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Introduction

Wilson's disease, an inherited disorder of copper metabolism, was first recognized in the
early 1900’s. It's clinical description evolved gradually as did elucidation of its diagnosis. A
number of effective therapies have been developed, and more recently the site of its major
genetic defect has been characterized. Despite these major advances, the diagnosis is often
missed or delayed, even in excellent medical centers, in part because the disease is not
considered, or because the physician uses a set of diagnostic tools that do not possess 100
percent positivity or specificity. Delay in diagnosis may lead to progression of the disease to an
irreversible state, even when potentially effective treatment is instituted. In the current review,
an effort will be made to highlight some of the important contributions to our understanding of
Wilson's disease with the aim of improving our diagnostic and therapeutic skills.

Highlights of Wilson’s Disease
A familial lethal neurological disease (lenticular degeneration)

accompanied by cirrhosis (Wilson, 1912).

Associated with increased copper in liver and brain (Cumings,
1948).

Pigmented rings in cornea (Kayser-Fleischer) and sunflower
cataracts earlier observed as reactions to copper foreign
bodies are recognized as diagnostic features of Wilson’s
disease.

Characterized by increased excretion of copper in urine,
further increased by BAL.

Ceruloplasmin, the major copper binding protein in plasma,
found to be low (Scheinberg and Gitlin, 1952).
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Clinical Presentation

Patients may be completely asymptomatic. They are usually uncovered during as-
sessment of siblings of known cases, or by detection of abnormal physical findings such as
splenomegaly and Kayser-Fleischer rings.

Hepatic presentations include episodes of self-limited acute hepatitis, findings of chronic
hepatitis, cirrhosis with its complications, and fulminant liver failure.

Neurologic presentation includes the gamut of movement disorders including tremors,
dystonia, ataxia and rigidity. Incoordination, dysphagia, dysarthria, and poor handwriting are
common.

Psychiatric presentations are prevalent and quite diverse. They include behavioral
disturbances, inability to concentrate, mood swings, and even psychotic behavior.
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In general, hepatic disease presents earlier by almost 5-10 years than neuropsychologic
disease. Most patients are recognized by age 40, but there are well documented cases through
the sixth decade.
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The adage is to always think of Wilson’s disease in patients with hepatic disease,
in those with neurologic disease presenting with any type of movement disorder, and with
new behavioral disturbances in persons 40 years or less.
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Genetics of Wilson’s Disease

Genetics of Wilson’s Disease

Inheritance is autosomal recessive.
- Familial incidence
- High consanguinity rate
- Absence of disease in parents

- Heterozygote is phenotypically normal
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Wilson’s Disease Gene Abnormalities

Abnormal gene mapped to chromosome 13q 14.3

Gene is a copper transporting P-type ATPase

Heterogeneous at the molecular level

At least 200 different disease-specific mutations
Single base insertions and deletions

Frame-shifts, missense, nonsense and splice
shift mutations

Limited number of frequent mutations - inbred populations

Large number of rare mutations

Mutation of the Wilson Disease Gene
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Wilson’s Disease Gene Abnormalities
Most mutations are in compound heterozygote state and
rarely homozygous.
No correlation between the genotype and phenotype.
Clinical symptoms appear earlier in patients with hepatic

presentation than in those with neurological presentation, no
matter what the type of mutation.

Wilson’s Disease Gene
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Pathophysiology of Wilson’s Disease

Untreated patients are in positive copper balance.

Cause related to an abnormal copper transporting P-type
ATPase.

Increased copper in liver, brain, other organs, and tissues.
Chronic copper intoxication.
Progressive anatomical and physiologic disease leading to

overt hepatic and cerebral manifestations, and when
untreated, to death, usually before the age of 40.



Ceruloplasmin

The major copper containing protein in serum has been a major player in the diagnosis
of Wilson’s disease because its concentration in serum is low in the vast majority of patients.
Alone, it is not diagnostic of the disease because low values may also be present in up to 20
percent of heterozygote carriers. Moreover, there are a number of other conditions that can lead
to low concentrations of ceruloplasmin.

Deficiency of Ceruloplasmin

May be acquired or inherited in people who do not have
Wilson’s disease.

Acquired:

Excess urinary loss (nephrotic syndrome)

Excess intestinal loss (protein losing enteropathy)
Interference with intestinal absorption of copper
(sprue)

Interference with protein synthesis in severe
malnutrition (kwashiorkor)

Severe hepatic dysfunction

Inherited:

Heterozygotes for Wilson’s disease
Aceruloplasminemia

Curiously, concentrations of ceruloplasmin in serum may be elevated into the normal
range during the course of severe or active liver disease, thereby obscuring the diagnostic value
of a low serum concentration. In part, these changes can be mediated by elevated values of
female hormones, and by stimulation of ceruloplasmin synthesis in inflammatory states (phase
reactant).

Wilson’s Disease with
Normal Ceruloplasmin Concentration

Severe or active liver disease
Pregnancy

Estrogen
Inflammatory diseases



Ceruloplasmin has also been implicated in the pathogenesis of Wilson’s disease with the
impression that impaired secretion from liver into blood and even into bile contributed importantly
to copper retention in liver. The recent discovery that copper metabolism is essentially normal
in a separate genetic disorder, aceruloplasminemia, which in turn is complicated by abnormal
storage of iron, has refocused on the contribution of ceruloplasmin through its oxidase activity
to iron metabolism.

Ceruloplasmin
Copper-containing glycoprotein - the major copper protein in
serum.
Molecular weight 132 kDa
Single polypeptide chain of 1046 amino acid residues.

6 copper atoms per molecule;

3 form a trinuclear cluster
3 exist as mononuclear domains

The trinuclear cluster and one of the mononuclear coppers (in
domain 6) form a complex, essentially the same as that found
in ascorbate oxidase, strongly suggesting an oxidase role in
ceruloplasmin.
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Diagnosis

Kayser-Fleischer Rings

Copper in cornea at limbus in Descemet’s membrane.
Virtually diagnostic in patients with neurologic findings.

Absence in patients with neurologic findings virtually
excludes diagnosis.

Present rarely in some patients with a cholestatic syndrome
that causes copper retention.



Urine Copper

(Normal <50 microgram/24 hours)

Increased to >100 micrograms/24 hours in most symptomatic
patients.

Young asymptomatic patients may excrete less
Heterozygote carriers may excrete more

50-100 micrograms per 24 hours a difficult range

Even more difficult are reports of excretion of <50 micrograms/
24 hours in otherwise well documented cases of Wilson’s

Disease.

Must avoid contaminated collection containers (false high)
and assure complete collection (false low).

Hepatic Copper Concentration

Often said to be gold standard
Normal liver <50 micrograms/gram dry weight
Wilson’s disease liver >250 micrograms/g dry weight

Heterozygote carriers <250 micrograms/g dry weight

Confounding States

Hepatic copper high in

Cholestatic liver diseases
Non-Wilsonian copper disease(s)

Hepatic copper found low and attributed to
sampling problem.



Radiocopper Tests

Based on the principle that after early absorption and disappearance of radiocopper into
liver, radioactivity reappears in serum largely in ceruloplasmin.

False positivity may occur in heterozygotes; the isotopes are difficult and expensive to

obtain.
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Therapies for Wilson’s Disease

Overt iliness can be improved, stabilized, or prevented by
therapies that remove excess copper from the body, and
prevent accumulation of new copper.

BAL

Of historic importance. Initially introduced as an antidote for the effects of arsenic gases,
injection of BAL was found to increase copper excretion in urine and to improve neurological
findings in some patients. Treatment is painful. More effective oral agents have replaced BAL.
Scheinberg and Sternlieb continued to use BAL in patients with severe neurologic disease that
did not respond to penicillamine, trientine, or both simultaneously. Approximately one-third
demonstrated improvements that were then maintained by these latter agents.

Cumings JN. The effect of BAL in hepatolenticular degeneration. Brain 1951;74:10-12.

Denny-Brown D, Porter H. The effect of BAL (2,3-dimercaptopropanol) on hepatolenticular
degeneration (Wilson's disease). New Engl J Med 1951;245:917-925.

Cumings JN. The treatment of hepatolenticular degeneration. Proc Royal Soc Med 1958;52:62-
64.

Scheinberg IH, Sternlieb |. Treatment of the neurologic manifestations of Wilson’s disease. Arch
Neurol 1995;52:339-340.

Penicillamine

This agent, introduced by Walshe, revolutionized the management of Wilson’s disease.
it is a potent chelator of copper and markedly increases its urinary excretion. It may also
increase hepatic proteins such as metallothionein that bind copper in the liver. It can prevent the
development of overt disease in asymptomatic patients as well as improve and stabilize hepatic
and neuropsychiatric disease.

Its downside is the relatively high incidence of complications including the development
of acute and chronic severe hypersensitivity reactions and the nephrotic syndrome. During initial
therapy, it may be accompanied by worsening of neurologic findings.

Walshe JM. Penicillamine, a new oral therapy for Wilson’s disease. Am J Med 1956;21:487-495.

Sternlieb |, Scheinberg IH. Prevention of Wilson’s disease in asymptomatic patients. New Engl
J Med 1968;278:352-359.
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Movement Disorders 1999;14:545-500.
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LeWitt PA. Penicillamine as a controversial treatment for Wilson'’s disease. Movement Disorders
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Wilson’s disease with initial penicillamine therapy. Arch Neurol 1987;44:490-493.

Glass JD, Reich SG, DeLong MR. Wilson’s disease: Development of neurological disease after
beginning penicillamine therapy. Arch Neurol 1990;47:595-596.

Trientine

This agent chelates copper and increases its excretion in urine. It also decreases
intestinal absorption of copper. Initially introduced as an alternative to penicillamine in patients
who developed toxicity, and with considerable success, it has been shown to be as effective as
penicillamine in management of all phases of Wilson’s disease. Because of low rates of toxicity,
it is being used more and more as a first choice agent.

Walshe JM. Copper chelation in patients with Wilson’s disease. A comparison of penicillamine
and triethylene tetramine dihydrochloride. Quart J Med 1973:NSXLII;441-452.

Walshe JM. Treatment of Wilson's disease with trientine (triethylene tetramine) dihydrochloride.
Lancet 1982;i:643-647.

Scheinberg IH, Jaffe ME, Sternlieb I. The use of trientine in preventing the effects of interrupting
penicillamine therapy in Wilson’s disease. New Engl J Med 1987;317:209-213.

Dubois RS, Rodgerson DO, Hambidge KM. Treatment of Wilson's disease with triethylene
tetramine hydrochloride (trientine). J Pediatr Gastroenterol Nutr 1990;10:77-81.

Loessner SR, Kuehn GK, Bachmann H. Mode of action of triethylenetetramine dihydrochioride
on copper metabolism in Wilson’s disease. Acta Neurol Scand 1991,83:364-366.

Condamine L, Hermine O, Alvin P, Levine M, Rey C, Courtrecuisse V. Acquired sideroblastic
anaemia during treatment of Wilson’s disease with triethylene tetramine dihydrochloride. British
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of Wilson's disease with triethylene tetramine dihydrochloride (trientine). Quart J Med
1995,88:609-616.



Zinc

While using zinc as an antisickling agent, Brewer and associates produced copper
deficiency. Using the same dose and regimen of zinc in Wilson’s disease, Brewer, Hill, Prasad
and their associates were able to produce negative copper balance in their patients. In unrelated
studies, Hoogenraad and associates in the Netherlands, building on the initial thesis work of
Schouwink, also demonstrated the usefulness of zinc in Wilson's disease. Zinc has now been
shown to be an effective agent in the management of most presentations of Wilson's disease.

Zinc induces intestinal cell metallothionein, which has a high affinity for copper and blocks
movement of copper into the circulation. Intestinal cells which turn over fairly rapidly take bound
copper with them into the stool. The absorption of copper in food, and in the endogenous
secretions of saliva, gastric juice and the upper intestinal tract are blocked, putting the patient
in negative copper balance. Zinc also induces hepatic metallothionein with the potential of
binding toxic copper in the liver. Zinc has been shown to be effective in treatment of patients who
have been presymptomatic from the beginning; and in maintenance therapy. This compound is
probably best used in conjunction with a chelator in the initial therapy of patients with
symptomatic hepatic and/or neurologic disease.

Toxicity is low, consisting mainly of abdominal discomfort in about 10 percent of patients.

Brewer GJ, Schoomacher EB, Leichtnen DA, et al. The use of pharmacological doses of zinc in
the treatment of sickle cell anemia. In: Brewer GJ, Prasad AS, eds. Zinc Metabolism: Current
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Tetrathiomolybdate

This compound (TM) forms a stable complex between protein, copper and itself. When
given with food, TM complexes copper in the intestine and prevents its absorption. When given
between meals, TM is absorbed, and in the circulation complexes with albumin bound copper,
preventing its access into cells. TM acts quickly. It is estimated to halt copper toxicity within 2
weeks of its administration. Currently it is felt to have great potential in the initial management
of patients with neurologic presentation. The only human toxicity is related to induction of copper
deficiency leading to a reversible anemia felt to be related to copper deficiency in the bone
marrow.
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Therapy During Pregnancy

Therapy should be continued during pregnancy, since the disease may worsen.
Penicillamine, trientine and zinc have proven to be useful in this setting.
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Guidelines for Medical Therapy

Brewer has provided valuable guidelines for medical management of different clinical
presentations of Wilson's disease. He admittedly is down on penicillamine because of (1) its high
incidence of toxicity, (2) the risk of worsening of neurologic disease, and (3) the availability of
other effective medications that have little or no toxicity.

Anticopper Therapy for Different Categories
of Wilson'’s Disease Patients

Category of patient Treatment of choice
Initial presentation '
Neurological Tetrathiomolybdate
Psychiatric Tetrathiomolybdate
Hepatic Trientine and zinc
Maintenance therapy
Maintenance after initial therapy Zinc
Presymptomatic Zinc
Pregnant Zinc
Pediatric Zinc

From Brewer GJ, Proc Soc Exp Biol Med 2000;223:39-46.

Liver Transplantation

This is an effective mode of therapy for patients with decompensated liver disease
unresponsive to medical treatment. Severe neurologic disease has also improved after
transplantation. Transplantation is not recommended as initial therapy for neurologic disease.
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