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Resumo

Hemoglobinopatias sdo alteragbes nos genes dasnato que determinam
hemoglobinas variantes e/ou talassemias, com ns#auifées clinicas variaveis em seus
portadores. Estudos realizados no Brasil mostréarpaévaléncia de heterozigotos para
Hb S e Hb C, além das talassemtase . Considerando-se essa alta frequéncia
populacional e a constituicdo étnica do sul do,peste trabalho teve como objetivo
determinar as bases moleculares das hemoglobingantes e talassemias no Rio
Grande do Sul.

Fizeram parte deste estudo amostras de sangueré®-nascidos triados pelo
Programa Nacional de Triagem Neonatal (PNTN), paegeencaminhados por meédicos
e servicos de saude do Estado para investigac@melaia microcitica a esclarecer,
pacientes com anemia falciforme e controles atraredescendentes.

A identificacdo e quantificacdo das fracdes hewotuigicas foram realizadas por
focalizacéo isoelétrica (FIE) e/ou cromatografguida de alta eficiéncia (HPLC). As
principais delecdes responsaveis pela talasseraias haplotipos do geffieda globina
foram determinados por técnicas de reacdo em cadej@limerase (PCR). Quando
necessario, foram realizados sequenciamentos desae [3 da globina.

Dentre as 437.787 amostras de recém-nascidossaufedi, 6.391 (1,46%)
apresentaram padrdo hemoglobinico alterado: 5.23 837 FAC, 199 FAD, 33 FS, 7
FSC, 1 FSD, 7 FS/talassenfia A incidéncia das sindromes falciformes foi 1:9.10
nascimentos. Além desses, foram identificados f&rdwgotos para variantes raras,
nos quais foram observadas 26 variantes de cad@&ib Woodville, 1 Hb Chad, 2 Hb
Hasharon, 4 Hb G-Phil, 4 Hb G-Pest e 12 Hb Stailley\e 21 de cadeiff (11 Hb E-
Sakatoon, 1 Hb Osu-Christianborg, 1 Hb RichmondHi2 O-Arab, 1 Hb D Los
Angeles, 1 Hb J-Guantanamo, 1 Hb Shelby, 1 Hb Beckra 2 Hb Hope). Dentre essas
hemoglobinas, 70% estdo sendo identificadas péteepa vez no Brasil, incluindo os
11 casos de Hb E-Saskatoon. A fim de esclarecer a&adsado, foram investigados os
perfis eletroforéticos e cromatograficos, além dayemn genética dos individuos
portadores dessa hemoglobina através de um estushisdigenacao e da determinacao
dos haplotipos do gene de cad@id padrdo de migracdo da FIE foi semelhante ao da
Hb E (PI entre 7,59 e 7,65) e o tempo de eluicdbllPC foi na janela da Hb S (4,26-

4,38 min). O estudo de miscigena¢do mostrou unaataka de contribuicdo européia
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(>80%) nesses individuos. O haplétipo 2 (+----)iflEntificado em todos os portadores
de Hb E-Saskatoon. Estes dados sugerem uma origieregta hemoglobina, diferente
da descrita na Turquia, na qual o haplétipo 6 (+rfei observado. Especula-se que
esta hemoglobina tenha sido introduzida no Rio amlo Sul através dos
colonizadores da Peninsula Ibérica, uma vez qu@dia descrita em espanhdis. Do
ponto de vista laboratorial, acredita-se que a Fagkatoon esteja sendo erroneamente
diagnosticada, uma vez que a maioria dos labooatdie triagem neonatal no pais
aplica apenas uma metodologia (FIE ou HPLC). Em populacdo heterogénea do
ponto de vista genético, como é a brasileira, ®igero uso de ambas as metodologias,
além de técnicas de biologia molecular, para aimoatdo das hemoglobinas variantes
raras.

A talassemian foi investigada em 493 individuos néo relaciona(@f? e 191
controles euro e afrodescendentes, respectivament&)l pacientes com anemia
microcitica a esclarecer, com perfil hemoglobimoomal. Apenas a delecéa®’ foi
observada, com frequiéncias alélicas de 0,02 eehitt2 euro e afrodescendentes e 0,20
em pacientes com anemia a esclarecer. Esses desukagerem que a talassemia
representada pela delec@o'’ é uma causa importante de microcitose nas anemias
Sul do Brasil, independente do grupo étnico (p=0),00

Com relacdo aos haplétipos do gene HBB*S, o hgggldBantu foi o mais
frequente (67.3%; IC 95%: 60.9 — 73.2), seguidotdgddtipos Benin (25.0%; IC 95%:
19.6- 31.0), Camar6es (0.9%; IC 95%: 0.2 — 3.0¢refal (0.5%; IC 95%: 0.0- 2.2). O
haplétipo Saudi ndo foi encontrado na amostra. Alisses, 14 cromossomos foram
classificados como atipicos. A talassemia alfarfeéstigada, sendo que a delecéd’-
(Unica observada) apresentou uma frequéncia alkida14. Esses dados mostram nao
haver aumento dessa dele¢cdo em individuos homosigatra Hb S, uma vez que néo
diferem da frequéncia encontrada em individuososadée mesmo grupo étnico (0,12).
Com relacéo aos haplétipos, os dados estdo decacord os observados nas demais

regides do pais, nas quais o haplotipo Bantu éig ineguente.
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Abstract

Hemoglobinopathies are genetic globin gene diserdeharacterized by the
presence of a variant hemoglobin and/or thalassédmtashow a wide range of clinical
manifestations. Studies performed in Brazil shoghhprevalence of Hb S and Hb C
heterozygotes as well asandf3 thalassemias. Considering the population prevalenc
and the ethnic constitution of the South Braziliegion, this study aimed to determine
the molecular basis of the variant hemoglobinstaathssemia in Rio Grande do Sul.

The analyses included blood samples from neorsslested by the Programa
Nacional de Triagem Neonatal (PNTN), patients unideestigation of microcytic
anemia, sickle cell anemia patients and contraligsaf African and European descent.

The identification and quantification of hemoglobwere performed using
isoeletric focusing (IEF) and/or cation exchangeghhi performance liquid
chromatography (HPLC). The most common deletiossiltiag in a thalassemia and
the haplotypes fo3 globin gene were determined by PCR based methiden
necessary, sequencing was performedifandf3 globin genes.

Among the 437,787 neonates samples analyzed, §B96%) presented an
abnormal hemoglobin pattern: 5,236 FAS, 837 FAQ®, B8D, 33 FS, 7 FSC, 1 FSD, 7
FSP thalassemia. Incidence of sickle cell disease WwW8gl00 births. Furthermore, 71
individuals heterozygous for rare variants wereeobsd: 26a chain variants (3 Hb
Woodville, 1 Hb Chad, 2 Hb Hasharon, 4 Hb G-PhilHb G-Pest, and 12 Hb
Stanleyville) and 2P chain variants (11 Hb E-Sakatoon, 1 Hb Osu-Clam&torg, 1 Hb
Richmond, 2 Hb O-Arab, 1 Hb D Los Angeles, 1 HbuaGtanamo, 1 Hb Shelby, 1 Hb
Beckman, and 2 Hb Hope). Seventy per cent of thmsehemoglobins were identified
for the first time in Brazil, including 11 individls heterozygous for Hb E-Saskatoon.
In order to further analyze this data, electroptiorand chromatographic profiles were
investigated, as well as the genetic origin of¢hgiers of this hemoglobin, through an
admixture study an@-globin haplotype determination. The FIE migratjettern was
similar to Hb E (Pl between 7.59 and 7.65) anddi¢ion pattern in HPLC was in the
Hb S window (4.26-4.38 min). The admixture studylicated a high European
contribution (>80%) in these individuals. Haplotypé+----) was identified in all Hb E-
Saskatoon carriers. These data suggest a origithimhemoglobin, distinct from that

described in Turkey, where haplotype-6+{(+) was observed. It can be speculated that
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this hemoglobin was brought to Rio Grande do Sulitynigrants from Iberian
Peninsula, since it has been described in Spanifddelieve that Hb E-Saskatoon has
been erroneously diagnosed, because most neoratakatories use only one
methodology (FIE or HPLC). In a genetic heterogeisepopulation, as Brazilians, we
suggest the use of both methodologies, togethdr mvdlecular techniques to a precise
identification of hemoglobin variants.

o thalassemia was investigated in 493 unrelatedvichails (202 and 191
European and African descendants, respectively)imrid1 patients with microcytic
anemia with normal Hb profile. Onlya®’ deletion was observed, presenting allelic
frequencies of 0.02 and 0.12, respectively, in Baam and African descendants and of
0.20 in patients with microcytic anemia. These Iteassuggest thatt thalassemia,
represented here by®’ deletion, is an important cause for microcytosisSouth
Brazil, independently of ethnic origin (p=0.001).

With regard to HBB*S haplotypes, Bantu haplotypaswthe most frequent
(67.3%; Cl 95%: 60.9 — 73.2), followed by Benin (; Cl 95%: 19.6- 31.0),
Camaroon (0.9%; Cl 95%: 0.2 — 3.0) and Senegablygpes (0.5%; Cl 95%: 0.0- 2.2).
The Saudi haplotype was not observed in this sarfplerteen chromosomes classified
as atypical were observed.thalassemia was also investigated and te deletion
was the onlya-thalassemia determinant observed. The frequenctisfallele was
estimated as 0.14. These data indicate that thedreey of this deletion in homozygous
Hb S individuals is not different from that obseshvia the control group with the same
ethnic origin (0.12). The data concur with previgusublished data from Brazilian
regions. The Bantu haplotype is the most commalliBrazilian regions.

12
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I. 1 A molécula de hemoglobina: sintese e ontogerdas cadeias globinicas

No sistema circulatorio, os eritrécitos ou célulasmelhas sdo responsaveis
pelo transporte de oxigénio {Caos tecidos e didéxido de carbono (r@os pulmdes,
para sua eliminacéo. Dentro dos eritrécitos, esseepso € mediado pela hemoglobina
(Hb), uma proteina tetramérica composta por dudsias do tipax (a ou () e duas
cadeias do tip@ (B, o, y ou ). Em 1866, Korben observou que a hemoglobina de
recém-nascidos era fortemente resistente a deapatualcalina, em contraste com o
comportamento da hemoglobina adulta. Hoje, sabepse existe consideravel
heterogeneidade na hemoglobina humana em todostagios de desenvolvimento
(Harju, McQueen et al., 2002).

A sintese das cadeias globinicas sofre alteragiieste a vida pré-natal e pos-
natal, adequando-se ao constante desenvolvimentendwido e do feto sob um
rigoroso controle genético (Higgs, Vickers et 4B89). Isso tem reflexo na sintese de
diferentes hemoglobinas em cada estagio do desemesito. Todas as hemoglobinas
apresentam a mesma estrutura tetramérica, mas denentes pares de cadeias
globinicas, cada uma ligada a uma molécula hemehesoglobinas adultas e fetal
apresentam as cadeiasligadas a cadeig® (Hb A; ayp.), cadeiasd (Hb Ap; a.d) e
cadeiasy (Hb F; azy2). No periodo embrionario, as cadeiagombinam-se com as
cadeiagy para produzir Hb Portland.{,) ou com cadeias para produzir Hb Gower 1
(C2¢2), a0 passo que cadeiase ¢ formam a Hb Gower 2ufe;) (Higgs and Weatherall,
2009). A Figura 1 apresenta a ontogenia da sint@seadeias globinicas. Como pode
ser observado nessa figura, as cadeias globinics®0 necessarias para a sintese de
hemoglobinas presentes na fase fetal e na fastaaduercendo importante papel na
manutencdo da estabilidade destas moléculas. ldgfejtos que interferem na sua
sintese tém repercussédo clinica em ambas as fas#gssdnvolvimento, diferente das
cadeia$3, que estao presentes apenas no componente heimagiadulto maior, a Hb
A (Waye and Chui, 2001).

14
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Figura 1. Ontogenia das cadeias globinicas. AdapladVeatherall and Clegg, 1981;

Os genes que codificam as cadeias globinicasgaftotalmente identificados e
encontram-se organizados em dois agrupamentosogésgparados (Figura 2). No
braco curto do cromossomo 16, entre a banda pl18.&¥mero, situa-se o complexo
génico das globinas tipa, que compreende um gene para a cadeia polipeptidic
embrionaria, quatro pseudogene$dl, Wal, Pa2 eb1) e dois genes que codificam o
mesmo polipeptidioa (a; e a,). Esse agrupamento engloba uma extensdo de
aproximadamente 30.000 pares de bases nitroge(Z@l&D). A 5’ desse agrupamento,
existem quatro sequéncias né&o-codificadoras alt@mennservadasmultispecies
conserved sequences —MC8enominadas de MCS-R1 —R4. Acredita-se que essas
sequéncias estejam envolvidas na regulacao dos gdifitggs and Weatherall, 2009),

e gque o MSC-R2 (também denominado HS-40) seja @ssgrara a expressao dos

genes dessas cadeias (Higgs, Sharpe et al., 1989Bc@&/ Marques-Kranc et al., 2007).

Na porcao terminal do braco curto do cromossomoeii,uma regido com
aproximadamente 70 Kb, situa-se o agrupamento gélais globinas tip@, que inclui
0S genes que codificam as cadesagembrionaria), os dois genes que codificam as
cadeiasy (°y e®y) (fetal), um pseudogeneB), um gene para cadedse um gene para
cadeiaP (Higgs, Vickers et al., 1989) (Figura 2). A 5’ desagrupamento, encontra-se
uma regiao controladordofus control region-LCR Essa regido consiste de cinco

sitios hipersensiveis (HS) a DNasel (Harju, Navaal.e 2005) e € essencial para a

15
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expressao de todos os genes do complexo (Theik).28@s dois agrupamentos, 0s
genes encontram-se dispostos, em ambos os crommssoen mesma ordem na qual

eles sédo expressos durante o desenvolvimento.

B-globin gene cluster
Chromosome 11

a-globin gene cluster
Chromosome 16

Figura 2. Localizacdo do agrupamento génico dasiaadglobinicas tipd3 no
cromossomo 11 e das cadeias globinicas ¢ippo cromossomo 16. Adaptado de
(Frenette and Atweh, 2007).

l. 2 AlteragBes hereditarias que afetam a estrutura e sintese da hemoglobina

As alteracbes que afetam a estrutura e a sinteseerdaglobina podem ser
divididas em dois grandes grupos: as caracterizpdasvariantes de hemoglobina
estruturalmente anormais e aquelas nas quais ummais cadeias globinicas séo

sintetizadas a uma taxa reduzida. O primeiro gimhamado de hemoglobinopatias
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estruturais e o segundo, de talassemias. Um tergeipo consiste na heranca de ambas
as mutacdes (uma estrutural e outra qualitativemAdesses, existe um quarto grupo,
caracterizado pela sintese aumentada de hemogl@batana vida adulta, chamado de

persisténcia hereditaria de hemoglobina fetal (PHMFeatherall and Clegg, 1981).

I. 2.1 Hemoglobinopatias estruturais

Nas hemoglobinopatias estruturais sdo observatEagies na composicdo da
fracdo globinica da hemoglobina. Esse defeito pesdar localizado em um ou mais
tipos de cadeias polipeptidicas. Logo, representam conjunto de hemoglobinas
variantes, que diferem das hemoglobinas normaigpénas pela sua composi¢cao, mas,
sobretudo, pelas suas propriedades fisico-quimiédasalmente, mais de 1.000
hemoglobinas variantes ja foram descritas, senéanpis de 75 % delas ocorrem pela
substituicdo de um anico aminoacido na cadeia gplidica (Giardine, van Baal et al.,
2007). Outras alteracbes existentes sdo devidasodugiio de cadeias globinicas
hibridas, delecdes ou insercdes de aminoacidosadeias com duas substituicdes de

aminoacidos (Weatherall and Clegg, 1999).

As hemoglobinas variantes resultam de diferenteasamgmos moleculares, tais
como mutagbes de ponto, insercOes/delecbes de otideles, ocasionando a
substituicdo de aminoacidos, aumento ou diminudzE cadeias globinicasceossing
over desigual, levando a fusdo de hemoglobinas. A naattas hemoglobinas variantes
é clinica e hematologicamente silenciosa. Entrefantiitas delas afetam a funcdo da
hemoglobina, e diferentes efeitos sdo observadsscomo afoicamento, instabilidade,
diminuicdo ou aumento da afinidade ao oxigénioreiiicdo de sintese, levando a
quadros hemoliticos, policitémicos, entre outrogaf@ne, van Baal et al., 2007). As
hemoglobinas variantes mais prevalentes e clinioggrggnificativas sdo as Hb S e Hb

C, que serdo apresentadas a seguir.

I. 2.1.1 Hemoglobina S (Hb S)

A Hb S difere da Hb A pela substituicdo do acidatd@hico pela valina na sexta
posicdo da cadeig. As sindromes falciformes incluem a homozigosea péln S (Hb
SS), além da heterozigose para a Hb S em combinamdooutras hemoglobinas
variantes ou talassemias. Os genotipos mais frégmi@ssociados a Hb S, bem como os
graus de manifestacdes clinicas, estao listaddsinela 1.
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Tabela 1: Lista das sindromes falciformes, dos m@m® associados e graus de
manifestagdes clinicas.

Genotipo Genes Manifestacfes Clinicas
Hb AS g™ B> Ausente
Hb SS B> p° Grave
Hb SC B> p© Leve
Hb S/talp® B> p’talassemia  Grave
Hb S/talp* B°p* talassemia Moderada ou leve (dependendo da

mutacao da talassemia)

Adaptado de Frenette and Atweh (2007)

Os individuos heterozigotos apresentam um genecpaigh normal ) e um
gene para cadefS (3°) e produzem em torno de 60% de Hb A e 40% de Hi&®s
individuos homozigotos, ou portadores de anema@fdame, produzem principalmente

Hb S e quantidades variaveis de Hb F.

A mutacdo que determina a sintese da Hb S é redpeinpor inUmeras
alteracdes fisiopatoldgicas e fisico-quimicas ndémua de hemoglobina quando em
baixa tensdo ©(Mackie and Hochmuth, 1990). Quando a Hb S é dgepada ocorre
uma interacado hidrofébica com outras moléculasatadglobina, desencadeando uma
agregacdo em grandes polimeros (Eaton and Hofrich@37; Hebbel, 1991). A
polimerizacdo da Hb S desoxigenada é o evento pdma patogénese molecular da
anemia falciforme, resultando na distorcdo da fordwa eritrocito e diminuicao

acentuada da sua capacidade de sofrer deformagén,(B997).

I. 2.1.2 Hemoglobina C (Hb C)

A Hb C foi a segunda hemoglobina variante a secrdase difere da Hb A pela
substituicdo do acido glutamico pela lisina na @gdsicdo da cadefa E encontrada
predominantemente em negros da Africa Ocidentaicipalmente ao norte de Gana,
onde atinge prevaléncia em torno de 20% (Weathesml Clegg, 1981).
Comparativamente & Hb S, a Hb C é menos dissemmasigpopulacbes africanas, e
atribui-se ao Rio Niger o papel de barreira gedgcaaksponsavel, exercendo um efeito

limitador dessa distribuicdo (Flint, Harding et 4098).
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Os heterozigotos para Hb C (Hb AC) sédo assintowsti& ndo apresentam
alterac6es hematologicas, exceto por um aument®ldéas em alvo reconhecidos na
distensédo sanguinea. Ja os individuos homozigarasHtb C (Hb CC) apresentam uma
anemia hemolitica em grau variavel e geralmente as®intomaticos, com alguns
registros de dores abdominais e manifestacfes hégmas. A dupla heterozigose da
Hb S com a Hb C (Hb SC) causa uma anemia hemolitin@amente significativa
(Giardine, van Baal et al., 2007).

|. 2.2 Talassemias

Talassemia pode ser definida como uma condicaaaleagauséncia ou reducao
da taxa de sintese de uma ou mais cadeias globileica ao desequilibrio na sintese
das cadeias que normalmente sdo expressas emaqugamtidade. Isso acarreta uma
producédo ineficiente de hemoglobina e dano aosoeitibs (hemolise) ou aos seus
precursores (eritropoese ineficaz), devido aodcsfada persisténcia das subunidades
globinicas (cadeias solteiras) que estdo sendoupides em excesso relativo. O
resultado € a producao de eritrécitos microcitiedgpocrémicos e graus variados de
anemia (Weatherall and Clegg, 1999). O aspectochasda talassemia €, portanto,
quantitativo, contrastando com as alteracOes atighs das hemoglobinopatias
estruturais. Destaca-se que ja foram descritasxiapgdamente 400 mutacdes que

determinam as talassemias (Giardine, van Baal,e2G07).

Como a alteracdo primaria em todas as formas dsskhias é a sintese
reduzida ou ausente de uma ou mais cadeias glabjras manifestacdes clinicas apos
0 nascimento ocorrem apenas quando estas atingeatl@iasi e 3, necessarias para a
sintese de Hb Ao [B.). Lesdes graves na sintese de outras cadgias du ()

provavelmente sdo letais ainda no periodo intrang€Hoffman, Benz Jr et al., 2000).

As talassemias podem ser classificadas de acordag@) cadeia (s) globinica
(s) cuja sintese esta afetada. Assim, a sinteglbimaa esta reduzida ou suprimida na
talassemian, a sintese de globina esta diminuida ou suprimida na talassefia
sintese de globinas e 3 esta diminuida ou suprimida na talassedflae assim por
diante (Weatherall and Provan, 2000).

Pelo apresentado anteriormente na ontogenia dagsaglobinicas (Figura 1), a

Hb F (@. y2) € a hemoglobina que se encontra em maior corgéatrna época do
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nascimento. Embora o declinio da sintese de cageiasaumento da sintese de cadeias
B iniciem antes do nascimento, a mudanca na conmgasiemoglobinica no sangue
periférico ocorre mais tardiamente, devido ao lotegopo médio de vida dos eritrécitos
(120 dias). Dessa maneira, a Hb F é entdo suldstitiéntamente pela Hb A. As
consequéncias fisiopatologicas sdo que as les@eatpgem as cadeiastendem a ser
sintomaticas ja no periodo uterino, enquanto agugla atingem a sintese de cadpias

aparecem em torno do sexto més de vida (Hoffmamz Beet al., 2000).

Possivelmente devido a diferencas nos complexas@gdas globinaa ef3, a
patologia molecular das talassemias € completamdifegente. A maioria das
talassemiast resulta de dele¢cbes génicas totais ou parciaggjagio que o conjunto
das talassemig’ é causado por mutacdes de ponto dentro ou naéadjacdos genes
de globinaf3, podendo afetar a expressao ou a regulacédo debtgs, Vickers et al.,
1989; Weatherall and Clegg, 1999).

|. 2.2.1 Talassemias alfa

As talassemiast sdo caracterizadas pela deficiéncia parcial ou tzimma
sintese da cadeia nas hemacias de individuos afetados (Spritz andeE01983;
Baysal, Qin et al.,, 1994). Elas surgem, principaege por defeitos herdados que
afetam a expressao do (s) genes (s) que codifita @adeiax, embora defeitos nesta
sintese também possam ocorrer de forma adquiricggbi{&ber, 1989; Bernini and
Harteveld, 1998).

A grande maioria das talassemiasesulta de delecdes de uai) ou dois ¢°)
genes de globina, enquanto processos por ndo delecdo podem ocasabrpuadro,
mas em frequéncia muito menor (15-20%) (Higgs, ¥isket al., 1989). Embora os
genesa (a; e ay) codifiguem o mesmo polipeptidio, a maioria daés moleculares
foi descrita no gena,. Foi sugerido que esse predominio deva-se aa&atpe a taxa
de sintese desse gene é 2,6 vezes superior a dangelngo, apresentando maior
impacto sobre a sintese de cadeiagsse fato € corroborado por estudo em variantes
de cadeian, onde o percentual das variantes do gené maior do que o percentual
apresentado por variantes do geog como por exemplo, na Hb Winnipeg

(Moradkhani, Prehu et al., 2009). Dessa maneirtitde no genen, apresentariam
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manifestacfes fenotipicas mais graves e, portaat@gm mais facilmente identificados
(Higgs, Vickers et al., 1989; Liebhaber, 1989).

Existem duas delecBes principais que resultam lssemiao™ uma que
envolve a perda de um fragmento de 3,7 Kb de DN#e(dio &), frequente em
populacbes da Africa, Mediterraneo, india e Melanés outra que envolve a perda de
um fragmento de 4,2 Kb de DNA (delec@d?), encontrada em populacdes do sudeste
da Asia e areas do Pacifico (Baysal, Qin et al4)198lém dessas delecbes, outras
delecBes raras envolvendo o geme (-0>7), o genea, [(a)a> e elementos de
regulacdo do gene ja foram descritas (Steinberg, Coleman et al. 188fton, Wilkie
et al., 1990; Lacerra, Fioretti et al.,, 1991; Feigi, Deidda et al., 1996; Viprakasit,
Harteveld et al., 2006).

Adicionalmente as delecées mais frequentes |- e (0*?, uma grande
variedade de delecdes mais extensas, embora mesmpserites, ocorre dentro do
complexo génico da globir afetando a sua expressao (Liebhaber, 1989). Blénv
desde pequenos fragmentos°® até aquelas que removem o agrupamaritdeiro (--
MED _Fil _SEA _Tha) (Higgs, Vickers et al., 1989; Bernini and Hartelyel998; Chui
and Waye, 1998). As delecdes®®® e -MEP s3o encontradas em populacées
mediterraneas, enquanto a delec§6*-¢ mais frequente no sudeste da Asia (Kattamis,
Camaschella et al. 1996).

O efeito da associacao da talassem@variantes de cadegiacomoa Hb S e a
Hb C, pode alterar a quantidade de hemoglobinaanari presente nos casos de
heterozigose (Hb AS e Hb AC). Nota-se, nesses cagos a concentracao da
hemoglobina variante decresce proporcionalmententanero de genes afetados,
sendo mais acentuado nos casos de talassémizssa diminuicdo pode ser devida ao
fato de as cadeid’ presentes na Hb A estarem carregadas negativamdatenarem
dimeros mais facilmente do que aquelas carregadas positivamente pela mutacéo
sofrida: as cadeid®’ (Glu - Val%) e as cadeigR” (Glu - Lis") (Liebhaber, 1989).

Clinicamente, os fenétipos das talassemiamriam desde uma discreta anemia
microcitica hipocrdmica (decorrentes da perda @&l 2 dos genedq) a uma anemia
hemolitica de gravidade variavel caracterizada pedsenca de Hb H (Doenca de Hb

H) ou uma Sindrome de Hidropisia Fetal. Enquarbmanca de Hb H ocorre devido a
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perda de trés genas na Hidropsia Fetal ocorre a perda dos quatro ggendla é
caracterizada por uma grave anemia intrauterinay ooorte no periodo fetal ou

perinatal (Higgs and Weatherall, 2009).

|. 2.2.2 Talassemias beta

As talassemiaB sdo caracterizadas pela deficiéncia par@igl ¢u total °) da
sintese das cadeifisnos eritrocitos de individuos afetados. A grandgonm delas é
causada por mutacdes de ponto dentro do fJeoe nas sequéncias flanqueadoras e

podem afetar qualquer nivel da regulacé&o génicai(TB004).

Como apresentado anteriormente, mais de 400 mgtaigierminam algum tipo
de fenotipo talassémico ou . Contrastando com as formas delecionais, prirgipai
responsaveis pela talassemiamais de 200 mutagbes no gene da gloBir@odem
determinar talassemia Algumas dessas mutac¢des suprimem totalmentetesside
cadeias} (talassemi®®) ou reduzem a expresséo do g@ngalassemif8*) (Giardine,
van Baal et al,. 2007). Esses eventos resultamneandiminuicdo na sintese de globina
B e consequente excesso de globmaque se combina com as cadeftas Yy,
contribuindo para o aumento das Hb, & Hb F, respectivamente (Rund and
Rachmilewitz, 2005).

Destaca-se que entre essas 200 mutacdes detemsindat talassemiap,
estudos populacionais indicam que ndo mais do Qudefas sejam responsaveis por
90% ou mais dessas talassemias no mundo, com urera(ariavel de outras raras,
com cada populacdo apresentando um conjunto prdprimutacées mais prevalentes
(Thein, 2005).

Clinicamente, as talassemi@séo heterogéneas em funcdo da ampla variedade
das alteracdes génicas acima apresentadas. Desss # apresentacao clinica pode
variar desde uma forma mais grave, com anemia mpdafudependente de transfuséo
sanguinea, como a talassem maior, até quadros leves, frequentemente
assintomaticos, ou com uma discreta anemia miaadt hipocrébmica, como no traco

talassémic@ (Bianco, Cappabianca et al., 1997; Quek and TIz€@7).
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I. 3 Modificadores genéticos das hemoglobinopatias

Como os defeitos que envolvem varias doencas gasétpermanecem
incompreendidos, esta claro que pacientes com onm@enotipo podem apresentar
diversas condi¢cOes clinicas diferentes, mesmo 180 d& doencas monogénicas. A
diversidade fenotipica das talassenfias o exemplo de como se pode gerar um amplo
espectro de manifestacdes clinicas relacionadasaadoenca. O fator mais dependente
e preditivo do fenétipo da doenca é a natureza deagéo. Entretanto, relacionar o
fen6tipo com o gendtipo € complicado, pela complaieracdo de fatores ambientais e
outros fatores genéticos em niveis secundarios r@afies, alguns ainda nao
identificados (Thein, 2002).

Existem diferencas fundamentais entre os tipos ddufadores genéticos que
influenciam o fendtipo tanto das talassemias quatde hemoglobinas variantes.
Enquanto o primeiro grupo apresenta como princgfaito modulador a prépria
natureza da mutacdo, no ultimo grupo, muito daabdrlade fenotipica ndo esta
relacionada exclusivamente a mutacdo apresentadeexemplo, nas talassemias, as
principais manifestacdes estdo relacionadas aodgranemia e a eritropoiese ineficaz,
relacionadas ou condicionadas pela mutacdo primdédana anemia falciforme, as
alteracOes fisiopatoldgicas estdo relacionadas eaestos vasooclusivos em varios
orgdos e as manifestacfes estdo apenas parcialretad®nadas ao grau de anemia
(Rund and Fucharoen, 2008).

Estudos tém mostrado evidéncias do efeito de uasagénicas atuando em
diversos processos fisiologicos e que tém efeitalutamlor sobre o fendtipo de
pacientes com talassemias e hemoglobinas variamescipalmente a anemia
falciforme. Dentre essas variantes, podem ser agtagolimorfismos no gene da
UGTL1AL, relacionados a hiperbillirrubenia e caleuldliares (Galanello, Piras et al.,
2001; Borgna-Pignatti, Rigon et al. 2003); homotgopara a mutacdo C282Y da
Hemocromatose Hereditéria, resultando em aumergmideis séricos de ferritina, com
consequente acumulo de ferro no organismo (MarBicanco et al., 2004; Oliveira,
Souza et al.,, 2006; Hagve, Asberg et al., 2009)tag@ies nos genes receptores de
estrogénio e vitamina D, relacionados a osteopemisteoporose (Ferrara, Matarese et
al., 2002; Tantawy, El Kholy et al., 2008); polifismos no HS-40, influenciando a

expressao dos geneqRibeiro, Zaccariotto et al., 2009), entre outros
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I. 4 Distribuicdo geogréfica das hemoglobinopatiasstruturais e talassemias

As hemoglobinopatias estruturais e talassemiagseptam uma das principais
doencas genéticas que contribuem de forma expeegsara a morbidade e a
mortalidade infantil em diversos paises em dese&mehto (WHO, 1982). Em geral, a
alta prevaléncia das hemoglobinopatias e talassepoale ser decorrente de dois
mecanismos: as mutacdes sdo favorecidas nas poeslagtoctones por forca do efeito
seletivo da malaria, onde os individuos afetado® $Aais resistentes ou,
alternativamente, sdo inseridas pela imigracdonda populacédo previamente afetada.
O primeiro mecanismo, a selecdo de heterozigotoareas com elevada incidéncia de
malaria, explica as altas freqtiéncias de hemogbplaitias e talassemias nos paises da
regido Mediterranea, no Oriente Médio, Sudoestdsia e na Africa, como discutido
acima. Por outro lado, a imigracdo espontanea ogcada € responsavel por sua
ocorréncia nos paises do Novo Mundo, incluindo asBr Nesse particular, cabe
destacar que a introducdo da malaria no continamtericano ocorreu em época
relativamente recente, apos a chegada dos colamesacuropeus, nao contribuindo
para aumentar a prevaléncia de hemoglobinopatialkgsemias. Isso explica por que
os trabalhos realizados em popula¢gbes indigenasmi&cigenadas demonstram a

completa auséncia desses disturbios (Salzano amaoliBip 2002).

A “hipétese da malaria” é defendida com base emragachados. Primeiro,
apesar das diferencas moleculares, a distribuicdndiml das hemoglobinopatias e
talassemias coincide com a distribuicdo da mal&egundo, a caracterizacdo molecular
e a analise de haplétipos revelam um padrdo commredoglobinopatias em uma
determinada regido, isto é, cada regido apresentpeufil tipico de mutagbes, o que
direciona para uma causa comum. Terceiro, estugmeraiolégicos mostram uma
forte relacdo entre a prevaléncia de uma deterraihachoglobinopatia ou talassemia e

a malaria (Flint, Harding et al., 1998).

O efeito protetor de varias hemoglobinopatias &t@dmias sobre a malaria tem
sido apresentado em diversos estudos. Sem dugdeal a Hb S mostrou um efeito
protetor contra a maioria, sendo todas as formascats da maléaria (Allison, 1954;
Luzzatto, Nwachuku-Jarrett et al., 1970; Allison002). May et al. (2007)
demonstraram uma associacado negativa entre oohgtapns para Hb C (Hb AC) e

talassémicost e a malaria cerebral e anemia grave. Fowkes €@08) demonstraram
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que 0 aumento no numero de eritrocitos e a mi@eeiem criangas homozigotas para

talassemia™ apresentava um efeito protetor contra a anemisegyarada pela malaria.

Entretanto, alguns questionamentos surgem sobrdiceééneia total dessa
hipotese para explicar a distribuicdo das hemogtyatias, tais como: a) por que
algumas hemoglobinopatias sédo frequentes em regidesmalarigenas, como a
Polinésia?; b) Por que as regides malarigenas eappe@s diferentes prevaléncias ou
padrées hemoglobinicos? Para explicar esses guastémtos, mais estudos devem ser

realizados, tanto em nivel bioquimico quanto mdécu

Outro aspecto que auxilia no entendimento da HOisgdo das
hemoglobinopatias e talassemias € o estudo dosétipays (associacdo ndo randémica
da combinagdo de varios polimorfismos) dos agrupamsedos genes das cadeias
globinicas. Essa avaliagdo permite reconstruirsédha das mutacdes, a importancia
dos processos migratorios e 0s processos de seaeamcorreram em um determinado
local (Flint, Harding et al., 1998).

O estudo dos haplétipos da globjh@em sido largamente utilizado em estudos
populacionais, com grande importancia do ponto idéa \histérico e antropoldgico
(Wainscoat, Bell et al., 1983; Pagnier, Mears et 284; Kulozik, Wainscoat et al.,
1986; Lapoumeroulie, Dunda et al., 1992; Baysalr®la et al., 1994; Bevilaqua,
Mattevi et al., 1995; Crawford, Caggana et al.,20@través da analise dos resultados
obtidos, foi demonstrado, por exemplo, a origemtic@rtrica da Hb S, com quatro
mutacdes Africanas e uma Asiatica, denominadasateuBBenin, Senegal, Camardes
e Arabe-Indiano, de acordo com a regi&o de origéonaés onde predominam (Pagnier,
Mears et al., 1984; Kulozik, Wainscoat et al., ,988poumeroulie, Dunda et al.,
1992). Esses dados sugerem que a Hb S surgiu gac®es independentes varias vezes
e quando esse evento ocorreu, seu efeito protatdeécao pela malaria favoreceu o

aumento da frequéncia do gete

Além dos estudos histéricos e antropoldgicos, a@dtigacdo dos haplotipos
também tem sido usada na tentativa de correlaciangresenca dos mesmos na
determinacdo de prognodsticos clinicos, quando mskmx a doencas como, por
exemplo, a anemia falciforme e a talassemia mdapao( Galanello et al., 1994,
Figueiredo, Kerbauy et al., 1996).
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Por outro lado, Liu et al. (2009) demonstraram questudo dos tradicionais
sitios de restricdo empregados até o momento reidi@ente para definir a grande
variacdo génica no complexo da globina beta na ldls&gerem a genotipagem de um
namero maior d&NPs, a fim de correlacionar o gendtipo com o fenotipeeaentado

pelos pacientes.

Com o objetivo de determinar a prevaléncia das ké&vboopatias e
talassemias, a Organizacdo Mundial da Saude (OM&)duziu um estudo
epidemiolégico global em diversas regides do mur@®.dados mostram que essas
alteracdes representam um problema de salude pubtitarl% dos 229 paises
investigados e que estes 71% s&o responsaveis guoa cde 89% de todos o0s
nascimentos no mundo. O namero de criancas afetemedmente ultrapassa 330.000,
sendo 83% com doencas falciformes e 17% com tatsaseModell and Darlison,
2008). A Tabela 2 apresenta as prevaléncias esisna@® hemoglobinopatias e

talassemias em diversas regies do mundo, bem coramero de gestacdes afetadas.

Tabela 2: Prevaléncias estimadas de hemoglobimspati talassemias em diversas
regides do mundo, bem como o nimero de gestacétmlas (Adaptado de (Modell
and Darlison, 2008).

Pop GestacOes afetadas
Regido (milhdes) % da populagéo portadora (/1.000)
2003 '
Variantes o' ° Qualquer DF TaF Total
significativag var
Africa 586 18,2 41,2 44,4  10,68,07 10,74
América 853 3,0 4,8 7,5 0,49 0,06 0,54
Mediterraneo (Leste) 573 4,4 19,0 21,7 0,84 0,70 1,54
Europa 879 1,1 2,3 3,3 0,07 0,13 0,20
Sudeste Asiatico 1.564 6,6 44,6 45,5 0,68 0,66 1,34
Pacifico (Oeste) 1.761 3,2 10,3 13,2 0,00 0,76 0,76

2 Variantes significativas incluem Hb S, Hb C, HbHR E, entre outras e talassemia

e talassemig’

® talassemia inclui homozigotos e heterozigota’

¢ Leva em conta coincidéncia entre variantes deiasd& e combinacdes silenciosas
de variantes de caddia

4 DF: Doengas falciformes incluem: Hb SS, Hb SC @Bssemi

® Talassemias incluem: talassempiaomozigota, Hb E/ talassenflatalassemia’
homozigota e heterozigose paf'a o’
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I. 4.1 Distribuicdo geogréfica das hemoglobinopatige talassemias no Brasil

A distribuicdo das hemoglobinopatias e talassemiggais reflete a composicao
étnica de cada regido e, sem duvida, a grandeolgetezidade observada configura-se
numa das mais interessantes caracteristicas da pogslacdo, formada por sucessivos
fluxos migratérios. Até o descobrimento do Brasily 1500, o pais era habitado por
Amerindios, compreendendo em torno de dois milltiepessoas. A partir de 1500,
teve inicio a imigracdo de Portugueses e entreéadias 16 e 19 houve a chegada de
Africanos (cerca de 9 milhdes), trazidos pelo tafie escravos. Aléem dos Portugueses
e Africanos, outros fluxos ocorreram entre os sETul9 e 20, principalmente
individuos oriundos da Italia, Alemanha e Espar8@zano and Bortolini 2002). Todos
esses eventos migratorios contribuiram para a fgimeada populacdo brasileira,
caracterizada por uma alta taxa de miscigenacasa Bsterogeneidade tem sido
descrita em vérios estudos genéticos usando maesadanto uniparentais quanto
autossémicos, que demonstram um tipico, mas ndoron@, padrdo para o conjunto
gendmico da populacao brasileira, dado pela can¢dlo de Europeus, Africanos e
Amerindios. Populacbes das regides Sudeste e $edespam as menores taxas de
contribuicdo Africana e maiores de contribuicdo dpéia quando comparadas com
outras regides do pais (Salzano and Bortolini 2@#legari-Jacques, Grattapaglia et
al., 2003; Parra, Amado et al., 2003; ZembrzuskileQari-Jacques et al., 2006; Leite,
Callegari-Jacques et al., 2008; Leite, Santos. g2@09).

No Brasil, poucos grupos de pesquisadores tém shcadl® de forma
sistematica ao diagndéstico e investigacdo em miadécular das hemoglobinopatias e
talassemias, merecendo destaque os grupos da Un{&#), da Universidade Federal
da Bahia e Hemoba (BA), do Nucleo de Acdes e Psagem Apoio Diagnostico
(NUPAD) de Minas Gerais e da Universidade FedevdPara.

A sequir, serdo apresentados os principais resdtaderentes ao Brasil e, apos,
os dados especificos relacionados ao Rio Gran&illdoco deste trabalho.

Com relagéo a investigacdo da talassemiaa fase que antecede a introdugéo
de técnicas de biologia molecular no Brasil, o dismgico era baseado em sistemas
eletroforéticos, na deteccdo da Hb Bart's em nesnat da Hb H em adultos, e

citolégicos para a pesquisa de precipitados de HA prevaléncia de talassentdaera
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variavel (entre 0,7 e 16%), dependendo da populagalisada (Sonati and Costa, 1990;
Leonelli, Imperial et al., 2000; Orlando, Naoumnakt 2000).

A partir da implantacédo das técnicas de biologidemdar, Sonati et al. (1991)
confirmaram a alta prevaléncia de talassemiam Campinas. Nesse estudo, cerca de
30% de uma pequena amostra de doadores de samgbeasifeiros apresentaram
alguma forma dessa talassemia (heterozigotos, hgotog e triplicacdo do gerue).

Em outro estudo de 590 recém-nascidos avaliadosSa&wador, 114 (22,2%) eram
portadores da mutacda®’(19,7% em heterozigose e 2,5% em homozigose) (Agorn
Couto et al. 2005). Destaca-se que essas prevadésa@d muito maiores do que valores
descritos para a regido Norte do pais (7%), onden&ribuicdo de Amerindios é mais
alta do que de Afrodescendentes (Souza, Cardadg 2009).

Borges et al. (2001) estudaram a prevaléncia dsdamian entre individuos
adultos com microcitose e hipocromia sem anemia. 39 individuos analisados, 169
(49,9 %) apresentaram talassemjasendo que 145 (42,8%) foram classificados como
heterozigotos para a delecan®’ (-a>"/aa), 18 (5,3%) foram classificados como

homozigotos para esta delecaa®®-o*"),

além de 5 (1,5%) individuos com formas
nao-delecionais e 1 (0,3%) com delecdo do tilo Nesse mesmo estudo, dos 98

afrodescendentes investigados, 69 (70,3%) apreaentalassemia.

Ja com relacéo as talassenfiaZzago et al. (1983), em uma revisdo de dados
sobre hemoglobinopatias no Brasil, mostraram queéassemiafd estdo entre os
distarbios mais frequentes em populacdo hospitals. resultados apresentaram
variacdes de 0,8% na populacdo geral até 35,2% eatrientes selecionados de um
servico de hematologia, tendo sido introduzidasigm@énantemente pelos imigrantes

italianos e apresentando grande variabilidade desiado para outro.

Em nivel molecular, as mutacdes determinantes tessemiafl também
apresentam uma grande variabilidade no pais. EmaPéuco, a mutacéo IVS-1-6 € a
mais frequente (62,8%), seguida da IVS-1-1 (15,1¥8;1-110 (8,2%) e a mutacéo de
cédon 39 (3,5%) (Araujo, Silva et al., 2003). Eqsadro difere do apresentado pelos
individuos da regido de Séo Paulo, que apresentaotacdo de codon 39 como a mais
frequente (64,3%), seguidas da IVS-1-110 (20%),-1V& (7,1) e IVS-1-1 (5,7%)
(Martins, Ramalho et al., 1993). Essas diferengas explicadas pela origem das
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populacdes que colonizaram essas regides, tais portiggueses e italianos (Kattamis,
Hu et al. 1990; Ribeiro, Goncalves et al., 199dfao, Pacheco et al., 1999).

A prevaléncia das hemoglobinas variantes, com gestpara a Hb S e Hb C,
em diversas partes do pais, teve seu estabelecimeéstivo, principalmente, apds a
inclusdo da investigacdo das hemoglobinopatiagiaget neonatal em 2001, e sera
apresentada adiante.

I. 4.2 Distribuicdo geografica das hemoglobinopatsme talassemias no Rio Grande
do Sul

No estado do Rio Grande do Sul, dois trabalhosnforaalizados para
investigacdo de talassemea Pedrollo et al. (1990), utilizando como indicadie
talassemiax a presenca de Hb Bart’s no sangue de corddo walbgin recém-nascidos
em Porto Alegreatravés de eletroforese de hemoglobina em fiacd&ato de celulose,
estimaram que a prevaléncia de talassemémn afrobrasileiros e eurobrasileiros € de
6% e 2,5% respectivamente. Esse dado é certammatsubestimativa, assim como 0s
outros trabalhos realizados com esse método, poistadas as criangas portadoras do
traco talassémica apresentam Hb Bart’'s em nivel detectavel por ess@ca (>1%)

no periodo do nascimento (Higgs, Lamb et al., 1982)

Em outro estudo, realizado por Daudt et al. (2088)Hospital de Clinicas de
Porto Alegre (HCPA), das 1615 amostras de sangueadn-nascidos analisadas pela
técnica de focalizacéo isoelétrica (FIE), em ap@n@s12%) foi identificada a presenca
de Hb Bart’'s. Justifica-se esse baixo indice palhaf na técnica, uma vez que as
amostras foram coletadas em papel filtro e foramegasadas, em média, 22 dias apds a
coletas. Nesse meio, as hemoglobinas perdem safailielside decorrente da oxidacao
do ferro da fracdo heme e da acdo de residuosutbngha e asparagina na molécula

protéica, prejudicando a identificacdo de bandpisiad, tais como a Hb Bart’s.

Com relacdo a talassenflaFreitas e Rocha (1983) relataram uma frequérecia d
1,1% de heterozigotos para essa talassemia em al@asoides de Porto Alegre. Ja
Farinon (1992) identificou 34,2% de uma amostrandividuos anémicos com essa
condicdo. Em doadores de banco de sangue, em Cdaisgul, a prevaléncia de
talassemig3 foi estimada em 9,8%, através de dosagem de HpoA eluicdo. Apos
investigacdo molecular, esses dados nao foramdepiaos (Lisot and Silla, 2004).
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A prevaléncia das mutacdes para talass@nica determinada pelo nosso grupo
em moradores de Porto Alegre e regido metropolitAnautacdo de codon 39 (C>T)
foi a mais frequente (50,9%), seguida de IVS-1-{1B)1%), IVS-1-1 (12,9%) e IVS-1-
6 (9,5%). Outras mutagbes somaram 8,6% (Reiche@astro et al., 2008).

A prevaléncia de Hbs variantes foi investigada erid”Alegre por Salzano et
al. (1968). Os resultados mostraram frequéncids ¥, 2,7% e 5,7% do gene para Hb
S em grupos de individuos brancos, mistos e neggepgectivamente. Para o0 gene da
Hb C, as frequéncias identificadas foram de 0,3%00 0,7% para 0S mesmos grupos,
respectivamentedem outro estudo, a frequéncia do gene Hb S e d€ Kt de 1,7% e
0,9% entre afrodescendentes e de 0,4% de Hb S euntoglescendentes (Weimer,
Salzano et al., 1981). No estudo conduzido por Dati@l. (2002), acima descrito, a
prevaléncia das Hbs variantes também foi avali@saresultados indicaram 2,5% dos
individuos com padrdes alterados; destes, 1,2% pmatadores do gene para Hb S, e
0,4% eram portadores do gene da Hb C. No Rio Grdodsul, além das Hbs S e C,
Tondo et al. (1963) descreveram a presenca de w@emadiobina com padréo de
migracdo eletroforética entre a Hb S e a Hb C ena damilia de descendéncia
Portuguesa, denominada Hb Porto Alegre. Estudagn@®s mostraram sua presenca
em outras regides do pais, além da Argentina, @Nsanezuela (Seid-Akhavan, Ayres
et al., 1973; Penalver and de Miani, 1974; Coloanmb Martinez, 1985; Salzano, 2000).

I. 5 Triagem neonatal

A triagem neonatal € uma estratégia utilizada @idesaublica a fim de rastrear,
dentro de uma populagdo considerada “normal”, iddies que estdo em risco de
desenvolver uma doenca especifica e que se bemiglini de investigacdo adicional
(para confirmar e/ou excluir esse risco) e de gu@ventiva/terapéutica imediatas
(Souza, Schwartz et al., 2002).

No contexto das doencas falciformes, os beneficiosdiagnostico e da
intervencao precoce tém levado a ampla difusdooelm @ mundo de programas para a
deteccdo dessas condi¢cdes. Estudos tém demongjrem diagndstico precoce,
associado a medidas preventivas, pode levar a&edisgg morbidade e mortalidade nos
primeiros anos de vida (Almeida, Henthorn et @102, Bardakdjian-Michau, Guilloud-
Batailie et al., 2002). Além disso, 0 uso profitatide penicilina, a administragdo de
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vacina antipneumocacica e outros cuidados inteasatomentam significativamente a
sobrevida e a qualidade de vida dos portadoresodecds falciformes, diminuem as
sequelas e atenuam as complicagfes clinicas,dais crises dolorosas e sequestros
esplénicos (Almeida, Henthorn et al., 2001; RamaMagna et al., 2003; Henthorn,
Almeida et al., 2004). Estudos mostram a efetivdakbs programas de triagem,
associados ao atendimento médico adequado e edueaiporte aos pais, em varios
paises, tais como Estados Unidos, Jamaica e Ramio Vichinsky, Hurst et al.,
1988; Vichinsky, 1991; Lee, Thomas et al., 199%nkpong and Pearson, 2007; King,
Fraser et al., 2007; Telfer, Coen et al., 2007).

Destaca-se que, além das doencas falciformes,stestde triagem neonatal
permitem a identificacdo de portadores de talags@miaior e heterozigoses para Hbs
variantes, permitindo tratamento adequado aos quda de doencas e atuando em
nivel de prevencao primaria através da identificagd@aconselhamento aos portadores
(Giordano, 2009).

Devido as razfGes acima apresentadas, programaggent neonatal foram e
tém sido implantados em diversas partes do munubysive em paises onde as
hemoglobinopatias ndo eram comuns, tais como kgt Franca, Holanda e
Alemanha (Bardakdjian-Michau, Guilloud-Batailie &t, 2002; Howard and Davies,
2007; Modell, Darlison et al., 2007; Theodorssoirgéns et al., 2007; Dickerhoff,
Genzel-Boroviczeny et al., 2009; Giordano, 2009)triagem nesses paises assumiu
importancia através da mudanca de padrédo migrasofiido, principalmente a partir
da Segunda Guerra Mundial, com grande incremergdiitisnas décadas (Bain, 2009).
Resultados dos principais estudos encontram-seabald 3. Em alguns deles, merece
destaque a grande diferenca encontrada dentro damaoneais, dependendo do
contingente migratorio, reforcando a importanciardalanca de perfil hemoglobinico.
Por exemplo, a Inglaterra, onde a triagem para gehmopatias foi incorporada ao
Programa Nacional de Triagem Neonatal em 2004 sapta uma prevaléncia de 0,5%
para doencas falciformes. Em determinadas regiéesads, tais como Londres, esse
valor sobe para 1,8% (Streetly, Latinovic et 2009).
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Tabela 3: Resultados da triagem neonatal para Hehingpatias em diversos paises

DF? Heterozigotos o
Local N ) ) Referéncia
N (prevaléncia) N (prevaléncia)
Inglaterra 1.198.614 651 (1:1.840) 17.373 (1:69) tre@ly, Latinovic et
al. 2009)
Inglaterra (Londres) 239.654 436 (1:550) 9.566 (1:25) (Streetly, Latinat
al. 2009)
Bélgica (Bruxelas) 118.366 64 (1:1.850) Hb AS (3:70 (Gulbis, Ferster et al.
2006¥
Bélgica 27.010 Hb SS: 3(1:9.000) Hb AS: 106 (1)25%Boemer,
. ) Vanbellinghen et al.
Hb AC: 3 (1:9.000) 2006)
Alemanha 306 Hb SS: 1 (1:306) Hb AS: 28 (1:11) (Dickerhoff, Genzel-
. ) Boroviczeny et al.
Hb AC: 8 (1:38) 2009§
Holanda [180.000 [50-60 (1:3.000—- N.I (Giordano 2009)
1:3.600)
Espanha 4.020 N.l (1:475) NI (Manu Pereira Mdel,
. Cabot et al. 2007)
(Catalbnia)
Espanha (Madri) 190.238 31 (1:6.136) 1.060 (Joyanes, Moro et al.
(1:179) 20067
Portugal 400 - Hb AS: 6 (1:67) (Peres, Romao et al.
1995)
Benin 2.070 Hb SS: 16 (1:129) Hb AS: 528 (1:3,9) (Rahimy, Gangbo et
Hb SC: 28 (1:73)  Hb AC: 135 (1:15) 2 2009)
Congo 31.204 Hb SS: 428 (1:73) Hb AS: 5.276 (1:59¥hilolo, Aissi et al.
2009)
Estados Unidos [530.000 N.I(1:6.600) N.I 1:75 (Michlitsch, Azimi et
(Califérnia) nascimentos/ al. 2009)
ano
Estados Unidos N.I N.I (1:615) N.I (Lerner, Platania et al.
(Nova lorque) Hb AS (1:11.8) 2009)
Canada (Quebec) 2.779 NI NI (Yorke, Mitchell et a
1992)
Jamaica 104.817 Hb SS: 404 (1:260Hb AS: 10.268 (Hanchard, Hambleton
Hb SC: 212 (1:494) (+10) etal. 2005)
Hb CC: 90 (1:1.164) Hb AC: 3.854 (1:27)
Venezuela 101.301 Hb SC: 19 (1:5.331b AS: 1.351 (1:75) (Gimenez, Torrealba et
Hb SD: 9 (1:11.256) Hb AC: 461 (1:220) 2~ 2009)
Hb AD: 149 (1:680)
Argentina 1.000 - Hb AS: 5 (1:200) (Noguera, Bragbal.
1999§
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4DF: Doencgas falciformes incluem: Hb SS, Hb SC, Hiafissemifd
P Heterozigotos: Hb AS, Hb AC, Hb AD e outras asSpiis.
“Maior parte dos portadores é de origem africana.

4 Ntimero constituido apenas de filhos de maes afiicafiriagem ndo é universal e
propdem estudo piloto em cidades com mais de 20¥hideantes.

® Ampliar a investigacéo para todos os filhos deguintes.

"Em populacao de risco (imigrantes).

9Genitores de 44 paises de origem.

"NUmero constituido de gestantes da segunda matermigade de Benin.

' Prevaléncias em negros. DF avaliadas entre 1986-@0&terozigoses avaliadas entre
1989-2006.

J'A maioria dos genes para Hb S (71%) foi encontrada individuos negros
(autodeterminados).

“Os autores sugerem que a baixa frequéncia nafigastitriagem populacional.
N.I: Nao informado
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[. 5.1 A triagem neonatal no Brasil

Os programas de triagem neonatal comecgaram nol BrasiLl976, através de
iniciativas isoladas, sem politicas e/ou regulamgd do governo, com a introducdo do
programa para triagem da Fenilcetonuria, atravéAssaciacdo de Pais e Amigos de
Excepcionais (Apae) em S&o Paulo. Em 1986 o pragifaimampliado com a pesquisa
de Hipotireoidismo Congénito. De acordo com o Mimni® da Salude, a cobertura da
triagem neonatal em 2007 era de 79%, com 13 estadosFase | da triagem
(Fenilcetonuria e Hipotireodismo Congénito), 1lades em Fase Il (Fase | +

Hemoglobinopatias) e 3 estados em Fase |l (Fasé-ibrose Cistica) (Saude, 2010).

Em 2001, o Ministério da Saude incluiu a pesquisahémoglobinopatias no
Programa Nacional de Triagem Neonatal (PNTN), asawda Portaria 822/01,
reconhecendo a sua relevancia na saude publicarakl BRamalho, Magna et al.,
2003). Os grandes estudos populacionais com objeivdeterminar a prevaléncia de
hemoglobinas variantes iniciaram, principalmentgaatir desse periodo. Destaca-se
que as técnicas utilizadas sdo baseadas principanem sistemas eletroforéticos
(como as eletroforeses alcalina e éacida e a faggdlz isoelétrica - FIE) e
cromatograficos (como a cromatografia liquida de aficiéncia - CLAE). Essas
técnicas sdo rapidas, apresentam alta resolucdmmtificacdo acurada das fracdes
hemoglobinicas, permitindo a identificacdo de hdpimgas variantes (Joutovsky,
Hadzi-Nesic et al., 2004). Porém, no periodo nednatconcentracdo de Hb F ainda
encontra-se elevada, dificultando o diagndsticotalassemiaf3, bem como a sua

interacdo com hemoglobinas variantes.

Diversos estudos tém apresentado diferencas regimnportantes relacionadas
a prevaléncia de Hb S e Hb C, variando de 1,5% &% no Parana e Rio Grande do
Norte a 9,8% na Bahia (de Araujo, Serafim et @004& Adorno, Couto et al., 2005;
Watanabe, Pianovski et al., 2008). Quando avalid€aacordo com a origem, a
prevaléncia de Hb S alcanca 15,4% nos afrodesctzslghdorno, Couto et al., 2005).
A Tabela 4 apresenta a prevaléncia das doencafofiales (Hb SS, Hb SC e Hb
S/Talassemidd) e as heterozigoses (Hb AS, Hb AC e Hb D) em regéstidos em

diversas regides do Brasil.
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Tabela 4: Prevaléncia das doencas falciformes erdmfjoses para hemoglobinas
variantes no Brasil em recém-nascidos.

Doenca falciformé

Heterozigos8

Populacdo N o . Referéncia
N (prevaléncia) N - % (prevaléncia)
Natal — Rio 1940 Hb SS: 1 (1:1940) Hb AS: 29 - 1,5% (1:69) (de Araujo,
Grande do Norte Hb AC: 6 - 0,3% (1:323) Serafim et al.
(Nordeste) 2004)
Alagoas 19.946 HbSS:11(1:1.813) HbAS: 469 -2,3% (1:43) (Lipinski-
(Nordeste) Hb SC: 2 (1:9.973) Hb AC: 140 - 0,7% (1:142) Figueiredo,
Estelita et al.
2009)
Salvador — Bahia 502 Hb SS: 1 (1:502) Hb AS: 57 - 9,8% (1:9) (Adorno, Couto et
(Nordeste) Hb SC: 4 (1:125) Hb AC: 38 - 6,5% (1:13) al. 2005)
Brasilia — 116.271 Hb SS: 109 (1:1.067) Hb AS: 3.760 - 3,2%X)L  (Diniz, Guedes et
Distrito Federal al. 2009)
(Centro-Oeste)
Minas Gerais 605.419 Hb SS: 486 (1:1.246) Hb AS: 3,2% (Serjeant 2000)
(Sudeste) Hb AC: 1,3%
Minas Gerais 128.326 Hb SS: 46 (1:2.790) Hb AS: 4.221 - 3,29% (1:30) (Paixao, Cunha
(Sudeste) Hb SC: 37 (1:3.470) Hb AC: 1.558 - 1,21% (1:82) Ferraz et al. 2001)
Hb S/talp: 4 (1:32.082)
Espirito Santo  331.273 Hb SS: 123 (1:2.693) Hb AS: 10.872 - 3,3%8(Q) (Bravin, Correia
(Sudeste) Hb AC: 3.210 — 0,9% (1:103)et al. 2009)
Hb AD: 156 (1:2.123)
Hb AV 72 (1:4.600)
Rio de Janeiro 99.260 Hb SS: 62 (1:1.600) Hb AS: 3.933 - 3,96% (1:25) (Lobo, Bueno et

(Sudeste) Hb SC: 18 (1:5.514)  Hb AC: 588 -0,59% (1:169) al. 2003)
Hb SD 3 (1:33.087) Hb AD: 142 - 0,14% (1:699)
Sé&o Paulo 1.565.439Hb SS: 393 (1:3.983) Hb AS: 38.922 — 2,49% (1:4QHadachi,
(Sudeste) Hb SC: 251 (1:6.236) Hb AC:12.271-0,78% Iskandar et al.
Hb S/talf: 52 (1:30.104)(1:126) 2009)
Campinas — Sdo 281.884 Hb SS: 29 (1:9.720) Hb AS: 5.197 - 1,98% (1:54) (Brandelise,

Paulo (Sudeste) Hb SC: 26 (1:10.842)

Hb AC: 1.615 - 0,57% (1:175Pinheiro et al.

Hb S/ talp: 4 (1:70.470) 2004)
Hb SC: 26 (1:10.842)
Ribeirdo Preto e 103.021 Hb SS: 14 (1: 7.358) Hb AS: 2.747 - 2,7% (1:37)  (Magalhaes,
regido (Sudeste) Hb SC: 11 (1: 9.365) Turcato Mde et al.
2009)
Parana (Sul) 548.810 Hb SS: 12 (1:45.734) Hb AS: 8.321 - 1,52% (1:66) (Watanabe,

Hb Stalp: 15 (1:36.587)

Pianovski et al.
2008)

®Doenca Falciforme: Hb SS, Hb SC e Hb S/talass@mia
P Heterozigose: Hb AS, Hb AC e Hb D
“Hb AV: heterozigose para variante rara néo idexaifa
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Como apresentado anteriormente, a maioria das afenes nao produz efeitos
clinicos significativos e nem alteracdes hematcligyi Dessa maneira, a triagem
neonatal constitui-se em uma grande oportunidaddetieccdo dessas hemoglobinas,
além das Hb S, Hb C e Hb D tradicionalmente idmatifas.

A associacdo de diversas técnicas baseadas enmassteletroforéticos,
cromatograficos e moleculares, além de testesdoadg, tem permitido a identificacéo
de diversas Hbs variantes raras entre diferenteggogrde individuos, desde recém-
nascidos rastreados nos programas de triagem, @sade sangue e pacientes com
anemia a esclarecer. Dentre elas podem ser cigadbszurich, a Hb Miami, a Hb Osu-
Christiansborg e a Hb Deer-Lodge, sendo algumassiesutacbesle novo(Kimura,
Oliveira et al., 2008), alem de novas varianteasiacomo a Hb Itapera, a Hb Bom

Jesus da Lapa e Hb Boa Esperanca (Jorge, Kimata 2007).

I. 6 Justificativa e objetivos

Como discutido acima, as hemoglobinopatias e lass@mias apresentam uma
grande heterogeneidade em nivel molecular e sdonedmente especificas, com cada
populacdo apresentando uma combinacdo de taiacdles. No Brasil, as prevaléncias
dessas alteracbes tém sido determinadas e aprasgrdade variabilidade entre as
regides, devendo-se isso a influéncia do grupoce@tmredominante em uma

determinada localizacéo geografica.

No Rio Grande do Sul, sdo poucos os estudos solimma, sendo que a
investigacdo molecular foi conduzida apenas coatéel as talassemifsm pacientes
com anemia microcitica (Reichert, de Castro et 2008). Dessa maneira, torna-se
importante o conhecimento das bases molecularekatasglobinopatias estruturais e

talassemias no Estado do Rio Grande do Sul.

A identificacdo do perfil hemoglobinico permitirétabelecer fluxos de trabalho,
direcionado as hemoglobinopatias mais prevalentesjue diminui o tempo de
investigacdo laboratorial, bem como os custos tides para tal fim. Esses resultados
ainda sao Uteis para determinar a alocacdo deswecynublicos e implantacdo de
politicas de saude voltadas aos doentes. Cabdtaesgze 0 diagnostico definitivo de
um portador de um gene para hemoglobinopatia elagsemia também apresenta o
beneficio do conhecimento de sua condicdo, evitandestigacbes laboratoriais,
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consultas médicas e suplementacdo desnecessarigrrde (no caso dos tracos

talassémicos), bem como a possibilidade de acesacoamselhamento familiar.
Dessa forma, o presente trabalho teve como obgetiv

1- Determinar as bases moleculares para a caraxt@d de talassemias e
hemoglobinas variantes no Estado do Rio Grandeutl@a Partir dos testes de triagem

neonatal.

2- Determinar a frequéncia de talassemiaem populacdes diferenciadas
(anemia falciforme, individuos com anemia micraeita esclarecer e controles afro e

eurodescendentes).

I. 7 Aspectos éticos e de biosseguranca

Este projeto foi submetido ao Comité de Etica daRGB e obedeceu as
Diretrizes e Normas Regulamentadoras de Pesquisalvendo seres humanos

(Resolucéo 196/96 do Conselho Nacional de Saude).
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Capitulo Il

Neonatal screening for haemoglobinopathies: the rats of a public
health system in south Brazil
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Summary

Aim: To estimate the prevalence of hemoglobinopathmes$South Brazil.Methods:
Samples of dried blood spots heel prick from nesmatere evaluated by IEF and/or
HPLC techniques. All variants were characterizedhat molecular levelResults A
total of 437,787 samples were evaluated. Amongeth6s391 showed an abnormal
hemoglobin pattern. These included 48 cases (0.@#%ijckle cell disorders (33 Hb
SS, 7 Hb SC, 7 Hb § thal, 1 Hb SD), 1 neonate who was homozygousffor
thalassaemia, 6,272 (1.4%) newborns who were Istgoos for Hb S, C or D and 71
(0.02%) neonates who were carriers for a rare héohogvariants. Most of these rare
variants were identified for the first time in BiazConclusions:Comparing these
results with those obtained in other Brazilian oeg, we observe a highly
heterogeneous distribution. This knowledge is us@&fu healthcare planning and
allocation of resources, whilst identifying at riskuples which will assist with disease

prevention.

Keywords: Hemoglobinopathies, sickle cell disease, newboreening, Brazil.
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Introduction

Hemoglobinopathies are genetic globin gene dissrdenaracterized by the
presence of variant hemoglobin or the decreaseiabsen globin chain synthesis,
known as thalassemia (Weatherall and Provan 20@@sHnd Weatherall 2009).

One of the most interesting characteristics of Bunazilian population is its
heterogeneity, which is due to five centuries ¢¢iirethnic mixing of people from three
continents (Callegari-Jacques$ al 2003). The southern Brazilian population differs
from this general standard, southern Brazilian petpans presented smaller levels of
African and higher degrees of European contribstiovhen compared with other

Brazilian groups

The aim of a neonatal screening program is to ifietiiose individuals within a
population who have a specific serious disordewhiich the outcome can be improved
by an early intervention. The advantages of eardgmbsis conferred to babies and
children with SCD include the use of prophylactnillin (Gastoret al. 1986; Davies
et al. 2000), administration of anti-pneumococcus vaedibavieset al 2000; Leest
al. 2000), and education of parents to detect symptofracute splenic sequestration

and give comprehensive care.

The Brazilian Ministry of Health recognized the ionfance of
hemoglobinopathies for public health in 2001 whenh was decided that
hemoglobinopathies would be incorporated into thatidthal Brazilian Neonatal
Screening program. The present study reports thsultse of 4-years of
hemoglobinopathies screening in the southern Bazazgopulation.

Materials and Methods

From January 2004 to December 2007, 437,787 samopldded blood spots’
(DBS) heel prick from neonates were collected. Sampere tested on the day when
received or on the next working day by Isoeletocsing (IEF; Perkin EImer) or High
Performance Liquid Chromatograph (HPLC; Bio-Rad i&far Hemoglobin Testing
System — Sickle Cell Short Program) (Camplatilal 1999). All samples with an
abnormal pattern on one system were further andlygethe other system (IEF or
HPLC).
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Babies without hemoglobin A (Hb A), with a variasther than Hb S or Hb C,
with a larger proportion of hemoglobin variant thidb A and babies who had been
transfused prior to blood sampling were recalladépeat testing at 4-12 weeks of age.
In some cases, parental samples were requested @mfinitive hemoglobinopathy
diagnosis, these were analyzed by IEF and HPLC-Ridp-Thal Short Program).

Molecular techniques were used to distinguish hgmous Hb S disease from
Hb S/beta thalassemia and to identify rare hemagleariants. Briefly, genomic DNA
was obtained from peripheral blood samples thraughlting out procedure (Lahiri and
Nurnberger 1991). HB S genotypes were investighyedlCR using specific primers for
B-globin gene exon | (5- GGC AGA GCC ATC TAT TGC A13’) and (5’- ACC
TTA GGG TTG CCC ATA AC-3). The amplified productas digested witlbde |,
since the HB S mutation abolishes a recognitioa f&it this enzyme at codon 6. The
digestion fragments were analyzed on 2.5% agarelsestpined with ethidium bromide.

Amplification of the HBB, HBA2 and HBAL1 genes wgperformed using gene-
specific primers (Mirandat al. 1997; Moradkhanet al 2009). DNA sequence analysis
was performed with an automated sequencer (ABI 32Applied Biosystems, Foster
City, CA, USA, or CEQ 8000, Beckman Coulter, Fulbex, CA, USA).

Allele frequencies were estimated by gene count@wnparisons among gene
frequencies were performed using the PEPI softwaygram (Abramson 2004).

The project was previously approved by the Rese@ammmittee from Federal
University of Rio Grande do Sul (UFRGS) and devetbpntegrally according the
ethical principles in the resolution 196/96 of datl Health Council.

Results
Table 1 shows the prevalence of variant hemoglofoiusd in this study as well

as those observed in other Brazilian regions (feigur Among the 437,787 samples
tested, 48 cases (0.01%) of sickle cell disordeZO5 were diagnosed: 33 were
homozygous for Hb S, 7 were compound heterozygousib S and Hb C and 1 was
compound heterozygous for Hb S and Hb D. Additigna neonates were compound
heterozygous for Hb S and beta thalassemia anddate was homozygous for beta
thalassemia. These results were confirmed usirlgwealp samples or family studies.
The incidence of SCD in this population was 1:9,1F@om these results, it was

possible to estimate gene frequencies for the mastmon variants using the Hardy-
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Weinberg equation. Allele frequencies were as fatloHb S: 0.006, Hb C: 0.001 and
Hb D: 0.0002. Although there was no deviation fradhose expected for Hb S

frequencies, there were significant differencesgamotype distribution and allele

frequencies between different regions from Rio @eado Sul State (Figure 1). These
frequencies were 0.0026 in the northwest region @79, in Southeast region
(P<0.001).

In 71 samples, rare hemoglobin variants were dade(@lpha and beta globin-
chain variants). We were able to identify the vatrilay DNA sequencing in 47 of these
cases: 26 were due to mutations in the alpha-glgbires and 21 were due to mutations
in the beta-globin gene. From these, 8 differemydgobin variants were described for
the first time in a Brazilian population. Twentyobd samples were not available for
DNA studies and 4 cases could not be characterizdilial studies were performed in
36 (77%) cases in which a rare variant was idedtitind parents were available for
DNA studies. In all these cases the rare variaad also identified in one parent. Table
2 lists these variants, the number of samples iiclwkthey were detected and their

occurrence in the world.

Discussion

Brazilian studies have shown important regionalfedénces related to
prevalence of Hb S and Hb C, varying from 0.2% (Baegion) to 9.8% (Northeast
region) (table 1; Figure 1). This reflects the dsiy of racial origins and the different
degrees of interethnic mixing in Brazilhe African component is lowest in the South
(11%), while the highest values are found in thetiNeast and Southeast (18-20%;
Callegari-Jacquest al. 2003). Comparisons amorgmoglobin surveys conducted in
the southeastern region (Minas Gerais, Rio de (taaed Sao Paulo -Campinas; Table
1) showed higher frequencies of Hb S and Hb C im d& Janeiro and Minas Gerais
then in Campinas, Sdo Paulo. This last study ptedefower Hb S and Hb C
frequencies in relation to other locations from siaene region (Brandalisd al. 2004),
and similar to that observed in the southern pdmmra(present study). It has been
estimated that between 1800 and the mill-2éntury, about 4 million individuals
entered the country, mainly from Portugal, Italjpa® and Germany. This second
immigration wave settled predominantly in Sdo PaSkate and in the Brazilian

southern region (Salzano and Freire-Maia 1970Yetbee the similarity between the
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results observed in Campinas which is in Sdo P&atdte (Brandaliset al2004) and in
Rio Grande do Sul with lower Hb S and Hb C frequesi@re not an unexpected
finding.

When Hb S allele frequencies were compared in Ran@e do Sul (Figure 1), a
heterogeneous distribution was observed (p<0.00hese results indicate lower
frequencies in the Northwest region (0.0026), aaan which the Italian contribution
was most marked, and a higher incidence (0.0079)faand in the Southeast, a region
in which there was a high concentration of slaw®taduring the colonial period (Cesar
1970).

Besides Hb S and Hb C, we also found 71 neonatesozggous for rare variants
(Table 2). It is important to note that occasionpdhie presumptive identification of
hemoglobin variants using screening methods mawpdmgrect, since some variants are
not discriminated from each other by current sdregmmethods. Therefore, the
presence of rare hemoglobin variants justifiesuse of molecular biology techniques
for correct identification and reflects the diversthnicities of the southern Brazilian
population. Most of these rare hemoglobins wergt filescribed in Mediterranean and
African populations, with whom the present-day Hrazs share recent common
ancestors. They were probably introduced duringptioeess of colonization but some,
as Hb Woodville and Hb E-Saskatoon are found iraety of different populations,
including Viethamese, Greek, Japanese, ScottissmiSgls and Turkish (Giardires al
2007), and probably have arisen by independenttiontavents in diverse populations,
although we did not have any evidencelefnovomutations in the investigated sample.

The benefits of rare variant identification duringonatal screening are evident
because some of them are clinically relevant: Hinlgyville Il and Hb G-Phil when
associated too®’ deletion results in a thalassemic phenotype; HBudntanamo
presents a hemolytic mild anemia and Hb Beckmasgmts a chronic anemia, with
microcytosis and reticulocytosis (Giardiaeal 2007). On the other hand, hemoglobins
like Hb Shelby and Hb E-Saskatoon that are silemtations, present the same IEF or
HPLC pattern as the common clinically relevant HbrS4b C. Identification of these
and other clinically significant hemoglobin variantan avert unnecessary future
investigations and treatments, especially when btypuia and microcytosis are
present.

Non-selective hemoglobinopathy screening has edsiine diagnosis of SCD in

the neonatal period, reducing morbidity and mdstailn these patients and for this
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reason has led to the introduction of screeningams in many parts of the world
(Pereset al 1995; Almeidaet al 2001; Bardakdjian-Michaat al. 2002; Boemeet al
2006; Gulbiset al 2006; Cela de Juliaet al. 2007; Kinget al. 2007; Manu Pereira
Mdel et al. 2007; Therrell and Adams 2007; Downing and RA&It08; Michlitschet al
2009). At present, the Neonatal Screening Progratheopublic health system covers
77% of babies born in Rio Grande do Sul. Addingthose performed in private
laboratories, the coverage reaches 95% of babresthis study, 6.073 neonates
heterozygous for Hb S and Hb C were identifiedresenting 94.9% of all results with
altered hemoglobin patterns. The main benefits ei€lozygous detection are family
counseling and the identification of previously notwn at-risk couples (Henthoat al
2004).

Our results represent an extensive evaluation @bnatal screening for
hemoglobinopathies performed in Rio Grande do Swimparing these results with
those obtained in other Brazilian regions, we olsea highly heterogeneous
distribution. This knowledge is useful in healthegrlanning and the targeting and

allocation of resources to areas of most need.
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Table 1: Frequency of major haemoglobin phenotyp&sazilian populations

Population Sample size SCD Hb CC Hb Trait Reference
N N (%) N (%) n (%)
Natal — Rio Grande d¢ 1940 Hb SS: 1 (0.05%) Hb AS: 29 (1.5%) (de Araujo et al. 2004)
Norte (Northeast) Hb AC: 6 (0.31%)
Salvador-Bahia 502 Hb SS: 1 (0.2%) - Hb AS: 57 (9.8%) (Adorno et al. 2005)
(Northeast) Hb SC: 4 (0.8%) Hb AC: 38 (6.5%)
Brasilia —Distrito 116,271 Hb SS: 109 (0.09%) Hb AS: 3,760 (3.2%) (Diniz et al. 2009)
Federal
Minas Gerais 605,419 Hb SS: 486 (0.08%) Hb AS: 3.2% (Serjeant 2000)
(Southeast) Hb AC: 1.3%
Minas Gerais 128,326 Hb SS: 46 (0.04%) 15-0,01% Hb AS: 4,221 (3.29%) (Paix&o et al. 2001)
(Southeast) Hb SC: 37 (0.03%) Hb AC: 1,558 (1.21%)
Hb S/beta thal: 4 (0.01%)
Rio de Janeiro 99,260 Hb SS: 62 (0.6%) 1-0,01% Hb AS: 3,933 (3.96%) (Lobo et al. 2003)
(Southeast) Hb SC: 18 (0.02%) Hb AC: 588 (0.59%)
Hb SD 3 (0,01%) Hb AD: 142 (0.14%)
Campinas- Sao Paulo| 281,884 Hb SS: 29 (0.01%) 1 Hb AS: 5,197 (1.98%) (Brandalise et al. 2004)
(Southeast) Hb SC: 26 (0.009%) Hb AC: 1,615 (0.57%)
Hb S/beta thal: 4
Hb SC: 26 (0.009%)
Parana (South) 548,810 Hb SS: 12 (0.002%) Hb AS: 8,321 (1.52%) (Watanabe et al. 2008)
Hb S/beta thal: 15 (0.003%)
Rio Grande do Sul | 437,787 Hb SS: 33 (0.01%) Hb AS: 5,236 (1.19%) Present study

(South)

Hb SC: 7 (0.001%)
Hb SD: 1 (0.0002%)
Hb S/beta thal: 7 (0.0016%)

Hb AC: 837 (0.19%)
Hb AD: 199 (0.05%)

Rarer variants: 71 (0.02%)
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Table 2: List of raret andp chain identified and their occurrence in the world

Hemoglobin N o Mutation Occurrence in the world
(Giardine et al. 2007)

Hb Woodville 3 a2 oral (6) Vietnamese

Hb Chad 1 a2 oral (23) African, Chinese, Japanese

Hb Hasharon 2 a2 (47) Ashkenazi Jews, Italian

Hb G-Phil 4 a2 oral (68) African, Chinese, Italian

Hb G-Pest 4 a2 oroal (74) Hungarian

Hb Stanleyville II* 12 a2 oral (78) African

Total 26

Hemoglobin N B Mutation

Hb E-Saskatoon** 11 B (22) Greek, Japanese, Scottish,
Turkish, Spaniards

Hb Osu-Christiansborg 1 B (52) African, Ghanaian, Greek,
Iranian

Hb Richmond 1 B (102) African

Hb O-arab 2 B (121) African-American, Arabian,
Egyptian, Gypsy, Pomak

Hb D Los Angeles 1 B (121) Australian, Chinese, Dutch,
English, Greek, Pakistani

Hb J-Guantanamo 1 B (128) Benin, Chilean, Chinese,
Cuban, Japanese

Hb Shelby*** 1 B (131) African

Hb Beckman 1 B (135) African

Hb Hope 2 B (136) African, Cuban, Japanese,
Laotian, Thai

Total 21

* 1 case found compound heterozygous with Hb C

** 1 case found compound heterozygous with betiais@mia trait
*** Found compound heterozygous with Hb S (Wagneale2006)
Variants in italics are describe for the first timeBrazilian Population
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Figure 1. Map of Brazil indicating its five soci@ggraphic regions (separated by heavy
lines), as well as the states’contours (lighteedinand the locations of the cities from
other studies. Also shown is a map of Rio GrandeSdb indicating Hb S gene

frequencies at Northwest and Southeast regions
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Capitulo Il

High prevalence of Hb E-Saskatoon in Brazilians

Manuscrito em preparacao a ser submetido a re®@isteca Chimica
Acta
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Abstract

Background: Hb E-Saskatoon BpR2 (Glu>Lys) GAA->AAA] is a rare, non
pathologicalp-globin variant first described in a Canadian wonsmixed Scots and
Dutch origin, but that is now found in several plapions. The most frequently used
methods for diagnosis of hemoglobinopathies areaghoretic and/or chromatography
techniques. Hb E-Saskatoon shows similar electnagivoand elution pattern as Hb
C/E and Hb S in IEF and HPLC systems, respectively.

Methods: Blood samples were analyzed by IEF and HPLC usorgmercial kits. Hb
E-Saskatoon was confirmed by amplification of thBBHgene, followed by sequence
analysis. Haplotypes di-globin gene were determined by polymerase chaacti@n
(PCR), followed by digestion with specific restrct enzymes. For analysis and
estimation of individual ancestry, DNA samples wiged for the 48 biallelic INDELs
by means of three 16-plex PCR amplifications.

Results: IEF pattern was similar to Hb C/E (pl: 7.59-7.@Bd HPLC results showed an
elution in the Hb S window (RT: 4.26 - 4,38). Dir&NA sequencing of the amplified
B-globin gene showed a mutation at codon 22 (GAMAA) corresponding to Hb E-
Saskatoon. Haplotype 2 (+----) was associated WithE-Saskatoon and individuals
showed a high degree of European contribution (98{.

Conclusion: The use of different methodological approachesesessary for correct
identification of some abnormal hemoglobin as Hisdskatoon. Indeed, haplotype
analysis showed haplotype 2 in Brazilian carridr$lb E-Saskatoon, differently than
previously described, suggesting at least two genetigins for this abnormal
hemoglobin.
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1. Introduction

Hb E-SaskatoonpR2 (Glu>Lys) GAA>AAA] is a rare, non pathologicdl-
globin variant described by Vella et al. in a Caaadvoman of mixed Scots and Dutch
origin [1]. Family studies showed that this new logobin was inherited from the
Scottish father. Since then, this variant has letected in Scotland, Spain, Turkey,
Japan and Greece. It has been found in heterozygndshomozygous forms, in
pregnant women, and in association Witthalassemia, Hb S and Hb Lepore-Baltimore
[2-11].

The laboratory diagnosis of hemoglobinopathies #ralassemias frequently
uses electrophoretic and/or chromatography approguis includes alkaline and acid
hemoglobin electrophoresis, isoeletric focusing FjIEand cation exchange high
performance liquid chromatography (HPLC). IEF an@lid are the most widely used
methods in screening programs, and are indeed th&¢ ocommon in Brazil. These
methods are capable of separating common hemoglaliants, such as hemoglobin A
(Hb A), Hb F, Hb A, Hb F and Hb C. In some cases, hemoglobins varighbw
identical or similar pattern of mobility or reteoti time (RT) in electrophoresis and
HPLC, respectively. Hb E-Saskatoon has the sanwrepdoretic properties as Hb E
(B26(Glu>Lys)) and for this reason it is necessary to agphers methods as well as
DNA studies for correct identification.

The 3 globin gene cluster has been largely employedopufation studies for
different approaches such as historical, anthrgpoéb and clinical correlations (for
example in sickle cell disease adhalassemia) [12-18]. Only two studies have been
performed in Hb E-Saskatoon carriers to determieassociated haplotype. Both of
them in Turkey subjects showed the presence ofohgy# 6 [19], suggesting a single
origin for this hemoglobin in that population [3, 7

In Brazil, hemoglobinopathies investigations wiei@rporated into the National
Brazilian Neonatal Screening Program in 2001. D& hemoglobin variants have
been reported since, but Hb E-Saskatoon was itehiii the South region only by our
group [20]. According to our analysis, besides tiservation of the most frequent
hemoglobin variants Hb S and Hb C, we identifieeveh cases of Hb E-Saskatoon.

Diagnosis of this hemoglobin was confirmed with DNéquence analysis after IEF and
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HPLC techniques. In this study we aimed to descrédectrophoretic and/or
chromatographic properties of Hb E-Saskatoon isdhgamples in order to elucidate

this unusual result.

2. Materials and Methods

This study was performed on nine unrelated indiald previously identified as
heterozygous for Hb E-Saskatoon (two sample’s iddals were not available for this
study) [20]. The project was approved by the Rete&ommittee from Federal
University of Rio Grande do Sul (UFRGS) and devetbpntegrally according the
ethical principles in the resolution 196/96 of datl Health Council.

Samples of dried blood spots’ (DBS) heel priatnirneonates were tested by
IEF (Perkin Elmer) or HPLC (Bio-Rad Variant Hemdgjlo Testing System — Sickle
Cell Short Program) [21]. All samples with an abmal pattern on one system were
further analyzed by the other system (IEF or HPUG)samples with rare hemoglobin,
baby and relative’s blood sample were requiredranteécular techniques were applied
to identify the hemoglobin variant.

Blood samples were collected in vacuum tubes,guBIDTA as anticoagulant.
Samples were re-analyzed by IEF (Perkin Elmer)HRUC (Bio-Rad Variarit’-Beta-
Thal Short Program) [21]. Genomic DNA was obtaifiean peripheral blood samples
through a salting out procedure [22]. Hb E-Saskateas confirmed by amplification
of the HBB gene, using gene-specific primers [28§l & NA sequence analysis was
performed with an automated sequencer (ABI 310(lidg Biosystems, Foster City,
CA, USA, or CEQ 8000, Beckman Coulter, FullertorA,AJSA). B-globin gene
haplotypes were determined by polymerase chairtiosa@PCR), using methods and
conditions previously published [12, 24]. Eight yabrphic restriction sites were
analyzed Kincll-g, Hindlll-Gy, Hindlll-Ay, Hincll-yB, Hincll-3' B, Hinfl5'B, Rsaf,
Bamt3'3). Haplotypes were derived using the Multiple Loddaplotype Analysis
program [25]. For analysis and estimation of indal ancestry, DNA samples were
typed for the 48 biallelic INDELs by means of thré@-plex PCR amplifications as
previously described [26].
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3. Results and Discussion

A summary of ancestrality proportions, haplotypdsi- and HPLC results,
besides family recurrence is presented in TabWsllladult individuals showed normal
hematological values (data not shown) indicatirgf tHb E-Saskatoon seems to be an
innocuous variant. These results are in agreemdht pvevious findings by other
authors, even during pregnancy [9] or in assogaiatidh Hb S [23].

IEF revealed the presence of a variant migratexg to the pl of Hb C/E (7.59 -
7.65) and HPLC showed a variant eluting on Hb Sdawn (RT: 4.26 - 4,38). The
identification of Hb E-Saskatoon was obtained byAD$&quencing. It is important to
note that occasionally the presumptive identifmatf hemoglobin variants using those
screening methods may be incorrect. In the caséllnfE-Saskatoon is necessary
molecular analysis, since it is not discriminatgdchirrent screening methods and may
cause misinterpretation and false Hb C or Hb $. trai

Eight restriction sites were analyzed for eachtld heterozygous Hb E-
Saskatoon carrier. According to the results, théaiobd haplotype [+----+-+] was
associated with Hb E-Saskatoon. Although all irdlinals analyzed are from unrelated
families, they share the safpdnaplotype corresponding to haplotype 2 [19] intingaa
single origin for Hb E-Saskatoon in Brazilian cars. Haplotype 2, found in this study,
is the most common in Eurasians [16] which is melwith the admixture proportions
where the European contribution was high, rangnognf0.72 to 0.94. The only two
other haplotype studies performed in Hb E-Saskatoarriers, both in Turkish
individuals, showed this mutation was in linkageedjuilibrium with haplotype 6 [3, 7],
the second most prevalent haplotype in Eurasianlptpns [16]. These results suggest
that the Hb E-Saskatoon mutation was originatedtiteast two separate mutational
events. Based on historical data on the early Eaaopolonization of Rio Grande do
Sul state, mainly of Spanish and Portuguese indalgl[27], and the admixture study
performed, we can speculate that the individuath Wb E-Saskatoon identified here
have probably an Iberic origin, once this hemogidiave been reported in Spaniards
[2, 4]. Identification of the haplotypes in indiudls with Hb E-Saskatoon has a great
significance from an historical and anthropologigaint of view and studies performed
in individuals from other countries, as Scotland &pain, principally, would be helpful

to elucidate the other possible origins for thigefaemoglobin.
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Besides Hb E-Saskatoon in heterozygous, we detecte baby compound Hb
E-Saskatoon and IVS1-6,34 thalassemia mutation (Table 1). This mutation Haaen
describe in Brazilian population showing an unewdistribution [28-30]. This
association (Hb E-Saskatoon and IVS1-6) was beeaviqusly describe during a
familiar study and showed a hematological pictuse seen as for a classicgt
thalassemia trait [5].

As for the laboratory significance, our data shaivat the use of a single
procedure, either IEF or HPLC, for hemoglobin irtigegtion can lead to false results,
which can be avoided if an additional method idqrered on the abnormal samples. In
some cases, a molecular analysis must be addedrect identification.

In regards to epidemiology, until now, Hb E-Saskat was described only in
the South Brazilian region. We believe that Hb EKa#&oon is being erroneously
classified because neonatal screening is perfortoddy using habitually only one
methodological approach. For a heterogeneous piqulas Brazilian's, we suggest
application of both methodologies during neonata¢esning to avoid misinterpretation,
false hemoglobin variant diagnose, besides unnagedsllow up of asymptomatic

carriers.
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Table 1: Summary of the ancestrality, haplotypEs, and HPLC results, besides family
recurrence

IEF HPLC Eamil
Sample Ancestrality Haplotyp® pattern pattern y

(o) (RT) recurrence

Euro African Amerindio

463 ND ND ND 2 7.63 4.36 M
514 0.897 0.054 0.049 2 7.63 4.36 NA
660 0.682 0.025 0.293 2 7.64 4.36 M
707 0.925 0.011 0.064 2 7.63 4.38 M
767 0.837 0.082 0.080 2 7.61 4.36 M
807 0.817 0.050 0.134 2 7.65 438 F
811 0.917 0.020 0.063 2 7.65 4.38 M
1076* 0.890 0.030 0.081 2 7.59 ND M
1440 0.851 0.049 0.099 2 ND 4.21 M

& Haplotype based on Long’s designation [19]
*In association with IVS1-6

M: mother; F: father

ND: not determined

NA: information not avaiable

pl: isoeletric point

RT: retention time
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Capitulo IV

Prevalence ofa-thalassemia in south Brazil: importance to
microcytic anemia diagnosis

Manuscrito submetido a revista Genetics and MoédBiology
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Abstract

Alpha thalassemia has not been systematically imated in Brazil. In the present
study a sample of 493 unrelated individuals from Brazilian southernmost state Rio
Grande do Sul was screened for deletional formalmia thalassemia. Among them,
101 presented microcytic anemia (MCV<80 fl) andoanmal hemoglobin pattern (Hb
A<3,5% e Hb F<1%). Thea?’, -o*% -o®° --°54 and -MEP deletions were
investigated but only thee’ allele was observed. The?’ allele frequency observed
in Brazilians of European and African ancestry Wa¥2, 0.12 respectively whereas in
individuals with microcytosis this figure was 0.28lpha-thalassemia prevalence was
significantly higher in individuals with microcytss than in healthy individuals
independently of ethnic group (p=0.001). Significeifferences among:® Joa, o> -
o>, beta-thalassemia trait and healthy subjects growgre observed in hematological
parameters. The present data suggest dhhalassemia is an important cause of

microcytosis and mild anemia in Brazilians.

Keywords: hemoglobin; alpha thalassemias genotypes; mionsisjtBrazilian

population
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INTRODUCTION

The thalassemias are a diverse group of microtwioolytic anemias that are
characterized by defective synthesis of one orharoglobin chain (Kazazian, 1990).
Alpha thalassemia is caused by deficient synthefsis chains. The molecular lesions
can be categorized inta" or o° defects, depending on whether they partially or
completely abolisha-globin chain production, respectively (Higgs ancdeatherall,
2009).

The spectrum of mutations that underlie thehalassemias vary widely in
different populations, indicating that they haveast certainly arisen locally and that
their frequency has expanded by natural selectigather with some degree of founder
effect and gene drift. There is strong evidence Hedection reflects past or present
exposure to malaria. Overall, thethalassemias follow a similar distribution to the
thalassemias, extending from sub-Saharan Africautfir the Mediterranean region and
Middle East, to the Indian sub-continent and East $outh East Asia (for a review see
Higgs and Weatherall, 2009). The most commbithalassemia deletional alleles are -
o>’ and o*% The «°' allele has been observed all over the world, withhér
frequencies in some African and Mediterranean patfors. The a*? is most common
in Asian countries although it also occurs in Med#&nean populations (Flirt al,.
1993). In Mediterraneans the®?°and -M? alleles are also frequent (Kattaneisal,
1996). In general non-deletion-thalassemias are less frequent and have limited
geographical distributions when compared to thetawial forms of the disease (Higgs
and Weatherall, 2009).

The Brazilian population was formed by successivigratory waves. The
Amerindian people were occupying the Brazilianitery when the Portuguese arrived
in 1500, and colonized the country. Between th® a6d the 19 centuries Africans
were brought to Brazil as slaves, and besides treuguese, other migratory waves
occurred in the 1 and 28 centuries, mainly from Italy, Germany and Spaial£8no
and Bortolini, 2002). All these migratory eventsydaontributed to the formation of a
multiethnic highly admixed population. This hetezogity was documented in several
genetic studies, using either uniparental or awmadanarkers, which demonstrated a
typical although non-uniform triethnic (Europeant#iéan+Amerindian) pattern for the
Brazilian population gene pool. Southern populaipresented lower levels of African

and higher degrees of European contributions wioempared to other Brazilian groups
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(Salzano and Bortolini, 2002; Callegari-Jacquesal, 2003; Parraet al., 2003;
Zembrzuskiet al., 2006; Leiteet al., 2008; Leiteet al., 2009). Migration of people
mainly from sub-Saharan Africa and from the Medédaean region introduced the
thalassemias in the present-day Brazilian populatisince no evidence for
autochthonous thalassemias were observed in Rzaoet al.,1995).

Although several investigations reported the prewed of hemoglobin disorders
in Brazil, alpha thalassemia has not been systeaiigtinvestigated. Only few previous
studies screened Brazilians to estimate the pregalef alpha thalassemia trait in the
general population. Sonat al observed a prevalence of 21% heterozygeti$ feo
and 2% homozygous:®>’/-a*>’ genotypes in African Brazilian blood donors frone th
southeast (Sona#t al., 1991). In another survey in a northeastern higidynixed
population thee>’ /oo genotype was detected in 20% of 514 newborn batfids the
homozygous genotype was seen in 2.5% of the childreestigated (Adornet al.,
2005). In a recent investigation, the frequencyhef >’ /aa genotype observed in a
healthy northern admixed Brazilian population wés (Bouzeet al.,2009). The present
study was carried out to determine the prevalencen-thalassemia in southern
Brazilians from African and European ancestry ali ag&in a sample of patients with

mild anemia, microcytosis, and normal iron statosifthe same population.
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MATERIALS AND METHODS

A total of 493 unrelated individuals were includedthis study. The largest
sample was composed of 392 healthy individuals (A®lcan Brazilians and 201
Brazilians of European ancestry) recruited durimgrtroutine blood determinations at
the Pharmacy School Laboratory of the Federal Unityeof Rio Grande do Sul among
those who came from several city health centerdrém routine blood determinations.
The sample collection was performed between 20@220he remaining 101 subjects
were recruited among those referred to the HemaglGlenter of the same School to
investigate microcytosis without iron deficiencyhel Ethics Committee of the Federal
University of Rio Grande do Sul approved the stpdytocol. All participants of the
study were able to read the informed consent forchgave written informed consent.

The blood samples were collected in vacuum tubesngu EDTA as
anticoagulant. The hematological indices were oetghiwith an automated counter
(ABX Micros 60, Horiba Group, Japan). For thosejsats referred due to microcytosis
(MCV<80 fl), the inclusion criteria were a previoukagnosis compatible with the
possible presence efthalassemia based on a normal Hb profile evalubtetigh-
performance liquid chromatography system (HPLC--Rad Variant-Beta-Thal
Short Program) and/or isoelectric focusing systéaFPerkin-Elmer). All of them
presented Hb #43.5% and Hb F<1%. All patients had normal iroriugaand/or clinical
suspicion ofu-thalassemia (no answer to iron therapy).

Genomic DNA was obtained from peripheral blood sl@sphrough a salting
out procedure (Lahiri and Nurnberger, 1991). @kgdobin genotypes were screened by
polymerase chain reaction (PCR) in multiplex reaxtias described by Tan et al. (Tan
et al.,2001) or in single reactions with primers and pcots described by Dods al.
(Dode et al., 1993). The genotypes were determined after elglotnesis of the
amplicons in 1% agarose gels containing ethidiuomide, using a 100 bp ladder to
score the band sizes, a known heterozygous sangdelso used as a positive control
in all gels.

Genotypic distribution and allele frequencies wesémated by gene counting.
Deviation from Hardy-Weinberg equilibrium was tebteby chi-square. The
determination of statistically significant differ@s in genotypic and allele frequencies

between groups was assessed by chi-square or, appeapriate, by Fisher’'s exact test
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using the WIinPEPI program (Abramson, 2004). A digance level of 0.05 was
accepted as significant.

Hemoglobin (Hb), hematocrit (Hct) and red bloodI<dRBC) values were
adjusted for age and sex. The adjusted variabtesyell as mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH) and meampascular hemoglobin
concentration (MCHC), were compared amomgenotypes, beta-thalassemia trait
carriers (Reicheret al., 2008) and healthy individuals using Multivariat@alysis of
Variance (MANOVA) to account for the correlation theen these hematological
indices. The SNK procedure was used for the sulesgqairwise multiple comparisons
between groups, except for red blood cells, whemaffane’s test was used to account
for heterocedasticity. These tests were perfornsgtgulSPSS v12.0.
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RESULTS

Allele and genotype frequencies for healthy andepatsamples are shown in

42,205 _SEA gnq -

Table 1. All patients with microcytosis were scregrior o>, -o*? -o
MED deletions but only thee®” allele was observed. Since this allele was thg onk
observed in microcytic patients, the investigatiomealthy subjects was restricted to —
o> deletion. Among 202 euro-descendents, 4.5% shokedt /oo, while among 191
Southern African Brazilians, 23.1% presentethalassemia: 21% were heterozygous
(-o>"ac) and 1.6% were homozygousi{/-a>") for -o>" deletion genotype. Among
101 subjects with mild anemia and microcytosis,/%3d presentedi-thalassemia, 23
(22.8%) were heterozygous for thé"! deletion and 9 (8.9%) were homozygous (-
o>"). The allele frequency observed was 0.02, 0.12 @260 for Euro and African
Brazilians and patients with microcytic anemia,pexgively. The frequency of-
thalassemia in the last group is significantly leigfirom those observed in healthy
individuals independently of ethnic group (p=0.001)

Analysis of blood indices in alpha-thalassemia ggpes, beta-thalassemia trait
and healthy individuals are shown in Table 2. Sigant differences among:® /aa, -
o>-a>’, beta-thalassemia trait and healthy groups ofviddals were obtained in the
multivariate analyses for the hematological paransetnvestigated (Pillai’s trace for
comparison between genotypes: F=38,58; P<0,001)thén subsequent univariate
analysis, Hb, Hct and MCHC clearly separated hgaittividuals from patients, but no
difference between these last subjects could bdifel. On the other hand, MCV and
MCH discriminated between the four groups of indoals, and a trend could be
identified from higher values in healthy individsao lower in beta-thalassemia trait

37-0>" presenting intermediate figures. Controls and’/ea

patients, &> /oa and «
presented similar RBC numbers (4.6 x40, which were significantly lower than
those of beta-thalassemia trait carriets: o>’ presented an intermediate level that

could not be distinguished statistically from thlieey means.
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Discussion

Microcytic hypochromic anemia is a common hematalagpndition observed
by physicians in clinical practice. The results this study showed that alpha-
thalassemia, represented by’ deletion, perform a common cause of this
hematological alteration (31.7% among microcytitgrds). These results concur with
those reported by Borgest al. in a southeastern Brazilian population where
thalassemia explained about 50% of the cases witloaytosis (Borgegt al., 2001).
Other studies that tested patients with microcgtedih a similar approach as the one
used in the present study reported a proportiotasés withi-thalassemia between 25
and 80% (Fogliettt al., 1996; Sivereet al.,1997; Bergeroret al., 2005; Di Bellaet
al., 2006; Laffertyet al.,2007).

This is the first report of alpha thalassemia plewvee in the general Brazilian
population of European ancestry. The"Zfrequency observed in this group was 0.02
(Table 1). This figure is close to that observe#artuguese (3.5%) (Peresal., 1995)
and ltalians (5%) (Velatet al., 1986) with whom southern European Brazilians share
common ancestors, but it is significantly (p=0.00dwer than in African Brazilians
(Table 1). For this group, the genotypesighalassemia observed were 23.1%, with an
allele frequency of 0.12. It is noteworthy that the’ allele was similar in three out
four Brazilian populations of African ancestry istigated despite different degrees of
African admixture (Sonaet al.,1991; Adorncet al., 2005), and much higher than the
prevalence describe in the North (7%) where Ameéamdadmixture is higher than
African admixture (Souzat al.,2009).

Among the patients with mild anemia and microcydoshat remained
undiagnosed, it is possible that the non-deletidohs of a-thalassemias determined

by _ OLth and _aNcoI

alleles, which are common in the Mediterraneanugains
(Fogliettaet al., 1996; Kattamiset al., 1996; Di Bellaet al., 2006), might explain a
proportion of cases mainly among those of Euroemestry.

Blood indices were significantly different betweglpha-thalassemia genotypes,
beta-thalassemia trait and healthy individuals ([@&). These data although with some
overlap among them might provide reference valoeséw Brazilian patients with a
suspicious of thalassemia.

In Brazil, previous studies have shown importagiaeal differences related to

the mutational profile op-thalassemia carriers (Reichettal.,2008) but in relation to
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a-thalassemias the picture is much more homogentwigfore it will be easier to
establish adequate public health polices and detgnservices for this frequent genetic
trait and microcytosis diagnosis.

We conclude that the occurrence of microcytosis amplained by iron
deficiency or by an inflammatory state, the idea#fion of a-thalassemia is important
to prevent erroneous and expensive investigatioretine the etiology of anemia and

unnecessary prolonged iron supplementation.
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Table 1-0>"allele and genotype frequencies.

Allelic frequencies

Genotypes n (%)

Aa. o> oo/ o -a>ow -0’
Healthy subjects N (%) N (%) N (%)
Euro-descendents 0.98 0.02 192 (95.5) 9 (4.5) 0
African Brazilians  0.88 0.12 147 (77.0) 41 (21.5) 3(1.6)
p <0. 001 <0.001
Microcytic anemia  0.80 0.20 69 (68.3) 23 (22.8) 9 (8.9)
p° <0.001 <0.001 <0.001 0.027
pf <0.001 0.01 <0.001

Scomparison with Euro-descendantspmparison with African Brazilians.
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Table 2 Blood indices in alpha-thalassemia genotypes, thetlessemia trait and
healthy individuals

Subject groups (mean * std. error)

Blood index o> oo -0 Beta-thal Healthy P
Hb (g/dL)* 115+ 023 11.3+0.18 11.2+013 141+01% <0.001
RBC (x 4.65+0.12 5.00+ 017" 5.47+0,08 4.66+0,04 <0.001
10*9L)*

Hct (%)* 358+070 358+058 354+038 425+03%3 <0.001
MCV (fl 773+138 71.6+177 67.0+144 91.3+038 <0.001
MCH (pg) 249+047 226+073 21.4+057 302+014 <0.001
MCHC (%) 31.9+0,23 31.6+0.35 31.9+0.38 33.1+0,78 <0.001

Hb: hemoglobin; RBC: Red blood cell; Hct: HematgcMCV: Mean corpuscular
volume; MCH: Mean corpuscular hemoglobin, and MCH@ean corpuscular
hemoglobin concentration.

Means indicated by same letters do not differ $icgmtly (¢=0.05) by the SNK test
except for RBC, in which was applied the Tamhasg tetests applied on age and sex

corrected values.
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Capitulo V

B° globin gene haplotypes andr thalassemia in sickle cell patients
from Rio Grande do Sul, Brazil

Manuscrito em preparacao a ser submetido a reidistean Biology
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ABSTRACT

Sickle cell hemoglobin is the result of a singleleotide mutation (G&>GTG) at the
sixth amino acid position of the bet@)(globin chain. TheB® gene is in linkage
disequilibrium with five main haplotypes defined bgstriction fragment length
polymorphisms (RFLPs) in thp-globin-like gene cluster named according to their
ethnic and geographic origins: Bantu (CAR), BeBiEN), Senegal (SEN), Camaroon
(CAM) and Saudi. The alpha)-thalassemia, that result from the defective sgsithof
the a globin chains, presents a large distribution,udaig African and Mediterranean
regions 8° haplotypes and thalassemia were studied in 110 (220 chromososiekp
cell disease patients from Rio Grande do Sul, Sdhzil. B° haplotypes were
determined by PCR-RFLP methods. Tdiglobin genotypes were screened by PCR in
multiplex reactions. Among the 220 chromosomes yaeal, the CAR haplotype was
the most prevalent (67.3%), followed by BEN (25.0%AM (0.9%) and SEN (0.5%).
Fourteen chromosomes (6.4%) were classified ascalyfrora thalassemia, onlyo>’
deletion was observed in an allele frequency of OThe distribution of°® haplotypes
and a thalassemia, represented by thé’-deletion, are similar to those observed in
other Brazilian populations, especially regardihg frequency of CAR haplotype. The
results in this study help to clarify the origin 6buth Brazilian population and also

corroborate the known historical data on this nmatte
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Sickle cell hemoglobin is the result of a singlaicleotide mutation
(GAG~>GTG) at the sixth amino acid position of the bdda dlobin chain. Sickle cell
disease is caused by homozigo$}y gene and has a worldwide distribution. The
disease is a severe chronic hemolytic anemia, @ssgrg in a heterogeneous clinical
course. Many factors are associated with this ainvariability, as coinheritance with
Hb C,a andp thalassemias, as well as high fetal hemoglobialée(Higgs, Aldridge et
al. 1982; Frenette and Atweh 2007).

The B° gene is in linkage disequilibrium with five maimgiotypes defined by
restriction fragment length polymorphisms (RFLRs)the 3-globin-like gene cluster.
These haplotypes are named according to their eettlamil geographic origins: Bantu
(CAR), originated in South-Central and Eastern &riBenin (BEN), in Midwestern
Africa; Senegal (SEN), in Atlantic West Africa; Camon (CAM), along the west coast
of Africa, and Saudi, from the Indian subcontineand the eastern Arabian peninsula
(Pagnier, Mears et al. 1984; Kulozik, Wainscoa&letl986; Lapoumeroulie, Dunda et
al. 1992).

The a-thalassemias, a result from the defective synshafsthea globin chains,
show a large distribution, extending from sub-SaharAfrica through the
Mediterranean region and Middle East, to the Ingiab-continent and East and South
East Asia (Higgs and Weatherall 2009). The mostrooma” thalassemia deletion
alleles are &>’ and «*2% The o' allele has been observed all over the world, with
higher frequencies in some African and Mediterranpapulations. Theo?? is most
common in Asian countries although it also occarMediterranean populations (Flint,
Harding et al. 1998).

B haplotypes andr thalassemia in sickle cell disease have been estuili
different regions of Brazil (Zago, Figueiredo et B992; Figueiredo, Silva et al. 1994,
Goncalves, Nechtman et al. 1994; Pante-de-Souzasikloo-Ribeiro et al. 1998; Zago,
Silva et al. 2000; Goncalves, Bomfim et al. 2008rddso and Guerreiro 2006; Bezerra,
Santos et al. 2007), as tools to clarify populatoigins, once this mutation is absent
among Native Americans and was introduced intoAtmerican continent basically by
gene flow from Africa during the slave trade frohe t16th to the 19th century (Zago,
Melo Santos et al. 1995; Salzano and Bortolini 2002this study, we determined the
B> haplotypes and thalassemia frequencies in sickle cell diseasdjSfatients from
Rio Grande do Sul, South Brazil.
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MATERIALS AND METHODS

This study comprises 110 nonconsanguineous SCIenpsti screened using
isoeletric focusing (IEF) and/or cation exchangeghhi performance liquid
chromatography (HPLC) and confirmed by a PCR-RFppr@ach with DAE enzyme.
All patients were directed by the Neonatal ScregrReference Service or health care
centers. The Ethics Committee of the Federal Usityeof Rio Grande do Sul approved
the study protocol.

Genomic DNA was isolated from the peripheral blsadhples through a salting
out procedure (Lahiri and Nurnberger 1991). Hagletyanalysis was performed by
PCR-RFLP for the following polymorphic sites in fglobin gene clusteHindlll-Gy
Hindlll-Ay, Hincll-yp, Hincll, 3'yp, Hinfl- 5’ as previously described (Sutton,
Bouhassira et al. 1989). Haplotypes were derivedguthe Multiple Locus Haplotype
Analysis program (Long 1999). Theglobin genotypes were screened by PCR in
multiplex reactions as described by Tan et al. (TQonah et al. 2001) or in single
reactions with primers and protocols described bygéet al. (Dode, Krishnamoorthy et
al. 1993). All genotypes were determined after tebghoresis of the amplicons in
agarose gels containing ethidium bromide, using@klp ladder to score the band sizes.
A known heterozygous sample was also used as aveosontrol in all gels.

Confidence intervals for the calculated frequenciesre obtained using
WINPEPI 9.7 (Abramson 2004). A dendrogram was b(kigure 2) in POPTREE
program (Takezaki 2001), usingalistance (Nei, Tajima et al. 1983) and UPGMA
clustering algorithm, in order to better visualibe clustering patters for the different
American populations. Haplotypes showing atypicBLR patterns were excluded for
dendrogram construction. Weighted means were cakulilifor haplotypic frequencies

from Venezuela data and different Brazilian popalz.

RESULTS

The B° haplotypes identified in 110 patients (220 chroomoss) are shown in
Table 1. CAR haplotype was the most frequent (67 [8®5%: 60.9 — 73.2), followed
by BEN haplotype (25.0%; IC 95%: 19.6- 31.0), CAMQ%; IC 95%: 0.2 — 3.0) and
SEN (0.5%; IC 95%: 0.0- 2.2). The Saudi haplotypes wot found in this sample.
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Fourteen chromosomes (6.4%) were classified asicalypWith regard to the®
genotypes, 47.3% of patients showed the CAR/CARype, 30.0% CAR/BEN, 9.1%
CAR/Atypical, 8.2% BEN/BEN, 3.6% BEN/Atypical, 0.9%AR/CAM and 0.9%
SEN/CAM.

The dendrogram (Figure 1) shows a population séparan different groups,
each of them representative of the haplotypic ithstion pattern in these populations.
As expected, populations with high frequencieshef CAR haplotype were clustered,
as were those showing high frequencies for the BEplotype, as observed in Tables 1
and 2.

For a thalassemia investigation, all patients were swddor «°, -o*?, -0%° -
-SEA and -MEP deletions but only thec” allele was observed. The allele frequency

observed for &*7 in this sample was 0.14.

DISCUSSION

According to results from other Brazilian regiofslfle 1), CAR haplotype was
the most frequent, followed by BEN haplotype. Thessults are in accordance with
historical reports on slave traffic to Brazil. $téstimated that during the period between
1701 and 1816, 68% of imported slaves came fromokngnd the remainder from the
Benin region. From 1871 to 1843, 90% of slaves cdramm Congo, Angola and
Mozambique (Curtain 1969). As in other studies, Staylotype was found in a low
frequency (0.5%). The higher frequency for this lbggpe is found in Belem, North
Brazil. This is in accordance on what was expebteskd on historical data for the slave
trade of Atlantic West African populations to Nath Brazil (10%) (Cardoso and
Guerreiro 2006), considering the high frequencyhid haplotype (>80%) in Senegal
and Cape Verde (Pagnier, Mears et al. 1984; Layi@Gbacalves et al. 1992). The CAM
haplotype is observed here (0.9%) and in other iBaazregions, always in lower
frequencies (0.9-1.3%) probably due to domestioveslérade and later internal
migrations from regions supplied with slaves fromn@al West Africa, where this
haplotype has been found (Oner, Dimovski et al2)99

Table 2 shows the frequency®T haplotypes in different American populations.

We can observe that the results from this studyldferent from those observed among
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other American countries, confirming the diversdly the African influence in Rio
Grande do Sul and other Brazilian regions. In Aggricountries BEN haplotype is the
most prevalent, excepted for Colombia e Mexico, wh€AR haplotype is the most
prevalent (Oner, Dimovski et al. 1992; Cuellar-Awdir Mondragon et al. 2000;
Magana, Ongay et al. 2002). This distribution mayekplained by historical reports of
colonial power in these countries: Spain, Franak@reat Britain (Curtain 1969). Both
British and French bought slaves from the Midwestirican regions where the BEN
haplotype is prevalent while slaves imported by $ipanish were mainly from Atlantic
Central Africa, where CAR haplotype is prevalent.

As observed in Figure 1, American populations dwetered differently mainly
due to the different slave traffic flow reported fihe region. Populations presenting
higher frequencies of CAR than BEN haplotype amgstelred together (Colombia,
Brazil and Mexico) whereas populations with higB&N frequencies formed another
cluster (EUA, Canada, Trinidad, Guadalupe and JeahaOther populations present
similar BEN and CAR haplotype frequencies. This ikinty explains the cluster
formed by Venezuela, Suriname and Cuba. This dluystdtern appears to reflect
geographical data, since a North, Central and Sdurtkerica separation can be
observed.

Fourteen chromosomes were identified as atypichto(dosomes with less
common haplotypes). Some of them were studied gusly and diverse genetic
mechanisms involved in generation of atypical hiyples in B° gene were
demonstrated, such as recombination or punctuaktifuipons or nonreciprocal
sequence transfer (conversion) in the pre-existngimon haplotypes instead of
recurrentde novo B° mutations (Zago, Silva et al. 2000). Subsequeritiywas
demonstrated that these events can be observgpidalf3® haplotypes in a similar way
to those that generate atypical haplotypes (Zaidwa 8t al. 2001).

For a thalassemia, onlyc2’ allele was observed, presenting an allele frequenc
of 0.14. These results are not statistically ddfeérfrom that observed in 191 African
Brazilians for the same region (0.14 vs. 0.12,(@05) (Wagner, Castro et al. 2010) and
are in accordance to African origin, corroboratihg suggestion that this mutation had
been introduced by African individuals.

In summary, the distributions Bf haplotypes and thalassemia, represented by

-a>" deletion, are similar from those observed in ofzilian populations, especially
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regarding the frequency of CAR haplotype. The ttesial this study help to clarify the
origin of South Brazilian population and also ctwate the known historical data on
this matter.
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Table 1: Frequency (%) @ haplotypes in Rio Grande do Sul and other Brazitiapulations

) Haplotypes
Population Reference
N CAR BEN SEN CAM Atypical

(Pante-de-Souza, Mousinho-Ribeiro et al.

Belém (PA) 60 66.7 30.0 3.3 - " 1998)

Belém (PA) 260 66.0 21.8 10.9 1.3 - (Cardoso and Guerreiro 2006)
Pernambuco (PE) 127 81.114.2 - 0.8 3.9 (Bezerra, Santos et al. 2007)

Salvador (BA) 160 48.1 456 0.6 - 5.6 (Goncalves, Bomfim et al. 2003)
Salvador (BA) 42 54.8 45.2 - - - (Figueiredo, Silva et al. 1994)
Campinas (SP) 142 64.8 35.2 - - - (Goncalves, Nechtman et al. 1994)
Ribeirdo Preto (SP) 67 73.0 25.7 1.3 - - (Zago, Figueiredo et al. 1992)

Vale do Ribeira (SP)* 86 814 8.1 8.1 2.3 (De Mello Auricchio, Vicente et al. 2007)
(F{F;%)Grande do Sul 220 673 250 05 0.9 6.4 Present study

N: number of chromosomes; *African-Derived poigia
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Table 2: Frequency (%) @ haplotypes in different American populations

N Haplotypes Reference
CAR BEN SEN CAM SAUDI  Atypical

Canada 61 11.5 49.2 13.1 13.1 - 13.1 (Oner, Dimaatsid. 1992)

U.S. 371 19.1 55.3 15.1 3.5 - 7.0 (Oner, Dimovskile1992)

Surinam 77 29.9 53.2 2.6 2.6 - 11.7 (Oner, Dimoeshil. 1992)

Cuba 198 40.9 51.0 8.1 - - - (Muniz, Corral etl&95)

Guadaloupe 832 11.0 74.7 6.1 2.3 0.7 5.0 (Keckomana et al. 1997)

Jamaic4® 244 9.8 75.4 2.9 2.0 0.8 Aé}’;’ﬁ;ﬁ;ﬁ?ﬁﬁiﬂlg ;"a}_gfgé "

Trinidad 283 17.3 61.8 8.5 3.5 3.2 5.6 (Jones-LegiSmith et al. 2008)

Colombia 92 55 5 348 43 54 _(Cuellar-Ambrosi, Mondragon et al.
2000)

Mexico 37 78.8 18.2 - - - 3.0 (Magana, Ongay e2@02)

Venezuela 176 32.4 51.1 14.2 2.3 - - (Arends, Adraat al. 2000)

Venezuela 90 43.4 51.1 3.3 - - 2.2 (Moreno, Magtigteal. 2002)

Venezuela 359 36.4 51.5 10.6 15 - - *

Brazil 1176 65.0 315 3.0 0.5 - - *

N: number of chromosomes; *weighted mean for Veekzdata;

calculated excluding atypical haplotypes.

**weighted mean for Brazilian populati®@ath weighted means were
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Usa !
Canada

1
Trinidad

Jamaica !

Guadeloupe 1

Surinam 1?

Cuba 1.2

Yenezuela 12

2
Colombia
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Mexico 2

Figure 1: Dendrogram showing clustering pattermsifierent American populations according&®haplotypes. 1 represents higher BEN

haplotype prevalence; 2 represents higher CAR Ihgmgorevalence. Countries indicated by 1 and gquresimilar haplotype frequencies

for CAR and BEN
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Capitulo VI
DISCUSSAO
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Os pontos mais especificos referentes aos ressl@utalos durante o trabalho
foram discutidos nas sec¢bes correspondentes () @a\presente Tese. Neste capitulo
serdo retomados alguns deles e discutidos tamh@éeatas mais gerais, que se aplicam
a todos os resultados observados, buscando sgudeltiro do contexto dos aspectos
epidemioldgicos, laboratoriais, clinicos e de atliidade dos conhecimentos obtidos.

Apos, serdo discutidas as perspectivas para ancigade dessa linha de pesquisa.

Para contemplar o objetivo principal desta teseanfioavaliadas as prevaléncias
das hemoglobinopatias no Rio Grande do Sul. Imw@akte, foram estudadas amostras
de sangue de recém-nascidos no Estado, incluidé&ograma Nacional de Triagem
Neonatal (PNTN). Os resultados aqui apresentadostrartam uma ampla, porém
heterogénea, distribuicdo das Hb S e Hb C no Es®itdda, quando comparados 0s
resultados dessas hemoglobinas na regido Sul dpipeluindo os dados do Estado do
Parana, com aqueles obtidos nos demais Estados, Rarde Janeiro, Bahia e Minas

Gerais, percebe-se uma grande diferenca entreml&srmos de prevaléncia.

Essas informagfes podem ser abordadas com trés@spestintos. O primeiro
reflete a heterogeneidade da populacdo brasileido eRio Grande do Sul, em
consequéncia dos diferentes fluxos migratorios assado, corroborando estudos
antropoldgicos realizados em diferentes regidegai® (Callegari-Jacques, Grattapaglia
et al., 2003; Leite, Callegari-Jacques et al., 2008segundo refere-se essencialmente
ao aspecto basico da triagem neonatal para hemiogpztias, que tem por objetivo
identificar todas as criancas com doencas falcésrminda no periodo neonatal, e na
sequéncia inclui-las em programas de atendimemiecisd, objetivando a diminuicao
da morbi-mortalidade (Old, 2007). No pais, essancas sao incluidas no Programa
Nacional de Atencdo as Pessoas com Doencas Falefae outras Hemoglobinopatias,
contempladas pela Portaria 1018/05, do Ministéred 8aude. Aléem disso, a
identificacdo de um recém-nascido com hemoglobiti@pkesencadeia uma cascata de
testes nos demais membros da familia, o que aainstim beneficio adicional da
triagem neonatal, que € a investigacdo e 0 acarselito genético em outros
familiares. Também os dados aqui apresentadosiauxila decisao e implantacdo de
politicas de saude publica, a fim de disponibilizursos fisicos e humanos para o

diagnostico e acompanhamento dos individuos afetado
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Destaca-se que a amostra aqui estudada, oriundaiaggm neonatal, se
constitui em excelente material para estudos pojmrais, o que contribuiu para a
identificacdo de outras hemoglobinas variantesn alias tipicamente contempladas
pelas tecnologias utilizadas, e que sdo de muitcaharevaléncia. A maioria dessas
hemoglobinas ndo tem significado clinico, mas akgsimais como hemoglobinas
instaveis ou com alteracdo de afinidade ao oxigéaio associadas com o trago

talassémic@, podem apresentar manifestagdes clinicas (Old;)200

O terceiro, e ndo menos importante aspecto a sderoplado, refere-se as
metodologias tradicionalmente utilizadas na triageranatal para hemoglobinopatias.
Elas tém por base sistemas eletroforéticos (FIExromatograficos (HPLC). A FIE
apresenta melhor resolucdo das fracdes hemoglabimjoando comparada a outros
sistemas eletroforéticos, separando estas fraghasaitdo com o ponto isoelétrico (p.l).
Ja a HPLC apresenta exatidao, rapidez e quanéficalgs fracbes hemoglobinicas,
através dos tempos de retencdo (Rtention timg E importante ressaltar que a
maioria dos programas de triagem neonatal no Biasiliso de apenas uma tecnologia.
Isso traz uma consequéncia intrinseca: algumasdiehinas apresentam RTs e/ou p.Is
muito semelhantes aos das Hb F, Hb A, HbHb D, Hb S ou Hb C, para as quais os
sistemas sao originalmente desenhados. Como @suftalitas hemoglobinas variantes
deixam de ser identificadas ou s&o erroneamentssifit@das, como a dupla
heterozigose para a Hb S/Shelby, inicialmente feecida como homozigose para Hb S
(Wagner, Pereira et al., 2006) (Anexo Il) e os a4%os de heterozigose para Hb E-

Saskatoon, inicialmente diagnosticados como Hb Blo&, descritos nesta Tese.

Aléem dessas hemoglobinas, identificamos outrasantes, tanto de cadeca
como variantes de cadefa Isso s6 foi possivel devido a aplicacdo de tésnide
biologia molecular. Acreditamos que os poucos eslale hemoglobinas variantes
(detalhes na Tabela 1 do capitulo 1) descritakago dos estudos de triagem neonatal
no pais sejam devidos a falta de confirmacgéo pwadecnologia e auséncia de estudos

moleculares.

Ainda sobre as hemoglobinas variantes, Kleinertalet (2008) realizaram
estimativas sobre o nimero de variantes possiliando em conta as mutacdes de
ponto nos éxons dos genes das globmas[3, com consequente substituicdo de um
aminoacido. De acordo com seus resultados, seri@ssiyeis 1.695 hemoglobinas
variantes. Dessas, cerca de 60% ja foram iderddgarestando ainda um grande
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namero de nao identificadas. Os autores sugeramaogporacdo da espectrometria de
massa (capaz de diferenciar hemoglobinas com diase acima de 6 Da) na
investigacdo dessas hemoglobinas, uma vez que afguias substituicbes de
aminoacidos sao silenciosas e néo detectadas pétascas eletroforéticas e
cromatograficas acima apresentadas. E importantsaltar, como discutido
anteriormente, que em muitas situacdes apenas lsead&eta do DNA permite a

correta identificacdo dessas variantes.

Neste estudo também foi avaliada a prevalénciaaldssemiao em diversos
grupos. Uma vez que essa prevaléncia era descdaheipopulacdo do Rio Grande do
Sul, houve a necessidade de determinar a mesmar@gmsgde controles euro e
afrodescendentes. Os resultados foram entdo codgsamm os de individuos com
anemia microcitica a esclarecer (excluidas a é@efica de ferro e o trago talassémico
B). Apenas a delecaa®’ foi identificada, com 22,8% dos pacientes em letgose e
8,9% em homozigose. Esses valores sdo mais altmsigucomparados com os obtidos
em individuos controle, independente do grupo étde origem. No contexto de saude
publica, esses dados revelam sua importancia, emgue as anemias microciticas sao
alteracdes hematoldgicas observadas com grandeuéfiei@ na parte clinica,
acarretando consultas médicas, exames laboraterisigolementacdo com compostos
ferrosos. Nossos dados mostram que a talassemlizanca uma grande frequéncia em
nossa populacdo e que sua investigacao deve seizadh em ambito laboratorial e
clinico. Logo, individuos com numero de eritrocjite®lume corpuscular médio e
hemoglobina corpuscular média diminuidos, exclusio traco talassémic@ e

deficiéncia de ferro devem ser investigados patelecéo e>’.

A anadlise dos dados obtidos com o desenvolvimeegiadTese permitiu a
elaboracdo de um fluxograma (Figura 3) de trabghama a identificacdo das
hemoglobinas variantes e talassemias mais frecquieste nossa populacdo. Esse
fluxograma, a partir dos dados hematoldgicos, copke a associacao dos resultados de

HPLC, FIE e sequenciamento dos geme{3 na investigagdo das hemoglobinopatias.

Por fim, os resultados obtidos durante a execugibtedestudo mostraram o
perfil das hemoglobinopatias e talassemias no Bstatletindo o impacto da imigracéo
de individuos da Africa e da Europa (também estoslaal partir dos dados dos
haplotipos e de miscigenacao). A diversidade dexgdets observadas torna necesséria a
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implantagcdo de laboratérios de diagnostico molect&ursos humanos especializados
e uma estratégia de trabalho que permita, de foapida e econdémica, identificar uma
grande variedade dessas alteracoes.
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Capitulo VII

PERSPECTIVAS
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Na presente Tese, foi realizado o maior estudoesabrhemoglobinopatias e
talassemias no Rio Grande do Sul até o momentuidérdge que este trabalho ndo tem
a pretensdo de esgotar o assunto, mas sim a iatdagdar continuidade a essa linha de

pesquisa.

Um dos primeiros pontos a serem avaliados € aaelgendtipo-fenotipo em
pacientes homozigotos para Hb S. Diversos estugimsamejado correlacionar ou
determinar a influéncia dos haplétipos de cafleimom os diversos aspectos clinicos
apresentados por esses pacientes, inclusive netextlo a taxa de sobrevida. Dessa
forma, sugerimos a conducdo de um estudo retrogpeatom seguimento
contemporaneo (estudo longitudinal) a partir dggsteos da triagem neonatal, a fim de
estabelecer a prevaléncia desses haplétipos nesneascidos triados e em individuos
adultos. Além dos estudos dos haplétipos, a infiZ€de outros genes envolvidos na
patogénese da anemia falciforme, como os polinmdss nos genes da UGT1A1,

também pode ser avaliada durante este estudo.

Desde o inicio deste trabalho, diversos individ(®sseus familiares) foram
diagnosticados como portadores de hemoglobinasantas. O encaminhamento e
posterior seguimento desses individuos em sendeomedicina geral e hematologia
permitem o acompanhamento de variantes patologieas, como o estabelecimento
das manifestacBes clinicas apresentadas. Além, disestudo dessas variantes pode
servir de modelo para a compreensdo dos aspectaguess e funcionais das

hemoglobinas e de outras proteinas (Kimura, Obkwveiral., 2008).

A investigacdo das talassemiasserviu como ferramenta para elucidacao de
casos de pacientes com anemia microcitica a eseta(descartada a deficiéncia de
ferro e a talassemifd). As técnicas aqui utilizadas permitiram a invgestio das
principais dele¢Bes implicadas nesta talassemiacaCele 31% dos individuos

3,7

analisados foram diagnosticados como portadoredalecdo a™° em homo ou

heterozigose. Acreditamos que esse valor seja uatoponaior, uma vez que as
variantes ndo delecionais, tais como™8"a, a"'a, aa™*' e a™P! além de grandes
delecdes (investigadas pawltiplex ligation-dependent probe amplificatiodLPA),

nao foram avaliadas. Destaca-se que cinco novaslegadelecdes foram descritas no
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pais recentemente pelo grupo de pesquisadores idanim ((Suemasu, Kimura et al.,
2009).

Muitos avancos tém sido alcancados com o0s resgltaths estudos em
hemoglobinopatias. A utilizacdo da informacdo geaépara aplicacdo médica é
imediata, a partir do momento que diagnosticosesémbelecidos. Porém, mais estudos
acerca das hemoglobinas variantes e talassemiaggo de um maior conhecimento
dos mecanismos moleculares envolvidos na patogérfeseecerdo sinais para
intervencdes terapéuticas em cursos clinicos graasscomo a anemia falciforme e a
talassemia maior. Além disso, o conhecimento dnvis genéticas podera identificar
pacientes em maior ou menor risco de complicacdescas, direcionando uma

intervencao terapéutica mais adequada.
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Anexo |

Termo de Consentimento Livre e Esclarecido

NUmero:

Prezado Sr. /Sra.

Como € do seu conhecimento, o Sr./Sra. estd emstigagdo de
hemoglobinopatias. As hemoglobinopatias sdo umaydealteracbes hereditarias, ou
seja, que passam de pais para filhos e que podesilesgciosas ou levar a quadros
variaveis de anemia. Na maioria dos casos, essaiametdo leve que o paciente néao
sente nada, mas em outros pode apresentar sintomagyraves como fraqueza, falta

de ar, sonoléncia e infecgcdes, entre outros.

Este projeto de pesquisa, para o0 qual estamosdredirsua participagéo, tem
como objetivo principal levantar dados mais prexigoatuais sobre o numero de
pessoas que possuem estas alteracdes no nosso. Exbad as informacgdes obtidas,
poderemos planejar programas que oferecem uma meglladidade de atendimento,
diagnostico e orientagdo aos pacientes, principgknsobre a possibilidade de casais
portadores de gerarem filhos também afetados. Gadpdicar que um casal de
portadores de hemoglobinopatias tem um risco dexapadamente, 50%, isto é, uma
chance de 1 em cada 2, de gerar uma crian¢ca cammesmaondicao.

E necessario apenas que os participantes do estlei@m uma amostra de
sangue (5 ml), que sera coletada por profissioahbllitado e com todas as técnicas
adequadas.

Estas amostras de sangue serdo analisadas pagj@ueadentificados possiveis
portadores de hemoglobinas variantes, talass@nua talassemiar. Algumas destas
alteracbes sO podem ser identificadas com o uséctécas mais sofisticadas que usem
o DNA, que € o material genético.

Os riscos associados ao presente estudo sdo aedasuma coleta de sangue
venoso. Pode haver um pequeno hematoma, isto épegueno derramamento de
sangue no local da coleta. Lembramos que todo imlat¢itizado é descartavel e esteéril
e o profissional que iré realizar a coleta estaciég@pdo para esta funcdo. Além disso, a
quantidade de sangue coletada néo faré falta algorpaciente.
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Os beneficios envolvidos sdo os de possibilitaiagribstico de uma doenca
genética e oferecer alternativas de tratamento eaabmselhamento familiar com
finalidade de reproducéao.

Caso sejam detectadas alteragcbes compativeis coherasglobinopatias, o
resultado do exame sera enviado para o seu médgliposto de saude.

Eu, , fui informddo objetivo deste

trabalho de forma clara e detalhada, bem como smim@cedimento no qual estarei
envolvido, dos desconfortos previstos, tanto quaot beneficios esperados. Todas as
minhas duvidas foram esclarecidas. Além disso,qsei novas informacdes obtidas
durante o estudo me serédo fornecidas e tereit@ébe de retirar meu consentimento de

participacdo na pesquisa, se assim o desejar, Iggaizp para o0 meu tratamento.

O (a) profissional ceotiime de que todas as

informacgdes por mim fornecidas serdo utilizadasap@ara fins do presente projeto

de pesquisa e serao divulgadas de forma anénima.

( ) Concordo com a coleta de sangue e a utilzdgamaterial obtido.

Paciente Pesquisador
Data:
Telefone para esclarecimentos: 0 XX 51-3308-5257
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Anexo I
Association of Hb Shelby with Hb S in the south oBrazil
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