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Wilson’s disease: acute and presymptomatic
laboratory diagnosis and monitoring

D GaVney, G S Fell, D St J O’Reilly

Abstract
Wilson’s disease, the most common inher-
ited disorder of copper metabolism, is a
recessive genetic condition. The clinical
presentation of Wilson’s disease is very
variable. It is characterised by low serum
copper and caeruloplasmin concentra-
tions coupled with the pathological accu-
mulation of copper in the tissues.
However, there are diagnostic diYculties
and these are discussed. The current value
of DNA diagnosis, both in gene tracking in
families or as applied to de novo cases, is
examined. Wilson’s disease can be treated
successfully but treatment must be life
long. Patients are best treated by specialist
centres with experience and expertise in
the condition.
(J Clin Pathol 2000;53:807–812)
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Wilson’s disease, or hepatolenticular degenera-
tion, is the most widely investigated inborn dis-
order of copper metabolism.1 Wilson’s disease
is characterised by an inadequate excretion of
absorbed dietary copper via bile resulting in the
accumulation of toxic amounts of copper in the
liver and other organs. It is inherited as a rare
autosomal recessive condition with an inci-
dence of one in 30 000 live births in most
populations, and with a calculated carrier
frequency in the general population of one in
90.2 The disease can present without warning
at a variety of ages and in diVerent forms. This
article has been written with two diVerent
patient situations in mind. First, it is a
reminder of the importance of considering
Wilson’s disease as a diagnosis in unexplained
presentations of liver or neurological disease,
especially in adolescents or young adults;
second, it describes the genetic investigation of

siblings of an individual with the condition
(presymptomatic diagnosis).

Copper metabolism
Copper is an essential micronutrient but ionic
copper is toxic. The toxic eVects are thought to
be mediated by the generation of reactive oxy-
gen free radical species. Total dietary intake of
copper ranges from < 1–5 mg/day, and some
20–60% of this is absorbed from the small
intestine and transported, bound to albumin,
via the portal blood to the liver. The liver is the
main regulator of copper metabolism. In the
hepatocyte, copper is distributed among the
various copper metalloenzymes and also incor-
porated into the plasma protein caeruloplas-
min, where it re-enters the circulation. Caeru-
loplasmin bound copper accounts for over 90%
of plasma copper. In the bile, specific isoforms
of caeruloplasmin have been identified that
appear to be involved in copper excretion.3

Wilson’s disease is caused by a failure of this
excretory pathway, resulting in toxic accumula-
tion of the metal in the liver and eventually in
other organs. The role of copper in the
environment and in human medicine has
recently been reviewed.4

Presentation of Wilson’s disease
The presentation of Wilson’s disease is very
variable. It presents as chronic liver disease in
about 42% of cases, and as neurological disease
in another 34% of cases.5 Wilson’s disease is
not a cause of mental retardation. Other
presentations include psychiatric disorders,
haemolytic anaemia, and renal tubular lesions.
Presentation as acute liver failure is rare,6 7 but
may require urgent diagnosis and transplanta-
tion. The copper initially accumulates in the
liver and as a result younger patients tend to
exhibit hepatic presentations.8 The accumula-
tion of copper in the cornea of the eye leads to
the characteristic Kayser-Fleischer (KF) rings.
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Corneal copper deposition is helpful in diagno-
sis, but it does not aVect the function of the eye;
however, in other tissues damaging eVects of
copper are seen. For example, accumulation in
the skin leads to hyperelasticity; in the joints it
leads to early onset osteoarthritis, particularly
of the spine; and in the kidney it leads to renal
tubular disorders. KF rings are indicative of
pathological copper accumulation load in the
central nervous system and are a late manifes-
tation of the condition. In many cases, Wilson’s
disease is diYcult to diagnose, especially if KF
rings are not present. Even centres with exper-
tise regard diagnosis as a challenge in some
cases.9

Principles of treatment
Patients are best cared for at specialist centres.
Chelation is the mainstay of treatment, the
principles of which are as follows10:
(1) Reducing copper absorption. Oral zinc

induces intestinal mucosal metal-
lothionein, which avidly binds copper. The
copper is then excreted in the faeces when
the mucosal cells are shed in the normal
fashion. Oral zinc before meals is a very
safe but slow acting form of treatment.
(Tetrathiomolybdate forms a complex with
dietary copper in the gut and thus prevents
intestinal absorption. This treatment is still
at the experimental stage and is not yet
approved for clinical use.)

(2) Chelation treatment. Penicillamine11 and
trientine complex absorbed copper, which
is subsequently excreted in the urine.
These treatments can rapidly reduce the
copper burden. However some patients
can develop hypersensitivity to penicilla-
mine with arthralgia and rashes, although
these may be transient. Clearly, it is
inappropriate to use zinc and chelation
simultaneously.

(3) Patients who develop fulminant hepatic
failure may require transplantation.

When treatment should begin in asympto-
matic cases detected when families are
screened is controversial.

With appropriate management, female pa-
tients identified as having Wilson’s disease as
children have had successful pregnancies.12

Monitoring treatment
Chelation treatment increases urinary copper
excretion and this can be used to monitor
compliance and the extent of decoppering.

Stable copper isotope uptake can be
measured to monitor the eVective dosage of
zinc (usually for research purposes).

With decoppering, sequential magnetic reso-
nance imaging scanning appears to show reso-
lution of the neurological abnormalities.13 14

An essential aspect of treatment is to educate
the patient that treatment must continue for
life. Even individuals who, after two or three
decades of treatment, cease to take their peni-
cillamine can have serious liver damage result-
ing in death in less than two years.15 Therefore,
life long compliance is essential and is best
ensured by six monthly visits to a specialist

centre with clinical examination and monitor-
ing for hepatic, neurological, and other compli-
cations.

Molecular defect causing Wilson’s disease
The mutations responsible for the disease are
within a gene that normally encodes a copper
transporting adenosine triphosphatase
(ATPase). The mutations cause a decrease or
absence of the gene product or production of a
protein with impaired function. This results in
reduced copper transport within the hepato-
cyte and failed insertion of copper into
caeruloplasmin. As a consequence, in most
patients with Wilson’s disease serum caerulo-
plasmin and total serum copper concentrations
are low, but there is an increased proportion of
low molecular weight copper species in serum.
This eventually allows deposition of excess
copper in the liver, brain, eye, and other tissues,
leading to the variable clinical symptoms.
Absence of the protein in the kidney impairs
tubular reabsorption of filtered copper with
resultant increased urine copper excretion.

Genetics
Wilson’s disease is an autosomal recessive con-
dition with the defect on chromosome 13.16

The gene was cloned and identified in
1993,17 18 and shown to encode a copper trans-
porting P type ATPase with homology to the
Menkes disease gene. The gene is named
ATP7B and its product is expressed primarily
in liver but also in kidney, stomach, spleen, and
other tissues.19 In the few cases where liver
transplantation has been performed, it has alle-
viated many of the symptoms. Thus, the
importance of the expression of small amounts
of the gene product in tissues other than liver in
humans is not known.

As DNA from diVerent individuals with
Wilson’s disease was sequenced, owing to the
many causative mutations of the disease, it
quickly became evident that simple DNA diag-
nosis was not going to be possible. Eighty nine
disease specific mutations20 in the ATP7B gene
are already known (for the latest information
see http://www.medgen.med.ualberta.ca/
database.html) and most patients (sometimes
called homozygotes) are in fact compound het-
erozygotes. Some mutations are suYciently
common in certain populations to consider
screening for them (see below),21 but there is
also still a major role for linkage analysis in the
preclinical and prenatal diagnosis of the
condition.22 DiVerent mutations provide a par-
tial explanation of the spectrum of disease.23

Cloning and identification of the gene has ena-
bled further confidence in identification of sev-
eral flanking microsatellite markers, which are
used for gene tracking and diagnosis within
families.24

Investigation strategy
See fig 1.9 25

LOCAL INVESTIGATIONS

Caeruloplasmin and copper measurements
The measurement of serum caeruloplasmin
and copper concentrations should be available
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locally via most hospital laboratories. The
reference range for serum caeruloplasmin is
between 200 and 600 mg/litre (there may be
some local variation depending on the method
used). Caeruloplasmin should be measured
immunochemically by turbidimetry or neph-
elometery, although radial diVusion is also
acceptable. The method should be capable of
accurately measuring caeruloplasmin at a con-
centration as low as 100 mg/litre. The refer-
ence range for serum copper is 10–22 µmol/
litre. It should be measured using a flame
atomic absorption spectrometer or an induc-
tively coupled plasma optical emission spec-
trometer.

For both copper and caeruloplasmin meas-
urements, a 5 ml plain tube of blood is appro-
priate; for paediatric samples enquire at the
local laboratory for minimum volumes.

The combination of serum caeruloplasmin
below 200 mg/litre with KF rings is diagnostic
for the disease.4 Other medical conditions can
cause low serum copper and caeruloplasmin—
for example, nephrotic syndrome—but these
conditions can be excluded in most cases on
clinical grounds. In less clear cut cases, serum
copper below 8.0 µmol/litre and/or impaired
liver function can indicate Wilson’s disease.
Some care in interpretation of these results
must be taken because carriers of the condition
have serum copper and caeruloplasmin con-
centrations at the bottom end of, or just below,
the reference range. To complicate the situa-
tion further, not all patients with Wilson’s dis-
ease have low serum caeruloplasmin.9

Further information can be gleaned by the
calculation of free (non-caeruloplasmin

bound) copper. Non-caeruloplasmin bound
copper (Non-Cp-Cu) can be calculated as fol-
lows6:
Non-Cp-Cu (µmol/l) = total serum Cu (µmol/l)

− 0.047 × serum Cp (mg/litre)
The factor multiplying the serum caerulo-

plasmin concentrations is derived from the
molecular weight of caeruloplasmin (24) and
the number of copper atoms (six) bound to it.

Normally, non-caeruloplasmin bound cop-
per is less than 10% of the total copper but it
can be increased to 30–50% in Wilson’s
disease. Interpretation of the values should
bear in mind the imprecision of measurement
of caeruloplasmin if the serum concentration is
below 60 mg/litre.

Note that in acute liver failure concentra-
tions can be increased to 30–50 µmol/litre total
serum copper, with greatly increased calcu-
lated non-caeruloplasmin copper (70–80%).

Ophthalmic slit lamp eye examination
As already mentioned, this can reveal charac-
teristic copper deposits in the cornea (KF
rings). Their presence, especially in combina-
tion with other signs and symptoms, is
diagnostic of Wilson’s disease but their absence
does not exclude the disease. Interestingly, KF
rings are almost never seen in children and are
more typically associated with neurological
presentations. KF rings may be visible to the
naked eye as brown rings in the periphery of
the cornea against the blue/green background
of the iris. This may appear grey in patients in
whom the iris is brown.1 They may also be
present in the very late stages of primary biliary
cirrhosis, but in these cases the clinical setting
will exclude Wilson’s disease.

Liver function tests
The abnormalities of liver function associated
with Wilson’s disease are very variable. In some
cases, all parameters will be within their
respective reference ranges. Some cases may
have a minor increase in aspartate amino
transferase and an increased lactate dehydroge-
nase, as a result of either low grade haemolysis
(when serum haptoglobin will also be low) or
hepatic cellular damage. Others may have pro-
gressed to full blown cirrhosis, with increased
bilirubin and alkaline phosphatase, and a low
hepatic protein synthetic capacity resulting in a
low serum albumin and a prolonged pro-
thrombin time.

Urinary copper
In healthy individuals, < 1.0 µmole of copper is
excreted in the urine daily. In Wilson’s disease,
the urinary copper output is > 1.5 µmoles/24
hours. Contamination of the collection vessel
can be a major problem when measuring
urinary copper, and can give rise to a false
positive result. Therefore, it is essential that the
urine container is copper free, which can be
achieved by extensive washing with copper free
water. The laboratory must also be capable of
accurately and precisely measuring copper at
low concentration.

Figure 1 Diagnosis of Wilson’s disease (WD). CP + Cu, caeruloplasmin and copper
concentrations; KF, Kayser-Fleischer rings.
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Penicillamine challenge test
In all subjects (healthy controls, patients with
all forms of liver disease, heterozygote carriers
of Wilson’s disease, and patients with Wilson’s
disease) penicillamine increases urinary copper
excretion. The increase in copper excretion is
very variable. In one older study, urinary
copper increased 4–16-fold in patients with
Wilson’s disease after 1 g of penicillamine.26 In
heterozygote carriers the increase varied from
eight to 55-fold, with greater increases seen in
healthy controls. A urinary copper excretion of
> 25 µmoles/24 hours after a 1 g dose of peni-
cillamine is considered to be compatible with a
diagnosis of Wilson’s disease.27 We no longer
recommend this test because of diYculties in
interpretation; however, some laboratories have
found it useful.28

SPECIALIST INVESTIGATIONS

Liver biopsy
Liver copper content > 250 µg/g dry weight is
diagnostic for Wilson’s disease. The reference
range for liver copper is 12–84 µg/g dry weight.
Great care must be taken to obtain a represen-
tative liver sample because small samples are
particularly prone to inaccuracies when the
copper content is extrapolated to the whole
liver.29 Sometimes liver biopsy cannot be
undertaken because of bleeding diYculties or
for other reasons.

Copper accumulates in the liver in cirrhotic
obstructive liver disorders, such as primary bil-
iary cirrhosis. In primary biliary cirrhosis the
liver copper concentration can be as high as in
Wilson’s disease. The clinical presentation will
usually enable a distinction to be made
between Wilson’s and other diseases causing
chronic obstructive liver disease and cirrhosis.

Histomorphology studies of the liver are
unhelpful because a wide spectrum of histo-
logical findings has been reported, with no
characteristic feature of Wilson’s disease in its
early stages. Stainable copper is only detected
when liver copper is grossly abnormal.

Copper isotope incorporation studies
In ambiguous cases, copper isotope incorpora-
tion into serum components after oral dosage
can be measured.30 A normal response ex-
cludes Wilson’s disease, whereas failure to pro-
duce serum enrichment by three to four days is
indicative of Wilson’s disease or heterozygosity.
Historically, radioactive copper 64Cu (half life,
13 hours) or 67Cu (half life, 62 hours) have
been used for metabolic studies. However,
these are available only for a very short period
of time every few years. In most countries, they
have been replaced by the stable copper (65Cu)
isotope, which is safe, suitable for use in
children, and continuously available. Figure 2A
illustrates normal copper kinetics. Figure 2B
illustrates the kinetics of a patient with Wilson’s
disease (note the diVerence of scale in figs 2A
and B) and the eYcacy of zinc in blocking cop-
per absorption in a patient. For adult studies,
3 mg of 65Cu (this may be in the form of copper
nitrate) is given orally. This can be done locally
on outpatients. Blood samples are collected for
the next three days. The samples are stable at

ambient temperature, and the serum may be
sent by post to the laboratory.

Genetic investigation: gene tracking
Genetic diagnosis is most valuable within a
family where there is already DNA available
from an established case. Although this ap-
proach has been possible using linked genes,31

its potential for diagnosis rather than research
was realised after the cloning of the gene and
the description of multi-allele microsatellite
markers.32 33 Gene tracking can be successfully
applied, and is particularly useful in families
where a newly diagnosed child has siblings who
could be presymptomatic or unaVected.

Genetic investigation: mutation detection
At the time of writing there is no practical way
to diagnose all patients with Wilson’s disease
by direct genetic analysis of the gene for causa-
tive mutations. This is partly because of the
number of diVerent mutations (almost 100
mutations have already been reported) and also
because of the possibility that lack of the
Wilson’s disease protein could be the result of
mutations in non-coding regions of the gene
instead of within the coding sequences. As a
research project it would conceivably be possi-
ble to amplify all the individual exons from
both alleles (using the polymerase chain
reaction) in an individual and to sequence
these, and in many patients two mutations
would be found. The amount of work makes
this approach completely unrealistic, especially
because failure to detect mutations would not
exclude Wilson’s disease. However, there are
three relatively common European mutations

Figure 2 (A) Mean 65Cu enrichment time curve for
serum after an oral dose of 65Cu in healthy control subjects.
The broken lines give the upper and lower bounds. (B) 65Cu
enrichment time curves for patients with Wilson’s disease
treated with penicillamine (filled circles) or with zinc (open
circles). Note the diVerence in scale from panel (A).30
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causing Wilson’s disease and a service to detect
these is available (see below).

Genetic diagnosis could be applied to de
novo cases but is not recommended because
the chances of an unambiguous result are low.
If genetic testing detects the presence of two
mutant alleles then Wilson’s disease is con-
firmed even without a family history. For any
patient with Wilson’s disease the chances of
this are approximately 36%. Any other result
(none or one mutant allele) cannot be taken as
evidence that the person does not have
Wilson’s disease because the disease could be
caused by a more rare mutation.

SAMPLE REQUIREMENTS

Genetics
Blood samples in EDTA tubes (< 10 ml) can
be sent by first class post to an appropriate
DNA laboratory. Contact the laboratory first to
ensure the correct samples to send, and
whether suYcient family members are avail-
able to make it worthwhile to apply gene track-
ing.

Many genetics laboratories will be able to
apply the gene tracking procedures to detect
the microsatellite markers on either side of the
Wilson’s disease gene. The North Trent
Molecular Genetics Service (contact Dr Diana
Curtis, Centre for Human Genetics, 117 Man-
chester Road, SheYeld S10 5DN, UK) pro-
vides a service to seek the three “common”
European mutations.

Liver biopsy
The minimum amount is 3–5 mg dry weight,
about 1 cm biopsy length. This must not be put
into fixative. Contact the receiving trace metal
laboratory before obtaining the biopsy sample.

Isotope incorporation
Sequential 2 ml serum samples are required.
Request details from the specialist laboratory.
Copper isotope protocols can be obtained from
Trace Metals Unit, Department of Biochemis-
try, Royal Infirmary, Castle Street, Glasgow G4
OSF, UK (tel: +44 0141 211 4638).

Summary points
+ Wilson’s disease is the most common inher-

ited disorder of copper metabolism. It is
characterised by low serum copper and
caeruloplasmin concentrations coupled with
the pathological accumulation of copper in
the tissues.

+ The clinical presentation is very variable. In
young patients hepatic disorders dominate
with neurological manifestations becoming
increasingly important in older subjects.

+ A low serum copper and caeruloplasmin
concentration coupled with an increased
urinary copper excretion, which may be fur-
ther augmented in response to penicilla-
mine, will enable a diagnosis to be made in
most cases. However, patients presenting
with acute hepatic necrosis may have an
increased serum copper concentration cou-
pled to an increased non-caeruloplasmin
bound copper.

+ There are no characteristic histological
features of Wilson’s disease. However, meas-
uring liver copper concentration is a corner-
stone of diagnosing the condition.

+ Stable copper isotope (65Cu) studies, be-
cause of their safety and ease, have replaced
radioisotope studies in making the diagnosis
and investigating copper metabolism.

+ Because of the genetic heterogeneity of the
condition, DNA studies are unhelpful diag-
nostically but may be useful in family
studies.

+ Patients are best treated by specialist centres
with experience and expertise in the condi-
tion.
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