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RESUMO

Introducio: a anemia falciforme (AF) ¢ a hemoglobinopatia hereditdria de maior
prevaléncia no Brasil, determinada pela homozigose da hemoglobina “S”, sendo
resultante de uma mutagdo no gene da beta globina. O Acidente Vascular Cerebral
(AVC) ¢ uma complicagdo grave e catastrofica da AF, sendo uma das principais causas
de morbimortalidade em criangas e adultos jovens. Pacientes com AF que apresentam
risco elevado para AVC sdao monitorados por meio do Doppler transcraniano (DTC),
sendo esse método usado para predizer risco para AVC. As plaquetas possuem a
capacidade de promover eventos vaso-oclusivos e também de regular a resposta imune
através de mediadores inflamatorios. As plaquetas ativadas expressam grandes
quantidades do ligante CD40 (CD40L) e de CD62P (P-selectina). Essas moléculas tém
sido consideradas como marcadores de ativacdo plaquetdria na AF, no entanto ndo estd
descrito na literatura o potencial dessas moléculas como biomarcadores preditivos de
risco para AVC em pacientes pediatricos com AF. Objetivo: avaliar os niveis séricos de
sCD40L, sCD40 ¢ sCD62P em criancas ¢ adolescentes com anemia falciforme e
alteracdo do exame de DTC. Métodos: estudo translacional, de corte transversal e grupo
de comparagdo interno, desenvolvido no Laboratorio de Pesquisa Translacional do
Instituto de Medicina Integral Prof. Fernando Figueira (IMIP). Foram incluidos 48
pacientes com AF com idade de 2 a 16 anos, acompanhados no Centro de Hematologia
e Hemoterapia de Alagoas (HEMOAL, Brasil). O grupo de controles saudaveis foi
constituido por 26 criangas e adolescentes saudaveis (de 2 a 13 anos) hospitalizados
para realizacdo de cirurgias eletivas de pequeno porte no Hospital Universitario
Professor Alberto Antunes da Universidade Federal de Alagoas (UFAL, Brasil). Os
pacientes foram divididos em 03 grupos, de acordo com as caracteristicas clinicas da
doenga: Grupo 1: AF com DTC normal e sem AVC (n=24); Grupo 2: AF com DTC
anormal e sem AVC (n=16); Grupo 3: AF com AVC (n=8). A dosagem de sCD40 e
sCDA40L livre no plasma foi realizada por enzyme immunosorbent assay (ELISA) e a de
sCD62P por citometria de fluxo. Para testar as diferengas entre os grupos utilizaram-se
os testes ¢ ¢ de Mann-Whitney para andlise de médias e medianas, respectivamente,
enquanto que para a correlagdo entre as varidveis foi usado o coeficiente de correlagdo
de Sperman. Foram considerados significativos valores de p<0.05. Para andlise

estatistica foi utilizado o GraphPadPrism v6.0. Resultados: os niveis de sCD40L foram



significativamente mais elevados nos grupos G1, G2 e G3, quando comparado aos
controles (p=0,0001; p<0,0002 e p=0,008, respectivamente). Entre os pacientes com AF
evidenciou-se niveis mais elevados de sCD40L no grupo G3 (median =1.330 pg/ml;
range= 872-2550), com relacao ao grupo G2 (mediana=1.003; p =0,03). Na andlise de
sCD40, nao houve diferenca significativa entre os quatro grupos. Na andlise do
sCD62P, os pacientes do G3 apresentaram niveis elevados, quando comparado ao Gl
(»=0,0001); G2 (p= 0,03) e controles (p=0,01), ¢ G2 também apresentou niveis
elevados, quando comparados com os do Gl (p=0,04). Os pacientes do GI1
apresentaram indice mais elevado na relagdo sCD40L/sCD62P, quando comparado ao
do grupo G2 (p=0,003) e aos controles (p<0,0001). Os indices de sCD40L/sCD40 foram
7,1; 6,1 e 7,7 vezes mais elevados nos pacientes dos grupos Gl, G2 e G3,
respectivamente, quando comparado aos controles (p<0,0001, p<0,008 e p=0,002,
respectivamente), porém nao houve diferenga significativa entre os G1, G2 e G3. Nao
houve correlagao nos niveis de sCD40L vs sCD62P, sCD40 vs sCD40L, ¢ de sCD40 vs
sCD62P. Conclusdo: a combinacao da anormalidade do DTC associado ao aumento
dos niveis de sCD40L e sCD62P ou diminui¢ao da relagdo sCD40L/sCD62P podem
contribuir para uma melhor avaliagdo do risco para AVC em pacientes pediatricos e
adolescentes com AF.

Palavras chave: anemia falciforme; acidente vascular cerebral; plaquetas, antigeno

CDA40; inflamacao.



ABSTRACT

Introducdo: sickle cell anemia (SCA) is the most prevalent hereditary
hemoglobinopathy in Brazil, determined by homozygous hemoglobin "S", resulting
from a mutation in the beta globin gene. Cerebral Vascular Accident (CVA) is a serious
and catastrophic complication of PA, being one of the main causes of morbidity and
mortality in children and young adults. Patients with SCA, who are at high risk for
stroke, are monitored by transcranial Doppler (TCD), and this method is used to predict
risk for stroke. Platelets have the capacity to promote vaso-occlusive events and also to
regulate the immune response through inflammatory mediators. Activated platelets
express large amounts of the CD40 (CD40L) and CD62P (P-selectin) linker. These
molecules have been considered as markers of platelet activation in SCA, but it is not
described in the literature whether these molecules have potential as predictive
biomarkers of stroke risk in pediatric patients with SCA. Objective: to evaluate the
serum levels of sSCD40L, sCD40 and sCD62P in children and adolescents with sickle
cell anemia and abnormal Transcranial Doppler examination. Methods: A translational
study, cross-sectional and an internal comparison group, was carried out in the
Translational Research Laboratory of the Institute of Integral Medicine Prof. Fernando
Figueira (IMIP). We included 48 patients with SCA aged 2 to 16 years old, who were
followed up at the Hematology and Hemotherapy Center of Alagoas (HEMOAL,
Brazil). The group of healthy controls consisted of 26 healthy children and adolescents
(2 to 13 years old) hospitalized for small elective surgeries at the Federal University of
Alagoas Hospital (UFAL, Brazil). Patients were divided into 3 groups, according to the
clinical characteristics of the disease: Group 1: AF with normal TCD and without stroke
(n = 24); Group 2: AF with abnormal TCD and without stroke (n = 16); Group 3: SCA
with stroke (n = 8). Plasma free sCD40 and sCD40L were measured by enzyme
immunosorbent assay (ELISA) and sCD62P by flow cytometry. To test the differences
between the groups, the t and Mann-Whitney tests were used for the analysis of means
and medians, respectively, while for the correlation between the variables the Sperman
correlation coefficient. Values of p <0.05 were considered significant. For statistical
analysis, was used GraphPadPrism v 6.0 Results: The levels of sCD40L were
significantly higher in the G1, G2 and G3 groups when compared to controls (p =
0.0001, p <0.0002 and p = 0.008, respectively). Among patients with SCA, higher



levels of sCD40L in the G3 group (median = 1,330 pg / mL; range = 872-2550) were
observed in relation to the G2 group (median = 1.003; p = 0.03). In the sCD40, there
was no significant difference between the groups. In the sCD62P analysis, G3 patients
presented high levels when compared to G1 (p = 0.0001); G2 (p = 0.03) and controls (p
=0.01), and G2 also had high levels when compared to G1 (p = 0.04). G1 patients had a
higher sCD40L / sCD62P ratio when compared to G2 (p = 0.003) and controls (p
<0.0001). The indices of sCD40L / sCD40 were 7.1; 6,1 and 7,7 times higher levels in
patients G1, G2 and G3 respectively, when compared with controls (p <0.0001, p
<0.008 and p = 0.002, respectively), but there was no significant difference between the
groups (G1, G2 and G3) the G1, G2 and G3. There was no correlation in the levels of
sCD40L vs sCD62P, sCD40 vs sCD40L, and sCD40 vs sCD62P. Conclusion: the
combination of DTC abnormality associated with increased levels of sCD40L and
sCD62P or decreased sCD40L / sCD62P ratio may contribute to a better assessment of
the risk for stroke as well as relapse in cerebrovascular disease in pediatric patients with

SCA.

Keyword: sickle cell anemia; cerebral vascular accident; platelets; CD40 antigen;

inflammation
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I. INTRODUCAO

1.1 Doenca falciforme — Aspectos gerais e classificacao

O termo doenga falciforme (DF) se aplica a um grupo de anemias hemoliticas
hereditarias em que ha a presenca da hemoglobina “S” nas hemacias. A forma em
homozigose (SS) ¢ chamada de Anemia Falciforme (AF) e caracteriza-se por uma
evolucdo clinica mais severa. Ocorre também em heterozigose, associada a outras
hemoglobinas variantes (HbSC, HbSD, etc) ou com as talassemias (S/B" talassemia, S/a
talassemia)'. O traco falciforme é uma condigdo benigna e relativamente comum, em
que o individuo herda de um dos pais o gene da hemoglobina normal “A” e do outro o
gene para a hemoglobina “S”. Os individuos com HbAS sdo geralmente assintomaticos,
sem nenhuma anormalidade fisica e com expectativa de vida semelhante ao da

populagdo em geral. A sobrevida das hemacias é normal e ndo existe anemia' .

1.2 Epidemiologia da doenca falciforme
Segundo estimativa da Organizagdo Mundial da Saude (OMS), 5% da populacdo
mundial ¢ portador do gene responsdvel pela hemoglobinopatia e a cada ano, nascem
aproximadamente 300.000 criancas com DF?. Em 2009, a OMS estimou que na Africa
nascessem aproximadamente 268 mil criangas/ano com DF, sendo a Nigéria o pais lider
no ranking com 86 mil novos casos anuais”.
No Brasil, dados do Programa Nacional de Triagem Neonatal (PNTN)
obrigatorio em todos os Estados desde 2001, nascem cerca de 200.000 criancas/ano com
o trago falciforme, representando 2 a 8% da populagdo brasileira e 3.500 novos

casos/ano de AF, com um total de casos estimados na populacao entre 25.000 a 30.000



individuos com a forma homozigoética e grave da doenga, sendo considerada a doenga
hereditaria monogénica mais prevalente no pais'™ A incidéncia da DF é maior nas
regides norte e nordeste do Brasil, sendo a Bahia o estado com maior nimero de casos
(1/650 nativivos)'.

Em Alagoas, dados do Programa Estadual de Triagem Neonatal revelam que
foram triadas 8.720 criangas nascidas vivas no periodo de 2009 a julho de 2017, com
uma incidéncia de trago falciforme de 3,3% (Comunicagdo pessoal: Servico de Triagem

Neonatal do Estado de Alagoas - Casa do Pezinho).

1.3 Anemia falciforme

A AF ou HbSS em homozigose ¢ uma hemoglobinopatia hereditaria
autossOmica recessiva, causada por uma mutacdo pontual no gene da beta-globina, que
leva a substitui¢ao do acido glutamico pela valina na sexta posicdo da cadeia beta,
produzindo uma hemoglobina andmala, chamada hemoglobina S (HbS)''. A
hemoglobina “S” quando desoxigenada e em elevada concentragdo, apresenta redugao
da solubilidade com formagdo de estruturas paracristalinas, alteragdes estruturais do
eritrocito (em forma de “foice” ou “meia lua”) com acentuada elevacao da viscosidade
sanguinea10’12’13.

A alteragdo genética teve origem no continente africano e como consequéncia da
migracao populacional foi distribuida amplamente em diversas regides do mundo, com
incidéncia mais elevada na Africa equatorial, Arabia, [ndia, Israel, Turquia, Grécia e
Italia e Brasil, sendo por isso considerada uma das doencgas hereditarias mais comuns no

mundo'*!>.



Existe uma grande variabilidade de manifestagdes clinicas na AF, causadas por
uma fisiopatologia multifatorial complexa, associada a uma heterogeneidade de
caracteristicas genéticas dos individuos e a fatores ambientais e sociais *'¢'®,

A AF caracteriza-se clinicamente por anemia hemolitica crdnica, crises vaso-
oclusivas recorrentes (crises dolorosas) e aumento da susceptibilidade a infecgdes, além
de outras manifestagdes, como a crise aplasica, de sequestracao esplénica, complicacdes
neurologicas, alteragdes do crescimento e desenvolvimento, e lesdes cronicas de

maltiplos 6rgdos'*!”.

Dentre essas complicagdes a crise vaso-oclusiva dolorosa ¢ a
manifestagdo clinica mais frequente e ocorre devido a obstru¢cdo do fluxo sanguineo na
microvasculatura e consequente hipdxia tecidual, causada inicialmente pela rigidez das

hemacias falcizadas, sendo uma das principais causas de morbidade da doenca.'®

1.4 Manifestacoes cérebro vasculares na AF

A doenca neurologica acomete aproximadamente 30% dos pacientes com AF. O
AVC ¢ uma das complicagdes mais graves e catastroficas da AF, sendo uma das
principais causas de morbidade ¢ mortalidade na sua evolu¢io®'**. O AVC isquémico é
a forma mais comum na infincia, representando 53% dos casos das complicacgdes
cérebro vasculares na AF, com um pico maior de incidéncia entre os dois € nove anos
de idade, sendo resultado de infarto em areas irrigadas pelas artérias cerebrais do
poligono de Willis®. Por outro lado, 0 AVC hemorragico é mais comum em adultos (3* a
4* década de vida), representando 5% dos casos e apresenta elevada morbimortalidade.
E geralmente decorrente da ruptura de pequenos vasos da circulagdo colateral, apos
lesdes isquémicas, denominadas “moyamoya’” ou aneurismas’ .

Estudo realizado na Universidade Federal de Alagoas em 2013 avaliou o risco

de desenvolvimento de AVC entre criangas e adolescentes com DF, e encontrou uma



frequéncia de 17,14% de casos com resultados anormais do DTC. Além disso,
observou-se uma frequéncia em 94,4% dos pacientes com velocidade de fluxo
sanguineo cerebral (VFSC) maior que 200 cm/s, principalmente naqueles pacientes com
a forma homozigotica “SS” da doenca e na faixa etaria de dois a nove anos. Os autores
concluiram que a alta prevaléncia dessa alteracdo no estado de Alagoas, demonstra o
alto risco para AVC e reforca a necessidade de medidas enérgicas e continuas que
garantam a continuidade do programa de triagem e apoio aos pacientes de maior risco
para essa complicacao.

Complicagdes da AF, como o AVC, a insuficiéncia renal, crise vaso-oclusiva e a
sindrome toracica aguda sdo capazes de reduzir de 25 a 30 anos a expectativa de vida
desses pacientes, em comparagio com a populagio sadia sem a doenca®*. Na auséncia
de tratamento do AVC, a recorréncia do AVC ocorre em 2/3 dos pacientes, podendo
chegar a 93% dos casos. As lesdes cerebrais sdo progressivas e as sequelas neurologicas
e/ou cognitivas acontecem em cerca de 60% dos pacientes, demonstrando a gravidade
do quadro e a diminui¢do na qualidade de vida®"*®.

No contexto das manifestagdes cérebro vasculares, destaca-se também a lesao
isquémica silenciosa (ICS), onde ocorrem alteracdes de ressonancia magnética, sem
manifestagdes clinicas de deficiéncia neuroldgica. A ICS ocorre em 17 a 22% dos
pacientes com AF com faixa etaria até os 20 anos e pode levar a varias deficiéncias
cognitivas, com dificuldades de aprendizagem e reducdo do quociente de inteligéncia
(QD). As criangas estdo sob risco de progressdo da doenca neuroldgica, de ICS para
AVC isquémico, principalmente se associado ao aumento das velocidades de fluxo
sanguineo cerebral detectado pelo Doppler 2.

Em 1998, o estudo Stroke Prevention Trial in Sickle Cell Disease (STOP)

definiu a importancia da detec¢do precoce da doenca cerebrovascular por meio do



Doppler Transcraniano (DTC) e o valor do regime de transfusdo cronica para criangas
com risco elevado, com velocidade de fluxo sanguineo cerebral (VESC) > 200 cm/s*’.

Por meio de uma metodologia relativamente simples, nao invasiva, que utiliza a
técnica de ultrassom para medir indiretamente o fluxo nas porgdes proximais das
principais artérias intracranianas (pertencentes ao poligono de Willis), o DTC oferece
informacgdes dindmicas da circulagao cerebral. O STOP confirmou o valor preditivo do
DTC para AVC nos pacientes pediatricos e reduziu a ocorréncia de AVC de 10% para
menos de 1% nos casos avaliados. Além disso, o estudo estabeleceu parametros
proprios para a defini¢do de anormalidade no DTC nessa coorte de pacientes:

e DTC normal — VFSC < 170 cm/s

e DTC condicional baixo — VFSC de 170 a 184 cm/s
e DTC condicional alto — VFSC de 185 a 199 cm/s

e DTC anormal — VFSC de 200 a 219 cm/s

e DTC anormal alto — VFSC > 200 cm/s **~°.

O estudo STOP II (2005) avaliou criangas que normalizaram o DTC apods
transfusdes regulares de sangue e com RNM sem altera¢des. O grupo incluido no estudo
foi dividido em dois bragos: um manteve a transfusdo de concentrado de hemacias e
outro ndo. Esse estudo teve seu término antecipado, pois foi evidenciado que ap6s dois
anos de seguimento no grupo sem transfusdo, 35% das criangas voltaram a apresentar
alto risco para AVCI agudo, com alteracdo do DTC e duas criancas apresentaram AVCI
agudo, enquanto no grupo que manteve o esquema de transfusdo, nenhum evento agudo
cerebral foi evidenciado. O estudo confirmou a importancia da manuten¢do do esquema
de hipertransfusdo, devendo ser mantidas indefinidamente nesse grupo de pacientes".

Nas tltimas décadas, a melhor opc¢do disponivel de tratamento para os pacientes

com AF e AVC ou DTC alterado ¢ o esquema de hipertransfusdo de concentrado de



hemacias, que pode acarretar reagdes adversas relacionadas ao uso continuo desse
hemocomponente, como: reacdes hemoliticas pela producdo de anticorpos anti-
eritrocitarios; contaminagdo por doencas transmitidas pelo sangue; aumento do acimulo
de ferro nos tecidos, além de dificuldades de acesso venoso, principalmente em criancas
menores, o que leva a uma menor aceitacdo do tratamento por parte dos pais e
pacientes, podendo culminar com a interrupcdo do esquema terapéutico e,

consequentemente, com a evolucao da doenca cerebrovascular 25,2931,

1.5 Fisiopatologia da anemia falciforme

A falcizagdo das hemacias na AF resulta inicialmente em dois mecanismos
fisiopatologicos: vaso-oclusdo mediada por ciclos de isquemia e reperfusao, e anemia
hemolitica. Ambos levam a um aumento da inflamacdo vascular ¢ ativacdo da
151932

coagulagdo, sendo relevantes para o aparecimento das complicagdes da doenca

Figura 1 apresenta de forma esquemética a fisiopatologia da AF™>.
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Figura 1: Fisiopatologia da anemia falciforme. A fisiopatologia ¢ complexa e ¢ decorrente da
polimerizacdo das hemacias que ocorre em estados de hipoxemia, desidratacdo, acidose e febre.
Polimeros de hemoglobina S (HbS) causam alteracdo estrutural dos eritrocitos e levam a
hemolise, deformabilidade anormal, adesdo celular e diminui¢do da disponibilidade do d6xido
nitrico. Essas alteragdes resultam em anemia, vaso-oclusdo e vasoconstric¢do, que sdo a causa
da doenca e do dano tecidual. Adaptado Meier, 2017°>.
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A patogénese da oclusdo vascular ¢ muitas vezes desencadeada pelo processo
inflamatério e estd relacionada a varios fatores relativos a injuria vascular e ao
envolvimento de células endoteliais, leucocitos e plaquetas. O status inflamatorio

.. ) . 15,34
favorece a vaso-oclusdo, isquemia e, consequentemente, ao dano tecidual ™

A presenca de hemacias falcizadas ativa o endotélio vascular com aumento da
expressao de moléculas de adesdao do endotélio (VCAM, P-selectina e E-selectina) que
se ligam a moléculas de adesdo dos eritrocitos e leucocitos, contribuindo para o
aumento do processo vaso-oclusivo>>. Estudo realizado por Setty et al., 2012 demostrou
niveis elevados desses biomarcadores de ativacdo endotelial em pacientes com AF,

c 36
quando comparados a controles saudaveis™.

Em condi¢des normais, os eritrocitos possuem pouca ou nenhuma molécula de
adesdo em sua superficie, porém o estimulo da medula dssea devido a hemolise que
ocorre na AF, libera uma maior quantidade de células jovens na circulagdo
(reticulocitos), que expressam altos niveis dessas moléculas, como as integrinas 431 e
CD36, o que facilita a interag@o dos reticulocitos com moléculas de adesdo do endotélio
e dos leucocitos'>7*,

A adesdo das integrinas do endotélio vascular com os leucécitos leva a
recorrentes eventos vaso-oclusivos, com ciclos de isquemia e reperfusdo, causando

estresse oxidativo e consequente lesdo de maltiplos o6rgdos. A ativagdo de

polimorfonucleares (PMN) e dos mondcitos, também contribuem para o stress oxidativo
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na AF pela geracdo de espécies reativas de oxigénio (ROS), que sdo compostos

I . ~ ~ A . 1 4
quimicos resultantes da ativago ou redugio de oxigénio molecular." 3840,

Na AF, os niveis de polimorfonucleares estdo elevados e quando ativados
também liberam uma maior quantidade de L- selectina (CD62L) para o plasma e
diminuicdo da expressdo de CD62L na superficie da célula. Os monocitos ativados
nesses pacientes produzem IL-1B e TNFa, além de induzir a expressio de ICAM,
VCAM e E-selectina nas células endoteliais (interagdo monocito-célula endotelial),
contribuindo com o processo vaso-oclusivo e as complicagdes clinicas dos
pacientes™*. Esse processo de inflamagio e vaso-oclusio que ocorre na AF esta

representado na Figura 2°°.

Adesdo células falcizadas-
leucocitos e endoteliais

Ativacdo CE Vaso-oclusfio

&, i |-M/: ROS, NO, ET-1
ROS Moléculas de adesdo
Citocinas
ﬂuf]\mio:inas .

ROS
* Citocinas
— ke %
Quimigcinas
Leucacito Enzimas proteoliticas
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b
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. —*  Histamina
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Figura 2. Inflamacdo e vaso-oclusdo na anemia falciforme. CE: célula endotelial, Hb:
hemoglobina, ROS: espécies reativas de oxigénio, NO: 6xido nitrico, ET-1: endotelina-1.
Adaptado Hoppe, 2014
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A hemolise intravascular ¢ outro mecanismo central no processo de vaso-
oclusdo na AF**. Nos pacientes com AF, a hemoglobina livre no plasma consome o
oxido nitrico (NO) e libera arginase, que degrada a L-arginina. A L-arginina ¢ o
substrato para a produgdo endotelial de NO e esta deficiente nos estados de isquemia-
reperfusdo, como ocorre nas crises vaso-oclusivas da AF, sendo mais um fator que
contribui para a diminuicdo desse gas e aumentando a vaso-oclusio’®*’. Estudo
realizado por Scavella, 2010, verificou niveis significantemente mais baixos de L-
arginina em pacientes com AF, mesmo sem crise vaso-oclusiva, quando comparados a
controles saudaveis, demonstrando ser a deficiéncia de L-arginina um fator importante
na fisiopatologia da vaso-oclusio™.

A redugdo dos niveis de NO associado ao aumento de mediadores inflamatorios
e fatores pro-coagulante na circulacao contribuem para a vasoconstriccao e induzem a
ativacao do endotélio vascular, facilitando a adesdo de hemaécias, leucdcitos e plaquetas,
levando a obstrucdo do fluxo sanguineo e diminui¢do da passagem de células na
microcirculagdo. Esse fluxo mais lento expde as hemadcias a condigdes de hipdxia, com
aumento da polimerizacdo da HbS e consequentemente perpetua a vaso-oclusdo”>*!,

Ainda no contexto de uma doenga de patologia multifatorial, estudos sugerem
que o estado de hipercoagulacio na AF contribui diretamente na fisiopatologia da
doenga, evidenciado pelo aumento do fator tissular. Esse fator ¢ derivado do endotélio
vascular, que ativa a via extrinseca da coagulagdo, associado a ativagdo plaquetaria,
mesmo em estado de ndo crise vaso-oclusiva, favorecendo as complicagdes clinicas
presentes nesses pacientes 2.

Outro aspecto importante na fisiopatologia da AF ¢ a ocorréncia de infartos

intraesplénicos repetitivos, associados a deficiéncias das vias alternativas do
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complemento e alteragdes da fun¢do leucocitaria que os pacientes podem apresentar.
Essas altera¢des predispdem os pacientes com AF a maior susceptibilidade a infecgdes,
principalmente por bactérias encapsuladas. A infecgdo, por sua vez, ¢ um desencadeador
de crises vaso-oclusivas, o que pode piorar o quadro vascular, devido ao aumento da
producdo de citocinas inflamatdrias, expressao das moléculas de adesdo endoteliais e
adesdo das hemacias falciformes e dos neutréfilos no endotélio vascular, fator
importante de agravamento das manifesta¢des clinicas nesses pacientes' >~

Em suma, os pilares fisiopatogénicos da vaso-oclusao na AF sdo: fendmeno da
falcizacdo das hemacias, maior interacdo entre células endoteliais, leucoécitos, e

plaquetas, a vasculopatia, o estado inflamatério cronico e de hipercoagulabilidade®®

1.6 As plaquetas e a imunopatogénese na anemia falciforme

O sistema imune ¢ composto por varias células presentes nos compartimentos
corporeos, na circulacao sanguinea, e na linfa. As principais células do sistema imune
sda0: mondcitos, macrofagos, neutrdfilos, basofilos, mastocitos, linfocitos B, linfocitos
T, células NK, entre outras. Dentre as células do sistema imune, temos também as
plaquetas, que possuem um papel fundamental na hemostasia primaria™.

As plaquetas sao células sanguineas derivadas do citoplasma de megacariécitos’
Apesar de serem anucleadas e desprovidas de acido desoxirribonucleico (DNA), as
plaquetas possuem em seu citoplasma grande quantidade de ribossomas e podem
retranscrever RNA, usando o “spliceosome” e com isso apresentar muitas caracteristicas
funcionais de células completas, como a habilidade em sintetizar proteinas apos
ativacdo .

Classicamente as plaquetas estdo relacionadas ao processo de coagulacdo.

Quando ativadas aderem ao endotélio vascular lesado e liberam mediadores soluveis
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intracelulares que recrutam e ativam novas plaquetas. Assim se forma o agregado
plaquetario, que por sua vez ativa o sistema de coagulaco®'.

Durante a ativacdo plaquetdria também ocorre maior afinidade das
glicoproteinas da membrana plaquetdria ao fator de Von Willebrand (FVW) e
fibrinogénio, aumentando o estado coagulante e consequentemente o processo oclusivo.
As plaquetas estimuladas pelas citocinas inflamatérias durante a reposta imune liberam
multimeros de FVW, trombospondina e fibronectina, e os ligantes entre endotélio e
células do sistema imune' ">,

Pacientes com AF tem maior concentracdo de multimeros do FVW no sangue,
provavelmente por aumento da resisténcia a proteodlise pela metaloprotease ADAMTS-
13. Esses multimeros permanecem ancorados ao endotélio vascular, aumentando a
agregacao plaquetaria e o estado permanente de hipercoagulabilidade, favorecendo os
fendmenos tromboticos. Dessa forma, os multimeros do FVW devem contribuir com os
fendomenos vaso-oclusivos e geracdo de marcadores trombogénicos de superficie do
endotélio vascular, sendo alvo de estudos com drogas anti-coagulantes na tentativa de
melhorar as complicagdes relacionadas a esses fenomenos' ™ .

Apesar de estudos relatarem que a ativagdo da coagulacdo contribua de forma
importante com as manifestacdes clinicas da AF, evidéncias apontam que a
hipercoagulagdo, associada aos fendmenos inflamatdrios cronicos estd diretamente
relacionada as complicagdes da doenga®.

Estudos mais recentes tém demonstrado a importincia das plaquetas nos
processos inflamatorios, contribuindo ativamente como moduladoras da imunidade

34,64,65

inata e adaptativa, assim como da angiogénese . Durante o processo de ativacdo, as

plaquetas expressam e secretam varios mediadores inflamatérios de seus granulos,
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como o CD40L, que sdao capazes de induzir resposta inflamatéria em leucdcitos e

células endoteliais™.

1.7 Biomarcadores de ativacido plaquetaria

O CDA0L ¢ uma proteina transmembrana de 33 kDa pertencente a superfamilia
do fator de necrose tumoral (TNFSF). E expressa em varias células, porém
principalmente pela ativagdo de linfocitos T e plaquetas. Sua forma soltvel sCD40L
encontrada no plasma ¢ derivada em mais de 95% de plaquetas ativadas®> .

Os receptores CD40L, quando clivados, geram uma forma soluvel desse receptor
que se ligam as moléculas CD40 presentes na superficie de células B, mondcitos,
macrofagos, células dendriticas e do endotélio vascular, promovendo a ativacao da

396768 Fgsa interacdo foi

resposta imune com produgdo de citocinas inflamatorias
descrita na inflamacao sistémica vista no Lupus Eritematoso Sistémico (LES), na
aterosclerose, leucemia linfocitica aguda e doenca inflamatéria intestinal’>®’. Além
disso, a forma soluvel do CD40L também promove atividade protrombdtica por se ligar
as integrinas IIb/Illa presentes na superficie das plaquetas e atividade pré-coagulante
através do aumento do fator tecidual™.

Como descrito anteriormente, as células endoteliais inflamadas desencadeiam o
mecanismo de ativacdo endotelial, com liberagdo de ROS, exposicdo do FvW e

aumento da expressdo das moléculas de adesdo como as selectinas P (CD62p) e

integrina avp3 e ICAM-1, na superficie do endotélio. As plaquetas sdo recrutadas ao
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local da inflamacdo ¢ comegam a rolar sobre a camada de células endoteliais, e,
consequentemente aderem aos ligantes protéicos. A adesdao das plaquetas ao endotélio ¢
mediada pela ativagdo da integrina allbB3 e CD40L presentes nas plaquetas, as quais se
ligam a integrina avPB3 ou ICAM-1 das células endoteliais. As plaquetas, quando
ativadas e aderidas ao endotélio, secretam IL-1B, que resulta na ativacdo do NF-kB
endotelial, o qual induz a expressao das moléculas de adesao ICAM-1, VCAM-1,
selectinas P e E e citocinas inflamatorias (IL-6, IL-8) presente nas células endoteliais

conforme ilustrado na Figura 3.

Endotélio inflamado - ativagio endotelial
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P-selectina \
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Figura 3. Interagdes entre plaquetas e endotélio. Adaptado Kaplan, ZS & Jackson SP, 20117,

Estudos sobre reacdes adversas a hemocomponentes em pacientes receptores de
concentrado de plaquetas demonstraram que o aumento de mediadores bioativos,

principalmente o CD40L, liberado pelas plaquetas ativadas durante a sua estocagem
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seria o principal responsavel pela reagdo inflamatoria febril ndo hemolitica apresentada
pelos pacientes, comprovando a importancia da plaqueta no processo inflamatério. *!

Lee et al., observaram elevadas concentracdes plasmaticas de sCD40L em
pacientes com AF na auséncia e também na presenca da crise vaso-oclusiva,
comparados aos controles saudaveis, assim como uma correlagdo positiva com o
aumento do fator tecidual e expressao da molécula de adesdo intercelular ICAM-1 via
interacdo com o CD40°°.

Estudos destacam a funcdo do sCD40L como um importante biomarcador
inflamatério nos pacientes com AF, potencialmente causador de oclusdao vascular,
contribuindo para o estado de hipercoagulabilidade e trombose, assim como para o
aumento da inflamagdo caracteristica da vasculopatia presente nessa doenga. Por ser a
plaqueta a principal fonte de sCD40L acredita-se ser a sua ativagao cronica, a principal
responsavel pelo aumento desse marcador na AF, sugerindo a importancia da plaqueta
na patogénese da doenca, assim como, a possibilidade de um “alvo terapéutico” para
interromper esse processo nesses pacientes>>" .

Alguns estudos na area da cardiologia também evidenciaram que o sCD40L
estimula a expressdo de fator tecidual em monocitos e células endoteliais, e induz a
disfuncdo endotelial com diminui¢do da sintese de NO e aumento do stress oxidativo.
Esses dois eventos contribuem para a injiria endotelial e aterogénese, podendo o
CD40L ter um papel na fisiopatologia das doengas coronarianas agudas, o que
corrobora com os achados nos pacientes com a hemoglobinopatia SS°"%% 77,

A interacdo CD40-CD40L com o endotélio induz a proliferacdo, diferenciacdo e
ativacao de varias células, a qual ¢é caracterizada pela liberacdo de diversas citocinas

como IL-1B, IL-2, TNF-a e interferon-y, e de fatores de crescimento que exercem

efeitos pr6 e anti-inflamatorios. Essa interacdo também resulta na expressdo de



19

moléculas de adesao ICAM-1, VCAM-1, P-selectina (CD62P), e das quimiocinas
Monocyte Chemoattractant Protein-1 (MCP-1) e Regulated upon activation normal T-
cell expressed and secreted (RANTES), que regulam a migragao de diferentes tipos

celulares’®””

Além do CD40L, as plaquetas ativadas na AF expressam maior quantidade de
CD62P, que favorece a ligacao das plaquetas com o endotélio e neutrofilos. Essa
molécula ¢ um dos componentes da membrana plaquetaria e também de seus granulos o
e densos. Durante a ativacdo e adesao das plaquetas, os granulos a sao mobilizados
para que CD62P se distribua na superficie celular e posteriormente seja liberada para o
plasma’67%80,
Marcadores de ativacdo plaquetaria como CD62P, FP4, B-Thromboglobulina e
microparticulas plaquetarias estdo aumentados em pacientes com AF, na presenga e na
auséneia de crise vaso-oclusiva’”. CD62P juntamente com o CD40L induzem

rapidamente a expressdo de FT em plaquetas e monocitos de pacientes AF, contribuindo

. . ~ , . . 15
para 0 processo vaso-oclusivo e comphcagoes clinicas encontradas nesses pacientes ™

42,51

1.8 Marcadores inflamatorios de plaquetas em pacientes com AF e

manifestacoes cerebrovasculares

Devido a alta prevaléncia de doenga cerebrovascular em criangas e adolescentes
com AF, associado a elevada morbimortalidade e piora significativa na qualidade de
vida dos pacientes, novas pesquisas tém sido desenvolvidas. Entre elas, destacam-se os

estudos sobre fatores de risco relacionados, novos métodos diagnosticos de predi¢ao de
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formas graves da doenga, bem como o desenvolvimento de novas estratégias
terapéuticas, substitutivas da transfusdo *'™*.

Nesse sentido, alguns estudos tém evidenciado uma relagdo das proteinas do
complemento com o desenvolvimento do AVC. O gene MBL2, que codifica a lecitina
ligadora de manose (MBL), tem sido associado as modificagdes na progressao de
doencas inflamatorias vasculares. Niveis séricos elevados de TNF-o foram detectados
na AF e o polimorfismo na regido promotora do gene TNF-o, tem sido também
associado com presenca de AVC em criangas com AFS28485,

Outros estudos avaliaram a relacao entre AVC e os hapldtipos do cluster da beta
globina, na tentativa de encontrar marcadores de risco para a doenga cerebrovascular na

AF, porém os resultados ainda sdo discordantes®”*"**,

Rodrigues et al, encontraram
uma alta incidéncia de AVC em criangas com AF do sexo M, sendo o hapldtipo Bantu
(CAR) identificado em 82,9% desses pacientes, porém sem relacdo estatisticamente
significante com o AVC, sugerindo novas pesquisas para verificar o papel desses fatores
genéticos na doenga cerebral em criangas com AF¥.

Estudo realizado por Asare et al., onde foram avaliados simultaneamente varios
mediadores inflamatorios, como as citocinas interleucina (IL) 1B, IL-6, IL-8, TNF-a e
as quimiocinas RANTES, MCP-1, entre outras. Os autores demonstraram que a
interleucina 1P foi um fator protetor independente no desenvolvimento de AVC em
criangas com AF com DTC anormal e bom preditor de AVC (area sob a curva ROC de
0,852). O uso de niveis plasmaticos de IL-1B em combinacdo com medidas de DTC,
pode melhorar a avaliagdo do risco de AVC em pacientes com HbSS, por identificag¢do
precoce daqueles que necessitam de intervengdes profildticas intensivas. Os autores

descrevem que outros estudos sejam realizados, para que o possivel mecanismo protetor

da IL-1p seja melhor investigado®.
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Inwald et al., analisaram 24 criancas, sendo 12 com AF e sequelas neuroldgicas
e 07 criancas AF com crises dolorosas recorrentes, ¢ encontraram evidéncias de
ativacdo plaquetaria (niveis elevados de CD40L e CD62P no grupo de pacientes) e
predisposicdo a eventos vaso-oclusivos, quando comparados aos controles saudaveis.
No entanto, o estudo ndo evidenciou associagao significativa entre esses marcadores €
complicacdes neurologicas®.

Estudo realizado em 50 individuos nos Estados Unidos, com 18 pacientes com
AF e AVC ou DTC alterado e estenose intracraniana; 07 pacientes com AVC ou DTC
alterado sem estenose; 13 pacientes sem AVC ou DTC alterado e 12 controles
saudaveis, demonstrou a importancia da ativacdo plaquetaria através do aumento
significativo da expressao de CD62P na superficie das plaquetas nos pacientes AF com
AVC ou DTC anormal e na presenca de estenose intracraniana, quando comparado aos
outros grupos. Ademais, os autores sugerem a necessidade de novas pesquisas, na
tentativa de investigar a real funcdo das plaquetas na fisiopatologia das lesdes
cerebrovasculares nos pacientes com AF*®.

Estudos sobre fisiopatologia da AF e as complicacdes clinicas associadas a vaso-
oclusdo, como as cérebro-vasculares, sdo relevantes, pois 0 AVC ¢ uma doenca grave e
prevalente, com elevada morbimortalidade e de grande impacto na qualidade de vida
dos pacientes.

Desse modo, diante da escassez de estudos nas bases de dados pesquisadas
(SCIELO, LILACS e PUBMED) e considerando-se que a AF ¢ uma doenca
inflamatoria cronica, associada a estados permanentes de ativagdo plaquetaria, com um
maior risco de manifestagdes tromboticas e processos inflamatdrios, achou-se oportuno

e relevante a realizagdo desse estudo, através da analise dos mediadores inflamatdrios
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oriundos das plaquetas e do endotélio que possam, associado ao exame de Doppler
transcraniano, melhor avaliar o risco de AVC em pacientes com AF.

Portanto, a hipdtese de pesquisa foi que mediadores inflamatérios oriundos da
ativacdo plaquetdria e endotelial, tais como sCD40, sCD40L e sCD62P, fossem
elevados nos pacientes com AF com DTC anormal ¢ AF com AVC, quando
comparados aos controles saudaveis. O presente estudo teve como objetivo avaliar os
niveis séricos de sCD40L, sCD40 e sCD62P em criangas ¢ adolescentes com anemia
falciforme e alteracdo do exame de Doppler Transcraniano, como fator de risco para

acidente vascular cerebral nesse grupo de pacientes.
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II. OBJETIVOS

2.1 Objetivo geral

Avaliar os niveis séricos de sCD40L, sCD40 e sCD62P em criangas e
adolescentes com anemia falciforme e anormalidade do exame de Doppler

Transcraniano

2.2 Objetivos especificos

Determinar os parametros hematologicos como hemoglobina, hematdcrito, leucéceitos

totais e fragdes, plaquetas e reticuldcitos;

e Determinar as concentracgoes séricas de sSCD62P, sCD40L, sCD40;

e Avaliar a associagao dos achados laboratoriais entre as formas clinicas de AF ¢
alteracdo do DTC, com o grupo controle saudavel;

e Correlacionar os niveis séricos entre sCD62P e sCD40L, sCD40 e sCD40L e
sCD62P e sCD40 dos pacientes;

e Analisar e comparar os indices de sCD40L/sCD62P e sCD40L/sCD40 entre os

grupos dos pacientes, com os dos individuos controles saudaveis.
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III. METODO

3.1 Desenho do estudo

Estudo translacional, de corte transversal e grupo de comparagado interno.

3.2 Local do estudo

O estudo foi desenvolvido no Laboratdrio de Pesquisa Translacional do Instituto
de Medicina Integral Prof. Fernando Figueira (IMIP). Os pacientes com AF foram
captados no Centro de Hematologia e Hemoterapia de Alagoas (HEMOAL), e o grupo
controle saudavel (de comparacdo) na enfermaria de Cirurgia Pediatrica do Hospital
Universitario Professor Alberto Antunes da Universidade Federal de Alagoas

(HUPAA/UFAL/EBSERH).

3.3 Periodo do estudo

A coleta de dados foi realizada no periodo de novembro de 2014 a dezembro de
2016. A pesquisa foi desenvolvida na Pés-graduagao stricto sensu do IMIP no Programa

DINTER IMIP/UNCISAL, visando atender aos objetivos propostos.

3.4 Populacio de estudo e amostra

3.4.1 Populacio de estudo
Casos: criancas e adolescentes de dois a 16 anos com diagndstico de AF (Hb

“SS”), acompanhados no ambulatorio de hemoglobinopatias do HEMOAL.
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Controles saudaveis: criangas e adolescentes saudaveis, entre dois e 16 anos
internados para cirurgia eletiva na enfermaria de clinica cirurgica pedidtrica do

HUPAA/UFAL/EBSERH.

3.4.2 Amostra

Devido a auséncia de estudos semelhantes em humanos, ndo foi possivel
calcular previamente o tamanho da amostra. Por se tratar de estudo exploratorio,
obtivemos uma amostra de conveniéncia onde foram avaliadas criangas e adolescentes
com AF que preencheram os critérios de elegibilidade durante o periodo de tempo
destinado a coleta de dados.

e Pacientes: foi incluido um total de 48 criangas ¢ adolescentes com

diagnostico de AF com idade entre dois a 16 anos.

Os pacientes foram recrutados e divididos em trés grupos, de acordo com o
diagnostico de imagem (DTC) e as caracteristicas clinicas da doenga:

e Grupo 1: Pacientes AF com DTC normal e sem AVC (n=24);

e Grupo 2: Pacientes AF e DTC anormal e sem AVC (n= 16)

e Grupo 3: Pacientes AF com historico clinico de AVC (n= 8).

e Controles saudaveis (Grupo 4): foram incluidos 26 controles saudaveis
(idade de dois a 16 anos). Os individuos controles saudaveis foram
pacientes recrutados sem histéria de AF ou de internamento nos ultimos 30
dias, hospitalizados na enfermaria de clinica cirargica pediatrica do
HUPAA/UFAL/EBSERH para realizagdo de cirurgias eletivas de pequeno

porte.
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3.5 Critérios de elegibilidade

3.5.1 Critérios de inclusiao

e Pacientes com AF (Hb SS) com idade entre dois a 16 anos, com uma das
seguintes formas clinicas: AF com DTC normal e sem historico de AVC
(grupo 1); AF com DTC alterado, sem AVC e fora de regime de
hipertransfusdo (grupo 2) e AF com histdrico clinico de AVC (grupo 3).

e Controles saudaveis: individuos saudaveis com idade entre dois € 16 anos,
sem hospitalizagdo prévia nos ultimos 30 dias que antecederam a coleta das
amostras e sem AF, hospitalizados na enfermaria de cirurgia pediatrica do

HUPAA para cirurgia eletiva.

3.5.2 Critérios de exclusao

Foram excluidos os pacientes com as seguintes condigdes:

e Diagnostico prévio de imunodeficiéncia primaria ou secundaria;

e Uso cronico de drogas imunossupressoras;

e Sinais clinicos de infec¢ao nos ultimos 30 dias;

e AF em crise vaso-oclusiva ou outras complicagdes agudas relacionadas a
doenga;

e AF em uso de hemocomponentes ha menos de 21 dias da coleta;

e AF em uso de hidroxiuréia;

e Mulheres gestantes com AF
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3.6 Procedimentos para captacio dos participantes da pesquisa

Os participantes foram selecionados pela pesquisadora, segundo os critérios de
elegibilidade. Para a identificacdo e recrutamento dos casos, foram revisados os
prontudrios dos pacientes com AF atendidos no ambulatorio de hemoglobinopatias do
HEMOAL. A partir da identificagdo dos casos e aceite em participar da pesquisa, foi
solicitado aos responsaveis pelos pacientes menores de 12 anos, a assinatura do Termo
de Consentimento Livre ¢ Esclarecido (TCLE; APENDICE 2). Para os pacientes com
idade entre 12 a 16 anos, foi também solicitado a assinatura do Termo de Assentimento
ao paciente (APENDICE 3). Apds consentimento e assinaturas dos Termos, foi aplicado
protocolo clinico, que incluiu os critérios de elegibilidade (APENDICE 1) e em seguida
foram coletadas as amostras de sangue para os exames laboratoriais. Foi criado um livro
de registro para cadastro de todos os participantes da pesquisa, preenchido de acordo
com a data de coleta dos exames laboratoriais. O recrutamento dos individuos controle
saudaveis seguiu o mesmo protocolo dos pacientes, porém foi realizado na enfermaria
de cirurgia pediatrica do HUPAA. A aplicacdo do instrumento de coleta de dados,
coleta de exames, bem como a conservagdo e processamento das amostras bioldgicas,

seguiram o fluxograma proposto para a pesquisa (Figura 4).



Pacientes com anemia falciforme
atendidos no ambulatorio de
hemoglobinopatias do HEMOAL
n= 155

Avaliacao dos critérios de elegibilidade

Critérios de
inclusdo n=53

Aceitaram participar
da pesauisa n=53

Excluidos
n=102
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Controles saudaveis
internados na enfermaria
de cirurgia pediatrica do

HUPAA

Avaliagao dos critérios de
elegibilidade

Aceitaram participar da pesquisa
n=27

Uso de hidroxiuréia, crise
vaso-oclusiva,
hemotransfusdo,
infeccao,
imunideficiéncia,
gestagao

SIM NAO
n=48 n=>5

|
TCLE

Coletade 6 a 10 mL de
sangue total (EDTA)

Acondicionamento em -80 °C até
realizagdo dos testes no Laboratorio de
Pesquisa Translacional do IMIP.
Amostra final =45 (perda de 03
amostras)

Dosagem de:
sCD40
sCD40L
sCD62P

TCLE

Aplica¢do do formulario da
pesquisa

Coletar de 6 a 10 mL de
sangue total (EDTA)
n=27

Perda de 1 amostra
(Plasma ictérico)
|

Acondicionamento em - 80 °C até
realizacdo dos testes no
Laboratdrio de Pesquisa
Translacional do IMIP.

Amostra final = 26

Dosagem de:
sCD40
sCD40L
sCD62P

Figura 4: Fluxograma de captacdo de pacientes e dos controles saudaveis.
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3.7 Definicao e operacionalizacio dos termos

Anemia Falciforme: doenca genética decorrente da mutagdo no gene da
beta globina, em homozigose, levando a uma substituicio do acido
glutamico pela valina na 6* posicdo da cadeia beta, com consequente
modificacdo fisico-quimica da molécula da hemoglobina’.

Acidente vascular cerebral (AVC): doenca cérebro vascular decorrente da
isquemia ou hemorragia dos vasos sanguineos cerebrais, sendo uma das
complicagdes mais graves da anemia falciforme™.

Doppler transcraniano (DTC): exame de imagem, onde utiliza uma
técnica simples de ultrassom para medir indiretamente o fluxo sanguineo
nas porg¢des proximais das principais artérias intracranianas pertencentes ao
poligono de Willis. E utilizado como método preditor de doenga
cerebrovascular na DF. Considera-se o DTC anormal com VFSC de 200 a
219 cm/s e anormal alto VFSC > 220 cm/s’®. No nosso estudo, O DTC foi
realizado no Hemoal pelo Dr. Camilo Vieira, médico neurologista pediatrico
do Hospital Universitario Professor Edgard Santos da Universidade Federal
da Bahia, em todos os pacientes AF na faixa de risco para AVC (idade de
dois a 16 anos), com excecao dos pacientes ja com historia prévia de AVC.
O equipamento utilizado foi o Doppler modelo Ezdop, Germany que utiliza
sonda de 02 megahertz (MHz). Foram medidas as velocidades do fluxo
sanguineo cerebral (VFSC) e velocidade média maxima calculada no tempo

(MMCT) nas artérias cerebrais médias e carotida interna.
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3.8 Coleta de sangue e preparacio das amostras

As amostras de sangue foram coletadas logo apds a realizagdo do DTC ou
sempre anterior ao inicio do esquema de hipertransfusdo de concentrado de hemaécias,
nunca ultrapassando 30 dias apos a realizagdo do exame. Sempre que possivel, as
amostras foram coletadas aproveitando o momento da coleta de exames solicitados para
o acompanhamento ambulatorial dos pacientes, a fim de se evitar repeticdo de pungdes.

Para os testes realizados no Laboratério de Pesquisa Translacional do IMIP
(sCD40, sCD40L e sCD62P), um volume de 6 a 10 mL de sangue total foi colhido com
anticoagulante EDTA, que foi centrifugado a 1800 RPM, por 5 minutos a uma
temperatura de 4° C para obtengdo do plasma rico em plaquetas. Posteriormente, o
plasma foi separado em aliquotas de 1 mL e centrifugado a 14000 RPM por 10 minutos
para obtengao do plasma pobre em plaquetas (PPP). Foram feitas aliquotas de 500 pL e
congeladas em freezer a — 80°C, até a realizagdo dos testes laboratoriais.

A principal dificuldade encontrada durante o periodo da pesquisa foi o fato da
coleta das amostras de sangue dos pacientes e controles sauddveis terem sido realizadas
em Maceid e os testes laboratoriais para os mediadores inflamatorios das plaquetas,
processados no Laboratorio de Pesquisa Translacional do IMIP em Recife. Para evitar
alteracdes dos testes laboratoriais durante o transporte, todas as amostras foram
armazenadas a —80°c, imediatamente apés as centrifugacdes do sangue total e
transportadas até Recife, obedecendo todas as normas para transporte de amostras
biologicas.

Para a realizacdo do hemograma e contagem de reticulocitos, foram colhidos 4
mL de sangue total, também com anticoagulante EDTA. Os tubos foram armazenados a
temperatura ambiente, por um periodo maximo de 2h, até a realizagdo dos exames no

Laboratorio de Analises Clinicas do HUPAA/UFAL/EBSERH.
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3.9 Testes laboratoriais

3.9.1 Dosagem da concentra¢io de sCD62P

A concentracdo de sCD62P soluvel no plasma, foi mensurada por
imunofluorescéncia, utilizando o Cytometric Bead Array (CBA) - Human Soluble
CD62P Flex Set (BD Biosciences), seguindo as instru¢des do fabricante’. O ensaio BD
CBA fornece um método de captura de analitos soltiveis com beads de conhecidos
tamanho e fluorescéncia, possibilitando a deteccao do CD62P através da citometria de
fluxo. Controles e amostras foram diluidos e misturados em volumes iguais de 50 pL
com as beads de captura e com um anticorpo especifico anti-CD62P, incubadas a
temperatura ambiente (TA) por lh. Posteriormente foram misturadas com 50 puL do
reagente de deteccdo — phycoerythrin- PE e novamente incubadas a TA por 2h,
protegidas da luz, fornecendo um sinal fluorescente proporcional a quantidade do
CD62P ligado, sendo essa fluorescéncia mensurada por citometria de fluxo. Foram
adquiridos 300 eventos no equipamento de citometria de fluxo (FACSVERSE®, Becton
Dickinson, Sunnyvale, CA). A analise foi realizada no FCAP Array software v
3.0.1(BD BIOSCIENCES, CA). Os valores foram expressos em pg/ml, sendo o limite

de deteccao do kit de 2,9 pg/ml.

3.9.2 Dosagem da concentracio de sCD40L e sCD40

A dosagem de sCD40L e sCD40 foi realizada por Ensaio imunoenzimatico
com técnica de leitura usando ELISA sandwich - Human sCD40L Platinum ELISA
extra sensitive e, Human sCD40 Platinum ELISA, Kit (eBioscience, USA),
respectivamente, para a detec¢do quantitativa de CD40L e CD40 soluveis no plasma dos

: . . N : 91,92
pacientes e controles saudaveis, conforme instrugdes dos fabricantes”™ .
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Apo6s a obtencdo do PPP e diluigdo 1:2 das amostras e controles, 100 puL dos
anticorpos de captura especificos anti-CD40 e anti-CD40L foram adicionadas a placa de
ELISA e incubados a TA “overnight”. Apds incubacdo, 100 uL das amostras foram
pipetadas e, posteriormente conjugadas aos anticorpos anti-humanos de deteccdo, tanto
nas dilui¢des da curva como no plasma controle dos kits. A seguir adicionou-se 100 uL
de substrato capaz de produzir uma coloragdo proporcional a quantidade de sCD40 e
sCD40L presentes no plasma dos pacientes e controles. A leitura das absorbancias foi
realizada em um comprimento de onda de 450 nm. Os valores foram expressos em

ng/mL, sendo o limite de detecgdo do kit < 0,01 ng/mL.

3.9.3 Determinacido dos valores de hemoglobina, hematocrito,

contagem de leucocitos, reticuldcitos e plaquetas

A determinagdo da hemoblobina, hematocrito, contagem global e diferencial de
leucocitos e contagem de plaquetas dos pacientes com AF, foi realizada em analisador
automatizado hematologico CELL-DYN Ruby ABBOTT Diagnostics, em 5
populagdes, que utiliza metodologia por difracdo a laser, no Laboratério de
Hematologia do Hemocentro de Alagoas-HEMOAL. Os resultados de Hb, Ht,
leucocitos e plaquetas, foram expressos em grama por decilitro (g/dl), valor percentual
(%), contagem global x 10°, respectivamente. As determinag¢des dos controles foram
realizadas pelo Laboratério de Anélises Clinicas do HUPAA/UFAL, utilizando o

mesmo modelo de equipamento.
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3.10 Controle de qualidade das informacdes

Antes do inicio da coleta dos dados e amostras dos pacientes incluidos no
estudo, foi realizada uma reunido para a apresentacdo do projeto no HEMOAL, a todos
os membros envolvidos na pesquisa. A finalidade foi demonstrar a importancia
cientifica do mesmo, assim como orientar sobre o seguimento correto dos protocolos de
coleta de informagdes e amostras laboratoriais, a fim de se evitar problemas que
pudessem interferir com os resultados da pesquisa.

A pesquisadora realizou treinamento dos profissionais envolvidos no estudo, no
preenchimento correto do formulario de coleta de dados (APENDICE 1), obtengdo do
TCLE (APENDICE II) ¢ do Termo de Assentimento Livre ¢ Esclarecido (APENDICE
IIT) e acesso ao prontudrio. Também foi realizado treinamento de duas técnicas de
laboratorio do HEMOAL e HUPAA, responsaveis pela coleta e preparagao das amostras
de sangue dos pacientes e controles para as analises laboratoriais, assim como, abertura
do livro de registro dessas amostras, apenas para fins da pesquisa. Apods o
preenchimento dos formuladrios e livros, estes foram revisados pela propria
pesquisadora, visando detectar eventuais falhas de registro ou auséncia de informacdes,
que pudessem prejudicar a andlise dos dados do estudo e pudessem ser corrigidas a
tempo.

Os formularios e amostras foram codificados com a sigla CAF (Cinthya Anemia
Falciforme) e checados, visando garantir a seguran¢a dos dados e erros na fase pré-
analitica das dosagens laboratoriais. Desta forma, todas as amostras sanguineas foram
rotuladas e receberam um numero sequenciado. As aliquotas sanguineas foram
preparadas ¢ armazenadas em freezer a — 80°c no laboratorio de HLA do HEMOAL, até
serem transportadas ao Laboratorio de Pesquisa Translacional do IMIP, seguindo as

normas de transporte de amostras bioldgicas.
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Todo o processo de convocacdo dos pacientes e controles, assim como a coleta
das amostras e analises laboratoriais foi acompanhado e/ou realizados pela

pesquisadora.
3.11 Analise estatistica

Na andlise descritiva, as varidveis numéricas sdo apresentadas em forma de
tabela de medidas de tendéncia central e de dispersao de acordo com a forma clinica de
doenca e grupo controle, ou seja, média = desvio padrao (DP), em casos de distribui¢ao
normal, ou mediana com intervalo interquartil (IQR), em caso de distribuicdo nao
normal. Ap6és a aplicacdo do teste de normalidade de Shapiro Wilk, as varidveis
numéricas que apresentaram distribuicao normal foram comparadas através dos testes ¢
nao pareado e testes nao paramétricos foram usados para comparar variaveis numéricas
com distribui¢do ndo normal entre grupos: teste Kruskall-Wallis. Coeficiente de
Correlacdo de Spearman’s (distribuicdo nao normal) foi usado para realizar analise de
correlacdo e interpretado da seguinte forma: 0,00 a 0,30 desprezivel; 0,30 a 0,50 baixo;
0,50 a 0,70 moderado; 0,70 a 0,90 alto e 0,90 a 1,00 muito alto”. Foi considerado
significativo p< 0,05. Toda a analise estatistica foi realizada através do GraphPad

Prism v6.0 (GraphPad Software, San Diego, CA).
3.12 Aspectos éticos

Esse projeto de pesquisa foi submetido e aprovado pelo Comité de Etica em
Pesquisa em Seres Humanos do Instituto de Medicina Integral Prof. Fernando Figueira -
IMIP, sob o N° 4434-14 (Anexo 1). O HEMOAL autorizou a realizagdo da pesquisa,
através de carta de anuéncia, concordando em participar do estudo (Anexo 2), assim
como o HUPAA/UFAL liberou uma autorizagdo para execugdo da pesquisa, conforme

Anexo 3.
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IV. RESULTADOS

Os resultados desta tese estdo apresentados no formato de manuscrito em inglés.

Revista: Blood Cells, Molecules and Diseases
Formato do artigo: Short Communication (Instru¢des aos autores no Anexo 4)
Fator de Impacto: 1.882

Situag¢ao: Submetido em 06/05/2018 (comprovante de submissao no Anexo 5)
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ABSTRACT

Serum levels of sCD40L, sCD40 and sCD62P were evaluated in Sickle cell
anemia (SCA; age between 2 and 16 years) and normal transcranial Doppler (TCD) and
no stroke (G1, n=24); SCA and abnormal TCD (G2, n=16); SCA and previous history
of stroke (G3, n=8) and healthy controls (aged 2 to 16 years; n=26). The levels of
sCD40L were significantly higher in the G1, G2 and G3 groups when compared to
controls (p=0.0001, p <0.0002 and p=0.004, respectively). Among patients with SCA,
were found higher levels of sCD40L in the G3 group when compared to G2 group
(p=0.03). In the sCD62P analysis, high levels in G3 when compared to G1 (p = 0.0001);
G2 (p =0.03) and G4 (p=0.01), and G2 also had high levels when compared to G1 (p =
0.04). G1 patients had a higher sCD40L/sCD62P ratio when compared to G2 (p=0.003)
and controls (p <0.0001). sCD40L/sCD40 ratio were higher in G1, G2, G3 when
compared to controls (p<0.0001, p=0.008 and p = 0.002, respectively). It is concluded
that the combination of TCD abnormality associated to levels of sCD40L and sCD62P

may contribute to a better assessment of the risk for stroke in pediatric SCA patients.

Keywords: sickle cell anemia, stroke, blood platelets, CD40 antigen, CD40 Ligand

inflammation, immune system.
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1 INTRODUCTION

Stroke is a severe neurologic complication of sickle cell anemia (SCA) and
transcranial Doppler (TCD) screening is an important tool in predicting the risk of overt
stroke [1-3]. TCD measures cerebral blood flow velocity and an abnormal TCD
(defined by a time-averaged velocity > 200 cm/second) has been predictive of 40% risk
of overt stroke in children with SCA [1-3].

Platelets are involved in the process of hemostasis and inflammation and play an
important role in the innate and adaptive immune response [4,5]. Platelets express a
large amount of CD40 ligand (CD40L) and P- selectin (CD62P), both membrane-bound
and soluble forms (sCD40L e sCD62P) [4,5]. These proinflammatory molecules
associated with platelets have been considered as markers of platelet activation in
autoimmune diseases, chronic inflammatory diseases and cancer [6-8]. However, the
potential of these molecules as risk biomarkers for stroke in children with SCA is not
described in literature.

Therefore, the investigation of these inflammatory mediators in peripheral blood
is important for the early identification of patients at risk of stroke, avoiding severe and
debilitating complications associated with SCA. Thus, the aim of this study was to
examine the relationship between sCD40L, sCD40 and sCD62P in peripheral blood of

children and adolescent with SCA and an abnormal TCD.

2 MATERIAL AND METHODS
2.1 Subjects

This study included 48 patients with SCA aged 2-16 years followed at the
Centro de Hematologia e Hemoterapia de Alagoas (HEMOAL, Brazil) and the study

was conducted at the Translational Research Laboratory Prof. C. A. Hart of the Instituto
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de Medicina Integral Prof. Fernando Figueira (IMIP, Recife, Brazil). Exclusion criteria
for the patients included use of hydroxyurea, blood components transfusion 21 days
prior to the collecting of the blood sample, infections in the last 30 days, chronic use of
immunosuppressive  drugs, previous diagnosis of primary or secondary
immunodeficiency, and gestation.

The control group included 26 healthy subjects aged 2-16 years undergoing
outpatient elective surgery at the Hospital das Clinicas da Universidade Federal de
Alagoas (UFAL, Brazil).

All patients with SCA underwent TCD examination to evaluate cerebral blood
flow velocity in the intracranial arteries using a (Doppler; Probe 2 Mhz model, Ezdap,
Geramany). The time averaged maximum mean velocity (TAMM) was measured in the
middle cerebral artery and internal carotid artery and a TDC > 200 cm/s was considered
abnormal. Patients with SCA were divided into three groups: (G1) SCA, normal TCD
and no stroke (n = 24); (G2) SCA, abnormal TCD and no stroke (n = 16); and (G3) SCA
and previous history of stroke (n = 8) and Group 4 (G4) healthy controls (n=26).

The study was approved by IMIP’s Research Ethics Committee and after written
informed consent has been provided by the parent of patients and controls, clinical data

and blood samples were collected.

2.2 Measurement of sCD40, sCD40L and CD62P and hematological parameters
Peripheral blood collection was drawn in K2 EDTA tubes for hematological

parameters, sCD40, sCD40L and sCD62P measurement. Blood samples of the patients

were collected after performing the TCD and prior to the beginning of hypertransfusion

regimen. The dosage of hemoglobin (g/dL), reticulocytes (%), leukocytes (x10°/uL),
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neutrophils (x10*/uL), lymphocytes (x10°/uL) and platelets (x10*/uL) were performed
in automated cell counter (Cell-Dyn Ruby — Abbott Diagnostics, CA, USA),

The concentration of sCD40 and sCD40L was measured in platelet-free plasma
by Enzyme-Linked Immunosorbent Assay (ELISA) using Human sCD40 and sCD40L
Human Platinum ELISA Kit (eBioscience, USA), respectively, according to the
manufacturer's instructions. Values were expressed in pg/mL.

The concentration of sCD62P was measured in platelet-free plasma by flow
cytometry (BD™ FACSVerse — BD Biosciences, CA, USA) using BD™ CBA Human
Soluble CD62P (P-Selectin) Flex Set, according to the manufacturer's instructions. Data
were analyzed using FCAP Array software (BD Biosciences, CA, USA) and values

expressed in pg/mL.

2.3 Statistical analysis

Continuous variables are represented as mean and standard deviation (SD) or
median and interquartile range (IQR). The Shapiro-Wilk normality test was used to
assess normality. Continuous variables were compared by Kruskall Wallis or ANOVA
tests. Spearman (nonparametric) correlation coefficient was used to correlation analysis
and interpreted as follows: 0.0-0.3, negligible; 0.3-0.5, weak; 0.5-0.7, moderate; 0.7-0.9,
strong; 0.9-1.0, very strong. P-values < 0.05 were considered significant. Data analysis

were performed in GraphPad Prism v7.0 (GraphPad Software, San Diego, CA).

3. RESULTS AND DISCUSSION
Patients with SCA (groups G1, G2 and G3) had significantly higher median
values of sCD40L (p<0.0001, p=0.0002 and p=0.004, respectively) than healthy

controls (group G4; Figure 1A). Elevated levels of sCD40L were also observed by Lee
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et al, 2006 in a study with 45 patients with SCA, including eight patients with vaso-
occlusion and 37 patients in the non-crisis steady state [9]. This suggests an important
role of platelet-derived inflammatory mediators in process of chronic inflammation and
thrombotic activity, which are common features of SCA [9].

Among patients with SCA, significantly higher levels of sSCD40L were observed
in patients in group G3 (median 1.330 pg/mL) when compared to patients in group G2
(median1.003 pg/mL, p=0.03; Figure 1A). This may reflect a high expression on the
surface and a release of sCD40L by activated platelets [6], suggesting that sSCD40L may
represent a potential soluble biomarker of vascular injury and thrombus formation in
patients with SCA and stroke. Studies show elevated sCD40L levels in acute
myocardial infarction and chronic inflammatory diseases [6,9-14]. Our data corroborate
the findings from Majumdar et al, which showed a significant increase in platelet
activation through of the dosage of sCD40L levels in patients with SCA and stroke or
abnormal TCD and intracranial stenosis [15].

Comparison of sCD40 levels showed no significant difference between groups
(Figure 1B). CD40 is presented on antigen presenting cells (APCs), such as dendritic
cells, macrophages and B lymphocytes and vascular endothelium. CD40L are present
on T-lymphocytes and on 95% of the circulating platelets [4-5] and CD40-CD40L
interactions are essential for activation of APCs by cell-cell contact and activation of
endothelium [12]. Our results indicate that the soluble form of CD40 is not involved in
chronic diseases and cerebrovascular disease in SCA. SCD40L/sCD40 ratio were
increased 7,1-fold, 6,1-fold and 7.7-fold in the groups G1, G2 and G3, respectively,
compared to healthy controls (p<0.0001, p=0.008 and p = 0.002, respectively).

However, no significant difference was observed between groups G1, G2 and G3 (Table

1).
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Levels of sCD62P were higher in patients of group G3 when compared to groups
Gl1, G2 and G4 (p =0.0001, p = 0.03, p = 0.01, respectively) and patients of group G2
had higher levels when compared to patients of group G1 (p=0.04; Figure 1C).
Therefore, we hypothesize that the increase of SCD62P in patients with SCA and stroke,
when compared to normal TCD and no stroke and abnormal TCD is due to elevated
levels of sCD62P produced by platelet activation associated to endothelial injury
present in stroke.

Kutlar et al demonstrated that increased expression of CD62P in the in the
microvascular endothelium of patients with SCA represents an important role in
mechanisms of acute vascular occlusion and in chronic form can cause changes in blood
flow [16]. Our data show significantly higher levels of sCD62P in patients of group G2
when compared to patients of group G1 (p=0.04). Abnormal TCD refers to increased
blood flow velocity through the large cerebral arteries [16], which may lead to increased
platelet activation even without vascular injury, resulting in elevated sCD62P levels.
Thus, our findings indicate that sCD62p may be a possible biomarker of
cerebrovascular disease installed or pre-disease in patients with SCA.

Analysis of sCD40L/sCD62P ratio showed that patients of group G1 had higher
ratio when compared to patients of group G2 (p=0.003) and healthy controls
(p<0.0001). No significant difference was observed between group G3 and groups Gl
and G2, as shown in Table 1. Our data suggest that decreased values of
sCD40L/sCD62P ratio involving two inflammatory mediators produced in platelet
activation. In this way, a similar study in patients with acute myocardial infarction
showed that the association of two inflammatory mediators, such as troponin and

sCD40L, increases the accuracy of prediction of infarction [13].
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In correlation analysis, there was no significant difference between levels of
sCD40L vs sCD62P (r=0.001, p>0.9), sCD40 vs sCD62P (r=0.18, p=0.2) and sCD40 vs
sCD40L (r =0.26, p=0.11), which suggests that the mechanisms of production of these
mediators are independent in SCA, although these mediators are produced at higher
plasma concentration by platelets.

Patients with SCA showed higher absolute values of leukocytes, neutrophils,
reticulocytes and platelets, and lower values of hemoglobin when compared to healthy
controls (p<0.05). These findings corroborate the continuous hemolytic condition that
occurs in patients with SCA, which is independent of the complications of the disease.
These complications are more common in the vaso-occlusion, associated with a reactive
bone marrow, and evidenced by high reticulocytosis found in these patients [17,18].

Therefore, the combination of TCD abnormality associated with possible
mediators such as sSCD40L and sCD62P could provide a better assessment of risk of
stroke in pediatric SCA patients. Moreover, further studies evaluating these molecules
in cell surface and correlating them with the soluble forms are needed to better clinical
application, since these molecules could be target for the development of therapeutic

strategies for SCA.
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Figure 1. Plasma levels of sCD40L (A), sCD40 (B) and sCD62P (C) of patients with sickle cell anemia
according to clinical forms of the disease and control group. Correlation analyses between sCD40L versus
sCD62P (D), sCD40 versus sCD62P (E) and sCD40 versus sCD40L (F) of the SCA patients. G1: SCA,
normal TCD and no stroke; G2: SCA, abnormal TCD and no stroke; G3: SCA and stroke; G4: Controls. SCA:
sickle cell anemia; TCD: Transcranial Doppler; Median and interquartile range (IQR); Kruskall - Wallis test.
Nonparametric Spearman correlation. P-values < 0.05.
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Table 1. Inflammatory and hematological parameters of patients with sickle cell anemia according to clinical forms of the disease

and control group.

P-Values*

G1 G2 G3 G4
Inflammatory Parameters (N=24) (N=16) (N=8) (N=26)  G1XxG2 G1XG3 G2XG3 GIXG4 G2XG4 G3XG4
sCD40L/sCD40a 7.1 (55-12.5) 6.1(3.7-7.8) 77(27135)  102(09-26) 02 0.9 0.4 <0.0001  0.008 0.002
sCD40L/sCD62P= (x 102) 4.0(2.8-5.9) 2.2 (15-3.0) 2.7(15-34) 08(02-12)  0.003 0.3 0.37 <0.0001  0.0002 0.0002
Hematological Parameters
Leukocytes® x 103/uL 13.2 (+3.9) 13.9 (+4.2) 12.7 (£3.0) 8.0 (+1.3) 0.6 0.6 04 <0.0001  <0.0001  0.0004
Neutrophils® x 103/uL 58 (3.5-7) 5.9 (4.6-9.9) 5.4 (45-7.1) 35(26-44) 03 0.9 0.2 0.001  <0.0001  <0.0007
Lymphocytes? x 103/uL 4.8(4.2-5.4) 3.8(2.9-5) 3.1(27-5.1) 33(26-35 0.1 0.02 05 <0.0001 0.07 0.5
Hemoglobin® (g/dL) 7.7 (£1.0) 7.8 (+1.4) 8.7 (£1.2) 12.9 (£0.8) 0.8 0.01 0.08 <0.0001  <0.0001  <0.0001
Reticulocytest (%) 7.2 (+2.6) 6.8 (+2.6) 7.3(+29) 1.2 (0.3) 0.5 0.7 0.7 <0.0001  <0.0001  <0.0001
Platelets? x 10%/pL 445 (+187) 377.5 (£99) 423 (360-461) 315 (£57) 0.1 0.6 0.1 0.0003 0.01 0.0002

SCA: sickle cell anemia; TCD: Transcranial Doppler; G1: SCA, normal TCD and no stroke; G2: SCA, abnormal TCD and no stroke; G3: SCA and

stroke; G4: Controls. “mean and standard deviation; "median and interquartile range (IQR); *Kruskall - Wallis test. *P-values < 0.05.
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V. CONCLUSOES

Com o estudo foi possivel concluir:

1- Pacientes com AF apresentam alteragdes nos parametros leucocitarios e
hematoldgicos, confirmando o quadro hemolitico e a medula 6ssea reativa presentes na
AF;
2- Entre os pacientes com AF observou-se niveis elevados sCD40L no grupo de
pacientes com AVC, quando comparado ao grupo de AF com DTC anormal, sugerindo
que esse mediador inflamatério pode estar envolvido na lesdo vascular e formacao de
trombo na AF;
3- Nao se observou alteracio nos niveis de sCD40, o que sugere nao existe
envolvimento desse mediador nas complicagdes cerebrovasculares;
4- As alteragdes encontradas nos niveis de sCD62P nos pacientes com historia clinica
de AVC sugerem que a ativagao plaquetaria esta presente na doenga cerebrovascular ja
instalada na AF;
5- Nao foi observado correlagdo entre o sCD40L versus sCD62P; sCD40 versus
sCD62P e de sCD40 versus sCD40L, sugerindo mecanismos distintos de producgdo
desses marcadores;
6- A analise da relagao entre sCD40L e sCD62P associado ao exame de DTC pode
ajudar na deteccao do risco de AVC.

Portanto, a combinacdo de anormalidade do DTC associada ao aumento de
possiveis mediadores inflamatérios, como sCD40L e sCD62P, poderia fornecer uma

melhor avaliagdo do risco de AVC em pacientes pediatricos e adolescentes com AF.
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Para uma aplicagao clinica desses resultados, faz-se necessario novos estudos que
avaliem a expressdo dessas moléculas na forma de receptores de membrana celular e

correlacione-as com as formas soluveis.

5.1 Impacto institucional

O estudo teve uma abordagem de pesquisa translacional, na qual a pergunta
oriunda da pratica clinica pode ser respondida através da pesquisa basica, com saberes
nas areas de hematologia clinica, imunologia e laboratério de pesquisa. A UNCISAL
nao possui ainda pos-graduagao stricto sensu na modalidade académica ou Laboratorio
de Pesquisa Translacional e um melhor conhecimento da doutoranda na &rea, pode
tornar possivel a formagdo de um grupo de pesquisa translacional envolvendo a AF,

doenca de grande prevaléncia no estado de Alagoas.
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VI. RECOMENDACOES PARA A PESQUISA

Estudos futuros, multicéntricos, com uma maior numero de pacientes podem
proporcionar um conhecimento melhor sobre a importancia desses mediadores de
ativacdo plaquetaria na AF como potenciais biomarcadores inflamatorios de doenga

cérebro vascular, com importancia na pratica clinica.
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VIII. APENDICES

APENDICE I - FORMULARIO

ANALISE DOS NIVEIS SERICOS DE sCD40L, sCD40 e sCD62P EM
CRIANCAS E ADOLESCENTES COM ANEMIA FALCIFORME E
ALTERACAO DO EXAME DE DOPPLER TRANSCRANIANO

FORMULARIO N°: (]

DADOS PESSOAIS DO PACIENTE

Nome: Registro:[_|[ [ 1L 1L 1]
D.deNasc.[ |l VL I V] |1dade:[ ][ Janos[ ][ ] Genero: Mas.=1; Fem.=2
[] meses []

Endereco:

Numero: Bairro: Estado: UF:
Referéncia:

Naturalidade: Procedéncia:

Responsavel legal:

Telefone 1: Telefone 2:

DADOS CLINICOS .
Responder: 1 para SIM e 2 para NAO

" A crianca foi internada nos ultimos 12 meses? R: [_]
' A crianga foi internada no Gltimo més? R: [
3"Se foi internada, por qual(is) doenca(s) e quantas vezes nos Giltimos 12 meses?

Crise algica: [ ] vezes STA[ ]  vezes Infeccdo: [ ] vezes
Outros: [_]
Jateve AVC: [_] Idade: [ [ ] | AVCL[ ] AVCH: [ ] TIA: [ ]
Data AVC: [_][_ V1L /L] Data DTC: [_][_1/[_IL I/ 1[]
Local: Equipamento:
Fluxo Corebral Normal 1 : [_] Condicional baixo 2: [_]

Condicional Alto 3: [ ] Alterado 4: [ ]

VFH: cm/s

Uso Hidroxiureia: [_] Regime de hipertransfusio: [ ]

Ultima Transfusdo: [ [ V[ 1 VL[] Ferritina sérica: [_][ ][ ]

Exames pré-transfusionais: Hb: [ ][] g/dl Ht: [ [ ]%
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Ret: [ ][ ][ 1% DHL: [ ] mg/di

Eletroforese de Hemoglobina: | HbA: [ ][ 1% | HgF: [ ][ 1% | HbS: [ 1%

Tipagem sanguinea:

A amostra laboratorial de sangue foi coletada? [ ]
Caracteristicas relacionadas aos mediadores inflamatdrios de plaquetas (pg/ml)

Marcador Resultado Técnica utilizada

sCD40 ELISA

sCD40L ELISA

sCD62P CITOMETRIA DE FLUXO

Responsavel pelo Preenchimento

Data: / / Hora:
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APENDICE II

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (PACIENTES)
INSTITUTO DE MEDICINA INTEGRAL PROF. FERNANDO FIGUEIRA (IMIP)
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Gostariamos de convidar seu (sua) filho(a) para participar de nossa pesquisa. Para isso,

precisamos dos seguintes dados:

SEXO: Masculino 0 Femininod DATA NASCIMENTO: ........ Y ..
ENDEREGCO..... ..ottt ettt ettt eae e eveeveeaneeneereeateeseeeneeennas Ne....
......... QUADRA: ......... LOTE: ...... APTO: .......BAIRRO:

1. TITULO DO PROTOCOLO DE PESQUISA: Analise dos niveis séricos de sCD40L,
sCD40 e sCD62P em criancas e adolescentes com anemia falciforme e alteracao do

exame de Doppler Transcraniano

2.PESQUISADORES RESPONSAVEIS: CARGO/FUNCAO:

Dra. Leuridan Cavalcante Torres — Pesquisadora do Laboratorio de Pesquisa
Translacional do IMIP

Dra. Cinthya Pereira Leite Costa de Araujo- Doutoranda DINTER IMIP/UNCISAL
Dr. Paulo José de Medeiros de Souza Costa- Co-orientador UNCISAL

Dra. Maria do Carmo Menezes Bezerra Duarte- Co-orientadora IMIP
3. UNIDADE: Laboratério de Pesquisa Translacional do IMIP

4.AVALIACAO DO RISCO DA PESQUISA:
SEM RISCO RISCO MINIMO X
RISCO MEDIO RISCO BAIXO
RISCO MAIOR
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5. DURACAO DA PESQUISA: 48 meses

6. Gostariamos de convidar seu filho(a) a participar de nossa pesquisa.

7. Justificativa: Os pacientes com AVC apresentam um pior prognostico, elevada taxa
de recidiva e de mortalidade, e por isso baixa qualidade de vida e produtividade laboral
quando comparados aos pacientes sem AVC. Portanto, um amplo conhecimento sobre
os principais mediadores inflamatorios de plaquetas envolvidos no aumento ou na
diminui¢do do processo inflamatorio cronico e sist€émico nos pacientes AF com elevado
risco ou na faixa de risco para o AVC, pode propiciar a descoberta de terapias
especificas, que podem melhorar a vida desses pacientes e apresentar menos efeitos
colaterais, quando comparados as transfusdes sanguineas.

8. O objetivo deste trabalho ¢ analisar a expressao dos niveis séricos de sCD62P e da
via CD40/CD40L em criangas e adolescentes brasileiras com AF ¢ doenca cérebro
vascular.

9.0s testes laboratoriais serdo realizados em amostras de sangue periférico antes da
ransfusdo de sangue.

10. Existe um risco baixo para o participante de pesquisa. O mesmo risco que pode
ocorrer com uma coleta de sangue na veia. Ou seja, a coleta de sangue podera provocar
uma pequena mancha vermelha ou roxa no local da picada da agulha que desaparece
com alguns dias..

11.0 sangue colhido serd usado para os exames no Laboratorio de Pesquisa do IMIP
(Laboratério de Pesquisa Translacional).

12.Nao existe beneficio direto para a pessoa convidada. A pesquisa vai ajudar a
esclarecer o melhor a presenca de substancia que atuam no risco da vaso-oclusdo, isso
trard beneficios no acompanhamento clinico desses pacientes.

13. Os pesquisadores envolvidos com este projeto estario disponiveis para
esclarecer as duvidas que surgirio durante o desenvolvimento do estudo. Os
principais investigadores sio Dra. Leuridan Cavalcante Torres e Doutoranda
Cinthya Pereira Leite C. Aratjo que sdo encontradas no Instituto de Medicina
Integral Prof. Fernando Figueira (IMIP), na Rua dos Coelhos, 300, Boa Vista (Telefone:
(81) 99659-6766 e (82)99991-1178).

Se vocé tiver alguma consideracio ou divida sobre a ética da pesquisa, entre em
contato com o comité de Etica em Pesquisa em Seres Humanos do IMIP (CEP-

IMIP) que tem como objetivo defender os interesses dos participantes, respeitando
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seus direitos e contribuir para o desenvolvimento da pesquisa desde que atenda as
condutas éticas. O CEP-IMIP esta situado na Rua dos Coelhos, 300, Boa Vista.
Diretoria de Pesquisa, Prédio Administrativo Orlando Onofre, 1° Andar = tel: 2122-
4756 — Email: comitedeetica@imip.org .br. O CEP/IMIP funciona de 2% a 6* feira, nos
seguintes horarios: 07:00 as 11:30 hs (manhad) e 13:30 as 16:00 hs (tarde).

14. Os convidados poderdo desistir de fazer parte da pesquisa a qualquer momento.

15. Nao serdo divulgados os nomes dos convidados.

16. Os convidados poderdao ser informados dos resultados obtidos nos testes
laboratoriais.

17. Os convidados ndo terdo nenhum custo pessoal durante a realizagdo do trabalho,
incluindo exames e consultas. Nao havera compensagdo financeira para os participantes.
18. Em caso de dano fisico, diretamente causado pela coleta de sangue durante a
execucdo da pesquisa, o convidado tem o direito atendimento médico no
HEMOAL.

19. Os pesquisadores deste trabalho se comprometem a utilizar os dados e o material
coletado somente para esta pesquisa.

Acredito ter sido suficientemente informado a respeito das informagdes que li ou que
foram lidas para mim, descrevendo o objetivo e os testes laboratoriais que serdo
realizados neste trabalho. Ficaram claros para mim quais sdo os objetivos do estudo, os
testes laboratoriais que serdo realizados, seus desconfortos e riscos, as garantias de
confidencialidade e de esclarecimentos permanentes. Ficou claro também que meu filho
(a) ou convidado esta isento de despesas e que tem a garantia do acesso a
tratamento hospitalar quando necessario. Concordo voluntariamente que meu/minha
filho(a) participe deste estudo e poderei retirar o0 meu consentimento a qualquer
momento, antes ou durante o mesmo, sem penalidades ou prejuizos ou perda de

qualquer beneficio que eu possa ter adquirido ou no atendimento neste servico.

Assinatura do participante ou responsavel legal.

Assinatura da testemunha.
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Maceio, /120
Assinatura da testemunha

Declaro que obtive de forma apropriada e voluntaria o Consentimento Livre e
Esclarecido do paciente ou representante legal para participagdo neste Estudo.

Maceio, de 20

Dra. Cinthya Pereira Leite Costa de Aratjo
Dra Leuridan Cavalcante Torres
Dra. Maria do Carmo Menezes Bezerra Duarte
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APENDICE III

Termo de Assentimento

INSTITUTO DE MEDICINA INTEGRAL PROF. FERNANDO FIGUEIRA (IMIP)
TERMO DE ASSENTIMENTO LIVRE E ESCLARECIDO (PARA MENORES DE 12 a
18 ANOS - Resolucio 466/12)

Gostariamos de convidar seu (sua) filho (a) para participar de nossa pesquisa. Para isso,

precisamos dos seguintes dados:

NOME DO PACIENTE:......ciiiiieieiieieieieeiesieeettete ettt ese et sse s eseesesseeeneesens
NOIDENTIDADE: ..ot ORGAO EXPEDITOR..............co.........
SEXO: Masculino ( ) Feminino( ) DATA NASCIMENTO: ........ ovierin Jovians
ENDEREGQGO...... .ottt ettt ettt ettt esaeseeseesensenaesaesensensensensesensensenseseas Ne....
......... QUADRA: .......... LOTE: ...... APTO: ........BAIRRO.......
CIDADE......c.cceouernnee. CEP:.ovviveeen TELEFONE: DDD (....) coeveverieieereieeens

1. TITULO DO PROTOCOLO DE PESQUISA: Analise dos niveis séricos de sCD40L,
sCD40 e sCD62P em criancas e adolescentes com anemia falciforme e alteracao do

exame de Doppler Transcraniano
2.PESQUISADORES RESPONSAVEIS: CARGO/FUNCAO:

Dra. Leuridan Cavalcante Torres — Pesquisadora do Laboratorio de Pesquisa
Translacional do IMIP

Dra. Cinthya Pereira Leite Costa de Aratijo- Doutoranda DINTER IMIP/UNCISAL
Dr. Paulo José de Medeiros de Souza Costa- Co-orientador UNCISAL

Dra. Maria do Carmo Menezes Bezerra Duarte- Co-orientadora IMIP

3. UNIDADE: Laboratério de Pesquisa Translacional do IMIP

Convidamos vocé, apos autorizacao dos seus pais [ou dos responsaveis legais] para
9
participar como voluntario (a) desta pesquisa. Esta pesquisa é da responsabilidade

do pesquisador Dra. Cinthya Pereira Leite, médica hematologista e Dra. Leuridan
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Cavalcante Torres Telefone: 81 99659-6766, e-mail: leuridan.torres@gmail.com.
Este documento chama-se Termo de Assentimento e pode conter algumas palavras
que vocé nao entenda. Se tiver alguma duavida, pode perguntar a pessoa a quem
esta lhe entrevistando, para compreender tudo o que vai acontecer. Vocé nao tera
nenhum custo, nem recebera qualquer vantagem financeira. Vocé sera esclarecido
(a) sobre qualquer aspecto que desejar e estara livre para participar ou recusar-se.
Apos ler as informacdes a seguir, caso aceite participar do estudo, assine ao final
deste documento, que esta em duas vias. Uma delas é sua e a outra é do
pesquisador responsavel. Caso nio aceite participar, nio havera nenhum
problema se desistir, ¢ um direito seu. Para participar deste estudo, o responsavel
por vocé devera autorizar e assinar um Termo de Consentimento, podendo retirar

esse consentimento ou interromper a sua participa¢io a qualquer momento.

Vocé esta sendo convidado, pois apresenta Anemia Falciforme. Sera realizada coleta de

sangue na veia.

Vocé podera se beneficiar por participar deste estudo, porque realizaremos exames que
auxiliara o acompanhamento clinico. Vocé também estarda ajudando os pesquisadores a
compreender melhor esta doenga, o que podera resultar, no futuro, no aperfeicoamento e/ou

desenvolvimento de novas condutas terapéuticas e diagnostica para as pessoas com esta doenga.

e Ninguém sabera que vocé esta participando da pesquisa, ndo falaremos a
outras pessoas, nem daremos a estranhos as informag¢odes que vocé nos fornecer.
Os resultados da pesquisa serdo publicados apenas em eventos ou publica¢des
cientificas, mas sem identificar as criancas que participaram da pesquisa.
Todos os dados coletados nesta pesquisa ficario guardados no prontuario
médico. Nem vocé e nem seus pais [ou responsaveis legais] pagariao nada para
vocé participar desta pesquisa. Se vocé morar longe, n6s daremos a seus pais
dinheiro suficiente para transporte e alimentagio, para também acompanhar a
pesquisa. Este documento passou pela aprovacio do Comité de Etica em
Pesquisa Envolvendo Seres Humanos do IMIP que esta no endereco: O CEP-
IMIP esté situado a rua dos Coelhos, 300, Boa Vista. Diretoria de Pesquisa do IMIP,
Prédio Administrativo Orlando Onofre, 1 Andar tel: 2122-4756 - emalil:
comitedeetica@imip.org.br O CEP-IMIP funciona de 2 a 6 feira, nos seguintes
horarios: 07:30 as 11:30 h (manha) e 13:30 as 16h (tarde).
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ASSENTIMENTO DO MENOR DE IDADE EM PARTICIPAR COMO VOLUNTARIO

Eu, , portador (a) do documento de

Identidade (se ja tiver documento), abaixo assinado,

concordo em participar do estudo “ANALISE DOS NIiVEIS SERICOS DE SCD40L,
SCD40 E SCD62P EM CRIANCAS E ADOLESCENTES COM ANEMIA FALCIFORME
E ALTERACAO DO DOPPLER TRANSCRANIANO”, como voluntirio (a). Fui
informado (a) e esclarecido (a) pelo (a) pesquisador (a) sobre a pesquisa, o que vai
ser feito, assim como os possiveis riscos e beneficios que podem acontecer com a
minha participacdo. Foi-me garantido que posso desistir de participar a qualquer

momento, sem que eu ou meus pais precise pagar nada.

Médico

Eu confirmo haver pessoalmente explicado, para o paciente acima identificado, a natureza e o

proposito do procedimento.

Assinatura Data

Nome da Testemunha
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ANEXOS

ANEXO 1

DECLARAGAO

Declarc que o projeto de pesquisa n® 4434 — 14 intitulado “Estudo do
papel das plaquetas na fisiopatologia da anemia falciforme na faixa de
risco para acidente vascular cerebral” apresentado pelo (a) pesquisador (a)
Leuridan Cavalcante Torres foi APROVADO pelo Comité de Etica em
Pesquisa em Seres Humanos do Instituto de Medicina Integral Prof. Fernando
Figueira — IMIP, em reuniao ordinaria de 22 de outubro de 2014.

Recife, 24 de outubro de 2014

W7

Coordenador do Comité de Etica
em Pesquisa em Seres Humanos do
Instituto Materno Infantil Prof. Fernando Figueira
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ESTADO DE ALAGOAS
SECRETARIA DA SAUDE
SUPERINTENDENCIA DE ATENCAO A SAUDE
GERENCIA DA HEMORREDE DE ALAGOAS
Rua Dr. Jorge de Lima n® 58 Trapirha - Maceid - AL — CEP: 57.010-382
Fone: (82) 3315-21C2 - Livr). 12.200.259/0001-65

CARTA DE ANUENCIA

Declaro para os devidos fins que concordo com a realizagio do projeto de
pesquisa intitulado “Estudo do Fape! das Plucuetas na Fisiopatologia da Anemia
Falciforme na Faixa de Risco para Acidente Vascular Cerebral”, da pesquisadora
Cinthya Pereira Leite Costa de Aravio. oluna de doutorado do Programa de Pés-
Graduagdo em Saiide Infanti! do Institu's de Medicina Integral Professor Fernando
Figueira - IMIP, sob a orientagdo da Dra feuridan Cavalcante Torres, que ja foi
APROVADO pelo Comité de Etica em Pesquisa em Seres Humanos do IMIP, em
reunido ordinaria de 22/10/2014.

Maceio, 02 de fevereiro de 2015

Verbnica de Lima Guedes
Gerente da Hemorrede de Alagoas

TRABALHANDO SERID A GENTE CHEGA LA

a M
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ANEXO 3

prvumnrs EBSERH "SRk H&-

- S

AUTORIZACAO INSTITUCIONAL PARA
EXECUCAO DE PESQUISA NO HUPAA fUFAL

Autorizamos os pesguisadores Dra, Cirbys Pereies Leibe Costa de Aradjo, Or.
Aderson da Siha Aradjo, Dr. Marcos Andee Cavalennti Barares 3 1ar acessa a0 Hosptal
Unteersitdrio Prof. Alberte Anturss da Unbarsidade Federsl do Alagoas HUPASSIFAL),
objetivarnds 8 reslizacka do trabalho de pesguisa, com thulo “ESTUDO DO PAPEL DAS
PLAGQUETAS fA FISIOPATOLOSIA D4 AMEMLL FALOFORME MA FACA DE RISCO PARS
ACIDENTE WASCULAR CEREBRAL". ijll:a devidamenite cadastrado ra Gendndia de ensing
& Pasguisa, pratocalado sob wF 594, para fins de TESE DE DOUTORAD O, autorizado pelo
Comitd de Efica em 22/10/2004, devendn 0 mesmo Sepuic o0f precelod &8 pesguis,
conforme o que estabelece & BesslugBa CNS 51016, & Canglivesgio Fede ral Brasileia [12RE|
art. 5, Incisos X & X, o Codigo Cwvil Brasileinp 2ms. 20 - 21, 0 Cidigo Penal Brasibin arts,
153-154, o Cadign de Propasss Civil Brie, 347, 363 8 406, o Codiga de Defasa do Consunnidor
arta, 4344, @ Resalugio da ANS (Lei n® 9351 de 28/01,/2000}, a Resolugd o Barmatia n? 21,
o Cddiga de Etica Medica — CFM arts. 11, ¥, 103, 103, 1%, 106 e 108, a Aesolugdo do CFM
n® 16052000, TEXES 2002 e 1641 M2 & o Parecer (P n® (72005, S sendo permnitida &
dmb;iﬂ das redultadal, preservanda & identidade do paciente, & reumides & pubicagDes
cientifices efou junto 3o grupa de édbudo, relsignada 3 pequiie,

Blacekh, 42 de feveraing de 2005,

Pesguisadorial Orientador|a)

JOSE HUHEEITl{I
Chely de Setor de Gestio da Pesqusa o inmﬂn Teeapligica
HURAS/UFAL/EBSERH

LHnde Lk s

CEP: STOv2-5530 || Sncpin, AL
H35 B A200 800
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ANEXO 4

TABLE OF CONTENTS
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* Abstracting and Indexing
* Editorial Board

* Guide for Authors
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ISSN: 1079-9796

DESCRIPTION

Blood Cells, Molecules & Diseases emphasizes not only blood cells, but also covers the
molecular

basis of hematologic disease and studies of the diseases themselves. This is an
invaluable resource

to all those interested in the study of hematology, cell biology, immunology, and
human

genetics.

Research Areas include:

e Hematolymphopoiesis

¢ Genetics of Blood Cells and Proteins

¢ Molecular Biology of Blood Cells and Proteins

e Pathophysiology of Blood Cells and Proteins

e Hematological Malignancies

* Disorders of Blood Cells and Coagulation Proteins

Note to Authors - please use the "Submit your paper" button on the left when
submitting

Benefits to authors

We also provide many author benefits, such as free PDFs, a liberal copyright policy,
special discounts

on Elsevier publications and much more. Please click here for more information on
our author services .

Please see our Guide for Authors for information on article submission. If you
require any further

information or help, please visit our Support Center

IMPACT FACTOR

2016: 1.882 © Clarivate Analytics Journal Citation Reports 2017
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ABSTRACTING AND INDEXING

Scopus

MEDLINE®

EMBASE

Reference Update

ADONIS

Current Contents/Life Sciences

SIIC Data Bases

EDITORIAL BOARD

Editor-in-Chief

M. Narla, New York, New York, USA

Editorial Board

M. Abboud, American University of Beirut (AUB), Beirut, Lebanon

X. An, New York Blood Center, New York, New York, USA

E.J. Benz, Dana-Farber Cancer Institute, Boston, Massachusetts, USA

L. Blanc, Hofstra Northwell School of Medicine, Manhasset, New York, USA
H.E. Broxmeyer, Indiana University School of Medicine, Indianapolis, Indiana, USA
T. Cheng, Chinese Academy of Medical Sciences, Tianjin, China

Y. Colin, Inserm/University Paris Diderot, Paris Cedex 15, France

B.S. Coller, Rockefeller University, New York, New York, USA

L. Da Costa, HOpital Robert Debré, Paris, France

L. De Franceschi, University of Verona, Verona, Italy

A. El-Beshlawy, Cairo University, Cairo, Egypt

F. Ferreira Costa, University of Campinas, Campinas, Brazil

P.G. Gallagher, Yale-New Haven Children's Hospital, New Haven, Connecticut, USA
T. Ganz, UCLA, Los Angeles, California, USA

R.l. Handin, Brigham and Women's Hospital, Boston, Massachusetts, USA

T. Kalfa, Cincinnati Children's Hospital Medical Center, Cincinnati, Ohio, USA
J. Little, University Hospitals Cleveland Medical Center, Cleveland, Ohio, USA
D.G. Nathan, Dana-Farber Cancer Institute, Boston, Massachusetts, USA

J.T. Prchal, University of Utah School of Medicine, Salt Lake City, Utah, USA
V. Sankaran, Harvard Medical School, Boston, Massachusetts, USA

S. Schrier, Stanford University School of Medicine, Stanford, California, USA
V. Sheehan, Baylor College of Medicine, Houston, Texas, USA

S. Sheth, Weill Cornell Medicine, New York, New York, USA

S.L. Thein, National Heart, Lung and Blood Institute (NHLBI), Bethesda, Maryland, USA
K. Yazdanbakhsh, New York Blood Center, New York, New York, USA

A. Zimran, Shaare Zedek Medical Center, Jerusalem, Israel

GUIDE FOR AUTHORS

INTRODUCTION

Blood Cells, Molecules, and Diseases (BCMD) publishes papers in the broad area of
hematology,

including both basic and clinical studies and encompassing areas such as
hemostasis, thrombosis,

immunology, metabolism, genetics, molecular biology, therapy, and morphology.
Letters to the Editor

are also welcome.

Types of paper

Full length article

These are full-length descriptions of original research. The scope may include basic
science, clinical

results, or applications. These manuscripts will undergo standard review and
normally are not

expedited.

Reviews
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The Review should be a comprehensive appraisal of research in a field of current
interest. Authors

wishing to contribute a review paper should contact one of contributing editors prior
to submission.

All reviews are subject to the normal review process.

Correspondence

Letters must be limited to fewer than 1000 words, not inclusive of figures and
tables. References must

not number more than 8. There should be no separate title page, no abstract, no
headings throughout

the text, and no materials and methods section. They should be written in the style
of a letter with

the title at the top of the page and 'To the Editor' beneath. All authors' names and
affiliations should

be at the end of the manuscript (including Corresponding author's full address,
email, telephone, and

fax numbers). Acceptance is determined by the Contributing Editor.

Commentaries

Contributing Editors are encouraged to write or solicit a commentary on an article
accepted for

publication. Commentaries must be limited to fewer than 1000 words, not inclusive
of figures and

tables. References must not number more than 8.

Size limits are flexible within the approximate range of 1000 to 10,000 words. With
figures, tables,

and references appropriate to the subject matter, articles will, in general, not be
longer than 20 journal

pages. Letters to the Editor and Commentaries are limited to fewer than 1000
words.

You can use this list to carry out a final check of your submission before you send it
to the journal for

review. Please check the relevant section in this Guide for Authors for more details.
Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

e E-mail address

e Full postal address

All necessary files have been uploaded:

Manuscript:

¢ Include keywords

¢ All figures (include relevant captions)

o All tables (including titles, description, footnotes)

e Ensure all figure and table citations in the text match the files provided

¢ Indicate clearly if color should be used for any figures in print

Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

e Manuscript has been 'spell checked' and 'grammar checked'

o All references mentioned in the Reference List are cited in the text, and vice versa
e Permission has been obtained for use of copyrighted material from other sources

(including the internet).
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A competing interests statement is provided, even if the authors have no competing
interests to

declare

¢ Journal policies detailed in this guide have been reviewed

* Referee suggestions and contact details provided, based on journal requirements
For further information, visit our Support Center.

BEFORE YOU BEGIN

Please see our information pages on Ethics in publishing and Ethical guidelines for
journal publication.

All authors must disclose any financial and personal relationships with other people
or organizations

that could inappropriately influence (bias) their work. Examples of potential
conflicts of interest include

employment, consultancies, stock ownership, honoraria, paid expert testimony,
patent applications/

registrations, and grants or other funding. Authors must disclose any interests in
two places: 1. A

summary declaration of interest statement in the title page file (if double-blind) or
the manuscript file

(if single-blind). If there are no interests to declare then please state this:
'Declarations of interest:

none'. This summary statement will be ultimately published if the article is
accepted. 2. Detailed

disclosures as part of a separate Declaration of Interest form, which forms part of
the journal's official

records. It is important for potential interests to be declared in both places and that
the information

matches. More information.

Submission of an article implies that the work described has not been published
previously (except in

the form of an abstract, a published lecture or academic thesis, see 'Multiple,
redundant or concurrent

publication' for more information), that it is not under consideration for publication
elsewhere, that

its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where

the work was carried out, and that, if accepted, it will not be published elsewhere in
the same form, in

English or in any other language, including electronically without the written
consent of the copyrightholder.

To verify originality, your article may be checked by the originality detection service
Crossref

Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with
Elsevier's sharing policy.

Sharing your preprints e.g. on a preprint server will not count as prior publication
(see 'Multiple,

redundant or concurrent publication' for more information).

Each author is required to declare his or her individual contribution to the article: all
authors must have



74

materially participated in the research and/or article preparation, so roles for all
authors should be

described. The statement that all authors have approved the final article should be
true and included

in the disclosure.

Authors are expected to consider carefully the list and order of authors before
submitting their

manuscript and provide the definitive list of authors at the time of the original
submission. Any

addition, deletion or rearrangement of author names in the authorship list should
be made only

before the manuscript has been accepted and only if approved by the journal Editor.
To request such

a change, the Editor must receive the following from the corresponding author: (a)
the reason

for the change in author list and (b) written confirmation (e-mail, letter) from all
authors that they

agree with the addition, removal or rearrangement. In the case of addition or
removal of authors,

this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of

authors after the manuscript has been accepted. While the Editor considers the
request, publication

of the manuscript will be suspended. If the manuscript has already been published
in an online issue,

any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor
feels your article is

more suitable in one of our other participating journals, then you may be asked to
consider transferring

the article to one of those. If you agree, your article will be transferred
automatically on your behalf

with no need to reformat. Please note that your article will be reviewed again by
the new journal.

More information.

Upon acceptance of an article, authors will be asked to complete a 'Journal
Publishing Agreement' (see

more information on this). An e-mail will be sent to the corresponding author
confirming receipt of

the manuscript together with a 'Journal Publishing Agreement' form or a link to the
online version

of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal

circulation within their institutions. Permission of the Publisher is required for resale
or distribution

outside the institution and for all other derivative works, including compilations and
translations. If

excerpts from other copyrighted works are included, the author(s) must obtain
written permission
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from the copyright owners and credit the source(s) in the article. Elsevier has
preprinted forms for

use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked
to complete an

'Exclusive License Agreement' (more information). Permitted third party reuse of
gold open access

articles is determined by the author's choice of user license.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your
work. More

information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the
research and/or

preparation of the article and to briefly describe the role of the sponsor(s), if any, in
study design; in

the collection, analysis and interpretation of data; in the writing of the report; and
in the decision to

submit the article for publication. If the funding source(s) had no such involvement
then this should

be stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow
authors to comply

with their funder's open access policies. Some funding bodies will reimburse the
author for the gold

open access publication fee. Details of existing agreements are available online.

This journal offers authors a choice in publishing their research:

Subscription

¢ Articles are made available to subscribers as well as developing countries and
patient groups through

our universal access programs.

¢ No open access publication fee payable by authors.

e The Author is entitled to post the accepted manuscript in their institution's
repository and make this

public after an embargo period (known as green Open Access). The published
journal article cannot be

shared publicly, for example on ResearchGate or Academia.edu, to ensure the
sustainability of peerreviewed

research in journal publications. The embargo period for this journal can be found
below.

Gold open access

¢ Articles are freely available to both subscribers and the wider public with
permitted reuse.

¢ A gold open access publication fee is payable by authors or on their behalf, e.g.
by their research

funder or institution.

Regardless of how you choose to publish your article, the journal will apply the
same peer review

criteria and acceptance standards.
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For gold open access articles, permitted third party (re)use is defined by the
following Creative

Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other
revised versions,

adaptations or derivative works of or from an article (such as a translation), include
in a collective

work (such as an anthology), text or data mine the article, even for commercial
purposes, as long

as they credit the author(s), do not represent the author as endorsing their
adaptation of the article,

and do not modify the article in such a way as to damage the author's honor or
reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to
include in a collective

work (such as an anthology), as long as they credit the author(s) and provided they
do not alter or

modify the article.

The gold open access publication fee for this journal is USD 3300, excluding taxes.
Learn more about

Elsevier's pricing policy: https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a
number of

green open access options available. We recommend authors see our green open
access page for

further information. Authors can also self-archive their manuscripts immediately
and enable public

access from their institution's repository after an embargo period. This is the
version that has been

accepted for publication and which typically includes author-incorporated changes
suggested during

submission, peer review and in editor-author communications. Embargo period: For
subscription

articles, an appropriate amount of time is needed for journals to deliver value to
subscribing customers

before an article becomes freely available to the public. This is the embargo period
and it begins from

the date the article is formally published online in its final and fully citable form.
Find out more.

This journal has an embargo period of 12 months.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and
mid-career

researchers throughout their research journey. The "Learn" environment at
Researcher Academy

offers several interactive modules, webinars, downloadable guides and resources to
guide you through

the process of writing for research and going through peer review. Feel free to use
these free resources

to improve your submission and navigate the publication process with ease.
Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but
not a mixture of
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these). Authors who feel their English language manuscript may require editing to
eliminate possible

grammatical or spelling errors and to conform to correct scientific English may wish
to use the English

Language Editing service available from Elsevier's WebShop.

Submission to this journal proceeds totally online and you will be guided stepwise
through

the creation and uploading of your files. The system automatically converts source
files to

a single PDF file of the article, which is used in the peer-review process. Please note
that even though manuscript source files are converted to PDF files at submission
for the

review process, these source files are needed for further processing after
acceptance. All

correspondence, including notification of the Editor's decision and requests for
revision, takes

place by e-mail removing the need for a paper trail. Please submit your manuscript
here:

https://www.evise.com/profile/api/navigate/Blood Cells, Molecules and
Diseases_YBCMD

Referees

Please submit the names and institutional e-mail addresses of several potential
referees. For more

details, visit our Support site. Note that the editor retains the sole right to decide
whether or not the

suggested reviewers are used.

PREPARATION

This journal operates a single blind review process. All contributions will be initially
assessed by the

editor for suitability for the journal. Papers deemed suitable are then typically sent
to a minimum of

two independent expert reviewers to assess the scientific quality of the paper. The
Editor is responsible

for the final decision regarding acceptance or rejection of articles. The Editor's
decision is final. More

information on types of peer review.

AUTHOR INFORMATION PACK 29 Apr 2018 www.elsevier.com/locate/bcmd 7

Use of word processing software

It is important that the file be saved in the native format of the word processor
used. The text

should be in single-column format. Keep the layout of the text as simple as
possible. Most formatting

codes will be removed and replaced on processing the article. In particular, do not
use the word

processor's options to justify text or to hyphenate words. However, do use bold
face, italics, subscripts,

superscripts etc. When preparing tables, if you are using a table grid, use only one
grid for each

individual table and not a grid for each row. If no grid is used, use tabs, not spaces,
to align columns.

The electronic text should be prepared in a way very similar to that of conventional
manuscripts (see

also the Guide to Publishing with Elsevier). Note that source files of figures, tables
and text graphics
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will be required whether or not you embed your figures in the text. See also the
section on Electronic

artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and
'grammar-check’

functions of your word processor.

Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given a brief
heading. Each heading

should appear on its own separate line. Subsections should be used as much as
possible when crossreferencing

text: refer to the subsection by heading as opposed to simply 'the text'.

Introduction

State the objectives of the work and provide an adequate background, avoiding a
detailed literature

survey or a summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced, with details of supplier
and catalogue

number when appropriate. Methods already published should be indicated by a
reference: only

relevant modifications should be described.

Results

Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A
combined Results

and Discussion section is often appropriate. Avoid extensive citations and discussion
of published

literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section,
which may stand

alone or form a subsection of a Discussion or Results and Discussion section.
Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae
and equations in

appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a
subsequent appendix,

Eqg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval
systems. Avoid

abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family
name(s)

of each author and check that all names are accurately spelled. You can add your
name between

parentheses in your own script behind the English transliteration. Present the
authors' affiliation

addresses (where the actual work was done) below the names. Indicate all
affiliations with a lowercase

superscript letter immediately after the author's name and in front of the
appropriate address.
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Provide the full postal address of each affiliation, including the country name and, if
available, the

e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing

and publication, also post-publication. This responsibility includes answering any
future queries about

Methodology and Materials. Ensure that the e-mail address is given and that contact
details

are kept up to date by the corresponding author.

¢ Present/permanent address. If an author has moved since the work described in
the article was

done, or was visiting at the time, a 'Present address' (or 'Permanent address') may
be indicated as

a footnote to that author's name. The address at which the author actually did the
work must be

retained as the main, affiliation address. Superscript Arabic numerals are used for
such footnotes.

AUTHOR INFORMATION PACK 29 Apr 2018 www.elsevier.com/locate/bcmd 8

A concise and factual abstract is required. The abstract should state briefly the
purpose of the

research, the principal results and major conclusions. An abstract is often presented
separately from

the article, so it must be able to stand alone. For this reason, References should be
avoided, but if

essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should

be avoided, but if essential they must be defined at their first mention in the
abstract itself.

Keywords

Immediately after the abstract, provide a minimum of 4 and a maximum of 6
keywords, using

American spelling and avoiding general and plural terms and multiple concepts
(avoid, for example,

"and", "of"). Letters to the Editor do not require keywords. Be sparing with
abbreviations: only

abbreviations firmly established in the field may be eligible. These keywords will be
used for indexing

purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on
the first page

of the article. Such abbreviations that are unavoidable in the abstract must be
defined at their first

mention there, as well as in the footnote. Ensure consistency of abbreviations
throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do

not, therefore, include them on the title page, as a footnote to the title or
otherwise. List here those

individuals who provided help during the research (e.g., providing language help,
writing assistance

or proof reading the article, etc.).

Formatting of funding sources
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List funding sources in this standard way to facilitate compliance to funder's
requirements:

Funding: This work was supported by the National Institutes of Health [grant
numbers XxxX, yyyy];

the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the
United States Institutes

of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants
and awards. When

funding is from a block grant or other resources available to a university, college, or
other research

institution, submit the name of the institute or organization that provided the
funding.

If no funding has been provided for the research, please include the following
sentence:

This research did not receive any specific grant from funding agencies in the public,
commercial, or

not-for-profit sectors.

Nomenclature and units

Follow internationally accepted rules and conventions: use the international system
of units (SI). If

other quantities are mentioned, give their equivalent in SI. You are urged to
consult:

IUPAC: Nomenclature of Organic Chemistry:http://www.iupac.org/

IUPAC: Nomenclature of Inorganic Chemistry: http://www.iupac.org/

IUB: Biochemical Nomenclature and Related Documents:
http://www.chem.gmw.ac.uk/iubmb/

Math formulae

Please submit math equations as editable text and not as images. Present simple
formulae in

line with normal text where possible and use the solidus (/) instead of a horizontal
line for small

fractional terms, e.g., X/Y. In principle, variables are to be presented in italics.
Powers of e are often

more conveniently denoted by exp. Number consecutively any equations that have
to be displayed

separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the
article. Many word

processors can build footnotes into the text, and this feature may be used.
Otherwise, please indicate

the position of footnotes in the text and list the footnotes themselves separately at
the end of the

article. Do not include footnotes in the Reference list.

Electronic artwork

General points

AUTHOR INFORMATION PACK 29 Apr 2018 www.elsevier.com/locate/bcmd 9

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

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

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New
Roman, Symbol, or

use fonts that look similar.

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

¢ Use a logical naming convention for your artwork files.

¢ Provide captions to illustrations separately.
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e Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given
here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word,
PowerPoint, Excel) then

please supply 'as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic
artwork is

finalized, please 'Save as' or convert the images to one of the following formats
(note the resolution

requirements for line drawings, halftones, and line/halftone combinations given
below):

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

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

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

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

500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these
typically have a

low number of pixels and limited set of colors;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG),
EPS (or PDF), or

MS Office files) and with the correct resolution. If, together with your accepted
article, you submit

usable color figures then Elsevier will ensure, at no additional charge, that these
figures will appear

in color online (e.g., ScienceDirect and other sites) regardless of whether or not
these illustrations

are reproduced in color in the printed version. For color reproduction in print, you will
receive

information regarding the costs from Elsevier after receipt of your accepted article.
Please

indicate your preference for color: in print or online only. Further information on the
preparation of

electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not
attached to the figure. A

caption should comprise a brief title (not on the figure itself) and a description of
the illustration. Keep

text in the illustrations themselves to a minimum but explain all symbols and
abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed
either next to the



82

relevant text in the article, or on separate page(s) at the end. Number tables
consecutively in

accordance with their appearance in the text and place any table notes below the
table body. Be

sparing in the use of tables and ensure that the data presented in them do not
duplicate results

described elsewhere in the article. Please avoid using vertical rules and shading in
table cells.

Citation in text

Please ensure that every reference cited in the text is also present in the reference
list (and vice

versa). Any references cited in the abstract must be given in full. Unpublished
results and personal

communications are not recommended in the reference list, but may be mentioned
in the text. If these

references are included in the reference list they should follow the standard
reference style of the

journal and should include a substitution of the publication date with either
'Unpublished results' or

'Personal communication'. Citation of a reference as 'in press' implies that the item
has been accepted

for publication.

AUTHOR INFORMATION PACK 29 Apr 2018 www.elsevier.com/locate/bcmd 10
Reference links

Increased discoverability of research and high quality peer review are ensured by
online links to

the sources cited. In order to allow us to create links to abstracting and indexing
services, such as

Scopus, CrossRef and PubMed, please ensure that data provided in the references
are correct. Please

note that incorrect surnames, journal/book titles, publication year and pagination
may prevent link

creation. When copying references, please be careful as they may already contain
errors. Use of the

DOI is encouraged.

A DOI can be used to cite and link to electronic articles where an article is in-press
and full citation

details are not yet known, but the article is available online. A DOI is guaranteed
never to change,

SO you can use it as a permanent link to any electronic article. An example of a
citation using DOI

for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh
W.B., Franke M.

(2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern
Venezuela. Journal

of Geophysical Research, https://doi.org/10.1029/2001]JB000884. Please note the
format of such

citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was
last accessed. Any

further information, if known (DOI, author names, dates, reference to a source
publication, etc.),

should also be given. Web references can be listed separately (e.g., after the
reference list) under a
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different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your
manuscript by citing them

in your text and including a data reference in your Reference List. Data references
should include the

following elements: author name(s), dataset title, data repository, version (where
available), year,

and global persistent identifier. Add [dataset] immediately before the reference so
we can properly

identify it as a data reference. The [dataset] identifier will not appear in your
published article.

References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and
any citations in

the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference

management software products. These include all products that support Citation
Style Language

styles, such as Mendeley and Zotero, as well as EndNote. Using the word processor
plug-ins from

these products, authors only need to select the appropriate journal template when
preparing their

article, after which citations and bibliographies will be automatically formatted in
the journal's style.

If no template is yet available for this journal, please follow the format of the
sample references and

citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by
clicking the following

link:
http://open.mendeley.com/use-citation-style/blood-cells-molecules-and-diseases
When preparing your manuscript, you will then be able to select this style using the
Mendeley plugins

for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References
can be in any style

or format as long as the style is consistent. Where applicable, author(s) name(s),
journal title/book

title, chapter title/article title, year of publication, volume number/book chapter and
the pagination

must be present. Use of DOI is highly encouraged. The reference style used by the
journal will be

applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted

at proof stage for the author to correct. If you do wish to format the references
yourself they should

be arranged according to the following examples:

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The
actual authors

can be referred to, but the reference number(s) must always be given.
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Example: '..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different
result ....'

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

in the text.

Examples:

AUTHOR INFORMATION PACK 29 Apr 2018 www.elsevier.com/locate/bcmd 11
Reference to a journal publication:

[1] J. van der Geer, J.A.]. Hanraads, R.A. Lupton, The art of writing a scientific
article, J. Sci. Commun.

163 (2010) 51-59.

Reference to a book:

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

Reference to a chapter in an edited book:

[3] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article,
in: B.S. Jones, R.Z.

Smith (Eds.), Introduction to the Electronic Age, E-Publishing Inc., New York, 2009,
pp. 281-304.

Reference to a website:

[4] Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/

aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13 March 2003).
Reference to a dataset:

[dataset] [5] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for
Japanese oak wilt

disease and surrounding forest compositions, Mendeley Data, v1, 2015.
https://doi.org/10.17632/

xwj98nb39r.1.

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word
Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance
your scientific

research. Authors who have video or animation files that they wish to submit with
their article are

strongly encouraged to include links to these within the body of the article. This can
be done in the

same way as a figure or table by referring to the video or animation content and
noting in the body

text where it should be placed. All submitted files should be properly labeled so that
they directly

relate to the video file's content. . In order to ensure that your video or animation
material is directly

usable, please provide the file in one of our recommended file formats with a
preferred maximum

size of 150 MB per file, 1 GB in total. Video and animation files supplied will be
published online in

the electronic version of your article in Elsevier Web products, including
ScienceDirect. Please supply

'stills' with your files: you can choose any frame from the video or animation or
make a separate

image. These will be used instead of standard icons and will personalize the link to
your video data. For
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more detailed instructions please visit our video instruction pages. Note: since
video and animation

cannot be embedded in the print version of the journal, please provide text for both
the electronic

and the print version for the portions of the article that refer to this content.

The journal encourages authors to create an AudioSlides presentation with their
published article.

AudioSlides are brief, webinar-style presentations that are shown next to the online
article on

ScienceDirect. This gives authors the opportunity to summarize their research in
their own words

and to help readers understand what the paper is about. More information and
examples are

available. Authors of this journal will automatically receive an invitation e-mail to
create an AudioSlides

presentation after acceptance of their paper.

Include interactive data visualizations in your publication and let your readers
interact and engage

more closely with your research. Follow the instructions here to find out about
available data

visualization options and how to include them with your article.

Supplementary material such as applications, images and sound clips, can be
published with your

article to enhance it. Submitted supplementary items are published exactly as they
are received (Excel

or PowerPoint files will appear as such online). Please submit your material together
with the article

and supply a concise, descriptive caption for each supplementary file. If you wish to
make changes to

supplementary material during any stage of the process, please make sure to
provide an updated file.

Do not annotate any corrections on a previous version. Please switch off the "Track
Changes' option

in Microsoft Office files as these will appear in the published version.

Supplementary material captions

Each supplementary material file should have a short caption which will be placed
at the bottom of

the article, where it can assist the reader and also be used by search engines.
AUTHOR INFORMATION PACK 29 Apr 2018 www.elsevier.com/locate/bcmd 12

This journal encourages and enables you to share data that supports your research
publication

where appropriate, and enables you to interlink the data with your published
articles. Research data

refers to the results of observations or experimentation that validate research
findings. To facilitate

reproducibility and data reuse, this journal also encourages you to share your
software, code, models,

algorithms, protocols, methods and other useful materials related to the project.
Below are a number of ways in which you can associate data with your article or
make a statement

about the availability of your data when submitting your manuscript. If you are
sharing data in one of
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these ways, you are encouraged to cite the data in your manuscript and reference
list. Please refer to

the "References" section for more information about data citation. For more
information on depositing,

sharing and using research data and other relevant research materials, visit the
research data page.

Data linking

If you have made your research data available in a data repository, you can link
your article directly to

the dataset. Elsevier collaborates with a number of repositories to link articles on
ScienceDirect with

relevant repositories, giving readers access to underlying data that gives them a
better understanding

of the research described.

There are different ways to link your datasets to your article. When available, you
can directly link

your dataset to your article by providing the relevant information in the submission
system. For more

information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next
to your published

article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the
text of your

manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020;
CCDC: 734053;

PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data
(including raw and

processed data, video, code, software, algorithms, protocols, and methods)
associated with your

manuscript in a free-to-use, open access repository. During the submission
process, after uploading

your manuscript, you will have the opportunity to upload your relevant datasets
directly to Mendeley

Data. The datasets will be listed and directly accessible to readers next to your
published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or
additional raw data into

one or multiple data articles, a new kind of article that houses and describes your
data. Data articles

ensure that your data is actively reviewed, curated, formatted, indexed, given a
DOI and publicly

available to all upon publication. You are encouraged to submit your article for Data
in Brief as an

additional item directly alongside the revised version of your manuscript. If your
research article is

accepted, your data article will automatically be transferred over to Data in Brief
where it will be

editorially reviewed and published in the open access data journal, Data in Brief.
Please note an open

access fee of 500 USD is payable for publication in Data in Brief. Full details can be
found on the Data
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in Brief website. Please use this template to write your Data in Brief.

Data statement

To foster transparency, we encourage you to state the availability of your data in
your submission.

This may be a requirement of your funding body or institution. If your data is
unavailable to access

or unsuitable to post, you will have the opportunity to indicate why during the
submission process,

for example by stating that the research data is confidential. The statement will
appear with your

published article on ScienceDirect. For more information, visit the Data Statement
page.

AFTER ACCEPTANCE

AUTHOR INFORMATION PACK 29 Apr 2018 www.elsevier.com/locate/bcmd 13

Corresponding authors will receive an e-mail with a link to our online proofing
system, allowing

annotation and correction of proofs online. The environment is similar to MS Word:
in addition to

editing text, you can also comment on figures/tables and answer questions from
the Copy Editor.

Web-based proofing provides a faster and less error-prone process by allowing you
to directly type

your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF
version. All instructions

for proofing will be given in the e-mail we send to authors, including alternative
methods to the online

version and PDF.

We will do everything possible to get your article published quickly and accurately.
Please use this

proof only for checking the typesetting, editing, completeness and correctness of
the text, tables and

figures. Significant changes to the article as accepted for publication will only be
considered at this

stage with permission from the Editor. It is important to ensure that all corrections
are sent back

to us in one communication. Please check carefully before replying, as inclusion of
any subsequent

corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author will, at no cost, receive a customized Share Link
providing 50 days free

access to the final published version of the article on ScienceDirect. The Share Link
can be used for

sharing the article via any communication channel, including email and social
media. For an extra

charge, paper offprints can be ordered via the offprint order form which is sent
once the article is

accepted for publication. Both corresponding and co-authors may order offprints at
any time via

Elsevier's Webshop. Corresponding authors who have published their article gold
open access do

not receive a Share Link as their final published version of the article is available
open access on

ScienceDirect and can be shared through the article DOI link.
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ANEXO 5

From: Blood Cells, Molecules and Diseases <EviseSupport@elsevier.com>
Date: 2018-05-06 21:53 GMT-03:00
Subject: Successfully received: submission Analyses of the soluble levels of sCD40L, sCD62P

and sCD40 in pediatric sickle cell anemia patients with abnormal transcranial Doppler for Blood
Cells, Molecules and Diseases
To: leuridan.torres@gmail.com

This message was sent automatically. Please do not reply.

Ref: BCMD_ 2018 151

Title: Analyses of the soluble levels of sCD40L, sCD62P and sCD40 in pediatric sickle
cell anemia patients with abnormal transcranial Doppler

Journal: Blood Cells, Molecules and Diseases

Dear Professor Torres,

Thank you for submitting your manuscript for consideration for publication in Blood
Cells, Molecules and Diseases. Your submission was received in good order.

To track the status of your manuscript, please log into EVISE® at:
http://www.evise.com/evise/faces/pages/navigation/NavController.jspx?JRNL._ACR=B
CMD and locate your submission under the header 'My Submissions with Journal' on
your "My Author Tasks' view.

Thank you for submitting your work to this journal.
Kind regards,
Blood Cells, Molecules and Diseases

Have questions or need assistance?

For further assistance, please visit our Customer Support site. Here you can search for
solutions on a range of topics, find answers to frequently asked questions, and learn
more about EVISEe via interactive tutorials. You can also talk 24/5 to our customer
support team by phone and 24/7 by live chat and email.

Copyright © 2018 Elsevier B.V. | Privacy Policy

Elsevier B.V., Radarweg 29, 1043 NX Amsterdam, The Netherlands, Reg. No.
33156677.




