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The focus of this minireview is on the current status and new advances in diagnosis and treatment of
Wilson disease, an autosomal recessive disorder of copper metabolism. Molecular diagnostics have
improved and complements current biochemical and clinical methods for screening for Wilson disease.
Screening for Wilson disease in newborns is feasible and has been tested in limited populations, but is
not yet widely performed. Identification of patients with Wilson disease as the cause of acute liver failure
is possible using standard biochemical tests. Treatments for Wilson disease include chelating agents and
zinc salts and liver transplantation. Future therapies may include hepatocyte transplantation and gene
therapy, both of which have been tested and shown to work in animal models of Wilson disease. Future
human studies await advances in these areas.

� 2009 Elsevier Masson SAS. All rights reserved.
New advances in the diagnosis and treatment of Wilson disease,
an autosomal recessive disorder of copper metabolism are the
subjects of this review. Reduced biliary excretion that is now
recognized as resulting from a dysfunctional copper transporting
ATPase, ATP7B, leads to copper accumulation in the liver and other
sites in the body, most notably the central nervous system. Copper
incorporation into the protein ceruloplasmin is also impaired by
loss of ATP7B function, leading to the reduced circulating levels of
the holoprotein. This disorder, present in w1 in 30,000 individuals,
presents mainly as hepatic disease in younger patients in their first
and second decades of life, and with neurologic or psychiatric
symptoms in their late second or third decades (for review, see [1]).
Rare patients present later in life [2]. Treatments available for this
disorder can arrest and prevent disease progression in sympto-
matic patients, and prevent development of symptoms if begun
while the patient is asymptomatic.

Current clinical and biochemical testing for Wilson disease
successfully diagnoses most patients with this disorder, however
the wide range of phenotype with respect to liver and neuropsy-
chiatric disease at times poses challenges to clinicians. To aid
clinicians in determining the degree to which a diagnosis of Wilson
disease should be considered, a scoring system that uses the clin-
ical, biochemical, pathological findings as well as considering
results of the molecular testing was previously proposed [3]. This
scoring system since has been validated by other authors [4,5].
Recently, an updated guidelines for the diagnosis and treatment of
interest to report.
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Wilson disease has been released by the American Association for
the Study of Liver Disease, and this includes mention of the scoring
system as well as suggestions as how to incorporate molecular
testing into current clinical practice (Table 1) [6].

There is a diverse clinical and biochemical phenotype for Wilson
disease, and establishing the diagnosis may be difficult in some
patients. The use of molecular testing that is now available
commercially and in dedicated research laboratories can be critical
for providing definitive evidence for the presence or absence of
mutations of ATP7B permitting a diagnosis of Wilson disease.
Molecular testing for ATP7B mutations has therefore become an
important advance in the diagnostic armamentarium of clinicians,
especially when routine testing is equivocal for Wilson disease. The
limitation to molecular testing (aside from availability and cost) has
been the ability to identify all the affected alleles in suspect indi-
viduals, and in many prior studies only about 65% of all affected
alleles were identified in patients with an appropriate phenotype
[7]. Data presented by Prof. Deschampes at this International
Congress on Metals and Genetics (2008) suggests that it may now
be possible to detect greater than 95% of affected alleles [personal
communication]. Continued compilation of results of the mutation
analysis will allow better understanding which mutations of ATP7B
represent function altering mutations or polymorphisms that may
not alter protein function. A current database is being kept by Dr.
Diane Cox from the University of Alberta (www.medicalgenetics.
med.ualberta.ca/wilson/index.php), and future structure and
function studies as well as testing of mutants for their ability to
support copper transport in vitro models will yield additional
useful information regarding the presence or absence of functional
alteration for particular mutations (Table 2).
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Table 1
Summary of new developments for Wilson disease.

References

Screening for Wilson disease
Wilson disease scoring system [3]
Identification of Wilson disease in patients with acute liver failure [13]
Molecular screening [7]
Newborn screening [8–11]

Treatment of Wilson disease
AASLD guidelines update [6]
Tetrathiomolybdate [12]

Experimental models for future treatment
Hepatocyte cell transplant [19–23]
Gene therapy [24–27]
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We currently search for the diagnosis of Wilson disease in family
members of affected individuals and in those with unexplained
liver or neuropsychiatric disease. However there are patients that
develop advanced disease with neurological disabilities or chronic
liver injury because the disease was not recognized early on, and
others that present with acute liver failure. The ability to diagnose
Wilson disease at birth is now possible by molecular genetic
techniques; however this is not cost effective or well accepted as
yet for population screening. Screening tests for disorders need to
be cost effective and should be done for diseases like Wilson
disease where establishing the diagnosis and starting therapy
before the development of symptoms prevents disease progression.
In an effort to preemptively diagnose Wilson disease, screening
methods that may be applied for population screening have been
devised that allow high throughput and low cost. One of these
involves using an immunoassay searching for urinary cerulo-
plasmin and the other detection of ceruloplasmin in protein eluted
from stored blood spots obtained from infants. In Japan in Hokkaido
Prefecture, there is a mandatory examination and blood testing at
age 3 years old. Taking advantage of the ability to obtain samples
from these children at an age which is typically younger than that
which patients with Wilson disease would develop clinical signs or
symptoms, Nakayama et al. screened urines from 11,362 individuals
Table 2
Comparison of current and future therapies for Wilson disease.

Mode of therapy Specific treatment Comments

Medical therapy Chelating agents:
trientine and
D-penicillamine
zinc salts

Requires lifelong administration;
reversal of significant copper induced
injury can occur over time

Liver
transplantation

Whole liver, living
donor, auxiliary or
heterotopic liver
transplant

Normal phenotype with respect to
copper metabolism; requires lifelong
immunosuppression and potential
complications related to
immunosuppressive use; may use liver
from heterozygote for Wilson disease

Cell transplant Hepatocytes from
unaffected hosts

Requires lifelong immunosuppression,
may require cells from more than one
donor; may need to be repeated if cell
survival not adequate or if population
does not expand; need safe techniques
for selective expansion of the
population of donor cells

Gene therapy Transfection of
hepatocytes cells
with ATP7B gene

Transfect of all hepatocytes should not
be necessary, but a high transfection
rate is desirable; safety concerns about
integration of the virus into genome;
theoretical potential to develop
antibody to viral or transfected protein;
transfection will need to be repeated if
cell number transfected inadequate or if
expression is transient
for holoceruloplasmin [8,9]. Two individuals were identified as
patients by this method, and physical examinations of these indi-
viduals confirmed their presymptomatic state while genetic testing
for ATP7B mutations confirmed the diagnosis in both. In Korea,
investigators screened 3667 patients where dried blood spots were
available from newborns and identified one patient at the
presymptomatic state [10]. This same method is being tested in the
United States for screening by the group at the Mayo Clinic [11].
Whether either of these methods is adopted for newborn
screening, the use of newborn screening for Wilson disease has
clearly come of age. Identification of patients at this young age
raises the issue of the best therapy and timing of therapy for these
individuals. It must also be recognized that population screening
will not identify all affected individuals, and therefore our current
criteria for disease screening must continue.

Once the diagnosis of Wilson disease is established, lifelong
therapy with a copper chelator or zinc salts is necessary. The
chelating agents trientine and penicillamine remain mainstays of
initial and maintenance therapy, while zinc salts are more often
used alone for maintenance therapy [6]. Tetrathiomolybdate,
another avid copper chelator, is still investigational in the United
States, and it may have a role in the future treatment of patients
presenting with neurological Wilson disease [12]. This study by
Brewer et al. that reviewed the use of tetrathiomolybdate did reveal
an important finding that the period over which neurological
improvement may occur with treatment extended over the four
year period of time the study was conducted, contrary to earlier
thinking that any clinical improvement would be completed during
the first year of treatment.

Recognizing the presence of Wilson disease in the setting of
acute liver failure is important in order to prepare the patient for
transplant as early as possible and to initiate family screening, but
also because specific treatment for lowering copper can be initi-
ated. While many tests for copper used to help diagnose Wilson
disease are not usually available on site, standard biochemical
parameters can be used to help establish the diagnosis in a timely
fashion. Wilson disease should be suspected when patients with
acute liver failure have an alkaline phosphatase to bilirubin ratio of
<4 (sensitivity 94%, specificity 96%) and an aspartate aminotrans-
ferase to alanine aminotransferase ratio of greater than 2.2
(sensitivity 94%, specificity 86%) [13]. Combining these two
biochemical ratios, the diagnosis can be established with near
certainty (sensitivity and specificity of 100%). Evidence of hemolytic
anemia and a serum copper> 200 mcg/dl (w 31 micromoles/L) also
suggests Wilson disease as the diagnosis.

Transplantation remains the treatment of choice for patients
with acute liver failure due to Wilson disease as well as for treat-
ment of patients with chronic liver failure unresponsive to medical
therapy [2]. For those with acute liver failure, treatments such as
plasmapheresis and hemofiltration or with other devices such as
MARS or SEPAD that provides albumin dialysis exchange may help
bridge the patients to transplantation [14,15]. These treatments
rapidly lower the circulating copper that is present in marked
excess during the acute liver injury. This may help reduce hemo-
lysis and other second organ damage due to copper and copper
complexes in the kidneys. With respect to other indications for liver
transplant for Wilson disease, care must be taken when trans-
plantation is used for treatment of patients with neurological
disease as the primary indication since there may be less certain
outcomes with respect to neurological recovery, and possibly less
overall survival of the patient and graft [16]. Furthermore many of
these patients may be managed medically with chelation therapy,
raising the issue of appropriate organ allocation.

Given the shortage of organs for transplantation as well as
cultural differences in organ donation, living donor liver transplant
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represents a life saving treatment. The use of donor organs from
parents of patients that are obligate heterozygotes for Wilson
disease has proven safe and effective in maintaining normal copper
balance in the recipient [17]. This is important as in some pop-
ulations where cadaveric transplantation is not possible, and for
pediatric patients where parents of affected individuals remain the
most likely donors. With respect to transplantation for neurological
Wilson disease, the ability to perform living donor liver transplant
instead of utilizing a cadaveric organ from the donor pool permits
more individualized decisions about whether or not to proceed for
these patients. However not all patients have suitable donors, and
performing a donor operation when medical alternatives are
available raises other ethical concerns.

Whole organ liver transplantation has been shown to be effec-
tive in curing Wilson disease and in effect provides a very gross
form of genetic therapy in changing the recipient phenotype [18].
However whether isolated hepatocyte transplantation can be
applied in order to treat Wilson disease in man remains to be
proved. The possibility of transplanting normal donor cells into
a patients liver where they will integrate into the hepatic sinusoid
and excrete circulating copper into bile more effectively than native
cells has been demonstrated in animal models of Wilson disease,
the LEC rat and toxic milk mice with ATP7B mutations [19–23].
These proof of principle experiments have also exposed the current
Achilles heel of this therapeutic modality in its present form,
namely the need to provide a stimulus for newly engrafted cells to
repopulate the liver and toxic treatment to reduce the regrowth of
the native cells. The current stimulus most frequently used in
animal models is partial hepatectomy, and many of these studies
have used alkaloid compounds to achieve suppression of regrowth
of native cells in response to this stimulus. In an attempt to avoid
this problem, LEC rats were transplanted at a very young age [21].
While encouraging in that some achieved growth of the trans-
planted cells to a level effective in ameliorating copper toxicity,
engraftment and expansion to effective levels were not universally
achieved in all study animals. Importantly, translating this to
human studies, we know that most patients are not identified at
a stage where this treatment would be effective. Another important
drawback is that while these animal studies utilized congeneic
cells, the use of allogeneic hepatocytes as would be necessary for
adult human studies would necessitate lifelong immunosuppre-
ssion to prevent rejection of the donor cells. Another critical limi-
tation has been a steady and reliable source of human hepatocytes.
Current research focuses on the potential of fetal cells and other
in vitro methods to expand liver cell populations in hopes of alle-
viating this problem.

Proof of principal experiments for gene therapy for Wilson
disease have utilized these same animal models, the LEC rat and the
toxic milk mouse. These animal models are excellent for identifying
the reversal of liver disease, but do not represent useful models for
studying neurological disease due to differences in copper trans-
port by the blood brain barrier in rodents and man. Testing of ATP7B
gene delivery to the hepatocytes was performed by adenoviral and
by lentiviral vectors [24–27]. The difficulties encountered in these
studies were the transient expression of the transgene (measured
in days) and the low transfection frequency. From the above
experiments in cell transplantation we learned that not all hepa-
tocytes need to have metabolic correction, and by extrapolation
only 30–50% would need to be transfected with ATP7B to achieve
adequate levels of biliary copper excretion. We can speculate that
a smaller percent of cells may need to be transfected if a higher
copy number of the expressed gene were achieved in the cells and
this translated into increased capacity for biliary copper excretion.
However whether or not there any ill effects of over expression of
ATP7B protein on cell function is unknown. These studies were
successful in demonstrating that the transfected genes were
translated into full length ATP7B protein that was functional.
Demonstration of functionality was accomplished by looking for
production of the copper containing form of ceruloplasmin, hol-
oceruloplasmin, in the circulation of treated animals. This was
accomplished by enzymatic assay as well as electrophoretic sepa-
ration of the holo and apo forms of ceruloplasmin in serum
samples. Furthermore, the appearance of an increased amount of
copper in the bile of treated animals also showed that the critical
part of the pathway for copper excretion was augmented by the
cells expressing the normal protein. Future experiments will aim to
increase the number of cells that are transfected as well increasing
the time of expression of the transfected gene. Gene therapy for
Wilson disease should someday achieve the goal of metabolic
correction and elimination of the need for lifelong medical therapy
for this disorder.
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