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Introduction

Genetic mutations found in the HFE locus, located in the short arm of chromosome 6 in the Human Leukocyte Antigen (HLA) complex, are associated with Hereditary Hemochromatosis [1,[START_REF] Altes | The relationship between iron overload and clinical characteristics in a Spanish cohort of 100 C282Y homozygous hemochromatosis patients[END_REF][START_REF] Aranda | Effects of C282Y, H63D, and S65C HFE gene mutations, diet, and life-style factors on iron status in a general Mediterranean population from Tarragona, Spain[END_REF]. Hereditary Hemochromatosis results from an excessive iron accumulation leading to injuries and organ failures that varies in clinical severity from fatigue, hiperpigmentation and cardiac arrhythmias to arthritis, heart failure, diabetes mellitus and hepatic cirrhosis, among others [4,52]. This inherited disorder was first identified in 1976 and found to be in linkage with some HLA alleles [6]. and, tTwenty years later, two mutations on HFE locus were confirmed to be linked to the majority of the disease cases [1,43,[START_REF] Feder | A novel MHC class I-like gene is mutated in patients with hereditary haemochromatosis[END_REF].

The mutation most associated to Hereditary Hemochromatosis is a G-to-A transition at nucleotide 845 (G845A) in the exon 4 of the HFE locus, which substitutes a tyrosine for a cysteine at amino acid position 282 and is designated as C282Y. The other mutation associated to this iron metabolic disorder is a C-to-G at the nucleotide position 187 (C187G) in the exon 2 of the HFE locus, that it substitutes an aspartic acid for to histidine at amino acid position 63 and is designated as H63D [START_REF] Beutler | The effect of HFE genotypes on measurements of iron overload in patients attending a health appraisal clinic[END_REF]. Eighty to 90% of patients with Hereditary Hemochromatosis show the C282Y mutationvariant, especially in homozygosity, and 3 to 5% are compound heterozygotes between C282Y and H63D [START_REF] Tavill | Diagnosis and Management of Hemochromatosis[END_REF]. Another mutation on the exon 2 of the HFE locus, the S65C, a A-to-T transition at the position 193 that leads to a serine-to-cysteine substitution, have been shown to be associated with milder iron overload [107,118]. Other mutations, namely in other genes, have shown a modest contribution on the Hereditary Hemochromatosis development [START_REF] Mendes | Non-classical hereditary hemochromatosis in Portugal: novel mutations identified in iron metabolism-related genes[END_REF].
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The product of the HFE locus is a transmembrane glycoprotein that is thought to regulate iron uptake through a mechanism that involves its binding to the transferrin receptor in the cell membrane [START_REF] Feder | The hemochromatosis gene product complexes with the transferring receptor and lowers its affinity for ligand binding[END_REF]. The mutation C282Y described above, when inherited in homozygosity or in compound heterozygosity with other mutations, could increase iron uptake leading to the development of Hereditary Hemochromatosis. Since the identification of this association, Hereditary Hemochromatosis have been found to be one of the most common genetic disorders in northern European descends [START_REF] Worwood | Haemochromatosis[END_REF].

The prevalence of the HFE mutations varies accordingly to theamong populations.

Mutation C282Y shows a higher prevalence in Ireland (14%), United Kingdom (8.1%), Faroe Islands (8%), France (7.7%) and Norway (6.6%) but for H63D the higher highest prevalence's have been found go toin Spain Basque (30.4%), Northern Spain (20%), Portugal (23%) and Bulgaria (23%). The mutation S65C hasve been found only at low frequencies, reaching the highest values in the Saami people from Sweden (3%) and but also in France (1.95), and Croacia (1.8%) and Denmark (1.8%) [131,14,152]. A population from the North of Portugal had showedn a 23%high prevalence of H63D mutation (23%) but a much lower value for C282Y (2.8%) [163].

The Madeira Island (Portugal), located in the North Atlantic Ocean, has never been included in any characterization study for HFE mutations. This Island, uninhabited until the 15 th century, was settled mainly by Portuguese but also by sub-Saharans, brought as slaves, and also by different Europeans (Spaniards, Italians, French, and English) [174,185]. Some previous studies on Y chromosome, mitochondrial DNA and HLA had shown that the Madeirean Madeira population genetic profile, besides the European influence, is also characterized by a valuable sub-Saharan imprint .

The aim of the present study is to characterize, for the first time, the prevalence of C282Y, H63D and S65C HFE mutations variants and their genotype combinations in the Madeira Island population in order to discuss about population susceptibility for Hereditary Hemochromatosis. We intend also intend to search for any differences between the Madeira population and other Portuguese regions since a previous study had shown a clear north-south gradient on Portugal mainland for the C282Y mutation variant [2320].

Materials and Methods

The samples, collected after informed consent, consisted of 154 unrelated males, with age of 18 to 23 years old, whose parents and grandfathers were born and living in Madeira Island, where the population has approximately 253,000 inhabitants. Genomic DNA was isolated from whole blood containing EDTA using a salting-out procedure accordingly to Miller and colleagues, with some modifications [241]. C282Y, H63D and S65C mutations variants were typed by PCR followed by restriction fragment length polymorphism (RFLP) analysis [118,252]. The region containing the S65C and H63D mutations, located in the exon 2, was amplified with primers 5'-ACATGGTTAAGGCCTGTTGC-3' (forward) and 5'-CTTGCTGTGGTTGTGATTTTCC-3' (reverse) giving a PCR product of 294 base pairs (bp). Those amplification products containing the H63D mutation, when digested with MboI, gave restriction fragments of 237 and 57 bp, while wild-type will result in 3 fragments: 138, 99 and 57 bp. To detect the S65C mutation, the same PCR products were digested with HinfI, resulting in two fragments (147 and 61 bp) for the wild-type or in one (208 bp) for the mutation. For C282Y typing, exon 4 was amplified using primers 5'-CAAGTGCCTCCTTTGGTGAAGGTGACACAT-3' (forward) and 5'- 

Results and Discussion

Tables 1 and2 show allele and genotype frequencies in the Madeira Island population. H63D, with 20.5%, was the mutation most prevalent, followed by S65C (1%) and C282Y (0.33%), all showing to be in Hardy-Weinberg equilibrium. Except for Algarve, in the extreme south of the mainland Portuguese territory, with 0.9% (p=0.4), C282Y prevalence in Madeira was significantly lower than in all regions of Portugal (2-6%, p<0.04), including Terceira Island in the Azores archipelago. However, the H63D and the S65C allele frequency in Madeira Island did not show significant differences with other Portuguese populations (p>0.1) [2320,296,28].
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The low C282Y allele frequency found in Madeira Island is consistent with the northsouth decreasing cline that has been found in European countries and even in mainland Portugal [131,2320]. This result could be also related to the genetic background that is in the basis of the origin of the Madeira population, which, besides Portugal, includes an important influence from sub-Saharan populations [2017]. The high H63D allele prevalence in Madeira is also consistent with the frequencies found in the South of Europe and especially in the Iberia Peninsula. The S65C mutation variant in Madeira has a similar frequency than in several other countries in Europe [131].

H63D heterozygotes were found in Madeira Island population at 32%, the same prevalence as in Terceira Island in the Archipelago of Azores and similar to the different regions in mainland Portugal (p>0.1). Its compound heterozygote with C282Y was 0.65%, similar to the different regions of Portugal (0.71%-3.8%, p>0.07). H63D homozygotes reach 3.9%, which is also similar to other Portuguese regions (2.3%-6.2%, p>0.27). No samples were identified as homozygous for C282Y or S65C mutations variants and neither as compound heterozygote between both of them, a genotype that had been also associated to a mild form of iron overload [118].

Accordingly to our estimates, both genotypes associated to Hereditary Hemochromatosis, C282Y homozygotes and C282/H63D compound heterozygotes, could be present in the Madeira Island in 1,648 individuals, representing 0.65% of the total population (Table 2). The prevalence of these genotypes is similar to the one found in other different regions of Portugal (0.75%-3.1%, p>0.1), except for the Centre where they have a statistical significantly higher frequency (4.6%, p=0.04).

In conclusion, the prevalence of H63D, C282Y and S65C mutations variants in Madeira Island is, in general, similar to other Portuguese regions, especially the Algarve in the extreme south of the mainland territory, since the other regions show a statistically significant higher prevalence on the C282Y mutation. The data presented here is a contribution to better understand HFE mutation distribution in the world and, especially, in Portugal. It gives also a perception about the number of individuals from Madeira Island that could be most susceptible to developed Hereditary Hemochromatosis. Future studies to clarify the penetrance of these three HFE gene mutations variants in Hereditary Hemochromatosis patients from Madeira Island will be important to better understand the clinical implications of the present data, namely their consequences on iron overload. 

6CTCAGGCACTCCTCTCAACC- 3 '

 3 (reverse), which gives a PCR product of 343 bp that resultsing in 203, 111, and 29 bp fragments for the mutation and 203 and 140 bp fragments for the wild-type, when digested with RsaI. Analysis Allele and genotype frequencies were calculated by gene counting and respective confidence intervals through Exploratory Software for Confidence Intervals (ESCI JSMS, La Probe University, Melbourne, Australia) available online (http://www.latrobe.edu.au/psy/esci/) [263]. The expected numbers of HFE genotypes in Madeira Island population were extrapolated through observed genotype frequencies on the samples studied, except for C282Y and S65C homozygotes that were estimated from the Hardy-Weinberg equilibrium statistical formula (p 2 +2pq+q 2 =1). Comparisons with other populations were performed using Fisher Exact Test as defined by Agresti [274]. Hardy-Weinberg equilibrium was evaluated through Arlequin software [285].

FormattedFormatted:

  No underline, Font color: Auto, English (U.K.)

Formatted: English (U.K.)

Acknowledgments: This research was supported by Intervir+ program from Madeira

Autonomous Region (Portugal) and European Community, as well as BIOFORMA and SANTOQUEIJO.