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CARVALHO, Magda Oliveira Seixas. Doenga falciforme: avaliacdo de biomarcadores
relacionados ao perfil lipidico e disfuncdo endotelial. 217 f. il. Tese (Doutorado) —
Universidade Federal da Bahia. Fundagdao Oswaldo Cruz, Centro de pesquisas Gongalo
Moniz, 2014.

RESUMO

A patogénese da doenga falciforme (DF) envolve mecanismos diversos, sendo a inflamagao
cronica, a hemdlise e a disfuncdo vascular fendmenos importantes nesta patologia. A busca
por biomarcadores de prognostico ¢ um desafio e um ponto crucial nas pesquisas referentes a
doenca. O objetivo desta tese foi avaliar possiveis marcadores de prognostico, associados a
hemolise, inflamagao e a disfuncdo endotelial, e suas possiveis relacdes com a gravidade
clinica na DF. Para tanto, investigamos, prospectivamente, marcadores bioquimicos e
inflamatérios em pacientes com DF em estado estavel e em crise comparando-os a individuos
saudaveis. Dessa forma, além das determinagdes laboratoriais rotineiras (perfis lipidico,
hematoldgico, renal, hepatico, lactato desidrogenase (LDH) e proteina C reativa CRP)),
também foram avaliados os niveis séricos de marcadores de remodelamento vascular (inibidor
tecidual da metaloproteinase-1 (TIMP-1), metaloproteinase de matriz-9 (MMP-9)), de
inflamacao (leucotrieno B4 (LTB,), prostaglandina E2 (PGE,), citocinas anti-inflamatérias e
inflamatoérias (Fator beta transformador do crescimento (TGF-f), interleucina (IL)-18, IL-6,
IL-8, IL-12, fator de necrose tumoral alfa (TNF-a) e IL-10), de hemolise (heme livre), e
niveis séricos de alfa-1 antitripsina (ATT) e os polimorfismos do gene SERPINAI. Os dados
clinicos dos pacientes foram coletados de prontuarios médicos. A comparacdo entre pacientes
e controles revelou diferencas significativas para a maioria dos marcadores estudados com
destaque para o colesterol HDL (HDL-C) que mostrou associagdo inversa com marcadores de
hemolise, de inflamagdo e, cujos niveis reduzidos foram associados a alteragdes cardiacas,
pneumonia e aumento da utilizacdo de hemoderivados. Os pacientes com AF, em estado
estavel, apresentaram concentracdes elevadas de LTB4, PGE2, TGF-B, IL-8 e IL-12 em
comparagdo aqueles em crise. No entanto, os individuos com AF em crise apresentaram
maiores concentragoes de IL-1B, IL-6, IL-10 e TNF-a em comparacdo aos pacientes estaveis.
Os niveis séricos de heme livre, MMP-9 e TIMP-1 estavam aumentados em ambos 0s grupos
de pacientes e foram associados a marcadores de inflamacao, hemolise e estresse oxidativo. A
AAT, por sua vez apresentou correlagdo negativa com marcadores hematologicos, HDL-C,
ureia, creatinina ¢ albumina e correlacao positiva com leucocitos, bilirrubinas, LDH, HbS,
CRP e ferritina. Pacientes com niveis mais elevados de AAT apresentaram mais infeccao,
litiase biliar e receberam mais transfusdes sanguineas. A presenca de um alelo mutante no
gene da SERPINA1 foi relacionada a reducdo dos niveis séricos de ATT. Os resultados deste
trabalho sugerem que alguns pacientes com DF apresentam sub-fendtipo dislipidémico
especifico, caracterizado por niveis reduzidos de HDL-C, hipertrigliceridemia e elevacao de
VLDL-C. A analise da curva ROC mostrou que o LTB4, PGE2 e TGF- sao marcadores
relacionados ao estado estavel e que a IL-1p, IL-6 e TNF-a sdo marcadores de crise na DF.
Além disso, a manutencdo dos niveis séricos elevados de heme livre, provavelmente, esta
associada a hemolise cronica. Enquanto que, a MMP-9 e o TIMP-1 parecem estar associados
a inflamagdo crdnica nos pacientes com AF em crise e estado estavel, contribuindo para um
microambiente que resulta no aumento da gravidade clinica da doenga. A AAT, por
conseguinte, pode ser considerada como um marcador de prognéstico na DF, devido as suas
associacdes com marcadores laboratoriais e clinicos relevantes para a doenga. Os resultados
dos genoétipos da SERPINAI enfatizam o papel do alelo mutante na redugdo da producao de
AAT, o que pode representar um fator de risco para desfechos graves nos pacientes estudados.
Consideramos que esses resultados representam um passo importante em direcdo a um



prognostico clinico mais completo; entretanto, estudos adicionais sdo necessarios para testar

as hipoteses sugeridas e os mecanismos envolvidos nesta rede complexa de marcadores, bem
como o seu papel na patogénese da DF.

Palavras-chave: Doenga falciforme; Inflamac¢ao; Hemolise; Disfuncdo endotelial;
Biomarcadores de progndstico.
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ABSTRACT

The pathogenesis of sickle cell disease (SCD) involves several mechanisms, and chronic
inflammation, hemolysis and vascular dysfunction, which are important phenomena in this
pathology. The search for biomarkers of prognosis is a challenge and a crucial point in
researches related to DF. The aim of this thesis was to evaluate possible prognostic markers,
associated with hemolysis, inflammation and endothelial dysfunction and their possible
relationships with clinical severity in SCD. To do so, we investigated prospectively,
biochemical and inflammatory markers in patients with SCD in steady state and crisis in
comparing them to healthy subjects. Thus, in addition to the routine laboratory tests (lipid,
hematological, renal and hepatic profiles, lactate dehydrogenase (LDH) and C-reactive
protein (CRP), we investigated serum markers of vascular remodeling, such as tissue inhibitor
of metalloproteinase-1 (TIMP-1), matrix metalloproteinase-9 (MMP-9); inflammation, such
as leukotriene B4 (LTB4), prostaglandin E2 (PGE,). Inflammatory and anti-inflammatory
cytokines were investigates, including beta transforming growth factor (TGF-f), interleukin
(IL) -1B, IL-6, IL-8, IL-12, tumor necrosis factor alpha (TNF-a) and IL-10). We evaluated
hemolysis marker, the free heme, serum levels of alpha-1 antitrypsin (ATT) and gene
polymorphisms of SERPINAI. We also collected clinical data from medical patients’ records,
and made comparison between patients and controls, which showed significant differences for
most of the markers studied, especially the high-density lipoprotein cholesterol (HDL-C) that
showed inverse association with markers of hemolysis, inflammation and whose low levels
have been associated with cardiac abnormalities, pneumonia and increased use of blood
transfusion. Patients with SCA in steady state showed high concentrations of LTB4, PGE,,
TGF-B, IL-8 and IL-12 when compared to those in crisis. However, individuals in crisis with
SCA had higher concentrations of IL-1f, IL-6, IL-10 and TNF-a compared to stable patients.
Serum levels of free heme, MMP-9 and TIMP-1 levels were elevated in both groups of
patients and was associated with markers of inflammation, oxidative stress and hemolysis.
AAT, in turn, presents negatively correlated with hematological markers, HDL-C, urea,
creatinine and albumin and positive correlation with leukocytes, bilirubin, LDH, Hb, CRP and
ferritin. Patients with higher levels of AAT showed more infection, gallstones and received
more blood transfusions. We found an association of the SERPINAI mutant allele and
decreased serum levels of ATT. These results suggest that some patients with SCD have a
specific dyslipidemic sub-phenotype, characterized by reduced levels of HDL-C,
hypertriglyceridemia and elevated VLDL-C. The ROC curve analysis showed that LTBy,
PGE, and TGF- are markers related to the steady state and that IL-1p, IL-6 and TNF-a are
markers of crisis in SCD. Furthermore, the maintenance of high serum levels of free heme is
probably associated with chronic hyper-hemolysis. Whereas MMP9 and TIMP-1 are probably
associated with chronic inflammation in patients with SCA and stable state and in crisis,
contributing to a microenvironment those results in increased clinical severity. We found an
association of AAT as a prognostic marker in SCD due to their relevant clinical and
laboratory function in the disease. The results of the genotypes SERPINA I emphasize the role
of the mutant allele in reducing production of AAT, which may represent a risk factor for
severe outcomes in these patients. We believe these results represent an important step toward
of a more complete clinical follow-up; however, additional studies will be need to test the



hypotheses and mechanisms involved in this complex network of markers, and its role in the
pathogenesis of SCD.

Keywords: Sickle Cell Disease; Inflammation; Hemolysis; Endothelial Dysfunction;
Prognostic biomarkers.
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1. INTRODUCAO

1.1. AMOLECULA DE HEMOGLOBINA

A hemoglobina (Hb) ¢ uma proteina globular encontrada nos eritrécitos, tendo como
principal func¢do o transporte de oxigénio para todos os tecidos com trocas gasosas com 0
didxido de carbono nos mesmos. A Hb ¢ constituida pela globina, por¢ao proteica, e por um
grupamento prostético formado por um complexo Protoporfirina IX - Ferro 2 (Fe 2)
denominado grupo heme. A Hb ¢ composta por quatro cadeias polipeptidicas agrupadas duas
a duas, sendo um par de cadeias do tipo alfa (a — alfa e & - zeta) e outro de cadeias tipo nao
alfa (B - beta, o - delta, y - gama e ¢ - epsilon), cujas associagdes formam os diferentes tipos
de Hb que sdo correspondentes a cada estagio de desenvolvimento ontogénico do individuo
(BUNN e FORGET, 1986; WEATHERALL ¢ PROVAN, 2000). O heme ¢ formado por
quatro nucleos pirrdlicos condensados, que possuem estrutura plana e apresentam um atomo
Fe 2" na regido central. O heme ¢ a globina sdo produzidos separadamente, sendo associados
pos-traducionalmente para a formagdo da estrutura terciaria e queternaria da molécula de Hb;
assim, quando o heme se dissocia da globina a mesma fica mais susceptivel a desnaturagao
(HUNTSMAN e LEHMAN, 1974).

A hemolise ¢ caracterizada pela lise dos eritrocitos com liberacdo de seu contetido
celular. Os produtos do catabolismo eritrocitario, como a Hb, o heme e o ferro, sdo liberados
pela hemolise e podem causar danos aos vasos e tecidos expostos, visto que, nessa condicao,
estdo desprovidos dos antioxidantes normalmente produzidos e decorrentes das vias
metabodlicas do proprio eritrocito (BENZ et al, 1995). Para neutralizar esses compostos, 0
organismo tem captadores plasmaticos especializados na retirada e transporte de moléculas
oxidantes além de outras moléculas e substancias redutoras que contribuem para a protecao do
organismo contra agentes oxidantes. Entretanto, esses sistemas de compensacdo e de
desintoxicacdo sdo deficientes na doenga falciforme (DF), em individuos que usam
hemocomponentes, na maldria ou na sepse, tendo em vista a exacerbacdo da hemolise
intravascular, bem como o aumento de produtos oxidantes, que contribuem para a geragao de
espécies reativas de oxigénio (ROS) e para o estabelecimento de um ambiente altamente
inflamatério (HUNTSMAN e LEHMAN, 1974; SCHAER et al., 2014).

Alteragdes genéticas na molécula da Hb sdo denominadas hemoglobinopatias e
apresentam prevaléncia mundial elevada (NAGEL e STEINBERG, 2001), sendo classificadas
como estruturais e de sintese. As hemoglobinopatias estruturais sao decorrentes de mutacdes

nos genes da globina, resultando em alteragcdes na estrutura das cadeias polipeptidicas, com a
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formag¢ao de hemoglobinas variantes, sendo exemplos mais comuns o das hemoglobinas S, C
e E. As hemoglobinopatias de sintese ou as talassemias resultam de mutagdes nos genes da
globina que levam a diminui¢do ou auséncia na producdo de uma ou mais cadeias
polipeptidicas (MODELL e DARLISON, 2008). Nesse segundo grupo estdo incluidos os
individuos com persisténcia hereditdria de hemoglobina fetal (PHHF) (LEE et al., 1992;
BUNN, 1994; BUNN, 1997; WEATHERALL e PROVAN, 2000).

1.2. AHEMOGLOBINA S E A DOENCA FALCIFORME

A HbS ¢ resultante da mutagdo de ponto GAG > GTG, que ocorre no sexto codon do
gene da globina beta (HBB), resultando na substituicdo de um acido glutamico por valina na
posicdo 6 da extremidade N-terminal da cadeia beta () globinica (STEINBERG et al.,1995).
A HbS apresenta as mesmas funcdes da Hb normal, exceto quando a Hb estd no estado
desoxigenado; nesta condicdo a mutagdo que caracteriza a HbS leva a exposicdo de uma
superficie hidrofobica em torno da valina que produz interagdes entre as cadeias cadeias Bl e
B2 de moléculas da HbS desoxigenadas, resultando em um nucleo polimérico e, em seguida,
um feixe de polimero longo (GLADWIN E SACHDEYV, 2012). O polimero de HbS preenche
o eritrdcito, alterando sua estrutura e flexibilidade, promovendo a desidratacdo e o aumento
do estresse fisico e oxidativo (STEINBERG, 2009). A taxa e a extensdo da polimerizagao da
HbS sao proporcionais a extensdo e a duragdo da desoxigenacdo da Hb, a concentracdo de
HbS intracelular, e a concentracdo da hemoglobina fetal (HbF) nos eritrécitos, o que reduz de
forma eficaz a concentracao de HbS.

A DF ¢ caracterizada pela presenga da hemoglobina S (HbS) associada a outras
hemoglobinas variantes (C e D, por exemplo), como na doenga SC (HbSC), ou a
hemoglobinopatias de sintese, como a talassemia beta. A DF possui prevaléncia mundial
elevada o que leva produz impactos sociais e econdmicos importantes, influenciando no
aumento das taxas de abandono escolar, dos custos com internagdes e da incapacidade laboral
dos pacientes (WHO, 2012). A anemia falciforme (AF) ¢ a forma mais grave da doenca, na
qual o alelo beta S (B%) encontra-se em homozigose, caracterizando o gendtipo HbSS. A
presenca simutanea do alelo normal beta A (B*) da Hb do adulto (HbA) e do alelo f°
caracteriza os individuos heterozigotos (HbAS), que sdo portadores assintomaticos da HbS
(BUNN et al., 1986; STEINBERG, 2001). A gravidade da doenca esta associada a taxa e a
propagacao da polimerizagdo da HbS, que se relacionam a presenca concomitante de fatores

genéticos que modulam os niveis intracelulares de HbS ou a concentragao de HbF, tais como
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os efeitos protetores da alfa (ao)-talassemia ou associacdo com a persisténcia hereditaria de
HbF (REES et al.; 2010). Assim, ocorre alteragdo da forma e diminuicao da flexibilidade da
hemacia, com consequente comprometimento da fluidez e das propriedades reoldgicas do

sangue (KAUL e HEBBEL, 2000).

1.3. EPIDEMIOLOGIA DA DOENCA FALCIFORME

A HbS ¢ distribuida mundialmente, com frequéncia elevada na Africa, principalmente
nas regides Centro-Ocidental, Atlantico-Ocidental e Sul. O alelo p° apresenta frequéncia entre
0,12 a 0,14 no Congo e Zaire ¢ 0,08 a 0,10 no Senegal. A HbS também ¢ encontrada em
paises do Mediterraneo, incluindo a Itdlia e Grécia, bem como na Arabia Saudita, Kuait e
india. Nos Estados Unidos da América e América Latina, aproximadamente 8% da populagio
negra ¢ portadora da HbS. A DF afeta aproximadamente 1/500 afro-americanos e 1/1200
hispano-americanos e estima-se que 72.000 americanos tém DF (WANG e LUKENS, 1998;
REES, 2010) (Figura 1).
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Figura 1. Distribuicio mundial do alelo BS. Os numeros indicam as estimativas para o nimero anual total de
individuos HbSS, HbSC e HbS/B-talassemia por regido, segundo dados da OMS (adaptado de REES et al., 2010).
O Brasil apresenta distribuicio heterogénea do alelo B° entre os diferentes estados,
com variacao da prevaléncia de acordo com o grupo populacional estudado (Figura 2). O
estado da Bahia apresenta a frequéncia brasileira mais elevada para a HbS, tendo sido
encontrados 9,8% para os individuos HbAS e a prevaléncia de 0,9% para os heterozigotos
duplos SC (HbSC) e 0,2% para a AF, em recém-nascidos de Salvador-Bahia (ADORNO et
al., 2005). A Associagdo de Pais e Amigos dos Excepcionais (APAE) descreveu as

frequéncias de 9,5 e 11,4% para individuos HbAS em estudo realizado na regido do
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Reconcavo Baiano (SILVA et al., 2006). Dados da triagem neonatal entre os anos de 2007 e
2009 relatam a razdo de uma crianga com DF para cada 565 nascidos vivos no estado da

Bahia (AMORIM et al., 2010) (Figura 2).
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0,09% de AS em doadores de sangue (LISOT &
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Figura 2. Distribuicdo da HbS no Brasil. Distribui¢ido do alelo BS em algumas regides brasileiras conforme
dados de estudos realizados no pais entre 1980 e 2010 (adaptado de AZEDEDO et al, 1980; ADORNO et al,
2005; SILVA et al, 2006 e AMORIM et al, 2010)

1.4. MANIFESTACOES CLINICAS DA DOENCA FALCIFORME

Os individuos com DF apresentam quadro clinico heterogéneo, com grande
variabilidade na gravidade das manifestagdes clinicas, sendo estas, influenciadas pela idade,
género, caracteristicas genéticas, fatores ambientais e socioecondmicos (LYRA et al., 2005;
BRASIL, 2008). Entre as manifestacdes clinicas mais comuns na DF podemos destacar os
eventos de vaso-oclusivos (VOE) e dolorosos, o acidente vascular cerebral (AVC), a
sindrome toracica aguda (STA), o priaprismo, a hipertensdo pulmonar (HP), a retinopatia, a
anemia hemolitica, o sequestro esplénico (SE), a osteonecrose, a litiase biliar, as infecgdes e
as ulceras maleolares, dentre outras (KATO et al., 2007; SONATI, 2008, STEINBERG, 2009;
SARAF et al., 2014). As criancas com DF podem apresentar eventos graves desde os
primeiros anos de vida, sendo que as manifestagdes que levam ao nimero maior de
internagdes até os 10 anos sao os VOE e dolorosos, as infecgdes, SE, STA e AVC (POWARS
et al., 2005).
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Os fendmenos vaso-oclusivos e dolorosos constituem os principais eventos clinicos da
DF, sendo decorrentes da oclusdo microvascular, secundéria a fatores multiplos associados a
participacdo de diversos tipos celulares, como reticulocitos, leucdcitos, plaquetas e hemacias
falcizadas. A taxa de polimerizacdo da HbS tem sido destacada como fator principal
associado a adesdo e desidratacdo dos eritrécitos e, consequentemente, ao desenvolvimento de
VOE (KAUL et al., 1989; KAUL e HEBBEL, 2000; TURHAN et al., 2002; Looney e
Matthay, 2009).

A oclusao microvascular pode levar a necrose tecidual e a agdo de mediadores
inflamatorios desencadeando uma resposta dolorosa. Os VOE sdo frequentemente associados
a episodios febris e podem estar ou ndo relacionados aos processos infecciosos (PLATT et
al.,1994; BALLAS, 2002; HOPPE, 2014). As infec¢des sdo as principais causas de 6bito
entre os pacientes com DF e podem ocorrer de forma recorrente e acredita-se que estdo
associadas a alteracdes no sistema imunoldgico e a asplenia funcional. Dentre as infecgdes
mais comuns estdo aquelas causadas por microorganismos encapsulados, como o
Streptococcus pneumoniae (METHA et al., 2006).

A oclusdo microvascular relaciona-se a episddios dolorosos e a alteragdes na
microcirculagdo cerebral. O AVC observado nos individuos com DF e, frequentemente, em
criancas com AF, muitas vezes acontece de forma silenciosa e resulta de um
comprometimento vascular das grandes artérias do poligono de Willis levando a infartos e ao
comprometimento da perfusdo vascular ou, eventualmente, embolia arterial (MESCHIA E
PANKRATZ, 2005; ADAMS, 2007). O AVC ¢ uma das complicagdes mais graves da DF,
sendo o isquémico mais comum que o hemorragico; este ultimo equivale a cerca de 5% dos
casos ¢ ¢ mais frequente em adultos, apresentando morbimortalidade elevada, como
consequéncia de ruptura de pequenos vasos, a partir de neoformagdes vasculares ou de
aneurismas (STROUSE et al., 2011). O Estudo Cooperativo da DF (CSSCD), o maior estudo
longitudinal e observacional dos Estados Unidos da América sobre complica¢des da DF,
relatou a prevaléncia global de AVC de 3,75% em individuos com DF, sendo que em
pacientes com AF na faixa etaria menor que 20 anos de idade, a prevaléncia de AVC foi de
11%. A incidéncia maior de AVC (1,02 por 100 pessoas/ano) foi encontrada em criangas com
AF entre 2 e 5 anos de idade (OHENE-FREMPONG et al., 1998).

As sequelas do AVC comprometem as atividades socio-econdmicas dos individuos
com DF e tém reflexo na estrutura familiar (BRASIL, 2008). Atualmente, métodos de
diagnostico precoce das alteragdes vasculares cerebrais t€ém sido usados para monitoramento

de individuos com DF. O doppler transcraniano (DTC), por exemplo, permite o
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monitoramento dindmico da velocidade do fluxo sanguineo cerebral e pulsatilidade vascular
com uma resolugdo temporal elevada (ADAMS, 2005). O DTC vem se tornando cada vez
mais acessivel, reprodutivel e a sua portabilidade oferece conveniéncia maior em relagdo a
outros métodos de imagem. As limitacdes do DTC estdo relacionadas a experiéncia do
operador ¢ ao fato de 10 a 20% dos pacientes terem janelas acusticas transtemporais
inadequadas (ADAMS, 2005; NAQVI et al., 2013).

A STA ¢ uma complicagdo frequente na DF, associada usualmente a febre, dor
toracica e/ou tosse, que ocorre em pacientes com as formas mais graves da doencga; tem
relacdo com a oclusdo vascular ou infeccdo, embora outras etiologias estejam envolvidas
(STEINBERG et al., 2001). A infecgdo predomina em pacientes pediatricos € a obstrugdo
vascular nos adultos, embora possam ocorrer de forma simultanea e concorrente (GASTON et
al., 1986; VICHINSKY et al., 2000; STEINBERG, 2009).

A HP ¢ uma complicacdo reconhecida na DF (GLADWIN, et al., 2004), sendo uma
condicdo grave, com taxa de mortalidade elevada (CASTRO et al., 2003). A patogénese da
HP na DF tem relacdo com a hemdlise recorrente e redugao sist€émica do 6xido nitrico (NO)
pela acdo da Hb plasmatica livre e disfungdo endotelial, resultando em hiperplasia da intima
vascular pulmonar, hipoxemia cronica, ativacdo plaquetaria excessiva e asplenia (WUN et al.,
1998; VILLAGRA et al., 2007). Varios fatores vém sendo associados a presenca de HP em
pacientes com DF, entre eles destacam-se a endotelina-1 (ET-1), um aminoacido endégeno,
produzido pelas células endoteliais pulmonares e sist€émicas, que apresenta acao
vasoconstrictora potente e de longa duragao (HICKEY et al., 1985; YANAGISAWA et al,
1998). A ET-1 participa de varios processos fisiologicos relacionados aos sistemas nervoso,
renal, cardiovascular, respiratorio, gastrointestinal e endocrino (MASAKI, 1998; ARCHER,
2000; KEDZIERSKI E YANAGISAWA, 2001). Além disso, a ET-1 tem sido relacionada a
diversas complicagdes clinicas da DF, incluindo altera¢des cardiacas e hipertensao pulmonar
(MINNITTI et al., 2009; GLADWIN E SACHDEV, 2012).

A redugdo da capacidade fisica em individuos adultos e pediatricos com DF esta
associada a gravidade da anemia. Neste caso, os exames cardiacos estdo geralmente alterados,
sendo que pode se observar alteragdes como hiperatividade, sopro sistdlico, bem como o
encontro frequente de contragdo prematura (COVITZ et al., 1995). O eletrocardiograma de
individuos com DF, em geral ndo apresenta anormalidades especificas e mostra sinais de
hipertrofia ventricular (STEINBERG, 2001). As alteragdes cardiacas na DF estdo associadas a

concentracdo diminuida de Hb e a alteracdes das fungdes sistolica e diastolica (COVITZ et
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al., 1995; GLADWIN E SACHDEV, 2012), ndo sendo comum a ocorréncia de colapso
cardiovascular devido a distensibilidade hepatica limitada (TAYLOR et al., 2004).

O SE se caracteriza pelo aumento stubito do baco, diminuicao da Hb, reticulocitose,
palidez e plaquetopenia (varidvel), podendo ocorrer insuficiéncia cardiaca e choque
hipovolémico (STEINBERG et al., 2001). O SE esta relacionado ao aumento da mortalidade
em criancas com DF nos primeiros cinco anos de vida; entretanto, pode atingir individuos em
qualquer faixa etdria, com gendtipo HbSC e Hb S/B-talassemia (HbS/B-tal), devido a
persisténcia da esplenomegalia (TAYLOR et al., 2004). O SE deve ser reconhecido e tratado
rapidamente, sendo responsavel por 13% dos Obitos ocorridos entre os pacientes com DF
menores de 20 anos (STEINBERG et al., 2001; POWARS et al., 2005).

Outra manifestagdo clinica importante na DF ¢ o priapismo, caracterizado pela
diminui¢do acentuada do fluxo sanguineo e o empilhamento de hemacias falcizadas no corpo
cavernoso, sendo uma manifestacao clinica que pode ocorrer de forma rapida ou prolongada
nesses pacientes (STEINBERG et al., 2001). Nos casos de eventos prolongados, além da
hidratacdo e da analgesia, pode ser necessaria a intervencao cirurgica (STUART e NAGEL,
2004). Alguns estudos sugerem que a origem desse fendmeno pode estar relacionada a
mecanismos moleculares complexos que envolvem, por exemplo, a participacdo da guanilato
ciclase e de uma fosfodiesterase do tipo SA (BURNETT, 2003; CHAMPION et al., 2005).

Os pacientes com DF podem também desenvolver colelitiase, que ¢ uma consequéncia
do metabolismo acelerado de bilirrubina, tipicamente observada nas anemias hemoliticas. A
litiase biliar pode ser observada na primeira década de vida, sendo que a maioria dos adultos ¢
afetada e o método diagnostico preferencial € a ultrassonografia (STEINBERG, 2001).

Os individuos com AF podem desenvolver ulceras de pernas, que sdo decorrentes de
lesdes traumaticas, que levam um periodo longo para cicatrizagdo (SERJEANT et al., 2005).
As condi¢des clinicas, como ulcera de perna e retinopatia tém sido associadas ao risco

elevado de lesdes a 6rgdos e Obito precoce nesses pacientes (POWARS et al., 2005).

1.5. FISIOPATOLOGIA DA DOENCA FALCIFORME

Em grande parte, a morbimortalidade na DF decorre de complicagdes associadas aos
VOEs, a isquemia, les@o por reperfusdo e infarto em diversos orgdos e tecidos (STEINBERG,
2006, CHARNESKI E CONGDON, 2010). Dessa forma, os eventos basicos relacionados as
manifestagdes clinicas da DF sdo a VO, a hemolise e a inflamagao, que se manisfestam de
forma aguda e cronica; esses eventos nao estao totalmente elucidados, mas acredita-se que

sejam resultado da interagdo celular complexa e dindmica com participag¢do de reticulocitos,
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hemaécias falcizadas, hemdacias normais, células endoteliais, leucocitos, plaquetas, além da

producgdo exacerbada de radicais livres e citocinas (LEE et al., 20006).

1.5.1. Hemolise

A lise dos eritrécitos no compartimento vascular libera Hb para o plasma, que forma
dimeros que se ligam rapidamente a haptoglobina (Hp). O complexo haptoglobina-
hemoglobina (Hp-Hb) expde um epitopo que ¢ reconhecido com afinidade elevada pelo
CD163, presente na superficie de monocitos/macrofagos, levando a endocitose do complexo
Hp-Hb e a sua degradacao (NAGEL E GIBSON, 1971; KRISTIANSEN et al., 2001). Uma
vez que a haptoglobina ndo ¢ reciclada, a formagdo de quantidades grandes do complexo Hp-
Hb conduz a deplegdo rapida da referida proteina; assim, nas doengas hemoliticas graves,
como DF, a Hp plasmatica geralmente ¢ indetectavel (TABBARA, 1992).

O metabolismo do heme, por sua vez, consiste na oxidagdo do heme ferroso (Fe 2"), o
componente de ligagio da Hb ao oxigénio, ao heme férrico (Fe 3"), que se liga, com afinidade
elevada a uma glicoproteina plasmatica, a hemopexina (Hpx) (RYTER et al., 2002). O heme
ligado a Hpx ¢ degradado em uma série de passos enzimaticos no figado. A hemeoxigenase 1
(HO-1), posteriormente, degrada o heme livre, que apresenta caracteristicas pro-oxidantes e
pré-inflamatorias, produzindo o mondxido de carbono (CO), biliverdina e ferro (Fe) (RYTER
et al., 2002; JISON et al., 2004). O CO tem propriedades antioxidantes, vasodilatadora,
antiproliferativa, anti-inflamatorias, enquanto que a biliverdina ¢ um antioxidante que ¢
convertido pela biliverdina redutase em bilirrubina (BARANANO et al, 2002). As
substancias oxidantes derivadas do ferro hémico sdo diretamente capturadas e inativadas pela
ferritina (SEARS, 1970; ROLTHER et al., 2005). Além disso, a ligacdo do CDI163 ao
complexo Hp-Hb tem agdo anti-inflamatoria pela indugao da producao de IL-10 e HO-1 pelos
mondcitos circulantes (PHILIPPIDIS et al., 2004). Assim, as acdes antioxidantes,
anticoagulantes, antiproliferativas e os efeitos vasodilatadores do sistema CD163/HO-
1/biliverdina redutase sdo mecanismos compensatorios a reducdo dos niveis de NO e aos
efeitos vasoconstritores, proliferativos, inflamatorios e pro-oxidantes promovidos pelo
aumento plasmatico de Hb, heme e ferro hémico (SEDLAK E SNYDER, 2004; ROLTHER et
al., 2005).

A hemolise, assim como a VO, é um dos eventos primarios mais importantes na
patogénese da DF (ODIEVRE et al., 2011; REES E GIBSON, 2011). As altera¢des na

permeabilidade a cations e na organizacao de proteinas da membrana eritrocitaria, levam a
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reducdo da flexibilidade e maleabilidade dos eritrdcitos, além da desidratacdo e a baixa tensao
de oxigénio desencadeando a polimeriza¢do da HbS e a hemolise (STEINBERG, 2001).

O aumento da desidratagdo ¢ uma das consequéncias mais relevante de lesdo da
membrana dos eritrocitos ricos em HbS. As contribui¢des mais importantes para esse
processo sdo dos cotransportadores de potéassio (K")/cloreto (CI) e calcio (Ca™")-ativado e o
efluxo de K" (Lew et al., 1991). As taxas de cotransporte de K'/Cl sdo muito mais elevadas
nos eritrocitos dos individuos com AF quando comparadas aqueles normais (HbAA). O
cotransporte de K'/CI” ¢ induzido pela presenga de edema celular e também por acidificagio
(BRUGNARA et al., 1985; CANESSA et al., 1986; LEW et al., 1991). Dessa forma, o
cotransporte desses ions parece ter papel importante na desidratagdo elevada ndo sé dos
eritrocitos SS, mas também daqueles SC, resultando em uma caracteristica morfoldgica
comum na DF, que ¢ a presenga de heméacias em forma de alvo (BRUGNARA et al., 1985;
CANESSA et al,, 1986). Os eritrocitos SS tém quantidades aumentadas de calcio,
compartimentada em vesiculas intracelulares, mesmo com concentragdes normais de Ca'' no
citosol. Quando a membrana celular ¢ alterada pela falcizacdo, no entanto, ha o aumento
transitorio na concentragio citosélica de Ca’™", sendo este aumento suficiente para provocar
alteracio no canal de Ca’" -dependente de K', contribuindo com uma segunda via para a
perda de K e de 4gua induzidas pela falcizacio, além da desidratagio eritrocitaria (Lew et al.,
1985; BUNN, 1997).

A lesdo endotelial e a hemdlise, por sua vez, contribuem para manutengdo do dano
vascular cronico decorrente do aumento nos niveis de citocinas inflamatorias, da mobilizacao
de células mononucleares e dos niveis patoldgicos da adesdo de monodcitos ao endotélio
vascular (SWITZER et al, 2006; CONRAN et al, 2007). Em geral, estas condi¢des
inflamatodrias exacerbadas, bem como as interagdes entre células mononucleares e endoteliais,
podem contribuir para o espessamento da camada intima e estreitamento do limen vascular.
Essas sdo condi¢des observadas na HP e no AVC em criangas com DF, que representam de
20-30% das mortes relacionadas a DF em pacientes adultos (VERDUZCO et al, 2009;
MAITRE et al., 2011) (Figura 3).

A lise das hemacias falcizadas ocasiona uma série de alteragdes bioquimicas que sao
percebidas, laboratorialmente, pelo aumento das bilirrubinas (principalmente a indireta),
diminui¢do da Hp e aumento dos niveis da lactato desidrogenase latica (LDH), enzima que
participa do processo metabdlico de produgdo de energia e que ¢ encontrada em grandes

quantidades nos eritrocitos (REES et al., 2010; REES E GIBSON, 2011).
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Figura 3. Hemolise intravascular. Durante a hemolise intravascular, a hemoglobina ¢é liberada no plasma,
de onde é normalmente retirada pela haptoglobina, CD163 e hemopexina. Os complexos de haptoglobina -
hemoglobina ligam-se a CD163, na superficie de macréfagos/mondcitos, iniciando a endocitose e a
degradag@o dos mesmos. Durante o processo de oxidagao da hemoglobina ha também a liberagdo do heme
férrico, que se liga a hemopexina e ¢ degradado pelos hepatocitos. A hemolise excessiva satura ¢ esgota
esses sistemas de remocdo de hemoglobina e leva a um acumulo da hemoglobina e do heme no plasma. A
hemoglobina plasmatica ¢ o heme medeiam os efeitos pro-inflamatoério, proliferativo e pré-oxidantes nas
células do endotélio vascular. O 6xido nitrico (NO) ¢ normalmente produzido a partir da L-arginina nas
células endoteliais do vaso pela acdo da enzima 6xido nitrico sintase (NOS). O NO mantém o relaxamento
da musculatura lisa e inibe a ativagdo e agregagdo plaquetarias, regulando assim o tonus vascular e
promovendo a homeostase sistémica. Durante a hemolise intravascular, a disponibilidade do NO pode ser
severamente limitada pela reacdo com oxihemoglobina e pela degradacdo da L-arginina, pela arginase
eritrocitaria, apesar dos niveis elevados de NOS (diminuigdo da sintese de NO). A deple¢do do NO resulta
na diminui¢do da ativacdo da guanilato ciclase, uma enzima necessaria para a geracdo de guanina
monofosfato ciclico (cGMP). A reducdo nos niveis de ¢cGMP desrregula o tonus da musculatura lisa
resultando em distonias, incluindo hipertensdo arterial sistémica e pulmonar, disfungdo erétil, disfagia e dor
abdominal. A diminuigdo dos niveis de cGMP através da deple¢ao de NO também pode conduzir a ativagao
e agregacdo das plaquetas, promovendo a formagdo de coagulos. GTP indica trifosfato de guanosina.
Adapatado de ROLTHER et al., 2005.
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1.5.2. Inflamac¢ao

A DF ¢ caracterizada pela presenca de inflamacdo aguda e cronica associadas a
ocorréncia de infecgdes recorrentes, a leucocitose, a ativacao leucocitaria e endotelial, sendo
estes eventos relacionados a VO (JANEWAY, 2001; HOPPE, 2014). Os aspectos
imunoldgicos da DF tém sido cada vez mais estudados, sendo que alguns autores descrevem
niveis elevados de citocinas Th2, como as interleucinas (IL) 4, 6 ¢ 10 (IL-4, IL-6 ¢ IL-10) e de
citocinas pro-inflamatérias, como a IL-8 e o Fator de Necrose Tumoral alfa (TNF-a) no
plasma de individuos com AF em estado estdvel, alteragdes que estdo associadas ao aumento
na expressao ou que promovem a ativacdo de moléculas de adesdo em leucdcitos, plaquetas e
no endotélio vascular desses individuos (MALAVE, et al., 1993; TAYLOR et al., 1997).

Nas fases iniciais de uma infeccdo ocorre a diferenciagdo das células T em duas
principais classes efetoras CD4+, as células Thl (quando estimuladas por IL-12 e interferon
gama (INF-y)) ou Th2 (estimuladas pela producgdo de IL-4 e de IL-6). Nesse contexto, hd uma
indugdo a citotoxicidade e a resposta inflamatdria via producao de citocinas Thl, como a IL-
12, IL-2, o IFN-y e o TNF-q; a resposta Th2, por sua vez, conta com a participacao da IL-4,
IL-5, IL-6 e IL-10, que sdo importantes na formagdo de anticorpos. As células Thl e Th2
desempenham papéis distintos em vdarias condigdes fisiologicas ou patoldgicas. Essas
respostas sdo também antagOnicas, uma vez que o IFN-y modula negativamente a resposta
Th2, e as IL-4 e IL-10 modulam negativamente a resposta Thl, o que permite a homeostasia
do sistema imune e a resposta imunoldgica balanceada (JANEWAY, 2001; FRENETTE,
2004; MACHADO, et al. 2004).

As células fagociticas desempenham papel importante na imunidade inata e adquirida,
pela capacidade de reconhecimento, fagocitose e promocao da resposta imune pela producao
de mediadores inflamatorios e liberacio de ROS (MEDZHITOV e JANEWAY, 2000). No
que se refere a AF, alguns autores descrevem niveis plasmaticos elevados de citocinas Th2 e
de citocinas pro-inflamatorias, como a IL-8 e TNF-a, em estado estavel, sendo que,
possivelmente, essas alteragdes estdo associadas ao aumento na expressao ou promovem a
ativacdo de moléculas de adesdao em leucocitos, plaquetas e no endotélio vascular desses
individuos (MALAVE et al., 1993; TAYLOR et al., 1997; CAJADO et al., 2011).

O processo inflamatério ¢ modulado por diversos tipos de moléculas, tais como
aminas vasoativas, eicosanodides derivados de lipidios, citocinas e quimiocinas. Mediadores
lipidicos endogenos tém sido descritos como importantes nesse processo por apresentarem
efeito imunomodulador. Nesse grupo se destacam os leucotrienos B (LTBs), que sao

moléculas resultantes da acdo das lipoxigenases; o LTB4 por exemplo, foi associado ao
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aumento da produgdo de citocinas pro-inflamatorias e de NO (PETERS-GOLDEN et al.,
2005). Outro grupo de mediadores lipidicos em destaque sdo as prostaglandinas (PGs), cuja
producdo se inicia com a liberagao de acido araquidonico (AA) a partir de fosfolipidos da
membrana celular sob a agdo da fosfolipase A2, em resposta a estimulos inflamatorios. O AA
¢ convertido em prostaglandina (PG) H; pela acdo das ciclooxigenases 1 e 2 (COX-1 e COX-
2). A prostaglandina E, (PGE,), por sua vez, apresenta agdes em diversos tipos celulares, de
acordo com ligagdes a receptores especificos nessas células; dessa forma, a PGE, desempenha
papel importante, como a inibi¢do da producdo de citocinas pro-inflamatérias, como IFN-y,
TNF-0, IL-12, e IL-1B e a produgdo de citocinas de perfil Th2, como IL-10 e IL-4 (HARRIS
et al., 2002). Estudos prévios tém associado a intera¢do anormal de hemécias falcizadas com o
endotélio hiperestimulado ao aumento nos niveis dos eicosandides, sugerindo um possivel
aumento na sintese dos mesmos (IBE et al., 1997; HARRIS et al., 2002).

O fator beta transformador do crescimento (TGF-B) faz parte de uma familia de
proteinas com propriedades diveras e alguns de seus receptores sao amplamente distribuidos
pelos tecidos do organismo vivo. As agdes do TGF-3 estdo relacionadas ao desenvolvimento
e diferenciacdo tecidual, além da regulacdo de células do sistem imune (MILLS et al., 2000).
A deficiéncia de TGF-, em modelos animais, relaciona-se a um processo inflamatério grave
que atinge diversos orgdos, sendo associada a agdo de citocinas e de linfocitos T (GORELIK
E FLAVELL, 2002). Keikhaei e cols. (2013) relataram que pacientes com DF em VO
apresentaram niveis médios aumentados de todas as citocinas quando comparados a
individuos em estado estavel, mas com significancia estatistica apenas para a IL-8. Por outro
lado, os niveis de TGF- e IL-17 foram mais elevados nos pacientes em estado estavel que
nos controles normais. Vilas-Boas ¢ cols. (2010), em estudo realizado com individuos com
AF, relataram a associacao direta entre os niveis de TGF-f3 e arginase, sugerindo que o TGF-f3

pode ter papel importante na ativacao vascular (Figura 4).
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Figura 4. A resposta inflamatoéria aguda e o papel dos mediadores lipidicos na sua resoluciio ou falha.
A resposta aguda tem inicio com alteragdes no fluxo sanguineo, estimuladas por PGE, e PGI,, e LTB,, os
quais sao produzidos a partir do 4cido araquidonico e estimulam o recrutamento de polimorfonucleares
(PMN). O excesso de prostaglandinas e leucotrienos contribuem para a inflamag¢do cronica. A
ciclooxigenase (COX) desencadeia a produgdo de PGD,, via sintase PGD, humana (hPGD,s), ativa seu
receptor DP1 que estimula a IL-10, citocina anti-inflamatdria, que bloqueia a instalagdo da inflamagdo
cronica. PGD, pode ser convertida em PGJ, e 15-dPGJ, e produtos que ativam PPAR-g que leva a
resolucdo da inflamagdo. A mudanga de classe do mediador lipidico é a chave temporal, em exsudatos
inflamatorios, que ativa a produgdo de lipoxina (LXA). A LXA, regula a MCP-1, recrutamento de
monocitos e interrompe o influxo de PMN estimulado por LTB,. Lipoxinas e resolvinas limitam ainda mais
influxo PMN para o local e estimulam a fagocitose e a depuragdo de restos celulares pelos macrofagos.
Resolvinas, protetinas, lipoxinas e maresinas (SPM) estimulam e melhoraram a fagocitose, promovendo a
resolugdo do processo. A perda de qualquer um dos receptores celulares ou de mediadores quimicos pode,
em teoria, conduzir a falha de resolucdo que e ocasionar uma inflamagao persistente, cronica, associada a
diversas doengas (Adaptado de Buckley et al., 2014).

1.5.3. Lesao Endotelial

O endotélio vascular dos individuos com DF apresenta-se frequentemente estimulado
pela agdo de citocinas pro-inflamatorias, pela sobrecarga de ferro, pelo aumento das ROS e da

adesividade celular através da expressdo de moléculas de adesdo como a molécula de adesao
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intercelular-1 (ICAM-1) e a molécula de adesdo celular vascular-1 (VCAM-1). Além disso, a
ativacdo plaquetaria e de fatores da cascata de coagulacdo contribuem para a ocorréncia do
fendmeno vaso-oclusivo na DF (OKPALA, 2004; MORRIS, 2008).

A homeostase vascular ¢ regulada por diversas substancias dentre as quais se destaca o
oxido nitrico (NO), um potente vasodilatado produzido no endotélio a partir da L-arginina,
substrato obrigatdrio, que ¢ convertida em citrulina por uma familia de enzimas, as sintases do
NO (NOS) (MORRIS et al, 2005). O NO tem propriedades que podem afetar todos os
aspectos da DF, desde a redugdo da ativagdo plaquetaria e expressao de receptores de adesdo
ao endotélio vascular até a diminuicao da proliferacdo de musculo liso vascular, o que limita a
lesdo de isquemia-reperfusdao, modula a proliferacdo endotelial e regula a inflamagao
(ROTHER et al., 2005; DURANTE et al., 2007). A redugdo dos niveis de NO tem um papel
crucial na disfun¢do endotelial, e, por conseguinte, o desequilibrio no metabolismo do NO ¢
um processo comum entre os diversos mecanismos da vasculopatia falciforme (MORRIS et
al., 2000). A DF ¢ caracterizada por um estado de resisténcia, inativacao e biodisponibilidade
baixa do NO, embora a expressdo e a atividade da oxido nitrico sintase (NOs) esteja
aumentada na referida patologia. Individuos adultos com DF em estado estavel da doenca
apresentam deficiéncia de arginina; ja as criangas com DF tém niveis plasmaticos
comparaveis aos controles saudaveis (ENWONWU, 1989; MORRIS et al., 2000). Logo,
acredita-se que a deficiéncia de arginina esta relacionada a idade do individuo e ¢ influenciada
por eventos agudos. As concentragdes séricas de arginina diminuem, em adultos e criangas,
durante os VOE ¢ a STA, e estio associadas a reducao dos niveis de metabolitos do NO. Em
ultima andlise, a biodisponibilidade baixa da arginina esta associada a mortalidade precoce em
adultos com DF, principalmente em condigdes de hemolise elevada, inflamacdo e/ou estresse
oxidativo (MORRIS et al., 2005).

Conhecimentos novos a cerca da disfuncao endotelial na DF vém sendo atribuidos a
hemolise e a interferéncia desse fendmeno em diversas etapas da via arginina-NO
(GLADWIN el al., 2004; ROTHER et al., 2005). Em condi¢des normais, a Hb é encontrada
no interior dos eritrocitos; entretanto, durante a hemolise, a mesma ¢ descompartimentalizada
e liberada no plasma, onde reage e destroi, de forma rapida, o NO. Esse processo resulta em
consumo anormalmente elevado de NO e a formag@o de ROS e, em tultima andlise, a inibi¢ao
da vasodilatacdo (MORRIS et al., 2007; TAYLOR et al., 2008). A redugdo do NO pela acao
da Hb livre relaciona-se a uma hiperestimulagcdo do endotélio vascular, através da ativagao da
transcricdo de moléculas de adesdo, incluindo a VCAM-1 ¢ a E-selectina, ¢ vasoconstritores

potentes, tais como a endotelina. A liberagdo simultdnea da arginase eritrocitaria durante a
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hemolise vai limitar a disponibilidade de arginina para a NOs, contribuindo para uma
deficiéncia de NO (DURANTE et al., 2007). A arginase também redireciona o metabolismo
de L-arginina a L-ornitina ¢ ha a formac¢ao de poliaminas e de L-prolina, que sdo essenciais
para o crescimento de células do musculo liso e para a sintese de colageno. Dessa maneira, a
indugdo da arginase também pode promover a remodelacdo aberrante do endotélio vascular e
a formacdo de neointima (FIELD et al., 2008). As complicagdes pulmonares na DF
comprometem a oxigenacdao e contribuem para a manutencdo da falcizagdo dos eritrocitos
(MORRIS et al., 2005). Através da criagdo de uma mudanga para o metabolismo ornitina, a
arginase desencadeia o processo que contribui para a vasculopatia proliferativa comumente
encontrada em desordens hemoliticas (ENWONWU, 1989; FIELD et al., 2008; GLADWIN ¢
VICHINSKY, 2008) (Figura 5).

O estresse oxidativo constitui outro mecanismo importante de vasculopatia associada a
hemolise, uma vez que nessas patologias, o eritrocito pode ser um dos principais
determinantes do ambiente redox. Os eritrocitos de pacientes com DF ou talassemia
apresentam aumento das concentragcdes de ROS em comparacdo com os eritrocitos normais
(HEBBEL et al., 1982; ASLAN ¢ FREEMAN, 2004). A superprodu¢dao de ROS, como
superoxido, promove o estresse oxidativo intravascular que também pode interferir na
homeostase do NO e produzir o peroxinitrito, um agente com potencial oxidante elevado. Na
DF, as alteragdes dos lipidios da membrana e a exposi¢ao anormal de fosfatidilserina (VER)
pelos eritrocitos sao consequéncia, em parte, do estresse oxidativo, que contribui para a morte
precoce das hemacias. A exposi¢ao da VER também induz a ligacao dos eritrdcitos as células
endoteliais, levando ao sequestro de células que expdem VER nos vasos sanguineos
periféricos (ASLAN e FREEMAN, 2004; MORRIS, 2008). Este processo pode contribuir
para a disfuncao vascular, hemolise e um estado pro-trombético (PRITCHARD et al., 2004;
NEIDLINGER et al., 2006). Em adigdo a este fato, as alteracdes no sistema da glutationa,
comum a essas afec¢des, podem tornar eritrocitos incapazes de suportae o aumento da carga
oxidante, que se tornam sensiveis a hemolise (REID et al., 2006). Dados recentes sugerem
que a deplecao da concentracdo de glutamina eritrocitaria e aberragdes no metabolismo da
glutationa dos eritrocitos estdo ligadas a gravidade da HP na DF e a biomarcadores de
hemolise (HSU et al., 2007). Dessa forma, a disfuncdo vascular na DF ¢é o resultado final da
interacdo entre os referidos fendmenos complexos e multifatoriais que se manifestam de

forma variada como fendtipos clinicos da doenga (MORRIS, 2008).
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Figura 5. Mecanismos hipotéticos de subfendtipos clinicos da doenca falciforme. Supde-se que muitas
das complicagdes clinicas presentes na DF podem ser divididas em dois subtipos que se superpdem, mas que
sdo, cada um, movidos por mecanismos distintos. As tlceras maleolares, priapismo, hipertensio pulmonar,
morte subita e acidente vascular encefalico estdo associados, em individuos em estado estavel da doenga, a
niveis reduzidos de hemoglobina (Hb) e ao aumento da taxa de hemdlise intravascular (lado esquerdo da
figura). Estas complicagdes vasculares, provavelmente, resultam da disfun¢do endotelial, mediada tanto pela
inativacdo de oxido nitrico (NO), devido ao aumento da Hb livre no plasma e de espécies reativas de
oxigénio, assim como o catabolismo da arginina (Arg) pela arginase plasmatica. Este processo de disfungdo
endotelial associada & hemolise também pode causar a ativagdo hemostatica e proliferacdo da intima e da
musculatura lisa. Tais complicagdes clinicas como as crises vaso-oclusivas e dolorosas, a sindrome toracica
aguda, a necrose avascular dssea, e retinopatia estdo associadas a contagem elevada de leucdcitos no estado
estavel e concentracdes elevadas de Hb. Estas complica¢des resultam da obstrugdo dos capilares e das
vénulas pds-capilares por eritrocitos contendo polimeros de HbS e por leucdcitos (mondcito, por exemplo),
como mostrado no lado direito da figura. ET-1: endotelina-1, NOS: 6xido nitrico sintetase, O2": superdxido,
VCAM: molécula de adesdo a célula vascular -1 e XO: xantina oxidase. Adapatado de GLADWIN e
VICHINSKY, 2008.

O endotélio vascular dos pacientes com DF estd susceptivel a agdo de produtos
provenientes da exposicdo a microrganismos, o aumento da expressao de moléculas de
superficie e seus receptores e a ativacdo de fatores transcricionais, como o fator nuclear
kappa B (NF-kB) (BLASIUS e BEUTLER, 2010; LEE E DING, 2013).

O NF-kB, por sua vez, regula o crescimento e a diferenciacao celular, além de ativar
os genes envolvidos no controle da inflamagao, do estresse oxidativo e da apoptose. De fato, o

aumento da ativacdo do NF-xB pode ser mediado tanto pela produgdo elevada de ROS, como
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ocorre na DF, como pelo o aumento da transcricdo de genes de citocinas pro-inflamatorias,
entre elas o TNF-a, IL-1, IL-2, IL-6 e IL-12 (WANG et al., 2002; KIM et al., 2010). A
estimulacdo dos mondcitos pelo lipopolissacarideo (LPS), por exemplo, ativa muitos RNAs
mensageiros e vias de transducdo de sinal, que por sua vez ativam fatores de transcri¢do,
incluindo aqueles da familia do NF-kB, responsaveis pela indu¢ao de genes que codificam
mediadores inflamatorios (O’CONNELL et al., 1998; KIM et al., 2010).

A agregacgdo, a ativacdo e adesdo plaquetarias e a trombose podem ser induzidas pela
ativacdo da coagulagdo e, normalmente, refreadas pela agdo do NO (JIN et al., 2005;
SCHAFER et al., 2004). A ativacao plaquetaria elevada tem sido destacada em pacientes com
DF (WESTWICK, et al., 1983; WUN et al., 1998), sendo relacionada a agao da Hb livre
sobre as plaquetas (ex vivo). Nos pacientes com DF que apresentam hemolise intensa e HP
observa-se a redu¢do do NO e o aumento estatisticamente significativo da ativagdo
plaquetaria (VILLAGRA et al., 2007), o que sugere a relacdo direta entre a reducao da
biodisponibilidade do NO e ativa¢ao das plaquetas em individuos com a referida patologia.
Villagra e cols. (2007) utilizaram um modelo com sildenafil, um medicamento que amplifica
a sinalizacdo da via do NO, e observaram a redu¢do da ativagdo plaquetaria, in vivo, em
pacientes com DF com HP (RUF, et al., 1997). Dessa forma, ¢ concebivel que a ativacao
plaquetaria desempenhe papel importante na progressdo da HP, podendo estar ligada a
liberagdo de fatores contidos nos granulos plaquetarios que podem contribuir para a ativacao e
a disfun¢do endotelial (RUF, et al., 1997). Outro fator importante ¢ a desregulagdo da
protease do fator de Von Willebrand (vVWF) em individuos com DF, que associada ao
aumento da liberacao da Hb livre, durante a hemolise, pode gerar multimeros de vWF de alto
peso molecular, contribuindo para as complicacdes vasculares (SCHNOG et al., 2006; ZHOU
et al., 2009). A ativagdo das plaquetas e de fatores de coagulacdo também contribuem para a
manutengdo dos diversos fenomenos envolvidos na patogénese da DF (STEINBERG E
RODGERS, 2001; EMBURY, 2004; OKPALA, 2004).

Kato e cols. (2009) associaram niveis elevados da enzima lactato desidrogenase
(LDH) a hemolise subclinica e a um estado generalizado de ativa¢do do endotélio vascular
como reflexo da elevacdo de moléculas de adesdao soluveis, em especial a VCAM-1; logo, o
aumento da LDH sérica apresenta relagdo direta com complicagdes graves, como a HP que
aumenta em mais de dez vezes o risco de mortalidade precoce em individuos com DF. A
inibicdo da ativagdo do endotélio vascular em camundongos transgénicos foi associada a
acoes dos glicocorticoides e da sulfasalazina; em parte, esse efeito se deve a eventos

multiplos, a saber: alteragdo na transcricdo do NF-kB, redugdo da ativacdo de células



31

endoteliais; reducdo da expressdo de E-selectina e de ICAM-1, além de ligantes como o

CD162 (AZIZ E WAKEFIELD, 1996; KAUL et al., 2004; BELCHER et al., 2005).

1.6. METALOPROTEINASES E SEUS INIBIDORES

As metaloproteinases de matriz (MMPs) sdo endopeptidases dependentes do zinco,
responsaveis pelo remodelamento tecidual em condicdes fisiologicas e patoldgicas, com
atuacao sobre os elementos da matriz extracelular (KHOKHA e/ al., 2013; SEIZER E MAY,
2013). As MMPs sao reguladas pelos inibidores teciduais das metaloproteinases (TIMP) e
estdo associadas com a degradacdo da matriz extracelular; no entanto, as MMPs também
atuam sobre as citocinas e quimiocinas e servem como reguladores de inflamagdo e
imunidade (REYNOLDS, 1996; PARKS et al., 2004; BOURBOULIA E STETLER-
STEVENSON, 2010).

A regulagdo da agdo das MMPs ¢ realizada por um grande nimero de inibidores
enddgenos que evitam a protedlise descontrolada. Dentre estes, os mais especificos sdo os
TIMPs, compostos por proteinas secretadas que se ligam as MMPs em niveis diferentes de
especificidades; o TIMP-1, por exemplo, possui afinidade elevada pela MMP-9, enquanto
que o TIMP-2 ¢ um inibidor mais eficaz da MMP-2 (KHOKHA et al., 2013). O TIMP-1 ¢ um
inibidor da atividade da MMP-9 e tem a capacidade de estimular o crescimento de varios tipos
celulares. No entanto, o TIMP-1 apresenta atividade diversa, dependente ou independente, da
sua capacidade inibitoria da MMP-9 (BERTAUX E HORNEBECK, 1993; GOMEZ et al.,
1997; LAMBERT et al., 2009; OULD-YAHOUI et al., 2009).

A presenca das MMPs, incluindo a MMP-9, também conhecida como gelatinase B,
varia de acordo com o tipo celuluar, sendo que a sua expressdo, secre¢do e ativacdo nas
células do sistema imunoldgico, sdo reguladas por citocinas e quimiocinas inflamatérias. A
MMP-9 ¢ encontrada nos granulos terciarios dos neutrofilos, granulos de gelatinase, sendo
liberada, imediatamente, apos a estimulagdo pela IL-8, TNF ou um agente quimioatratante

(MA et al., 2014).

1.7. 0O METABOLISMO LIPIDICO NA DOENCA FALCIFORME

A producdo de energia ¢ fundamental para a manuten¢do da homeostase organica e
nesse ambito se destacam moléculas de diversas vias metabdlicas, como a insulina, a glicose,
os lipidios e as lipoproteinas (DUONG et al., 2006). Cumpre ressaltar que existe uma relagao
estreita entre carboidratos, lipidios e a insulina, sendo a ultima um hormoénio peptidico

necessario para a homeostase da glicose, com papel importante na regulacdo do metabolismo
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lipidico (Diretrizes da Sociedade Brasileira de Diabetes, 2009). O estudo de Ahmed E
Goldstein (2008) descreveu a reducdo aguda dos niveis séricos de diferentes moléculas apos a
administracao, por via intravenosa, de insulina. Entre as moléculas, cujos niveis séricos foram
alterados, encontram-se a [CAM-1, proteina quimiotatica de monocitos-1 (MCP-1), fatores de
transcricdo pro-inflamatdrios, como o inibidor do ativador do plasminogénio-1 (PAI-1),
MMP-9, proteina C reativa (CRP), expressdo da oxido nitrico sintase induzivel (iNOs) e dos
niveis plasmaticos de nitrito e nitrato. Em adi¢cdo as fung¢des citadas, a acdo da insulina nas
plaquetas, macréfagos e fatores da coagulagdo resulta na manutengdo da integridade vascular,
em individuos saudaveis (AHMED E GOLDSTEIN, 2008).

O desequilibrio na produgdo, secrecdo ou agdo insulinica estd associado ao conjunto
de distirbios metabdlicos, como o Diabetes Melito (DM) e a Sindrome Metabdlica (SM).
Essas patologias tém como caracteristicas a hiperglicemia, o aumento do colesterol total e a
redu¢do da lipoproteina de alta densidade ligada ao colesterol (HDL-c). Estudos relatam que o
aumento nos niveis séricos de mediadores inflamatorios e de proteinas de fase aguda, tais
como fibrinogénio, CRP, PAI-1, IL-6 e da contagem de leucécitos, pode estar associado a
incidéncia de DM tipo 2 (SCHMIDT et al., 1999; BARZILAY et al., 2001; DUNCAN et al.,
2003).

A HDL ¢ uma lipoproteina aceptora no processo de transporte reverso do colesterol
dos tecidos periféricos ao figado, que ¢ eliminado pela via biliar (DUONG et al., 2006). Outra
fun¢do importante da HDL ¢ a atividade anti-aterogénica marcante, além de atuar inibindo a
quimiotaxia de mondcitos, a adesdo leucocitaria ao endotélio e a ativagao do complemento,
apresentando ainda fung¢des antiinflamatdrias, antioxidante, anticoagulante e pro-fibrinolitica.
A HDL exerce papel importante também no endotélio vascular, interferindo na interacdo entre
mondcitos € moléculas de adesdo expressas pelo endotélio, como a VCAM-1, ICAM-1 e
Selectina-E (NOFER et al., 2002).

As alteragdes no metabolismo de lipidios e carboidratos estdo relacionadas as
manifestagdes clinicas graves descritas em diversas patologias, incluindo a DF. A
hiperlipidemia e a hipertensdo, por exemplo, tém sido associadas ao aumento do estresse
oxidativo e ao dano a membrana do eritrocito nos individuos com DF (KUYPERS, 2007;
KUMAR et al., 2008). Taylor e cols. (1979) relacionaram a presenca da DF com niveis
diminuidos de colesterol tanto em homens quanto em mulheres. Os niveis elevados de lipidios
sdo associados ao aumento do estresse oxidativo e este aumento ¢ ainda maior nos individuos
com hemoglobinopatias; desta forma, sugere-se que nesses individuos ocorra o aumento do

dano a membrana do eritrocito (KUYPERS, 2007). Ainda tendo como base o estudo de
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lipidios na DF, Zorca e cols. (2010) correlacionaram a hipertrigliceridemia em individuos
com DF e marcadores de hemdlise intravascular, disfuncdo vascular e hipertensdo pulmonar.

Os processos referidos anteriormente fazem parte de um fendmeno sistémico,
complexo, dindmico e evolutivo associado a ativagdo endotelial e a adesdo de hemaécias
falcizadas e leucocitos ao endotélio vascular; a expressdo de moléculas de adesao (VCAM-1,
ICAM-1); a alteragdes na concentragdo de Hb total e hemoglobina fetal (HbF); ao aumento do
numero de leucocitos; a ativacdo de monocitos € a expressao de proteinas de fase aguda,
citocinas e quimiocinas, contribuindo para o estado inflamatério cronico e pro-oxidante que
pode ser agravado por alteragdes no metabolismo de lipidico (HEBBEL ¢ VERCELLOTI,
1997; WANG e LUKENS, 1998; OHENE-FREMPONG e STEINBERG, 2001; CANALLI et
al., 2004; CONRAN et al., 2004; STUART e NAGEL, 2004; KUTLAR, 2005; REDDING-
LALLINGER e KNOLL, 2006).

1.8. TRATAMENTO

As condutas clinicas e os tratamentos farmacologicos utilizados pelos individuos com
DF objetivam a reducdo dos eventos graves associados a doenca e a melhoria da qualidade de
vida dos pacientes. A busca por um tratamento seguro e eficaz para a DF passou pela
avaliagdo de moléculas com agdo promissora, incluindo agentes demetilantes, como a 5-
azacitidina, e acidos graxos de cadeia curta, como o butirato; entretanto, as limitacdes para o
uso dessas substancias sdo inimeras, desde a forma de administracdo a seguranga e eficacia
dos referidos agentes farmacologicos (LEY et al., 1983; ATWEH et al., 1999; Kaul et al.,
2004). Nesse contexto, a hidroxiuréia (HU), farmaco citotdxico e antimetabdlico associado ao
aumento de HbF, surgiu como agente terapéutico potencial (PLATT ef al., 1984). A HU
associa a facilidade de administracdo por via oral, com a toxicidade aceitavel, sendo que a
eficacia do tratamento pode ser avaliada pela dosagem da HbF e a contagem de leucdécitos;
além disso, o uso de HU tem sido associado a redugdo de eventos clinicos graves, como o0s
VOE (DAVIES e GILMORE, 2003), apesar dos mecanismos pelos quais a HU age, em
especial os relacionados ao aumento da concentragdo de HbF, ndo serem totalmente
conhecidos. Os efeitos citotoxicos € mecanismos mais complexos tém sido também
associados ao tratamento com a HU, entre eles pode-se citar a indugdo da expressdao do gene
gama da globina (HBG), a produgdo de NO, da guanilato ciclase soltivel e a ativagdo da via da
proteina cinase dependente-GMPc (IKUTA et al., 2001; COKIC et al., 2003; MABAERA et
al., (2008).



34

O uso de hemocomponentes na DF tem a fun¢@o de restaurar os niveis de Hb quando
estes estdo muito baixos, reduzir os niveis de HbS e, consequentemente, prevenir
complicagdes vaso-oclusivas graves, como o AVC (STEINBERG, 2001). A avaliagdo
neonatal adequada, por sua vez, possibilita o diagnostico precoce da DF e permite a utilizacao
de medidas profilaticas, como a antibidticoterapia e esquemas de vacinagdo (METHA et al.,

2006).

1.9. TALASSEMIA ALFA

As sindromes talassémicas compreendem um grupo de alteragdes hereditarias que
resultam na sintese reduzida ou ausente da Hb normal, em decorréncia de alteracdes nos
genes da globina (STEINBERG, 2001; MARTIN e THOMPSON, 2013). A concomitancia da
talassemia alfa (TA) com a HbS estd associada a diminui¢ao da concentragdo relativa da Hb
variante e, na DF, a presenca da TA esta associada a diminuicdo da ocorréncia de ulceras
maleolares e ao aumento da sobrevida dos pacientes (SONATI, 1990; TAKEKOSHI et al.,
1995). Por outro lado, a redugdo da hemolise e o aumento do hematocrito, resultantes dessa
associacdo, leva ao aumento da viscosidade sanguinea e a predisposicao elevada a eventos
vaso-oclusivos, dolorosos e retinopatias (SADELAIN et al., 1995; ADORNO et al., 2004;
LYRA et al., 2005).

1.10. ALFA 1 ANTITRIPSINA

A alfa 1 antitripsina (AAT) ¢ uma glicoproteina responsavel pela inibicdo de proteases,
preservando os tecidos contra a acdo de elastases neutrofilos e de monocitos (CARRELL,
1996). Estudos tém demonstrado a participagdo da AAT na inibigdo da toxicidade de
linfécitos e quimiotaxia de neutrofilos e mondcitos (BREIT et al, 1985, CRYSTAL et al.,
1991). O gene SERPINAI, que codifica a proteina AAT, estd localizado no braco longo do
cromossomo 14 (14q31-32) e ¢ altamente polimérfico, sendo que mais de 100 variantes
alélicas ja foram identificadas (KOHNLEIN; WELTE, 2008). Entre os alelos associados a
deficiéncia da AAT, os mais frequentes sdo 0 S e 0 Z (BRANTLY et al., 1988). A variante Z
¢ resultante de mutacdo no éxon V do gene SERPINAI, onde ocorre a substitui¢do de guanina
por adenina na posi¢do 9985. A presenca em homozigose do alelo Z estd associada a redugdo
dos niveis séricos da AAT a valores equivalentes a 10-15% do nivel normal, com tendéncia
para o desenvolvimento de enfisema pulmonar. O alelo S, o segundo mais frequente, ¢
resultante da substituicdo de adenina por timina no éxon III do gene SERPINAI, sendo sua

presenca associada a degradagdo de AAT recém-sintetizada. Os individuos homozigotos para
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o alelo S apresentam produgdo intermediaria de AAT, suficiente para proteger o pulmao da
acdo proteolitica da elastase neutrofilica; por outro lado, os individuos heterozigotos SZ sao

susceptiveis ao desenvolvimento de doenga pulmonar (CRYSTAL, 1991).
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2. JUSTIFICATIVA

A DF possui variabilidade clinica, com ocorréncia de episddios agudos e cronicos e
propensao a lesdo progressiva em orgaos (STEINBERG, 2009). Apesar da gravidade da DF, o
manejo clinico ¢ composto por medidas para minimizar os sintomas, uma vez que nao
existem terapias que atuem como um todo no processo patologio da doenca (REES et al.,
2010), sendo que os mecanismos fisiopatologicos da DF ainda nao foram totalmente
elucidados. Nesse ponto, a hemolise, aumento do estresse oxidativo e lesdo endotelial, tém
destaque entre os mecanismos estudados na DF. A VO também representa papel importante
na patogénese da DF, com énfase para a polimerizacdo da HbS, participagdo de citocinas pro-
inflamatorias, eicosandides, metaloproteinases e seus inibidores fisiologicos (REES et al.,
2011).

Diante do exposto, o presente estudo avaliou a participagdo de moléculas relacionadas
a hemolise (heme livre, haptoglobina, LDH), mediadores do processo inflamatorio (citocinas,
PGE,, LTBs e TGF-f) e moléculas relacionadas a lesdo endotelial (MMP-9 e TIMP-1),
investigando suas possiveis associagdes com marcadores laboratoriais de rotina, genéticos
(polimorfismos no gene da SERPINAI) e dados do histdrico clinico apresentados pelos
pacientes com DF. Individuos com DF em estado estavel e em crise fizeram parte da
casuistica do presente estudo, visando contribuir a compreencdo da relacdo entre os

fendomenos citados, as manifestacdes e gravidade clinica da doenga.
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3. OBJETIVOS
3.1. OBJETIVO GERAL

Avaliar marcadores potenciais de prognodstico na DF, em especial aqueles associados a
hemolise, inflamacao e disfuncdo endotelial, sugerindo os mecanismos pelos quais 0os mesmos
se relacionam a gravidade da doenga e investigando a sua possivel utilizagdo no

acompanhamento clinico dos pacientes.

3.2. OBJETIVOS ESPECIFICOS

v' Avaliar o perfil laboratorial de pacientes DF;

v Avaliar os lipidios como possiveis marcadores de progndstico na DF e a influéncia dos
mesmos na quimiotaxia de neutrofilos;

v' Avaliar o heme livre em pacientes com DF (em estado estavel e em crise);

v" Determinar os niveis séricos das citocinas (IL-1p, IL-4, IL-6, IL-8, IFN-y, TNF-a, IL-
12, IL-13, IL-10 e TGF-B), em pacientes com DF (em estado estavel e em crise );

v' Investigar a participacdo das citocinas investigadas nos fendmenos vaso-oclusivos e
inflamatérios presentes na DF;

v Avaliar os niveis de LTB,, PGE,;, MMP-9 e TIMP-1 em pacientes estaveis e em crise;

v Avaliar os niveis de AAT e suas possiveis associagdes com dados clinicos,

bioquimicos, hematoldgicos e mutagdes no gene da SERPINAI.
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4. MANUSCRITOS
4.1. MANUSCRITO I
Levels of high-density lipoprotein cholesterol (HDL-C) among children with steady-state

sickle cell disease

Magda O Seixas, Larissa C Rocha, Mauricio B Carvalho, Joelma F Menezes, Isa M
Lyra,Valma ML Nascimento, Ricardo D Couto, Ajax M Atta, Mitermayer G Reis, Marilda S
Goncalves. Lipids Health Dis, 27; 9:91, 2010.

Este trabalho avalia a associacdo entre as liporoteinas ligadas ao colesterol, em especial a
HDL-c e triglicerideos, bem como suas possiveis associagcdes com marcadores bioquimicos e

clinicos na DF.

Resumo: A busca por biomarcadores de progndstico na DF ¢ um desafio. A identificacao
desses marcadores pode auxiliar na compreensao das complicacdes clinicas graves, no
acompanhamento dos pacientes e na busca de alvos terap€uticos novos. Neste estudo
investigamos, prospectivamente, biomarcadores bioquimicos, inflamatérios e hematoldgicos
em 152 criangas com DF em estado estavel e em 132 individuos saudéaveis. Os dados clinicos
foram coletados de prontudrios médicos. Nas criancas com DF observamos associa¢do
positiva entre os niveis de HDL-c com a hemoglobina (p <0,001), hematdcrito (p <0,001) e
colesterol total (»p <0,001) e associacao significativa negativa com reticulocitos (p = 0,046),
leucdcitos (p = 0,015), mondcitos (p = 0,004) e plaquetas (p = 0,005), bilirrubina total (p
<0,001), direta (p <0,001) e indireta (p <0,001); ferro (p <0,001), transaminase AST (p =
0,004) e ALT (p = 0,035); LDH (p <0,001), ureia (p = 0,030), alfa 1-antitripsina (p <0,001),
VLDL-¢c (p = 0,003), triglicerideos (p = 0,005) e hemoglobina S (p = 0,002). As
concentragdes diminuidas de HDL-c apresentaram relagdo direta com a presenca de alteragdes
cardiacas (p = 0,025), pneumonia (P = 0,033) e uso de hemoderivados (p = 0,025). Lipidios e
marcadores inflamatérios foram associados a presenca de colelitiase. Nossa hipdtese ¢ que
alguns pacientes com DF apresentam subfenotipo dislipidémico especifico, caracterizado por
niveis reduzidos de HDL-c, com hipertrigliceridemia e niveis elevados de VLDL-c.
Consideramos que esses resultados representam um passo importante em dire¢do a mais um
tipo de progndstico clinico na doenca. Estudos adicionais sdo necessarios para testar essa
hipétese e os mecanismos envolvidos nesta rede complexa de marcadores e seu papel na

patogénese da DF.
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Levels of high-density lipoprotein cholesterol
(HDL-C) among children with steady-state sickle
cell disease

Magda O Seixas'?, Larissa C Rocha'?, Mauricio B Carvalho?, Joelma F Menezes'?, Isa M Lyra®",
Valma ML Nascimento?, Ricardo D Couto?, Ajax M Atta®, Mitermayer G Reis', Marilda S Goncalves'?”

Abstract

Background: The search for sickle cell disease (SCD) prognosis biomarkers is a challenge. These markers
identification can help to establish further therapy, later severe clinical complications and with patients follow-up.
We attemnpted to study a possible involvement of levels of high-density lipoprotein cholesterol (HDL-C) in steady-
state children with SCD, once that this lipid marker has been correlated with anti-inflammatory, anti-oxidative, anti-
aggregation, anti-coagulant and pro-fibrinolytic activities, important aspects to be considered in sickle cell disease
pathogenesis.

Methods: We prospectively analyzed biochemical, inflammatory and hematological biomarkers of 152 steady-state
infants with SCD and 132 healthy subjects using immunochemistry, immunoassay and electronic cell counter
respectively. Clinical data were collected from patient medical records.

Results: Of the 152 infants investigated had a significant positive association of high-density lipoprotein cholesterol
with hemoglobin (P < 0.001), hematocrit (P < 0:001) and total cholesterol (P < 0.001) and a negative significant
association with reticulocytes (P-= 0.046), leukocytes (P = 0.015), monocytes (P = 0.004) and platelets (P = 0.005),
bilirubins [total bilirubin (P < 0.001), direct bilirubin (P < 0.001) and indirect bilirubin (P < 0.001], iron (P < 0.001),
aminotransferases [aspartate aminotransferase (P = 0.004), alanine aminotransferase (P = 0.035)], lactate
dehydrogenase (P < 0.001), urea (P = 0.030), alpha 1-antitrypsin {P < 0.001), very low-density lipoprotein cholesterol
(P = 0.003), triglycerides (P =-0.005) and hemoglobin S (P = 0.002). Low high-density lipoprotein cholesterol
concentration was associated with the history of cardiac abnormalities (P = 0.025), pneumcnia (P = 0.033) and
blood transfusion use (P = 0.025). Lipids and inflammatory markers were associated with the presence of
cholelithiasis.

Conclusions: We hypothesize that some SCD patients can have a specific dyslipidemic subphenotype
characterized by low HDL-C with hypertriglyceridemia and high VLDL-C in association with other biomarkers,
including those related to inflammation. This represents an important step toward a more reliable clinical
prognosis. Additional studies are warranted to test this hypothesis and the probably mechanisms involved in this
complex network of markers and their role in SCD pathogenesis.

* Correspondence: mari@bahiafiocruz.br

'Laboratério de Patologia e Biologia Molecular, Centro de Pesquisa Gongalo
Moniz, Fundagao de Pesquisa Oswaldo Cruz (FIOCRUZ), Salvador, Bahia, Brasil
Full list of author information is available at the end of the article

© 2010 Seixas et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons

( ) BiolVied Central  Atwibution License thttp//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
: any medium, pravided the original work is properly cited.



Seixas et al. Lipids in Health and Disease 2010, 9:91
http://www.lipidworld.com/content/9/1/91

Background

Sickle cell disease (SCD) clinical outcomes vary widely
from mild to severe and the disease has been associated
with multi-organ damage and risk of early mortality
[1,2]. Acute and chronic clinical manifestations of SCD
include vaso-occlusive pain episodes (VOE), impaired
blood flow as a result of intravascular sickling in capil-
laries and small vessels, inflammation processes and
high susceptibility to infection. Researchers have found
a complex network of associations among laboratory
analyses and clinical events predicting a probably risk of
death [1,3,4].

The sickle cell disease vaso-occlusive phenomenon has
been described as a complex event with the participa-
tion of stressed reticulocytes, sickled erythrocytes, leuko-
cytes, platelets and endothelium activation [2,5-8].
Reactive oxygen species (ROS), scavenger molecules and
nitric oxide (NO) play important roles as regulators of
vascular homeostasis in SCD pathogenesis [9].

Several biomarkers have been associated with SCD
clinical prognosis; some, such as fetal hemoglobin (HbF)
concentration, leukocytes count and reticulocyte count
are considered to be classic [2,5]. Recently, serum lactate
dehydrogenase (LDH), a well-known marker of intravas-
cular hemolysis, was described as a biomarker of prog-
nosis in SCD [10]. It has been associated with nitric
oxide resistance, priapism, leg ulceration, pulmonary
hypertension, and death in SCD patients [11].

We conducted a prospective study to investigate high-
density lipoprotein cholesterol (HDL-C) levels, including
also determination of total cholesterol, low-density lipo-
protein cholesterol (LDL-C), very low-density lipopro-
tein cholesterol (VLDL-C) and triglycerides to test the
hypothesis that they can be used as a marker of prog-
nosis among steady-state sickle cell disease children.
This potential biomarker and their association with
others laboratory determination and medical history
were investigated in order to identify sub-phenotypes
associated with the disease.

Subjects and Methods

Subjects and Controls

Of 152 steady-state SCD children from Salvador city,
state of Bahia, in Brazil were prospectively analyzed for
laboratory (biochemical and hematological) markers.
Brazil is the largest country in South America, with one
of the most heterogeneous populations due to several
waves of immigration that have resulted in cultural,
socioeconomic, and ethnic diversity in different geo-
graphic regions. Salvador is the largest city in Bahia, a
Northeastern Brazilian state. Among the local popula-
tion, 86% is of African origin, and Salvador has the
highest incidence of SCD in Brazil [12].
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The study was conducted from March 2007 to
November 2008 and included patients from the Funda-
¢io de Hematologia e Hemoterapia do estado da Bahia
(HEMOBA), a reference center attending to sickle cell
disease patients who are seen for routine visits at the
outpatient clinic. The study also included 132 healthy
children randomly selected from the Clinical Laboratory
of the Faculdade de Farmécia da Universidade Federal
da Bahia (UFBA); these were matched to cases by age,
gender and African ethnic origin as a control group.
The study was approved by the Fundacio de Pesquisa
Oswaldo Cruz human subject research board, and all
officials responsible provided written informed consent,
in accordance with the Declaration of Helsinki of 1975,
as revised in 2000.

Laboratory Methods

Clinical laboratory analyses were performed in the Clini-
cal Analyses Laboratory of the PHAR-UFBA and the
Pathology and Molecular Biology Laboratory of the Cen-
tro de Pesquisas Goncalo Moniz da Fundacio de Pes-
quisa Oswaldo Cruz. Biochemical markers analyses were
measured in serum by immunochemistry assay (A25
system, BIOSYSTEMS SA, Barcelona, Spain). Serum fer-
ritin was measured by immunoassay using an Access’
2 Immunoassay system X2 (Beckman Coulter, Fullerton,
CA). C-reactive protein (CRP), alpha 1-antitripsin
(A1AT) and antistreptolysin-O (ASO) were measured by
immunochemistry (Immage® 800 system, Beckman Coul-
ter, Fullerton, CA). Hematological analyses were carried
out using an electronic cell counter, Coulter Count
T-890 (Coulter Corporation, FL, USA). The hemoglobin
(Hb) profile and HbF levels were investigated by high
performance liquid chromatography (HPLC/VARIAN
I; BIO-RAD, CA, USA). :

Definition of Clinical Events

Clinical data were collected from patient medical
records. Demographic data were provided by interviews
with patients and parents or guardians. Eligibility criteria
included only SCD patients of pediatric age. All patients
were in the steady-state of the disease when samples
were collected; steady-state was characterized as a per-
iod without any acute events and no blood transfusion
for 120 days prior to blood sampling. Exclusion criteria
included infection or inflammatory episodes and pre-
vious blood transfusion (within four months prior to the
study). To identify possible associations between HDL-C
levels and clinical characteristics in SCD we assessed
medical history from patients’ records, including preva-
lence of stroke, number of hospitalizations, painful
episodes, VOE, infection, pneumonia, priapism, spleno-
megaly, splenic sequestration, leg ulcers, cardiac
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abnormalities, respiratory insufficiency and cholelithiasis.
Pneumonia was defined as an acute infection of the lung
by virus, bacteria or atypical organisms with a clinical
outcome that did not meet the criteria for ACS [8].

Statistical analysis

Baseline characteristics were summarized as means and
proportions of selected variables. Distribution of quanti-
tative variables was determined using the Kolmogorov-
Smirnov test. Mean values of quantitative variables
between groups were compared using the unpaired
t-test for normal data distribution and Mann-Whitney
for non-normal data. Bivariate correlation analyses were
carried out to determine correlations between pairs of
variables using Pearson’s and Spearman’s rank correla-
tion (R). The nonparametric Kruskal-Wallis test was
used to compare means among two or more groups as
measured by interval variables. The level of 40 mg/dl
was considered as a reference range and interactions
between low HDL-C (less than 40 mg/dl) and high
HDL-C (at least 40 mg/dl) and baseline characteristics
were evaluated using independent t-test and Mann-
Whitney tests. The interactions between low HDL-C
(less than 40 mg/dl) and high HDL-C (at least 40 mg/
dl) and specific categorical clinical variables were tested
for significance using a x? test or Fisher’s exact test, tak-
ing into account the expected frequency in the cell
tables. All tests were considered significant if p values
were less than .05. Data analyses were performed using
Prism 5.01 (Graphpad Software, San Diego, CA), EPlinfo
6.04 (CDC, Atlanta, Georgia) and STATA SE 10 soft-
ware (StataCorp, Texas, USA).

Results

First of all we compared the analyses of markers of
intravascular hemolysis, hemolysis and hepatic involve-
ment, leukocyte and platelet counts, renal involvement,
lipid metabolism, inflammation and Hb profile in
order to establish how much are the difference
between those markers between control and patients
groups (Table 1).

HDL-C association with markers of hemolysis,
inflammation and vascular dysfunction

The high-density lipoprotein cholesterol was positively
correlated with red blood cells (RBC), Hb, hematocrit
and total cholesterol and urea concentrations and nega-
tively correlated with hematimetric indexes of mean cell
volume (MCV), mean cell hemoglobin (MCH) and
mean cell hemoglobin concentration (MCHC); reticulo-
cytes, hemoglobin S (HbS), hemolysis and hepatic mar-
kers, total leukocytes, monocytes and platelets, alanine
aminotransferase (ALT), iron and A1AT. However,
it was not correlated with LDL-C. Steady state
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triglycerides were negatively correlated with RBC, Hb,
hematocrit and HDL-C, and positively correlated with
HbS, LDH, AST, total bilirubin, platelet, total protein,
total cholesterol, and VLDL-C (Table 2).

We next determined whether the levels of HDL-C in
SCD group (HDL-C less than 40 mg/dl vs. 40 mg/dl or
more) showed difference among the laboratorial mar-
kers. In the first group, there were 80 HBSS and
23 HBSC patients, and in the second group, there were
23 HBSS and 25 HBSC patients. Sickle cell patients with
low HDL-C presented lower RBC counts as well as Hb
and hematocrit concentrations than patients from the
group with normal HDL-C levels. The low concentra-
tion HDL-C group had higher erythroblast, leukocyte,
platelet, neutrophil, monocyte and reticulocyte counts
and higher iron, AST, total bilirubin, direct bilirubin,
indirect bilirubin, LDH and Al1AT concentrations.
There was no difference in LDL-C concentration
between the two HDL-C subgroups, but the VLDL-C
and triglycerides concentrations were higher in the low
HDL-C group (Table 3).

Association of HDL-C with sickle cell disease clinical
history
We assessed possible associations between HDL-C levels
and a series of clinical characteristics in SCD medical
history, including prevalence of stroke, number of hospi-
talizations, painful episodes, VOE, infection, pneumonia,
priapism, splenomegaly, splenic sequestration, leg ulcers,
cardiac abnormalities, respiratory insufficiency and cho-
lelithiasis. To compare these categorical variables with
HDL-C concentration, we divided patients into two
groups. The low HDL-C group (less than 40 mg/dl)
comprised 103 sickle cell disease patients (80 HBSS and
23 HBSC), with an HDL-C range of 16-39 mg/dl and
mean of 28.95 mg/dl. The high HDL-C group (at least
40 mg/dl) comprised 48 SCD patients (23 HBSS and
25 HBSC), with an HDL-C range of 41-85 mg/dl and
mean of 51.2 mg/dlL

The prevalence of pneumonia (OR = 2.42, 95%ClI:
1.06-5.53; P = 0.033) and the prevalence of cardiac
abnormalities (OR = 2.88, 95%CI: 1.12-7.59, P = 0.025)
were significantly different between the HDL-C groups.
Forty-one children in the low HDL-C group had cardiac
abnormalities typical of hemolytic anemia on ausculta-
tion. However, among these, 24 had electrocardiograph
arrhythmia, and 3 had tricuspid regurgitant jet velocity
of at least 2.6 m/sec, indicating a possible presence of
pulmonary hypertension. These results were obtained
from previously performed echocardiograms that were
not preformed at the same time of the present study.
The low HDL-C concentration group underwent more
blood transfusions (OR = 2.52, 95%CI: 1.11-5.77,
P = 0.025).
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Table 1 Patient and control group characteristics
Patients Controls

Characteristics N Mean + SD N Mean + SD P
Age (Years) 152 92 + 40 132 87 +32
Gender

Male 82 539% 68 51.5%

Female 70 46.1% 64 48.5%
Hemoglobins

AA - — 132 1000

S5 103 67.8 - —

SC 48 315 = —

SD 01 07 - —
Hemoglobin
Fetal (%) 142 751 £ 620 130 047 + 046 <0.001
Hemolysis
RBC (x 10%/cu mm) 152 324 £ 097 131 474 +0.39 <0.001
Hemoglobin {g/dL) 152 893 =201 131 1283 £ 103 <0.001
Heratocrit (%) 152 2765 * 6,20 131 3847 £ 278 <0.001
Mean Cell Volume (fL) 152 8744 + 1085 131 8137 £ 5.16 <0.001
Mean Cell Hemoglobin (pg) 152 2829+ 373 131 2714 £ 195 0.007
Reticulocyte Count (%) 140 761 £ 488 122 0846 + 0256 <0.001
Leukocytes
Leukocyte Count (x 106%/L) 152 131 £ 58 131 T8 SR <0.001
Neutrophil Count {x 10%/L) 152 6161.72 + 377949 131 324032 £ 1686.15 <0.001
Monocyte Count {(x 10%/L) 152 817.15 £ 48183 131 48867 + 204.90 <0.001
Platelets
Platelet Count (x 109/L) 152 40393 + 15866 131 30821 £ 67.35 <0.001
Lipid metabolism
Total Cholesterol (mg/dL) 151 12112 + 26,16 124 164.08 = 34.55 <0.001
HDL Cholesterol (mg/dL) 151 3565 + 1234 123 4890 + 1367 <0.001
LDL Cholesterol (mg/dL) 151 64.95 £22.19 123 9741 + 3354 <0.001
VLDL Cholestero! (mg/dL) 151 2044 = 938 123 1775 £ 1037 <0.001
Triglycerides {mg/dL) 150 10207 = 46.86 123 8831 £ 51.73 0.002
Hemolysis plus Hepatic
Aspartate aminotransferase (U/L) 152 4805 = 2492 122 3028 + 11.13 <0.001
Total bilirubin {mg/dL) 151 273+176 118 049 = 0.21 <0.001
Direct bilirubin (mg/dL) 151 066 + 046 118 0.250 = 0.082 <0.001
Indirect bilirubin {mg/dL) 151 208 £ 1.59 118 0244 + 0.182 <0.001
Iron serum {mcg/dL) 126 12340 + 11994 119 71.14 £ 4031 <0.001
Lactate dehydrogenase(U/L) 151 85822 + 503.81 119 406.27 £ 13203 <0.001
Hepatic
Alanine aminotransferase (U/L) 152 2825 + 21.34 121 17.36 + 7.10 <0.001
Total protein (g/dL) 151 7.33 + 0848 119 731 £ 062 0695
Albumin (g/dL) 151 4.07 + 0675 119 424 + 049 0249
Globulin (g/dL) 151 3.26 £ 0.781 119 3.06 + 0.63 0.109
Albumin/Globulin ratio 151 135 + 54 112 144 + 42 0.289
Renal
Urea nitrogen (mg/dL) 150 17.73 = 641 120 2165 £ 592 <0.001
Creatinine (mg/dL) 151 051 £ 050 120 0523 £ 0.185 0.708
Inflammation
C-reactive protein (mg/L) 148 708 + 11.97 102 201 £2.29 <0.001
Alpha T-antitrypsin (mg/dL) 151 15250 + 46.18 129 13748 + 4336 0.013
Ferritin {ng/mL) 152 31332 £ 36144 117 37.29 £ 2828 <0.001
Antistreptolysin-O(Ul/mL) 148 10270 + 28542 101 132,75 = 131.19 0.181

# percentage Mann-Whitney test
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Table 2 Laboratory value associations with HDL-C and

Triglycerides in sickle cell disease

HDL Cholesterol  Triglycerides
(mg/dL) {mg/dL)
r P r p

Hemoglobin
S hemoglobin (%) -0.311 0.002 0286 0.005
Fetal hemoglobin {%) -0.048 0644 0685 0685
Hemolysis
RBC {x 10%cu rmm) 0328 <0.001 -0.190 0.019
Hemaoglobin {g/dL) 0.292%  <0.001 -0202 0.013
Hematocrit (%) 0.309 <0.001 -0.189 0.020
Mean Cell Volume {fL) -0273% 0006 (126 0125
Mean Cell Hemoglobin (pg) 02844 0002 G111 0175
Reticulocyte Count (%) -0.170¢  0.046 0082 0339
Leukocyte
Leukocyte Count (x 10%/L) 0.198% 0015 0081 0325
Neutrophil Count (x 10%/L) 00174 0838 -0.154 0061
Monecyte Count {(x 10%/L) 0234 0.004 0139 0089
Platelets
Platelet Count {x 10%L) 0228# 0005 0233 0.004
Hemolysis plus Hepatic
Aspartate aminotransferase (U/L) -0.235%  0.004 0207 0.011
Total bilirubin (mg/dL) -0.2988#  <0.001 0165 0.044
Direct bilirubin {(mg/dL) 0471 <0,001 0035 0669
Indirect bilirubin (mg/dL) -0.287 <0.001 0740 0088
fron Serum (mcg/dL) -0.186 0.038 0159 0076
Lactate dehydrogenase (U/L) -0.375 <0.001 167 0.041
Hepatic -
Alanine aminotransferase (U/L) -0.172 0.035 0075 0364
Total protein (g/dL) -0.0214 0793 0274 0.001
Albumin (g/dL) 0.102 0.213 0142 0083
Globulin (g/dL) 0124% 0129 0133 0104
Albumin/Globulin ratio 0033 0689 -0033 0684
Renal
Urea nitrogen {mg/dL) 0.178 0.030 0020 0806
Creatinine (mg/dL) 0.118 0152 G105 020
Lipid metabolism
Total Cholesterol (mg/dL) 0299%  <0.001 0268 0.001
HDL Cholesterol {mg/dL) — — 0228 0005
LDL Cholesterol (mg/dL) -0083% 0312 0068 0409
VLDL Cholesterol {mg/dL} -0.242 0.003 0998 <0.001
Triglycerides (mg/dL) -0.228 0.005 —r @ ——
Inflammation
C-reactive protein (mg/L) 0.048 0563  -0031  0/14
Alpha 1 antitrypsin (mg/dL) -0.3274# <0001 -0074 0378
Ferritin (ng/mL) -0.032 0.699 G102 0220
Antistreptolysin O (Ul/mL) -0.079 0339 G157 0058

Spearman or Pearson correlation coefficients (r) and p values (p) # r =

Pearson correlation coefficient
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High serum levels of LDL-C, VLDL-C and total cho-
lesterol lipoproteins, TRIG, ferritin and A1AT but not
HDL-C were associated with the occurrence of chole-
lithiasis (Figure 1).

Discussion
The present study analyzed levels of HDL-C in steady-
state children with SCD. Children with SCD, even in
steady-state, have differences in several biomarkers as
compared to healthy age-matched children [13]. Those
differences are related to numerous mechanisms asso-
ciated with infection, inflammation and VOE in the dis-
ease [1,2]. Several biomarkers associated with hemolysis,
inflammation, renal metabolism, hepatic metabolism,
and lipid metabolism in children with SCD and healthy
subjects were studied, and the findings of normal con-
centrations of protein and globulin as well as the albu-
min/globulin ratio among the SCD patients suggest an
absence of early severe liver cell damage in the studied
group [13]. Normal levels of creatinine in the patient
group confirm previous observations that an increased
rate of creatinine secretion by dysfunctional renal
tubules may lead to a falsely normal plasma creatinine
and creatinine clearance. A more accurate evaluation of
different aspects of SCD nephropathy, emphasizing pro-
teinuria and hyperfiltration, needs to be developed in
children in order to detect early renal alteration [14-16].

Hypocholesterolemia has been described in SCD
patients with significantly decreased LDL-C and HDL-C
[17-22] and has been also described for our group as a
potential biomarker for SCD clinical severity {23]. A
negative association was found for HDL-C and VLDL-C,
which was directly associated with triglycerides. Trigly-
ceride-rich VLDL-C particles availability may play an
important role in lipid oxidization in SCD patients. It
has been suggested that VLDL-C is an important factor
for atherosclerosis development. VLDL-C particles
assemble by a complex process that includes an apolipo-
protein B (apoB)-containing VLDL precursor and a
VLDL-sized lipid droplet lacking apoB. Both particles
fuse to produce a mature VLDL particle [24]. The
increase of triglycerides probably contributes to an
increase in the hepatic production of VLDL-C, increas-
ing the number of receptors for LDL-C that is exten-
sively metabolized, decreasing its serum levels. However,
the role of cholesterol and triglycerides and the regula-
tion of assembly and production of VLDL-C are poorly
understood.

A negative association was observed between LDH
and HDL-C, showing that HDL-C, as measured by its
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Table 3 Laboratory values for sickle cell disease patients with different steady-state levels of HDL-C

**HDL less than 40 mg/dL ***HDL at least 40 mg/dL

N Mean + SD N Mean * SD *p
Hemolysis
RBC (x 10%cu mm L) 103 301 =085 48 37510 <0.001
Hemaoglobin (g/dL) 103 857 +2.02 48 9.76 + 1.75 0.001
Hematocrit (%) 103 2642 £ 6.17 48 3043 + 537 <0.001
Mean Cell Volume (fL) 103 89.17 + 1034 48 8352 £ 11.01 0.003
Mean Cell Hemoglobin (pg) 103 2894 + 352 48 26.82 +3.79 0.001
Mean Cell Hemoglobin Concentration (%) 103 3244 £ 096 48 3207 = 0.86 0.025
Erythroblast (%) § 103 190 + 2.31 48 1.02 + 248 0.034
Reticulocyte count (%) 97 834 + 455 42 590 + 525 0.006
Hemoglobins
S hemoglobin (%) 97 7922 + 1616 44 60.75 = 1822 <0.001
Fetal hemoglobin (%) 97 755+ 599 44 741 £ 678 0.899
Leukocyte
Leukocyte Count (x 10%L) 103 14105.83 + 608537 48 10868.75 + 4416.13 0.001
Neutrophil Count (x 10°0) 103 672336 + 4167.75 48 497183 + 2459.10 0.002
Monocyte Count {x 10%/L) 103 91035 + 499.84 48 60469 + 36183 0.004
Platelets :
Platelet Count (x 10%/L) : 103 42490 + 160.26 48 35769 + 14802 0.015
Hemolysis plus Hepatic
Aspartate aminotransferase (U/L) 103 5145 + 2629 48 40.65 = 20.32 0.013
Total bilirubin {mg/dL) 103 313 £182 48 1.88 £ 125 <0.001
Direct bilirubin (mg/dL) 103 0.79 + 047 48 038 + 025 <0.001
Indirect bilirubin {mg/dL) 103 234+ 168 48 1.50 + 1.20 0.002
Iron serum (mcg/dL) 95 136.65 + 133.77 3 8277 £ 40.17 0.029
Lactate dehydrogenase (U/L) 3 103 977.19 + 52450 48 60292 * 33959 <0.001
Lipid metabolism
Total Cholesterol (mg/dL) 103 11649 + 25.17 48 131.06 + 2573 0.001
LDL Cholesterol (mg/dL) 103 65.78 + 2147 48 63.19 + 2381 0.506
VLDL Cholesterol (mg/dL) . 103 2162 £ 1031 48 1790 £ 6.38 0.023
Triglycerides (mg/dL) 102 107.74 £ 51.64 48 90.02 + 31.86 0.030
Hepatic
Alanine aminotransferase (U/L) 103 2950 + 2210 48 2458 + 1956 0.156
Total protein (g/dL) 103 740 + .89 48 746 + 82 0.684
Albumin (g/dL) 103 401 £.75 48 423 £ 59 0.054
Globulin {g/dL) 103 336 + .85 48 323+ 72 0333
Albumin/Globuilin ratio 103 1.34 £.55 48 138 £ 53 0709
Renal
Urea nitrogen {mg/dL} 102 1725 £ 670 47 1877 £573 0.18t1
Creatinine (mg/dL) 103 049 +0.50 47 057 £ 050 0315
Inflammation
C-reactive protein {mg/L} 101 7.79 + 14.02 46 539 +5.18 0.133
Alpha 1 antitrypsin (mg/dL) 102 163.13 £ 44.06 48 12892 £ 4213 <0.001
Ferritin (ng/mL) 103 300.76 + 399.59 46 32346 £ 34887 0.740
Antistreptolysin Q (Ul/mL) 101 19862 + 288.98 46 183 £ 28256 0759

* unpaired t-test ** 80 HBSS and 23 HBSC ***23 HB5S and 25 HBSC
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Figure 1 Box-plots of cholelithiasis and biochemical markers
among sickle cell disease steady-state children. Number 0
represents absence and 1 presence of cholelithiasis (COLELIT)
analyzed accord to different serum concentrations of triglycerides
(TRIG) (P = 0.047), very-low density lipoprotein cholesterol (VLDLC)
(P = 0.044), low-density lipoprotein cholesterol (LDLC) (P = 0.033),
total cholesterol (P = 0.007), high-density lipoprotein cholesterol
(HDLC) (P = 0.349), alpha 1-antitrypsin (A1AT) (P = 0.040) and ferritin
(FERRIT) (P = 0.008). The p values were estimated by the Kruskal-
Wallis test.

concentration, may function as a prognostic marker of
intravascular hemolysis and endothelial dysfunction
given its anti-inflammatory, anti-oxidative, anti-aggrega-
tion, anti-coagulant and pro-fibrinolytic activities
[25,26].

Sickle cell disease patients with higher HDL-C levels
presented a low risk of hemolysis and endothelial dys-
function, including lower reticulocyte and erythroblast
counts as well as a lower HbS concentration and it may
be related to the high consumption of cholesterol due
to acceleration of blood marrow cell production during
hemolysis crisis. Sickle cell disease patients with higher
HDL-C levels had lower leukocyte, monocyte and plate-
let counts as well as a lower concentration of hepatic
and hemolytic markers and significantly lower VLDL-C,
triglycerides and A1AT concentrations; this may reflect
the action of the anti-inflammatory and anti-oxidative
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properties of this biomarker [25,26]. The high-density
lipoprotein cholesterol removes excess cholesterol from
peripheral tissues and transports it to the liver for excre-
tion via bile by reverse cholesterol transport. The high-
density lipoprotein is made up of several particles with
different composition and function [24,27,28].

Further confirmation of these associations came from
comparing HDL-C concentrations and patients’ clinical
records, which revealed a higher occurrence of pneu-
monia and cardiac abnormalities among those with
lower HDL-C levels. The results related to pneumonia
risk can be explained by the production of auto-anti-
bodies specific to oxidized phospholipids; these auto-
antibodies have been shown to inhibit macrophage
uptake of oxidized LDL and to provide protection
against virulent pneumococcal infection [29]. Low
levels of HDL-C are an important cardiovascular risk
factor, and HDL-C and apoA-I have been shown to
decrease lesions and improve vascular reactivity in ani-
mal models of atherosclerosis and in humans; these
changes may be due to the reduction of oxidized lipids
and the enhancement of reverse cholesterol transport
[30]. The presence of pulmonary hypertension was
shown to be associated with several laboratory test
alterations [31]. Recent study has also demonstrated
the important role of the apolipoprotein pathway and
its association with endothelial dysfunction in SCD
patients with pulmonary hypertension [31].

Patients with lower HDL-C levels were also likely to
have had more blood transfusions; this can be linked
with a more severe clinical course of disease, once that
it is a therapeutic strategy used to prevent several clini-
cal symptoms, such as stroke [1].

It is well known that gallstones in patients with hemo-
lytic anemia are said to be calcium bilirubinate stones.
In view our results of correlation of cholesterol and tri-
glycerides with hemolysis, we propose that the stones in
SCD patients could be related directly to hemolysis and
bilirubin generation, and indirectly to cholesterol and
lipids and it could be a novel observation and needs to
be confirmed by further studies. The association of
acute-phase proteins and cholelithiasis may be explained
by the response to stress due to traumatic injury or
infection-related mechanisms including hypermetabo-
lism and protein catabolism associated with a cytokine-
driven inflammatory response.

Conclusions

In conclusion, we hypothesize that some SCD patients
can have a specific dyslipidemic subphenotype charac-
terized by low HDL-C with hypertriglyceridemia and
high VLDL-C in association with other biomarkers,
including those related to inflammation. This represents
an important step toward a more reliable clinical
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prognosis. Additional studies are warranted to test this
hypothesis and the probably mechanisms involved in
this complex network of markers and their role in SCD
pathogenesis.
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4.2. MANUSCRITO 1II
Evaluation of Lipids, Prostaglandin-E, pattern, and neutrophils chemotaxis in sickle cell

disease

Magda O S Carvalho'?; Larissa C Rocha'? ; Valma M L Nascimento®; Mauricio B Carvalho’ ;
Thassila Pitanga'; Sanzio Silva Santana'; Théo Aratjo-Santos’; Deboraci Brito Prates'?;

Valéria M. Borges'; and Marilda S Gongalves'~

Este trabalho avalia as possiveis associacdes entre os lipidios, a prostaglandina E2, a

quimiotaxia de neutréfilos e as manifestagdes clinicas nos pacientes com doenca falciforme.

Resumo: A inflamacao cronica e a heterogeneidade clinicas sdo caracteristicas importantes na
doenca falciforme (DF). Os produtos do metabolismo do 4cido araquidonico e outras
moléculas lipidicas ja foram associados a doengas inflamatdrias, metabolicas e neoplésicas.
Neste trabalho descrevemos associacdo de prostaglandina E2 (PGE;) e marcadores de
gravidade clinica na DF, bem como o perfil lipidico e associagdo com dados clinicos e
quimiotaxia de neutréfilos. A casuistica do presente estudo foi composta por 356 pacientes
com DF, estaveis, e 167 individuos saudaveis. Foram investigados os niveis séricos de PGE; e
suas possiveis associacdes com marcadores bioquimicos, hematoldgicos, inflamatorios e
dados clinicos. As informagdes sobre as historias clinicas do paciente foram coletadas dos
registros médicos dos pacientes. Com base nessas analises observou-se que os niveis de PGE;
foram estatisticamente associados a dados bioquimicos e hematologicos. O colesterol ligado a
lipoproteina de alta densidade (HDL-c), o triglicérides e o colesterol total foram associados
aos marcadores estudados e a diversas caracteristicas clinicas encontradas nos pacientes com
DF, tais como vaso-oclusdo, ulcera maleolar, internacdo, pneumonia, esplenomegalia,
acidente vascular cerebral, crises dolorosas, anormalidades cardiacas e colelitiase. O ensaio de
quimiotaxia revelou a reducao no recrutamento de neutrofilos sob a a¢dao da sinvastatina, € o
aumento do mesmo sob o estimulo de eritrocitos do proprio paciente. Acreditamos que a
PGE; pode ser considerada como um marcador de gravidade na DF, bem como os niveis
séricos de lipidios. Os resultados obtidos a partir da avaliagdo da quimiotaxia de neutréfilos
sugerem que alteracdes lipidicas nos eritrocitos falciformes, podem estimular a migragao de
neutrdfilos, além de reforgar o papel da sinvastatina sobre niveis séricos de lipidios oxidados

presentes em pacientes com DF.
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The sickle cell disease (SCD) has chronic inflammatory properties and clinical heterogeneity
being hallmarks of the disease. We study prostaglandin E2 (PGE,) association with markers
of SCD severity, clinical outcomes and its role in neutrophil chemotaxis. A total of 351 SCD
patients were studied, and we investigate PGE, serum levels and its association with markers
of the disease severity. PGE, levels were statistically associated to biochemical and
hematological markers. The lipid pattern was associated with other laboratorial parameters,
and with SCD patients’ clinical characteristics. Simvastatin, an important lipid-lowering agent,
decreased the red blood cells-induced neutrophil recruitment. Our results show PGE, and
systemic lipids molecules as markers of SCD severity, and suggest an action of lipid
membrane disturbance in sickle red erythrocytes as a stimulator of neutrophil migration, and a

role of simvastatin in systemic oxidized lipids in SCD patients.

Key Words: Sickle cell disease, prostaglandin E,, lipids, leukocytes chemotaxis, erythrocytes
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INTRODUCTION

The sickle cell disease (SCD) is the denomination of a group of genetic disease characterized
by the hemoglobin S (HbS) presence, which has a point mutation in the beta globin gene
(HBB) where adenine is replaced by thymine (GAG — GTG), and valine replaces glutamic
acid at sixth position of the N-terminus of the beta globin chain (). The more severe type of
SCD is the homozygous state the beta S allele (B°) (HbSS), commonly referred as sickle cell
anemia (SCA). Though, some others SCD types have also a severe clinical picture as
described in the hemoglobin SC disease (HbSC), characterized by the B° allele in
heterozygosis with B allele, related to the hemoglobin C (HbC) presence (Steinberg, 2001;
Ohene-Frempong e Steinberg, 2001; Rees et al., 2010).

The SCD has a heterogeneous clinical outcome, with multi-organ damage, systemic metabolic
alteration, and early mortality risk (Steinberg, 2001; Rees et al., 2010). SCD patients has a
diversified clinical picture and exhibit hemolytic anemia, infection susceptibility, vaso-
occlusive events, pulmonary complication, such as pneumonia, acute chest syndrome (ACS),
and pulmonary hypertension (PH). SCD patients’
children commonly experience stroke episodes, and in general, may present nephropathy and
retinopathy amongst others complications (Steinberg, 2001; Kato et al., 2007; Galdwin, 2011;
Ataga et al., 2014).

All clinical alteration described in SCD has been associated with a strong inflammatory
component, ischemia-reperfusion injury-associated, endothelial dysfunction, and metabolic
changes, including lipids and correlate metabolites (Kato et al., 2009; Hebbel, 2014; Oztas et
al., 2011). Previous reports, including study developed in our research group, have been
related the contribution of lipids in metabolic alterations in SCD patients (Zorca et al., 2010;
Seixas et al., 2010; Frenette e Atweh, 2007; Rahimy et al., 2006). All of these processes
involve the activation of several molecules and cells, which are related to hemolysis,
inflammation, vasculopathy, generation of oxidative process and reactive oxygen species
(ROS), and exacerbation of several pathways related to the immune system (Okpala et al.,

2002; Haynes et al., 2008; Kaul et al., 2009; Krishnan et al., 2010).
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Changes in circulating lipids have been described in SCD patients, which present lipid
oxidation as well as decrease of molecules related to lipid metabolism, such as total
cholesterol, high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein
cholesterol (LDL-C) (el-Hazmi et al., 1995; Njoku et al., 1996; Belcher et al., 1999;
Vanderjagt et al., 2002; Shores et al., 2003; Rahimy et al., 2006). On the other hand, the
changes occurring in the red blood cells (RBC) membrane in SCD bring phospholipids
alterations and repercussions in several metabolic pathways, generating ion and coagulation
cascade disturbance (Kavecansky et al., 1995; Marzouki e Khoja, 2003; Ren et al., 2005;
Frenette e Atweh, 2007).

Additionally, eicosanoids and diacylglycerol are released by endothelial cells secondary to
sickle red cell stimulation, increasing arachidonic acid products, such as prostaglandin E2
(PGE,) and leukotriene B4 (LTB4), whose synthesis has been implicated in the control of the
inflammatory response (Kuehl ef al., 1980), and the increase of eicosanoids synthesis was
described in rat lungs perfused with HbSS erythrocytes, suggesting an aberrant erythrocyte-
endothelium interactions in SCD (Bo et al., 1997). The increase of PGE2 concentration has
been described in plasma of SCD patients in steady state and crisis (Graido-Gonzalez et al.,
1998; Aslan et al., 2014), and in urinary and plasma concentrations together with
thromboxane B, levels among SCA subjects, and related to platelet and endothelial cell
activation (Kurantsin-Mills et al., 1994). However, the increase of PGE, has been associated
to the induction of discocyte to echinocyte transformation, but with any effect on the viscosity

or osmotic fragility of normal or sickle cell erythrocytes (Gruber e Gilbertson, 1978).

Based on these fact, several biomarkers have been associated with different sub-phenotypes
exhibited by SCD patients (Kato et al., 2007; Rees e Gibson, 2012), including also those
related to disturbances of lipids and their action on mechanisms that contribute to the
maintenance of sub-clinical disease, even in SCD patients in steady state. In this report, we
propose evaluate levels of PGE, LTB4, and molecules associated to lipids systemic pattern
and their association with laboratorial parameters, analyzing also the influence of RBC in the

chemotaxis of neutrophils and the effects of simvastatin on this recruitment.
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SUBJECTS AND METHODS

Subjects and Controls

Of 351 unrelated steady state SCD patients, 235 with sickle cell anemia (SCA) and 116 with
hemoglobin SC disease (HbSC) Brazilian children were prospectively enrolled at the present
study. Patients were followed at the Hematology outpatient clinics of the Fundagdo de
Hematologia e Hemoterapia do Estado da Bahia (HEMOBA). The HEMOBA is a reference
center to attend hematological disease and realize the follow-up of more than 2,000 SCD
patients in Salvador, state of Bahia, in the Northeast of Brazil. All patients were in steady
state, characterized by an absence of blood transfusion in a period of four months prior to
blood sampling. Inclusion criteria for steady state SCD patients were a period of three months
without any acute events, absence of general symptoms, hospitalization, or infections. None
of patients had taken antibiotics or corticosteroids ten days prior to blood sampling, and
hydroxyurea, but were on folic acid therapy. Blood samples were taken during a regular

clinical visit, and the medical history of the SCD patients was recorded from patients’ files.

To identify possible associations between lipids molecules, such as total cholesterol, high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), very
low-density lipoprotein cholesterol (VLDL-C), and triglycerides levels and clinical pattern of
SCD, we assessed medical history from patients’ records, including prevalence of vaso-
occlusive events (VOE), presence of leg ulcer, number of hospitalizations, events of
pneumonia, splenic sequestration, splenomegaly, stroke, painful episodes, infection, priapism,
cardiac abnormalities, respiratory insufficiency, gallstones, and use of blood therapy. Cardiac
abnormalities typical of hemolytic anemia on auscultation were not considered. However,
patients with cardiac abnormalities had electrocardiograph arrhythmia, and history of
tricuspid regurgitation, but these evaluations were not realized at the same time of the present

study.

PGE,, LTB4, heme, tissue inhibitor of metalloproteinase 1 (TIMP-1), and transforming
growth factor beta (TGF-B) dosages were evaluated among 146 SCD patients (99 with SCA,
and 47 with HbSC), which were parts of the 351 SCD patients evaluated at the present study.

The study included 167 healthy children without clinical and biochemical evidence of SCD,

randomly selected from the Clinical Laboratory of the “Faculdade de Farmacia da
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Universidade Federal da Bahia (FAR-UFBA)”; control individuals were matched with the
SCD patients by age and gender. The study was approved by the “Centro de Pesquisa
Gongalo Moniz- Fundacdo Oswaldo Cruz (CPqGM-FIOCRUZ)” human subject research
board, and all officials responsible provided written informed consent, in accordance with the

Declaration of Helsinki of 1975, as revised in 2000.

Biochemical and Hematological evaluation

Biochemical laboratorial markers were performed by immunochemistry assay (A25 system,
BIOSYSTEMS SA, Barcelona, Spain). The serum ferritin was measured by immunoassay
using an Access® 2 Immunoassay system X2 (Beckman Coulter, Fullerton, CA). C-reactive
protein (CRP), alpha 1-antitripsin (AAT), and antistreptolysin-O (ASO) were measured by

immunochemistry (Immage® 800system, Beckman Coulter, Fullerton, CA).

Hematological analyses were carried out using an electronic cell counter, Coulter Count T-
890 (Coulter Corporation, FL, USA). The hemoglobin (Hb) profile and HbF levels were
investigated by high performance liquid chromatography (HPLC / VARIANT [; BIO-RAD,
CA, USA).

All these evaluations were developed in the Clinical Analyses Laboratory of the FAR-UFBA
and the Laboratory of Hematology, Genetic, and Computational Biology (LHGB) at the
CPqGM-FIOCRUZ.

PGE,, TIMP-1, LTB4, TGF-p, and free heme plasma measurement

Plasma levels of PGE, were investigated by the enzyme-linked immunoassay (ELISA)
technique following the manufacturer’s instructions (Cayman Chemical, Ann Arbor, MI,
USA). TIMP-1, LTB4, and TGF-B plasma concentrations were estimated using the ELISA
technique in accordance with the manufacturer’s instructions (ReD Systems, Minneapolis,
MN, USA). Plasmatic concentrations of total free heme were measured with a QuantiChrom
Heme Assay Kit (Bioassay Systems, Hayward, CA, USA) following the manufacturer’s

protocol.
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Chemotaxis assays

The chemotaxis assay evaluated neutrophil migration from patients with SCD and healthy
controls to different stimuli as described. We added to the bottom of a 96-well chemotaxis
plate ChemoTx system (Neuro Probe, Gaithersburg, MD, USA) fresh serum from HbSS,
HbSC or HbAA; 10 mg/mL simvastatin suspension in each serum; 5% suspension of RBC
from each group in physiological saline; and medium (RPMI) and lipopolysaccharides
(LPS).We developed the assay with stimuli under the same condition. Neutrophils were
obtained from SCD patients and healthy controls by separation on Ficoll (Histopaque 1077
Sigma) from peripheral blood freshly collected in EDTA and were diluted in RPMI medium
before being added to the top wells (10° cells/well) of the same chemotaxis plate. We
incubated the plate at 37 ° C under 5% CO2 for 1h. Following incubation, we counted
neutrophils that migrated to the bottom wells in a hemocytometer. We used as a negative
control neutrophil migration toward pure RPMI (random chemotaxis) and migration against
lipopolysaccharides (LPS) as positive control. We calculated the chemotactic index as the
ratio between the number of neutrophils that migrated under stimuli and neutrophils that

migrated with RPMI alone.

Statistical analysis

We summarized baseline characteristics as means and proportions of selected variables. We
determined the distribution of quantitative variables using the Kolmogorov-Smirnov test. We
compared mean values of quantitative variables between two groups using the unpaired t-test
for normal data distribution and Mann-Whitney for non-normal data. We analyzed bivariate
correlation between pairs of variables using Pearson and Spearman’s rank correlation (R). We
used the nonparametric Kruskal-Wallis test to compare means of three or more variables
values. We analyzed levels of PGE, as > or < of 50" (6.0 ng/mL) and of LTB4 as > or < of
50™ (249.0 ng/mL). We assessed correlation analyses between lipids molecules and chemistry
and hematological variables using Pearson and Spearman’s rank correlation (R). We assessed
statistical analyses of clinical characteristics and HDL-C, LDL-C, VLDL-C, and triglycerides
with independent t-test and Mann-Whitney tests. We compared means values obtained from
the neutrophils chemotaxis assay by the nonparametric Kruskal-Wallis test. We considered all
tests as significant if p values were less than .05. Data analyses were performed using Prism
5.01 (Graphpad Software, San Diego, CA), EPlinfo 6.04 (CDC, Atlanta, Georgia), and
STATA SE 10 software (StataCorp, Texas, USA).
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RESULTS

Patients and control groups laboratorial characteristics
SCD patients had mean + standard deviation age of 13.96 &+ 9.91 years, with median of 12.00,
and 25™ percentile of 8.00 and 75 percentile of 16.00, and 47.51% (162/341) were females.

Association of levels of Prostaglandin E2 and Leukotriene B4 with hematological and
biochemical markers

Higher levels of PGE, were associated with altered levels of biochemistry and hematological
markers and to SCD severity. However, higher levels of LTBs were associated to high

concentration of urea (Figure 1).

Correlation of the high-density lipoprotein cholesterol to biochemical and hematological
markers

The HDL-C was correlated to biochemical markers of renal function, hemolysis and hepatic
dysfunction, and inflammation (Figure 2), indicating its correlation with metabolic changes in
SCD patients. The HDL-C was also correlated to hematological markers of anemia,
hemolysis, circulating leukocytes activation, and hemoglobin pattern, showing a participation
of this molecules on possible mechanisms related to hemolysis (Figure 3), a common clinical
feature in SCD, and other reactions resulting from the cascade of events that follow the

hemolysis, such as the generation of ROS (Ren ef al., 2008).

Correlation of triglycerides to hematological and chemistry markers

Triglycerides were correlated to hematological markers of anemia, hemolysis, and
hemoglobin pattern, showing a participation of this molecule on possible mechanisms related
to the disease severity (Figure 4). Triglycerides were correlated to biochemical markers of
renal function, hemolysis and hepatic dysfunction, and oxidative stress (Figure 4), indicating

its correlation with metabolic changes in SCD patients.

Correlation of total cholesterol to hematological and chemistry markers

The total cholesterol was correlated to hematological markers of anemia, and platelet
activation, showing a participation of this molecule on possible mechanisms related to the
anemia, hypoxia and ischemia, and reperfusion injury (Eltzschig e Eckle, 2011; Hebbel, 2014)

(Figure 5). The total cholesterol was correlated to biochemical markers of renal function, and
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hemolysis and hepatic dysfunction and, consequently, to the oxidative stress (Figure 5),

indicating its correlation with metabolic changes in SCD patients.

Association of lipid pattern to clinical characteristics exhibited by SCD patients
The lipids altered pattern has been associated to vaso-occlusive events, leg ulcer presence
(Figure 6); hospitalization, pneumonia, splenomegaly, and stroke events (Figure 7); painful

crises and cardiac abnormalities (Figure 8); cholelithiasis, and blood therapy (Figure 9).

Chemotaxis assay of neutrophils

We finally investigated whether SCD patient sera (with or no simvastatin) and its RBC
suspension are able to induce neutrophil recruitment in vitro. Chemotaxis assay revealed that
the patient's serum alone induced autologous neutrophil recruitment in vitro (Figure 10). The
addition of simvastatin (10 mg / ml for 1 h) reduced the rate of neutrophil chemotaxis in
patients with SCD, independent of genotype (SCA and HbSC), but not in healthy controls
(HbAA) (Figure 10). The response of neutrophil chemotaxis front of a 5 % suspension of
washed RBC from the individual himself revealed the highest levels of neutrophil chemotaxis
in each experiment, suggesting a role of sickle erythrocytes in neutrophil migration in SCD

(Figure 10).

DISCUSSION

The present study analyzed the association of levels of PGE,, LTB4, and molecules associated
to lipids pattern among SCD children in steady state. SCD patients usually have changes in
hematological markers, with presence of anemia, altered hemolysis markers, and also
metabolic changes when compared to healthy children, even when patients are in steady state
(Steinberg, 1996; Kato et al., 2007; Seixas et al., 2010; Milton et al., 2012). Those alterations
have been related to the inflammatory, vaso-occlusive, painful episodes and with numerous
clinical events present in the disease, with exacerbation of several signaling pathways, with
activation of leukocytes, RBC, platelets and endothelial cells (Okpala et al., 2002; Okpala,
2004; Okpala, 2006). Also the presence of hypoxia and the lipids changes in RBC membrane
have been described to contribute to the inflammatory environment and other metabolic
disorders maintenance in the disease (Connor et al., 1997; Setty et al., 1996; de Jong et al.,

1997).
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The PGE, is a lipid component, cyclooxygenase (COX)-derived from the arachidonic acid
metabolism, which mediates several physiological mechanisms, and exerts effect by binding
prostaglandin receptors (EP), characterized as G protein-coupled receptors (Reader et al.,
2011). The endothelium has the property to control the releasing of relaxing and contracting
factors to regulate local vascular tone. Increased levels of PGE, and COX-2 have been
associated to several disorders, including inflammatory diseases, and also with endothelial
dysfunction (Wong et al., 2010). Our study described the association of high systemic levels
of PGE, with changes in markers related to hepatic dysfunction and hemolysis (Aspartate
transferase, bilirubin and fractions, lactate dehydrogenase, and free heme); also with TIMP-1,
and with markers of anemia (Hb, Hct), and leukocytes and platelets activation. The LTB,4 was
only related to urea alterations. The inflammatory property of PGE, was described in SCD
patients (Graido-Gonzalez et al., 1998), also the increase of PGE,; levels was associated to
increase of inflammatory cytokine and with leukocyte activation (North et al., 2007; Konya et
al., 2011; Barrie et al., 2011; Hegyi et al., 2012), aspects very well known in SCD,
emphasizing a possible role as a biomarker of the disease severity. Larsson et al. (2015)
described that beside the lipid mediators have inflammatory property, and in this group they
include the PGE; and its role on proinflammatory states and also contribution on neoplastic
disease, in the growth and malignancy of the tumor. Related to the association of increased
LTB4 and the increase of urea, we did not find any description in literature and it may be

involved in kidney alterations described among these patients.

Ours findings about HDL-C, total cholesterol, and triglycerides correlation to biochemical and
hematological markers in SCD were already described, but studies emphasize lipids alteration
have increased and are showing the association of SCD with these metabolic changes. The
decrease of HDL-C has been described not quantitatively, but also qualitatively, mainly
related to the change of HDL-C to inflammatory action and its use as potential biomarker for
SCD clinical severity (Sasaki et al., 1983; Djoumessi et al., 1994; VanderJagt DJ et al., 2002a;
VanderJagt DJ et al., 2002b; Shores et al., 2003; Seixas et al., 2010; Zorca et al., 2010).
Results related to clinical alteration and have been show and may be associated to the
production of oxidized phospholipids, increasing metabolic alteration and systemic changes,
contributing to several organ damage and dysfunction among our SCD patients (Navab et al.,

2001).
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Changes in the lipid membrane of RBC in the SCD have been previously described (Kucuk
et al., 1992; Connor et al., 1997; Setty et al., 1996; de Jong et al., 1997). Our results of
increase of neutrophil migration may be explained looking for the lipid changes in the
erythrocyte membrane and the exposition of these metabolic products, contributing to the
inflammatory milieu present in SCD. Indeed, we can confirm by the finding of a decrease of
neutrophil migration after exposition of patient serum to simvastatin, probably by the action
in the oxidized cholesterol. An important finding in our study was the characteristic of
simvastatin did not have a strong action on the reduction of the neutrophil migration among
HbAA individual, what can be related to different metabolites synthetized in the absence of

oxidized cholesterol.

Conclusions

In conclusion, we emphasize the importance of the dyslipidemic sub-phenotype in SCD as an
important mechanism to be involved in target therapeutic strategies. Besides, PGE, is
associated with markers of the SCD severity and also with lipids patterns, and an important
role of simvastatin therapy action in the oxidized cholesterol production and inflammatory

milieu in this disease.
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LEGENDS

Figure 1. Association of biochemical and hematological markers in steady state sickle cell
disease (SCD) patients with Prostaglandin E 2 (PGE,) concentrations higher and lower than
the 50 percentile (6.42 ng/mL), and with Leukotriene B4 (LTB4) higher and lower than the
50th percentile (249.0 ng/mL) .

Figure 2. Correlation of high-density lipoprotein cholesterol (HDL-C) with other biochemical
markers in steady state sickle cell disease patients.

Figure 3. Correlation of high-density lipoprotein cholesterol (HDL-C) with hematological
markers in steady state sickle cell disease patients.

Figure 4. Correlation of triglycerides with hematological and chemistry markers in steady
state sickle cell disease patients.

Figure 5. Correlation of total cholesterol with hematological and chemistry markers in steady
state sickle cell disease patients.

Figure 6. Association of lipids and clinical events of vaso-occlusive events and legs ulcers in
sickle cell disease patients in steady state.

Figure 7. Association of lipids with hospitalization and clinical events of pneumonia,
splenomegaly, and stroke in sickle cell disease patients in steady state.

Figure 8. Association of lipids and clinical events of painful crises, and cardiac abnormalities
in sickle cell disease patients in steady state.

Figure 9. Association of lipids with blood therapy and clinical events of cholelithiasis in
sickle cell disease patients in steady state.

Figure 10. Neutrophil recruitment toward sickle cell disease patient serum. Neutrophils
migration toward serum from sickle cell anemia (SCA), SC hemoglobin disease (HbSC)
patients, and health controls (HbAA); all plus simvastatin or not, and red blood cells from
each group of donors. Following incubation, the migrated neutrophils were counted, and
the chemotactic index was calculated. Medium is the negative control and
lipopolysaccharide (LPS) is the positive control. Crtl, Negative control of random
chemotaxis. Data are representative of three independent experiments performed in
triplicate for each sample.
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Table 1 — Laboratory characteristics of sickle cell disease patients and control group

Laboratory value

Patients (Mean = SD)

Controls (Mean £ SD)

(N=351) (N=167)
RBC, x10"%/L 3.25+0.94 4.57 +0.40 <0.0001
Hemoglobin, g/dL 9.35+1.95 13.07 £ 1.20 <0.0001
Hematocrit, % 27.18 £ 6.00 39.06 + 3.40 <0.0001
MCV, fL 85.62£9.21 85.69 + 5.48 0.937
MCH, pg 29.62 +3.78 28.70 £2.21 0.001
MCHC, g/dL 34.56 + 1.63 33.41+1.26 <0.0001
Reticulocyte Count, % 6.07 £2.58 1.23 +0.69 <0.0001
WBC, x 10°/L 11955.31 + 4180.38 7406.25 + 2383.61 <0.0001
Neutrophil count, x 10°/L 5891.08 +2789.25 3805.62 + 1848.54 <0.0001
Eosinophil count , x 10°/L 768.17 + 712.07 356.38 + 407.76 <0.0001
Basophil count , x 10”/L 85.64 + 86.77 94.69 + 52.82 0.214
Lymphocyte count, x 10°/L 4327.80 +2027.55 2693.90 + 1060.62 <0.0001
Monocyte count , x 10°/L 826.21 + 402.89 488.53 +202.41 <0.0001
Platelet count, x10>/mL 407.21 + 158.74 275.65+71.19 <0.0001
Glucose, mg/dL 75.14 £ 19.72 86.01 +9.07 <0.0001
Total Cholesterol, mg/dL 130.25 +28.39 171.77 £ 41.86 <0.0001
HDL-C, mg/dL 33.21+8.73 47.84 +10.85 <0.0001
LDL-C, mg/dL 77.88 +24.35 104.31 +35.15 <0.0001
VLDL-C, mg/dL 19.23+9.73 19.62 £ 10.03 0.679
Triglycerides, mg/dL 96.18 +48.47 98.10 +50.16 0.680
ALT, UL 22.99 + 14.72 27.63 £10.55 <0.0001
AST, U/L 47.68 +22.13 33.18 £ 8.46 <0.0001
Iron serum, meg/dL 91.67 +51.01 70.23 + 26.89 <0.0001
Ferritin, ng,/mL 305.68 + 458.89 77.88 +78.32 <0.0001
Total bilirubin, mg/dL 1.99 + 1.35 0.70 + 0.27 <0.0001
Direct bilirubin, mg/dL 0.51+0.47 0.25 + 0.08 <0.0001
Indirect bilirubin, mg/dL 1.49 +1.23 0.45+0.23 <0.0001
Total protein, g/dL 7.96 + 0.80 7.95+0.45 0.802
Albumin, g/dL 4.45+0.54 435+0.25 0.031
Globulin, g/dL 3.54+0.82 3.60 +0.41 0.361
Uric acid, mg/dL 4.12+1.27 3.20+1.03 <0.0001
Urea nitrogen, mg/dL 18.17 £ 8.07 23.97+7.19 <0.0001
Creatinine, mg/dL 0.54 £0.51 0.84+0.22 <0.0001
CRP, mg/L 6.74 £9.57 4.09 + 4.00 0.116
AAT, mg/dL 158.67 £ 41.42 97.42 + 26.65 <0.0001
ASLO, U/mL 177.68 +339.37 90.91 + 66.44 0.112
Haptoglobin, mg/dL 8.82 +15.75 104.20 + 55.28 <0.0001
LDH, U/L 964.05 + 531.42 415.89 + 111.25 <0.0001

73

RBC: Red blood cells; MCV: Mean Cell Volume; MCH: Mean Cell Hemoglobin; MCHC:
Mean Corpuscular Hemoglobin Concentration; HDL-C: High-density lipoprotein cholesterol;
LDL-C: Low-density lipoprotein cholesterol; VLDL-C: Very Low-density lipoprotein
cholesterol; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CRP: C-

reactive protein; AAT: Alpha I-antitrypsin; ASLO: Antistreptolysin-O; LDH: Lactate d
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4.3. MANUSCRITO III
Biomarkers of steady and crisis states in sickle cell disease patients: the roles of heme,

MMP-9 and TIMP-1

Magda O S Carvalhol’4’5, Théo Araujo-Santosl, Joao H O Reisl, Larissa C Rocha1’3, Bruno A
A% Cerqueiral’S, Nivea F Luzl, IsaM Lyra3’4, Valma M Lopes3, Cynara G Barbosa2’3, Manoel

Barral-Nettol, Valéria M Borgesl, Marilda S Goncalves'*?

Este trabalho avalia os niveis de marcadores de remodelamento vascular, inflamagdo ¢
hemolise, buscando identificar a relagdo entre estes ¢ o estado estavel ou de crise em

individuos com DF.

Resumo: A doenga falciforme (DF) é caracterizada por hemolise, inflamagao, disfungado
vascular, sendo que os mecanismos que contribuem para a gravidade da doenga sdo ainda
controversos. Neste trabalho buscamos investigar marcadores que possam estar associados ao
estado estavel ou de crise na DF. Foram avaliados os niveis séricos de marcadores de
remodelamento vascular (Inibidor tecidual da metaloproteinase-1 (TIMP-1), Metaloproteinase
de matriz-9 (MMP-9)), de inflamac¢do (leucotrieno B4 (LTB,), prostaglandina E2 (PGE,),
citocinas anti-inflamatérias e inflamatoérias (Fator beta transformador do crescimento (TGF-
B), interleucina (IL)-1B, IL-6, IL-8, IL-12, fator de necrose tumoral alfa (TNF-a) e IL-10) e de
hemolise (heme livre) em um total de 148 individuos com DF em estado estavel. Também
foram avaliados 23 paciente com anemia falciforme (AF) em crise e 148 individuos saudaveis
pareados por idade e sexo. Os pacientes com AF, em estado estdvel, tiveram concentragdes
elevadas de LTB4, PGE,, TGF-B, IL-8 ¢ IL-12 em comparagdao com os pacientes em crise. No
entanto, os individuos com AF em crise apresentaram niveis mais elevados de interleucina
(IL)-1pB, IL-6, IL-10 e TNF-a em comparacdo com o grupo de pacientes estaveis. Os niveis
séricos de heme livre, MMP-9 e TIMP-1 estavam aumentados em ambos os grupos de
pacientes com DF e foram associados a marcadores de inflamagdao, hemodlise e estresse
oxidativo. A curva ROC mostrou que o LTB4, PGE, e TGF-$ s@o marcadores relacionados
com os pacientes com AF em estado estavel e que a [L-1p, IL-6 e TNF-a sdo marcadores de
crise. Além disso, a manutencao de niveis séricos elevados de heme livre, provavelmente esta
associada a hiper-hemolise cronica. Por sua vez, MMP-9 e TIMP-1 provavelmente estdo
associados ao processo inflamatorio cronico dos pacientes com AF em crise e estado estavel,

contribuindo para um microambiente que resulta no aumento da gravidade clinica da doenca.
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Estudos adicionais sdo necessdrios para desvendar os mecanismos envolvidos e a

possibilidade de criagao de estratégias terapéuticas novas na DF.
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Abstract

Background: Sickle cell disease (SCD) is characterized by hemolysis, inflammation and
vascular dysfunction, and the mechanisms determining disease severity remain controversial.
This study aimed to identify biomarkers related to SCD crisis and steady states.

Methods: Systemic levels of vascular remodeling (tissue inhibitor of metalloproteinase
(TIMP-1) and matrix metalloproteinase 9 (MMP-9)), inflammation (leukotriene B4 (LTB,),
prostaglandin E2 (PGE,)), anti-inflammatory and inflammatory cytokines (transforming
growth factor beta (TGF-B), interleukin (IL)-1p, IL-6, IL-8, IL-12, IL-10, tumor necrosis
factor alpha (TNF-a)) and hemolytic (free heme) markers were monitored in 148 steady-state
SCD patients, 23 crisis-state sickle cell anemia patients (SCA) and 148 age- and sex-matched
healthy individuals.

Results: The steady-state SCA patients had higher LTB4, PGE,, TGF-, IL-8 and IL-12 levels
than the crisis patients. However, the crisis-state SCA patients had higher levels of interleukin
(IL)-1pB, IL-6, IL-10 and TNF-a than the steady-state patients. The systemic levels of free
heme, MMP-9 and TIMP-1 were increased in both SCA patient groups and were associated
with inflammation, hemolysis and oxidation markers in SCD patients. Receiver operating
characteristic (ROC) curves demonstrated that LTB4, PGE; and TGF-B are markers of steady-
state SCA and that IL-1p, IL-6 and TNF-a are markers of crisis-state SCA.

Conclusions: LTB4, PGE; and TGF-f are considered predictors of steady-state SCA, and IL-
1B, IL-6 and TNF-o are considered predictors of crisis-state SCA. Additionally, the
continuous synthesis of systemic free heme is most likely associated with chronic hyper-
hemolysis, and the expression of MMP-9 and TIMP-1 is most likely associated with the
chronic inflammatory state observed in crisis- and steady-state SCA patients, contributing to a
hazardous microenvironment that results in increased clinical severity. Further studies related
to these molecules are required to elucidate the underlying mechanisms and the possibility of
designing further therapeutic strategies for SCD.
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Introduction

Sickle cell disease (SCD) patients have heterogeneous clinical features. The disease is
characterized by overall organ failure; premature risk of death; hemolysis; vaso-occlusive
episodes (VOE); neurological alterations, such as vascular encephalic accident (VEA); pain;
infections; acute chest syndrome (ACS); pulmonary hypertension syndrome; and other
systemic symptoms. Sickle cell anemia (SCA) is the homozygous state of the beta S (B°)
allele (HbSS) and is the SCD genotype with the greatest clinical severity [1-3].

SCD is a chronic inflammatory disease with a complex mechanism of pathogenesis. The
rheological phenomenon of SCD has been directly associated with the activation of red sickle
blood cells (RBCs), reticulocytes, white blood cells (WBCs), platelets, and endothelial cells,
and several molecules are secondarily expressed in this inflammatory environment and on the
surface of these cells. Additionally, adhesion molecules and their ligands are overexpressed,
stimulating the endothelium and the immune and inflammatory responses [4-6]. Based on the
complex biological characteristics exhibited by SCD patients, there are several classical
markers related to disease morbidity and mortality, including a decrease in fetal hemoglobin
(HbF) concentration, an increase in WBC and reticulocyte counts, and the presence of
dactylitis during childhood [7].

Although inflammatory mediators have been studied among SCD patients, the
immunological and inflammatory mechanisms associated with the disease pathogenesis,
endothelial activation and dysfunction, and repair mechanisms and their roles as biomarkers
of crisis- and steady-state SCD remain unclear.

Considering the complex network of mechanisms involved in SCD pathogenesis, we
investigated the systemic levels of inflammatory and anti-inflammatory cytokines, including
tumor necrosis factor-alpha (TNF-a); interleukin (IL)-1 beta (), IL-6, IL-8, IL-10, and IL-12;
and transforming growth factor beta (TGFP). We also investigated inflammatory mediators,
such as prostaglandin E2 (PGE,) and leukotriene B4 (LTB4), and the vascular remodelling
modulator matrix metalloproteinase-9 (MMP-9) and its inhibitor, tissue inhibitor of
metalloproteinase 1 (TIMP-1). To test the hypothesis that the systemic levels of these
molecules can be associated with steady and crisis states in SCD patients, we investigated the
hematological and chemical markers associated with oxidative stress, hemolysis, and
inflammation to identify biomarkers of prognosis and establish risk factors for each phase of
the disease.

Our results suggest that high systemic levels of PGE,, LTB4 and TGF-f expression during
the steady-state period may be related to the maintenance of the chronic inflammatory state
commonly described in SCA. The alteration of proinflammatory cytokines in SCD patients is
well established; however, in this study, increased levels of TNF-a, IL-1p and IL-10 were
found in crisis-state SCA patients and could be related specifically to this disease stage and to
the inflammatory marker cascade commonly expressed in this disease. Our results suggest
that heme, MMP-9 and TIMP-1 may be considered key molecules in SCD pathogenesis.
These molecules were associated with the maintenance of the chronic hyper-hemolysis state
and with chronic inflammation because their systemic concentrations were heightened in both
the crisis- and steady-state SCA groups. Finally, to test this statement, the relationships
between the systemic levels of heme, MMP-9 and TIMP-1 and the markers of hemolysis,
oxidative stress, and inflammation were tested in a group of steady-state SCD patients.
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Materials and Methods

Patient and control group characteristics

This case-control study was performed between March 2010 and November 2012. Venous
blood was prospectively and randomly collected from 148 SCD children in a steady state of
SCD; 101 patients with SCA comprised the group of stable patients (SP), while the remaining
47 patients had SC disease (HbSC). However, there were differences in the number of
patients analysed for some variables, and these specific casuistic are described in
supplementary table S1.

In total, 23 SCA patients in vaso-occlusive crisis were included in the study and comprised
the crisis patient (CP) group (Table S1); 146 healthy control (HC) individuals comprised the
casuistic of the study. However, there were differences in the number of healthy individuals
analysed for certain variables, and these specific casuistic are described in supplementary
table S1. The patients and controls were age- and sex-matched and selected from within the
state of Bahia, Brazil, which is a country with a high degree of racial admixture [8]. The
crisis-state SCA patients were not receiving hydroxyurea (HU) therapy, and blood was
collected immediately after hospital admission, without any therapeutic intervention.

The eligibility criteria for this study were as follows: homozygous HbSS and double
heterozygous HbSC, older than 5 years, and not receiving HU therapy. The steady-state SCD
patients did not present acute clinical events, infection or inflammatory episodes and did not
undergo any blood transfusion procedures before sampling. The crisis-state patients were
hospitalized at the time of sample collection. The SCD patients in the steady state were
selected from Fundagdo de Hematologia e Hemoterapia da Bahia (HEMOBA), which is a
reference center that provides routine visits at an outpatient clinic. Patients in vaso-occlusive
crisis were admitted to the Children's Hospital of Obras Sociais Irma Dulce (HCOSID). The
individuals in the healthy control group were selected randomly from the chemistry laboratory
of the Faculdade de Farmacia da Universidade Federal da Bahia (PHAR-UFBA). The human
subject research board of the Centro de Pesquisa Gongalo Moniz- Fundagao Oswaldo Cruz
(CPqGM-FIOCRUZ) and the Children's Hospital of Obras Sociais Irma Dulce (HCOSID)
HCOSID approved this study (protocol number 0016.0.225.000-09). Each child's guardian
signed the consent form, and the study followed the Brazilian standards for the development
of research on humans. This work was in accordance with the Helsinki Declaration of 1975
and its revision.

Chemical, immunological and hematological marker analyses

Chemical and immunological markers, including analyses of antistreptolysin O (ASO),
ferritin, alpha 1-antitrypsin (A1AT), and C-reactive protein (CRP), were evaluated using
immunochemistry and immunoassay techniques (A25 system, BIOSYSTEMS SA, Barcelona,
Spain; Access® 2 Immunoassay system X2, Beckman Coulter, Fullerton, CA, USA;
Immage® 800 system, Beckman Coulter, Fullerton, CA, USA). An electronic cell counter
(Coulter Corporation, Miami, FL, USA) was used to quantify hematological parameters. The
hemoglobin (Hb) pattern and its concentration were estimated using high-performance liquid
chromatography (HPLC; Bio-Rad, Hercules, CA, USA).

Cytometric bead array

Plasma levels of IL-18, IL-6, IL-8, IL-12, TNF-a and IL-10 were measured using a
cytometric bead array (CBA, BD Biosciences Pharmingen, USA) following the
manufacturer’s protocol. Standard curves were generated using quality control reagents to
confirm the established result.
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Inflammatory mediator plasma measurement

The PGE, levels in the plasma samples were estimated using an enzyme-linked
immunoassay (ELISA) according to the manufacturer’s instructions (Cayman Chemical, Ann
Arbor, MI, USA). The plasma concentrations of TIMP-1, MMP-9, LTB4 and TGF- were
measured using the ELISA technique according to the manufacturer’s instructions (ReD
Systems, Minneapolis, MN, USA).

Total free heme measurement

The total systemic free heme in the plasma samples was measured using a QuantiChrom
Heme Assay Kit (Bioassay Systems, Hayward, CA, USA) following the manufacturer’s
protocol.

Statistical analysis

The baseline characteristics of the variables were investigated by analysing their means and
medians. The quantitative variable distribution was evaluated using the Kolmogorov-Smirnov
test. The Mann-Whitney test and unpaired Student's t-test analyses were used to estimate
differences in cytokine levels and inflammatory mediators between the steady- and crisis-state
SCA patients. Additionally, receiver operator characteristics (ROC) curve and C-statistics
analyses were performed to estimate the predicted disease severity for acute and chronic
events using data from each candidate SCA biomarker. The Mann-Whitney test and unpaired
Student's t-test analyses were also used to estimate the associations between median free
heme, MMP-9, and TIMP-1 concentrations and hematological and chemical markers in the
steady-state SCD patient group. Differences with p values less than 0.05 were considered
significant. Statistical analyses were performed using the EPI Info 6.04 (CDC, Atlanta,
Georgia, USA) and GraphPad Prism 5.01 (San Diego, CA, USA) software. Supplementary
information is provided in tables S2 and S3.

Results

Characteristics of the SCD patient groups and the healthy control group

The steady-state SCD patient group consisted of 148 patients (101 HbSS and 47 HbSC),
45.9% (68/148) of whom were female, with a median (50" percentile) age of 9.3 years and an
interpercentile range (IPR; 25" - 75™ percentiles) of 6.0-12.25 years. The HbSS patient group
included 44.5% (45/101) females and had a median age of 8.6 years (IPR: 6.0-12.0 years).
The HbSC patient group included 48.9% (23/47) females and had a median age of 10.8 years
(IPR: 8.0-15.00 years).

The SCA crisis-state patient group included 23 individuals, 56.0% (13/23) of whom were
female, with a median age of 10.4 years (IPR: 8.0-15.0 years). The control group included
131 healthy individuals, 49.0% (64 /131) of whom were female, with a median age of 8.7
years (IPR: 7.0-11.0 years).

As expected, the crisis-state SCA patients had the lowest hematological and chemical
marker concentrations (Table 1). The SCD patients (HbSS and HbSC) in the steady state had
the lowest Hb and Ht concentrations; the highest reticulocyte, erythroblast, leukocyte and
platelet counts; and the greatest chemical and inflammatory systemic biomarker concentration
alterations compared with individuals in the control group (Tables 2 and 3).
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LTB4, PGE; and TGF-f were increased in steady-state SCA patients, and heme, TIMP-1 and
MMP-9 were increased in both crisis- and steady-state SCA patients

The inflammatory state of SCD patients is well known. Several of the molecules
involved in this event are associated with the immune response and are part of a complex
network in which most mechanisms remain unknown [9]. Thus, the inflammatory mediator
and cytokine concentrations were investigated in SCD patients in steady and crisis states and
in the healthy control group (Figure 1).

Comparing the inflammatory and vascular remodelling mediators revealed increases in
LTB4, PG,, and TGF-B in the steady-state SCA patients compared with the patients in the
crisis group. However, all of the patients in the SCA groups (steady and crisis state) had
similar concentrations of heme, TIMP-1, and MMP-9 (Figure 1A-G).

Inflammatory cytokines IL-1f, IL-6, IL-10 and TNF-a were increased in crisis-state SCA
patients, and IL-12 and IL-8 were increased in crisis- and steady-state SCA patients

Cytokine levels are associated with the inflammatory state described in SCD patients
[10-14]. Our results show increases in IL-1p, IL-6, IL-10, and TNF-a among SCA patients in
the crisis state compared with steady-state patients. In contrast, IL-12 and IL-8 levels were
elevated in both the steady-state and crisis-state SCA patient groups (Figure 2A-F).

ROC curves and predictive power demonstrate that LTB-,, TGF-p and PGE-, are markers of
steady-state SCA, whereas TNF-a, IL-1f and IL-10 are markers of crisis-state SCA

Biomarkers for clinical evaluation have been explored in SDC research because patients
have heterogeneous clinical outcomes, as demonstrated by specific subphenotypes [3,15].
ROC curves were developed to estimate the predictive power of a group of biomarkers at each
stage of SCA. ROC curve analysis was performed using the MMP-9/TIMP-1 ratio and
systemic levels of MMP-9, LTB,4, TGF-B and PGE,. The LTB4, TGF-f, and PGE; levels had
the highest sensitivity and specificity for predicting steady-state SCD (Figure 3A). Similarly,
TNF-0, IL-1p and IL-10 had the highest sensitivities and specificities for association with
crisis-state SCD (Figure 3B) based on the statistical data and the areas under the curves
(AUC:s).

The highest levels of free heme were associated with altered lipid patterns, increased
hemolysis, hepatic dysfunction, and altered hematological markers in steady-state SCD
patients

Increased systemic levels of heme have been associated with hemolytic diseases, such as
SCD, spherocytosis, and auto-antibody anemia, and are secondary to intravascular hemolysis
with an increased pro-inflammatory and pro-oxidant environment [16-20]. Because we found
high concentrations of free heme in both steady- and crisis-state SCA patients, and based on
the finding of Uzunova et al. [21], which found that a concentration of 66 uM of free heme is
associated with an increase in free heme accumulation inside RBCs, we sought to validate our
previous results by evaluating whether the free heme concentration was related to
hematological and chemical markers of hemolysis, anemia, lipids, the hepatic pattern and
inflammation. For this evaluation, the systemic free heme levels of the SCD steady-state
patient group were measured, and we performed statistical analyses of these biomarkers in
patient groups with values higher and lower than the 50" percentile (54.65 uM) once this
value approached the value described by Uzunova et al. [21]. Statistically significant
differences were found between the highest free heme concentrations and the lowest levels of
high-density lipoprotein cholesterol (HDL-C), as well as the highest very low-density
lipoprotein cholesterol (VLDL-C), triglyceride, ferritin, aspartate transaminase (AST), total
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bilirubin (TB), indirect bilirubin (IB), direct bilirubin (DB) and lactate dehydrogenase (LDH)
concentrations (Figure 4 and Figure 5). Additionally, we performed analyses to compare the
systemic concentrations of free heme with hematological marker concentrations and found
that the highest levels of free heme were associated with the lowest hematocrit values and
with the highest monocyte and platelet counts (Figure 6).

When we analysed the SCA steady-state patient groups with heme values higher and lower
than the 50™ percentile (62.35 uM), the highest free heme levels were associated with the
highest values of VLDL-C, triglycerides, AST, TB, IB and ASLO; with the lowest HDL-C
and HbF values; and with a high monocyte count. This group also had a high platelet count
associated with high levels of TIMP-1, TGF-B and MMP-9. Moreover, high levels of MMP-9
were associated with a high leukocyte count, a low lymphocyte count, low TNF-a levels and
high TIMP-1 levels (Figure S1). In the analysis of HbSC steady-state patients with heme
values higher and lower than the 50" percentile (40.9 pM), the highest free heme levels were
associated with the highest VLDL-C, triglycerides, albumin, and TGF-f values; high TIMP-1
levels were associated with high alpha-1 antitrypsin levels and with a high monocyte count;
and high levels of MMP-9 were associated with a high leukocyte count and elevated TIMP-1
levels (Figure S2).

The highest free heme levels were associated with the highest TGF-f, PGE-,, TIMP-1 and IL-
12 levels in a group of steady-state SCD patients

High heme concentration has been associated with increased oxidative stress in steady-
state SCD patients, with compromised vascular integrity [18,19] and with the severity of
malaria vivax [22]. Therefore, we also analysed the association between free heme
concentrations and our studied markers. In our analyses, we found that the highest heme
values were associated with the highest levels of TGF-f3, PGE,, TIMP-1 and IL-12 (Figure 7).

Elevated levels of TIMP-1 and MMP-9 were associated with altered lipid patterns, increased
hemolysis, hepatic dysfunction, and altered hematological markers in a group of steady-state
SCD patients

Matrix metalloproteinase (MMPs) are endopeptidases that are regulated through the tissue
inhibitors of metalloproteinase (TIMPs) and are associated with extracellular matrix
degradation. However, MMPs also act on cytokines and chemokines and serve as regulators
of inflammation and immunity [23-25]. TIMP-1 inhibits MMP-9 activity and can stimulate
the growth of several cell types. However, TIMP-1 exhibits diverse activity, some of which is
dependent on its MMP-9 inhibitory capacity and some of which is independent [26-29]. We
evaluated whether the concentrations of these molecules were related to classical
hematological and chemical markers of hemolysis, anemia, and inflammation or to lipid and
hepatic patterns in steady-state SCD patients. For this evaluation, systemic levels of MMP-9
and TIMP-1 were measured, and statistical analyses of these biomarkers were established in
groups with values higher and lower than the 50" percentile, which was 297.5 ng/mL for
TIMP-1 and 444 ng/mL for MMP-9. A statistically significant association was found between
the highest TIMP-1 concentration and the lowest HDL-C concentrations; the highest
triglyceride, AST, TB, IB, and ferritin concentrations (Figure 8); and low RBC counts, low
hemoglobin and hematocrit concentrations, high mean corpuscular hemoglobin
concentrations, and high platelet counts (Figure 9). High MMP-9 concentrations were
associated with high leukocyte and neutrophil counts and with high TIMP-1 concentrations
(Figure 10).



83

Discussion

This study investigated biomarkers associated with inflammation and vascular
remodelling in SCA patients. The highest systemic levels of PGE,, LTB4, and TGF-f were
found in steady-state patients, and the highest systemic levels of TNF-a, IL-1 and IL-10
were found in crisis-state patients. Free heme, MMP-9 and TIMP-1 levels were increased in
both groups of SCA patients (crisis and steady state) and were associated with altered levels
of hematological, chemical, and inflammatory markers in a group of steady-state SCD
patients, supporting the hypothesis that continued free heme expression may potentiate
chronic hyper-hemolysis and that continued MMP-9 and TIMP-1 expression might be
associated with the chronic inflammatory process that has been described in SCD.

The altered lipid metabolism described in SCD patients has been associated with
phospholipid asymmetry in sickle erythrocytes, contributing to metabolic abnormalities such
as dehydration, membrane perturbation, cation imbalance, and hypercoagulability [30-32].
Additionally, eicosanoids and diacylglycerol are released by endothelial cells secondary to
sickle red cell stimulation [33], increasing arachidonic acid products such as PGE, and LTBa,,
whose synthesis has been implicated in the control of the inflammatory response [34,35]. In
this report, we found high PGE, and LTBy4 levels in steady-state SCA patients compared with
crisis-state patients and healthy individuals (Figure 1A and B). Our current data suggest that
PGE; and LTB, are important markers of the chronic inflammation described in SCD and that
their synthesis is induced by an abnormal interaction between erythrocytes and endothelial
cells and by the presence of a chronic pro-oxidant milieu. Taken together, these factors
contribute to the dysfunctional endothelium found in SCD patients. LTB4 has been reported to
be a neutrophil chemoattractant and has been associated with increased neutrophil adhesion to
the endothelium [36]. However, Monteiro et al. [37] previously described a heme-dependent
neutrophilic inflammation process during hemolysis that was associated with the endogenous
activity of LTB4 originating from macrophages. Graido-Gonzalez et al. [38] reported an
increase in PGE, levels in crisis-state SCA patients. Additionally, Setty e Stuart [33]
described an increase in LTB4 among steady- and crisis-state SCA patients, and Lanaro et al.
[12] described an increase in PGE, levels among steady-state SCA patients even after HU
administration. Data concerning PGE, and LTB, levels in SCD patients remain controversial.
These mediators can act through a wide range of functions, as previous reports describe [39-
441]; thus, further evaluation is needed to clarify their roles in SCD-related inflammation and
unravel the complex network of mechanisms involved in the pathogenesis of this disease.

TGF-B is a multipotent cytokine that has been previously associated with Th17 cell
differentiation [45]; with myofibroblast development through its receptor (TGFBR), followed
by SMAD?2 phosphorylation and ROS generation; and, along with endothelin-1, with the
induction of extracellular matrix deposition via extracellular signal-regulated kinase 1/2
(ERK1/2) activation [46,47]. Our study demonstrates an increase in systemic TGF-f levels in
steady-state SCA patients (Figure 1C), suggesting that TGF-f plays a role in vascular cell
remodelling in this disease and most likely contributes to vessel alteration via extracellular
matrix deposition. However, TGF-f may act as a ROS generator through its receptor
activation, participating in both vascular narrowing and endothelial dysfunction and
inflammation.

The systemic levels of MMPs and TIMPs, as well as their ratio, have been associated with
normal and pathological events, including tissue remodelling, tumorigenesis, metastasis,
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angiogenesis, sepsis, dyslipidemia, hemodialysis, multiple sclerosis, obesity, metabolic
syndrome, and atherosclerosis [48-51]. Our results show increased systemic levels of MMP-9
and TIMP-1 in both SCA patient groups (crisis and steady state), with an increased MMP-
9/TIMP-1 ratio (Figure 1D-F). These data suggest continuous MMP-9 production in both
SCA groups, which may represent active matrix remodelling and the maintenance of tissue
destruction and degradation in these patients. The association between high MMP-9 levels
and an increased number of leukocytes and neutrophils in the steady-state SCD patient group
(Figure 10A, B) indicates the activation of leukocytes, which is likely related to their
transmigration into the vascular wall. This leukocyte activation involves the activation of the
neutrophil MMP-9 proenzyme, which promotes MMP-9 generation that results in vascular
cell changes, an increased inflammatory response, and endothelial dysfunction. The increase
in the neutrophil MMP-9 proenzyme and its relationship with increases in environmental
inflammation and adhesion have been described for angiogenesis induction and inflammation
secondary to venous thrombosis in metabolic syndrome patients [52-55].

Increased systemic TIMP-1 levels in our SCA patients could be associated with an MMP-9-
independent function and may be linked to the hypoxic environment found in SCA patients.
This finding suggests that TIMP-1 has diverse functions, as elevated MMP-9 levels were
associated with high TIMP-1 levels in our analyses (Figure 10C). Our hypothesis could be
validated by data demonstrating an association between increased TIMP-1 levels and the
chemical markers of hemolysis and inflammation and with the hematological biomarkers of
anemia, which is a pathological process associated with hypoxia (Figure 8 and Figure 9).

Our results demonstrate an association between increased TIMP-1 levels and altered lipid
patterns and hemolysis markers (Figure 8), suggesting that this molecule is involved with
ROS and the presence of heme. High systemic levels of TIMP-1 have been shown to trigger
hypoxia-inducible factor-1 (HIF-1), which has been associated with pro-metastatic alterations
in the cancer microenvironment. Furthermore, increased TIMP-1 levels are related to the
induction of miR210, which regulates a metabolic alteration of a glycolytic pathway [56-58].
Our results also show an association between high levels of TIMP-1 and a high number of
platelets, demonstrating that TIMP-1 may be related to corpuscle activation and may be
linked to the expression of a heme-mediated tissue factor on endothelial cells, which increases
the procoagulant activity. This phenomenon was previously studied by Setty et al. [59] using
human umbilical vein endothelial cells (HUVECsS) in a simulated hemolytic environment.

The imbalance of the MMP-9/TIMP-1 ratio described in this study suggests that MMP-9
contributes to endothelial dysfunction in SCD and to the inflammatory environment
commonly described in these patients [53-55]. This finding was emphasized by our finding

that a high MMP-9 concentration is associated with high concentrations of TIMP-1 (Figure
10C).

Systemic free heme levels and ROS are released during hemoglobin (Hb) catabolism
following intravascular hemolysis [15-17]. The hazardous effects of heme on the
microenvironment have been associated with the programmed necrosis of peritoneal
macrophages in knockout and wild type C57BL/6 mouse models and with TNF-a production
and increased ROS generation [18]. This study shows an increase in heme in both SCA
patient groups (crisis and steady state; Figure 1G), suggesting that high systemic levels of free
heme could be directly related to the chronic hyper-hemolytic state previously reported in
SCA patients [14]. This relationship would likely be responsible for maintaining the chronic
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inflammatory state and for continuous ROS generation, which would lead to progressive
endothelial dysfunction [3,16].

Considering the increased systemic levels of free heme in both crisis- and steady-state SCA
patients, we evaluated the association between heme and lipid patterns and hematological,
chemical and inflammatory markers in these patients (Figures 4-7). The results showed that
this product of erythrocyte disruption can interfere with several pathways related to clinical
severity in SCD patients. However, our data indicate an association between free heme and
lipid marker alterations; hemolysis; some inflammatory and remodelling markers, such as
TGF-B, and TIMP-1; the inflammatory mediator PGE,; and the cytokine IL-12, demonstrating
the pivotal role of heme in the chronic hyper-hemolysis and chronic inflammatory process
described in this disease [14,21].

Altered levels of pro-inflammatory and anti-inflammatory cytokines have been
demonstrated in SCA patients and implicated in the clinical severity of the disease and in the
maintenance of the inflammatory state [10-12,60]. We found high levels of IL-18, IL-6, TNF-
a and IL-10 in crisis-state SCA patients and high levels of IL-8 and IL-12 in steady-state SCA
patients, although the latter cytokines were also increased in crisis-state SCA patients (Figure
2A-F). These data are consistent with previous studies, including ones performed by our
research group [10-13,61-64]. Pro-inflammatory cytokine production in SCD patients was
associated with mononuclear cells and with neutrophils, which alter the adhesive
characteristics of the environment and contribute to the pathogenesis of this disease.
However, these cytokines have been associated with vascular dysfunction, leukocytosis, and
the initial involvement of neutrophils, followed by monocytes and endothelial cells, and these
cells may serve as a source of these mediators [6,10—12].

The immunomodulatory properties of IL-10 are well known. High amounts of this cytokine
have been related to the anti-inflammatory response, decreasing the proinflammatory milieu
to resolve inflammation, and recently to protecting age-related vascular dysfunction [65,66].
IL1-B is associated with tissue damage and fibrogenesis and, together with IL-6, has been
related to vascular disease [67-69]. The increase in IL-12 in the steady-state patients
emphasizes the role of this cytokine and its family members as mediators of the inflammatory
response found in sickle cell disease [70].

Using ROC curve analysis, we identified markers associated with steady-state (Figure 3A)
and crisis-state SCA patients (Figure 3B). The markers we found exhibited high sensitivity,
specificity, and accuracy and showed high predictive values for these biomarkers in the
follow-up of SCA patients. These biomarkers also have excellent prospects as targets for
further therapeutic modalities in SCD patients.
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Conclusions

In summary, consistent with the purpose of this study, we described the roles of LTBa,
PGE, and TGF- as markers of steady-state SCA and of IL-1p, IL-6 and TNF-a as markers of
crisis-state SCA. We found high systemic levels of free heme, MMP-9 and TIMP-1 in both
SCA states (crisis and steady state), suggesting a possible role of free heme in chronic hyper-
hemolysis and of MMP-9 and TIMP-1 in the chronic inflammatory process of this disease.
This hypothesis was validated by the association between systemic levels of these molecules
with markers of hemolysis and inflammation in the SCD patient group. TIMP-1 likely acts
independently of its MMP-9 inhibitory function, as we found high levels of both molecules in
both SCA patient groups. The association between TIMP-1 levels and markers of hemolysis
and anemia may indicate that this molecule plays a pivotal role in SCD pathogenesis,
particularly in responding to the hypoxic milieu that is continuously present in this disease.
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Figure Legends

Figure 1. Inflammatory mediator and tissue remodelling marker concentrations in sickle cell
anemia patients and controls. (A-B) Analyses of the inflammatory mediators LTB4 and PGE,
indicate a higher concentration of LTBs in patients in the steady-state (SP-SCA) group
compared with patients in the crisis-state (CP-SCA) group and with individuals in the healthy
control (HC) group, as well as a higher concentration of PGE, in patients in the SP-SCA
group compared with patients in the CP-SCA group and individuals in the HC group. (C-F)
Analyses of the tissue remodelling markers TGF-f, MMP-9, and TIMP-1 and the TIMP-
1/MMP-9 ratio indicate lower TGF- concentrations in patients in the CP-SCA group than in
patients in the SP-SCA group and individuals in the HC group; a similar MMP-9
concentration in patients in the CP-SCA and SP-SCA groups compared with individuals in
the HC group; a similar TIMP-1 concentration in patients in the CP-SCA and SP-SCA groups
compared with individuals in the HC group; and a lower TIMP-1/MMP-9 ratio in patients in
the SP-SCA group compared with patients in the CP-SCA group and individuals in the HC
group. (G) An analysis of free heme indicates a similar concentration in patients in the CP-
SCA and SP-SCA groups compared with individuals in the HC group.

Figure 2. Inflammatory and anti-inflammatory cytokine concentrations in sickle cell anemia
patients and controls. (A) IL-8 analysis indicates a higher concentration in patients in the
steady-state (SP-SCA) group compared with patients in the crisis-state (CP-SCA) group and
individuals in the healthy control (HC) group. (B) IL-1P analysis indicates a higher
concentration in patients in the CP-SCA group than in patients in the SP-SCA group and
individuals in the HC group. (C) IL-6 analysis indicates a higher concentration in patients in
the CP-SCA group than in patients in the SP-SCA group and individuals in the HC group. (D)
IL-10 analysis indicates a higher concentration in patients in the CP-SCA group than in
patients in the SP-SCA group and individuals in the HC group. (E) TNF-a analyses indicate a
higher concentration in patients in the CP-SCA group than in patients in the SP-SCA group.
(F) IL-12 analysis shows a lower concentration in the CP-SCA group than in patients in the
SP-SCA group and individuals in the HC group.

Figure 3. Receiver operating characteristic (ROC) curves investigating inflammatory markers
of steady- and crisis-state SCA patients. (A) The ROC curves of the TIMP-1/MMP-9 ratio
(lilac solid line), MMP-9 (purple dashed line), leukotriene B4 (red dashed line), TGF- (black
solid line), and PGE, (rose dashed line) plasma levels indicate that leukotriene B4, TGF-f,
and PGE, are markers involved in steady state SCD. (B) The ROC curves of TNF-a (black
solid line), IL-1P (red solid line), IL-10 (blue dashed line), IL-12 (gray dashed line), and IL-6
(green dashed line) plasma levels indicate that TNF-a, IL-1p and IL-10 are markers involved
in crisis-state SCD, as determined by the statistical data and the areas under the curves
(AUCs).

Figure 4. Association of free heme concentration with lipid pattern. Statistical analyses were
conducted to compare the chemical and hematological marker concentrations of steady-state
SCD patients with free heme concentrations higher and lower than the 50" percentile (54.6
uM). (A-C) The SCD patients with the highest free heme concentrations had the lowest
HDL-C concentrations and the highest triglyceride concentrations.

Figure 5. Association of free heme concentration with hemolysis markers. Statistical analyses
were conducted to measure the concentration of chemical markers associated with hemolysis
in steady-state SCD patients with free heme concentrations higher and lower than the 50"
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percentile (54.6 uM). (A-F) The SCD patients with the highest free heme concentrations had
the highest concentrations of ferritin, AST, total bilirubin (TB), indirect bilirubin (IB), direct
bilirubin (DB) and lactate dehydrogenase (LDH).

Figure 6. Association between free heme concentration and hematological markers.
Statistical analyses were conducted to compare the hematological markers associated with
hemolysis and anemia in steady-state SCD patients with free heme concentrations higher and
lower than the 50™ percentile (54.6 uM). (A-C) The SCD patients with the highest free heme
concentrations had the lowest hematocrit values and the highest monocyte and platelet counts.

Figure 7. Association between free heme concentration and inflammatory and vascular
remodelling markers. Statistical analyses were performed to compare the marker
concentrations of steady-state SCD patients with free heme concentrations higher and lower
than the 50 percentile (54.65 uM). (A-D) The SCD patients with the highest free heme
concentrations had the highest TGF-, PGE,, TIMP-1, and IL-12 values.

Figure 8. TIMP-1 concentration is associated with hemolysis and inflammation markers.
Statistical analyses were performed to compare chemical markers of hemolysis and
inflammation in steady-state SCD patients with TIMP-1 concentrations higher and lower than
the 50™ percentile (297.5 ng/mL). (A-F) The SCD patients with the highest TIMP-1
concentrations had the lowest HDL-C concentrations and the highest triglyceride, ALT, TB,
IB and ferritin concentrations.

Figure 9. TIMP-1 concentration is associated with hematological markers. Statistical analyses
were performed to compare hematological markers between steady-state SCD patients with
TIMP-1 concentrations higher and lower than the 50™ percentile (297.5 ng/mL). (A-E) The
SCD patients with the highest TIMP-1 concentrations exhibited the lowest RBC counts and
hemoglobin and hematocrit concentrations and the highest mean corpuscular hemoglobin
concentrations and platelet counts.

Figure 10. MMP-9 concentration is associated with hematological and inflammatory markers.
Statistical analyses were performed to compare hematological markers between steady-state
SCD patients with MMP-9 concentrations higher and lower than the 50" percentile (444
ng/mL). (A-C) The SCD patients with the highest MMP-9 concentrations had the highest
leukocyte and neutrophil counts and the highest TIMP-1 concentrations.
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Supporting information

Figure 1S. Free heme, TIMP1 and MMP9 concentrations are associated with hemolysis,
inflammation and vascular remodelling markers in SCA patients. Statistical analyses were
performed for steady-state SCD patients with concentrations higher and lower than the 50"
percentile for free heme (54.65 uM), TIMP-1 (323.0 ng/mL), and MMP-9 (444.0 ng/mL).
(A-I) The SCD patients with the highest free heme concentrations had the highest VLDL-C,
triglyceride, AST, total bilirubin, indirect bilirubin, and ASLO concentrations and monocyte
counts as well as lower HDL-C and HbF concentrations. (J-M) The patients with the highest
TIMP-1 concentrations had increased platelet counts and TGF and MMP-9 expression. (N-
Q) The patients with MMP-9 concentrations higher than the 50" percentile had increased
leucocyte counts and TIMP-1 concentrations as well as decreased TNF-a concentrations and
lymphocyte counts.

Figure 2S. Free heme, TIMP-1 and MMP-9 concentrations are associated with hemolysis,
inflammation and vascular remodelling markers in HbSC patients. Statistical analyses were
performed for steady-state HbSS patients with free heme (43.0 uM), TIMP-1 (247.03 ng/mL)
and MMP-9 (530.58 ng/mL) concentrations higher and lower than the 50" percentile. (A-D)
The HbSC patients with the highest free heme concentrations had the highest VLDL-C,
triglycerides, albumin and TGF-B levels. (E-F) The HbSC patients with TIMP-1
concentrations higher than the 50" percentile had increased monocyte counts and alpha-1
antitrypsin concentrations. (G-H) The HbSC patients with the highest MMP-9 concentrations
had increased leucocyte counts and TIMP-1 concentrations.
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Figure 6
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Table 1. Demographic and hematological characteristics of the SCD patient and control groups.
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Healthy HbSC HbSS
controls P value
N of patients and controls 148 47 101 -
Age (years) — mean £+ SD 8.7£3.2 10.8+4.2 8.6+£3.8 0.002
Female, % 51.5 51.1 554 NS
Hematological data Mean+SD
Red blood cell count (RBC), 10°/L 4.7+0.4 4.3+0.6 2.7+0.6 <0.0001
Hemoglobin, g/dL 12.8£1.0 11.2+1.3 7.8%1.3 <0.0001
Hematocrit, % 38.5+2.8 34.943.8 24.24+3.8 <0.0001
Mean corpuscular volume (MCV), fLL  81.4£5.2 80.7£7.5 90.9+£10.3 <0.0001
Mean corpuscular hemoglobin 27.1£2.0 26.0£2.5 29.543.6 <0.0001
(MCH), pg
Mean corpuscular hemoglobin 33.3+1.4 32.8+1.1 32.4+0.9 <0.0001
concentration (MCHC), %
Reticulocytes, % 0.8+0.3 4.4+4.9 9.3+4.7 <0.0001
Erythroblasts, % 0 0.5¢1.5 2.2+£25 <0.0001
Hemoglobin S (HbS), % 0 50.9£5.9 86.7+6.3 <0.0001
Fetal hemoglobin (HbF), % 0.5+0.5 2.8+3.3 9.7£6.1 <0.0001
White blood cell count (WBC), x10°/L.  7027+2179 9353+5599 14753+4997 <0.0001
Neutrophils, x 10°/L 3240+1686 4790+3260 6714+3488 <0.0001
Monocytes, x 10°/L 489+205 5314456 945+442 <0.0001
Eosinophils, x 10°/L 436+397 560+486 980+865 <0.0001
Lymphocytes, x 10°/L 2775+899 3386+1985 591842086 <0.0001
Platelet count, x 10°/L 308+67.3 321+185.5 444+131.2 <0.0001

SD=standard deviation; NS=Not significant.



Table 2. Chemical characteristics of the SCD patient and control groups.
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Biomarkers Control HbSC HbSS P value

N of patients and controls 146 47 101

Chemistry profile
LDH, U/L 409+132 504+273 10354504 <0.0001
AST, U/L 31+11 33+14 55+26 <0.0001
ALT, U/L 17£7.1 23+12.1 30+24.3 <0.0001
Total bilirubin, mg/dL 0.5+£0.2 1.7£1.7 3.3£1.8 <0.0001
Direct bilirubin, mg/dL 0.25+0.1 0.5+0.3 0.8+0.5 <0.0001
Indirect bilirubin, mg/dL 0.2+0.2 1.2+0.9 2.6£1.6 <0.0001
Total plasma protein, g/dL 7.3£0.6 7.3£0.6 7.3+0.9 NS
Albumin, g/dL 4.2+0.5 4.1+0.5 4.1+0.7 NS
Globulin, g/dL 3.1+0.6 3.24+0.6 3.3£0.8 0.042
Urea, g/dL 21.6+£5.9 19.546.5 17.3+6.5 <0.0001
Creatinine, g/dL 0.5+0.2 0.5+0.1 0.4+0.2 <0.0001
Albumin/globulin ratio 1.5£0.4 1.4+£0.4 1.3+£0.5 0.029
Total cholesterol, mg/dL 164+34.5 120+27.0 121426.5 <0.0001
HDL-C, mg/dL 49+13.7 42+14.6 32499 <0.0001
LDL-C, mg/dL 97+33.5 59+21.2 67+22.5 <0.0001
VLDL-C, mg/dL 18+10.4 17+6.3 22+10.2 <0.0001
Triglycerides, mg/dL 88+51.7 88+31.9 110+51.3 <0.0001
Iron, meg/dL 74+42.4 1024+106.2 137+126.7 <0.0001
Ferritin, ng/mL 37+£28.3 151+£100.5 396+41.4 <0.0001
Total heme, pM 28.5%15.5 43.0+£29.5 68.6+29.9 <0.0001
RCP 4.4+£19.1 5.848.6 7.7+13.2 <0.0001
Alpha 1 antitrypsin, mg/dL 137.5+43.4 138.3+42.9 161.14+45.5 <0.0001
Antistreptolysin O, Ul/mL 134+£132 163+£262 208+297 NS

NS=Not significant; LDH=Lactate dehydrogenase; AST=Aspartate aminotransferase; ALT=Alanine

aminotransferase; HDL-C=High-density lipoprotein cholesterol; LDL-C=Low-density lipoprotein cholesterol;

VLDL-C=Very low-density lipoprotein cholesterol; RCP=Reactive C protein
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Table 3. Demographic and laboratory characteristics of the crisis-state SCA patients.

Characteristics N (23) Mean + Standard Deviation
Age (Years) 10.3+4.34
Gender
10 (44)
Male, N (%)
Female, N (%) 13 (56)
Hematological data
2.6+0.8
RBC, x10%/mm’
Hemoglobin, g/dL 8.5£2.0
Hematocrit, % 25.9+5.2
Mean cell volume, fLL 83.6+8.5
Mean cell hemoglobin, pg 25.843.2
Mean corpuscular hemoglobin 33.3+1.6
concentration, g/dL
Reticulocyte count, % of RBC 2.5¢1.3
WBC, x 10°/L 15062.4+8006.8
Neutrophil count, x10°/L 9428.0+6919.2
Band neutrophil count, x10°/L 366.7+179.7
Eosinophils, x10°/L 873.6+744.9
Lymphocyte count, x10°/L 4238.9+2837.1
Monocyte count, x10°/L 421.9£374.5
Platelet count, x10°/L 360.6+185.9
Chemistry Profile
Total cholesterol, mg/dL 134.1£26.7
HDL-C, mg/dL 32.2+7.3
LDL-C, mg/dL 80.3+23.8
VLDL-C, mg/dL 20.4+10.0
Triglycerides, mg/dL 102.3+49.8
Lactate dehydrogenase, U/L 751.3£356.4
Total bilirubin, mg/dL 1.0£0.5
Direct bilirubin, mg/dL 0.4+0.4
Indirect bilirubin, mg/dL 0.7£0.6
Aspartate aminotransferase, U/L 47.7+£30.0
Alanine aminotransferase, U/L 27.9420.2
Albumin, g/dL 4.3+0.4
Urea nitrogen, mg/dL 21.54¢6.2
Creatinine, mg/dL 0.4+0.2
Uric acid, mg/dL 3.1+£1.2
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4.4. MANUSCRITO IV
Prognostic impact of Alpha-1 Antitrypsin levels and SERPINAI gene polymorphisms on

sickle cell disease

Este trabalho avalia os niveis séricos da alfa-1 antitripsina, os polimorfismos no gene da
SERPINAI e suas possiveis associagdes com marcadores bioquimicos e manifestagdes

clinicas na doenga falciforme.

A patogénese da doenga falciforme (DF) envolve diversas vias, sendo a inflamagao cronica e
a hemolise caracteristicas importantes na referida patologia. Dessa forma, a busca por
marcadores de progndsticos para estabelecer possiveis sub-fenotipos da doenga ¢ um aspecto
importante. O presente estudo investigou os niveis da alfa-1 antitripsina (AAT), um inibidor
de proteases responsdveis por desencadear reacdes inflamatdrias, descrevendo suas
associagdes com polimorfismos no gene SERPINAI, biomarcadores hematologicos e
bioquimicos e a historia clinica em criancas com DF em estado estavel. Foram incluidos no
presente estudo um total de 356 individuos com DF e um grupo controle (GC) composto por
100 individuos saudédveis pareados por sexo e idade com a mesma origem geografica. Os
pacientes com niveis de AAT superior ao percentil 50 (158,0 mg/mL) apresentaram contagem
de eritrocitos (RBC) (p = 0,003), concentragdo de hemoglobina (Hb) (p = 0,0002) e
hematocrito (Ht) (0,0002) significativamente menores, e a contagem de leucdcitos (WBC) (p
=0,004) e os neutréfilos (p = 0,0001) maiores, bem como niveis mais elevados de proteina C-
reactiva (PCR) e niveis de ureia mais baixos. AAT teve correlagdo negativa significativa com
a RBC (r = -0,205, p = 0,0001), Hb (r = -0,203, p = 0,0001), Het (r = -0,256, p <0,0001),
colesterol liagdo a lipoproteina de alta densidade (HDL-C ) (r =-0,205, p = 0,0001), ureia (r =
-0,184, p = 0,0005), creatinina (r = -134, p = 0,012), e albumina (r = -0,135, p = 0,011), e
correlacdo positiva significativa com WBC (r = 0,18, 0,0007), neutréfilos (r = 0,2297, p
<0,0001), HbS (r = 0,2874, p <0,0001), bilirrubina total (r = 0,137, p = 0,01), bilirrubina
direta (r = 0,136, p = 0,001), bilirrubina indirecta (r = 0,115, p = 0,032), lactato desidrogenase
(r=0,159, p =0,003), ferritina (r = 0,1353, p=0,011), PCR (r = 0,355, p <0,0001). Pacientes
com niveis mais elevados de AAT apresentaram mais de trés episddios de infeccdo (OR =
1,71, IC: 1,05-2,65, p = 0,02), mais litiase biliar (OR = 1,75, IC: 1,03-2,97, p = 0,02), e
receberam mais transfusdes sanguineas (OR = 2,35, IC: 1,51-3,65, p = 0,0001). Os
polimorfismos no gene da SERPINAI foram analisados em 126 pacientes com DF e 100

individuos do GC. O genoétipo selvagem (MM) foi encontrado em 115 (91,3%) pacientes com
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DF e 92 (92%) individuos do GC; o gendtipo SS foi observado em 2 (1,6%) pacientes com
DF e em nenhum individuo do grupo CG; o genétipo MS foi encontrado em 9 (7,1%)
pacientes com DF e em 6 (6%) controles; e o MZ estava presente em 2 (2%) individuos
controle. Os nossos resultados sugerem que a AAT pode ser considerada como um marcador
de prognostico na DF, sendo associada a marcadores laboratoriais e clinicos importantes na
referida patologia. Os resultados relacionados aos gendtipos da SERPINAI enfatizam o papel
do alelo mutante na diminuicao da produc¢dao de AAT que pode representar um fator de risco
para desfechos graves nos pacientes estudados. Estudos adicionais devem ser realizados a fim
de investigar os mecanismos pelos quais a AAT se relaciona a eventos importantes na

patogénese da DF.

Palavras-chave: Doenca falciforme; SERPINA1; Alfa-1 antitripsina; Biomarcadores de

prognostico.
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ABSTRACT

Alpha-1 antitrypsin (AAT) is an inhibitor of neutrophil elastase, and a member of the serine
proteinase inhibitor (serpin) superfamily, and little is known about its activity in sickle cell
disease (SCD). We hypothesize that AAT may undergo changes in SCD because of the high
oxidative stress and inflammation associated with the disease. We have found high AAT
levels in SCD patients compared to controls, while mutant genotypes of SERPINAI gene had
decreased AAT levels, in both groups. AAT showed negative correlation with red blood cells,
hemoglobin, hematocrit, high-density lipoprotein cholesterol, urea, creatinine, and albumin;
and positive correlation with mean corpuscular hemoglobin concentration, white blood cells,
neutrophils, hemoglobin S, bilirubin, lactate dehydrogenase, ferritin, and C-reactive protein.
Patients with higher levels of AAT had more infection episodes (OR=1.71, CI: 1.05-2.65,
p=0.02), gallstones (OR=1.75, CI: 1.03-2.97, p=0.02), and blood transfusions (OR=2.35, CI:
1.51-3.65, p=0.0001). Our data on AAT association with others laboratory markers of
hemolysis and inflammation suggest that it may be related to SCD severity; the negative
correlations with renal parameters suggest a cytoprotective mechanism in SCD patients. In
summary, AAT may need to be included in studies related to SCD, and in the discussion of
further therapeutic strategies.

Keywords: Sickle cell disease; Alpha-1 antitrypsin; SERPINAI; oxidative stress, and
inflammation
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INTRODUCTION

Clinical symptoms associated with sickle cell disease (SCD) are heterogeneous, with the
presence of hemolytic anemia, vaso-occlusive events (VOE), infections, acute chest
syndrome (ACS), pulmonary hypertension (PH), stroke, and glomerulopathy, amongst others
(Steinberg, 2001; Kato et al., 2009; Rees et al., 2010; Gladwin, 2011; Ataga et al., 2014).
SCD has several sub-phenotypes and the search for biomarkers related to the disease severity
is very useful to patients’ follow-up (Kato et al., 2007; Kato et al., 2009; Rees e Gibson,
2012).

Alpha-1 antitrypsin (AAT) is a glycoprotein of 52-KD with 394 amino acids, secreted and
synthesized primarily in hepatocytes, phagocytic cells such as neutrophils, monocytes, and
macrophages; lung epithelial cells and intestinal cells. It is considered an acute phase protein,
but it is also known as a hepatic stress protein, since its plasma levels increase during
inflammation or tissue injury, and are related to inhibition of proteases that trigger
inflammatory reactions (Rudnick e Perlmutter, 2005). AAT controls the tissue degradation
promoted by proteases, especially elastase, since it inhibits the pro-inflammatory action of
these enzymes on specific tissues, such as lung as well as in neutrophils (Eriksson e Elzouki,
1998; Bals, 2010; Gooptu et al., 2014).

AAT is encoded by the SERPINAI gene that is located in the protease inhibitor locus on
chromosome 14q32.1. There are more than 500 single nucleotide polymorphisms (SNPs)
described in the SERPINAI gene, and some are related to AAT expression changes and also
with hepatic damage due to the retention of protein in hepatocytes, and occurrence of
thrombosis, liver disease, pulmonary edema, emphysema, and chronic obstructive pulmonary
disease (COPD) (Lomas e Mahadeva, 2002; Parfrey et al.,2003; Marciniak e Lomas, 2014;
Stockley, 2014a; Stockley, 2014b; Stockley e Turner, 2014; Gooptu et al., 2014).

AAT deficiency is defined by the reduced concentration of this glycoprotein in serum and/or
the identification of a defective genotype. The SERPINAI gene is highly polymorphic
(Kohnlein e Welte, 2008; Bals, 2010) and among alleles associated with AAT deficiency, the
most common are the S and Z (Brantly et al., 1988; Lucotte e Sesbou, 1999; Stoller e
Aboussouan, 2012; Aboussouan e Stoller, 2009; Gooptu et al., 2014). The wild type allele is
designated proteinase inhibitor (PI)*M, and the more severe deficient type is associated with
the PI*Z allele, which results from a point mutation where adenine replaces guanine in exon 5
of the SERPINAI gene and results in the substitution of glutamic acid for lysine in the protein
(Glu342Lys). Homozygotes for the PI*Z allele have about 15% of normal levels of AAT and

have an increased risk for developing emphysema and to a lesser extent, liver disease in
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neonates. PI*MZ heterozygotes produce about 60% of normal levels of AAT when compared
to PI*M wild type homozygotes (Lomas et al., 1992; Bals, 2010; Stockley, 2014b).

We demonstrate the association of AAT with other laboratory parameters considered as
important prognostic factors in SCD patients’ evaluation; the association of decreased AAT
levels and SERPINAI genotypes among SCD patients and health controls; and association of
AAT levels and clinical picture in SCD patients. Our results suggest that AAT may change its
function in SCD patients, because of the oxidative and inflammatory milieu.

MATERIALS AND METHODS

Three hundred and three unrelated SCD patients (191 HbSS and 107 HbSC), in steady state,
were included in the present study. Patients mean age (+ standard deviation) was 13.96 + 9.91
years, with a median of 12.00, 25" percentile of 8.00 and 75" percentile of 16.00 years.
Patients were in the outpatient pediatric hematology unit of the “Fundac¢ao de Hematologia e
Hemoterapia da Bahia (HEMOBA)” and 47% (142/303) were females. All patients were in
steady state, i.e. no blood transfusion in a period of four months and any acute events,
hospitalization, or infections three months prior to blood sampling. None of patients took
antibiotics or corticosteroids ten days before blood sampling but was on folic acid therapy.
None patients were taken hydroxyurea and the medical history was recorded from the
patients’ files.

The control group consisted of 132 unrelated healthy individuals without clinical and
biochemical evidence of SCD; their mean age was 9.96 + 3.17 years, and 48.5% (64/132)
were female, matched for sex and age with the SCD patients group and were from the same
geographical origin.

The study protocol was approved by the Research Board of “Centro de Pesquisas Gongalo
Moniz of Fundacao Oswaldo Cruz (CPqGM-FIOCRUZ)”, and all subjects included in the
study had the diagnosis of SCD and the guardians’ agreement to participate in the study and
to collect biological samples. The study followed ethical principles of the Declaration of
Helsinki as well as its revision, informed written consent was signed by each control subject
and SCD patient’s guardian, and when applicable the child acceptance was recorded. All
patients lived in the Brazilian state of Bahia, and the majority was from the city of Salvador
and its metropolitan area, a city with a high racial admixture (Azevedo et al., 1980).

After collection, we analyzed biological samples at Laboratory of Hematology, Genetic and
Computational Biology (LHGB) of CPqGM-FIOCRUZ and at the Clinical Analyses
Laboratory of the School of Pharmacy (LACTFAR), of the “Universidade Federal da Bahia
(UFBA)”.
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Hematological analyses were performed by automated machine ABX Pentra 80 (HORIBA
DIAGNOSTICS, Montpellier, FR), and blood smears were stained with Wright’s stain and
examined with light optic microscopy. We count reticulocytes after stain with brilliant cresyl
blue supravital dye (Bain et al., 2012), and confirmed the hemoglobin profile by high
performance liquid chromatography (HPLC) (Bio-Rad Variant-I; Bio-Rad, Hercules, CA,
USA).

Liver, renal, lipid, inflammation, and hemolysis profiles, including AAT and ferritin serum
concentration were analyzed using automated equipment A25 (Biosystems S.A, Costa Brava,
Barcelona); Access 2 and Immage (Beckman Coulter, Inc., Fullerton, CA, USA).

Molecular biology analyses were performed on genomic DNA extracted from peripheral
leukocytes using Flexigene DNA Kit (QIAGEN Inc., Valencia, CA, USA) and quantified by
spectrophotometer (Nanodrop® ND-1000, NanoDrop Technologies, Inc., Wilmington, NC,
USA). SERPINAI gene variants were investigated by a duplex polymerase chain reaction
(PCR), using a combination of specific primers for the detection of variant alleles PI*M,
PI*S, and PI*Z in a single reaction, and followed by digestion of PCR products with Tag/

restriction enzyme (Lucotte e Sesbou, 1999).

We performed statistical analyses with the EPI INFO software version 6.04, SPSS version
18.0 and GraphPad version 5.0, and considered P values <0.05 as significant for analyses.
We performed analysis of normal distribution of quantitative variables using the Kolmogorov-
Smirnov test, and with the parametric ANOVA or nonparametric Kruskal-Wallis tests. We
analyze qualitative or categorical variables with three or more groups by nonparametric chi-
square () test, corrected by Mantel-Haenszel and Yates tests. In the analysis of less than 4
values, we use the Fisher exact test, and we calculate the confidence interval at 95% and the

odds ratio for these variables.

We use the Independent T test and Mann-Whitney for analyses of two variables comparing
two groups of values within a given variable, taking into account the distribution of each

variable.
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RESULTS

Patients and control groups characteristics

Table I shows SCD patients characteristics presenting the mean + standard deviation (SD) of

hematological and biochemical data.

There are differential levels of AAT among SCD patients and control groups, and between
SCD patients and control individuals exhibiting different genotypes of the SERPINAI gene

SCD patients presented higher AAT levels when compared to control individuals (Fig 1). We
analyzed the SERPINAI gene polymorphisms among 126 SCD patients, and 100 control
group individuals. We found the (Pi)*MM or wide type genotype in 115 (91.3%) of SCD
patients and 92 (92%) of controls; the PI*SS genotype in 2 (1.6%) SCD patients; the PI*MS
genotype in 9 (7.1%) SCD patients and in 6 (6%) controls; and the PI*MZ genotype was
found in 2 (2%) controls. We found higher levels of AAT among SCD patients when
compared with healthy controls, and changes in AAT levels by the SERPINAI polymorphism
presence, as previously described (Marciniak e Lomas, 2014; Stockley, 2014a; Stockley,
2014b; Stockley e Turner, 2014; Gooptu et al., 2014). If the hypothesis that AAT may be
experiencing changes in its molecule as a result of oxidative stress and inflammation, changes
already described in cancer with the presence of an oxidized-alpha-1 antitrypsin (Ox-AAT) as
a predictive risk marker (Jamnongkan et al., 2013; Khenjanta et al., 2014), the AAT presence
in SCD can be modified independently of the SERPINAI allele. However, the presence of
some AAT alleles, especially individuals’ carrier of genotypes SZ and SS, which may be
more sensitive to have severe lung changes in SCD, especially in cases of pulmonary

hypertension and recurrent acute chest syndrome.

The AAT is correlated and associated to hematological and biochemistry markers

AAT had negative significant correlation to red blood cells (RBC), hemoglobin (Hb),
hematocrit (Hct), high-density lipoprotein cholesterol (HDL-C), urea, creatinine, and albumin,
and positive significant correlation to mean corpuscular hemoglobin concentration (MCHC),
white blood cells (WBC), neutrophils, HbS, total bilirubin (BT), direct bilirubin (DB), indirect
bilirubin (IB), lactate dehydrogenase (LDH), ferritin, and C-reactive protein (CRP) (Fig 2-4).
High AAT concentration was higher among SCD patients with altered hematological and

biochemistry markers (Fig 5).
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Levels of AAT and clinical profile of SCD patients

AAT serum levels were associated with different clinical outcomes among the SCD patients
(Fig 6). Increased levels were found in patients that had more than 2 episodes of the
following: infection, gallstones, and blood transfusion during follow-up. This would suggest
the participation of the molecule in biological responses. We did not find association of

patients’ clinical history and the presence of SERPINAI gene genotypes.

DISCUSSION

SCD presents epidemiological importance due to its high prevalence and high rate of
morbidity and mortality worldwide. The clinical variability and the diversity of factors that
modulate the disease are still not very well understood (Steinberg, 2001; Kato et al., 2007;
Rees e Gibson, 2012).

The present study has demonstrated a correlation between the serum concentration of AAT (in
both patients and controls) and the SERPINAI genotype, showing higher ATT serum levels in
the wild type compared to mutant alleles. AAT is probably an important biomarker among
SCD patients, and may have a role in the clinical severity of the disease, especially in those
with liver and lung complications, which are prevalent among these patients. AAT levels have
been investigated in some few reports in SCD, and have brought controversial results about
AAT as a prognostic biomarker of the disease (Omene et al.,1980; Hedo et al., 1993;
Bourantas et al., 1998; Tete-Benissan et al., 2000). Also, AAT biochemical genotypes were
associated with the clinical course of SCD (Adekile et al.,1984).

Considering the SERPINAI, the S and Z alleles are the most frequently associated with
reduced serum levels of AAT, with increased risk of developing pulmonary emphysema and
liver disease secondary to AAT deficiency and decrease of its immunomodulatory and anti-
inflammatory and proteinase inhibitory properties (Lucotte e Sesbodé, 1999; Koknlein e
Welte, 2008). In the liver, the presence of the Z allele may facilitate the protein
polymerization and hepatocyte accumulation secondary to the altered synthesis and chaperone
binding induction (Bals, 2010; Tan et al., 2015). Our results showed that among SCD patients
approximately 10.3% had polymorphic alleles. Therefore, AAT levels and the SERPINAI

genotypes may need to be revisited as markers that should be included in studies related to
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SCD and in future therapeutic strategies, especially of pulmonary disease among these

patients (Kassim e DeBaun, 2013).

The present study also showed that high serum levels of AAT were associated with a more
severe anemia, increased WBC and neutrophil counts, and altered CRP levels. In addition,
AAT had significant negative correlation with biochemistry markers of HDL-C, liver and
kidney function, such as albumin, creatinine, and urea. On the other hand, we found a
significant positive correlation with serum bilirubin (TB, DB, and IB), LDH, ferritin and

CRP, both, acute phases proteins.

Based on our results, we hypothesize that the systemic AAT present in SCD patients may
change its anti-inflammatory property, once it is exposed to ROS, and it may be altered
(Daemen et al., 2000; Nita et al, 2007; O’Dwyer et al, 2012; Jonigk et al., 2013; ; McCarthy et
al., 2014Stockley e Turner, 2014). AAT synthesis occurs, preferentially, in the liver; it
explains our finding about the positive correlation with hepatic enzymes and other stress
proteins, and the negative correlation that may explain its role on renal function. The CRP is a
positive acute phase protein that rises rapidly during inflammatory processes, and showed
significant positive correlation with AAT levels. However, CRP is an important inflammatory
marker in clinical practice due to the ease of determining its serum levels and good clinical-

epidemiological correlation (Malm et al., 2013).

With regard to the negative correlation of AAT and renal parameters, our results may
emphasize previous hypothesis about a cytoprotective effect of AAT in acute kidney injury
(Zager et al., 2014). Our results reinforce the importance in research into prognostic markers
in SCD, since they suggest a possible relationship between the levels of AAT and changes in
its molecule as result of oxidative stress and inflammation, and suggest association of AAT
levels with routine markers, with easy access for monitoring and estimation of severity of the

disease.

Genotypes in the SERPINAI gene described in this study corroborate the presence of deficient
AAT production. Our results suggest a direct correlation between AAT and SCD clinical
manifestations, hemolysis, inflammation, and endothelial injury. This hypothesis deserves
further studies, which should also focus on the interaction of the SERPINAI gene variant and
AAT molecule changes and their involvement in the immune response. The role of oxidative

stress of SCD on the AAT molecule may also prove quite worthwhile.
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Figure legends

Figure 1. Association of alpha-1 antitrypsin concentrations between heathy controls
individuals and sickle cell disease (SCD) patients in steady state, and with polymorphism
in SERPINAI gene between steady state SCD patients and individuals of control group.
(A) SCD patients presented higher AAT levels when compared to control individuals; (B)
Association of SERPINAI gene polymorphism and AAT concentration among SCD patients.
SCD patients with genotype PI*MM had higher AAT levels than patients with polymorphic
genotype analysed separately (PI*MS and PI*SS) and together. (C) Association of
SERPINA1 gene polymorphism and AAT concentration among control group individuals.
Control groups individuals with genotype PI*MM had higher AAT levels than individuals
with polymorphic genotype analysed separately (PI*MS and PI*MZ) and together.

Figure 2. Correlation of alpha-1 antitrypsin with hematological markers in steady state
sickle cell disease patients. (A) Red blood cells (RBC) are negatively correlated to alpha-1
antitrypsin (AAT); (B) Hemoglobin is negatively correlated to AAT; (C) Hematocrit is
negatively correlated to AAT; (D) Mean Corpuscular Hemoglobin Concentration (MCHC) is
positively correlated to AAT; (E) WBC count is positively correlated to AAT; (F) Neutrophils
count is positively correlated to AAT; (G) Hemoglobin S is positively correlated to AAT.

Figure 3. Correlation of alpha-1 antitrypsin with biochemistry markers in steady state
sickle cell disease patients (Part I). (A) Total bilirubin is positively correlated to AAT; (B)
Direct Bilirubin is directly correlated to AAT; (C) Indirect Bilirubin is positively correlated to
AAT; (D) Lactate dehydrogenase is positively correlated to AAT; (E) Ferritin is positively
correlated to AAT; (F) C-Reactive Protein is positively correlated to AAT.

Figure 4. Correlation of alpha-1 antitrypsin with biochemistry markers in steady state
sickle cell disease patients (Part II). (A) High Density Lipoprotein of Cholesterol (HDL-C)
is negatively correlated to AAT; (B) Urea is negatively correlated to AAT; (C) Creatinine is
negatively correlated to AAT; (B) Direct Bilirubin is positively correlated to AAT; (C)
Indirect Bilirubin is positively correlated to AAT; (D) Albumin is negatively correlated to
AAT.

Figure 5. Association of hematological and biochemistry markers in steady state sickle
cell disease patients with alpha-1 antitrypsin concentrations higher and lower than the
50™ percentile. Statistical analyses indicate that sickle cell disease (SCD) patients with
alpha-1 antitrypsin concentration higher than the 50" percentile (158.0 mg/mL) had: (A)
lower count of red blood cells (RBC); (B) lower concentration of hemoglobin (Hb); (C) lower
concentration of hematocrit (Hct); (D) higher count of white blood cells (WBC); (E) higher
count of neutrophils; (F) higher concentration of C-Reactive Protein (CRP); (G) higher
concentration of urea.

Figure 6. Association of alpha-1 antitrypsin concentration between SCD patients and
clinical history. (A) Association of AAT concentration among SCD patients with history of
infection episodes; (B) Association of AAT concentration among SCD patients with history
of gallstones; (C) Association of AAT concentration among SCD patients with history of
blood therapy.
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Lab I N M Standard Percentile values
aboratory values €N  peviation 25th 50th 75th
RBC, x10"%/mL 355 3.25 0.93 2.53 3.00 4.00
Hemoglobin, g/dL 356 9.35 1.95 8.00 9.00 11.00
Hematocrit, % 356 27.18 6.00 2213 26.00 32.00
MCV, fL 356 85.62 9.21 79.15 85.60 92.00
MCH, pg 356 29.62 3.78 27.00 29.65 32.00
Reticulocyte Count, % 352 6.07 2.58 4.00 6.00 7.88
Fetal hemoglobin, % 356 7.39 6.57 2.00 5.35 11.00
S hemoglobin, % 356 72.63 17.95 51.32 81.00 88.35
Leukocyte count, x 10%/mL 356 11955.31 4180.38 8800.00 11450.00 14600.00
Neutrophil count, x 10%/mL 356 5891.08 2789.25 3870.00 5357.00 7391.00
Eosinophil count, x 10%/mL 356 768.17 712.07 274.00 521.50 1109.75
Lymphocyte count, x 10%/mL 356 4327.80 2027.55 2924.50 3922.00 5229.25
Monocyte count, x 10%/mL 356 826.21 402.89 537.00 741.00 1070.75
Platelet Count, x10°/ uL 356 407.21 158.74 288.50 392.00 507.50
Glucose, mg/dL 356 75.14 19.72 68.00 74.00 79.00
Total Cholesterol, mg/dL 356 130.25 28.39 110.00 126.50 147.00
HDL-c, mg/dL 356 33.21 8.73 27.00 32.00 38.00
LDL-c, mg/dL 356 77.88 24.35 62.00 76.00 92.00
VLDL-c, mg/dL 356 19.23 9.73 13.00 17.00 23.00
Triglycerides, mg/dL 356 96.18 48.47 64.00 86.50 116.00
ALT, U/L 356 22.99 14.72 14.00 20.00 27.00
AST, U/L 356 47.68 22.13 32.00 43.00 60.00
Iron serum, mcg/dL 356 91.67 51.02 60.00 82.00 105.75
Ferritin, ng/mL 351 305.68 458.89 81.00 167.20 320.60
Total bilirubin, mg/dL 356 1.99 1.35 1.00 1.90 2.50
Direct bilirubin, mg/dL 356 0.51 0.47 0.00 0.40 1.00
Indirect bilirubin, mg/dL 356 1.49 1.23 0.90 1.00 2.00
Total protein, g/dL 356 7.96 0.80 7.50 8.00 8.30
Albumin, g/dL 356 4.45 0.54 4.00 4.40 5.00
Globulin, g/dL 356 3.54 0.82 3.00 3.55 4.00
Uric acid, mg/dL 356 4.12 1.27 3.00 4.00 5.00
Urea nitrogen, mg/dL 356 18.17 8.07 13.00 17.00 21.00
Creatinine, mg/dL 354 0.54 0.51 0.00 1.00 1.00
C-reactive protein, mg/L 353 6.74 9.57 2.47 4.00 7.00
Antistreptolysin-O, Ul/mL 353 177.68 339.38 28.50 80.00 165.00
Haptoglobin, mg/dL 353 8.82 15.75 5.83 6.00 6.00
LDH, U/L 356 964.05 531.42 597.25 855.00 1199.75

RBC: Red blood cells; MCV: Mean Cell Volume; MCH: Mean Cell Hemoglobin; HDL-C: High-
density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol; VLDL-C: Very Low-
density lipoprotein cholesterol; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;

LDH: Lactate dehydrogenase.
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5. DISCUSSAO

As manifestagdes clinicas presentes na DF s3o heterogéneas, com espectro amplo de
alteragdes que compreendem o quadro de anemia hemolitica, eventos vaso-oclusivos e
dolorosos, infecgcoes e AVC entre outras (OHENE-FREMPONG e STEINBERG, 2001). A
presenca de alfa talassemia, os haplotipos ligados a gene da globina 3 e os niveis elevados de
HbF sdo descritos como moduladores classicos dos eventos clinicos na DF (NAGEL,1984;
STEINBERG, 2001; MARTIN ¢ THOMPSON, 2013). Estudos mais recentes estabeleceram a
relacdo entre a LDH e o NO, por exemplo, com a apresentacdo de subfendtipos especificos
entre os individuos com DF, destacando a importancia da pesquisa de biomarcadores
associados ao progndstico, com énfase para os aspectos epistaticos descritos na doenga
(MORRIS et al., 2000; KATO et al., 2007).

Na primeira parte deste estudo investigamos individuos com DF, em estado estavel,
provenientes do estado da Bahia, que sao acompanhados na fundagio HEMOBA e individuos
saudaveis atendidos no Laboratério de Andlises Clinica da Faculdade de Farmacia
(LACTFAR) da Universidade Federal da Bahia (UFBA), que compuseram o grupo controle
do estudo. Nos pacientes e controles foram avaliados marcadores hematologicos, de fungao
renal, metabolismo lipidico, hemolise e inflamagao, sendo que os sujeitos de ambos os grupos
foram pareados em relagdo ao sexo e a idade. No que se refere a comparagdo entre pacientes
estaveis e individuos controles, o nosso objetivo foi identificar as possiveis diferencas entre os
grupos e eleger biomarcadores, de determinacao rapida e rotineira, que estivessem associados
as manifestagdes clinicas mais comuns na DF, na populagdo estudada. Verificamos que a
comparagdo entre os grupos revelou diferencas estatisticas para todos os marcadores
estudados, corroborando com o estudo realizado por Isichei (1980), exceto para os niveis
séricos de proteinas totais e fracdes (albumina e globulina), creatinina e antiestreptolisina O,
conforme dados da tabela 1 do Manuscrito 1. Essas diferencas bioquimicas observadas entre
os pacientes e controles podem estar relacionadas aos diferentes mecanismos associados a
patogénese da DF, que s@o precipitados por quadros de infecgdo, inflamagdo, bem como pelos
eventos vaso-oclusivos presentes entre os pacientes (OHENE-FREMPONG e STEINBERG,
2001; STUART e NAGEL, 2004). Entre os marcadores estudados, o HDL-c se mostrou
promissor como biomarcador de progndstico, uma vez que a sua presenga em niveis
reduzidos, foi associada a ocorréncia de pneumonia e alteragdes cardiacas, além de apresentar

correlagdo inversa com marcadores de hemolise, contagem de leucocitos e plaquetas.
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As concentragdes normais de proteina totais, albumina e globulina, bem como a
relacdo albumina/globulina nos pacientes com DF sugerem que ndo ha lesdo hepatica precoce
no grupo estudado (ISICHEI, 1980). Os niveis séricos de creatinina dentro dos valores de
referéncia entre os pacientes com DF confirmam observacdes anteriores de que tibulos renais
disfuncionais ocasionam o aumento na taxa de secrecdo de creatinina, contribuindo para a
manuten¢do dos niveis séricos de creatinina e depuragdo da creatinina falsamente normais,
uma vez que os pacientes apresentam hiperfiltragdao renal. Dessa maneira, a creatinina nao ¢
um bom parametro para avaliagdo de comprometimento renal em pacientes pediatricos com
DF, sendo necessdria a utilizacdo de outros analitos clinicos, como a proteinuria, e,
principalmente a avaliacdo de microalbuminurica precoce (MAROUF et al., 2006).

A HDL ¢ uma lipoproteina composta de varias particulas com diferentes composicdes
e fungdes, sendo que uma das mais revelantes ¢ a retirada do excesso de colesterol dos tecidos
periféricos, transportando-o para o figado para excrecdo pela via biliar, processo esse
denominado de transporte reverso de colesterol (PRINSEN et al., 2003; MIYAZAKI et al.,
2009; PEARSON et al., 2009). A reducdo dos niveis séricos de colesterol tem sido descrita
em pacientes com DF, com redugao significativa dos niveis de colesterol LDL ¢ do HDL
(SASAKI et al.,1983; VANDERJAGT et al., 2002a; SHORES et al., 2003; ZORCA et al.,
2010). Neste estudo, relacionamos alteragdes nos lipidios, com énfase para a redugdo do
colesterol HDL, com manifestagdes graves na DF, sugerindo o papel importante dessas
moléculas como potenciais marcadores de gravidade clinica nos pacientes (SEIXAS et al.,
2009). O colesterol VLDL ¢ uma molécula rica em triglicerideos ¢ desempenha fungdo
relevante na oxidagao lipidica e na génese da aterosclerose; somado a este fato, nossos dados
revelaram a associagdo inversa entre o colesterol HDL-c ¢ o VLDL nos pacientes com DF
investigados (DJOUMESSI et al., 1994).

A associacdo negativa observada entre a LDH e o colesterol HDL sugere que este
ultimo pode funcionar como marcador de prognodstico da hemolise intravascular e da
disfungdo endotelial devido as suas propriedades anti-inflamatdria, antioxidante,
antiagregante, anticoagulante e pro-fibrinoliticas (NOFER et al., 2002). Os pacientes com DF
que apresentaram niveis mais elevados do HDL-c apresentaram risco reduzido para a
ocorréncia de hemolise e para a disfuncdo endotelial, incluindo contagens menores de
reticuldcitos e de eritroblastos, bem como, concentracdo diminuida de HbS, fato que pode
estar relacionado ao consumo elevado de colesterol, devido a atividade medular elevada
durante a crise hemolitica. Esses individuos também apresentaram numero reduzido de

leucocitos, monocitos e plaquetas, e concentracdes diminuidas de marcadores hepaticos e
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hemoliticos, concentragdes significativamente menores do VLDL-c, triglicerideos e da AAT,
dados que refletem as propriedades anti-inflamatorias e antioxidantes deste biomarcador
(NOFER et al., 2002; FREDENRICH e BAYER, 2003).

A confirmacdao adicional das associagcOes citadas anteriormente foi obtida da
comparagdo entre as concentragdes de HDL-c e dos registros clinicos dos pacientes; esta
investigacdo revelou a ocorréncia maior de pneumonia e anormalidades cardiacas entre
aqueles com concentragdes reduzidas de HDL-c. O resultado relacionado ao risco de
pneumonia pode ser explicado pela produgdo de auto-anticorpos especificos contra
fosfolipidios oxidados; esses auto-anticorpos tém sido associados a inibi¢do da absorcao,
pelos macrofagos, do colesterol LDL oxidado e a prote¢do contra a infec¢do por
pneumococos virulentos (NAVAB et al., 2001). Niveis reduzidos de HDL-c constituem fator
de risco cardiovascular importante, sendo que a HDL e a apolipoproteina Al foram
associadas a reducdo das lesdes e melhoria da reatividade vascular em modelos animais e
humanos de aterosclerose. Estas alteragdes podem ser consequéncia da reducdo de lipidios
oxidados e do incremento do transporte reverso de colesterol (NAVAB et al., 2004).

A presenca de hipertensao pulmonar (HP) estd associada a uma série de alteragdes em
testes laboratoriais (MINNITI et al., 2009), sendo recentemente demonstrado o papel da via
da apolipoproteina Al e sua associacdo com a disfunc¢do endotelial em pacientes com DF e
HP (MINNITI et al., 2009). Os pacientes com DF que apresentaram niveis reduzidos de
HDL-c também apresentaram niimero maior de transfusdes sanguineas; este fato pode estar
relacionado ao curso clinico mais grave da doenga, uma vez que esta ¢ uma estratégia
terapéutica utilizada para evitar ou minimizar diversos sintomas clinicos presentes na doenga,
tais como AVC (OHENE-FREMPONG e STEINBERG, 2001).

A litiase biliar em pacientes com anemia hemolitica ja ¢ bem descrita como resultante
do acamulo de estruturas compostas por bilirrubinato de calcio. Tendo em vista os resultados
de nossas correlacdes entre colesterol e triglicerideos com a hemolise, propomos que os
calculos biliares, em pacientes com DF, podem estar relacionados diretamente a hemolise e
geragao de bilirrubina e, indiretamente, ao colesterol e aos lipidios, necessitando confirmagao
através de novas estratégias de investigacdo. A associagdo de proteinas de fase aguda e
colelitiase pode ser explicada pela resposta ao estresse oxidativo ocorrido em consequéncia da
lesdo traumatica ou a mecanismos relacionados a infec¢do, incluindo hipermetabolismo e
catabolismo proteico, que contribuem para a ocorréncia de resposta inflamatéria

(STEINBERG, 1999).
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No manuscrito II analisamos a associagao entre os niveis de PGE,, LTB4 ¢ moléculas
associadas ao perfil lipidico em criangas em estado estavel com DF. As criangas com DF,
geralmente, apresentam alteragdes nos indices hematologicos, com presenca de anemia,
aumento dos niveis de marcadores de hemolise e alteragdes metabolicas, quando comparadas
com criancas saudaveis, mesmo quando os pacientes estdo em estado estavel (STEINBERG,
1996; KATO et al., 2007; SEIXAS et al., 2010; MILTON et al., 2012). Essas alteragoes t€ém
sido associadas a eventos inflamatorios, vaso-oclusivos, dolorosos ¢ com inimeros eventos
clinicos presentes na doenga com exacerbacgao de varias vias de sinalizagdo, com a ativacao de
leucdcitos, hemacias, plaquetas e células endoteliais (OKPALA et al., 2002; OKPALA, 2004;
OKPALA, 2006). Além disso, a presenca de hipdxia e as alteragdes nos lipidios da membrana
eritrocitaria contribuem para a manutencao do ambiente inflamatorio e de outros distirbios
metabolicos descritos na doenga (CONNOR et al., 1997;. SETTY et al., 1996;. DE JONG et
al., 1997).

A PGE, ¢ um componente lipidico, resultante da a¢do da ciclo-oxigenase (COX) e
derivado do metabolismo do acido araquidonico, que medeia diversos mecanismos
fisiologicos, e atua através da ligacdo de receptores de prostaglandina (PE), caracterizado
como receptores acoplados a proteina G (READER ef al., 2011 ). O aumento dos niveis de
PGE; e COX-2 tem sido associado a varias doengas, incluindo doencas inflamatorias, e com a
disfun¢do endotelial (WONG et al., 2010). Nosso estudo descreveu a associagao de niveis
séricos elevados de PGE, com alteragdes nos marcadores relacionados a disfuncao hepatica e
hemolise (aspartato aminotransferase, bilirrubina total e fragdes, lactato desidrogenase e heme
livre); também com alteracdes no inibidor tecidual da metaloproteinase 1 (TIMP-1), com
marcadores de anemia (Hb, Hct) e a ativagdo de leucocitos e plaquetas. O LTB4 s6 foi
relacionado a alteracdes de uréia. Propriedades inflamatorias foram descritas, para a PGE,, em
pacientes com DF; assim como, os niveis elevados de PGE; t€ém sido associados ao aumento
de citocinas inflamatorias e a ativacdo leucocitaria (GRAIDO-GONZALEZ et al., 1998;
NORTH et al., 2007; KONYA et al., 2011; BARRIE et al., 2011; HEGYT et al., 2012),
aspectos muito conhecidos na DF e que indicam a PGE; como um possivel biomarcador de
gravidade nesta patologia. No que se refere a associagdo entre o aumento do LTB4 e ureia,
ndo ha nenhuma descri¢do na literatura e esse resultado pode estar relacionado a participacao
dessa molécula nas alteragdes renais descritas entre pacientes com DF.

Nossos dados sobre a correlacdo entre o HDL-c, colesterol total e triglicérides e
marcadores bioquimicos e hematoldgicos ja foram descritos, e outros os estudos sobre

alteracdes dos lipidios tém demonstrado associagdes importantes entre a DF e estas desordens
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metabolicas. A diminui¢do do HDL-¢ foi descrita ndo somente quantitativamente, mas
também qualitativamente; essa reducdo foi associada a a¢do anti-inflamatoria e ao uso como
potencial biomarcador de gravidade clinica na DF (SASAKI et al., 1983; DJOUMESSI et al.,
1994; VANDERJAGT et al., 2002a; VANDERJAGT et al., 2002b; SHORES et al., 2003;
SEIXAS et al., 2009;. ZORCA et al., 2010). Em relagdo a clinica dos pacientes, as alteracdes
tétm sido associadas a producdo de fosfolipidios oxidados, aumentando os distirbios
metabolicos, contribuindo para dano a 6rgaos e para a disfun¢do endotelial nos pacientes com
DF (NAVAB et al., 2001).

A presenca de alteracdes na membrana lipidica dos eritrécitos falciformes ja foi
descrita em estudos anteriores (KUCUK et al., 1992; CONNOR et al., 1997;. SETTY et al.,
1996; DE JONG et al., 1997), os nossos resultados relativos ao aumento da migracao de
neutréfilos podem ser explicados com base nas alteracdes dos lipidios da membrana do
eritrocito e da exposicao destes produtos metabdlicos que contribuem para o ambiente
inflamatorio presente na doenca; estes resultados sdo confirmados pela constatagdo da
diminui¢do da migragdo de neutrofilos apds a exposicdo dos pacientes ao soro com
sinvastatina, provavelmente pela agdo da mesma sobre o colesterol oxidado. Um achado
importante em nosso estudo foi o fato de que a sinvastatina ndo reduziu a migracao de
neutr6filos em individuos saudaveis. Os dados discutidos até este paragrafo referem-se a
primeira parte do estudo e compdem os manuscritos I e 11

A proxima etapa do nosso estudo teve como objetivo responder as questdes geradas
nos dois primeiros manuscritos. Dessa forma, conduzimos um estudo prospectivo que incluiu
pacientes com DF em estado estavel, atendidos na HEMOBA e pacientes em crise, que
estavam internados no Hospital Santo Antonio (HSA) das Obras Sociais Irma Dulce (OSID).
Para tal, investigamos biomarcadores associados a inflamagdo, hemolise e remodelamento
vascular. Nessa investigagdo encontramos niveis sistémicos mais elevados de PGE,, LTB4 e
TGF-B em pacientes com DF em estado estdvel, e concentragdes séricas mais elevadas de
TNF-0, IL-1PB e IL-10 em pacientes com DF em crise. Os niveis séricos de heme livre, MMP-
9 e TIMP-1 aumentaram nos grupos de pacientes com AF, em estado estavel e em crise e
foram associados a alteracdes de marcadores hematoldgicos, bioquimicos e inflamatorios
entre pacientes com DF em estado estavel, apoiando a hipdtese de que a expressao continuada
de heme livre, MMP-9 e de TIMP-1 pode estar associada ao processo inflamatorio cronico
observado nesses pacientes.

A alteragao do metabolismo lipidico descrita em pacientes com DF tem sido associada

a assimetria de fosfolipidios dos eritrocitos falciformes, contribuindo para alteragdes
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metabolicas, tais como desidratacdo, perturbacdo da membrana, desequilibrio de cations e
hipercoagulabilidade (CONNOR et al., 1997; DE JONG et al., 1997; KUYPERS, 2007).
Além disso, eicosandides e diacilglicerois sdo liberados, secundariamente, por células
endoteliais por estimulo provenientes das hemacias falciformes (SETTY e STUART, 2002),
aumentando produtos do &cido araquidonico, tais como PGE, e LTB4, cuja sintese estd
associada ao controle da resposta inflamatoria (KUEHL e EGAN, 1980; WONG et al., 2010).
No manuscrio III relatamos niveis elevados de PGE, e LTB4 em pacientes com AF em estado
estavel em comparacdo com pacientes em crise ¢ individuos sadios (Figura 1A e B). Estes
dados sugerem que a PGE; e LTB4 s3o importantes marcadores de inflamagdo cronica em
pacientes com DF e que a sua sintese ¢ induzida por uma interagdo anormal entre eritrocitos e
células endoteliais e pela presenca de um ambiente pro-oxidante cronico presente na doenca.
Em conjunto, esses fatores contribuem para a disfungdo endotelial encontrada nestes
pacientes.

O LTBy4 tem sido referido como um quimioatrativo de neutrofilos e associado ao
aumento da adesdo destes ao endotélio (SETTY et al., 1996). No entanto, Monteiro e cols.
(2011) descreveram previamente o processo inflamatorio neutrofilico heme dependente
durante a hemolise, que foi associado a atividade endogena de LTB4 proveniente de
macrofagos. Graido-Gonzalez e cols. (1998) relataram o aumento nos niveis de PGE, em
pacientes com AF em crise. Além disso, Setty e Stuart (2002) descreveram o aumento no
LTB4 em pacientes com AF e Lanaro e cols. (2009) descreveram o aumento nos niveis de
PGE; em pacientes com AF em estado estavel, mesmo apds a administragao de HU. Os dados
relativos as concentragdes de PGE, e LTB4 em pacientes com DF permanecem controversos.
Esses mediadores podem atuar por meio de uma ampla gama de fungdes, como descrito
anteriormente (IBE et al., 1997; NORTH et al., 2007; WANG et al., 2010; BARRIE et al.,
2011; KONYA et al., 2011; HEGYI et al., 2012); dessa maneira, sdo necessarias avaliagoes
mais aprofundadas visando esclarecer o papel do LTB4 na inflamagdo associada a DF e
desvendar a rede complexa de mecanismos envolvidos na patogénese da doenga.

O TGF-pB ¢ uma citocina com multiplas fungdes associada a diferenciacao de células
Th17 (HAN et al., 2012), ao desenvolvimento de miofibroblastos por meio do seu receptor
(TGFBR), seguido pela geragdao de ROS; e, juntamente com a endotelina-1, induz a deposigao
de matriz extracelular (LAMBERS et al, 2013; YANG et al., 2013). O nosso estudo
demostrou o aumento nos niveis séricos de TGF-B em individuos com AF em estado estavel
(conforme figura 1C do manuscrito III), o que sugere que o TGF-B desempenha papel no

remodelamento vascular nesta doenga, e que, provavelmente, contribui para a alteragdo
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vascular através da deposi¢do de matriz extracelular. No entanto, o TGF-B pode atuar como
um gerador de ROS por meio da ativacio do seu receptor, que participa tanto do
estreitamento vascular, quanto da disfuncao endotelial e da inflamacao (YANG et al., 2013).

Os niveis sistémicos de MMPs e¢ TIMPs, bem como a razdo entre eles, tém sido
associados a eventos normais e patolégicos, incluindo remodelamento tecidual,
carcinogénese, metastase, angiogénese, sepse, dislipidemia, hemodialise, esclerose multipla,
obesidade, sindrome metabolica e aterosclerose (BELO et al., 2009; DEROSA et al., 2009a;
DEROSA et al., 2009b; LORENTE et al., 2009). Nossos resultados mostram o aumento nos
niveis séricos de MMP-9 e TIMP-1 nos dois grupos de pacientes com AF investigados, em
estado estdvel e em crise, com o aumento da razdao MMP-9/TIMP-1 (Figura 1E-F do
manuscrito III). Estes dados sugerem que a produgdo continua de MMP-9, em ambos os
grupos, pode representar processos ativos de remodelamento da matriz e manutengdo da
destruicdo e degradagdo tecidual nestes pacientes. A associacdo entre niveis elevados de
MMP-9 e o0 aumento no nimero de leucdcitos e neutrdfilos nos pacientes com DF em estado
estavel (Figura 10A, B do manuscrito III) sugere uma ativacdo leucocitaria, relacionada,
provavelmente, a transmigragdo dos leucocitos através da parede vascular. Esta ativacao
leucocitaria envolve a ativagcdo da proenzima MMP-9 neutrofilica, que promove a geracao de
MMP-9 e resulta em mudangas nas células vasculares, aumento da resposta inflamatdria e
disfuncdo endotelial. A elevacdo da MMP-9 nos neutréfilos e a sua relagdo com o aumento do
ambiente inflamatorio e adesdo vascular foram descritas nos processos de indugdo a
angiogénese e inflamacdo secundéaria a trombose venosa em pacientes com sindrome
metabolica (WAKEFIELD et al., 2008; APLIN et al., 2009; ARDI et al., 2009;
GONCALVES et al., 2009).

O aumento dos niveis séricos de TIMP-1 no grupo de pacientes com AF incluidos no
presente estudo pode estar associado a uma funcao independente da MMP-9 e ao ambiente
hipoxico, encontrado nos pacientes com AF. Nas nossas andlises encontramos a associagao
entre os niveis elevados de MMP-9 e de TIMP-1 (Figura 10C do manuscrito III), sugerindo
que o TIMP-1 apresenta diversas fungdes; sendo que, esta hipdtese pode ser validada pela
observacdo das associacdes entre o aumento do TIMP-1 e os niveis de marcadores
bioquimicos de hemolise, inflamac¢do e marcadores hematoldgicos de anemia, estes Ultimos
associados a hipoxia (Figura 8 e Figura 9 manuscrito III).

Os nossos resultados demonstram a associagdo entre o aumento do TIMP-1 e
alteragdes nos lipidos e marcadores de hemolise (Figura 8 manuscrito III), sugerindo que esta

molécula estd envolvida com a geragdo de ROS e a produgdo de heme. Os niveis elevados de
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TIMP-1 foram descritos como acionadores do fator 1 induzivel por hipéxia (HIF-1), que tem
sido associado com alteracdes pro-metastaticas no microambiente cancerigeno. Além disso, o
aumento nos niveis de TIMP-1 estd relacionado a inducdo de miRNA210, que regula a
alteracdo metabolica de uma via glicolitica (KONDO et al., 2002; AKHAVANI et al., 2009;
CUI et al., 2012). Observamos também a associagdo entre niveis elevados de TIMP-1 e o
aumento da contagem de plaquetas, o que sugere que este marcador pode estar associado a
ativacdo plaquetdria e com a expressao de fator tecidual, mediado por heme, em células
endoteliais, ocasionando o aumento da atividade procoagulante. Este fendmeno foi estudado
anteriormente por Setty e cols. (2008) usando células endoteliais humanas de cordao
umbilical (HUVECs) na simulagdo de um ambiente hemolitico. O desequilibrio da relagdo de
MMP-9/TIMP-1, descrito neste estudo, sugere que a MMP-9 contribui para a disfungdo
endotelial na DF e para o ambiente inflamatorio comumente descrito nestes pacientes
(Wakefield et al., 2008; Ardi et al., 2009; Gongalves et al., 2009).

O heme livre e as ROS sdo liberados durante o catabolismo da Hb que se segue a
hemolise intravascular (FERREIRA et al., 2008; TAYLOR et al., 2008; BELCHER et al.,
2010). Os efeitos nocivos do heme no microambiente vascular t€ém sido associados a necrose
programada de macrofagos peritoneais em modelos de ratos C57BL/6, selvagens e knockout,
e com a producdao de TNF-a e o aumento da produgdo de ROS (FORTES et al., 2012). Este
estudo mostrou o aumento do heme nos paciente com AF, em crise e no estado estavel (Figura
1G manuscrito III), sugerindo que niveis sistémicos elevados de heme livre podem estar
diretamente relacionados ao estado de hiper-hemolise cronica anteriormente descrito nesses
individuos (VILAS-BOAS et al., 2010). Esta relacdo, provavelmente, ¢ responsavel por
manter o estado inflamatorio cronico e pela geracdo continua de ROS, o que levaria a uma
disfun¢ao endotelial progressiva (KATO et al., 2007; FERREIRA et al., 2008).

Considerando o aumento nos niveis plasmaticos do heme livre em ambos os grupos
de pacientes com AF, avaliamos a associagdo entre o heme e marcadores lipidios,
hematologicos, bioquimicos e inflamatorios nesses pacientes (Figuras 4-7, manuscrito III). Os
resultados mostraram que este produto da lise eritrocitaria pode interferir com diversas vias
associadas a gravidade clinica nos pacientes com DF. Dessa forma, os nossos dados indicam
uma associacdo entre o heme livre e alteragdes em marcadores lipidicos, de hemolise; alguns
inflamatorios e de remodelamento, como o TGF-B, TIMP-1, PGE; e a IL-12, o que reforga o
papel fundamental do heme na hiper-hemolise cronica e no processo inflamatdrio cronico

descritos na doenca (UZUNOVA et al., 2010; VILAS-BOAS et al., 2010).
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Niveis alterados de citocinas pro-inflamatorias e anti-inflamatdrias tém sido descritos
em pacientes com AF com envolvimento na gravidade clinica da doeng¢a e na manutenc¢ao do
estado inflamatorio (GONCALVES et al., 2001; ASSIS et al., 2005; BRITTAIN E PARISE,
2007; LANARO et al., 2009). No6s encontramos niveis elevados de IL-1f, IL-6, TNF-a e IL-
10 em pacientes com AF em crise, e niveis elevados de IL-8 e IL-12 em pacientes com AF em
estado estavel, embora estas ultimas citocinas também tenham sido encontradas em
concentracgoes elevadas nos pacientes com AF em crise (Figuras 2A-F, masnuscrito III). Estes
dados sdo consistentes com estudos anteriores, incluindo os realizados por nosso grupo
(ABBOUD et al., 2000; GONCALVES et al., 2001; PATHARE et al., 2004; ASSIS et al.,
2005; LANARO et al., 2009; CERQUEIRA et al., 2011; KEIKHAEI et al., 2013; VEIGA et
al., 2013). A producao de citocinas pro-inflamatorias em pacientes com DF foi associada a
contagem de células mononucleares e aos neutrofilos, com consequente alteracdo das
caracteristicas adesivas do ambiente, contribuindo para a patogénese da doenca. Além disso,
estas citocinas tém sido associadas a disfun¢do vascular, leucocitose, ¢ ao envolvimento
inicial de neutréfilos, seguido por mondcitos e células endoteliais, sendo que estas podem
servir como fonte dos referidos mediadores (GONCALVES et al., 2001; ASSIS et al., 2005;
OKPALA, 2006; LANARO et al., 2009).

As propriedades imunomoduladoras da IL-10 sdo bem conhecidas, sendo que o
aumento nos niveis desta citocina foi associado a resposta anti-inflamatoria, diminui¢ao do
ambiente pré-inflamatorio, e, recentemente, a protegdo contra a disfuncdo vascular
(KINZENBAW et al., 2013; TABAS E GLASS, 2013). A ILI1- esta associada a danos aos
tecidos e a fibrogénese e, em conjunto com a IL-6, foi relacionada com doenga vascular
(GIELING et al., 2009; MIWA et al., 2013; SAXENA et al., 2013). O aumento da IL-12 nos
pacientes em estado estavel investigados no presente estudo enfatiza o papel desta citocina
como mediador da resposta inflamatéria na AF (BARRIE E PLEVY, 2005).

A andlise da curva ROC proporcionou a identificagdo de marcadores associados aos
pacientes com AF em em estado estavel e em crise (Figuras 3A e 3B, manuscrito III,
respectivamente). Os marcadores encontrados exibiram sensibilidade, especificidade e
acuracia elevadas, com valor preditivo alto para o acompanhamento de pacientes com AF.
Estes biomarcadores apresentam-se como excelentes perspectivas no estudo de possiveis
alvos terapéuticos na DF.

No quarto momento do estudo investigamos os niveis séricos da alfa 1 antitripsina
(AAT) em pacientes com DF, buscando associa-los a marcadores hematologicas,

bioquimicos, a eventos clinicos e com a presenga dos polimorfismos no gene SERPINAI.
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Nossos resultados revelaram que os niveis elevados de AAT foram associados a presenca de
anemia mais grave e ao aumento das contagens de leucdcitos e neutrofilos; além de niveis
alterados de CRP e baixos niveis de uréia. Adicionalmente, os resultados obtidos indicam que
a AAT teve correlagdo negativa com marcadores hematologicos referentes a anemia,
avaliagdo das fungdes hepdtica e renal, tais como a albumina, creatinina e uréia, € com o
HDL-c. Por outro lado, encontramos correlacdo positiva da AAT com as bilirrubinas (total,
direta e indireta), LDH, ferritina ¢ CRP, sendo estas tltimas proteinas de fase aguda.

Nossos resultados estdo de acordo com estudos anteriores que descreveram as
propriedades imunomoduladoras e anti-inflamatorias da AAT, ressaltando as caracteristicas
descritas anteriormente como a altera¢ao da adesdao de neutrofilos ao endotélio e seu efeito
sobre a redugdo da expressdao de receptores semelhantes a Toll e de citocinas pro-
inflamatoérias, principalmente no pulmdo (DAEMEN et al., 2000; JONIGK et al., 2013;
STOCKLEY E TURNER, 2014). Além disso, como a AAT ¢ sintetizada preferencialmente
no figado, esse fato pode explicar os nossos dados sobre a correlacdo positiva da mesma com
enzimas hepaticas e outras proteinas de estresse, bem como a correlacdo negativa da ATT
com marcadores de funcdo renal que pode estar relacionada as propriedades da mesma na
regulagdo dos referidos marcadores. A CRP ¢ uma proteina de fase aguda que aumenta
rapidamente durante processos inflamatdrios, sendo que esta também apresentou correlagdo
positiva e significativa com os niveis de AAT. Dessa forma, em pacientes com DF, a CRP
esta aumentada assim como a AAT. A CRP tornou-se um marcador inflamatorio importante
devido a facilidade de determinagdo dos seus niveis séricos ¢ a boa correlagdo clinico-
epidemioldgica apresentada pela mesma (MALM et al., 2013).

O aumento da producdo de AAT tem sido relacionado a disfungdo hepatica, a resposta
inflamatéria e ao dano tecidual (ERIKSSON E ELZOUKI, 1998; TRAINA et al., 2007,
BALS, 2010). A AAT tem papel importante na regulagao de leucdcitos, incluindo a expressao
de moléculas de superficie em monocitos e a inibicdo da elastase e outras serina proteases
produzidos pelos neutréfilos. Assim, a AAT controla a degradacdo tecidual promovida por
proteases, especialmente pela elastase neutrofilica, e inibe a agdo destas enzimas pro-
inflamatoérias em tecidos especificos, tais como o efeito de elastase neutrofilica nos pulmoes,
que apresenta papel importante na doenca pulmonar obstrutiva cronica e no enfisema
(LOMAS et al., 1992; CHURG et al., 2001; JANCIAUSKIENE et al., 2007; NITA et al.,
2007; STOCKLEY, 2014a; STOCKLEY, 2014b; STOCKLEY e TURNER, 2014; STONE et
al., 2014). A despeito da funcdo inibidora de proteases da AAT, ela também tem

caracteristicas anti-inflamatorias, com atividade imunorreguladora sobre algumas células,
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particularmente, os linfocitos, mondcitos, macroéfagos e neutrofilos, que regulam a sintese de
leucotrieno B4 (LTB4) e de citocinas pro-inflamatdrias, tais como a IL-8, TNF-q, IL-1 e IL-6.
Curiosamente, foi descrito um efeito citoprotetor da AAT impedindo o acimulo da elastase
neutrofilica nos tubulos renais, em modelos experimental ¢ humano de lesdo renal aguda
(ZAGER et al., 2014). Os resultados relacionados com marcadores renais podem apoiar a
hipdtese, anteriormente descrita, da AAT como um biomarcador de doenca renal, que pode
ser relevante nos pacientes com DF, embora sejam necessarios estudos mais aprofundados
para confirmagao dessa suspeita.

O presente estudo sugere, além disso, que a AAT desempenha fun¢do importante na
patogénese da DF, uma vez que o aumento dos niveis de bilirrubinas estd associado a
hemolise, ao aumento da contagem de leucocitos e as alteracdes nos niveis de CRP, sendo
associado, dessa forma, a lesdo endotelial e a inflamagao cronica descritas nos pacientes com
DF (REES E GIBSON, 2012). Em relag¢do aos pardmetros hematologicos, nossos resultados
mostram a ocorréncia de uma correlacdo negativa entre a contagem de eritrocitos, a dosagem
de hemoglobina e o hematocrito com AAT, o que pode fortalecer a hipdtese anteriormente
descrita (ZAGER et al., 2014).

No presente estudo, associamos o aumento da concentracdo da AAT com as
manifestagdes clinicas e as alteragdes inflamatdrias cronicas observadas nos pacientes com
DF. As propriedades inibidoras de proteases ja descritas para AAT justificam o seu aumento
nos episodios de infecgcdo; a ocorréncia de calculos biliares pode ser relacionada com a sua
producao hepatica e também com a repercussao organica da hemolise; o aumento do uso de
hemoderivados pode representar uma resposta complementar a hemolise, inflamagdo e
alguma alteragdo do sistema imune, entre estes pacientes, bem como a associacdo com a
gravidade clinica da doenga (KATO et al., 2007).

Por meio dos resultados obtidos no nosso trabalho foi possivel correlacionar a
concentragdo de AAT (pacientes e controles) com o genotipo do gene SERPINA 1, mostrando
uma diferenca entre os niveis séricos da ATT entre o gendtipo selvagem e na presenca dos
alelos mutantes. Sugerimos que a AAT pode ser um biomarcador importante de doenga nos
pacientes com DF, estando associada ao aumento da gravidade clinica, em particular das
doengas hepatica e pulmonar, que apresentam prevaléncia elevada entre os pacientes. Os
niveis de AAT tém sido investigados em alguns relatos esporadicos de DF, mas a ATT sérica
nao foi considerada como biomarcador de doenca ou correlacionada com sintomas clinicos,
mas enfatizamos que a mesma pode estar sofrendo alteragdes conformacionais e assumindo

uma natureza inflamatéria em decorréncia da sua exposi¢do direta a produtos do estresse
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oxidativo (OMENE et al., 1980; HEDO et al., 1993; BOURANTAS et al., 1998; TETE-
BENISSAN et al., 2000).

Considerando o polimorfismo no gene SERPINAI, sabe-se que os alelos mutantes S e
Z sao os mais frequentemente encontrados e que estao associados a niveis séricos reduzidos
de AAT, com gravidade varidvel da doenga de acordo com os gendtipos e, consequentemente,
com o aumento no risco de enfisema pulmonar, doenca hepética secundaria a deficiéncia de
AAT e diminui¢do das suas propriedades imunomoduladora, anti-inflamatoria e inibidora de
proteases (LUCOTTE E SESBOOE, 1999; KOKNLEIN E WELTE, 2008). No figado, a
presenca do alelo Z pode facilitar a polimerizagdo da proteina e o seu acumulo nos
hepatocitos, secundario a alteragdo de sua sintese (BALS, 2010). Nossos resultados
permitiram avaliar que cerca de 10,3% dos pacientes com DF apresentaram o alelo mutante,
embora a grande maioria tenha o genotipo selvagem. Assim, a investigacao dos niveis de
AAT e a caracterizacdo dos genotipos da SERPINAI podem compor uma nova abordagem
sobre um antigo marcador que pode ser promissor na compreensdo da patogénese da DF e na
discussdo de estratégias terap€uticas novas para a referida patologia (KASSIM E DEBAUN,
2013).
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6. CONCLUSOES

e Pacientes com DF podem apresentar sub-fenétipo dislipidémico especifico, caracterizado
por niveis reduzidos de HDL-C, hipertrigliceridemia e niveis elevados de VLDL-C,
associados a biomarcadores, como aqueles relacionados com a inflamacao;

e O HDL-c teve destaque como possivel biomarcador de progndstico associado a
manifestagdes clinicas importantes em criangas com DF;

e O aumento na migragdo dos neutrofilos frente ao estimulo com soro de individuos com
DF, pode ser explicado pela presenga de produtos proveniente da oxidagao de lipidios;

e Os niveis das citocinas estudadas sdo elevados nos individuos com DF (estdveis e em
crise) quando comparados aos controles saudaveis; IL-1p, IL-6 e TNF-o e sdo preditores
de crise em individuos com DF;

e LTB4, PGE; e TGF-B apresentaram elevacdo em suas concnetragcdes em individuos com
DF em estado estavel e reducdo em individuos em crise, quando comparados aos
controles. LTB4, PGE; e TGF- sdao preditores do estado estavel da DF;

e O heme livre, MMP-9 e TIMP-1 encontram-se elevados nos pacientes com AF, mesmo
aqueles em estado estdvel da doenga, sugerindo um possivel papel do heme livre na
hemolise cronica; bem como, da MMP-9 e do TIMP-1 no processo inflamatdrio cronico
presente na DF;

e Existe associagdo entre os niveis sistémicos de heme livre, MMP-9 e TIMP-1 e
marcadores de hemolise e inflamacgao nos pacientes com DF;

e O TIMP-1 parece desempenhar papel importante na patogénese da DF, especialmente na
resposta a hipoxia;

e Os niveis de AAT apresentaram relacdo com marcadores laboratoriais comumente
investigados na rotina laboratorial, incluindo aqueles utilizados no monitoramento e
avaliacdo da gravidade da doenca;

e Os diferentes genotipos do gene SERPINAI descritos neste estudo mostraram relagao com
as concentragdes de ATT nos pacientes com DF estudados; os dados sugerem a correlagio
direta entre AAT e as manifestacdes clinicas naDF;

e Os resultados reforcam a importancia da investigacdo de marcadores novos de prognostico
na DF, visando identificar moléculas alvo a serem utilizadas no monitoramento dos
pacientes e em estratégias terapéuticas, com destaque para o desenvolvimento de estudos

com abordagens clinicas e de mecanismos.
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A - MANUSCRITOS

A.1 = MANUSCRITO I

The Leftward deletion 4.2 Kb Alpha-Thalassemia in two sickle cell anemia siblings

Daniele Takahashi, Silvana S. Paz, Magda O. Seixas, Cynara G. Barbosa, Cyntia Cajado,
Nadja J. Gongalves-Santos, Elisangela V. Adorno, Isa M. Lyra, Larissa C. Rocha, Mitermayer
G. Reis, Marilda S. Gongalves.

Este ¢ um relato de caso de dois irmdos provenientes do Estado da Bahia, Brasil, que t€ém
Anemia Falciforme e sdo portadores silenciosos da delegao -o 4.2Kb da alfa talassemia.

Gazeta Médica da Bahia, 2010;80:3.

Resumo: A presenga da delecdo —a thal 3.7Kb estd associada com melhor progndstico de
pacientes que possuem anemia falciforme (AF), contudo ndo existem estudos na literatura a
respeito da associagdo da —a thal 4.2Kb com a evolugdo clinica desses pacientes. No presente
relato sdo descritos achados laboratoriais e perfil de hemoglobina de dois irmaos que possuem
AF em associagdo com a —a thal 4.2Kb. Ambos os pacientes apresentam anemia acentuada,
baixos indices de volume corpuscular médio (VCM) e contagem de leucécitos elevada.
Estudos adicionais sao necessarios para elucidar a possivel associagdo entre a —a thal 4.2Kb e

a gravidade da AF.

Palavras-chave: doenca falciforme, doenca SC, talassemia, haplétipos.
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THE LEFTWARD DELETION ***® ALPHA-THALASSEMIA IN TWO SICKLE CELL ANEMIA SIBLINGS

DELECA0 ** DA ALFA-TALASSEHIA EM DOIS IRMAOS COM ANEMIA FALCIFORME

Elisangela V. Adorno, Isa M. Lyra, Larissa C. Rocha, Mitermayer G. Reis, Marilda S. Gongalves

Centro de Pesquisas Gongalo Moniz, Fundagdo Oswaldo Cruz (CPqgGM-FIOCRUZ); Faculdade de Farmdcia, Universidade

Federal da Bahia (UFBA); Fundacdo de Hematologia e Hemoterapia da Bahia (HEMOBA), Salvador, Bahia, Brasil

The presence of —othal 3.7Kb deletion is associated with better prognosis of Sickle Cell Anemia (SCA) patients, but
here are not reports in the literature regarding association of —¢ thal 4.2Kb and its importance among SCA clinical
outcome. In this report, we describe Hemoglobin profile and laboratory findings of two siblings who have SCA and
are silent carriers of —o. thal 4.2Kb. Both described patients have severe anemia, lower rates of Mean Corpuscular
Volume (MCV) and a high leukocytes count. Further studies are required to establish a possible association
between —¢t thal 4.2Kb and SCA severity.

Keywords: Alpha thalassemia, sickle cell anemia, hemoglobin.

A presenga da delegdo —o thal 3.7Kb estd associada com melhor progndstico de pacientes que possuem anemia falciforme
(AF), contudo néio existem estudos na literatura a respeito da associagdo da —a thal 4.2Kb com a evolugdo clinica desses
pacientes. No presente relato sdio descritos achados laboratoriais e perfil de hemoglobina de dois irmdos que possuem AF em
associacdo com a—o thal 4.2Kb. Ambos os pacientes apresentam anemia acentuada, baixos indices de Volume Corpuscular
Médio (VCM) e contagem de leucdcitos elevada. Estudos adicionais séo necessdrios para elucidar uma possivel associagdo

Daniele Takahashi, Silvana S. Paz, Magda O. Seixas, Cynara G. Barbosa, Cyntia Cajado, Nadja J. Gongalves-Santos,

entre a — thal 4.2Kb e a gravidade da AF.

Palavras-chave: doenga falciforme, doenca SC, talassemia, haplétipos.

Alpha-thalassemia, the most common single-gene
disease in the world, is characterized by a reduction or com-
plete absence of o-globin gene expression. Many deletions
have been described in the Alpha (co)-globin gene located at
the short arm of chromosome 16, but the most prevalent are
the —ot thalassemia with 3.7 kilobases (Kb) deletion (—o: thal
3.7KDb) and the —o thalassemia with 4.2 Kb (—o thal 4.2Kb)
which are originated by homologous recombination between
misaligned chromosomes®,

Sickle cell anemia (SCA) patients have heterogeneous
clinical manifestations, including hemolysis, chronic
inflammation and painful crisis. The presence of —o thal 3.7Kb
deletion is associated with better prognosis of SCA patients*.
There are not reports in the literature regarding association of
-0 thal 4.2Kb and its importance among SCA clinical outcome.

In this report, we describe two siblings from Bahia State
in Brazil, who have SCA and are silent carriers of —a thal
4.2Kb.

Whole-blood samples were collected from the HBSS
patients attending the out-patients clinic in HEMOBA.
Hematological analyses were carried out using an electronic
cell counter, Coulter Count T-890 (Coulter Corporation, FL,
USA). The hemoglobin (Hb) profile and HbF levels were

Recebido em 22/6/2010 Aceito em 12/8/2010
Enderego para correspondéncia: Profa. Marilda Souza Gongalves, Centro
de Pesquisas Gongalo Moniz, FIOCRUZ, Bahia. Rua Waldemar Falcao,
121, Candeal, 40296-710 Salvador, Bahia, Brazil. C-elo:
mari(@bahia. fiocruz.br. Financial support: CNPQ, DECIT 306524/2004-
0 and 409800/2006-6.

Gazeta Médica da Bahia 2010;80:3(Ago-Out):67-68
© 2010 Gazeta Médica da Bahia. Todos os direitos reservados.

investigated by high performance liquid chromatography (HPLC
/ VARIANT I; BIO-RAD, CA, USA). Biochemical markers
analyses were measured in serum by immunochemistry assay
(A25 system, BIOSYSTEMS SA, Barcelona, Spain).

DNA was isolated from the white blood cells (WBC) by
FlexiGene DNA Kit, Qiagen (USA), according to the
manufacturer’s recommendations, Beta-globin gene
haplotypes were investiged by PCR-RFLP®. The alpha-
thalassemia was confirmed in the two siblings by a single-
tube multiplex PCR method to detect the wide type, the -
thal 3.7Kb, and —ot thal 4.2Kb alleles, using primers previously
described®.

The study was approved by the Oswaldo Cruz Research
Foundation’s Human Research Board (number CAAE
0024.0.225.000-06), and the study was based in accordance
with Declaration of Helsinki of 1975, as revised in 2000 and all
subjects or official responsible filled out a written informed
consent form.

The patient number 1 is a 7-years-old afro-descendent
boy, which has had recurrent hospitalizations (more than 3)
with many painful crisis, meningitis episode and blood
transfusion history. The patient number 2 is a 5-years-old
afro-descendent girl and her clinical history indicated recurrent
hospitalizations (more than 9), pneumonia episode and blood
transfusion history. Moreover, this patient has been submitted
to splenectomy surgery.

The laboratory findings and hemoglobin profile of both
patients are described in the Table 1, which shows severe
anemia, lower rates of Mean Corpuscular Volume (MCV) and
Mean Corpuscular Hemoglobin (MCHC), a high leukocytes
count and an increase of iron and ferritin serum levels that
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Table 1. Hemoglobin profile and laboratory findings of the

two -0*2/SCA patients.

Patient 1 Patient 2

Age (years) 7 5
Gender Male Female
Hemoglobins (%)

S 90.8 86.2

Fetal 5.8 10.6

A2 3.4 32
Beta-globin gene Haplotypes Ben/Car Ben/Car
Hemolysis

Erythrocyte, million/mL 2,84 2,27

Hemoglobin, g/dL 6.9 5.5

Hemaitocrit, % 21.9 18.1

Mean Cell Volume, fLL 771 79.7

Mean Cell Hemoglobin, pg 243 242

Reticulocytes Count, % 8.0 5.0

Lactate dehydrogenase,U/L 248 376
Leukocyte

Leukocyte Count, /mL 16,300 34,300
Platelets

Platelets cunt, thousand/mm? 296 268
Iron metabolism

Iron serum, meg/dL 715 858

Ferritin, ng/mL 1,391.3 529.50
Lipidic metabolism

Total Cholesterol, mg/dL 112 129

HDL Cholesterol, mg/dL 29 36

LDL Cholesterol, mg/dL 71 76

VLDL Cholesterol, mg/dL 12 17

Tryglicerides, mg/dL 62 86
Hemolysis plus Hepatic

Aspartate aminotransferase, U/L 65 66

Total bilirrubin, mg/dL 1.4 0.5

Direct bilirrubin, mg/dL 0.6 0.2

Indirect bilirrubin, mg/dL 0.8 0.3
Hepatic

Alanine aminotransferase, U/L 73 22
Renal

Urea nitrogen, mg/dL 12 11

Creatinine, mg/dL 04 0.4

Total protein, g/dL 7.1 6.8

Albumin, g/dL 3.8 33

Globulin, g/dL 3.3 35
Inflammation

C-reactive protein, mg/mL 39.2 103

Alpha 1 antitrypsin, mg/dL 222 250

ASLO (Ul/mL) 132 133

could be associated with an increase of reactive oxygen
species (ROS) and consequently with a increase of clinical
severity®, The coexistence of alpha-talassemia and SCA has
been related with a higher survival rates and a decreased
hemolysis markers and with a frequent vaso-occlusive
episodes and painful crisis!V, but the same approach is not
available for the -o****/SCA association, requiring further
study.
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A.2 —MANUSCRITO II

Cytokine profiles in sickle cell anemia: Pathways to be unraveled

Thassila Nogueira Pitangal,2, Wendell Vilas-Boas1,2, Bruno Anténio Veloso Cerqueiral,2,3,
Magda Oliveira Seixasl,2,4, Cynara Gomes Barbosal,2,4, Elisangela Vitéria Adorno2.,4,

Marilda Souza Goncalvesl,2,4*

Este trabalho revisa o papel das citocinas nos diversos eventos clinicos associados a anemia

falciforme. Advances in Bioscience and Biotechnology, 2013, 4, 6-12.

Resumo: A anemia falciforme (AF) ¢ uma doenca hemolitica herdada geneticamente,
caracterizada por inflamacao cronica. A expressdo de citocinas afeta as vias centrais que
contribuem para a patogénese da doenca, mas os mecanismos envolvidos ndo sdo bem
compreendidos. A AF estd associada ao estado pro-inflamatdrio e a resposta inflamatdria
aumentada que ocorre durante a crise vaso-oclusiva. O sistema imunitario desempenha, assim,
um papel importante nesta doenga inflamatoria, com varios tipos de células secretoras de
citocinas pro-inflamatorias que contribuem para a ocorréncia de acontecimentos ciclicos
comuns em pacientes com AF, tal como hemolise, oclusdo vascular e inflamagdo. O estudo
das citocinas e quimiocinas em pacientes AF tem esclarecido os mecanismos envolvidos e
destacam a necessidade de uma melhor compreensdo da participagdo das citocinas na

fisiopatologia da AF.

Palavras-chave: Anemia Falciforme; Citocinas; Quimiocinas; Inflamagao; Inflamosoma
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ABSTRACT

Sickle cell anemia (SCA) is a genetically inherited
hemolytic disorder characterized by chronic inflam-
mation. Cytokine expression affects the pivotal path-
ways that contribute to disease pathogenesis, but the
mechanisms involved are not well understood. SCA is
associated with a proinflammatory state, and an en-
hanced inflammatory response occurs during vaso-
occlusive crisis. The immune system thus plays an
important role in this inflammatory condition, with
several cell types secreting pro-inflammatory cyto-
kines that contribute to the occurrence of common
cyclical events in SCA patients, such as hemolysis,
vascular occlusion and inflammation. Studies of these
cytokines and chemokines in SCA patients have clari-
fied the mechanisms that underlie this disease and
highlighted the need for a better understanding of
cytokine participation in SCA pathophysiology.

Keywords: Sickle Cell Anemia; Cytokines; Chemokine;
Inflammation; Inflammasome

1. INTRODUCTION

Sickle cell anemia (SCA) is an inherited disorder cha-
racterized by homozygosis for the mutation that causes
hemoglobin S (HbS) production. This point mutation
(GAG > GTG) occurs in the sixth codon of the beta globin
gene (HBB) and causes valine to replace glutamic acid in
the sixth amino acid of the beta (§) globin chain of the
hemoglobin molecule. SCA patients have a heterogeneous
clinical outcome characterized by painful vaso-occlusive

*Corresponding author.
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crises, stroke, priapism, pulmonary hypertension, acute
chest syndrome (ACS) and chronic organ injuries. As a
result of this mutation, deoxygenated hemoglobin mole-
cules undergo a polymerization process that is consid-
ered the primary event leading to the pathogenesis of
SCAT1].

Sickled red blood cells, as well as leukocytes, platelets
and the vascular endothelium, are elements that obstruct
vessels and trigger vaso-occlusive crises. The hemolysis
that occurs in SCA can be both extravascular and intra-
vascular. Intravascular hemolysis occurs when red blood
cells (RBCs) rupture and release free hemoglobin into
the plasma. Free hemoglobin has inflammatory and oxi-
dant effects that lead to endothelium dysfunction. Other
hemolysis products, including heme, reactive oxygen
species (ROS) and reactive nitrogen species, are also
released into the bloodstream, where they cause increa-
sed oxidative stress and decreased plasma levels of the
vasodilator nitric oxide (NO) [2]. Increased ROS and
RNS levels and decreased NO levels contribute to the
activation of RBCs, leukocytes, platelets and endothelial
cells. This activation leads to increased production of
proinflammatory and anti-inflammatory cytokines, which
gives SCA the characteristics of a chronic inflammatory
disease [1,3] (Figure 1).

Several cytokines, such as interleukin-1 beta (IL-15)
and tumor necrosis factor-alpha (TNF-a), are associated
with the activation of leukocytes, particularly monocytes
and neutrophils, in SCA. Several other cytokines are also
involved in the chronic inflammatory state that is present
in SCA. The activation of cells and the release of cyto-
kines stimulate the NF-xB transcription factor pathway,
which regulates the production of interleukin-4 (IL-4),
interleukin-6 (IL-6) and interleukin-8 (IL-8). IL-6 and

o Scientific
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Figure 1. Representation of the vascular inflammatory environment, including the relevant cell types, corpuscles and cyto-
kines. 1 = reticulocytes; 2 = red blood cells; 3 = sickled red blood cells; 4 = neutrophils; 5 = monocytes; 6 = lymphocytes; 7

= platelets and 8 = endothelial cells.

IL-8 production are also enhanced by the STAT3 intra-
cellular pathway and proinflammatory activities [4]. Re-
cently, the involvement of several other cytokines, such
as JL-18, IL-17, IL-23, IL-12 and IL10, in inflammatory
responses in SCA patients has been described. Because
of the extensive participation of cytokines in the inflam-
matory processes involved in SCA pathology, this review
of the cytokines and signaling pathways involved in SCA
will contribute to an improved understanding of SCA pa-
thology, especially the pathology of inflammatory vaso-
occlusive events.

2. INFLAMMASOME, IL-1§ AND IL-18

The junction of many inflammatory molecules is the
basis of the inflammasome [5]. This complex forms in
response to danger signals [6], and the efficiency of the
immune response depends not only on the presence of
foreign antigens but also on the release of signaling
molecules by stressed or damaged tissues [7]. In SCA,
danger signals can be generated by hypoxia and meta-
bolic acidosis, which lead to cell necrosis, hypokalemia
and the formation of uric acid and ADP [8].

The imbalance or disruption of cellular integrity can
trigger the formation of an inflammasome complex [5].
Inflammasomes activate a class of caspases known as
inflammatory caspases [9], whose protease activity pro-
motes the conversion of IL-1 beta (IL-1f) and IL-13 to
their active forms [10]. Pro-inflammatory cytokines in-
fluence the clinical profile of SCA patients by increasing
the adhesion of RBCs and leukocytes to the endothelium.
These adhered cells trigger a cycle of increasing aggre-
gation of sickled RBCs, platelets and neutrophils, which
causes microvascular occlusion [11]. Qari e al. (2012)
observed higher plasma concentrations of IL-1£ in SCA
patients during both the steady state and painful crises
than in control subjects. However, higher levels were
observed during the steady state than during painful
crises. In 2011, Asare et al. demonstrated that plasma
IL-18 levels are a good predictor of stroke outcome. In

Copyright © 2013 SciRes.

addition, high plasma IL-18 levels were associated with
protection against stroke development in juvenile SCA
patients with altered transcranial Doppler studies [12].
Other studies highlighted the need for an IL-18-targeted
therapeutic approach for the treatment of SCA in patients
with a severe clinical profile [13].

Our team was the first to demonstrate that the inflam-
masome complex plays a role in SCA [14]. We observed
increased serum IL-18 levels in SCA patients. Levels of
this cytokine were positively correlated with classic dan-
ger signals, including uric acid and the hemolysis marker
lactic dehydrogenase (LDH), which is indirectly related
to oxidative stress. In SCA patients, intravascular hemo-
lysis increases ROS production, which is a highly con-
served signal involved in damage and stress sensing. The
release of ROS promotes vascular occlusion by 2 me-
chanisms: classical endothelial activation and ROS-me-
diated activation of the inflammasome via membrane
receptors like NALP3 [15]. In addition, SCA patients
with the highest serum concentrations of uric acid dis-
played increased serum concentrations of IL-18, which
strongly suggests that the inflammasome plays a role in
SCA. These studies demonstrate that IL-15 and IL-18 are
important players in vascular modulation and clinical
pathology in SCA patients, but further analysis is needed
to understand the interaction of these cytokines with
other cytokines, oxidative molecules, classic prognosis
markers and epigenetic factors.

3. IL-6 AND IFN-y

Sickle cell anemia is characterized by painful vaso-
occlusive crises (VOC), chronic inflammation and recu-
rrent infections. In the early stages of an infection, CD4-+
T cells differentiate into two main classes of effectors:
THI cells induce cytotoxic CD8+ T cells and the inflam-
matory response, resulting in the production of cytokines,
such as interleukin-12 (IL-12), interleukin-2 (IL-2), inter-
feron gamma (IFN-y) and TNF-y; and TH2 cells produce
cytokines such as IL-4, IL-5, IL-6 and IL-10, which are
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important in the production of antibodies. TH1 and TH2
cells play distinct roles in physiological and pathological
conditions [16-18].

The interleukin-6 cytokine family promotes a variety
of cellular functions, including differentiation, matu-
ration, proliferation and survival. These cytokines are
defined by their common usage of the widely expressed
signal-transducing b subunit of the transmembrane rece-
ptor glycoprotein 130 (gp 130), which is a member of the
class of type I cytokine receptors [19,20].

IFN-y is a glycoprotein produced by CD4+ and CD8+
T cells after activation by natural killer (NK) cells. The
immunoregulatory functions of IFN-y are diverse and
include the activation of mononuclear phagocytes, the
upregulation of class [ molecules of the major histo-
compatibility complex (MHC-I), the stimulation of NK
cell cytolytic activity and the activation of neutrophils
[21].

In a study performed in Oman, Pathare ef al. (2004)
demonstrated that the mean serum level of IFN-y was
higher in SCA patients than in control subjects. This
difference was significant in patients during the steady
state but not during crises [11]. In this study, the mean
serum concentration of IL-6 was higher in SCA patients
than in normal controls, and there was also a significant
increase in IL-6 levels in crisis patients when compared
to steady-state patients. Hibbert e al. (2005) showed that

the IL-6 levels were significantly higher in the SCA

group than in healthy subjects [22]. Veiga ef al. (2013)
used microarrays to investigate cytokine levels in SCA
patients with periodontal inflammation and found that
the SCA group displayed significantly higher levels of
various cytokines (p < 0.05), “including IFN-y, than the
control group. There was also elevated production of
IL-6 in these patients than in control patients, but this
difference did not reach statistical significance [23].

SCA patients with a history of chronic transfusion
therapy were recruited from the hematology clinic at the
Children’s Hospital and Research Center Oakland
(CHRCO) at the time of a clinically indicated liver
biopsy for the evaluation of iron overload. Inflammatory
cytokine levels were higher in SCA patients than in
control subjects. Although the observed differences in
IFN-y levels were not statistically significant, TL-6 levels
were significantly higher in SCA patients than controls
[24]. Plasma IL-6 levels were significantly elevated in
patients during both painful crises and the steady state
when compared to the age-matched control group. Sur-
prisingly, IL-6 levels were significantly higher during the
steady state than during painful crises. Plasma levels of
IFN-y showed a slight elevation during painful crises
when compared to the steady state, but this difference
was not statistically significant when compared to the
healthy, age-matched control group [25].

Copyright © 2013 SciRes.

The reported data concerning IL-6 and IFN-y levels in
SCA patients are inconsistent. Some investigators report
elevated plasma levels of these proinflammatory cyto-
kines, supporting a role for cytokine driven inflammation.
Other investigators report normal or reduced levels of the
same proinflammatory cytokines. These conflicting re-
ports highlight the need for further studies regarding the
role of these cytokines in SCA.

4. IL-8 AND TNF-a

Interleukin-8 is a pro-inflammatory member of the CXC
chemokine family and is involved in both endothelial
cell proliferation and angiogenesis [26]. This chemokine
is produced by several types of cells, such as neutrophils,
endothelial cells, macrophages and fibroblasts [27], and
has a number of effects including re-arrangement of the
cytoskeleton, changes in intracellular Ca++ levels, acti-
vation of integrins and promotion of protein-granule
exocytosis and the respiratory burst [28]. The IL-8 recep-
tors CXCR1 and CXCR2, which are expressed mainly by
neutrophils, enhance neutrophil recruitment and promote
defense against bacterial pathogens [26,29]. The pro-
inflammatory cytokine TNF-a is produced mainly by
monocytes/macrophages, but other cells, such as T-cells,
smooth muscle cells, adipocytes and fibroblasts, can also
produce this cytokine. TNF-a is named for its ability to
stimulate tumor necrosis and regression in vivo [27].
Biological responses to TNF-a are mediated by two
groups of receptors, TNFRS55 and TNFR 75, which are
present on the membrane of several types of cells, ex-
cluding RBCs [30].

IL-8 induces leukocyte chemotaxis, and TNF-a stimu-
lates increased expression of adhesion molecules on
endothelial cells, contributing to leukocyte adhesion.
Both cytokines stimulate RBC adhesion to endothelial
cells [11]. In addition, these cytokines induce neutrophil
degranulation, capillary leak and vasoconstriction [11],
and TNF-a inhibits cell proliferation and induces cell
death [27].

IL-8 and TNF-a contribute to the vascular inflam-
matory state that is present in various inflammatory dis-
eases, including SCA. As mentioned previously, these
cytokines induce increased adhesion of RBC and leuko-
cytes to the vascular endothelium, and this adhesion can
cause vaso-occlusion and local hypoxia [11]. Several
studies have shown that patients display higher levels of
a number of cytokines, especially IL-8, during VOC than
during the steady state [11,31-34]. In contrast to these
findings, other studies showed that the levels of IL-8
were similar between patients in crises and patients in
steady-state [35]. In addition, although SCA patients in
VOC had higher levels of TNF-a than patients in the
steady-state group, this difference was not statistically
significant [36]. Hypoxia is a common consequence of
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vaso-occlusion. One study reported that hypoxia induces
IL-8 expression [37], contributing to increased plasma
IL-8 levels and vascular inflammation.

SCA patients who are treated with hydroxyurea (HU)
display an altered profile of IL-8 and TNF-a levels.
Treatment with HU is associated with increased serum
levels of circulating IL-8 [31]. Other studies reported
conflicting results, demonstrating that patients under-
going HU therapy displayed significantly lower plasma
levels of IL-8 [34,38]. Other studies showed that HU did
not significantly increase [36] or decrease [34] plasma
TNF-a concentrations.

In addition, IL-8 levels are positively correlated with
HbS and negatively correlated with F hemoglobin (HbF)
[32]. Tavakkoli et al. (2004) showed that an increase in
HbF concentration was not associated with a significant
change in plasma TNF-a levels [36].

These results demonstrate that increased levels of
circulating IL-8 and TNF-g are associated with increased
hemolysis, vascular occlusion and inflammation. How-
ever, further studies are needed to understand the inter-
relationships of IL-8 and TNF-a with other proinflam-
matory cytokines in SCA patients.

5.IL-17 AND TGF-8

Ischemic events that result from the occlusion of major
and minor vessels involve interactions between RBCs,
leukocytes and the endothelium, and these interactions
are regulated by cytokines secreted by leukocytes, ad-
hesion molecules and, consequently, the immune res-
ponse, which is involved in the initiation and develop-
ment of crises in SCA [39]. The importance of cytokine
IL-17 is well established [40], but recent data has
demonstrated that IL-17 is produced by a subset of T
cells, named Th17 cells, that is distinct from TH1 and
TH2 cells [41]. IL-17 plays an important role in allergic
responses and promotes inflammation by inducing the
production of inflammatory cytokines and chemokines,
the recruitment of neutrophils, the production of anti-
bodies and the activation of T cells [42]. The diffe-
rentiation of TH17 cells from naive cells requires trans-
forming growth factor-beta (TGF-f) and the subsequent
expansion of the TH17 lineage requires I1L-23 [43].

The roles of IL-17 and TGF-# in SCA are not well
understood. Keikhaei et al. (2013) recently observed
higher levels of IL-17 and TGF-f in steady-state patients
than in healthy controls, but there was no difference
between steady-state and crisis patients. The authors also
demonstrated that HU-treated patients displayed lower
levels of IL-17 than patients who did not receive this
treatment [31]. Our team demonstrated a positive corre-
lation between levels of free serum arginase and the
levels of TGF-f in HbSS patients [44]. This finding
raises the possibility that TGF-# induces upregulation of
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the arginase pathway and downregulation of the NO
pathway. This switch in arginine metabolism could play a
role in vascular activation and the increased serum ar-
ginase levels that lead to chronic hemolysis in HbSS
individuals.

The role of IL-17 and TGF-8 cytokines in HbSS
pathophysiology remains unclear. Recent studies have
demonstrated interesting changes in serum levels of
these cytokines in SCA patients. These results warrant
further investigation.

6. IL-12 AND IL-23

IL-12 and IL-23 are proinflammatory cytokines pro-
duced by macrophages and dendritic cells in response to
microbial pathogens [45,46]. IL-12 regulates both innate
and adaptive immunity. A major fumction of IL-12 is the
induction of IFN-y production by NK cells, T cells, B
cells, and even antigen-presenting cells. Thus, IL-12 ap-
pears to be the main cytokine that regulates TH1 dif-
ferentiation. In addition, IL-12 antagonizes TH 2 differ-
entiation and the production of IL-4, IL-5 and 1L-13 [45].

Like IL-12, IL-23 induces the production of IFN-y by
human T cells. In addition, IL-23 plays a key role in
TH17 development by stabilizing both IL-17 expression
and the TH17 phenotype. However, IL-23 is not a dif-
ferentiation factor for TH17 cells and instead contri-
butes to the induction of a pathogenic phenotype in
TH17 cells [47]. IL-12 can also negatively affect the
development, homeostasis and function of nTreg cells by
limiting IL-2 expression [48].

There are few reports in the literature pertaining to the
role of IL-12 in SCA. Taylor ef al. (1999) [49] inves-
tigated the levels of several TH1 cytokines in both
steady-state SCA patients and healthy control subjects,
but detectable levels of IL-12 were not observed in either
group. This result could be because the expression of
significant amounts of IL-12 depends on microbial in-
fection or altered immune responses, such as those ob-
served in chronic immune-mediated diseases. Thus, it re-
mains important to investigate IL-12 levels in SCA pa-
tients during crises. Hassan et al. (2009) performed a si-
milar study of HbAS children who were infected with
Plasmodium falciparum. Surprisingly, detectable levels
of IL-12 were found in patients with mild malaria, but
not in asymptomatic individuals. This finding could be
related to the low levels of IL-10 that are typically
associated with this infection, as IL-10 is a potent in-
hibitor of IL-12 [50].

With respect to the relationship between IL-23 and
SCA, there is a report that investigated the possible
association of IL-23 with arginase levels, an important
molecule in the clinical outcome and in the vascular
endothelium in inflammatory diseases. Hence, 1L-23 was
detected in steady-state patients, but it was not correlated
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to arginase, which was considered an interesting result
[44].

7. ANTI-INFLAMMATORY CYTOKINES

1L-4 is an anti-inflammatory cytokine that participates in
the regulation of the immune system at multiple levels.
1L-4 promotes TH2 cell differentiation and inhibits TH1
cell differentiation. IL-4 is also a growth and survival
factor that protects lymphocytes from apoptosis [51].
This cytokine plays an important role in the pathogenesis
of allergic disease, particularly atopic asthma, and is
essential for immune responses to parasitic infections
[52]. In addition, IL-4 is affected by several alternative
pathways of immune regulation, including alternative
mRNA splicing. This process yields at least two func-
tional isoforms of IL-4, full-length IL-4 and IL-452.
These variants have similar effects, but they can bind
different types of receptors on the surface of target cells.
Considering the varied functions of IL-4, abnormal re-
gulation of this cytokine may cause immune disease [53].

The role of IL-4 in SCA is controversial. While some
studies have reported that IL-4 levels increase during
VOC, other studies have demonstrated that IL-4 levels
are higher during the steady-state [39,54]. In 2000, an
investigation of the TH2 cytokine levels in SCA patients
revealed that plasma IL-4 levels were significantly higher
among steady-state HbSS patients than HbAA and HbAS
individuals. In addition, the ratios of plasma IL-2 to IL-4
and IFN-y to IL-4 were significantly lower in HbSS
patients than in the other groups, suggesting a possible
mechanism for the predisposition of SCA patients to
bacterial infections [54]. A recent study of SCA patients
with asthma in Jamaica and London indicated that IL-4
levels may differ between children in developed coun-
tries and children in developing countries [55].

Although IL-10 is mainly produced by activated CD8+
cells, it can also be produced by other types of cells, such
as activated THO, THI and TH2 cells, B lymphocytes,
mast cells and lipopolysaccharide-activated monocytes.
The synthesis of IL-10 is inhibited by IL-4 and by itself
[56]. IL-10 is an anti-inflammatory cytokine whose main
effect is inhibition of the synthesis of various cytokines,
such as TNF-a, GM-CSF, IL-1, IL-6, IL-8 and IL-12, to
promote the uptake and retention of iron within mono-
cytes and the reticuloendothelial system. IL-10 also in-
hibits the proliferation of TH1 cells, decreasing cyto-
lytic function and the secretion of TH1 cytokines and
facilitating the development of a TH2 response [57].

There are conflicting reports on the role of IL-10 in
SCA patients. One study demonstrated that patients
undergoing HU therapy had high levels of IL-10, but the
mechanism was not described [34]. In 2009, a Sudanese
study of children with malarial infection demonsirated
that asymptomatic children with sickle cell trait had
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significantly lower levels of IL-10 than HbAA children
with severe malaria. However, these children had higher
IL-10 levels than HbAA children with mild malaria.
These results suggest that [L-10 has a protective effect
against the occurrence of severe malaria in patients with
sickle cell trait [50]. A study of inflammation and iron-
overloading observed higher levels of IL-10 and lower
levels of non-transferrin bound iron in SCA patients than
in thalassemia patients, confirming the contribution of
this cytokine to the regulation cellular iron status [24].
Thus, abnormal production of these anti-inflammatory
cytokines can affect both cell-mediated and humoral im-
mune responses and increase the risk of morbidity in
sickle cell patients.

8. CONCLUSION

SCA is an inherited disorder characterized by homo-
zygosis for HbS, and a number of cytokines have been
implicated in disease severity. Understanding the roles of
different cytokines in the pathology of SCA is essential
for the development of effective therapies for this disease.
While some cytokines, such as TNF-qa, IL-15, IL-6 and
IL-8, have been extensively studied in the context of
SCA, the role of other cytokines in SCA pathology re-
mains less clear. This review highlights several cyto-
kines that are likely to be important in the pathophy-
siology of SCA.
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Sickle cell disease: Only one road, but different pathways for inflammation

Wendell Vilas-Boas, Bruno Anténio Veloso Cerqueira, Thassila Nogueira Pitanga, Magda
Oliveira Seixas, Joelma Menezes, Cyntia Cajado de Souza, Elisangela Vitéria Adorno,

Marilda Souza Gongalves

Este trabalho revisa os diversos processos envolvidos com a inflamacgao na doenca falciforme.

Advances in Bioscience and Biotechnology, 2012, 3, 538-550.

Resumo: A doenca falciforme (DF) ¢ uma doenga genética caracterizada por um processo
inflamatério cronico. Biomarcadores novos tém sido estudados como moléculas promissoras
para a compreensdo da inflamacdo e da fisiopatologia da DF. A hemdlise e a liberagdo de
moléculas associadas ao catabolismo da hemoglobina (Hb), como a Hb livre, ferro e heme,
geram um ambiente oxidante com a producdo de espécies reativas de oxigénio e nitrogénio. O
sistema imunolégico desempenha papel importante na inflamacao e ha, também, um estado de
resisténcia ao 6xido nitrico (NO), com redugdo da bioatividade do NO, que contribui para a
disfuncdo vascular, ativagcdo de plaquetas, leucdcitos, eritrocitos e células endoteliais, com a
expressdo de moléculas de adesdo e os seus ligantes, e varios receptores, que, em conjunto,
participam do processo inflamatério. Durante a inflamagdo, hd o aumento de células
dendriticas (DCs) expressando receptores tipo toll (TLR), mas o papel de DCs e dos TLR na
patogénese da DF nao ¢ claro. Além disso, existem moléculas que contribuem para o aumento
da disfuncdo endotelial, tais como a homocisteina, que tem sido associada a complicagdes
vasculares em outras patologias e pode contribuir para as mesmas complicacdes na DF.
Microparticulas (MPs) circulantes apresentam-se em niveis aumentados em varias doencas e
tém sido descritas na DF, sendo que compostos da membrana celular estdo associados a
trombose e a ativagdo da coagulacdo, tais como fator tecidual e a fosfatidilserina (PS), o que
pode contribuir para a disfungdo endotelial. O conhecimento de todos estes biomarcadores
pode contribuir para descoberta de abordagens terapéuticas novas, melhorando a qualidade de

vida do paciente DF.

Palavras-chave: Doenca Falciforme; Inflamacao; Estresse Oxidativo; Ativagao Celular.
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ABSTRACT

Sickle cell disease (SCD) is a genetic disorder charac-
terized by a chronic inflammatory process, and new
biomarkers have been studied as promising molecules
for understanding the inflammation in its pathophy-
siology. The hemolysis and the release of molecules
associated to the hemoglobin (Hb) catabolism, such as
free Hb, iron, and heme, generate an oxidant envi-
ronment with production of reactive oxygen and ni-
trogen species. The immune system plays a very im-
portant role in the inflammation, with cells secreting
pro-inflammatory cytokines and chemokines. There
is also a nitric oxide (NO) resistance state, with an
impaired NO bioactivity, leading to a vascular dys-
function; activation of platelet, leukocytes, erythro-
cytes, and endothelial cells, with expression of adhe-
sion molecules and its ligands, and several receptors,
that altogether participate at inflammatory process.
During inflammation, there is an increase of dendritic
cells (DCs) expressing toll like receptors (TLR), but
the role of DCs and TLR in SCD pathogenesis is un-
clear. Also, there are molecules contributing for en-
hance the endothelium dysfanction, such as homo-
cysteine that has been associated with vascular com-
plications in the pathology of other diseases and it
may contribute to the vascular complications pre-
sented by SCD patients. Circulating microparticules
(MPs) levels are augmented in several diseases and
have been described in SCD, where cells membrane
compounds are associated to cell’s thrombeotic and
coagulation state, such as tissue factor and phos-
phatidylserine (PS), which may contribute to endo-
thelial dysfanction. The knowledge of all these bio-
markers may contribute to new therapeutic approach
discover, improving SCD patient life quality.

"Corresponding author.
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1. INTRODUCTION

Sickle cell disease (SCD) is a genetic disorder, and the
sickle cell anemia (HbSS) is the more severe genotype.
The disease is characterized by the presence of the he-
moglobin S (HbS), where valine replace glutamic acid
(£ © 9=V at the beta globin chain, that has a single
point mutation (GAG —GTG) at the sixth codon of the
S-globin (HBB) gene [1].

Sickle cell disease clinical outcome vary widely from
mild to severe and has been associated with multi-organ
damage and risk of early mortality [1], with acute and
chronic clinical manifestations, including vaso-occlusive
episodes (VOE), painful crisis, tissue ischemia/reper-
fusion injury, hemolysis, impaired blood flow as a result
of intravascular sickling in capillary and vessels, inflam-
mation processes and high susceptibility to infection,
encephalic vascular accident (EVA), dactylitis, leg ulce-
ration, pulmonary hypertension, acute chest syndrome,
and priapism [1,2].

Moreover, the disease pathogenesis comprehends a
complex network of mechanisms, involving the vaso-
occlusive phenomenon and tissue ischemia, with surface
and ligands molecules activation from stressed reticulo-
cytes, sickled erythrocytes, leukocytes, platelets and en-
dothelial cells [1-3]; there is also an increase of oxidative
stress, secondary to the hemolysis episodes and heme
cytotoxicity, electron donation from the iron atom when
vet inside the protoporphyrin IX ring, with the generation
via Fenton reaction of reactive oxygen and nitrogen spe-
cies (ROS; RNS), that has a very strong pro-oxidant ca-
pacity. Also, there is an increase of nitric oxide (NO)
scavenger molecules, a vasodilator that play important
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role as regulators of vascular homeostasis in SCD patho-
genesis [1,4].

Acute and chronic inflammatory phenomenon’s can
contribute to activate several cells types and may play
important role in the steady- and crisis-states of SCD
patients. The immune system pathway, has several me-
chanisms and needs to be better understood, including
the participation of inflammation and cells markers, ac-
tivation of molecules related to hemolysis, nitric oxide
resistance, and some very important inflammatory me-
diators involved in the arachidonic acid pathway, includ-
ing the synthesis of molecules such as, prostaglandin E2
(PGE2), thromboxane, and leukotrienes B4 (LTB4) [1].

There are many chemistry and genetic markers, which
can modulate symptoms presented by SCD patients, such
as alpha-thalassemia presence, reticulocytes count, lac-
tate dehydrogenase (LDH) and bilirubin serum levels [5].
Currently, new biomarkers have been studied as promis-
ing molecules for understanding inflammation process in
SCD, and have been highlighted the role of lipids me-
tabolism and its participation in vascular injury, C-reac-
tive protein (CRP) and inflammation, and the myelope-
roxidase (MPQ), a enzyme that had been related with
patients susceptibility to infection [6-8].

Bilirubins are resulted of protoporphyrin IX metabo-
lism, which in turn is a heme component. Sickle cell
disease patients, particularly those HbSS, are at risk for
bile pigment cholelithiasis due to the association of this
disease with hemolysis, which produces an unconjugated
hyperbilirubinemia [9]. Cholecystitis presents with ab-
dominal pain, nausea and vomiting, fever, and/or jaun-
dice, a constellation of symptoms that has multiple pos-
sible etiologies in SCD [10]. -

C-reactive protein (CRP), an acute-phase protein, in-
creases significantly in inflammatory disorders and now-
adays CRP has been used for evaluation of cardiac risk.
CRP is produced not only by the liver but also in athero-
sclerotic lesions by vascular smooth muscle cells and
macrophages in response to stimulation by the pro-in-
flammatory cytokine interleukin-6 (IL-6) [11]. SCD is
associated with elevated cardiac output and cardiome-
galy to partly compensate for the reduced oxygen-carry-
ing capacity associated to hemolysis and oxidative stress.
The combination of these events has been associated
with increased levels of CRP in SCD since the childhood
[12-14].

Myeloperoxidase is a lysosomal enzyme and plays an
important role in the host defense system. MPO defi-
ciency was associated with a higher occurrence of severe
and chronic inflammatory processes in SCD patients, and
the —463G > A MPO gene polymorphism may be a sig-
nificant genetic modulator that makes HbSS patients
more susceptible to infection [13].

An association between increased low-density lipopro-

Copyright © 2012 SciRes.

tein cholesterol (LDL-C) and low plasma levels of high-
density lipoprotein cholesterol (HDL-C) is an important
risk factor for coronary disease. Actually it has been
showed an association between coronary heart disease,
high levels of LDL-C and MPO, since MPO catalyses
the conversion of chloride and hydrogen peroxide (H;0-)
to hypochlorous acid (HOCI), resulting in LDL-C oxida-
tion and conversion into high-uptake forms, such as ox-
LDL for macrophages, leading to cholesterol deposition
and foam cell formation ir vivo [14]. Data from our re-
search group showed that some SCD patients can have a
specific dyslipidemic subphenotype, characterized by
low HDL-C with hypertriglyceridemia and high very low
density lipoprotein cholesterol (VLDL-C) in association
with other biomarkers, including those related to in-
flammation like ferritin and CRP [15]. These biomarkers
may help in understanding the inflammatory mechanism
associated with SCD as well as be used as predictor tests
for severe events.

2. VASCULAR DYSFUNCTION AND
INFLAMMATION: NITRIC OXIDE
SCAVENGING AND ARGININE
METABOLISM

In regard to the vascular complication of the HbSS, the
decrease of nitric oxide (NO) bioavailability is now as-
sociated with the intravascular hemolysis [16], that par-
ticipate in several important complication of HbSS pa-
tients, including pulmonary hypertension, leg ulcers,
priapism and different types of stroke [16-18].

The nitric oxide is a diatomic gas produced by vascu-
lar endothelial cells that act as a potent vasodilator on
smooth muscle cells. The NO synthesis is from the
amino acid L-arginine, via an oxidation reaction cata-
lyzed by the enzyme nitric oxide synthase (NOS) [19].
Nitric oxide also tonically inhibits platelet activation and
the expression of endothelial adhesion molecules, thus
participating in health endothelial function and in the
maintenance of blood flow [20,21]. The reaction involve-
ing vascular NO can have a beneficial antioxidant effect.
Moreover, NO has been demonstrated to have a cytopro-
tective effect by scavenging reactive oxygen species
(ROS) [22]. Solovey et al. [23] examined the hypothesis
that enhanced endothelial tissue factor (TF) expression is
modulated by endogenous NO produced by endothelial
nitric oxide synthase (eNOS) in animal models. The
mechanism by which NO exerts its mhibiting effect on
TF have not been completely defined, although it is ac-
companied by parallel changes in amount of TF mRNA.
Because NO exerts the same regulatory influence on vas-
cular cellular adhesion molecule-1 (VCAM-1) expres-
sion, current results also have implications beyond in-
flammation and coagulation system, but also with
VCAM-1 inflammatory expression.
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Chronic elevated level of cell-free hemoglobin in SCD
patients with intravascular hemolysis range from 2 to 20
uM per heme during steady-state and increase to appro-
ximately 20 to 40 uM during vasc-occlusive crises [24].
HbSS patients present a NO resistance state, associated
with an impaired NO bioactivity that can be due by
cell-free hemoglobin accumulation in plasma, intensify-
ing the NO endogenous consumption that contribute for
several cellular dysfunction, such as vasoconstriction and
inflammation by - leukocytes, platelets and endothelial
cells activation [25]. Also, ROS are generated by hemo-
lysis, and can react with NO, limiting its bioavailability
and contributing to its state of resistance in HbSS pa-
tients [18]. The heme that is released from hemolysis
also induces the expression of adhesion molecules from
leukocytes, such as intercellular adhesion molecules-1
(ICAM-1), and from endothelium, such as VCAM-1.

Another mechanism of NO depletion during the hemo-
lysis is the release of arginase-1 from lysed RBC that
converts arginine to omithine, which competes with the
substrate, the eNOS, for L-arginine synthesis [26]. In
recent research by our team, we confirm an increased
levels of serum arginase-1 in HbSS patients when com-
pared to health controls, as well as an association of se-
rum arginase-1 with biochemical hemolysis markers and
cytokines involved in Thl7 response, levels of soluble
intercellular adhesion molecule-1 (SICAM-1) and soluble
vascular cell adhesion molecule-1 (sVCAM-1) {27]. A
very new insight in this metabolism lays on a shift in
arginine catabolism, where transforming grow factor beta
(TGF-beta) may induces the arginase pathway instead of
the NO pathway, with a possible involvement of the
vascular activation and the increase of serum arginase in
chronic hemolysis among HbSS patients.

3. HOMOCYSTEINE AND SICKLE CELL
DISEASE

Homocysteine (Hcy), a sulfur-containing amino acid, is
found at low concentration in blood and cells and is an
important intermediate molecule involved in the biosyn-
thesis of methionine and cysteine [28]. The high plasma
concentration of Hey is a well-established risk factor for
several disorders, including cardiovascular disease (CVD)
and stroke [29], venous thrombosis and arteriosclerosis
[30].

Hyperhomocysteinemia play an important role in vas-
cular disorders and may act through increase cytotoxic
activity, especially for endothelial cells; elevating H,O,
levels and decreasing NO synthesis, with pro-inflam-
matory cytokines synthesis, pro-coagulant factors active-
tion, and lipid metabolism dysregulation, characterized
by LDL-C oxidative modification, enhancing of athero-
genesis [31]. High levels of Hey have also been impli-
cated in changes in the rheological properties of blood,
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such as decreasing antithrombin III and tissue plasmino-
gen activator (TPA), and increasing factor VII and CRP
[32]. Additionally, Hey is reported to enhance endothelial
leukocyte interactions [33].

A chronic inflammatory state in vascular tissue is rec-
ognized to contribute to thrombotic and vaso-occlusive
events in HbSS patients [34]. Since Hcy has been associ-
ated with vascular complications in the pathophysiology
of other disease, it may contribute to vascular complica-
tions presented by HbSS patients.

The possibility that Hoy may contribute to the ische-
mic phenomena present in HbSS has attracted some in-
terest in plasma total Hey. Lowenthal ez al. [31] showed
that the median plasma concentration of Hcy among
HbSS subjects was approximately 1.5-fold higher than
that of healthy controls. Additionally, SCD patients have
higher plasma Hcy concentration in spite of eclevated
plasma folate levels and vitamin B12 concentration
similar to those observed in controls. In a recent study
(2012) from our team, we found significant associations
between Hcy levels and increased expression of pro-
inflammatory cytokines and adhesion molecules (data
not published) in HbSS patients, supporting the hypothe-
sis that Hcy levels contribute to the vascular activation
and with the inflammatory state presented by HbSS pa-
tients, and probably has an important role in vaso-occlu-
sive mechanism.

4. INNATE IMMUNITY AND
INFLAMMATION IN SCD

Individuals with SCD have transient and periodic painful
vaso-occlusive episodes with exposure of organ to ische-
mia and reperfusion, which may activate inflammatory
response in other organs, leading to multiple organ fai-
lure [35,36]. Despite ischemia and reperfusion occur in a
sterile environment, and activation of innate and adaptive
immune responses contribute to injury, including active-
tion of pattern-recognition receptors, such as Toll like
receptors (TLRs) and inflammatory cell trafficking into
the damaged organ [37]. Moreover, is well known that
the presence of immunodeficiency should be associated
with SCD, but no directly deficiency has been related to
the immune system was observed to explain the amount
of recurrent infections presented by these individuals
[34]. On the basis of these, the immune response system
seems to be related with health and inflammation in
SCD.

The innate immune system is the first line of protect-
tion against invading microbial pathogens and of re-
sponses to inflammatory stimuli that are mediated by
phagocytes, polymorphonuclear leukocytes (PMN), mo-
nocytes, macrophages, dendritic cells (DCs), and in-
flammatory T cell subsets (Th1 cells and Natural Killer T
cells). This immune response relies on recognition of
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evolutionarily conserved structures on pathogens, named
pathogen associated molecular patterns (PAMPs), through
a limited number of germ line-encoded pattern recogni-
tion receptors (PRRs), of which the family of TLRs has
been studied most extensively [38].

TLRs are integral glycoprotein characterized by an
extracellular or luminal ligand binding domain contain-
ing leucine rich repeat (LRR) motifs and a cytoplasm
signaling Toll/interleukin-1 (IL-1) receptor homology
(TIR) domain [38]. Ligand binding to TLRs through
PAMP-TLR interaction induces receptor oligomerization,
which subsequently triggers intracellular signal transduc-
tion. To date, 10 TLRs have been identified in humans,
and they can recognize distinct PAMPs derived from
various microbial pathogens, including viruses, bacteria,
fungi, and protozoa. TLRs can be divided into subfami-
lies primarily recognizing related PAMPs; TLR1, TLR2,
TLR4, and TLR6 recognize lipids, whereas TLR3, TLR7,
TLR8, and TLR9 recognize nucleic acids [39].

Cell types expressing TLRs are APCs, including
macrophages, DCs, and B lymphocytes. TLRs have been
identified in most cell types, expressed either constitu-
tively or in an inducible manner in the course of infec-
tion [39]. During inflammation, increased numbers of
DCs are rapidly recruited and efficiently capture antigens
due to their high phagocytic ability. Subsequent to anti-
gen capture DCs become activated and the mature DCs
by pathogens can migrate into draining lymph nodes or
the spleen and transforming to powerful antigen-present-
ing cells that are capable of activating naive T cells. The
transition from immature to mature state is followed by
production of several cytokines and chemokines by the
DCs that regulate their ability to interact with naive T
cells to direct T cell differentiation [40].

Two major DCs subsets can be detected in the periphe-
ral blood, with distinct, but overlapping functions. Mye-
loid DCs (mDCs) express human leukocyte antigens
(HLA) DR, CDllc, and CDlc and are the main produc-
ers of interleukin-12 (IL-12), while plasmacytoid DCs
(pDCs) express HLA DR, CD123, and blood dendritic
cell antigen 2 (BDCAZ2), and are the main producers of
interferon-a (IFN-a) [41]. However, HbSS patients in
steady-state seems to have a particular CD1-positive phe-
notype expression of CDla, b, and ¢c molecules at DCs,
while the classical phenotype found among the general
population, in which only 15% of the individuals express
the CD1 molecules at the surface of their monocytes [42].
According to Sloma et al. [43], the elevated concentra-
tion of cytokines associated with monocyte activation in
HbSS patients can contribute for their activated status
and it may be hypothesized that CD1 expression on DCs
from HbSS patients is a consequence of the elevated
plasma levels of endothelin.

The role of DCs in malaria affected population and its
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association with hemoglobinopathies have been de-
scribed and show that the activation of mDCs and pDCs
during acute malaria may be faster or deeper in children
with atthalassemia than in children with normal hemo-
globin profile [44]. Other studies shows the Plasmodium
Jalciparum glycosylphosphatidylinositol (GPI) anchors
can bind to TLR2 and TLR4 expressed on mDCs and
monocytes [45], whereas a component of schizont lysate
as well as hemozoin can bind to TLR9 and activate pDCs
[46].

Single-nucleotide polymorphisms (SNPs) have been
described for TLR-4 and TLR-9 genes. For TLR-4, the
polymorphism (Asp299Gly) has been related to Gram-
negative infections susceptibility and septic shock [47].
More recently, the Asp299Gly has been involved as a
protective allele against malaria, explaining its high pre-
valence in sub Saharan Africa [41].

The immune response in SCD is poorly understood. It
is knows that the immune system has a close relationship
with health and morbidity in SCD, although the complex
network involved in the mechanisms of pathogenesis
present in this disease, is difficult to understand, once it
is a chronic inflammatory condition. Additional studies
need to be warranted to elucidate the immunologic proc-
esses in SCD.

5. OXIDATIVE STRESS AND
INFLAMMATION IN SICKLE CELL
ANEMIA

Oxidative stress is a physiological condition that occurs
when there is imbalance between the amount of free ra-
dicals (ROS; RNS) generated by physiological processes
and antioxidant mechanisms. Free radicals are defined as
chemical species that contains a pair of electrons un-
paired, and this gives the high-capacity reactive free
radical [48]. The reactive oxygen of species includes free
radicals and non-free radicals, such as hydroxyl, supero-
xide (O, ) and H,0,. In biological systems, the most
common source of free radicals is oxygen, and ROS that
can be produced from both endogenous and exogenous
cellular products [49,50].

The endogenous sources of ROS include mitochondria,
cytochrome P450, peroxisomes, and inflammatory cells
activated [51]. Mitochondria generates significant quanti-
ties of H;O, and use ~90% of cellular O,. During the
process of reducing mitochondrial oxygen for production
of water, several short-lived intermediates are produced,
including H,0,, O, and the hydroxyl radical [OH],
which are toxic to the cell. Another molecule is the per-
oxynitrite (ONOQ"), an anion and an unstable isomer of
nitrate ( NO7 ). The peroxynitrite can be formed in vivo
by the reaction of the free O, with free NO, and is a
potentially cytotoxic molecule [52]. Cell destruction also
causes further free radical generation [53]. Neutrophils,
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eosinophils and macrophages are additional endogenous
sources of cellular ROS. Activated macrophages initiate
increase in oxygen uptake and give rise to a variety of
ROS, including O,, NO and H,O, [54].

In addition, intracellular formation of free radicals can
occur by environmental sources including ultraviolet
light, ionizing radiation, and pollutants such as paraquat
and ozone. All of these sources of free radicals, both en-
zymatic and non-enzymatic have the potential to inflict
oxidative damage on a wide range of biological macro-
molecules [55]. Membranes are target of free radicals
forming due to its lipid composition, lipid peroxide, thus
compromising the characteristics of fluidity and elasticity,
leading to cell rupture. Other target tissues to ROS are
proteins, which may lose their functionality enzyme and
cell signaling and DNA; the interaction of ROS with
DNA can lead to the DNA strand breaks, point mutations,
gene deletions, or gene rearrangement, such changes can
be lethal to the cell, with DNA lesion, that accumulate
with age, and can be an important etiology of aging pro-
cesses [56]. The endogenous antioxidant system re-
sponsible for neutralize free radicals, include enzymes,
such as glutathione peroxidase, superoxide dismutase
(SOD) and catalase. The non-enzymatic antioxidants that
participate in oxidative stress defense include ascorbic
acid (Vitamin C), alpha-tocopherol (Vitamin E), gluta-
thione (GSH), carotenoid, and flavonoids [57-59]. The
ROS occur under physiological conditions and in many
diseases cause direct or indirect damage in different
organs; thus, it is known that oxidative stress (OS) is in-
volved in pathological processes such as obesity, dia-
betes, cardiovascular disease, and atherogenic processes
[60] .

Inflammation is an immune system reaction aiming to
contain and eliminate pathogens or foreign elements to
the body [61,62)]. After activation, innate immune system
cells secrete pro-inflammatory cytokines and chemokines
that induce ROS/RNS production [63]. In the innate im-
mune system, macrophages generate ROS, including
03, NO, H,0,, hydroxyl radical, ONOO™ and HOCI to
play pathogen elimination [62,63]. Chronic inflammation
can lead to cellular damage, hyperplasia and, conse-
quently, to the overproduction of ROS by inflammatory
cells [61].

In the HbSS, the chronic inflammatory state promotes
the production of ROS and predicts the disease severity
[64-68]. In the HbSS some events contribute to the
maintenance of oxidative stress such as the excessive
levels of cell-free hemoglobin with its catalytic action on
oxidative reactions; the characteristic recurrent ischemia-
reperfusion injury, a chronic pro-inflammatory state with
higher autoxidation of HbS [69-71].

Iron is a chemical element that participates in the
reaction of electron fransfer between molecules in the

Copyright © 2012 SciRes.

process of cellular respiration (redox reactions), and it is
deposited in the form of ferritin and hemosiderin. Pa-
tients receiving multiple blood transfusions, such as pa-
tients with chronic anemia, thalassemia, and HbSS, they
can exceed the storage and detoxification capacity of
ferritin. Consequently, the free iron begins to accumulate
into tissues; this can catalyze the formation of very in-
jurious compounds, such as [OH] by Fenton reaction
[71]. Compared with normal red blood cells (RBC)
membranes, those from sickle RBC have abnormally
increased Fenton reactivity, once that the instability of
HbS results in generation of .O” and H,0,, the com-
bination of which potentially forms the .OH [70,71]. The
phenomenon of sickling and vaso-occlusive events in
HbSS are directly associated with its pathogenesis, and
there is evidence that several inflammatory events occur
with increased levels of inflammatory and anti-inflam-
matory cytokines, such as IL14 IL4, IL6, TNFa, the
expression of cell adhesion molecules, such as ICAM-1,
VCAM-1, P-selectin and integrins; the adhesion of acti-
vated PMN to the endothelium; the participation of acti-
vated platelets, and the presence of inflammatory bio-
markers, such as CRP and prostaglandins. These factors
contribute to the occurrence of vaso-occlusion and chro-
nic organ damage, favoring an increased production of
ROS [65,72-77].

6. CYTOKINE IN SICKLE CELL ANEMIA:
BREAK THE BALANCE

Pro-inflammatory cytokines mainly expressed by mono-
cytes from stimulation of bacterial components, ROS and
growth factors have important role in immune innate
response and inflammatory state [78]. These effects are
modulated by anti-inflammatory cytokines, such as IL-4
and IL-10, necessary to down regulate leukocytes and the
vascular endothelium activation [79]. This delicate bal-
ance is broken when inflammatory cytokine increase
oxidative stress and overcoming antioxidant barrier by
activation of complex transporter of electron in mito-
chondria [78,80,81], stimulating the transcription of the
trans factor NF-kB with degradation of IkB, up regulat-
ing the expression of selectins, integrins, ICAM-I,
VCAM-1, resulting on pre-activation of leukocytes and
with the interaction of these molecules with the activated
endotheliuom [81-83].

Cytokine levels in HbSS patients are elevated not only
during crisis-state, but also in different pathophysiologic
mechanisms of the disease, like hypoxia and reperfusion
rate; beyond clinical inflammatory history generate an
increased concentration of these molecules also in steady-
state patients. Pro-inflammatory cytokines like IL-1, IL-2,
IL-6, IL-8, IL-17 and TNF-alpha are increased on basal
state and during vascular occlusion events unaccompa-
nied of an increased level of anti-inflammatory cytokines,
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such as IL-4 and IL-10 [3,20,79,84-88]. This inflamma-
tory profile is not consensus; maybe it is associated with
a high inter-individual variation, mainly due difference
of genetic background and environmental aspects that
can generate these molecules plasma levels fluctuation.

Soluble vascular cell adhesion molecule-1 (sVCAM-1)
amount increase in plasma and change accord to the pro-
file expression of selectins and integrins on leukocytes,
such as CD62L and CD11b indirectly reflecting the rate
of inflammation, and oxidative stress and have been as-
sociated as promising markers of HbSS prognosis [27,
89-91]. Based on these, oxidative stress and inflamma-
tory profile may have complementary and symbiotic ef-
fects, mainly in a chronic inflammatory and oxidative
disease, such as HbSS.

Inflammatory and oxidative profile, therefore, are ex-
tremely connect. This link is also confirmed when it is
analyzed the conversion of purines to uric acid by the
xanthine oxidase action [92,93]. This reaction generate
free radicals, like intermediary products, and is up regu-
lated by pro-inflammatory cytokines due many potential
cytokine responsive elements in the xanthine oxidase
(XO) gene regulatory region [94].

Therefore, up regulation of XO gene generates more
uric acid and contact of this molecule with free sodium
driving the monosodium urate that is consider to be a
biologically active structure [95]. The monosodium urate
is an active form act as a danger signal by activation of
inflammasome, resulting on the. production of pro-in-
flammatory cytokines, such as IL-1 and IL-18 [96]. In
recent research by our team, inflammasome pathway was
observed in HbSS patients, where uric acid, considered
as a danger signal was associated with high serum levels
of IL-18, further connect to cytokines levels and oxida-
tive stress markers [91]. These effects, accordingly, are
amplified on a chronic hemolytic and inflammatory dis-
ease, like HbSS, where the intravascular hemolysis con-
tribute to release of cell free hemoglobin, heme and iron,
consequently increase of oxygen radicals, limiting NO
bioavailability, attracting more leukocytes, activating
endothelial cells, contributing to the vascular occlusion
[2,15,17,27,91].

7. PLATELETS AND INFLAMMATION IN
SICKLE CELL DISEASE

Platelets are small enucleated structures derivatives from
megakaryocyte fragmentation and are important to ho-
meostasis process, primary function originally described
to platelets. Platelets undergo activation, adhesion and
aggregation binding to damage blood vessel, producing a
platelet plug and contributing to the generation of throm-
bin. Furthermore, platelets produce and store a variety of
molecules that affect platelet function and modified the
vascular tone, the fibrinolysis [97]. Leukocytes and en-
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dothelial cells are associated as a critical player in the
microvascular alteration induced by inflammation. Actu-
ally, have been thought about the role of platelets in in-
flammatory states through leukocytes interaction, release
proteins, chemokines and endothelial disfunction [98].

Some studies suggest that circulating platelets in HbSS
patients are chronically activated, both during steady-
state and vaso-occlusive crises, which may result of the
overall hypercoagulable state or with the vaso-occlusive
process or with the pro-inflammatory characteristics of
the microvasculature in HbSS [20,99,100].

Platelets have important organelles to performance its
function, such as alpha-granules, lysosomes, peroxiso-
mes, dense bodies and a complex membranous system
that contribute to store and rapidly release several factors
and proteins [99,101]. Among released products by plate-
lets, there are secretion of adhesion proteins, such as fi-
brinogen, von Willebrand factor (vWF), thrombospondin,
P-selectin, GPIIb/Illa; there are important chemokines,
including RANTES and platelet factor-4; cytokine-like
factors as IL1-8, CD40L, f-thromboglobulin or factors
essentials for the coagulation process, as plasminogen
activator inhibitor (PAI-1), protein S and factors V and
X1, and also expression of innate receptors of the Toll-
like receptor family, such as TLR2 and TLR4 [102-105].

During inflammatory process, activated endothelial
cells and others perivascular cells and leukocytes, release
several soluble mediators, such as lipids, IFN-y, IL-2,
and CXCL12, which bind to platelet receptors, leading to
degranulation of platelets dense and alpha-granules,
promoting self adhesion and activation. Furthermore, the
OS actives phospholipase A2 and the generation of the
arachidonic acid pathway metabolites and platelet acti-
vator factor (PAF), and also contribute for platelet acti-
vation [103,105]. On the other hand, the platelet active-
tion can induce several inflammatory responses in mono-
cytes, neutrophils, endothelial cells or endothelial pro-
genitor cells; product released by platelets are potent
inflammatory and mitogenics substances, modifying the
chemostatic, adhesive and proteolytic properties of cellu-
lar microenvironment, mainly of endothelial cells and
leukocytes, resulting in an increase of transmigration of
leukocytes to the site of inflammation, suggesting that
platelets-leukocytes interaction may be a key role in the
initiation of inflammation [98,103,104].

Many mechanisms of platelets-leukocytes interactions
have been described, but the initial interaction appears to
be mediated by P-selectin expressed on the surface acti-
vated platelets and P-selectin ligand glycoprotein-1
(PSGL-1) on the surface of neutrophils and monocytes
and, subsequently, firmly adhere by binding of Mac-1 to
GPIb or other receptors of the platelet membrane [98,
104]. The P-selectin was found in sickle cell transgenic
mice with high constitutive levels, which could be attri-
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buted to platelet activation, contributing to inflammatory
response [98,104]; study suggest the P-selectin-mediated
platelet-neutrophil aggregate formation, which activates
neutrophils in SCD mouse model and human been carri-
ers [104]. The sCD40L level is increased and biclogi-
cally active in HbSS patients due to platelet activation,
mainly, in patients in crises and positively correlates with
an increase of TF and ICAM-1 expression, suggesting
that an increase of CD40L may contribute to the chronic
inflammation and with the increased pro-coagulant acti-
vity in HbSS patients [105].

Thus, several studies suggest that in addition to pro-
coagulant role, platelets contribute directly to constant
vascular inflammation state in HbSS patients by activate-
ing neutrophils and monocytes and further research about
therapies targeting function and interaction of platelets
and endothelial cells and leukocytes may help to control
inflammation and vaso-occlusive events among these
patients.

8. CIRCULATING MICROPARTICLES:
NEW INFLAMMATION
BIOMARKERS IN HBSS

Microparticles (MPs) are heterogeneous group of mem-
brane-bound vesicles described as vesicles smaller than
107" m in diameter [106]. MPs are shedding from plasma
membranes, after cell activation or apoptosis of several
cellular types. Essentially any cell type (e.g., leucocytes,
and endothelial cells), but also platelets and RBC can
release MPs [107,108]. They have been implicated to play
arole in inflammation, coagulation and vascular function.

During blebbing, the lipid bilayer forms cytoplasmatic
protrusions, culminating in the release of MPs [109]. This
process involve an increase in intracellular calcium which
affects many important enzymes for the maintaining of
the cytoskeletal and membrane structure, such as gelsolin,
calpain, flippase, floppase and scramblase [108].

As the lipid and protein composition of the MPs mem-
brane resembles that from the releasing cell, analysis of
MPs surface markers by flow cytometry can identify the
MPs origin. Internally, MPs contain a variety of cyto-
plasmatic and nuclear components of their precursor cells
[110]. Circulating MPs levels result from the balance
between their rates of release from cells and their clear-
ance from the circulation.

MPs levels are augmented in several diseases, such
HbSS. Patients have elevated MPs, both in steady-state
and crisis, implying that even patients in steady-state are
fundamentally different from healthy subjects [111,112].
Total circulating MPs are more elevated in the crisis phase
of'the disease than in steady-state [111,113]. During crisis,
endothelial damage and coagulation activation increase
dramatically, and those condition are accompanied by an
increases of circulating MPs [113]. Thus, it is worth con-
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sidering circulating MPs as biomarkers of HbSS.

Sickle cell anemia patients have an increased risk of
vascular thrombotic occlusion [114]. In addition, there is
strong in vifro evidence that circulating MPs are involved
in the coagulation system activation in HbSS [115,112].
The pro-coagulant activity depends of some molecules
presence, such as phosphatidylserine (PS) and TF, both
exposed on several MPs types outer membranes [110].
Therefore, this pro-coagulant activity may be relevant
clinically as MPs concentrations with this phenotype are
elevated in HbSS.

The majority of circulating MPs in HbSS has RBC and
platelets origin [116]. The report by van Beers ef al. [116]
showed a strong association between erythrocyte-derived
MPs and markers of in vive coagulation and fibrinolysis
activation status as well as endothelial activation [116]. In
addition, MPs may support coagulation activation by
exposure of PS [115,116], which offers multiple binding
sites for the coagulation factors II, Va, and Xa [117].
Sickle cell anemia patients have elevated plasma levels of
annexin A5- and PS-exposing MPs [111,112]. Thus, MPs
can provide a platform for the assembly of the prothro-
mbinase complex and accelerate the conversion of pro-
thrombin into thrombin.

Importantly to vascular homeostasis has been the dis-
covery of TF, the principal initiator of coagulation, in MPs
from HbSS. Sickle blood contains a fraction of MPs
originating from platelets [114], endothelial cells and
monocytes [113], which are TF positive. Furthermore,
once initiated by TF, thrombin generation is greatly ac-
celerated in the presence of PS [67] and co-expression of
these molecules can contribute to thrombotic events fre-
quently observed in patients with HbSS [118]. Impor-
tantly, MPs could be capable to initiate blood coagulation.

Microparticles are emerging as important biomarker of
inflammation, coagulation and thrombesis in HbSS.
Linked to crucial steps of HbSS, MPs can now be viewed
“partners in disease”, especially in patients in crisis-state.
MPs provide a vehicle to couple inflammation and co-
agulation, contributing to thrombotic tendencies in this
disease. This increasingly close relationship between MPs
and HbSS demonstrates the need for more studies on this
subject. Thus, it is necessary additional research to define
the precise role of circulating MPs in HbSS and allow the
development of new therapeutic strategies either blocking
the release of MPs or modifying their activity.

9. CONCLUSION

It is very well known that SCD is a group of genetic dis-
orders, with 101 years of its first medical relate, but still
has several pieces of the puzzle to be solved. The search
for pathways and biomarkers involved in the patho-
physiology of the disease are still need to be exhausted
search, and it will bring the knowledge of molecules that
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may contribute to increase SCD patients life quality, given
opportunity for new therapeutic approaches and clinical
management modalities. This review just point several
mechanisms associated with SCD, and may contribute to
give some ideas about the very complex molecules net-
work involved in the inflammatory process associated
with the disease pathogenesis.
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A.4 - MANUSCRITO IV
Sickle cell disease retinopathy: characterization among pediatric and teenage patients

from Northeast Brazil

2 Dayse Cury de Almeida Oliveira MD, PhD; **’ Magda O S Carvalho MSc; *Flavia
Silva Villas-Boas MD; 357sa Menezes Lyra MD, PhD; 27 Bernardo Galvdo-Castro
MD, PhD; 467 Marilda Souza Goncalves PhD

Este trabalho avalia a retinopatia falciforme em criangas e adolescentes com foco no
papel do exame oftalmoldgico para a prevengdo da gravidade desta alteragcdo. Brazilian

Journal of Hematology and Hemotherapy.

Resumo: A doenca falciforme (DF) é caracterizada por uma variedade de alteragdes
clinicas que estdo ligadas a anemia hemolitica e aos eventos vaso-oclusivos associados a
crises dolorosas e outras caracteristicas clinicas, incluindo retinopatia. O objetivo do
presente estudo foi caracterizar retinopatia em criangas e adolescentes com DF da
Bahia, estado do nordeste brasileiro com incidéncia e prevaléncia elevada da doenga.
Foi realizado um estudo de corte transversal que envolveu um grupo de 51 pacientes
com DF (36 HbSS e 15 HbSC) com idade variando entre 4 a 18 anos. O exame
oftalmolodgico foi realizado e para os pacientes com DF com mais de 10 anos de idade, o
exame foi acompanhado por angiofluoresceinografia. As lesdes oculares mais
frequentes foram "tortuosidade vascular", que foi encontrado em 9 (25%) pacientes
HbSS, e "black sunburst", que foi encontrado em 3 (20%) pacientes HbSC. Alteracdes
arteriais periféricas foram observadas em cinco (13,9%) pacientes HbSS e 3 (13,3%)
HbSC. Anastomoses arteriovenosas estavam presentes em 6 (16,5%) pacientes HbSS e
6 (37,5%) pacientes HbSC. A neovascularizagdo nao foi identificada em nenhum dos
pacientes com DF. Este estudo demonstra a importincia da utilizagdo do exame
oftalmoldgico precoce em pacientes jovens com DF para prevenir a progressao da

retinopatia falciforme para uma doenga grave ou até mesmocegueira.
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Introduction

Sickle cell disease (SCD) is characterized by the presence of
the hemoglobin S (Hb S) variant due to a single nucleotide
change (GAG — GIG) in the g-globin gene (HBB) that replaces a
glutamic acid with a valine at the sixth position of the B-globin
chain. The hemoglobin C (Hb C) variant is characterized by a
point mutation at the sixth position of the HBB gene, wherein
a lysine replaces a glutamic acid at the sixth position of the
g-globin chain.’

Hb S has a high overall frequency worldwide; in Brazil
its distribution is heterogeneous. In northeastermn Brazil, in
particular in Bahia, the population has a tri-racial mixture
of Europeans (mostly Portuguese), Africans and indigenous
Brazilians.? The frequency of Hb S in the state of Bahia is
the highest in Brazil, varying from 4.5 to 14.7% in different
population groups.’

Sickle cell disease is characterized by a variety of clinical
abnormalities that are frequently linked to hemolytic ane-
mia and the vaso-occlusive processes often responsible for the
pain and other clinical features described by patients, includ-
ing retinopathy.'*

Methods

The present study was approved by the Human Research
Ethics Board of the Fundac@o Oswaldo Cruz (FIOCRUZ), and
informed consent was obtained from the guardians of partici-
pants in accordance with ethical principles and in accord with
the Helsinki Declaration of 1975 and its revisions. Ophthal-
mologic examinations were carried out and peripheral blood
samples were collected only after signed informed consent
has been obtained.

This cross-sectional study involved a group of 51 SCD
patients (36 Hb SS and 15 Hb SC) from the state of Bahia in
northeastern Brazil and was carried out during the period of
January 2010 to December 2012.

Patients were randomly selected among those attending
the Hematology Outpatient Clinic at the Fundagéo de Hema-
tologia e Hemoterapia da Bahia (HEMOBA), a referral center for
SCD patients who are seen in routine visits. Patients were then
sent to the Instituto Brasileiro de Oftalmologia e Prevengao
da Cegueira (IBOPC) for an eye examination, including fun-
dus biomicroscopy and indirect binocular ophthalmoscopy
in all patients and fluorescein angiography in over 10-year-
old patients. The following findings were observed in the
fundoscopic examination: vascular tortuosity, black sunburst
pattern, salmon patches and iridescent spots. The pathologic
classification of fundoscopic alterations as proliferative was
based on Goldberg’s five stage grouping: stage I — peripheral
arteriolar occlusions; stage II - peripheral arteriovenous anas-
tomoses; stage 1II — preretinal neovascularization; stage IV —
vitreous hemorrhage and stage V - retinal detachment.

Patients with proliferative retinopathy were stratified by
age and were classified as severe when displaying stages III-V.
The hemoglobin pattern was confirmed in the Hematology,
Genetic and Computacional Biology Laboratory of FIOCRUZ
and the Universidade Federal da Bahia (UFBA) using high

performance liquid chromatography (HPLC - Variant I/BIO-
RAD, CA, USA).

SPSS version 18.0 and GraphPad version 5.0 were used to
store and analyze the data. Pearson’s Chi-squared or Fisher’s
exact tests were used to compare the two groups of SCD
patients as necessary. A p-value of less than 0.05 was con-
sidered statistically significant.

Results

A total of 51 SCD patients were enrolled in this study: 36
(70.6%) with sickle cell anemia (SCA) or Hb SS and 15 (29.4%)
with Hb SC disease. Overall, the mean age of the patients
was 11.76 +3.69 years. The Hb SS group had a mean age of
11.3943.76 years, and the Hb SC group had a mean age of
13.2942.8 years. Overall 23 (45%) SCD patients were female
and 28 (55%) were male. In the Hb SS group, 19 patients
(52.78%) were male and 17 (47.22%) were female, and in the
Hb SC group, nine (60%) were male and six (40%) were female.
Visual acuity was 20/20 or 20/25 for the best eyes of all
patients, corresponding to 90% of the total number of cases.
Age-related ocular lesions, both non-proliferative and pro-
liferative (Goldberg) (Figures 1-4), were very frequent in both

Figure 1 - Tortuous vessels in an 11-year-old female with
hemoglobin SS.

Figure 2 - Black sunburst. Hyperpigmented lesions
observed in the retinal periphery of an 18-year-old female
with hemoglobin SC.
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Figure 3 — Salmon patches in a 13-year-old male with
hemoglobin SC.

groups of patients (Hb SS and Hb SC). Table 1 shows the dis-
tribution of ocular lesions across the two age groups. The Hb
SS group had more ocular changes in the age range 0-9 years
old. In the Hb SC group of patients, ocular changes were more
frequent in the age range 10-18 years old.

Vascular tortuosity and black sunbursts were the most
common fundoscopic ocular lesions found in both SCD groups
(Hb SS and Hb SC). Table 2 shows that vascular tortuosity
lesions were most frequent in the Hb SS group. However, black
sunburst lesions were more frequent in the Hb SC group. Iri-
descent spots were found in both groups of SCD patients.

Table 3 shows the distribution of proliferative ocularlesions
across Goldberg stages -V in the Hb SS and Hb SC patient
groups. There were patients in both groups with proliferative
ocular lesions in Goldberg stages I and II; however, the Hb SS
group had more proliferative ocular lesions in the first stage
than the Hb SC group; this increased with age in the Hb SC

Figure 4 — Peripheral arteriolar occlusions and
arteriovenous anastomoses in a 14-year-old male with
hemoglobin SC.

group. There were no cases of proliferative ocular lesions at
stages III-V in either of the groups of SCD patients.

Discussion

Several ocular changes were observed in the two SCD patient
groups; however, no change in visual acuity was found, as has
previously been reported.”°

Fundoscopic lesions, such as vascular tortuosity and black
sunbursts, were the most frequent changes, in accordance
with previous Brazilian reports.”** The overall frequency of
vascular tortuosity was most frequently in SCA patients,

Table 1 - The distribution of retinal vessel occlusion lesions across two age groups of sickle cell disease patients.

Total (n=51) Hemoglobin SC (n=15) Hemoglobin SS (n=36) p-value*
n % n n %
Age (years)
0-9 4 36.4 e 4 20.0 0.02
10-18 7 17.5 9 16 80.0 0.008

2 Fisher’s exact test

Hemoglobin SS (n=36) Hemoglobin SC (n=15) Total (n=51) p-value®
n % n % n %
Vascular tortuosity 9 25.0 1 6.7 10 19.6 0.95
Black sunburst 2 5.6 3 20.0 5 9.8
Salmon patches = = 1 6.7 1 20
Angioid streaks = = = = — =
Disk sign. - = = = = =
Iridescent spots 3 83 1 6.7 4 7.8
Total 14 389 6 40 20 39.3

@ Chi-square.
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Table 3 - The distribution of proliferative ocular lesions for Goldberg stages I-V in the hemoglobin 85 and hemoglobin SC

groups.
Hemoglobin SS Hemoglobin SC p-value Total

n % n % n %
Normal 25 69.4 6 40.0 0.09* 31 60.8
Ocular Lesions (Goldberg) 11 30.6 g 60.0 20 39.2
Stage 5 139 3 133 08 15.7
Stage I 6 16.7 6 375 12 235
2 Yates corrected Chi-square test.

as previously described.!>'? The black sunburst lesion was = =
i 2 Conflicts of interest

observed in both groups, although its frequency in Hb SC
patients was much lower than that described in previously
published studies.’®"*> Salmon patch lesions were present
only in the Hb SC group; however, their occurrence has been
reported in both groups albeit more frequent in the Hb SC
group.’> 2 Iridescent spots were found in both groups, but
they were less common than previously reported, which is
probably because these alterations are at sites of salmon patch
resolution and appear less in younger patients.'***

This study indicates that retinal vascular disease occurs in
both Hb SS and Hb SC patients and proliferative retinopathies
(Goldberg stages) begin early in the Hb SS group and are more
common in both groups with older ages.’*?

Proliferative retinopathy (stages I1-V) was not observed in
our study, probably as the patients were very young rather
than old.’*2° Fox et al.'® studied Jamaican patients and
observed that ocular proliferative lesions in both genotypes
increase with age.

Conclusions

The ocular lesions described herein may help to define stan-
dardized protocols involving the clinical and ophthalmologic
follow-up of Hb SS and Hb SC patients especially for younger
patients. Multiple ocular complications exist for SCD patients,
and continuous assessment is required to detect lesions early
enough for effective prophylactic therapy.

It is necessary to recommend that SCD patients receive
periodic ophthalmological examinations at early ages to pre-
vent progression of the disease and early blindness, establish
a more effective treatment, and assure a better quality of care
for patients’ eyes.
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B. TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE)

B.1. PARA MENORES DE 18 ANOS

Vocé estd sendo convidado a consentir com a  participagdo  do
menor , em
pesquisas realizadas no Centro de Pesquisas Gongalo Moniz — FIOCRUZ - BA, cujo titulo
esta especificado a seguir, uma vez que oficialmente ¢ o seu representante legal.

"AVALIAQAO DO PAPEL DE LIPOEROTEiNAS DO COLESTEROL E
TRIGLICERIDES E BIOMARCADORES CLASSICOS NA DOENCA FALCIFORME:
ASSOCIACAO COM PROCESSOS INFLAMATORIOS E VASO-OCLUSIVOS"

A doencga falciforme ¢ uma doenga genética muito comum na populacao de Salvador, sendo
que o individuo doente apresenta crise de dor, decorrente da oclusdo das veias pelas células
vermelhas que possuem o formato de foice, podendo também possuir infec¢do e outros
tipos alteracdes clinicas, como alteragdo nos olhos, rins, coracao, pulmao e cérebro.

Nessa pesquisa estudaremos a doenga falciforme, alteragdo que muda a forma das células
vermelhas que ficam rigidas, facilitando a obstrug¢do de veias e juntamente com as células
brancas participam das crises de dor e podem contribuir para a ocorréncia de derrame,
problemas no coragdo, nos olhos, nervos e pulmdes. O sangue retirado serd destinado ao
estudo do DNA, RNA das células e de algumas substincias que ajudam na ligagdo das
células as veias, além do estudo de fatores que contribuem para os fendmenos de vaso-
oclusdo. Os resultados obtidos nesta pesquisa poderdo posteriormente servir para estudos
futuros de medicamentos novos para a doenga.

A sua participacao ¢ totalmente voluntaria e a sua permissao para participar do estudo pode
ser retirada a qualquer momento, ndo resultando em punigdes.

O objetivo deste trabalho ¢ investigar aspectos epidemiologicos, clinicos e laboratoriais da
populagdo atendida na fundagdo HEMOBA.

Os registros da participacdo do menor no estudo serdo mantidos confidencialmente, sendo
do conhecimento apenas da equipe participante do projeto e do médico que o acompanha.
As amostras coletadas serdo identificadas por codigo, bem como os dados individuais dos
exames e testes, que serdo do conhecimento somente dos pesquisadores envolvidos na
pesquisa. Desta forma, a sua identidade sera mantida em segredo e nenhum outro grupo tera
acesso as informacgdes coletadas, tais como seguradoras, empregadores ou superiores, de
acordo com a resolu¢ao CNS 340/2004, item V.1.e.

A permissdo para que o menor participe deste estudo ndo implicara na retirada de sangue
adicional, de modo que sera utilizada uma quantidade remanescente da mesma amostra
coletada para a realizagdo dos exames solicitados pelo médico. Também queremos que
voce concorde que as amostras colhidas sejam armazenadas e possam ser utilizadas em
estudos futuros, desde que estes estudos adicionais sejam analisados por um Comité de
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Etica em Pesquisa em Seres Humanos e sigam os aspectos éticos determinados nas
resolucdes 196/96 e 347/05 do Conselho Nacional de Saude.

Comunicamos que o sangue serd colhido do brago e poderd acarretar em riscos e
desconfortos, como sangramento e dor. Entretanto, a coleta de sangue sera realizada por
pessoal habilitado e especializado, visando diminuir esses riscos. A realizagdo de coletas
adicionais dependera do médico e estara relacionada, simplesmente, ao acompanhamento
clinico e avaliacao periddica do menor.

A participacdo do menor no estudo ndo trard beneficios, mas possibilitard a obten¢do de
dados que poderdo ser utilizados futuramente no acompanhamento de individuos que
apresentam alguma doenca conhecida e na implantagdo de politicas de saude.

Assinatura do responsavel
Data  / /
RG:

Nome do responsavel (letra de forma)
Endereco

Nome Testemunha 1
RG:

Nome Testemunha 2
RG:

Por favor, entre em contato com uma das pessoas abaixo caso vocé€ necessite de maiores
esclarecimentos:

Dra Marilda de Souza Gongalves - Coordenadora do projeto - Laboratdrio de Pesquisa em
Anemias da Faculdade de Farmacia/UFBA e Laboratorio de Hematologia e Genética
Biocomputacional (LHGB)/Centro de Pesquisas Gongalo Moniz (CPqGM) — Fiocruz-
Bahia. Fone (71) 3176-2226.

Magda Oliveira Seixas — Responsavel pelo desenvolvimento do projeto — Laboratério de
Hematologia e Genética Biocomputacional (LHGB)/Centro de Pesquisas Gongalo Moniz
(CPqGM) — Fiocruz-Bahia. Fone (71) 3176-2226.
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B.2. PARA MAIORES DE 18 ANOS

Vocé estd sendo convidado a participar de um projeto de pesquisa realizado no Centro de
Pesquisas Gongalo Moniz — FIOCRUZ - BA, cujo titulo esta especificado a seguir:

"AVALIAQAO DO PAPEL DE LIPOEROTEiNAS DO COLESTEROL E
TRIGLICERIDES E BIOMARCADORES CLASSICOS NA DOENCA FALCIFORME:
ASSOCIACAO COM PROCESSOS INFLAMATORIOS E VASO-OCLUSIVOS"

A doencga falciforme ¢ uma doenga genética muito comum na populacao de Salvador, sendo
que o individuo doente apresenta crise de dor, decorrente da oclusdo das veias pelas células
vermelhas que possuem o formato de foice, podendo também possuir infec¢do e outros
tipos alteracdes clinicas, como alteragdo nos olhos, rins, coracao, pulmao e cérebro.

Nessa pesquisa estudaremos a doenga falciforme, alteragdo que muda a forma das células
vermelhas que ficam rigidas, facilitando a obstrug¢do de veias e juntamente com as células
brancas participam das crises de dor e podem contribuir para a ocorréncia de derrame,
problemas no coragao, nos olhos, nervos e pulmdes. O sangue retirado serd destinado ao
estudo do DNA, RNA das células e de algumas substancias que ajudam na ligacdo das
células as veias, além do estudo de fatores que contribuem para os fendmenos de vaso-
oclusdo. Os resultados obtidos nesta pesquisa poderdo posteriormente servir para estudos
futuros de medicamentos novos para a doenga.

A sua participacao ¢ totalmente voluntaria e a sua permissao para participar do estudo pode
ser retirada a qualquer momento, ndo resultando em punigdes.

O objetivo deste trabalho ¢ investigar aspectos epidemiologicos, clinicos e laboratoriais da
populagdo atendida na fundagdo HEMOBA.

Os registros da sua participacdo no estudo serdo mantidos confidencialmente, sendo do
conhecimento apenas da equipe participante do projeto e do médico que o acompanha. As
amostras coletadas serdo identificadas por codigo, bem como os dados individuais dos
exames ¢ testes, que serdo do conhecimento somente dos pesquisadores envolvidos na
pesquisa. Desta forma, a sua identidade serd mantida em segredo e nenhum outro grupo tera
acesso as informagodes coletadas, tais como seguradoras, empregadores ou superiores, de
acordo com a resolu¢do CNS 340/2004, item V.1.e.

Sua participagdo ndo implicard na retirada de sangue adicional, de modo que serd utilizada
uma quantidade remanescente da mesma amostra coletada para a realizagdo dos exames
solicitados pelo médico. Também queremos que vocé concorde que as amostras colhidas
sejam armazenadas e possam ser utilizadas em estudos futuros, desde que estes estudos
adicionais sejam analisados por um Comité de Etica em Pesquisa em Seres Humanos e
sigam os aspectos éticos determinados nas resolugdes 196/96 e 347/05 do Conselho
Nacional de Satde.
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Comunicamos que o sangue serd colhido do braco e podera acarretar em riscos e
desconfortos, como sangramento e dor. Entretanto, a coleta de sangue sera realizada por
pessoal habilitado e especializado, visando diminuir esses riscos. A realizagdo de coletas
adicionais dependera do médico e estara relacionada, simplesmente, ao acompanhamento
clinico e avaliag¢do periddica do menor.

A sua participacdo no estudo ndo trard beneficios, mas possibilitard a obtencao de dados
que poderao ser utilizados futuramente no acompanhamento de individuos que apresentam
alguma doenca conhecida e na implantagdo de politicas de satde.

Assinatura do voluntario
Data  / /

RG:

Nome do responsavel (letra de forma)
Endereco

Nome Testemunha 1
RG:

Por favor, entre em contato com uma das pessoas abaixo caso voc€ necessite de maiores
esclarecimentos:

Dra Marilda de Souza Gongalves - Coordenadora do projeto - Laboratdrio de Pesquisa em
Anemias da Faculdade de Farmacia/UFBA e Laboratorio de Patologia e Biologia
Molecular do Centro de Pesquisa Gongalo Moniz - FIOCRUZ. Fone (71) 3176-2226.

Magda Oliveira Seixas — Mestranda responsavel pelo desenvolvimento do projeto —
Laboratorio de Patologia e Biologia Molecular do Centro de Pesquisa Gongalo Moniz —
FIOCRUZ. Fone (71) 3176-2265.
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C. QUESTIONARIO

"AVALIACAO DO PAPEL DE LIPOPROTEINAS DO COLESTEROL E TRIGLICERIDES E
BIOMARCADORES CLASSICOS NA DOENCA FALCIFORME: ASSOCIACAO COM PROCESSOS
INFLAMATORIOS E VASO-OCLUSIVOS"

QUESTIONARIO PARA PACIENTES E CONTROLES

Nome: {NOME} Sigla: {sig} Telefone: ()
Endereco:
Registro: {REG} N° Pront. HEMOBA: {PRON} DatadeNasc..  / /
Idade: {I} Género: {GENER} ( ) Masculino [0] ( ) Feminino [1]
01.  Qual a sua cor? {cor} ( ) Branca[o] () Negra[1] ( ) Pardaf2] ( ) Amarela[3] ( ) Indigena[4]
02.  Vocé estuda? {EST} () NAOJ0] ( ) SIMI1]
03.  Nivel de escolaridade: {NESC} () Alfabetiz.[0] () Até4FM[1] () Até8FM[2] () Até3MD[3]
04. Numero de irmdos: {NIRM} () 070 () 1[1 () 2[2] () 3[3] () 4ou+[4]
05.  Familiares com DF? {FDFALC} ( ) Nenhum[0] () Pai[1] () Mae[2] () Irmao [3]
06. Idade primeira menstruagdo: {IPM} () Nao menst.[0] () 09-1111] () 12-14[2] () 15-17[3]
07.  Jaengravidou? {ENGRA} ( ) NAOJ0] ( ) SIMJ1]
08. Esta gravida? {GRA} () NAOJ0] ( ) SIM [1]
09.  Usa anticoncepcional? {ANTICO} ( ) NAOJ0] () SIM[1]
10.  Menstruacdo ¢ regular? {MREG} ( ) NAOJ0] () SIM [1]
11.  Idade do 1° diagnostico de Doenca () <6mio0] ( ) 6m-4anos[1] () 5-9anos[2]

Falciforme: {ID} () 10-14anos[3] () 15-17anos[4]
12.  Eletroforese de Hb {EHB} () AA[0] ( ) SS[ ( ) SC[2] () SB+H[3] () SBg4]

() SDI3]
13. Haplotipo {HAPL} ( ) Sen[0] () Carl] ( ) Ben[2] () Cam[3] () Sau-Aral4]
() Atip[s] () I () 1 () TI8]
14. Talassemia {TAL} () Negativo[0] ( ) Hetero3.7[1] ( ) Homo 3.7[2]
( ) Hetero 4.2[3] ( ) Homo 4.2[4]

Mieloperoxidase {MPO} ( ) GG[o () AG[1] () AA[2]

Alelo mutante Mieloperoxidase ? {MUTMPO} ( ) NAOJ[0] () SIM [1]

Alfa 1 antitripsina {AATP} () MMJ[0] () MZ[1] () MSJ[2]

() SZ[3] () SS[4] () Z7]5]
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11 ou +[3]

7 ou+[3]

Ja esteve internado? {INTER} () NAOJ[0] () SIM [1]

Se SIM, quantas vezes? {QINTER} () 170] () 2-5[1] () 6-10[2] ()

Qual especialidade? {ESPEC} ( ) Cardiologia [0] () Oftalmologia [1] () Neurologia [2]
( ) Infectologia [3] () Pneumologia [4] ( ) Cirurgia [5]
() Angiologia [6] () Nefrologia [7] () Clinica da Dor [8]
() Outras [9]

J& teve pneumonia? {PNEU} ( ) NAOJ0] () SIMI[1]

Se SIM, quantas vezes? {QPNEU} () 10 () 2-3[1] () 4-6[2] ()

Se SIM, teve febre? {FEBRE} ( ) NAOJ0] () SIMI[1]

Anormalidade no RX? {ARX} ( ) NAOJ0] () SIMI[1]

Quando internado, usou medica¢io? {MPNEU} () NAOI0 () SIM[]

Quais? {DESCMPNEU}

Teve ou tem esplenomegalia? {ESPLE} ( ) NAOJ0] () SIMI1]

Em que periodo? {PERIOESPLE}

Teve crise de seqiiestro esplénico? {SEQESPLE} ( ) NAOJ0] () SIM[1]
Se SIM, quantas vezes? {QSEQESPLE}
Faz uso profilatico de Penicilina? {PROP} () NAOJ[0] () SIM[1]
Se SIM, qual? {QPEN} ( ) Penicilina V oral [0] () Penicilina benzatina [1]
Se Sim, ha quanto tempo? {QTPEN} ( ) atélanol0] () tdelanoa3anos] lI]
( ) +3anosas5anos[2] ( ) +5anosa7anos[3]
() +de7anos[4]
Jateve AVC? {AVC} ( ) NAO[0] () SIMI[I]
Se SIM, quantas vezes? {QAVC} () 170] () 2101 () 302 () 4ou+i3]
Se SIM, seqiiclas do AVC? {SEQAVC} ( ) NAO[0] () SIMI[I]
Ja fez ressonancia magnética? {RESSOMAG} ( ) NAOJ0] () SIMII]
Alguma alteracdo? {ALTRESSOMAG} ( ) NAOJ0] () SIMII]
Esplectomizado? {ESPLECTO} ( ) NAOJ0] () SIM[1]
Esplenectomia: {TIPOESPLECTO} () Total[0] ( ) Parcial [1]
Apresenta asma? {ASMA} ( ) NAOJ0] () SIM[1]
Se SIM, quantas crises nos tltimos 06 meses? {QASMA} () o] () 1-3[1] () 4712 () 8out[3]
Faz uso regular de nebulizagcdo? {NEBU} ( ) [0]NAO () SIM[1]
Tem crises de dor? {CRISDOR} ( ) [0]NAO ( ) SIMI1]
Se SIM, quantas crises nos ultimos 06 meses? {QCRISDOR} () 0[0 () 1-3[1] () 4-712] () 8out[3]
Quando foi a tltima crise? {ULTCRISDOR} () <lmés]Jo0] () 1-3mJ1] () 4mout[2]
Usa medicacdo para a dor? {MDOR} () NAOJ0] () SIM[1]
Prescrita por um médico? {PRESMDOR} ( ) NAOJ0] () SIM[1]
Assistido por especialista em dor? {ESPECDOR} ( ) NAOJ0] () SIM[1]

( )<6m[0]( )o6m-lano[1]( )2-3a[2]( )4-5a[3]( )>6a[4]
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Faz tratamento com hidroxiuréia? {HIDROXI} () NAOJ0] () SIM[1]
Faz uso de alguma medica¢do? {MEDIC} () NAOJ0] () SIM[1]
Se SIM, qual? {DESCMEDIC}

Com que freqiiéncia? {FREQMEDIC} () Diério [0] () Dias alternados[1] () Semanal[2]

() Quinzenal[3] ( ) Mensal [4] ( ) Bimestral[5]( ) Semestral [6]

Vaso-Ocusio: {VO} ( ) NAOJ0] () SIM[1] Quantas vezes? {QVO}

Fez uso de alguma medicacdo? {MVO} ( ) NAOJ0] () SIM[1]

Retinopatia: {RETIN} ( ) NAO[I] () SIM[2]

Se SIM, fez uso de alguma medicag¢do? {MRETIN} ( ) NAO[0] () SIM[1]

Faz consultas periddicas com oftalmo? {CONSOFTAL} ( ) NAOJ0] () SIM[1]

Infeccdes: {INFEC} ( ) NAOJ0] () SIMI1]

Quais? {DESCINFEC} () Rinite [0] () Sinusite [1] ( ) Otite[2]
() Faringite [3] () Amigdalite [4] () Outros [5]

Fez uso de alguma medicagio? {MINFEC} () SIMJ[o0] () NAO[1]

Priapismo: {PRIAP} ( ) NAO]J0] SIM [1]

N° de vezes: {QPRIAP} () Até4][0] 05-09 [1] () 10ou+2]

Fez uso de alguma medicacdo? {MPRIAP} NAO [0] () SIMI[1]

Ulcera maleolar: {ULCMALEO} () NAOJ0] SIM [1] Quantas vezes? {QULCMALEO}

~_~ o~~~ o~

Idade da primeira ulcera: {IDULC} Até 4 anos [0] () 5911 () 10ou+]2]
Tratou a ulcera? {TRATULC} () NAO [0] () SIM [1]

Qual tratamento? {QUALTRAT}

Sindrome toraxica aguda: {SDTOR} ( ) NAOJ[0] () SIM [1]

Quantas vezes? {QSDTOR} () Até 2 [0] () 03-05[1] () 06ou+t|[2]
Alteragdes 0sseas: {ALTOSSEA} () NAO [0] () SIMI[1]

Quais? {DESCALTOSSEA!

Insuficiéncia Renal Aguda: {INSRENAG} ( ) NAO[0] () SIM[1]

Quantas vezes? {QINSRENAG} () Até2][0] () 03-05[1] () 06ou+t|[2]
Insuficiéncia Renal Cronica: {INSRENCRO} ( ) NAO]J0] ( ) SIM[1]

Idade diagnoéstico: {IDINSRENCRO} () AtéS5 anos [0] () 06-11[1] () 12ou+[2]
Alteragdes cardiacas: {INSCARD} () NAO][0] ( ) SIM[1]

Qual alteragdo? {QUALALTCA}

Idade diagnoéstico: {IDINSCARD} () Até5anos[0] () 06-11[1] () 12o0u+]2]
Fez eletrocardiograma? {ELETRO} ( ) NAO[0] () SIM[1]

Fez ecocardiograma? {ECOCARD} ( ) NAOJ0] () SIM[1]

NAO [0] () SIM[1] Quantas vezes? {QSEQHEP}
NAO [0] ( ) SIM[1] Quantas vezes? {QINSRESP}
NAO [0] () SIM[1]

Seqiiestro hepatico: {SEQHEP}

Insuficiéncia respiratoria: {INSRESP}

N~
~ e O~

Disttrbio do sono? {DISTSONO}



37.
38.

39.

40.

41.

42.

43.

44,
45.

46.

47.

48.

49.

50.

Litiase biliar: {LITIBILI}

~ o~

Cirurgia: {CIRURG} NAO [0] ( ) SIMI[I]

Quais? {QUALCIRURG}

NAO [0] () SIM[1] Quantas vezes? {QLITIBILI}
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Se SIM, fez uso de profilaxia antibidtica? {PROFANTIB} ( ) NAOJ[0] () SIM[1]
Completou o calendario vacinal? {CALVAC} ( ) NAO[0] () SIM[1]
Fez uso das seguintes vacinas? {USOVAC} () 7 valente [0] () 23valente[1]
( ) Meningo [2] () Haemophilus [3]

Faz uso de hemoderivados? {HEMODER} ( ) NAO[0] () SIM[1]
Se SIM, quantas vezes ao ano? {QHEMODER}
Possui outra patologia? {PATOLOG} () NAOJ0] () SIM [1]
Quais? {DESCPATOLOG} ( ) Hipertensdo [0] () Diabetes[1] () Obesidade [2] () Outras [3]
Vocé trabalha? {TRAB} ( ) NAOJ0] () SIMI[I]
Tipo de profissdo: {QTRAB}
Se SIM, manipula alguma substancia quimica? {SUBQUIM} ( ) NAOJ0] () SIMI[1]
Qual? {QSUBQUIM} Freqiiéncia ? {FREQSUBQUI}
Manipula diretamente esta subst? {MANIDIRE} ( ) NAOJ0] () SIM[1]
Pratica esportes? {ESPOR} ( ) NAOJ0] () SIMI1]
Faz uso de bebida alcodlica? {BEBE} ( ) NAOJ0] () SIMI1]
Se SIM, que freqiiéncia? {FREQBEBE}
Vocé fuma? {FUMA} () NAOJ0] () SIMI1]
Se SIM, que freqiiéncia? {FREQFUMA}
Faz uso de alguma droga? {DROGA} ( ) NAOJ0] () SIMI1]
Em caso de SIM, que freqiiéncia? {FREQDROGA}
Além dos seus pais quantos membros da familia ou parentes sdo apegados a vc? {APEG}

( ) o010 () 02-03[1] () 04-00[2] () 07-10[3] () nenhum[4]
Quantos amigos vc tém aproximadamente? {AMIGO}

() 01[0] () 02-0371] () 04-006[2] () 07-10[3] ( ) nenhum[4]
Com que freqiiéncia vc se reiine com seus parentes, amigos ou vizinhos? {REUNI}

() Diariamente ou quase todos os dias [0] () Varias vezes na semana [1]

() Varias vezes no més [2] () Varias vezes por ano [3] () Quase nunca [4]

Data da proxima consulta no HEMOBA: / /
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D. MATERIAS E METODOS

D.1 - CASUISTICA E INSTITUICOES PARTICIPANTES
Para a realizacdo desta tese foi conduzido um estudo de corte transversal com a coleta de
dados de pacientes com DF em estado estavel da doenca (PE), internados (PI) e controles
saudaveis (CS). Fizeram parte do estudo 356 pacientes com DF e foram realizadas 503
coletas; O numero de criancas com DF foi 306, sendo as criancas em estado estavel da
doenca (287) acompanhadas na Fundagdo de Hematologia e Hemoterapia da Bahia
(HEMOBA) e as em crise (23) estavam internadas no Hospital da Crianca/Obras Sociais
Irma Dulce (HC-OSID). Além destes, foram incluidos no estudo 69 pacientes adultos com
DF acompanhados regularmente na HEMOBA. Como grupos de comparacdao, também
foram incluidos no estudo 150 criangas e 88 adultos saudaveis atendidos Laboratério de
Analises Clinicas e Toxicologicas da Faculdade de Farmécia da Universidade Federal da
Bahia (LACTFAR- UFBA), com o perfil de hemoglobina Hb AA. No dia da coleta todos
os participantes e/ou responsaveis que aceitaram participar assinaram o termo de
consentimento livre e esclarecido (TCLE — apéndices Bl e B2) e responderam a um
questiondrio (apéndice C) para obtencdo de dados individuais, socioecondmicos
(escolaridade, numero de irmaos, contatos sociais) e referentes a comorbidades, tais como,
pneumonias, problemas cardiacos, renais, hepaticos e possiveis problemas familiares. As
coletas de sangue e de dados clinicos, as analises laboratoriais e moleculares foram
realizadas entre os anos de 2009 a 2013. Os experimentos moleculares e celulares foram
realizados no Centro de Pesquisas Gongalo Moniz (CPqGM) — Fiocruz-Bahia. A seguir
seguem algumas caracteristicas dos grupos de pacientes e controles:
Pacientes
1) Estaveis: individuos acompanhados regularmente no ambulatorio de hematologia da
Fundagdo HEMOBA que ndo haviam recebido hemoderivados ou apresentado
qualquer evento grave associado a DF (pneumonia, internacdo, sequestro esplénico,
AVC, tlcera maleolar, crise hemolitica, priaprismo, entre outros) nos trés meses que
precederam a coleta de amostras para o estudo. A média de idade destes pacientes foi

de 13,95 + 9,09 anos, sendo 191 homens (53,65%) e 165 mulheres (46,35%).
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2) Em crise: pacientes admitidos para internamento no HC-OSID devido a complicagdes
associadas a DF, descritas anteriormente no corpo desta tese. A média de idade neste
grupo foi de 10,34 + 4,36 anos, sendo destes 12 (52,2%) homens e 11 (47,8 %)
mulheres.

A coleta de sangue dos pacientes estaveis foi realizada durante a consulta ambulatorial e os

dados clinicos informados pelos pacientes foram confirmados através da avaliacdo dos

prontuarios médicos dos mesmos. Os pacientes internados realizaram coleta de amostras no
momento da admissdo, antes de realizar transfusdo ou passar por qualquer procedimento; os

dados clinicos foram obtidos por entrevista, com os pais ou responsaveis, utilizando o

questionario padronizado para o estudo (apéndice C).

Controles

Esse grupo foi formado por criangas e adultos saudaveis, sem histéricos de qualquer
patologia ou processo infeccioso no ultimo més, atendidos no LACTFAR- UFBA. Do total
de participantes, 54 (32,3%) eram homens e 113 (67,7%) mulheres. A média de idade deste
grupo foi de 22,49 + 16,29 anos.

D.2 - METODOS

Coleta de amostras: Foram obtidos 15mL de sangue venoso dos participantes, sendo que 5
mL coletados em anticoagulante (EDTA) e 10 mL sem aditivos. As amostras dos pacientes
coletadas na HEMOBA e Hospital da Crianga — OSID foram adequadamente transportadas
para o Laboratorio de Pesquisa em Anemias (LPA) e Laboratorio de Anélises Clinicas
(LACTFAR) da Faculdade de Farmacia (FACFAR) da Universidade Federal da Bahia

(UFBA), onde foram realizadas todas as determinagdes hematologicas e bioquimicas.

Anilise Hematoldégica e de hemoglobinas: A confirmacdo do perfil de hemoglobinas foi
realizada para todos os participantes do estudo, pelo método automatizado de cromatografia
liquida de alto desempenho (HPLC) utilizando o equipamento Variant II (Bio-Rad,

Hercules, CA, USA). O hemograma foi realizado pelo método automatizado utilizando-se o
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contador eletronico (Coulter Corporation, Miami, FL, USA); a contagem de reticuldcitos

realizada pela técnica manual, utilizando o corante azul de cresil brilhante (Figura 1A).

Analises Bioquimicas: As andlises bioquimicas incluiram a determinagdo da glicemia em
jejum, do perfil lipidico (colesterol total e fragdes e triglicerideos), dosagem de proteinas
totais e fracdes, bilirrubinas totais e fragdes, desidrogenase latica (LDH), transaminases
(ALT e AST), perfil renal (ureia e creatinina), ferro e acido urico, sendo realizadas pelo
método automatizado, utilizando técnicas de imunoquimica e imunoensaio (425 system,
BIOSYSTEMS SA, Barcelona, Spain). As dosagens de ferritina e haptoglobina foram
realizadas em sistema de imunoensaio (Access® 2 Immunoassay system X2, Beckman
Coulter, Fullerton, CA, USA) e as dosagens de PCR, alfa 1 antitripsina, e antiestreptolisina
O (ASLO) pelo método imunoquimico automatizado (Immage® 800 system, Beckman
Coulter Fullerton, CA, USA4) conforme figura 2A. A determinacdo da insulinemia foi
realizada no laboratério da Associacdo de Pais e Amigos dos Excepcionais (APAE) em

colaboragdao com o Dr. Gildasio Carvalho.

Dosagem do CBA inflamatorio

Os niveis plasmaticos de TNF-o, IFN-y, IL-10, IL-1p , IL-6 e IL-8 foram quantificados
pelo kit Cytometric Bead Array - CBA (BD Biosciences Pharmingen , EUA), de acordo
com o protocolo do fabricante. O ensaio de citometria de fluxo foi realizado e analisado por

um unico operador e foram obtidas curvas padrao para cada citocinas avaliadas.

Mediadores inflamatorios

Os niveis de PGE, foram determinados por enzima imunoensaio, de acordo com as
instrugdes do fabricante (Cayman Chemical, Ann Arbor, MI, USA4). As concentragdes
plasmaticas de MMP-9, TIMP-1 e TGF-f} foram avaliadas no soro dos pacientes, utilizando
kits de ELISA especificos para cada molécula, de acordo com as instrugdes do fabricante

(R e D Systems, Minneapolis, M1, USA).

Determinaciao do Heme total
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A dosagem do heme livre total foi realizada em soro pelo Kit QuantiChrom Heme Assay

Kit (BioAssay Systems, Hayward, CA, USA), de acordo com o protocolo do fabricante.
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Figura 1A. Desenho experimental da realizacio das determinacdes hematolégicas. Hm: contagem de
hemacias; Hb: concentragdo de hemoglobina; Ht: Hematocrito, VCM: volume corpuscular médio; HCM:
Hemoglobina corpuscular média; CHCM: concentra¢do de hemoglobina corpuscular média.
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Figura 2A. Desenho experimental das determinacdes bioquimicas. PCR: Proteina C reativa; AAT: Alfa 1 Anti-tripsina; ASLO: Antiestreptolisina O; HDL-c:
Colesterol HDL; LDL-c: Colesterol LDL; VLDL-c: Colesterol VLDL; ALT: Alanina transaminase; AST: Aspartato transaminase; LDH: Desidrogenase Latica.
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Analise de Biologia Molecular

O DNA gendmico foi extraido em 200uL. de sangue periférico, utilizando o kit Ql4damp®
DNA Mini Kit (Qiagen) de acordo com as recomendacdes do fabricante. A caracterizagao
dos polimorfismos génicos no gene gene SERPINAI (alelos S e Z) e dos haplotipos ligados
ao grupo de genes da globina beta foi realizada pela amplificacdo de fragmentos de DNA
pela reacdo de polimerase em cadeia (PCR), utilizando oligonucleotideos sintéticos
(primers) especificose avaliacdo do tamanho dos fragmentos gerados pelo corte com
enzimas de restricdo (Restriction Fragment Lenght Polymorphism-RFLP (SEITZER et al.,
1997; TAYLOR et al., 2002; HEINZMANN et al., 2004). A talassemia alfa delegdo de 3,7
kilobases (Kb) (Tal alfa™"**) foi investigada por PCR.

Isolamento de neutrofilos dos pacientes e controles

Para essa etapa foram convidados pacientes e controles com niveis de HDL-c normais e
diminuidos. Os neutro6filos foram obtidos por separagdo em gradiente de Ficoll (Histopaque
1077 Sigma, St. Louis, Estados Unidos) a partir de sangue venoso, recém-coletado em
EDTA, sendo que as células separadas foram lavadas duas vezes em PBS e centrifugadas a
800 rpm durante 5 minutos. Apos as lavagens as células foram diluidas 1:20 em meio
RPMI 1640 (Gibco, Grand Island, NY) e, em seguida, foram feitas outras dilui¢des, no
mesmo meio, para obter a quantidade de 10> células/mL (ASSIS e al., 2005; OMAHONY
et al., 2008). A populagdo celular foi confirmada através da observagdo de esfregacos
sanguineos corados pelo Wright (Merck, Darmstadt, Alemanha) e observadas ao

microscopio Optico a um aumento de 400 vezes.

Quimiotaxia de neutrofilos

Foram definidos como estimulos para o ensaio de quimiotaxia, o uso de soro fresco;
suspensdao de sinvastatina em soro dos pacientes a 10mg/mL; suspensdo de hemdacias em
salina fisiologica a 5%; suspensdo de S. pneumoniae realizada de acordo com a escala de
Mac Farlland a 0,5, que equivale a uma densidade bacteriana de 150 milhdes/mL. Todos os
testes foram utilizados sob as mesmas condi¢des para individuos com DF e controles
saudaveis. Os estimulos foram adicionados a microplaca de quimiotaxia de 96 pocos do

sistema ChemoTx (Neuro Probe, Gaithersburg, MD, EUA). Os neutréfilos foram obtidos
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conforme método descrito no item 4.5.9 e foram diluidos em meio RPMI, antes da adicdo a
parte superior dos pogos (10° células/pogo); em seguida e placa foi incubada a 37°C a 5%
de CO; durante 1,5 h. Apos a incubacao, as células que migraram para os pogos inferiores
foram contadas em hemocitdmetro. A migragdo dos neutréfilos frente ao estimulo com
meio RPMI puro (quimiotaxia radomica) foi utilizada como controle negativo e a migracao
frente ao lipopolissacarideo (LPS a 75ng/mL), como controle positivo. Os indices de
quimiotaxia foram calculados como a razdo entre o niimero de neutréfilos que migraram
sobre os estimulos descritos € numero destes leucocitos que migraram com o meio RPMI
puro. A sinvastatina ¢ um agente redutor do colesterol, cujo principal metabdlito ¢ um
inibidor da 3-hidroxi-3-metilglutaril-coenzima A (HMG-CoA) redutase, enzima que
catalisa um passo precoce e limitante da taxa de biossintese do colesterol; por essa razao,
esse farmaco foi escolhido para avaliar o efeito in vitro dos lipidios sobre a quimiotaxia dos

neutrofilos.

Definicao de Eventos Clinicos

Os dados clinicos foram coletados dos prontuarios médicos e os dados demograficos foram
obtidos por meio de entrevistas aos paciente, pais ou responsaveis legais. Os pacientes
foram considerados em estado estavel da doenga quando ndo apresentavam febre, infecgao,
internamento no periodo de 15 dias ou uso de hemocomponentes nos ultimos 3 meses,
antes da coleta de sangue. Os pacientes em crise foram aqueles que estavam hospitalizados

por crise vaso-oclusiva ou infeccdo no momento da coleta da amostra.

D.3 - ANALISE ESTATISTICA

Os dados dos questionarios e dos resultados obtidos dos experimentos realizados foram
analisados estatisticamente em banco de dados gerado no Software EPI INFO versao 6.04,
Graph pad Prism 5.0 (Graphpad Software, San Diego, CA-USA) e SPSS versao 10, de
acordo com o tipo de variavel. A analise de normalidade da distribuigdo das variaveis foi
realizada pelo teste de D’Agostino e Pearson. A partir desta informagao utilizou-se o teste
paramétrico ANOVA ou ndo paramétrico de Kruskal-Wallis, sendo os resultados
confirmados pelo pds-teste de Bonfferoni. A andlise de varidveis qualitativas ou categoricas

foi realizada pelo teste ndo paramétrico do Qui-quadrado (x?), devidamente corrigido pelos
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testes de Mantel-Haenszel e Yates. Na andlise de parametros menores que 5 para variaveis
categoricas, utilizou-se o teste exato de Fisher. Os intervalos de confianca em 95% e a
razao de prevaléncia foram calculados para essas varidveis. As andlises de correlagao foram
realizadas utilizando os coeficientes de Pearson’s para os dados de distribui¢do normal e os
coeficientes de Kendall’s tau-b e Spearman para os dados com distribui¢gdo ndo normal. O
teste de Mann-Whitney e teste T independente foram utilizados para a andlise de duas
varidveis numéricas, na comparagdo de dois grupos de valores dentro de uma mesma
variavel para variaveis de distribui¢do ndo normal e normal, respectivamente. Os valores

de P <0,05 foram considerados significativos para as analises realizadas.

D.4. CONSIDERACOES ETICAS E DE BIOSSEGURANCA

O presente estudo foi aprovado pelo Comité de Etica em Pesquisa (CEP) do
CPqGM/FIOCRUZ-BA sob o CAAE 0022.0.225.000-09 (136/2009) e 0016.0.225.000-09
(131/2009), este tltimo também aprovado pelo CEP/OSID. Todas as informagdes obtidas
através das analises das amostras coletadas foram e serdo mantidas sob sigilo, com acesso
permitido apenas para a equipe clinica e pesquisadores. Os resultados dos testes
laboratoriais foram fornecidos ao médico, para que pudessem auxilid-lo no
acompanhamento clinico dos pacientes. Todo o trabalho foi desenvolvido de acordo com os
critérios da Regulamentagdo de Bioética no Brasil, Resolugcdo n°® 196/96, posteriormente
revogada pela resolucdo n°® 466/2012 do Conselho Nacional de Satde. Os experimentos
foram realizados com base nas normas de Biosseguranca, de acordo com a Lei no.
11.105/2005, seguindo as normas técnicas existentes no manual de biosseguranga da
FIOCRUZ (Comissdo Técnica de Biosseguranga da FIOCRUZ — Ministério da Satde,
1998).

Os individuos foram convidados a participar do presente estudo e¢ assinaram o TCLE e
autorizaram a utilizagdo dos dados e dos materiais coletados. Todos os participantes da
pesquisa concordaram que suas amostras fizessem parte do biorrepositorio e fossem
utilizadas em estudos futuros, desde que os estudos adicionais fossem analisados por um
Comité de FEtica em Pesquisa em Seres Humanos e seguissem os aspectos &ticos

determinados nas resolucdes 466/2012 e 347/05 do Conselho Nacional de Saude.



