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Iron is essential for lifeIron is essential for life



Too much iron is toxicToo much iron is toxic

•• Fenton chemistryFenton chemistry
–– Production of free radicalsProduction of free radicals
–– FeFe2+2+ + H+ H22OO22 →→ FeFe3+3+ + OH+ OH−− + OH+ OH
–– Damage to membranes and DNADamage to membranes and DNA

•• Proteins of Iron MetabolismProteins of Iron Metabolism
–– Evolution of complex proteinsEvolution of complex proteins

•• Make the most of ironMake the most of iron’’s reactivitys reactivity
•• Limit the damageLimit the damage
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Symptoms of HH Symptoms of HH (circa 1990)(circa 1990)

0 20 40 60 80 100

Fatigue

Abd pain

Arthralgia

Sex

Dyspnoea

Neuro

Free iron ?Free iron ?

Swollen liver?Swollen liver?

See arthritis See arthritis 

Pituitary damage & cirrhosisPituitary damage & cirrhosis

Cardiac failure ?Cardiac failure ?

??



Signs of HH Signs of HH (circa 1990)(circa 1990)
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But ..... many anomaliesBut ..... many anomalies
•• ““Bronze diabetesBronze diabetes”” is rareis rare

–– Severity of iron overload and diabetes donSeverity of iron overload and diabetes don’’t matcht match
–– Pigmentation and skin iron donPigmentation and skin iron don’’t matcht match

•• Arthritis is not always prevented by deArthritis is not always prevented by de--ironingironing

•• Severity does not match genotypeSeverity does not match genotype
–– Most C282Y +/+ not iron overloadedMost C282Y +/+ not iron overloaded
–– Some C282Y +/+ severe in second decadeSome C282Y +/+ severe in second decade
–– Some severely iron overloaded are C282Y Some severely iron overloaded are C282Y --//--
–– Some C282Y +/Some C282Y +/-- severesevere



Milestones in the History of HHMilestones in the History of HH

•• von von RecklinghausenRecklinghausen named it in 1895named it in 1895
•• SheldonSheldon’’s Classic Monograph 1935s Classic Monograph 1935
•• MacDonald MacDonald –– ““ItIt’’s all due to alcohols all due to alcohol”” 19501950
•• Simon proved the genetic component 1977Simon proved the genetic component 1977

–– AutosomalAutosomal recessive recessive 
–– Ch 6   Celtic originCh 6   Celtic origin

•• FederFeder et alet al discovered the discovered the HFEHFE gene 1996gene 1996
•• NonNon--HFEHFE haemochromatosishaemochromatosis 1999 1999 -- 20052005



Genetic Genetic HaemochromatosisHaemochromatosis: Types 1 : Types 1 -- 44
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pattern of iron depositionpattern of iron deposition
excess iron in circulation excess iron in circulation →→
Saturated Saturated TfTf →→ tissues (liver, tissues (liver, 
heart etc) heart etc) →→ High S High S FerritinFerritin
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Liver: Central Controller of Iron Liver: Central Controller of Iron 
HomeostasisHomeostasis

Role playersRole players
•• HFE proteinHFE protein
•• TransferrinTransferrin receptor 1 (TfR1)receptor 1 (TfR1)
•• TransferrinTransferrin receptor 2 (TfR2)receptor 2 (TfR2)
•• HemojuvelinHemojuvelin

•• HepcidinHepcidin FerroportinFerroportin
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The Iron RegulatorThe Iron Regulator
•• Stores and Erythroid Stores and Erythroid ““FerrostatFerrostat””
•• Some circulating Some circulating ““factorfactor””

responsive to iron needsresponsive to iron needs
•• HepcidinHepcidin

–– Cationic polypeptide Cationic polypeptide 
–– Bacteriocidal propertiesBacteriocidal properties
–– Synthesised in liver Synthesised in liver 
–– ↓↓ iron deficiency & active epoiron deficiency & active epo
–– ↑↑ iron overload & inflammationiron overload & inflammation
–– Cytokine dependentCytokine dependent

Iron stores Iron stores →→

Erythropoiesis Erythropoiesis →→
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Hepcidin: The iron regulatorHepcidin: The iron regulator
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Hepcidin: The iron regulatorHepcidin: The iron regulator
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Hepcidin and HaemochromatosisHepcidin and Haemochromatosis
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Hepcidin: Anaemia of Inflammation
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HFE mutations and HHHFE mutations and HH

•• Homozygous Homozygous 
–– C282Y/C282Y (80%+)C282Y/C282Y (80%+)
–– H63D/H63DH63D/H63D

•• Compound heterozygousCompound heterozygous
–– C282Y/H63D, S65C, I105T, G93R, SpliceC282Y/H63D, S65C, I105T, G93R, Splice
–– H63D/S65CH63D/S65C
Mild iron overloadMild iron overload

•• HeterozygousHeterozygous
–– S282Y/wtS282Y/wt

HH PhenotypeHH Phenotype



Prevalence of HFE mutationsPrevalence of HFE mutations

4% +/+4% +/+24% +/24% +/--CaucasiansCaucasians

H63D more widespreadH63D more widespread
0.5% +/+0.5% +/+8 8 ––12% +/12% +/--CaucasiansCaucasians

1.6% +/+1.6% +/+17% +/17% +/--FrenchFrench

1.2% +/+1.2% +/+10%  +/10%  +/--IrishIrish

Celtic origin of C282Y?Celtic origin of C282Y?



Diagnosis of HHDiagnosis of HH
•• Clinical featuresClinical features
•• High index of suspicionHigh index of suspicion
•• TransferrinTransferrin saturation saturation 

–– >45% (>45% (F) >50% (M)F) >50% (M)
•• Raised serumRaised serum ferritinferritin

–– 1 1 µµg/l g/l ≡≡10 mg iron10 mg iron

•• PCR for mutations of HFE genePCR for mutations of HFE gene
•• Liver biopsyLiver biopsy

–– No longer No longer ““gold standardgold standard””
–– cirrhosis /  fibrosiscirrhosis /  fibrosis
–– Hepatic iron index (Hepatic iron index (µµmol/g mol/g ÷÷ age)age)
–– MRIMRI



Routine workup of HHRoutine workup of HH
•• LiverLiver

–– Minimal changes on LFTMinimal changes on LFT
–– Fibrosis, cirrhosis, portal HT [sonar, biopsy]Fibrosis, cirrhosis, portal HT [sonar, biopsy]
–– HCC  [sonar, HCC  [sonar, ααFP, Fe free foci]FP, Fe free foci]

•• EndocrinopathyEndocrinopathy
–– Fasting serum glucoseFasting serum glucose
–– Pituitary dysfunction [FSH, LH, TSH, ACTH]Pituitary dysfunction [FSH, LH, TSH, ACTH]

•• CardiopathyCardiopathy
–– EchocardiographyEchocardiography
–– ECGECG

•• ArthropathyArthropathy
–– XX--ray [1, 2 MP joints]ray [1, 2 MP joints]



Genetic ScreeningGenetic Screening

•• All siblings and parents of HHAll siblings and parents of HH
•• Offspring of HHOffspring of HH

–– If spouse high risk originIf spouse high risk origin
–– ?? TransferrinTransferrin saturation enoughsaturation enough

•• Population screening?Population screening?
–– In high risk populationsIn high risk populations
–– RoutineRoutine transferrintransferrin saturationsaturation



Treatment of HHTreatment of HH

•• PhebotomyPhebotomy
–– Aim: deplete iron storesAim: deplete iron stores
–– ↑↑ blood production draws off ironblood production draws off iron
–– Frequent [weekly Frequent [weekly →→ 3 monthly]3 monthly]
–– Duration: weekly x 1Duration: weekly x 1--2 years2 years

•• SF 2000SF 2000µµg/l = 84 weeks!g/l = 84 weeks!
–– MonitorMonitor HbHb, SF, SF

•• ChelationChelation limited to limited to cardiopathycardiopathy

•• Diet Diet –– Little benefitLittle benefit
•• Infections Infections –– bugs need iron (bugs need iron (VibrioVibrio Sea foods, Sea foods, YersiniaYersinia))
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