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Abstract

Wilson disease is an inherited, autosomal recessive, copper accumulation and toxicity
disorder that affects about 30 individuals per million. This rare disease is caused by mutations in
the gene encoding a copper-transporting P-type ATPase, which is important for copper excretion
into bile, leading to copper accumulation in the liver. Toxic copper concentrations can also be found
in the brain and kidney, and clinical phenotypes include hepatic, haemolytic, neurologic and
psychiatric diseases. Diagnosis is based on the combination of clinical features and findings such
as increased urinary copper excretion, reduced levels of serum ceruloplasmin, high concentrations
of copper in liver tissuesand Kayser—Fleischer rings, biochemical and immunological
markers,magnetic resonance imaging ,neuropathological study. Genetic studies are also becoming
available for clinical use, but the utility of direct mutation analysis is limited.
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INTRODUCTION

Wilson disease can be treated, and early
diagnosis is essential: the goal of therapy is to
reduce copper accumulation either by enhancing
its urinary excretion or by decreasing its intestinal
absorption. Medical therapies include penicillamine,
trientine, zinc ,ammoniumtetrathiomolibdate,
dimercaprol . surgical modalities are also used Liver
transplantation is a relatively successful treatment
option when medical therapy fails or in case of acute
liver failure, even though it is also characterized by
short- and long-term complications.

Cause

The condition is due to mutations in the
Wilson disease protein (ATP7B) gene. A single
abnormal copy of the gene is present in 1 in 100
people, who do not develop any symptoms (they
are carriers). If a child inherits the gene from both
parents, they may develop Wilson’s disease.
Symptoms usually appear between the ages of 6
and 20 years, but cases in much older patients have

been described. Wilson’s disease occurs in 1 to 4
per 100,000 people'. Wilson’s disease is named after
Dr Samuel Alexander Kinnier Wilson (1878-1937),
the British neurologist who first described the
condition in 19122,

Pathophysiology

Copper is needed by the body for a number
of functions, predominantly as a cofactor for a
number of enzymes such as ceruloplasmin,
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cytochrome c oxidase, dopamine 2-hydroxylase,
superoxide dismutase and tyrosinase’®.

Copper enters the body through the
digestive tract. A transporter protein on the cells of
the small bowel, copper membrane transporter 1
(CMT1), carries copper inside the cells, where some
is bound to metallothionein and part is carried by
ATOX1 to an organelle known as the trans-Golgi
network. Here, in response to rising concentrations
of copper, an enzyme called ATP7A releases copper
into the portal vein to the liver. Liver cells also carry
the CMT1 protein, and metallothionein and ATOX1
bind it inside the cell, but here it is ATP7B that links
copper to ceruloplasmin and releases it into the
bloodstream, as well as removing excess copper
by secreting it into bile. Both functions of ATP7B are
impaired in Wilson’s disease. Copper accumulates
in the liver tissue; ceruloplasmin is still secreted, but
in a form that lacks copper (termed
apoceruloplasmin) and rapidly degraded in the
bloodstream®.
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When the amount of copper in the liver
overwhelms the proteins that normally bind it, it
causes oxidative damage through a process known
as Fenton chemistry; this damage eventually leads
to chronic active hepatitis, fibrosis (deposition of
connective tissue) and cirrhosis. The liver also
releases copper into the bloodstream that is not
bound to ceruloplasmin. This free copper
precipitates throughout the body but particularly in
the kidneys, eyes and brain. In the brain, most copper
is deposited in the basal ganglia, particularly in the
putamen and globus pallidus (together called the
lenticular nucleus); these areas normally participate
in the coordination of movement as well as playing
a significant role in neurocognitive processes such
as the processing of stimuli and mood regulation

Itis not clear why Wilson’s disease causes
hemolysis, but various lines of evidence suggest that
high levels of free (non-ceruloplasmin bound) copper
have a direct effect on either oxidation of
hemoglobin, inhibition of energy-supplying enzymes
in the red blood cell, or direct damage to the cell
membrane'’.

Signs and symptoms

The main sites of copper accumulation are
the liver and the brain, and consequently liver
disease and neuropsychiatric symptoms are the
main features that lead to diagnosis'. Patients with
liver problems tend to come to medical attention
earlier, generally as children or teenagers, than
those with neurological and psychiatric symptoms,
who tend to be in their twenties or older. Some are
identified only because relatives have been
diagnosed with Wilson’s disease; many of these
patients, when tested, turn out to have been
experiencing symptoms of the condition but haven’t
received a diagnosis'®.

Symptoms of excess copper in the liver include
Jaundice ,Swelled abdomen ,Pain in the
abdomen ,Nausea ,Vomiting blood

Symptoms of excess copper in the brain include
Depression ,Anxiety , Mood swings
.Aggressive or other inappropriate behaviors
,Difficulty speaking and swallowing , Tremors ,Rigid
muscles ,Problems with balance and walking



Kiranmayi et al., Biomed. & Pharmacol. J., Vol. 3(2), 301-316 (2010)

Symptoms of excess copper in the eyes
Kayser-Fleischer rings (rusty or brown-
colored ring around the iris)®®

Liver disease

Liver disease may present as tiredness,
increased bleeding tendency or confusion (due to
hepatic encephalopathy) and portal hypertension.
The latter, a condition in which the pressure on the
portal vein is markedly increased, leads to
esophageal varices (blood vessels in the
esophagus) that may bleed in a life-threatening
fashion, splenomegaly (enlargement of the spleen)
and ascites (accumulation of fluid in the abdominal
cavity). On examination, signs of chronic liver
disease such as spider naevi (small distended blood
vessels, usually on the chest) may be observed.
Chronic active hepatitis has caused cirrhosis of the
liver in most patients by the time they develop
symptoms. While most people with cirrhosis have
an increased risk of hepatocellular carcinoma (liver
cancer), this risk is relatively very low in Wilson’s
disease’.

About 5% of all patients are diagnosed only
when they develop fulminant acute liver failure, often
in the context of a hemolytic anemia (anemia due to
the destruction of red blood cells). This leads to
abnormalities in protein production (identified by
deranged coagulation) and metabolism by the liver.
The deranged protein metabolism leads to the
accumulation of waste products such as ammonia
in the bloodsteam. When these irritate the brain, the
patient develops hepatic encephalopathy
(confusion, coma, seizures and finally life-
threatening swelling of the brain).

303

Neurological features

Neurological disorders usually develop in
the third decade of life and are the presenting
symptoms of Wilson disease in 40-50% of patients’".
Typically, these involve hypokinetic speech, tremor,
dystonia, incoordination and dysphagia; the patient
may appear to have Parkinson’s disease because
the copper typically accumulates in the basal
ganglia. Kayser Fleischer rings are observable in
virtually all patients with neurological involvement?2.

In 2005, a score was developed to describe
the neurological signs and symptoms commonly
found in Wilson disease patients'™. The most
representative and easiest to apply for the purpose
of a retrospective neurological assessment were:
six signs (rigidity, bradykinesia, ataxia, tremors,
dyskinesia, dystonia) and four functions (eating,
walking, talking, self care and dressing). Each item
scores a maximum of 3, higher scores coinciding
with milder symptoms or less-impaired functions.
The maximum score is 30. The score is mainly of
descriptive value and particularly useful for
retrospective analysis; it can be used not only by
neurologists, but also by gastroenterologists or
hepatologists.

Psychiatric features

Psychiatric symptoms can occur before
(most likely 2 or 3 years before) hepatic and
neurological symptoms become manifest. Patients
may develop psychiatric and behavioural
abnormalities, e.g. depression (sometimes leading
to attempted suicide), paranoia, hallucinations and
delusions, irritability, loss of sexual inhibitions or
declining performance at school or at work™.
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Behavioural and cognitive symptoms can
be reversed by 1-2 years of continuous treatment'®.

Other organ systems
A Kayser-Fleischer ring in a patient with
symptoms suggestive of Wilson’s disease

Various medical conditions have been
linked with copper accumulation in Wilson’s disease:

Eyes

Kayser-Fleischer rings (KF rings) may be
visible around the iris. They are due to copper
deposition in Descemet’s membrane of the cornea.
They do not occur in all patients and may only be
visible on slit lamp examination. Wilson’s disease is
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also associated with sunflower cataracts, brown or
green pigmentation of the anterior and posterior lens
capsule. Neither cause significant visual loss'. KF
rings occur in 66% of cases, more often in those
with neurological than with liver problems?®.

Kidneys

Renal tubular acidosis, a disorder of
bicarbonate handling by the proximal tubules leads
to nephrocalcinosis (calcium accumulation in the
kidneys), weakening of the bone (due to calcium
and phosphate loss) and occasionally aminoaciduria
(loss of amino acids, needed for protein synthesis)'.

Heart

Cardiomyopathy (weakness of the heart
muscle) is a rare but recognized problem in Wilson’s
disease; it may lead to heart failure (fluid
accumulation due to decreased pump function) and
cardiac arrhythmias (episodes of irregular and/or
abnormally fast or slow heart beat)'.

Hormones

Hypoparathyroidism (failure of the
parathyroid glands, leading to low calcium levels),
infertility and habitual abortion.

Urine is tested
for copper levels

Female urinary  Male urinary
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Diagnosis

The laboratory diagnosis of WILSON
DISEASE can be broadly classified as : biochemical
, ophthalmological, electrophysiological and
radiological .each of these investigations may have
varied diagnostic and prognostic significance.

Biochemical
Under this the following tests like
estimation of 24-h urinary copper excretion , Hepatic
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copper concentration , Serum copper concentration
, Ceruloplasmin concentration are done .

24-h urinary copper excretion

A urinary copper concentration greater
than 100 _g/24 h (>1.6_mol/24 h) is considered
diagnostic for Wilson disease. This level is reached
in most symptomatic patients, but a level of 40-100
_g does not enable Wilson disease to be ruled out
in asymptomatic patients, so they require further
testing®. In individuals who are heterozygous for
Wilson disease, moreover, urinary copper excretion
is rarely above 70_g/24 h. The utility of this
measurement is further limited by the fact that high
urinary copper levels can be found in other chronic
liver diseases too (e.g. primary biliary cirrhosis,
primary sclerosing cholangitis, Alegille syndrome
and autoimmune hepatitis)“.

Estimating urinary copper excretion may
also be misleading due to improper of the 24-h urine
collection or to copper contamination. Preservatives
used for routine analysis may contain mercuric oxide
i.e. Stabilur), which interferes with all metal testing.
If both urinalysis and metal testing are ordered, a
separate urine specimen® containing no additive)
has to be used for the metal testing. Testing urinary
copper excretion after penicillamine challenge can
be useful, though this test has only been
standardized in a pediatric population®®, and it has
never been validated in heterozygous carriers of
Wilson disease. This test involves administering
500 mg of penicillamine at the baseline and then
again 12 h after starting the 24 h urine collection.
If the final urinary copper concentration is greater
than 1600_g/24 h, then a diagnosis ofWilson
disease is more likely than other liver diseases (e.g.
autoimmune chronic active hepatitis, primary
sclerosing cholangitis or acute liver failure)?.

The copper urine test is used to determine
the presence of Wilson disease, a sometimes fatal
condition in which the buildup of excess copper
damages the liver, and eventually the kidneys, eyes
and brain.

Hepatic copper concentration

In almost all patients, the liver's copper
content is more than 250_g/g dry weight (normal
<50 _g/g dry weight) and may even be as high as
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3000 _g/g dry weight 26. Patients with severe
cirrhosis occasionally have a liver copper content
below 250 _g/g dry weight because of an uneven
distribution of copper in the liver parenchyma. The
hepatic copper concentration is reportedly lower
than 250_g/g dry weight in up to 20% of Wilson
patients, especially among those with mainly
neuropsychiatric involvement?”28, These results
derive from our limited experience on 35 patients?®
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and from Ferenci’s study on 114 patients®’, whose
hepatic copper was measured at different centers
and in different conditions.In addition, the variability
of hepatic copper may also be due to sampling error
or the poor reliability of a single copper
determination. Measuring hepatic copper
nonetheless remains the best diagnostic test.
Histochemical methods for detecting excess copper
in the liver are unreliable®.

Approach to evaluation and management of Wilson’s disease
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Clinical
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Serum copper concentration

The plasma free copper concentration (i.e.
copper not bound to ceruloplasmin) is considered
useful for the diagnosis of Wilson disease, but it can
only be calculated after measuring the total
concentration of copper and ceruloplasmin in
plasma. Since the amount of copper bound to
ceruloplasmin is about 3.15 _g/mg of ceruloplasmin,
the serum free copper concentration is calculated
as the difference between the serum copper
concentration (_g/dL) and three times the
ceruloplasmin concentration (mg/dL)*. The serum
free copper concentration is more than 25 _g/dL in
most untreated patients (normal value <15 _g/dL),
but it may also be higher than normal in patients
with acute liver failure or chronic cholestasis®" and
its validity as a test depends on how well
ceruloplasmin was measured (the enzymatic
method appears to be advisable, though not
universally accepted) *2. This test is probably more
useful during the follow-up, to assess response to
treatment, than as a single diagnostic tool.

Ceruloplasmin concentration

Ceruloplasmin is a copper-carrying protein
that is bound to 90% of the circulating copper in
normal individuals. The normal concentration of
ceruloplasmin is 200—-400 mg/L, and a serum
ceruloplasmin level below 200 mg/L (20 mg/dL) is
suggestive of Wilson disease. The clinical utility of
this measurement is limited, however, by the
fact that ceruloplasmin concentrations under
200 mg/L can be found in 1% of controls, in 10%
of heterozygous Wilson disease carriers and
in patients with copper deficiency®, Menkes disease,
hereditary hypoceruloplasminemia®, malabsorption,
nephrotic syndrome and chronic liver failure. What's
more, normal ceruloplasmin concentrations are
recorded in about 20% of Wilson disease patients.
There is still some debate as to whether the
immunological-nephelometric method is comparable
with enzymatic assay (oxidase activity) for
determining ceruloplasmin
serum concentration, especially in patients with
liver disease. Enzymatic activity is the
biologically relevant parameter, whereas the
immunonephelometric method measures both
ceruloplasmin and the biologically inactive apo-form.
The enzymatic method should consequently be
preferred for the diagnosis of Wilson disease®,
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though a weak correlation was found between
ceruloplasmin protein concentration and oxidase
activity in patients with different degrees of hepatic
involvement®2. A more recent study on 33Wilson
patients demonstrated a good correlation between
the two tests .

Ohpthalmological

The presence of Kayser—Fleischer rings
indicates that free copper has been released into
the circulation. Other ophthalmological findings
include sunflower cataracts, which are the sign of
copper deposition in the lens. Kayser—Fleischer
rings are seen in 50-60% of patients with mainly
hepatic disease, whereas almost all patients with
mainly neuropsychiatric symptoms are positive for
ophthalmological signs®. Kayser—Fleischer rings are
not found in all Wilson disease patients, however,
and they are not completely specific for the
disorder—they can occur in patients with chronic
cholestatic diseases and in neonatal cholestasis®.
The rings may disappear after long-term therapy,
though their presence does not correlate with
disease severity®.

Genetic testing

Given the variability of the biochemical and
clinical features of Wilson disease, mutation analysis
is becoming more and more essential to confirm a
suspicion of the disorder. Nearly 300 ATP7B
mutations have been identified to date. When
mutations responsible forWilson disease are
detected, the condition can be confirmed, but a
negative result cannot exclude a diagnosis ofWilson
disease. Some populations had proved to have a
limited number of predominant mutations, such as
in Eastern Europe (H1069Q) [40], Sardinia (c-441
427del15) [41], Korea (Arg778Leu)*, Iceland
(2007del7) %, Japan (229insC, Arg778Leu) *, Spain
(Met645Arg) * and China (Arg778Leu) “. In these
geographical areas, utilization of mutation analysis
may be a useful diagnostic method. For the time
being, genetic testing is mainly limited to the
screening of first-degree relatives of Wilson disease
patients, since haplotype analysis is excellent for
genotyping the full siblings of an index case*’.

While it is true that a negative result cannot
rule out a diagnosis of Wilson disease, many
laboratories now sequence the complete gene as
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well as the promoter. The availability of this technique
is limited, and standardization is not well-
established.

Wilson’s disease has an autosomal recessive
pattern of inheritance

The Wilson’s disease gene (ATP7B) has
been mapped to chromosome 13 (13q14.3) and is
expressed primarily in the liver, kidney, and placenta.
The gene codes for a P-type (cation transport
enzyme) ATPase that transports copper into bile and
incorporates it into ceruloplasmin.[1] Mutations can
be detected in 90% of patients. Most (60%) are
homozygous for ATP7B mutations (two abnormal
copies), and 30% have only one abnormal copy. 10%
have no detectable mutation'®.

Although 300 mutations of ATP7B have
been described, in most populations the cases of
Wilson’s disease are due to a small number of
mutations specific for that population. For instance,
in Western populations the H1069Q mutation
(replacement of a histidine by a glutamine at position
1069 in the gene) is present in 37-63% of cases,
while in China this mutation is very uncommon and
R778L (arginine to leucine at 778) is found more
often.

Relatively little is known about the relative
impact of various mutations, although the H1069Q
mutation seems to predict later onset and
predominantly neurological problems, according to
some studies’'6.

A normal variation in the PRNP gene can
modify the course of the disease by delaying the
age of onset and affecting the type of symptoms
that develop. This gene produces prion protein,
which is active in the brain and other tissues and
also appears to be involved in transporting copper?'.
A role for the ApoE gene was initially suspected but
could not be confirmed's.

The condition is inherited in an autosomal
recessive pattern, which means both copies of the
gene have mutations. In order to inherit it, both of
the parents of an individual must carry an affected
gene. Most patients have no family history of the
condition'®. People with only one abnormal gene are
called carriers (heterozygotes) and may have mild,
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but medically insignificant, abnormalities of copper
metabolism?®.

Wilson’s disease is the most common of a
group of hereditary diseases that cause copper
overload in the liver. All can cause cirrhosis at a
young age. The other members of the group are
Indian childhood cirrhosis (ICC), endemic Tyrolean
infantile cirrhosis and idiopathic copper toxicosis.
These are not related to ATP7B mutations, but ICC
has been linked to mutations in the KRT8 and the
KRT18 gene'®.

Electro physiological

Electrophysiological studies have been
done in Wilson Disease to document any subclinical
abnormalities and as such do

Neurophysiological evaluation

Only a few studies have reported
electrophysiological  studies  such as
electroencephalography (EEG), visual- evoked
potentials, brain stem auditory evoked potentials,
somatosensory-evoked potentials and nerve
conduction studies'®##4°_ In our study, the reported
abnormalities included: EEG-41.1%, visual-evoked
potentials-35% and brain stem auditory evoked
potentials-42.1%'°]. Earlier Satishchandra etal had
found subclinical involvement of optic nerve and
caudal brain stem auditory pathways*.

In another study electrophysiological
evaluation to study the visual pathway abnormalities
in WILSON DISEASE was carried out using
electroretinography and visual-evoked potentials
and has demonstrated reversibility of retinal
dysfunction with clinical improvement®.

Autonomic nervous system involvement
has also been From the reported in WILSON
DISEASE . In a study, six of the 13 patients with
electrophysiological evidence of dysautonomia had
also clinical evidence of dysautonomia ,it was
concluded that subclinical dysautonomia in Wilson
Disease perhaps that subcli nical dysautonomi a
in WILSON DISEASE is perhaps due to central
autonomic dysregulation involving both
sympathetic and parasympathetic systems®'.
Abnormalities of cardiovascular reflexes have also
been reported®®. While majority of these patients
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are asymptomatic baring few exceptions®-%. In
Indian literature, the only publication has included
various electrocardiographic changes in WILSON
DISEASE . Fifteen among the 50 patients were
noted to have an abnormality and the ECG included
sinus tachycardia, sinus bradycardia , bifid d P
wave, ST elevation, ST depression, T wave
inversion , ventricular premature e contraction on
and prominent t U waves®. The authors concluded
that these abnormalities were probably related to
copper deposition in the myocardium.

Imaging

Imaging studies in Wilson Disease have
been carried over years an d included X-rays, CT
brain , MR imaging and spectroscopy5¢-.

Roentgenograms

The various skeletal abnormalities in our
study included osteoporosis (38.8%); fractures
(8.4%); arthritis (4.1% and milkman pseudo fractures
(8.2%). In our study, renal stones or gallstones were
detected by ultrasonography and/or X-rays in 4.9
and 2.8% patients, respectively.

Computed tomography (CT brain)

Prior to widespread ad availability of MRI
facilities CT scan was the imaging modality of the
brain However CT grossly underestimates the
pathology of Wilson Disease . In a series of 116
patients of WILSON DISEASE , the observed CT
abnormalities included: Cortical atrophy (44.8%)
ventricular dilatation (44%), caudate atrophy
(25%),brain stem atrophy (31.9%), cerebellar
atrophy (19%) and hemispheric (29.3%), basal
ganglionic (19.8%), thalamic(10.3%) hypo
densities’®.

Magnetic resonance imaging of brain
Introduction of MR imaging has greatly
helped the clinicians to understand the pathological
and anatomical correlates of clinical manifestations
in Wilson Disease . MRI of the brain can assist in
the diagnosis and may also help in prognostication.
In a large study of MRl in 100 patients with WILSON
DISEASE , the salient findings included: Atrophy of
the cerebrum (70%), brainstem (66%) and
cerebellum(52%), signal abnormalities in put amen
(72%), caudate(61%), thalami (58%), m midbrain
(49%), Pons (20%), cerebral white matter (25%),
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cortex (9%), medulla (12%) and cerebellum (10%).
The characteristic ‘face of giant panda’ sign was
noted in 12% and feature of central pontine
myelinolysis was noted in 7% and bright claustral
sign i n 4% of patients®” from the same center,
sequential MRI changes during the course of the
treatment were studied in 50 patients. In this study
the imaging features had improved in 70% of
patients, not changed in 20%, worsened in 8% and
the changes were both improvement and worsening
in 2% of patients, improvement in imaging features,
20%; had no significant changes, 8%; had worsening
of imaging features in 2%. These observations
suggest that MRI can be used as a tool to monitor
the therapy in WILSON DISEASE?® The important
MRI features that distinguish WILSON DISEASE
from other movement disorders are the presence of
central pontine myelinolysis-like changes and
midbrain tectal plate signal changes®®.

Magnetic resonance spectroscopy
provides insight into the biochemical changes in
Wilson Disease . Study of MRS of basal ganglia
showed reduced breakdown and/or increased
synthesis of membrane phospholipids and
increased neuronal damage in patients with
WILSON DISEASE®.

Therapy

The goal of therapy is to reduce copper
accumulation, either by enhancing its urinary
excretion or by reducing its intestinal absorption. The
options available for the treatment of Wilson disease
are all the more effective the sooner they are
initiated.

D-Penicillamine

d-Penicillamine (d-PCA) mobilizes copper
and forms copper—penicillamine complexes that are
excreted in the urine. Most patients with a mainly
hepatic Wilson disease phenotype experience a
clinical improvement after 6-8 weeks of treatment,
but it may take 6—-12 months for the change to be
noticeable®®. It is best to start patients on lower
doses, gradually increasing it up to the therapeutic
range in order to improve its tolerability®. For
instance, d-PCA treatment is started at 125 mg/day
for the first week, then the dose is raised by 125 mg
every week up to a dose of 1.0-1.5 g/day. d-PCA
can induce vitamin B6 deficiency so a daily dose of
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25 mg of pyridoxine (vitamin B6) is usually added to
the treatment regimen. Approximately 30% of
patients have hypersensitive reactions in the first
month of treatment (fever, rash, lymphadenopathy)®’.
These early side effects are usually transient, but
temporary drug withdrawal and corticosteroids may
be required. Late drug reactions can be seen even
after years of uneventful treatment. The most
common of these late side effects involve the skin
(degenerative changes, elastosis perforans
serpiginosa)® and joints (arthropathy), or may be
mediated by immunological effects (lupus-like
reactions, nephrotic syndrome, myas thenia gravis,
Goodpasture syndrome)%”. Bone marrow
depression, which can present as aplastic anaemia,
neutropenia and thrombocytopenia, may develop as
an early or late side effect, so a full blood count is
needed before the treatment is started. Neurological
symptoms reportedly become more severe in about
50% of patients taking d-PCA™.

Trientine

Trientine is a copper chelator, taking effect
primarily by enhancing urinary copper excretion. It
is used as an alternative to d-PCA, both in the event
of tolerance and as front-line treatment because it
has fewer side effects. It is thought to act by
mobilizing tissue copper, albeit to a lesser degree
than d-PCA (hence the more limited side effects)”'.
The usual starting dose of trientine is 750—1500 mg,
divided between 2—-3 doses a day, with 750—-1000
mg as a maintenance dose. It should be taken before
meals or 2 h afterwards. Trientine is probably less
toxic than d-PCA. No early hypersensitivity reactions
have been reported; late adverse reactions include
lupus-like syndrome with proteinuria and moderate
sideroblastic anaemia’. The risk of neurological
symptoms becoming worse when trientine is used
as first-line therapy is reportedly 26%7°.

Zinc

Zinc increases the levels of intestinal cell
metallothionein’7, a protein with a strong affinity
for copper. The tight link formed between copper
and metallothionein inhibits further copper
absorption and promotes its loss in the faeces as
enterocytes are shed due to normal cell turnover.
Zinc may also increase metallothionein levels in
hepatocytes, i.e. the copper binding to
metallothionein forms non-toxic complexes in the
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liver, resulting in little or no change in the total hepatic
copper concentration’. Zinc is used mainly as a
front-line therapy in patients who have not (or not
yet) developed symptoms”’, for maintenance therapy
and for patients with a mainly neuropsychiatric
involvement, because aworsening of the
neurological picture is very uncommon in such cases
(10% in our experience)?®. Zinc sulfate should be
administered at a dose of 220 mg/day three times
daily (corresponding to 150 mg of elemental zinc a
day), at least 1 h before meals™. Zinc is generally
well tolerated. Gastric irritation is the most frequent
problem (10-15%)7®, but this can be overcome by
replacing zinc sulfate with zinc acetate, or by taking
the first daily dose mid-morning rather than before
breakfast. A mild, harmless increase in serum
amylase and lipase concentrations™ (that is not due
to pancreatitis), a 20% reduction of high-density
lipoprotein cholesterol in male patients®
(compensated by a reduction in total cholesterol)
have been described.

Combination therapies

The combined use of d-PCA and zinc is
not recommended,as it does not make sense to
administer a metal with a chelating agent capable
of neutralizing its effect. A previous study®' failed to
demonstrate any advantage of such a combined
treatment. A highly experimental approach involves
using trientine combined with zinc for 6-8 weeks,
then switching to zinc maintenance therapy. This
strategy was used to treat nine patients presenting
with hepatic decompensation®, whose liver function
improved, with a normalization of their Child—
Turcotte—Pugh score, and even a markedly reduced
liver fibrosis. If doses of chelators and zinc are to be
administered in combination, the interval between
them must be as wide as possible; this means taking
medication numerous times during the day and this
is very likely to have a negative effect on compliance.

Tetrathiomolybdate

Tetrathiomolybdate has two mechanisms
of action®.First, it complexes copper in the intestinal
lumen, preventing its absorption. Second, once it
has been absorbed, it complexes copper with
albumin in the blood and makes the copper
unavailable for cellular uptake. Tetrathiomolybdate
has been proposed as initial treatment for patients
with neurological signs and symptoms®, but its use
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is restricted by the limited clinical experience with
the drug and it is not commercially available in the
USA or the European Union. Neurological Wilson
disease patients have been treated with doses of
tetrathiomolybdate varying from 120 to 410 mg/day
for 8 weeks®. A randomized, double-blind,
controlled, two-arm study on 48 Wilson disease
patients with a neurological presentation was
recently performed: patients were treated with
trientine (500 mg twice a day) or tetrathiomolybdate
(20 mg three times a day with meals and 20 mg
three times a day between meals) for 8 weeks™.
Fewer patients on tetrathiomolybdate experienced
a neurological deterioration than those on trientine,
and about 15% of patients on tetrathiomolybdate
experienced only mild side effects, which included
bone marrow toxicity (anaemia, thrombocytopenia
and neutropenia) and rising aminotransferase levels,
but both effects were reportedly transient and
responded to suspension of the drug.We reported
on a case of acute hepatitis with high transaminases,
signs of cholestasis and a marked increase in
cholesterol and triglycerides® after
tetrathiomolybdate treatment in a neurological
Wilson patient, whose neurological functions
remained stable throughout the course of therapy.

Diet

Foods rich in copper (e.g. liver, chocolate,
nuts, mushrooms and shellfish) should be avoided,
at least in the early years after diagnosis. More
stringent dietary measures are unpleasant,
impractical and probably fail to postpone the
progression of disease®”. Drinking water usually
contains less than 0.2 mg copper per liter but up to
10% of domestic drinking water has copper levels
that may be too high for Wilson patients, so it should
be tested.

Liver transplantation

Liver transplantation is the ultimate
treatment for patients with Wilson disease. Survival
rates reportedly range from 100% at 33 months [88]
to 62% at 1 year®®. We have reported overall patient
survival rates at 6 and 12 months and 5 and 10 years
after transplantation of 89.1, 89.1, 75.6, 58.8%,
respectively®®. Wilson disease patients should be
considered for liver transplantation when suitable
medical therapy has failed or in the case of acute
liver failure, when there is no time for other therapies

to take effect. Patients with a combination of
hepaticand neuropsychiatric conditions warrant
careful neurological assessment, but liver
transplantation is contraindicated only in cases of
severe neurological impairment. Neuropsychiatric
symptoms are always a contraindication for liver
transplantation®-2. A prognostic scoring system for
Wilson disease was recently developed®, after the
revision of a previous scoring system proposed in
1986 *. The new scoring system was developed for
pediatric patients and is based on bilirubin, AST and
albumin levels, white cell count and INR. A score of
11 or above suggests that patients at high risk of
mortality unless liver transplantation is performed.
This score revealed a sensitivity of 93% and a
specificity of 97%, with a positive predictive value
of 92%.

Wilson disease in pregnancy

Pregnancy is not contraindicated for
patients with well managed Wilson disease and
compensated liver disease, but must be continued
throughout pregnancy and breast feeding because
its interruption could lead to acute liver failure. safest
drugs for pregnant Wilson disease patients are zinc
and trientine®.

A report from Brewer et al. ®” described 26
pregnancies in 19 women on zinc therapy
throughout their pregnancy, showing that zinc
protected the health of the mother and foetus during
the pregnancy, with a 7.7% rate of congenital defects
(one baby was born with a heart defect, another
had microcephaly and died an hour after birth), as
opposed to the 4% rate of major and minor
congenital defects in the general population, but
studies on larger groups would be needed to
ascertain whether the rate of defects in zinc-treated
pregnancies is actually higher than in the general
population. It has also been demonstrated that zinc
does not reach significantly high concentrations in
breast milk®. The teratogenicity of d-PCA is still
debated: while some authors believe there is no
reason for concern regarding use of d-PCA in
pregnancy® cutis laxa syndrome has been reported
in about 5% of babies born from mothers treated
with d-PCA during pregnancy'®, as well as other
severe embryopathies (micrognathia, contractures
of all limbs, central nervous system abnormalities)".
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CONCLUSIONS

Wilson disease is a rare inherited
metabolic disease leading to copper accumulation,
mainly in the liver and brain. Although this
accumulation of copper begins at birth, symptoms
of the disorder usually appear later in life, between
the ages of 3 and 40. The primary consequence for
approximately 40% of Wilson patients is liver
disease. In other patients, the first symptoms are
neurological or psychiatric, or both. Without proper
treatment, Wilson disease is generally fatal, usually
by the age of 30. If treatment is begun early enough,
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symptomatic recovery is usually complete, and a
normal length and quality of life can be expected.
Even decompensated liver disease usually improves
with adequate therapy.

In most cases, a well-timed treatment can
overcome both the hepatic and the neurological
signs. The main goal of research should
consequently be early diagnosis for both hepatic
and neurological Wilson disease, as well as new
accurate methods for ensuring compliance with the
treatment.
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