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Autosomal dominant reticuloendothelial iron overload
(HFE type 4) due to a new missense mutation in the
FERROPORTIN 1 gene (SLC11A3) in a large
French-Canadian family

We describe the identification of a new mutation (Y64N)
in FERROPORTIN 1 gene (SLC11A3) detected in a large
French-Canadian family with autosomal dominant iron
overload and deposition mainly in Kupffer cells and
macrophages. The Y64N mutation lies within the first trans-
membrane domain, whose role in iron transportation is fur-
ther strengthened. 
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Hereditary hemochromatosis (HH) is usually transmitted as
an autosomal recessive trait in which excessive iron absorp-
tion causes iron overload, primarily in parenchymal cells. It is
mainly due to mutations HFE gene (hemochromatosis type 1),1
but a minority of cases are associated with TFR2 gene muta-
tions (hemochromatosis type 3).2 In addition, a severe early
onset form (hemochromatosis type 2) has been described and
mapped.3 More recently, an autosomal dominant form of HH
has been described (HFE type 4) due to mutations in FERRO-
PORTIN 1 (also known as solute carrier family 11, member A3,
or SLC11A3).4-6 We have identified a large French-Canadian
pedigree affected by an autosomal dominant form of iron
overload and characterized by 8 affected and 9 healthy mem-
bers (Figure 1a). A summary of the most important iron para-
meters and clinical signs is reported in Table 1. The proband
(2055) (now 28 years old) presented with fatigue, diarrhea
and tremors. His serum ferritin concentration was 647 µg/L
(normal range up to 400 µg/L) and transferrin saturation was
77% (normal range up to 45%). A magnetic resonance imag-
ing (MRI) scan suggested iron accumulation in the liver and
steatosis. A liver biopsy revealed iron deposition in both hepa-
tocytes and Kupffer cells without fibrosis but with grade 4 at
Perls’ staining (Figure 1b). After one year of venesections (once

per week) (450 mL blood per week), the ferritin dropped to 44
µg/L with a transferrin saturation of 31%. The proband's father
(2053) (now 59 years old) had a high serum ferritin concen-
tration (1759 µg/L) and a transferrin saturation of 96%. Liver
biopsy showed fibrosis and marked iron accumulation in hepa-
tocytes and in macrophages and ferritin concentration fell to
15.5 µg/L after 2 years of phlebotomies. Elevated serum fer-
ritin associated with increased transferrin saturation was
found in 6 additional family members. All patients are now
undergoing phlebotomies and none of them have any problem
tolerating this therapy. Genomic DNA was obtained from all
family members. Exclusion of HFE C282Y and H63D mutations
was performed as previously described. Linkage to FERRO-
PORTIN 1 locus (Lod score of 4.21 at recombination frequen-
cy of τ=0) has been demonstrated using the following mark-
ers: D2S2257, D2S350, D2S152, D2S118, D2S315 and D2S280.
The following mutational screening of FERROPORTIN 1 gene,
carried out by direct sequencing of its coding region and flank-
ing intron-exon boundaries, led to the identification of a T to
C change at nucleotide position 190 of the gene. This change
corresponds to a substitution of an aromatic and hydropho-
bic tyrosine residue with a small and polar asparagine one at
position 64 of the protein (Y64N). This mutation, which seg-
regates with the disease and was not found in 100 normal
controls, can be easily detected by RE digestion since it cre-
ates a new HincII restriction site (Figure 1c). According to con-
sensus structural predictions the mutation is located in the
first transmembrane domain of ferroportin 1 protein.8

Three other mutations in the human FERROPORTIN 1 gene
have been so far reported.4,5,7 Njajou et al. described a Dutch
pedigree with a missense mutation (N144H) resulting in auto-
somal dominant hemochromatosis with significant iron over-
load treatable by phlebotomy. Montosi et al. reported a mis-
sense mutation (A77D) in an autosomal dominant Italian
hemochromatosis pedigree, in which transferrin saturation was
elevated in 8 of 15 family members. For N144H mutation a gain
of function effect was proposed, while for A77D a loss of func-
tion and haploinsufficiency was suggested. Finally a common
deletion, named V162del was described in cases with increased
serum ferritin with either normal or raised transferrin satura-
tion.6,8,9,10 This mutation seems to lead to loss of function and
deficiency in the release of iron from phagocytic cells, which
becomes apparent on venesection. Serum ferritin concentra-
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Table 1. Clinical and biochemical features of 8 patients with a dominant form of hemochromatosis in a French-Canadian popu-
lation.

Patient no. Sex Age at diagnosis HFE genotype Serum iron Transferrin Serum ferritin Hepatic After phlebotomy
(years) (µmol/liter) Saturation (fmol) (µg/L) abnormality serum (µg/L)

2053 M 56 wt/wt 44 0.96 1759 Fibrosis 16.5

2055 M 24 wt/wt 55 0.98 647 normal 43.6

2056 F 30 C282Y/wt 21 0.47 176 normal Not yet deironed

2058 F 77 wt/wt 32 0.73 251 ND 192.4

2200 M 63 wt/wt 44 0.96 1197 ND 808.3

2221 M 52 wt/wt 39 0.91 2812 ND Not yet deironed

2222 F 46 wt/wt 36 0.86 513 ND Not yet deironed

2223 M 41 wt/wt 46 0.92 1867 ND Not yet deironed

Normal values: serum iron, 9-29 µmol/L; Transferrin saturation, 0.20-0.45 fmol; serum ferritin 30-425 µg/L (men), 10-300 µg/L (women), ND: not determined.
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tions reflect the increased level of storage iron in reticuloen-
dothelial cells. In contrast, in HFE-related hemochromatosis, in
which iron is initially confined to hepatic parenchymal cells,
the transferrin saturation is elevated and the serum ferritin may
be normal. All the mutations so far described are located at
either on the transmembrane domains 1 and 3 or at the extra-
cellular loop at the C-terminal end of helix 3. This finding sug-
gests that this part of the ferroportin1 protein may act as func-
tional binding sites for proteins, such as apotransferrin, ceru-
loplasmin, or hephaestin, which is important for the export of
iron from the cell.11 The present report further strengthens the
importance of FERROPORTIN 1 in autosomal-dominant
hemochromatosis and add new insights into the role of this
gene in iron overload diseases. 
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Figure 1. A) Pedigree of family
with autosomal-dominant
hemochromatosis harboring the
ferroportin Y64N mutation. B)
Liver biopsy from affected family
members stained with Perls’
Prussian Blue. It reveals heavy
iron deposition in both hepato-
cytes and Küpffer cells. C) Iden-
tification of the Y64N mutation
by HindII restriction digestion; A
(252 bp): normal fragment. The
amplification product from the
mutant allele contains the novel
HindII site resulting in cleavage
into B (120 bp) and C (132 bp)
fragments.
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Induction of γ-globin gene expression by tallimustine
analogs in human erythroid cells

Modulation of γγ-globin gene expression is of relevance for
the treatment of ββ-thalassemia and sickle cell anemia. We
studied the relationship between the structure of DNA-bind-
ing tallimustine analogs and their ability to induce erythroid
differentiation of K562 cells. One of the most active analogs
(compound 10710) was found to efficiently induce fetal
hemoglobin (HbF) and γγ-globin mRNA production also in
normal human erythroid progenitors.
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Drug-mediated modulation of interactions between DNA and
nuclear proteins could represent a promising approach to con-
trol γ-globin gene expression and fetal hemoglobin (HbF) pro-
duction.1-3 This is of relevance for the treatment of β-tha-
lassemia and sickle cell anemia,3 since increasing HbF to 30%
of the total hemoglobin production leads to an improvement of
the clinical status.3

In the present study we first determined whether DNA-bind-
ing tallimustine analogs (Figure 1) induce erythroid differen-
tiation of human erythroleukemia K562 cells. K562(S) cells
were cultured, treated and analyzed as elsewhere reported.1,2

The results (Figure 2A), obtained using compounds at concen-
trations causing 50% inhibition of cell growth, indicated that
among the analogs carrying three pyrrole rings, tallimustine
(10655) and 10569 exhibited high induction capacity. Addi-
tion of pyrrole rings significantly improved the inducing abil-
ity (comparing 10710 to 10569, 10569 to 10709 and 10705
to 10558 yielded p values < 0.03 by the one-way ANOVA test).
The effect of the drugs on these cells was associated with pro-
duction of Hb Portland and an increase in γ-globin mRNA con-
tent (data not shown).

The most active compound, 10710, was further studied in
normal human erythroid precursors cultured in a two-phase
liquid culture system.2,4,5 Compounds were added on day 4-5
of phase II (when cells started to synthesize Hb). Hb was ana-
lyzed by high performance liquid chromatography (HPLC) on
day 12 as elsewhere reported.4,5 The representative example
shown in Figure 2B demonstrates that the percentage of HbF
with respect to total Hb (% HbF) increased from 1.8%
(untreated cells) to 7.5% and 14.5% in cells treated with 0.5
and 0.75 µM 10710, respectively. Lower levels of HbF were
found with hydroxyurea, tallimustine, and 10569.2

Real-time quantitative reverse transcriptase polymerase
chain reaction (RT-PCR) analysis of the globin mRNA content
(Figure 2C)6 indicated that 10710 increased both γ-globin and
β-globin mRNA using GAPDH mRNA as a reference. However,
the fold increase of γ-globin mRNA was significantly higher
than that of β-globin mRNA (p < 0.07 by the one-way ANO-
VA test), suggesting a preferential induction of the expression
of the γ-globin genes after treatment of human erythroid pre-
cursors with 10710. In contrast, the increase in  α-globin
mRNA was only barely detectable (Figure 2C).

In conclusion, in this study we demonstrated that the num-
ber of pyrrole rings and the type of molecular bridge linking
the alkylating moiety and the oligopyrrole carboxy-amido
backbone affect the differentiation inducing ability of tal-
limustine analogs. The compound 10710 was the most effi-
cient inducer of γ-globin mRNA synthesis and HbF production

Figure 1. Chemical structures of tallimustine
analogs. These compounds were synthesized at
the laboratories of Menarini Ricerche Sud,
Pomezia (Rome, Italy).




