Metabolic Liver Diseases
Wilson’s Disease
Autosomal recessive disorder causing a defect in copper transport.
Impaired biliary excretion leads to accumulation of copper in the liver.  This copper is pro-oxidant 
and promotes the generation of free radicals.
Most copper is absorbed in the upper small bowel.  Chocolate, nuts, shellfish, and organ meats are 
high in copper.  Normally, copper then goes to liver, is secreted into bile and excreted in stool.

Copper in the liver is also incorporated into ceruloplasmin, which circulates in plasma.
The genetic defect is ATP7B, on chromosome 13.  ATP7B uses ATP to transport copper across 
cell membranes.  Mutations will reduce copper incorporation into ceruloplasmin, and 
decrease copper secretion into bile.  Copper just stays in the liver.
Clinical presentation is often acute and encompasses liver, neuropsychiatric, and other signs:


--Liver signs:  chronic hepatitis, cirrhosis, or fulminant liver failure.

--Neuropsych signs:  tremor, clumsiness, speech slurring, uncontrollable grinning, drooling.


--Other signs:  Kayser-Fleischer rings in the eyes, Coombs-negative hemolytic anemia, 


menstrual/pregnancy irregularities.
Labs show low ceruplasmin and high urine copper excretion, especially with Penicillamine challenge.

Treatment and maintenance both rely on chelators such as Penicillamine or Trientine.  

Oral zinc also helps prevent further copper absorption.  Transplant cures the disease.
(Raymond removed an image summarizing the cellular effects of Wilson’s disease.)
Alpha-1-Antitrypsin deficiency   (AAT)
AAT deficiency mostly affects the lungs and liver.  
AAT is an inhibitor of elastase, a proteolytic enzyme.
The normal allele is “M”, so the normal genotype is MM.  Mutants have a “Z” allele.
The lung and liver have different mechanisms of injury:

**In the lung, AAT deficiency causes panacinar emphysema and COPD because of increased 
elastase activity.

**In the liver, AAT deficiency causes accumulation of polymerized mutant AAT molecules inside 
hepatocytes.  These AAT inclusion bodies stain bright red and resist digestion.
Treatment focuses on raising plasma AAT levels.

Liver transplantation completely cures the disease because the donor liver makes normal AAT.

Hereditary Hemochromatosis

Autosomal recessive disorder causing iron accumulation, especially in the liver
Mutation in the HFE gene causes increased intestinal iron absorption.  The most common HFE 
mutation is a single AA substitution named  C282Y.
Clinical features include skin pigmentation (caused by elevated melanin, not iron itself), diabetes, 


liver disease, hypogonadism/impotence, cardiac arrythmias/failure, and arthropathy/pseudogout.

Liver disease may include hepatomegaly, cirrhosis, and hepatocellular carcinoma.

Labs will show elevated serum iron, transferrin saturation, and serum ferritin.

Treated with weekly phlebotomy.
Iron is stored in enterocytes and hepatocytes as ferritin.  Sloughing of enterocytes and menstrual blood 
loss are the only mechanisms for iron excretion.  Iron is transported in serum as transferrin.
Two models of HFE-related hemochromatosis:

1.  Crypt-Programming Model.  Duodenal crypt cells, which aren’t exposed to dietary iron, take up iron from blood transferrin using TfR1.  The amount of iron taken up depends on the interaction of HFE with TfR1.  The amount of iron also programs the future iron absorbing capacity of mature enterocytes derived from these crypt cells.  Normally, these daughter cells absorb little dietary iron from the gut.  If there’s a C282Y mutation in HFE, it can’t bind to TfR1.  Daughter enterocytes will be iron starved and react by hyperabsorbing dietary iron from the gut.

2.  Hepcidin Model.  Hepcidin regulates the flux of iron into plasma.  When plasma iron is high, hepcidin synthesis increases, which suppresses iron absorption and release from enterocytes and macrophages.  HFE is involved in the synthesis of hepcidin.  So if HFE is mutated, hepcidin synthesis doesn’t increase, and there is uncontrolled iron release from enterocytes and macrophages.
Complete absence of hepcidin causes juvenile-onset hemochromatosis.
The two models of HFE-related hemochromatosis
(Raymond removed an image summarizing the two models of HFE-related hemochromatosis.)

