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Iron & Bone: 
Hereditary Hemochromatosis

• Autosomal recessive disorder
• Due to common mutation in HFE gene
• Low clinical penetrance
• Hepatic iron overload
• Low hepcidin levels



Iron and Osteopenia

• Sickle Cell Disease
• Thallesemia
• HH
• Transfusion iron overload
• Post-menopause



Bone Disease in Hemochromatosis

• Fractures
– case reports 

• Osteoporosis 
– 29-34%

• Osteopenia 
– 71-79%



Stainable bone iron in undecalcified, plastic-embedded sections. 
Occurrence in man related to the presence of "free" iron

H Laeng, T Egger, C Roethlisberger and H Cottier 

• 2.3% of 1536 iliac 
crest biopsies in 
patients without HH

• 4/4 with HH
• 11/15 vertebral bone 

fragments with HH
• Correlates with 

presence of NTBI
• Found at “osteoid 

seam”

American Journal of Pathology, Vol 131: 344-350, 1988
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Hemochromatotic Salers Cattle



Vet Pathol 41:612–623 (2004)



Wild Type Hemochromatosis



Age-associated Iron Accumulation in Bone: 
Implications for Postmenopausal Osteoporosis and a 

New Target for Prevention and Treatment by Chelation
Liu G, Men P, Kenner GH, Miller SC

• Ovarectomized rat model of 
postmenopausal osteoporosis

• Severity of osteoporosis associated with 
iron accumulation in bone

• Mitigated by bone-targeted chelator

Biometals. 2006 May 11 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Liu+G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Men+P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Kenner+GH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Miller+SC%22%5BAuthor%5D


Potential Mechanisms for Iron-
Related Osteopenia

• Hypogonadism
• Hyperparathyroidism
• Iron toxicity
• “Unknown factor”



• Lactoferrin
– Member of transferrin family
– Iron binding protein
– Produced by exocrine 

glands, neutrophils

• Anabolic to bone
– Stumulator of osteoblast 

proliferation, differentiation
– Inhibitor of 

osteoclastogenesis

Endocrinology 145(9):4366–4374, 2004
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CELL METABOLISM : DECEMBER 2005  VOL. 2,  P. 399-409



Loss of Hepcidin Regulation in 
Haptocellular SMAD4 KO Mice



BMPs Regulate Hepatocellular 
Hepcidin Expression



NATURE GENETICS VOLUME 38 NUMBER 5  MAY 2006







From Ramoshebi LN et al: Exp Rev Molec Med, 2002



Effect of BMPs on Hepcidin mRNA
in HuH7 Cells
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TGFβ and BMP Regulation of Hepcidin 
in Human Hepatoma (HuH7) Cells
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Effect of Iron on BMP-Induction of 
Hepcidin Expression
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Effect of Iron on TGFb Signaling  in 
HuH7 Cells 
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NTBI in Hemochromatosis

Transferrin Saturations
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Increased NTBI and Decreased 
Hepcidin

• HFE, TfR2, HJV associated HH
• Atransferrinemia
• Acute hemolysis



Increased NTBI, Decreased 
Hepcidin, Osteopenia

• HH
• Sickle cell
• Beta thalassemia



Speculative Model

• Holotransferrin increases hepcidin
• Elemental iron decreases BMP signaling
• In iron overload, increased elemental iron 

attenuates BMP signaling
• Decreased BMP signaling leads to 

– Decreased hepcidin
– Osteopenia



JOURNAL OF CELLULAR PHYSIOLOGY 187:265±276 (2001)



JOURNAL OF CELLULAR PHYSIOLOGY 187:265±276 (2001)
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