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The growing new knowledge about Wilson's disease
(WD) has ramifications for understanding the pathophys-
iology and optimal clinical management of this rare con-
dition. The aim of this review is to recapitulate the current
understanding of the genetics of WD, explain the chal-
lenges in diagnosis and management, and appraise the
pipeline of future diagnostic tests and therapies for WD.

The genetic bases of WD are the autosomal recessive
variants involving the ATP7B gene. The consequent hepatic
and systemic copper accumulation is due to deficient biliary
copper excretion and ceruloplasmin maturation within he-
patocytes. The number of described mutations affecting the
ATP7B gene is rapidly increasing with more than 900 variants
currently reported.' The most common variant in patients
of European descent is the H1069Q missense mutation that,
at a molecular level, has been shown to be associated with
protein misfolding and localization of the mutated protein in
the endoplasmic reticulum, aberrant phosphorylation of the
P-domain, and altered ATP binding orientation and affinity.>*
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The clinical presentation of WD is varied and supports the
fact that WD is a condition that affects primarily the liver
and brain, but multiple organs, including heart, kidneys,
and intestine, can be involved with a wide range of signs,
symptoms, and tissue-specific damage.” Liver disease ranges
from steatosis and mild elevation of liver enzymes to cirrhosis
and acute liver failure with hemolysis and hepatic necrosis.
Neuropsychiatric findings include speech, gait and balance
disturbances, drooling, involuntary movements, dystonia,
Parkinsonism, psychosis, depression, and irritability. Kayser-
Fleischer (KF) rings, more commonly found in patients with
neurological symptoms, have a strong association with WD
and can resolve with copper-lowering therapy.>® Pediatric
cases are usually diagnosed after the age of 3 years, and
the most common manifestations are related to liver involve-
ment, whereas neurological signs and symptoms before the
age of 10 years are rare, although possible.” In general, WD
should be considered and ruled out in any patient who is
older than 3 years and presenting with unexplained liver dis-
ease of any level of severity.

Abbreviations: Alb, albumin; KF, Kayser-Fleischer; REC, relative exchangeable copper; TTM, tetrathiomolybdate; WD, Wilson's

disease.
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The traditionally described WD prevalence is 1 in 30,000
individuals. However, in recent analyses using whole ge-
nome sequencing, the genetic prevalence is proposed to
be as high as 1 in 7026 individuals® (Fig. 1). The genetic
prevalence could be higher than the clinical prevalence be-
cause of incomplete penetrance or presence of yet to be
identified modifier genes. The apparent discrepancy could
also be explained by missed diagnoses because of a lack of
clinical diagnostic gold standards.

Despite the fact that the genetics of this disease have
been elucidated, these genetics fail to predict the phe-
notypic variability of WD. This concept is supported by
multiple studies showing a lack of correlation between
genotype and phenotype. A recent, large study in a total
of 1357 patients with WD attempted to identify an associ-
ation between genotype and phenotype. However, the au-
thors could not show evidence that the phenotype could
be predicted on the basis of the genotype.’ Therefore, it is
likely that interacting epigenetic and metabolic factors are
contributing to the varying phenotypes of WD.'

The diagnosis of WD hinges on a combination of
clinical, biochemical, histological, and genetic findings.
However, currently available diagnostic tests often fail to
detect the disease’" because of low sensitivity and specific-
ity (Table 1). Detection of disease-causing ATP7B gene vari-
ants in a person with clinical and biochemical features (low
ceruloplasmin, increased 24-hour urinary copper excretion,
and hepatic copper concentration) is confirmatory of the
disease. Because the clinical presentation of WD is varied

Genetic prevalence

Factors contributing to discrepancy
= Epigenetics

= Metabolism

= Incomplete penetrance

= Missed diagnoses

1/7,026

Clinical prevalence

1/30,000

FIG 1 Genetic and clinical prevalence. Studies show genetic
prevalence of WD is higher (1/7026), whereas the historical
clinical prevalence is lower at 1/30,000. Several factors are
potentially contributing to this discrepancy.®
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among those who are affected and not all who have ATP7B
gene mutations exhibit the clinical manifestations, the di-
agnostic process is often arduous. Although the Leipzig
score was developed to aid clinicians in determining WD
diagnosis, and is recommended by European guidelines, 2
it lacks large-scale validation. Within this scoring system,
points are assigned for the presence of KF rings, neurologi-
cal symptoms, and levels of urine, serum, and hepatic cop-
per. A score of >4 establishes the diagnosis of WD, whereas
a score of <2 excludes the diagnosis. The US guideline and
diagnostic algorithm differ slightly in that there is lack of
an assigned score and neurological symptoms are not ac-
counted for.'® Both the American Association for the Study
of Liver Diseases and European Association for the Study of
the Liver guidelines rely on liver biopsy and genetic testing
to complete the diagnostic assessment.

An additional major difficulty in understanding WD is
the lack of widespread access to and interpretation of ge-
netic analysis. Genetic testing modalities for WD include
polymerase chain reaction detection of common point
mutations, whole genome sequencing, next generation
sequencing, and multiplex ligation-dependent probe ampli-
fication, but many of these tools may not be widely available
outside large academic centers. An additional obstacle may
also be the need to have these data interpreted by a ge-
neticist. Once the diagnosis of WD is established, testing of
first-degree relatives is indicated because the likelihood of
homozygous mutation in siblings is 25% and among chil-
dren of those affected is 0.5%. Parents of affected children
should receive genetic counseling before attempting subse-
guent pregnancies. In cases where the diagnosis is still un-
certain, radioactive copper incorporation is a highly sensitive
and specific test for WD that is comparable with measuring
24-hour urine copper. This nuclear medicine test relies on an
intravenous bolus injection of ®*Cu tracer and its incorpora-
tion into ceruloplasmin measured in the liver and serum at
2, 24, and 48 hours after infusion'* (Table 2). Although the
test is not commonly available, it is promising due to its high
sensitivity, specificity, and diagnostic accuracy. Furthermore,
compared with the liver biopsy, it offers the advantage of
being noninvasive. Relative exchangeable copper (REC) is
another noninvasive test that has been studied and found to
be highly specific and sensitive for WD. It is calculated as the
ratio of exchangeable copper to total serum copper.'”

The long-term management of WD can be divided into
an initial phase and a maintenance phase. Patients with
prevalent hepatic manifestations are almost always started

An Official Learning Resource of AASLD



TABLE 1. CURRENT DIAGNOSTIC TOOLS
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WD Diagnosis

Parameter Normal Range
Serum ceruloplasmin 20-35 mg/dL

24-Hour urinary copper 20-50 pg

Hepatic copper content 15-55 pg/g

Liver histology*

*All histology findings are nonspecific.

TABLE 2. NEW DIAGNOSTIC TOOLS

Parameter

Description

<20 mg/dL
>100 pg

>250 pg/g

Steatosis (microvesicular and macrovesicular); portal and/or lobular inflam-
mation; fibrosis; ballooning; Mallory hyaline bodies; glycogenated nuclei;
necrosis; positive orcein and rhodamine staining

WD Diagnosis

Radioactive copper (¢Cu) ratio

24, and 48 hours'

24 hours/2 hours

48 hours/2 hours
Genetic analysis

Polymerase chain reaction amplification of ATP7B mutations

%Cu infused infravenously and measured within the liver and serum after 2,

<0.3
<0.395"
Disease-causing mutations

Whole-genome sequencing: assesses all liver disease genes, not just WD

REC Serum assay. REC = exchangeable copper/serum copper

Current Treatments

Chelating agents
* Penicillamine
* Trientine
Zinc salts

Chelating agents

S &

-1 & Besin

Urine Blood brain barrier

>2.08 pmol/L for extrahepatic disease
>1.53 pmol/L for hepatic disease
Normal range: 0.62 and 1.15 pmol/L'®

Future Treatments

Bis-choline tetrathiomolybdate
Gene therapy
Hepatocyte transplant
Stem cell transplant

Excreted in bile

FIG 2 Current and future treatments. Current FDA-approved treatments are chelating agents and zinc salts. Whereas zinc salts work
at preventing copper absorption in the intestine, chelating agents bind copper in the bloodstream. Maintenance treatments include
bis-choline TTM, which works in multiple locations, including hepatocytes, brain, and the bloodstream.'®

on chelating agents (penicillamine or trientine) in the initial
phase, with the goal of achieving negative copper balance.
In cases of acute liver failure related to WD, the only op-
tion is liver transplantation. The initial anticopper agent for
neurological manifestations is controversial, but zinc salts
tend to be the most common first choice. In the future,
bis-choline tetrathiomolybdate (TTM) could become the
first-line agent for patients with predominantly neurologi-
cal phenotypes of WD'® (Fig. 2). The lifelong maintenance
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phase attempts to preserve copper balance without result-
ing in copper deficiency. This is usually achieved by provid-
ing a lower dose of the chelating agent or by transitioning
to zinc. There is limited research and knowledge regarding
the timing and effective methods of transitioning between
the various agents.!” Current clinical practice includes
frequent monitoring of liver enzymes and 24-hour urine
copper for a few months after the switch to zinc therapy,
or until copper balance is stable. Patients with WD must
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remain on lifelong maintenance therapy, which is also a
challenge due to potential adverse effects of anticopper
agents, drug interactions with other medications, and fi-
nancial constraints.

An additional important aspect of WD pathogenesis is
impairment of mitochondrial morphology and function,
which has been described early in the disease progression.'®
Animal studies indicate that removal of copper from mito-
chondria results in amelioration of mitochondria dysfunction
and liver pathology.” A challenge in both treating and mon-
itoring WD is that there is a lack of anticopper agents that
specifically act on mitochondria, as well as tools to monitor
mitochondria bioenergetic improvement during treatment.

Gene therapy could be an important opportunity in the
near future. The implementation of adeno-associated viral
8 vector expressing ATP7B transgene has been shown to
correct copper metabolism in the long term in a preclinical
model of WD.?° Administering this early in disease could
potentially reduce liver damage in WD and prevent and im-
prove its clinical manifestations. Although we look forward
to the results of gene therapy in humans, the benefits of
using this treatment option in WD, a condition that is now
mostly managed by the available pharmaceutical agents and
does not have complete penetrance, will have to be studied,
and appropriate patient selection will have to be determined.

In conclusion, with improved understanding of WD,
we are now facing growing opportunities and some chal-
lenges in optimizing its diagnosis and treatment. These
challenges should motivate clinicians and researchers to
improve the management of this condition, which is often
viewed as too rare or too benign to be studied.
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