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Abstract Sideroblastic anemia is characterized by anemia
with the emergence of ring sideroblasts in the bone marrow.
Ring sideroblasts are erythroblasts characterized by iron
accumulation in perinuclear mitochondria due to impaired
iron utilization. There are two forms of sideroblastic anemia,
i.e., inherited and acquired sideroblastic anemia. Inherited
sideroblastic anemia is a rare and heterogeneous disease
caused by mutations of genes involved in heme biosynthe-
sis, iron-sulfur (Fe-S) cluster biogenesis, or Fe-S cluster
transport, and mitochondrial metabolism. The most com-
mon inherited sideroblastic anemia is X-linked sideroblastic
anemia (XLSA) caused by mutations of the erythroid-spe-
cific -aminolevulinate synthase gene (ALAS2), which is the
first enzyme of heme biosynthesis in erythroid cells. Side-
roblastic anemia due to SLC25A38 gene mutations, which is
a mitochondrial transporter, is the next most common
inherited sideroblastic anemia. Other forms of inherited
sideroblastic anemia are very rare, and accompanied by
impaired function of organs other than hematopoietic tissue,
such as the nervous system, muscle, or exocrine glands due
to impaired mitochondrial metabolism. Moreover, there are
still significant numbers of cases with genetically undefined
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inherited sideroblastic anemia. Molecular analysis of these
cases will contribute not only to the development of effec-
tive treatment, but also to the understanding of mitochon-
drial iron metabolism.
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1 Introduction

Red blood cells take up large amounts of iron during ter-
minal differentiation for the production of hemoglobin.
After import through the transferrin receptor, ferric iron
(Fe*™) is released from transferrin (Tf) in an acidified
endosome, and is reduced to ferrous iron (Fe>") by ferri-
reductase. Ferrous iron is exported from the endosome to
the cytosol via divalent metal transporter 1 (DMT1), and
then transported to the mitochondria. The pathway from the
endosomes to the mitochondria remains unclear, although
it has recently been proposed that Fe—Tf-containing endo-
somes deliver iron directly to mitochondria, avoiding the
toxicity of iron by bypassing the oxygen-rich cytosol. On
reaching the mitochondria, iron is imported through an
importer protein, mitoferrin 1 (Mfrnl; SLC25A38), which
is a member of the solute carrier family localized in the
inner mitochondrial membrane, and is used for heme
synthesis and iron—sulfur (Fe-S) cluster biogenesis.

Heme is one of the two major products that require
mitochondrial iron [1]. In mammals, eight enzymes are
involved in the heme biosynthetic pathway. Heme syn-
thesis starts in mitochondria with the condensation of
glycine and succinyl CoA to form aminolevulinic acid
(ALA), which is catalyzed by d-aminolevulinate synthase
(ALAS). ALAS consists of two isoforms, i.e., ALASI,
which is expressed ubiquitously, and ALAS2, which is
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