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New highlight in breast cancer development: the key role of

hepcidin and iron metabolism
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Breast cancer is one of the most frequent neoplasms
diagnosed every year in the world. Among women, more
of 30% of all cancer lesions are breast cancer. In the
United States only, 12.5% of women will be affected by
invasive breast cancer during their lifetime (1). In 2017,
approximately 252,000 new infiltrating breast tumors were
detected in the United States (2). In spite of successful
resection or chemo - and radiotherapy, tumor relapse and
metastasis are the primary causes of poor prognosis among
patients with breast cancer. In detail, about 10% of all breast
cancer patients without clinical proof of metastatic lesions
at the first diagnosis will develop a first relapse within five
years of their primary diagnosis (3). Moreover, 65-75% of
patients with breast neoplasms will experience metastases,
especially in the bone (3). These complications significantly
affect the patient’s quality of life also contributing to the
cost of care (4). Thus, the identification of molecular
mechanisms involved in breast cancer occurrence and
development represents one of the most important goals of
the biomedical research. In line with these considerations,
Blanchette-Farra and collaborators recently proposed
a new paradigm for tumor-mediated control of iron via
hepcidin by tumor architecture and the breast tumor
microenvironment (5). Authors used 3D cell culture
method by investigating breast cancer spheroids derived
from both MCF-7 and MCF-10a cell lines and primary cell
culture from breast cancer patients to study the possible
role of cancer-associated fibroblasts in the regulation of
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breast tumor pathways by iron and hepcidin (5). Hepcidin
is a peptide hormone that binds to ferroportin and elicits its
degradation, playing a not redundant role in breast disease
by increasing iron cytoplasmic concentration (6).

In agreement of this, the study of Blanchette-Farra
et al. showed that the metabolism of hepcidin in breast
cancer was driven by several molecules of the TGF-B
super-family, as bone morphogenetic proteins (BMPs) and
growth differentiation factor-15 (GDF-15) (5). More in
detail, expression of GDF-15 from patient’s samples were
significantly associated with levels of hepcidin at both the
mRNA and protein level, thus suggesting a role for GDF-15
in the regulation of hepcidin in human breast cancers (5).
As concern the correlation between hepcidin and BMPs
expression, authors observed that, BMPs, particularly
BMP6, were important mediators for hepcidin synthesis
in breast cancer cells, studied both in 2D and in 3D cell
culture systems (5). In addition, inclusion of tumor-
associated fibroblasts in breast cancer spheroids further
induces hepcidin by fibroblast-dependent secretion of IL-6,
one of the most important pro-inflammatory cytokine (5).

However, a very important message from this study is
that a dysregulation in the spatial configuration of cancer
cells is enough to modify responses to extracellular stimuli
and promote several pathways of hepcidin induction. Thus,
even though cells cultured in 2D showed receptors able
to make them responsive to IL-6, hepcidin synthesis was
not induced by treatment with exogenous IL-6 in cells
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grown in 2D. On the other hand, breast cancer cells grown
in 3D culture conditions induced hepcidin when exposed
to IL-6. This evidence points out the relevance of spatial
organization in the stimulation of tumor signaling pathways,
including those that control iron metabolism. From clinical
point of view, data of Blanchette-Farra are strengthen
by a large cohort study of Pinnix ez /. in which has been
demonstrated that the combined expression profile of
ferroportin and hepcidin is a powerful predictor of survival
after mastectomy for women with breast cancer (7).

This new and interesting data acquire further relevance
if compared with the more recent discoveries in the field of
breast cancer metastasis to bone. In particular, Scimeca et a/.
have recently described a new breast cancer cell type showing
morphological, molecular and functional characteristics
of osteoblasts (8,9). These cells originate in breast
environment under the stimulation of several osteoblast
differentiation factors expressed by cancer cells, inflammatory
cells and peri-tumoral fibroblasts, i.e., BMPs (10)
and PTX3 (11,12). In addition, has been demonstrated
that the presence of BOLCs in primary lesions can predict
the formation of bone metastasis lesions within 5 years
from the diagnosis of breast primary carcinoma (13). It is
important to note that the hepcidin and iron metabolism
are key elements for the differentiation and activity of real
osteoblasts and thus for bone metabolism.

In a study of Li and colleagues, authors showed that
hepcidin is able to increase the cytoplasmic levels of calcium
in osteoblast cells, demonstrating that this effect was more
pronounced if osteoblasts were exposed to increasing
concentrations of iron (14). To further characterize this
phenomenon, authors used a L-type calcium channel
blocker (nimodipine) and a ryanodine receptor antagonist
(dantrolene) to inhibit the calcium flux through the sarco-
endoplasmic reticulum of osteoblasts (14). The absence of
significant modification in cytoplasmic calcium levels in
human osteoblasts exposed to these molecules suggested a
precise relationship between hepcidin expression and calcium
homeostasis. In fact, this mechanistic relationship seems to
be mediated by the release of calcium from endoplasmic
reticulum, which is triggered by calcium influx (14).
In vitro studies further described the possible role of
hepcidin and iron metabolism in osteoblasts differentiation
displaying that hepcidin expression may decrease rate
of apoptosis and enhance the formation of calcium
nodules. Therefore, hepcidin protected bone quality by
both reducing the osteoblast apoptosis and promoting
the physiological process of mineralization. Moreover,
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has been shown that hepcidin induced the expression of
essential molecules involved in bone mineralization such
as collagenl (COL1), BMP2 and osteoprotegerin (OPG)
thus promoting osteoblast differentiation and function (15).
Starting from these considerations is possible to speculate
about the connection between hepcidin expression, iron
metabolism, breast development, tumor environment and
BOLC:s generations. Indeed, all these elements can play an
important role in the formation of bone metastatic lesions
by BOLCs. Specifically, iron metabolisms and hepcidin
expression can orchestrate the early phases of BOLCs
formation by regulating the BMPs homeostasis. In addition,
the presence of high amount of iron may enhance breast
tumor initiation, growth and metastases by promoting
redox cycling of estrogen metabolites (16). In agreement
with this, BOLCs are mainly detected in the breast lesions
characterized by both expression of estrogen receptors and
propensity to form bone metastasis i.e., luminal A subtype
(9,13). Modifications in iron homeostasis in cells of breast
tumor microenvironment as macrophages and fibroblasts
may also foster breast to bone metastatization. Thus,
expression of genes involved in iron metabolism could
be predictive of breast cancer prognosis. Iron chelators
and other approaches conceived to limit iron may acquire
therapeutic significance in breast cancer especially for
what concern the development of bone metastasis (16).
The dependence of breast cancer on iron presents rich
opportunities for improved prognostic evaluation and
therapeutic intervention. Several in vivo and ex vivo
techniques could be used to study the iron metabolism
in breast. In particular, distribution of iron in breast
environment may be investigated exploiting the potential of
nuclear medicine. In fact, currently, numerous radiotracers
as “Fe-citrate are able to track iron particles in peculiar
human pathologies such as Wilson’s disease (17). Moreover,
there is an increase of iron in the brain with aging and
increased iron levels were observed along with deposits
of senile plaque in Alzheimer patients (18). Similarly, this
approach could be proposed for the screening of breast
cancer patients in order to identify the lesions with high
probability to develop bone lesions. Also, accumulation of
iron in breast can be studied in bioptic samples by using
energy dispersive X-ray (EDX) microanalysis (19). EDX
microanalysis is a technique that allows the analysis of
elemental composition of a very small fragment of tissue.
Its performance is based on the generation of characteristic
X-rays that reveals the presence of elements in the
specimens subjected to electron microscopy analysis (19).
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EDX is frequently used in the study of drugs, such as in the
study of drugs delivery in which the EDX is an important
tool to identify nanoparticles (19). It is also used for the
investigation of environmental pollution and for detection
of metal accumulated in the normal and pathological tissues
(19,20). The application of EDX can provide the subcellular
localization of iron in breast cancer cells allowing to shed
light the possible accumulation of this metal in the BOLCs.

In conclusion, despite many recent advances, breast
cancer remains a clinical challenge. The identification of
specific pathways involved in breast cancer occurrence
and progression require a multidisciplinary approach
that involved several biomedical disciplines as anatomic
pathology and nuclear medicine (21). There are several
interesting new techniques on the horizon that could
provide a notable improvement in breast cancer detection
by analysis of hepcidin and iron metabolism. The future
introduction of these techniques in the diagnosis of breast
cancer could great improve the management of breast
cancer patients providing to oncologist new options for
both diagnosis and therapy.
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