructions.

GmomicDNAwuuh:dmﬂ.ﬁwnp:r'phmlbhmi-ﬁn‘.
silica-membrane colomn (PureLink, Genomic DNA Mini Kit,
Invitrogen, Carlshad. California) following the manufacturer's
instructions. Verification of the MICA-129 polymorphism
(A » G, rs1051792) in exon 3 was performed using nested paly-
the presence of a restriction site for the Rsal enzyme (FastDigest,
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Table 1. MICA-129 Polymorphism in Patients With Chromic Chagas Heart Disease From Southeastern Brazil Using Recessive, Dominant,

Additive, and Codominant Inheritance Models

Severs LVED MildModersts LVED

n=48

WHCA-1 23 Palymorphism n %)
Fecessive inhertance model

metimes 122500

mettval + vallval 36 (75.0)
Dominant smhentanos modsl

mstimat + matival 3B TEm

walfval 12250)
Addrtive rherntance model

metimet 1212500

vaipval 122500
Codominant smheritance model

maetival 245000

metimer + valfval 24 [BO.O)
Genoiyps compansons

Severe LVSD va without LVSD jnormal)
Sewvere LVSD vs mildfmoderste LYSD
‘Wildimoderate LYvSD ve without LVED {normal)
Severs LVSD vs withaut LVSD {normal)
Severs LVSD vs mildfmoderate LVSD
‘Mildfmoderste LVED vs without LVED {normal)
Addryee mhentance modsl

‘Severe LVSD vs without LVSD {narmal)
Severe LVSD va mildfmoderste LYSD
HMildfmedarste LVSD vs without LVSD {normal)
Severs LVSD vs withaur LVED {normal)
Severe LVED vs mild'moderate LVED
‘Mildimoderste LYED vs without LVED {narmal)

Without LVED
[Mormal)
n=48 n=93
n (%) n {%a) i Pvalue
5 {10.4) TiTE 748 007
43 (B9.6 6 1925
28 1(58.3) 48 151.8) .02 o
20417 45 148,41
5010.4) T8 12.38 002
01T 45 4841
23 MBI 41 4. .48 78
25(32.00 B2 4am
829 004
3.50 06
833 k]
A ] a7
3.00 O
0.57 Al
8.82 om
3163 O
018 BB
823 62
0.04 B2
0.08 78

Abgrrevistion: LVED, beft verinculer systalic dyshuncmor.

Therme Saentific) created by a mismatch deliberately introduced
into the nonsense primer [7] {Supplementary Table 2.
Giroups were compared using the 3° test with Yates
correction or Fisher exact test using the statistics program
GraphPad Instat version 6.3 (httpjwwwgraphpad com/
evaluated using the dominant (met/met + metfval vs valival),
recessive [met'met vs met/val + valfval), additive {met/met vs
valival), end codominant (met/val vs metfmet + valival) inher-
itance models. The odds ratio {OR) and the 95% confidence in-
terval (Cl) were calculated to determine the risk of developing
LVSD). The Hardy-Weinberg equilibrium was verified using the
ARLEQUIN program wersion 3.11 (http:icmpgunibe.ch/

softwarcfarlequin3/). Differences in P values €.05 were consid-
ered statistically significant.

RESULTS

In this study population, the distributions of alleles associated
with the MICA-129 polymorphism were in Hardy-Weinberg
equilibrium (P> 05).

The datz on genotype and allele frequencies are shown in
Supplementary Table 3. The genotype metimet (Pe= 007;
OR=409; 95% Cl, 1.45-11.24) and met allele (F=.001;
OR = 2.38; 95% CI, 1.43-396) (P=.04; OR = 1.90; 95% CI,
1.06-3.41) were significantly associated with increased nsk of

BREIEF REPORT » CID 2005:61 (15 October) » 13110
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developing severe LVSD), while the MICA-129 valival genotype
(P=01; OR =035 95% CI, .16-.76) and val allele (#= 001;
OR=041; 95% Cl, .25-69) (P=04; OR=052; 95% Cl,
29-.93) were associated with a lower risk of developing severe
LWSDy

nificant association between patients with severe LS and pa-
"ﬂml;'ﬂhﬂlt!_\?m[?-M;f-'i’_l’nrﬂ?-.ll}l;f-'lm
respectively). The additive model also produced a significant as-
sociation (F= 001; y° = 9.82), while the codominant model was
nonsignificant (P=.78 3 =0.49) as expected. Thus, the
met > val polymorphism contributes to CCHD suscepribility
the met allele have the highest rigk of developing severe LVSDy
those homozygous for the val allele seem to modify CCHD se-
werity (Table 1).

To our knewledge, we are the first to address the importance of
the functional MICA-129 polymorphism in the severity of
LVEF in CCHIY, LVEF is the powerful independent predictor
of mortality for patients with chronic {hagas discase, in general
[8], and one of the most important predictors of all-cause mor-
tality in Chagas disease patients with chronic systolic heart fail
ure in particular [9]. Therefore, the identification of MICA as a
M&Fimqinwwﬁﬂmm&-
tions has important implications for a better understanding of
the immunopathogenesis of this disease.

Differences in the sequences of MICA alldes may influence the
interaction of the MICA molecules with the NKG2D receptor. A
study of the polymorphism at codon 129 showed that the allcles
encoding methionine in this p have a« ds “,F’E
capacity to bind to the NKG2D receptor than alleles coding for
valine in the same position [5]. Morcover, the interaction be-
tween NKG2D and the MICA molecules may potentially increase
processes with increases in the production of cytekines by NK
to specific CD8* T-cell self-antigens in autoimmunity [4].

Amnq'wxcq:mdnmdﬂtmw
mechanisms responsible for CCHD [10]. Therefore, strong affin-
ity formed by the NKG2D-MICA-129 metfmet complex may be
related to the tissue damage observed in CCHD due to a high ac-
tivation of NK cells and CD8" T cells. The greater damage caused
ta the cardiac tissue can therefore develop into severe organ dys-
amino acid may generate a less pronounced immune response in
cells, so that patients with this polymorphism are protected
against the development of severe CCHD due o less affinity to
the NKG2D immunoreceptor with consequent less tissue injury.

Similar to the results found in this study, the MICA-129 paly-
maorphism has been reported as a risk factor for the development
of other autoimmune diseases [7, 11, 12].

Inflammatery infiltration in the chronic phase of Chagas dis-
found being CD4* and CD8" T cells. However, NK cells,
macrophages, and B lymphocytes are also present [13]. The
function of NK cells and CDE® T cells in the dimination of
transformed or stressed infected cells occurs together with
sclf-tolerance, a property that is cssential to prevent autoimmu-
nity. Inappropriate expression of ligands for NK cell receptors
leads to the activation of autoreactive effector cells and therefore
can cause o exacerhate the autoimmunity [4]. It has been dem-
onstrated that baseline levels of NK, NKT, and CD4* CD2595H
an increased expression of activated CO8* T cells are associated
with cardiac events [14, 15].

The data obtained in this study indicated a possible suscept-
ibility related to the homozygous genotype met/met with the
severity of LVSD in the setting of CCHE, whereas the homozy-
gous valfval seem to modify OCHIY severity. Several studies
have shown that uncontrolled activation of autoreactive effector
cells may lead to tissue damage that, in tum, leads to the devel-
apment of the clinical manifestations of severe CCHD [14, 15).
However, to better understand the role of cells expressing the
WEKGIIY receptor as well to clarify the expression of MICA mol-
ecules mﬁthmtuqm&%shm.u&ni
studies such as histopathological analysis in CCHD and cvto-
toxicity assays should be done.

CONCLUSION

Our data suggest that the homozygous met/met genotype may
hm-lﬂtﬁmhﬁmﬁyﬁL\?ﬂJMhﬂu
serting of CCHD, while the homorygous valjval genotype was
population.
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eams to have a close relationship with the intensity of the inflammatory process, The
lobjective of this study was to investigate whether the MICA and KIR genes are
lassociated with the cardiac and digestive chinical forms of chromic Chagas diseasze.
Fossible influence of these genes on the development of left ventricular systolic
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lanalyzes were carried out using the Chi-sguare test and odds ratic with 35% confidence
interval was also calculated to evaluate the risk association, MICA-129 alleles with high
[affinity for the NKG2D receptor showed a positive association with LVSD (OR=1.90;
[95% CI:1.09-3.33; p-value=0.03), while MICA-129 alleles with low &ffinity for the
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Abstract

Tissue damage observed in the clinical forms of chronic symptomatic Chagas disease seems
to have a close relationship with the intensity of the inflammatory process. The objective of
this study was to investigate whether the MICA and KIR genes are associated with the
cardiac and digestive clinical forms of chronic Chagas disease. Possible influence of these
genes on the development of left ventricular systolic dysfunction (LVSD) in patients with
chronic chagasic heart disease was also evaluated. This study enrolled 185 patients with
positive serology for Trypanosoma cruzi classified according to the clinical form of the
disease: cardiac (n = 107) and digestive (n = 78). Subsequently, patients with the cardiac
form of the disease were sub-classified as with LVSD (n = 52) and without LVSD (n = 55).
Genotyping was performed by polymerase chain reaction-sequence specific oligonucleotide
probes (PCR-SSOP). Statistical analyzes were carried out using the Chi-square test and
odds ratio with 95% confidence interval was also calculated to evaluate the risk association.
MICA-129 alleles with high affinity for the NKG2D receptor showed a positive association
with LVSD (OR = 1.90; 95% CI: 1.09-3.33; p-value = 0.03), while MICA-129 alleles with
low affinity for the NKG2D receptor had a negative association with LVSD (OR = 0.52;
95% CI: 0.30-0.92; p-value = 0.03). It was also possible to demonstrate that the haplotype
MICA*008~HLA-C*06 (OR = 13.82; 95% CI: 1.71-111.63; p-value = 0.004; Pc = 0.04)
and the KIR2DS2-/KIR2DL2-/KIR2DL3*/C1* combination (OR: 2.40; 95% CI: 1.28-4.51;
p-value = 0.009; Pc = 0.18) were factors of susceptibility for the digestive form of the
disease. Our data demonstrate that the MICA and KIR genes influence the development of

clinical forms of Chagas disease.

Keywords. MHC class I; KIR receptors; Chagas disease.
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Introduction

Chagas disease, resulting from infection by the protozoan Trypanosoma cruzi, is
a neglected disease that affects about 6 million people worldwide, especially in Latin
America.l-2 Chronically infected individuals may develop clinical manifestations of this
disease with irreversible lesions of some organs. After 20 years of infection, about 30%
develop chronic Chagas heart disease (CCHD), which is clinically manifested by
malignant ventricular arrhythmia,®> thromboembolism,* sudden cardiac death,> and
chronic heart failure.* Ten per cent of Chagas patients present the digestive form of the

disease, characterized mainly by dilatations of the esophagus and/or colon.*¢

In CCHD, an important feature is the interplay of autonomic dysfunction,
microvascular abnormalities, and autoimmunity,” which leads to chronic inflammation
and reparative fibrosis throughout the myocardium. This can result in the remodeling of
the left ventricle, which ultimate in left ventricular systolic dysfunction (LVSD). In the

digestive form of the disease, the main characteristic is denervation.®

The pathogenic mechanisms involved in the clinical forms of Chagas disease can
be explained, at least in part, by the persistence of the parasite maintaining the
inflammation, and by autoimmunity resulting from the immune response against its own
antigens resulting in tissue damage.®® Natural killer (NK) and T cells play a key role in
responding to 7. cruzi infection and the development of clinical forms of Chagas
disease.!® These cells are present in focal inflammatory infiltrations observed in both the
heart and the digestive tract.!!"14 However, the mappropriate expression of NK cell and
T cell ligands or receptors induces the autoreactive effector function of these cells, and

may trigger autoimmune mechanisms.!316
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The MICA gene (MHC class I-related chain A), located on chromosome
6p21.33, is responsible for encoding MICA molecules, which are expressed on the cell
surface under stress conditions. These molecules are recognized by Taf, Tyd and NK
cells by the NKG2D receptor.!5 The formation of the MICA-NKG2D complex results in
a cell-signaling cascade that ends with the target cell lysis process.!” In addition, K/R
(killer cell immunoglobulin-like receptors genes) are responsible for encoding KIR
receptors, which are involved in the regulation of the effector response of NK cells by
the recognition of HLA class I molecules of target cells.!® They comprise a family of 15
genes located on chromosome 19q13.4, classified as activators (KIR2DS and -3DS) and
mhibitors (KIR2DL and -3DL) of NK cells and two pseudogenes (KIR2DPI and -

3DP1).19

Studies have shown that MICA alleles and certain K/R genes and therr HLA
ligands may influence the clinical course of Chagas disease.?922 The objective of this
study was to mvestigate whether M/CA and KIR genes are associated with the cardiac
and digestive clinical forms of chronic Chagas disease. Moreover, the possible influence

of these genes in the development of LVSD in patients with CCHD was evaluated.

M aterials and Methods

As far as possible, the STrengthening the REporting Genetic Association Studies

(STREGA)?? criteria were adopted in the design of this study.

Ethical considerations and clinical characterization of the patients

This study was approved by the Research Ethics Committee of the Medicine

School in S@o Jose do Rio Preto (FAMERP - # 009/2011) and the experiments were
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carried out in accordance with the approved regulations. An informed consent form was
signed by all participants.

One hundred eighty-five consecutive and unrelated male and female patients
serologically-diagnosed with chronic Chagas disease, seen in the Cardiomyopathy
Outpatient and General Surgery Services of Hospital de Base of the Fundagdo
Faculdade Regional de Medicina (HB-FUNFARME), Sao José do Rio Preto, SP, Brazil,
participated in this study. All patients underwent 12-lead electrocardiogram, 2-
dimensional echocardiogram and chest X-rays. Patients suspected of having the
digestive form of the disease were submitted to anorectal manometry, X-rays of the
opaque enema, esophageal manometry and X-rays of the esophagus. After clinical
evaluation, patients were stratified according to the presence of electrocardiographic or
echocardiographic abnormalities consistent with CCHD (cardiac form)?* and the
presence of abnormalities observed in the digestive tract (digestive form).* Patients
with a mixed form of the disease (cardiac and digestive) were excluded.

Moreover, CCHD patients were subdivided into two groups according to their
left ventricular ejection fraction (LVEF) values measured using the Teichholz method:
"Patients without LVSD" for those diagnosed with LVEF >60% and "patients with

LVSD" for those with LVEF <60%.25

Patients were classified as being from a mixed ethnic population due to high
miscegenation of the Brazilian population,?® although patients self-reported themselves
as FEuropean descent, mixed African together with European descent, and African
descent. In order to avoid bias in the results, the probability of variations in the allele

frequencies due to ethnic background was minimized by matching patients from similar
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ethnic backgrounds. Furthermore, gender, mean age and residence in the same

geographical areas were matched during group selection.

The following inclusion and exclusion criteria were adopted: Inclusion - Positive
laboratory diagnosis of Chagas disease in the chronic phase of the disease at the time of
the study and resident in a municipality in the northwestern region of the state of Sao
Paulo. Exclusion - Under 18 years of age, suffering other infectious or parasitic
diseases, with any concomitant disease that may induce the onset of chronic heart

disease and patients with any type of mental deficiency.

Biological samples

Blood samples were collected into tubes containing EDTA anticoagulant for
genomic DNA extraction, that it was made using the PureLinkTM Genomic DNA Mini
Kit (Invitrogen, Carlsbad, California, USA) according to the manufacturer's
mstructions. The evaluation of concentration and purity of DNA samples was made
using the ratio of the absorbance at optical densities (OD) of 260 and 280 nm with

Epoch™ equipment (BioTek, Winooski, Vermont, USA).

Blood samples were also collected into tubes without anticoagulant to obtain
serum for laboratory diagnosis. The laboratory diagnosis of Chagas disease was made
by enzyme-linked immunosorbent assay (ELISA) using the ELISAcruzi immunoassay
(bioMerieux SA Brazil) following the manufacturer’s instructions. The microplates
were read using Epoch™ equipment (BioTek, Winooski, Vermont, USA); test results >
1.0 were considered reactant and test results <0.8 were considered negative. The
indeterminate range was defined by values from > 0.8 to < 1.0. Positive and negative

controls were included in all reactions and the samples were tested in duplicate.
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MICA, KIR and HLA genotyping

MICA, KIR and HLA class I (HLA-A, -B and -C) were genotyped by Polymerase
Chain Reaction-Sequence Specific Oligonucleotide Probes protocols with Luminex
technology (One Lambda Inc., Canoga Park, CA, USA) according to the manufacturer’s
mstructions. Hybridization was detected by flow cytometry (LABScanTM 100 flow
analyzer) and the data was interpreted using a computer program (HLA Fusion 2.0

Research, One Lambda).

HLA-KIR lgand specificities belonging to the groups C1, C2, Bw4 (Bw4-80Ile
and Bw4-80Thr) and HLA-A*03/-A*11 were considered according to Carr et al.?’
Thananchai et al.,?® and Kulkarni et al.2? KIR genotypes AA and BX (BB and AB) were
defined based on the number of the genes encoding activating receptors (according to
http//www.allelefrequencies.net). Binding affinities to NKG2D, attributed to the amino
acid position at 129 in the MICA gene, were determined by Steinle et al.3? and Karacki
et al.,3! based on amino acid composition (methionine, high; valine, low — in respect to

the rs1051792 polymorphism).

Statistical analysis

KIR and MICA-129 frequencies were obtained by direct counting. The
ARLEQUIN software version 3.11 (http//cmpg.unibe.ch/software/arlequin3) was used
to calculate the allele groups (HLA and MICA) and haplotype frequencies. The Hardy-
Weinberg equilibrium was verified according to the method described by Guo &
Thompson3? for KIR2DL2/3 and KIR3DL1/S1, and for MICA and HLA alleles. The
relative linkage disequilibrium (A') was calculated according to the Imanishi’?® method.

Comparisons between groups of patients were attained using the chi-square test with
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Yates’ correction or Fisher’s exact test using the statistics program OpenEpi version
3.01 (http//www.openepi.com/Menw/OE Menu.htm). The genetic associations were
measured by OR (Odds Ratio) and the 95% confidence interval (95% CI). The unpaired
t-test was used to compare the mean ages. P-values < 0.05, corrected by the Bonferroni
mequality method for multiple comparisons (Pc), were considered statistically
significant.

Results

Of the 185 patients with positive serology for 7. cruzi, 78 (42.2%) (35 men and
43 women; mean age of 65.6 £ 10.4 years) were considered to have digestive form of
Chagas disease and 107 (57.8%) (53 men and 54 women; mean age of 64.7 + 9.8 years)
were considered to have cardiac form of Chagas disease. Of the 107 patients with
CCHD (cardiac form), 52 (48.6%) (30 men and 22 women; mean age of 64.7 + 10.0
years) had LVSD, and the remaining 55 (51.4%) (23 men and 32 women; mean age of
64.6 + 9.7 years) did not have LVSD.

MICA, KIR (KIR2DL2/3 and KIR3DLI1/S1) and HLA class 1 frequencies of the
studied populations were in Hardy-Weinberg equilibrium (p-value > 0.05).

No significant differences were found in the distribution of MICA alleles
between the groups. Moreover, statistically significant differences were not found for
both the MICA-129 alleles with high affinity and MICA-129 alleles with low affinity
for the NKG2D receptor between patients with the cardiac and digestive forms of
Chagas disease. However, MICA-129 alleles with high affinity showed a positive
association to LVSD (OR = 1.90; CI = 1.09-3.33; p-value = 0.03), while MICA-129
alleles with low affinity had a negative association with LVSD (OR = 0.52; CI = 0.30-

0.92; p-value =0.03) (Table 1).
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Table 2 shows the frequency of the MICA-HLA-B and MICA-HLA-C
haplotypes that presented a statistically significant difference between patients with the
digestive and cardiac forms of the disease. The haplotypes MICA*002~HLA-B*39
(OR: 3.86; 95% CI: 1.09-8.55; p-value = 0.04; Pc = 0.48), MICA*008~HLA-B*07

(OR: 3.84; 95% CI: 1.06-5.28; p-value = 0.05; Pc

0.95), MICA*002~HLA-C*07
(OR: 4.52; 95% CI: 1.18-17.30; p-value = 0.03; Pc = 0.99) and MICA*008~HLA-C*06
(OR: 13.82; 95% CI: 1.71-111.63; p-value = 0.004; Pc = 0.04) were associated with an
increased risk of developing the clinical digestive form of Chagas disease. Moreover,
the haplotype MICA*008~HLA-B*44 (OR: 4.22; 95% CI: 1.13-14.64; p-value 0.03; Pc
= 0.48) was associated with an increased risk of developing the cardiac form of the
disease. However, the significance of these associations was not statistically significant
after correcting for multiple comparisons, except for the haplotype MICA*008~HLA -
C*06. There was no significant difference on comparing the MICA~HLA-B and
MICA~HLA-C haplotypes between patients with LVSD and those without LVSD. The
frequencies of HLA-A, -B and —C alleles also were analyzed and no differences were
observed between the groups (data not shown).

Table 3 shows the distribution of K/R gene frequencies. Susceptibility for
developing CCHD was observed for the K/IR2DS?2 activating gene (OR = 1.89; CI =
1.05-3.43; p-value = 0.04; Pc = 0.64), but the significance was lost after applying the
Bonferroni correction.

No significant differences were found in the distribution of KIR genotypes (AA
and BX) and in the distribution of KIR-HLA receptor ligand pairs between all groups
mvestigated in this study (Figure 1 and Table 4 respectively). The frequencies of HLA

class 1 ligands of KIR (A3 or All, Bw4 and Bw4-80lle, C1 and C2, in homozygosity
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and heterozygosity) also were analyzed separately and no differences were observed
(data not shown).

The combination between the distribution of activating and mhibitory KIR and
their respective HLA ligands is shown in Table 5. Both 2DS2-/2DL2-/2DL3*/C1* and
2DS2-/2DL3*/C1* combinations were associated with increased susceptibility for the
digestive form (OR = 5.83; CI = 1.20-4.25; p-value = 0.01; Pc =0.04 and OR = 1.95; CI
= 1.07-3.54; p-value = 0.03; Pc = 0.09 respectively), but after Bonferroni correction the
significance was lost for the 2DS2-/2DL3+/C1+ combination. The difference between
patients with the digestive form and patients without LVSD was also observed for the
2DS2-/2DL2-/2DL3"/C1* combination, although it was lost after Bonferroni correction
(OR = 2.70; IC = 0.24-5.90; p-value = 0.02; Pc = 0.08). A significant difference was
found for 2DS17/2DL17/C2* combination between patients with LVSD and those
without LVSD, but only before p-value correction (OR = 0.35; IC = 0.14-0.85; p-value
= 0.03; Pc = 0.09). Furthermore, the 2DS2%/2DL2-/C1* combination showed a tendency
of a positive association for the cardiac form (OR = 4.41; CI = 0.94-20.50; p-value =
0.07).

Discussion

The data obtained in this study provide evidence that broadens and reinforces
our knowledge about the influence of the MICA and KIR genetic variants and their
interactions with HLA class I molecules in the different clinical evolutions of chronic
Chagas disease. In particular, MICA-129 alleles with high affinity for the NKG2D
receptor showed a positive association for LVSD, while there was a negative
association between MICA-129 alleles with low affinity for the NKG2D receptor and

LVSD. It was also possible to demonstrate that the haplotype MICA*008~HLA -C*06
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and the KIR2DS2/KIR2DL2/KIR2DL3*/C1* combination were associated as factors of
susceptibility to the digestive clinical form of the disease.

MICA and KIR molecules are directly involved in the activation and regulation
of NK cell activity. The effector mechanisms of NK cells act on the target cell when
there is no recognition of HLA class I molecules by KIR receptors and/or when MICA
molecules are recognized by the NKG2D receptor,!® hypotheses known as "missing
self" and "induced self" respectively.’* Furthermore, MICA molecules act as co-
stimulators of Tap (CD8* and subsets of CD4%) and Tyo cells (Lanier, 2015). It is
known that NK and T cells are part of the inflammatory infiltrate found in the cardiac
and digestive forms of chronic Chagas disease.® The interaction of these cells with the
target cell exerts a significant role in the mitiation and regulation of the mnnate and
adaptive immune responses and the molecular basis of these cellular interactions seem
to be crucial for an efficient and modulated response against the parasite to avoid tissue
damage.

The met allele (high affinity for the NKG2D receptor) and the homozygous
met/met genotype of the MICA-129 polymorphism were previously reported by our
group as risk factors for the development of severe LVSD in patients with CCHD.
Similarly, the val allele (low affinity for the NKG2D receptor) and the homozygous
val/val genotype are associated with a lower risk of developing severe LVSD.2! Even
though the strategies adopted for the composition of the present study were different
from those adopted previously,?! MICA-129met seems to be a susceptibility factor and
MICA-129val a protective factor for the development of LVSD in a population of
patients with CCHD from the northwestern region of the state of Sao Paulo

(southeastern Brazil).
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The amino acid methionine at position 129 of the a2 domain of the MICA
protein (MICA-129met) has higher affinity for the NKG2D receptor than proteins with
the amino acid valine (MICA-129val) in the same position due to a conformational
change of the molecule, which may compromise NK cell activation and the co-
stimulation of CD8" T lymphocytes.3? The strong affinity formed by the NKG2D-
MICA-129met complex may be related to the tissue damage that causes LVSD in
patients with CCHD, since the NKG2D-MICA interaction may participate in
inflammatory processes with increased cytokine production by NK and TCD8*.15 The
mnvolvement of these cells in the immunopathological mechanisms of the clinical forms
of Chagas disease can be attributed to their cytotoxic effects, mainly because of the
production of cytokines with a Thl response profile such as interferon-gamma (IFN-
v).12.36

Furthermore, the interaction between NKG2D and the MICA molecules may
also favor autoimmune conditions by promoting costimulatory signaling of specific
CD8" T cell self-antigens.!> Thus, a milieu of potent immune stimuli may overcome the
threshold of activation needed to breach self-tolerance. Autoimmunity is accepted as
one of the pathogenic mechanisms responsible for the different clinical manifestations
of Chagas disease, as the infectious agent can mimic self-antigens, induce autoreactive
cell proliferation or increase the expression of major histocompatibility complex (MHC)
and costimulatory molecules in infected cells.3” Associations of CD8" T cells with
degenerated ganglion cells has been reported in patients with megacolon.?® This cells
were also seen to be related to the destruction of myofibers in heart tissue.”

This study also demonstrated that the MICA*008~HLA-C*06 haplotype was

associated with an increased risk of developing the clinical digestive form of Chagas
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disease. The MICA*008 allele carries the microsatellite AS.1 characterized by the
mnsertion of a guanine nucleotide after the second GCT (GGCT) repeat, which generates
a stop codon in the exon that encodes the transmembrane domain and results in a
truncated form of the protein.’ Furthermore, the MICA*008 allele has the amino acid
valine at position 129 of the protein. Thus, susceptibility to the digestive form of the
disease may be related to the expression of the mutated protein, AS5.1, which would
affect its recognition by NKG2D receptors, leading to lower NK and T cell activity via
MICA ligands with greater persistence of the parasite and consequently of the immune
response. On the other hand, the result of a weak MICA-129val interaction could lead to
an increased expression of NKG2D as in autoimmune diseases,*>#! and favor
interactions with other ligand binding proteins such as UL16-binding proteins
(ULBPs).#? This creates an environment rich in cytokines that enhances the cytotoxic
activity of CD8" T cells and NK cells and therefore the production of IFN-y, again
favoring the autoimmunity condition.4%4! It is also known that MICA stimulates Tyd
cells in the intestinal mucosa, a phenomenon that could be related to the digestive form
of the disease.*3

Class I HLA molecules play a crucial role in determining the individual immune
response through the peptide presentation of pathogens endogenous to CD8" T cells.
Thus, peptide affinity for MHC class 1 appears to be determinant for an effective
antigen-directed response, as this interaction may result in distinct patterns of CD8" T
cell responses.* As the linkage disequilibrium between the MICA*008 and HLA-C*06
was strong (A' = 1.0; p-value = 0.03) and associations involving MICA and HLA alleles
were not separately observed, it is difficult to determine the primary associated locus

within the haplotype. It is know that some MICA alleles may be mntimately linked to
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other alleles also responsible for the association, such as HLA, due to the relatively
close physical proximity between these loci and thus, when combined they exert a
synergistic effect.4> Thus, both alleles may be exerting an influence on the development
of chagasic megacolon and/or magaesophagus.

To the best of our knowledge, this appears to be the first study to evaluate the
influence of KIR on the clinical digestive form of chronic Chagas disease and on the
development of LVSD in patients with CCHD. The data from this study indicate
possible susceptibility related to the mhibitory KIR2DL3 and its C1 ligand in the
absence of both KIR2DL2 and KIR2DS2 (2DS27/2DL2/2DL3*/C1*) i the
development of the digestive form of chronic Chagas disease.

The interaction between KIR and HLA class I molecules, KIR ligands, is
required for the functional activity of NK cells, so that the presence of one, but not the
other, is not sufficient to influence their function.?® It is known that different KIR
receptors (inhibitors and activators) have affinity for the same ligand, however the
affinity for the inhibitory receptor seems to be stronger than for its homolog activator.®
There is also a well-established mnhibition affinity scale for the KIR2DL-HLA-C pairs:
KIR2DL1-C2 has the greatest inhibitory potential, followed by KIR2DL2-C1 and
KIR2DL3-C1.47

KIR2DL2 and KIR2DL3 secrete as alleles of the same locus and both recognize
C1 group ligands. However, these receptors present qualitative differences in their
functional effect and clinical influence.*® Thus, the weak inhibitory signal generated by
the absence of KIR2DL2, that is, the homozygosity of KIR2DL3 in the presence of the
C1 ligand found in the 2DS2/2DL2/2DL3*/C1* combination, appears not to be

sufficient to mhibit the effector function of NK cells and protect against the exacerbated
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inflammation that results in tissue lesions of the gastrointestinal tract. KIR2DL-HLA-C
inhibitor pairs have been shown to exert influence on inflammatory bowel diseases.4-3!

In addition to the results of this study, the KIR2DS2-C1 activating pair, in the
absence of its inhibitory homolog, KIR2DL?2, independently of the presence or absence
of KIR2DL3, has been shown to constitute a possible risk factor for the development of
Chagas disease and CCHD in patients from a population in southern Brazil.22 In this
study, the 2DS27/2DL2-/C1" combination showed only a tendency of a positive
association with the cardiac form. However, the possible distinction of results can be
explained by the influence of ethnicity on the distribution of K/R genes and HLA alleles
in patients chronically infected by 7. cruzi from different Brazilian regions. Other
methodological variables may have contributed to the observed differences.

NK cells can increase T cell response activity through the production of IFN-y
and both can migrate to the region of inflamed tissues. In addition, NK cell-mediated
target cell death also affects T cell responses, possibly by decreasing parasite burden
and/or because target cell debris can promote the cross-presentation of antigens to CD8"
T cells.>? According to Sathler-Avelar et al.!® strong and uncontrolled activation of NK
cells as well as proinflammatory monocytes may result in the tissue damage observed in
the clinical manifestations of chronic Chagas disease. Baseline levels of NK, NKT, and
CD4" CD25high cells, increased expression of activated CD8" T cells associated with
failed immunoregulation mechanisms were associated with cardiac symptoms of
chronic Chagas disease.’3 Thus, NK and T cells need to be properly activated to become
competent in performing their functional activities without causing tissue damage, and
the molecular interactions between receptors and stimulatory and costimulatory

molecules and the production of cytokines in the activation process of these cells may
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be closely related in the immunophysiological processes of CCHD and chagasic
megacolon and magaesophagus. Of course, there are other cells and other
immunophysiological mechanisms mvolved in the pathogenesis of both cardiac and
digestive Chagas disease.

The results of this study show that MICA and KIR may exert an influence on the
inflammatory activity carried out by NK and T cells in the clinical manifestations of
chronic Chagas disease. In the cardiac form of the disease, a higher activation threshold
generated by the MICA-129met allele seems to result in more pronounced inflammatory
activity that would lead to the development of LVSD; while in the digestive form of the
disease a less marked activation threshold of the T and NK cells generated by the
MICA*008~HLA-C*06 haplotype appears to be sufficient to induce their cytotoxic
activity. Furthermore, the weak inhibitory signal generated by the 2DS2-/2DL2-
/2DL3*/C1* combination may not be sufficient to inhibit the effector function of the NK
cells present in the gastrointestinal tract. However, to better understand the role of NK
and T cells, as well as to clarify the expression of KIR and MICA molecules in the
immunopathogenesis of CCHD and chagasic megacolon/megaesophagus, others studies

such as histopathological analysis and cytotoxicity assays should be performed.
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Figure 1 - Distribution of KIR genotypes in patients with the digestive or cardiac forms
of chronic Chagas disease and in patients with LVSD and without LVSD.

ID: Genotype identification (according to http//www.allelefrequencies.net). Shaded

rectangles represent the presence of the gene. LVSD: left ventricular systolic

dysfunction
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Table 1 - Distribution of MICA alleles in patients with the digestive or cardiac forms of

chronic Chagas disease and in patients with LVSD and without LVSD.

Digestive Cardiac With LVSD  Without LVSD
MICA (n="178) (n=107) (n=152) (n = 55)
n (%) n (%) n (%) n (%)
Alleles  Position 129
*001 met 2(1.3) 6 (2.8) 2(1.9) 4 (3.6)
*002 met 33 (21.2) 40 (18.7) 23 (22.1) 17 (15.5)
*004 val 26 (16.7) 25 (11.7) 11 (10.5) 14 (12.7)
*006 val 2(1.3) 0 (0.0) 0 (0.0) 0 (0.0)
*007 met 4 (2.6) 9(4.2) 6 (5.8) 3(2.7)
*008 val 41 (26.3) 51 (23.8) 22 (21.2) 29 (26.4)
*009 val 15 (9.6) 27 (12.6) 13 (12.5) 14 (12.7)
*010 val 8(5.1) 8(3.7) 3(2.9) 5(4.5)
*011 met 4 (2.6) 6(2.8) 5(4.8) 1(0.9)
*012 met 1 (0.6) 0(0.0) 0 (0.0) 0 (0.0)
*015 met 1 (0.6) 3(1.4) 2(1.9) 1(0.9)
*016 val 3(1.9) 3(1.4) 0(0.0) 3(2.7)
*017 met 5(.2) 5(2.3) 1(1.0) 4 (3.6)
*018 met 6(3.8) 12 (5.6) 7 (6.7) 5(4.5)
*019 val 1 (0.6) 7(3.3) 4 (3.8) 327
*024 val 0 (0.0) 1 (0.5) (0.0) 1(0.9)
*027 val 3(1,9) 8(3.7) 2(1.9) 6(5.4)
*029 met 0(0.0) 2(0.9) 2(1.9) 0(0.0)
*030 met 0 (0.0) 1 (0.5) 1 (1.0) 0 (0.0)
*045 val 1 (0.6) 0(0.0) (0.0) 0 (0.0)
MICA-129
High affinity’ 56 (35.9) 84 (39.3) 49 (47.1)2 35 (31.8)2
Low affinity$ 100 (64.1) 130 (60.7) 55 (52.9)° 75 (68.2)b

30R = 1.90; CI =1.09-3.33; p-value =0.03 (With LVSD vs. Without LVSD)
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P0OR =0.52; CI =0.30-0.92; p-value =0.03 (Without LVSD vs. With LVSD)

LVSD: left ventricular systolic dysfunction, Met: methionine; Val: valine. $Based on
amino-acid composition (methionine, high; valine, low - related to the rs1051792) in

position 129 of the MICA gene (Steinle etal, 2001; Karacki et al., 2004).
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Table 2 - Haplotype frequencies of MICA, HLA-B and HLA-C in patients with the
digestive or cardiac forms of chronic Chagas disease and in patients with LVSD and

without LVSD.

Digestive Cardiac With LVSD  Without LVSD

Haplotypes (n="78) (n=107) (n=152) (n=155)
n (%) n (%) n (%) n (%)

MICA~HLA-B

*002~*39 12 (15.3)2 6 (5.6)2 2(3.9) 4(7.2)

*008~*07 18 (23.0)° 12 (11.2)° 7 (13.5) 5(09.1)

*008~*44 3(3.8)¢ 15 (14.0) 7 (13.5) 8 (14.5)
MICA~HLA-C

*002~*07 9 (11.5)4 3(2.8)4 1(1.9) 2(3.6)

*008~*06 9 (11.5)¢ 1 (0.9)¢ 0(0.0) 1(1.8)

a0R = 3.86; CI = 1.09-8.55; p-value = 0.04; Pc = 0.48 (Digestive form vs. Cardiac

form).

POR = 3.84; CI = 1.06-5.28; p-value = 0.05; Pc = 0.95 (Digestive form vs. Cardiac

form).

‘OR = 4.22; CI = 1.13-14.64; p-value = 0.03; Pc = 0.48 (Digestive form vs. Cardiac

form).

dOR = 4.52; CI = 1.18-17.30; p-value = 0.03; Pc = 0.99 (Digestive form vs. Cardiac

form).

°OR = 13.82; CI = 1.71-111.63; p-value = 0.004; Pc = 0.04 (Digestive form vs. Cardiac

form).

LVSD: left ventricular systolic dysfunction



Table 3 — Distribution of KIR genes in patients with the digestive or cardiac forms of

chronic Chagas disease and in patients with LVSD and without LVSD.
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Without
Digestive Cardiac With LVSD LVSD
KIR Genes (n=78) (n=107) (n=152) (n=155)
n (%) n (%) n (%) n (%)
Inhibitory
KIR2DLI 74 (94.9) 103 (96.3) 51 (98.0) 52 (94.5)
KIR2DL2 36 (46.2) 64 (59.8) 31 (59.6) 33 (60.0)
KIR2DL3 62 (79.5) 96 (89.7) 46 (88.5) 50 (90.9)
KIR2DLS5 43 (55.1) 64 (59.8) 31 (59.6) 33 (60.0)
KIR3DLI 75(96.2) 103 (96.3) 49 (94.2) 54 (98.2)
Activating
KIR2DS1 33 (42.3) 42 (39.3) 18 (34.6) 24 (43.6)
KIR2DS?2 30 (38.5)* 58 (54.2)2 26 (50.0) 32 (58.2)
KIR2DS3 17 (21.8) 33 (30.8) 17 (32.7) 16 (29.1)
KIR2DS4 75(96.2) 101 (94.4) 48 (92.3) 53 (96.4)
KIR2DS5 26 (33.3) 50 (46.7) 23 (44.2) 27 (49.1)
KIR3DS1 33 (42.3) 40 (37.4) 18 (34.6) 20 (36.7)
Framework and Pseudogenes
KIR2DL4 78 (100.0) 107 (100.0) 52 (100.00) 55 (100.0)
KIR3DL?2 78 (100.0) 107 (100.0) 52 (100.00) 55 (100.0)
KIR3DL3 78 (100.0) 107 (100.0) 52 (100.00) 55 (100.0)
KIR3DPI 78 (100.0) 107 (100.0) 52 (100.00) 55 (100.0)
KIR2DPI 74 (94.9) 104 (97.2) 51 (98.1) 53 (96.4)

OR = 1.89; CI = 1.05-3.43; p-value = 0.04; Pc = 0.64 (Cardiac form vs. Digestive

form).
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Table 4 - Distribution of KIR and their respective HLA ligands in patients with the

digestive or cardiac forms of chronic Chagas disease and in patients with LVSD and

without LVSD.

Digestive Cardiac With LVSD  Without LVSD
KIR - HLA ligands (n=178) (n=107) (n=152) (n=155)
n (%) n (%) n (%) n (%)
Inhibitory
2DL1-C2 63 (80.8) 90 (84.1) 44 (84.6) 46 (83.6)
2DL2-C1 33 (42.3) 50 (46.7) 25 (48.1) 25 (45.5)
2DL3-Cl1 53 (67.9) 68 (63.6) 34 (65.4) 34 (61.8)
3DL2-A3/A11 19 (24.4) 26 (24.3) 13 (25.0) 13 (23.6)
3DL1-Bw4 41 (52.6) 78 (72.9) 36 (69.2) 42 (76.4)
2DL1-C2C2 10 (12.8) 25 (23.4) 10 (19.2) 15 (27.3)
2DL2-CI1Cl1 3(3.9) 12 (11.2) 6 (11.5) 6 (10.9)
2DL3-CICl1 10 (12.8) 13 (12.1) 6 (11.5) 7 (12.7)
2DL2/2DL2-C1C2 14 (17.7) 10 (9.3) 5(9.6) 50.1)
2DL2/2DL3-C1C2 16 (20.5) 28 (26.2) 14 (26.9) 14 (25.5)
2DL3/2DL3-C1C2 27 (34.6) 27 (25.2) 14 (26.9) 13 (23.6)
2DL2/2DL2-C1Cl1 1(1.3) 1(0.9) 1(1.9) 0(0.0)
2DL2/2DL3-C1C1 2(2.6) 11 (10.3) 5(9.6) 6 (10.9)
2DL3/2DL3-C1C1 8(10.3) 4(3.7) 3(5.8) 1 (1.8)
Activating
2DS1-C2 27 (34.6) 34 (31.8) 13 (25.0) 21 (38.2)
2DS2-Cl 26 (33.3) 45 (42.1) 22 (42.3) 23 (41.8)
2DS1-C2C2 5(6.4) 10 (9.3) 4 (7.7) 6 (10.9)
2DS2-CIC1 3(3.9) 8(7.5) 4 (7.7) 4(7.3)
3DS1-Bw4-80Ile 16 (20.5) 19 (17.8) 9(17.3) 10 (18.2)

Bw4 = HLA-A*23, *24, *32; HLA-B *13, *27, *44, *51, *52, *53, *57, *58. Bw4-
80Ile = HLA-A*23, *24, *32; HLA-B*51, *52, *53, *57, *58. Group C1 = HLA-C*01,
*03, *07, *08, *12, *14, *16. Group C2 = HLA-C*02, *04, *05, *06, *07, *15, *17,
*18. HLA-KIR ligands specificities were considered according to Carr et al. (2005),
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Thananchai et al. (2007) and Kulkarni et al. (2008). LVSD: left ventricular systolic

dysfunction
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Table 5 - Distribution of activating KIR plus inhibitory KIR and their respective ligands

in patients with the digestive or cardiac forms of chronic Chagas disease and in patients

with LVSD and without LVSD.

Activating and/or inhibitory ~ Digestive =~ Cardiac ~ With LVSD Without LVSD
KIR and HLA ligands (n=178) (n=107) (n=152) (n=155)
combinations n (%) n (%) n (%) n (%)
KIR-C1
2DS2+/2DL2-/C1+ 2 (2.5 11 (10.3)2 4(7.7) 7 (12.7)
2DS2-/2DL2+/C1+ 7 (9.0) 14 (13.1) 7 (13.5) 7 (12.7)
2DS2+/2DL3-/C1+ 15 (19.2) 10 (9.3) 6 (11.5) 4 (7.3)
2DS2-/2DL3+/C1+ 41 (52.6)> 37 (34.6)° 18 (34.6) 19 (34.5)
2DS2+/2DL2-/2DL3-/C1+ 0(0.0) 0 (0.0 0 (0.0 0 (0.0)
2DS2-/2DL2-/2DL3+/C1+ 34 (43.6)4 26 (24.3)° 14 (26.9) 12 (21.8)4
2DS2+/2DL2-/2DL3+/C1+ 1(1.3) 9(8.4) 4 (7.7) 50.1)
2DS2-/2DL2+/2DL3+/C1+ 7 (9.0) 13 (12.1) 7 (13.5) 6 (10.9)
2DS2+/2DL2+/2DL3-/C1+ 14 (17.9) 10 (9.3) 6 (11.5) 4 (7.3)
2DS2+/2DL2+/2DL3+/C1+ 11 (14.1) 27(25.2) 13 (25.0) 14 (25.5)
KIR-C2
2DS1+/2DL1-/C2+ 0 (0.0 1 (0.9) 0 (0.0 1(1.8)
2DS1-/2DL1+/C2+ 36 (46.2) 55 (51.4) 30 (57.7) 25 (45.5)
2DS1+/2DL1+/C2+ 26 (33.3)  32(29.9) 10 (19.2)¢ 22 (40.0)¢
KIR-BW4-80Ile
3DS1+/3DL1+/BW4-80Ile+ 15(19.2) 18 (16.8) 8 (15.4) 10 (18.2)
3DS1+/3DL1-/BW4-801le+ 1(1.3) 1 (0.9) 1(1.9) 0(0.0)
3DS1-/3DL1+/BW4-801le+ 28 (35.9) 38 (35.5) 17 (32.7) 21 (38.2)

30R =4.41; 1C =0.94-20.50; p-value =0.07 (Cardiac form vs. Digestive form).

POR = 1.95; IC = 1.07-3.54; p-value = 0.03; Pc = 0.09 (Digestive form vs. Cardiac

form).
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‘OR = 5.83; IC = 1.20-4.25; p-value = 0.01; Pc = 0.04 (Digestive form vs. Cardiac

form).

dOR = 2.70; IC = 1.24-5.90; p-value = 0.02; Pc = 0.08 (Digestive form vs. Without
LVSD).

°OR = 0.35; IC = 0.14-0.85; p-value =0.03; Pc=0.09 (With LVSD vs. Without LVSD)

Bw4 = HLA-A*23, *24, *32; HLA-B *13, *27, *44, *51, *52, *53, *57, *58. Bw4-
80lle = HLA-A*23, *24, *32; HLA-B*51, *52, *53, *57, *58. Group C1 = HLA-C*01,
*03, *07, *08, *12, *14, *16. Group C2 = HLA-C*02, *04, *05, *06, *07, *15, *17,
*18. HLA-KIR ligands specificities were considered according to Carr et al. (2005),
Thananchai et al. (2007) and Kulkarni et al. (2008). LVSD: left ventricular systolic

dysfunction
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3. CONCLUSOES

Toxoplasmose ocular:

e O polimorfismo do gene MICA parece nio influenciar o desenvolvimento de
lesdes oculares em pacientes diagnosticados com toxoplasmose.

e Genes KIR na presenga de seus respectivos ligantes HLA exercem influéncia no
desenvolvimento da TO e suas manifestagdes clinicas primaria e recorrente:
KIR3DS17/Bw4-80Ilet e KIR2DS17/C2* + KIR3DS1"/Bw4-80lle* foram
associados como fatores de risco e, KIR2DL3/2DL3-C1/C1 e

KIR2DL3/2DL3-C1 como fatores de protegao.

Formas clinicas cardiaca e digestiva da doenca de Chagas cronica:

e O alelo MICA-129 met foi associado com o desenvolvimento da DSVE, e o
alelo MICA-129 val foi associado a um menor risco de desenvolvimento da
DSVE. O genétipo homizigoto MICA-129 met/met foi associado com o
aumento do risco de pacientes com CCC desenvolverem a forma grave da
DSVE, enquanto que o gendtipo homozigoto MICA-129 val/val foi associado
com a protecao desta condigio.

e O hapldtipo MICA*008~HLA-C*06 foi associado como fator de risco a forma
clinica digestiva da doenga de Chagas.

e A combinacdo KIR2DS2-/KIR2DL2/KIR2DL3*/C1* foi associada como fator

de suscetibilidade a forma clinica digestiva da doenca de Chagas.
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