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ABSTRACT: We analyzed the frequency of the C282Y and H63D mutations in the HFE gene in 227 individuals from Brazil
comprising 71 Caucasians, 91 racially mixed Caucasian African-derived Amerindians (both populations from Southeast
Brazil), 85 African-derived subjects (from Northeast Brazil) and 75 Parakanã Indians. Allelic frequency of the mutation C.
845G6A (C282Y) was 1.4% in the Caucasian population, 1.1% in the African-derived population, 1.1% in the racially mixed
normal controls and 0% in the Parakanã Indians. In the African-derived population, the C282Y mutation was present on
chromosomes bearing the haplotype 6/1h according to Beutler and West (1997). Allelic frequency of the mutation C. 187C6G
(H63D) was 16.3% in the Caucasian population, 7.5% in the African-derived population, 9.8% in the racially mixed controls
and 0% in the Amerindians. The presence of these mutations in the African-derived population reflects the fact that these
subjects may have undergone a non-identified racial admixture in their past history. The absence of both defects in the
Amerindians suggests that these mutations have emerged after the migration of Polynesians to America, or that they may not
have reached the Polynesian population until after the migration to America had occurred.
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INTRODUCTION

Hemochromatosis is an autosomal recessive
disorder, common among populations of
Northern European origin, associated with
progressive iron overload. Early diagnosis and
treatment is essential to prevent irreversible
tissue damage. Feder et al (1) described two
mutations in the HLA-H gene, now designated
HFE gene, which is located on chromosome 6
and is considered a candidate gene for bearing
the primary defect responsible for
hemochromatosis (2). The mutations detected
were a G→A substitution at nucleotide 845,
changing cysteine to tyrosine (C282Y) and a
C→G substitution at nucleotide 187, changing
histidine to aspartate (H63D). The C282Y
mutation was homozygous in 83% of North
American hemochromatosis patients (1) and in
more than 90% of UK, French and Australian
hemochromatosis patients (3,4,5). The second
mutation (H63D) is widely distributed among
many populations (3) and the homozygous state
may be more prevalent in the hemochromatosis

population (6,7). Therefore, the compound
heterozygote of the C282Y and H63D mutations
seems at special risk for the development of
hemochromatosis, nevertheless with very low
penetrance (7,8).

The Brazilian population is unevenly
distributed within a country of continental
dimensions and its ethnic origin is heterogenous.
Besides the native population, Brazil has received
immigrants from Italy, Spain, Germany, Japan
and the Middle East. During the slave-trading
period, Brazil received about 4 million Africans,
mainly from Angola, Congo and Mozambique,
who settled in almost all regions of the country
(9). All these different racial groups were
subjected to an intense process of admixture.

The Amerindians are unlike any other
population of similar size or antiquity, in which
they have undergone evolution in virtual isolation
for 15.000-20.000 years (10). The Parakanã
Indians are derived from the Tupi tribe and first
established contact with neo-Brazilians in 1971.
These Indians constitute a very small population
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Table 1. Allelic Frequency of the C282Y and H63D
Mutations in the HFE Gene in Four Brazilian Populations:
Caucasians (Students and Members of the Staff of the
University Hospital of Campinas), African-Derived (Non-
miscegenated Individuals Living in Bahia), Miscegenated
African-Derived-Caucasians-Amerindians (Newborns at
the University Hospital of Campinas) and Amerindians
(Parakanã Indians, Belonging to the Tupi Tribe)

Subjects Chromosomes (n) C282Y H63D
Caucasians 142 1.4% 16.3%
African-derived 170 1.1% 7.5%
Racially mixed 182 1.1% 9.8%
Parakanã Indians 150 zero zero

(about 347 individuals in 1984) and are scattered
throughout three villages in the north of Pará
State (Northern Brazil). In relation to the mating
strategies, this group is polygamous and favors
marriage of males to their sister's daughters. As a
result, the population is very inbred (11).
Therefore the bottleneck effect, to which this
population has been submitted during its
evolution, is not counteracted by the broadening
of their gene pool through exogamous gene flow.
Analysis of 13 billelic systems in the Parakanã
Indians show that they are more distant from the
South American Indian founders and from
Europeans than 40 other tribes (11).

Thus, we studied the frequency of the
C282Y and H63A mutations in four Brazilian
populations: Caucasians, African-derived,
Amerindians, and in a racially mixed population.

MATERIAL AND METHODS

Populations Analyzed

We analyzed a total of 227 unrelated
individuals during the development of this study:
71 Caucasians (students and members of the staff
of the University Hospital of Campinas), 85
African-derived individuals (from Bahia state),
and 91 racially mixed Caucasian African-derived
Amerindians (newborns at the University
Hospital of Campinas). We also included in this
sample 75 Parakanã Indians, an Amazonian

Indian population belonging to the Tupi tribe,
among whom it was possible to exclude first
degree relationships, since this population is very
inbred. The study was approved by the Ethical
Committee of the University Hospital.

Detection of the HFE Mutations

The C282Y and H63D mutations were
detected by restriction enzyme analysis of
polymerase chain reaction-amplified DNA as
already described (12). The digested products
were run in 3% agarose gels and stained by
ethidium bromide.

Analysis of HFE Haplotypes

A study of HFE haplotypes was carried out
by the detection of polymorphisms in intron 2, 4
and 5 of the HFE gene by restriction enzyme
digestion of PCR products as already described
(13).

RESULTS AND DISCUSSION

The allelic frequency of the C282Y mutation
was 1.4% in the Caucasian population, 1.1% in
the African-derived population, 1.1% in the
racially mixed normal controls and 0% in the
Parakanã Indians (Table 1). In the African-
derived population, the C282Y mutation was
present on chromosomes bearing the haplotype
6/1h (13,14) (Table 2). The allelic frequency of
the mutation H63D was 16.3% in the Caucasian
population, 7.5% in the African-derived
population, 9.8% in the racially mixed controls
and 0% in the Amerindians (Table 1). In the
African-derived population, this mutation was
observed in haplotypes 6h/1, 6h/2, 6h/6, 1/6h and
6h/8 (Table 2). Thus, the high frequency of this
mutation in the African-derived population can
also be explained by the intense racial mixture
that occurs in the Brazilian population.

Studies in European descendants show that
homozygosity for hemochromatosis occurs in 3
to 5 persons per 1000 and there is a carrier
frequency of 1 in 10 to 1 in 15 (15,16). The
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Table 2. HFE Haplotypes in the African-Derived
Population with HFE Mutations

Sub-
jects 845 187 IVS-2 IVS-4 IVS-5 Haplotype
01 g/g c/g t/c t/t a/a 6h/2
02 g/g c/g t/c t/t g/a 6h/1
03 g/g c/g c/c t/t a/a 6h/6
04 g/g c/g c/c t/t a/a 6h/6
05 g/g c/g c/c t/c a/a 6h/8
06 g/g c/g c/c t/t a/a 6h/6
07 g/g c/g t/c t/t g/a 6h/1
08 g/g c/g t/c t/t g/a 6h/1
09 g/g c/g t/c t/t g/a 6h/1
10 g/a c/c t/c t/t g/a 1h/6
11 g/a c/c t/c t/t g/a 1h/6

C282Y mutation is more frequent in the Northern
European population, reaching 10% in Irish
chromosomes, and being absent from African,
Asian and Australasian chromosomes (3). As the
Brazilian population is mainly composed by
descendants of Europeans from Italy, Spain and
Portugal, besides the native population and
Africans, the lower frequency of the C282Y
mutation observed in our population is in
accordance with the proposal of a Celtic or
Viking origin of this mutation (17,18). The fact
that this mutation was found in the African-
derived population suggests that some subjects
may have undergone a non-identified Caucasian
admixture sometime in their past history.

The absence of both defects in the
Amerindians suggests that these mutations could
have emerged after the migration of Polynesians
to America, or that they may not have reached
the Polynesian population until after the
migration to America had occurred.
Corroborating this hypothesis, the C282Y and the
H63D mutations have a very low prevalence in
populations of Asian origin (19). Therefore, the
C282Y mutation may have been introduced into
these populations by Caucasian admixture (19).
Another possible explanation would be that the
Parakanã Indians lost these mutations sometime
during their evolution through a combination of
founder effects and genetic drift.
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