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Abstract — Hereditary Hemochromatosis (HH) is an iron overlsgddrome caused by increased duodenal iron alimorpt
which leads to excesive iron deposition in parentdlycells of the liver and mayor organs, causinghosis, diabetes,
cardiac failure, endocrine complications and atithriThere are 6 types of HH related to mutationthe genes that encode
proteins of iron metabolism. HH Type | is inheriteslan autosomal recessive trait of mutation$H& gene. We investigate
the prevalence of C282Y, H63D and S65C mutationsSinn@ividuals (77 males, 18 females) bearing irostabolism
alterations to establisin early diagnosis of HH. Among this populationyb8arried mutations in the HFE gef#b males,
10 females). H63D mutation was found in 32.6% e&f $hibjects (29.5% iheterozygocity, 3.15% ihomozygocity). S65C
mutation was only detected in theterozygous fornf5.3% of the patients), 2 of them carried also Hé8mtation. C282Y
in heterozygocity was found in 15.8% of the indivéds; but only 4.15% carried this mutation in hoggixity. Our findings
are in agreement with the prevalence of the Mediteran origin of most of our patients, where C282¥ation is not as
common as H63D mutation.
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INTRODUCTION These complications usually manifest during
adulthood (40-60 years), and patients show

Hereditary hemochromatosis (HH) is one offépatic dysfunction, diabetes, —hipogonadism,
the most common inherited metabolic diseases ifertility, arthritis and cardiomiopathies. The
Caucasian populations (4). The main cause Hgduency of HH is 5 to 10 times higher in men
this disorder is the progressive overload of iroff!an in women (3, 22).
in several tissues and organs; such overload leads At present there are 6 types of HH, each one
to a severe cellular damage in liver, pancreas aligked to a specific gene, and therefore, to a

heart, where the iron concentration is higheqlifferent protein involved in iron metabolism. In
(2,14). 1996, Feder et al (7), identified a candidate gene

for HH in chromosome 6p that codifies HFE,
protein involved in iron absorption, detecting two
Abbreviations: HBV, hepatitis B virusHCV, hepatitis ¢ mutations, C282Y and H63D, associated to HH
virus; HH, hereditary hemochromatosi®CT, porphyria type 1. Later another mutation, S65C, was
cutanea tarda implicated in a mild form of HH (15).
Individuals who are homozygous for the C282Y
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mutation and compound heterozygoué’able 1. Patients with altered parameters in iron metabolis
C282Y/H63D are predisposed to develop the
disease, but it is currently impossible to prediet , MALEO FEMAL(F
its clinical course. C282Y mutation is morg Serum iron 12'2/0 3'20/0
frequent in northern European population while Altered | Ferritin 32.6%| 6.3%
H63D is more frequent in Mediterraneaigp"?‘rameters Transferrin | 53%) 1.0%
population. ~ Other genotypes such as Transferrin | 15.8% | 6.3%
C282Y/S65C and H63D/S65C, lead to mi Saturation
clinical expression§l8). Iron deposits in liver 5.3% 1.0%
There also exists a severe type of juven|l&iopsy +)
hemochromatosis inherited as an autosomarl] | . it 41 S o)
H H H H € values of Iron status ranged from: serum | =
recessive trait in which the clinical Syr.nptom%O-lZO (normal value: 65-170); Ferritin (ng/ml)=986,667
appee_lr be_fore 3Q ye_ars old aSSOCII_:lt_ed Rormal value: 15-300); Transferrin (mg/dl)= 200840
mutations in hemojuvelinHIV) and hepcidine (normal value: 145-396); Transferrin saturation £94y-91
(HAMP) genes , known as type 2A and 2B(normal value: 29-45)
respectively (17, 20, 21). nalysis of the C282Y, H63D and S65C mutations ifE HF
' Hemochromat_03|s type 3isdueto mutanor"@ene ’
in TFR2 gene, which codifies for receptor 2 o Exons 2 and 4 of HFE gene were amplified using the

transferrin and it is an autosomal recessivgimers 5-CAC ACT CTC TGC ACT ACC TCT TCA-3’
condition (5). and 5’2 CTTd GhCT GTG GTTC(CS:TGC-: éTT T(T;chgT A-g (faorG

; ; -exon 2, and the primers 5’-CCT CCT TT TG AA T

Hemochromatosis due to mutations it ¢ B T BIEe e T A TGA GGG aCT

SLC40Algene (16) that C(_)dlfy f_or fe(roportln ISGAT CCA-3' for exon 4. In both cases the amplificati
called HH type 4 and it is inherited as ammixtures consisted of 200 ng of DNA, 0.2 mM of each

autosomal dominant condition. This HH is alsdNTP, 25 pmol of each primer, 1.5 mM MgChnd 1.5
known as ferroportin disease because tHits of Tag DNA polymerase (Gibco-BRL) in 1x buffer

P _ " upplied by Gibco-BRL in a final volume of 0. After an
distribution of hepatic iron overload is dlfferenl‘i'snitial denaturation at 95 °C for 3 minutes, 30 egcbf 1

to classical HH (19). minute at 95 °C, 1 minute at 60 °C, and 30 secondg 4€
There is another type of HH due towere performed. These mutations were detected biecy

mutations in H ferritin gene, only found in asequencing employing the PCR primers.
japanesse family (10). In addition other types of

HH due to mutations in more than one gene RESULTS
involved in iron metabolism have been described
1,9, 11, 13). HFE genotypes
The aim of this workwas to investigate the As it is shown in Table 2, in our series, 58%

prevalence of C282Y, H63D and S65C mutation@5 males, 10 females) carried at least one of the
in the HFE gene among subjects bearing iroiree HFE mutations studied. Only 4 patients

metabolism alterations. were homozygous for C282Y mutation while 15
subjects were heterozygous. H63D mutation was
MATERIALS AND METHODS observed in 3 patients in homozygosis and in 26
subjects in heterozygosis. S65C mutation was

Patients observed only in the heterozygous form in 3

Ninety five patients (77 males, 18 females) withpatients and 2 patients were compound
alterations in iron metabolism were derived fronvesel  heterozygous for H63D and S65C mutations.
Health Services between 1999 and 2005 (Table 1). Al :
patients were from different areas of Argentina arabt of Alt.hough among the cohort studied there was
them were of Spanish or Italian ancestry. All induals & Telationship of about 4:1 male: female, the
gave informed consent prior to inclusion in thedgtuThe percentage of individuals positive for at least one
study was conducted in accordance with the Deateraif  of the HFE mutations studied was similar in men

Helsinki principles and was approved by the Ethi 0 0 ;
Committee of the GIPYP. C?Tn;jbk\a/vg)men (55.5% and 58.4% respectively)

DNA extraction
Peripheral blood was collected with EDTA asOnset age and ancestry

anticoagulant, and genomic DNA was extracted frove t The onset age of the subjects analyzed
whole blood (200ul) using the InstaGene Isolation kit ranged between 11 and 75 years, however 40%
(BioRad) following the manufacturer’s instructions. U !
of individuals were between 41 and 70 years
(Fig. 1). In this range there are 4 patients
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Table 2.HFE genotypes

HFE gene mutations in Argentinean population

C282Y/C282Y | C282Y/+| H63D/H63D | H63D/+ | H63D/S65C| S65C/H +/+
Men 3 13 3 23 2 1 32
(n=77) (3.2%) (13.7%) (3.2%) (24.2%) (2.1%) (1.0%) | (33.7%)
Women 1 2 _ 5 _ 2 8
(n=18) (1.0%) (2.1%) (5.3%) (2.1%) | (8.4%)
Total 4 15 3 28 2 3 40
(n=95) (4.2%) (15.8%) (3.2%) (29.5%) (2.1%) (3.1%) | (42.1%)

Individuals with at least one of the mutations &ddMen: 45/77 (58.4%) and Women: 10/18 (55.6%)

homozygous

for C282Y mutation.

EleverAssociated pathologies

subjects who were younger than 41 years old had Forty two percent of the patients that were
not any mutation in heterozygosis (3 C282Y, &wutation positive presented another disorder:
H63D). Moreover most of the patients (73.7%hepatitis (8/55, 15%), cirrhosis (11/55, 20%),

had Spanish and Italian ancestors (Figure 2).

12
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Thalassemia minor (1/55, 2 %) and Porphyria
Cutanea Tarda (PCT, 3/55, 5%) (Figure 3).

Each of the 3 PCT patients carried one of
the C282Y, H63D and S65C mutations in the
heterozygous form From the patients with
cirrhosis, 3 were homozygous for C282Y, 2 were
homozygous and 5 heterozygous for H63D
respectively and 1 patient carried S65C mutation
in heterozygous form. In patients suffering
hepatitis, 2 carried C282Y, 5 carried H63D and 1
S65C mutations, all in heterozygosis. The patient
with Thalassemia was heterozygous for H63D
mutation.

Number of Suhjects

2 1

Thalassemis
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Figure 3. Associated pathologies
Patients with hepatitis: HCV (6), HBV (1) and HCV/HBV
(1) Cirrhosis caused by: alcohol (4), HCV (2), uowm (5)

Figure 2. Ancestry
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DISCUSSION 5. Camaschella, C., Roetto, A., Cali, A. and De Gobhbi,
The gene encoding Transferrin Receptor 2 is mutateal
. new type of Hemochromatosis mapping to 7q2at.
HFE mutations Genet 2000,25: 14-15.
From the total population studied, 58% (4%. Cruz-Rojo, J., Fontanellas, A., Moran-Jiménez, M.
males’ 10 females) Carried one Of the thré\éavarro-Ordc')ﬁez, S., Garcia-Bavo, M., Mendez, M.,

: : : ufioz-Rivero M. and de Salamanca R. Precipitating,
mutations studied but only 7 patients Werglggravating factors of porphyria cutanea tarda pangh

homozygous (4 for C282Y and 3 for H63DpatientsCell. Mol. Biol 200248 845-852
mutations) and 2 compound heterozygous Feder, J., Gnirke, A., Thomas, W., TsuchiashiRaiddy,
H63D/S65C. H63D was the most frequenP.. Basava, A., Dormishian, F., Domingo, R., EINs,,

; ; Fullan, A., Hinton, M., Jones, N., Kimmel, B., Kmoal,
g‘o%ﬁatlog fOL.Jgd . In ?f: Iteizt;oj/ne fa”ele (3,[3/5?(3., Lauer, P., Lee, V., Loeb, D., Mapa, F., McClelet) E.,
0). Considering tha (70 OF Our patentyeyer N., Mintier, G., Moeller, N., Moore, T., Miang,

have Italian or Spanish ancestors our results afe prass, C., Quintana, L., Starnes, S., Schatzman,
in accordance with the Mediterranean origimrunke, K., Drayna, D., Risch, N., Bacon, B. and Wd¥f,
where H63D is more frequent than C282¥A novel MHC class | — like gene is mutated in pasemith

mutation (8,23)Similar results were previously I:&;edltary Hemochromatosiblature Genetl996,13: 399-

found in PCT patients from Argentina (_12)- 8. Enriquez de Salamanca, R., Morales, P., CastrdRdjo,
All the patients analyzed were derived to OUR., Gonzéalez, M. and Arnaiz-Villena, A. The mosidfuent

Centre for genetic study due to their irorgllele linked to porphyria cutanea tarda in Med#aeans is

; ; 0 63D. Hepatology 1999,30: 819-820.
metabolism alterations, however 42% of the Jacolot, S.., Le Gac, G., Scotet, V., Querddia, C. and

SUbJ_eCtS,d'd not carry any of the thre_e mUtat'Orﬁerec C. HAMP as a modifier gene that increases the

studied in the HFE gene. These patients woulghenotypic expression of the HFE pC282Y homozygous

have someHFE mutation in the region not yet genotypeBlood2004,103 2835-2840.

analyzed and/or in other gene involved in iroA0. Kato, J., Fujikawa, K., Kanda, M., Fukuda, Basaki,

metabolism. K., Takayama, T., Kobune, M._: Takada K., TaI_ade),
Hamada, H., lkeda, T. and Niitsu, Y. A mutation, tire
iron-responsive element of H ferritin mMRNA, causing
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