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C282Y and H63D mutation frequencies in a
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Objectives: To determine the frequency of hereditary
hemochromatosis gene mutations, C282Y and H63D, from
125 autochthonous blood donors originating from a Central
region of Spain, to provide epidemiological data about HFE
gene in the Iberian Peninsula.

Methods: DNA extracted from blood samples was ana-
lyzed by PCR-RFLP. Restriction enzimes were Snab I and Bcl
I for C282Y and H63D, respectively. Results were visualized
with Ethidium Bromide staining after gel electrophoresis.

Results and discussion: C282Y frequency was 0.02 and
that of H63D was 0.16. Result for C282Y mutation falls
within the range of variation of the Mediterranean popula-
tions. H63D frequency agrees with those reported for other
European populations. In both cases frequencies obtained
are the lowest of compared Spanish data.

Conclusions: This study is useful to compare expected
versus presented C282Y and H63D frequencies in Spanish
populations and to contribute to the knowledge of Spanish
variability, rarely analyzed until now for HFE gene mutations.

1. Introduction

Hereditary hemochromatosis is an autosomal reces-
sive disease affecting approximately 1/300 individuals
of European origin [1]. This disorder causes overab-
sorption of iron from the intestine, increasing body iron
overload. Progressive accumulation of iron appears on
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different tissues and liver, joints, skin, heart and other
organs may be affected which determine endocrine ab-
normalities, cirrhosis, arthropaty, cardiomyopathy, etc,
and may be fatal if treatment is not applied. In 1976, Si-
mon et al. reported an association of hemochromatosis
with HLA loci [2]. Later, the hemochromatosis gene,
named HFE, was identified on the short arm of chro-
mosome 6 about 4, 5 megabases telomeric to HLA-
A [3]. HLA-linked hemochromatosis gene has hereto-
fore been described exclusively in people of European
ancestry. It is important to consider that there are other
iron metabolism disorders different from this hereditary
hemochromatosis, such as juvenile hemochromatosis,
African iron overload or hereditary hyperferritinaemia,
all of which are determined by other loci different from
HFE [4]. The characterization of HFE gene has shown
that it presents a mutation, named C282Y, found in
most patients suffering hemochromatosis. This muta-
tion is a G → A transition at nucleotide 845 of the open
reading frame that results in a 282 Cys → Tyr substi-
tution in the protein product. Homozygosity for the
C282Y variant is closely associated with hemochro-
matosis, and its frequency is: 64–94.7% of European
hemochromatosis patients [3,5], although it has been
reported in Australia (from individuals of European ori-
gin) that 100% of hemochromatosis patients are homo-
cigotic for the C282Y mutation [6]. A few other muta-
tions related to hemochromatosis have been described
in the HFE gene [7,8], the most important, considering
its frequency, is H63D which corresponds to the tran-
sition C → G at nucleotide 187 resulting in a 63 His
→ Asp substitution in the protein chain. The role of
this second variant in causing genetic hemochromato-
sis is less clear in comparison with C282Y. However,
hemochromatosis disease is shown in cases in which
H63D and C282Y are present together in the same in-
dividual [3,9]. The allelic association between HLA-
A*03 and hemochromatosis is well recognized [2,10].
Edwards et al. [11] demonstrated that approximately
70% of hemochromatosis patients possess at least one
HLA-A*03. A possible origin of the mutation on a
chromosome bearing an HLA-A*03 allele has been
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suggested [12]. Recent findings support the hypothesis
that the mutation appeared in a relatively recent period
(60–70 generations ago) on a *A3 *B7 haplogroup [10].
In addition, the finding of HLA alleles other than *A3
associated with hemochromatosis may be explained by
recombination systems, which occurred as infrequent
events, between these loci over many generations; an-
other explanation could be the appearance of infrequent
hemochromatosis causing mutations other than the two
mentioned above.

The aim of this study is to establish population fre-
quencies of C282Y and H63D mutations from a sam-
ple of Central Spain to provide epidemiological data
which may permit us to relate both the incidence of
hereditary hemochromatosis and presence of these two
major mutations. This is the first report of mutation fre-
quencies for the Central Spanish population. This con-
tribution adds to our knowledge concerning European
population and HFE markers.

2. Material and methods

2.1. Sample

DNA samples were obtained from 125 unrelated in-
dividuals. These individuals were blood donors and
autochthonous (4 grandparents born in the studied re-
gion) from Central Spain (Vera-Jerte Valley, Cáceres
province). This population was chosen because of the
genetic resemblance to the majority of Spanish popu-
lations as shown in previous studies of STR variability
and other markers [13,14].

2.2. Amplification protocol

A 25 µl reaction mix containing 20 pmol of each
primer, 75 mM Tris HCl (pH 9.0), 1.5 mM MgCl2,
50 mM KCl, 20 mM (NH4)SO4, 200 µM each dNTP
and 1 U Taq polymerase (Biotools). PCR program
was carried out in a Omn-E Thermal Cycler (Hybaid,
UK) for 1 cycle (95◦C 120 s) of initial denaturation,
35 cycles of amplification (95◦C 60 s, 55◦C 30 s, 72◦C
60 s) and 1 cycle of final extension (72◦C 60 s). PCR
primers for detection of H63D and C282Y mutations
were used according to Beutler et al. [15].

2.3. RFLP assay

10 µl of each final product were digested with Bcl I
for H63D and Snab I for C282Y (New England Biolabs)
at 50◦C and 37◦C, respectively, overnight, according
to manufacturer’s protocol. Fragment polymorphism
was separated by electrophoresis in 2% Agarose gels
and visualized with Ethidium Bromide.

3. Results and conclusion

125 blood samples were analyzed and the C282Y and
H63D variants were identified. In relation to C282Y
mutation, five of the donors were C282Y heterozygous
and the rest carried the normal allele. No C282Y ho-
mozygous was detected. These results correspond to
a C282Y gene frequency of 0.02 ± 0.009. The search
for H63D mutation revealed that two individuals were
H63D homozygous and 36 heterozygous while 87 ex-
hibited normal alleles. H63D gene frequency was 0.16
± 0.023.

For comparative purposes, Table 1 summarizes re-
sults from different European populations studied for
HFE mutations. The C282Y mutation has been found
in these populations, except Udmurts (USSR), Finland,
Askenazi Jews, Cypriots and Turkey [4], but in these
cases the number of characterized individuals is small
and this fact may influence the absence of the muta-
tion because of its low frequency. The relatively most
elevated values were found in countries located in the
Northern Europe: Denmark (9.5% and 6.8%) [4,16],
United Kingdom (8%–5.9%) [4,17,18], Iceland (6.7%)
or Norway (6.4%) [4]. The Mediterranean area presents
lower values, between 0.5% in Italy [4] and 4.4% ob-
tained in a region corresponding to Northern Spain
(Cantabrians) [19]. Considering the Spanish popula-
tion, to the present, only Northern Spain (Basques,
Catalans and Cantabrians) [4,19] is represented in the
HFE gene studies; the rest of the Iberian Peninsula is
unknown. In addition, two of the samples are com-
posed of a reduced size of the phenotyped individu-
als. Our result for Central Spain, with a C282Y gene
frequency of 2%, falls within the range of variation of
the Mediterranean populations and the lowest of com-
pared Spanish data. H63D mutation is more widely
distributed and its relationship with hemochromatosis
is less clear. It is present in African, Asian and native
American populations, although at a frequency lower
than 2% in most of them. It is not found in most Aus-
tralasians [4]. European populations show H63D fre-
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Table 1
Frequencies of H63D and C282Y mutations in European populations

Population N H63D C282Y Reference

Iceland 90 10.6 6.7 [4]
Norway 94 11.2 6.4 [4]
USSR (Mekhelta) 45 6.7 1.1 [4]
USSR (Udmurts) 46 15.2 0 [4]
Finland 38 11.8 0 [4]
The Netherland 39 29.5 2.6 [4]
Denmark 200 12.8 6.8 [16]
Denmark 37 12.2 9.5 [4]
Germany 53 18.9 1.9 [4]
Germany 153 22.0 5.2 [23]
Germany (Bavarians) 62 11.3 5.6 [4]
Austria 271 13.0 3.7 [24]
United Kingdom 368 12.1 6.0 [4]
United Kingdom (Wales) 101 15.8 5.9 [17]
United Kingdom (NE Scotland) 188 15.7 8.0 [18]
Ireland 45 18.9 10.0 [4]
France ( Finistère) 254 16.9 9.4 [22]
France (Rennes) 139 16.5 2.9 [20]
France (Toulouse) 95 15.8 4.2 [21]
Hungary 277 12.3 5.6 [25]
Askenazi Jews 35 8.6 0 [4]
Italy 50 10.0 1.0 [26]
Italy 91 12.6 0.5 [4]
Greece 139 11.9 1.4 [4]
Greece (Cypriots) 57 17.5 0 [4]
Turkey 31 17.7 0 [4]
Turkey (Turks-Cypriots) 39 10.3 0 [4]
Spain (Basques) 28 30.4 3.6 [4]
Spain (Catalans) 50 24.0 3.0 [4]
Spain (Cantabrians) 213 – 4.4 [19]
Spain (Central region) 125 16.0 2.0 Present study

quencies greater than the other continents and is present
in all studied samples with a variation range between
6.7%, in a sample of Mekhelta from USSR, and 30.4%,
corresponding to the Spanish Basque sample [4]. The
same authors summarized all studied individuals (1440)
residing in European countries and obtained a general
H63D frequency of 13.6%. In contrast to C282Y mu-
tation, H63D frequencies do not show any gradation
from North to South, and Mediterranean people have
a similar variation range in comparison with the north
of Europe. The most elevated values are found in the
Netherlands (29.5%) and in the two analyzed series
from Northern Spain: Basques (30.4%) and Catalans
(24.0%) [4]. Our findings are consistent with this Euro-
pean variation for H63D; and the frequency for Central
Spain (16.0%) is lower than Northern Spanish samples
but very similar to a great part of the other populations,
such as France (15.8%–16.9%) [20–22], United King-
dom (12.1%–15.8%)[4,17,18]and Ireland (18.9%) [4].

In conclusion, the results of this study present data
concerning frequencies of HFE mutations related to
hemochromatosis disease are useful to compare ex-
pected versus presented frequencies of individuals with

hereditary hemochromatosis in the Spanish population.
HFE mutations also show a high level of variability
among populations, and this study provides an ampli-
fication of data about their distribution in European
countries.
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Campion, J. Mosser, P. Fergelot, B. Chauvel, P. Bouric, G.
Carn, N. Andrieux, I. Gicquel, J.Y. Le Gall and V. David,
Haemochromatosis and HLA-H, Nat. Genet. 14 (1996), 251–
252.

[21] N. Borot, M.P. Roth, L. Malfroy, C. Demangel, J.P. Vinel,
J.P. Pascal and H. Coppin, Mutations in the MCH class I-
like candidate gene for hemochromatosis in Frech patients,
Inmunogenetics 45 (1997), 320–324.
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