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Abstract: Iron is the most abundant metal in the human body. No independent life forms on earth can survive
without iron. However, excess iron is closely associated with carcinogenesis by increasing oxidative stress via its
catalytic activity to generate hydroxyl radicals. Therefore, it is speculated that iron might play a dual role in cells, by
both stimulating cell growth and causing cell death. Dietary iron is absorbed by the intestinal enterocytes in the form
of ferrous ion which forms cLIP. Excess iron stored in the form of Ferritin serves as a reservoir under iron depletion
conditions. Ferroptosis, is an iron-dependent non-mutational form of cell death process and is suppressed by iron-
binding compounds such as deferoxamine. Blocking transferrin-mediated iron import or recycling of iron-containing
storage proteins (i.e., ferritin) also attenuates ferroptosis, consistent with the iron-dependent nature of this process.
Unsurprisingly, ferroptosis also plays a role in the development of cancer and maybe a beneficial strategy for an-
ticancer treatment. Different lines of evidence suggest that ferroptosis plays a crucial role in the suppression of
tumorigenesis. In this review, we have discussed the pros and cons of iron accumulation, utilization and, its role in
cell proliferation, ferroptosis and pathophysiology of cancer.
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Introduction

Iron is one of the most requisite metal ions that
regulates cellular metabolisms. The iron pres-
ent in the body gets absorbed in the intestinal
enterocytes and is utilised for various cellular
processes such as nucleic acid synthesis, oxy-
gen transportation, cellular respiration, enzy-
me activity, heme synthesis, detoxification,
immune function and metabolism [1]. For
instance, Ribonucleotide reductase is an iron
containing enzyme that catalyses the synthe-
sis [2]. The enzymes that require iron for their
activities are listed in Table 1.

Iron containing proteins can be classified as
three main groups: i). Iron sulphur clusters, ii).
Heme containing proteins, iii). Iron containing
enzymes. Iron sulphur clusters are most pre-
dominantly found in the components of the
mitochondrial electron transport chain. The
most predominant heme containing proteins

are haemoglobin and myoglobin which are
majorly involved in oxygen transportation to
various organs and cells via the blood stream.
Hence these proteins are abundantly found in
RBC [3].

Iron containing enzymes uses iron as co-factor
to regulate its enzymatic activities for instance,
mononuclear non-heme iron dependent (NHI)
catalyses an array of chemical transformations
which include hydroxylation, chlorination and
epimerisation of organic substrates [4]. Iron
also acts as a cofactor regulating the enzyme
activity and acts as a major regulator of cell
cycle by inhibiting the formation or activation
of both cyclin and cyclin dependent kinases
(CDKs). Lipoxygenase (LOX) requires ferrous
ion as cofactor to regulate peroxidation of poly
unsaturated fatty acids (PUFA) [5]. DNA poly-
merase «, 0 & €, DNA helicases, DNA primate
regulation subunit Pri2 (PRIM-2) also requires
iron as co factor [6].
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Table 1. Types of proteins that require iron for their activity

Iron containing proteins

Iron Proteins of the Mitochondrial Respiratory Chain and
proteins involved in Oxygen-Dependent Reactions

Other Redox Enzymes
Containing Iron

Haemoglobin

Myogloblin
erythrocruorin
catalase
cytochromes class B
cytochromes class A

Proteins of Respiratory Chain
Cytochrome ¢

Cytochrome oxidase

Ubiquinol: cytochrome-c reductase
NADH: ubiquinone reductase
Succinate: ubiquinone reductase

ETF dehydrogenase
Dihydro-orotate dehydrogenase

Oxygen-Dependent Reactions

Ribonucleotide reductase

Xanthine oxidase
Xanthine dehydrogenase
Aldehyde oxidase

cytochromes class C
Tryptophan oxygenase

cytochromes class D Lipoxygenase
- Cysteamine oxygenase

- Phenylalanine hydroxylase

- Tyrosine hydroxylase

- Tryptophan hydroxylase
Fatty acid desaturase
Prolyl Oxygenase
Lysyl Oxygenase
Cysteine Oxygenase

Hydroxyanthranilate oxygenase

Indoleamine oxygenase

Mechanism of iron absorption and its regula-
tion

Cellular absorption of dietary iron

Dietary iron exists as organic heme iron in the
form of ferrous ion and inorganic non heme
iron in the form of ferric ion; Both are absorb-
ed in the intestinal duodenal cells by divergent
mechanisms.

Absorption of heme iron

Heme iron degraded in stomach and duode-
num is transported to the cytoplasm of the
enterocyte by heme carrier protein 1 (HCP1)
and heme responsive gene (HCP1) importers
[7].

Absorption of non-heme iron

Iron importers have high affinity towards fer-
rous ion and hence the inorganic non-heme
iron is reduced to ferrous iron before it enters
into enterocyte mediated by a brush border
membrane ferrireductase enzyme called DcytB
(duodenal cytochrome B). The reduced ferrous
ion is then transported into the cell via an im-
porter called Divalent metal ion transporter-1
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(DMT-1) [8]. Once the ferrous ion enters the
enterocyte these ions take hold of, other fer-
rous ions present in the cytosol to form a low
molecular weight pool of cellular iron called the
cytoplasmic labile iron pool (cLIP) [9]. This cLIP
plays an indispensable role by mediating the
biochemical events which require iron [10]. Iron
that entered cLIP binds to the cytotoxic iron
chaperons termed PCBP-1 and PCBP-2 (poly-
(rc)-binding protein). These chaperons further
modulate the delivery of the ferrous iron to
their destinations [9]. Reduced ferrous ion can
generate soluble radicals, lipid alkoxy, highly
reactive oxygen species (ROS) or hydroxide
ions via Fenton pathway which may lead to cel-
lular damage. Hence the ferrous present in
cLIP would be rapidly exported to various cellu-
lar organelles to meet the to meet the physio-
logical requirements of the cell [9, 11] (Figure
1).

Importance of consuming iron through diet

S studies revealed that, intake of carotenoids
lycopene, lutein and zeaxanthin improved iron
absorption from a meal. Spinach (Spinacia
oleracea L) a member of the family Amaran-
thaceae is a dark leafy vegetable rich in vita-
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Figure 1. Iron import, regulation and export. Organic and inorganic iron enters into the intestinal duodenal cell
through their respective ion channels in ferrous form. In the cytoplasm the ferrous ions gather together to form an
iron pool called the cytoplasmic labile pool (cLIP). Depending upon the requirement cLIP will be utilized by different
organelles and the extra ferrous iron is stored in ferritin. Ferrous iron cannot be transported and hence it should be
reduced to ferric iron which can be transported into the circulation and is reached to other cells through a ferric ion

exporter.

mins, minerals, phytochemicals and bioactive
ingredients. 100 g serving of spinach provides
high levels of magnesium, potassium and iron
that meet 20%, 16% and 15% respectively of
their recommended dietary allowance (RDA)
respectively [12]. Epidemiological studies dem-
onstrated that spinach consumption can com-
bat breast, colon and esophageal cancers. In a
case control study, females with higher intake
of raw spinach (>52 servings/year) had a 45%
decreased risk of breast cancer suggesting
that the carotenoid lutein specifically associat-
ed with decreased risk of breast cancer sug-
gesting that spinach has anti-cancer proper-
ties and inhibit cancer cell proliferation by
increasing iron absorption [13].

Regulation of iron metabolism via cLIP in can-
cer cells

The amount of cLIP is sensed by iron regulatory
RNA binding proteins 1 and 2 (IRP-aconitase-1
& IRP2-iron responsive element binding pro-
tein-2). These IRPs bind to the iron responsive
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element in the UTRs of TfR and DMT-1 which
are the substantial proteins responsible for
cLIP formation [14]. When cells have abundant
amount of iron, in due course the cells activate
TfR and DMT-1. During iron inadequacy, IRP
binds to the IRE in the 3’'UTR [15]. Binding sta-
bilises the mMRNA and license the translation of
TfR and DMT1 which escort the accumulation
of ferrous ions in cLIP [16]. When cells have
profuse amount of iron then the IRP binds to
IRE at the 5’UTR. Binding halts the translation
thereby destabilising the mRNA [15] thereby
preventing iron overload leading to non-expres-
sion of TfR and DMT1 genes [16].

Fate of iron absorbed by the enterocytes

Iron is the most required ion required to regu-
late cellular metabolism. Dietary iron absorbed
in the intestinal epithelial cells will undergo the
following fates. (1). Mitoferrin is an iron trans-
porter protein that imports iron from the cyto-
plasm of the cells [17]. (2). Ferrous ion present
in cLIP enters blood circulation so that it can
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be transported to various cell organelles. The
absorbed iron is further transported to differ-
ent cell organelles through an iron exporter
called ferroportin (FPN).

The ferrous ion prior to its export by FPN is oxi-
dised by the enzymes Hephaestin or cerulo-
plasmin. FPN is the cellular iron exporter
encoded by SLS40A-1 [18], located on the
basolateral membrane of intestinal entero-
cytes [19]. The oxidised ferric ion that is ex-
ported binds to transferrin, a protein of -
globulin gene family that transports circulating
ferric ions to other cell organelles. In blood,
transferrin protein exists in two forms Holo-Tf
(free from ferric ion binding) and Apo-Tf (Tf
associated with ferric ion). Transferrin receptor
designated as TfR is a cell surface receptor
which is present on almost all cells recognises
holo Tf, recruit the Tf bound iron and engulfs
the iron through receptor mediated endocyto-
sis [20].

Ferric ions that are endocytosed by Tfr are re-
duced by endosomal six-transmembrane epi-
thelial antigen of prostate-3 (STEAP-3) to fer-
rous iron and enters into cLIP of respective
cells through DMT-1 protein [5, 21]. If circulat-
ing iron levels exceed the levels of transferrin
present in the blood circulation, then there is a
chance of accumulation of non Tf bound iron
which may lead to various health disorders
[21].

Internalisation of iron by other cells takes
place only when the iron is exported by FPN.
FPN mediated iron transport is tightly regulat-
ed by Hepcidin (Hcp) encoded by HAMP gene
predominantly expressed is hepatocytes. Hcp
inhibits cellular export of iron by binding the
FPN [22]. The excess ferrous ion is stored
in ferritin, an iron storage molecule that can
store about 4500 ferrous ions and maintains
balance when cell undergoes iron depletion
[23]. Ferritin is a 24 sub-unit protein having
heavy and light chain ferritin types [22]. Under
iron depletion conditions, stored iron in ferritin
is exported through FPN by the same mech-
anism.

Role of iron in the metabolism of oxygen
Genes that regulate the expression of iron

metabolism play a crucial role in regulating
the expression of genes required for oxygen
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metabolism. For instance, the genes HIF1 and
HIF2 which are expressed under oxidative
stress usually regulate hypoxia under low iron
content [24]. Prolyl hydroxylases are the class
of enzymes that inactivate HIF genes by hy-
droxylation of proline residues in HIF, resulting
in recognition of HIF by ubiquitin ligases lead-
ing to HIF ubiquitination and degradation by
proteasomes [25-28]. For catalysing hydroxyl-
ation reactions, the enzyme requires iron as a
co-factor and hence iron scarcity results in ac-
tivation of HIF genes apart from hypoxic condi-
tions [29]. This implicates that when hypoxic
conditions prevail in the cell prolyl hydroxylase
is inhibited, because in hypoxia HIF genes are
to be expressed to regulate angiogenesis [30],
erythropoiesis, energy metabolism and cell
motility [31]. In cancer cells this enzyme is
suppressed resulting in continuous expression
of HIF gene which mediates angiogenesis and
other cellular functions [32].

Role of iron in the metabolism and pathophys-
iology of cancer cells

Iron metabolism and cancer

Malignant cellular phenotype is often found in
association with dysregulated iron homeosta-
sis [33], resulting in decreased RBC count [34]
and anaemia [35]. Iron overload in cell pro-
motes initiation and progression of tumours by
generation of ROS [36]. Low concentration of
ROS can contribute to cellular functions such
as cell survival, differentiation or its death by
targeting kinases and phosphatases [37] and
can also induce HIF-a during hypoxic condi-
tions. Similarly, low concentrations of ROS can
also recruit other platelets at the site of injury
[38]. Circulating tumour cells are encased in
thrombus, protecting them from NK cells, the
platelets present in them play a crucial role by
providing shear forces [39]. In circulating tu-
mour cells platelets play a crucial role by pro-
viding shear forces. Excess ROS concentration
in the cell leads to oxidative stress eventually
damaging the DNA [37], which when coupled
with other mutations that disrupt the regula-
tion of cell cycle checkpoints might lead to
carcinogenesis.

Role of iron in cancer cell proliferation

Tumour cells have a greater metabolic demand
for iron than normal cells [20]. Surplus amount
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of iron is required for tumour survival, prolifera-
tion and to regulate metastasis [40]. Iron in the
tumour cells plays a key role in the remodelling
of extra cellular matrix thereby increasing the
motility of cancer cells promoting metastasis.
Tumour cells avidly binds iron and enhances
the expression of TfR that not only enhances
iron uptake but also incites tumour cell survival
[41]. Inhibition of FPN in various cancer cells
enhanced availability of iron [9, 42] proving that
cancer cells require an abundant amount of
iron for their survival [10]. Iron can also gener-
ate ROS via Fenton pathway. Tumour cells have
higher basal ROS than normal cells [42] which
confer growth to the tumour cells by facilitating
mitogenic signalling via activation of several
stress kinase pathways [43].

Regulation of iron metabolism in cancer

Expression of genes regulating iron metabo-
lism in tumours, is a strong and independent
predictor of prognosis. Ferritin down regulation
is mediated by oncogene myc in B cells, adeno-
virus E1A and Ras genes [36]. Concomitant up
regulation of iron import and down regulation of
iron export and its storage results in higher iron
availability and consequent faster growth in
several types of tumour cells [10]. Interestingly,
cancer stem cells have high levels of ferritin
which indicates that these cells store a lot of
iron than the tumour cells. Iron brings forth
stemness in cancer stem cells and is responsi-
ble for higher malignant potential that makes
these cells therapy resistance, priming the
tumour cells for tumour recurrence [11].

Cancer cells are known to adapt a few alternate
pathways to maintain cellular iron balance. In
NSCLS (non-small cell lung carcinoma cells)
EGFR, growth factor that regulates growth, sur-
vival, proliferation and differentiation in mam-
malian cells has been demonstrated to affect
iron metabolism by directly binding and redis-
tributing TfR-1 [441, 44]. Inactivation of EGFR
resulted in reduced TfR1 levels on the cellular
surface resulting in decreased import of iron
and cell cycle arrest [45]. FPN over expression
induces autophagy and activates p53 along
with its target p21 leading to cell cycle arrest
and stress induced damage in prostate cancer
[46]. FPN suppression can be correlated with
increased amounts of hepcidin in tumour cells
and is shown to be dramatically repressed in
various cancer. Hepcidin contributes to cancer
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cell proliferation and progression by binding to
FPN present on the membrane of iron exporting
cells, which induces endocytosis and proteoly-
sis of FPN thereby, inhibiting FPN expression
and protecting the cancer cells by accumulat-
ing more iron reserves [47]. Histone deacety-
lase-1 (HDAC1) is associated with hepcidin sup-
pression by binding to SMAD4 which of STEAP-
3 family. This enzyme has also been reported
to induce EMT (epithelial mesenchymal transi-
tion) in cancer cells by activating STAT-3-fox M1
axis, leading to upregulation in TfR1 expression
and a surge in intracellular iron content [48].

Apart from STEAP3, cancer cells also activate
various proteins that belong to STEAP family
depending on their requirement. For instance,
STEAP1 & STEAP2 are usually expressed in
various cancers while STEAP4 is activated
under hypoxic conditions and is responsible for
mitochondrial iron imbalance and enhanced
ROS production [49]. It is shown to enhance the
incidence of colitis associated colon cancer in
mouse models [50]. Pharmacological inhibition
of DMT1 halts colon tumour growth by sup-
pressing JAK-STAT3 signalling pathway [51].
Studies revealed that increased mitochondrial
iron accumulation lead to accumulation of
mitochondrial NEET proteins NAF1 (CISD2) and
mito NEET (CISD1) which play a critical role in
cancer cell proliferation and metastasis. NEET
proteins belong to a novel iron sulphur cluster
family that regulates iron and redox homoeo-
stasis [52]. Tumour cells alter iron metabolism
by up-regulating the expression of genes
responsible for elevating intra cellular iron con-
tent (TfR-1, DMT-1 and Hepcidin) while down
regulating the gene expression of the proteins
that are involved in exporting the iron content
(FPN, hephaestin and ceruloplasmin) from the
cell [31]. These studies suggest that regulation
of iron metabolism related gene expression is
consequential for a cancer cell to survive the
harsh conditions.

Role of iron in the pathophysiology of cancer

Research has demonstrated the abnormality of
iron homeostasis in several cancers including
breast, ovarian, renal and lung cancers [9].
Cancer cells undergo malignancy by enhancing
DNA synthesis and proliferation there by lead-
ing to increase in cell number. Although ferrop-
tosis is an iron dependent cell death and can-
cer cells as well as cancer stem cells has bulk

Am J Cancer Res 2022;12(3):974-985



Role of dietary iron revisited

amount of iron these cells are protected from
ferroptosis [53], because the iron present in
these cells is utilized in various ways to pro-
mote cancer cell proliferation. One of the exam-
ples is, iron the prerequisite metal for the
enzyme ribonucleotide reductase, an enzyme
involved in DNA synthesis. Iron is very essential
in proliferation of cell cycle particularly in late
G1 and S-phase [54, 55]. Iron enhances cyclin
D1 protein expression, one of the cell cycle
check-point that catalyses G1/S progression
[55]. The mechanism through which iron
enhances Cyclin D1 is not known yet. Studies
proved that increased Cyclin D1 that assem-
bles with cdk4 or cdk6 to promote cells from
G1 to S phase plays a major role in tumorigen-
esis [56, 57]. In their studies they showed that
iron depletion via iron chelators inhibited tumor
growth by targeting cyclin D1 through ubiquitin-
independent proteasomal degradation [58].
Prominin2 a membrane glycoprotein that is
involved in the organization of plasma mem-
brane microdomains inhibits ferroptosis by pro-
moting the formation of ferritin-containing mul-
tivesicular bodies in response to GPX4 inhibi-
tion and exosome formation which transport
iron out of the cell there by impeding ferropto-
sis. Cells that cannot induce prominin2 and
export ferritin are therefore highly sensitive to
ferroptosis [59].

Studies also proved that patients with iron stor-
age diseases are more prone to cancer [60].
For instance, hemochromatosis, a prototypical
disease of excessive iron that arises due to the
mutations in various genes involved in cellular
iron uptake are at increased risk in attaining
cancer including liver, colon, rectal, prostate
and even breast cancers [61]. Another iron
overload disease homozygous beta thalas-
semia is associated with increases risk of
hepatocellular carcinoma [62]. To understand
the relationship between cancer risk and iron
levels in the body investigators examined
cohorts of individuals undergoing blood dona-
tion or blood transfusion. Results showed that
patients who has undergone blood donation
were associated with less cancer risk [63, 64]
and those who underwent blood transfusion
were more prone to cancer [65]. This is be-
cause blood containing haemoglobin an iron
containing protein is reduced when patient
donates blood while is elevated in person who
is taking blood from another person [60].
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Furthermore, a mutlicenter, randomized con-
trolled study in patients with advanced periph-
eral arterial diseases showed that iron deple-
tion by phelebotomy lowered cancer risk and
mortality by 37% at a 5 years follow-up sugges-
tion that increased iron levels in body promotes
cancer risk [64].

Ferroptosis
Iron as a promising target in cancer therapy

Ferroptosis is a newly emerging method that
targets tumour cell growth. It can be defined
as non-apoptotic, caspase independent cell
death. The process is dependent on iron con-
centration. Since cancer stem cells have bulk
iron stored in ferritin when compared to both
cancer cells as well as normal cells, ferroptosis
can target the death of cancer stem cells which
are solely responsible for chemotherapeutic
resistance and cancer relapse [66]. This is
because cancer stem cells will be present in
GO-phase of the cell cycle and will not respond
to primary therapy [67]. Iron chelators target
and reduce the intracellular iron content by
purging the metal iron outside the cell. This
might result in hypo phosphorylation of pRb,
decreased expression of cyclin, p21 and C-myc,
leading to cell cycle arrest at G1/S cell phase
[68]. Iron chelators selectively induce apopto-
sis in cancer cells in vitro and reduced tumour
size in vivo. These chelators inhibit the enzyme
ribonucleotide reductase which catalyses the
rate limiting step of DNA synthesis and also
increases the cytotoxicity in tumour cells by
increasing ROS levels thereby resulting in cas-
pase independent cell death. Iron chelators
can be classified into two types: Redox active
iron chelators and Redox inactive iron chela-
tors. While redox active iron chelators generate
ROS by allowing iron to interact with oxygen and
hydrogen peroxide, the redox inactive chelators
prevent iron from being exposed to oxygen and
hydrogen peroxide thereby preventing the pro-
duction of ROS [69].

Another approach that targets the growth of
cancer stem cells is ferritinophagy which refers
to autophagic degradation of ferritin protein.
Nuclear receptor co activator-4 (NCOA4) is an
autophagic cargo receptor that binds to ferritin
heavy chain in autophagosome and delivers it
for degradation in the lysosome there by reduc-
ing ferritin turnover [70, 71]. Usually if a cell
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undergoes iron scarcity, an iron regulated me-
tastasis suppressor gene called N-myc down-
stream regulated genes-1&2 (NDRG-1&2) are
upregulated leading to tumor suppression.
Both NDRG1 and NDRG2 are shown to de-
crease metastasis in breast, prostate, pancre-
as and colon cancers [70]. Accumulating evi-
dence has shown that CD133, a stem cell
marker which is used to identify tumour initiat-
ing cells in a wide number of human cancers
is capable of inhibiting intra cellular uptake of
iron by interacting with TfR1 gene and implicat-
ing in its endocytosis [72].

Mechanism of ferroptosis

Lysophosphotidtyl choline acyltransferase 3
(LPCAT-3) which belongs to the membrane
bound O-acyltransferase family [73] incorpo-
rates Arachidonic acid and Adrenic acid into
lipid bilayer [74]. These lipid molecules are then
esterified by the enzyme Acetyl Co-A synthesis
long chain family member-4 (ACSL-4), which
further undergoes B-oxidation of poly unsatu-
rated fatty acids (PUFA) biosynthesis [75-78].
The PUFAs are highly sensitive to peroxidation
due to the presence of highly reactive hydrogen
atoms that are generated by Fenton reaction.
The enzyme lipoxygenase then catalyses the
peroxidation of PUFA resulting in formation of
lipid peroxides thereby triggering cell death.
Lipoxygenase requires ferrous ion as co-factor
which comes from cLIP [66].

Mechanism of ferroptosis inhibition in cancer
cells

Cancer cells circumvent ferroptosis by elevat-
ing glutathione peroxidase-4 enzyme (GPX-4)
levels. GPX-4 reduces lipid peroxides to lipid
alcohols in presence of Glutathione (GSH) by
serving as an electron donor, thereby limiting
iron dependent formation of lipid alkoxy radi-
cals from lipid peroxides generated by the fer-
roptosis machinery [79, 80]. GSH is a cellular
non protein tripeptide anti-oxidant consisting of
glycine, glutamate and cysteine amino acids
[81]. To prevent ferroptosis the cancer cells
augment the production of GSH thereby elevat-
ing GPX4 enzyme activity. The GSH synthesis is
dependent on cysteine/glutamate levels inside
the cell which is mediated by sodium depen-
dent antiporter called xCT system encoded by
SLC7A11 gene. This antiporter imports one cys-
tine (CySS) molecule in exchange for a gluta-

980

mate molecule [9] (Figure 2). When GSH levels
exhaust, the cancer cells activate ferroptosis
suppressor protein-1 (FSP1), formerly called
Apoptosis-inducing factor mitochondria associ-
ated-2 (AIFM2) to the plasma membrane by
N-terminal myristylation. FSP1 reduces ubiqui-
none to ubiquinol, a lipid radical scavenger that
reduces the accumulation of lipid free radicals
within the membrane [82].

Discussion and future prospects

Dysregulated ferroptosis is implicated in multi-
ple physiological and pathological processes
such as cancer cell death, tissue injury, and
T-cell immunity. Also, ferroptosis plays an
important role in sterile inflammatory condi-
tions such as tissue acute injury, ischemic
reperfusion injury, and neurotoxicity. Several
epidemiological studies have suggested an
association between endometriosis and ovari-
an cancer, demonstrating a high risk of ovarian
cancer in women with a long-standing history
(>10 years) of ovarian endometriosis. Toyokuni
et al., have reported that ovarian endometriotic
cysts are rich in catalytic iron, leading to
increased oxidative DNA damage of the epithe-
lia of those cysts which might culminate into
clear cell adenocarcinomas of the ovary [83].

Similarly, hepatic iron is increased significantly
in patients with chronic viral hepatitis due to
persistent damage of hepatocytes leading to
increased iron absorption and deposition even-
tually resulting in hepatocellular carcinoma
[84]. In another interesting study, it has been
demonstrated that local iron overload, endoge-
nous or accumulated by other mechanisms, is
important for asbestos-induced carcinogenesis
since asbestos fibres contain iron that cataly-
ses free radical generation responsible for lung
cancer [83, 85].

More studies about ferroptosis, and iron-
induced carcinogenesis in cancer and injury-
associated diseases might create a new oppor-
tunity for diagnosis and therapeutic interven-
tions for not cancer but for other iron overload-
induced human pathological conditions like
hemochromatosis induced hepatocellular car-
cinoma, chronic viral hepatitis B and C induced
hepatocellular carcinoma, asbestos exposure
induced malignant mesothelioma and lung car-
cinoma and ovarian endometriosis induced
Ovarian carcinoma. Considering the recent

Am J Cancer Res 2022;12(3):974-985



Role of dietary iron revisited

(NADP+}+(H+ZI

NADPH
Ferroptosus '

Cell

Proltferatlon
P IGlutathlone I

SLC7A11

Q@ Cystine
. SLC3A2 o Cysteine

'Glutamate ¢ Glycine

Figure 2. Mechanism of Ferroptosis Inhibition. SLC7A11 gene is a sodium-dependent antiporter responsible for
Glutathione synthesis. The gene encodes a xCT system which imports one Cystine molecule by simultaneous export
of Glutamate molecule. The transporter activity of SLC7A11 gene is stabilised by a chaperon encoded by SLC3A2
gene. Once cystine enter into the cytoplasm of the cell it is reduced to cysteine and contributes to the formation of
Glutathione with Glycine and Glutamate. The Glutathione serves as a co-factor for the enzyme GPX-4 which inhibits
the formation of lipid peroxides there by protecting the cells from ferroptosis and permitting cell proliferation.

report by Kato.J. et al., that iron reduction by They are Activating Transcription Factor-4 (ATF-

phlebotomy decreased cancer risk in a suppos-
edly normal population [86], the present review
would be highly useful in designing efficient
cancer prevention and therapeutic strategies.

Conclusion

Iron is one of the most essential nutrients that
regulate cellular growth, development, differen-
tiation as well as metabolism. Iron also plays an
important role in regulating cell death during
stress conditions by a process called ferropto-
sis. Cancer cells which are subjected to high
stressful conditions do require iron to regulate
cellular growth and metabolism, but these cells
abscond ferroptosis by inhibiting lipid peroxida-
tion through GPX-4. Cancer cells, in order to
enhance the antioxidant defence mechanisms,
upregulate SLC7A11 gene leading to elevated
GSH levels. Over expression of SLC7A11 gene
is mainly induced by two transcription factors.
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4) and Nuclear factor-2 related factor (Nrf-2).
On the contrary, Tumour Protein 53 (TP53) and
Activating Transcription Factor-3 (ATF-3) have
been shown previously to suppress SLC7A11
gene in normal cells. These studies suggest
that either limiting the availability of iron to the
cancer cells or decreasing GSH accumulation
might be helpful for cancer therapy.
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