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RESUMO

Os sistemas de grupos sanguineos sao caracterizados pela presenca de
antigenos na membrana eritrocitaria. Estes antigenos possuem caracteristicas
polimérficas e funcionais originadas a partir de mudancas ao nivel genético que
variam desde polimorfismos de um unico nucleotideo (SNPs) a trocas génicas
como inversbes, delecdes, insergbes, splicing alternativo, dentre outros
mecanismos. O sistema de grupo sanguineo Duffy é clinicamente significativo,
podendo estar relacionado com reacdo hemolitica transfusional e doenca
hemolitica do recém-nascido. Inicialmente, revisamos as bases moleculares do
gene ACKR1, que codifica a glicoproteina DARC, responsavel pela expressao dos
antigenos Duffy. Estudos prévios ja identificaram variantes genéticas que
determinam a expressao fraca ou nula dos antigenos Fy* e Fy° e, no presente
trabalho, objetivamos realizar um rastreamento de variantes genéticas que
possam estar associadas com discrepancias entre fenotipo-gendtipo em doadores
de sangue de Porto Alegre, Rio Grande do Sul. A amostra, composta por 382
doadores voluntarios de sangue, foi determinada por hemaglutinacdo e
discriminacéo alélica dos SNPs ¢.125G>A, ¢.265C>T e ¢.1-67T>C por PCR em
tempo real. A partir da analise de correlacdo entre o fenotipo e o gendétipo, nos
sequenciamos o gene ACKR1 em 11 doadores (2,88%) que apresentaram
resultados discordantes. Os dados obtidos no sequenciamento foram avaliados in
silico, através dos programas Poly-Phen2, SIFT e RegulomeDB. Nossa
investigacdo detectou 11 variantes genéticas, das quais 4 (c.-541C>T,
€.21+150C>T, ¢.22-58A>G e ¢.298G>A SNPs) discutimos o aparente efeito
funcional na estrutura e expressao da proteina DARC. Em conclusdo, eventos
moleculares podem resultar em gendtipo e fendtipo eritrocitario sendo
aparentemente discrepante. Dessa forma, estudos adicionais, que caracterizem o
impacto funcional de variantes genéticas associadas a predicdo de novos alelos
de grupos sanguineos, sao fundamentais na implementacdo de técnicas
moleculares seguras para a genotipagem dos antigenos de pacientes e doadores

em bancos de sangue. O aperfeicoamento das metodologias moleculares pode



contribuir na pratica transfusional através do manejo de unidade de sangue

apropriadas para cada individuo.

ABSTRACT

Blood group systems are characterized by the presence of antigens in the
erythrocyte membrane. These antigens have polymorphic and functional
characteristics originated from changes at the genetic level that range from single
nucleotide polymorphisms (SNPs) to gene exchanges, inversions, deletions,
insertions, alternative splicing, among other mechanisms. Duffy blood group
system is clinically significant because can cause haemolytic transfusion reactions
and haemolytic disease of the fetus and newborn. Initially, we revised the
molecular basis of the ACKR1 gene that encodes the DARC glycoprotein,
responsible for Duffy antigens expression. Previous studies have already been
identified genetic variants that determine the weak or null Fy? and Fy® antigen
expression and the present work, we aimed a screening of genetic variants that
may be associated with discrepancies between phenotype-genotype in blood
donors from Porto Alegre, Rio Grande do Sul. The sample composed by 382
voluntary blood donors was determined by haemagglutination and allelic
discrimination of the ¢.125G>A, ¢.265C>T and ¢.1-67T>C SNPs in real-time PCR.
From correlation between phenotype-genotype results, we sequenced the entire
ACKR1 gene in 11 (2.88%) donors with inconclusive results. The data obtained in
the sequencing were evaluated in silico, through the Poly-Phen2, SIFT and
RegulomeDB tools. Our investigation accounted 11 genetic variants from which 4
(c.-541C>T, ¢.21+150C>T, ¢.22-58A>G and c.298G>A SNPs) we discuss the
apparent functional effect on structure and expression of DARC protein. Overall,
molecular events result in the red blood cell genotype and phenotype being
apparently discrepant by gathering more information. In conclusion, further studies
characterizing the functional impact of genetic variants associated with the
prediction of new blood group alleles are critical in the implementation of molecular
techniques for secure antigen genotyping of patients and donors in blood banks.
The use of effective molecular methodologies can optimize transfusion practices

through appropriate blood units for each individual.



APRESENTACAO DA DISSERTACAO

Este trabalho consiste na dissertagdo de mestrado “Investigacdo da
Variabilidade do Gene ACKR1 em Doadores de Sangue de Porto Alegre/RS”, a
ser apresentada no Programa de Pds-graduagéo em Biociéncias da Universidade
Federal de Ciéncias da Saude de Porto Alegre no ano de 2017. O trabalho foi
elaborado a partir da analise de dados de um projeto maior denominado “Biologia
Molecular de Grupos Sanguineos — Impacto na Pratica Transfusional”, o qual foi
iniciado no ano de 2012.

A presente dissertacdo é composta de uma introducéo sobre os principais
conceitos envolvidos na medicina transfusional, que sdo sistemas de grupos
sanguineos (secao 1), aloimunizacao eritrocitaria (secao 2) e tipagem sorologica e
molecular (secdo 3). A seguir, o capitulo | compreende o artigo de revisao
intitulado Molecular basis of the Duffy blood group system, descrevendo uma
visdo geral do sistema de grupo sanguineo Duffy e caracterizando as principais
variantes alélicas do gene, publicado no periddico Blood Transfusion. A descri¢cao
da andlise experimental desenvolvida durante o mestrado e dos resultados
obtidos estad apresentada no artigo original, capitulo II: Identification of ACKR1
variants associated with altered Duffy phenotype expression in blood donors from
the Southern Brazil, o qual serda submetido ao periédico Vox Sanguinis. As
consideracfes finais apontam perspectivas acerca do refinamento da
caracterizacdo do perfil genético no progresso da tipagem molecular sanguinea.

Os documentos suplementares estdo apresentados na forma de anexos.



INTRODUCAO
1.1 Sistemas de grupos sanguineos

Os sistemas de grupos sanguineos sdo caracterizados pela presenca ou
auséncia de antigenos na membrana eritrocitaria. Estes antigenos, como parte
integrante dos componentes da membrana, possuem caracteristicas polimorficas
e funcionais bem definidas (Issitt & Anstee, 1998). Atualmente, de acordo com a
International Society for Blood Transfusion (ISBT), estdo descritos 346 antigenos
eritrocitarios, distribuidos em 36 sistemas de grupos sanguineos (Storry et al.,
2016).

A maioria dos antigenos de grupos sanguineos possui um padrao de
heranca mendeliana. Sua grande diversidade é originada a partir de mudancas ao
nivel genético que variam desde polimorfismos de um unico nucleotideo (SNPs) a
trocas génicas como inversoes, dele¢cdes, inser¢des, splicing alternativo, dentre
outros mecanismos (Denomme, 2011; Reid et al., 2012). Como a prevaléncia dos
antigenos de grupos sanguineos pode variar entre diferentes populacfes, este
entendimento tem provado ser Util no rastreamento dos padrées de imigracdo de
diferentes grupos étnicos ao longo do tempo (Storry, 2003; Jungbauer, 2011). O
conhecimento da distribuicdo dos antigenos de grupos sanguineos entre um
grupo étnico e outro, é importante também na busca de sangue de fendtipo
compativel, entre pacientes e doadores de sangue, em especial, fenétipos raros
ou variantes, que sédo predominantes em determinadas populacdes (Meny et al.,
2013).

Os antigenos eritrocitarios sdo formados por sequéncias especificas de
aminoacidos que constituem uma proteina; por carboidratos ligados a proteinas
ou a lipidios da membrana eritrocitaria (Reid & Yazdanbakhsh, 1998). Em relagéo
aos aspectos funcionais, eles podem ser classificados em: proteinas estruturais,
transporte, receptores/moléculas de adesdo, enzimas, complemento, proteinas
regulatorias e outras, sendo que um antigeno eritrocitario pode apresentar mais
do que uma funcdo (Bonifacio & Novaretti, 2009). Os antigenos de grupos
sanguineos tém um papel significativo na medicina transfusional, na

incompatibilidade materno-fetal, nas anemias autoimunes e nos transplantes de



orgdos (Issitt & Anstee, 1998). Depois dos antigenos do sistema ABO, os mais
significativos clinicamente sdo os antigenos dos sistemas Rh, Kell, Duffy e Kidd
(Klein & Anstee, 2005; Higgins & Sloan, 2008).

1.2 Aloimunizagdao eritrocitaria

Os antigenos de grupos sanguineos apresentam importancia na medicina
transfusional visto que estdo presentes na porcdo externa da membrana
eritrocitaria e, por isso, a auséncia de um antigeno na membrana pode ocasionar
a aloimunizacdo de um receptor, caso 0 mesmo seja transfundido com
concentrados de hemacias que expressem 0 antigeno em questao (Issitt &
Anstee, 1998; Reid, 1995). Além disso, o0 alto grau de diversidade genética e a
presenca de recombinacdes génicas pode levar a alteracdes qualitativas e
quantitativas na expressdo dos antigenos na membrana da hemécia, gerando
fendtipos parciais e fracos, que podem também estar associados a aloimunizagao
(Klein & Anstee, 2005). Essa aloimunizacdo se da uma vez que alguns desses
antigenos geram a producdo de imunoglobulinas chamadas de anticorpos
irregulares, que sdo os anticorpos formados somente apdés a exposicao, por
transfusdo ou gestacao, ao antigeno correspondente (Daniels et al., 2004).

O significado clinico dos anticorpos antieritrocitarios depende da frequéncia
do antigeno (variando em diferentes origens étnicas), da sua imunogenicidade e
capacidade hemolitica do anticorpo, além de situacdes clinicas especificas (Issitt,
1994). Considerando as frequéncias génicas e a incidéncia destes anticorpos em
varias populacdes, foi estimado que a probabilidade de um individuo produzir um
ou mais anticorpos antieritrocitarios € de aproximadamente 1% por unidade de
sangue transfundida (Giblett, 1961). Contudo, essa frequéncia pode estar
aumentada em determinados grupos de pacientes que recebem transfusdo de
concentrado de hemacias cronicamente tais como, 0s pacientes portadores de
anemia falciforme, B-talassemia e sindrome mielodisplasica (Giblett, 1977),
podendo desenvolver anticorpos contra mdultiplos antigenos eritrocitarios. Estes
anticorpos permanecem na circulacdo e estdo implicados em reacles
transfusionais hemoliticas (RTH) e na reducdo do numero de bolsas de sangue

compativeis para futuras transfusdes (Castilho, 2008).
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A obtencdo de concentrado de hemacias compativel para pacientes com
multiplos anticorpos ou anticorpos raros pode ser dificil ou até mesmo impossivel.
O resultado da demora em se encontrar unidades compativeis ou mesmo a
incapacidade de assegurar uma transfusdo segura, podem trazer consequéncias
graves aos pacientes e contribuir com a mortalidade (Nickel et al., 2016). Na
pratica transfusional atual, tem-se procurado minimizar as chances de um
individuo formar aloanticorpos antieritrocitarios. Alguns autores estimulam as
transfusdes intrarraciais (Chou et al., 2013). Em contrapartida, outros autores
recomendam transfusdes fenotipicamente compativeis com o0s antigenos
eritrocitarios mais imunogénicos independente da raca (Vichinsky et al., 1990;
Vichinsky et al., 2001; LaSalle-Williams et al., 2011). Apesar de existirem ainda
algumas questdes nao respondidas em relacdo a resposta imune aos antigenos
eritrocitarios, a implantacao de protocolos seguros e eficientes de fenotipagem
e/ou genotipagem de grupos sanguineos pode reduzir drasticamente os riscos de
desenvolvimento de aloanticorpos em pacientes que recebem transfusdo

sanguinea (Castilho, 2008).

1.3 Tipagem soroldgica e molecular

Os procedimentos de fenotipagem sao baseados no principio da
hemaglutinacdo, que € o método classico para testes de antigenos de grupos
sanguineos e anticorpos. Baseia-se na utilizacdo de métodos soroldgicos e tem
sido largamente adotada por apresentar boa eficiéncia, quando bem executado,
nos testes de compatibilidade entre pacientes e doadores de sangue (Reid &
Lomas-Francis, 2002; Reid, 2007; Strauss & Reid, 2008). Embora seja
constantemente utilizada nos bancos de sangue, apresenta limitagdes técnicas:
(1) interpretacdo subijetiva; (2) procedimentos pouco automatizados; (3) alto custo
dos reagentes (em especial soros raros); (4) muitos soros raros nao registrados e
de origem humana; (5) indisponibilidade de antissoros comerciais para muitos
antigenos e (6) falha na identificacdo de antigenos parciais e com baixa
expressdo. Além disso, existem limitagdes clinicas: (1) fenotipagem de pacientes
com transfusbes recentes; (2) fenotipagem de hemacias de pacientes com

autoanticorpos e (3) falha na determinacéo da zigozidade RHD (Reid et al., 2000).
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Quando se busca doadores negativos para multiplos antigenos ou antigenos de
alta frequéncia, um pequeno nimero de doadores pode ser fenotipado ao mesmo
tempo, tornando-se um teste trabalhoso para fenotipagem em larga escala e
limitando, portanto, 0 numero de estoque de unidades de sangue antigenos-
negativos (Reid, 2009).

Enquanto os testes de hemaglutinacdo avaliam os produtos dos genes de
grupos sanguineos, a genotipagem detecta a sequéncia do DNA responsavel pela
expressdo destes produtos (os antigenos eritrocitarios) (Castilho et al., 2002a;
Reid & Lomas-Francis, 2002; Daniels, 2005). Entre as indicacbes para a
realizacdo de testes moleculares estdo a identificacdo dos antigenos eritrocitarios
em pacientes recém-transfundidos, em pacientes com teste direto da antiglobulina
(TAD) positivo e a identificacéo do risco do desenvolvimento de doenca hemolitica
do recém nascido (DHRN) (Flegel et al., 1998; Reid & Lomas-Francis, 2002; Van
der Schoot et al.,, 2003). As técnicas moleculares podem ainda identificar a
presenca de variacdes em genes que codificam antigenos de grupos sanguineos
fracamente expressos na membrana, contribuindo para a prevencao de possiveis
reacOes transfusionais hemoliticas (Reid, 2007). A utilizacdo das ferramentas de
Biologia Molecular é fundamental para a insercdo de novas metodologias na
rotina laboratorial da imunohematologia.

O interfaciamento das informacdes dos fenétipos deduzidos dos genotipos,
entre o laboratério molecular e os servicos de transfusdo € uma alternativa
importante na determinacao do perfil antigénico e pode auxiliar no esclarecimento
dos mecanismos moleculares envolvidos com as diversas variantes de grupos
sanguineos (Castilho et al., 2002a, 2002b; Castilho & Pellegrino Jr, 2004; Hillyer
et al., 2008). Contudo, para se estabelecer protocolos seguros de genotipagem
dos antigenos eritrocitarios € importante realizar uma triagem sistematica dos
alelos e variantes de grupos sanguineos de determinada populagdo. Em algumas
populac6es ainda existem poucos dados publicados e a diversidade genética dos
grupos sanguineos permanece desconhecida, como € o caso do Rio Grande do
Sul.
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JUSTIFICATIVA

O grupo sanguineo Duffy possui um importante significado clinico na
medicina transfusional. O anticorpo anti-Fy® é encontrado principalmente em
seguida a uma transfusédo e, menos frequentemente, como resultado de uma
gravidez. Ele raramente ocorre naturalmente (Rosenfield et al., 1950; Algora et al.,
1991). O anti-Fy” é aproximadamente 20 vezes menos comum que o anti-Fy? e
esta geralmente presente no soro em combinacdo com outros anticorpos (Marsh
et al., 1975). Estes anticorpos sédo predominantemente da subclasse tipo IgG1,
com menos contribuicdo de outras subclasses, por exemplo 1gG2 (18%) e IgM
(25%) (Hardman & Beck, 1981; Szymanski et al., 1982). Os dois anticorpos
podem causar reacdes transfusionais hemoliticas imediatas e tardias (Issitt &
Anstee, 1998; Daniels et al., 2002). Os antigenos Fy* e Fy° expressam-se em
células eritroides e ndo-eritrdides, como ceélulas endoteliais e, também, em células
epiteliais em varios 6rgdos como cérebro, rins, baco, coracao, pulméo, pancreas e
placenta (Girello & Kihn, 2007).

A clonagem dos genes que controlam a expressdo dos antigenos
eritrocitarios, a caracterizacdo estrutural dessas moléculas e a avaliacdo da sua
expressdo tecidual diferencial sdo avancos para o entendimento de aspectos
funcionais. Atualmente, estudos tém identificado variantes que determinam a
expressdo fraca ou nula dos antigenos Fy* e Fy® (ISBT), destacando a
importancia de estabelecer a incidéncia de variantes e o impacto destas na
expresséao do fendtipo.

As caracteristicas de origem étnica e geografica influenciam na distribuicéo
dos diferentes alelos de antigenos eritrocitarios, impactando diretamente na
transfusdo de hemocomponentes, devido a imunogenicidade desses antigenos
(Pellegrino et al., 2001). O Brasil possui um territério de tamanho continental e
seu cruzamento interétnico formou uma das populagbes mais heterogéneas do
mundo (Pena et al.,, 2011). Adicionalmente, o Sul do Brasil é composto
predominantemente por uma mistura entre descendentes de europeus, possuindo
uma distinta variabilidade genética em relagédo a outras regides do pais (Pena et

al., 2011; Salzano & Sans, 2014). O conhecimento do perfil genético, através do



13

rastreamento de variantes ainda ndo descritas no gene que codifica o grupo
sanguineo Duffy pode auxiliar na implementacdo das técnicas moleculares para
genotipagem de pacientes e doadores em bancos de sangue. A utilizacdo de
metodologias moleculares eficazes pode otimizar as préticas transfusionais,
através do direcionamento de unidades de sangue mais compativeis para cada
individuo, contribuindo no aumento da seguranca e, consequentemente, na

qualidade da medicina transfusional.
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OBJETIVOS

Objetivo geral

Investigar a presenca de variantes genéticas do grupo sanguineo Duffy, em

doadores de sangue do Sul do Brasil.

Objetivos especificos

Avaliar a correlacdo fenotipo-gendtipo do grupo sanguineo Duffy,
considerando os polimorfismos ¢.125G>A  (rs12075), ¢.265C>T
(rs34599082) e c.1-67T>C (rs2814778), em 382 doadores de sangue do
Hospital de Clinicas de Porto Alegre.

Realizar um rastreamento molecular para identificacdo de variagdes no
gene ACKR1 que possam afetar a expressdo dos antigenos eritrocitarios
do grupo sanguineo Duffy, nos doadores com discrepancia na correlacao

fenétipo-genotipo.
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Abstract

ACKRI1,located on chromosome 1g23.2, is the gene
that encodes a glycoprotein expressing the Duffy blood
group antigens. This gene is transcribed in two mRNA
variants yielding two isoforms, encoding proteins with
338 and 336 amino acids. This review provides a general
overview of the Duffy blood group to characterise
and elucidate the genetic basis of this system. The Fy?
and Fy® antigens are encoded by co-dominant FY*4
(FY*01) and FY*B (FY*02) alleles, which differ by
c.125G>A (rs12075), defining the Fy(a+b—), Fy(a—b+)
and Fy(a+tb+) phenotypes. The Fy(a—b—) phenotype
that occurs in Africans provides an explanation for the
apparent absence of Plasmodium vivax in this region:
this phenotype arises from homozygosity for the FY*B
allele carrying a point mutation c¢.1-67T>C (rs2814778),
which prevents Fy® antigen expression only in red blood
cells. The same mutation has also been found on the
FY*A allele, but it is very rare. The Fy(a—b—) phenotype
in Europeans and Asians arises from mutations in the
coding region of the FY*4 or FY*B allele, preventing
Duffy antigen expression on any cell in the body and
thus are true Duffy null phenotypes. According to
the International Society for Blood Transfusion, ten
alleles are associated with the null expression of the Fy
antigens. Furthermore, different allelic forms of FY*B
modify Fy® antigen expression, which may result in very
weak or equivocal serology results. The mostly common
found variants, ¢.265C>T (rs34599082) and ¢.298G>A
(rs13962) - previously defined in combination only
with the FY*B allele - have already been observed in
the FY*A allele. Thus, six alleles have been recognised
and associated with weak expression of the Fy antigens.
Considering the importance of the Duffy blood group
system in clinical medicine, additional studies via
molecular biology approaches must be performed to
resolve and clarify the discrepant results that are present
in the erythrocyte phenotyping.

Keywords: Duffy blood group system, ACKRI gene,
DARGC, allele variants.

Introduction

The blood group systems are characterised by the
presence or absence of antigens on the erythrocyte
membrane, and these antigens are often polymorphic

with respect to sequence and function'. Currently,
according to the International Society for Blood
Transfusion (ISBT), there are 346 erythrocyte antigens,
dispersed over 36 different blood group systems?.

The erythrocyte antigens are genetically inherited and
defined by specific sequences of amino acids, constituting
proteins connected to lipids or carbohydrates®. These
antigens are important to transfusion medicine because
their absence from the red blood cells of an individual
can result in alloimmunisation after a transfusion with
the respective antigen'. Among the various consequences
of alloimmunisation, the following stand out: an
increased risk of transfusion reactions, reduction of
the number of compatible blood bags, destruction of
allogeneic erythrocytes, as well as of autologous and
foetal erythrocytes, in addition to damage to transplanted
tissues”.

In order to minimise the chances of an individual
generating erythrocyte alloantibodies, transfusions must
be phenotypically compatible to the most immunogenic
antigens®. Although phenotyping is essential for the
confirmation of the presence of alloantibodies and also
for the detection of blood group antigens®®, phenotyping
suffers from certain technical limitations because it is a
subjective test, many antibodies are not commercially
available and it is a labour-intensive test, so a relatively
small number of donors can be typed for a relatively
small number of antigens. There are also certain clinical
limitations, including the difficulty of phenotyping
recently transfused patients as well as red blood cells
coated with IgG, and it can be challenging to distinguish
an alloantibody from an autoantibody in antigen-positive
people’. In these situations, blood group genotyping has
proven to be an excellent alternative to phenotypying'®!''.

The main indications for performing such a
molecular test in immunohaematology are the
identification of erythrocyte antigens in recently
transfused patients, in patients with a positive direct
antiglobulin test (DAT+) and in situations in which
there is a risk of developing haemolytic disease of
the foetus and newborn (HDFN)7'%!3, Molecular
techniques may also be used to identify the presence
of variation in genes that encode blood group antigens
that are expressed weakly in the membrane, thereby
contributing to the prevention of possible haemolytic
transfusion reactions®.
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DNA-based genotyping of the Duffy blood group
system can be an important adjunct to traditional
phenotyping, especially in clinical situations in which
the risk of HDFN is a concern and for locating matched
blood for alloimmunised patients. Accordingly, this
review provides a general overview of the Duffy blood
group to characterise and clarify the genetic basis of the
allelic variants of this system.

Duffy blood group system

The Duffy blood group was initially reported by
Cutbush in 1950, who described the reactivity of an
antibody found in a male, multitransfused, haemophilic
patient who had an alloantibody against an antigen,
then denoted as Fy?. This antibody was named anti-Fy?,
in honour of the patient in question'*. A year later, an
antibody was described in the serum of a multiparous
woman which defined its antithetical pair, called
anti-Fy® '°. The Duffy antigens reside in an acidic
glycoprotein that spans the membrane seven times. The
N-terminal portion forms the extracellular domain and
the C-terminal portion forms the intracellular domain.

Biological functions

The Duffy glycoprotein, also known as the Duffy
antigen receptor for chemokines (DARC), is a
promiscuous receptor that binds chemokines of the C-X-C
and C-C classes'®'8. Examples of C-X-C chemokines are
interleukin-8 (IL-8) and melanoma growth stimulatory
activity (MGSA), while the C-C chemokines include
regulated on activation, normal T expressed and secreted
(RANTES) and monocyte chemotactic protein-1
(MCP-1)'*18, The main normal function described for
DARC is that it effectively sustains homeostatic levels
of circulating chemokines and modulates chemokine
gradients between tissues and the blood to mediate the
influx of neutrophils and monocytes from blood vessels
into tissues during immune responses'*?°. Although the
specific mechanisms underlying its functions remain
uncertain, there is interest in DARC as an explanatory
variable for population-specific differences in disease
susceptibility?!, as demonstrated by ongoing research
into its role in inflammation-associated pathology
and malignancy?'??, and by the recent, though highly
controversial®, surge in interest around the antigen's role
in human immunodeficiency virus infection®*.

Much of the research into this blood group has
been concerned with elucidating the characteristic
expression patterns among different populations?.
Interest in the Duffy blood group rose substantially
with the recognition of its role as a portal of entry for
malarial parasites into human red blood cells?¢. While
Plasmodium falciparum uses a series of receptors on
the surface of human erythrocytes to invade them,

Plasmodium vivax and Plasmodium knowlesi depend
on an interaction with the Duffy antigen, meaning that
red blood cells lacking the antigen are refractory to
invasion by these merozoites®**°. The proportion of
individuals in African populations who do not express
the DARC protein in their erythrocytes is high. The
gap in distribution of P. vivax in Africa is, therefore,
viewed as the consequence of the lack of this protein on
red blood cells - suggesting either an adaptive response
to the disease or a selective pressure acting on the
parasite®®®!. Furthermore, a genotype-dosage effect on
expression of the DARC protein has been described
and the level of DARC expression is associated with
susceptibility and resistance to infection®?=°. These
results imply that the red cells of heterozygotes for
the silent allele bind substantially less P. vivax Duffy-
binding protein than those of individuals with two active
FY alleles, indicating that Duffy-negative heterozygosity
confers significant protection and may have a selective
advantage in areas where P, vivax is endemic*. However,
since 2006 there have been reports of Duffy-negative
individuals infected with P. vivax, both throughout
Africa (Kenya, Madagascar, Mauritania, Cameroon,
Angola, Equatorial Guinea, Ethiopia, and Sudan) and
in Brazilian Amazon®”-*. The mechanisms involved in
this invasion remain to be elucidated: the hypotheses
postulated include expansions of the copy number of
gene Duffy-binding protein 1 of the P. vivax*’ and the
use of alternative ligand-receptor pairs*®+’.

Genetic basis

ACKRI, also known as DARC or FY (NCBI), is the
gene that encodes a transmembranous glycoprotein
expressing the Duffy blood group antigens. Its
genetic locus was reported to be on chromosome 1,
located formerly in the region 1q21-25 by linkage
analysis*®. Later, the position of the gene was refined
to 1g23.2. The gene (sequence NC_000001.11, region:
159204013-159206500) is transcribed as two mRNA
variants. Chaudhuri et al. reported that the first mRNA
variant has one exon®. Subsequently, Iwamoto et al.
demonstrated the existence of a spliced mRNA variant
that has two exons with the intron encompassing
sequences in the initial part of the first mRNA variant®°.
Despite encoding for a shorter protein, the second
mRNA variant has a longer transcript than the first
because of a longer 5’ untranslated region. These two
distinct transcript isoforms are expressed from separate
promoters, yielding distinct protein products. The
major transcript is derived from exon 1 and exon 2 of
ACKRI1; the minor product is a transcript initiated at the
beginning of exon 2. The minor and major transcripts
generate, respectively, isoform A (NM_001122951.2/
NP_001116423.1), encoding a protein of 338 amino
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Figure 1 - ACKRI gene structure and proteins and mRNA isoforms.
Viewing the figure from top to bottom: the black box represents the ACKR! gene, the white box shows the mRNA of
isoform B (NM_002036.3) and the dashed box shows the isoform B protein (NP_002027.2); the next white box represents
the mRNA of isoform A (NM_001122951.2) and the dashed box shows the protein of isoform A (NP_001116423.1). The
arrows indicate the positions of the main genetic variants already described in this gene.

acids and isoform B (NM_002036.3/NP_002027.2),
which encodes a protein of 336 amino acids®' (Figure 1).

The nucleotide and amino acid sequences of ACKR
were renumbered after the discovery that the spliced
mRNA is the major product of the gene. It was proposed
that the first nucleotide of the translation initiation codon
of the major spliced mRNA be numbered nucleotide
1. This numbering convention avoids inconsistencies
created by differing lengths of the 5-prime untranslated
region arising from alternative transcription initiation
sites®2. This isoform B has been chosen as the "canonical"
sequence that is known to be relevant for blood group
genotyping because is expressed in erythroid lineage
cells. All positional information in this review refers
to isoform B.

The antithetical antigens, Fy® and Fy®, are encoded by
co-dominant F'Y*4 (FY*01) and FY*B (FY*02) alleles,
which differ by a single nucleotide polymorphism
¢.125G>A (rs12075)*°, On the F'Y*A4 allele, the base is
guanine (G), and on the F'Y*B allele the base is adenine
(A). This missense mutation produces a codon for
glycine in the FY*4 allele and a codon for aspartic acid
in the FY*B allele at position 42 of the major product
(p.Gly42Asp)¥-, defining the Fy(a+b—), Fy(a—b+)
and Fy(a+b+) phenotypes. Additionally, a number of
variants have been identified that cause weak (+¥ or
*) and null (0 or *N) expression of Duffy Fy? or Fy®
antigens (Table I). According to the ISBT, there are two
mutations associated with weak expression of Fy* and
five mutations associated with weak expression of Fy®.

Seven mutations that cause the null expression of Fy?*
have already been observed and three such mutations
for Fy® have been found. Despite the high genetic
variability related to Duffy antigen production, some of
these variants are more commonly associated with null
or weak expression of these antigens than others, and
they are described below.

The Fy(a—b—) phenotype, also known as "erythrocyte
silent" (Fy*), occurs in African lineages and, depending
on the region, has a prevalence of nearly 100% (e.g.
in West Africa) and is also found at greater than 80%
frequency in African Americans?**¢. This phenotype
arises from homozygosity for an FY*B allele carrying
a point mutation c.1-67T>C (rs2814778) in the 5'
untranslated region®’. This mutation gives rise to the
FY*BES (FY*02N.01) allele, which impairs promoter
activity in erythroid cells by disrupting a binding site
for the GATA-1 erythroid transcription factor®’. This
mutation prevents Fy® antigen expression only in red
blood cells but not in other tissues®*%. As a result,
Africans with the Fy(a—b—) phenotype rarely make
anti-Fy®%%:% The same mutation (previously described
as ¢.-33T>C and c¢.-46T>C) has been found on the
FY*4%allele (FY*0IN.01), but only in a heterozygous
state in inhabitants of Papua New Guinea and Sudan; it
is very rare®°!. Pisacka et al. reported a novel mutation
at position c¢.1-69 in the F'Y promoter that also disrupts
the GATA motif and correlates with silencing of the
FY*4 allele, causing a Fy null phenotype®.

The few documented cases of the Fy(a—b—)
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Table I — Variants of the Duffy blood group system.

Fy expression Allele name Nucleotide Region Amino acid dbSNP
Fy(at) FY*01 c.125G Exon 2 p.Gly42 rs12075
Fy(b+) FY*02 c.125G>A Exon 2 p.Gly42Asp rs12075
Null alleles
Fy(a) null
Fy(a—) erythroid cells only FY*0IN.01 c.1-67T>C S'UTR p.0 152814778
Fy(a—) FY*0IN.02 ¢.286_299del Exon 2 p.Trp96Thrfs 1587776507
Fy(a-) FY*0IN.03 c.408G>A Exon 2 p-Trp136Ter -
Fy(a-) FY*QIN.04 c.287G>A Exon 2 p.Trp96Ter 15750052723
Fy(a—-) FY*0IN.05 c.327delC Exon 2 p.Phe109fs -
Fy(a—-) FY*0QIN.06 c.395G>A Exon 2 p.Gly132Asp 1530992295
Fy(a—) FY*0IN.07 ¢.719delG Exon 2 p-Gly240fs -
Fy(a—) - ¢.1-69T>C 5'UTR p.0 -
Fy(b) null
Fy(b-) erythroid cells only, Fy* FY*02N.01 c.1-67T>C S'UTR p.0 1s2814778
Fy(b-) FY*02N.02 c.407G>A Exon 2 p-Trp136Ter rs76819093
Fy(b-) FY*02N.03 c.781G>A Exon 2 p.Gly261Arg -
Weak alleles
Fy(a) weak
Fy(a+Y) FY*0IW.01 ¢.265C>T Exon 2 p.Arg89Cys 1s34599082
Fy(at+") FY*01w.02 ¢.265C>T, 298G>A Exon 2 p.Arg89Cys, 1s34599082, rs13962
Alal00Thr
Fy(b) weak
Fy(b+v), Fy* FY*02w.01 ¢.265C>T, 298G>A Exon 2 p.Arg89Cys, 1s34599082, rs13962
Alal00Thr
Fy(b+Y), Fy* FY*02w.02 c.145G>T, Exon 2 p.Ala49Ser, -
¢.265C>T, 298G>A Arg89Cys, r$34599082, rs13962
Alal00Thr
Fy(b+v) FY*02W.03 c.266G>A Exon 2 p.Arg89His 1s371909350
Fy(b+Y) FY*02W.04 c.901C>T Exon 2 p.Pro301Ser 1s753831902

The nucleotide position is based on NCBI data. fs: frameshift; UTR: untranslated region.

phenotype in Europeans and Asians arise from mutations
in the coding region of the FY*4 or FY*B allele>>¢365,
These mutations, when present in the homozygous state,
prevent Duffy antigen expression on any cell in the body
and thus are true Duffy null phenotypes. Consequently,
these individuals are at risk of being alloimmunised
when exposed to red blood cells expressing Fy antigens®.

Different allelic forms of the Duffy blood group
gene modify the antigen's expression level, which may
cause problems in blood group phenotyping, leading,
specifically, to very weak or equivocal serology typing
results®-%. The most common variants, ¢.265C>T
(rs34599082) and c.298G>A (rs13962), cause a
substitution of arginine to cysteine at position 89
(p.-Arg89Cys) and an alanine to threonine substitution
atamino acid 100 (p.Alal00Thr) of glycoprotein Duffy,
respectively. The aforementioned two variants usually
result in the weak expression of Fy® (FY*02W.01 allele,
also referred to as Fy* antigen). This allele has been

described mainly among Europeans, with a frequency
varying from 2 to 3,5%; but it has not been found in
Africans®73. The ¢.298G>A variant alone does not
result in reduced Fy® expression’. Another mutation
linked to weak expression of the antigen Fy®, c.145G>T,
changes the amino acid alanine to serine at position 49
(p.Ala49Ser), generating the FY*02W.02 allele®.
Although less common, weak serological reactivity
of'the Fy® antigen has already been observed and Lopez et
al. recently investigated this phenotype. They identified
two variants of the F'Y*4 allele, 265T and 298A, which
were consistently present in the donor. Prior to this study,
these variants had only been defined in combination
with the FY*B allele. Reflecting these facts, FY*01W.02
was the provisional name given to the new allele by the
ISBT Working Party on Red Cell Immunogenetics and
Blood Group Terminology’. One potential explanation
for such complexity among Fy antigens could be the
co-expression of alternative ACKRI gene product
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Table II - Phenotype and genotype correlations of the main polymorphisms.

Phenotype c.125G>A! ¢.265C>T? c.298G>A? ¢.1-67T>C* Predicted genotype Predicted antigen
Fy(atb-) G/G C/C G/G T/T FY*A/FY*4 or FY*01/FY*01 Fy*
G/A C/C G/G T/C FY*01/FY*02N.01 Fy*/Fy*
Fy(a+b+) G/A c/c G/G T FY*A/FY*B or FY*01/FY*02 Fy*/Fy®
G/A C/T G/A T/T FY*01/FY*02W.01 Fy*/Fy*
Fy(a—b+) A/A C/C G/G T/T FY*B/FY*B or FY*02/FY*02 Fy*
A/A C/T G/A T/T FY*02/FY*02W.01 Fy*/Fy*
A/A T/T A/A T/T FY*02W.01/FY*02W.01 Fy*
A/A C/T G/A T/C FY*02W.01/FY*02N.01 Fy*/Fys
A/A C/C G/G T/C FY*02/FY*02N.01 Fy/Fy*
Fy(a—b-) A/A C/C G/G C/C FY*02N.01/FY*02N.01 Fy*/Fy*

'rs12075 predicts the expression of the Fy* and Fy® antigens; 2rs34599082 determines weak expression of the Fy® antigen; *rs 13962 determines weak expression
of the Fy® antigen; ‘rs2814778 prevents expression of Fy® antigen in red blood cells.

Table III - Allele frequencies according to the 1000
Genomes Project.

dbSNP allele AFR' AMR? EAS® SAS* EURS
*

1s12075%G 0019 0461 0923  0.640 0398

Fy(a+t)

1s12075%A

Fyibt) 0981 0539 0077 0360  0.602

1534599082*T

Fybenyor Fy(aewy 0000 0007 0001 0004 0013

rs13962*A

Fy(b+*) or Fy(a+) 0.005 0.094 0.000 0.091 0.184

1s530992295*%A

I 0.000 0.000 0.000 0.002 0.000
Fy(axlu )

1s2814778*C

Fy (b or Fy(av) 0964 0078  0.000 0.000  0.006

'AFR: African (from Yoruba in Ibadan, Nigeria; Luhya in Webuye, Kenya;
Gambian in Western Divisions in the Gambia; Mende in Sierra Leone;
Esan in Nigeria; Americans of African ancestry in the SW USA; African
Caribbeans in Barbados); 2AMR: Admixed Americans (Mexican ancestry
from Los Angeles, USA; Puerto Ricans from Puerto Rico; Colombians
from Medellin, Colombia; Peruvians from Lima, Peru; *EAS: East Asian
(Han Chinese in Beijing, China; Japanese in Tokyo, Japan; Southern Han
Chinese; Chinese Dai in Xishuangbanna, China; Kinh in Ho Chi Minh City,
Vietnam); *SAS: South Asian (Gujarati Indians from Houston, Texas, USA;
Punjabi from Lahore, Pakistan; Bengali from Bangladesh; Sri Lankan Tamils
from the UK; Indian Telugu from the UK); *EUR: European (Utah residents
with northern and western European ancestry from the Centre d'Etude du
Polymorphisme Humain; Tuscany in Italy; Finnish in Finland; British in
England and Scotland; Iberian population in Spain).

Table IV - Typical Duffy phenotype frequencies.

Phenotype Frequencies (%)

Europeans Africans Asians
Fy(at+b—) 20 10 89,2
Fy(a—b+) 32 20 1,8
Fy(atb+) 48 3 9,0
Fy(a—b-) Rare 67 0

Data compiled from Mourant et al. and De Silva ef al.”®7.

isoforms and distinct post-translational modifications
between the isoforms acting as immunogens®!. The
phenotypic and genotypic correlations of the main
polymorphisms are presented in Table II.

Geographic distribution

It is characteristic of this blood group system that
there is a great diversity of distributions of the Duffy
antigenic determinants among different ethnic groups.
Some of these variants were described in the 1000
Genomes Project database. According to these data,
the rs12075*A single nucleotide polymorphism, which
determines the F'Y*B ancestral allele (0.541), is more
prevalent globally than the rs12075*G variant, which
determines the FY*A4 allele (0.459). The FY*B allele
is common in Africans (0.981), but not in East Asians
(0.077). On the other hand, the F'Y*4 allele is dominant
in East Asians (0.923), but is infrequent in Africans
(0.019). Finally, the allele frequencies of the variants
that determine the Fy* and Fy® antigens are highest in
Europeans and Africans, respectively (Table III).

The Duffy system is considered one of the most
attractive chromosomal loci for evaluating the impact
of natural selection in different geographical regions’7.
Because the mutation that confers protection from
infection by P. vivax prevents the expression of the
DARC protein only in erythrocytes, it is possible
to observe differences in phenotypic and genotypic
frequencies of the Fy® antigen in Africans. Although
the most common genotype is FY*B/FY*B, almost
all of the samples type serologically as Fy(a—b—)"".
Table IV presents possible phenotypes among different
populations.

Clinical significance

The anti-Fy?* antibody is found mainly following
transfusion and, less frequently, as a result of pregnancy;
it is almost never naturally occuring®*8!. The anti-Fy®
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is about 20 times less common than the anti-Fy* and
is generally present in sera in combination with other
antibodies®.These antibodies are predominantly of
the IgG1 type subclass, with lesser contributions from
other subclasses, for example, IgG2 (18%) and IgM
(25%)%3#4, Both antibodies cause immediate and delayed
haemolytic transfusion reactions'#>.

The Fy® and Fy® antigens are expressed in erythroid
and non-erythroid cells, such as endothelial cells, and
also in epithelial cells in various organs, including
the brain, kidneys, spleen, heart, lungs, pancreas and
placenta® - lending this system an important role
in the inflammatory response, in allograft rejection
and, possibly, in histocompatibility. The Duffy blood
group is thus a polymorphic system that poses a major
challenge for researchers at phenotypic, genotypic and
tissue levels®’.

Conclusions

In view of the importance of the Duffy blood group
system in clinical medicine, further studies utilising
molecular biology approaches must be developed for
the purpose of elucidating and characterising new
sequence variants. Such molecular typing can help
resolve and clarify the equivocal and discrepant results
that arise in erythrocyte phenotyping performed by
haemagglutination assays. These techniques, used
together, contribute to the optimal use of blood units
and, therefore, to the quality of transfusion practice.

The Authors declare no conflicts of interest.
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Abstract

Background and Objectives: The atypical chemokine receptor 1 gene
(ACKR1) is responsible for the clinically significant Duffy blood group. The
mainly antigens of this system, Fy* and Fy°, can be related with null or weak
expression of the DARC protein. In the present work, we aimed identify ACKR1
gene variants in Southern Brazil blood donors from discrepancies between their
serological and molecular typing results, and analyze the association of these
variants with Duffy phenotype expression.

Materials and Methods: The sample composed by 382 regular repetitive
voluntary blood donors in Blood Bank of Hospital de Clinicas de Porto Alegre
(HCPA) was determined by haemagglutination and real-time PCR (c.125G>A,
€.265C>T and c.1-67T>C SNPSs) tests to typing the Fy antigens. Inconclusive
correlation between phenotype-genotype analyses was found in 11 (2.88%)
donors and the entire ACKR1 gene was sequenced in these samples.

Results: Our investigation accounted 11 genetic variants from which 4 (c.-
541C>T, ¢.21+150C>T, ¢.22-58A>G and c.298G>A SNPs) seems to having
putative functional effects on structure and expression of DARC undertaken for
in silico analysis (SIFT, PolyPhen-2 and RegulomeDB).

Conclusion: In a general way, molecular events result in the red blood cell
genotype and phenotype being apparently discrepant. The mechanisms for
alterations on gene expression of the variants detected in this study remain to
be investigated and our findings should provide new insights into understanding
the molecular background of blood typing for support the technical approaches

developing in the transfusion medicine.
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Introduction

Duffy blood group system is clinically significant because can cause
haemolytic transfusion reaction (HTR) and haemolytic disease of the fetus and
newborn (HDFN) [1]. Duffy antigen receptor for chemokines (DARC) is a
transmembraneous glycoprotein found on erythrocytes and other cells, playing
a role in inflammation and malaria infection [2]. The ACKR1 (atypical chemokine
receptor 1) gene, also termed FY, which encodes the protein is located on
chromosome 1g23.2 and have two exons.

Two allelic forms, FY*01 (FY*A) and FY*02 (FY*B), differ by a single
nucleotide polymorphism (SNP). The FY*02 is the reference allele and the
FY*01 allele arises from a c.125A>G (rs12075) on exon 2, which generates an
p.Asp42Gly associated with Fy® and Fy? antithetical antigens, respectively,
defining the Fy(a+b-), Fy(a-b+) and Fy(a+b+) phenotypes [3-5]. Besides this
aminoacid substituition, rs2814778, rs34599082 and rs13962 polymorphisms
are other common found variants associated with Fy antigen expression. The
point mutation ¢.1-67T>C (rs2814778) in 5' untranslated region (UTR) impairs
promoter activity in red blood cell (RBC) preventing the Fy® antigen expression,
also referred to as Fy®® [6]. In addition, the missense mutations, ¢.265C>T
(rs34599082) and c.298G>A (rs13962), cause a substitution of arginine to
cysteine at position 89 (p.Arg89Cys) and an alanine to threonine substitution at

amino acid 100 (p.Alal100Thr) of DARC resulting in the weak expression of Fy®
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antigen, Fy* [7-9]. Although less common, both variants has already been
observed in combination with the FY*A allele [10].

Duffy blood group is important in several fields of science including
transfusion medicine, immunology and malariology. Therefore, a number of
studies have revised the Duffy phenotype, genotype and allele frequencies in
different ethnic groups of the world [11] as well as the molecular background of
this system [12]. Additionally, ACKR1 variants have been classified into weak
and null types. There are at least three mutations associated with weak
expression of Fy* and five mutations associated with weak expression of Fy".
Nine mutations that cause the null expression of Fy® have already been
observed and six such mutations for Fy* have been found according to
International Society of Blood Transfusion (ISBT).

The investigation of RBC genetic variants in multi-ethnic populations as
Brazil [13,14,15] is of interest to expand the molecular characterization,
supporting the quality management in transfusion medicine. The objectives of
this study were to identify ACKR1 gene variants in Southern Brazil blood donors
from discrepancies between their serological and molecular typing results, and

analyze the association of these variants with Duffy phenotype expression.

Materials and Methods
Subjects

Whole blood samples were collected from 382 regular repetitive
voluntary blood donors in Blood Bank of Hospital de Clinicas de Porto Alegre
(HCPA), which is located in in the southern Brazilian state of Rio Grande do Sul
(30°01'59"S 51°13'48"W), between 2012 and 2015. Considering the ethnic

diversity of our population, the random and unrelated sample was clustered by
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white (n= 334) and non-white (n= 48) subjects, according to the following
phenotypic characteristics: color and texture of hair; skin color in the medial part
of the arm; and the shape of the nose and lips [14].

The study protocol was approved by the institutional review board from
HCPA (No. 110418) and Universidade Federal de Ciéncias da Saude de Porto
Alegre (UFCSPA) (No. 1829-12). All blood donors signed a written informed

consent.

Serological and molecular RBC typing

Fy phenotypes were determined by haemagglutination using indirect
antiglobulin test (IAT) in gel cards (Bio-Rad Laboratories, Hercules, CA),
conducted essentially as the blood center practices. Polyclonal antisera
commercially available (Lorne Laboratories, Berkshire, United Kingdom) were
used to type the Fy?and Fy® antigens.

Genomic DNA was extracted from peripheral whole blood by a standard
salting-out procedure [16]. Concentration and purity of DNA samples were
analyzed by optical density (BioSpec-Nano, Shimadzu, Columbia, MD), diluted
to 10 ng/uL and then stored at -20°C for long-term storage. To prediction of
Duffy blood group antigens: Fy?, Fy®, Fy* and Fy®*, oligonucleotide primers and
TagMan probe for the ¢.125G>A (rs12075), ¢.265C>T (rs34599082) and c.1-
67T>C (rs2814778) SNPs were synthesized (ID: C_2493442 10,
C_11324554 10, C_15769614 10, respectively) by Thermo Fischer Scientific,
Waltham, MA. The fluorescence data were analyzed by allelic discrimination
assays in real-time polymerase chain reaction (PCR) apparatus (StepOnePlus

Real-Time PCR System; Applied Biosystems, Foster City, CA).
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Nucleotide sequencing analysis

Genotype results were electronically displayed alongside phenotypes in a
database. This comparison created a report of phenotype-genotype
discordances. We found discordant results in 11 (2.88%) blood donors, of which
nine white and two non-white individuals. The ACKR1 gene was sequenced in
these samples and for sequencing five primer pairs were designed (Primer3
v0.4.0) to cover the entire ACKR1 gene (Table 1).

PCR amplification was carried out in a thermal cycler (model 2720;
Applied Biosystems) with 10 ng of DNA, 10 pmol of each primer, 0.2 mM of
dNTP, 1.5 mM MgCl,, 1.0 U Platinum Taq DNA polymerase and buffer, in a
final volume of 25 uL. The PCR profile used in assays was as follow: 5 minutes
of initial denaturation at 94°C, 35 cycles of 94°C for 30 seconds, 53°C for 30
seconds and 72°C for 1 minute each with a final extension step of 7 minutes at
72°C. Annealing temperature for fifth sequenced fragment was 60°C. After PCR
clean-up with an enzymatic treatment (ExoSAP-IT), sequencing reactions were
conducted with a cycle sequencing kit on a DNA sequencer (BigDye Terminator
v3.1 and 3130 Genetic Analyser, respectively, Applied Biosystems) in

accordance to default operating parameters.

Bioinformatic analysis

ACKR1 blood donors’ sequences were compared on Clustal X v2.1 to
the consensus sequence, NCBI RefSeq NG_011626.2 (range 159,204,013-
159,206,500) and DNA mutation numbering was based with nucleotide +1
corresponding to the A of the ATG translation initiation codon the coding

sequence (CDS) NM_002036.3. The computational tools PolyPhen-2
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(Polymorphism Phenotyping v2) [17] and SIFT (Sorting Intolerant from Tolerant)
[18] were used to predict possible impact of an amino acid substitution on
protein structure and function as well as RegulomeDB [19] was used to identify
DNA features and regulatory elements in non-coding regions in ACKR1 gene

undertaken for in silico analysis.

Results

We performed the sequence of 2488 nucleotides of the ACKR1 gene,
consisting in analyses of the 1009 bp in two exons, 948 bp of the 5'-
untranslated region (UTR), 50 bp of the 3’-UTR, and 481 bp of the intron
adjacent. From 11 blood donor samples with inconclusive correlation between
phenotype-genotype analyses (Table 2), our investigation accounted 11
variations distributed throughout the whole gene. Although these
polymorphisms had already been described in the Database of Short Genetic
Variations (dbSNP — National Center for Biotechnology Information), only two
SNPs (c.125G>A and c.1-67T>C) are recognized as functional allele in ISBT.
All the variants identified were confirmed by repeating the PCR and sequencing
reactions and their characterization are summarized in Table 3. Out of total, two
were in the CDS, one in the upstream gene, four in 5’-UTR, and four in the
intron region. A map of the gene highlighting the positions of each of these
variants is shown in Fig. 1.

Subsequently, in Table 4 was demonstrated for all 11 donors with
phenotype-genotype discrepancies: (1) the Duffy phenotype obtained by
serological typing, (2) SNP-based typing and (3) the genetic variant detected by

sequencing that might explain the equivocal correlations between phenotype-
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genotype, since these variants did not be associated, previously, with effect on
DARC protein expression. There was 100% concordance for all genotype calls
between the Sanger sequencing and the real-time PCR methodology to

determine the known ¢.125G>A, ¢.265C>T and ¢.1-67T>C SNPs.

Discussion

In this current study, we performed a screening of genetic variations by
direct sequencing of the ACKR1 gene that may be associated with phenotype-
genotype discrepancies in blood donors. Analyses on conserved non-coding
region have shown that non-coding DNA is involved in biological functions [20].
These non-coding elements can have various regulatory functions within the
genome, such as interacting with transcription factors (TFs), miRNA, creating
splice sites and acting as exonic splicing enhancers (ESESs) [21]. Despite much
less effort has been invested in the functional analysis of non-coding SNPs as
compared to the coding regions SNPs, recently, studies have begun to reported
mutations in splicing site and promoter region as underlying mechanisms to be
involved in the altered expression of the blood group phenotypes [22-24].

We identified in one of the sequenced samples the heterozygous point
mutation, ¢.-541C>T (rs3027013), located in the 5° UTR of ACKRL1. The variant
was classified as “likely to affect binding” by RegulomeDB tool and related to
the null expression of the Fy® antigen in present study, may arising a new
functional allele linked to silenced FY*A allele. SNPs in gene regulatory regions
such as promoter and enhancer regions can affect gene expression by altering

binding affinities to transcription factors [25] and we hypothesized that the
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aforementioned variant could have functional significance to alter the DARC
protein stability and expression.

Additionally, it was detected from intronic region, the c.21+150C>T
(rs863002) variant in six donors while five donors presented the c.22-58A>G
(rs3027016) variant in heterozygosity, suggesting that these variations might
alter the transcription and/or RNA processing of Duffy antigen. On the
RegulomeDB both variants also were classified as “likely to affect binding”.
These alterations may to modify the protein structure and, consequently, to alter
solubility and/or stability, generating either a null or weakened FY*A or FY*B
allele. The precise splicing outcome of the mRNA is controlled by complex
interactions and has been known genetic variations that affect splicing
regulatory element leading to differences in alternative splicing between human
individuals and consequently impact expression level or protein function [26].

Moreover, we also observed the missense variant c.298G>A (rs13962) in
heterozygous state in two donors. The variant, when combined with the SNP
¢.265C>T, usually result in the weak expression of Fy® antigen [9]. However, in
our study, these donors were serological typing as Fy(b+") carried only the
variant 298*A. This Ala100Thr amino acid change was predicted to be “possibly
damaging” by PolyPhen-2 and “tolerated” by SIFT software’s, suspecting that
this results in quantitatively reduced Fy® antigen density on the RBC surface.

Thus, our findings indicate that 4 SNPs (c.-541C>T, ¢.21+150C>T, c.22-
58A>G and c.298G>A) of ACKR1 gene that haven’t been explored much till
date seems to having putative functional effects on structure and expression of
DARC. Overall, sequence-based typing can improve the accuracy by signaling

weak antigen expression for samples phenotypic as Fy(b-) or Fy(a-), probably
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not detected by serologic reagents. These discrepancies are mainly associated
with single-dose Fy® or Fy® expression that are not originally detected as
positive, therefore, discrepant results suggest to be related with false-negative
historical serologic types. On the other hand, SNP genotyping predict incorrectly
the phenotype for cases carrying silenced FY*A or FY*B allele. This represents
an example of caution in molecular typing; that is, simplex PCR tests targeting
only the known polymorphisms could lead to erroneous assignment due to the
presence of additional mutations, especially in populations in which the
genotyping assays are not validated and the prevalence of variant alleles is not
comprehensively studied [27]. Variants leading to altered expression of antigens
could be missed and this may lead to transfusion mismatches with potentially
adverse outcome [27].

In conclusion, molecular events result in the RBC genotype and
phenotype being apparently discrepant by gathering more information. The
mechanisms for alterations on gene expression of the variants detected in this
study remain to be investigated and may be useful for different studies, given
the importance of the Duffy blood group system in human health. To date,
clinical significance of these phenotypes expressed have yet to be described
with regard to either RBC immunogenicity or alloimmunization risk and, thus,
would be of interest to better analyze the epitopes associated with these
genotypes that predict phenotypes besides their frequencies in different
populations. Our findings should provide new insights into understanding the
molecular background of blood typing for support the technical approaches

developing in the transfusion medicine.
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Web-based resources

The following Web-based resources were used: International Society for Blood
Transfusion. Blood Group Allele Tables — FY (ISBT 008),
http://www.isbtweb.org/working-parties/red-cell-immunogenetics-and-blood-
group-terminology/; Primer3 Input, http://bioinfo.ut.ee/

primer3-0.4.0; Clustal X, http://www.clustal.org/clustal2/; GenBank,
https://www.ncbi.nim.nih.gov/nuccore/NG_011626.2?from=4294&t0=6781&repo
rt=genbank; PolyPhen-2, http://genetics.bwh.harvard.edu/pph2/; SIFT,

http://sift.bii.a-star.edu.sg/; RegulomeDB, http://regulomedb.org. All URLs were
accessed on April, 2017.


http://www.isbtweb.org/working-parties/red-cell-immunogenetics-and-blood-group-terminology/
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https://www.ncbi.nlm.nih.gov/nuccore/NG_011626.2?from=4294&to=6781&report=genbank
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Figure Legends

Fig. 1. Map of ACKR1 schematic representation. The gene is located at chromosome 1g23.2 and consists of two exons
encoding a protein of 336/338 amino acids. The exons (black boxes) are shown schematically along with their 5°-UTR, 3’-
UTR, and the intron (black lines). The locations of five amplification reactions covering the complete ACKR1 are indicated

(dashed lines). The positions of the 11 variations (SNPs) are indicated (| ).



Table Legends
Table 1

F = forward; R = reverse.

Table 2

n = number of blood donors with the discrepancy phenotype-genotype.

Table 3

Data compiled from Ensembl and NCBI; NA = not available.

* Global minor allele frequency.

T Polymorphism Phenotyping v2: Score 0.00-0.452 = benign, 0.453-0.956 = possibly damaging, 0.957-1.00 = probably damaging.
T Sorting Intolerant from Tolerant: Score < 0.05 = damaging, > 0.05 = tolerated.

8 Score 1 = likely to affect binding and linked to expression of a gene target, 2 = likely to affect binding, 3 = less likely to affect
binding, and 4, 5 and 6 = minimal binding evidence.

Table 4

* SNP predicted phenotype from ¢.125G>A, ¢.265C>T and c¢.1-67T>C genetic variants

T Blood donor sample ID.

T Genetic variants detected in sequencing screening with RegulomeDB score: < 2 and Polymorphism Phenotyping v2 score: >
0.453.
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TABLE 1. Oligonucleotide primers used in this study

Primer name Nucleotide sequence (5 to 3’) Amplicon size (bp)
FY-1F TTGTTCTGACTTGGACACGC 538
FY-1R TCTGTATGTGAGGGGCTTGG

FY-2F CACTCTCACACTGAAACACCC 599
FY-2R CTTACCCCACGCCCACTG

FY-3F TGTAGTCCCAACCAGCCAAA 653
FY-3R GAGGACAGAGAGGAAGGTCG

FY-4F CCCTGCTTTGTCCTTTTCCA 675
FY-4R GCAGCCACTCCCCAAATTC

FY-5F TGCTAGGGTGCCATGCCT 600
FY-5R TTCAGGTTGACAGGTGGGAA




TABLE 2. Duffy blood group phenotype—genotype correlations

Observed Genotype assignment Final genotype SNP predicted n
phenotype phenotype

c.1-67T>C c.125A>G ¢.265C>T
Fy(a-b+) T/T AIG C/C FY*01/FY*02 Fy(a+b+) 3
Fy(a+b-)  T/T AIG Cc/C FY*01/FY*02 Fy(a+b+) 3
Fy(a+b+") T/T AIG C/C FY*01/FY*02 Fy(a+b+) 4
Fy(a-b+") T/C A/A C/C FY*02/FY*02N.01 Fy(a-b+) 1

46



TABLE 3. Variants characterization

dbSNP Chr:bp Position Class Region GMAF* PolyPhen-2t SIFTf RegulomeDBS§
rs397752376 1:159204017 c.-943delC Deletion Upstream gene 0.091 (-) - - 4
rs3027012 1:159204333 c.-627C>T SNP 5 UTR 0.091 (T) - - 4
rs3027013 1:159204419 c.-541C>T SNP 5 UTR 0.032(T) - - 2b
rs939553080 1:159204676 c.-284C>T SNP 5 UTR - - - -
rs2814778 1:159204893 c¢.1-67T>C SNP 5 UTR 0.266 (C) - - 2a
rs7550207 1:159205095 ¢.21+115T>C SNP Intron 0.118 (C) - - 4
rs863002 1:159205130 c¢.21+150C>T SNP Intron 0.201(T) - - 2b
rs17838198 1:159205215 c¢.21+235delT Deletion Intron 0.222(T) - - 3a
rs3027016 1:159205403 c.22-58A>G  SNP Intron 0.057 (G) - - 2c
rs12075 1:159205564 c.125A>G SNP Exon 2 0459 (G) O 0.89 3a
rs13962 1:159205737 c.298G>A SNP Exon 2 0.069 (A) 0.763 0.23 5
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TABLE 4. Genotypes for each donor with discrepancies between phenotype—genotype for variants with probably
functional effects in silico analysis

Observed  SNP IDt Genetic variants 1
phenotype predicted
phenotype*
€.-541C>T ¢.21+150C>T c.22-58A>G ¢.298G>A
Fy(a-b+) Fy(a+b+) 24 C/C CIT AIG GIG
106 CIT C/C AlA GIG
374 CIC CIT AlA GIG
Fy(a+b-) Fy(a+b+) 21 C/C CIT AIG G/G
91 C/IC C/C AIG GIG
368 C/IC C/C AIG GIG
Fy(a+b+") Fy(a+b+) 233 CIC CIT AlA GIG
264 C/C C/C AIG GIG
297 CIC CIT AIA GIG
339 C/IC CIT AlA G/A
Fy(a-b+")  Fy(a-b+) 295 C/C C/C A/A G/A
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CONSIDERACOES FINAIS

A descoberta do sistema de grupo sanguineo ABO por Karl Landsteiner em
1900 foi uma das marcas mais importantes na medicina no século XX
(Landsteiner, 1900; Camp & Ellis, 1966). Até a década de 1990, a triagem, a
tipagem e o diagnéstico do sangue dependiam inteiramente de técnicas
sorologicas. Por mais de um século, a hemaglutinacdo se mantém como o
padrdo-ouro para a deteccdo de antigenos eritrocitarios, usada em todos os
servicos de sangue. Este classico método apresenta limitagbes que podem ser
supridas por testes moleculares (Monteiro et al., 2011).

A caracterizacdo dos genes e a determinagdo das bases moleculares de
antigenos tornaram possivel a deteccdo de alelos que codificam grupos
sanguineos. Nos ultimos anos, pesquisas tém revelado que os sistemas de
grupos sanguineos apresentam uma grande diversidade alélica, semelhante a
observada para HLA. De acordo com o banco de dados, Blood Group Antigen
Gene Mutation (BGMUT), de variag6es nos genes que codificam antigenos dos
sistemas de grupo sanguineos, mais de 1.500 alelos sdao conhecidos (Patnaik et
al., 2014). Atualmente, tem havido um grande progresso no entendimento dos
eventos moleculares que levam a diversidade dos antigenos de grupos
sanguineos. Alguns destes mecanismos sdo: mutacdo de ponto, delecao,
insercdo, mecanismos de splicing alterados, crossing over intragénico, crossing
over intergénico, conversao génica e outros rearranjos génicos, impactando na
expressao de proteinas (Cartron et al., 1998; Storry & Olsson, 2004; Daniels,
2009). A aplicacéo deste conhecimento na predicdo da tipagem sanguinea possui
impacto na medicina transfusional (Elizabeth, 2008; Reid, 2009) bem como no
diagnéstico de DHRN (Aradjo et al., 2003; Daniel et al., 2009).

A diversidade entre os antigenos é resultado de variacbes nas sequéncias
dos genes que direta ou indiretamente afetam a expressdo ou a natureza do
epitopo de antigenos na superficie das hemacias. Para qualquer sistema de
grupo sanguineo, apenas um ou alguns fenotipos comuns predominam na
populacdo (Broadberry & Lin, 1996). No entanto, a necessidade de testar a

compatibilidade das unidades de sangue na pratica transfusional tem levado a
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identificacdo de, até mesmo, variantes extremamente raras de tipos sanguineos
(Patnaik et al., 2014). As aparentes discrepancias entre o fendétipo e gendtipo do
individuo séo atribuidas a alteracdes no gene que afetam sua transcricdo quando
a genotipagem busca detectar a presenca de um gene cuja proteina ndo esta
expressa, ocasionando a nao expressao do antigeno na superficie das hemécias.
Nessas situagBes, a analise estendida do DNA pela tipagem baseada em
sequenciamento é a maneira mais confiavel de definir as variagcdes genéticas que
possam causar fenotipos inconclusivos (Seltsam & Doescher, 2009).

Presumindo que o gendétipo reflete o fendtipo, alguns pesquisadores
defendem que a medicina transfusional poderia adotar um processo 'Genétipo ao
Fendtipo', onde a base genética definida dos alelos do grupo sanguineo é
reconhecida como seu fenotipo (Avent et al., 2015). Desta forma, estudos
adicionais que caracterizem o impacto funcional de variantes genéticas
associadas a predicao de novos alelos de grupos sanguineos sdo fundamentais
para o desenvolvimento das plataformas de genotipagem, que estédo
comercialmente disponiveis através de tecnologias de alto rendimento e com
poderosa andlise de dados, oportunizando os bancos de sangue a tornar rapida e
eficiente a tipagem de doadores e pacientes em grande escala.
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COMISSAO CIENTIFICA E COMITE DE ETICA EM PESQUISA

A Comissdo Cientifica e o Comité de Etica em Pesquisa do Hospital de Clinicas de Porto Alegre
(CEP/HCPA), que é reconhecido pela Comissdo Nacional de Etica em Pesquisa (CONEP)/MS ¢ pelo
Office For Human Research Protections (OHRPYUSDHHS, como Institutional Review Board
(IRB00000921) analisaram o projeto:

Projeto: 110418
Data da Verséo do Projeto:  24/10/2011
Data da Versdo do TCLE: 24/10/2011

Pesquisadores:

TOR GUNNAR HUGO ONSTEN
SILVANA DE ALMEIDA

ANANDA CRISTINE SANTOS GALVAO
LEDA MARIA TEIXEIRA DE CAMPOS

Titulo: Biologia Molecular de Grupos Sanguineos: Impacto sobre a pratica Transfusional.

Este projeto foi APROVADO em seus aspectos éticos e metodolégicos, bem como o seu respectivo
Termo de Consentimento Livre e Esclarecido, de acordo com as diretrizes e normas nacionais e
internacionais de pesquisa clinica, especialmente as Resolugbes 196/96 e complementares do Conselho
Nacional de Saude.

- Os membros da Comisséo Cientifica e do Comité de Etica em Pesquisa ndo participaram do processo
de avaliagdo dos projetos nos quais constam como pesquisadores.

- Toda e qualquer alteracdo do projeto, assim como os eventos adversos graves, deverdo ser
comunicados imediatamente ao CEP/HCPA.

- O pesquisador devera apresentar relatérios semestrais de acompanhamento e relatério final ao
CEP/HCPA.

- Somente poderd ser utilizado o Termo de Consentimento Livre e Esclarecido no qual conste o carimbo
de aprovagéo do CEP/HCPA.
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UNIVERSIDADE FEDERAL DE
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: INVESTIGACAO DA VARIABILIDADE DO GENE ACKR1 EM DOADORES DE
SANGUE DE PORTO ALEGRE/RS

Pesquisador: Silvana de Almeida

Area Tematica: Genética Humana:
(Trata-se de pesquisa envolvendo Genética Humana que ndo necessita de analise
ética por parte da CONEP;);

Versdo: 2

CAAE: 49490315.7.0000.5345

Instituicdo Proponente: Universidade Federal de Ciéncias da Saude de Porto Alegre
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

NUumero do Parecer: 1.287.791

Apresentacédo do Projeto:

Trata-se de um projeto de mestrado que objetiva investigar a presenca de variagdes no gene ACKR1 em
doadores de sangue do Hospital de Clinicas de Porto Alegre. Serdo utilizadas amostras previamente
coletadas de 403 doadores voluntarios de ambos o0s sexos que frequentam o Banco de Sangue do Hospital
de Clinicas de Porto Alegre (HCPA) e que foram considerados aptos a doagédo. A amostra compde o estudo
“Biologia Molecular de Grupos Sanguineos: Impacto sobre a pratica Transfusional”, avaliado e aprovado
pelo Comité de Etica em Pesquisa da Universidade Federal de Ciéncias da Sautde de Porto Alegre (Parecer
1829-12) e pelo Comité de Etica do Hospital de Clinicas de Porto Alegre (Parecer 110418). Todos os
participantes ja assinaram ao Termo de Consentimento Livre e Esclarecido (TCLE), autorizando a utilizagédo
das amostras para futuros estudos sobre o0 mesmo assunto. As analises fenotipicas dos antigenos do grupo
sanguineo Duffy foram realizadas através da técnica de Hemaglutinacdo em Gel no Setor de
Imunohematologia do Banco de Sangue do Hospital de Clinicas de Porto Alegre. A avaliacao das variantes
genéticas sera realizada no Laboratério de Biologia Molecular da Universidade Federal de Ciéncias da
Saude utilizando a metodologia de analise PCR-HRM (polymerase chain reaction high-resolution melting).
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Objetivo da Pesquisa:

Objetivo geral: Investigar a presenca de variacdes no gene ACKR1 em doadores de sangue do Hospital de
Clinicas de Porto Alegre.

Obijetivos especificos:

 Determinar a frequéncia dos polimorfismos, ja descritos, 125G>A, 265C>T,

298G>A, -67T>C, em doadores de sangue do Hospital de Clinicas de Porto Alegre.

» Realizar um rastreamento molecular para identificacdo de novas mutacdes e

polimorfismos no gene ACKRL1.

« Avaliar a correlagdo entre a determinagéo do gendtipo e do fenétipo dos

doadores.

Avaliacdo dos Riscos e Beneficios:

N&o ha riscos aos sujeitos de pesquisa considerando que as amostras ja foram coletadas, de forma
consentida pelos doadores, autorizando a utilizagdo do excedente para estudos futuros de mesma natureza.
O beneficio inclui a ampliagdo do conhecimento dos polimorfismos envolvidos na transfuséo de sangue.

Comentérios e Consideracdes sobre a Pesquisa:
Pesquisa de extrema relevancia, derivada de estudo anterior.

Consideracdes sobre os Termos de apresentacdo obrigatoéria:
Todos os termos de apresentacdo obrigatéria foram apresentados de forma adequada em relagéo aos
aspectos éticos. Incluindo as autorizagdes dos responsaveis pelos locais de realizacdo das analises.

Recomendagdes:

Conclus8es ou Pendéncias e Lista de Inadequagdes:
A pesquisa esta adequada para ser desenvolvida até julho de 2017.

Considerac¢des Finais a critério do CEP:
De acordo com o parecer do Relaor

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situacéo
Informagées Basicas|PB_INFORMACOES_BASICAS 610610 16/10/2015 Aceito
do Projeto E1l.pdf 15:54:05
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Qoo

Outros ParcProjAntUFCSPA18291289211.pdf 23/09/2015 | Silvana de Almeida Aceito
15:53:17

Outros CartadeAprovaProjAnteriorHCPA.pdf 23/09/2015 | Silvana de Almeida Aceito
15:51:24

Outros ProjetoAnteriorGenotipagem_CEP_UFC| 23/09/2015 |Silvana de Almeida Aceito

SPA.pdf 15:50:23
Outros TermodeCompromissoEntregaRelatorio.| 23/09/2015 |Silvana de Almeida Aceito
pdf 15:48:09

TCLE / Termos de |110418 TCLE_DOADORES.pdf 23/09/2015 | Silvana de Almeida Aceito

Assentimento / 15:47:14

Justificativa de

Auséncia

Declaracéo de TermodeAnuenciaAnexol.pdf 23/09/2015 | Silvana de Almeida Aceito

Instituicdo e 15:46:47

Infraestrutura

Projeto Detalhado / | ProjetoMestradoGabrielaHoher CEP.pdff 23/09/2015 |Silvana de Almeida Aceito

Brochura 15:45:37

Investigador

Folha de Rosto FolhadeRostoGabrielaHoher.pdf 23/09/2015 | Silvana de Almeida Aceito
15:43:11

Situacao do Parecer:
Aprovado

Necessita Apreciacdo da CONEP:

Nao

Endereco:
Bairro: Sarmento
UF: RS

Telefone: (51)3303-8804

Municipio:

PORTO ALEGRE, 20 de Outubro de 2015

Assinado por:

Julia Fernanda Semmelmann Pereira Lima

Rua Sarmento Leite ,245

PORTO ALEGRE

(Coordenador)

CEP: 90.050-170

E-mail:

cep@ufcspa.edu.br
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
Titulo do projeto: “Biologia Molecular de Grupos Sanguineos — Impacto na Prética Transfusional”.

1. Por que realizar essa pesquisa e qual o objetivo dela?

Com o aumento do uso de transfusdes sanguineas em cirurgias, transplantes e tratamento clinico do cincer, passou-se a
observar um aumento da ocorréncia de rejeigio ao sangue recebido nos pacientes que necessitam de vérias transfusdes. O objetivo deste
estudo ¢é verificar através de testes genéticos (testes que analisam o DNA) qual o melhor sangue para transfundir determinado paciente.

. Qual o procedimento que sera utilizado?

Uma pessoa treinada coletard 8ml (volume de 2 colheres de chd) de sangue. O tubo com o sangue serd identificado apenas por
ndmeros e serd encaminhado ao laboratdrio para a andlise do DNA (DNA é um componente do nosso corpo que herdamos de nossos pais e
que ¢é responsavel pela determinagdo de todas as nossas caracteristicas, como por exemplo a cor da pele, cor dos olhos e cabelos).
Também serdo acompanhados os resultados dos exames, relacionados ao tratamento, que vocé realizar antes e apds a transfusio com o
sangue analisado pelos testes genéticos.

11l. O que acontecerd com a minha amostra?

Vocé poderd autorizar ou ndo que ao final desse trabalho as amostras de DNA sejam guardadas para, eventualmente, serem
utilizadas em futuras pesquisas sobre esse assunto. A utilizagdo em estudos futuros somente ser4 realizada mediante nova aprovagio do
Comité de Etica em Pesquisa.

V. Quais os riscos em participar?

O risco desta pesquisa estd associado a coleta de sangue que serd realizada em uma das veias do brago, com material
descartdvel, podendo causar desconforto semelhante a uma inje¢do na veia e em alguns casos deixar uma mancha roxa, que
habitualmente melhora em algumas horas ou poucos dias. Para minimizar este risco as coletas serdo realizadas apenas por profissionais
treinados e capacitados a fazé-lo e serd feita juntamente com a doagdo de sangue.

V. Quais os beneficios para o participante deste estudo?

Com a andlise, poderemos saber qual o seu tipo sanguineo com mais detalhes, 0 que pode trazer beneficios em relagio a
transfusdes futuras, caso vocé venha a necessitar, pois poderdo ser utilizadas unidades de sangue ainda mais parecidas com o seu tipo
sanguineo, do que é possivel atualmente. No entanto, somente em longo prazo poderemos saber todos os beneficios deste estudo .

VI. Com quem vocé pode esclarecer suas davidas?

Vocé ficard com uma cépia deste Termo e toda a divida que vocé tiver a respeito desta pesquisa, podera perguntar diretamente
para o médico responsdvel pelo Servico de Hemoterapia do Hospital de Clinicas de Porto Alegre, Tor Gunnar Hugo Onsten Doutor em
Ciéncias da Satde, responsavel pelo estudo no HCPA, pelo telefone (51) 3359-7650 ou Dra. Silvana de Almeida, responsével pelo estudo na
UFCSPA (51) 3303-8763. Duvidas a respeito da ética dessa pesquisa poderdo ser questionadas ao Comité de Etica em Pesquisa do HCPA
(51) 3359-7640, 22 andar, sala 2227 ou CEP da UFCSPA 3303-8804.

VII. Quais sdo os seus direitos?

A sua participacdo no estudo € voluntdria. Caso vocé decida ndo participar, isto ndo afetard no tratamento normal que vocé tem
direito. Além disso, vocé tem liberdade para abandonar a pesquisa a qualquer momento sem nenhum prejuizo, devendo apenas contatar o
responsdvel pelo estudo. Os seus registros médicos serdo sempre tratados confidencialmente. Os resultados deste estudo poderdo ser
usados para fins cientificos, mas vocé néo serd identificado pelo nome. Vocé ndo teréd nenhum gasto devido & sua participacio na pesquisa.

Eu, fui informado dos objetivos da pesquisa acima de maneira clara e
detalhada. Recebi informacdo a respeito do procedimento e esclareci minhas duvidas. Sei que em qualquer momento poderei solicitar
novas informagdes e terei liberdade de retirar meu consentimento de participagio na pesquisa. O pesquisador (a) certificou-me de que
todos os dados desta pesquisa serdo confidenciais, bem como o meu tratamento n3o serd modificado em razio desta pesquisa.

Autorizo/ Ndo autorizo (sublinhar a op¢do escolhida) o armazenamento de minha amostra para futuras pesquisas sobre o mesmo
assunto. Declaro que recebi cépia do presente Termo de Consentimento.

Assinatura do Doador Assinatura do Pesquisador Assinatura da testemunha

Nome do Doador Nome do Pesquisador Nome da testemunha

Porto Alegre, [/

Comité de Etica em Pesquis
GPPG/HCPA
VERSAO APROVADA

ZZ 1 0% § ZONT
W 1044
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Author Guidelines

Submission of Manuscripts

All manuscripts should be submitted online at http://mc.manuscriptcentral.com/vox. Please submit all
elements of the text in one file only. To submit you will require a user ID and password, which can be
obtained on first use of the submission web site. Full instructions are provided. All file types are supported
but to help Editors and reviewers view the submission the following types are recommended: text in
Microsoft Word or generic rich text format (RTF), figures in Word, TIFF or JPEG format. Please consult the
Wiley-Blackwell's electronic artwork guidelines at http://authorservices.wiley.com/bauthor/illustration.asp.
Macintosh users are advised to add the correct three-letter filename suffix. It is strongly recommended
that, where possible, you combine all parts of your submission into a single document. Full help and
support are provided by e-mail (support@scholarone.com) or telephone (+ 1 434-817-2040 ext. 167).

If you cannot submit online please contact the editor:

Dana V. Devine,

Vice-President, Medical, Scientific and Research Affairs

Canadian Blood Services Centre for Blood Research

2350 Health Sciences Mall

Vancouver, BC V6T 173

Tel: 604-822-7270 or 613-739-2231;

Fax: 604-822-7135 or 613-739-2151

Email: dana.devine@blood.ca

Only original papers written in English will be considered for publication. The author who submits a paper
for publication is responsible that all other authors agree to its submission, and this should be
acknowledged in the covering letter provided during the submission.

All manuscripts are subject to editorial review. No page charges are levied. Manuscripts are received with
the explicit understanding that they have not previously been published elsewhere nor are they under
simultaneous consideration by any other publisher. Manuscripts must comply with the COPE guidelines
(see below).

Copyright

If your paper is accepted, the author identified as the formal corresponding author for the paper will receive
an email prompting them to login into Author Services; where via the Wiley Author Licensing Service
(WALS) they will be able to complete the license agreement on behalf of all authors on the paper.

For authors signing the copyright transfer agreement

If the OnlineOpen option is not selected the corresponding author will be presented with the copyright
transfer agreement (CTA) to sign. The terms and conditions of the CTA can be previewed in the samples
associated with the Copyright FAQs below:

CTA Terms and Conditions: http://exchanges.wiley.com/authors/fags---copyright-_301.html

For authors choosing OnlineOpen

If the OnlineOpen option is selected the corresponding author will have a choice of the following Creative
Commons License Open Access Agreements (OAA):
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Creative Commons Attribution Non-Commercial License OAA

Creative Commons Attribution Non-Commercial -NoDerivs License OAA

To preview the terms and conditions of these open access agreements please visit the Copyright FAQs
hosted on Wiley Author Services http://exchanges.wiley.com/authors/fags---copyright-_301.html and

visit http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html.

If you select the OnlineOpen option and your research is funded by certain funders [e.g. The Wellcome
Trust and members of the Research Councils UK (RCUK) or the Austrian Science Fund (FWF)] you will be
given the opportunity to publish your article under a CC-BY license supporting you in complying with your
Funder requirements. For more information on this policy and the Journal’'s compliant self-archiving policy
please visit: http://www.wiley.com/go/funderstatement.

For RCUK and Wellcome Trust authors click on the link below to preview the terms and conditions of this

license:

Creative Commons Attribution License OAA

To preview the terms and conditions of these open access agreements please visit the Copyright FAQs
hosted on Wiley Author Services http://exchanges.wiley.com/authors/fags---copyright-_301.html and
visit http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html.

OnlineOpen

OnlineOpen is available to authors of primary research articles who wish to make their article available to
non-subscribers on publication, or whose funding agency requires grantees to archive the final version of
their article. With OnlineOpen, the author, the author's funding agency, or the author's institution pays a fee
to ensure that the article is made available to non-subscribers upon publication via Wiley InterScience, as
well as deposited in the funding agency's preferred archive. For the full list of terms and conditions,

see http://olabout.wiley.com/WileyCDA/Section/id-406241.html.

Any authors wishing to send their paper OnlineOpen will be required to complete the payment form
available from our website at: https://authorservices.wiley.com/bauthor/onlineopen_order.asp. Prior to
acceptance there is no requirement to inform an Editorial Office that you intend to publish your paper
OnlineOpen if you do not wish to. All OnlineOpen articles are treated in the same way as any other article.
They go through the journal's standard peer-review process and will be accepted or rejected based on
their own merit.

Rapid Communications

Manuscripts intended for Rapid Communication must present new findings of sufficient importance to
justify their accelerated acceptance. They should follow the general arrangement of research papers with
the exception that no abstract or introduction are required. The first paragraph should include the reason
for the study and the main findings. They should not exceed 8 double-spaced manuscript pages in length,
including figures, tables and references. Proofs are checked by the Editor and not sent to the author.
Review will be rapid, and once accepted, the paper will be included in the next available issue.

Original Articles

Original Articles should not exceed 5000 words (including the title page, abstract, main text, references,
and all figure legends and table legends).

Short reports, Case reports

They may include up to 1100 words of text (including the title page and the summary), two figures or tables
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and up to 12 references. A summary of up to 100 words should be followed by continuous text, subdivided
if appropriate.

Short reports: Short reports describing completed work on significant novel developments into scientific or
clinical aspects of transfusion medicine may be published. Short reports could include important
preliminary observations, short methods papers, therapeutic advances, and any significant scientific or
clinical observations which are best published in this format. Publication of initial results which will lead to
more substantial papers will generally be discouraged.

Case reports: The submission of Case Reports is not encouraged, but they will be considered if the report
includes novel scientific material or is of extraordinary clinical interest. Case reports should include a brief
description of the case and a comment section discussing the salient features in the context of the World
literature.

Letters to the Editor

Letters to the Editor are welcome but should contain no more than 450 words and a maximum of five
references.

Presentation of Manuscripts

Papers should be structured as follows: (a) Title Page, (b) Structured abstract, (c) Text, (d) References, (e)
Figure and Table Legends, (f) Figures and Tables.

Title page: The first page of each paper should indicate the title, the authors' full names, and the institute
where the work was conducted. A short title for use as running head is also required. Give details of
sources of research support (where applicable).

Full address: The exact postal address of the author to whom correspondence should be sent, complete
with postal code must be given at the bottom of the title page. Please also supply phone and fax numbers,
as well as your e-mail address.

Abstract: Each paper needs an abstract of up to 250 words which should be organised as follows:
Background and Objectives: What is the purpose of the study?

Materials and Methods: How was the study done?

Results: Most important findings?

Conclusion: Most important conclusion?

The abstract should include only text. Avoid the use of abbreviations and citations. Supply three to six
keywords.

Text: All manuscripts must have an appropriate introduction, a single materials and methods section (with
the methodology of all experiments), results and discussion. English spellings should be used.

Authors must express measurements in S| Units. Except for units of measurement abbreviations should
be spelled out on first use and should be standard. Drug names should be generic, although authors may
add brand names in parentheses if they wish.

Electronic Artwork: We would like to receive your artwork in electronic form. Please save vector graphics
(e.g. line artwork) in Encapsulated Postscript format (EPS) and bitmap files (e.g. half-tones) in Tagged
Image File Format (TIFF). Ideally, vector graphics that have been saved in metafile (WMF) or pict (.PCT)
format should be embedded within the body of the text file. Avoid using tints if possible; if they are
essential to the understanding of the figure, try to make them coarse. Always enclose a hard copy of
digitally supplied figures. Detailed information on digital illustration standards is available on the Wiley-
Blackwell's homepage at http://authorservices.wiley.com/bauthor/illustration.asp.
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Colour Figures: It is the policy of Vox Sanguinis for authors to pay the full cost for the reproduction of their
colour artwork. Therefore, please note that if there is colour artwork in your manuscript when it is accepted
for publication, Wiley-Blackwell requires you to complete and return a colour work agreement before your
paper can be published. This form can be downloaded as a PDF here. If you are unable to download the
form please contact the production editor at: vox@wiley.com and they will be able to email or fax a form to
you.

Once completed, please return the form to the production editor at the address below:

Customer Services (OPI)

John Wiley & Sons Ltd, European Distribution Centre
New Era Estate

Oldlands Way

Bognor Regis

West Sussex PO22

Any article received by Wiley-Blackwell with colour work will not be published until the form has been
returned.

Tables: These should be numbered an provided with the manuscript. Each table requires a title; short
legend may also be provided if necessary. Please identify footnotes (which should be kept to a minimum
and written in bold print) by superscripts, a, b, ¢ etc. Do not use graphics software to create tables.
References: In the text identify references by Arabic numerals [in square brackets]. Material submitted for
publication but not yet accepted should be noted as 'unpublished data' and not be included in the
reference list. The list of references should include only those publications which are cited in the text. Do
not alphabetise; number references in the order in which they are first mentioned in the text. The
surnames of the authors followed by initials should be given. There should be no punctuation other than a
comma to separate the authors. List all authors when three or less; when four or more, list the first
three and add ', et al." Journal names must be italicised, and abbreviated according to the Index
Medicus system. (Also see International Committee of Medical Journal Editors: Uniform requirements for
manuscripts submitted to biomedical journals. N Engl J Med 1997;336:309-315.)
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Ranasinghe E, Harrison JF: Bruising following blood donation, its management and the response and
subsequent return rates of affected donors. Trans Med 2000; 10:113-116
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Mollison PL, Engelfriet CP, Contreras M: Blood Transfusion in Clinical Medicine, ed 10. Oxford, Blackwell
Science, 1997

(c) Edited books:

Luzzatto L, Karadimitris A: The molecular basis of anaemia; in Provan D, Gribben J (ed): Molecular
Haematology. Oxford, Blackwell Science, 2000

Reference management

We recommend the use of a tool such as Reference Manager for reference management and formatting.

Reference Manager reference styles can be searched for here:

http://www.refman.com/support/rmstyles.asp
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Supporting Information

Supporting Information can be a useful way for an author to include important but ancillary information with
the online version of an article. Examples of Supporting Information include additional tables, data sets,
figures, movie files, audio clips, 3D structures, and other related nonessential multimedia files. Supporting
Information should be cited within the article text, and a descriptive legend should be included. It is
published as supplied by the author, and a proof is not made available prior to publication; for these
reasons, authors should provide any Supporting Information in the desired final format. For further
information on recommended file types and requirements for submission, please

visit: http://authorservices.wiley.com/bauthor/suppinfo.asp

NEW: CrossCheck Plagiarism Software

We would like to inform our authors that we now detect plagiarism more easily through the use of
CrossCheck plagiarism software. The journal to which you are submitting your manuscript employs a
plagiarism detection system. By submitting your manuscript to this journal you accept that your manuscript
may be screened for plagiarism against previously published works.

Ethical Policy

Please read the Ethical Policies of Vox Sanguinis.

Authorship

All authors must fulfil the following three criteria:

« Substantial contributions to research design, or the acquisition, analysis or interpretation of data,

« Drafting the paper or revising it critically, and

* Approval of the submitted and final versions.

Role of professional medical writers in peer-reviewed publications

Please ensure that you follow the guidelines by the European Medical Writers Association on the role of
medical writers. The guidelines emphasise the importance of respecting widely recognised authorship
criteria, and in particular of ensuring that all people listed as named authors have full control of the content
of papers. The role of professional medical writers must be transparent. Please name any professional
medical writer among the list of contributors to any article for Vox Sanguinis (not only original research
papers), and specify in the acknowledgements and statement of competing interests for the article who
paid the writer. Writers and authors must have access to relevant data while writing papers.

Disclosure and competing interests statement

Authors are required to disclose financial interests in any company or institution that might benefit from
their publication. A competing interest exists when a primary interest (such as patients’ welfare or the
validity of research) might be influenced by a secondary interest (such as financial gain or personal
rivalry). It may arise for the authors of a Vox Sanguinis article when they have a financial interest that may
influence their interpretation of their results or those of others. Financial interests are the easiest to define
and they have the greatest potential to influence the objectivity, integrity or perceived value of a
publication. They may include any or all, but are not limited to, the following:

* Personal financial interests: Stocks or shares in companies that may gain or lose financially through
publication; consultant fees or fees from speakers bureaus other forms of remuneration from organisations
that may gain or lose financially; patents or patent applications whose value may be affected by
publication.

* Funding: Research support from organisations that might gain or lose financially through publication of
the paper.

*« Employment: Recent, present or anticipated employment of you or a family member by any organization
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that may gain or lose financially through publication of the paper. Any such competing interest that authors
may have should be declared. The aim of the statement is not to eradicate competing interests, as they
are almost inevitable. Papers will not be rejected because there is a competing interest, but a declaration
on whether or not there are competing interests will be added to the paper.

* Patent rights

* Consultancy work.

All authors must disclose competing interests, or state “none” via the Journal's ScholarOne Manuscripts

website.

All sources of funding must be disclosed in the Acknowledgments section of the paper. List governmental,
industrial, charitable, philanthropic and/or personal sources of funding used for the studies described in the

manuscript. Attribution of these funding sources is preferred. Examples:

* This work was supported by a grant from the National Institutes of Health, USA (DKxxxx to AB).

* This work was supported by the Crohn's and Colitis Foundation of Canada (grant to AB and CD).
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For papers where there are no competing interests, all authors must include the statement ‘Competing
interests: the authors have no competing interests.’

We will also ask reviewers to provide a statement of competing interests.

Manuscript Acceptance

After an article has been accepted for publication, the final version should be provided
viahttp://mc.manuscriptcentral.com/vox. Files should be formatted double-spaced with no hyphenation and
automatic word-wrap (no hard returns within paragraphs). Please type your text consistently, e.g. take care
to distinguish between '1' (one) and 'l' (lower-case L), and '0' (zero) and 'O’ (capital 0), etc.

Accepted manuscripts will be published from the electronic version. This reduces typesetting errors and
speeds up publication. Authors must ensure that all sections of their paper, including tables and figure
captions (but not actual figures), are presented in a single file, updated to incorporate all revisions, and
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Dados pessoais

Nome Gabriela Hoher
Nascimento 19/07/1991 - Porto Alegre/RS - Brasil
CPF 014.236.670-69

Endereco residencial Rua Gutemberg, 101/907
Petrépolis — Porto Alegre
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Endereco profissional Fundagéo Universidade Federal de Ciéncias da Saude de Porto Alegre
Rua Sarmento Leite
Centro Historico - Porto Alegre
90050170, RS, Brasil

Endereco eletronico
E-mail: gabihoher@hotmail.com

Formacao académical/titulacao

2015 Mestrado em Biociéncias.
Fundagédo Universidade Federal de Ciéncias da Saude de Porto Alegre, UFCSPA, Porto
Alegre, Brasil
Titulo: Investigagdo da Variabilidade do Gene ACKR1 em Doadores de Sangue de Porto
Alegre/RS
Orientador: Silvana de Almeida
Co-orientador: Marilu Fiegenbaum
Bolsista do(a): Coordenacéo de Aperfeicoamento de Pessoal de Nivel Superior

2015 - 2015 Especializacdo em Imuno-hematologia.
Universidade Federal do Rio de Janeiro, UFRJ, Rio De Janeiro, Brasil
Titulo: Bases Moleculares do Sistema Sanguineo Duffy

2009 - 2013 Graduacédo em Biomedicina.
Universidade Feevale, FEEVALE, Novo Hamburgo, Brasil
Titulo: Investigacdo da alteracdo de marcadores bioguimicos de nefrotoxicidade induzida
pelo uso de quimioterapicos utilizados no tratamento do Cancer de Mama
Orientador: Rejane Giacomelli Tavares/Helena Schirmer

Formacao complementar

2016 - 2016 Bioinformatica para a Area da Saude. (Carga horaria: 15h).
Hospital de Clinicas de Porto Alegre, HCPA, Porto Alegre, Brasil

2016 - 2016 Minicurso em Bioinformatica. (Carga horaria: 3h).
Fundacdo Universidade Federal de Ciéncias da Saude de Porto Alegre, UFCSPA, Porto
Alegre, Brasil

2016 - 2016 Sequenciamento de DNA: Métodos e Aplicag6es. (Carga horéria: 15h).
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2016 - 2016

2015 - 2015

2015 - 2015

2015 - 2015

2014 - 2014

2014 - 2014

2014 - 2014

2012 - 2012

2012 - 2012

2011 - 2011

2011 - 2011

2011 - 2011

2010 - 2010

Universidade Federal do Rio Grande do Sul, UFRGS, Porto Alegre, Brasil

Transcriptograma: Ferramenta de Andlise de Expressé@o Génica. (Carga horéria: 8h).
Fundacado Universidade Federal de Ciéncias da Saude de Porto Alegre, UFCSPA, Porto
Alegre, Brasil

VII Curso de Aplicacdes Clinicas da Bioquimica. (Carga horaria: 9h).
Fundacéo Universidade Federal de Ciéncias da Saude de Porto Alegre, UFCSPA, Porto
Alegre, Brasil

Excel Intermediario e Avancado. (Carga horaria: 27h).
Universidade Feevale, FEEVALE, Novo Hamburgo, Brasil
Bolsista do(a): Universidade Feevale

Auditoria/Inspe¢éo em Laboratdrios e Unidades NB-3. (Carga horéria: 8h).
Associacdo Nacional de Biosseguranca, ANBIO, Rio De Janeiro, Brasil

Politicas Publicas em Saude. (Carga horaria: 44h).
Curso Vigor, CV, Brasil

Atualizacdo em Informatica. (Carga horéria: 45h).
Curso Vigor, CV, Brasil

Imunohematologia Tedrico. (Carga horaria: 4h).
Hemorgs, HEMORGS, Brasil

[Il Curso de Extensdo Jovem Pesquisador.
Pontificia Universidade Catodlica do Rio Grande do Sul, PUCRS, Porto Alegre, Brasil

Curso de Lingua Inglesa.
Kaplan International Colleges, KIC, Santa Barbara, Estados Unidos

PEGAIPB - Instituto de Pesquisas Biomédicas. (Carga horaria: 480h).
Pontificia Universidade Catdlica do Rio Grande do Sul, PUCRS, Porto Alegre, Brasil

Conhecendo o Endnote. (Carga horaria: 4h).
Universidade Feevale, FEEVALE, Novo Hamburgo, Brasil

Centro de Idiomas - Inglés. (Carga horéria: 60h).
Universidade Feevale, FEEVALE, Novo Hamburgo, Brasil

Pericia Criminal. (Carga horaria: 20h).
Samavit Cursos e Treinamentos Profissionais, SCTP, Brasil

Atuacao profissional

1. Fundacao Universidade Federal de Ciéncias da Saude de Porto Alegre - UFCSPA
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2. Laboratério Bom Pastor - LBP
Vinculo institucional

2014 - 2014 Enquadramento funcional: Biomédica, Regime: Integral
Outras informagoes:
Biomédica no Laboratério Bom Pastor, atuando nos setores de Imunologia, Bioquimica e
Andlises Toxicologicas. Realizando os testes imuno-hematoldgicos para a transfusdo de bolsas
de sangue. Além da preparagdo e andlise de amostras bioldgicas, execucdo das rotinas de
controle de qualidade, manuseio em aparelhos de automacdo, segregacdo de residuos
gerados, organizagdo do laboratério e demais atividades na area.

3. Universidade Feevale - FEEVALE
Vinculo institucional

2013 - 2013 Vinculo: Estagio Curricular, Regime: Dedicagéo exclusiva
Outras informagdes:
Estagio Curricular em Andlises Clinicas nos setores de Coleta e Triagem, Liquidos Corporais,
Micologia, Parasitologia, Imunologia, Bacteriologia, Bioquimica e Hematologia no Laboratdrio
Escola e em Laboratério Hospitalar vinculado a Universidade Feevale.

4, Fundacdo Estadual de Producéo e Pesquisa em Saude - FEPPS
Vinculo institucional

2012 - 2012 Vinculo: Bolsista de Iniciagdo Cientifica FAPERGS, Regime: Parcial
Outras informagoes:
Titulo do projeto: Diagnéstico Molecular da Infecgdo pelo Virus da Hepatite C (HCV) em
Pacientes Portadores do Virus da Imunodeficiéncia Humana (HIV). Orientador do projeto:
Claudia Maria Dornelles da Silva

Projetos
2015 - Atual: Biologia Molecular de Grupos Sanguineos: Impacto sobre a Pratica Transfusional

Os sistemas de grupos sanguineos sdo caracterizados por antigenos na membrana eritrocitaria, com
caracteristicas funcionais e polimorficas definidas. A utilizagdo de técnicas moleculares na determinagéo
das variantes genéticas poderia contribuir para aumentar a seguranca e eficacia dos procedimentos
transfusionais de pacientes politransfundidos. Alguns protocolos de avaliagdo da variabilidade genética de
grupos sanguineos ja foram estabelecidos na regido Sudeste do Brasil, contudo, torna-se necessaria a
realizacdo de estudos em diferentes regides do Brasil, como o Rio Grande do Sul, a qual possui um pool
genético ancestral diferente do encontrado nas demais regides Brasileiras. Os objetivos desse estudo séo
investigar polimorfismos em genes de grupos sanguineos em doadores de sangue e pacientes
politransfundidos do Hospital de Clinicas de Porto Alegre, descrevendo a frequéncia destas variantes nesta
amostra, bem como, correlacionar os achados genotipicos com os fenotipicos visando otimizar a prética
transfusional.

Situacdo: Em andamento Natureza: Projetos de pesquisa
Integrantes: Gabriela Héher; Gabriela Waskow; Mirelen Moura de Oliveira Rodrigues; Thor Gunnar Hugo
Onsten; Marilu Fiegenbaum; Silvana Almeida (Responsavel)

2015 — Atual: Investigagdo da Variabilidade do Gene ACKR1 em Doadores de Sangue de Porto Alegre/RS
ACKR1 é o gene que codifica a glicoproteina que expressa o0s antigenos do grupo sanguineo Duffy,
localizado no cromossomo 1g21-22. Os principais antigenos do sistema, Fya e Fyb, sdo codificados por

alelos codominantes, definindo os fenétipos Fy(a+b-), Fy(a-b+) e Fy(a+b+). No entanto, algumas variantes ja
identificadas causam a expresséao fraca (+w ou *W) ou nula (0 ou *N) desses antigenos. De acordo com a
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International Society for Blood Transfusion (ISBT) existem duas mutacdes associadas com a expressao
fraca do Fya e cinco mutacdes associadas com a expressédo fraca do Fyb. Adicionalmente, sete mutacdes
foram observadas ocasionando a expressdo nula do Fya e trés para o Fyb. Tendo em vista que o
conhecimento das bases genéticas destes antigenos é importante para aumentar a seguranca e eficacia
dos procedimentos transfusionais, o objetivo deste estudo € investigar a presenca de variacfes no gene
ACKR1. Para isso, 382 doadores voluntarios de sangue foram analisados para os antigenos Fya e Fyb por
fenotipagem e para os polimorfismos rs12075, rs34599082, rs2814778 por PCR em tempo real, utilizando
sondas de hidrélise. ApGs a correlacdo entre os resultados da analise fenotipica e da analise dos
polimorfismos, 17 amostras apresentaram discrepancia entre fen6tipo e gendtipo e terdo o gene ACKR1
sequenciado com a finalidade de identificar possiveis novas mutagfes e polimorfismos que possam estar
relacionados com expressao fraca ou nula dos antigenos Fya e Fyb. O conhecimento de variantes genéticas
relacionadas a expressao diferencial dos principais antigenos desse sistema, pode no futuro propiciar a
melhor selecao de unidades de sangue a serem utilizadas baseadas em analises moleculares.

Situacdo: Em andamento Natureza: Projetos de pesquisa
Integrantes: Gabriela Hoher; Gabriela Waskow; Mirelen Moura de Oliveira Rodrigues; Thor Gunnar Hugo
Onsten; Marilu Fiegenbaum; Silvana Almeida (Responsavel)

Areas de atuacéo

1. Biologia Molecular
2. Genética Humana e Médica
3 Imuno-hematologia

Producdo bibliografica
Artigos completos publicados em periédicos

1. HOHER, G.; FIEGENBAUM, M.; ALMEIDA, S.
Molecular basis of the Duffy blood group system. Blood Transfusion. v.xx, p.xx - xx, 2017.

2. MULLER, C. D.; HOHER, G.; MEYER, J. B. F.; CARVALHO, J. F. S.; CAPRARA, J. F.; TRINTINAGLIA,
L.; LARA, G. M.

Diagndstico Sorol6gico em Doenca de Chagas com Enfase na Reacdo em Cadeia da Polimerase. Newslab.
v.20, p.68 - 72, 2014.

3. HOHER, G.; CAPRARA, J. F.; MEYER, J. B. F.; SANTOS, J. M.; MORAES, J. P.; BAGATINI, P.
Toxocara canis: uma revisao bibliografica. Newslab. v.21, p.118 - 120, 2014.

Trabalhos publicados em anais de eventos (resumo)

1. RODRIGUES, M. M. O.; WASKOW, G.; HOHER, G.; ONSTEN, T. G. H.; FIEGENBAUM, M.; ALMEIDA,
S.

Analise de Antigenos Raros de Grupos Sanguineos em Doadores de Sangue do Hospital de Clinicas de
Porto Alegre In: |1 Encontro do PPG em Biociéncias, XIX Encontro de Geneticistas do Rio Grande do Sul e |
Encontro Regional Sul da Sociedade Brasileira de Genética Médica, 2016

2. HOHER, G.; WASKOW, G.; RODRIGUES, M. M. O.; ONSTEN, T. G. H.; FIEGENBAUM, M.; ALMEIDA,
S.

Investigagdo da Variabilidade do Gene ACKR1 em Doadores de Sangue de Porto Alegre/RS In: | Encontro
do PPGBIo, XIX Encontro de Geneticistas do RS e | Encontro Regional Sul da Sociedade Brasileira de
Genética Médica, 2016, UFCSPA.
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3. WASKOW, G.; RODRIGUES, M. M. O.; HOHER, G.; WAGNER, S. C.; ONSTEN, T. G. H;
FIEGENBAUM, M.; ALMEIDA, S.

Perfil de Alelos Raros de Grupos Sanguineos em Doadores de Sangue do Hospital de Clinicas de Porto
Alegre/RS In: XV Congresso Brasileiro de Biomedicina e Ill Congresso Internacional de Biomedicina, 2016,
Bento Goncalves.

4. WASKOW, G.; RODRIGUES, M. M. O.; HOHER, G.; HUTZ, M. H.; KURTZ, G. S.; FIEGENBAUM, M.;
ALMEIDA, S.

Variabilidade Genética dos Grupos Sanguineos na Populacdo Brasileira In: | Encontro do PPG em
Biociéncias, XIX Encontro de Geneticistas do Rio Grande do Sul e | Encontro Regional Sul da Sociedade
Brasileira de Genética Médica, 2016, Porto Alegre.

5. HOHER, G.; TAVARES, R. G.

Investigagdo da Alteracdo de Marcadores Bioquimicos de Nefrotoxicidade Induzida pelo Uso de
Quimioterapicos Utilizados no Tratamento do Cancer de Mama In: VI Congresso Internacional de
Bioanalises, IX Congresso Sulbrasileiro de Biomedicina e Xlll Semana Gaucha de Biomedicina, 2013, Novo
Hamburgo.

6. HOHER, G.; CAPRARA, J. F.; MEYER, J. B. F.; SANTOS, J. M.; MORAES, J. P.; BAGATINI, P.;
MINOZZO, R.

Toxocara canis: Uma Reviséo Bibliogréfica In: VI Congresso Internacional de Bioandlises, IX Congresso
Sulbrasileiro de Biomedicina e Xlll Semana Gaucha de Biomedicina, 2013, Novo Hamburgo.

7. TRINTINAGLIA, L.; MULLER, C. D.; HOHER, G.; MEYER, J. B. F.; CARVALHO, J. F. S.; CAPRARA, J.
F.; LARA, G. M.

Diagnéstico Sorolégico em Doenca de Chagas com Enfase na Reacdo em Cadeia da Polimerase In: V
Congresso Internacional de Bioanalises, VIII Congresso Sul-Brasileiro de Biomedicina e XII Semana
Galcha de Biomedicina, 2012, Novo Hamburgo.

8. HENTSCHKE, M. R.; GUWZINSKI, A.; HOHER, G.; PIZZUTTI, L.; POLI-DE-FIGUEIREDO, C. E;
GADONSKI, G.; COSTA, B.E. P.

Associacdo do Uso de Anti-Hipertensivos com o Diagnéstico de Doenca Hipertensiva Gestacional In: V
Simpésio Internacional de Ginecologia, Obstetricia e Mastologia e 5° Encontro de Ex-Residentes de
Ginecologia e Obstetricia da PUCRS, 2011, Gramado.

Artigos em revistas (Magazine)

1. GUWZINSKI, A.; HENTSCHKE, M. R.; PIZZUTTI, L.; HOHER, G.; POLI-DE-FIGUEIREDO, C. E.;
GADONSKI, G.; COSTA, B. E. P.

Uso de Medicamentos anti-hipertensivos em puérperas que desenvolveram Doenca Hipertensiva
Gestacional. Revista de Saude/Universidade Catdlica de Pelotas. Pelotas, p.66, 2011.

Apresentacédo de trabalho e palestra
1. PIZZUTTI, L.; HOHER, G.; GUWZINSKI, A.; HENTSCHKE, M. R.; POLI-DE-FIGUEIREDO, C. E.;
GADONSKI, G.; COSTA, B. E. P.

Relacdo do Tratamento Medicamentoso com o Diagnéstico Final da Doenca Hipertensiva
Gestacional, 2011.
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Eventos

1. Apresentacéo de Poster / Painel no(a) | Encontro do PPG Biociéncias, XIX Encontro de Geneticistas
do RS e | Encontro Regional Sul da Sociedade Brasileira de Genética Médica, 2016. (Encontro)
Investigag&o da Variabilidade do Gene ACKR1 em Doadores de Sangue de Porto Alegre/RS.

2. Biomarcadores em Doencas Neurodegenerativas, 2015. (Encontro)

3. lll Jornada do Servico de Genética Clinica da UFCSPA, 2015. (Encontro)

4. 1X Congresso Brasileiro de Biosseguranca, 2015. (Congresso)

5. 122 Festa da Vida, 2013. (Outra)

Realizagdo de tipagem sanguinea.

6. VI Congresso Internacional de Bioandlises, IX Congresso Sul-Brasileiro de Biomedicina e Xl
Semana Galcha de Biomedicina, 2013. (Congresso)

7. 11l Simpésio de InfeccBes em Pacientes Transplantados., 2012. (Simpdésio)

8. V Congresso Internacional de Bioandlises, VIII Congresso Sul-Brasileiro de Biomedicina e Xll
Semana Gaulcha de Biomedicina, 2012. (Congresso)

9. VIl Jornada Académica de Biomedicina UFCSPA e Il Simposio Habilitagbes da Biomedicina, 2011.
(Simposio)

10. Semana Académica do Curso de Biomedicina, 2010. (Seminario)

11. Il Congresso Internacional de Bioanalises, V Congresso Sul-Brasileiro de Biomedicina e IX
Semana Gaulcha de Biomedicina, 2009. (Congresso)

12. Apresentacédo de Poster / Painel no(a) Saldo de Extensédo, 2009. (Exposicéo)
Atividade de Extenséo sobre Poluicdo Ambiental na Cidade de Novo Hamburgo, no RS.

Organizagéo de evento

1. HOHER, G.
| Encontro do PPG em Biociéncias, XIX Encontro de Geneticistas do RS e | Encontro Regional Sul da
Sociedade Brasileira de Genética Médica, 2016.

2. HOHER, G.
Participacdo na Comisséo de Apoio do IV Congresso Internacional de Bioandlises, VIl Congresso
Sulbrasileiro de Biomedicina, XI Semana Galcha de Biomedicina, 2011.

3. HOHER, G.

Participacdo na Comissao de Apoio do lll Congresso Internacional de Bioandlises, VI Congresso
Sulbrasileiro de Biomedicina, X Semana Galcha de Biomedicina, 2010.
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