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ü Overview of recent insights on the regulation of 
iron metabolism. Focus on mechanisms of iron 
overload in “iron loading anemias”.


ü General mechanisms of iron toxicity (liver 
model)


ü Not all iron overload are the same: 
pathophysiological differences between non 
transfusion dependent and transfusion-
dependent anemias (revisited in the “hepcidin 
era”).




Iron: essential but potentially dangerous
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easily exchange electrons 
Fe3+  ↔   Fe2+  

useful redox properties 

key-component of enzymes 
crucial for O2 transport and 

energy production (Hb, 
cytochromes…) 

free radicals generation  
(Fe2++ H202 → Fe3+ + OH- + OH•) 

strict regulation of body iron content needed 

anemia 
neuromuscolar impairment  

iron overload 
toxic organ damage 

low excess 



THE HEPCIDIN-FERROPORTIN AXIS


Ganz T, Physiol Rev 2013 


•  Hepcidin: small peptide 
mainly produced by the liver



•  interact with its receptor 
(Ferroportin, the only known 
iron exporter from the cells, 
ubiquitous but highly 
expressed in duodenal cells, 
macrophages, hepatocytes) 


Kushner JP, Blood 2010 


DG - 5
Highlights in Ematologia, Treviso 17-18 Novembre 2017




Systemic “ecological” iron homeostasis


≈2 g 

≈600 mg 

Erythroid precursors  
in Bone Marrow 

Fe3+ 

Fe3+ 

Fe3+ 

FERROPORTIN 

Splenic macrophages 

Circulating RBCs 
Plasma Transferrin 30% 

losses (1-2 mg/day) 
mucosal exfoliation, 

menses 

duodenal  
absorption  

(1-2 mg/day) 

enterocytes 

intestinal lumen 
Fe3+ 

Fe3+ 
FERROPORTIN Girelli D, Int J Hematol 2017 (in press) 

Liver 300-1000 mg 

hepcidin 

_ 

_ 

200 billion new RBCs/day  
(2.4 million/sec)  
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Signals modulating hepcidin
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Ganz T, Physiol Rev 2013 (adapted DG)  

Pathophysiological meaning: 
 

u iron sequestration (during infections) 
u classic homeostatic loop 
u matching iron absorption with erythropoiesis’ needs 





The erythroid regulator of iron metabolism
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Ferrokinetic studies in humans: 
 
ü  Normal iron absorption = 1-2 mg/day 

ü  IDA pts. receiving therapeutic doses of iron can absorb 
> 20 mg/day 

ü  Similar amount can be absorbed by subjects with 
normal iron stores whose erythropoiesis is stimulated 
by EPO  

ü  In ILAs erythroid signals override signals from the 
replete stores, causing iron overload.  

Finch C, Blood 1994	



Iron Loading Anemias (ILAs)
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Camaschella C, BJH 2015




Erythroferrone (ERFE)
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Kautz L , Nemeth, E Blood 2014 

Kautz L, Nat Genet 2014 

ü  ERFE clearly involved in hepcidin 
suppression in response to acute “stress 
erythropoiesis” (after hemorrage/EPO 
administration) 

 
ü  Further work needed to confirm whether it 

is the long-sought erythroid regulator 
responsible for chronic hepcidin 
suppression in ILAs. 



Hepcidin deficiency leads to liver iron overload
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Erythroid precursors  
in Bone Marrow 

Fe3+ 

Fe3+ 

Fe3+ 

FERROPORTIN 

Splenic macrophages 

Circulating RBCs 
Plasma Transferrin 

losses (1-2 mg/day) 
mucosal exfoliation, 

menses 

duodenal  
absorption  

(1-2 mg/day) 

enterocytes 

intestinal lumen 
Fe3+ 

Fe3+ 
FERROPORTIN 

hepcidin 

_ 

_ 
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Hepcidin deficiency leads to liver iron overload
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Erythroid precursors  
in Bone Marrow 

Fe3+ 

Fe3+ 

Fe3+ 

FERROPORTIN 

Splenic macrophages 

Circulating RBCs Plasma Transferrin 

losses (1-2 mg/day) 
mucosal exfoliation, 

menses 

duodenal  
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_ 
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Hepcidin deficiency leads to liver iron overload




Hepcidin deficiency: iron overload primary in 
periportal hepatocytes  
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Girelli D, Gastroenterology 2002 

↑	risk of cirrhosis if serum ferritin persistently ≥ 1000 µg/l
 Morrison, Ann Intern Med 2003 



Advanced Liver Iron Overload
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Girelli D, J Hepatol 2008 

Hepatocyte 

“sideronecrosis”


Phagocytosis by 
Kupffer cells 




Mechanisms of iron hepatotoxicity
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Pietrangelo A, J Hepatol 2016 



Differences between NTD and TD ILAs  
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↑ Iron in liver 
parenchymal cells 

(through portal vein 
and TfR1) 

↑ hepcidin! 
↑	Iron in macrophages  

(through erythrophagocytosis) 

THALASSEMIA MAJOR NON-TRANSFUSION DEP. THALASSEMIAS 

↓ hepcidin  
= 

↑ Fe absorption 

X ineffective erythropoiesis 

suppressed  
erythropoiesis 

1 U RBC = 200 mg Fe 



Clinical conditions influencing serum hepcidin levels


DG - 19
Highlights in Ematologia, Treviso 17-18 Novembre 2017


Girelli D, Blood 2016 



Differences in hepcidin levels between TI and TM
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u Thalassemia Major (TM): transfusion dependent 
u Thalassemia Intermedia (TI): not transfusion dependent 

Origa R, Haematologica 2007  

Initially prevalent parenchymal 
(periportal)  iron overload  due to 
hepcidin suppression in β-TI 

Prevalent macrophage (Kupffer 
cells)  iron overload  in a well-
chelated β-TM patient. 

These 2 pts. may have same ferritin levels (i.e. 800-1,000 µg/dl) but different 
risk of liver complications, particularly HCC.  
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Low-risk MDS have inappropriately low hepcidin 
levels, that may result in increased iron absorption  



Mechanisms of iron overload in MDS
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RBCs	

Bone	marrow	

plasma	iron	

RE		
macrophage	

Hepcidin	

Inflamma4on	

-	

↑	Erythropoie4c	
drive	

O2	↓	

Fe	

Hypoxia	

IL-6	X	

Ineffective erythropoiesis 

TRANSFUSIONAL OVERLOAD (initially in macrophages) ↑↑INTESTINAL ABSORPTION 

Fe	plasma	iron	
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De Swart L, Haematologica 2017 (epub Nov 9)   



Take-home messages
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ü Iron toxicity is primarily due to excess ROS 
production. 


ü Iron overload in the individual patient depends on 
several cofactors: age, comorbidities, cellular 
type mainly involved (hepatocytes > 
macrophages).


ü Iron overload can be detrimental in either 
transfusion dependent and transfusion 
independent MDS or other iron loading anemias.


ü In the future, treatments targeting the hepcidin/
ERFE axis may be helpful.




The Verona Interdisciplinary Group on Iron Disorders


Participants Units 
1.  Internal Medicine 
2.  Clinical Chemistry & Molecular Biology 
3.  Blood Bank / Transfusional Service 
4.  Radiology 
5.  Pathology 
6.  Gastroenterology 

http://www.gimferverona.org 

Fabiana Busti, Paola Capelli, Annalisa Castagna, Michela 
Corbella, Massimo Delledonne, Giorgio Gandini, Alejandro 
Giorgetti, Giacomo Marchi, Oliviero Olivieri, Roberto Pozzi-
Mucelli, Monica Rizzi, Alice Vianello, Luciano Xumerle. 
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