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Looking for the link between
iron and appetite

Iron is an essential metal that is required
for many metabolic processes; therefore,
it is reasonable to hypothesize that iron
acquisition and overall nutrition are coor-
dinated. A previous study identified a link
between iron deficiency and decreased
appetite in primary school-aged Kenyan
children and demonstrated that iron sup-
plementation improved both growth and
appetite (1); however, the mechanism by
which iron mediates this effect is poorly
understood. It has been proposed that
decreased levels of the hormone leptin,
which regulates food intake, might account
for increased appetite during treatment
for iron deficiency. In a small study of
young children, Topaloglu and colleagues
found no association between plasma lep-
tin levels and appetite during iron therapy,
although this study did confirm a direct
correlation between food intake and serum
levels of the iron-storing protein ferritin (2).
Moreover, leptin levels only correlated with
BMI, leading Topaloglu et al. to conclude
that the iron supplementation-associated
increase in appetite was leptin indepen-
dent. A later report proposed that altera-
tions in the levels of other hormones might
be related to diminished appetite observed
in iron-deficient individuals (3).
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Iron-deficient individuals experience a loss of appetite that can be restored
with iron supplementation. It has been proposed that iron influences the
satiety hormone leptin; however, a direct link between iron and leptin has
remained elusive. In this issue of the JCI, Gao and colleagues demonstrate
an inverse relationship between adipocyte iron and leptin that is mediated
by iron-dependent activation of cAMP-responsive element binding protein
(CREB), the transcription factor that represses leptin transcription. Together,
the results of this study provide a mechanistic connection between dietary
iron and the appetite-regulating hormone leptin.

In this issue, Gao and colleagues
extend the search to identify the link
between iron levels and appetite (4). While
the link between leptin and iron seemed
tenuous, Gao et al. reasoned that leptin
might indeed be involved in mediating
iron-associated effects on appetite. Eval-
uation of a cohort of patients with serum
ferritin levels within the normal range
revealed an inverse correlation between
serum ferritin, which serves as a surrogate
indicator of body iron stores, and serum
levels of leptin. Serum iron levels were also
inversely related to serum leptin levels in
a cohort with type 2 diabetes or metabolic
syndrome. However, there was no associ-
ation between ferritin and BMI. While it is
not clear why the results of Topaloglu and
colleagues differ from the observations of
Gao et al., there are several possibilities.
For example, the effect of iron levels on
leptin could have been missed in the earlier
study because a smaller number of subjects
were examined (2, 4). Additionally, these
two studies focused on different popula-
tions, and iron-deficient infants and chil-
dren may respond differently than adults.

CREB provides a connection

Gao and colleagues followed up on their
observation that ferritin and leptin were
associated with studies in murine models
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and cultured cells. In animals fed a high-
iron diet, both leptin mRNA and serum
leptin levels were decreased. The high-
iron diet resulted in a two-fold increase in
hepatic iron levels and more than a three-
fold increase in adipocyte iron. Moreover,
adipocyte-specific deletion of the iron
exporter ferroportin, which resulted in
iron loading in adipocytes, reduced serum
leptin levels. Conversely, in a murine
model of hereditary hemochromatosis,
adipocyte iron levels were decreased and
leptin levels were increased. The same
inverse correlation between adipocyte
iron status and leptin mRNA expression
was also observed in an adipocyte cell line.
Gao and colleagues determined that
increased cellular iron causes an increase
in phosphorylation of cAMP-responsive
element binding protein (CREB) that is
independent of the canonical CREB activa-
tors cyclic AMP and calcium. CREB phos-
phorylation was associated with inhibition
of leptin transcription via CREB binding at
sites that were detected in the putative lep-
tin promoter (Figure 1). Moreover, expres-
sion of a dominant-negative CREB protein
in cultured adipocytes rendered the leptin
promoter insensitive to iron status.

Remaining questions

The work by Gao et al. raises several inter-
esting questions. First, while mice on a
high-iron diet were shown to have lower
leptin levels and eat more chow than ani-
mals fed standard chow, the body weights
of iron-fed mice were not increased. Addi-
tionally, measurements of fat and lean
body mass in high-iron diet-fed mice were
indistinguishable from animals on normal
chow. Similarly, mice with increased adi-
pocyte iron due to adipocyte-specific inac-
tivation of ferroportin showed a leptin-
associated change only in eating behavior,
but not in other metrics of body size and
composition. Together, these observations
fit with the lack of association between fer-
ritin and BMIdescribed in human subjects.
However, it is not clear why increased food
consumption does not translate into mea-
surable differences in body parameters.
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Figure 1. The transcription factor CREB
connects iron status to leptin expression in
adipocytes. Elevation of intracellular iron in adi-
pocytes results in cAMP- and calcium-indepen-
dent phosphorylation of CREB. Phosphorylated
CREB binds 2 sites within the putative leptin
promoter and inhibits transcription. Decreased
leptin, in turn, increases appetite.

Second, the link between iron and
CREB phosphorylation is still unknown.
Others have reported that decreased intra-
cellular iron is associated with phospho-
rylation or activation of CREB in a variety
of cell types, possibly related to decreased
reactive oxygen species (5-7), but the pre-
cise molecular details remain obscure.
There is abundant evidence that cellu-
lar iron status not only influences gene
expression posttranscriptionally through
interactions with iron regulatory elements

in noncoding regions of a limited set of
mRNAs, but iron deficiency also causes
increased transcription of some genes that
are important in iron homeostasis (8). The
mechanism for transcriptional induction
inresponse to iron deficiency has been elu-
sive, and CREB phosphorylation might be
part of the answer. More work will need to
be done to fully sort this relationship out.

Third, CREB has many targets, and it
is likely that there are other downstream
effects of iron-related changes in CREB
activity. Iron-dependent regulation of
CREB function has potential to be partic-
ularly important in cells that experience a
wide physiological range in iron-storage
capacity, such as intestinal epithelial cells,
tissue macrophages, and hepatocytes. The
broader implications of such an effect
remain to be elucidated.

While there is substantial literature
associating iron overload with diabetes
and insulin resistance, the molecular
mechanisms are incompletely under-
stood. Clearly, the interaction between
iron homeostasis and systemic energy
metabolism is complex, and the report by
Gao et al. contributes one additional piece
to the puzzle.
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