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Serum hepcidin: a novel diagnostic tool in disorders of iron metabolism
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iron metabolism in humans is a tightly regulated

process. Two main levels of regulation have been
described: a cellular regulation that, through the binding
of iron-responsive proteins (IRPs) to iron-responsive ele-
ments in mRNA from genes encoding proteins of iron
metabolism, controls the synthesis of transferrin receptor
(necessary for cellular iron procurement) and ferritin (the
iron storage protein), and a systemic regulation that mod-
ulates intestinal iron absorption and iron mobilization
from macrophages and tissue stores. The peptide hor-
mone hepcidin, produced by hepatocytes and acting on
target cells situated both outside and within the liver,
plays a key role in the systemic regulation of iron metab-
olism.!

Hepcidin was initially identified as a cysteine-rich uri-
nary antimicrobial peptide.”® The subsequent observa-
tions that, in mice, hepcidin was over-expressed by hepa-
tocytes during iron overload* and that knockout animals
accumulated excess iron® showed that hepcidin has a role
in iron homeostasis. Several studies demonstrated that
hepcidin modulates the release of iron from different cell
sources, including enterocytes, macrophages and hepato-
cytes, to plasma. Through these effects, hepcidin con-
trols iron absorption, the recycling of iron derived from
senescent and damaged erythrocytes, and the release of
iron from tissue stores. These different tasks are accom-
plished through a unique biochemical mechanism: the
interaction of hepcidin with ferroportin, a trans-mem-
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brane protein that represents the sole known cellular iron
exporter in vertebrates.” By triggering ferroportin inter-
nalization, ubiquitination and degradation, hepcidin
blocks the release of iron from cells (Figure 1). Since fer-
roportin is expressed at the highest levels by iron export-
ing cells such as the enterocytes and macrophages, hep-
cidin represents a negative regulator of iron absorption
and macrophage iron release.

Iron homeostasis is controlled by a regulatory network
involving four main components: bone marrow erythro-
poiesis, tissue oxygen delivery, iron stores and inflamma-
tion.” The interest in hepcidin increased dramatically fol-
lowing the demonstration that the peptide represents the
final common pathway on which the components of the
regulatory network converge to control tissue iron
exchange and iron absorption. In fact, increased erythro-
poietic activity and reduced tissue oxygen delivery sup-
press hepcidin production, thereby stimulating iron
absorption/mobilization, whereas increased iron stores
and inflammation act in the opposite way (Figure 1).
Consequently, the abnormal iron status and iron home-
ostasis that occur in several conditions, such as in most
forms of hereditary hemochromatosis,*" iron-loading
anemias'' and anemia of inflammation,” are mediated by
a dysregulation of hepcidin production. One possible
exception to this rule is type 4 hemochromatosis in
which the gene encoding ferroportin, the downstream
target of hepcidin, is primarily affected. However, the
number of cases of ferroportin disease examined for hep-
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Figure 1. Model of the sys-
temic regulation of iron
exchange. Ferroportin
(FPN) is the only known
cellular iron exporter in
vertebrates and it is main-
ly expressed by entero-
cytes and macrophages
(exemplified by the cells
shown here). Increased
erythropoiesis and hypox-
ia suppress hepcidin pro-
duction by the liver, and
iron absorption or iron
release proceed unop-
posed (cell on the left).
Increased iron stores and
inflammation induce hep-
cidin production by the
liver; this causes the inter-
nalization and degrada-
tion of ferroportin by tar-
get cells, thus blocking
enterocyte iron absorption
and iron recycling by
macrophages (cell on the
right).
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cidin level is too low to allow firm conclusions to be
drawn about the behavior of hepcidin in these condi-
tions."*"

Hepcidin production is regulated at the transcriptional
level, and the concentration of the peptide in biological
fluids is believed to reflect its gene expression. Since
investigation of mRNA in liver biopsy samples is not rou-
tinely feasible, assays of hepcidin in biological fluids
have been proposed as biomarkers useful for the diagno-
sis of disorders of iron homeostasis. For example, low or
inappropriately low levels of hepcidin, relative to serum
ferritin concentration, suggest inadequate responses to
iron loading and this pattern, associated with an
increased transferrin saturation, is typical of hemochro-
matoses types 1, 2 and 3.51°%

Until recently there was only one laboratory where
hepcidin concentration could be determined, and the test
was essentially used for research applications in disor-
ders of iron metabolism. Several technical reasons were
responsible for this limitation, including the existence of
different isoforms of the peptide (of 20, 22 and 25 amino
acids, respectively) whose specific role in iron metabo-
lism remains uncertain," and the difficulty in raising anti-
bodies to hepcidin. The latter problem is probably relat-
ed to the small size of the molecule, to the presence in
the native peptide of four disulfide bonds determining a
hairpin structure which may hide antigenic epitopes, and
to the high degree of conservation between different ani-
mal species.” During the last few years, however, new
methods for the determination of hepcidin concentration

have been developed, most of them based on mass spec-
trometry (MS), but it is unknown to what extent results
obtained with different methods are comparable.”®"

In the present issue of Haematologica a collaborative
study, involving 8 laboratories that used different
immunochemical (IC) or MS-based assays for hepcidin
determination, reports the results of the first internation-
al round robin for the quantification of urinary and plas-
ma hepcidin assays.” This is an essential step towards
the standardization of hepcidin determination and even-
tual introduction of hepcidin assays in the clinical prac-
tice. As often the case in biological research, the results
of the study are double-faced. The bad news is that wide
differences between methods were observed in the
absolute hepcidin concentrations. Differences between
methods may be due to several reasons, the most impor-
tant being the heterogeneity of the hepcidin standards
used by different laboratories, and the variable capacity
of different methods to detect the hepcidin-20 and hep-
cidin-22 isoforms in addition to the bioactive hepcidin-
25. The good news is that the between-sample variation
and the analytical variation of the methods are similar,
indicating that all methods are suitable to distinguish
hepcidin levels of different samples. These results, how-
ever, represent only an initial step and more work is
needed for a better standardization of the assays and to
define clinical applications. Assay standardization
requires that the role of different hepcidin isoforms (do
different isoforms influence test results and what is their
role in the pathophysiology of disorders of iron metabo-

Table 1. Expected behavior of hepcidin in genetic and acquired disorders characterized by hyperferritinemia without anemia (adapted

from Camaschella and Poggiali, 2009).*

Type 1 AR HFE High Parenchymal Low (relative to
Hemochromatosis serum ferritin)
Type 2a

Hemochromatosis AR HIV High Parenchymal Low

Type 2b

Hemochromatosis HAMP High Parenchymal Undetectable
Type 3

Hemochromatosis AR TFR2 High Parenchymal Low

Type 4a

Hemochromatosis AD SLC40A1 Low/normal Reticuloendothelial High

Type 4b

Hemochromatosis AD SLCA40A1 High Parenchymal High
HHCS AD L-FT IRE Normal No iron overload n.d.
Benign

hyperferritinemia AD L-FT Normal No iron overload n.d.
Acquired disorders

Inflammation Low Reticuloendothelial High
Chronic liver disease Variable Reticuloendothelial & parenchymal Variable
Metabolic syndrome Low/normal Reticuloendothelial & parenchymal Normal/high

Transfusion iron

overload in adulthood
(myelodysplastic syndromes)

Variable

Reticuloendothelial & parenchymal

Variable (low
levels are associated
with parenchymal
iron overload)

TF: transferrin; AR: autosomal recessive; AD: autosomal dominant; HJV: hemojuvelin; HAMP: hepcidin; TFR2: transferrin receptor 2; SLC40A1: ferroportin; HHCS: hereditary
hyperferritinemia/cataract syndrome; L-FT IRE: iron responsive element of L-ferritin; L-FT: L-ferritin; n.d.: not determined.
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lism¢), as well as the influence of circadian variations in
serum concentration and urinary excretion of the pep-
tide are more clearly defined. In addition, we need to
know which, among serum concentration and urinary
excretion, is a more accurate biomarker of iron metabo-
lism.”* To date, most studies on hepcidin determination
have been performed through the evaluation of hepcidin
urinary excretion in small series of patients. Clinical
applications require that, following assay standardiza-
tion, results are confirmed by studies in larger series of
patients.

Hopefully, the above studies will provide relevant
information on the pathophysiology of several disorders
of iron metabolism, including often overlooked condi-
tions such as liver disease, alcohol abuse, obesity and the
metabolic syndrome in which it has been known for a
long time that patients may have high serum ferritin lev-
els and some degree of iron overload, but the underlying
mechanisms responsible for this alteration of iron home-
ostasis remain elusive. In addition, hepcidin assays could
be useful in the differential diagnosis of primary forms of
iron overload and of genetic and acquired disorders asso-
ciated with hyperferritinemia (Table 1),” in the detection
of iron deficiency in patients with inflammation, a con-
dition in which traditional parameters of iron status such
as serum ferritin and transferrin saturation are not reli-
able, and for the prediction of response to treatment
with erythropoiesis stimulating agents (ESA). In patients
undergoing treatment with ESA, in fact, the increase in
red cell production and hemoglobin level is preceded by
an expansion of erythropoiesis that, in turn, stimulates
iron absorption/mobilization through the suppression of
hepcidin production. Finally, in adult patients with trans-
fusion iron overload, e.g. those with myelodysplastic
syndromes receiving blood transfusions,” inappropriate-
ly low hepcidin levels might indicate a high risk of
parenchymal iron loading and the need for iron chelation

therapy:.
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