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Adapter from Hentze, Galy, Muckenthaler & Camaschella, Cell 2010
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Hepcidin: the master iron regulator
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New targeted treatments………..
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Hemochromatosis and the golden age of iron research



Hemochromatosis: pathophysiology
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HFE, the first Hemochromatosis gene

Genetic test for diagnosis

C282Y/C282Y > 90 % of cases in Northern Europe

C282Y/H63D   < 5 % of cases + cofactors

TfRà

b2mà

HFEà

HFE/TfR interaction

(Bennett et al, Nature 2000)

Which role in iron homeostasis?

(Feder et al, Nat Genet 1996)



HFE C82Y allele distribution in Europe

EASL, J Hepatol 2022

“The founder”
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in males
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HFE Hemochromatosis         expressivity

Olynk et al, N Engl J Med 2022

Liver disease prevalent
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Berndt et al, Redox Biology, 2024

Ferroptosis in iron 
overload disorders

A form of cell death driven by iron-dependent 
damage to membrane lipids

Oxidation of polyunsaturated fatty acids 
is usually counteracted by cellular repair 
mechanisms, as glutathione peroxidase 4 
(GPX4).

Ferroptosis is regulated by multiple processes, 
as iron accumulation, ROS, lipid metabolism, 
and antioxidant defence systems. 
Implicated in several disorders, as 
neurodegeneration, cancer, and organ injury



Unraveling the Hemochromatosis genetic heterogeneity

Roetto, Am J Hum Genet 1999 Papanikolaou, Nat Genet 2004
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FPN-disease and FPN-Hemochromatosis

Loss of function mutations

Reduced iron export or 
FPN surface localization

N Tsat - High Ft

Type-4A: Ferroportin disease

Gain of function mutations

FPN hepcidin resistant

High Tsat – High Ft

C326Y, C326STransmembrane domain mutations

Macrophage iron overload Hepatocyte iron overload

Type-4B: FPN-Hemochromatosis

Pietrangelo A. Haematologica 2017



Animal models for preclinical studies

Hfe-/- Moderate, late iron overload
Hjv-/- Severe, early iron overload
Hamp-/- Severe, early iron overload
Tfr2-/- Iron overload

Bmp6-/- Iron overload
Bmpr Alk2-/- Moderate iron overload
Bmpr Alk3-/- Severe iron overload
Tmprss6-/- Iron deficiency



Physiologic homeostatic regulation of hepcidin 
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Hemochromatosis

hepcidiniron

Anemia of 
inflammation

Deregulation of hepcidin 
in iron and other disorders

Impairment of the hepcidin-ferroportin axis

IRIDA

Iron loading 
anemias



TMPRSS6 is essential in iron deficiency
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Iron refractory iron deficiency anemia
(IRIDA - OMIM #206200)

Rare recessive disorder due to TMPRSS6 mutations 

Iron deficiency anemia – normal/high hepcidin

Moderate anemia (childhood)

Low MCV and Tsat. Normal/high serum ferritin

Refractory to oral and partially refractory to iv iron
(Finberg et al, Nat Genet 2008)



Lessons from IRIDA

ü High hepcidin levels à oral iron refractoriness
e.g. in inflammation à i.v. iron needed 

üGenetic susceptibility to iron deficiency
Differences in different populations (GWAS)
Data in blood donors according to TMPRSS6 SNPs 
Sørensen E, Transfusion 2016; Mast, Transfusion 2020

ü Oral iron effective on alternate days
Moretti, Blood 2014; Stoffel, Lancet Hematol 2017;von Siebenthal, Am J Hematol 2023    



From hemochromatosis to iron deficiency
and …… anemia of inflammation



Systemic inflammation and anemia

Adapted from Ganz T, NEJM 2019

Cytokine overproduction

Decreased EPO and erythropoiesis High hepcidin
Decreased iron recycling



Crosstalk of iron and erythropoiesis: erythroferrone

(Kautz et al, Nat Genet 2014)

BMP sequestration



Iron loading anemia

Anemia characterized by ineffective erythropoiesis 
and transfusion-independent iron overload

NTD b-thalassemia (thalassemia intermedia)

Congenital dyserythropoietic anemia
Sideroblastic anemia 
Selected enzyme and membrane defects: 

(PK deficiency, stomatocytosis)

Low-risk MDS (SF3B1 mutations)
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TFR1 (CD71)EPOR Gly

Crosstalk of iron and erythropoiesis:TFR2

Iron-dependent (25 mg/day)EPO-dependent

TFR2

Forejtnikova et al, Blood 2010 



Camaschella, Nat Genet 2000

TFR2 a link between hepcidin and erythropoiesis 
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Nai, Blood 2015; Artuso, Blood 2018; Casu, Blood 2020
Di Modica, Am J Hematol 2023; Olivari, Kidney Int 2023…

TFR2 modulates the erythroblast Epo sensitivity…

... and hepcidin expression according to available iron



Hemochromatosis/Iron loading anemia
Hepcidin

Inhibits intestinal 
iron absorption

Prevents 
iron recycling
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New therapeutic strategies for iron disorders?



Other compounds and targetable disorders

Hepcidin agonists: Inhibitor inhibitors: anti-TMPRSS6 (ASO, siRNA, MoAb) 

Targeting the TF-TFreceptor (TFR1-TFR2) and combo therapy

Hemochromatosis: maintenance phase (?) 

Thalassemia: complex patophysiology (Combo therapy?)

Ph negative MPN. PV: Rusfertide phase 3 trial (Kremyanskaia. NEJM 2024)

Hepcidin antagonists: anti-Hamp, anti-BMP pathway, anti-HJV Mo Ab… 

Anemia of chronic disease, anemia of inflammation (CKD) 
Ph negative MPN. Myelofibrosis: Momelotinib (anti-JAK1/2 & anti-ALK2)



Iron and other hematopoietic cells

Lymphocytes

A recurrent Y20H mutation in TFRC à combined immunodeficiency with 

marginal anemia. Iron is essential in B and T lymphocytes (Jabara, Nat Genet 
2016; Aljohani, J Clin Immunol 2020)

Iron deficiency, adaptive immunity and Vaccine Efficacy (Stoffel & Drakesmith, Adv 
Nutr. 2024)

Granulocytes

Iron homeostasis in mice is critical for neutrophil development and 

differentiation. Hypoferremia reduces granulocytes number, inhibits 

granulopoiesis and alters neutrophil functions (Bonadonna Sci Adv 2022; 8(40) 
eabq4469 and eabq5384). 



Iron and other hematopoietic cells. Platelets

V617P (Ki) Exon 12

PV, ET, (Myelofibrosis) Pure PV

JAK2 mutant mice……..

Stetka et al, Blood 2023



Iron deficiency

Iron overload

Stetka et al, Blood 2023



Iron deficiency

Iron overload

↓ terminal erythropoiesis  
↑ megakaryocyte/erythroid progenitors (preMeg-E)

in all models both JAK2 mutant and WT

↑ terminal erythropoiesis  
↓ megakaryopoiesis (↓ preMeg-E)

in JAK2 mutant models, not in WT

Flow cytometry of bone marrow and spleen

Stetka et al, Blood 2023

The iron-sensitive cell is the common erythroid-megakaryocyte progenitor



Iron beyond Hematology

• Iron and chronic liver disease

• Iron and neurodegenerative disorders

• Iron and cancer

• Cardiac iron and hepcidin

• Iron and immunity
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