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Abstract

Iron that is not specifically chaperoned through its essential functional pathways is damaging to biological systems, in major
part by catalyzing the production of reactive oxygen species. Iron serves in several essential roles in the mitochondrion, as an
essential cofactor for certain enzymes of electron transport, and through its involvement in the assembly of iron—sulfur clusters
and iron—porphyrin (heme) complexes, both processes occurring in the mitochondrion. Therefore, there are mechanisms that
deliver iron specifically to mitochondria, although these are not well understood. Under normal circumstances the mitochondrion
has levels of stored iron that are higher than other organelles, though lower than in cytosol, while in some disorders of iron
metabolism, mitochondrial iron levels exceed those in the cytosol. Under these circumstances of excess iron, protective mechanisms
are overwhelmed and mitochondrial damage ensues. This may take the form of acute oxidative stress with structural damage and
functional impairment, but also may result in long-term damage to the mitochondrial genome. This review discusses the evidence
that mitochondria do indeed accumulate iron in several genetic disorders, and are a direct target for iron toxicity when it is present
in excess. We then consider two classes of genetic disorders involving iron and the mitochondrion. The first include defects in
genes directly regulating mitochondrial iron metabolism that lead to Friedreich’s ataxia and the various sideroblastic anemias, with
excessive mitochondrial iron accumulation. Under the second class, we discuss various primary hemochromatoses that lead to
direct mitochondrial damage, with reference to mutations in genes encoding HFE, hepcidin, hemojuvelin, transferrin receptor-2,
ferroportin, transferrin, and ceruloplasmin.
© 2006 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Iron is an essential element whose redox proper-
ties and coordination chemistry suit it for a number
of catalytic and transport functions in living cells [1].
However, these same properties render iron toxic, to a
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large extent due to its ability to generate reactive oxygen
species (ROS) [2,3]. Thus, mechanisms have evolved to
allow the organism to handle essential iron safely [4,5].
At the same time, the possibility of genetic defects in
these mechanisms gives rise to iron toxicity manifest
in many different ways. It has long been known that in
disorders of iron overload, the mitochondrion is a target
for iron toxicity, with oxidative mitochondrial membrane
damage and poisoning of enzymes of the tricarboxylic
acid cycle and energy metabolism recognized as poten-
tial targets [6,7]. However, whether these effects are
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primary effects of iron on mitochondria, or secondary
to more general aspects of tissue damage has not always
been clear. In the subsequent paragraphs, we review the
evidence for mitochondrial iron accumulation and direct
toxicity, and then describe some genetic disorders that
lead to mitochondrial iron overload or impaired mito-
chondrial iron homeostasis.

2. Mitochondrial iron homeostasis and
accumulation

Inrecent years, anumber of proteins involved in mito-
chondrial transport and storage have focused attention on
the rich iron metabolism that occurs at this site. These
include frataxin [8—10], which regulates mitochondrial
iron levels; ABC-B7 [11,12], involved in export of
iron—sulfur [Fe—S] clusters; the recently identified iron
carrier mitoferrin [13]; and a specific mitochondrial fer-
ritin [14,15] for iron storage. That mitochondria have
special requirements for iron is clear from their biosyn-
thetic functions. They are the only site of heme synthesis,
and the ultimate site of insertion of iron into protopor-
phyrin by the inner mitochondrial membrane enzyme,
ferrochelatase [12]. Not surprisingly, mitochondria take
up the major proportion of iron acquired from transferrin
in erythroid cells [12], but also acquire iron in non-
erythroid cells where storage is mainly cytosolic under
normal circumstances. Most, if not all, [Fe-S] clusters
are assembled in the mitochondrion and either trans-
ported to the cytosol for incorporation into their target
proteins, or utilized within the mitochondrion [16,17].
The interplay of required enzymes, scaffolding proteins,
and transport proteins are better understood in yeast, but
homologs of these proteins occur in human mitochondria
[18]. Iron is also essential for a number of cytochrome
intermediates in mitochondrial respiration and electron
transport.

The special requirements of the mitochondrion for
iron support the notion of a specific mechanism of mito-
chondrial iron delivery, and such a mechanism would
then be a candidate for up-regulation of mitochondrial
iron acquisition in iron-overload states. Quite recently,
the major iron carrier necessary for delivery of iron to
mitochondria for heme synthesis in hematopoietic tissue
of mice has been identified as mitoferrin [13]. Defects
in the homologous genes lead to impaired [Fe—S] clus-
ter biogenesis in yeast and the anemic frascati mutant
in the zebra fish. Storage forms of cytosolic iron are in
equilibrium with a labile iron pool (LIP), a designation
given to the small amount of non-sequestered iron pre-
sumed to be in an exchangeable, low molecular weight
form [19-21]. However, the LIP has not been demon-

strated to be a kinetic intermediate in mitochondrial iron
acquisition [17,22]. In keeping with a privileged path-
way for mitochondrial iron delivery, it has been reported
that extracellular non-transferrin-bound iron enters mito-
chondria without detection by cytosolic fluorophores
[23]. Ponka and coworkers have hypothesized a “kiss
and run” mechanism of iron delivery. In this mechanism,
iron newly acquired from receptor-mediated endocyto-
sis of diferric transferrin and released in the endosome is
delivered directly to the mitochondrion during transient
physical contact of the endosome with the mitochondrion
[11,12,17].

Thus, mechanisms exist in both erythroid and non-
erythroid cells to target iron to the mitochondrion. But is
there direct evidence for excess mitochondrial iron accu-
mulation? Yes, and compelling evidence comes from
studies of iron overload anemias (sideroblasic anemia,
also known as sideroblastosis). In sideroblastic anemia
patients, iron enters the developing red blood cells but
fails to incorporate into protoporphyrin and form heme.
As aresult, iron accumulates in the mitochondria of ery-
throblasts (known as ring-erythroblasts) in the bone mar-
row in the form of characteristic ring-shaped structures.
Wickramasinghe et al. [24] demonstrated electron dense
deposits in mitochondria of sideroblasts from patients
suffering from X-liked sideroblastic anemia. Acquired
sideroblastic anemia often results from prolonged expo-
sure to toxic substances (such as alcohol, lead, or drugs),
nutritional imbalances (such as deficiency in folic acid
or copper or excess in zinc) or inflammatory disease,
cancer, kidney, endocrine, or metabolic disorders. Iron
accumulation was reported in the cristae of the mitochon-
dria from the bone marrow of refractory and alcoholic
sideroblastic anaemia patients [25].

Erythropoietic protoporphyria is another genetic dis-
order arising from impaired incorporation of iron during
heme synthesis. As in sideroblastic anemia, iron traf-
fics to the mitochondrion but accumulates due to failed
utilization. Ultrastructural examination of the bone mar-
row of nine patients with erythropoietic protoporphyria
showed finely dispersed electron-dense deposits local-
ized in mitochondria of erythroblasts in each one [26].
Not all patients were anemic, indicating that mitochon-
drial iron deposition is independent of iron status in these
patients. Similar findings were reported for three sider-
oblastic anemia patients with secondary hemochromato-
sis in the same study, reinforcing the independence of
mitochondrial iron deposition on iron status. Deposition
is the same at the molecular level. Furthermore, electron
energy-loss spectroscopy was also used in this study to
demonstrate that the mitochondrial iron existed as iden-
tical chemical species in both disorders. In fact, Cazzola
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et al. [27] have now used immunocytochemical meth-
ods to demonstrate that iron deposited in perinuclear
mitochondria of ring-sideroblasts of X-linked siderob-
lastic anemia patients and other patients with refractory
anemia accompanies the presence of mitochondrial fer-
ritin. In these patients, there was a strong correlation
between the presence of detectable mitochondrial fer-
ritin and the number of circulating ring-sideroblasts. This
study provided the molecular evidence showing that iron
is deposited in the mitochondria of sideroblastic anemia
patients. On the other hand, Napier et al. [17] argue that
soluble ferritin is generally not detected by Perl’s stain,
and tissue iron deposits visualized by this histochemi-
cal method are more consistent with the occurrence of
hemosiderin.

A number of other human diseases have also been
shown to lead to mitochondrial iron accumulation. The
myelodysplastic syndromes are a group of myeloid stem
cell disorders that gradually affect the ability of a per-
son’s bone marrow to produce normal blood cells. Iron
accumulation was associated with electron microscopic
evidence of mitochondrial abnormalities in erythrob-
lasts of patients [28]. Iron mitochondrial accumula-
tion, described as paracrystalline inclusions on electron
microscopy, was also reported in the muscle tissues and
erythroblasts of patients with myopathy and sideroblas-
tic anemia syndrome [29]. A histopathological and elec-
tron microscopy study of the livers of 30 cases of trans-
fusional iron overload in thalassemic individuals showed
the presence of an electron dense matrix in swollen and
ruptured mitochondia [30]. Mitochondrial iron depo-
sition has also been demonstrated histochemically in
hearts, livers, and spleens of patients with Friedreich’s
ataxia [31,32] (see below).

All these studies with human samples provide com-
pelling evidence that iron deposits in the mitochondrion.
In addition, mitochondrial iron accumulation has been
demonstrated in primary cell cultures or tissue sec-
tions obtained from the brains of chemically induced
neurological disorders in animals. These animals were
intended to generate models to mimic human neurolog-
ical degenerative diseases including Alzheimer disease,
Parkinson disease, and multiple sclerosis [33-37]. Fur-
thermore, studies with yeast showed that defects in any
of the enzymes of the [Fe-S] cluster assembly pathway
cause mitochondrial iron accumulation [38,39].

3. Mitochondrial involvement in iron toxicity
While mitochondrial involvement in cell death is

secondary to a variety of causes that result in loss of
the mitochondrial membrane potential, impaired energy

production, mitochondrial swelling, and loss of calcium
homeostasis, substantial evidence points to direct toxic
effects of mitochondrial iron. Mitochondria have been
shown to be the site of anthracycline-mediated toxi-
city in cardiac myocytes; inner-membrane respiratory
chain activity was impaired [40]. Iron potentiated the
effect, and is generally believed to enhance anthracy-
cline toxicity by facilitating redox cycling and ROS
formation. Iron impairs hepatic mitochondrial respira-
tion by decreasing cytochrome C oxidase activity, and
disrupts calcium homeostasis by interfering with mito-
chondrial and microsomal calcium sequestration [41].
In cardiac myocytes, iron targets mitochondrial respira-
tory enzymes. In gerbils overdosed with iron dextran,
significant decreases in hepatic mitochondrial NADH-
cytochrome Creductase, cytochrome C oxidase, and suc-
cinate dehydrogenase were observed [42]. Furthermore,
upon addition of the oxidizable substrate succinate, mito-
chondria from control gerbils developed a much higher
transmembrane potential than those from iron-loaded
gerbils (197 mV versus 167 mV, respectively), and oxy-
gen consumption upon addition of ADP was decreased
in the iron-loaded mitochondria. Significantly, adminis-
tration of silybin (an antioxidant and potential iron chela-
tor) decreased deferoxamine-chelatable iron in the mito-
chondrial fraction, and decreased mitochondrial lipid
peroxidation and oxidative damage in the iron-loaded
animals, without affecting total hepatic tissue iron [42].
These observations directly implicate mitochondrial iron
in mitochondrial membrane damage accompanied by
decreased respiratory enzyme activity and ATP produc-
tion in hepatic iron overload.

Studies with cardiac myocytes reinforce the idea that
mitochondrial iron is directly damaging to the mitochon-
drion [43,44]. Mitochondrial inner membrane enzyme
activity was markedly decreased in cultured cardiac
myocytes treated with ferric ammonium citrate, with a
corresponding decrease in ATP levels. Although these
studies do not directly demonstrate the role of mitochon-
drial iron, the targeting of the mitochondrial enzymes and
the similarity to the results of Masini et al. [42], noted
above, strongly support such a role. Furthermore, the
authors [43,44] provide a compelling argument for the
direct involvement of iron based on unique aspects of
the mitochondrion: its high oxygen consumption makes
it a major source of hydroxyl radicals through the iron-
driven Fenton reaction; the high cardiolipin content of
the mitochondrial membrane renders mitochondria sus-
ceptible to iron-catalyzed peroxidative damage, and low
iron chelator concentrations that have no measurable
affect on total cellular iron uptake or release nevertheless
afford significant mitochondrial protection. Eaton and
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Qian [45] have discussed the further possibility that the
mitochondrial genome is a particularly sensitive target to
local effects of iron. Mitochondrial DNA is much more
susceptible to oxidative damage than nuclear DNA, and
is preferentially damaged by hydrogen peroxide treat-
ment [46,47]. A lower histone content and less effective
repair mechanisms may in part account for this [45].
The presence of iron in mitochondrial ferritin, respira-
tory enzymes, nascent [Fe—S] clusters, and mobilized for
heme synthesis would seem to be an obvious contribut-
ing factor to the generation of ROS during respiration.

4. Genetic disorders of mitochondrial and
cellular iron transport

4.1. Friedreich’s ataxia and frataxin

Friedreich’s ataxia is an autosomal recessive neu-
rodegenerative disorder involving both the central and
peripheral nervous system. It is characterized by a
progressive ataxia, sensory loss, and cardiomyopathy
[48,49]. Frataxin, also called X253, is the gene respon-
sible for Friedreich’s ataxia. It is located in chromosome
9q13 [50] and encodes a 210-amino acid mitochondrial
protein [51] involved in mitochondrial iron metabolism.
The pathomechanism of the disease appears to involve
mitochondrial iron overload [48,52,53], and the potential
for isonicotinyl hydrazone-based iron chelators to target
mitochondrial iron has been considered as a therapeutic
strategy [52,54].

The major cause of Friedreich’s ataxia is the expan-
sion of a GAA trinucleotide repeat in the first intron of
the frataxin gene. Mutations have also been reported.
Most patients are homozygous for the expansion of a
GAA triplet repeat within the frataxin gene, but a few
show compound heterozygosity for a point mutation in
addition to the GAA-repeat expansion [49,51,53,55].
The number of GAA repeats correlates with the age
of onset of progressive disease. Durr et al. [56] stud-
ied 140 Friedreich’s ataxia patients, with ages of onset
ranging from 2 to 51 years and homozygous for a GAA
expansion from 120 to 1700 repeats, and demonstrated
that clinical variability in Friedreich’s ataxia is related
to the size of the expanded repeat. Milder forms of
the disease (late-onset Friedreich’s ataxia and Friedre-
ich’s ataxia with retained reflexes) were associated with
shorter expansions. The expanded GAA repeats cause
the formation of abnormal but highly thermostable DNA
that impairs frataxin transcription and results in low level
frataxin expression [57,58]. Gacy et al. [58] suggested
that the GAA instability in Friedreich’s ataxia is a DNA-
directed mutation caused by improper DNA structures

at the repeat region which leads to the cellular frataxin
deficiency.

Mutations in the frataxin gene cause impaired protein
translation. This was demonstrated in yeast. Cavadini
et al. [10] studied mutants of YFHI, the yeast frataxin
homolog, and showed that wildtype human frataxin
c¢DNA can complement the YFH1 protein-deficient yeast
with prevention of the mitochondrial iron accumulation
and oxidative damage associated with loss of YFHI.
Two clinically relevant mutants, G130V and W173G
are unable to prevent these consequences. Both mutants
affected protein stability, resulted in low levels of mature
frataxin expression, and were unable to prevent mito-
chondrial iron accumulation. In addition to demonstrat-
ing that the mutation affects protein stability, this study
provided experimental evidence for the role of human
frataxin in mitochondrial iron metabolism.

Frataxin deficiency results in diminished activity of
various mitochondrial iron—sulfur proteins. Since iron
is not being used to form the proteins, it accumulates
in mitochondria. Frataxin has an iron binding site and
has been suggested to be a mitochondrial iron chap-
erone protein. Bulteau et al. [59] found that Frataxin
interacted with aconitase in a citrate-dependent fash-
jon and converted the inactive [3Fe—4S]'* enzyme to
the active [4Fe—4S]?* form of the protein. They sug-
gested that frataxin is an iron chaperone protein that
protects the aconitase [4Fe—4S]%* cluster from disassem-
bly and promotes enzyme reactivation. It also plays arole
in Fe—S cluster assembly and transport and possibly in
regulation of energy metabolism and oxidative phospho-
rylation [52,60].

4.2. X-linked sideroblastic anemia

X-linked sideroblastic anemia is caused by muta-
tions in the 8-aminolevulinic acid synthase 2 (ALAS2)
gene. There are two genes encoding ALAS. ALASI is
expressed ubiquitously in all cells including erythroid
cells, while ALAS?2 is only expressed in the erythroid
cells. The ALAS2 gene is located on the X chromosome
in the region Xp21-q21, with the most likely location
being on band Xp11.2 [61].

ALAS is the first enzyme in the heme synthetic
pathway. Heme synthesis involves eight steps. Four of
them are in the mitochondrion while the other four
are in the cytosol (for review, see [12]). The first step,
occurring in the mitochondrion, is the condensation of
glycine and succinyl-CoA to form aminolevulinic acid
(ALA). This step is catalyzed by ALAS. After several
additional enzymatic transformations, coproporphyrino-
gen III is formed in the cytosol. It re-enters the mito-
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chondrion, where iron is inserted by ferrochelatase and
heme is formed. A defect in the ALAS2 gene inhibits
heme synthesis. Consequently, iron is accumulated in the
mitochondrion.

Aoki et al. [62] demonstrated that the isozyme
encoded by the ALAS2 gene is decreased in activ-
ity in bone marrow of patients with X-linked heredi-
tary sideroblastic anemia. More than 20 different muta-
tions encompassing exons of the catalytic region of the
ALAS?2 gene have been described. A common feature
of these mutations is that the enzyme activity of ALAS2
is significantly lower in patient bone marrow compared
to the normal control. For example, a missense mutation
1754 A-to-G, located in exon 11, causes ALAS?2 activity
in bone marrow cells of the patient to drop to only 53.3%
of that in normal controls [63].

4.3. X-linked sideroblastic anemia with ataxia

X-linked sideroblastic anemia with ataxia is char-
acterized by an infantile to early childhood onset of
nonprogressive cerebellar ataxia and mild hypochromic,
microcytic anemia. It is a recessive disorder caused by
gene mutations in the ABCB7 gene located at chromo-
some Xql3.1-q13.3 [64,65]. ABCB7 is a member of
the large family of ATP-binding (ABC) transporters. It
shares highest sequence similarity with the yeast ATM 1
gene, which encodes an ABC half-transporter located
in the mitochondrial inner membrane. ABCB7 was sug-
gested to be a transporter for heme from the mitochon-
drion to the cytosol [66]. Mutations in ABCB7 cause the
phenotype of X-linked sideroblastic anemia with ataxia.
The first missense mutation (I400M) in ABCB7 was
identified in X-linked sideroblastic anemia with ataxia
patients by Allikmets et al. [64]. Bekri et al. [65] reported
another missense mutation at exon 10 of the ABCB7
gene: a G-to-A transition at nucleotide 1305 of the full-
length cDNA, resulting in a charge inversion caused by
the substitution of lysine for glutamate at residue 433
C-terminal to the putative sixth transmembrane domain
of ABCB7.

5. Other genetic disorders of iron overload

Primary hemochromatoses arising from genes other
than those affecting mitochondrial iron metabolism give
rise to iron overload disorders that ultimately lead to
increased tissue iron deposition and consequent mito-
chondrial damage. The hereditary hemochromatoses are
now classified into several subtypes, while rare defects
in proteins of iron transport, including transferrin and
ceruloplasmin, lead to similar pathology.

5.1. Hereditary hemochromatosis

Hereditary hemochromatosis (HH) is one of the most
common autosomal inherited iron overload diseases. It
is characterized by excessive dietary iron absorption and
results in tissue iron deposition and toxicity. The clini-
cal characteristics of HH include cirrhosis of the liver,
diabetes, hypermelanotic pigmentation of the skin, and
heart failure. Based on the genetic characteristics, HH
is further classified into HH types I, II (A and B), III,
and IV.

HH type-I is the classical hemochromatosis, caused
by mutations in the gene called HFE. Itis located on chro-
mosome 6p21.3 [67]. HFE protein is similar to major
histocompatibility complex (MHC) class I molecules
which are associated with 32-microglobulin. The most
common mutation in HFE associated with HH is the
homozygous substitution C282Y of tyrosine for cysteine
at amino acid 282. A second missense mutation, H63D,
was reported to be enriched in HH patients with het-
erozygosity of the C282Y mutation [67]. The C282Y
mutation abolishes its binding to 32-microglobulin and
its expression on the cell surface, while the H63D muta-
tion neither interrupts its binding to $2-microglobulin
nor its expression on the cell surface [68]. Disruption of
HFE surface expression results in abnormal dietary iron
absorption.

HH type II is a juvenile onset hemocromatosis. The
gene responsible for HH type IIA is called hemojuvelin
(HJV) located on chromosome 1g21 [69]. A number of
mutations have been reported in HH type IIA patients
(see review [70]). HH type IIB is caused by mutation
in the gene hamp encoding hepcidin, which is located
on chromosome 19q13 [71]. Hepcidin is a small pep-
tide with antimicrobial activity possibly as a result of
macrophage iron deficiency. It binds to ferroportin, caus-
ing ferroportin to be internalized and degraded, thus
limiting iron abosrption from the intestine [72]. Animal
models indicate that hepcidin is a key regulator of iron
absorption in mammals. The mutations cause disruption
of this regulation and lead to iron overload [73,74].

HH type III (HFE3) is caused by mutation in the gene
encoding transferrin receptor-2 (TFR2), which is located
on chromosome 7q22 [75]. The TFR2 transcript is highly
expressed in hepatocytes, and is not regulated by tis-
sue iron status [76]. A number of mutations have been
reported from HH patients that result in iron overload.
Mattman et al. [77] studied a group of non-C282Y HH
patients and identified several sequence variants, includ-
ing a homozygous missense mutation in exon 17 of the
TFR2 gene, which resulted in a Q690P glutamine-to-
proline amino acid switch.
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HH type IV is caused by mutation in the SLC40A1
gene which encodes ferroportin, located at chromosome
2q32 [78]. Ferroportin is an iron exporter located in the
basolateral membrane of enterocytes [79]. Ferroportin
expression is regulated by intracellular iron status. The
5’ untranslated region of the ferroportin mRNA contains
a functional iron-responsive element. By studying an
Australian family with autosomal dominant hemochro-
matosis, Wallace et al. [80] found heterozygosity for a
3bp (TTG) deletion in exon 5 of the FPN1 gene, result-
ing in the deletion of valine at position 162. The deletion
is a loss-of-function mutation that results in impaired
iron homeostasis and leads to iron overload.

5.2. Hypotransferrinemia

Hypotransferrinemia [81], or even more rarely atrans-
ferrinemia, are disorders that impair the normal delivery
of transferrin-bound iron to tissues for hematopoeisis and
iron storage. The anemia that results from failed delivery
of transferrin-bound iron for hematopoeisis is paradoxi-
cally accompanied by iron overload, as increased circu-
lating non-transferrin-bound iron finds its way into soft
tissues. Parenchymal iron overload is a consequence of
decreased circulating apotransferrin. The lesson is that
when iron is not delivered to tissues in a regulated man-
ner, it is unavailable for appropriate hematopoeisis; nor
is it appropriately excreted. Mice with congenital hypo-
transferrinemia dosed with soluble iron salts accumulate
radiolabelled iron in the liver and pancreas, in contrast
to deposition in the bone marrow and spleen in control
animals [82]. The pattern of deposition is similar to that
in hemochromatosis [82] at both the tissue and cellu-
lar levels. In the absence of sufficient transferrin, just as
when transferrin is saturated in states of iron overload,
it seems that there is a protective mechanism that clears
non-transferrin-bound iron from circulation into the soft
tissues [83].

5.3. Aceruloplasminemia

Ceruloplasmin was long thought to be a Cu trans-
porter. Long known to have ferroxidase activity (for a
historical perspective see [84]), this was recognized only
recently to be its primary function [85]. Ceruloplasmin,
in fact, functions as a systemic hephaestin [86,87], as a
ferroxidase to generate ferric ion as needed. The conse-
quences of decreased ceruloplasmin in Wilson disease
are minimal, but rare occurrences of a complete absence
of ceruloplasmin have been identified, which lead to
increased cellular iron deposition. Aceruloplasminemia
was initially identified in a few families in Japan and

North America [88-91]. Patients present in mid life with
neurological symptoms including ataxia, Parkinson-like
movement disorder, dystonia and progressive dementia.
Neuronal dropout is accompanied by iron deposition in
both neurons and microglia [88], so this is really a dis-
order characterized as a hemochromatosis, and indeed
hepatic iron overload is a feature [92]. The basis of the
iron overload is not completely clear. Decreased fer-
roxidase activity may increase deposition because of
increased plasma ferrous iron, and impaired tissue iron
efflux is also presumably involved [92].

6. Conclusions

There is now compelling evidence that iron accu-
mulates in mitochondria at levels significantly greater
than in the cytosol in sideroblastic anemias, Friedre-
ich’s ataxia, and some animal models of iron overload.
Accumulation of iron in mitochondria in certain genetic
diseases is probably a consequence of the special require-
ments of the organelle to utilize iron for the synthe-
sis of heme and iron—sulfur clusters, including several
enzymes of the electron transport pathway. The transport
mechanisms involved in iron acquisition are probably
operating maximally in iron overload, but they are not
well understood. What is known with more certainty is
that the mitochondrial accumulation of iron has signifi-
cant toxic consequences, both for the cell as a whole and
for the mitochondrion itself. The phenomenon of mito-
chondrial damage in iron overload seems to be general
in mammalian cells, whether excessive mitochondrial
deposition is demonstrated or not. Because many iron
complexes have redox potentials accessible to endoge-
nous biological reductants, they can produce oxidative
stress through Fenton/Haber Weiss chemistry that dis-
rupts mitochondrial energy metabolism, compromises
the integrity of the mitochondrial membrane system,
inhibits mitochondrial enzyme systems, and damages
the mitochondrial genome. Targeting mitochondrial iron
with directed chelation therapy is an attractive strat-
egy for managing a number of clinical disorders of iron
imbalance.
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