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Introdugdo 2

O ferro é um dos componentes mais abundantes na crosta

terrestre, sendo encontrado na forma férrica (Fe’) e ¢ de extrema importancia

para os organismos vivos devido sua capacidade de troca de elétrons em
condigdes aerdbicas, tornando-o essencial para certas fung¢des celulares, como:
sintese de DNA, transporte de oxigénio e de elétrons, € respira¢do celular. Porém
grandes quantidades deste metal podem ser toxicas, sendo que tal toxicidade se
deve ao seu alto poder redutor de moléculas de oxigénio (O;), formando radicais
livres, que sdo nocivos as células (PIETRANGELO, 2002).

A quantidade de ferro no organismo ¢ essencialmente controlada
pela absor¢do do mesmo no intestino, visto que ndo ha conhecimento de vias
significativas de excre¢do deste metal, sendo que as formas mais significativas de
perda natural, sdo através da menstruagdo e do suor (FLEMING & SLY, 2001;
HASH, 2001; TOWNSEND & DRAKESMITH, 2002). Individuos normais
absorvem de 1 a 2 mg de ferro por dia, porém ha pessoas que sofrem disturbios
relacionados a absor¢do deste metal, realizando-a de maneira aumentada,
chegando a absorver de 3 a 4 mg por dia (HASH, 2001), levando a um quadro de
hemocromatose, doenga caracterizada pelo acumulo de ferro no organismo, sendo
progressiva e multi-sistémica (GRIFFITHS & COX, 2000; HASH, 2001).

O acumulo de ferro pode se ocasionar devido a falhas nas vias
metabdlicas do mesmo, portanto, varios genes podem estar envolvidos no
desenvolvimento da doenga (GRIFFITHS & COX, 2000; ROY & ANDREWS,
2001). O ferro, no seu metabolismo, ¢ reduzido, no limen intestinal, pelo

citocromo b duodenal (Dcytb) para apresentar-se sob a forma de ferro ferroso
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(Fe*"), que ¢ absorvido pelos enterdcitos através da proteina transportadora de
metal duodenal 1 (DMT1), sendo liberado na corrente sangiiinea pela ferroportina

1 (FP1), presente na membrana basal do enterdcitos, apos oxidagdo pela

hepaestina (HP). No sangue, o ferro férrico (Fe’™), liga-se a transferrina (Tf), que

o transporta. Sua absor¢do pelas células do organismo, se da pela interagdo da
transferrina com o seu receptor (receptor de transferrina 1 ou Tfr 1) situado na
membrana celular, desencadeando a formagdo de um pinossomo, no qual o pH ¢
reduzido pela unido a um lisossomo, alterando a forma i6nica do metal para ferro
ferroso (Fe’"), liberando-o da transferrina, sendo em seguida transportado para o
meio  intracelular, onde € armazenado pela enzima ferritina
(STAMATOYANNOPOULOS et al., 1994; BOMFORD, 2002).

Até o momento foram descritos pelo menos seis genes que

causam hemocromatose, relacionados no quadro 1:

Quadro 1. Base genética das hemocromatoses.

Gene Locus Tipo de hemocromatose Referéncia

HFE 6p 21.3 | Hemocromatose Hereditaria ou tipo 1 Feder et al., 1996

Desconhecido 1921 Hemocromatose juvenil ou tipo 2 Roetto et al., 1999

HAMP 19q13 | Hemocromatose juvenil ou tipo 2 Pigeon et al., 2001

TFR2 7q22 Hemocromatose tipo 3 Camaschella et al.,
2000
SLC11A3 2q32 Hemocromatose tipo 4 Njajou et al., 2001

H-ferritina 2pl16.3 | Hemocromatose tipo 5 Kato et al., 2001
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A Hemocromatose Hereditaria ¢ o subtipo mais importante em
termos de prevaléncia e efeito na saude (BOMFORD, 2002), sendo foco de
diversos estudos na populagdo européia (MELLS et al., 2002; CHAMBERS et al.,

2003; ANDERSEN et al., 2004; MILMAN et al., 2004).

1. Hemocromatose Hereditaria

A Hemocromatose Hereditaria ¢ um disturbio autossomico
recessivo, que afeta o gene HFE, acometendo um em cada 300 individuos
descendentes de caucasianos do norte europeu (BRISSOT et al., 2000; VAUTIER
& OLYNYK, 2000). Caracterizada pela absorgdo excessiva de ferro pelas células
gastrointestinais ¢ acimulo deste no parénquima de drgdos como o figado,
pancreas e coragdo, comprometendo suas fungdes ao longo do tempo (WAHEED
et al, 1997; VAUTIER & OLYNYK, 2000). A doenga pode levar ao

desenvolvimento de diabetes mellitus, cardiopatia, artrite, hipogonadismo,

pigmentagdo diferenciada da epiderme, cirrose hepatica seguida de carcinoma

hepatocelular (WAHEED et al., 1997; BRISSOT et al., 2000).

O gene HFE foi primeiramente descrito em 1996, por Feder et
al., que o localizaram no cromossomo 6p21.3, chamando-o por HLA-H, por se
tratar de um gene muito semelhante aos genes do Complexo Principal de
Histocompatibilidade (MHC) de classe I. Porém, como tal nomenclatura ja havia
sido adotada para um pseudogene, um comité de nomenclatura determinou a
utilizagdo de um novo nome, HFE (FEDER et al., 1997, WAHEED et al., 1997,

FEDER et al., 1998).
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O produto protéico deste gene é uma proteina de membrana,
expressa na maioria das células do organismo (MOALEM et al., 2002). Sua
fungdo ainda € desconhecida, sendo alvo de diversos estudos e muita controvérsia
no meio cientifico (FEDER et al., 1998; LEBRON et al., 1999; ZHANG et al.,
2003).

A proteina HFE € composta por 343 aminoacidos sendo
estruturalmente semelhante as proteinas do MHC de classe I, com trés dominios o
voltados para o exterior celular, uma regido transmembrdnica € uma cauda
citoplasmatica (FEDER et al., 1997, WAHEED et al., 1997). Tem sido proposto
que quatro residuos de cisteina devem ser invariantes, para que as estruturas
secundaria e terciaria ndo sejam afetadas e assim ndo comprometam a interagdo da
proteina com moléculas acessorias, como a [3;-microglobulina, € por conseguinte

a sua fungdo (FEDER et al., 1997).

Alguns estudos sugerem o agravamento dos sintomas clinicos da

hemocromatose quando associada a anemias hemoliticas, como a alfa e a beta
talassemias. Mells et al. (2002) observaram um aumento nos niveis de ferritina em
portadores de beta talassemia, quando associada a homozigose para a mutag¢do
H63D. Por outro lado, Politou et al. (2004) ndo encontraram, em pacientes com
beta talassemia, associa¢do das mutagdes causadoras de hemocromatose com os

niveis de ferritina.
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1.1. Fisiopatologia e Genética da Hemocromatose Hereditdria

Algumas mutagdes no gene HFE tém sido descritas ¢ associadas
a Hemocromatose Hereditaria, sendo consideradas marcadores genéticos para esta
doenga. Dentre varias mutagdes, as mais importantes sdo: C282Y, H63D, S65C
(BOMFORD, 2002; JONES et al., 2002). Outras mutag¢des, menos freqiientes sdo:
E168X ¢ W169X no norte da Itdlia (MARIANI et al., 2003; SALVIONI et al.,
2003), Q283P na Franga (LE GAC et al., 2003), I105T e G93R nos EUA
(BARTON et al., 1999).

A mutagdo C282Y ¢ a mais freqiiente nos individuos com
Hemocromatose Hereditaria, com cerca de 80% de incidéncia (HASH, 2001,
JONES et al., 2002). Tal mutagdo se deve a transi¢do da guanina 845 por uma
adenina, resultando numa mutagido de sentido trocado, da cisteina 282 por uma
tirosina (FEDER et al., 1998; JONES et al. 2002). A muta¢do C282Y, se localiza
no dominio a3, no qual ha a ligagdo da f3,-microglobulina assim, a associagdo
desta proteina nio ocorre, impossibilitando seu transporte e inser¢do na membrana
celular (GRIFFITHS & COX, 2000).

Enquanto a mutagdo H63D, em que ocorre uma transversdo da

citosina 187 para guanina, substituindo o aminoacido 63 de histidina por acido

aspartico (H63D) (FEDER et al., 1997). Nos individuos com hemocromatose, a
prevaléncia desta mutagdo corresponde de 15 a 20% dos casos (VAUTIER &
OLYNYK, 2000). Essa mutagdo ocorre no dominio al, permitido a associagdo
com a [3;-microglobulina, porém, ha uma perda parcial de fun¢do, levando a um

quadro de hemocromatose mais brando (GRIFFITHS & COX, 2000).
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Ja a mutagdo S65C tem uma incidéncia de 2 a 3%, nos

individuos com Hemocromatose Hereditaria, porém ndo €é muito estudada

(BOMFORD, 2002). Resultado da transversdo da Aje; por uma T, trocando a

serina 65 por uma cisteina. Com localizagdo no dominio al, esta relacionada a
uma forma mais branda de hemocromatose, cujo mecanismo ainda ndo foi
elucidado (MURA et al., 1999; JONES et al., 2002).

No Brasil, ha ainda poucos estudos sobre hemocromatose, entre
eles ha a investigagdo da associagdo das mutagdes C282Y e H63D com outras
enfermidades, como a porfiria cutidnea tarda e hepatite C (MARTINELLI et al.,
2000), assim como avaliagdo destas mutagdes em pacientes com altos niveis de
ferro no organismo (BITTENCOURT et al., 2002). Outros trabalhos relacionam a
hemocromatose hereditaria com etnias (AGOSTINHO et al., 1999; PEREIRA et
al., 2001). Em 2000, um grupo brasileiro relatou o caso de uma familia com
individuos homozigotos e heterozigotos para a mutagdo C282Y, todos em
associagdo com a beta talassemia, sendo que em todos os portadores de pelo
menos um alelo C282Y foi encontrada alta carga de ferro no organismo,

sugerindo um efeito sinérgico das enfermidades (ARRUDA et al., 2000).

1.2. Origem das Mutagdes

Estudos indicam que o hapldtipo ancestral que carrega a
mutagdo C282Y, tem em média 6 Mb, sugerindo o aparecimento da mutagdo nos
altimos 2000 anos. Enquanto a mutagdo H63D €é muito mais antiga, sendo

encontrada em varios haplotipos, porém ha hipdteses que propdem a
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espontaneidade desta mutagdo, visto que ¢ amplamente distribuida

geograficamente (BOMFORD, 2002).

Alguns estudos indicam que a mutagdo C282Y tenha se

originado ha 60-70 geragdes, na populagdo Celta, porém ha pesquisadores que
defendem a origem na populagdo Viking, devido a maior freqiiéncia da mutag@o
na Escandinavia, as altas freqiiéncias em regides litordneas e também a queda na
freqii€éncia da mutagdo do Norte para o Sul europeu (MILMAN & PEDERSEN,
2003).

Moalem et al. (2002) sugerem que a mutagdo C282Y conferiu
resisténcia a infecgdes como a peste negra, sendo selecionada durante a Idade

Média.

1.3. Diagnéstico e Tratamento

O diagnodstico de Hemocromatose Hereditaria €, em geral,
tardio, ocorrendo com muita freqiiéncia a observagdo de um quadro clinico tipico,
caracterizado por um individuo do sexo masculino, com meia idade, apresentando
sintomas como: melanoderma, hepatomegalia e diabetes mellitus (BRISSOT et
al., 2000).

O tratamento indicado para a maioria dos pacientes € a
flebotomia acompanhada por uma dieta adequada, enriquecida com proteinas,
vitamina B, e folato, para que a eritropoese, que apresenta-se aumentada, seja
eficiente. A terapia ferroquelante deve ser aplicada somente para pacientes com

anemias severas, visto que ha efeitos adversos, além de ndo ser confortavel
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(HASH, 2001). Os testes com quelantes orais diminuem o desconforto do uso

tradicional sub-cutdaneo ou intra venoso, mas ndo apresentam eficacia comprovada

para a hemocromatose.

2. Talassemias

As talassemias sdo definidas como um grupo heterogéneo de
alteragdes hereditarias que se caracterizam por auséncia ou redugdo na sintese de
uma ou mais cadeias de globina, gerando desequilibrio entre as subunidades
resultando,  geralmente, em  anemia  microcitica e  hipocromica
(STAMATOYANNOPOULOS et al., 1994, DOMINGOS & SIQUEIRA, 2000).
De acordo com a cadeia globinica afetada, as talassemias podem ser classificadas
como: alfa, beta, delta, delta-beta e gama-delta-beta
(STAMATOYANNOPOULOS et al., 1994; WEATHERALL & CLEGG, 2001).

Em casos graves, pode-se observar alteragdes esqueléticas,
cardioldgicas, endocrinas, complicagdes hepatobiliares ¢ maior suscetibilidade a
doengas infecciosas. O tratamento da-se, em geral, por transplantes de medula
Ossea ou por regime cronico de transfusdes de sangue, terapia quelante intensiva e

esplenectomia (STAMATOYANNOPOULOS et al., 1994, NAOUM, 1997).

2.1. Talassemia Alfa
A talassemia alfa € a alterag@o genética mais comum no homem,
com distribuigdo mundial e maior prevaléncia em populagdes do continente

asiatico, principalmente em algumas regides da China, Taildndia, Birmania,
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Malasia e Africa (NAOUM, 1997; GREENBERG et al.,, 2001). No Brasil, a

prevaléncia de um ou dois genes alfa afetados é relatada em torno de 10-20%
(SIQUEIRA, 2000; WENNING et al., 2000).

A sintese de cadeias alfa envolve um gene, que apresenta-se
duplicado, a, € a;, sendo localizados no brago curto do cromossomo 16. Estes
podem estar parcial ou totalmente afetados, gerando varias combinagdes que
originam fendtipos bastante variaveis (ALVARES et al., 1996, NAOUM &
DOMINGOS, 1998).

A causa mais freqiiente das talassemias alfa é a delegdo de um
ou mais alelos alfa. Estas podem atingir, parte do gene, diminuindo sua expressio,
ou o gene integralmente, levando a auséncia de expressdo do alelo (NAOUM &
DOMINGOS, 1998).

O excesso de cadeias de beta globina, na alfa talassemia, leva a
formagdo de tetrameros de beta globina (hemoblobina H), que em condigdes
adversas, como febre associada ou ndo com substincias oxidativas liberadas
durante processo de infecgdo, induz a precipitagdo da Hb H, formando corpos de
inclusdo nas hemaceas que posteriormente sofrem hemolise ou sdo retiradas da
circulagdo pelas células do Sistema Macrofagico Tecidual (GREENBERG et al.,

2001).
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2.2. Talassemia Beta
As talassemias beta ocorrem com maior prevaléncia em

populagdes originarias de regides proximas ao mar Mediterrineo e também em

algumas localidades da China, india, Paquistdo e Indochina (NAOUM, 1997).

O gene responsavel pela sintese de cadeias da beta globina esta
localizado no cromossomo 11, em uma unica copia. Atualmente ja foram
identificados aproximadamente 140 tipos de talassemia beta, os quais, estdo
relacionados com os diferentes graus de lesdes nos genes do cluster beta
(STAMATOYANNOPOULOS et al., 1994, NAOUM, 1997). A principal causa
das beta talassemias sdo mutagdes pontuais, pequenas delecdes ou adigdes de
bases, seja em regides flanqueadoras 5'ou 3" do gene, quanto em sua regido
codificadora, porém somente algumas destas mutagdes atingiram altas
freqiiéncias, o que leva a especulagdes que relacionam este fato a protegdo desta
contra a malaria (THEIN, 2004).

O excesso de alfa globina gera tetrimeros altamente instaveis,
que por sua vez, agregam-se nas c€lulas precursoras das hemaceas, formando
corpos de inclusdo que causam danos mecdnicos na membrana destas células,
provocando sua destruigdo na medula Ossea, € consequentemente eritropoiese
ineficiente (WEATHERALL, 1997, THEIN, 2004). A baixa quantidade de
hemaceas circulantes promove um estimulo para o aumento da eritropoiese, que
induz um aumento na absor¢do de ferro e possivelmente uma sobrecarga deste

metal (PARFREY et al., 1981; PIPPARD & WAINSCOAT, 1987).
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Com base na contribuigdo deste estudo para o conhecimento da

prevaléncia das mutagdes causadoras de Hemocromatose Hereditaria em

individuos com propensdo ao aumento na absor¢do de ferro, o presente trabalho

teve como objetivo:
- Avaliar a prevaléncia das mutagdes causadoras de Hemocromatose

Hereditaria em individuos com alfa e beta talassemia.
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Abstract

Hereditary Hemochromatosis is a disorder of iron metabolism characterized
by increased iron intake and progressive storage. The interaction of the beta
thalassemia trait with the mutations in HFE gene may increase iron overload. In
Brazil, the population constitution is ethnic heterogeneous, so the aim of this study
was to evaluate the prevalence of the H63D, S65C and C282Y mutations in HFE
gene in 102 samples of alpha thalassemia, 168 samples of beta thalassemia

heterozigotes and 173 individuals without hemoglobinopathies like control group.

The allelic frequencies found in these three groups for the C282Y mutation were

0.98%, 2.38% and 0.29%; for H63D 13.72, 13.7 and 9.54; and for the S65C 0%
0.60% and 0.87% respectively. For the C282Y mutation, the chi-squared test for
multiple independent samples indicated a significant difference among the groups,
which was confirmed between the beta thalassemia heterozigotes and the control
group by Fisher exact test (p-value = 0.009). The inheritance of C282Y defect in HFE
gene, in beta thalassemic may worse the clinical picture of these individuals. In front
of these results and considering the characteristic of the Brazilian population, this
study focus the importance of screening these mutations in beta thalassemic carriers,

improving a normal life expectancy and the answer to specific anemia treatments.

Key words: Hereditary hemochromatosis, H63D, S65C, C282Y, Thalassemia
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Introduction

Hereditary Hemochromatosis (HH) is a disorder of iron metabolism,

characterized by increased iron absorption and storage, resulting in progressive and
multisystemic oxidative organ damage (Griffiths & Cox, 2000; Hash, 2001). In 1996,
the HF'E gene was isolated on chromosome 6 and was considerated a candidate gene
for bearing the primary defect responsible for hemochromatosis (Feder et al., 1996).
However the phenotypic expression of the mutated alleles seems to be highly variable
and possibly related to other co-inherited genetic modifiers, such as hereditary
anemias (Mells et al., 2002; Pietrangelo, 2004).

HH is most commonly found in northern European descendent, affecting one
in three hundred persons (Brissot et al., 2000; Vautier & Olynyk, 2000). Three
missense mutations have been described to be associated with the HH. About 85% of
the patients with HH carry a cysteine-to-tyrosine substitution at amino-acid position
282 in HFE gene (C282Y mutation). This mutation is responsible for 60% of the HH
cases in the Mediterranean populations (Candore et al., 2002), with a north to south
reduction of the altered allele (Bomford, 2002; Leone et al., 2004). The second one is
the H63D mutation that results from the transversion at nucleotide 187 of the gene,
causing an aspartic acid-to-histidine conversion at amino-acid 63. This mutation is
widely spread among many populations (Rochette et al., 1999; Papanikolaou et al.,
2000; Campo et al., 2001; Candore et al., 2002), however it has a frequency of 15-
20% in HH cases (Vautier & Olynyk, 2002). The third mutation is the S65C, with an

allelic frequency of 1,4%. It results from a substitution at the nucleotide 193, with an
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serine-to-cysteine conversion at the 65 amino-acid position (Mura et al., 1999). The
last two are associated with milder forms of HH (Asberg et al., 2002; Pietrangelo,
2004). However, the compound heterozygous state of one of these and the C282Y
defect increases the risk of HH phenotypically expression (Agostinho et al., 2002;
Asberg et al., 2002).

In Brazil, a study of the C282Y and H63D mutations in several ethnic groups,
indicated a low prevalence of the C282Y mutation, with its allelic frequency ranging

from 0% for Parakand Indians to 1.4% in Caucasian descendents, while for the H63D

allele the frequency was 0% for Parakand Indians and 16.3% for Caucasian

descendents. However the high allelic frequency for both of these mutations (C282Y
1.1%; H63D 7.5%) in African descendents, may be an indication of the intense ethnic
miscegenation that occurred in the country during its colonization (Agostinho et al.,
1999).

The thalassemias are characterized by ineffective erythropoiesis that could
induce excess of iron absorption and ultimately lead to iron overload (Weatherall,
1997; Piperno et al., 2000). The interaction of the HH mutations and the thalassemias
may have a synergistic effect, increasing the iron intake and storage (Rees et al.,
1998; Jazayeri et al., 2003).

The aim of this study was to evaluate the prevalence of C282Y, H63D and
S65C mutations in the HFE gene in individuals with alpha thalassemia, beta

thalassemia heterozigotes and in individuals without hemoglobinopathies.
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Materials and Methods
We studied 102 patients with alpha thalassemia (69 women and 33 men), 168
patients with beta thalassemia trait (96 women and 72 men) and 173 patients without

hemoglobinopathies (16 women and 157 men). Samples of 5 mL of blood were

collected of individuals from different regions of Brazil (50% of the Southeast, 25%

of the North, Northeast and Center-West, and 25% of the South). The screening for
hemoglobinopathies were made by the Hemoglobin and Hematologic Diseases
Laboratory of University of Sdo Paulo State/IBILCE, in S3o José do Rio Preto,
Brazil. Informed consent was obtained from all patients and the study was approved
by the pertinent Ethics Committee.

Genomic DNA was extracted from peripheral leucocytes by phenol-
cloroform. For the amplification were used two primer sets, the first one,
5’ACATGGTTAAGGCCTGTTGC3" and 5'GCCACATCTGGCTTGAAATT3',
create a 207pb fragment that comprises the H63D and S65C mutations sites. The
second one, 5'GGGTATTTCCTTCCTCCAACC3’ and
5'CTCAGGCACTCCTCTCAACCS’, produces a 441pb fragment, for the C282Y
analysis.

The amplified PCR fragments were digested with restriction endonucleases
Bcel 1 (H63D), Hinf'I (S65C) and Rsa I (C282Y). The H63D mutation destroys the Bc/
I site in the 207 pb PCR product, so while normal DNA is cut into two fragments of
69 and 138 pb, the mutated DNA is not cut. The S65C destroys the Hinf I site in the

207 pb PCR product, so while normal DNA is cut into two fragments of 60 and 147
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bp, the mutated DNA is not cut. The C282Y mutation creates a new Rsa / site. The

PCR product digested is cut into two fragments of 145 and 296 bp in the normal
allele, while in the mutated DNA three fragments of 29, 116 and 296 bp are generated
after digestion. The digestion products of the two first mutations were analyzed in
2.0% agarose gel stained with ethidium bromide, while the product of the digestion of

the C282Y mutation was observed in 2.5% agarose gel using the same stain.

Statistical analysis

The data were analyzed utilizing the chi-squared test for multiple independent
samples to identify the relationship among the mutations and the groups studied. The
Fisher Exact test was used to compare results between two groups. A p-value < 0.05

was considered significant.
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Results

The allelic frequency of the H63D mutation was 13.72% in the alpha
thalassemic group, 13.70% in the beta thalassemia group and 9.54% in the control
group. For the S65C mutation the allelic frequencies observed were 0%, 0.60% and
0.87%, respectively in the three groups. The allelic frequencies of the C282Y
mutation were of 0.98%, 2.38% and 0.29% respectively (Table 1). There were no
C282Y homozigous subjects in these groups, however 6 cases of compound
heterozygosity were found, 1 in alpha thalassemics, 2 in beta thalassemics and 3 in

the control group (Table 2).

Statistical analysis using the chi-squared test (x*) for multiple independent

samples identified a significant difference for the C282Y mutation among the groups
(p-value = 0.043). The Fisher exact test indicated a significant difference between the
beta thalassemic and the control groups (p-value = 0.009). The H63D and S65C
mutations did not present significant differences among the groups studied (p-value =

0.28; p-value = 0.42 respectively).




Analysis of the C282Y. H63D and S65C mutations of the HFE gene in Brazilian thalassemics 22

Discussion

Hereditary Hemochromatosis is thought to be the most common inherited
disorder in Caucasians. However, it presents a variable prevalence among different
ethnical groups (Brissot, 2001; Hash, 2001). Its phenotypically expression seems to
be highly variable and possibly related to several factors, such availability of iron in
the diet, loss of blood associated with menstruation and pregnancy, blood donation,
hepatitis and hemolytic anemias (Lyon & Frank, 2001; Bomford, 2002).

The C282Y missense mutation is responsible for about 80% of the cases of
hemochromatosis, while in Italy this frequency is much lower and decreases from the
north to south of the country (Bomford, 2002). In Brazil, H63D and C282Y screening
in four specific populations (Caucasians, African descendents, Parakani Indians and a
racially mixed group), indicated a low prevalence of the C282Y mutation with the
allelic frequency ranging from 0% for Parakani Indians to 1.4% in Caucasian
descendents, while the H63D mutation varied from 0% also for Parakani Indians to
16.3% for Caucasian descendents (Agostinho et al., 1999). The allelic frequencies

obtained in this study were 13.72%, 13.70% and 9.54% for the H63D mutation in the

alpha thalassemia, beta thalassemia and control groups, respectively. For the C282Y

mutation the frequencies observed were 0.98%, 2.38% and 0.29% respectively,
different to previously published results from Brazil. This may be due to the

composition of the groups analyzed, which in our case were not based on races.
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A third mutation in the HFE gene, the S65C mutation, is being studied. No
data about this mutation were found in Brazil, so this is possibly the first study. The
low allelic frequencies observed, 0.0%, 0.60% and 0.87% for the alpha thalassemia,
beta thalassemia and control groups respectively agree with the low frequencies
found in other published studies (Mura et al., 1999, Beutler et al., 2000, Milman et al,
2004). In the Ecuadorian population was found 4.0% of allelic frequency, to S65C,
one of the higher observed (Leone et al., 2004).

In the present study were found some cases of compound heterozygosity: one
patient H63D/C282Y in alpha thalassemic group; in the beta thalassemic group were
found two cases, one H63D/S65C and the other was H63D/C282Y: and in control
group, three persons with S65C/C282Y. The compound heterozygosity for C282Y
and H63D seems to predispose the disease expression. The clinical significance of
other forms of compound heterozygosity, such as for C282Y and S65C or H63D and
S65C, is still controversial (Pietrangelo, 2004). However some of these patients have
another factor involving the iron status, the thalassemia, which may increase the
metal levels.

In this study we observed a high incidence of the C282Y mutation in the beta
thalassemia group, causing great concern about the levels of iron deposition in the
organism of these patients, in light of the great discussion in the scientific world in

respect of homeostasis of this metal when there is co-inheritance of these two

disorders. Beta thalassemia minor screening, in Iran, indicated significant differences

in the frequencies of C282Y and H63D mutants in these patients in relation to control
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individuals (Jazayeri, 2003). However, these differences were not observed in
Portugal or in India (Kaur et al., 2003, Martins et al., 2004).

There are suggestions that beta thalassemia sufferers have a greater advantage
in balancing the iron storage in their organisms (Mehta & Pandya, 1987) considering
the hypothesis of two metabolic regulators of this metal. One, the erythroid regulator
(beta thalassemia) seems to present greater stimulation of iron absorption than the
other one, of accumulation, the mutated HFE gene (Politou et al., 2004).

Published data indicates aggravation of the hemochromatosis symptoms in the
presence of heterozygosis for the C282Y mutation in association with beta
thalassemia (Rees et al., 1998) with indications of increase in serum iron in beta

thalassemia co-inheritance with heterozygotes and homozygotes for H63D (Mells et

al., 2002, Martins et al., 2004). However, these results are being discussed by several

groups and remain controversial (Capellini et al., 1998, Politou et al., 2004).
The beta thalassemia trait may worse the clinical picture of hemochromatosis,
suggesting a need of screening this group in Brazil, mainly because of the Brazilian

population characteristic and to improve a normal life expectancy and the answer to

specific anemia treatments.
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Table 1: Allelic frequencies of the H63D, S65C and C282Y mutations in the Alpha

Thalassemia, Beta Thalassemia and Control Groups.

Subjects H63D

Alpha thalassemic 13,72%

Beta thalassemic 13,70%

Controls 9.54%
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Table 2: Genotypic frequencies of the H63D, S65C and C282Y mutations in the

Alpha Thalassemia, Beta Thalassemia and Control Groups; + indicates the mutated

allele, - indicates the wild allele.

Genotypes Alpha thalassemia Beta Controls

thalassemia

(n) (%)

4 2,38

21,43

0,59

0,59

?

0

0
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O presente estudo apresentou as seguintes conclusdes:
As freqiiéncias alélicas para a mutagdo H63D nos grupos estudados,
13,72% para alfa talassémicos, 13,70% para beta talassémicos ¢ 9,54% para o grupo
controle, corroboraram com outros dados da literatura;

As freqiiéncias alélicas para a mutagdo S65C nos grupos estudados,

0,0% para alfa talassémicos, 0,60% para beta talassémicos e 0,87% para o grupo

controle;

A mutagdo C282Y apresentou diferenga significativa entre o grupo
beta talassémico (2,38%) e o grupo controle (0,29%) (p=0,009);,

Foram encontrados casos de heterozigotos compostos nos trés grupos

estudados.

Mais estudos devem ser realizados para maior entendimento da

Hemocromatose Hereditaria, assim como de sua relagdo com as talassemias.
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Resumo 44

Ha diversas patologias relacionadas ao acimulo de ferro no
organismo, por exemplo a hemocromatose, a qual ¢ ocasionada por falhas nas vias
metabolicas deste elemento. O subtipo de hemocromatose mais prevalente € a
Hemocromatose Hereditaria ou Hemocromatose Tipo 1, que € desencadeada por

mutagdes no gene HFE. O quadro de hemocromatose pode se agravar se esta estiver

associada a anemias hemoliticas pode ocorrer um aumento ainda maior no acimulo

de ferro, visto que nas hemoglobinopatias ha a liberagdo do ferro heme dos
eritrocitos. Assim, o presente trabalho teve como objetivo avaliar a prevaléncia das
mutagdes H63D, S65C e C282Y, no gene HFE, em alfa talassémicos, beta
talassémicos heterozigotos e em individuos normais para hemoglobinopatias. Foram
rastreadas, por PCR-RFLP, as muta¢des H63D, S65C e C282Y, em 102 amostras de
alfa talassémicos, 168 de beta talassémicos € 173 controles sem hemoglobinopatias.
As freqiiéncias alélicas encontradas para C282Y foram 0,98%; 2,38%; 0,29%, para
H63D 13,72%; 13,70%; 9,54% e para S65C 0%; 0,60%; 0,87%, respectivamente aos
grupos citados. Para a mutagdo C282Y, o teste de Qui-Quadrado para varias amostras
independentes indicou diferenga significativa entre os grupos, sendo confirmada entre
o grupo beta talassémico e o grupo controle pelo teste exato de Fisher (p = 0,009). A
heranga do defeito C282Y no gene HFE, em beta talass€micos, pode agravar o quadro
clinico destes individuos. Diante destes resultados e considerando a caracteristica da
populagdo brasileira, destaca-se a importancia do rastreamento destas mutagdes nos
portadores de beta talassemia, melhorando a qualidade de vida e a resposta a
tratamentos especificos para a anemia.

Palavras-chave: Hemocromatose Hereditaria, H63D, S65C, C282Y e Talassemia.
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Abstract 46

There are many pathologies related to iron accumulation in the

organism, for example the Hereditary Hemochromatosis (HH), which is caused by

defects in its metabolic way. The hemochromatosis subtype more prevalent is the
HH or Hemochromatosis Type 1, which is unchain by mutations in the HFE gene.
When it is associated to hemolitic anemias, may occur a much higher increase of iron
storage, considering that in the hemoglobinopathies heme iron is released of the
erytrocytes. So, the goal of this study was to evaluate the prevalency of H63D, S65C
and C282Y mutations in the HFE gene, in alpha thalassemics, beta thalassemics
heterozigotes and in individuals without hemoglobinopathies. These mutations were
screened by PCR-RFLP in 102 individuals with alpha thalassemia, 168 beta
thalassemic heterozigotes and 173 controls individuals. The allelic frequencies found
for the C282Y mutation were 0.98%, 2.38% and 0.29%; for H63D 13.72, 13.7 and
9.54; and for the S65C 0% 0.60% and 0.87% respectively. For the C282Y mutation,
the chi-squared test for multiple independent samples indicated a significant
difference among the groups, which was confirmed between the beta thalassemia
heterozigotes and the control group by Fisher exact test (p-value = 0.009). The
inheritance of the C282Y defect, in HFE gene, in beta thalassemic may worse the
clinical picture of these individuals. In front of these results and considering the
characteristic of the Brasilian population, this study focus the importance of screening
of these mutations in beta thalassemic carriers, improving normal life expactancy and
the answer to specific anemia.

Keywords: Hereditary Hemochromatosis, H63D, S65C, C282Y and Thalassemia.
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