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Basic Understanding of Iron Metabolism
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Iron is critical for almost all living organisms because it serves as a cofactor for many
proteins and enzymes necessary for oxygen and energy metabolism. Disruption of iron
homeostasis is associated with a wide range of diseases. Thus mammals have developed
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sophisticated mechanisms to maintain optimal range of iron concentration. Iron regu-

lation involves processes at the systemic and cellular levels. These processes are regu-
lated by hepcidin and iron regulatory proteins. Hepcidin modulates systemic iron ho-
meostasis with ability to impede cellular iron export via interaction with the iron export

Received on March 26, 2018
Revised on April 3, 2018
Accepted on April 9, 2018

protein, ferroportin, Whereas, iron regulatory proteins control cellular iron homeostasis

by translational regulation of proteins which involve iron metabolism. Recent advances
in the study of iron metabolism have shown promising results that hepcidin-targeted
strategies may help to improve the diagnosis and treatment of iron related diseases.
Although these strategies are now under development, ongoing studies can help to eluci-

date its application possibilities.
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7} w22 @ Alel] E3}E o] i YA 30%= 7HH E(hepa-
tocyte)?} WA I Al 2] A E(reticuloendothelial macro-
phage)oll A= o] Q&= oz delA ek, A4 4] A
WellMe mfjd o7 o] A7 AL o7]oll=
20-25 mge] Ho| ZQght]| o] A thA A Ee|
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¥ dtog AL wjEslE= 5449 ferroportin (FPN)H o] &
=
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Fig. 1. Systemic iron metabolism: adapted from reference [2] and [36]. Duodenal enterocyte absorbs dietary iron via DMT1 on the

apical brush-border membrane after reduction of Fe’* to Fe’*

through duodenal cytochrome B (DcytB). Reticuloendothelial

macrophages in spleen recyle iron from senescent erythrocytes. Each cells export iron via ferroportin (FPN) with the aid of hephaestin,

which converts newly transported Fe*" to Fe’

. Iron oxidization also performs by ceruloplasmin in the circulation. In the plasma,

transferrin (Tf) captures iron and transports it to the organs which utilize iron. Hepcidin, the key regulator of systemic iron homeostasis,
affects iron efflux from cells by regulating the stability of FPN. Synthesis and secretion of hepcidin by hepatocytes is influenced by
iron levels as well as conditions that affect iron metabolism indirectly such as inflammation, ER stress, erytheopoiesis, and hypoxia.

Holo-Tf, diferric-transferrin complex; HOX1, heme oxygenase 1.
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Fig. 2. Cellular iron metabolism and transcriptional regulation of hepcidin: adapted from reference [2], [10], and [36]. Cells uptake
iron from holo-Tf via transferin receptor 1 (TfR1) on the cell surface. The complex of holo-Tf and TfR1 undergoes endocytosis, which
is accompanied by iron reduction by 6-transmembrane epithelial antigen of the prostate (STEAP3). Newly acquired iron enters into
cytosolic “labile iron pool” (LIP), which is redox-active. LIP is attached to poly(rC)-binding protein (PCBP) and delivered to the iron
storage protein, ferritin or mitochondria to synthesize iron-containing proteins. Cellular iron that is not utilized is either stored in
ferritin or exported via FPN. Heme iron is exported via feline leukemia virus subgroup C cellular receptor (FLVCR) or ATP binding
cassette protein G2 (ABCG2). BMP6, bone morphogenic protein 6; BMP-R, BMP receptor; DMT1, divalent metal transporter 1; FPN,
ferroportin; HFE, hephaestin; HJV, hemojuvelin; Holo-Tf, diferric-transferrin complex; NEO1, neogenin 1; NTBI, non-transferrin-
bound-iron; TMPRSS6, transmembrane serine protease 6; Zip14, Zip/Irt-like protein 14.
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Fig. 3. Intracellular iron regulation: adapted from reference [10] and [43]. The iron-responsive element/iron-regulatory protein (IRE/IRP)
regulatory network. IRP1 and IRP2 interact by binding to IRE, cis-regulatory hairpin structures that are present in the untranslated
regions (UTRs) of mRNAs involved in iron metabolism. Binding of IRP’s to 5’UTR IREs inhibits the translation of ferritin and ferroportin
(FPN), while binding to the 3’UTR IREs results in the stabilization of mMRNA of the iron importer TfR1 with increasing iron levels.
Cellular iron loading converts IRP1 from IRE-binding form to an Fe-S cluster and triggers proteasomal degradation of IRP2. DMTT1,

divalent metal transporter 2; TfR1, transferrin receptor 1.
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Table 1. Genes involved in iron-related disorders [10]
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Disorder Genes Protein Protein function

Hemochromatosis Hephaestin Hephaestin Involved in transcriptional regulation of hepcidin

Hemochromatosis TfR2 Transferrin receptor 2 Holo-Tf sensor; at high Tf levels, HFE interaction with TfR2
is increased promoting hepcidin expression

Juvenile hemochromatosis HJV Hemojuvelin Involved in transcriptional regulation of hepcidin; BMP
co-receptor

Juvenile hemochromatosis HAMP Hepcidin Modulates serum iron levels; regulates iron efflux by binding
to the iron exporter ferroportin, triggering its internalization
and degradation

Homechromatosis SLC40A1 Ferroportin Iron exporter

(hepcidin resistance)

Aceruloplasminemia CcpP Ceruloplasmin Ferroxidase

Hypotransferrinemia TF Transferrin Glycoprotein with two binding sites for ferric iron

IRIDA TMPRSS6 Matriptase-2 Cleaves HJV, Inactivates it and, consequently, inhibits

production of hepcidin

BMP, bone morphogenic protein; HFE, hephaestin; IRIDA, iron-refractory iron-deficiency anemia; TfR, transferrin receptor; TMPRSS6,

transmembrane serine protease 6.
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apy)Zh Sh=dl, Hahe) el whet A5 dEbinhdr),
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F3xke] Aol 2l3t aceruloplasminemia, EWAHH HZ (mass spectrometry) &2 @4, &7, Z12|al Awld EAfs}
o] 9% hypotransferrinemia/atransferrinemia’= 434 d3} = 9k =AT & e, ELISASF 28 HYEXMHo| ¢ &
4 FEBY. ol WA WYl Azze Adehle 8§49 202 B2iA Slew, @ ATl ELsAEe

botomy)©] & AMEEEY], 8 117 0.5 g0 S AAs
HA 24 E o] A2 HHTE PAF=t 20EE FE
A Hog ve FnHo UM vnA AAH Fiko] Ao
Aoz oA ol

(2) Olxpd H ne

223t I3 hepcidin &
S 717 Aol A

(R oo % mi U Mo r
Wi finch
>
o =
il

12
M
1
it

O

=g W Al o% Wi

77t 24ao] vg 27 e

Ho] o5 Aghe ARTEE A ARA @
FA7) ek 13 @ ulo) Qeks0,51), e, olele

& AA hepciding] %<& 2AHsERE FAE =&

_1

227t AT FEA A AFREF= AAA 1 unitdll= full-length hepcidin®} B =7} Bo]A|:= smaller isoform<
200-250 mge] Mo] EFo] gi=wl, ol BF Wak12 TN ZHT Sk 9L, A7 isoformE FHaAN 24
mg)e] 1008 AFeHe Foz, Gebrel, RAL WHF sk o] F B AR Ao £ee FeAE 2R
e FAFRNY B4, F4PAF DA, 23 FYAR o] AAZ Ag] o[ §H= i WAV ek o) A
Fo @AEe A%A AAT UL A oAy BAYel  Ae] Aoleksd, B, 2] BABH: hepeiding] FE
AT AFe) Erh oW oo WAT Yol A Y, Bl EASE F2 & VAHEL hepeidin EH
E2A AFEE E80] HA] ¢l deferoxamin EE deferasir- o] o]go] 7}53kAE, of7]olli= smaller isoformo] Zal =73
ox¢} &2 HAYOE AAE & Aol ARARI AR & #| o] Wo] Fo] Yl om AlA olfEI 22 A7so dF
A SITH47. & et AV e Ao delA Sl oled dHAlE
Table 2. Hepcidin-targeting therapeutic approaches [53]
Therapeutic approach Targeted disease Mode of action Agents
Hepcidin agonists Iron overload (hereditary Hepcidin mimics Minihepcidins
hemochromatosis and Stimulators of hepcidin Gene silencing of TMPRSS6
iron-loading anemias) production
Hepcidin antagonists Iron-restricted anemias (anemia Suppressors of hepcidin BMP pathway inhibitors
of inflammation, anemia of production Anti-inflammatory agents

chronic kidney disease, anemia
of cancer, IRIDA)

Hepcidin peptide neutralizing
binders

Agents interfering with
hepcidin-ferroportin interaction

Erythropoiesis-stimulating agents

Gene silencing of hepcidin and
its regulators

Antihepcidin antibodies

Anticalins

Spiegelmers

Antiferroportin antibodies

Thiol modifiers

BMP, bone morphogenic protein; IRIDA, iron-refractory iron-deficiency anemia; TMPRSS6, transmembrane serine protease 6.
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