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Resumo

O acidente vascular cerebral (AVC) é uma complicacdo grave da doenca falciforme e
uma das principais causas de morte em criancas e adultos. Isoladamente, o AVC é
responsavel por 20% dos Obitos de criancas falciformes entre 5-10 anos; entretanto,
poucos marcadores de risco foram identificados. Espécies reativas de oxigénio (ERO) e
processos inflamatorios crénicos, ao reduzirem a vida Util das hemécias falcizadas e
alterarem os niveis de citocinas inflamatérias, respectivamente, podem modular o
desenvolvimento do AVC, caracterizando os polimorfismos genéticos relacionados ao
estresse oxidativo e inflamagcdo como possiveis moduladores desse evento clinico. O
objetivo deste trabalho foi avaliar os polimorfismos em genes relacionados a resposta
ao estresse oxidativo (genes SOD2 e GPx3) e processos inflamatoérios (genes IL1RN,
IL6 e IL10), verificando se existe associacdo com a susceptibilidade a ocorréncia da
doenca cerebrovascular em pacientes portadores de AF acompanhados no HEMOPE.
A amostra foi constituida por 270 pacientes com anemia falciforme, que, de acordo com
o desenvolvimento da doenca cerebrovascular, foram classificados em caso (71),
controle (140) e faixa de risco (59). A pesquisa dos polimorfismos foi realizada por PCR
em tempo real utilizando o sistema TAQMAN®, com excecdo do polimorfismo VNTR no
gene da IL-1RN, que foi realizada por PCR seguido da andlise das repeticdes. Em
nosso estudo, o polimorfismo SOD2 (Val-16Ala) (rs4880) apresentou influéncia como
modulador genético para a prevaléncia do AVC (p=0,0137).

Palavras-chave: Anemia falciforme; doenca cerebrovascular; estresse oxidativo;
inflamacéo
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Abstract

Stroke is a devastating complication of sickle cell anemia (SCA), and is one of the
leading causes of death in both adults and children with SCA, being responsible for
20% of mortalities in SCA children aged 5-10 years. Evidence suggests that some
genetic polymorphisms could be related to stroke development in SCA. Reactive
oxygen species (ROS), by reducing the life of sickle red blood cells, and chronic
inflammatory processes, by changing the levels of inflammatory cytokines, can
modulate stroke development. Genetic polymorphisms related to oxidative stress and
inflammation could modulate this clinical event. Here, we evaluated polymorphisms
related to oxidative stress response (SOD2 and GPx3 genes) and inflammatory (IL1RN,
IL6 and IL10 genes), and evaluated their relationship on stroke development in SCA
patients followed at HEMOPE. The study was drawn from a cohort of 270 patients with
SCA which, according to the development of cerebrovascular disease, were classified in
case (71), control (140) and stroke risk (59) groups. Polymorphisms genotyping were
performed by qPCR using TagMan® assays, except for the VNTR polymorphism in the
IL-1RN gene, which was performed by PCR followed by repetition analysis. Our findings
suggest that SOD2 (Val-16Ala) (rs4880) polymorphism modulates the prevalence of
stroke (p=0.0137).

Key words: Sickle cell anemia; cerebrovascular disease; oxidative stress; inflammation
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1. Introducéo

A anemia falciforme (AF), doenca autossOmica recessiva de distribuicao
mundial, é causada por uma mutacdo pontual no gene da globina . Devido a
uma substituicdo do acido glutamico pela valina na 62 posicao do gene da cadeia
B globinica (B°® GAG—GTG; glu®—val®), ocorre a formacéo de uma hemoglobina
anormal, a hemoglobina S (HbS). Em condi¢cdes especificas, como baixas
concentracbes de oxigénio, diminuicdo do pH e baixas concentracbes de
hemoglobina fetal (HbF), a HbS forma um polimero que se deposita na membrana
das hemacias, modificando a forma dos eritrocitos, tornando-os falciformes.

As manifestacdes clinicas da AF sdo baseadas nos episddios de vaso-
oclusédo proveniente das heméacias falcizadas, que impedem o fluxo sanguineo
principalmente nos pequenos vasos, além dos episodios hemoliticos, que
diminuem a disponibilidade de oxido nitrico. S&o elas: crises algicas, crises
hemoliticas, Ulceras de membros inferiores, sindrome toracica aguda, sequestro
esplénico, necrose asséptica de fémur e umero, retinopatia, insuficiéncia renal
cronica, priapismo, acidente vascular cerebral (AVC), entre outros.

O AVC é um evento neuroldgico agudo secundario a oclusdo de uma
artéria ou a uma hemorragia, com posterior isquemia tecidual e/ou sinais e
sintomas neurolégicos. Na AF, 25% dos pacientes apresentam manifestacfes
cerebrovasculares, entretanto os fatores que predispdem o desenvolvimento
desse evento ndo estdo bem estabelecidos. Deste modo, a busca de métodos
mais especificos de progndstico melhorariam os tratamentos profilaticos, como as
transfusdes cronicas e o uso da hidroxiuréia, nos pacientes de alto risco para o

AVC.



Fatores genéticos que predispdem pacientes portadores de AF a
desenvolver um AVC néo estdo bem estabelecidos. Marcadores classicos da AF,
tais como o haplétipo p° e a coeranca entre a AF e a talassemia o, parecem estar
modulando os fendétipos da AF. Entretanto, polimorfismos de base Unica em
genes relacionados com vias de inflamacéo, regulacdo vascular, resposta ao
estresse oxidativo, adesdo celular e hemostasia aparecem como possiveis
candidatos para predizer o desenvolvimento do AVC na AF.

Espécies reativas de oxigénio (ERO) podem causar danos significativos
nos eritrocitos, proporcionando a ocorréncia de novos eventos hemoliticos. Sendo
assim, alteracfes genéticas relacionadas as enzimas envolvidas nos mecanismos
antioxidantes, como a superoéxido dismutase dependente de manganés (MnSOD)
e a glutationa peroxidase (GPx), podem modular o desenvolvimento das diversas
manifestacdes clinicas na AF, como o AVC.

Além disso, pacientes com AF apresentam um aumento de mediadores
inflamatérios, adesivos e tromboticos, caracterizando a AF como uma doenca de
carater inflamatorio cronico. Desse modo, a ativacdo de citocinas proé-
inflamatérias e anti-inflamatérias pode estar relacionada ao desenvolvimento e
evolucdo do AVC, classificando os polimorfismos em genes inflamatérios, como o
ILARN, IL6 e IL10, como possiveis moduladores desse evento clinico.

Devido ao grave risco e alta incidéncia do AVC na AF e considerando
gue pacientes com AF apresentam quadros clinicos variados, a identificacdo de
marcadores genéticos que atuem como fatores moduladores das complicagfes
cerebrovasculares na AF pode apresentar um grande impacto na melhoria da

sobrevida e na qualidade de vida dos pacientes.



2. Revisao da Literatura

2.1 Anemia Falciforme
2.1.1 Prevaléncia

A anemia falciforme (AF) é uma das desordens hereditarias mais comuns
no mundo, em que 2% da populacdo mundial apresenta a doenca, além de
nascerem entre 300.000-400.000 criangas falciformes a cada ano (Rusanova et
al., 2011). No Brasil, estima-se que de 5-6% da populacéo seja portadora do traco
falciforme e que, a cada ano, nascem entre 700-1000 criancas portadoras da AF
(Lyra et al., 2005).

No estado de Pernambuco, um em cada 23 recém-nascidos vivos possuli
o traco falciforme e um em cada 1400 nasce com a doenca falciforme (Cancado &
Jesus, 2007). Bandeira e cols. (1999), ao realizarem uma triagem em sangue de
corddo umbilical, encontraram uma frequéncia de 5,1% de recém-nascidos

portadores do traco falciforme no estado de Pernambuco.

2.1.2 Fisiopatologia

A anemia falciforme (AF), doenca autossémica recessiva de distribuicao
mundial, € uma hemoglobinopatia causada por uma mutacédo pontual no gene da
globina B, que promove a substituicdo do acido glutamico pela valina no 6° cédon
da cadeia polipeptidica (HBB; B® GAG—GTG; glu®—val®), levando & formacéo de
uma hemoglobina anormal (HbS). Em condicbes de baixas concentracdes de
oxigénio, diminuicdo do pH e baixas concentracdes de hemoglobina fetal (HbF), a
HbS sofre uma polimerizacdo devido a interacdo entre os residuos hidrofébicos

dessa molécula, formando estruturas filamentosas que se depositam nas



hemacias, modificando sua forma e tornando-as falciformes (Rees et al., 2010). O
acumulo de polimeros de HbS dentro das hemacias falcizadas resulta em uma
lesd@o celular e, em larga escala, os eritrécitos danificados promovem os efeitos
hemoliticos e vaso-oclusivos, caracterizando o fenétipo principal da AF

(Steinberg, 2008) (Figura 1).
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Figura 1: Fisiopatologia da anemia falciforme. Muta¢do na 62 posi¢do no gene da globina B,
levando a formacdo de uma hemoglobina anémala, a HbS, que sofre uma polimerizacdo em
baixas concentracdes de oxigénio. O polimero de HbS danifica o eritrdcito, diminuindo sua vida (til
(hemolise) e aumentando o consumo de Oxido nitrico, além de promoverem uma vasoclusdo

(Steinberg, 2008).

Pacientes falciformes, por desenvolverem hemacias falcizadas que
apresentam um tempo de vida mais curto, cursam com um elevado grau de
hemdlise. Devido a hemdlise cronica, esses pacientes apresentam altos niveis de

hemoglobina plasmatica que sequestram o Oxido nitrico, diminuindo sua



disponibilidade, levando ao desenvolvimento de algumas manifestacfes clinicas
da doenca falciforme, como a osteonecrose e o AVC. Na AF, a hemdlise ocorre
extravascularmente através de um reconhecimento das hemacias danificadas por
células do sistema reticuloendotelial. Entretanto, esse processo também pode
ocorrer dentro dos vasos, podendo corresponder até 30% da hemdlise total de um
paciente falciforme (Steinberg, 2008).

Acredita-se que o processo de vaso-oclusao é resultado de um complexo
cenario envolvendo interacdes de diferentes tipos celulares, incluindo células
falcizadas, reticulécitos, células endoteliais, leucdcitos, plaquetas, além de
citocinas e fatores teciduais (Capellini, 2007; Morris, 2008; Lanaro et al., 2009;
Sakamoto et al.,, 2013). Vaso-oclusdes recorrentes, processos de isquemia-
reperfusdo e consequente ativacdo do endotélio vascular induzem a continuas
respostas inflamatérias na anemia falciforme, que se propagam por niveis
elevados de citocinas inflamatorias, diminuicdo da biodisponibilidade do o6xido
nitrico e estresse oxidativo (Conran et al., 2009). Desse modo, a ocorréncia de
eventos vaso-oclusivos, em associagdo com o quadro hemolitico, tem papel
determinante na origem dos sinais e sintomas presentes no paciente com AF,

como o AVC (Ballas & Mohandas, 1996).

2.1.3 Acidente Vascular Cerebral

O AVC pode ser definido como um evento neurolégico agudo secundario
a oclusédo de uma artéria ou a uma hemorragia, com consequente isquemia e/ou
sinais e sintomas neurologicos. Em pacientes com AF, criangas entre 1-9 anos
sdo consideradas como a faixa etaria mais predisponente para desenvolver o

AVC (Ohene-Frempong et al., 1998). Além disso, os acidentes vasculares



cerebrais isquémicos apresentam uma grande incidéncia em pacientes
falciformes menores de 20 anos, com um pico entre 7 e 11 anos, além de
acometer adultos maiores de 30 anos. J& o acidente vascular cerebral
hemorragico acomete principalmente adultos falciformes entre 20-30 anos (Kato

et al., 2009) (Figura 2).
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Figura 2: Taxas de risco de acidente vascular cerebral isquémico e hemorragico em pacientes
falciformes, de acordo com a idade. (—) AVC isquémico; (-----) AVC hemorragico (Ohene-

Frempong et al., 1998).

A AF pode contribuir para o desenvolvimento do AVC por criar uma fonte
persistente de lesdo endotelial em consequéncia a hipdxia, aumentar a tensao de
cisalhamento, promover uma maior adesédo das hemacias falcizadas ao endotélio,
além da inflamacdo gerada pela lesdo de reperfusdo. Estes efeitos levam a
producdo de citocinas, promovendo uma disfuncdo endotelial, aumento de

mediadores inflamatoérios, adesivos e tromboticos, além de inibir a producdo de



mediadores citoprotetores, como o 6xido nitrico (Phelan & Faller, 1996; Solovey et
al., 1997; Fasano et al., 2015).

Na AF, o acidente vascular cerebral € uma das principais causas de 6bito
em criancas e adultos. O AVC, isoladamente, é responsavel por 20% dos Obitos
de criangas com doenca falciforme entre 5-10 anos; além disso, 70% das criancas
gue desenvolvem o AVC apresentam déficit motor e significante déficit cognitivo
(Ohene-Frempong et al., 1998; Zhou et al., 2011). Ademais, criangas portadoras
de anemia falciforme possuem um risco 300x maior de desenvolver um acidente
vascular cerebral, tornando assim a AF a maior causadora de AVC durante a
infancia. A recorréncia do AVC é frequente e acontece em cerca de 70% destes
pacientes, geralmente nos trés primeiros anos ap0s 0 primeiro acidente
cerebrovascular (Hoppe et al., 2007; Zhou et al., 2011).

Fatores que predispdem pacientes com anemia falciforme a essa
complicacéo nédo estdo bem estabelecidos (Sarnaik & Ballas, 2001). Apesar da
etiologia do AVC néo ser bem compreendida, estudos sugerem na existéncia de
um componente genético, além da mutagao pontual na globina B. Os principais
candidatos para a avaliagdo da predisposicdo do AVC em pacientes falciformes
incluem genes envolvidos na lesdo endotelial, trombose e inflamacao (Hoppe et
al., 2007).

Por apresentar uma alta incidéncia na AF, s80 necessarios testes
prognoésticos que possam identificar precocemente pacientes que possuam alto
risco de desenvolver o AVC. A identificacdo precisa pode contribuir para um
tratamento preventivo, diminuindo a ocorréncia de acidentes vasculares cerebrais

primarios em portadores de AF (Flanagan et al., 2011; Bernaudin et al., 2014).



2.2 Prevencéo da Doencga Cerebrovascular Falciforme
2.2.1 Doppler Transcraniano (DTC)

Dentre os pacientes com AF que desenvolveram o AVC, 70-90%
apresentam vasculopatia estendética dos grandes vasos cerebrais (Hsu et al,
2003). A ultrassonografia através do Doppler Transcraniano (DTC), método nao
invasivo que determina as velocidades de fluxo sanguineo das artérias cerebrais,
identifica as criangas com risco elevado para o desenvolvimento do AVC pela
deteccdo precoce dessa vasculopatia, permitindo que se faca a profilaxia priméria
da ocorréncia desse evento (Adams et al., 1992; Flanagan et al., 2011; Connes et
al., 2013). O risco do AVC é diretamente proporcional ao aumento da velocidade
meédia nas artérias cerebrais, como as artérias carétidas internas distais e
cerebrais médias proximais (Adams et al., 2004; Flanagan et al., 2011).

Criangas com AF, por apresentarem 0Ss0S cranianos mais finos e janelas
acusticas maiores, tém velocidade de fluxo cerebral detectada de modo mais facil
gue os adultos pelo DTC. Entretanto, cerca de 5% das criangas apresentam DTC
inadequado, por ndo se conseguir mensurar o fluxo sanguineo (Adams et al.,
2004; Hoppe, 2005). Porém, aproximadamente 19% das criancas falciformes,
mesmo com DTC normal, podem vir a desenvolver um AVC (Adams et al., 2004).

Devido a anemia, criancas falciformes apresentam DTC ainda maiores
(Velocidade de fluxo 130-140 cm/s) do que criancas sem AF (Velocidade de fluxo
90-100 cm/s). Velocidades de fluxo cerebral acima de 140 cm/s podem indicar
uma estenose cerebral ou apenas um aumento geral no fluxo sanguineo cerebral
(HOPPE, 2005). Criangas falciformes com DTC alterado (Velocidade de fluxo =
200 cm/s) apresentam 44x mais chances de desenvolver um AVC do que as que

tem DTC normal (Velocidade de fluxo < 170 cm/s). Entretanto, o valor de 200
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cm/s ndao é absoluto, visto que pacientes que apresentam DTC em faixa
condicional (Velocidade de fluxo 170-199 cm/s) também apresentam elevado

risco de desenvolver o AVC (Flanagan et al., 2011) (Figura 3).
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Figura 3: DTC na faixa alterada (Velocidade de fluxo média de 204 cm/s) de crianga com anemia

falciforme. (Fonte: HEMOMINAS).

2.2.2 Hidroxiuréia (HU)

Atualmente, a hidroxiuréia (HU), agente quimioterapico leve, inicialmente
utilizado nas doencgas onco-hematoldgicas, € a Unica droga aprovada capaz de
modificar o curso clinico da doenca, por melhorar os parametros hematolégicos e
diminuir o nimero de crises dolorosas e hospitalizagbes dos pacientes com AF
(Charache et al., 1995; Rosse et al.,, 2000; Wang et al., 2011). Os efeitos
benéficos da HU, um inibidor da fase S do ciclo celular, sdo atribuidos a sua
capacidade de aumentar a produgéo de hemoglobina fetal (HbF), codificada pelo
gene da globina y (HBG), em células progenitoras eritroides através de uma via
dependente de GMPc, aumentando a concentracdo final de HbF na hemacia
falcizada e inibindo, assim, a polimerizacdo da HbS (Cokic et al., 2003). Além
disso, alguns estudos sugerem que a HU pode promover beneficios por

mecanismos nao relacionados a indu¢édo de HbF, como um efeito anti-inflamatorio



na diminuicdo do numero de leucdcitos, citocinas e moléculas de adesdo e um
aumento da producédo de Oxido nitrico (Zimmerman et al., 2004; Cokic et al., 2006,
Platt, 2008; Green & Barral, 2014; Yawn et al., 2014).

A hemoglobina fetal (HbF) é a molécula mais estudada como modulador
genético na AF. Por ndo participar do polimero de HbS e, consequentemente,
diminuir a formacdo deste mesmo polimero, 0 aumento dos niveis de HbF pode
melhorar o curso clinico do paciente falciforme. Pacientes com AF apresentam
indices de HbF variando entre 1-30% (média de 8%), modulados, em parte, pelos
haplétipos da globina 3. No entanto, ter o conhecimento do nivel de HbF de um
paciente falciforme é insuficiente para prever as possiveis complicacdes clinicas.
Alguns pacientes apresentam graves complicacbes da doenca mesmo
apresentando niveis de HbF em torno de 20% (Wyszinski et al., 2004; Akinsheye
et al., 2011).

Criancas com AF apresentam uma maior sobrevida apds o tratamento
com HU, principalmente pela diminuicdo do desenvolvimento de sindrome
toracica aguda e infeccfes. Além disso, uma diminuicdo dos niveis de
reticulocitos e neutrdfilos, fatores de risco ja estabelecidos da doenca falciforme,
tem sido descrita ap0s o tratamento com essa droga (Lobo et al., 2013). Ademais,
estudos prévios ja demonstraram que a terapia com HU tem sido associada com
uma diminuicdo das velocidades de fluxo sanguineo nas artérias cerebrais,
mensurado pelo DTC, e com uma menor taxa de recorréncia do AVC (Ali et al.,
2011; Lagunju et al., 2015).

Por se tratar de um agente quimioterapico, o uso da HU foi questionado
inicialmente devido aos possiveis efeitos adversos que poderiam ser causados a

um longo prazo. Entretanto, véarios estudos de acompanhamento de pacientes
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falciformes que utilizaram a droga foram realizados, ndo se encontrando
associagdo entre a HU e possiveis efeitos neoplésicos (Steinberg et al., 2003;
Ballas et al., 2009; Steinberg et al., 2010).

Sendo assim, o uso da HU tem sido cada vez mais incentivado em
pacientes com AF (Steinberg et al., 2003; Steinberg et al., 2010). Apesar de
conter alguns efeitos adversos temporarios, como leucopenia e plaguetopenia,
gue poderiam predispor 0s pacientes a infecgbes e sangramentos, 0 risco do uso
da HU em pacientes falciformes é aceitavel quando comparado com o risco de

pacientes falciformes néo tratados (Brawley et al., 2008).

2.2.3 Transfusdes Crdnicas

A identificacdo de pacientes com risco para o desenvolvimento do AVC
por um método de triagem, como o DTC, permite a administracdo precoce de
transfus@es profilaticas, beneficiando o portador de AF (Steinberg, 2005). Manter
o nivel de HbS em torno dos 30% € recomendado como prevencdo do AVC
primario e secundario em crian¢as de 2-16 anos, com o uso de terapias baseadas
em transfus@es cronicas. Apesar de sua eficacia em prevenir o AVC, transfusfes
cronicas apresentam riscos associados, como infec¢gdes, aloimunizacbes e
sobrecarga de ferro, necessitando de uma terapia quelante (Vichinsky, 2001).

Em pacientes com AF e velocidades de fluxo elevadas no DTC,
transfusdes cronicas e regulares de concentrado de hemacias (entre 21 e 30 dias)
reduzem em 90% o risco de ocorrer um primeiro AVC, além de diminuir a taxa
hemolitica e o nivel de hemoglobina plasmatica livre (Lezcano et al., 2006).
Entretanto, estudos tém demonstrado que a descontinuidade das transfusdes,

mesmo apos varios anos, pode reverter as velocidades de fluxo cerebrais para
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valores pré-transfusionais, favorecendo o desenvolvimento do AVC (Steinberg,
2005).

A limitagcdo do DTC em identificar todos os portadores de AF que irao
desenvolver um AVC, associada com a dificuldade de comprometimento dos
pacientes com programas cronicos de transfuséo por tempo indeterminado, expde
a necessidade de marcadores mais sensiveis e especificos para inferir o risco do

AVC (Flanagan et al., 2011).

2.3 Moduladores Genéticos
2.3.1 Estresse Oxidativo

Espécies reativas de oxigénio (ERO) podem causar danos significativos
nos eritrécitos, reduzindo seu periodo de vida Gtil, em especial nos pacientes com
AF (Amer & Fibach, 2005). Como consequéncia da hemdlise, ha uma menor
biodisponibilidade do éxido nitrico (ON), um importante agente antioxidante, além
de apresentar um aumento da liberacdo de agentes oxidantes, como o grupo
heme da hemoglobina (Kato et al., 2009). Desse modo, 0 estresse oxidativo
resultante pode levar a rigidez e a instabilidade da membrana dos eritrocitos,
proporcionando a ocorréncia de novos eventos hemoliticos (Schacter et al. 1988;
Amer et al. 2006).

Apesar de os processos bioquimicos normais do corpo humano levarem a
formacao de EROs, existem varios mecanismos de defesa para neutralizar a acédo
desses radicais livres (Airede & Ibrahim, 1999). Esses mecanismos incluem
enzimas antioxidantes, como a superoxido dismutase (SOD), catalase (CAT),
glutationa peroxidase (GPx) e glicose-6-fosfato desidrogenase (G6PD), que sdo

consideradas como o sistema defensivo primario das células humanas, dentre
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elas, os eritrécitos (Fridovich & Freeman, 1986; Gizi et al.,, 2011). No entanto,
pacientes com AF apresentam baixos niveis/atividade dos mecanismos
antioxidantes, sendo mais susceptiveis aos efeitos do estresse oxidativo

(Schacter et al., 1988; Sultana et al., 1998; Kaul et al., 2004; Amer et al., 2006)

(Figura 4).
. H, H,
Caasars Superéxido GPx
Rag |2ca|s0 L;lvres H,0, 2H,0
(O2¢, OHe) dismutase Catalase

Figura 4: Acdo das enzimas antioxidantes para a neutralizacdo dos radicais livres. (Fonte:

Adaptado de http://www.hemoglobinopatias.com.br/d-falciforme/fisio-falci.htm).

2.3.1.1 Superoxido dismutase

A superoxido dismutase (SOD) faz parte da primeira linha de defesa
antioxidante dos organismos contra 0 estresse oxidativo, dismutando o
superoxido (O;7) a agua (H,0) e perdxido de hidrogénio (H.O,), protegendo as
células contra os danos causados por esse radical (Sanders et al., 1995; Han et
al., 2012). A SOD atua em conjunto com as enzimas CAT, GPx e
peroxirredoxinas, as quais eliminam o H,O, (Halliwell & Gutteridge, 2007). De
modo geral, a SOD esta presente no meio intracelular, apresentando pequenas
concentracdes no plasma, fluido espinhal e linfa. Em humanos, a SOD apresenta
trés isoformas, sendo uma com cobre (Cu) e zinco (Zn) em seu sitio catalitico e
outra com Cu e Zn em seu sitio ativo. Por fim, a terceira isoforma da SOD,

denominada de superéxido dismutase dependente de manganés (MnSOD), é
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mitocondrial e apresenta um atomo de manganés (Mn) em seu sitio ativo
(Fattman et al., 2003).

O gene SOD2, que codifica a MnSOD, esté localizado no brago longo do
cromossomo 6 (60g25.3) e possui uma regidao polimorfica no peptideo sinal, no
codon 16, posicado -9, onde ocorre uma transigdo T—C, resultando na substituicao
do aminoacido valina (Val) por alanina (Ala) (Vall6Ala) (rs4880) (Rosenblum et
al., 1996). A presenca do alelo variante Ala esta relacionado a uma maior
atividade da MnSOD (Suresh et al. 2003), promovendo uma diminuicdo da
gravidade e dos sintomas da AF (Schacter et al., 1985). Entretanto, alguns
estudos sugerem que, devido ao aumento da formacdo de H,O, e radicais
hidroxila (OHs), pacientes que apresentem uma menor capacidade de remover
esses radicais por falhas em outras enzimas, como a GPx ou CAT, possam
apresentar um efeito negativo para os niveis elevados de MnSOD (Shimoda-

Matsubayashi et al., 1996; Sutton et al., 2005).

2.3.1.2 Glutationa peroxidase

A glutationa peroxidase plasméatica (GPx-3) € uma importante enzima
antioxidante sintetizada pelo gene GPx3, localizado no cromossomo 5, sendo
responséavel por remover H,O, produzidos durante o metabolismo normal ou apés
um estresse oxidativo (Maddipati & Marnett, 1987; Takahashi et al., 1987). Além
disso, a GPx-3 contribui para manutencdo da biodisponibilidade do ON, agente
vasodilatador que pode ser inativado na presenca de EROs (Voestsch et al.,
2007).

Das cinco isoformas conhecidas, a GPx-3 é a unica encontrada no meio

extracelular, e sua deficiéncia tem sido associada a um aumento do risco de
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desenvolvimento do AVC infantil em popula¢gdes nédo falciformes (Freedman et
al., 1996; Kenet et al, 1999). Desse modo, alteracdes genéticas no GPx3
poderiam modular o desenvolvimento do AVC, e polimorfismos na regiao
promotora desse gene, como -568 (T—C) (rs8177404), -518 (T—C) (rs8177406) e
— 65 (T—C) (rs8177412), podem reduzir o nivel transcricional, favorecendo o
desenvolvimento de complicagbes vaso-oclusivas como o AVC (Voestsch et al.,

2007).

2.3.2 Inflamacéo

A adesdo de leucécitos ao endotélio vascular e a lesdo endotelial
subsequente, com producdo de citocinas e proteinas de fase aguda, podem
apresentar um papel significativo nas crises vaso-oclusivas da AF (Chiang &
Frenette, 2005). Além disso, um elevado numero de leucdcitos € considerado um
fator de risco da doenca, por ter sido associado com um aumento de morte
precoce (Turhan et al., 2002).

Processos inflamatérios crénicos, seguidos de lesdes de isquemia-
reperfusédo, apresentam um papel fundamental no desenvolvimento de isquemias
cerebrais (Marousi et al., 2011). A ativacdo de citocinas pré-inflamatérias e anti-
inflamatodrias podem estar relacionadas ao desenvolvimento e evolu¢cdo do AVC,
caracterizando os polimorfismos em genes inflamatérios como possiveis

moduladores desse evento clinico (Marousi et al., 2011; Park et al., 2011).

2.3.2.1 Antagonista ao receptor de interleucina 1

O antagonista ao receptor de interleucina 1 (IL-1Ra), citocina anti-

inflamatdria que se liga ao receptor tipo I, protege as células endoteliais contra a
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apoptose induzida pela interleucina 1 do tipo beta (IL-1B), caracterizando o IL-1Ra
como um possivel agonizador contra as desordens inflamatérias (Tong et al.,
2011). E codificada pelo gene IL1RN, localizado no brago curto do cromossomo 2
(2p13), e apresenta um polimorfismo do tipo variable number tandem repeat
(VNTR) de 86pb no intron 2, cujos alelos podem variar entre duas a seis

repeticoes (Tabela 1) (Gromadzka et al., 2007; Tong et al., 2011).

Tabela 1: Identificacdo dos cinco alelos do polimorfismo do tipo variable number tandem repeat

(VNTR) de 86pb no intron 2 do gene IL1IRN (Tarlow et al., 1993).

Alelo Repeticbes Pares de Base
Al 4R 410pb
A2 2R 240pb
A3 5R 500pb
A4 3R 325pb
A5 6R 595pb

Por estar envolvida no processo inflamatério, acredita-se que
polimorfismos no gene ILIRN, como o variable number tandem repeat (VNTR) de
86pb no intron 2, possam alterar o desenvolvimento de doencas que apresentem

um componente inflamatorio, como o AVC (Tong et al., 2011).

2.3.2.2 Interleucina 10

A interleucina 10 (IL-10), proteina de 36kDa codificada pelo gene IL10
gue esté localizado no cromossomo 1 (1g21-32), é uma citocina anti-inflamatoria
secretada por linfécitos e mondcitos, responsavel por contrabalancear os efeitos

do fator de necrose tumoral alfa (TNF-a) e outras moléculas pré inflamatorias
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(Munshi et al., 2010). No cérebro, o mecanismo de acdo da IL-10 envolve a
inibicdo da expresséo de citocinas pro-inflamatoérias (IL-1a e B, IL-6, TNF-a) e de
seus respectivos receptores, além da inducdo da sintese da IL-1Ra (Seitz et al.,
1995; Strle et al., 2001).

A IL-10, pelo papel anti-inflamatério no sistema nervoso central (SNC),
parece ser um candidato & modulacdo do AVC. Desse modo, um polimorfismo na
posicdo -1082 (G/A) do gene IL10 (rs1800896), que esta relacionado com uma
alta/baixa producao de IL-10, respectivamente, tem sido bastante analisado como
um possivel modulador desse evento clinico (Turner et al., 1997; Munshi et al.,

2010).

2.3.2.2 Interleucina 6

A interleucina 6 (IL-6) € uma citocina pro-inflamatoria codificada pelo gene
IL6, localizado no cromossomo 7 (7p21). E uma citocina multifuncional sintetizada
por varios tipos celulares, porém, células endoteliais, fibroblastos e mondcitos séo
0s maiores produtores da IL-6 durante inflamacgdes sistémicas (Heinrich et al.,
1990; Ma et al., 2011; Chakraborty et al. 2013). No SNC, sua producdo esta
envolvida na patogénese de varias desordens neuroldgicas, como o AVC (Van
Wagoner & Benveniste, 1999).

Estudos demonstraram que alteracdes nessa citocina, como um
polimorfismo na posi¢céo -174 (G/C) do gene IL6 (rs1800795), podem influenciar o
desenvolvimento do AVC, com o alelo G sendo responsavel por uma maior
atividade da IL-6 do que o alelo C (Ma et al., 2011; Chakraborty et al. 2013). Além

disso, esse polimorfismo esta associado com a extensdo do AVC isquémico em
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pacientes jovens, com o alelo G sendo um fator de risco para essa condi¢céo

(Fishman et al., 1998; Greisenegger et al., 2003; Flex et al., 2004).
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3. Objetivos

3.1 Geral

Investigar a associacdo dos polimorfismos em genes relacionados a
resposta ao estresse oxidativo e a processos inflamatorios e correlacionar esses
achados com a susceptibilidade a ocorréncia da doenca cerebrovascular em
pacientes com anemia falciforme acompanhados no servico de hematologia da

fundacdo HEMOPE, no estado de Pernambuco.

3.2 Especificos

1. Investigar a associacdo dos polimorfismos nos gene SOD2 (rs4880) e
GPx3 (rs8177404, rs8177406 e rs8177412), relacionados a resposta ao
estresse oxidativo, com a susceptibilidade a ocorréncia da doenga
cerebrovascular em pacientes com anemia falciforme;

2. Investigar a associa¢ao polimorfismos nos genes IL1RN, IL6 (rs1800795) e
IL10 (rs1800896), relacionados a inflamacdo, com a susceptibilidade a
ocorréncia da doenca cerebrovascular em pacientes com anemia

falciforme.
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ABSTRACT

Sickle cell anemia (SCA) is caused by a single B-globin gene mutation coding for the sickle
B-hemoglobin chain, leading to the formation of sickle hemoglobin, and their patients can
present different clinical courses, varying from death in childhood to recurrent painful
vasoocclusive crises and multiple organ damage in adults. Of the many severe
consequences of the disease, stroke is one of the leading causes of death in both adults
and children with SCA, and most cases are associated with vasculopathy affecting the
middle cerebral and distal internal carotid arteries. As SCA patients are susceptible to
increased oxidative stress due to the constant hemolysis of sickle red blood cells (RBCs), it
has been suggested that some genetic factors related to oxidative stress could influence
the development of cerebrovascular disease. Here, we genotyped four published single
nucleotide polymorphisms in SOD2 and GPx-3 genes and evaluated their possible
prognostic impact in a large series of SCA patients with well-defined stroke phenotypes.
Out of the 270 unrelated SCA patients included in the study, the majority of patients (n =
62, 92%) presented ischemic stroke while only three and two patients presented silent
infarcts and hemorrhagic stroke, respectively. Genetically, only the homozygous TT
genotype from the SOD2 Vall6Ala polymorphism (odds ratio [OR]: 0.4947; 95%Cl: 0.2840
to 0.8616; p = 0.0137) were associated with decreased stroke risk. In summary, our
findings suggest that SOD2 Vall6Ala polymorphism is associated with the prevalence of
stroke in our SCA population. Other studies in a different population of SCA are needed to

determine the significance of our findings.

KEY WORDS: Sickle cell disease, Stroke, Oxidative stress, SOD2, Genetic modulators.
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INTRODUCTION

Sickle cell anemia (SCA) is an inherited monogenic and multisystem disease
associated with episodes of acute illness and progressive organ damage, which is not only
influenced by genetic features, but also environmental, social and economic factors
(Stuart & Nagel, 2004; Steinberg, 2009; Rees et al., 2010; Cajado et al., 2011). The primary
defect in sickle cell anemia is hemoglobin S (HbS), originated by amino acid substitution of
glutamic acid for valine at the sixth position of the B-globin chain due to single nucleotide
substitution (GAG->GTG) in codon 6 of the B-globin gene on chromosome 11p15.5. This
mutation causes red blood cells (RBCs) to acquire a sickle shape under conditions of
hypoxia, resulting in a very large range of phenotypes such as anemia, cell adhesion, vaso-
occlusion, severe pain, organ failure and stroke (Driss et al., 2009; Chui & Dover, 2001).

Of the many severe consequences of SCA, stroke is one of the most disabling and
a leading cause of death in both children and adults. By the age of 20, stroke occurs in
about 11% of patients with sickle cell anemia (Ohene-Frempong 1998; Platt, 2005). The
most frequent cause of brain infarction in these patients is blockage of the intracranial
internal carotid and middle cerebral arteries (Stockman et al., 1972; Rothman et al.,
1986). These lesions can be detected by TCD ultrasonography because blood-flow velocity
is inversely related to arterial diameter (Adams et al., 1992; Adams 2005). Nevertheless,
TCD is restricted to children, and it does not accurately identify all SCA patients who will
develop cerebrovascular complications. Therefore, the discovery of new sensitive and
specific markers to determine stroke risk in SCA patients is required.

RBCs are continuously exposed to both endogenous and exogenous sources of
reactive oxygen species (ROS) that can damage the RBC and impair its function (Mohanty
et al., 2014), and, due to the constant hemolysis of sickle RBCs, SCA patients are
susceptible to increased oxidative stress (Hebbel et al., 1982). Also, ROS defense
mechanisms are affected in SCA, as the levels/activities of nonenzymatic antioxidants
(vitamins A, C, and E) and enzymatic antioxidants (glutathione peroxidase and superoxide
dismutase) have been shown to be reduced in individuals with SCA (Amer et al., 2006;
Natta et al., 1990; Schacter et al., 1988; Conran et al., 2009). Therefore, oxidative stress
occurs as the result of the imbalance between enhanced generation of reactive oxygen

species and low cellular content of antioxidants (Fasola et al., 2007).
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Chronic oxidative stress constitutes a critical factor in endothelial dysfunction,
inflammation, and multiple organ damage in SCA, playing a role in the disease
physiopathology (Hebbel et al., 2004; Sogut et al., 2011). Plasma glutathione peroxidase
(GPx-3) is a major antioxidant enzyme in plasma which scavenges hydrogen peroxide and
organic (lipid) hydroperoxides produced during normal metabolism or after oxidative
stress (Maddipati & Marnett, 1987; Takahashi et al.,, 1987), and it's deficiency was
associated with stroke risk in a clinical study (Kenet et al., 1999). Furthermore,
manganese superoxide dismutase (MnSOD), encoded by the SOD2 gene, is translocated
into the mitochondrial matrix, where it scavenges superoxide radicals to protect the cells
from oxidative stress (Shimoda-Matsubayashi et al., 1996), and the SOD2 Vall6Ala
polymorphism could compromise the ability to neutralize superoxide radicals. Therefore,
the identification of genetic variations related to oxidative stress could elucidate the
different SCA phenotypes and their effects on patient outcome. In the present study, we
genotyped four published single nucleotide polymorphisms (SNPs) (SOD2 Vall6Ala
(rs4880), GPx-3 T-568C (rs8177404), GPx-3 T-518C (rs8177406), GPx-3 T-65C (rs8177412))
and evaluated their possible prognostic impact on the development of stroke in SCA

patients.

MATERIAL and METHODS
Patients

Between March 2013 and November 2014, peripheral blood (PB) samples from
270 unrelated patients with SCA (SS homozygotes), who had been attending at the
Hematology and Hemotherapy Foundation of Pernambuco (HEMOPE), Brazil, were
collected and genomic DNA was extracted using the Puregene kit (Gentra System,
Minneapolis, MN, USA), according to the manufacturer’s protocol. Also, imaging exams
(TCD, X-ray, CT and/or Magnetic Resonance Imaging, MRI) and clinical data were obtained
from the patients’ medical records. According to stroke development, we classified our
patients in three groups. Patients presenting a documented, primary stroke event (n = 71)
on clinical records, clinically evaluated by a neurologist and confirmed with an imaging
exam (MRI or CT) were called "Stroke positive". As the "Stroke negative” group, was
selected a non-stroke group of SCA patients who had not received prior hydroxyurea

treatment (n = 140); none of these participants had a history of clinical stroke, elevated
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TCD velocities, or any evidence of silent infarcts, based on their baseline brain MRI.
Finally, pediatric SCA patients (n = 59) with abnormally high flow velocities (TCD velocities
> 170 cm/s), and without any evidence of stroke, constituted the "Stroke-risk" group. In
accordance with the Declaration of Helsinki, informed consent was obtained from all
patients and/or parents. This study was approved by the local Research Ethics Board

(#413.574).

SNP genotyping

After genomic DNA extraction, the SOD2 Vall16Ala, GPx-3 T-568C, GPx-3 T-518C
and GPx-3 T-65C polymorphisms were genotyped by real-time PCR using TagMan® SNP
Genotyping Assay for SNP rs4880 (C__ 8709053 10), rs8177404 (C__31986209 10),
rs8177406 (C__31986207_10) and rs8177412 (C__25964717_20), respectively.

Statistical analyses

Patient baseline characteristics were descriptively reported. Statistical analysis
was performed using SPSS Statistics 17.0 (IBM Corporation, Somers, NY, USA) and STATA
Statistical Software 9.0 (STATA, College Station, TX, USA), with the level of significance set
to 5%. Chi-square and Fisher’s exact test was employed to compare associations between

categorical variables.

RESULTS

Seventy one SCA patients presented a documented, primary stroke event, which
was confirmed with an imaging exam. The majority of patients (n = 66, 92.9%) presented
ischemic stroke, while only three and two patients presented silent infarcts and
hemorrhagic stroke, respectively. Therefore, analysis taking in account stroke etiology
could not be performed. All patients, allocated to either the control or stroke-risk groups,
remained free of clinical stroke during the entire study.

All of the main data are summarized in Table I. Genotyping results reveals an
influence of SOD2 Vall16Ala polymorphism on stroke development on SCA. Patients with
the homozygous TT genotype had more than two times less risk of developing stroke,

compared with the homozygous CC genotype (odds ratio [OR]: 0.4947; 95%Cl: 0.2840 to
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0.8616; p = 0.0137). In contrast, polymorphisms in the GPx-3, which had previously been
shown to be associated with stroke risk, failed to reveal a difference in our study.

Upon the observation of the striking similarities between the stroke positive and
stroke-risk groups in their clinical and laboratory features, these two groups were pooled
together. Their combined results were also compared with the control group. Except for
the allelic frequency from the GPx3 T-65C (rs8177412), which started to reveal a
significant difference (odds ratio [OR]: 1.707; 95%Cl: 1.049 to 2.778; p = 0.0307), all other

results remained similar after pooling (Supplementary Table ).

DISCUSSION

Increasing evidence has indicated a role of oxidative stress in patients with SCA,
which was also related to the severity of their clinical features (Rusanova et al., 2010;
Aslan, 2007). It has been shown in a human study group that the SOD activity is lower in
SCA patients than in general population and it's inversely proportional to the degree of
symptom severity (Schacter et al., 1985). Analyses of associations between SOD
genotypes and SOD activity levels on plasma demonstrated that the "Ala" allele from the
SOD2 Vall6Ala was responsible for high levels of the enzyme (lida et al., 2008).
Additionally, the presence of the "Val" allele, instead of the "Ala" allele, results in less
efficient transport of MnSOD into the mitochondrial matrix (Sutton et al., 2003).
However, our study found an association between the homozygous TT genotype and a
protective effect on stroke development. Similar results demonstrating an association
between high levels of SOD and the "Val" allele was found by Bastaki et al. (2006) and
Martin et al. (2009), when they evaluated the MnSOD activity in erythrocytes and in
cryopreserved human hepatocytes, respectively.

Plasma glutathione peroxidase (GPx-3) is a major antioxidant enzyme in plasma
that scavenges hydrogen peroxide and organic (lipid) hydroperoxides produced during
normal metabolism or after oxidative insult (Maddipati & Marnett, 1987; Takahashi et al.,
1987). Of the 5 known GPx isoforms, GPx-3 is the only one found in the extracellular
space and it's deficiency has been associated clinically with an increased risk of childhood
stroke in general population (Freedman et al., 1996; Kenet et al., 1999). Taken together,
this evidence points to the GPx-3 gene as a compelling candidate gene for thrombotic

cerebrovascular disease risk (Voetsch et al., 2007). However, other studies could not find
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an association between GPx-3 polymorphisms and stroke development in general
population (Grond-Ginsbach et al., 2007; Grond-Ginsbach et al., 2009), similarly to our
study, in SCA. Due to the small sample size in Voetsch (n=23) work and with no other
study to ratify his findings, it's highly probable that his study was a victim of statistical
error. (Grond-Ginsbach et al., 2007; Grond-Ginsbach et al., 2009).

Similarly to previous findings (Domingos et al., 2014), our results demonstrate a
molecular similarity between the patients who present risk of stroke development and
those who actually developed a stroke. Therefore, these patients might have had a
documented stroke event if they have not the stroke risk diagnosed by the TCD and an
early medical intervention, reducing the gravity of SCA and decreasing the risk of stroke
development (Brawley et al., 2008; Lanzkron et al., 2008; Lezcano et al., 2006).

In summary, SOD2 Vall6Ala polymorphism is associated with the prevalence of
stroke in our SCA population. However, it’s interesting to point out that other studies
might be necessary to determine the significance of our findings. Furthermore,
experimental studies to evaluate the SOD activity would be helpful to determine the role
of SOD2 Vall6Ala polymorphisms in the functional protein levels and their prognostic

impact on the prevalence and predictability of stroke development in SCA.
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Table 1. Molecular features related to oxidative stress of SCA patients, according to cerebral vascular disease status.

All patients

Stroke positive

Stroke-risk

Stroke negative

Characteristics patients (n = 270) (n=71) (n = 59) (n = 140) p-value
No. % No. % No. % No. %
S0OD2 Val16Ala (rs4880)
Allele
T 283 52.4 66 46.5 59 50.0 158 56.4 Ref
C 257 47.6 76 53.5 59 50.0 122 43.6 0.1294
Codominant
TT 73 27.0 14 19.7 12 20.3 47 33.6 Ref
TC 137 50.8 38 53.5 35 59.4 64 45.7 0.0501
cC 60 22.2 19 26.8 12 20.3 29 20.7 0.1506
Dominant
TT 73 27.0 14 19.7 12 20.3 47 33.6 Ref
TC + CC 114 73.0 57 80.3 47 79.7 93 66.4 0.0429*
Recessive
TT + TC 147 77.8 52 73.2 47 79.7 111 79.3 Ref
cC 60 22.2 19 26.8 12 20.3 29 20.7 0.5623
Overdominant
TT + CC 147 49.2 33 46.5 24 40.6 76 54.3 Ref
TC 137 50.8 38 53.5 35 59.4 64 45.7 0.1852
GPx-3 T-568C (rs8177404)
Allele
T 461 85.4 123 86.6 107 90.7 231 82.5 Ref
C 79 14.6 19 13.4 11 9.3 49 17.5 0.0960
Codominant
TT 197 73.0 53 74.6 48 81.4 96 68.6 Ref
TC 67 24.8 17 24.0 11 18.6 39 27.8 0.3111
CcC 6 2.2 1 1.4 0 0.0 5 3.6 0.2130
Dominant
TT 197 73.0 53 74.6 48 81.4 96 68.6 Ref
TC + CC 73 27.0 18 25.4 11 18.6 44 31.4 0.1672
Recessive
TT + TC 264 97.8 70 98.6 59 100.0 135 96.4 Ref
cC 6 2.2 1 1.4 0 0.0 5 3.6 0.2554
Overdominant
TT + CC 203 75.2 54 76.0 48 81.4 101 72.2 Ref
TC 67 24.8 17 24.0 11 18.6 39 27.8 0.3814
GPx3 T-518C (rs8177406)
Allele
T 460 85.2 123 86.6 106 89.8 231 82.5 Ref
C 80 14.8 19 13.4 12 11.1 49 17.5 0.1460
Codominant
TT 197 73.0 53 74.6 47 79.7 97 69.3 Ref
TC 66 24.4 17 24.0 12 20.3 37 26.4 0.5527
CcC 7 2.6 1 1.4 0 0.0 6 4.3 0.1453
Dominant
TT 197 73.0 53 74.6 47 79.7 97 69.3 Ref
TC + CC 73 27.0 18 25.4 12 20.3 43 30.7 0.3006
Recessive
TT + TC 263 97.4 70 98.6 59 100.0 134 95.7 Ref
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cC 7 2.6 1 1.4 0 0.0 6 4.3 0.1692
Overdominant

TT + CC 204 75.6 54 76.0 47 79.7 103 73.6 Ref

TC 66 24.4 17 24.0 12 20.3 37 26.4 0.6549

GPx3 T-65C (rs8177412)

Allele

T 459 85.0 123 86.6 107 90.7 229 81.8 Ref

C 81 15.0 19 13.4 11 9.3 51 18.2 0.0625
Codominant

TT 196 72.6 53 74.6 48 81.4 95 67.8 Ref

TC 67 24.8 17 24.0 11 18.6 39 27.9 0.2964

cC 7 2.6 1 1.4 0 0.0 6 4.3 0.1345
Dominant

TT 196 72.6 53 74.6 48 81.4 95 67.8 Ref

TC + CC 74 27.4 18 25.4 11 18.6 45 32.2 0.1349
Recessive

TT + TC 263 97.4 70 98.6 59 100.0 134 95.7 Ref

cC 7 2.6 1 1.4 0 0.0 6 4.3 0.1692
Overdominant

TT + CC 203 75.2 54 76.0 48 81.4 101 72.1 Ref

TC 67 24.8 17 24.0 11 18.6 39 27.9 0.3814

* Indicates statistically significant differences.
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Supplementary Table I. Molecular features related to oxidative stress of SCA patients, according to cerebral vascular disease status

(2 groups).

All patients

Stroke positive + risk

Stroke negative

Characteristics patients (n = 270) (n = 130) (n = 140) OR (CI 95%) p-value
No. % No. % No. %
S0OD2 Val16Ala (rs4880)
Allele
T 283 52.4 125 48.1 158 56.4 Ref
C 257 47.6 135 51.9 122 43.6 0.0579
Codominant
TT 73 27.0 26 20.0 47 33.6 Ref
TC 137 50.8 73 56.2 64 45.7 0.4850 (0.2702 to 0.8706) 0.0199*
cC 60 22.2 31 23.8 29 20.7 0.0787
Dominant
TT 73 27.0 26 20.0 47 33.6 Ref
TC + CC 114 73.0 104 80.0 93 66.4 0.4947 (0.2840 to 0.8616) 0.0137*
Recessive
TT + TC 147 77.8 99 76.2 111 79.3 Ref
cC 60 22.2 31 23.8 29 20.7 0.5606
Overdominant
TT + CC 147 49.2 57 43.8 76 54.3 Ref
TC 137 50.8 73 56.2 64 45.7 0.0900
GPx-3 T-568C (rs8177404)
Allele
T 461 85.4 230 88.5 231 82.5 Ref
C 79 14.6 30 11.5 49 17.5 0.0522
Codominant
TT 197 73.0 101 77.7 96 68.6 Ref
TC 67 24.8 28 21.5 39 27.8 0.2040
CcC 6 2.2 1 0.8 5 3.6 0.1185
Dominant
TT 197 73.0 101 77.7 96 68.6 Ref
TC + CC 73 27.0 29 22.3 44 31.4 0.1011
Recessive
TT + TC 264 97.8 129 99.2 135 96.4 Ref
cC 6 2.2 1 0.8 5 3.6 0.2155
Overdominant
TT + CC 203 75.2 102 78.5 101 72.2 Ref
TC 67 24.8 28 21.5 39 27.8 0.2604
GPx3 T-518C (rs8177406)
Allele
T 460 85.2 229 88.1 231 82.5 Ref
C 80 14.8 31 11.9 49 17.5 0.0704
Codominant
TT 197 73.0 100 76.9 97 69.3 Ref
TC 66 24.4 29 22.3 37 26.4 0.3938
CcC 7 2.6 1 0.8 6 4.3 0.1187
Dominant
TT 197 73.0 100 76.9 97 69.3 Ref
TC + CC 73 27.0 30 23.1 43 30.7 0.1721
Recessive
TT + TC 263 97.4 129 99.2 134 95.7 Ref
cC 7 2.6 1 0.8 6 4.3 0.1219
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Overdominant

TT + CC 204 75.6 101 77.7 103 73.6 Ref
TC 66 24.4 29 22.3 37 26.4 0.4797
GPx3 T-65C (rs8177412)
Allele
T 459 85.0 230 88.5 229 81.8 Ref
C 81 15.0 30 11.5 51 18.2 1.707 (1.049 to 2.778) 0.0307*
Codominant
TT 196 72.6 101 77.7 95 67.8 Ref
TC 67 24.8 28 21.5 39 27.9 0.2029
cC 7 2.6 1 0.8 6 4.3 0.0650
Dominant
TT 196 72.6 101 77.7 95 67.8 Ref
TC + CC 74 27.4 29 22.3 45 32.2 0.0770
Recessive
TT + TC 263 97.4 129 99.2 134 95.7 Ref
cC 7 2.6 1 0.8 6 4.3 0.1219
Overdominant
TT + CC 203 75.2 102 78.5 101 72.1 Ref
TC 67 24.8 28 21.5 39 27.9 0.2604

n, number of individuals; OR, odds ratio; CI, confidence intervals; * Indicates statistically significant differences.
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To the Editor,

Sickle cell anemia (SCA) is a severe debilitating hematological disorder associated
with a high degree of morbidity and mortality, and stroke is one of the most catastrophic
complication in SCA (Ohene-Frempong et al., 1998). Nowadays, it is well established that
sickle cell disease vaso-occlusion induces a chronic inflammatory state in a sickle cell
disease individual, and is propagated by elevated levels of circulating inflammatory
cytokines (Conran et al., 2009). This was evidenced by the elevation in proinflammatory,
and the reduction in anti-inflammatory cytokine levels in SCD patients compared to
healthy individuals (Lanaro et al., 2009). Recently, ischemic stroke (IS) has also been
recognized as an inflammation-related disease in which inflammatory cytokines play an
important role (Kriz et al., 2009; Tong et al., 2010; Tong et al., 2011), and genetic variation
in the genes encoding the inflammatory mediators, such as IL6 G-174C (rs1800795), IL10
G-1082A (rs1800896) and the penta-allelic polymorphism in intron 2 of the human ILIRN
gene is caused by 86-bp tandem repeats (VNTR), has been reported to influence the
etiology of ischemic stroke (Chakraborty et al., 2013; Trompet et al., 2007; Titov et al.,
2012; Sultana et al,, 2011; Tong et al., 2010). Although previous studies have already
analyzed the relationship between polymorphisms in inflammatory genes and clinical
development of ischemic stroke, to best of our knowledge, no study involving patients
with SCA was developed so far. In the present study, we genotyped three published
inflammatory single nucleotide polymorphisms (SNPs) (/L6 G-174C (rs1800795), IL10 G-
1082A (rs1800896) and the 86-bp tandem repeats (VNTR) polymorphism of /ILIRN) and
evaluated their possible prognostic impact on the development of ischemic stroke in SCA

patients.
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The present study was drawn from a cohort of 270 unrelated patients with SCA (SS
homozygotes), who had been attending at the Haematology and Haemotherapy
Foundation of Pernambuco (HEMOPE), Brazil, since January 2000. Between March 2013
and August 2014, peripheral blood (PB) samples were collected, and genomic DNA was
extracted using the Puregene kit (Gentra System, Minneapolis, MN, USA), according to
the manufacturer’s protocol. Additionally, clinical data and imaging exams (TCD, X-ray, CT
and/or Magnetic Resonance Imaging, MRI) were obtained from the patients’ medical
records. Therefore, imaging exams, clinical histories, and adequate DNA samples
availability constituted the inclusion criteria of this study. Documented, primary ischemic
stroke events (n = 71) in patients were confirmed with an imaging exam (MRI or CT),
clinically evaluated by a neurologist. As a control, a non-stroke group was selected of SCA
patients who had not received prior hydroxyurea treatment (n = 140); none of these
participants had a history of clinical stroke, elevated TCD velocities, or any evidence of
silent infarcts, based on their baseline brain MRI. Finally, pediatric SCA patients (n = 59)
with abnormally high flow velocities (TCD velocities > 170 cm/s), and without any
evidence of stroke, constituted a third group of patients. In accordance with the
Declaration of Helsinki, informed consent was obtained from all patients and/or parents.
This study was approved by the local Research Ethics Board (#413.574). After genomic
DNA extraction, we genotyped the /-6 G-174C and /L-10 G-1082A polymorphisms by real-
time PCR using TagMan® SNP Genotyping Assay for SNP rs1800795 (C__ 1839697 20)
and SNP rs1800896 (C__ 1747360_10), respectively. The penta-allelic polymorphism in
intron 2 of the human ILIRN gene was also determined, as previously described (Tarlow
et al.,, 1993). Patient baseline characteristics were descriptively reported. Statistical

analysis was performed using SPSS Statistics 17.0 (IBM Corporation, Somers, NY, USA) and
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STATA Statistical Software 9.0 (STATA, College Station, TX, USA), with the level of
significance set to 5%. Patients presenting with a documented, primary stroke event on
clinical records were called "Stroke "*"™°": patients presenting risk to develop stroke, but
without evidence of a stroke event, were called "Stroke-risk"; patients without records of

negatives

stroke were defined as "Stroke . Clinical and laboratory features were then
compared. Chi-square and Fisher’s exact test was employed to compare associations
between categorical variables.

All of the main clinical and laboratory features are summarized in Table I.
Genotyping results showed that /L6 G-174C (rs1800795) (p = 0.5982), IL10 G-1082A (rs
rs1800896) (p = 0.2973) and the 86-bp tandem repeats (VNTR) polymorphism of ILIRN (p
= 0.9280), which had previously been shown to be associated with stroke risk
(Chakraborty et al., 2013; Trompet et al., 2007; Titov et al., 2012; Sultana et al., 2011;
Tong et al., 2010) in general population, were not associated in our study, similarly than
the results found by Ma et al., 2011; Balcerzyk et al., 2012; Marousi et al., 2010. Upon the

positive

observation of the striking similarities between the stroke and stroke-risk groups in
their clinical and laboratory features, these two groups were pooled together and their
combined results were also compared with the control group, but still there was no
significantly different association. (Supplementary Table I).

Inflammation promotes the adherence of sickle erythrocytes to the endothelium
(Buchanan et al., 2004), and several studies have shown an increased levels of cytokines
in serum even during the steady state of SCA (Pathare et al., 2004; Taylor et al., 1997;
Bourantas et al., 1998). Therefore, the identification of genetic associations with

inflammation is an important strategy for the elucidation of different SCA phenotypes and

their effects on patient outcome. Although the role of the studied cytokines in ischemia
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development had already been published in general population (Chakraborty et al., 2013;
Trompet et al., 2007; Titov et al.,, 2012; Sultana et al., 2011; Tong et al.,, 2010), it is
conceivable that the same association may be applied to the SCA patients, but no
association was found in our study. Recently, Vicari et al. (2014) found no significant
difference between the IL6 G-174C (rs1800795) and stroke development in a SCA
population.

As far as we know, our study was the first analyzing the /L10 G-1082A (rs
rs1800896) and the 86-bp tandem repeats (VNTR) polymorphism of ILIRN in stroke
development on a SCA cohort. Other studies to confirm the lack of influence from
inflammatory polymorphisms in a different population of SCA are necessary to ratify our

results.
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Table I. Molecular features related to inflammation of SCA patients, according to cerebral vascular disease status.

Characteristics patients All patients Stroke positive Stroke-risk Stroke negative p-value
(n=270) (n=71) (n=59) (n=140)
No. % No. % No. % No. %
IL1RN VNTR 86pb*
Allele
4R 488 94.2 130 94.2 106 94.6 252 94.0 Ref
2R 30 5.8 8 5.8 6 5.4 16 6.0 0.9732
Codominant
4R/4R 243 93.8 65 94.2 53 94.6 125 93.3 Ref
4R/2R 2 0.8 0 0.0 0 0.0 2 1.5 - $
2R/2R 14 5.4 4 5.8 3 5.4 7 5.2 0.9888
Dominant
4R/4R 243 93.8 65 94.2 53 94.6 125 93.3 Ref
4R/2R + 2R/2R 16 6.2 4 5.8 3 5.4 9 6.7 0.9280
Recessive
4R/4R + 4R/2R 245 94.6 65 94.2 53 94.6 127 94.8 Ref
2R/2R 14 5.4 4 5.8 3 5.4 7 5.2 0.9853
Overdominant
4R/4R + 2R/2R 257 99.2 69 100.0 56 100 132 98.5 Ref
4R/2R 2 0.8 0 0.0 0 0.0 2 1.5 - $
IL-6 G-174C (rs1800795)
Allele
G 417 77.2 102 71.8 94 79.7 221 78.9 Ref
C 123 22.8 40 28.2 24 20.3 59 21.1 0.2010
Codominant
GG 158 58.5 36 50.7 36 61.0 86 61.4 Ref
GC 101 37.4 30 42.3 22 37.3 49 35.0 0.4497
cc 11 4.1 5 7.0 1 1.7 5 3.6 0.2006
Dominant
GG 158 58.5 36 50.7 36 61.0 86 61.4 Ref
GC+CC 112 41.5 35 49.3 23 39.0 54 38.6 0.2973
Recessive
GG + GC 259 95.9 66 93.0 58 98.3 135 96.4 Ref
CcC 11 4.1 5 7.0 1 1.7 5 3.6 0.2800
Overdominant
GG+ CC 169 62.6 41 57.7 37 62.7 91 65.0 Ref
GC 101 37.4 30 42.3 22 37.3 49 35.0 0.5889
IL10 G-1082A (rs1800896)
Allele
G 181 33.5 48 33.8 37 31.4 96 34.3 Ref
A 359 66.5 94 66.2 81 68.6 184 65.7 0.8493
Codominant
GG 26 9.6 9 12.7 5 8.4 12 8.6 Ref
GA 129 47.8 30 42.2 27 45.8 72 51.4 0.4694
AA 115 42.6 32 45.1 27 45.8 56 40.0 0.7660
Dominant
GG 26 9.6 9 12.7 5 8.4 12 8.6 Ref
GA + AA 244 90.4 62 87.3 54 91.6 128 91.4 0.5982
Recessive
GG + GA 155 57.4 39 449 32 54.2 84 60.0 Ref
AA 115 42.6 32 45.1 27 45.8 56 40.0 0.6684
Overdominant
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GG + AA 141 52.2 41 57.8 32 54.2 68 48.6 Ref

GA 129 47.8 30 42.2 27 45.8 72 514 0.4248

#Due to the low frequency of some alleles, we used only the two more frequent (2R and 4R); $ Chi-square test was not
valid; * Indicates statistically significant differences.
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Supplementary Table 1. Molecular features related to inflammation of SCA patients, according to cerebral
vascular disease status (2 Groups).

All patients

Stroke positive + risk

Stroke negative

Characteristics patients (n = 270) (n = 130) (n = 140) OR (95%CI) p-value
No. % No. % No. %
IL1RN VNTR 86pb*
Allele
4R 488 94.2 236 94.4 252 94.0 Ref
2R 30 5.8 14 5.6 16 6.0 1.0000
Codominant
4R/4R 243 93.8 118 94.4 125 93.3 Ref
4R/2R 2 0.8 0 0.0 2 .5 e $
2R/2R 14 5.4 7 5.6 7 5.2 1.0000
Dominant
4R/4R 243 93.8 118 94.4 125 93.3 Ref
4R/2R + 2R/2R 16 6.2 7 5.6 9 6.7 0.7993
Recessive
4R/4R + 4R/2R 245 94.6 118 94.4 127 94.8 Ref
2R/2R 14 5.4 7 5.6 7 5.2 1.000
Overdominant
4R/4R + 2R/2R 257 99.2 125 100.0 132 98.5 Ref
4R/2R 2 0.8 0 0.0 2 .5 e $
IL-6 G-174C (rs1800795)
Allele
G 417 77.2 196 75.4 221 78.9 Ref
C 123 22.8 64 24.6 59 21.1 0.3559
Codominant
GG 158 58.5 72 55.4 86 61.4 Ref
GC 101 37.4 52 40.0 49 35.0 0.3740
CC 11 4.1 6 4.6 5 3.6 0.7562
Dominant
GG 158 58.5 72 55.4 86 61.4 Ref
GC+CC 112 41.5 58 44.6 54 38.6 0.3254
Recessive
GG + GC 259 95.9 124 95.4 135 96.4 Ref
CC 11 4.1 6 4.6 5 3.6 0.7630
Overdominant
GG+ CC 169 62.6 78 60.0 91 65.0 Ref
GC 101 37.4 52 40.0 49 35.0 0.4505
IL10 G-1082A (rs1800896)
Allele
G 181 33.5 85 32.7 96 34.3 Ref
A 359 66.5 175 67.3 184 65.7 0.7158
Codominant
GG 26 9.6 14 10.8 12 8.6 Ref
GA 129 47.8 57 43.8 72 51.4 0.3951
AA 115 42.6 59 45.4 56 40.0 0.8318
Dominant
GG 26 9.6 14 10.8 12 8.6 Ref
GA + AA 244 90.4 116 89.2 128 91.4 0.6804
Recessive
GG+ GA 155 57.4 71 54.6 84 60.0 Ref
AA 115 42.6 59 45.4 56 40.0 0.3906
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Overdominant

GG + AA 141 52.2 73 56.2 68 48.6 Ref

GA 129 47.8 57 43.8 72 51.4 0.2248

#Due to the low frequency of some alleles, we used only the two more frequent (2R and 4R); ¥ Fisher's exact test
was not valid; * Indicates statistically significant differences.
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6. Discussao geral

Vérios estudos sugerem que alteracdes genéticas podem influenciar o
desenvolvimento do AVC (Driscoll et al., 2003; Kwiatkowski et al., 2003; Hoppe et
al., 2004; Voetsch et al., 2007), e seus efeitos podem modificar o curso clinico da
AF (Sarnaik & Ballas, 2001; Hoppe et al., 2004; Sebastiani et al., 2010). A
natureza multifatorial da AF envolve episodios de vaso-oclusdo e crises
hemoliticas, além da ativacao de mediadores inflamatérios, disfuncdo endotelial e
estresse oxidativo (Conran et al., 2009). Em pacientes com AF, 0 estresse
oxidativo pode causar danos aos eritrocitos, reduzindo sua vida média (Amer &
Fibach, 2005). Desse modo, alteracbes genéticas relacionadas as enzimas
envolvidas nos mecanismos antioxidantes, como a SOD e a GPx-3, podem
contribuir para o esclarecimento dos fatores relacionados a evolugéo clinica da
AF.

Como dito anteriormente, o polimorfismo SOD2 Vall6Ala (rs4880) pode
levar a uma mudancga conformacional na estrutura secundaria da enzima MnSOD,
afetando a localizacdo e seu transporte para dentro da mitocondria (Shimoda-
Matsubayashi et al., 1996; Sutton et al., 2003). Em nosso estudo de associacao,
um efeito protetor contra o AVC foi demonstrado apenas ao genotipo Val-Val do
polimorfismo SOD2 Val-16Ala (rs4880), possivelmente caracterizando esse alelo
como o responsavel por altos niveis enziméaticos da MnSOD. Resultados
semelhantes foram encontrados por Bastaki e cols. (2006), os quais, ao avaliarem
eritrocitos humanos de pacientes saudaveis, observaram que 0s genotipos Val-
Val e Val-Ala eram responsaveis por altos niveis da enzima MnSOD; e por Martin

e cols. (2009), ao observarem que a presenca do alelo Ala reduzia
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significativamente a atividade catalitica da MnSOD em hepatécitos humanos.
Entretanto, Sutton e cols. (2003) observaram que na presencga do alelo variante
(Ala), existe um aumento de 30 a 40% na atividade da MnSOD. Além disso,
Shimoda-Matsubayashi e cols. (1996) e Sutton e cols. (2005) sugerem que,
devido ao aumento da formacdo de perdxido de hidrogénio (H.O,) e radicais
hidroxila (OHe), pacientes que apresentaram uma menor capacidade de remover
esses radicais por falhas em outras enzimas, como a glutationa peroxidase ou
catalase, podem apresentar um efeito negativo para os niveis elevados de
MnSOD. Portanto, fica evidente que os resultados na literatura acerca da
atividade da SOD sao controversos. Assim, novos entendimentos sobre o real
impacto do polimorfismo SOD2 (Val-16Ala) (rs4880) e de variagbes presentes em
outras enzimas envolvidas no sistema antioxidante ainda sdo necessarios.

Em relagcdo aos polimorfismos na regido promotora do GPx3, Voetsch e
cols. (2007), ao analisarem uma populacdo néo falciforme, demonstraram uma
associacao entre esses polimorfismos e um aumento do risco de desenvolvimento
do AVC. No entanto, nosso trabalho avaliando AVC em pacientes falciformes,
assim como outros trabalhos em populacdes europeias, ndo conseguiram
reproduzir os trabalhos de Voetsch (Grond-Ginsbach et al., 2007; Grond-Ginsbach
et al., 2009). Apesar de Voetsch e cols. (2007) demonstrarem que apenas 0
haplétipo do gene GPx3 conseguiria modular o AVC, o mesmo trabalho
demonstrou que os polimorfismos no GPx3 estdo em um alto desequilibrio de
ligacdo. Desse modo, a falta de associacdo de um polimorfismo com um alto
desequilibrio de ligacdo indica que a analise haplotipica tem uma grande chance

de também ndo apresentar associacdo. Sendo assim, é teoricamente possivel
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gue esse polimorfismo nao exerca nenhum papel no desenvolvimento do AVC em
pacientes com AF.

A anemia falciforme é reconhecida como uma doenca que apresenta um
quadro inflamatério crénico (Steinberg, 2006) e, como em outras doencas
cronicas, o equilibrio entre citocinas proé-inflamatérias e anti-inflamatoérias esta
comprometido (Hibbert et al. 2005). Em pacientes falciformes, niveis aumentados
e diminuidos de moléculas pré-inflamatdrias e anti-inflamatérias, respectivamente,
ja foram descritos quando comparados com populacbes nado falciformes
(Bourantas et al., 1998; Makis et al., 2000; Hibbert et al. 2005). Apesar disso, 0s
efeitos das moléculas inflamatérias na AF ainda s&o pouco esclarecidos (Lanaro
et al., 2009). Em nosso estudo, nenhuma associagcdo foi encontrada entre os
polimorfismos envolvendo o0s genes relacionados a inflamacdo e o
desenvolvimento do AVC; resultado semelhante ao encontrado por outros estudos
ao avaliarem pacientes néo falciformes (Cvetkovic et al., 2005; Trompet et al.,
2007; Zee et al., 2008; Marousi et al., 2011; Ma et al., 2011). Até onde sabemos,
nosso estudo foi o primeiro a analisar o polimorfismo IL10 G-1082A (rs1800896) e
0 VNTR de 86pb no intron 2 do ILIRN e sua possivel associagcdo no
desenvolvimento do AVC em uma populagéo com AF.

O gene IL1RN, responsavel por codificar a citocina anti-inflamatoéria 1L1-
Ra, apresenta um polimorfismo do tipo VNTR de 86pb no intron 2, sendo o ‘alelo
2R’ 0 menor dentre todos, com 2 repeticdes. Entretanto, enquanto alguns estudos
envolvendo pacientes coreanos e italianos demonstraram que a presenca do alelo
"2R" tem sido associada com um risco maior para o desenvolvimento do AVC
(Lee et al., 2003; Tuttolomondo et al., 2012), outros trabalhos classificaram o alelo

"2R" como um fator protetor para o desenvolvimento dessa manifestacao clinica
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(Gromadzaka et al., 2007; Tong et al., 2011). Além disso, a auséncia de
associacao entre o VNTR de 86pb no intron 2 do IL1IRN e o desenvolvimento do
AVC, resultado encontrado em nosso estudo envolvendo pacientes com AF,
também ja foi descrita por Cvetkovic e cols (2005), ao analisarem pacientes
suecos néo falciformes. Desse modo, é provavel que os resultados conflitantes
ocorram devido as diferentes contribuicdes alélicas para cada populagcédo e,
consequentemente, dos diferentes grupos étnicos estudados.

O polimorfismo IL6 G-174C (rs1800795) apresenta um efeito negativo na
transcricdo génica, sendo o genotipo "CC" associado com baixos niveis de IL-6
(Fishman et al.,, 1998) e, consequentemente, com um papel protetor no
desenvolvimento do AVC, visto que, na resposta aguda pés-isquémica, niveis
elevados de IL-6 foram identificados (Fuller & Zhang, 2001). Entretanto, as
associagOes descritas com esse polimorfismo em populacdes néo falciformes sé&o
bastante variaveis. Titov e cols (2012) e Chakraborty e cols. (2013) analisaram
pacientes russos e indianos, respectivamente, e encontraram associagado entre o
IL6 G-174C (rs1800795) e o desenvolvimento do AVC, resultados que nao foram
corroborados por Balding e cols. (2004) e Tuttolomondo e cols. (2012), ao
analisarem pacientes irlandeses e italianos, respectivamente. Em nossa coorte,
nenhuma associacdo entre o polimorfismo IL6 G-174C (rs1800795) com o
desenvolvimento do AVC foi encontrada. Recentemente, Vicari e cols. (2014) ndo
encontraram associacdo entre o desenvolvimento do AVC e o IL6 G-174C
(rs1800795) em pacientes falciformes do estado de Sdo Paulo. Desse modo, com
os diferentes resultados encontrados, é provavel que outros genes e proteinas
influenciem o fendtipo inflamatério geral do AVC, e que o polimorfismo IL6 G-

174C (rs1800795) nao seja suficiente para predizer esse evento clinico.
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Alguns estudos demonstraram que o polimorfismo na posicao -1082 (G/A)
do gene IL10 (rs1800896), por apresentar um efeito funcional na quantidade de
IL-10 secretada, aparece como candidato para modular o AVC (Van der Poll et al.,
1997; Turner et al., 1997). Em populagbes néo falciformes, uma diminuicdo dos
niveis de IL-10 tem sido associada com o desenvolvimento do AVC (Munshi et al.,
2010; Sultana et al., 2011), destacando assim o papel neuroprotetor da IL-10
(Tuttolomondo et al., 2012). Entretanto, nenhuma associagao foi encontrada entre
o polimorfismo IL10 -1082 G/A (rs1800896) e o desenvolvimento do AVC em
nossa populacdo de pacientes com AF, resultado semelhante ao encontrado por
Marousi e cols. (2011) e Trompet e cols. (2007), ao avaliarem pacientes
saudaveis. Entretanto, novas avaliagdes sobre as moléculas inflamatérias e anti-
inflamatorias e suas variagdes genéticas ainda sdo necessarias, visto que, por
exemplo, alguns estudos determinam que apenas o haplétipo IL10 GCC (G na
posicdo -1082, C na posicao -819 e C na posicédo -592) tem a capacidade de
modular os niveis de IL-10 (Yilmaz et al., 2005; Trompet et al., 2007) e,
consequentemente, o desenvolvimento do AVC.

Estudos experimentais para avaliar a atividade enzimatica da SOD seriam
Uteis para determinar o papel do polimorfismo SOD2 Vall6Ala (rs4880) nos niveis
plasmaticos dessa molécula, e consequentemente, o real impacto progndéstico
sobre a prevaléncia e previsibilidade do desenvolvimento AVC em pacientes com
AF. Entretanto, para a realizacdo dessas analises, é necessario a realizacao de
um trabalho prospectivo, visto que o0s pacientes com AF sofrem indmeras
intervencdes clinicas apds o desenvolvimento do AVC, como o uso de
hidroxiuréia e transfusbes cronicas, para evitar um novo evento clinico. Além

disso, a dosagem das citocinas seria importante para confirmar a nao influéncia
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dos polimorfismos avaliados em nosso estudo no desenvolvimento do AVC em

pacientes com AF.
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7. Conclusdes gerais

A partir dos resultados obtidos, foi possivel concluir que:
O gendtipo TT do polimorfismo SOD2 (Val-16Ala) (rs4880) caracterizou uma
aparente protecdo para a ocorréncia do AVC em nossa populacdo de
pacientes com AF.
Os polimorfismos GPx-3 (T-568C (rs8177404), T-518C (rs8177406), T-65C
(rs8177412)), IL-6 G-174C (rs1800795), IL10 G-1082A (rs1800896) e o0 VNTR
de 86pb no ILIRN nado foram associados com a prevaléncia do AVC em

nossa populacao de pacientes com AF.
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citation of a reference included in the reference list. They should not consist solely
of a reference citation, and they should never include the bibliographic details of a
reference. They should also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be
indicated by superscript lower-case letters (or asterisks for significance values and
other statistical data). Footnotes to the title or the authors of the article are not
given reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate
section before the reference list. The names of funding organizations should be
written in full.

Terminology
Please always use internationally accepted signs and symbols for units (Sl units).

Scientific Style
e Nomenclature: Insofar as possible, authors should use systematic
names similar to those used by Chemical Abstract Service or IUPAC.

¢ Generic names of drugs and pesticides are preferred; if trade names
are used, the generic name should be given at first mention.

References

Citation
Cite references in the text by name and year in parentheses. Some examples:
¢ Negotiation research spans many disciplines (Thompson 1990).

e This result was later contradicted by Becker and Seligman (1996).

e This effect has been widely studied (Abbott 1991; Barakat et al. 1995;
Kelso and Smith 1998; Medvec et al. 1999).
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Reference list
The list of references should only include works that are cited in the text and that
have been published or accepted for publication. Personal communications and
unpublished works should only be mentioned in the text. Do not use footnotes or
endnotes as a substitute for a reference list.
Reference list entries should be alphabetized by the last names of the first author
of each work.
e Journal article
Harris, M., Karper, E., Stacks, G., Hoffman, D., DeNiro, R., Cruz, P., et al.
(2001). Writing labs and the Hollywood connection. Journal of Film Writing,
44(3), 213-245.
¢ Article by DOI
Slitka, M. K., & Whitton, J. L. (2000) Clinical implications of dysregulated
cytokine production. Journal of Molecular Medicine,
doi:10.1007/s001090000086
e Book
Calfee, R. C., & Valencia, R. R. (1991). APA guide to preparing manuscripts
for journal publication. Washington, DC: American Psychological
Association.
e Book chapter
O’Neil, J. M., & Egan, J. (1992). Men’s and women’s gender role journeys:
Metaphor for healing, transition, and transformation. In B. R. Wainrib (Ed.),
Gender issues across the life cycle (pp. 107-123). New York: Springer.
¢ Online document
Abou-Allaban, Y., Dell, M. L., Greenberg, W., Lomax, J., Peteet, J., Torres,
M., & Cowell, V. (2006). Religious/spiritual commitments and psychiatric
practice. Resource document. American Psychiatric Association.
http://www.psych.org/edu/other_res/lib_archives/archives/200604.pdf.
Accessed 25 June 2007.

Journal names and book titles should be italicized.

Tables
¢ All tables are to be numbered using Arabic numerals.
e Tables should always be cited in text in consecutive numerical order.
e For each table, please supply a table caption (title) explaining the
components of the table.
¢ |dentify any previously published material by giving the original source
in the form of a reference at the end of the table caption.

Footnotes to tables should be indicated by superscript lower-case letters (or
asterisks for significance values and other statistical data) and included
beneath the table body.



11. Anexo 3

Normas revista "Immunology Letters" - Fator de Impacto: 2,367; Qualis/=CAPES

Ciéncias Bioldgicas I: B1

Types of paper

Research Articles - these are full length manuscripts that describe significant
experimental findings. There is no page limit but articles may be returned for
shortening at the Editors' discretion.

Current Views - these are (mini)-reviews which are usually invited by the Executive
Editor responsible for Review articles.

Review articles - full reviews, also usually invited by the Executive Editor for
Reviews, will cover a particular issue in depth with a comprehensive review of the
literature. The liberal use of Figures is strongly encouraged. It is expected that a
full length review will provide an up to date, comprehensive treatise on the subject
matter with detailed citations to direct readers to the appropriate original work.

When submitting a Review, it is important to select the correct article type, also for
Special Issue papers.

Letters to the Editor - these are notes sent to the Editor-in-Chief, raising a topic for
discussion, providing an opinion or an hypothesis, or commentaries on previously
published work, etc. Letters to the Editor do not need to follow the general

arrangement instructions given below and should normally not exceed 800 words.

Contact details for submission
Manuscripts can be submitted (via EES) to any member of the Executive Board, or
the Editor-in-Chief, who will arrange for their evaluation.

Preparation
Use of word processing software

It is important that the file be saved in the native format of the word processor
used. The text should be in single-column format. Keep the layout of the text as
simple as possible. Most formatting codes will be removed and replaced on
processing the article. In particular, do not use the word processor's options to
justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one
grid for each individual table and not a grid for each row. If no grid is used, use
tabs, not spaces, to align columns. The electronic text should be prepared in a
way very similar to that of conventional manuscripts (see also the Guide to
Publishing with Elsevier: http://www.elsevier.com/guidepublication). Note that
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source files of figures, tables and text graphics will be required whether or not you
embed your figures in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and
‘grammar-check’ functions of your word processor.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should
be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in
section numbering). Use this numbering also for internal cross-referencing: do not
just refer to 'the text'. Any subsection may be given a brief heading. Each heading
should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced. Methods already
published should be indicated by a reference: only relevant modifications should
be described.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive
citations and discussion of published literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions
section, which may stand alone or form a subsection of a Discussion or Results
and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc.
Formulae and equations in appendices should be given separate numbering: Eq.
(A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for
tables and figures: Table A.1; Fig. A.1, etc.

Vitae

Include in the manuscript a short (maximum 100 words) biography of each author,
along with a passport-type photograph accompanying the other figures.

Essential title page information

* Title. Concise and informative. Titles are often used in information-retrieval

systems. Avoid abbreviations and formulae where possible.
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* Author names and affiliations. Please clearly indicate the given name(s) and
family name(s) of each author and check that all names are accurately spelled.
Present the authors' affiliation addresses (where the actual work was done) below
the names. Indicate all affiliations with a lower-case superscript letter immediately
after the author's name and in front of the appropriate address. Provide the full
postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. Ensure that the e-mail
address is given and that contact details are kept up to date by the
corresponding author.

* Present/permanent address. If an author has moved since the work described
in the article was done, or was visiting at the time, a 'Present address' (or
'Permanent address’) may be indicated as a footnote to that author's name. The
address at which the author actually did the work must be retained as the main,
affiliation address. Superscript Arabic numerals are used for such footnotes.

Abstract

A concise and factual abstract is required. The abstract should state briefly the
purpose of the research, the principal results and major conclusions. An abstract is
often presented separately from the article, so it must be able to stand alone. For
this reason, References should be avoided, but if essential, then cite the author(s)
and year(s). Also, non-standard or uncommon abbreviations should be avoided,
but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more
attention to the online article. The graphical abstract should summarize the
contents of the article in a concise, pictorial form designed to capture the attention
of a wide readership. Graphical abstracts should be submitted as a separate file in
the online submission system. Image size: Please provide an image with a
minimum of 531 x 1328 pixels (h x w) or proportionally more. The image should be
readable at a size of 5 x 13 cm using a regular screen resolution of 96 dpi.
Preferred file types: TIFF, EPS, PDF or MS Office files.
Seehttp://www.elsevier.com/graphicalabstracts for examples.

Authors can make use of Elsevier's lllustration and Enhancement service to
ensure the best presentation of their images and in accordance with all technical
requirements: lllustration Service.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet
points that convey the core findings of the article and should be submitted in a
separate editable file in the online submission system. Please use 'Highlights' in
the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point). See http://www.elsevier.com/highlights for examples.
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Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, 'and’, 'of'). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing
purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on
the first page of the article. Such abbreviations that are unavoidable in the abstract
must be defined at their first mention there, as well as in the footnote. Ensure
consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before
the references and do not, therefore, include them on the title page, as a footnote
to the title or otherwise. List here those individuals who provided help during the
research (e.g., providing language help, writing assistance or proof reading the
article, etc.).

Units

Follow internationally accepted rules and conventions: use the international
system of units (SI). If other units are mentioned, please give their equivalent in SI.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the
article. Many word processors can build footnotes into the text, and this feature
may be used. Otherwise, please indicate the position of footnotes in the text and
list the footnotes themselves separately at the end of the article. Do not include
footnotes in the Reference list.

Artwork

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

» Aim to use the following fonts in your illustrations: Arial, Courier, Times New
Roman, Symbol, or use fonts that look similar.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

« Size the illustrations close to the desired dimensions of the published version.
» Submit each illustration as a separate file.

A detailed guide on electronic artwork is available on our website:
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You are urged to visit this site; some excerpts from the detailed information
are given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then please supply ‘as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your
electronic artwork is finalized, please 'Save as' or convert the images to one of the
following formats (note the resolution requirements for line drawings, halftones,
and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of
300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep
to a minimum of 500 dpi.

Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG);
these typically have a low number of pixels and limited set of colors;

» Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG),
EPS (or PDF), or MS Office files) and with the correct resolution. If, together with
your accepted article, you submit usable color figures then Elsevier will ensure, at
no additional charge, that these figures will appear in color online (e.qg.,
ScienceDirect and other sites) regardless of whether or not these illustrations are
reproduced in color in the printed version. For color reproduction in print, you
will receive information regarding the costs from Elsevier after receipt of
your accepted article. Please indicate your preference for color: in print or online
only. For further information on the preparation of electronic artwork, please
seehttp://www.elsevier.com/artworkinstructions.

Please note: Because of technical complications that can arise by converting color
figures to 'gray scale' (for the printed version should you not opt for color in print)
please submit in addition usable black and white versions of all the color
illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not
attached to the figure. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves
to a minimum but explain all symbols and abbreviations used.

Tables
Please submit tables as editable text and not as images. Tables can be placed

either next to the relevant text in the article, or on separate page(s) at the end.
Number tables consecutively in accordance with their appearance in the text and
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place any table notes below the table body. Be sparing in the use of tables and
ensure that the data presented in them do not duplicate results described
elsewhere in the article. Please avoid using vertical rules.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference
list (and vice versa). Any references cited in the abstract must be given in full.
Unpublished results and personal communications are not recommended in the
reference list, but may be mentioned in the text. If these references are included in
the reference list they should follow the standard reference style of the journal and
should include a substitution of the publication date with either 'Unpublished
results' or 'Personal communication'. Citation of a reference as 'in press' implies
that the item has been accepted for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was
last accessed. Any further information, if known (DOI, author names, dates,
reference to a source publication, etc.), should also be given. Web references can
be listed separately (e.g., after the reference list) under a different heading if
desired, or can be included in the reference list.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list
(and any citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have a standard template available in key reference
management packages. This covers packages using the Citation Style Language,
such as Mendeley (http://www.mendeley.com/features/reference-manager) and
also others like EndNote (http://www.endnote.com/support/enstyles.asp) and
Reference Manager (http://refman.com/support/rmstyles.asp). Using plug-ins to
word processing packages which are available from the above sites, authors only
need to select the appropriate journal template when preparing their article and the
list of references and citations to these will be formatted according to the journal
style as described in this Guide. The process of including templates in these
packages is constantly ongoing. If the journal you are looking for does not have a
template available yet, please see the list of sample references and citations
provided in this Guide to help you format these according to the journal style.

If you manage your research with Mendeley Desktop, you can easily install the
reference style for this journal by clicking the link below:
http://open.mendeley.com/use-citation-style/immunology-letters

When preparing your manuscript, you will then be able to select this style using
the Mendeley plug-ins for Microsoft Word or LibreOffice. For more information
about the Citation Style Language, visit http://citationstyles.orq.

Reference style
Text: Indicate references by number(s) in square brackets in line with the text. The
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actual authors can be referred to, but the reference number(s) must always be
given.

Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different
result ...."

List: Number the references (numbers in square brackets) in the list in the order in
which they appear in the text.

Examples:

Reference to a journal publication:

[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific
article, J. Sci. Commun. 163 (2010) 51-59.

Reference to a book:

[2] W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New
York, 2000.

Reference to a chapter in an edited book:

[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article,
in: B.S. Jones, R.Z. Smith (Eds.), Introduction to the Electronic Age, E-Publishing
Inc., New York, 2009, pp. 281-304.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word
Abbreviations: http://www.issn.org/services/online-services/access-to-the-ltwa/.

Video data

Elsevier accepts video material and animation sequences to support and enhance
your scientific research. Authors who have video or animation files that they wish
to submit with their article are strongly encouraged to include links to these within
the body of the article. This can be done in the same way as a figure or table by
referring to the video or animation content and noting in the body text where it
should be placed. All submitted files should be properly labeled so that they
directly relate to the video file's content. In order to ensure that your video or
animation material is directly usable, please provide the files in one of our
recommended file formats with a preferred maximum size of 150 MB. Video and
animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including
ScienceDirect:http://www.sciencedirect.com. Please supply 'stills’ with your files:
you can choose any frame from the video or animation or make a separate image.
These will be used instead of standard icons and will personalize the link to your
video data. For more detailed instructions please visit our video instruction pages
athttp://www.elsevier.com/artworkinstructions. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both
the electronic and the print version for the portions of the article that refer to this
content.

Supplementary material

Elsevier accepts electronic supplementary material to support and enhance your
scientific research. Supplementary files offer the author additional possibilities to
publish supporting applications, high-resolution images, background datasets,
sound clips and more. Supplementary files supplied will be published online
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alongside the electronic version of your article in Elsevier Web products, including
ScienceDirect: http://www.sciencedirect.com. In order to ensure that your
submitted material is directly usable, please provide the data in one of our
recommended file formats. Authors should submit the material in electronic format
together with the article and supply a concise and descriptive caption for each file.
For more detailed instructions please visit our artwork instruction pages

at http://www.elsevier.com/artworkinstructions.

Database linking

Elsevier encourages authors to connect articles with external databases, giving
readers access to relevant databases that help to build a better understanding of
the described research. Please refer to relevant database identifiers using the
following format in your article: Database: xxxx (e.g., TAIR: AT1G01020; CCDC:
734053; PDB: 1XFN). See http://www.elsevier.com/databaselinking for more
information and a full list of supported databases.

Submission checklist

The following list will be useful during the final checking of an article prior to
sending it to the journal for review. Please consult this Guide for Authors for further
details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address

* Full postal address

All necessary files have been uploaded, and contain:

» Keywords

* All figure captions

* All tables (including title, description, footnotes)

Further considerations

» Manuscript has been 'spell-checked' and ‘grammar-checked'

* References are in the correct format for this journal

* All references mentioned in the Reference list are cited in the text, and vice
versa

» Permission has been obtained for use of copyrighted material from other sources
(including the Internet)

Printed version of figures (if applicable) in color or black-and-white

* Indicate clearly whether or not color or black-and-white in print is required.

* For reproduction in black-and-white, please supply black-and-white versions of
the figures for printing purposes.

For any further information please visit our customer support site
athttp://support.elsevier.com.
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