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Pathophysiology and Classification of Iron Overload Diseases; update 2018
* *ABSTRACT AND KEY-WORDS
Abstract

Iron overload pathophysiology has benefited from significant advances in the knowledge of iron
metabolism and in molecular genetics. As a consequence, iron overload nosology has been revisited.
The hematologist may be confronted to a number of iron overload syndromes, from genetic or
acquired origin. Hemochromatoses, mostly but not exclusively related to the HFE gene, correspond
to systemic iron overload of genetic origin in whom iron excess is the consequence of
hypohepcidinemia, hepcidin being the hormone regulating negatively plasma iron. Iron excess
develops following hypersideremia and the formation of non-transferrin-bound-iron which targets
preferentially parenchymal cells (hepatocytes). The ferroportin disease has a totally different iron
overload mechanism consisting of defective egress of cellular iron into the plasma, iron deposition
taking place mostly within the macrophages (spleen). Hereditary aceruloplasminemia is peculiar
since systemic iron overload involves the brain. Two main types of acquired iron overload can be
seen by the hematologist, one related to dyserythropoiesis (involving hypoferritinemia), the other
related to multiple transfusions (thalassemias, myelodysplasia, hematopoietic stem cell
transplantation). Congenital sideroblastic anemias, either monosyndromic (anemia) or
polysyndromic (anemia plus extra-hematological syndromes), develop both compartimental iron
excess within the erythroblast mitochondria, and systemic iron overload (through dyserythropoiesis
and/or transfusions).

Résumé

La physiopathologie des surcharges en fer a connu de grandes avancées grace a une meilleure
connaissance du métabolisme du fer et aux apports de la génétique moléculaire. Il s’en est suivi un
recadrage nosologique de ces surcharges. L’hématologiste pourra ainsi étre confronté a de
nombreuses situations d’excés en fer, héréditaire ou acquise. Les hémochromatoses, surtout -mais
non exclusivement- liées au gene HFE, sont des surcharges en fer d’origine génétique développées
du fait d’une hypohepcidinémie, I'hepcidine étant I'hormone régulant négativement le taux
plasmatique en fer. Cette hypohepcidinémie génére une hypersidérémie, avec apparition secondaire
de fer non lié a la transferrine qui cible préférentiellement les cellules parenchymateuses
(hépatocytes). La maladie de la ferroportine présente un mécanisme de surcharge en fer différent
puisque associé a un défaut de sortie cellulaire du fer, avec une localisation du fer surtout
macrophagique (et donc splénique). L'acéruloplasminémie héréditaire présente la particularité de
développer une surcharge en fer systémique incluant le cerveau. Deux grands types de surcharges en
fer acquises peuvent concerner plus particulierement I'hématologiste, la surcharge liée a la
dysérythropoiese et impliquant une hypohepcidinémie, et la surcharge transfusionnelle notamment
des thalassémies, myélodysplasies et greffes de cellules souches hématopoiétiques. Les anémies
sidéroblastiques congénitales, qu’elles soient « monosyndromiques » (anémie) ou polysyndromiques
(anémie en plus d’atteintes extra-hématologiques), ont en commun de développer une surcharge en
fer compartimentale mitochondriale érythroblastique, associée a une surcharge systémique (par
dysérythropoiése et/ou transfusions).

KEY-WORDS
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Pathophysiology and Classification of Iron Overload Diseases; update 2018

Introduction

Iron overload, either of genetic or of acquired origin, represents an important field in hematology.
Major advances in the knowledge of iron metabolism have provided the pathophysiological bases for
revisiting the nosology of iron-related diseases.

1.

Reminders on iron metabolism
1.1.Classical data (1, 2)
1.1.1. Circulatingiron
Considering the hematologist viewpoint, let’s start with circulating iron...

1.1.1.1.

1.1.1.2.

1.1.1.3.

1.1.1.4.

The two forms of blood iron

Blood iron circulates in two main forms, erythrocyte iron, which accounts for
half of the body iron stores (about 1.5-2 g of iron), and plasma iron,
guantitatively much smaller than erythrocyte iron and around 5 mg in total.

The biochemical forms of circulating iron
Erythrocyte iron is a constituent part of heme which is inserted into four
globin molecules, thus forming the hemoglobin macromolecule. Plasma iron,
that, as a metal cannot circulate « freely » inside a liquid, is linked to
transferrin. Each transferrin molecule can bind at most two iron atoms. Since
transferrin is normally present in excess in the plasma, it is found in three
potential forms: apotransferrin devoid of iron atoms, mono-ferric
transferrin, and di-ferric transferrin. Plasma transferrin saturation
corresponds to the number of iron atoms attached to the transferrin
molecules. This iron / transferrin ratio is normally less than 45%. Other
proteins (hemopexin, haptoglobin and ferritin) can bind plasma iron but are
guantitatively minor or negligible molecules in terms of iron transport.
The pathways of circulating iron.
While erythrocytic iron is derived from the bone marrow, plasma iron has a
dual source (Fig. 1): the absorption of dietary iron through the duodenum
and, mostly (quantitatively) the plasma release of splenic iron originating
from erythrophagocytosis. The final destination of iron, whether erythrocytic
or plasmatic, concerns most cells of the body but, while the bone marrow is
the main target of plasma iron, it is the spleen that "receives" the iron from
senescent red blood cells. One of the great peculiarities of the iron pathway
in the body is its cyclical nature with few new inputs and few losses: in fact,
in a very ecological saving design, the iron released by the spleen is taken up
by transferrin to regain the bone marrow.

Functions of circulating iron
- Erythrocytic iron is used to deliver oxygen to the different cells of the body.
Iron is therefore essential for cell life: without iron, the human body could
not breathe ...
- Plasma iron, although quantitatively minimal, is qualitatively of major
importance. Indeed, this iron participates in a multitude of enzymatic



reactions (protein and lipid metabolisms, DNA synthesis, biotransformation
of xenobiotics ...). Moreover, plasma iron, at the bone marrow level and by
its mitochondrial integration (Fig.2), contributes in a crucial way to the
synthesis of new red blood cells: it can thus be said that plasma iron is the
source of erythrocytic iron and therefore, in cascade, of cellular oxygenation.

1.1.2. Stored iron. The iron which is not used inside the cell is stored within
the ferritin macromolecule, a kind of eggshell pierced with pores through
which the iron enters it. Thus, ferritin (in its "L-ferritin" form) has a sponge
function so as to avoid the toxicity that free iron would exert in the cytosol.
Each ferritin macromolecule can store up to 4500 iron atoms. But ferritin
also serves as a reservoir by allowing, if necessary, the retained iron to come
out through its pores in order to "feed" the cell in situ or to gain the blood
flow to reach its transport vehicle, the transferrin. The liver, by the nature of
its vascular supply (essentially the portal venous blood coming from both the
digestive tract and the spleen) and its cell volume, is particularly effective at
taking up and storing circulating iron.

1.1.3. The input-output balance.

One of the major brands of iron metabolism is the quality of its physiological
balance. Thus, the amount of dietary iron entering each day (1 to 2 mg, i.e.
one tenth of the iron content of the normal food bolus) is equivalent to the
amount that comes out through the digestive, cutaneous or urinary routes.
This quantity represents 1 / 2000th to 1 / 4000th of the total amount of body
iron.

In all, from these classical data, one can emphasize that, in a very
economical and balanced martial system, three proteins exert a determining
role: globin as support for erythrocyte heme iron, transferrin for the
transport of plasma iron, and ferritin for the storage of cellular iron.

1.2.Recent data
They concern iron regulation and toxicity.

1.2.1. Regulation of iron

1.2.1.1. A highly finely regulated system

Iron homeostasis derives its regulatory performance from a dual level, cellular and
systemic.

- Cellular level. It involves the IRP (Iron Regulatory Protein) / IRE (Iron Responsive Element)
system(3). When the iron cell burden decreases, hyperfixation of iron to IRP causes IRP
conformational changes which activate its ability to bind to IRE loops of several mRNAs.
The blocking of IRE by the IRP, located at the 5’ end of the L-ferritin mRNA, then leads to
hypoproduction of this storage protein, which is "logical" in a situation of iron deficiency.
Simultaneously, IRP hyperfixation on the 3'IRE end of the transferrin receptor 1 (TFR1)
mMRNA blocks the degradation of this mRNA, thus favoring the entry of iron from the
plasma into the cell. The action of the IRP is not limited to these two proteins (ferritin,
TFR1) : it concerns also, for example, ferroportin (the iron export protein of iron whose
activity is decreased in case of iron deficiency ).

- Systemic level (Fig.3). It involves hepcidin, the iron regulating hormone(4-6). Essentially
produced by the hepatocytes, hepcidin is a small peptide of 25 amino acids that, once in



the bloodstream, exerts a double action aiming at the decrease of plasma iron levels.
Indeed, hepcidin produces, on the one hand, a decrease in digestive iron absorption, on
the other hand a decreased release of splenic iron resulting from erythrophagocytosis. By a
mirror mechanism, a decrease in hepcidin hepatic synthesis leads to hypersideremia. This
mode of regulation is close to that of the insulin-glucose pair (where hyperinsulinemia
leads to hypoglycemia and vice versa), so that one can say that "hepcidin is to iron what
insulin is to glucose”. This effect of hepcidinemia levels on the rate of sideremia is exerted
via another protein, ferroportin, whose hepcidin activates degradation. Knowing that
ferroportin is the only membrane protein known to be involved in the cellular egress of
iron, any action that hinders its functionality will lead to decreased plasma iron levels.
There are two main signaling pathways governing hepcidin synthesis: of course the iron
pathway that involves especially the BMP / SMAD system, but also the inflammation
pathway that involves the IL6 (interleukin 6) - STAT3 system. To summarize the
physiological systemic regulation of iron, the sequence is as follows: a fall in plasma iron
levels, a decrease in hepcidin production, and a compensatory increase in iron deficiency
(and vice versa).

1.2.1.2. Its limits

Highly efficient, the iron regulation system is also quite vulnerable on two opposite levels: i)

The risk of iron deficiency. Indeed, the human body, if it efficiently recycles iron, is not able
to synthesize it. It is therefore totally dependent on the intake of food-derived iron ; ii) The
risk of iron overload. It comes from the inability of the body to significantly increase iron
losses when exposed to an excess of iron intake, whether enteral or parenteral.

1.2.2. Iron toxicity

It is considered primarily dependent on non-transferrin bound iron (NTBI)(7). This form of
iron is likely to appear in the blood as soon as plasma transferrin saturation rises above 45%.
NTBI can be described as a high-speed iron species, with a parenchymal target (Fig.3), which
is non-regulatable and potentially damaging. Indeed, NTBI is very avidly captured by
parenchymal cells (and primarily by hepatocytes); it is not regulated by the IRP / IRE system
so that it continues to accumulate in the cells despite the increase in their intracellular iron
load; finally, when transferrin saturation is greater than 75-80%, it exists in a form called LPI
(for labile plasma iron) or RPI (for reactive plasma iron) . RPI represents the potentially toxic
form of circulating iron by its propensity to generate oxygen radical species that can damage
not only cell membranes but also intracellular organelles (including mitochondria and nuclei),
and DNA(8).

Main types of iron overload (Figs.4, 5)

2.1. Iron overload by enteral hyperentry of iron: Iron overload by hypohepcidinemia

2.1.1. Hypohepcidinemia of genetic origin: hemochromatosis (9)

2.1.1.1. Terminology.



It is now important to reserve the term "hemochromatosis" for iron overload of genetic
origin related to hypohepcidinemia. This term should no longer be "backed" by the
qualifiers: genetic, hereditary, primitive or idiopathic. As a result, the term "secondary
hemochromatosis" should also disappear and be replaced by "acquired iron overload".
Similarly, the name, so old and blurred, "hemosiderosis" should no longer be used. In
practice, hemochromatoses encompass the following entities: i) hemochromatosis related to
mutations of the HFE gene (first and foremost the C282Y mutation in the homozygous state),
also known as type 1 hemochromatosis, which is by far the most common form, affecting
only Caucasian populations; ii) the so-called juvenile hemochromatoses corresponding to
mutations in the hemojuvelin (HJV) gene (type 2A hemochromatosis) or to mutations in the
hepcidin gene (HAMP) (type 2B hemochromatosis); iii) hemochromatosis due to mutations in
the transferrin receptor 2 (TFR2) gene corresponding to type 3 hemochromatosis, and iv)
hemochromatosis by mutations in the ferroportin gene (SLC40A1) in the rare cases where
these mutations lead to a refractory state to hepcidin (and that could therefore be called
hemochromatosis type 4, instead of 4B). All these hemochromatoses (types 2, 3 and “4”)
who are not linked to the HFE gene are rare or exceptional diseases, however not limited to
Caucasian populations.

2.1.1.2. The common phenotype.

These different types of hemochromatosis have a common denominator, consisting of the
combination of hypersideremia, increased transferrin saturation, and parenchymal type of
iron excess (in the first place the hepatocytes). Their clinical picture, very similar, even if
strong differences may exist in terms of severity, "speaks" to the clinician who has therefore
more facilities for identifying this group of diseases. The hematologist must keep in mind that
anemia is not a manifestation of hemochromatosis.

2.1.2. Iron overload by acquired hypohepcidinemia: Dyserythropoiesis-related iron overload.

This is a relatively new concept which concerns the hematologist in the first place. Indeed, in
the various situations involving dyserythropoiesis, iron overload, with a phenotype identical
to that of "hemochromatosis" (as previously defined), can be observed(10, 11). This is the
case in thalassemias, either thalassemia major before any transfusion, or thalassemia
intermedia (which do not require transfusions). It is also the case in myelodysplastic
syndromes which can develop iron overload independently of any transfusions(12). Several
medullary factors, generating hypohepcidinemia, seem to be involved in the development of
iron overload by dyserythropoiesis, such as GDF15 (growth and differentiation factor 15)(13),
TWSG1 (twisted gastrulation modulation factor 1)(14), and the erythroferrone hormone (also
called ERFE)(15, 16).

Thus, iron overload diseases due to increased duodenal entry of iron are primarily dependent
on hypohepcidinemia leading to hyperabsorption of iron contained in normal amounts in the
food bowl. As for the role of increased iron content in the diet, it is only accessory because of
the physiological saturability of duodenal iron absorption (related to a hyperhepcidinemia
reaction)(6), which makes that an iron-rich diet cannot, by itself, cause an hemochromatosis
phenotype.

2.2.Iron overload by excessive parenteral entry of iron: Acquired (“iatrogenic”) iron overload



2.2.1.1. Transfusional iron overload(17). It is due to repeated transfusions, each red blood
cell unit transfusion introducing into the body about 250 mg of iron, i.e. more than
100 times the daily amount of iron absorbed in a normal subject. Given the inability
of the human body to significantly increase its iron output, iron overload develops
very rapidly since only 12 red blood cell units transfusion provide the equivalent of
the total body iron stores (of the order of 3 g). Transfusional iron undergoes the fate
of erythrocyte iron, namely the process of erythrophagocytosis, so that its primary
cellular destination is the macrophage, therefore essentially the spleen and, to a
lesser extent, the liver (at the level of Kupffer cells which are the hepatic
macrophages). Transfusional iron overload is therefore initially primarily splenic, in
contrast to hypohepcidinemia-related overload where iron excess is essentially
hepatocytic totally sparing the spleen (which is "empty" of iron due to activation of
macrophage iron export by ferroportin). But, subsequently, the cellular distribution
of iron changes. Indeed, because of the gradual release of iron stored in the spleen,
plasma transferrin (which receives this splenic iron) saturates, with appearance of
NTBI in the plasma. It should be noticed that transfusional iron overload exhibits
among the highest NTBI levels, especially as compared with those observed in HFE-
related hemochromatosis. Knowing the strong tropism of this iron species for
parenchymal cells, iron overload then concerns hepatocytes but also pancreatic and
cardiac cells. Transfusional iron overload is therefore primarily splenic but later
becomes also strongly hepatic. The concerned diseases are major chronic anemias
(thalassemia major, myelodysplastic syndromes, and to a lesser degree sickle cell
disease). Special emphasis must be placed on multiple transfusions performed in the
context of hematopoietic stem cell transplantation. This type of transfusional Iron
overload remains sometimes undetected, being only revealed years later by the
finding of marked hyperferritinemia(18).
2.2.2. Iron overload due to excessive supplementation of parenteral iron.
Overdose of intravenous ferric hydroxide-sucrose (Venofer®) or ferric
carboxymaltose (Ferinject®), especially in chronic renal failure with hemodialysis(19),
can cause chronic excess iron loading. This type of iron overload concerns above all
the macrophagic system but, given the very high levels of hypersideremia observed
immediately after the injections, there is a risk of rapid NTBI production, whose
cellular target is mainly parenchymal and the action potentially deleterious at the
cellular and tissue levels.

2.3. Iron overload by genetic defect of cellular iron egress: Ferroportin disease

This form of overload has a pathophysiological basis opposite to genetic or
acquired iron overload where there is hyperentry of iron into the cells. Indeed,
the mutations of the ferroportin gene (SLC40A1) in this setting affect the cellular
export property of this protein (and not its sensitivity to hepcidin as in the above-
mentioned case of hemochromatosis “type 4”, according to our proposed
classification). This results in cellular iron retention. The ferroportin activity being
particularly present in macrophages, iron overload is primarily splenic (and
moderately hepatic, Kupffer cells being relatively few compared to hepatocytes).
As for plasma iron and transferrin saturation, they are not elevated (and may
even be low) since iron is only partially released into the bloodstream. In total,
the phenotype will be point by point opposite to that of hemochromatosis: non-
elevated plasma iron, non-elevated transferrin saturation, and mainly splenic
iron excess. In addition, since excess iron is less deleterious when it affects



macrophages than parenchymal cells, visceral damage is relatively limited(20). In
our view, the ferroportin disease should no longer be integrated in the
hemochromatosis field given its totally different phenotype, and therefore
should not be called type 4A hemochromatosis.

2.4. Iron overload with anemia due to genetic abnormalities of iron metabolism

Many gene mutations that mark the iron pathway are likely to cause, in addition to iron
overload, anemia either by lack of accessibility of plasma iron to the marrow or by
deregulation of intramedullary mitochondrial iron metabolism disrupting hemoglobin
synthesis. It is therefore a set of iron overload diseases with an overt hematological
presentation(21).

2.4.1. Genetic deficiency of the actors of systemic iron metabolism

This deficit is generally observed in rare or exceptional situations.

2.4.1.1. Iron uptake deficiency: mutations of the SLC11A2 gene (solute carrier family 11,
number 2) of DMTI1 (divalent metal transporter 1) protein. These mutations are
responsible for hypochromic microcytic anemia (given the role of DMT1 in the uptake of
iron at the apex of duodenal cells) and visceral iron overload (because this protein is also
involved in the cytosolic output of endosomal iron)(22, 23).

2.4.1.2. Plasma iron transport deficiency: Hereditary atransferrinemia. Due to mutations
in the transferrin (TF) gene, this disease associates microcytic anemia (by default of iron
transport to the marrow) and iron overload (due to NTBI)(24).

2.4.1.3. Iron endosomal output deficiency: Mutations in the STEAP3 gene (six-
transmembrane epithelial antigen of the prostate family member 3). Since this
metalloreductase is involved in the step preceding the exit of endosomal iron, mutations
in the corresponding gene may cause iron excess, and hypochromic, moderately
microcytic, anemia(25).

2.4.1.4. Deficiency of cellular export of iron. Mutations in the ceruloplasmin (CP) gene
are responsible for hereditary aceruloplasminemia. The corresponding phenotype
associates microcytic anemia with frank hyposideremia and decreased transferrin
saturation, contrasting with marked hyperferritinemia. Hyperferritinemia in this disorder
reflects systemic iron overload that has the particularity of also affecting the brain (basal
ganglia). The mechanism, generally proposed, is the absence of ceruloplasmin-related
ferroxidase activity leading, on the one hand, "downstream", to a defect of iron uptake
by transferrin (this uptake requiring the oxidation of ferrous iron to ferric iron), and, on
the other hand, "upstream", to a failure of cellular iron export function due to
subsequent ferroportin dysfunction. However, the absence of splenic overload
(theoretically expected in case of ferroportin deficiency) strongly suggests that the
mechanistic truth lies at least partially elsewhere(1, 26).

2.4.1.5. Anemia and ferroportin disease. Although in the basal state the ferroportin
disease is not associated with anemia, anemia may occur during bleeding treatment.
Indeed, the default of iron recycling (due to the alteration of iron export function) does
not allow, in case of too vigorous bleeding, enough stored iron to be released and reach
the marrow for producing compensating red blood cells

2.4.2. Deficit of iron mitochondrial metabolism actors: Congenital sideroblastic anemias
(CSAs) (21)



The common denominator of these conditions is the existence of erythroblastic
mitochondrial iron overload, which is at the origin of "ring-sideroblasts", forming in Perls
coloration bluish deposits surrounding the nucleus.

2.4.2.1. CSAs in relation to gene abnormalities directly involved in iron
metabolism: "Monosyndromic" CSAs.

These CSAs are classically qualified as "non-syndromic". However, inasmuch
as they correspond to a real hematological syndrome (the anemic
syndrome), it seems preferable to call them "monosyndromic", and to
attribute to the affections that include, in addition to the hematological
syndrome, extra-hematological syndromes. the qualifier of "polysyndromic".
2.4.2.1.1. X-linked CSA: This disease is related to mutations in the ALAS2
gene (5-aminolevulinate synthetase 2). The corresponding protein, ALA
synthase, is the first enzyme in the synthetic chain of heme. The phenotype
associates hypochromic microcytic anemia and iron overload(27).

2.4.2.1.2. CSA related to SLC25A38 gene mutations. It is, along with the X-
linked CSA, the most common CSA. The protein involved is the erythroid
specific mitochondrial carrier protein. The phenotype associates severe
microcytic anemia and iron overload, related to both transfusions and
dyserythropoiesis(27).

2.4.2.1.3 CSA linked to mutations in the glutaredoxin 5 gene (GLRX5).
Glutaredoxin 5 is a mitochondrial protein that is constitutive of iron-sulfur
clusters. In case of mutations of the corresponding gene, microcytic anemia
with iron excess develops (28).

2.4.2.1.4. CSA linked to mutations in the ferrochelatase gene (FECH):
erythropoietic protoporphyria. Ferrochelatase is acting at the final stage of
the heme synthesis chain. Mutations in the FECH gene cause mitochondrial
overload clinically associated with photosensitivity, liver failure and
microcytic anemia. One case of CSA has been reported(29).

2.4.2.2. CSAs in relation to indirect gene abnormalities of iron metabolism:
"Polysyndromic" CSAs.

We will just mention CSA associated with ataxia(30), CSA with myopathy and
lactic acidosis(31), CSA with pancreas-marrow syndrome (Pearson's
syndrome)(32), CSA with immunodeficiency cellular B, periodic fever and
developmental delay(33), and thiamine responsive megaloblastic
anemia(34). For most polysyndromic CSAs, the question arises of the
correlation between genotype and phenotype (35).

2.4.3. The particular case of congenital dyserythropoietic anemias. Although the
mutations in question are not related to iron metabolism, the phenotype of congenital
dyserythropoietic anemia associates anemia and iron overload, a profile mimicking
numerous above-mentioned conditions(36).

In conclusion, the hematologist can be confronted with a multitude of iron overload
situations. Genetic systemic iron overload encompasses hemochromatosis (whose
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common pathophysiological denominator for iron overload is hypohepcidinemia),
ferroportin disease, and exceptionally hereditary aceruloplasminemia or hereditary
atransferrinemia. Acquired iron overload is mainly due to transfusions and
dyserythropoiesis. Congenital sideroblastic anemias, characterized by mitochondrial
iron overload, are frequently associated with systemic iron overload. The biological
diagnosis of these conditions is based (Fig.6) on a first set of blood iron parameters
(37, 38), followed by genetic testing. While the search for the C282Y mutation is easily
accessible, the other mutations require expert laboratories.
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Figure Legends

Figure 1. Iron homeostasis. The two sources of plasma iron are dietary iron absorption and iron
recycling from the spleen. Iron osses (digestive, urinary, cutaneous) and intake (digestive) are
guantitatively equal, and much lower than recycled iron. Modified from Brissot et al (1).

Figure 2. Fate of plasma iron. Transferrin-bound iron is captured by transferrin receptorl (TFR1). It
enters the endosomes and comes out under the double action of a reductase (STEAP3) and DMT1
(divalent metal transporter 1). According to cellular needs, iron follows, at the mitochondrial level,
the pathway of heme synthesis, that of the constitution of iron-sulfur clusters, or that of proteins
(notably ferritin).

Figure 3. Dysregulation of iron metabolism during hemochromatosis. Mutations of the HFE, HJV,
TFR2 genes, notably by inhibiting the BMP / SMAD signaling pathway, those of the HAMP gene
(hepcidin gene), and those (not represented on the scheme) of the SLC40A1 ferroportin gene (when
they alter the sensitivity of ferroportin to hepcidin), lead to a lack of hepcidin hepatic synthesis. The
resultant hypohepcidinemia activates the iron export by ferroportin at both the vascular pole of
duodenal enterocytes and at the level of macrophages (especially in the spleen). This results in
hypersideremia and therefore to an increase in transferrin saturation, which in turn generates the
production of non-transferrin bound iron (NTBI). NTBI is avidly taken up by parenchymal cells,
primarily the hepatocytes, leading to body iron overload.

Figure 4. Mechanisms underlying the development of iron overloaded anemias related to genetic
abnormalities of iron metabolism. Two main mechanisms: i) The lack of iron supply to bone marrow.
This defect follows a decrease in plasma iron levels (and thus in transferrin saturation), the origin of
which may be mutations of the DMT1 genes, ceruloplasmin, transferrin and, to a lesser degree
(essentially in case of too vigorous bleeding regime), ferroportin (when these mutations of the
ferroportin gene alter cellular iron export into the plasma); 2) The dysregulation of iron metabolism
within the erythroblast mitochondria, as in the case of congenital sideroblastic anemias. Red arrows
indicate gene mutations. The genes involved are written in italics. The signs "minus" mean an
inhibitory action. Modified from Brissot et al (21).

Figure 5. Pathophysiological classification of iron overload (hematological look). Gene mutations are
written in italics. i.v.: intravenous.

Figure 6. Biological diagnosis of iron overload. * see references 37 and 38.
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