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Raised intracellular iron has been identified as a potential aetiological factor in the development of several epithelial
malignancies, including those of the gastrointestinal tract. The mechanism behind this increase is thought to include disorders
of iron uptake and storage. Several iron chelators have been identified as potential anti-tumour agents, with much work
undertaken to ascertain the exact mode of action. Despite this, there is little known about the role that these drugs play in
the cellular iron metabolism of oesophageal cancer. Consequently, the present study looks to review the relationship of two
clinically important iron-chelating agents, deferoxamine and deferasirox, on cellular iron uptake and storage in oesophageal
squamous and adenocarcinoma. This provides important evidence for the debate about the role these agents have in the
clinical management of such tumours.

LINKED ARTICLE
This article is a commentary on Ford et al., pp. 1316–1328 of this issue. To view this paper visit
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Iron is an essential trace element for mammalian life as it is
involved in numerous cellular processes, including oxygen
transport, oxidative phosphorylation, DNA synthesis and cell
cycle progression (Kovacevic et al., 2011). Numerous epide-
miological, animal and in vitro studies have demonstrated a
potential carcinogenic role for this metal in the development
of several epithelial cancers (Brookes et al., 2008). Several key
reports have also identified that tumours cells may be lacking
homeostatic mechanisms to regulate intracellular iron. In
particular, oesophageal (Boult et al., 2008) and colorectal
cancers (Brookes et al., 2008) have been shown to modify
cellular expression of iron-related proteins, including trans-
ferrin receptor 1 (TFR1), ferritin and ferroportin 1, which are
involved in iron storage or flux across a cell. The exact me-
chanism behind these changes is not well understood in
oesophageal cancer, but it was recently shown that in color-
ectal adenocarcinoma, cells seem to lose the ability to appro-
priately sense intracellular iron levels. The abnormally high
cellular iron in colorectal adenocarcinoma appears to occur
through the effects of oncogenic products (c-myc) generated
by the main carcinogenic pathway, Wnt signalling (Brookes
et al., 2008, Coombs et al., 2012).

The concepts raised by such studies have drawn attention
to the potential therapeutic applications of chelating iron in
the treatment of cancer. The safe use of deferoxamine (DFO)
has already been established in the treatment of disorders of
systemic iron overload (Blatt and Stitely, 1987), and thus
made such agents ideal for initial investigation of the anti-
neoplastic properties of this drug class. Early work identified
that DFO possessed potent anti-tumour activity in vitro (Blatt
and Stitely, 1987), which prompted further evaluation of
compounds with more potent chelating activity, oral bio-
availability and lower costs. The pyridoxal isonicotinoyl
hydrazone (PIH) class satisfied these requirements; hence,
chelators in this class have also been extensively investigated
showing a similar anti-tumour role (Richardson et al., 1995).
Subsequent evaluation of the relationship between the
functional activity and chemical structure of the PIH class
led to the development of the thiosemicarbazones (di-2-
pyridylketone-4,4-dimethyl-3-thiosemicarbazone; Dp44mT
and 2-benzoylpyridine-4,4-dimethyl-3-thiosemicarbazone;
Bp44mT) with potential for increased cytotoxic efficacy
(Whitnall et al., 2006). Ultimately, the proposed cytotoxic
mechanism of action of these iron chelators is related to
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inhibition of ribonucleotide reductase, an iron-containing
enzyme that regulates DNA synthesis, (Richardson et al.,
1995), resulting in reduced cellular proliferation, and also by
impeding antioxidant protection and affecting apoptosis (Yu
et al., 2012).

The anti-neoplastic properties of these agents have been
demonstrated in a variety of tumour groups, but such a role
has yet to be investigated in the treatment of gastrointestinal
cancers. This body of evidence is now augmented by the work
of Ford et al. (2012), who have demonstrated that using DFO,
deferasirox or Dp44mT can have similar anti-neoplastic
effects in both oesophageal adenocarcinoma and squamous
cell carcinoma models. In a series of exciting experiments, the
research group demonstrated that deferasirox lead to in vitro
depletion of cellular iron, and inhibits oesophageal cancer
growth in vivo. The depletion of intracellular iron stores
appeared to be a product of limiting iron uptake into the cell
(10–90% reduction dependent on agent) and increasing iron
mobilization from intracellular stores (30–75% dependent on
agent). A result of this iron depletion was to lead to cellular
changes in iron transport machinery, with an up-regulation
of the iron import protein TFR1 and down-regulation in the
iron export protein ferroportin, suggesting an intact iron-
regulatory protein pathway (Muckenthaler et al., 2008). The
latter is an important finding, as it shows that these cells do
not appear to have the abnormal iron homeostatic mecha-
nisms seen in colorectal adenocarcinoma, which occurs
through activated Wnt signalling (Brookes et al., 2008).

More importantly, Ford et al. also demonstrate a func-
tional efficacy of these agents through reduced cellular viabil-
ity, proliferation and enhanced chemosensitivity to standard
cytotoxic agents. The use of tumour xenograft models were
also used to show that low-dose deferasirox could inhibit
tumour growth by up to 43% in vivo, through depletion of
cellular iron. There were no adverse effects seen from the iron
chelation in the host, and in particular, no evidence of
anaemia or systemic iron depletion was found.

Based on the findings from this paper by Ford et al. defera-
sirox may have a therapeutic role in treating oesophageal
cancer and potentially other epithelial cancers associated
with disordered cellular iron metabolism. The exact mecha-
nisms of the anti-cancer effects of deferasirox, beyond iron
chelation, are still poorly understood. Interestingly, defera-
sirox has also been shown to be a potent inhibitor of Wnt
signalling (Song et al., 2011), which may suggest potential for
this agent in colorectal adenocarcinoma. This study may
therefore open the door to similar studies in other epithelial
malignancies.

The importance of this study perhaps lies in the increas-
ing incidence and poor outcomes afforded to patients with
oesophageal carcinoma. Despite recent improvements in
detection and treatment, the overall survival of patients with
oesophageal cancer remains lower than most solid tumours,
with overall 5 years survival rates around 8% (CRUK, 2012).
In addition to this, the tolerability of standard chemothera-
peutic regimes to patients in either the neo-adjuvant or pal-
liative setting is poor. It is also known that anaemia can
complicate oesophageal cancer in up to 45% of cases (Melis
et al., 2009; Tanswell et al., 2011), and the chemotherapeutic
regimes used in cancer chemotherapy may exacerbate this
anaemia. These factors combine to highlight why further

advances in the management of oesophageal carcinoma are
so desperately needed. The availability of an effective iron
chelator, which is well tolerated, does not cause anaemia and
can potentially have a positive impact on survival rates will
be a welcome relief to patients with the disease.

Well-designed clinical trials of this and the newer iron
chelators are now needed to determine the tolerability and
clinical efficacy of these agents in oesophageal carcinoma.
Further, in vitro and in vivo studies of these agents are likely to
be needed to investigate their potential use in other epithelial
cancers, in particular colorectal adenocarcinoma.
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