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RESUMO



Para identificar as mutagGes presentes nos genes da globina o da populagdo do
Sudeste Brasileiro, foram estudados 7 pacientes com Doenga da Hb H e 27 individuos com
alteragbes estruturais de cadeia o.. A metodologia envolveu a reagdo em cadeia pela
polimerase (PCR), a analise com enzimas de restrigdo e o sequenciamento direto de DNA.

Os pacientes com Hb H, caucasoides, revelaram os seguintes genotipos: ~(o0)™*/-o>7 (2

_MED Fo a3. _MED /! C(.th

€asos), - T caso), - a (1 caso) e a interagdo da delegdo -a®” com uma
forma incomum de talassemia o, ndo-delecional [-o>”/(cwr)] (3 casos). Entre as alteragdes
estruturais encontradas estdo as Hbs Hasharon (a:47Asp—His) (15 caucasoides), J-Rovigo
(x53Ala—>Asp) (4 caucasoides), Stanleyville-II (c78Asn—Lis) (3 negroides e 1
caucasoide), G-Pest (74 Asp—Asn) (Inegroide), Kurosaki (a7Lis—Glu) (1caucaséide),
Westmead (a122His—Gln) (1 caucasoéide) e Campinas (x26Ala—Val) (1 caucaséide), uma
variante ndo descrita previamente. As Hbs Hasharon e Stanleyville-II foram encontradas em
associagdo com a dele¢do -o””. Foram determinadas pela primeira vez as bases moleculares
das Hbs J-Rovigo, Stanleyville-Il, G-Pest e Kurosaki (GCC—>GAC, AAC—AAA,
GAC—>AAC, AAG—GAG, respectivamente). Embora as hemoglobinopatias sejam
frequentes, pouco se sabe sobre as alteragbes dos genes o que acometem a populagio
brasileira. As mutagdes aqui detectadas refletem a importante contribuiggo italiana e africana

na populagdo desta regido do Brasil e indicam a presenca de formas ndo-delecionais de

talassemia o, bem como de variantes estruturais raras.
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ABSTRACT



In order to identify the o-globin gene mutations present in the population of
southeastern Brazil, 7 unrelated Hb H disease patients and 27 individuals with a-chain
structural alterations were studied. Methodology involved PCR, restriction enzyme analyses
and DNA direct sequencing. Among the Hb H patients, all Caucasians, 2 showed the -
(0)***/-*” genotype, 1 the —EP/-o>7 1 the —MEP/o"y and 3 the interaction of the -o*”
deletion with an unusual o-thalassemia, non-deletional [-o® /(ctt)’]. The structural
alterations were the Hbs Hasharon (a47Asp—His) (15 Caucasians), J-Rovigo
(a53Ala—Asp) (4 Caucasians), Stanleyville-II (78 Asn—Lys) (3 Blacks and 1 Caucasian),
G-Pest (a74Asp—Asn) (1 Black), Kurosaki (a7Lys—Glu) (1 Caucasian), Westmead
(122His—Gln) (1 Caucasian) and Campinas (x26Ala—Val) (1 Caucasian), a variant not
previously described. The Hbs Hasharon and Stanleyville-II were found in association with
the -o*” deletion. The molecular bases of Hbs J-Rovigo, Stanleyville-I, G-Pest and
Kurosaki were determined (GCC—>GAC, AAC—>AAA, GAC—AAC, AAG-HGAG,
respectively). Although hemoglobinopathies are frequent in Brazil, very little is known
about the a-globin gene alterations. The deletions and the most prevalent structural
alterations found here reflect the Italian and African contribution to the population of this
region of Brazil and indicate the presence of non-deletional a-thalassemia, as well as rare

variants.

Abstract
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1. INTRODUCAO
GERAL



1.1. ESTRUTURA E FUNCAO DAS HEMOGLOBINAS HUMANAS

As hemoglobinas (Hb) humanas sao tetrameros formados pela interagdo de duas
cadeias polipeptidicas do "tipo alfa" [alfa (o ou zeta ( )] com duas cadeias do "tipo beta"
[beta (B) delta (6) gama (y) ou épsilon (g)], sendo cada uma delas ligada a um grupo
prostético heme, resultante da combinagdo de um atomo de ferro com uma molécula de
protoporfirina (Fig. 1). Essa conformagdo da molécula permite a sua ligagdo com o oxigénio
(0), de forma reversivel, efetuando assim o transporte do mesmo dos pulmdes aos tecidos e
de uma fragdo de gas carbdnico (CO,) dos tecidos aos pulmdes (Bunn & Forget, 1986).
Durante o desenvolvimento intra-uterino, diferentes hemoglobinas sdo responsaveis por esta
funcdo. Na fase embrionaria, da 3* 4 8" semana gestacional, ocorre a produgio das Hbs
Gower I (Czg2), Gower II (Cze2), Portland I (C; y2) e Portland I (£3B;). Por volta da 5*
semana, as cadeias C e € sdo totalmente substituidas pelas globinas o e y respectivamente,
predominando durante todo o periodo fetal a Hemoglobina Fetal, Hb F (oy;). A Hb F
constitui cerca de 70% do total da hemoglobina do recém nascido (Stamatoyannopoulos ef
al,, 1994). Por volta do nascimento, as cadeias y passam a ser substituidas pelas cadeias B, e
a hemacia humana normal passa, gradativamente, a ser constituida pelas Hbs A (o,
majoritaria, e A; (028,). Aos 6 meses de vida p6s natal, o individuo, considerado adulto, tem

cerca de 95% de Hb A, 2-3% de Hb A;, e no maximo 2% de Hb F (Bunn & Forget, 1986).
(Fig 2).

Imtroducdo Geral
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Figura 1: Representagdo esquematica da molécula de Hemoglobina Letras de A 4 H

indicam os dominios helicais das cadeias o e B (adaptada de Dickerson &
Gueiss, 1983)
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Figura 2: Sintese das cadeias globinicas na vida pré e pos natal (adaptado de Weatherall &

Clegg, 1981)
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1.2. OS GENES DE GLOBINAS

Os genes que codificam as cadeias globinicas estdo localizados em dois
complexos génicos denominados clusters. O cluster o, responsavel pela produgio das
cadeias o e C esta localizado no brago curto do cromossomo 16 (16p 13.3) (Lauer ef a/,
1980), enquanto o cluster 3, que comanda a sintese das cadeias (3,5, v e €, esta localizado no
brago curto do cromossomo 11 (11p 15.5)( Fritsch ez a/,1980; Rochette ef al, 1994). O gene
o € duplicado, o, e oy, assim como o v, yA e yG, conforme a presencga de alanina ou glicina
na posi¢do 136 da cadeia globinica. Os genes estdo alinhados ao longo dos cromossomos na
mesma ordem em que s3o ativados e transcritos durante o desenvolvimento (Lauer er a/,

1980: Higgs et al,1989) (Fig. 3).

Para que as hemacias se desenvolvam e desempenhem suas fungdes
normalmente, € necessario que a sintese das cadeias do tipo o e B ocorra de forma
balanceada, equilibrada. Embora no reticulocito normal a quantidade total de RNA
mensageiro (mRNA) das globinas a exceda a quantidade de mRNA das globinas 8 (Chami
et al, 1994; Smetanina ef al, 1996), a tradugdo do mRNA da cadeia B parece ocorrer de
forma mais rapida, evitando assim o desequilibrio de sintese (Shakin & Liebhaber, 1986).

Todos os genes de globinas s3o compactos (de 1 a 2 kb), formados por trés
seqiiéncias codificantes, os exons, interrompidas por duas regides ndo codificantes, os

introns ou "IVS" (intervening sequence) (Proudfoot & Maniatis, 1980).

Introdugdo Geral
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Figura 3: Organizacdao dos agrupamentos dos genes de globinas nos cromossomos 16 e

1 1(adaptado de Giordano. 1998 — Tese de Doutorado)

1.3. AS HEMOGLOBINOPATIAS

As hemoglobinopatias (Hbpatias) constituem um grupo heterogéneo de doengas
genéticas causadas por muta¢cdes que afetam os genes responsaveis pela sintese das cadeias
globinicas (Weatherall & Clegg, 1981). Genericamente, podem ser classificadas em: @
alteragOes estruturais, onde ocorre a presen¢a de hemoglobinas estruturalmente anémalas no
interior das hemdcias, @ alteragdes no ritmo de sintese (talassemias), com a supressdo
parcial ou total da produgdo de uma ou mais cadeias polipeptidicas , ou ainda, ® em uma
anomalia caracterizada pela producdo persistente de cadeias 7y durante a vida adulta,
denominada Persisténcia Hereditaria de Hemoglobina Fetal - PHHF (Bunn & Forget, 1986;
Rochette et al, 1994)

introdugdo Geral
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Entre as Hbpatias estruturais, as mais importantes sdao a Hb S (o232 Glu—Val) e
a Hb C (a2B2 Glu—Lis). A primeira foi descrita por Pauling e colaboradores, em 1949
(Pauling ef al, 1949), demonstrada através de eletroforese de hemoglobina obtida de
pacientes com anemia falciforme. Posteriormente, com o aperfeioamento das técnicas
eletroforéticas, foram descritas as hemoglobinas C, D e E. Atualmente, ha cerca de 750
variantes estruturais descritas (Huisman ef al, 1998). Entretanto, apenas algumas estdo
associadas com manifestagdes clinicas e alteragdes hematologicas importantes. Estas podem
resultar de alteragdes na solubilidade da hemoglobina, na estabilidade estrutural da molécula
e na afinidade pelo oxigénio. Sao distirbios que vao causar redugdo na sobrevida média das
hemacias em circulagdo, levando a um quadro clinico de anemia hemolitica de grau variavel
(Moo-Penn ef al, 1980; Bunn & Forget, 1986). A maioria das hemoglobinopatias estruturais
é detectada por seu comportamento eletroforético andmalo em pH alcalino, ja que a
substitui¢do de aminoacidos geralmente leva a mudanga da carga elétrica da proteina. No
entanto, em algumas variantes, a substitui¢do por aminoacidos de mesma carga leva a uma
migragdo eletroforética semelhante a da Hb A: sdo as variantes silenciosas (Moo-Penn ef a/,
1980). Neste caso, se faz necessario o uso de técnicas complementares de diferenciagao, tais
como a eletroforese em pH acido, a focalizagdo isoelétrica (Dacie &Lewis, 1995) e a

eletroforese de cadeias globinicas ( Alter et al, 1980).

As talassemias sdo alteragdes hereditarias, de distribui¢do mundial, causadas por
mutagdes que afetam a sintese de uma ou mais cadeias globinicas (Bunn & Forget, 1986). A
diminuigdo ou auséncia total de uma das cadeias leva ao acimulo da outra cadeia cuja
sintese esta preservada, que se tetrameriza € precipita no interior das hemacias, causando a
lise precoce das células. Além disso, a hemoglobiniza¢do deficiente das hemacias resulta
em microcitose e hipocromia, anormalidades morfologicas caracteristicas deste grupo de
doencas ( Bunn & Forget, 1986; Williams et al, 1990). As talassemias sao classificadas,

conforme o tipo de cadeia cuja sintese esta prejudicada, em talassemia a., B3, v, 6B, 6pBy.

A PHHF constitui um grupo heterogéneo de doengas genéticas caracterizadas
pelo aumento dos niveis de Hb F no individuo adulto. O distirbio pode genericamente ser
classificado em: @ PHHF pancelular, na qual todas as hemacias dos afetados apresentam

aumento nos niveis de Hb F, ¢ @ PHHF heterocelular, onde apenas uma subpopulagdo de

Introdugdo Geral
6



células apresenta aumento na produgdo da Hb (células F) (Bunn & Forget, 1986). Ha duas
categorias de mutagdo que aumentam a produgdo de Hb F, demonstradas por analise
molecular: sdo dele¢des envolvendo a porgdo 3' do cluster B, removendo os genes y e B, e
formas n@o delecionais, causadas por mutagdes de ponto nas regides promotoras dos genes y
(Rochette er al, 1994).

1.4. A TALASSEMIA « - FISIOPATOLOGIA

Como descrito anteriormente, os genes da globina o sdo duplicados, as e ai,
perfazendo um total de 4 em cada célula diploide normal. A talassemia o é um distirbio
hereditario de distribui¢do mundial, causada por mutagSes que afetam os genes c, levando a
redugdo ou auséncia da produgdo das cadeias da hemoglobina. Por um lado, ha o
comprometimento do processo de hemoglobinizagdo, determinando  eritrocitos
hipocrémicos e microciticos. Por outro, ha a formagdo de Hbs anémalas constituidas pelos
tetrdmeros das cadeias cuja sintese esta normal. Assim, no periodo fetal, o excesso de
cadeias y resulta na formagdo da Hb Bart's (y4), uma Hb com elevada afinidade pelo
oxigénio (Bunn & Forget, 1986). Apos o nascimento, com a substitui¢io das cadeias v pelas
cadeias [3, o tetrdmero de cadeias B correspondente leva a formagio da Hb H (Bs) que, além
da elevada afinidade pelo O,, ¢ altamente instavel e se precipita com o envelhecimento das
hemacias, formando corpos de inclus3o. Estes lesam a membrana celular, determinando a
remogao precoce destas células por um mecanismo macrofagico esplénico (Bunn & Forget,
1986, Williams ez al, 1990). Os corpos de inclusdo de Hb H podem ser visualizados por
microscopia comum apés incubagdo das hemacias, a 37° C, com azul brilhante de cresil
(Dacie &Lewis, 1995). As Hbs Bart's e H, mais rapidas que a Hb A em pH alcalino, podem
ser separadas por eletroforese em tampao Fosfato, em pH 6,5 - 7,0, pois nessa faixa de pH

todas as demais Hbs encontram-se em seu ponto isoelétrico.

Introducgde Geral
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1.4.1. Estrutura e evolu¢io dos genes da globina a

O cluster o compreende um segmento de DNA de aproximadamente 30 kb de
comprimento e inclui o gene embrionario ( trés genes ndo funcionais (os pseudogenes )
e 1) os genes o € o (separados por 4 Kb de DNA) e um gene de fungdo desconhecida, 6,
(figuras 4 e 5) (Lauer et al, 1980, Proudfoot & Maniatis, 1980).

yi yor oy V7] o 6,

U
[3]

(HH{H———%

- - gene funcional

[:| - pseudogene
77 - gene de fungdo indeterminada

Figura 4: AGRUPAMENTO a (brago curto do cromossomo 16) (adaptado de
Liebhaber, 1989)

—— A

1 31 32 99 100 141

Figura 5: GENES DA GLOBINA a - ESTRUTURA ( adaptado de Embury, 1988)
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Os genes oz e oy sfo resultantes de um evento de duplicagio de um gene
ancestral, ocorrido ha cerca de 270 mithdes de anos atras (Michelson & Orkin, 1983; Higgs
et al, 1984 ¢ 1989). As seqliéncias dos genes o permaneceram 1dénticas durante a evolugao,
apesar de divergirem de outras espécies (Sawada and Schmid et al, 1986). Os dois
mecanismos combinados de evolugio, crossing over e conversfio, contribuiram para a
homologia entre esses genes (Michelson & Orkin, 1983; Higgs ef al, 1984). A andlise da
seqiiéncia de DNA do cluster o mostrou que os genes oz € o ¢stdo contidos em duas
unidades de duplicaciio altamente homoldgas de 4 Kb (Lauer er al, 1980), e que essas
regides sdo divididas em 3 subseguimentos homélogos (X, Y e Z), separados por trés
segmentos nio homologos (I, O, e III) (Fig 6 ) ( Higgs ef al, 1984 ¢ 1989). Os 3 exons e o
primeiro intron dos dois genes o tém seqii€ncias idénticas; as diferencas siio representadas
apenas por uma insercdo de 7 nucleotideos proxima 4 regiéo 3' do infron 2 do gene au, por
uma substituicdo de base neste mesmo infron, nas posigbes 509 e 573 (a partir do sitio
CAP), ¢ a maior divergéncia (17%) estd na regifio 3' ndo traduzida dos genes o
(downstream), ap6s o terceiro exon (Michelson & Orkin, 1983). Acredita-se que, por causa
dessa divergéncia na regido 3', o nivel de expressio de mRNA do gene o, exceda & do gene
o em uma proporgdo de 2,6:1 (Liebhaber et al, 1986; Molchanova et al, 1994). Devido ao
alto grau de homologia, os genes o codificam cadeias globinicas idénticas, com 141
aminoacidos, e, embora esses genes sejam duplicados, para que a sintese das cadeias o se dé
de forma balanceada, é necessaria a expressio dos 4 genes no genoma diploide (Bunn &
Forget, ,1986).

wieel o2 al
5 —AN_N | B o R — 3
O 777 [
X Y A X Y Z

Figura 6: Os subsegmentos homologos X, Y, Z, contendo os genes o (Embury, 1988)
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1.4.2. As bases moleculares da talassemia ¢

As principais alteragbes genéticas que determinam a deficiéncia de produgio das
cadeias o da hemoglobina s@o atribuidas a uma variedade de mecanismos: mutagdes no
codon de iniciagdo dos genes «, abolindo a tradugio do mRNA; mutacSes em sitio de
splicing, impedindo o correto processamento do mRNA; mutagdes que afetam o codon de
terminagdo, levando & formagdo de cadeias o alongadas, instiveis e com menor ritmo de
sintese; mutaghes de ponto em regibes codificantes, com substituigdes de aminoacidos,
resuitando na produgdo de hemoglobinas instaveis; mutagdes no sitio de Poli -A (descritas
no gene o), que produzem mRNAs instaveis e afetam a expressdo do gene o) adjacente;
delecBes envolvendo seqiiéncias controladoras que regulam a expressdio de ambos os genes;
e delegdes génicas envolvendo 1 ou ambos os genes a. Estas ultimas sdo as causas mais
frequentes de talassemia o, sendo responsaveis por grande parte dos casos, e sua
expressividade clinica dependera da natureza da alteragéo produzida ¢ do nimero de genes
afetados (Kattamis et al, 1996).

Considerando que individuos normais apresentam 4 genes o funcionais por
genoma diploide (gendtipo cot/acr) (Orkin et al, 1978), as talassemias « sgo classificadas de
acordo com o grau de expressido destes genes (Orkin e al, 1978). Enquanto a inativagio de
um dos 2 genes & no cromossomo determina a talassemia o, quando ambos os genes sdo

afetados, a condigo é denominada talassemia o® (Pressley er al, 1980; Higgs, 1993).

A talassemia o € mais frequentemente causada pela delegiio de um fragmento
de 3.7 Kb de DNA (delegdo -o*”), envolvendo a regido 3' do gene oz e 5' do gene aj,
resultando em um Gnico gene o, hibrido (c2-a;). A segunda causa mais comum deste tipo de
talassemia, é a delegio de 4.2 Kb de DNA (delegio -o*?), que remove totalmente o gene o
(Embury et al, 1980). O mecanismo que leva a estas delegles ¢ a elevada homologia entre
as regides duplicadas do cluster o, provocando um pareamento incorreto dos Cromossomos
na meiose (Higgs ef al, 1984). Assim, a homologia facilita o desalinhamento, que ¢ seguido
de recombinac¢do entre os dois cromossomos 16, levando a um crossing over desigual, ¢ a
perda de um dos genes de um cromossomo (-0.) com a correspondente integragdo no outro

cromossomo, ocasionando o evento da triplicagfio (o) (Higgs et al, 1984).
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Se o crossing-over ocorre entre as regides homologas Z, o produto da delegdo é
sempre um gene hibrido oz-0; que perde 3.7 Kb de DNA a direita do gene o (rightward
deletion), produzindo o haplotipo -a’” ou cromossomos com 3 genes alfa (aoa™ *7). Se a
recombinagdo ocorre entre os segmentos X, resulta na perda de 4.2 Kb a esquerda do gene
o (leftward deletion), determinando o haplétipo -a*? ou seu correspondente triplicado

) ( Higgs ef al, 1984 e 1989; Dodé et al, 1993). A figura 7 mostra o crossing over
entre cromossomos desalinhados, originando os haplotipos mais comuns da talassemia o
Com relagdo a delegdo -a’”, dependendo da regido exata do segmento Z onde o crossing-
over ocorre, ela € dividida em 3 diferentes subtipos: I, Il e IIl. A analise de restrigdo com a
enzima Apa I diferencia esses haplotipos, conforme demonstrado na figura 8 (Dodé ef al,
1993; Baysal & Huisman, 1994). O haplotipo I foi observado em todas as populagdes
estudadas; o II foi encontrado na Jamaica, no Sudeste Asiatico e no Mediterraneo, e o III

apenas na Melanésia e Polinésia (Higgs er al, 1984).

A delegio -o” é a causa mais comum de talassemia a’, e tem distribui¢do
mundial, com freqiéncias muito elevadas na regido do Mediterraneo e Africa; ja a delegio -
o*? tem prevaléncia elevada na populagdo do Sudeste Asiatico (Fucharoen & Winichagoon,

1987), embora também ocorra, com menor freqiiéncia, no Mediterraneo.
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Figura 7: Cromossomos desalinhados, originando os haplétipos -o** e o™ *?e -o*’ e
a ™37 ( Embury, 1988)
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Figura 8: Localizagio das delegdes -o’” e -a*? no cluster o e sitio de restri¢do da enzima
Apa I, definindo a regido exata do crossing over no segmento Z (adaptado de
Dodé et al, 1993 e Baysal & Huisman, 1994)
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Eventos de recombinagdo ndo homologa sdo as causas das delegdes responsaveis
pela talassemia o’ A maioria remove ambos os genes o do mesmo cromossomo,
determinando o haplotipo (--). As duas mais comuns s3o as delegdes (--""""), frequente na
Bacia do Mediterraneo (Nicholls ef al, 1985), onde 18 Kb do cluster a sdo removidos entre
as regides 5'do pseudogene (; e a regido 5' do gene 0;( Orkin et al, 1980; Kattamis et al,
1996), e (—-°**), a mais frequente forma de talassemia o’ do Sudeste Asiatico (Fucharoen &
Winichagoon, 1987), que remove aproximadamente 20 Kb de DNA, envolvendo os
pseudogenes o e o , 0s genes a2 € o € o gene 0; (Kattamis ef al, 1996). Também sdo
causas de talassemia (10, delegdes que removem totalmente 1 gene o e parcialmente o outro,
tornando-o inativo, determinando o haplétipo (o). Como exemplo, temos as delegdes -
(a)zw (Nicholls ez al, 1985) e -(at)’?, que envolvem todo o genea; e a porgdo 5' do gene o,
0 qual ndo pode se expressar (Pressley e al, 1980). Ambas sdo de origem Mediterranea,
sendo a primeira mais frequentemente encontrada (Higgs ef a/, 1989). A figura 9 mostra as
principais delegdes descritas no cluster o, que causam supressdo total ou parcial na sintese

de cadeias a.
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Fig. 9 — Principais delegdes que causam talassemia o
a: delegdes que removem um dos genes o do genoma hapléide, causando talassemia o

b: remocio ou inativacio dos dois genes o, causando talassemia o’
(Adaptado de Giordano, 1998 — Tese de Doutorado)
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1.4.3. Talassemia a nao-delecional

Muitas mutagdes de ponto ou deficiéncias de um ou alguns nucleotideos podem
interferir na expressdo dos genes o, levando a um quadro de talassemia. Essas mutagdes
interferem na transcrigdo ou no processamento do mRNA, ou causam a instabilidade pos-
transcricional da cadeia a variante (Traeger-Synodinos ef al, 1993; Stamatoyannopoulos ef
al, 1994; Harteveld et al, 1997).

A transcrigdo inicial de um gene inclui seus introns e exons. O transcrito € entdo
modificado pelo acréscimo de seqiiéncias ndo traduzidas na extremidade 5', a estrutura
CAP, e na regido 3, a cauda de Poli A (AATAAA), que possivelmente aumenta a
estabilidade do mRNA no citoplasma; do transcrito primario (prée-mRNA), na passagem do
nucleo para o citoplasma, sdo removidos os introns, processo conhecido por splicing ou
processamento. Para que esse processo ocorra eficientemente, atuam como sitios de
reconhecimento os dinucleotideos GT (sitio doador) e AG (sitio aceptor), precedidos por
sequéncias ditas “de consenso”. Mutagbes envolvendo essas invariaveis sequéncias
impedem o correto processamento do mRNA (Orkin er al, 1981, Brunak ef al/, 1991,
Harteveld ef al, 1996). Uma forma comum de talassemia o n3o-delecional, por exemplo, a
a"q, resulta de uma deficiéncia de 5 nucleotideos abrangendo a regido 3' do primeiro exon
e 5' do primeiro infron do gene a afetando o splicing donor site (GAGGTGAGG —
GAGG-----). Esta mutacdo pode ser reconhecida por analise de restrigdo com a enzima Hph
I (Orkin et al, 1981).

Mutagdes no sitio de Poli A, altamente conservado, interferem no processamento
correto do mRNA, que € degradado prematuramente (Fitzgerald ef a/, 1981). Uma mutago,
descrita pela primeira vez na Arabia Saudita e posteriormente encontrada em diferentes

areas do Mediterraneo (o 3%

o) (Yuregir, ef al, 1992; Kattamis et al, 1996), € resultante de
uma substituigdo de adenina por guanina nesta seqi€ncia (AATAAA — AATAAG), que
prejudica a produgdo do mRNA do gene a; e possivelmente diminui a expressao do gene o
adjacente (Thein et al, 1988; Yiiregir ef al, 1992, Harteveld er al, 1993; Kattamis ef a/,

1996).
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O mRNA maduro, totalmente processado, € traduzido no citoplasma, em
proteinas. Mutagdes no codigo de iniciagdo impedem a correta tradugdo (Olivieri ef al, 1987,
Higgs ef al, 1989). Duas formas ndo delecionais de talassemia oo™ *a e oo™,
encontradas em muitas populagdes mediterraneas (Kattamis ef a/,1996) sdo causadas pela
substituigdo de base no codigo de iniciagdo, de ATG para ACG e GTG nos genes o, € o,

respectivamente (Pirastu ef al, 1984; Moi et al, 1987).

Substitui¢oes de base no codigo de terminagdo da cadeia - TAA, também levam
a um quadro de talassemia o (Higgs ef al, 1989). Uma modificagéo neste codon permite a
introduc@o de mais aminoacidos, resultando em cadeias  alongadas, instaveis e com ritmo
de sintese diminuido, determinando assim um fenotipo talassémico (Hunt ef a/, 1982). A
exemplo disto, uma mutagdo descrita na regido Mediterranea, onde TAA foi substituido por
AAA no gene oy, origina a Hb Icaria (a; TAA—>AAA) uma hemoglobina instavel cuja
redugdo no ritmo de sintese leva a um quadro de talassemia o (Efremov et al, 1990). Outras
4 mutagdes no codon 142 do gene a, foram descritas: Hb Constant Spring, no Sudeste
Asiatico (TAA—CAA) (Clegg et al,1971); Hb Koya Dora, de origem indiana
(TAA—>TCA) (De Jonget al, 1975), Hb Seal Rock, encontrada em uma familia negra
(TAA—>GAA) (Brandley et al, 1975); e a Hb Pa Ksé, descrita em um individuo do Laos
(TAA ->TAT) (Waye et al, 1994).

Mutagdes que afetam residuos envolvidos na regido de contato o 3; resultam em
uma ligagdo anormal entre as cadeias o e 3, gerando uma globina instavel que é rapidamente
proteolizada se ndo for incorporada ao tetramero (Williamson, 1993). Algumas variantes,
como as Hbs Evanston (Honig ef al, 1984) e Quong Sze (Goossens et al, 1982), sdo
causadas por mutagGes de ponto que acarretam uma elevada instabilidade da molécula
(Kattamis ef al, 1996). As formas ndo-delecionais de talassemia o ja descritas encontram-se

relacionadas no Quadro L

O Elemento Regulatorio (a-MRE, ou HS-40), um segmento de DNA restrito a
310 pares de base localizado a 40 kb do sitio Cap do gene {; em dire¢do ao centromero do

cromossomo 16, esta envolvido na regulacdo da expressdo dos genes o (Higgs, 1993).
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MutagOes nesta regido, altamente conservada, silenciam o Jocus, e os genes, embora
estruturalmente intactos, ndo se expressam, determinando um quadro de talassemia o
(Romao ef al, 1991). Até o momento, nove diferentes dele¢des que afetam esta regido sio
conhecidas, € os mecanismos envolvidos s3o bastante diversos e representados por eventos
de recombinag3o entre regides parcialmente homélogas (4/u repeats), ou pelo truncamento
da extremidade do cromossomo 16, ou ainda por eventos de delegdes de novo (Higgs, 1993;
Giordano, 1998).
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QUADRO 1 - FORMAS NAO DELECIONAIS DE TALASSEMIA o

(adaptada de Harteveld, 1997 — Tese de Doutorado)

TIPO DE MUTACAO FENOTIPO ORIGEM RACIAL
Processamento de RNA
@ Mutagdes no sitio de "splicing"
oz IVS 1 (-5nt) - sitio doador Mediterranea
(GAGGTGAGG->GAGG—) o Orente Médio
a, IVS 1 - 116 - sitio aceptor
(GCAGGA—->GCGGGA) a’ Norte da Europa
a; IVS 1 - 117 - sitio aceptor
(GCAGGA—-FCAAGA) o Indiana
a,cd26 (GCG—ACG) (Ala—>Tre) o Italiana
a; IVS 1 - 1 - sitio doador
(AGGT—-AGAT) o’ Tailandesa
@ Mutagdes no sitio de Poly A
ax(AATAAA—->AATAAG) a’ /o’ Med; O. Médio
(AATAAA—->AATGAG) a/a’ Mediterranea
o(AATAAA—>AATA-) a’/a’ Indiana
ax(-16 pb: CATAAA) a’/a’ Arabe
Traducio do RNA
@ Mutacio em codigo de iniciagio
ax(ATG—ACG) a’ Mediterrdanea
a(ATG—A-G) a’ Vietnamita
o (ATG—-GTG) o’ Mediterranea
-a*(ATG->GTG) o’ Negros
o o/’ Mediterrdnea; Norte
da Africa
@ Mutagdo em codigo de terminagio
oscd 142 (TAA-CAA)
Hb Constant Spring a’ Sudeste Asiatico
acd 142 (TAA—>AAA)
Hb Icaria a’ Mediterrianea
ascd 142 (TAA-TCA)
Hb Koya Dora a’ Indiana
ascd 142 (TAA—-GAA)
Hb Seal Rock a’ Negros
azcd 142 (TAA—-STAT)
Hb Paksé a’ Laos
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@ Mutagdo "frameshift"”

ased 39/41

(-9pb, + 8pb em duplicagio) B Judeus
-*"1ed30/31

(GAGAGG—-GAG--G) al Africana

@ Mutagio "nonsense”
azed 116 (GAG—-TAG) a’ Africana

Mutagdes causando instabilidade pés-transcricional
® Devido a mutagdes de ponto

oycd 14 TGG—->CGG (Trp—Arg)
2>’ cd 14 TGG—CGG (Trp—>Arg)
Hb Evaston

azcd 29 CTG—CCG (Leu—Pro)
Hb Agrinio

azed 59 GGC—HGAC (Gli—»>Asp)
a,cd 539 GGC—GAC

Hb Adana

axed 93 GTG—->GGG (Val—»Gli)
Hb Bronte

azed 104 TGC—HTAC (Cis—Tir)
Hb Sallanches

azed 109 CTG—CGG (Leu—Arg)
Hb Suan Dok

acd 110 GCC—-GAC (Ala—>Asp)
Hb Petah Tikva

axcd 125 CTG—>CGG (Leu—Pro)
Hb Quong Sze

-a*” ¢d 125 CTG—CAG (Leu—Gln)
azcd 129 CTG—>CCG (Leu—Pro)
Hb Utrecht

azcd 129 CTG—CCG (Leu—Pro)
aed 129 CTG—CCG (Leu—Pro)
Hb Tunis-Bizerte

axcd 131 TCT—-CCT (Ser—Pro)
Hb Questembert

@ Devido a pequenas delegdes
acd 30 (-GAG, Glu)

a,cd 62 (-GTG, Val)

opcd 1137116 (-12pb)

Hb Lleida

Indiana
Negros

Grega
Sudeste Asiatico

Mediterranea

Italia

Mediterranea
Sudeste Asiatico
Judeus / Iraquianos

Sudeste Asiatico
Judeus e Curgos

Desconhecida

Norte da Africa

Iuguslava

Sudeste Asiatico
Gregos

Espanhois
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1.4.4. Diferentes formas clinicas

Do ponto de vista clinico, existem 3 formas de talassemia a: trago talassémico o
(o" e @°), Doenga da Hb H e Sindrome da Hidropisia Fetal por Hb Bart's (Bunn & Forgett,
1986; Williams et al, 1990).

O ftrago talassémico o (-o/oor) resulta em uma talassemia clinicamente
silenciosa, que, por seu carater assintomatico, pode nao ser detectada por técnicas
laboratoriais convencionais, ja que o perfil hematologico e eletroforético dos portadores,
geralmente, ndo mostra nenhuma alteragdo. Estes individuos podem apresentar, ao
nascimento, de 1 a 3% de Hb Bart's e, em alguns casos, discretas microcitose e hipocromia
na vida adulta (Williams ez a/, 1990). O trago talassémico °, causado pela perda de 2 genes
in cis (—/aa), também ndo resulta em manifestagdes clinicas, e ¢ hematologicamente
detectavel através do  aspecto microcitico € hipocrémico das hemacias. Seus portadores
apresentam de 5 a 10% de Hb Bart's ao nascimento. Este quadro laboratorial ¢ similarmente
apresentado pelos homozigotos da talassemia a’, ou seja, individuos que perderam 2 genes

o in trans (-a/-ct) (Williams et al, 1990; Stammatoyannopoulos e? al, 1994).

A Doenga da Hb H ¢ causada pela interagdo entre os determinantes talassémicos
o’ ¢ o (~/<). Os portadores desta sindrome tem morfologia eritrocitaria alterada, com
microcitose, hipocromia, e poiquilocitose moderadas, e a presenca de hemacias
policromatofilas € em alvo no sangue -periféﬁco (Fig. 10A), além de manifestagdes clinicas
que incluem anemia hemolitica cronica de intensidade moderada e esplenomegalia (Bunn &
Forget, 1986, Williams er al, 1990). O perfil eletroforético revela de 25 a 30% de Hb Bart's
ao nascimento, que € substituida, durante os primeiros meses de vida, pela Hb H, de 5 a
30% na vida adulta. A elevada instabilidade desta Hb e a formagdo dos corpos de inclusdo
(Fig. 10B) sdo os responsaveis pelo quadro clinico dos portadores (Bunn & Forget,

1986;Williams ef al, 1990).

Introdugido Geral
20



Figura 10: A : esfregago de sangue periférico na Doeng¢a da Hb H mostrando moderadas
microcitose, hipocromia, poiquilocitose e células em alvo. B: esfregago de
sangue periférico na Doenga da Hb H corado com azul brilhante de cresil,

mostrando os corpos de inclusdo. (adaptado de Hoffbrand & Pettit, 1995)
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A forma homozigotica da talassemia o correspondente a Hidropisia Fetal por
Hb Bart's; ¢ a forma mais grave das sindromes talassémicas, sendo causa constante de
abortos ou morte logo apdés o nascimento nas populagdes onde o alelo o’ tem alta
prevaléncia (Randhawa ef al, 1984). Neste caso, a eletroforese mostra a presenga de quase
100% de Hb Bart's, com pequenas quantidades de Hb Portland e tragos de Hb H (Randhawa
et al, 1984 ; Higgs ef al, 1989). A Hb Bart's, em funcdo de sua elevada afinidade pelo
oxigénio, ndo € eficaz na oxigenagdo tecidual, causando hipoxia, hepatoesplenomegalia,
ascite ¢ hidropisia, o que leva a morte fetal ou neonatal (Chan et a/, 1985; Bunn & Forget,
1986; Chang ef al, 1991). O estudo do sangue periférico revela uma morfologia eritrocitaria
acentuadamente alterada, com intensas hipocromia, anisopoiquilocitose, policromatofilia e a
presencga de eritroblastos em elevada porcentagem (Fig 11A). Essa doenga € relativamente
freqiiente no Sudeste Asiatico, também ocorrendo na regido do Mediterraneo (Paglietti ef al,
1986; Fucharoen & Winichagoon, 1987). Os genotipos, aspectos clinicos e laboratoriais

encontram-se sumarizados na Fig.11B e no Quadro II e na Fig. 11B.
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QUADRO 2 - GENOTIPOS X ASPECTOS CLINICOS E LABORATORIAIS DA

TALASSEMIA a
TIPOS GENOTIPOS ASPECTOS CLINICOS E LABORATORIAIS
Talassemia o -o/oe (ou 0 - 3% de Hb Bart's a0 nascimento;
Heterozigotica o ov/oar) alteracoes hematoldgicas minimas ou ausentes no
adulto.
Talassemia o™ -at/-0L (ou 5 - 10% de Hb Bart's ao nascimento;
Homozigética a’o/o o) discretas microcitose e hipocromia no adulto.

- 0
Talassemia o

Heterozigética

Talassemia o’

Homozigotica

Interagdo o/ o’

5 - 10% de Hb Bart's ao nascimento;

-/t discretas microcitose e hipocromia no adulto.

cerca de 80% de Hb Bart's; tragos de Hb H e
- Hbs Portland I e IT;
Hidropisia Fetal por Hb Bart’s.

--/-a. (ou 25 - 50% de Hb Bart's ao nascimento;
—-/CITQ‘,) 5-30% de Hb H na vida adulta;
Doenca da Hb H
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Normal

Tragco o

Trago o

Doenca daHb H

Trage o' homozigoto

Hidropisia Fetal

B

Figura 11: A: esfregaco de sangue periférico da tal o homozigética mostrando acentuadas

hipocromia, policromasia e eritroblastos circulantes. B:

representagao

esquemdtica dos genétipos da Talassemia o. (adaptado de Hoffbrand & Pettit,

1995)
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1.4.5. Distribuicio mundial da talassemia o

Devido as dificuldades em se identificar os genotipos da talassemia o por meio
de técnicas laboratoriais convencionais, somente com o advento da analise de DNA foi
possivel determinar mais precisamente a distribui¢io e a freqiiéncia desta alteracdo,

altamente difundida em diferentes partes do mundo (Stammatoyannopoulos et al, 1994).

A Talassemia a € possivelmente o disturbio genético mais comum cuja
distribui¢do € limitada a regides tropicais e subtropicais, embora casos esporadicos tenham
sido encontrados fora dessas regides (Higgs et al, 1989). Nesses locais, ocorre com
incidéncia elevada entre os povos da Asia e Oceania (China, Tailindia, India, Malésia,
Melanésia, Polinésia, Nova Guiné) (Na-Nakorn ez al, 1970; Hill ez al, 1985; Fucharoen ef al.
1988; Winichagoon et al, 1988; Wu ef al, 1988; Zeng et al, 1988; Hundrieser ef al, 1990),
do Oriente Médio (Turquia, Arabia Saudita) (Pembrey et al, 1975; Ozsoylu et al, 1982), e da
Regido do Mediterraneo, principalmente Grécia e Italia (Guanti e al, 1983; Velati ef al,
1983; Galanello et al, 1984, Kanavakis et al, 1986; Di Rienzo et al, 1986). No continente
africano, tem distribui¢@o praticamente universal (Folayan-Esan et al, 1970 e 1972; Nhonoli
et al, 1979; Piliszek ef al, 1979; Henni et al, 1982 ; Mathew et al, 1983; Rousseau et al,
1985; Henni er al,1987). Na América foi descrita em varios paises, como Estados Unidos,
Canada, México, Cuba, Costa Rica, Jamaica, Colémbia, Peru e Brasil (Echavarria ef al,
1976; Martinez & Colombo, 1976; Angles et al, 1977; Saenz et al, 1979; Colombo et al,
1981; Higgs et al, 1981, Wong et al, 1981; Johnson et al, 1982; Zago e cols, 1983 ¢ 1984;
Zago & Costa, 1985; Pedrollo e cols, 1988; Costa e cols, 1989; Sonati e cols, 1990). A
delegdo -0, como ja referido, € a mais comum condicionante de talassemia oo na maioria
dos populagdes investigadas. No Sudeste Asiatico e nas ilhas do Pacifico predomina a
mutagio -o? (Liebhaber, 1989). Além dessas, outras mutagdes, esporadicas, tém sido
descritas em diferentes regides, como as delecdes -o°° e -o*’ (Kulozik ef al, 1988: Zhao et

al, 1991).

Por outro lado, aquelas mutagdes que causam talassemia o tém distribuicio
geografica limitada as regides do Mediterrdneo e parte do Sudeste Asiatico, onde sdo
observadas ocorréncias da Hidropisia Fetal por Hb Bart's (Fucharoen & Winichagoon,
1987, Liebhaber, 1989).
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No Continente Americano, devido a diversidade étnica, como esperado, também
foram descritos casos de talassemia o que, como nas demais populagdes, tém como causa
prevalente a delegio -o* 7 (Echavarria et al, 1976; Martinez & Colombo, 1976; Angles et al,
1977, Saenz et al, 1979; Colombo ef al, 1981; Higgs et al, 1981; Wong et al, 1981; Johnson
et al, 1982; Zago e cols, 1983 e 1984; Zago & Costa, 1985; Pedrollo e cols, 1988; Costa e
cols, 1989; Sonati e cols, 1990; Sonati e cols, 1991; Sonati e cols, 1992; Sonati e cols,

1996). A distribui¢ao mundial da talassemia o encontra-se representada na figura 12a.

A elevada prevaléncia da talassemia o em vérias partes do mundo onde a
malaria é comum sugere a existéncia de um mecanismo seletivo e protetor em algumas
populagdes (Higgs et al, 1989; Liebhaber ef al, 1989). Embora a base para a sele¢do do
cromossomo -aunas zonas endémicas da malaria ndo esteja totalmente definida, foi possivel
demonstrar a diminuigdo significativa do crescimento do Plasmodium falciparum em células
vermelhas de individuos com Doenga da Hb H, mantidas em cultura (Liebhaber ez al, 1989).

A figura 12b mostra a distribuigdo geografica da malaria.

1.4.6. A talassemia o no Brasil

Ha poucos estudos realizados no Brasil sobre a prevaléncia e as diferentes
formas de talassemia o.. O primeiro estudo efetuado, por Sonati e cols, publicado em 1990,
mostrou a elevada freqiiéncia da delegdo -o>” na populagio negroide do Sudeste Brasileiro,
através da determinagdo dos niveis de Hb Bart's em sangue de corddo umbilical de 320
recém-nascidos. Do total analisado, 11,9% apresentaram quantidades detectaveis de Hb
Bart's, sendo 10,3% com niveis entre 1,0 e 3,5% de Hb andmala (considerados heterozigotos
da talassemia a') e 1,6% entre 5,0 e 10% (homozigotos). A freqiiéncia de homozigotos
permitiu estimar que cerca de 22% desta populagio seria heterozigota da dele¢io -o’”,
muito embora, pela metodologia empregada, apenas a metade dos casos foi detectada. Estas
estimativas foram confirmadas por um segundo estudo que, analisando doadores de sangue
negroides, empregou técnicas de Biologia Molecular (Southern Blotting) (Sonati e cols, em
1991). Em 1989, Costa e cols investigaram a freqiiéncia desta mesma delegdo em pacientes
com anemia falciforme desta mesma regiio do pais. A freqiiéncia encontrada do alelo -o’

foi também de 22%.
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Casos esporadicos da Doenga da Hb H tém sido descritos (Sonati e cols, 1992;

Zago e cols, 1984; Sonati e cols, 1996); a analise molecular dos mesmos revelou a presenca

s 7. MED ”
das delegdes -o* e --"FP em nossa populag@o.

Com relagdo a Hidropisia Fetal por Hb Bart's, ndo houve, até o presente
momento, nenhuma descricdo na populagdo brasileira, fato esse que pode ser atribuido,

) . i . 0
provavelmente, a baixa freqiiéncia dos alelos o.".

O objetivo do presente estudo foi determinar as bases moleculares das alterages

estruturais e talassémicas nos genes da globina o em uma populagéo brasileira.
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Fig. 12 - a: distribuicdo mundial da Talassemia o ¢ hemoglobinopatias importadas
b: distribui¢do geografica da Malaria.
(adaptado de Harteveld, tese PhD, 1997)
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ABSTRACT

Seven unrelated patients with HbH disease and 27 individuals with a-chain
structural alterations were studied to identify the o-globin gene mutations present in the
population of Southeast Brazil. The -o>”, —-™*” and -(a)**® deletions were investigated by

Neol Neol

PCR, whereas non-deletional o-thalassemia (a™a, o™, o™, ot and o™

o) was
screened with restriction enzymes and nested PCR. Structural alterations were identified by
DNA direct sequencing. Of the seven HbH disease patients, all of Italian descent, two had
the -(OL)ZO‘5 /<o>7 genotype, one had the --MED/_a*7, one had the -/ and three showed
interaction of the -o°” deletion with an unusual, unidentified form of non-deletional a-
thalassemia [-o/(act)”]. Among the 27 patients with structural alterations, 15 (Italian
descendants) had Hb Hasharon (a47Asp—His), associated with the -o®7 deletion, 4 (Italian
descendants) were heterozygous for Hb J-Rovigo (a53Ala—Asp), 4 (3 Blacks and 1
Caucasian) were heterozygous for Hb Stanleyville-II (078 Asn—Lys) associated with the
o*-thalassemia, 1(Black) was heterozygous for Hb G-Pest (2 74Asp—>Asn), 1 (Caucasian)
was heterozygous for Hb Kurosaki (a7Lys—Glu), 1 (Caucasian) was heterozygous for Hb
Westmead (a122His—Gln) and 1 (Caucasian) was a carrier of a novel silent variant (Hb
Campinas, a26Ala—Val). Most of the mutations found reflected the Mediterranean and
African origins of the population. Hbs G-Pest and Kurosaki, very rare, and Hb Westmead,
common in southern China, have been-initially described in individuals with ethnic origins
different from the carriers in the present study and are the first cases to be reported in the

Brazilian population.
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INTRODUCTION

The hemoglobinopathies are a heterogeneous group of genetic disorders caused
by mutations affecting the globin-chain genes. Generically, these mutations can be classified
as structural alterations which result in the production of abnormal proteins, as alterations in
synthesis which modify the normal a/p globin chain ratio (thalassemias) or in the persistent
production of hemoglobin (Hb) fetal during adult life (Hereditary Persistence of Hb Fetal)
(1,2). The hemoglobinopathies represent a public health problem, particularly in the
Mediterranean area, in the Middle East and in parts of India, Africa and Southeast Asia
(3.,4).

The high degree of racial admixture among native Indians and African and
European descendants in the Brazilian population has produced elevated frequencies of Hb
alterations, which reflect the diversity of racial origins in each region of the country (5).
Clinically, HbS, Hb C and B thalassemia are the most important (6), although o thalassemia
(-o*7 deletion) is the most frequent alteration, occurring in 20-25% of the Black population
(7). Although sporadic cases of Hb H disease and o-chain structural variants have been
found (6,8), the a-globin genes have not been systematically investigated. In this study,
seven unrelated subjects with Hb H disease and 27 individuals with o-globin structural
alterations were investigated in order to identify the mutations present in the population in
southeastern Brazil. The Hb H disease patients and the carriers of abnormal Hbs who had
hematological alterations were initially attended at the outpatients clinics at university
hospital at UNICAMP and then sent to the Clinical Pathology Laboratory for diagnosis and
investigation. Asymptomatic carriers were detected in a screening program in the same

laboratory.
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MATERIAL AND METHODS

Peripheral blood samples were collected in Vacutainers (Becton Dickinson)
with EDTA as anticoagulant and hematological data were obtained with an automated cell
counter (Cell Dyn 3500, Abbott).

Hb analyses were carried out by electrophoresis on cellulose acetate strips, at
pH 8.9, in agar gels, at pH 6.0 (1), and by globin chain electrophoresis on acrylamide gels, at
pH acid (9). Hb A, was measured spectrophotometrically after elution from cellulose acetate
strips (1) and Hb F was determined by alkali denaturation (10). The stability of each variant
was checked by the n-butanol, isopropanol and heat tests (11). Heinz bodies were
investigated by incubation with methyl violet and Hb H was demonstrated by incubation
with brilliant cresyl blue (11).

DNA was isolated from peripheral blood leukocytes by organic extraction.
Direct sequencing was performed with the Sequenase kit version 2.0 (United States
Biochemical Corporation, Cleveland, OH, USA), after selective amplification of the a-
globin genes by polymerase chain reaction (PCR) (12) and single strand separation with
magnetic beads (Dynal Inc, Oslo, Norway). When possible, the mutations were confirmed

by sequencing the opposite strand and by familial studies and restriction enzyme analyses.

The most common deletions causing o-thalassemia (o>, «o*? R

()3, ~%E%) were screened by PCR (13,14,15). The five most frequent non-deletional
mutations causing o-thalassemia (o™, o™'a, 0™, e and ™)  were
investigated with the restriction enzymes Hphl, Ncol and Mse I, respectively (3,16,17) and
by specific nested PCR (a™**) (18).
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RESULTS

Among the seven Hb H disease patients, all of Italian descent, four had the
following genotypes: -(o0)***/-o>” (two cases), ~-"F/-a>” and --ME%/o™, The other three
had an unusual unidentified form of a—thalassemia which seemed to be non-deletional [-
o>7/(ow at)™] since both genes were present. No mutation was detected following sequencing

from the promoter region to the poly A signal. These results are demonstrated in Table 1.

Among the 27 individuals with structural alterations, 15 (Caucasians of Italian
descent) had Hb Hasharon (47 Asp—His), associated with the -o>” deletion (-o**""): one

Hasharon; o Hasharony ‘and 14 were heterozygous (-o™™%/qr). One of

was homozygous (-o
these 14 individuals had a concomitant new B-globin variant, Hb Rio Claro (34 Val>Met)
(19). Four Caucasian adults (Italian descendants) were heterozygous for Hb J-Rovigo (a53
Ala—Asp) and one of them was also a [-thalassemia carrier. Hb Stanleyville-II
(78 Asn—Lys) was found in four individuals (3 Blacks and 1 Caucasian, all heterozygous),
always in association with the -o.*7 deletion (-o.>™**!®) One Black infant, from the north of
Brazil, had Hb G-Pest (#74 Asp—Asn), a very rare Hb described initially in a Hungarian
family (20). One boy of Portuguese descent had Hb Kurosaki (a7 Lys—Glu), another very
rare Hb described only once in a Japanese woman (21). Hb Westmead (122 His—Gln), a
relatively common silent variant in southern China (22,23), was found in a Caucasian adult,
Italian descendant. Hb Campinas (x26 Ala—Val) was identified in a Caucasian boy whose
descent was unknown. This electrophoretically silent variant, not described previously,

results from a base substitution at the 26™ codon of the a; gene (GCG—GTG) (unpublished

data). These structural alterations are summarized in Table 2.
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DISCUSSION

The thalassemic mutations found in four of the seven Hb H disease patients (-

37 _MED (1205 Hphl

o, , (o and o "*"at) are the most frequent in Mediterranean populations: the first
three are common deletions which remove 3.7, 18 and 20.5 kb fragments of DNA from the
a-globin gene cluster, respectively, and the latter is a common non-deletional form which
removes five nucleotides from the consensus sequence of the splicing donor site of IVS-I
(3). All of the Hb H disease patients were of Italian descent. In contrast, the remaining three
patients showed the association of the -o*” deletion with an unusual form of a-thalassemia
which leaves both o genes intact, but without expression. This situation may result from an
alteration in the a-Major Regulatory Element (a-MRE or HS-40), a major positive
regulatory region located 40 kb upstream of the £;-globin gene cap site (24). A few large
deletions are known to remove this locus control region and thereby silence the a-globin

genes, which remain structurally intact (3).

Among the structural alterations, Hb Hasharon, the most frequent change, and
Hb J-Rovigo, are of Italian origin, whereas Hb Stanleyville-II is of African origin and Hb G-
Pest was first described in a Hungarian family in 1972 (20). The latter was found here for
the first time in the Brazilian population. Hb Kurosaki was initially described in a 70-year-
old Japanese woman (21); the case described here is the second to be described in the world
and the first one in Brazil. Hb Westmead was discovered in a Chinese female in 1980 (23)
and is common in Guangxi, a province in southern China (22). In the case described here,
the first in Brazil, the carrier was of Italian descent. Hbs G-Pest, Kurosaki and Westmead
were detected in a screening program, but in carriers with ethnic origins different from those
of the original descriptions, suggesting de novo mutations. Hb Campinas was a novel silent

variant encountered in a Caucasian boy of unknown descent.

Clinically and hematologically, Hbs J-Rovigo, G-Pest, Kurosaki, Westmead and
Campinas caused no abnormalities, since the carriers were asymptomatic. Hb Hasharon and
Hb Stanleyville-II carriers had mild microcytic and hypochromic red blood cells, probably

because of the association with o-thalassemia.
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The present study represents the largest analysis to-date of individuals with o-
globin gene mutations in Brazil. The results confirmed the strong Italian and African
influences in the region of Brazil examined, and reflected the intense immigration that took

place in the last century and at the beginning of the twentieth century.

ACKNOWLEDGMENTS. We thank Dr. Stephen Hyslop of the Department of
Pharmacology, School of Medical Sciences, UNICAMP, for reviewing the language of the

manuscript.

Capitulo 1
37



REFERENCES

1. Weatherall DJ & Clegg JG (1981). The Thalassaemia Syndromes. 3™ edn. Oxford,
Blackwell Scientific Publications.

2. Bunn HF, & Forget BG (1986). Hemoglobin: Molecular, Genetics and Clinical Aspects,
W. B. Saunders, Philadelphia.

3. Kattamis AC, Camaschella C, Sivera P, Surrey S & Fortina P (1996). Human a-

thalassemia syndromes: detection of molecular defects. American Journal of

Hematology, 53: 81-91.

I

. Working Party of the General Haematology Task Force of the British Committee for
Standards in Haematology (1998). Guideline. The laboratory diagnosis of
haemoglobinopathies. British Journal Haematology, 101: 783-792.

Lh

. Zago MA & Costa FF (1985). Hereditary haemoglobin disorders in Brazil. Transaction of
the Royal Society of Tropical Medicine and Hygiene, 79: 385-388

[2))

. Sonati MF, Kimura EM, Grotto HZW, Gervasio SA & Costa FF (1996). Hereditary

hemoglobinopathies in a population from southeast Brazil. Hemoglobin, 20: 175-179.

7. Sonati MF, Farah SB, Ramalho AS & Costa FF (1991). High prevalence of a-thalassemia
in a Black population of Brazil. Hemoglobin, 15: 309-311.

[#.]

. Zago MA, Costa FF & Bottura C (1984). Hemoglobin H disease in three Brazilian

families. Revista Brasileira de Genética, 7: 137-147.

9. Alter BP, Goff SC, Efremov GD, Gravely ME & Huisman THJ (1980). Globin chain
electrophoresis: a new approach to the determination of the y°y* ratio of globin
synthesis. British Journal of Haematology, 44: 527-534.

10. Pembrey ME, MacWade P & Weatherall DJ (1972). Reliable routine estimation of small
amounts of foetal haemoglobin by alkali denaturation. Journal of Clinical Pathology,
25:738-740.

Capitulo |
38



11.

12.

13.

14.

I3

16.

17.

18.

19.

Dacie JV & Lewis SM (1995). Practical Haematology, 8" edn, Churchill Livingstone,
Edinburgh.

Dodé C, Rochette J & Krishnamoorthy R (1990). Locus assignment of human -
mutation by selective amplification and direct sequencing. British Journal of
Haematology, 76: 275-281.

Baysal E & Huisman THJ (1994). Detection of common deletional o-thalassemia-2
determinants by PCR. American Journal of Hematology, 46: 208-213.

Bowden DK, Vickers MA & Higgs DR (1992). A PCR-based strategy to detect the
common severe determinants of o thalassaemia. British Journal of Haematology, 81:

104-108.

Dodé C, Krishnamoorthy R, Lamb J & Rochette J (1993). Rapid analysis of -o*’

anti 3.7

thalassaemia and aoo triplication by enzymatic amplification analysis. British

Journal of Haematology, 82: 105-111.

Traeger-Synodinos J, Kanavakis E, Tzetis M, Kattamis A & Kattamis C (1993).
Characterization of nondeletional o thalassemia mutations in the Greek population.

American Journal of Hematology, 44: 162-167.

Makonkawkeyoon L, Sanguansermsri T, Asato T, Nakashima Y & Takei H (1993).
Rapid detection of chain termination mutation in the a; globin gene. Blood, 82: 3503-
3504.

Hall GW, Thein SL, Newland CA, Chisholm JTS, Kanavakis E, Kattamis C & Higgs
DR (1983). A base substitution (T—C) in codon 29 of the a,-globin gene causes o
thalassemia. British Journal of Haematology, 85: 546-552.

Grignoli CRE, Wenning MRSC, Sonati MF, Kimura EM, Arruda VR, Saad STO &
Costa FF (1999). Hb Rio Claro 34 (B16) Val>Met: a novel electrophoretically silent
variant found in association with Hb Hasharon a47 (CES5) Asp—His and o thalassemia
2 (-o>7). Hemoglobin, 23: 177-182.

Capitulo I
39



20.

21.

22.

23

24

Brimhall B, Durest M, Hollan SR, Stenzel P, Szelényl J & Jones RT (1974). Structural
characterization of hemoglobin J-Buda [a61(E10) Lys—Asn] and G-Pest [a74(EF3)
Asp—Asn]. Biochimica et Biophysica Acta, 336: 344-360.

Harano T, Harano K, Imai K, Murakami T & Matsubara H (1995). Hb Kurosaki [a7(A5)
Lys—Glu]: a new o chain variant found in a Japanese woman. Hemoglobin, 19: 197-

201.

Jiang NH, Liang S, Wen XJ, Liang R, Su C & Tang Z (1991). Hb Westmead: an o2-
globin gene mutation detected by polymerase chain reaction and Stul cleavage.
Hemoglobin, 15: 291-295.

Gu Y-C, Gu L-H, Wilson JB, Cepreganova B, Ramachandran M, Walker ELD &
Huisman THL (1991). Hb Westmead [ac122(HS) His—GlIn], Hb E [B26(B8) Glu—Lys],
and a-thalassemia-2 (3.7 Kb deletion) in a Laotian family. Hemogiobin, 15: 297-302.

Higgs DR, Wood WG, Jarman AP, Sharpe J, Pretorius IM & Ayyub H (1990). A major
positive regulatory region located far upstream of the human a-globin gene locus. Genes

Dev. 4- 1588-1601.

Capitulo 1
40



TABLE 1- HEMATOLOGICAL DATA FOR THE PATIENTS WITH Hb H
DISEASE
Carrier BFB FP EFF TCA CAB FAF FVS
Age (¥) 40 44 9 7 16 39 6
RBC 5.64 6.0 5.92 4.63 5.02 6.24 4.67
(x10%ml)
Hb (g/dl) 9.7 12.1 9.0 83 94 12.6 7.9
Ht (%) 325 43 33 29 31 42 26.5
MCV (1) 58 69.9 55.5 63 62 67 57
MCH (pg) 17.2 198 15.2 17.9 186 20.1 16.9
Electr.prof. As+A+H A+A+H | As+A+H+| A-+A+H | A,+A+H+ | A,+A+H A>+A+H
(pH 8.9) Bart's Bart's
HbA, (%) 1.0 1.0 14 0.7 13 12 0.9
HOF (%) 13 1.0 14 0.9 1.0 13 1.0
HbH (%) 49 6.1 36 26.5 45 43 14.0
(+Bart's)
a-Genotype | —(0) 07— | —(a)f—or | =)o | MED/ PRy | o oo | oo Joe | o focto
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TABLE 2 - STRUCTURAL ALTERATIONS IN a-GLOBIN GENES

Abnormal Hasharon | Stanleyville-I1 | J-Rovigo G-Pest Kurosaki Westmead Campinas
Hemoglobin | (a47 Asp—His) | (278 Asn—Lys) | (253 AlaAsp) | (w74 Asp—Asn) | (o7 Lys—»Glu) | (2122 His—»Gln) | (a26 Ala—Val)
No of 15 4 - 1 1 1 1
Individuals
Race Caucasians | 3 Blacks +1 | Caucasians Black Caucasian Caucasian Caucasian
Caucasian
Electr proﬁle A:'Az,}iash_,A Az',A:,ST-&nLA Az_.KJ-ROV igo A7 A7, G-Pest A Az A Kurosaki A;A AzA
(pH&.9)
Globin o+ o+ o+ B o+ B a+B a+a™B | a+p+a” | a+aHB
Electroph.
a-Genotype | - /auct o oo oo/ouor oo/oLoe oo oo/oue oo/ou
Mutation @ (GAC—CAC) | ay(AAC—AAA) | o (GCC—GAC | a4 (GAC—AAC) | ta(AAG—GAG) | 02 (CAC—-CAG) | a0, (GCGGIG)
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CAPITULO 2

Molecular Characterization of Hemoglobins Kurosaki (a7 Lys—Glu), G-Pest
(074 Asp—>Asn), Stanleyville-II (78 Asn—Lys) and J-Rovigo(aS3 Ala—>Asp)

( in press no periodico Acta Haematologica )
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)68 = Although many abnormal hemoglobins (Hbs) do not
-069 produce any significant clinical alterations, the elucida-

-070 tion of their structural modifications contributes impor-
071 tantly to the understanding of the structure-function rela-
)72 tionship of proteins [1].

)73 The identification of the molecular defects responsible
)74 for structural anomalies is a rapid, direct and precise way
)75 to know the origin of a modification and also plays an
)76 increasing role in studies on human molecular genetics
77 and human disease genes [2].

)78 The present study determined the molecular bases of
079 4 Hb structural variants, Hbs Kurosaki, G-Pest, Stanley-
280 ville-IT and J-Rovigo, all of the a-chain, whose alterations
)81 (a7 Lys—Glu, a74 Asp—Asn, a78 Asn—Lys and a33
)82 Ala— Asp, respectively) were identified only by protein
)83 analyses. The variants were screened by electrophoresis
)84 on cellulose acetate, at pH 8.9, in agar gel, at pH 6.0 [3],
)85 and by globin chain electrophoresis on acrylamide gel at
)86 acid pH [4]. DNA samples were isolated from peripheral
187 blood leukocytes by an organic extraction method. The

-088 a-globin genes were selectively amplified by the poly-
)89 merase chain reaction (PCR) according to Dodé et al. [5]

290 and sequenced with the Sequenase Kit, Version 2.0
)91 (United States Biochemical USB Corporation, Cleveland,
192 Ohio, USA) after single-strand separation with magnetic
)93 beads (Dynal Inc., Oslo, Norway) [6]. Mutations were
)94 confirmed by sequencing of the opposite strand and
295 familial analyses. o-Thalassemia was investigated by PCR
296 [7,8].

097 Hb Kurosaki (o7 Lys— Glu) was detected in 2 Cauca-
198 sian infant of Portuguese descent and his father. The
)89 mutation was located at the 7th codon of the aj-gene
100 (AAG-GAG) (fig. D This variant was first described in
101 a 70-year-old Japanese woman [9]; this is the second
102 description in the world literature.

103 Hb G-Pest (a74 Asp— Asn) was found in a boy, native
104 of northern Brazil. The mutation was detected at the 74th J H
105 codon of the ay-gene (GAC—)}AC} (fig. 2). Thisisalsoan {54
-106 unusual variant which was discovered in 1972 in a Hun-
107 garian family [10]; it is described for the first time in the
108 Brazilian population.

109 Hb Stanleyville-II (278 Asn—Lys) was found in 4
110 adult individuals, 3 Blacks and 1 Caucasian, always in
111 association with o-thalassemia (-a*7 deletion). The muta-
112 tion was located at the 78th codon of the hybrid gene (o~

113 a;) (AAC—AAA) (fig. 3). This is a relatively common
114 variant in Black populations [11].
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k]

Hb J-Rovigo (@53 Ala— Asp) was detected in 4 Cauca-
sian adults of Italian descent, 1 of them also a carrier of
pB-thalassemia. The mutation was found at the 53rd codon
of the ay-gene (GCC — GACQ) (fig. i) This Hb has been
encountered in Italians from the province of Rovigo in
northern Italy [12].

Hbs G-Pest, Kurosaki and J-Rovigo appeared to cause
no clinical and hematological abnormalities, and the car-
riers were asymptomatic. Some carriers of Hb Stanley-
ville-II, showed mild microcytic and hypochromic RBC,
probably due to the concomitant presence of a-thalasse-
mia.
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Fig. 1. Hb Kurosaki (a7 Lys— Glu): direct sequencing of the aj-gene,
showing the mutation in codon 26 (AAG — GAG).

Fig. 2. Hb G-Pest (a74 Asp— Asn): direct sequencing of the ap-gene,
showing the mutation in codon 74 (GAC— AAC).

Fig. 3. Hb Stanleyville-Il (a78 Asn— Lys): direct sequencing of the
hybrid gene (0-¢,), showing the mutation in codon 78 (AAC—
AAA).

Fig. 4. Hb J-Rovigo (a53 Ala— Asp): direct sequencing of the o;
gene, showing the mutation in codon 53 (GCC— GAC).
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SHORT COMMUNICATION

Hb Campinas [a26(B7)Ala—Val]:
a Novel Electrophoretically Silent Variant

M.R.S.C. Wenning', N.M. Silva', S.B. Jorge', E.M. Kimura’,
F.F. Costa’, M.A. Torsoni’, S.H. Ogo’, M F. Sonati’

! Department of Clinical Pathology
? Department of Clinical Medicine, School of Medical Sciences
? Department of Biochemistry, Institute of Biological Sciences
State University of Campinas
CP 6111 - CEP 13083-970 - Campinas (SP), Brazil

Alterations in the structure of the hemoglobin (Hb) are quite often caused by point
mutations. Many variants are clinically and hematologically silent because the alteration does
not affect either the function or the stability of the molecule (1). The Hb structural variants
are usually detected by their abnormal electrophoretic mobility; however, a significant
proportion is caused by replacements which do not change the electrical charge of the protein
(2).

We identified a new, electrophoretically silent, Hb variant in a 9-year-old healthy
Caucasian Brazilian boy, which we have named Hb Campinas. It was detected during a
screening program for Hb mutations, systematically performed in patients without hema-
tological disease, at the Clinical Pathology Laboratory of the UNICAMP University Hospital,
Campinas, State of Sdo Paulo, Southeast Brazil. The analyses were based on cellulose
acetate and globin chain electrophoreses. On cellulose acetate at pH 8.9, and in agar gel at
pH 6.0 (3), the mobility of the new variant was like Hb A. The globin chain electrophoresis
on acrylamide gel at acid pH (4) showed a slower band when compared to the normal o chain
(Fig. 1). Hb A,, spectrophotometrically measured after elution from cellulose acetate strips
(3), and Hb F, determined by alkali denaturation (5), were both at normal levels. The stability
of Hb Campinas was evaluated by n-butanol, isopropanol and heat stability tests (3), showing
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normal results. Heinz bodies were not found. Oxygen affinity tests (6), carried out on Hb
and stripped Hb, with and without phosphate, were found to be normal. Table I summarizes
the hematological data obtained from the carrier and his mother, who also showed the same
Hb alteration.

Molecular analyses to identify the mutation involved the selective amplification of the
a-globin genes by polymerase chain reaction (PCR) (7), followed by DNA direct sequencing
(8) with Sequenase Kit Version 2.0 [United State Biochemical (USB) Corporation,
Cleveland, OH, USA] after single strand separation with magnetic beads (9) (Dynal Inc, Oslo,
Norway). o-Thalassemia (thal) was investigated by PCR (10,11). The mutation was
confirmed by sequencing the opposite strand.

The results revealed that Hb Campinas is caused by a single base substitution at codon
26 of the a2-globin gene (GCG—GTG) (Figs. 2 and3), which replaces the alanine residue by
a valine residue in the o chain. This residue is not involved in either the o/ contacts, or in
the heme-globin linkage. As expected, the oxygen affinity tests as well as the stability tests,
were normal. Both mother and son are clinically and hematologically normal.

This is the third description of mutation in codon 26 of the a-globin chain; the other
two previously described variants have either glutamic acid (Hb Shenyang) or threonine (Hb
Caserta) instead alanine at this position. The former was found to be slightly unstable, while
the latter was normal (12,13).
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Table I. Hematological Data of the Hb Campinas Carrier and His Mother

Parameters LFL (carrier) | MMOF (mother)
RBC (10'%/L) 4.73 4.40
Hb (g/dL) 12.8 14.1
PCV (L/L) 0.370 0.400
MCV (fL) 79.4 91.1
MCH (pg) 27.0 32.2
Electrophoretic profile (pH 8.9) Hb A,+Hb A Hb A+Hb A
Agar gel electrophoresis Hb A Hb A
Hb A, (%) 2.5 2.1
Hb F (%) 0.86 0.77
Globin chain electrophoresis B+o+a B+a™+a
Stability tests normal normal
Functional tests normal normal
o Genotype X oF /oo

Chain o = 026(B7)Ala—Val; gene o* = GCG—GIG.
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Figure 1. Globin chain electrophoresis on acrylamide gel at acid pH.
Lane 1: normal adult control; lane 2: Hb Campinas carrier [a26(B7)Ala—Val];
lane 3: carrier's mother: lane 4: carrier's father; lane 5: normal control.
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Figure 2. Nucleotide sequence of the a2-globin gene showing the C—T
substitution at codon 26 that is responsible for Hb Campinas.
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Figure 3. Nucleotide sequence of the a2-globin gene showing the C—»T
substitution at codon 26 responsible for Hb Campinas. The arrow indicates the
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corresponding region in a normal control.
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CAPITULO 4

Hb Rio Claro [ B34(B16) Val->Met]: A Novel Electroforetically Silent Variant
Found in Association With Hb Hasharon [a47(CE5) Asp—His] and a
Thalassemia-2 (-o’”)
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HEMOGLOBIN, 23(2), 177-182 (1999)

SHORT COMMUNICATION

Hb Rio Claro [B34(B16)Val—Met]:
a Novel Electrophoretically Silent Variant Found in

Association With Hb Hasharon [047(CE5)Asp—His]

and o-Thalassemia-2 (—c*”)

C.RE. Grignoli*, MR.S.C. Wenning’, M.F. Sonati’, E.M. Kimura’,
V.R. Arruda’, S.T.O. Saad’, and F.F. Costa’

! Departments of Clinical Medicine;
? Depariment of Pharmacology:
3 Clinical Pathology, Faculty of Medical Sciences, State University of Campinas
CP 6111-CEP 13083-970-Campinas SP Brazil

More than 700 hemoglobin (Hb) structural variants have been described. Most of
those were originally detected by their abnormal electrophoretic patiern. They may or may
not result in clinical manifestations. A significant proportion of these variants is caused by
substitutions which do not change the electrical charge of the protein (1).

The present work describes a new electrophoretically siient Hb variant detected by
giobin chain electrophoresis ina 4-year-old Caucasian Brazilian boy of Italian descent. and
in his mother. This new variant has been identified as p34(B16)Val—-Met, and was found
in association with Hb Hasharon [e47(CE5 YAsp—His] and a-thalassemia-2 (a-thal-2) (-’
rightward deletion).

Correspondence should be addressed to: Professor Fernando F. Costa, Department of
Clinical Medicine. School of Medical Sciences, State University of Campinas-UNICAMP,
CP 6111-CEP 13083-970-Campinas, SP, Brazil: TEL: +55-19-788-7866; FAX: +55-19-
239-3114; e-mail: ferreira@turing.unicamp.br
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Red blood cell indices were determined electronically (Cell Dyn 3.500; Abbort -
Diagnostics, Santa Clara, CA, USA). Hb elecrophoreses were carried out on celluloss
acetate in Tris-EDTA-boric acid buffer at pH 8.9 and on agar gel in sodium citrate buffer at
pH 6.1 (2). Hb A, was estimated spectrophotometrically after elution from cellulose acetate
strips (2). Hb F was determined by alkali denaturation (3). Tests for Hb stability were
performed by incubanon at 50°C and by the isopropanol test (4). Globin chain electrophore-
sis was carried out as described by Alter etal (5). Serum iron and total iron-binding capacity
were measured 10 verify the presence of an iron-deficiency anemia.

To identify the Hb variant by DNA analysis, the polymerase chain reaction (PCR)
amplified B-giobin gene was sequenced with a Thermo Sequenase Cycle Sequencing Kit
(Amersham Lifescience, Inc., Cleveland, OH, USA), using primers described elsewhere (6).
The mutation was confirmed by family studies (see Table I). The a-globin genes were also
analyzed; the presence of a-thal was investigated using the method described by Baysal and
Huisman (7) and, after selective amplification (8) and single stranded DNA separation on

Table I. Hematological Data of the Hb Rio Claro Carrier and His Family
Carrier Mother Father Sister

Hb (g/dL) 123 9.6 16.5 14.8
PCV (L/L) 0.38 032 0.47 0.43
RBC (10'%/L) 5.47 536 5.67 5.39
MCV (fL) 70.0 59.0 83.0 80.0
MCH (pg) 225 18.0 29.1 274

| Hb F (%) 0.8 0.6 0.4 0.4

F Hb A, (+A," ) (95) 1.3 1.3 2.6 29
Hb elecrophoresis AtA SNl | A A Hateon, AtA Ar+A

A-+Hasharen A+Hasharon
Chain electrophoresis C2+gQtmmmL | g3 g Heen a+f a+p
p+p* p+p*

Reticulocytes (%) 1.0 R — s
Feritin (ng/mL)@ 65.0 42 - -

| & Genotype —w/oa —fae cofoe aofee

@ Normai values for maies: 30-300: females: 10-200.
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tihA

Hb Hasharon = [1hS

HbA,

Ty

Figure l. Hb electrophoresis profile in cellulose acetate, TEB buffer, pH 8.6.
Lane i: control; lane 2: Hb Hasharon carrier; lane 3: Hb S heterozygote.

Dynabeads (Dynal Inc., Oslo, Norway) (9), the a1 and a2 genes were directly sequenced
with the Sequenase kit Version 2.0 [United States Biochemical (USB) Corporauon, Cleve-
land. OH, USA). The a-Hasharon mutation was confirmed by restriction analysis with Tagl.
The mutation that causes Hb Hasharon is a single base substitution in codon 47 of the
gene. This alteration (GAC—CAC) removes one of the two Tagl recogmiuion sites normally
located in this DN A region. Thus, the fragment amplified from normal DNA generated three
fragments (495. 190. and 406 bp) when digested with Tagl endonuclease. while the amplified
DNA from the Hb Hasharon generated two fragments (685 and 406 bp).

The hematological data are shown in Table I. Family studies revealed that the carrier
and his mother had the same mutations, while his father and sister were normal.

Cellulose acetate and agar gel electrophoresis showed only the normal Hbs and Hb
Hasharon (Fig. 1). However, globin chain electrophoresis revealed that. in addition to the
normal bands. there were two other bands which migrated faster than the normal § and «
chains (Fig. 2). Analysis of the a-globin gene showed Hb Hasharon and a -thal-2 (—a*7).

B-Globin gene sequencing showed concomitant bands at the first position of codon
34 (G—A) (Fig. 3) which changed the normal GTG to ATG. and thus replaced the valine
residue by a methionine residue in the protein. This site is involved in 1B contact and
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Figure 2. Globin chain eletrophoretic profile polyvacryvlamide gel electropho-
resis. Lane |: normal adult contrel; lane 2: Hb Hasharon heterozygote [ed7(CES)
Asp—His; lane 3: carrier [a47(CES)Asp—His + B34(B16)Val—Met].
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Figure3. Nucleotide sequence of the PCR-amplified B-globin gene of the Hb

Rio Claro carrier. The G—A substitution at codon 34 is indicated by the arrow.
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Hb RIO CLARO: A NEW SILENT VARIANT 181

mutations in this position could affect the Hb oxygen affinity and/or stability of the molecule
(10). However, the Hb stability tests were normal. Hematologically, the carmer had no
anemia. and presented only 2 mild microcytosis and hypochromia, probably resulting from
the presence of the a-thal. The mother had moderate microcytic and hypochromic anemia
resulting from a concomitant iron deficiency. The only described variant at this position s
Hb Pitie-Salpetriere (—Phe) and the patient presented high oxigen affinity with erythro-
cyiosis. In Hb Philly, residue 35 is affected, with tyrosine replaced by phenylalanine. which
s the same amino acid as in Hb Pitie-Salpetriere. Both Hbs were described as slightly
unstable. In the case described here we were not able to detect 2 Hb instability with a
standard procedure. The complex assaciation in the case described here. with the association
with Hb Hasharon and a-thal, might contribute to the anemia observed in the patient and his
mother.
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2. DISCUSSAO E
CONCLUSOES GERAIS



A talassemia o constitui um grupo de doengas hereditarias, de distribuigao
mundial, causadas pela deficiéncia de sintese das cadeias o da hemoglobina. Uma variedade
de mecanismos genéticos determinam a produgdo deficiente dessas cadeias: mutagbes de
ponto em regides codificantes, mutagdes nos codigos de iniciagdo e terminagdo da cadeia,
mutagBes no sitio de Poli A, nos sitios de splicing e delegdes em seqiiéncias controladoras.
No entanto, sdo as delegdes dos genes o as causas mais comuns da doenga, podendo afetar
um ou ambos os genes no genoma haploide, resultando nas talassemias o e a’
respectivamente. A doenga é amplamente distribuida entre populagdes do Sudeste Asiatico,
Oceania, Oriente Médio, Mediterraneo e Africa (Kattamis et a/, 1996). No Continente
Americano, ha casos descritos nos Estados Unidos, Canada, México, Jamaica, Colombia,
Peru e Brasil. Neste, poucos estudos foram realizados sobre as diferentes formas de
talassemia o e suas freqiiéncias (Echavarria et al, 1976, Martinez & Colombo, 1976;
Angles et al, 1977, Saenz et al, 1979; Colombo ef al, 1981; Higgs et al, 1981; Wong ef al,
1981; Johnson e al, 1982; Zago e cols, 1983 e 1984; Zago & Costa, 1985; Pedrollo e cols,
1988; Costa e cols, 1989; Sonati e cols, 1990; Sonati e cols, 1991; Sonati e cols, 1992;
Sonati e cols, 1996).

No presente trabalho foram determinadas as bases moleculares das alteragoes
estruturais e de sintese das cadeias a da hemoglobina presentes em uma populagdo de
Campinas e regido, no Sudeste Brasileiro. Foram estudados 27 individuos distintos com
alteragdes estruturais de cadeias o e 7 pacientes nio relacionados com doenc¢a da Hb H.
Todas essas variantes foram detectadas e estudadas através de métodos eletroforéticos
convencionais .c testes complementares (solubilidade, estabilidade, pesquisa de corpos de
Heinz ¢ de Hb H). As variantes silenciosas foram detectadas na eletroforese de cadeias
globinicas, em gel de poliacrilamida, em pH acido. As mutagdes responsaveis por essas
alteragdes foram identificadas por analise molecular, que envolveu as técnicas de PCR,

analise com enzimas de restri¢do e o sequenciamento direto de DNA em fase solida.

Dentre as alteragdes estruturais encontradas, a mais frequente foi a Hb Hasharon
[047 Asp—His (iGAC—CAC)], detectada em 15 individuos de descendéncia Italiana (1
homozigoto e 14 heterozigotos). Esta variante ¢ de origem mediterranea, sendo encontrada

em familias italianas e em judeus da Europa Central ou do Leste Europeu (4shkenazi), e esta
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associada a talassemia o.” (delegdo -0.>”). Tem migragdo eletroforética semelhante a da Hb S
em pH alcalino, migra entre as Hbs S e C em pH 4cido, e na eletroforese de globinas, a
cadeia o andmala tem migragio mais rapida do que a cadeia o normal. Seus portadores n3o
apresentam manifestagdes clinicas, apenas discretas hipocromia e microcitose,
possivelmente devido a talassemia o', uma vez que a hemoglobina andmala, embora
considerada discretamente instavel, tem comportamento funcional normal devido a posi¢do
externa do aminoacido 47 (CES) (Huisman ef al, 1998). Isto pdde ser demonstrado pelo

homozigoto da variante (~o/12sharon/_o Hasharon
g

que, apesar de produzir apenas Hb Hasharon, é
completamente assintomatico e so foi detectado aos 68 anos de idade, em um programa de
triagem para talassemia B em fun¢do da hipocromia e microcitose ocasionadas pela

talassemia a.

A Hb Hasharon foi seguida das Hbs J-Rovigo [a.53 Ala—>Asp (a2GCC—HGAQ)],
com 4 heterozigotos (todos caucasoides), e Stanleyville-l [78 Asn—Lis
(uAAC—>AAA)], detectada em 3 negroides e 1 caucasoide, todos heterozigotos. A primeira
foi descrita pela primeira vez em uma familia da Provincia de Rovigo, no Vale do Rio Po,
Norte da Italia (Alberti ef a/, 1974). Tem migragdo eletroforética mais rapida que a Hb A em
pH alcalino e ndo se separa dela em pH acido. Na eletroforese de cadeias globinicas, o
padrao de migragdo ¢ normal. Suas propriedades funcionais também sdo normais (Huisman
et al, 1998). Os portadores, todos de origem italiana, ndo apresentam manifestagdes clinicas
ou hematolégicas, exceto um dos individuos que, concomitantemente, era também portador
de talassemia B (hipocromia e microcitose). A Hb J-Rovigo nio havia sido previamente

caracterizada a nivel molecular (Cap. 2).

Com relagdo a Hb Stanleyville-II, esta é de origem africana e, como a Hb
Hasharon, também esta associada a delegdo -o>”. Esta variante ja foi descrita na populagio
brasileira, em associagdo com a Hb S (Costa e cols, 1987 e 1991). Tem comportamento
eletroforético semelhante ao da Hb S em pH alcalino, migra juntamente com a Hb A em pH
acido, e a cadeia andmala n3o se separa da normal na eletroforese de cadeias globinicas
(Huisman er al, 1998). Dos 4 individuos portadores (3 negroides e 1 caucasoéide), nenhum

apresentou manifestages clinicas, e as alteragbes hematologicas observadas (hipocromia e
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microcitose), sdo provavelmente devidas 4 presenca da talassemia o”. Este foi também o

primeiro estudo a caracterizar molecularmente esta variante (Cap.2).

A Hb G-Pest [74 Asp—>Asn (a; GAC—>AACQ)] foi inicialmente descrita em
uma familia hingara (Brimhall e a/,1974), e pela primeira vez encontrada na populagdo
brasileira, em um individuo negroide proveniente do norte do pais (Para). A migragdo
eletroforética em pH alcalino € semelhante a da Hb S e, em pH acido, semelhante 4 da Hb A
(Huisman ef al, 1998). A eletroforese de cadeias ndo revela banda anomala. A portadora e
seu filho (ambos heterozigotos) ndo demonstraram manifestagdes clinicas ou hematologicas,
sendo que um outro filho (a 6bito com poucos dias de vida), apresentou heterozigose desta
variante e, em concomitancia, a delegdo -o’”, in trans. A mutagdo génica responsavel por

esta variante também ndo havia sido identificada previamente (Cap.2).

Uma crianga de 2 meses de idade, de descendéncia portuguesa, apresentou a Hb
Kurosaki [a7 Lis—>Glu (t;AAG—>GAG)], descrita pela primeira vez em 1995 em uma
mulher japonesa diabética de 70 anos de idade (Harano er al, 1995). Esta € portanto a
segunda descrigdo na literatura e a primeira na populagdo brasileira. A crianga e seu pai,
também portador, eram clinica ¢ hematologicamente normais, possivelmente devido a
posi¢@o externa do aminoacido 7 (AS) (Huisman ef al, 1998). A eletroforese em pH alcalino
mostrou uma banda andmala mais rapida que a Hb A, com posigdo proxima a da Hb H; em
pH acido, migra como a Hb A e a eletroforese de cadeias globinicas revelou que a cadeia
andmala tem migra¢ao mais lenta que a cadeia o normal. Esta foi a quarta variante estrutural

de cadeia o cuja base molecular foi determinada neste estudo (Cap.2).

Um individuo de origem italiana apresentou uma variante silenciosa, detectada
pela eletroforese de cadeias globinicas, a Hb Westmead [122 His—Gln (a2CAC—CAG)];
apesar de relativamente comum no sul da China, onde frequentemente € encontrada em
combinagio com a talassemia o (Gu ef al1991; Jiang et al 1991), ndo havia sido
previamente descrita na populagdo brasileira. Embora a regido o122 esteja envolvida nos
contatos o;3;, o que poderia afetar a afinidade pelo oxigénio e a estabilidade da molécula,

nenhuma manifestagao clinica ou hematologica foi observada nos portadores.
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Os casos aqui detectados das Hbs G-Pest, Kurosaki ¢ Westmead representam os
primeiros descritos na populagdo brasileira, a origem étnica dos portadores, no entanto,
difere dos casos originalmente descritos (hingara, japonesa e chinesa, respectivamente).
Embora a populagao brasileira seja caracterizada por uma elevada heterogeneidade em sua
composi¢do racial, nenhum dos portadores aqui investigados relataram possibilidade de
miscigenagio com as populages acima mencionadas. Associado a raridade destas variantes,
este fato sugere que essas alteragdes sejam mutagSes de novo, hipotese que nio pdde ser

comprovada pela inviabilidade de um amplo estudo familial.

Uma nova variante silenciosa de cadeia  foi também detectada, denominada
Hb Campinas [a26 (B7) Ala—>Val (a,GCG—>GTG)] (Cap.3). Ela foi encontrada em uma
crianga caucasoide, de 9 anos de idade, sexo masculino, de origem étnica ndo conhecida, e
em sua mae, ambos clinica e hematologicamente normais. A migragao eletroforética nos
pHs alcalino e acido € normal, sendo que, na eletroforese de cadeias globinicas, a cadeia
andmala apresenta mobilidade eletroforética menor que a cadeia normal. A posi¢do o226 ndo
esta envolvida nas regides de contato o-f € nem na ligagdo com o heme, e, como esperado,
os testes funcionais e de estabilidade da proteina mostraram-se normais. Duas outras
variantes foram descritas anteriormente na posigdo 026: a Hb Shenyang [a26 (B7)
Ala—Glu], detectada em um individuo chinés, 23 anos, sexo masculino, cujos testes de
estabilidade mostraram uma proteina levemente instavel, resultando em anemia em seu
portador (Zeng et al, 1982), e a Hb Caserta [a26 (B7) Ala—Thr (0 GCG—ACG)],
encontrada em uma familia do sul da Italia, que resulta em fenétipo talassémico em fungdo
da redugao do mRNA pela ativagdo de um sitio critico de splicing nos codons 25, 26 e 27
(Lacerra et al, 1997).

Com relagdo aos casos de doenga da Hb H analisados neste estudo, foram

37/ MED em um paciente, -a®7/<(c)*®* em dois outros, e a

encontrados os genotipos -at
combinagdo da dele¢do --E° com a forma ndo delecional oo (-cx3'7!(x“"m(1), em um
quarto paciente. As delegdes --""" e -(a)*** removem fragmentos de 18 e 20.5 Kb de DNA
do cluster a, respectivamente. A primeira afeta ambos os genes o, e a segunda envolve

totalmente o gene o, e parcialmente o gene a1, que permanece disfuncional. A forma nio-
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delecional o™ como j4 mencionado, é causada por uma delegdo de 5 nucleotideos no
splicing donor site do IVS-I do gene o, impedindo o correto processamento do mRNA.
Tanto estas delegdes quanto a forma ndo-delecional detectada sdo freqiientemente
encontradas em populagdes oriundas do Mediterraneo e sdo esperadas em pacientes de

descendéncia italiana.

Os outros trés pacientes apresentaram a associagao da delegdo -a>7 com uma
forma de talassemia o ndo-delecional, ndo identificada, onde ambos os genes o estdo
presentes, porém aparentemente sem expressdo [-o°’/(cict)']. Os genes foram sequenciados
do sitio "Cap" até o sitio de Poli A, na regido 3' ndo codificante, € nenhuma mutagéo foi
observada. Esses resultados podem ser explicados por possiveis alteragdes no elemento
regulatorio dos genes o (a-MRE), ja detectadas de forma esporadica em individuos de
origem portuguesa e italiana (Higgs er a/,1990, Romao er a/ 1991 e 1992). Ha vérias

delecdes descritas nesta regido e todas elas inativam completamente a expressdo dos genes o

(Higgs, 1993).

A doen¢a da Hb H manifesta-se com um quadro clinico variavel de acordo
com a quantidade de Hb H produzida (0,8 - 40%) (Higgs, 1993). Segundo alguns autores, ha
uma correlagdo entre o grau de deficiéncia na produgdo de cadeias a e a severidade da
doenca (Traeger-Synodynos et al, 1993; Kanavakis ef al, 1996). A interagdo entre formas
nido- delecionais e determinantes o (a'ot/~) causam um quadro clinico mais grave, com
niveis mais elevados de Hb H do que a combinagio entre duas formas delecionais (-ot/--),
provavelmente pelo aumento compensatorio na expressao do gene o na presenga de delegao
adjacente (Liebhaber ez al, 1985). Determinantes que afetam os genes o, (o"o/--), tendem a
ser mais severos do que aqueles envolvendo os genes o (oa'/--) (Higgs, 1993), o que esta

em concordédncia com a expressao dominante do gene o; (Liebhaber et al, 1986).

O presente estudo foi o primeiro a investigar sistematicamente e a nivel
molecular as alteragdes estruturais e talassémicas dos genes da globina o em uma populagéo
brasileira. Os dados aqui encontrados demonstram uma vez mais a importante contribui¢@o
italiana e africana 4 composi¢@o étnica desta regido do pais. A primeira, oriunda do grande

contingente imigratério ocorrido no final do século passado € inicio deste século, € a
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segunda trazida pelos colonizadores portugueses na época do descobrimento. O trabalho
também demonstra a existéncia, na populagdo, de mutagdes raras ou nio previamente
descritas, incluindo a possivel presenca de talassemia a resultante de alteragdes no elemento
regulatorio (a-MRE). O conhecimento deste grupo de mutagdes é de suma importancia no
esclarecimento individual dos casos, e nos programas de triagem populacional e
aconselhamento genético, conforme enfatizado por Romao et a/ (1991 e 1992), quando da

detecgao destas alteragdes em individuos de origem portuguesa e italiana.

Discussdo e Conclusées Gerais
69



3. REFERENCIAS
BIBLIOGRAFICAS



Alberti, R., Mariuzzi, GM., Artibani, L., Bruni, E. and Tentori, L. (1974). A new
haemoglobin J-Rovigo 53 a (E2) alanine — aspartic acid. Biochim Biophys Acta 342:
1-4.

Alter, B.P., Goff, S.C., Efremov, G.D., Gravely, M.E. and Huisman, T.H.J. (1980). Globin
chain electrophoresis: a new approach to the determination of the yC/y* ratio of globin

synthesis. Br J Haematol 44: 527-534.

Angles Cano, R, Robles Arredondo, L, Ferrer, V., Gonzalez Constandse, R. & Ortiz Trejo,
J.F. (1977). Talassemia Alfa (Hemoglobinopatia H) en una Familia Mestiza Mexicana.
Sangre (Barc) 22(3): 366-376.

Baysal, E. & Huisman, T.H.J. (1994). Detection of Common Deletional o-Thalassemia-2
Determinats by PCR. Am J Hematol 46: 208-213.

Bradley, T.B., Wohl, R.C. and Smith, G.J. (1975). Elongation of the c-globin chain in a black
family: interaction with Hb G-Philadelphia. Clinical Research 23: 1314.

Brimhall, B., Durest, M., Hollan, SR., Stenzel, P., Szelényl, J. and Jones, R.T. (1974).
Structural characterization of hemoglobin J-Buda [a61 (E10) Lys—>Asn] and G-Pest
[a74 (EF3) Asp—Asn] Biochim Biophys Acta 336: 344-360.

Brunak, S., Engelbrecht, J. and Knudsen, S. (1991). Prediction of human mRNA donor and
acceptor sites from the DNA sequence. J Mol Biol 220: 49-65.

Bunn, HF. & Forget, B.G. (1986). Hemoglobin: Molecular, Genetic and Clinical Aspects.
Philadelphia, W. B. Saunders Company.

Chami, B., Liu, B., Garel, M.C. and Galacteros, F. (1994). Quantitation of o and [ globin
mRNA by competitive PCR reaction. Br J Haematol 87: 59 Suppl. 1, (abstract 233).

Chan, V., Chan, T.X., Liang, S.T., Ghosh, A, Kan, Y.W. and Todd, D. (1985). Hydrops fetalis
due to an unusual form of Hb H Disease. Blood 66: 224-228.

Referéncias Bibliogrdficas
71



Chang, J.G., Lee,L.S, Lin, C.P., Chen, C.P. and Chen, C.P. (1991). Rapid diagnosis of o-
thalassemia-1 of southeast Asia type and hydropsia fetalis by polymerase chain reaction
(letter). Blood 78: 853-854.

Clegg, J.B., Weatherall, D.J. and Milner, P.F. (1971). Haemoglobin Constant Spring: a chain
termination mutant? Nature 234: 337-340.

Colombo, B. and Martinez, G. (1981). Haemoglobinopathies Including Thalassaemia. Part 2;
Tropical America. Clinics in Haematology 10: 730-756.

Costa, F.F., Zago, M.A,, Sonati, MF. and Bottura, C. (1987). The association of the Hb
Stanleyville-II with o thalassemia and HbS. Nouv Ver Fr Hematol 29: 387.

Costa. F.F., Tavella, MH. & Zago, M.A. (1989). Deletion Type Alpha-Thalassemia Among
Brazilian Patients With Sickle Cell Anemia. Rev. Brasil. Genet. 12(3): 605-611.

Costa, F.F., Sonati, MF. and Zago, M.A. (1991). Hemoglobin Stanleyville-Il (078
Asn—Lys) is associated with a 3.7 Kb a-globin gene deletion. Hum Genet 86: 319-320.

Dacie, J.V. & Lewis, S.M. (1995). Pratical Haematology. 8" edn. Churchill, Livingstone.

De Jong, W.W.W., Went, L.F., Bernini, L.F. (1975). Hemoglobin Koya Dora: high frequency

of a chain termination mutant. Am J Hum Genet 27: 81-90.
Dickerson, R E. & Gueiss, I. (1983). Hemoglobin. London: Benjamin Cummings Publishers.

Dodé¢, C., Krishnamoorthy, R., Lamb, J. and Rochette, J. (1993). Rapid analysis of -’

thalassaemia and oo™ 37

Haematol 83: 105-111.

triplication by enzymatic amplification analysis. Br J

Di Rienzo, A, Novelletto, A., Aliquo, M.C., Bianco, I, Tagarelli, A., Brancatti, C., Colombo,
B. and Felicetti, 1. (1986). Molecular Bases for Hb H Disease in Italy: nondeletional
Alpha-Thalassemia Haplotypes. Am J Hum Genet 39; 631-639.

Referéncias Bibliogrdficas
72



Echavarria, R A., Molina, V.C., & Angel, BM. (1976). Enfermedad por Hemoglobina H.
Tercera Forma de Alfa-Talassemia Encontrada en Colombia. Sangre (Barc) 21 (1): 43-
53.

Efremov, G.D., Josifivska, O., Nikolov, F.J., Oner, O., Gonzalez-Redondo, JM. and
Huisman, T .H.J. (1990). Hb Icaria-Hb H disease: identification of the Ib Icaria mutation
through analysis of amplified DNA. Br J Haematol 75: 250-253.

Embury, S.H., Miller, J.A., Dozy, AM,, Kan, YW, Chan, V. and Todd, D. (1980). Two
Different Molecular Organizations Account for the Single a-Thalassemia-2 Genotype. J
Clin Invest 66: 1319-1325.

Embury, SH. (1988). The different Types of o-Thalassemia-2: Genetics Aspects.
Hemoglobin 12(5&6): 445-453.

Filtzgerald, M. and Shenk, T. (1981). The Sequence 5'- AAUAAA- 3' Forms Part of the
Recognition Site for Polyadenylation of Late SV40 mRNAs. Cell 24: 251-260.

Folayan-Esan, G.J. (1970). The Thalassaemia Syndromes in Nigeria. Br J Haematol 19: 47-
56.

Folayan-Esan, G.J. (1972). Haemoglobin Bart's in Newborn Nigerians. Br J Haematol 22: 73

Fritsch, E.F., Lawn, R M. and Maniatis, T. (1980). Molecular Cloning and Characterization of
the Human a-Like Globin Gene Cluster. Cell 19: 959-972.

Fucharoen, S. and Winichagoon, P. (1987). Hemoglobinopathies in Southeast Asia.
Hemoglobin 11: 65-38.

Fucharoen, S. & Winichagoon, P. and Thonglairuan, V. (1988). Beta-Thalassemia Associated
with Alpha-Thalassemia in Thailand. Hemoglobin 12 :581-592.

Galanello, R, Maccioni, L., Ruggeri, R., Perseu, L and Cao, A. (1984). Alpha Thalassaemia
in Sardinian Newborns. Br J Haematol 58: 361-368.

Referéncias Bibliogrdficas
73



Giordano, P.C. (1998). Hemoglobinopathieén in Nederland: Diagnostiek, epidemiologie en

preventie. Tese de doutorado.

Goossens, M., Lee, K.Y, Liebhaber, S.A. and Kan, Y.W. ( 1982). Globin structural mutant
o125 Leu leads to Pro is a novel cause of a-thalassaemia. Nature 296: 864-865

Guanti, G, Lonoce, A., Pietrapertosa, A., Polimeno, G. and Tannoia, N. (1983).Alpha-
Thalassaemia in Apulia: Biosynthetic Studies. J Med Genet 20: 206-209.

Gu, Y-C, Gu, L-H, Wilson , JB,, Cepreganova, B., Ramachandran, M., Walker, E.L.D. and
Huisman, TH.L. (1991). Hb Westmead {a122 (HS) His—>Gln], Hb E [B26 (BB)

Glu—Lys], and a-thalassemia-2 (3.7 Kb deletion) in a Laotian family. Hemoglobin 15:
297-302.

Harano, T., Harano, K., Imai, K., Murakami, T. and Matsubara, H. (1995). Hb Kurosaki [a7
(AS) Lys—Glu]: a new o chain variant found in a Japanese Woman. Hemoglobin 19:
197-201.

Harteveld, C.L., Losekoot, M., Haak, H., Heister, ] G.AM., Giordano, P.C. and Bemini, L.F.
(1994). A novel polyadenylation signal mutation in the or-globin gene causing o
thalassaemia. Br J Haematol 87: 139-143.

Harteveld, CL., Losekoot, M., Heister, J.G.A M., Giordano, P.C., Batelaan, D., Delft, P V.,
Haak, HL., Wijermans, P.W., Losekoot, M. and Bernini, L.F. (1996). An IVSI - 116
(A—G) acceptor splice site mutation in the a;-globin gene causing o thalassaemia in
two Dutch families. Br J Haematol 95: 461-466.

Harteveld, C L., Losekoot, M., Heister, JG.AM., Wielen, M., Giordano, P.C. and Bernini,
L.F. (1997). o Thalassaemia in The Netherlands: a heterogeneous of both deletions and
point mutations. Hum Genet 100: 465-471.

Harteveld C.L. (1997). The Molecular Genetics of o Thalassaemia: Structure and expression

of the a-globin gene cluster. Tese de doutorado.

Referéncias Bibliogréficas
74



Hatton, C.S.R., Wilkie, A.O.M., Drysdale, HC., Wood W.G., Vickers, M.A., Sharpe, J,
Ayyub, H., Pretorius, IM., Buckle, V.J. and Higgs, DR. (1990). o Thalassemia Caused
by a Large (62Kb) Deletion Upstream of the Human o Globin Gene Cluster. Blood 76:
221-227.

Henni, T., Bachir, D., Tabone, P., Jurdic, P., Godet, J. and Colonna, P. (1981). Hemoglobin
Bart's in Northern Algeria. Acta Haematol 65: 240-246.

Henni, T., Morlé, F., Lopez, B., Colonna, P. and Godet, J. (1987). Alpha-Thalassemia
Haplotypes in the Algerian Population. Hum Genet 75: 272-276.

Higgs, D.R., Pressley, L., Serjeant, GR., Clegg, J.B. and Weatherall, D.J. (1981). The
Genetics and Molecular Basis of Alpha-Thalassemia in Association with Hb S in
Jamaican Negroes. Br J Haematol 47: 43-56.

Higgs, DR., Hill, AV.S, Bowden, DK, Weatherall, D.J. and Clegg, J.B. (1984).
Independent recombination events between the duplicated human a-globin genes;

implications for their concerted evolution. Nucleic Acids Research 12: 6965-6977.

Higgs, D.R., Vickers, M.A., Wikie, A.O.M,, Petrorius, L.-M., Jarman, A.P. and Weatherall,
D.J. (1989). A Review of the Molecular Genetics of the Human a-Globin Gene Cluster.
Blood 73: 1081-1104.

Higgs, D. R., Wood, W.G., Jarman, A. P., Sharpe, J., Pretorius, I. M. and Ayyub, H. (1990).
A major positive regulatory region located far upstream of the human o-globin gene

locus. Genes Dev 4: 1588-1601.
Higgs, D. R. (1993). The haemoglobinopathies. Baillieres Clin Haematol 6:117-150

Hill, AV.S., Bowden, DK., Trent, RJ., Higgs, D.R., Oppenheimer, S.J., Thein, SL.,
Mickleson, KN P., Weatherall, D.J. and Clegg, J.B. (1985). Melanesians and Polinesians
Share a Unique Alpha-Thalassemia Mutation. Am J Hum Genet 37: 571-580.

Referéncias Bibliogrdficas
75



Hoffbrand, A.V. and Pettit, JE. (1995). Essencial Haematology. 3™ edition, London,
Edinburgh, Boston, Blackwell Scientific Publications.

Honnig, G.R., Shamsuddin, M., Vida, L.N., Mompoint, M., Valcourt, E., Bowie, L.J., Jones,
E.C, Powers, P A, Spritz, RA,, Guis, M., Embury, S.H, Conboy, J., Kan, YW,
Mentzer, W.C., Weil, S.C., Hirata, R K., Waloch, J., ORiordan, J.F. and Goldstick, T.
(1984). Hemoglobin Evaston (a14 Trp—>Arg). An Unstable o-Chain Variant Expressed
as - Thalassemia. J Clin Invest 73: 1740-1749.

Huisman, TH.J., Caver, MFH. and Efremov, G.D. (1998). A Syllabus of Human
Hemoglobin Variants. 2™ edition. The Sickle Cell Anemia Foundation, Augusta, GA,
USA.

Hundrieser, J., Laig, M., Yongvanit, P., Sriboonlue, P., Sanguansermsri, T., Kuhnau, W_,
Pape, M. and Flatz, G. (1990). Study of Alpha-Thalassemia in Northeastern Thailand at
the DNA Level. Hum Hered 40: 85-88.

Hunt, D.M., Higgs, DR, Winichagoon, P., Clegg, JB. and Weatherall, D.J. (1982).
Haemoglobin Constant Spring has an unstable o chain messenger RNA. Br J Haematol
51: 405-413.

Jiang, NH, Liang, R, Su, C. and Tang, Z. (1991). Hb Westmead: na oa2-globin gene
mutation detected by polymerase chain reaction and Stu I cleavage. Hemoglobin 15:
291-295.

Johnson, C.S., Constantine, T. and Beutler, E. (1982). Alpha-Thalassemia. Prevalence and
Hematologic Findings in American Blacks. Arch Intern Med 142; 1280-1283.

Kanavakis, E., Tzotzos, S., Liapaki, A, Metaxotou-Mavromati, A. and Kattamis, A. (1986).
Frequency of Alpha-Thalassemia in Greece. Am J Hematol 22: 225-232.

Referéncias Bibliogrdficas
76



Kanavakis, E., Trager-Synodinos, J.M., Papasotiriou, 1., Vrettou, C., Metaxotou-Mavromati,
A., Stamoulakatou, A, Lagona, E. and Kattamis, C. (1996). The interation of o’
thalassaemia with Hb Icaria; three unusual cases of haemoglobinopathy H. Br J
Haematol 92: 332-335.

Kattamis A.C., Camaschella,C., Sivera, P., Surrey, S. and Fortina, P. (1996). Human a-
Thalassemia Syndromes: Detection of Molecular Defects. Am J Hematol 53: 81-91.

Kulosik, A E., Kar, B.C., Serjeant, B.E. and Weatherall, D.J. (1988). The molecular basis of a
thalassemia in India .Its interaction with the sickle cell gene. Blood 71: 467-472.

Lacerra, G, De Angioletti, M., Di Girolamo, R., Sciorio, ., Testa, R., Schiliro, G. and
Carestia, C. (1997). Hb Caserta and Hb Bronte: two novel hemoglobin variants caused by
alpha-2 globin gene mutation. Abstract 151, The 6™ International Conference on
thalassaemia and the haemoglobinopathies, Malta, april, 1997.

Lauer, J., Shen, C.J. and Maniatis, T. (1980). The Chromosomal Arrangement of Human (-
Like Globin Genes: Sequence Homology and a-Globin Gene Deletions. Cell 20: 119-
130.

Liebhaber, S.A., Cash, F.E. and Ballas, S.K. (1986). Human a-Globin Gene Expression. The
Dominant Role of the J2-Locus in mRNA and Protein Synthesis. J Biol Chem 261:
15327-15333.

Liebhaber, S.A., Cash, F.E. and Main, M.D. (1985). Compensatory increase in o;-globin gene
expression in individuals heterozygous for the a-thalassemia-2 deletion. J Clin Invest
76: 1057-1064.

Liebhaber, S.A. (1989). a-Thalassemia. Hemoglobin 13(7&8): 685-731.
Martinez, G. & Colombo, B. (1976). Alpha-Thalassaemia in Cuba. Acta Haematol 55:36-39.

Mathew, C.G.P., Rousseau, J., Rees, J.S. and Harley, E.H. (1983). The molecular basis of
alpha thalassaemia in a South African population. Br J Haematol 55: 103-111.

Referéncias Bibliogrdficas
T7



Michelson, A. and Orkins, S.H. (1983). Boundaries of Gene Conversion within the
Duplicated Human a-Globin Genes. Concerted Evolution by Segmental Recombination.
J Biol Chem 258 (24): 15245-15254.

Molchanova, T.P., Pobedimskaya, D.D., & Huisman,T.J.(1994). The differences in quantities
of ax-and a;-globin gene variants in heterozygotes. Br J Haematol 88: 300-306.

Moi, P, Cash, F.E, Liebhaber, S.A., Cao, A. and Pirastu, M. (1987). An Initiation Codon
Mutation (AUG—GUG) of the Human o 1-Globin Gene. Structural Characterization and
Evidence for a Mild Phenotype. J Clin Invest 80: 1416-1421.

Moo-Penn, W.F.,, Jue, DL., Johnson, M.H., Bechtel K.C. and Patchen, L.C. (1980).
Hemoglobin variants and methods used for their characterization during 7 years of

screening at the Center for Disease Control. Hemoglobin 4: 347-361.

Na-Nakon, S. & Wasi, p. (1970). Alpha-Thalassemia in Northen Thailand. Am J Hum Genet
22: 645-651.

Nicholls, R.D., Higgs, D.R. , Clegg, J.B. and Weatherall, D.J. (1985). ° Thalassemia Due to
Recombination Between the ot1-Globin Gene and an A/« I Repeat. Blood 65; 1434-1438.

Nhonoli, A M., Kojwalile, J M., Mmari, PW. and Shemaghoda, Y. (1979). Haemoglobin
Bart's in Newborn Tanzanians. Acta Haematol 61: 114-119.

Novelletto, A., Hafez, M., Di Rienzo, A, Felicetti, L., Ddeidda, G., El Morsi, Z., Al-Tonbary,
Y., El-Ziny, M., Abd-El-Gelil, N. and Terrenato, L. (1989). Frequency and Molecular
Types of Deletional Alpha-Thalassemia in Egypt. Hum Genet 8: 211-213.

Olivieri, N.F., Chang, L.S., Poon, A.O., Michelson, M.,A. and Orkin S.H. (1987). An a-
globin gene initiation codon mutation in a black family with Hb H disease. Blood 70:
729-732.

Orkin, S.H. (1978). The duplicated human o globin genes lie close together in cellular DNA.
Proc Natl Acad Sci USA 75: 5950-5954.

Referéncias Bibliogrdficas
78



Orkin, S.H. and Michelson, A. (1980). Partial deletion of the o-globin structural gene in
human o-thalassaemia. Nature 286: 538-540.

Orkin, S.H., Goff, S.C. and Hechtman R.L. (1981). Mutation in an intervening sequence
splice junction in man. Proc Natl Acad Sci USA 78: 5041-5045.

Ozsoylu, S. and Malik, S.A. (1982). Incidence of Alpha-Thalassemia in Turkey. Turk J
Pediatr 24(4): 235-244.

Paglietti, E., Galanello, R., Moi, P., Pirastu, M and Cao, A. (1986). Molecular pathology of
haemoglobin H disease in Sardinians. Br J Haemotol 63: 485-496

Pauling, L., Itano, H., Singer, S.J. and Wells, 1.C. (1949). Sickle cell anemia: A molecular
disease. Science 110: 543-548.

Pedrollo, E., Hutz, MH., Salzano, F.M. and Timm, AR. (1988). Detec¢io de Hemoglobina
Bart's e Freqiiéncia de Talassemia Alfa em uma populagdo de Neonatos de Porto Alegre.
Ciéncia e Cultura 40 (supl): 810.

Pembrey, M.E., Weatherall, D.J., Clegg, JB.,, Bunch, C. and Perrine, RP. (1975).
Haemoglobin Bart's in Saudi Arabia. Br J Haemotol 29: 221-225.

Pirastu, M., Saglio, G., Chang, J.C., Cao, A. and Kan, Y.W. (1984). Initiation codon mutation
as a cause of o thalassemia. J Biol Chem 259: 12315-12317.

Piliszek, T.S. (1979). Hb Bart's and its Significance in the South Africa Negro. Acta
Haematol 61: 33-38.

Pressley, L., Higgs, D.R., Metaxatou-Mavromati, A., Clegg, J.B. and Weatherall, D_J. (1980).
Characterisation of a new o thalassemia-1 defect due to a partial deletion of the a globin

gene complex. Nucleic Acids Research 8 (21): 4889-43893.

Pressley, L., Higgs, D.R, Clegg, J B. and Weatherall, D.J. (1980). Gene deletions in o
thalassemia prove that the 5'C locus is functional. Proc Natl Acad Sci USA 77 (6): 3586-
3589.

Referéncias Bibliogrdficas
79



Proudfoot, N.J. and Maniatis, T. (1980). The Structure of a Human a-Globin Pseudogene and
Its Relationship to a-Globin Gene Duplication. Cell 21: 537-544.

Randhawa, Z 1, Jones, R.T. and Lie-Injo, L.E. (1984). Human Hemoglobin Portland IT (C2f8,).
Isolation and Characterization of Portland Hemoglobin Components and Their
Constituent Globin Chain. J Biol Chem 259(11): 7325-7330.

Rochette,J., Craig, J.E. and Thein, S.L. (1994). Fetal Hemoglobin Levels in Adult. Blood 8:
213-224.

Romao, L., Osorio-Almeida, L., Higgs, D.R., Lavinha, J. and Liebhaber, S.A. (1991). a-
Thalassemia Resulting From Deletion of Regulatory Sequences Far Upstream of the a-
Globin Structural Genes. Blood 78 (6): 1589-1595.

Romao, L., Cash, F., Weiss, 1., Liebhaber, S., Pirastu, M., Galanello, R., Loi, A., Paglietti, E.,
Ioannou, P. and Cao, A. (1992). Human a-globin gene expression is silenced by terminal
truncation of chromosome 16p beginning immediately 3'of the {-globin gene. Hum
Genet 89: 323-328.

Rousseau, J., Mathew, C.G.P ., Rees, J.S., Du Toit, E., Botha, M.C. and Harley, E.H. (1985).
Acta Haematol 73: 159-162.

Saenz, G.F,, Jimenez, E. and Mora, L. (1979). Enfermedad por Hemoglobina H en Costa
Rica. Sangre (Barc) 24 (3): 333-3390.

Sawada, I. and Schmid, C.W. (1986). Primate Evolution of the a-Globin Gene Cluster and Its
Alu-like Repeats. J Mol Biol 192: 693-709.

Shakin, S.H. and Liebhaber, S.A. (1986). Translational profiles oy-o2-, and PB-globin

messenger ribonucleic acids in human reticulocytes. J Clin Invest 78: 1125-1129.

Smetanina, N.S., Leonova, J.Y., Levi, N. and Huisman, T.H. (1996). The alpha/beta and alpha
2/ alpha 1-globin mRNA ratios in different forms of alpha-thalassemia. Biochim Biophys
Acta 1315 (3): 188-192.

Referéncias Bibliogrdficas
80



Sonati, MF. & Costa, F.F. (1990). Hemoglobin Bart's in a Brazilian Black Population.
Brazilian J Med Biol Res 23: 395-396.

Sonati, M.F., Farah, S.B., Ramalho, A.S. and Costa, F.F. (1991). High Prevalence of a-
Thalassemia in a Black Population of Brazil. Hemoglonin 15(4): 309-311.

Sonati, M. F., Kimura, E. M., Grotto, H. Z. W, Tavella, M. H. and Costa, F. F. (1992). Hb H
Disease Associated With the (—"=°) Deletion in a Brazilian Black Woman. Acta
Hematol 87: 145-147.

Sonati, M. F., Kimura, E. M., Grotto, H. Z. W., Gervasio, S. A. and Costa, F. F. (1996).
Hereditary Hemoglobinopathies in a Population from Southeast Brazilian. Hemoglobin
20: 175-179.

Stammatoyannopoulos, G., Nienhuis, A'W., Majerus, P.W. and Varmus, H. (1994). The
Molecular bases of blood diseases, 2™ edition. Sounders Company, Philadelphia.

Thein, S.L., Wallace, R.B., Pressley, L., Clegg, J.B., Weatherall, D.J. and Higgs, D.R. (1988).
The Polyadenylation Site in the a-Globin Gene Cluster. Blood 71: 313-319.

Traeger-Synodinos, J., Kanavakis, E., Tzetis, M., Kattamis, A. and Kattamis, C. (1993).
Characterization of Nondeletion a-Thalassemia Mutations in the Greek Population. Am J
Hematol 44: 162-167.

Velati, C., Sampietro, M., Sciariada. L., Allievi, E., Mosconi, L., Cappellini, M.D. and
Fiorelli, G. (1983). Neonatal Screening for Hb Bart's in Italian Subjects of Heterogeneous
Regional Origin Born in Lombardy. Haematol (Pavia) 68 : 20-29.

Waye, J.S., Eng, B., Patterson, M., Chui, D HK. and Olivieri,N.F. (1994). Identification of
novel termination codon mutation (TAA—TAT, Term—Tyr) in the oz-globin gene of a

Laotian girl with hemoglobin H disease. Blood 83: 3418-3420.

Weatherall, D.J. & Clegg, J.G. (1981). The Thalassaemia Syndromes. 3" edn. Oxford,
Blackwell Scientific Publications.

Referéncias Bibliogrdficas
81



Williams, W.J., Beutler, E., Erslev, A.J. and Lichtman, M.A. (1990). Hematology, 4™ edition.
Mc Graw-Hill, Inc., New York.

Williamson, D. (1993). The Unstable Haemoglobins. Blood 7: 146-163.

Winichagoon, P., Thonglairum, V., Fucharoen, S., Thanphaichito, V.S. and Wasi, P. (1988).
Alpha-Thalassemia in Thailand. Hemoglobin 12(5&6): 485-498.

Wong, S.C,, Ali, M.A M. and Boyadjian, S.E. (1981). Sickle Cell Traits in Canada. Trimodal
Distribuition o Hb S as a Result of Interation with Alpha-Thalassaemia Gene. Acta
Haematol 65: 157-163.

Wu, G.Y., Wang, SW., Zhang, JW. and Wang, L. M. (1988). The Incidence of Alpha-
Thalassemia in South China. Hemoglobin 12 (5&6): 529-532.

Yuregir, G.T., Aksoy, K., Curiik, M.A., Dikmen, N., Fei, Y.-J., Baysal, E. and Huisman, T.H.
(1992). Hb H disease in a Turkish family resulting from the interation of a deletional o-

thalassaemia-1 and a newly discovered poly A mutation. Br J Haematol 80: 527-532.

Zago, MA., & Costa, FF (1985) Hereditary Haemoglobin Disorders in Brazil.
Transactions of the Royal Society of Tropical Medicine and Hygiene 79: 385-388.

Zago, M.A., & Costa, F.F.and Bottura, C. (1984). Hemoglobin H Disease in Three Brazilian
Families. Rev Brasil Genet VII (1): 137-147.

Zago, M.A., & Costa, FF, Tone, L.G. and Bottura, C. (1983). Hereditary Hemoglobin
Disorders in a Brazilian Population. Hum Hered 33: 125-129.

Zeng, Y.T., Huang, S.Z., Zhou, X-D, Qui, X-K, Dong, Q-Y, Li, M-Y, and Bai, J-H. (1982).
Hb Shenyang [026 (B7) Ala—>Glu]: a new unstable variant found in China. Hemoglobin
6: 625-628.

Zeng, Y.T., Huang, S.Z. and Chen, MJ. (1988). The Types and Distribution of Alpha-
Thalassemia-2 in China. Hemoglobin 12 (5&6): 455-458.

Referéncias Bibliogrdficas
82



Zhao, J.B.,, Zhao, L., Fei, Y.J., Liu, J.C. and Huisman, T.H. (1991). A novel a-thalassemia-2
(-2.7Kb) observed in a Chinese patient with Hb H disease. Am J Hematol 38: 248-249.

Referéncias Bibliogrdficas
83



