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Ferritin: The Iron Management Protein
As the most abundant transition metal element in our body, iron is 

ubiquitously distributed and widely involved in various physiological 
processes, such as oxygen transport, energy metabolism, electron 
transport, cell cycle regulation, and DNA synthesis [1-3]. Despite its 
role as a co-factor in such biochemical activities, excessive iron can 
be toxic by generating Reactive Oxygen Species (ROS) through the 
Fenton reaction. This reaction converts less stable ferrous ions into 
the ferric form, while consuming hydrogen peroxide (H2O2) [4]. The 
main byproducts of this reaction are hydroxyl radicals (•OH), the 
most reactive species in biological systems that are capable of inducing 
intracellular oxidative damage. Thus, excessive iron accumulation 
is considered a major risk factor of cell damage and tight regulation 
of iron metabolism is required to maintain cellular homeostasis and 
viability [2].

In mammalian cells, the major iron storage protein is ferritin. 
Ferritin is a hollow, spherical- structured protein complex composed of 
24 subunits [5]. These 24-mers consist of two gene products: H-ferritin 
and L-ferritin, sharing a multihelical three-dimensional structure and 
a homology of 50-56% in amino acid sequence but exhibiting distinct 
functions [1,6]. The H-ferritin subunit exhibits ferroxidase and anti-
oxidant activity, which converts toxic ferrous ions into less toxic 
ferric ions. On the other hand, L-ferritin has no ferroxidase activity 
but can modify the microenvironment to facilitate iron storage. It was 
reported that the iron uptake process requires the cooperation of both 
H- and L-subunits [7]. The composition of the ferritin complex varies
in different tissues based on their iron requirements and metabolism
patterns. For example, H- ferritin is abundant in muscle, brain, and
heart while L-ferritin is rich in liver and spleen [8].

Ferritin’s capacity for iron storage is only second to hemoglobin 
[9]. It can store up to 4500 iron atoms per ferritin molecule, but no 
more than 3000 atoms are stored under normal conditions [1]. For 
circulating serum ferritin, the iron storage capacity was quantified as 
1100-1200 iron per molecule in healthy individuals and around 800 
iron per molecule in patients with inflammatory diseases [10,11]. 
Clinically, elevated serum ferritin has been linked with inflammatory 
response, such as cancer and autoimmune diseases [12]. Moreover, 

higher level of serum ferritin is also correlated with poor disease 
outcome [13]. Therefore, ferritin not only functions as an iron delivery 
and recycling, but a role as diagnostic and prognostic biomarker could 
be implied as well.

More recently, a new gene product exhibiting high homology with 
ferritin was discovered in mitochondria, which is a homopolymer of 
24 subunits and regulates mitochondrial iron homeostasis [14]. The 
crucial role of iron in mitochondria oxidative homeostasis has greatly 
highlighted the importance of the function of mitochondrial ferritin 
in cell metabolism. Unlike H- and L-ferritin, mitochondrial ferritin 
has both ferroxidase (though with a slower rate) and iron binding 
activity [15]. It is highly expressed in the testes and erythrocytes and 
is expressed at a lower level in other cells [16]. It has been shown that 
the overexpression of mitochondrial ferritin leads to an increased 
iron uptake from cytosol to mitochondria [17,18]. Despite the above 
findings about the functions of mitochondrial ferritin, less is known 
about its role in cancer.

Regulation of Ferritin Expression
Like some of the other proteins involved in iron metabolism, 

the expression of ferritin is regulated transcriptionally by an Iron-
Responsive Element (IRE) [19-21]. The IRE is a highly- conserved, 
hairpin-structured RNA sequence located within 5’ or 3’ untranslated 
regions (UTR) of the mRNA encoding such proteins. Iron Regulatory 
Protein (IRP), an RNA binding protein, binds to the IRE with an iron-
dependent affinity. When cellular iron is low, IRP is activated and 
binds to an IRE in the 5’ UTR of proteins in charge of iron export and 
storage, such as ferritin and ferroportin, and triggers the degradation 
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Abstract
As the major iron storage protein, ferritin has been linked with iron metabolism for many years. However, recent 

studies have discovered new functions for this protein. Our current review summarizes new findings suggesting the 
link between ferritin and many pathways related with cancer, such as cell proliferation, growth suppressor evasion, 
cell death inhibition, immortalization, angiogenesis, invasion and metastasis, and immunomodification. Most of 
the evidence revealed suggested that elevated ferritin in cancer cells may be related with cancer progression, 
resistance to therapies, or poor prognosis. By either directly or indirectly participating in cancer related pathways, 
ferritin proposes itself as a promising target for cancer therapy. Ongoing and prospective preclinical and clinical 
research will further explore this new strategy that is currently underappreciated.

Conclusion: Ferritin is proving to be a much more versatile protein than simply iron storage. It may have 
signaling properties and reporter properties for some cancers.  Data are mounting that ferritin may be a promising 
target in cancer therapy.
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of their mRNA. Conversely, IRP binding to the IRE in the 3’ UTR for 
proteins in charge of iron uptake, such as transferrin receptor, and 
stabilizes their mRNA and elevates their protein expression level. IRP 
is inactivated under iron-rich conditions and the expression of proteins 
in charge of iron export and storage is up-regulated, and the expression 
of iron import proteins is repressed.

In addition to the canonical regulation mechanism, ferritin 
expression can also be regulated by other factors commonly observed 
in cancer, such as oxidative stress and hypoxia. Other than its role 
as an iron management protein, ferritin, especially H-ferritin, has 
been shown to have an intricate relationship with oxidative stress-
related signaling pathways. Pham, et al. demonstrated that the up-
regulation of H-ferritin, mediated by the inflammatory cytokine NF-
κB, suppressed the generation of ROS. The iron sequestering activity 
of ferritin is essential to its protection against oxidative stress based 
on the observation that the overexpression of wild- type H-ferritin 
significantly reduced the generation of ROS by iron sequestration, 
while the overexpression of the mutant H-ferritin without iron binding 
activity led to no inhibition in ROS induction [22]. The prompt response 
to intracellular oxidative stress is accomplished by the regulation of 
antioxidant proteins at the transcriptional level by a gene regulator 
named Antioxidant Responsive Element (ARE) [23]. In human 
L-ferritin gene, ARE was found overlapping with a Maf Recognition 
Element (MARE) and the activation of both resulted in an elevated 
gene expression more potent than IRE regulation [24]. Gene enhancer 
functions similar to an ARE was discovered in human H-ferritin gene 
as well. The transcription of H-ferritin gene can be activated by H2O 2 in 
a JunD-dependent manner, which is essential in detoxification against 
oxidation insult [25,26].

Hypoxia is commonly observed in human solid tumors as a result 
of rapid proliferation of cancer cells and poorly developed vasculature 
formation. This hypoxic microenvironment benefits cancer cells by 
supporting angiogenesis, metastasis, resistance to therapies, and by 
providing the niche favoring the maintenance of cancer stem cells. 
Several lines of evidence support the idea that hypoxia is closely related 
to the local iron status, such as the finding that hypoxia leads to the 
differential activation of IRP, which in turn affects ferritin expression. 
It was first found in human oligodendroglioma cells that 6 hours of 
hypoxia treatment induced ferritin synthesis, without an elevation in 
mRNA level [27,28]. Later, two reports not only confirmed this finding 
in HEK293 cells, but also attributed it to the decrease in IRP1 binding 
activity under short-term hypoxia. In contrast, their study of long-term 
hypoxia (16-21 hours) showed an increase in the IRP2 binding activity, 
due to an up-regulated IRP2 protein level. This increase in IRP2 
activity, along with an increase in iron uptake and decrease in ferritin 
synthesis, resembled an iron deficient phenotype [29,30]. Further 
study showed that under long-term hypoxia (24 hours), the induction 
of ferritin expression by iron treatment occurred both transnationally 
and transcriptionally, and was more remarkable in L-ferritin than 
H-ferritin, suggesting different regulation mechanisms between the 
two subunits [31].

The rationale for further exploring the link between ferritin and 
hypoxia resides in the findings that poly(rC)-binding protein 1 (PCBP1), 
initially discovered as a heterogeneous ribonucleoprotein, serves as a 
shared iron chaperone for ferritin and prolyl hydroxylase (PHD), the 
enzyme that destabilizes hypoxia-inducible factors (HIFs) [32,33]. 
PCBP1 binds to ferritin and facilitates the iron loading process, while 
the iron delivery to PHD elevates its hydroxylase activity. Therefore, 
it is possible that the disruption of iron metabolism through targeting 
ferritin will also affect the HIFs and the genes that HIFs regulate.

Ferritin and Cancer
Cancer has remained one of the major causes of death in the past 

several decades mainly attributed to its remarkable diversity and 
complexity in the progression to malignancy. In their two excellent 
reviews one decade apart, Hanahan and Weinberg have summarized 
the recent achievement in the area of cancer research into a set of 
hallmarks. These hallmarks include: sustaining proliferative signaling, 
evading growth suppressors, resisting cell death, enabling replicative 
immortality, inducing angiogenesis, activating invasion and metastasis, 
along with the recent addition of reprogramming of energy metabolism 
and evading immune destruction [34,35].

Because of its versatility in multiple crucial physiological processes 
related with cell growth and proliferation, iron has been suspected 
as one of the culprits in carcinogenesis as well as cancer progression. 
Although more investigations are required to establish a solid causal 
relationship between excessive iron and cancer, various reviews 
throughout the decades have speculated the potential significance of 
iron in cancer as well as targeting iron in cancer treatment [1,36-40]. 
Meanwhile, accumulating evidence has suggested that ferritin may be a 
relevant factor in most, if not all of such cancer hallmarks.

The rapid rate of cancer cell proliferation is driven by hyper-
activated growth-promoting signals. Pro-survival pathways such as 
MAPK and PI3K, while tightly controlled in normal cells, are usually 
de-regulated in malignant cells. Tesfay, et al. reported that treating 
endothelial cells with ferritin enhanced activity of Erk and Akt 
signaling, promoting pro-angiogenic effects [41]. In breast cancer cells, 
the binding and uptake of ferritin was observed along with increased 
cell growth, independent of the iron status of ferritin [42].

In addition to promoting growth, cancer cells also commonly 
repress growth-suppressing genes. TP53, the well-investigated tumor 
suppressor gene encoding for p53 protein, is found mutated in 
almost all types of cancers with varying frequencies. It was previously 
reported that iron depletion up-regulates TP53 expression post-
transcriptionally, mediated by the elevation of HIF- 1α stability [43,44]. 
Based on the antioxidant function of ferritin through iron regulation, 
Lee, et al. reported a direct link between ferritin and p53 protein, 
which also controls oxidative stress. An immunoprecipitation assay 
demonstrated a direct binding of p53 with both H- and L- ferritin in 
HEK293T cells. This binding with ferritin activates p53, which was 
indicated by an enhanced reporter activity of p53 after binding. This 
p53 activation is independent of the ferroxidase activity of ferritin, but 
in cells with H-ferritin down-regulation, it is sharply repressed [45]. 
It was also shown that the expression level of H-ferritin was regulated 
by p53, a process mediated by the multiprotein complex Bbf and the 
trimeric transcription factor NF-Y [46]. These studies established a 
well delineated feedback loop between p53 and ferritin, which also 
subscribed the potential of ferritin in cancer therapy.

Another mechanism by which ferritin could promote tumor 
growth is through anti-apoptotic properties. There is accumulating 
evidence that has also implicated ferritin as an anti-apoptotic protein, 
presumably based on its anti-oxidant property. It was first reported in 
astrocytes that the overexpression of the apoptosis inhibitor, Bcl-xL led 
to up-regulation of both H- and L-ferritin as part of the anti-apoptotic 
mechanism [47]. In breast cancer cells, Yang, et al. have shown that 
down-regulation of ferritin in MCF-7 cells resulted in cell growth 
inhibition through increased apoptosis, mediated by decreased levels of 
Bcl-2 mRNA [48]. Several other studies have suggested an antagonistic 
role of ferritin in tumor necrosis factor-α (TNF-α) induced apoptosis. 
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In HeLa cells, Cozzi, et al. found that both H- and L-ferritin were 
induced in response to TNF-α treatment. Overexpression of H-, but 
not L-ferritin led to a ~50% decrease in apoptosis. Again, this anti-
apoptosis activity was independent of the ferroxidase activity, as the 
overexpression of the mutant ferritin with inactivated ferroxidase 
center showed a similar effect [49]. Additionally, it was found that 
H-ferritin is an essential mediator of the anti-apoptotic activity of NF-
kB during the inflammatory response. This activity is fulfilled by iron 
sequestration and ROS inhibition and the subsequent repression of the 
proapoptotic c-JNK signaling [22]. In human malignant mesothelioma 
cells, it was also reported that constitutively expressed H- ferritin 
protects cells from H2O2 induced apoptosis, while the down-regulation 
of H-ferritin led to increased sensitivity [50]. A recent study investigated 
the mechanism of action in artesunate- induced toxicity in cancer cells 
and found that ferritin degradation is an essential step. Artesunate 
accumulates in the lysosomes and activates lysosomal degradation of 
iron loaded ferritin. As a result, iron is released, mitochondrial ROS 
is induced, and apoptosis pathway is activated.  The overexpression 
of H-ferritin protects cells from artesunate-induced cell death [51]. 
In contrast, results from our laboratory showed that H-ferritin down-
regulation led to an increase in caspase-3 activity as an indicator for 
apoptosis [52]. However, a contradictory finding was reported that the 
placental isoferritin, presumably an H- and L- heterodimer, promoted 
intrinsic apoptosis activity through Fas signaling in rat hepatocytes 
[53]. More studies are necessary to investigate the intricate functions 
of ferritin in apoptosis, but if a dual role of ferritin may be established 
in normal and malignant cells, as suggested by the above research, 
it is possible that targeting ferritin may provide a powerful tool by 
differentially killing cancer cells.

Almost all types of human tumors exhibit abnormal vasculature 
development. The rapid proliferation of cancer cells requires the 
reactivation of the quiescent angiogenic signal from the pre-existing 
vasculature. Interestingly, several recent studies have revealed a 
potential role of ferritin in angiogenesis. Coffman, et al. reported 
that ferritin, independent of the iron loading status, binds to cleaved 
high molecular weight kininogen (HKa). HKa is an inhibitor of 
angiogenesis and can be inactivated upon binding with ferritin [54]. A 
follow-up study further revealed that both H- and L-ferritin are capable 
of blocking the anti-angiogenic effect of HKa and that the survival of 
endothelial cells can be enhanced by ferritin treatment [41].

One of the most important angiogenic factors and a major target 
for cancer therapy is vascular endothelial growth factor (VEGF). 
This protein can recruit vascular endothelial cells and consequently 
facilitate the angiogenesis process [55]. Evidence supports iron is 
among the regulators of VEGF and ferritin is likely mediating this 
regulation process. Iron depletion through the widely utilized iron 
chelator, deferoxamine, although widely considered as an antitumor 
agent, promoted both expression and secretion of VEGF in cancer cells 
[56]. Recent studies in breast cancer also showed that iron depletion led 
to decreased ferritin levels and increased VEGF expression, which was 
mediated by elevated HIF-1α levels and enhanced angiogenic activity 
in vivo. Analysis of clinical data suggested that the relationship of iron 
deficiency and angiogenesis may contribute to the high recurrence of 
breast cancer in young patients [57,58]. In a study on lens epithelial 
cells, H-ferritin siRNA transfection was associated with decreased 
VEGF secretion, [59] establishing a potential relationship between 
H-ferritin and VEGF that should be further explored in cancer cells.

Within the tumor, the transition of cancer cells from epithelial 
phenotype to mesenchymal phenotype (epithelial-mesenchymal 

transitions, or EMT), has been identified as a marker of metastasis and 
gain of invasiveness [60] and may be influenced by ferritin. In murine 
hepatocytes, a significantly reduced H-ferritin level was observed in cells 
with TGF-β induced EMT. This decrease of H-ferritin led to increased 
labile iron pool and ROS generation, both of which contributed to 
EMT [61]. However, another study in breast cancer cells reported that 
epithelial cell lines express low levels of both H- and L-ferritin but 
elevated expression in the more aggressive mesenchymal cell lines [62]. 
This study also revealed that miR-200, whose down-regulation was 
previously observed in mesenchymal breast cancer cells [63], targets 
and antagonizes ferritin expression. Therefore, the data may suggest 
a cell type dependent effect for ferritin on EMT. It is possible that in 
normal cells, where cellular metabolism and oxidative stress levels are 
relatively low, the down-regulation of H-ferritin leads to increased 
ROS and therefore triggers EMT; while in cancer cells, where the iron 
demand and oxidative stress level are elevated, the up-regulation of 
H-ferritin promotes EMT and cell proliferation. Researching oxidative 
stress and ferritin in cancer cells may be the key to understand these 
observations.

The most remarkable and most intriguing characteristic of 
cancer cells is replicative immortality. Cancer cells have developed 
mechanisms that enable sustained deregulated replications, while their 
non-malignant counterparts will be stalled by senescence or cell death 
after a limited number of cell divisions. A number of investigators 
have suggested that ferritin may play a role in these mechanisms. A 
comparison between the mortal human breast epithelial cells, S-130, 
and the chemically immortalized cell line, MCF-10F, derived from 
S-130 revealed that a cDNA encoding H-ferritin was preferentially 
expressed along with an elevated mRNA and protein level in MCF-
10F [64]. This study also supported the hypothesis that ferritin may 
play a role in early malignant transformation in breast cancer cells. 
Interestingly, within the same system, another study reported a shift 
of the p53 gene in exon 7 of MCF-10F cells [65]. These studies also 
corroborated the link between ferritin and p53 as described above.

Our immune system is capable of detecting and eliminating 
neoplastic cells. However, these cells generally develop certain 
immunoevasive mechanisms during tumorigenesis [35]. 
Immunosurrveilance activity is performed mostly by immune cells, 
whose proliferation depends on cofactors, including iron [66,67]. By 
moderating the local iron availability, ferritin is involved in many 
mechanisms of immunosuppression. Early studies showed that 
H-ferritin can bind T lymphocytes and inhibit their proliferation [68]. 
It is reported that H-ferritin induces IL-10 production from CD4+/
CD25+ regulatory T (Treg) cells, as part of the immunosuppression 
mechanism [69]. This induction of Treg cells by elevated H-ferritin in 
circulation was also observed in melanoma patients [70]. Several other 
lines of evidence suggest a distinctive pattern of ferritin expression 
and presumably iron metabolism is essential in the polarization of 
macrophages. In M2-polarized macrophages, which facilitate tumor 
growth, H-ferritin expression is low and ferroportin level is high, 
which is reflective of an iron secretion phenotype. While elevated 
circulating H-ferritin may repress immune response, low H-ferritin 
in macrophages causes decreased iron storage ability, enhanced iron 
release, and a microenvironment that favors tumor progression [71,72]. 
Further investigation is required to clarify the detailed mechanisms of 
ferritin-mediated immunoevasion, but the data suggests that targeting 
ferritin as a novel immunomodulator in cancer treatment is promising.

Other than the hallmarks mentioned above, genomic instability 
is an important enabling characteristic of cancer cells [35]. Random 



Citation: Min Pang BS, Connor JR (2015) Role of Ferritin in Cancer Biology. J Cancer Sci Ther 7: 155-160. doi:10.4172/1948-5956.1000341

J Cancer Sci Ther 
ISSN: 1948-5956 JCST, an open access journal Volume 7(5) 155-160 (2015) - 158 

genetic mutations are generated as a result, and some of the oncogenic 
ones are considered as leading players in tumorigenesis and acquisition 
of cancer hallmarks. Genomic instability is obtained mainly by defect 
in DNA-maintenance machinery or increased sensitivity to mutagens. 
TP53 is a key player in maintaining DNA stability and we discussed its 
link to ferritin in the previous paragraph. A series of recent discoveries 
with regard to the role of ferritin localized in the nucleus suggests 
ferritin can be directly involved in DNA protection and stability. It 
was reported that H-ferritin, but not L-ferritin or ferroxidase-deficient 
H-ferritin mutant, is capable of DNA binding [73]. H-ferritin was also 
found preferentially translocated into the nucleus and protect DNA 
from iron-induced oxidative damage [74]. Along with the findings in 
epithelial cells that nuclear ferritin protects DNA from oxidative stress 
and UV-radiation [75,76], it could be extrapolated that over-expressed 
ferritin resulted in enhanced DNA protection and an indirect 
relationship between ferritin and genomic instability may be implied 
in cancer cells.

Therapeutics and Further Issues
Iron’s role in so many crucial pathways and evidence that iron 

metabolism is preferentially elevated in cancer cells, has made iron a 
target of great interest to cancer researchers. Various iron chelators 
have been validated as potent anti-cancer agents. Based on its key 
position in intracellular iron regulation and potential involvement 
in cancer related pathways, ferritin may also serve as another target 
in cancer treatment. Indeed, several studies have shown promising 
perspectives of the therapeutic effect by targeting ferritin. 

Following an early study of apoptosis induction by ferritin 
down-regulation in breast cancer cells [48], Shpyleva, et al. reported 
that the down-regulation of H-ferritin induced by miR-200 was 
sufficient to sensitize MDA-MB-231 mesenchymal breast cancer 
cells to doxorubicin [62]. A more comprehensive study was recently 
performed in melanoma cells. The H-ferritin gene was down-regulated 
in human metastatic melanoma cell line, MM07m, in which H-ferritin 
is consistently elevated. A subsequent proteomic screening identified 
clusters of proteins differentially expressed with the H-ferritin gene 
silenced. Many of the silenced proteins are related to tumor progression 
and metastasis. Down-regulation of H-ferritin in MM07m cells also 
led to remarkably reduced tumor growth capacity in a subcutaneous 

mouse model [77]. Recent data from our laboratory showed that 
H-ferritin down-regulation sensitized high-grade glioma cells to 
chemotherapeutic agents both in vitro and in vivo [52], expanding a 
role for ferritin as an anticancer target in brain tumor as well.

Ferritin is playing a significant role in many of the cancer related 
pathways, as summarized in Figure 1. Some of these functions are 
directly related with iron, while others may not necessarily be iron-
dependent. The discovery of these novel functions, as well as expanded 
understanding of its canonical iron management function, position 
ferritin as a promising target in cancer therapy.

References
1. Orino K, Watanabe K (2008), Molecular, physiological and clinical aspects of 

the iron storage protein ferritin. Vet J 178: 191-201. 

2. Toyokuni S (2009) Role of iron in carcinogenesis: cancer as a ferrotoxic 
disease. Cancer Sci 100: 9-16. 

3. Wang J, Pantopoulos K (2011) Regulation of cellular iron metabolism. Biochem 
J 434: 365-381. 

4. Fenton HJH (1894) Oxidation of tartaric acid in the presence of iron. J Chem 
Soc Trans 65: 899-910. 

5. Crichton RR, Declercq JP (2010) X-ray structures of ferritins and related 
proteins. Biochim Biophys Acta 1800: 706-718. 

6. Boyd D, Vecoli C, Belcher DM, Jain SK, Drysdale JW (1985) Structural and 
functional relationships of human ferritin H and L chains deduced from cDNA 
clones. J Biol Chem 260: 11755-11761. 

7. Levi S, Yewdall SJ, Harrison PM, Santambrogio P, Cozzi A, et al. (1992) 
Evidence of H- and L-chains have co-operative roles in the iron-uptake 
mechanism of human ferritin. Biochem J 288: 591-596. 

8. Harrison PM and Arosio P (1996) The ferritins: molecular properties, iron 
storage function and cellular regulation. Biochim Biophys Acta 1275: 161-203. 

9. Arosio P, Levi S (2010) Cytosolic and mitochondrial ferritins in the regulation of 
cellular iron homeostasis and oxidative damage. Biochim Biophys Acta 1800: 
783-792. 

10. Kate J, Wolthuis A, Westerhuis B, van Deursen C (1997) The iron content of 
serum ferritin: physiological importance and diagnostic value. Eur J Clin Chem 
Clin Biochem 35: 53-56. 

11. Herbert V, Jayatilleke E, Shaw S, Rosman AS, Giardina P, et al. (1997) Serum 
ferritin iron, a new test, measures human body iron stores unconfounded by 
inflammation. Stem Cells 15: 291-296. 

12. VanWagner L, Green R (2014) Elevated serum ferritin. JAMA 312: 743-744. 

Figure 1: A schematic plot demonstrating the roles of ferritin in cancer biology.

http://www.ncbi.nlm.nih.gov/pubmed/17764995
http://www.ncbi.nlm.nih.gov/pubmed/17764995
http://www.ncbi.nlm.nih.gov/pubmed/19018762
http://www.ncbi.nlm.nih.gov/pubmed/19018762
http://www.ncbi.nlm.nih.gov/pubmed/21348856
http://www.ncbi.nlm.nih.gov/pubmed/21348856
http://pubs.rsc.org/en/content/articlepdf/1894/ct/ct8946500899
http://pubs.rsc.org/en/content/articlepdf/1894/ct/ct8946500899
http://www.ncbi.nlm.nih.gov/pubmed/20363295
http://www.ncbi.nlm.nih.gov/pubmed/20363295
http://www.ncbi.nlm.nih.gov/pubmed/3840162
http://www.ncbi.nlm.nih.gov/pubmed/3840162
http://www.ncbi.nlm.nih.gov/pubmed/3840162
http://www.ncbi.nlm.nih.gov/pubmed/1463463
http://www.ncbi.nlm.nih.gov/pubmed/1463463
http://www.ncbi.nlm.nih.gov/pubmed/1463463
http://www.ncbi.nlm.nih.gov/pubmed/8695634
http://www.ncbi.nlm.nih.gov/pubmed/8695634
http://www.ncbi.nlm.nih.gov/pubmed/20176086
http://www.ncbi.nlm.nih.gov/pubmed/20176086
http://www.ncbi.nlm.nih.gov/pubmed/20176086
http://www.ncbi.nlm.nih.gov/pubmed/9156568
http://www.ncbi.nlm.nih.gov/pubmed/9156568
http://www.ncbi.nlm.nih.gov/pubmed/9156568
http://www.ncbi.nlm.nih.gov/pubmed/9253113
http://www.ncbi.nlm.nih.gov/pubmed/9253113
http://www.ncbi.nlm.nih.gov/pubmed/9253113
http://www.ncbi.nlm.nih.gov/pubmed/25138336


Citation: Min Pang BS, Connor JR (2015) Role of Ferritin in Cancer Biology. J Cancer Sci Ther 7: 155-160. doi:10.4172/1948-5956.1000341

J Cancer Sci Ther 
ISSN: 1948-5956 JCST, an open access journal Volume 7(5) 155-160 (2015) - 159 

13. Alkhateeb AA, Connor JR (2013) The significance of ferritin in cancer: anti-
oxidation, inflammation and tumorigenesis. Biochim Biophys Acta 1836: 245-
254. 

14. Levi S, Corsi B, Bosisio M, Invernizzi R, Volz A, et al. (2001) A human 
mitochondrial ferritin encoded by an intronless gene. J Biol Chem 276: 24437-
24440. 

15. Bou-Abdallah F, Santambrogio P, Levi S, Arosio P, Chasteen ND (2005) 
Unique iron binding and oxidation properties of human mitochondrial ferritin: 
a comparative analysis with Human H-chain ferritin. J Mol Biol 347: 543-554. 

16. Chen C and Paw BH (2012) Cellular and mitochondrial iron homeostasis in 
vertebrates. Biochim Biophys Acta 1823: 1459-1467. 

17. Corsi B, Cozzi A, Arosio P, Drysdale J, Santambrogio P, et al. (2002) Human 
mitochondrial ferritin expressed in HeLa cells incorporates iron and affects 
cellular iron metabolism. J Biol Chem 277: 22430-22437. 

18. Nie G, Sheftel AD, Kim SF, Ponka P (2005) Overexpression of mitochondrial 
ferritin causes cytosolic iron depletion and changes cellular iron homeostasis. 
Blood 105: 2161-2167. 

19. Hentze MW, Caughman SW, Rouault TA, Barriocanal JG, Dancis A, et al. 
(1987) Identification of the iron-responsive element for the translational 
regulation of human ferritin mRNA. Science 238: 1570-1573. 

20. Hentze MW, Muckenthaler MU, Andrews NC (2004) Balancing acts: molecular 
control of mammalian iron metabolism. Cell 117: 285-297. 

21. Walden WE, Selezneva AI, Dupuy J, Volbeda A, Fontecilla-Camps JC, et 
al. (2006) Structure of dual function iron regulatory protein 1 complexed with 
ferritin IRE-RNA. Science 314: 1903-1908. 

22. Pham CG, Bubici C, Zazzeroni F, Papa S, Jones J, et al. (2004) Ferritin heavy 
chain upregulation by NF-kappaB inhibits TNFalpha-induced apoptosis by 
suppressing reactive oxygen species. Cell 119: 529-542. 

23. Nguyen T, Sherratt PJ, Pickett CB (2003) Regulatory mechanisms controlling 
gene expression mediated by the antioxidant response element. Annu Rev 
Pharmacol Toxicol 43: 233-260. 

24. Hintze KJ, Theil EC (2005) DNA and mRNA elements with complementary 
responses to hemin, antioxidant inducers, and iron control ferritin-L expression. 
Proc Natl Acad Sci U S A 102: 15048-15052. 

25. Tsuji Y (2005) JunD activates transcription of the human ferritin H gene through 
an antioxidant response element during oxidative stress. Oncogene 24: 7567-
7578. 

26. Iwasaki K, Mackenzie EL, Hailemariam K, Sakamoto K, Tsuji Y (2006) Hemin-
mediated regulation of an antioxidant-responsive element of the human ferritin 
H gene and role of Ref-1 during erythroid differentiation of K562 cells. Mol Cell 
Biol 26: 2845-2856. 

27. Qi Y, Dawson G (1994) Hypoxia specifically and reversibly induces the 
synthesis of ferritin in oligodendrocytes and human oligodendrogliomas. J 
Neurochem 63: 1485-1490. 

28. Qi Y, Jamindar TM, Dawson G (1995) Hypoxia alters iron homeostasis and 
induces ferritin synthesis in oligodendrocytes. J Neurochem 64: 2458-2464. 

29. Hanson ES, Foot LM, Leibold EA (1999) Hypoxia post-translationally activates 
iron- regulatory protein 2. J Biol Chem 274: 5047-5052. 

30. Schneider BD and Leibold EA (2003) Effects of iron regulatory protein regulation 
on iron homeostasis during hypoxia. Blood 102: 3404-3411. 

31. Sammarco MC, Ditch S, Banerjee A, Grabczyk E (2008) Ferritin L and H 
subunits are differentially regulated on a post-transcriptional level. J Biol Chem 
283: 4578-4587. 

32. Shi H, Bencze KZ, Stemmler TL, Philpott CC (2008) A cytosolic iron chaperone 
that delivers iron to ferritin. Science 320: 1207-1210. 

33. Nandal A, Ruiz JC, Subramanian P, Ghimire-Rijal S, Sinnamon RA (2011) 
Activation of the HIF prolyl hydroxylase by the iron chaperones PCBP1 and 
PCBP2. Cell Metab 14: 647-657. 

34. Hanahan D, Weinberg RA (2000) The hallmarks of cancer. Cell 100: 57-70. 

35. Hanahan D,  Weinberg RA (2011) Hallmarks of cancer: the next generation. 
Cell 144: 646-674. 

36. Sussman HH (1992) Iron in cancer. Pathobiology 60: 2-9. 

37. Weinberg ED (1996) The role of iron in cancer. Eur J Cancer Prev 5: 19-36. 

38. Galaris D, Skiada V, Barbouti A (2008) Redox signaling and cancer: the role of 
“labile” iron. Cancer Lett 266: 21-29. 

39. Connor JR and Lee SY (2010) Iron and Cancer, in Nutrition and Health: 
Bioactive Compounds and Cancer. Springer Science. 

40. Torti SV,  Torti FM (2013) Iron and cancer: more ore to be mined. Nat Rev 
Cancer 13: 342-355. 

41. Tesfay L, Huhn AJ, Hatcher H, Torti FM, Torti SV (2012) Ferritin blocks inhibitory 
effects of two-chain high molecular weight kininogen (HKa) on adhesion and 
survival signaling in endothelial cells. PLoS One 7: e40030. 

42. Alkhateeb AA, Han B, Connor JR (2013) Ferritin stimulates breast cancer 
cells through an iron-independent mechanism and is localized within tumor-
associated macrophages. Breast Cancer Res Treat 137: 733-744. 

43. Le NT, Richardson DR (2002) The role of iron in cell cycle progression and the 
proliferation of neoplastic cells. Biochim Biophys Acta 1603: 31-46. 

44. Yu Y, Kovacevic Z, Richardson DR (2007) Tuning cell cycle regulation with an 
iron key. Cell Cycle 6: 1982-1994. 

45. Lee JH, Jang H, Cho EJ, Youn HD (2009) Ferritin binds and activates p53 
under oxidative stress. Biochem Biophys Res Commun 389: 399-404. 

46. Faniello MC, Di Sanzo M, Quaresima B, Baudi F, Di Caro V, et al. (2008) p53-
mediated downregulation of H ferritin promoter transcriptional efficiency via NF-
Y. Int J Biochem Cell Biol 40: 2110-2119. 

47. Xu L, Koumenis IL, Tilly JL, Giffard RG (1999) Overexpression of bcl-xL protects 
astrocytes from glucose deprivation and is associated with higher glutathione, 
ferritin, and iron levels. Anesthesiology 91: 1036-1046. 

48. Yang DC, Jiang X, Elliott RL, Head JF (2002) Antisense ferritin oligonucleotides 
inhibit growth and induce apoptosis in human breast carcinoma cells. Anticancer 
Res 22: 1513-1524. 

49. Cozzi A, Levi S, Corsi B, Santambrogio P, Campanella A (2003) Role of iron 
and ferritin in TNFalpha-induced apoptosis in HeLa cells. FEBS Lett 537: 187-
192. 

50. Aung W, Hasegawa S, Furukawa T, Saga T (2007) Potential role of ferritin 
heavy chain in oxidative stress and apoptosis in human mesothelial and 
mesothelioma cells: implications for asbestos-induced oncogenesis. 
Carcinogenesis 28: 2047-2052. 

51. Yang ND, Tan SH, Ng S, Shi Y, Zhou J, et al. (2014) Artesunate induces cell 
death in human cancer cells via enhancing lysosomal funtion and lysosomal 
degradation of ferritin. J Biol Chem 289: 33425-33441. 

52. Liu X, Madhankumar AB, Slagle-Webb B, Sheehan JM, Surguladze N, et al. 
(2011) Heavy chain ferritin siRNA delivered by cationic liposomes increases 
sensitivity of cancer cells to chemotherapeutic agents. Cancer Res 71: 2240-
2249. 

53. Bresgen N, Ohlenschläger I, Fiedler B, Wacht N, Zach S, et al. (2007) Ferritin-
-a mediator of apoptosis? J Cell Physio 212: 157-164. 

54. Coffman LG, Parsonage D, D’Agostino R Jr, Torti FM, Torti SV (2009) 
Regulatory effects of ferritin on angiogenesis. Proc Natl Acad Sci U S A 106: 
570-575. 

55. Ferrara N, Hillan KJ, Gerber HP, Novotny W (2004) Discovery and development 
of bevacizumab, an anti-VEGF antibody for treating cancer. Nat Rev Drug 
Discov 3: 391-400. 

56. Beerepoot LV, Shima DT, Kuroki M, Yeo KT, Voest EE (1996) Up-regulation 
of vascular endothelial growth factor production by iron chelators. Cancer Res 
56: 3747-3751. 

57. Eckard J, Dai J, Wu J, Jian J, Yang Q, et al. (2010) Effects of cellular iron 
deficiency on the formation of vascular endothelial growth factor and 
angiogenesis. Iron deficiency and angiogenesis. Cancer Cell Int 10: 28. 

58. Jian J, Yang Q, Dai J, Eckard J, Axelrod D, et al. (2011) Effects of iron deficiency 
and iron overload on angiogenesis and oxidative stress-a potential dual role for 
iron in breast cancer. Free Radic Biol Med 50: 841-847. 

59. Harned J, Ferrell J, Lall MM, Fleisher LN, Nagar S, et al. (2010) Altered 
ferritin subunit composition: change in iron metabolism in lens epithelial cells 
and downstream effects on glutathione levels and VEGF secretion. Invest 
Ophthalmol Vis Sci 51: 4437-4446. 

http://www.ncbi.nlm.nih.gov/pubmed/23891969
http://www.ncbi.nlm.nih.gov/pubmed/23891969
http://www.ncbi.nlm.nih.gov/pubmed/23891969
http://www.ncbi.nlm.nih.gov/pubmed/11323407
http://www.ncbi.nlm.nih.gov/pubmed/11323407
http://www.ncbi.nlm.nih.gov/pubmed/11323407
http://www.ncbi.nlm.nih.gov/pubmed/15755449
http://www.ncbi.nlm.nih.gov/pubmed/15755449
http://www.ncbi.nlm.nih.gov/pubmed/15755449
http://www.ncbi.nlm.nih.gov/pubmed/22285816
http://www.ncbi.nlm.nih.gov/pubmed/22285816
http://www.ncbi.nlm.nih.gov/pubmed/11953424
http://www.ncbi.nlm.nih.gov/pubmed/11953424
http://www.ncbi.nlm.nih.gov/pubmed/11953424
http://www.ncbi.nlm.nih.gov/pubmed/15522954
http://www.ncbi.nlm.nih.gov/pubmed/15522954
http://www.ncbi.nlm.nih.gov/pubmed/15522954
http://www.ncbi.nlm.nih.gov/pubmed/3685996
http://www.ncbi.nlm.nih.gov/pubmed/3685996
http://www.ncbi.nlm.nih.gov/pubmed/3685996
http://www.ncbi.nlm.nih.gov/pubmed/15109490
http://www.ncbi.nlm.nih.gov/pubmed/15109490
http://www.ncbi.nlm.nih.gov/pubmed/17185597
http://www.ncbi.nlm.nih.gov/pubmed/17185597
http://www.ncbi.nlm.nih.gov/pubmed/17185597
http://www.ncbi.nlm.nih.gov/pubmed/15537542
http://www.ncbi.nlm.nih.gov/pubmed/15537542
http://www.ncbi.nlm.nih.gov/pubmed/15537542
http://www.ncbi.nlm.nih.gov/pubmed/12359864
http://www.ncbi.nlm.nih.gov/pubmed/12359864
http://www.ncbi.nlm.nih.gov/pubmed/12359864
http://www.ncbi.nlm.nih.gov/pubmed/16217041
http://www.ncbi.nlm.nih.gov/pubmed/16217041
http://www.ncbi.nlm.nih.gov/pubmed/16217041
http://www.ncbi.nlm.nih.gov/pubmed/16007120
http://www.ncbi.nlm.nih.gov/pubmed/16007120
http://www.ncbi.nlm.nih.gov/pubmed/16007120
http://www.ncbi.nlm.nih.gov/pubmed/16537925
http://www.ncbi.nlm.nih.gov/pubmed/16537925
http://www.ncbi.nlm.nih.gov/pubmed/16537925
http://www.ncbi.nlm.nih.gov/pubmed/16537925
http://www.ncbi.nlm.nih.gov/pubmed/7931301
http://www.ncbi.nlm.nih.gov/pubmed/7931301
http://www.ncbi.nlm.nih.gov/pubmed/7931301
http://www.ncbi.nlm.nih.gov/pubmed/7760025
http://www.ncbi.nlm.nih.gov/pubmed/7760025
http://www.ncbi.nlm.nih.gov/pubmed/9988751
http://www.ncbi.nlm.nih.gov/pubmed/9988751
http://www.ncbi.nlm.nih.gov/pubmed/12855587
http://www.ncbi.nlm.nih.gov/pubmed/12855587
http://www.ncbi.nlm.nih.gov/pubmed/18160403
http://www.ncbi.nlm.nih.gov/pubmed/18160403
http://www.ncbi.nlm.nih.gov/pubmed/18160403
http://www.ncbi.nlm.nih.gov/pubmed/18511687
http://www.ncbi.nlm.nih.gov/pubmed/18511687
http://www.ncbi.nlm.nih.gov/pubmed/22055506
http://www.ncbi.nlm.nih.gov/pubmed/22055506
http://www.ncbi.nlm.nih.gov/pubmed/22055506
http://www.ncbi.nlm.nih.gov/pubmed/10647931
http://www.ncbi.nlm.nih.gov/pubmed/21376230
http://www.ncbi.nlm.nih.gov/pubmed/21376230
http://www.ncbi.nlm.nih.gov/pubmed/1543547
http://www.ncbi.nlm.nih.gov/pubmed/8664805
http://www.ncbi.nlm.nih.gov/pubmed/18374479
http://www.ncbi.nlm.nih.gov/pubmed/18374479
http://www.springer.com/us/book/9781607616269
http://www.springer.com/us/book/9781607616269
http://www.ncbi.nlm.nih.gov/pubmed/23594855
http://www.ncbi.nlm.nih.gov/pubmed/23594855
http://www.ncbi.nlm.nih.gov/pubmed/22768328
http://www.ncbi.nlm.nih.gov/pubmed/22768328
http://www.ncbi.nlm.nih.gov/pubmed/22768328
http://www.ncbi.nlm.nih.gov/pubmed/23306463
http://www.ncbi.nlm.nih.gov/pubmed/23306463
http://www.ncbi.nlm.nih.gov/pubmed/23306463
http://www.ncbi.nlm.nih.gov/pubmed/12242109
http://www.ncbi.nlm.nih.gov/pubmed/12242109
http://www.ncbi.nlm.nih.gov/pubmed/17721086
http://www.ncbi.nlm.nih.gov/pubmed/17721086
http://www.ncbi.nlm.nih.gov/pubmed/19716362
http://www.ncbi.nlm.nih.gov/pubmed/19716362
http://www.ncbi.nlm.nih.gov/pubmed/18372207
http://www.ncbi.nlm.nih.gov/pubmed/18372207
http://www.ncbi.nlm.nih.gov/pubmed/18372207
http://www.ncbi.nlm.nih.gov/pubmed/10519507
http://www.ncbi.nlm.nih.gov/pubmed/10519507
http://www.ncbi.nlm.nih.gov/pubmed/10519507
http://www.ncbi.nlm.nih.gov/pubmed/12168831
http://www.ncbi.nlm.nih.gov/pubmed/12168831
http://www.ncbi.nlm.nih.gov/pubmed/12168831
http://www.ncbi.nlm.nih.gov/pubmed/12606055
http://www.ncbi.nlm.nih.gov/pubmed/12606055
http://www.ncbi.nlm.nih.gov/pubmed/12606055
http://www.ncbi.nlm.nih.gov/pubmed/17434931
http://www.ncbi.nlm.nih.gov/pubmed/17434931
http://www.ncbi.nlm.nih.gov/pubmed/17434931
http://www.ncbi.nlm.nih.gov/pubmed/17434931
http://www.ncbi.nlm.nih.gov/pubmed/25305013
http://www.ncbi.nlm.nih.gov/pubmed/25305013
http://www.ncbi.nlm.nih.gov/pubmed/25305013
http://www.ncbi.nlm.nih.gov/pubmed/21385903
http://www.ncbi.nlm.nih.gov/pubmed/21385903
http://www.ncbi.nlm.nih.gov/pubmed/21385903
http://www.ncbi.nlm.nih.gov/pubmed/21385903
http://www.ncbi.nlm.nih.gov/pubmed/17348034
http://www.ncbi.nlm.nih.gov/pubmed/17348034
http://www.ncbi.nlm.nih.gov/pubmed/19126685
http://www.ncbi.nlm.nih.gov/pubmed/19126685
http://www.ncbi.nlm.nih.gov/pubmed/19126685
http://www.ncbi.nlm.nih.gov/pubmed/15136787
http://www.ncbi.nlm.nih.gov/pubmed/15136787
http://www.ncbi.nlm.nih.gov/pubmed/15136787
http://www.ncbi.nlm.nih.gov/pubmed/8706019
http://www.ncbi.nlm.nih.gov/pubmed/8706019
http://www.ncbi.nlm.nih.gov/pubmed/8706019
http://www.ncbi.nlm.nih.gov/pubmed/20723262
http://www.ncbi.nlm.nih.gov/pubmed/20723262
http://www.ncbi.nlm.nih.gov/pubmed/20723262
http://www.ncbi.nlm.nih.gov/pubmed/21193031
http://www.ncbi.nlm.nih.gov/pubmed/21193031
http://www.ncbi.nlm.nih.gov/pubmed/21193031
http://www.ncbi.nlm.nih.gov/pubmed/20805568
http://www.ncbi.nlm.nih.gov/pubmed/20805568
http://www.ncbi.nlm.nih.gov/pubmed/20805568
http://www.ncbi.nlm.nih.gov/pubmed/20805568


Citation: Min Pang BS, Connor JR (2015) Role of Ferritin in Cancer Biology. J Cancer Sci Ther 7: 155-160. doi:10.4172/1948-5956.1000341

J Cancer Sci Ther 
ISSN: 1948-5956 JCST, an open access journal Volume 7(5) 155-160 (2015) - 160 

60. Kalluri R (2009) EMT: when epithelial cells decide to become mesenchymal-
like cells. J Clin Invest 119: 1417-1419. 

61. Zhang KH, Tian HY, Gao X, Lei WW, Hu Y, et al. (2009) Ferritin heavy chain-
mediated iron  homeostasis and subsequent increased reactive oxygen
species production are essential for epithelial-mesenchymal transition. Cancer 
Res 69: 5340-5348. 

62. Shpyleva SI, Tryndyak VP, Kovalchuk O, Starlard-Davenport A, Chekhun VF,
et al. (2011) Role of ferritin alterations in human breast cancer cells. Breast
Cancer Res Treat 126: 63-71. 

63. Gregory PA, Bert AG, Paterson EL, Barry SC, Tsykin A, et al. (2008) The
miR-200 family and miR-205 regulate epithelial to mesenchymal transition by
targeting ZEB1 and SIP1. Nat Cell Biol 10: 593-601. 

64. Higgy NA, Salicioni AM, Russo IH, Zhang PL, Russo J (1997) Differential
expression of human ferritin H chain gene in immortal human breast epithelial
MCF-10F cells. Mol Carcinog 20: 332-339. 

65. Barnabas N, Moraes R, Calaf G, Estrada S, Russo J (1995) Role of p53 in mcf-
10f cell immortalization and chemically-induced neoplastic transformation. Int
J Oncol 7: 1289-1296. 

66. Seligman PA, Kovar J, Gelfand EW (1992) Lymphocyte proliferation is
controlled by both iron availability and regulation of iron uptake pathways.
Pathobiology 60: 19-26. 

67. Weiss G (2002) Iron and immunity: a double-edged sword. Eur J Clin Invest
32: 70-78. 

68. Fargion S, Fracanzani AL, Brando B, Arosio P, Levi S, et al. (1991) Specific 
binding sites for H-ferritin on human lymphocytes: modulation during cellular
proliferation and potential implication in cell growth control. Blood 78: 1056-
1061. 

69. Gray CP, Arosio P, Hersey P (2002) Heavy chain ferritin activates regulatory T 
cells by induction of changes in dendritic cells. Blood 99: 3326-3334. 

70. Gray CP, Arosio P, Hersey P (2003) Association of increased levels of heavy-
chain ferritin with increased CD4+ CD25+ regulatory T-cell levels in patients
with melanoma. Clin Cancer Res 9: 2551-2559. 

71. Recalcati S, Locati M, Marini A, Santambrogio P, Zaninotto F, et al. (2010)
Differential regulation of iron homeostasis during human macrophage polarized 
activation. Eur J Immunol 40: 824-835. 

72. Corna G, Campana L, Pignatti E, Castiglioni A, Tagliafico E, et al. (2010) 
Polarization dictates iron handling by inflammatory and alternatively activated 
macrophages. Haematologica 95: 1814-1822. 

73. Surguladze N, Thompson KM, Beard JL, Connor JR, Fried MG (2004)
Interactions and reactions of ferritin with DNA. J Biol Chem 279:14694-14702. 

74. Thompson KJ, Fried MG, Ye Z, Boyer P, Connor JR (2002) Regulation,
mechanisms and proposed function of ferritin translocation to cell nuclei. J Cell 
Sci 115: 2165-2177. 

75. Cai CX, Birk DE, Linsenmayer TF (1998) Nuclear ferritin protects DNA from UV 
damage in corneal epithelial cells. Mol Biol Cell 9: 1037-1051. 

76. Cai C, Ching A, Lagace C, Linsenmayer T (2008) Nuclear ferritin-mediated
protection of corneal epithelial cells from oxidative damage to DNA. Dev Dyn
237: 2676-2683. 

77. Di Sanzo M, Gaspari M, Misaggi R, Romeo F, Falbo L, et al. (2011) H ferritin
gene silencing in a human metastatic melanoma cell line: a proteomic analysis. 
J Proteome Res 10: 5444-5453.

http://www.ncbi.nlm.nih.gov/pubmed/19487817
http://www.ncbi.nlm.nih.gov/pubmed/19487817
http://www.ncbi.nlm.nih.gov/pubmed/19531652
http://www.ncbi.nlm.nih.gov/pubmed/19531652
http://www.ncbi.nlm.nih.gov/pubmed/19531652
http://www.ncbi.nlm.nih.gov/pubmed/19531652
http://www.ncbi.nlm.nih.gov/pubmed/20390345
http://www.ncbi.nlm.nih.gov/pubmed/20390345
http://www.ncbi.nlm.nih.gov/pubmed/20390345
http://www.ncbi.nlm.nih.gov/pubmed/18376396
http://www.ncbi.nlm.nih.gov/pubmed/18376396
http://www.ncbi.nlm.nih.gov/pubmed/18376396
http://www.ncbi.nlm.nih.gov/pubmed/9433477
http://www.ncbi.nlm.nih.gov/pubmed/9433477
http://www.ncbi.nlm.nih.gov/pubmed/9433477
http://www.ncbi.nlm.nih.gov/pubmed/21552963
http://www.ncbi.nlm.nih.gov/pubmed/21552963
http://www.ncbi.nlm.nih.gov/pubmed/21552963
http://www.ncbi.nlm.nih.gov/pubmed/1543546
http://www.ncbi.nlm.nih.gov/pubmed/1543546
http://www.ncbi.nlm.nih.gov/pubmed/1543546
http://www.ncbi.nlm.nih.gov/pubmed/11886435
http://www.ncbi.nlm.nih.gov/pubmed/11886435
http://www.ncbi.nlm.nih.gov/pubmed/1831058
http://www.ncbi.nlm.nih.gov/pubmed/1831058
http://www.ncbi.nlm.nih.gov/pubmed/1831058
http://www.ncbi.nlm.nih.gov/pubmed/1831058
http://www.ncbi.nlm.nih.gov/pubmed/11964300
http://www.ncbi.nlm.nih.gov/pubmed/11964300
http://www.ncbi.nlm.nih.gov/pubmed/12855630
http://www.ncbi.nlm.nih.gov/pubmed/12855630
http://www.ncbi.nlm.nih.gov/pubmed/12855630
http://www.ncbi.nlm.nih.gov/pubmed/20039303
http://www.ncbi.nlm.nih.gov/pubmed/20039303
http://www.ncbi.nlm.nih.gov/pubmed/20039303
http://www.ncbi.nlm.nih.gov/pubmed/20511666
http://www.ncbi.nlm.nih.gov/pubmed/20511666
http://www.ncbi.nlm.nih.gov/pubmed/20511666
http://www.ncbi.nlm.nih.gov/pubmed/14734543
http://www.ncbi.nlm.nih.gov/pubmed/14734543
http://www.ncbi.nlm.nih.gov/pubmed/11973357
http://www.ncbi.nlm.nih.gov/pubmed/11973357
http://www.ncbi.nlm.nih.gov/pubmed/11973357
http://www.ncbi.nlm.nih.gov/pubmed/9571238
http://www.ncbi.nlm.nih.gov/pubmed/9571238
http://www.ncbi.nlm.nih.gov/pubmed/18366141
http://www.ncbi.nlm.nih.gov/pubmed/18366141
http://www.ncbi.nlm.nih.gov/pubmed/18366141
http://www.ncbi.nlm.nih.gov/pubmed/22043922
http://www.ncbi.nlm.nih.gov/pubmed/22043922
http://www.ncbi.nlm.nih.gov/pubmed/22043922

	Title
	Corresponding author
	Abstract
	Keywords
	Ferritin: The Iron Management Protein 
	Regulation of Ferritin Expression 
	Ferritin and Cancer 
	Therapeutics and Further Issues 
	Figure 1
	References

