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Hepcidin interplay in regulating iron level at liver,
intestine and reticoendothelial system

Abstract

Iron homeostasis is an interplay of numerous proteins which helps in regulating
various pathways of iron recycling, absorption and excretion. Hepcidin is an
important protein which plays a crucial role in regulating iron metabolism through
its iron sensing and signaling pathway. Ferroportin normally transports iron in the
circulation in case of need transcription of hepcidin in cases of excess iron negatively
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regulates the ferroportin activity by causing destruction of it. Nevertheless, hepcidin

level increases in various physiological and pathological conditions as inflammation,
chronic infection, hemochromatosis etc. Thus further knowledge of this pathway will
help in better understanding of iron homeostasis in various conditions and help in

development of therapeutic drugs.
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Introduction

The total iron content of the human body is 3-4g which exists in
various forms. The majority is stored as hemoglobin in red blood cells
and erythroblasts (2.5g). A small amount of iron is also present in
the form of proteins i.e., cytochromes, myoglobin, catalase and bound
with transferring."? The amount of storage iron differs between man
and woman although most of them are stored in spleen, liver and bone
marrow as hemosiderin and ferritin. This variable iron storage pattern
in adult females could be due to menstruation, pregnancies, childbirth,
breastfeeding and poor intake.>* Iron content in the human body is
maintained by recycling i.e., from the breakdown of senescent red
blood cells by macrophages of the reticuloendothelial system while a
minimal amount of iron is daily absorbed and excreted (Figure 1).° The
iron metabolism is regulated by interplay of various specific proteins
as transferrin, ferritin, iron regulatory protein 1 & 2 (IRP1 & IRP2),
Divalent metal transporter 1 (DMT1), Ferroportin, ceruloplasmin,
HFE (product of a high-iron gene), Hepcidin, Hemojuvelin, Bone
morphogenic protein 6 (BMP6) etc in iron absorption, excretion and
recycling. Essentially the circulating form of iron is maintained in the
body, bound with transferrin which proffers the soluble form in plasma
and averts free radical toxicity. Hepcidin is an acute phase reactant
protein primarily synthesized in the hepatocytes of liver. It is also
known as liver-expressed antimicrobial peptide (LEAP-1) or hepcidin
antimicrobial peptide (HAMP).% The two isoforms hepcidin-20 and
hepcidin-25 play a role in the iron homeostasis. The hepcidin-25
has a central role in iron homeostasis, while the exact function of
hepcidin-20, in serum iron regulation, is not known.!*!" At present no
standardized assay is ready for use in the clinical practice although
the experimental techniques based on enzyme-linked immune sorbent
assay and mass spectrometry were tried.'? The aim of this essay is to
focus on the current shreds of evidence present in the literature on the

role of hepcidin and number of other specific related proteins in the
regulation of iron homeostasis.

Figure | Homeostasis of iron in reticuloendothelial system and intestinal
epitelium.

Discussion

The advancement in the understanding of iron metabolism has led
to the discovery of peptide hormone hepcidin which plays a key role in
iron metabolism.® Hepcidin maintains iron homeostasis by interacting
with its receptor ferroportin, a trans membrane protein expressed on
the surface of macrophages present in the reticuloendothelial system
and epithelium lining cells of the intestinal lumen. Ferroportin allows
absorbed iron to be transported out into the circulation. The binding of
hepcidin with the ferroportin causes its degradation by internalisation
thus acts as a negative regulator of iron absorption and recycling.®!31

Iron recycling

About 20-25 of iron is recycled every day from the breakdown
of senescent red cells in the reticuloendothelial system of human
body. Heme released following degradation of hemoglobin of
senescent red blood cells by macrophages. This heme is converted
by heme oxygenase to biliverdin and carbon monoxide. The resulting
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free iron is released into circulation via ferroportin or stored as ferritin
as per requirement (Figure 2).!57
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Figure 2 Hepcidin role in mobilization and regulation iron.
Intestinal iron absorption

Approximately ~1-2mg of iron is daily added to the human body
through this route.'®!° A typical daily iron content in the western
daily diet is =~15mg of iron which exist in the form of heme and
non-heme iron.?** Heme is a biologically significant due to its
high bioavailability as uptake takes place through its transporter
system. The none-heme iron is poorly absorbed due to aqueous
and alkaline environment present in the intestinal lumen which
promotes conversion of ferrous to ferric form thus limiting its
direct absorption.?> Ferroportin situated into the basolateral side of
enterocytes, loads iron to the transferrin present in circulation (Figure
3). Similar to reticuloendothelial system, hepcidin regulates release
and absorption from the intestinal epithelial cells.!®*2*
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Figure 3 Iron absorption in the gut mucosal cells and transportation into
body circulation.

Iron sensing and signaling pathway

The pathway involving role of hepcidin in iron sensing
and signaling is complex and not fully elucidated so far. Meanwhile
in light of present knowledge the proposed model has various
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intercalated pathways which work in coordination with each other. The
crucial pathway of hepcidin activation implicates BMP- SMAD
pathway.”>?¢ Andriopoulos, et al.*’ emphasized the role of BMP6
as a ligand for hemojuvelin (HJV) and an endogenous regulator of
hepcidin expression and iron metabolism. In cases of iron overload an
enriched expression of BMPG6 in liver tissues activate its own receptor
in the presence of co-receptor HJV, which promotes cooperative
interaction and phosphorylation of SMADI1/5/8/4. Further down
the chain entire SMAD complex trans locate signal into the nucleus
to activate hepcidin transcription. The increased hepcidin level
impedes absorption, accumulation and recycling of iron in the
body. Nevertheless any dysregulation in component of this sequence
leads to various disorders.”” Nicolas, et al.’* Viatte, et al.’! proved
that increased expression of hepcidin inhibit the iron accumulation
in HFE-deficient and beta thalassemia mice models on the other hand
Meynard, et al.’? reported excessive iron load in a mice model with
knocked off the BMP-6 gene.?*323* Wang, et al.*® deciphered the role
of hepcidin and SMAD complex in hereditary hemochromatosis.
They reported excessive hepatic iron accumulation in the mice model
following inactivation of SMAD complex and decreased hepcidin.*

Another pathway of hepcidin inactivation involves increased
transferrin and HFE-TFR2 complex interaction with BMP-HJV-
SMAD pathway though its exact way of action in not known. Although
study with HFE deficient mice showed that BMP-SMAD pathway is
less efficient in the absence of HFE and therapeutic administration of
BMP6 is of value in the iron overload.***” Another pathway of hepcidin
activation goes through the Inflammatory cytokines, especially IL6
(and IL1-beta) which induces signal transduction through STAT3.3842
The TMPRSS6 gene and matriptase-2-The most potent negative
regulator of hepcidin expression is matriptase-2, which is encoded by
the trans membrane protease, serine 6 gene (7MPRSS6). Matriptase-2
exerts its hepcidin regulatory effects by cleaving hemojuvelin, a
protein that typically signals to promote hepcidin expression. Along
with, that hepcidin expression is also inhibited by the trans membrane
protease serine 6 gene (TMPRSS6) encoded protein matriptase-2.
Matriptase-2 cleaves hemojuvelin (HJV) protein which is involved
in BMP- SMAD pathway.* %

Regulation

The ferroportin plays a significant role in iron homeostasis and
is kept under check by hepcidin. The level of hepcidin in a body is
influenced by various physiological and pathological conditions.
Hepcidin level is up-regulated following increased serum ferritin,
chronic infection, inflammation, C-reactive protein, endotoxin and
p53 and is down-regulated in response to iron deficiency, hypoxia,
anemia, severe ineffective erythropoiesis and increase in serum
erythropoietin.**#” Hypoxia down regulates hepcidin in order to
increase iron export via ferroportin, while hypoxia inducible factor-2
(HIF-20)) promotes regulatory gene expression that controls iron
absorption. 84

Conclusion

Hepcidin plays a central role in the iron homeostasis metabolism
by regulating recycling of iron from senescent red cells, absorption
from the gastrointestinal tract and excretion from the body. The better
understanding of hepcidin in iron sensing and signaling pathway and
its transcription regulators would pave the way for understanding the
alteration in iron homeostasis in various physiological and pathological
conditions and the development of drugs that could mimic or block
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hepcidin activity. Nevertheless, there is also a necessity to instigate the
development of a clinical assay to assess the alterations of hepcidin in
various conditions.
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