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Associacao de polimorfismos em genes de citocinasdesenvolvimento de
inibidores na hemofilia A

RESUMO
A Hemofilia A (HA) € uma doenca hereditaria receadigada ao cromossomo X causada

pela deficiéncia do fator VIII (FVII) da coagulagdsanguinea. Estima-se que hé&
aproximadamente 10.065 portadores de HA no Brasihase do tratamento da HA é a
administracdo de concentrado de FVIII derivado tasmpa ou de produto recombinante.
Alguns pacientes desenvolvem anticorpos que ne#nala atividade do FVIII infundido,
definidos como inibidores de FVIII, reduzindo acéfiia do tratamento e comprometendo a
hemostasia. Varios fatores podem ter o potenciahfligenciar este processo, inclusive os
genes da resposta imune. Polimorfismos em regégdatorias de genes de citocinas estao
sendo estudados em associacao ao risco de desereftiy de inibidores em pacientes com
HA. Alguns estudos mostraram que os principaisnpatfismos relacionados ao aumento do
risco de desenvolver inibidores estdo nos gdiNis e IL10. A identificacdo desses fatores
genéticos, em especial genes de citocinas, enwslvid producéo de inibidores por pacientes
hemofilicos podera auxiliar na prevencédo do efeitbitério ao FVIIl. Dessa forma, este
estudo teve por objetivo analisar os polimorfisnems regides regulatorias de genes de
citocinas que poderiam estar associados ao risceskEnvolvimento de inibidores do FVIII
em individuos com HA no Estado do Parana. Pacieai@sHA registrados no Hemovidaweb
Coagulopatias do Parana foram selecionados pastudce A genotipagem de citocinas foi
realizada pela técnica PCR-SSP utilizando o kitcifecinas Invitrogefi. Os resultados
indicaram aumento da susceptibilidade ao desemaehtio de inibidores em pacientes com o
alelo +874T e gendtipo +874TT no geldiFG; e para o gendtipo +869TT ridGFAL. No
entanto, os pacientes com o alelo +874A no ¢NRE; alelo +1902A ndL4RA; e hapldétipo
CG noTGFB1 apresentaram menor risco de desenvolver inibidéste estudo auxilia a
identificacdo de genes promissores a pratica eljrdtEm de contribuir para tracar um perfil

genético dos pacientes com HA gravemente afetados.

Palavras-chave:hemofilia A, inibidores, polimorfismos, genes d®cinas.



Association of polymorphisms in genes of cytokimesl the development of
inhibitors in Hemophilia A

ABSTRAT

Hemophilia A (HA) is a hereditary recessive disexXsknked caused by a deficiency of
factor VIII (FVIII) blood clotting. It is estimatethat there are approximately 10,065 patients
with HA in Brazil. The basis of treatment of HAtise administration of concentrate of FVIII
plasma-derived or recombinant product. Some patidavelop antibodies that neutralize the
activity of FVIII infused, defined as FVIII inhibirs, thus reducing the treatment efficiency
and compromising hemostasis. Several factors may hle potential to influence this
process, including immune response genes. Polynsmnghin regulatory regions of cytokine
genes are being studied in association with risexelopment of inhibitors in patients with
HA. Studies have shown that the main polymorphisissociated with an increased risk of
developing inhibitors are in the genHslO and TNF. The identification of these genetic
factors, in particular cytokine genes, involvedhe production of inhibitors by hemophiliacs
patients may assist in preventing the inhibitofee&tfof FVIII. Therefore, this study analyzed
the polymorphisms in regulatory regions of cytokgemnes that could be associated with the
risk of inhibitors development in patients with HA the State of Parana. The HA patients
registered in Hemovidaweb-Coagulopathies in Paraei®e selected to the study. Cytokine
genotyping was performed by PCR-SSP kit cytokinssgithe Invitrogen®. The results
indicated increased susceptibility to inhibitorvelepment in patients with the +874T allele
and +874TT genotype in genBIFG; and +869TT genotype imMGFf1. However, patients
with the +874A allele of the ger®&lFG; the allele +1902A inL4RA; and CG haplotype in
the TGFBL are lower risk to develop inhibitors. This studgiats to identify promising genes
to clinical practice, as well as contributing tade a genetic profile of patients HA severely

affected.

Keywords: hemophilia A, inhibitors, polymorphisms, cytokigenes.
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CAPITULO |

HEMOFILIA

A Hemofilia € uma doencga hereditéria recessivadbgao cromossomo X causada
pela deficiéncia parcial ou total dos fatores dagatacao VIl (Hemofilia A, #306700) e IX
(Hemofilia B, #306900). A hemofilia se estende aehimundial, e estima-se que a
prevaléncia de individuos com hemofilia A é de apmadamente um em cada 10.000
homens e a da hemofilia B, um em 50.000 homer][1,

Em 2010, a Federagéo Mundial de Hemofilia estimevaacde 400.000 portadores de
hemofilia no mundo. No mesmo ano, foram registramm®ximadamente 10.065 pacientes

hemofilicos no Brasil, sendo a hemofilia A a mamam ao representar 80% dos casos [3].

O FVII

O FVIII € uma glicoproteina que atua na coagulasgitguinea como cofator para o
fator IX ativado (FIXa) na ativacdo do fator X (F}J]. O FXa promove a conversao de
protrombina em trombina, que cliva o fibrinogénim &brina para a formacéo de coagulo
sanguineo em local de sangramento (Figura 1). Kiéetia ou disfuncdo do FVIII, ndo
permite a formacdo de coagulo no local de uma le®aBVIll é sintetizado no figado, e
circula no sangue associado ao Fatovole Willebrand (FVW) que o estabiliza e protege da

degradacéo proteolitica, e promove a sua concawatrag sitio da leséo [5, 6].

Os niveis plasmaticos normais de FVIII variam dé OJ/mL a 1,5 Ul/mL e sua
atividade coagulante (C) é de 100%. As diferentesagdes no gene do FVIII podem levar a
deficiéncia ou anormalidade desse fator, represdata gravidade da doenca e permitindo
uma classificacédo fenotipica em hemofitave (nivel do FVIII < 0,01 Ul/mL ou C < 1%),
moderada (nivel de FVIII entre 0,01 — 0,05 Ul/mL ou C entf# a 5%) deve (FVIII > 0,05 -
< 0,40 Ul/mL e C > 5% a < 40%) [7, 8].
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Via Intrinseca

Calicreina «—— Pré-calicreina

Fator Xl ——= Fator Xlla

Fator Xl Fator Xla
Fator VIl
Fator X T- Fatar IXa . Fator Vllla FatorV
i Fator X —= Fator Xa. Fator Va Via Extrinseca
A A Fator tecidual o Fator VI
Fator Vlla
Fatorll _ o Fatorla
{protrombina) {trombina)

:

Fibrinogénio ——=  Fibrina

Figura 1. Representacdo esquematica da cascata de coagubagdeficiéncia no FVIII impede a
ativacdo do FX e consequentemente a formacdo d@djbresultando em comprometimento da
coagulagéo do sangue. Adaptado de: Boetah, 2002 [9].

O GENE DO FVIII E A BIOSSINTESE DO FVIII HUMANO

O gene do FVIII (#305423, #305424) esta localizadgorcéo distal do braco
longo do cromossomo X (Xg28) e possui 186 Kb de Dd¢Aadmico. Ele apresenta 26

éxons que codificam uma proteina de 2.332 aminoacfiura 2A e 2B) [10].

A maturacdo e a secrecdo do fator FVIII envolvenagrande variedade de
interacdes e modificagbes pos traducionais [11]prAteina em sua forma nativa
consiste em dominios A1-A2-B-C1-C2 e porc¢des angirgarboxi-terminais [12]. No
reticulo endoplasmatico, o FVIII sofre varios ewsntle glicosilagdo para depois ser
encaminhado ao complexo de Golgi. Neste, a mol&nifte um processo de sulfatacéo
e glicosilacdo de residuos especificos, além deggins proteoliticas na juncdo dos
dominios B-A3 e em sitios adicionais dentro do dooniB [11]. Estas clivagens
dividem a molécula de fator VIl em duas por¢cOemdeta pesada, que consiste nos
dominios Al (1-336), A2 (373 -719) e B (741-1648)a cadeia leve, composto pelos
dominios A3 (1690-2019), C1 (2020 -2172) e C2 (22332). Entre os dominios Al e
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A2, regido C-teminal de A2 e N-terminal de A3, mauelevada proporcao de residuos
de carga negativa, chamada de regifes acidas @33B3), a2 (720-740) e a3 (1649-
1689), respectivamente (figura 3A)[13].0FVIII sdado é um heterodimero, cujas
cadeias se mantém ligadas por meio de interac@esavalentes entre os dominios Al
e A3, juntamente a ions CdFigura 2C) [14].

Xq28
5 3
A HHHAHHTA TR
Gene FVIII
-19 1 336 719 1691 2025 2332
B E A1 A2 B A3 ct |c2
Arg 372  Arg 740 Arg 1689
Pre-Pro-FVIII
A1 A2 Ca® A3 Gl | &2
C
FVIII ativado

Figura 2. Gene e estrutura da molécula do FVIIl. AdaptaddGiestaldo et al., 2007 [15].

ApoOs a secrecao do FVIII, o heterodimero interaga o FVW que atua como
carreador do FVIII durante sua circulacdo no pladgsaa ligacdo impede a formacgao
do complexo ligado & membrana antes da ativacdeVvdlb e também protege o FVIII
da inativacdo pela proteina C ativada, FIXa e FX#.[Além disso, essa interacao
aumenta estabilidade do FVIII para uma meia vida yaria entre 12-16 horas e
favorece a clivagem do FVIII pela trombina [16].

O FVIII é ativado pela trombina e pelo FX. Ambas @msteases clivam a
molécula FVIII nas posices Affe Arg“°da cadeia pesada e A da cadeia leve.
Essas clivagens resultam em dois fragmentos Al-A&3€1-C2 que permanecem

associados por meio de interacdes eletrostatidas erdominio A1 e A3 (Figura 3B)
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[17]. A ativacao do FVIII reduz drasticamente anafade com o FVW. O FVIII ativado
(FVIlla) juntamente com FIXa, fosfolipides de mearm carregados negativamente e
ions célcio formam o complexo tenase, que por sdaatua enzimaticamente sobre o
FX convertendo-o em sua forma ativada. O FXa ppéida conversdo da protrombina
em trombina juntamente com fator V ativado (FVa)iams calcio (complexo
protrombinase). A trombina € a enzima chave daataste coagulagdo que, em Ultima
instancia, convertera fibrinogénio em fibrina (Fyd). Uma vez que o FVIII ativado
tenha desempenhado seu papel na cascata da céagusie € rapidamente inativado.
O mecanismo exato desta inativacao, sob condi¢ggiefdfjicas, ainda é desconhecido.
Entretanto, a proteina C ativada cliva a cadeiaagsesdo FVIII nas posi¢coes
Arg®¥9Met*” e Arg®4Gly®®® em uma reacédo que requer a presenca de protedna S

regido carboxi-terminal do dominio B do FV [13, 18]

A-Estrutura primdria e organizagio dos dominios do FVII
e 11 ] 17
T Té 6l | 6500 2019 2172 2332

i W 173

| j |
| D el B Rt R E
L

Cadeia pesada Cadeia leve

B- Ativagdo do FVII

_umu B

Heterodimero Fuilla

2 ::n: =
== Ativagao da trombina
— s sl
Heterodimero F\TI _ '
r () -
a2

Figura 3. A-Estrutura da molécula do FVIII e sua organizag&odominios. B- Ativacéo da molécula
FVIIl. Adaptado de: Lavigne-Lissald al., 2009.
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TRATAMENTO DA HA

O tratamento da HA esta disponivel como concentaad-VIll derivado do
plasma e de produto recombinante. O FVIII plasmatc produzido a partir do
fracionamento do plasma e inativagdo de particttass. Apesar da similaridade, este
produto pode ter diferenca na pureza. Concentrddopureza intermediaria contém
niveis de FVW, enquanto que produtos de elevadezpusdo desprovidos de FVW
[19]. Além disso, alguns procedimentos de inativagd@al podem afetar a estrutura da
molécula e contribuir para a producdo de inibidarestra o FVIII modificado. Os
concentrados de FVIII recombinante sdo produzidos gxpressdo de vetores que
transportam o gene do FVIII humano em linhagenglaeds. Assim como os produtos
derivados do plasma podem apresentar diferencgwodsitos recombinantes também
podem exibir diferengcas que podem ser desde ag@macelular utlizada, ao

comprimento do gene e a formulagcéo do produto [20].

DESENVOLVIMENTO DE INIBIDORES EM INDIVIDUOS COM HA

Os anticorpos, também chamados de inibidores, m@mdglobulinas de alta
afinidade pertencentes em sua maioria da clas$g@3, (subclasses IgG1 e 1gG4 [21].
Alguns estudos indicam a predominancia da subclg&s¢ [21, 22]. A predominancia
das moléculas 1gG4 pode ser resultado de admigistsarepetidas de FVIII necessarias
para manter os niveis de FVIII plasméatico e umadstasia normal [23]. Com isso, 0s
anticorpos neutralizam a atividade do FVIII infuthali e consequentemente, reduzem a
eficacia do tratamento [22]. Estudos tém mostrad® & incidéncia de inibidores em
pacientes hemofilicos é de 5 a 7%, e a incidéreimithidores em pacientes com HA
grave é substancialmente maior, entre 12 e 13% [24]

O método padréo para a quantificacdo de inibiddeeBVIII no plasma é pelo
método Nijmegen, uma modificacdo do ensaio BethgdgjaA unidade Bethesda (UB)
é definida como uma quantidade de anticorpos denmaque neutraliza 50% da
atividade do FVIII plasmatico [26]. Titulos iguasu maiores que 0,6 UB sé&o

considerados inibidores positivos [8].
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Os inibidores do FVIII sdo classificados como seddalta ou baixa resposta,
dependendo da estimulagdo do sistema imune apis \&posi¢cdes ao fator. Se a
reacdo do sistema imune é rapida e intensa, aidadatde anticorpos contra o FVIII
aumenta, atingindo um nivel maior ou igual a 5 BBte tipo de inibidor € classificado
como sendo de alta resposta. JA quando o sistem# iproduz uma reposta mais
demorada e fraca, o titulo de anticorpo permanacebgeralmente inferior a 5 UB.
Este tipo de inibidor é classificado como sendbaiga resposta [27].

O tratamento de pacientes que desenvolvem inilBddem desafio e baseia-se
no uso de agentes que geram trombina, independaragédo do FVIII ou FIX, e sé&o
chamados de agengpassing. Os agentebypassing mais utilizados sdo o complexo de
concentrado de protrombina ativado (CCPA) e o fatdr recombinante ativado
(rFVlla). Apesar de sua eficacia no controle de amgparte dos episédios de
sangramento, o tratamento com estes agentes darmaserarias limitacbes em
comparacao ao tratamento de individuos hemofiBeos inibidor. Quando o tratamento
é frequente, pode causar excesso de sangrametranthose. O fato de estes produtos
conterem quantidades mesmo que pequenas de Fivilliades de FX pode estimular a
producao de novos anticorpos contra o FVIII infaiediDevido ao tempo de meia vida
curto dos agentes, a profilaxia regular ndo € peksilém de terem um custo elevado
[27].

ATIVACAO DA RESPOSTA IMUNE AO FVIII

Os pacientes que entram em contato pela primeracom o FVIII infundido,
podem iniciar uma resposta contra ele envolventidastdo sistema imune. O bacgo é
um oOrgdo que desempenha um papel importante naustiéio inicial da resposta
imune humoral, pois € o local de passagem de awiggprovenientes do sangue. A
polpa branca do baco é rica em células dendri{io&y, macréfagos e células B da
zona marginal. A localizacdo dessas células facditacesso imediato aos antigenos
circulantes no sangue [28]. O FVIII infundido tamb@ode ser capturado no local do
sangramento e ser transportado aos 6rgédos linféammdarios (baco, linfonodos) para
a apresentacdo as células TGmalves. O sangramento e o processo de coagulacao

ativam a sintese de citocinas proinflamatoriasimigeinas [29]. Neste local, células da
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imunidade inata e células apresentadoras de aoHgE&AAS) sdo atraidas e emitem
sinais de ativacdo para endocitose do FVIIl. O F¥léndocitado em vesiculas onde é
clivado proteoliticamente em peptideos. Moléculas @omplexo Principal de
Histocompatibilidade (CPH) de classe Il séo fornsaga reticulo endoplasmatico e sédo
deslocados a vesicula onde estdo os peptideos@adh molécula MHC permite a
ligagdo de um Unico peptideo. Apds esta ligacdosomplexo peptideo-MHC é
transportado até superficie da CAA, onde ocorrgeaacdo com o receptor de células T
(TCR) do linfécito TCD4 especifico. A apresentagdo do antigeno requer equnda
interacdo, que ocorre entre a molécula CD80/86 Al € a molécula CD28 da célula
T[30, 31]. Na presenca de ambos os sinais, octisr@cdo do linfécito T, que pode ser
tanto uma ativacao da célula T helper 1 (Thl),oesavel pela secrecdo de citocinas
importantes na imunidade celular como interferomaa(lFN+), fator de necrose
tumoral-alfa (TNFe) e interleucina-2 (IL-2), assim como a ativacaccdmla T helper

2 (Th2) que secreta interleucina-4 (IL-4), inted@a-5 (IL-5), interleucina-6 (IL-6),
interleucina-10 (IL-10), entre outras, importantes imunidade humoral; e, também
ocorre aumento da expresséo dos CD2, CD30, CD4TID28 na superficie da célula T
CD4+ [28, 32, 33]. Essas citocinas quando secrstgmdas células Thl ou Th2
estimulam a diferenciacdo dos linfocitos B em @&uplasméticas produtoras de
anticorpos, 0s quais trocam o isétopo da imunodjodble produzem os anticorpos

especificos contra o FVIII no plasma (Figura 4),[32].

CélulaT Célula B Célula Plasmatica

INF-y TNF-a IL-2

IL-4 IL-& IL-& IL-10

Figura 4. Producao de anticorpos especificos contra o F@IFEVIII, por ser um antigeno exégeno, é
endocitado pelas CAAs, processado e apresentaddirddsitos TCD4 via MHC de classe Il. O
reconhecimento do peptideo pelas células T requetesacdo do receptor especifico das células T
(TCR), e de sinais co-estimulatorios, tais como4C[®R CD40 ligante (CD40L), CD80/86 e CD28 ou
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CTLA4. Em resposta ao antigeno, os linfocitos Vaatos liberam citocinas, e expressam moléculas de
superficie (CD30, CD28, CD40L) que interagem conpradeinas de superficie correspondentes (CD30
ligante, CD80/86, CD40) dos linfocitos B. Isso tamm que haja ativacao e diferenciacdo dos linfédo
em plasmécitos produtores de anticorpos anti-F¥IEm células B de memoria. Fonte: Adaptado de:
Oldenburget al., 2006 [35].

Os dominios A2, A3 e C2 sdo as regifes as quaiantisorpos anti-FVIII
podem reagir e influenciar o funcionamento adequda@ascata de coagulacdo [36,
37]. Estudos tem mostrado que em pacientes queeapean mutacoesissense nos
dominios A2 e C2, o risco de inibidor € quatro wem®ior do que em pacientes com
mutacOes fora desta regido [32]. Os anticorposAsht®e em alguns casos de anti-C2,
por exemplo, podem interagir com os dominios A2er€spectivamente, e neutralizar
a atividade pré-coagulante do FVIII [37]. O domir@@, no entanto, é afetado por
anticorpos anti-C2 os quais impedem que o FVllligee aos fosfolipideos e ao FVW
[38]. E os anticorpos anti-A3 tém como alvo o damiA3 que impede a interacdo do
FIX ao FVIII ativado [39].

Quando h& a presenca do FVIII endogeno, o FVIII derado
imunologicamente, ou seja, a resposta imune n&iidwdada. Isso é atribuido a um
tipo de tolerancia imune central, que ocorre derantlesenvolvimento, quando células
epiteliais timicas apresentam os antigenos e ulegésenegativa exclui as células T de
alta-afinidade, prevenindo a existéncia dessadastho sistema imune periférico. Por
outro lado, pacientes hemofilicos A terdo célulakeTalta afinidade especifica ao FVIII
no sistema periférico e quando esses pacientebemere infusdes de FVIII, o sistema
imune reconhecera como um antigeno estranho elessncadeara o evento adverso.
No entanto, isso ndo explica porque a maioria doadfilicos A ndo desenvolvem
inibidores [40].

BASES MOLECULARES PARA A FORMACAO DE INIBIDORES

A razéo pela qual ocorre o desenvolvimento de doitds em apenas alguns
dos pacientes hemofilicos tem sido discutida. \$afatores podem ter o potencial de
influenciar este processo, como os fatores gergticos fatores ambientais [41]. Os
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ambientais incluem aqueles nao relacionados aamsatto, como frequéncia, local e
intensidade do sangramento, e eventos intercosr@ntduindo cirurgia e trauma; e
fatores relacionados ao tratamento [42]. Os fatgessticos incluem o gendtipo, raca,

historia familiar, e a presenca de genes de resposine [43, 44].

FATORES NAO GENETICOS QUE PODEM INFLUENCIAR O
DESENVOLVIMENTO DE INIBIDORES

Na presenca de condicdes de risco, como sangrasngnaves, trauma, ou
cirurgia com intenso dano tecidual, as proteina@genas (altas doses e/ou tratamento
prolongado) sdo intensamente apresentadas aositisfd e B em presenca de sinais
regulatorios. Por outro lado, quando em caso délgpta, onde ndo ha condi¢cdes de
risco, ocorre exposicado regular de doses menoreantigenos, a qual pode haver
inducéo de tolerancia a proteinas estranhas [45].

Alguns estudos revelaram que em cirurgia ou expospgolongada (5 dias ou
mais) ao FVIII no primeiro tratamento, e altas dode FVIII &50 IU/Kg) durante os
primeiros 50 dias de exposi¢cao ao FVIII exdgenaunraento de 2 a 3 vezes no risco de
desenvolver o inibidor. Além disso, ha aumento dscor em pacientes que
apresentavam menor idade ao receber as primejpasieg&es [45, 46].

Quanto ao tratamento, estudos investigaram o rigcalesenvolver inibidor
frente ao produto derivado do plasma (pFVIIl) eemombinante (rFVIII) [47-49]. Um
estudo de multicentros na Franca acompanhou 148np@s previamente nao tratados
com HA grave. Destes, 62 foram tratados com pF¥186 com rFVIIl. Os pacientes
tratados com pFVIII tinham acompanhamento mais dorey receberam maior
quantidade de infusdes do que os tratados com IkFYlirante o periodo de
observacdo, 34 (23%) de 148 individuos desenvatverabidor: 7 (11%) de 62
tratados com pFVIIl e 27 (30%) de 86 com rFVIIl.t@d titulos de inibidores foram
observados em 16 pacientes, 3 tratados com pF\MI8 eom rFlll [47]. Outro estudo
na Inglaterra ndo verificou diferenca significatematre os diferentes tratamentos para o
risco de desenvolver inibidor [50]. Alguns autoedfsmam que o rFVIII deve ser o
tratamento de escolha devido ao baixo risco desin@sdo de patdégeno e que
futuramente sera mais favoravel do ponto de vistm@&@mico [51]. Ainda ha muita

contradicdo em relacdo ao risco e ao tratamento;igs®, 0S autores ressaltam a
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necessidade de estudos randomizados a fim de mztr os dados do inibidor com a
fonte de FVIII [49].

FATORES GENETICOS QUE PODEM INFLUENCIAR O
DESENVOLVIMENTO DE INIBIDORES

HISTORICO FAMILIAR DE INIBIDORES EM PACIENTES COMH A

A etnia e o0 histérico familiar foram associados paedisposicdo ao
desenvolvimento de inibidores. Pacientes com ligstdéamiliar de presenca de
inibidores tém risco de 5,8 a 6,3 vezes maior deemelver inibidores, do que
pacientes hemofilicos sem historia familiar [52nstudo revelou que americanos
com descendéncia africana apresentavam um riscor nd@ desenvolvimento de
inibidores [52]. Essa associacdo e a relacdo hat@e inibidor na familia também
foram observadas em um estudo do grupo The Malre@rniational Brother Study
(MIBS). Os resultados mostraram que a incidéncianitédores encontrava-se elevada
no subgrupo de pessoas com descendéncia africamada comparado ao grupo
caucasoide (55,6%s.27,4%). Foi observado também, que o risco pararaaipdo de
inibidor aumentava significantemente em pacientes histéria familiar de inibidores;
0 risco absoluto para o desenvolvimento de inilEgla@m familias com histéria prévia
era de 48% (95%, IC=35-62%), enquanto que o ristfaeilias com nenhum histérico
familiar de inibidor era de 15% (95%, IC=11-21%3]5

Em outro estudo do mesmo grupo avaliaram a possidé de mutacdes
genéticas influenciarem a formacdo de inibidoresiedividuos da mesma familia.
Foram analisadas 113 familias, sendo dois ou mai&os com hemofilia grave, a
maioria caucasoide. Em 59 familias, todos os irndesenvolveram inibidores e 25
(42,4%) destas, havia histéria familiar de desenwwnto do inibidor. Verificou-se
também, que o tipo de mutacdo no gene do FVIII dnaguente entre as familias foi a
inversao no intron 22. Os inibidores foram dessrdm 45 das 74 familias (60,8%) com
este tipo de mutacdo; e entre as 45, 18 (40%) diestos irmdos desenvolveram o
inibidor [32].

Desta forma, fica evidente a existéncia de predigho genética ao
desenvolvimento do inibidor [53]. Os fatores naméjeos parecem influenciar a
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resposta imune e, consequentemente, alterar odesclesenvolver inibidores em cada
familia. No entanto, pode haver alteracdes na staponune, baseadas tanto em

marcadores genéticos como ndo genéticos [32].

MUTACOES NO GENE DO FVIII

O fator genético melhor estabelecido entre os peadores, quanto ao risco de
aloimunizacéao, é o tipo de mutacdo no gene do H94) 55]. Esta variavel contribui
para a diferenca estrutural entre uma proteina IF8idégena normal e proteina
exdgena proveniente da terapia de reposicdo. Aeiptexdgena neste caso €
imunogénica, ou seja, reconhecida como estranloagamismo e ativa o sistema imune
especifico [32].

O gene do FVIII contém polimorfismos de relevandiaica, no contexto das
doencas hereditarias, que podem ser utilizadosipegatigar um gene afetado em uma
dada familia. Estes estudos de ligacéo tém pewratidnélise do estado do portador e o
diagnéstico pré-natal da hemofilia [56]. Mutacdes ponto, delecdes, insercoes,
inversdes e rearranjos sdo comuns no gene do RyBI7, 58].

As delecdes sdo o segundo defeito mais comum ne denFVIll e afeta,
aproximadamente, 5 a 10% dos pacientes. Insergdasanjos/inversbes sao menos
frequentes na populacdo hemofilica, com excecdiowgsao no intron 22 e intron 1
que sdo predominantes entre pacientes HA gravé9][9Ambas as inversbes séo
mediadas por recombinacdes intracromossémicas sgqreEncias do intron 22 e copias
extragénicas altamente homdlogas; similarmente, uéwigs do intronl
(intracromossémicas) e copias extragénicas sofeenmmbinacao [35].

No estudo de coorte realizado por Gouw e colaboead®18 pacientes com
HA graves foram analisados. A incidéncia de inibégofoi de 18% (35/200) em genes
com mutagOes de alto risco (67% grandes delec@®®s, rButacbeonsense, 15%
inversdes no intronl ou 22), e 7% (8/118) em geonas mutacdes de baixo risco (7%
pequenas delecdes, 6% mutagiesense, 8% mutacdesplice site). Alem disso, entre
0S pacientes que apresentaram mutacdes de porisgoade desenvolver inibidor foi
maior nos que tiveram a mutagdo nos dominios ABJE3C2 (17%) [58].

Em outro estudo realizado com 1104 pacientes com étfos desplicing

apresentaram maiores frequéncias em pacientes ddrmgrées que desenvolveram
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inibidor. Outras muta¢gdes como inversdes do intiitron 22, mutacoawnsense e
grandes dele¢bes também foram frequentes. Mutagid8ssise e pequenas delecdes ou
insercdes estavam menos frequentes. Assim comimiagoesnterior, mutagdes na cadeia
leve foram associadas a um maior risco de desesvolunibidor em comparacao as
mutacdes na cadeia pesada (28¥44%) [60].

No Brasil, inversdes no gene do FVIII foram encad#s em 13 de 21
pacientes com HA grave (62%) [61]. A recombinacécintron 22 do gene do FVIII
com a copia distal do F8A foi detectada em 8 casasm a copia proximal em 4 casos.
Dois dos pacientes com HA grave apresentavam @ilihss de inibidores e o rearranjo
com a copia distal do gene F8A, inferindo que coride desenvolvimento de inibidores
em pacientes pode estar relacionado com estedipgadranjo.

Um estudo de meta-andlise observou que o riscoesenslolver inibidor em
pacientes com grandes delecfes e mutagd@iesnse € maior do que em pacientes com
inversdo no intron 22 (OR: 3,6 e OR: 1,4; respaatignte). O risco de desenvolver
inibidor em pacientes com inverséo no intronl eagd#ssplice-site foi praticamente o
mesmo (OR: 0,9 e OR: 1,0; respectivamente), e am rike pacientes com pequenas
delecdes e insercbes, aléem de mutacoessense foi menor (OR: 0,5 e 0,3;
respectivamente) [57]. Sendo assim, o grupo conomreaco de produzir anticorpos
anti-FVIII foi o que possuia maiores alteracdegeane [32, 43].

GENES DE CITOCINAS

As citocinas sdo um grupo de glicoproteinas ouefmas moduladoras que se
ligam ao seu respectivo receptor nas células, epsdduzidas em resposta a uma
variedade de estimulos [62], como, por exemplo,gents infecciosos, tumores,
estresse, etc [63]. Essa interagdo resulta nagabvde um segundo mensageiro e vias
de transducao de sinal dentro da célula. O proadssecrecao de citocinas € altamente
regulado, de modo que, a quantidade de citocina®tada retorna aos niveis basais
apos a remocdao do estimulo. Os niveis de citosiaaam de acordo com determinantes

genéticos e ambientais que influenciam cada indiv[62].

A variacdo genética que resulta em alteracdo nmatest e expressdo das
citocinas pode ter consequéncias patoldgicas, gmmexemplo, conduzir o individuo a
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doencas cronicas, promover um aumento no riscofdegdes, alterar o curso de uma
doenca aguda ou cirurgia [62]. Além disso, as ot podem atuar como fatores de
crescimento de linfécitos primarios, como moléculpH-inflamatérias e anti-
inflamatorias, e podem desempenhar papel fundaimemtdesiocamento de linfocitos.
Nos ultimos 25 anos, as citocinas tém sido de grantportancia para a terapia,

diagnostico e prognadstico e de varias doencas hasréd].

GENE TNF

O genelNF (#191160) esta localizado na regido de class#oldromossomo 6,
entre as regides de HLA de classe | e Il [69]. ¥&apolimorfismos no genENF foram
descritos, alguns dos quais também tem relacdodo@mcas inflamatérias e mediadas
por anticorpos [70]. Os mecanismos pelos quais getkmorfismos podem influenciar
no risco de desenvolver o inibidor incluem uma maiducdo dos niveis de transcrigdo

e aumento dos niveis de TNFgue estimulam a formacao de anticorpos [71].

Alguns estudos demonstraram associa¢fes de pokmod deste gene com a
formacdao de inibidores em pacientes com HA [66, P@]imorfismos na regido -308 do
gene sao 0s que mais sao investigados em estudssal@acdo. Em 2006, Astermark e
colaboradores avaliaram 164 pacientes hemofilicoge Avidenciaram associacdo do
gendtipo -308A/A com a formacgdo de inibidores. €l@at308A foi identificado em 46
(59,7%) dos 77 pacientes com inibidores e em 4Q0%p dos 87 pacientes sem
inibidores, porém nao houve significancia esta@st® = 0,087; OR = 1,7). Em
contrapartida, houve associacdo entre o genotip8A/2 e a formacao de inibidores,
evidente no subgrupo de pacientes (h=124) com H#&egP< 0,001; OR = 19,2) [66].
Outro estudo que avaliou 0 mesmo SNP identificoaligdividuos homozigotos para o
alelo A apresentam maiores riscos de desenvolveidores quando comparados aos
heterozigotos (OR: 7,519; 95% CI: 3,168 - 17,8423sa constatacdo também foi
evidente quando analisados os pacientes hemofiicgsaves (OR: 8,163; 95% CI:
2,521 - 26,434) [72].
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Em outro estudo com pacientes da Alemanha, tamlm@ncohfirmada uma
frequéncia mais alta do polimorfismo -308G>A (0y220,13; OR 1,80) no genBNF.
O gendtipo homozigoto A/A (OR 4,7) esteve mais prmiado em pacientes

hemofilicos graves com inibidores do FVIII [67].

Um estudo desenvolvido na india com a participagéiol20 hemofilicos A
graves verificou que o polimorfismo rs1799724 C/IB5¢C/T) heterozigoto,
previamente nado identificado em outras populac@&sseve estatisticamente mais
frequente no grupo de pacientes positivos parabador (P = 0,021, OR: 3,190, 95%
Cl: 1,273-7,990) [73].

GENE IL10

O genellL10 (#124092) esta localizado no cromossomo 1 e tampeéssui
regibes altamente polimérficas. Possui 5 SNPsiéesgle microssatélites que resultam
em varios haplétipos conservados e que definener®ipos em alto, intermediario e
baixo produtores de IL-10 [74]. O alelo -1082G, mopremplo, é associado a alta
producao de IL-10 e o alelo -1082A com baixa pr@sudesta citocina. O haplotipo
GCC é relacionado a alta sintese de IL-10, o higpl6ACC a uma producédo
intermediéria; e o ATA, a uma baixa producéo [[dhlelo 134 € associado a uma alta
producdo de IL-10, e pacientes com este alelo apta®m um fendtipo alto-produtor
visto que mediante estimulo antigénico com o fdéficiente, ocorre uma expansao dos

clones de células B especificas e a producdo dmgras [41].

Uma associacdo positiva em relagdo ao diel®'**G foi observada em um
estudo com pacientes hemofilicos da Alemanha. [0 HI&03*#G foi identificado em
44 (26,8%) de 164 pacientes. Trinta e dois (72, d#gses 44 pacientes, desenvolveram
anticorpos anti-FVIIl, comparados com 45 (37,5%¥ d®0 pacientes sem o alelo.
Dentre os 77 pacientes com histdria de inibidoeefamilia, 32 (41,6%) também eram
positivos para este alelo comparados com 12 (13¢k#%)37 pacientes sem inibidores
na familia P: 0,001; OR: 4,4). Uma associacdo também signifiaatom a producdo
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de inibidores foi identificada para o alelb10**#G, observada no subgrupo de
pacientes com hemofilia A gravie:(0,001; OR: 5,4) [67].

Em relacdo aos polimorfismos em regiées promotdoagendL 10, o haplotipo
GCCI/ATA foi encontrado na maioria dos pacientes d¢féivos A da india e positivos
para o inibidor P: 0,011; OR: 3,492; 95% CI. 1,402-8,696). Enquanie o haplatipo
ATA/ATA esteve presente na maioria dos pacientasdidicos A negativos para
inibidores P: 0,025; OR: 0,278; 95% CI: 0,096-0,802). Aindataesstudo, a presenca
do haplétipo GCC esteve significativamente assacéand pacientes que desenvolveram
inibidor (P: 0,002; OR: 3,452; 95%; CI: 1,607-7,416) [73].

No Brasil, 60 pacientes hemofilicos A foram estudadsendo que 30 destes
desenvolveram inibidores. Em discordancia com audestanterior, o haplétipo
GCCI/ATA, correspondente ao perfil de produtor imediario da citocina IL-10, esteve
associado com o grupo de pacientes que nao deserafl inibidoresH: 0,043; OR:
3,55; 95% CI: 1,01-12,57). Ja o haplétipo GCC/AG&nbém associado a producéo
intermediaria de IL-10, mostrou associacdo sigaifia com o grupo de pacientes
positivos para o inibido: 0,0267; OR: 5,82; 95% CI: 1,11-30,56) [76].

Outro estudo brasileiro demonstrou que os SNRS -819 C>T elL10 -592
C>A (P: 0,024 eP: 0,016, respectivamente) estavam associados apsibdcdade em
desenvolver o inibidor. As frequéncias alélicas-8E9 T (0,40vs. 0,26;P: 0,028) e -
592 A (0,40vs. 0,25; P: 0,019) estavam aumentadas em pacientes com iresido
comparados aos sem inibidores. Os pacientes qeseappam estes alelos (OR: 3,21,
Cl: 1,45-7,1 e OR: 3; ClI: 1,36-6,49, respectivaraget o haplotipo TA (OR; 2,61; CI:
1,22-5,59) tém maior risco de desenvolver inibiddi€/]. Resultados similares foram

encontrados por Lu e colaboradores em pacient€hita [78].

OUTROS SNPs

O antigeno 4 associado ao linfécito T citotoxico aytotoxic T-lymphocyte
antigen 4 (CTLA-4) (#123890) € um receptor de células T atasque regulam a
atividade dessas células [77]. Uma associacdo inadat encontrada entre o SNP de
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CTLA-4 C>T -318 e o desenvolvimento de inibidoré&R( 0,3; 95% IC: 0,1-0,8®:
0,012) em um estudo realizado entre irmaos com k¥eg(total de 124 individuos,
sendo que 63 desenvolveram inibidores). Dez pesdeasim total de 32 que
apresentavam o alelo T desenvolveram inibidoreguamo que 53 pessoas com
inibidores ndo possuiam o alelo. Isso indica qpeeaenca do alelo T na posicao -318
pode regular a atividade do CTLA-4 de modo quenalsto-estimulatério fornecido
pela interacdo CD28-B7 seja interrompido e intarfia ativagdo da resposta imune
contra o FVIII infundido [79].

A IL-1 (#147720) é uma citocina pro-inflamatoriaeqgatua na maioria das
células imunomodulatérias. A IL-4 (#147780) é essdrpara a formacao de células Th
e producéo de Ig [41]. Polimorfismos nos geHelB (rs1143634) dL4 (rs2243250)
ndo mostraram associacdo ao desenvolvimento dédon@s em varios estudos,
inclusive no Brasil [41, 65, 73, 76].

JUSTIFICATIVA

A HA é uma doenca hemorragica resultante da defi@édo FVIII da
coagulacdo. A terapia da HA é dificultada pelo deskrimento de inibidores do FVIII
em alguns individuos. Os inibidores sdo anticorgoe neutralizam a atividade do
FVIII infundido, resultando em alteracdo nos mesanus de coagulacdo e na

hemostasia.

A identificacdo de fatores genéticos envolvidogpralucao de inibidores por
pacientes hemofilicos podera auxiliar na institoici novas estratégias terapéuticas
que visam a prevencao do efeito inibitério do FVidizendo com que estes pacientes

tenham maior expectativa de vida.

Este estudo podera contribuir para um maior entegtio dos mecanismos
envolvidos na susceptibilidade de algumas pessoaspm@duzir os aloanticorpos

ligantes e neutralizantes do FVIII.
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OBJETIVOS

GERAL

Identificar os polimorfismos de regides regulat®ride genes de citocinas e
verificar se estdo associados ao risco de desemaito de inibidores do FVIII em

individuos com HA no Estado do Parana.

ESPECIFICOS

. Identificar polimorfismos em genes das citocinasldl. IL-1p,
IL-1R, IL-1RA, IL-4Ra, IL-12, INF+y, TGF$1, TNF, IL-2, IL-4, IL-6 e IL-10
de pacientes portadores de HA do Estado do Parana.

. Estimar as frequéncias alélicas, genotipicas eotipflas para
estes genes polimorficos nesta populacao.

. Avaliar a associacdo destes polimorfismos de gdeesesposta

imune com a producédo de anticorpos anti-FVIII erigretes com HA.
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Abstract

The development of factor VIII (FVIII) inhibitor isthe main complication of
replacement therapy in patients with haemophili@A). A ratio of 25% of individuals
HA develops antibodies (inhibitors) against the F\fused during the treatment,
thereby reducing their pro-coagulant activity. Tinenunomodulatory cytokine genes
have been related to the risk of development afaalibodies in several studies. We
investigated the polymorphisms in regulatory regiah cytokine geneslli(1A, I1L1B,

IL1IR, ILIRA, IL4RA, IL12, INFG, TGFB1, TNF, IL2, IL4, IL6, and IL10) that could
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influence the risk of developing inhibitors in matis HA. We studied 165 patients with
HA, where 39 developed inhibitors. The results stwhat polymorphisms ilNFG
are related with increased risk of developing iftbib In contrast, the polymorphisms
in ILARA provide protection to patients, and thengegpes of TGFB1 genes varied
between susceptibility and risk. This work wantgdatribute to a genetic profile of the

individual HA for the risk of inhibitors developmeto FVIII.

Keywords: haemophilia A, factor VIII, immune resgengenes, cytokine, inhibitor,

polymorphisms.

INTRODUCTION

Neutralizing antibodies (inhibitors) to FVIII isehmajor complication that may
occurs during the replacement therapy of patie®dH. The alloantibodies affect the
haemostatic effect of FVIII and can occur in appmately 25% of patients with HA.

The risk of inhibitors development is substantiafigjor in severe HA [2].

The development of inhibitor is a T-helper cell degent event and involves
several immune mechanisms, including antigen ptaten by antigen presenting cells,
B cells differentiation and a cytokine microenvinoent [3, 4]. Recently, we reported
that the variants HLA-C*16 and HLA-DRB1*14 are associated with the risk of
inhibitors [5]. Polymorphisms in cytokine genes @éasontributed to determinate the
inhibitor risks in HA patients, mainliL10 and TNF gene polymorphisms [6-8]. Thus,

the objective of this study was to investigate agilde association of polymorphisms in
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regulatory regions of cytokine genes and the risklibitor development of FVIII in

patients with haemophilia A.

Materials and Methods

Patients

Some patients with HA registered in Hemovidawebgetapathies in the State
of Parand, Brazil, between 2007 and 2009, weretseld¢o participated in this study. A
total of 165 patients were studied after approloalip the Ethics in Research Involving
Human Subjects of the State University of Maringéag by Ethics Committee of the

Health Department of the State of Parana.

The inhibitor titles greater than 5 BU/mL were doesed high response
inhibitors, while the titles that never had greatean 5 BU/mL were characterized
inhibitors of low response. The HA was classifiedsavere when the FVIII level was
lower than 1%, moderate level of FVIII was consatebetween 1% and 5%, and mild

between 5% and 40%.

Methodol ogy

Blood samples were collected from HA patients amdsg@rved in tubes

containing EDTA in freezer at -20° C and maintaingdil the time of extraction of
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DNA. The DNA was extracted from these samples liyngaout method modified [9].
The DNA concentration used was 60 ng/uL. The genoty of cytokine genes was
performed by polymerase chain reaction with seqgeiaspecific primers (PCR-SSP)
using the protocol recommended by the manufact(irentrogen kit Cytokines®,
USA). The cytokine genes studied wditelA-889C>T (rs1800587)IL1B -511C>T
(rs16944), +3962C>T (rs1143634)IL1IR pstl1970C>T (rs147810);IL1RA
mspalll00T>C (rs4251961)JL4RA +1902G>A (rs147781);1L12 -1188A>C
(rs161560);INFG utr5644A>T (rs147570)TGFB1 +869T>C (rs1982037), +915G>C
(rs1800471); TNFA -308G>A (rs1800629), -238G>A (rs361525)L.2 -330T>G
(rs2069762), +166G>T (rs147680)4 -1098T>G, -590C>T (rs2243250), -33CALH
-174G>C (rs1800795), nt565G>A (rs1800797); dhd0 -1082A>G (rs1800896), -
819C>T (rs1800871), -592C>A (rs1800872). The angaliforoduct was subjected to
agarose gel electrophoresis in 3% with sybr grae80V and 13 minutes. The agarose
gel was then visualised through UV trans-illumimaémd the results was interpreted

with worksheet available in the Kkit.

Satistical analysis

The allele, genotype and haplotype frequencies waleulated by direct
counting and compared using the Fisher exact test 2x2 contingency table. The p-
value P) was considered statistically significant whersldgan 0.05. The observed risk
(OR) and confidence interval (95%) were also calimd

(http://www.medcalc.org/calc/odds_ratio.phhenP<0.05.
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Results

Patients

From a total of 165 patients, 39 (23.6%) developekibitor. Of these,
27(69.2%) had the high-responding inhibitor and(3@.8%) had the low-responding
inhibitor. The patients with inhibitor had a medr20 years old (from 2 to 69 years old)
and the patients without inhibitors had a mean ®fyars (1 to 70). All the patients
with inhibitor present severe form of the disedseaddition, the majority of patients
without inhibitor had severe haemophilia (82/126).

In general, the ethnic group of patients analyzad wonsidered mixed, because
it was composed of whites, afro-descendents, atigenous. There was predominance
of whites in population studied, representing appnately 85% of patients with
inhibitor and 88% of patients in group without ibior. However, the prevalence of
inhibitors is higher in the group of afro-descendeand indigenous: among afro-
descendents and indigenous, 5/18 (27.8%) and 133BY3 respectively, had the

inhibitor, compared to 33/144 (22.9%) of whites.

ILARA, INFG, TGFBL1 genes: novel associations

Comparison of allele frequencies of cytokine gebesveen the two groups
showed statistically significant differences in the4RA and INFG, positively
associated with FVIII inhibitors development. Theakele ofIL4ARA was more frequent
in patients without inhibitor compared to patiemigh inhibitor (79.2%vs. 67.9%,

p=0.047, OR=0.55, CI=0.31-0.97). We also observemteased frequency of the T
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allele ofINFG in patients with inhibitor®=0.003, OR=2.20, CI=1.31-3.72). The allelic
frequencies in cytokine genes that which were agsat with the risk of inhibitor are
summarized in Table 1.

When genotype frequencies were compared, thereassasciation withNFG
and TGFB1 genotypes (Table 2). The patients who presenT takele in homozygosis
in INFG gene had an increased risk of inhibite=0.016, OR=3.22, CI=1.27-8.18).
The data also showed that 43.59% and 25.40% aofrgativith and without inhibitors,
respectively, were TT homozygousT&FB1 +869T>C.

In addition, we evaluated haplotypes and diplotytfed could influence the
development of the inhibitor. There were increaeduency of the haplotypeGFB1
(+869, +915) CG in patients without inhibitoP<0.045, OR=0.560, CI=0.32-0.97)

compared with the patients with inhibitor (Table 3)

Other genes

The other genes analyzeld 1A, IL1B, IL1R, IL1RA, IL12, TNF, IL2, IL4, IL6,
IL10) showed no statistically differences between theupgs (data not shown).
However, a trend for higher frequency of the AA ggpe of theTNF -308G>A

polymorphism in patients with inhibitor®£0.086).

Discussion

The single nucleotide substitutions (SNPs) in #gutatory regions of cytokine

genes may affect cytokine transcription and infeeethe production of cytokine in the

people. Thus, any difference in the frequenciescytibkine genes between two
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populations may have clinical importance [10]. fEfere, this study compared the
frequencies of several polymorphisms in wide raofecytokine genes in order to
discover a sharper genetic profile of HA patient®wt the risk of FVIII inhibitor
development.

ILAR is a heterodimer that comprising the Iledf@nd yc chains. ThdL4RA
codifies a commorm chain to receptors of IL-4 and IL-13. Thus, thpha-chain binds
in these interleukins and mediates their effecteals [11, 12]. The polymorphisms in
ILARA andIL4 are well characterized in respiratory diseaseh agcatopy and asthma
[13, 14]. This happens because the binding of th-#s receptor induces the expression
of the low-affinity IgE receptor (CD23) on B celésxd others cells, important in the
induction of Th2 response [15]. Hershetyal. evaluated the capacity Hf4RA alleles to
mediate the induction by IL-4 of the expression ©D23 in peripheral-blood
mononuclear cells. They found that the IL-4 indubégher levels of CD23 expression
in GA heterozygotes than from AA wild type homozigp [13]. Furthermore, it is
known that cytokines secreted by Th2 cells meditdss-switching to IgG4 subclass,
the main antibody secreted by the HA patients [iIg, If the polymorphism in the
ILARA receptors difficult the interaction with theligands, the antibody secretion
activated by Th2 cells becomes compromised. Thiddcexplain partly our findings
that the A allele ofL4RA gene were increased in patients without inhibitbiswever,
the relationship between the4RA SNPs and the development of inhibitors in the HA
are not reported in literature. And so far, thequei study that had analyzed these
polymorphisms found no association [18].

The +874 A>T is the SNP found in thdFG gene that has received attention in
disease-association studies [19, 20]. The stalstmalysis revealed a significant

association of the T allele and T/T genotype aitpos+874 ofINFG with the FVIII



41
inhibitor formation. Both the T allele and the T&mptype were increased in patients
with HA inhibitors (p=0.003 and p=0.016, respedtiyeand the risk was relatively
higher when the T was in homozygosis (OR=2.21 ar®,3respectively). It was
reported that the +874T/A SNP W{FG directly affects the level of IFN-gamma (INF-
y) in the body and relates the presence of the Ai#Bléle and the low production of
IFN-y [21]. The INFy is an immunomodulatory cytokine that skews the ume
response toward a Thl phenotype. It is also abiediease the induction of class II
MHC expression in cells TCD8+, up-regulation of ggssing and antigen presentation,
up-regulation the co stimulatory molecules of amigpresenting cells, and directly
promoting B cell isotype switching [22, 23]. Ourtalasuggest that T/T genotype and
allele T correspond to a predisposition in develgpie inhibitor, because this profile
provides a high production of pro-inflammatory dyitee IFN<y by the patients, which
stimulating a response against FVIIl. The same SOANFG was studied by other
group and no association SNP/inhibitor was fourd.[2

Analysis of genetic polymorphisms ®f5FB1 occurred at positions +869 T>C
and +915 G>C on codons 10 and 25, respectively. TThikele at codon 10 ofFGFB1
was associated with high production of T@E-and the C allele associated with low
production, as well as the C allele at codon 28, lagh production when the allele G is
present [20]. We observed an increase in TT gerotygguency at codon 10 dGFB1
in patients who developed HA inhibitor. Furthermatee CG haplotype protected the
individual from the risk of inhibitor productionThus the results suggest that patients
who did not develop inhibitors have a protector aigpe, which leads to less
production of the immunoregulatory cytokine T@E- and patients who have
developed inhibitory presented genotype featuriraglpction of greater levels of TGF-

B1. A recent study evaluated the same polymorphismiBGFB1 and no significant
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result was obtained [24]. Nevertheless, the saneeipgfound relationship between
“non-GCC” haplotypes oflL10 gene (minor synthesis of IL-10, anti-inflammatory
cytokine) and the inhibitor formation. In our sytidhe analysis based on the groups
that defined as ‘GCC’ and ‘non-GCC’, but we have olotain a significant result, even
as in another Brazilian study [25].

Regarding th&NF gene, we found no significant results, which agugé the
findings in the other Brazilian cohorts [18, 25]owkver, although no statistical
significant, there was an increase in the frequaeic308AA genotype in patients with
inhibitors. These high frequencies were also oleserin the Malmé International
Brother Study (MIBS) and in Germany [6, 26]. Theidsés indicate that G>A at
position -308 ofTNF is associated with higher TNEproduction [27, 28]. The TNE-
is proinflammatory cytokine with immunomodulatdiynctions [27], and it could be
influencing the formation of inhibitors.

When comparing the allelic frequency of hemophilgatients with inhibitors
and a healthy population of southern Brazil [10§ @bserved that the frequency of the
T allele ofINFG (+874) was larger in our patients with inhibitdi7(4%vs. 42.4%) and
lower in patients without inhibitor (30.7%. 42.4%). A decrease in frequency was
observed when comparing the haplotype CGIGFB1 (+869/+915) of our patients
with inhibitor and the healthy population (30.26% 36.20%), and an increase of
frequency in our patients without inhibitor and thealthy individuals (43.65%s.
36.20%). This relationship emphasizes the fact that polymorphism in regulatory
genes of cytokine may influence the developmemintibodies against FVIII in the HA,
by the fact that the increased frequency of thesmiypes cytokines interfere with the

susceptibility of patients with HA to developmemtamtibodies against FVIII.
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Previous literature indicated that Afro-American@adha higher risk of
developing of inhibitors [29, 30]. Our data alsontiute to this finding since we
observed higher incidence of inhibitors in afro-aaslents.
The discrepancy of other studies with the mostwfdata could be due to the
intense miscegenation in Brazil, which confers g¢gpic profile different inter-

Brazilians and other countries.

Conclusion

In conclusion, HA people with the +874 T allelengg/pe +874TT in gene
INFG; and the +869TT genotype WGFS1 increased the susceptibility to develop the
FVIII inhibitor. In contrast, subjects with the +8X allele of the gen&\FG, the allele
+1902A inlL4RA and CG haplotype imGFBL1 are less likely to develop inhibitor. This
study paves way for further research in promisieg rcandidates genes for clinical
practice. Moreover, it can contribute to the cr@atf a genetic profile of HA patients,
especially those at high risk of inhibitor. Moredies of genetic markers are needed to
confirm how the polymorphism of cytokines may imfhce the development of FVIII

inhibitor in patients with HA.
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Table 1. Alleles of cytokines genes associated with thie eisdevelopment of inhibitor.
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Cytokine Allele Inhibitor positive Inhibitor negative P-value OR IC
Gene N(%) N(%)
N=78 N=250
IL4ARA(+1902) G 25 (32.05%) 52 (20.80%) 0.047 1.79 0.31-0.97
A 53 (67.94%) 198 (79.20%) 0.55 1.02-3.16
N=78 N=248
INFG (+874) A 41 (52.56%) 176 (70.96%) 0.003 0.45 0.26-0.76
T 37 (47.43%) 72 (30.74%) 2.20 1.31-3.72
N = total number of alleles.
Table 2. Association of genotypes of cytokines genes andiseof inhibitor development.
Cytokine Genotype Inhibitor positive Inhibitor negative P-value OR IC
Gene n (%) n (%)
n=39 n=124
INFG (+874) A/A 12 (30.77%) 64 (51.61%) 0.838
AT 17 (43.59%) 48 (38.71%) 0.708
TIT 10 (25.64%) 12 (9.68%) 0.016 3.22 1.27-8.18
n=39 n=126
TGFBL1 (+869) T/T 17 (43.59%) 32 (25.40%) 0.043 2.26 1.07-4.80
T/C 14 (35.90%) 67 (53.17%) 0.057
CiC 8 (20.51%) 27 (21.42%) 0.671
n = number of patients.
Table 3. TGFB1haplotype and the risk of FVIII inhibitor.
Cytokine gene Haplotype Inhibitor positive Inhibitor negative P-value OR IC
Diplotype N(%), n(%) N(%), n(%)
N=76 N=252
TGFB1(+869/+915) TG 46 (60.53%) 131 (51.98%) 0.237
CG 23 (30.26%) 110 (43.65%) 0.045 0.560 0.32-0.97
CC 5 (6.58%) 11 (4.36%) 0.147
TC 2 (2.63%) 0 1.000

N = total number of alleles; n = total number ofigats.
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ResumdPortugués Abstract.(English)

Hemofilia A € uma doenca causada p¢  Hemophilia A is a disease caused by a
deficiéncia de Fator VIII (FVIII) de deficiency of coagulation factor VIII
coagulacéao, resultante de heranca (FVIII) resulting from genetic

genética ligada ao cromossomo X. Un  inheritance linked to chromosome X.
dos tratamentos € a administracdo do  One treatment option is the

FVIII de coagulacao, plasmético ou administration of plasma or recombinant
recombinante. No entanto, alguns FVIII. However, some patients develop
pacientes desenvolvem anticorpos col  inhibitors or antibodies against this

este fator, os quais sdo denominados  factor. Inhibitors are alloantibodies that



inibidores. Inibidores séo aloanticorpo
gue se ligam no epitopo do FVIII e sac
reconhecidos pelo sistema imune corr
peptideos estranhos. Essa € a mais st
complicagdo que um paciente hemofil
pode desenvolver durante a terapia de
reposicao. Alguns estudos tém sugeri
gue fatores genéticos influenciam no
desenvolvimento dos inibidores do
FVIII, como etnia, historico familiar,
mutacdes no gene do FVIII e em gene
do sistema imuriégico. O objetivo dest
estudo foi realizar um levantamento
bibliografico para avaliar a influéncia c
fatores genéticos e genes da resposta
imune, em especial os genes do
Complexo Principal de
Histocompatibilidade e de citocinas, q
possam estar relacionados ao
desenvolvimento de inibidores do FVII
em pacientes hemofilicos A. O
entendimento desses fatores de risco
ajudara no futuro a determinar um
tratamento diferenciado para o control
prevencao do desenvolvimento de
inibidores.
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bind to the epitope of FVIII causing it to
be recognized by the immune system as
a foreign peptide. This is the most
serious complication of hemophilia
patients in respect to replacement
therapy. Some studies have suggested
that genetic factors influence the
development of FVIII inhibitors such as
ethnicity, family historymutations in the
FVIII gene and in genes of the immune
system. The aim of this study was to
conduct a literature review to assess the
influence of genetic factors of immune
response genes, especially genes of the
major histocompatibility complex and
cytokines, which may be related to the
development of FVIII inhibitors in
hemophilia A patients. Understanding
these risk factors will help to determine
future differential treatment in the
control and prevention of the
development of inhibitors.
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Introduction

Hemophilia A is a bleeding hereditary disorder eaudy the deficiency or

abnormality of FVIII coagulant activityThe deficiency or dysfunction of FVIII,
glycoprotein that operate as cofactor in the atibweof factor X via activated factor IX,
does not allow the formation of a normal clot aé tsite of an injury:3In 2010,
according to the register of the World Federatioh Hemophilia, there were
approximately 10,065 hemophilia patients in Bradth 80% being hemophilia A.
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The treatment of hemophilia A involves FVIII repdaaent therapy. However,
some patients develop inhibitors, that are polyal@mtibodies against the administered
FVIII.® This reduces the effectiveness of replacemengplyeand causes one of the
main complications in the treatment of these p&ieh Various mechanisms are
involved in the inhibitors formation, for examplie ethnicity, family history, FVIII
gene E8)-related mutations and processes that involve imemsystem genes. The
study of genetic factors is essential to elucidatchanisms that may influence the
development of inhibitors as in the absence of aetie predisposing factor there
is much lower risk of developing inhibitors. On tbier hand, the combined action of
genetic and non-genetic factors can significantytcbute to the development of
inhibitors. These factors may activate or inhiliie immune response depending on
changes in immunological regulators and cytokin#iles. By predicting these factors
in patients, it may be possible to avoid the foioraf FVIII inhibitors and provide

more effective treatment.

As the identification of factors involved in the amanisms involved in the
development of inhibitors in hemophilia A is of parount importance, the aim of this
study was to conduct a review of the literaturernder to assess the influence of genetic
factors and immune system genes on the developoh&ntlill inhibitors in hemophilia
A patients. This study may contribute to a greatederstanding of the mechanisms
involved in the susceptibility that some peopleéavproducing alloantibodies against
FVIII, as well as to develop new, more effectivertipies in hemophilia patients with
inhibitors.

Development of FVIII inhibitors

The antibodies, also called inhibitors, are higimaf immunoglobulins G
(IgG) that are directed against to infused FVllhdathis causes decreasing of its
effectivenes$. These inhibitors make it more difficult the adeguaorrection of the
bleeding diathesis in case of bleeding and surgary,also make impossible the regular

prophylaxis with FVIII® The studies have shown that the overall prevalesfce
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inhibitors in unselected haemophiliac populaticn®+7% and the prevalence amongst

severe haemophiliacs is substantially greateretavden 12% and 1398.

The FVIII inhibitors are classified as either higbr low-responding. It will
depend on how a person’s immune system is stimtulapon repeated exposure to
FVIIL. If the immune system reacts briskly and sgty, the amount of inhibitor
directed against FVIII can rise quickly to very hilpvels, meaning a titer of at least 5
Bethesda units. This type of inhibitor is generallyaracterized as high-responding.
Differently, the immune system may be stimulatedhivay such that its response to
factor exposure is slower and weaker, and the maniltiter will remain low, usually
under 5 Bethesda units. When these characteristiespresents, the inhibitor is

generally termed as low-responditg.

It is noteworthy that during the lifetime of a panswith hemophilia, the risk of
development of inhibitor is variablé.There are reports that the risk is highest soon
after first exposure to FVIII, with the cumulativisk of inhibitor development levelling

off after 20 exposure days or at 6-10 years of‘4ge.

The treatment of hemophilia patients with inhitstes a major challange, and is
based on the use of agents that generate thromdependent of the action of FVIII or
FIX, the so-called bypassing agents. The two madely used bypassing agents are
activated prothrombin complex concentrate (APCQ) etombinant activated factor
VII (rFVIla). Despite their efficacy in the controf most bleeding episodes, treatment
with these agents present several limitations coetp#o the use of FVIII in non-
inhibitor patients such as a less predictable hémtiosresponse, lack of laboratory
monitoring tests, and a higher cost. Furthermoezabse of the lower efficacy and
shorter half-life, regular prophylaxis is not faasiwith these agents.

Mechanism of the Formation of FVIII inhibitors

Several studies indicate that the immune respamnggeted by the presence of
exogenous FVIII is a T helper cell-mediated evéuatt tdepends on antigen-presenting

cells (APCs), such as macrophages, dendritic aatisB cellst?13
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For the synthesis of antibodies against FVIII tocwe part of the FVIII
administered to the hemophilia patient must bermatezed by CAAs, degraded and
presented to a class Il MHC (Major HistocompatipilComplex) moleculé®*A
plasma membrane complex of CAAs, formed when F\péptides bind to MHC
molecules, is then made available for recognitigrCl** T cells!® In addition to this,
intracellular peptide fragments of FVIII, synthesizin small quantities by the patient,
are presented via MHC Class | molecules to CD8ells®

The peptide-MHC complex on the surface of CAAsesognized by antigen T
cell receptors (TCRs). For the presentation ofgams to the TCRs to be efficient, a
second signal occurs between the CAAs and T c#iks; co-stimulating CD80/86
molecules expressed in CAAs bind to CD28 expressel cellsi®t’Activation of T
cells occurs when both signals are present; tmsbeaeither type-1 helper T cell (Thl)
activation, responsible for the secretion of cytels such as interferon-gamma (If)\-
tumor necrosis factor-alpha (TNE-and interleukin-2 (IL-2), which are important in
the cellular immunity system, or type-2 helper Tl ¢€h2) activation which secretes
interleukin-4 (IL-4), interleukin-5 (IL-5), Interl&kin-6 (IL-6) and interleukin-10 (IL-
10), among others that are important in humoral umity. Moreover, the expression of
CD2, CD30, CD40L and CD28 is increased on the TD4ell surfacé?1>181%When
secreted by Thl or Th2, these cytokines stimulaedifferentiation of B cells, which
change the isotype of immunoglobulin and produei$ic antibodies against plasma
FVIII. In addition, the B cells secrete the cytokimterleukin-12 (IL-12) that in turn
stimulates the Thl-mediated production of IiFA¥The cytokines from Th1l stimulate
the development of immunoglobulin G1 (IgG1l) and mmoglobulin G2 (IgG2)
subclasses, whereas Th2 cells stimulate the dawelopof immunoglobulin G4 (IgG4).
Studies in patients with hemophilia A have showat tthe titers of high-response
inhibitors are correlated to 1gG4 levels, which gests that the Th2-mediated immune

response is strongly related to the synthesis i1l antibodies®®
Factors predisposing patients to the development &VIII inhibitors

Ethnicity and family history of FVIII inhibitors
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Ethnicity and family history have been associatath wredisposition for the
development of FVIII inhibitors. One study showatt Afro-Americans had a higher
risk of developing inhibitor&® This association and family history of the devehemt
of inhibitors were also observed in The Malm6 Intgional Brother Study (MIBS).
The results of this study show that the incidenciatubitors is high in the subgroup of
people of African descent when compared to Caueagigs.6%vs..vs.27.4%)?! It is
believed that the racial component is mainly basadgenetic variants in immune
response determinants, because the FVIII mutag@ctaum does not differ between

races:®

Additionally, it was observed that the risk for tiiermation of inhibitors
increases significantly in patients with a familgtbry of inhibitors; the absolute risk
for the development of inhibitors in patients with history family of inhibitor
development was 48% (95% confidence interval — @% 35-62%), while the risk in
patient with no family history was 15% (95% Cl =21%)?%!

Another study by the same group assessed the pibgsb genetic mutations
influencing the formation of inhibitors in individis of the same family. One hundred
and thirteen mainly Caucasian families with two more brothers with severe
hemophilia were analyzed. All brothers in 59 of thmilies developed inhibitors and
25 (42.4%) of these had a family history of inhobidevelopment. It was also found
that the most common type of mutation in the F\gine was inversion of intron 22.
Inhibitors were identified in 45 of 74 families (8%6) with this type of mutation; and in
18 (40%) of these 45 families, all the brothersaleped inhibitord?

In light of these data, the influence of genetictdas in the development of
inhibitors is evident! Non-genetic factors also appear to influence tmenine
response and consequently change the risk of dawmgldnhibitors in each family.
However, it is unlikely that these factors aloneé explain the similarities reported.
These observations suggest that there must be ehamghe immune response that may
be based on both genetic markers and non-genetarsa®

Mutationsin the FVIII gene
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The FVIII gene is located on the end of the long af chromosome X (Xg28).
It comprises 186,000 base pairs distributed betwagrexons and 25 introns. The
product of this gene is a polypeptide of 2332 ananals (inactivated circulating pro-
cofactor) and the activated polypeptide is formesdixarranged domairf>23The A2,
A3 and C2 domains are the regions in which antitFathtibodies can react and impair
the coagulation cascad®® Studies have shown that in patients with missense
mutations clustered in the A2 and C2 domains, idkeaf inhibitor formation is fourfold
greater than in patients with mutations outsides tld@gion. This indicates that any
changes in the three-dimensional structure ofghrs of the FVIII molecule may affect
its immunogenicity® The anti-A2 antibodies and in some cases of affi-for
example, can interact with the A2 domain and C2 alanrespectively, and neutralize
the procoagulant activity of FVIE The C2 domain however is affected by anti-C2
antibodies which prevent FVIII binding to phosplpadis and von Willebrand facté?,
and anti-A3 antibodies target the A3 domain to prethe interaction of factor IX with
activated FVIIZ’

By the year 2012, 5243 types of mutations assatiatéh disease had been
reported according to the HAMSTeRS (Haemophilia Atalion Test and Resource
Search Site) electronic database (http://hadb.kfig¥ The group with the highest risk
of producing anti-FVIII antibodies is the one withe greatest changes in the
genet®?0One meta-analysis study observed that the risknlibitor development in
patients with large deletions and nonsense mutatawa higher than in patients with
intron 22 inversions (pooled OR = 3.6 and OR = fiedpectively). The risk of patients
with intron 1 inversions and splice-site mutatiossvirtually equal (pooled OR = 0.9
and OR = 1.0, respectively), and the risk of pasiemith small deletions and insertions
and missense mutations are lower (pooled OR =1d50e3, respectively?).Inversions
in intron 22 (30-50%) and intron 1 (0-5%) are ubuassociated with the severe
hemophilia A phenotype and an intermediary riskfémming inhibitors!®30:31

In Brazil, a study of 86 Caucasian patients, ingestd the occurrence of
inversion mutations in 47 patients. Of these, 3¥4Y had severe hemophilia and 14
(30%) moderate or mild hemophilia. An increase Ime tfrequency of inversion
mutations (13/33; 39.4%) was observed in the swmassified as severe with the
majority (11/13; 86.4%) being mutations in intrah*2
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Class| and Il HLA molecules

In humans, MHC genes, located on the short armhafnsosome 6, are named
human leukocyte antigen (HLA) genes. The HLA systewmcupies a highly
polymorphic DNA region of approximately 3,600 kikdes (Kb). These loci contain
most of the genetic information necessary for teeetbpment of antigen presentation
activity.33

There are two main types of HLA gene products,sclaend class 1l molecules,
which recognizes different types of protein antgemtracellular (cytosolic antigens)
and extracellular. CD4 T cells recognize antigems@nted by class Il molecules, while

CD8 cells recognize antigens that are together ebitbs | molecule¥.®

The class Il region is found between the groupsla$s | and Il genes, where
genes that code for various components of the cemmgrht system and structurally

related cytokines such as TNE+ymphotoxine and lymphotoxirg are located®

The generation of antibodies against peptide amsigeound to FVIII involves
cell cooperation that results in the presentatioantigens to T and B cells. The start of
this process involves the processing of proteins abyigen-presenting cells and
subsequent association of these peptides to HLAecntds in these cells. For
extracellular proteins, such as the exogenous Fsdlministered to hemophilia A
patients, it is the HLA class Il molecules that ma¢el the processing of antigenic

peptidestt

Recently, the DNA systematic sequence analyses eeetvwhaplotypes have
yielded information on polymorphisms across the glete MHC. This information
provides pools of sequence variants for diseassis®n analysis’ Therefore, several
studies are committed to identifying an associabetween haplotypes of HLA class |
and 1l molecules to the risk for the inhibitors depment. Hay et al. studied 176
hemophilia patients in England and found a highesgdency of the HLA-
DRB1*15:01/DQB1*06: 02/DQA1*01:02 haplotype in patients with inhibitors, but only
the frequency of thelLA-DQA1*01:02 allele was considered statically significant (OR
= 2.7; 95% CI = 1.2-5.9). ThelLA-DRB1*01, HLA-DQB1*05:01 and DRB1*01.01

alleles were also higher in the group of patienith whibitors in the presence of the
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intron 22 inversion mutation, but the values were statistically significant® The
HLA-DQA1*01:02, HLA-DQB1*06:02 andHLA-DRB1* 15 alleles were found at higher
frequencies in patients with inhibitors by Olderdpet al. in Germany. Moreover, other
HLA class | alleles ILA-A*03, HLA-B*07 and HLA-C*07) were identified at higher

frequencies?®

Despite the weak haplotype association in thesdiesty another more recent
investigation demonstrated a significant assoaiafar class 1l HLA molecules. This
case-control study found a positive associationtled DRB1* 15:01/DQB1* 06:02
haplotype with the formation of inhibitors in 26@vere hemophilia patients from
Germany P = 0.0423; OR = 1.9; 95% CI = 1.01-3.59).

The studies that had the most statistically sigaifi results were those that
tested for associations of alleles of HLA genesespect to susceptibility or resistance
of patients in developing inhibitors. The main asstons have been found for HLA
class Il molecules, perhaps because, from the pdimtew of immunity, these alleles
are more important in presenting the peptides ofiiIRg T cells, and so studies have
focused more on genotyping these alleles. One sbfidy? hemophilia patients (with
and without inhibitors) and 36 blood donors withthe disease from Thailand found a
higher frequency of th®RB1*15 allele in patients with inhibitors (30.6%) than in
patients without inhibitors (19.2%). However, statal significance was obtained only
when the frequency of this allele was compared éetwpatients with inhibitors and
controls (30.6%s. 13.9%;P = 0.021; OR = 0.021; 95% CI = 1.16-6.47).

In another study performed in Germany, the freqgigsnof theHLA-DRB1* 16
(0.122vs. 0.014;P= 0.0001) and>QB1*05:02 alleles (0.112vs. 0.058;P = 0.0149)
were higher in the 57 patients with acquired heni@panrolled in the study compared
to the normal European population. On the othedh#me HLA-DRB1*15 (0.087 vs.
0.172;P = 0.026) andDQB1*06:02 alleles (0.078vs. 0.142;P= 0.0149) were less
frequent in the patients with acquired hemophilawever, on comparing patients with
acquired hemophilia but without inhibitors with #ewith inhibitors, th®RB1* 16 and
DQB1*05:02 alleles were correlated to lower risk (OR = 1.4 4rb, respectively) and
the DRB1*15 and DQB1*06:02 alleles were considered high risk (OR = 2.2 arf 3.

respectivelyy?
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Recently, an investigation conducted in southermzBrvaluated the influence
of HLA class | and class Il alleles on the develepinof severe hemophilia in a group
of 171 patients (50 patients with inhibitors andl M8ithout inhibitors). This study
showed a high frequency #{LA-C*16 and HLA-DRB1*14 alleles in patients with
inhibitors compared to those without inhibitorsdicating a probable association
between these alleles and the development of tointbiHowever, the difference in the
frequency of theHLA-C*16 allele was not statistically significant compared the
healthy population in the region. TiHLA-DRB1* 14 allele is more common in white
Brazilians than in the Caucasians in general;rttay be due to the great miscegenation

of the populatiorf2

Most studies have investigated alleles in respecsusceptibility to develop
inhibitors. However, resistance alleles are alsogmdat importance in association
studies. For example, th2QA1*01:03, DQB1*06:03 andHLA-C*02 alleles have been
reported as having a role in resistance to theldpmeent of inhibitors in hemophilia

patients®®3°

HLA-C*05 is another allele that may provide protection agiaihe formation of
inhibitors. This was observed in an American popoireof 44 hemophilia patients, 28
of whom had no inhibitors and 16 were positiV¢LA-C*05 was identified in 11
(39.29%) patients without inhibitors, whereas nonthe group with inhibitors had this
allele. Therefore, the presence of tHeA-C*05 acted as a protective factor in the
development of inhibitors(< 0.02)#4

Furthermore, Ohta et al. demonstrated a protectileeof theHLA-A*24 allele.
The HLA-A, B and C antigens and HLA-DQA1, DQB1, DRRnd DPBL1 alleles were
analyzed in 20 Japanese hemophilia A patients miilbitors. The results showed that
the absence of thelLA-A*24 allele is a risk factor for the formation of inhitis
compared to its presence (36.8% 82.6%;P = 0.003; OR = 0.123). Additionally,
according to this study, theLA-DRB1*04, DQB1*04 and DQA*03:01 alleles may be
associated with the development of inhibittrs.

Although some studies have shown that the HLA syst@ particular HLA
class Il molecules, may be of greater importancthendevelopment of inhibitors, the
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association between HLA and the formation of F\ilhibitors is different between
different ethnic groups and depends on the geograpbion. These data may be useful
in the recognition of groups at high risk for tr@rhation of inhibitors in different
populations. Table 1 shows some association studiet A class | and class Il alleles

for risks or protection to the development of intdls in haemophilia patients.
Polymor phisms in cytokine genes

Cytokines are a group of soluble proteins produmedifferent cells in response
to antigens, which act regulating the innate argptide immune reactions. About 180

genes encode these proteifs.

Single nucleotide polymorphisms (SNPs) in the raguly regions of cytokine
genes, common in many populations, can affect thaestription and influence the
production of cytokines and consequently, change frofile of the immune
responsé’ Thus, any difference in the gene frequency of@hegokines in different
populations may have clinical relevance and be mapd to obtain more specific

genetic markers for diagnosis and progn6sfé.

The SNPs in cytokine genes are known due to th&so@ation in several
disease¥*%as well as their influence on the production dfitrodies in autoimmune
diseases! Most of the SNPs studied are in promoter regiomkia the exon itself, or in

microsatellites of intron regiorf§.

Several studies have reported associations of tBE$ts with the development
of inhibitors in hemophilia A patients (Table 2). gositive association, for example,
was observed for th&10***G allele identified in 44 (26.8%) of 164 Germaiiurty-
two (72.7%) of these 44 patients developed antiHF&tibodies compared with 45
(37.5%) of 120 patients without the allele. Amongpatients with family histories of
inhibitors, 32 (41.6%) were positive for this aletompared with 12 (13.8%) of 87
patients without family histories of inhibitor$ € 0.001; OR = 4.4). A significant
association was also observed for th#0'*#G allele in the subgroup of patients with
severe hemophilia A= 0.001; OR = 5.41°
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In a recent study of Chinese hemophilia patiehis -819T and -592A alleles of
thelL10 gene were more frequently found in individuals hwEVIIl inhibitors. In
addition, some haplotypes of this gene (TA at -B&Sition, and CA and CC at position
-592) indicate predisposition of hemophilia patsefur developing inhibitor

Another cytokine, which also plays an importanerosl immune modulation in
hemophilia patients, is TNE- This cytokine has a potent pro-inflammatory attiéhe
analysis of polymorphisms in 4 alleles of fiéF gene (-827C>T, -308G>A, -238A>G
and 670A>G) of 164 hemophilia patients (124 sev@@,moderate and 14 mild)
identified an association between the -308A/A ggpetand the formation of inhibitors.
The -308A allele was identified in 46 (59.7%) of @atients with inhibitors and in 40
(46.0%) of 87 patients without inhibitor® € 0.87; OR = 1.7). The association between
the -308A/A genotype and the formation of inhibétavas also evident in the subgroup
of patients (n = 124) with severe hemophifa<(0.001; OR = 19.5?

These findings were also observed in other pagemips. The polymorphism in
the -308 region of th&NF gene was correlated with the development of inbibi
Individuals homozygous for the allele Apresent ghbr risk of developing inhibitors
compared to heterozygotes (OR = 7.519; 95% CI| §8117.844). This relation is also
valid on analyzing severe hemophilia patients (OR163; 95% Cl = 2.521-26.432%).

Pavlova et al. also confirmed higher frequenciethef-308G>A polymorphism
in theTNF gene of patients in Germany (0.22 0.13; OR = 1.80). The homozygous
A/A genotype (OR = 4.7) was more pronounced in sevemophilia patients with
FVIII inhibitors. The same group of researchers nibuthat the 1082G allele of

thelL10 gene was more common in these patients (&5%.43;P= 0.008)%°

These and other association studies using geretjets have focused on finding
new markers to try to offer better treatment oitm patients and avoid complications.
Polymorphisms that influence the Th1/Th2 responsay nbe instrumental to
genotypically classify patients and check the dskieveloping inhibitors® Hence, it is
evident that polymorphisms in tA&IF andIL10 genes are best characterized in respect

to the development of inhibitors in hemophilia pats, and may be future candidates.

Final considerations
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During the last few years, it has occurred a pregyni@ the identification of
determinants for development of anti-FVIII allod&atiies. After analysis of several
studies, we observed several factors related to ajhygearance of hemophilia A,

highlighting the immune response genes.

This review highlights several important pointse tinhibitors incidence is
greater in people with African descendence andairepts with a historic family of the
inhibitor development. Furthermore, the risks dfilnitor development in patients with
large deletions and nonsense mutations are hidter in patients with intron 22
inversions; and these mutations are related toehnigbk of inhibitor development than
in patients with mutations with intron 1 inversioasd splice-site mutations. In
addition, the risk of patients with small deleticarsd insertions and missense mutations

is lower.

The majority of associations of immune responseege the production of
inhibitors in hemophilia patients were related tbAHclass Il alleles: HLA-DRB1*14,
DRB1*15, HLA-DQB1*06:02, DQB1*06:03, HLA-DQA1*01:02and DQA1*01:03;
and the DRB1*15:01/DQB1*06:02 haplotype. Associasichave also been found for
some HLA class | alleles: HLA-A*03, A*24, HLA-B*O7HLA-C*02, C*05, C*07, and
C*16.

In relation to cytokine genes, the allelé40 +134G, -819T, -592A are related
to increased risk to production of inhibitors inmaghiliacs. TNF is another cytokine

gene associated with the formation of inhibitopedfically the genotype -308A/A.

This review intends to assist in the developmentnafre targeted genetic
association studies of hemophilia patients and imergystem genes, and also to assist
in the understanding of the participation of thegmes in the formation of the

inhibitors.
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Table 1. Analysis of HLA alleles class | and Il associatedhe development of the inhibitor in several
studies.

Alleles Risk of the References

Development of Inhibitor

HLA Class |

C*05 Decreased Algt al., 19904
A*24 Decreased Othat al., 199%°
HLA Class Il

DR4.1(DRB1*04:01) Increased Othet al., 199%*
DQB1*04 Increased Othet al., 1999*
DQA1*03:01 Increased Othet al., 1999¢
DQB1*05:02 Decreased Pavlowt al., 2010
DRB1*16 Decreased Paviowt al., 20102
DQB1*06:02 Increased Pavlowat al., 2010*
DQA1*01:02 Increased Hagt al., 1997¢
DRB1*15 Increased Pavlovaet al., 2010+*

DRB1*15 Increased Nathalancgt al., 2012




Table 2. Analysis of SNPs in cytokine genes associated thighdevelopment of inhibitors in HA.

66

Cytokine gene  Genotype

Allele Haplotype

Risk of thdevelopment of inhibitor

Reference

[L101082 IL101982G/G

| L10—1082, -819, -592

| L101082, -819, -592

L1089 IL108C/T

IL10* -

TNF28  TNF3BA/A

TNF®  TNF3BA/A

TNF-257 -

ILlO-lOSB\- G |L10'1082"819"59€CC

- [L101082. B19.-5955CC/ATA

- [L101082. 819.-5955CC/ACC

L1081+ IL10®I9 S2TA [L10°819. 592CA, |L1081% 5%2CC

- [L101082 -B19.-S9ATA/ATA

- haplotype 2

- rs1799724C/T** GCC/ATA

Increased

Decreased

Increased

Decreased

Decreased

Increased

Increased

Increased

Pavlowet al., 2009°

Chavesal., 2016°

Chavest al., 2010°

Let al., 20122

Pintet al., 20127

Astermarket al.,
2006

Zhang al., 201%*

Pingbal., 20127

*|L10 promoter "CA" dinucleotide microsatellite.

** r51799724C/T is the same tHaNF25" C/T.
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CAPITULO Il

CONCLUSOES

Os pacientes com HA do Estado do Parana apresamtarperfil genotipico
diferente dos analisados em outras regides dolEras mundo. A maioria dos estudos
de associacgéo relaciona o desenvolvimento de onsdaos polimorfismos dos genes
IL10 e TNF. Nosso estudo envolveu uma ampla gama de polisnoo§ em genes de
citocinas e concluimos que ha aumento da susdepdiie ao desenvolvimento de
inibidor em pacientes com o alelo +874T e gend6#f@4TT no genéNFG; e para o
genotipo +869TT nd@GFBL. E, em pacientes com o alelo +874A no giMieG; alelo
+1902A nolL4RA; e haplétipo CG ndGFB1, ha um menor risco de desenvolvimento
de inibidores do FVIII.

Este estudo buscou auxiliar a identificacdo de ggmemissores ao tratamento
dos individuos com HA que desenvolvem inibidoré&made contribuir para tragar um
perfil genético dos pacientes HA gravemente afetaBorém, estudos mais detalhados
de como estes marcadores genéticos poderiam infarem desenvolvimento de

inibidores ainda sdo necessarios.

PERSPECTIVAS FUTURAS

 Avaliar os tipos de mutacdo (inversdes, grandesecdek, pequenas
delecdes/insergcdes, entre outros) no gene do R¥IBua relagdo com o
desenvolvimento de inibidores, visto que o tipo difeito no gene pode
influenciar na resposta imune contra o FVIII. Sabetue pacientes com grandes
delecdes no gene do FVIII, mutacdemsense e mutacdes intracromossoémicas
aberrantes tém um potencial de risco maior em d@ebsan os inibidores, por
isso é importante avaliar estas mutacfes nos gasieam HA aqui estudados;
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Analisar se os tipos de mutacdes encontradas rsnpes com HA alteram o
peptideo FVIII codificado, a fim de verificar sgpaciente esta expressando uma
proteina FVIII ndo funcionante;

Comparar as associacoes de polimorfismos de ca#scencontradas neste
estudo com a producao destas citocinas por cit@rfluxo para avaliar se ha

influéncia na regulagao imune.



