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In the late 1800s, hemochromatosis was considered
an odd autoptic finding. More than a century later, it
was finally recognized as a hereditary, multi-organ
disorder associated with a polymorphism that is com-
mon among white people: a 845G¡A change in HFE
that results in C282Y in the gene product. Hemochro-
matosis is now a well-defined syndrome characterized
by normal iron-driven erythropoiesis and the toxic
accumulation of iron in parenchymal cells of liver,
heart, and endocrine glands. It can be caused by
mutations that affect any of the proteins that limit
the entry of iron into the blood. In mice, deletion of
the iron hormone hepcidin and any of 8 genes that
regulate its biology, including Hfe, transferrin receptor
2 (Tfr2), and hemojuvelin (Hjv) (which all sense the
accumulation of iron that hepcidin corrects) or ferro-
portin (Fpn) (the cellular iron exporter down-regu-
lated by hepcidin), cause iron overload but not organ
disease. In humans, loss of TfR2, HJV, and hepcidin
itself or FPN mutations result in full-blown hemo-
chromatosis. Unlike these rare instances, in white
people, homozygotes for C282Y polymorphism in
HFE are numerous, but they are only predisposed to
hemochromatosis; complete organ disease develops
in a minority, when these individuals abuse alcohol
or from other unidentified modifying factors. HFE
gene testing can be used to diagnose hemochromato-
sis, but analyses of liver histology and clinical fea-
tures are still required to identify patients with rare,
non-HFE forms of the disease. The role of hepcidin in
the pathogenesis of hemochromatosis reveals its sim-
ilarities to endocrine diseases such as diabetes and
indicates new approaches to diagnosis and manage-
ment of this common disorder in iron metabolism.
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Hemochromatosis is a well-defined syndrome char-
acterized by normal iron-driven erythropoiesis and

toxic accumulation of iron in parenchymal cells of vital

organs that can be caused by mutations in any gene that
limits iron entry into the blood. A milestone in hemo-
chromatosis research occurred in 1996 when Feder et al
discovered that mutation in HFE caused hereditary
hemochromatosis.1 Research in the fields of hemochro-
matosis and iron metabolism have progressed, side by
side, for 150 years (Table 1). The presence of iron in the
blood was first shown in 1713,2 but more than 2 centu-
ries passed before the first iron protein, ferritin, was
characterized3 and the basic principles of iron homeosta-
sis were discovered.4 In the mid-1800s, hemochromatosis
was described from an autopsy of a patient with diabetes
by the French physician Armand Trousseau,5 who was
struck by the “bronze-like appearance of [the patient’s]
countenance.” The liver, he noted, was “granular, of a
uniform grayish-yellow color, and very dense.” At the
time, the only known iron disease was the condition
known today as iron-deficient hypochromic anemia, re-
ferred to as chlorosis or, given its frequency in adolescent
girls and young women, morbus virgineous.6 Trousseau
advocated treating chlorosis with iron but classified it as
a ”nervous disease.” Soon other French physicians de-
scribed a syndrome known as “bronze diabetes and pig-
mented cirrhosis,”7,8 and until the mid-20th century this
condition was attributed to diabetes, hemolysis, toxins,
or metabolic disturbances. In 1935, Joseph Sheldon de-
scribed the multi-visceral nature of the syndrome and the
probable role of iron among its causes.9 He was also the
first to suggest that the disease resulted from an inher-
ited metabolic defect. Over the next few decades, studies
of ferrokinetics provided more information about iron
regulation,10 and by the 1950s bloodletting was intro-
duced to treat hemochromatosis.11

Abbreviations used in this paper: BMP, bone morphogenic protein;
FPN, ferroportin; HAMP, hepcidin gene; HJV, hemojuvelin; RGM, repul-
sive guidance molecule; TfR, transferrin receptor; TS, transferrin sat-
uration.
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Eventually, research on hemochromatosis was no
longer limited to postmortem observations. Researchers
like MacDonald questioned the hereditary nature of
hemochromatosis and advocated the pathogenic role of
alcohol and dietary iron12 until 1975, when Simon et al
linked the syndrome to the major histocompatibility
complex on chromosome 6.13 Twenty years later, Feder et
al cloned HFE, leading to genetic studies in humans and
mice that provided important new information about
iron metabolism and hemochromatosis. As genetic tests

were developed for HFE polymorphisms and larger ge-
netic studies were performed, it became clear that the
disorder was more complicated than previously believed.
Sporadic and familial cases of hemochromatosis were
identified that were not associated with HFE, particularly
in southern Europe. In 1999, a large pedigree of patients
with hereditary iron overload was described, but the trait
was autosomal dominant and iron accumulated in the
reticuloendothelial, rather than parenchymal, cells.14

Two years later this phenotype was associated with a

Table 1. Timeline of Iron Metabolism and Hemochromatosis Research

NOTE. Green lines show the milestones in hereditary hemochromatosis.
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