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Wilson disease is a rare, inherited autosomal recessive disease of copper metabolism and may be more common
where consanguinity is prevalent. Much has been known about the disease after it was first described by Kinnier
Wilson as ‘progressive lenticular degeneration in 1912. Over 500 mutations of the ATP7B gene has been identified
with no clear genotype to phenotype correlation. Loss of ATP7B function leads various grades of reduced biliary
excretion of copper and reduced incorporation of copper into ceruloplasmin; accumulation and toxicity of cop-
per in the liver, brain and other tissues results in liver toxicity and other myriad manifestations of the disease.
The clinical features may vary from asymptomatic state to chronic liver disease, acute liver failure, neuropsychi-
atric manifestations and hemolytic anemia. Diagnosis is based on the combination of clinical sign's, biochemical
features, histologic findings and mutation analysis of ATP7B gene. Subtle geographical differences exist with a
disproportionate proportion of children presenting with acute liver failure. A high index of suspicion is needed
for an early diagnosis. Ratios of biochemical indices for early diagnosis need validation across geographical re-
gions and may not be particularly applicable in children. Better biomarkers or the need for tests for early detec-
tion of ALF persists. Drugs used in the treatment of Wilson disease include copper chelating agents such as
D-Penicillamine, trientine and zinc salt. Untreated Wilson disease uniformly leads to death from liver disease
or severe neurological disability. Early recognition and treatment has excellent prognosis. Liver transplantation
is indicated in acute liver failure and end stage liver disease. Family screening in order to detect the disorder in the
first-degree relatives is warranted. This review provides an overview of different aspects of Wilson disease
including geographical differences in presentations and clinical management and the limitations of currently
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available tests. (J Cuin Exp HepaToLr 2013;3:321-336)

ilson disease is an inherited autosomal recessive

disease of copper metabolism resulting in cop-

per toxicity. This was first described in 1912 by
Kinnier Wilson as ‘progressive lenticular clegeneration.1
Subsequently, in the early 1990's the role of copper in
the pathogenesis of Wilson disease was established. The
gene responsible for Wilson disease was identified in
1993.** Approximately Wilson disease affects 1 in 30,000
to 40000 individuals.>” There is no community based
incidence or prevalence studies in India, but this disease
is more common where consanguinity is prevalent.® At
our center in a registry of Wilson disease maintained by
us, approximately 15 de novo cases are diagnosed each
year; more than two thirds are primarily liver related partic-
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ularly in children and a considerable number present with
acute liver failure.’ In a neighboring neurology referral
institute with experience of nearly 400 patients approxi-
mately 15-20 new cases are registered annually primarily
of neuropsychiatric presentations.1 Experience of centers
with large number of cases highlight the ethnic, racial
and geographical differences and similarities.

COPPER METABOLISM

Copper is an essential trace element, and is an important
cofactor for many enzymes required for cellular respira-
tion, iron oxidation, pigment formation, neurotransmitter
biosynthesis, antioxidant defense and connective forma-
tion.""'? Although the recommended intake of copper is
around 0.9 mg/day, the average diet supersedes this
requirement with an intake of approximately 2-5 mg/
day. Since the major route of copper elimination is by
biliary excretion, the liver plays a critical role in copper
metabolism by regulating biliary copper excretion.
Pathways of copper homeostasis are summarized'"'? in
Figures 1 and 2. Copper is absorbed in the proximal small
intestine and is carried across the enterocyte by copper
transporting enzyme, ATP7A into the portal circulation
where copper is bound loosely into the albumin. Copper
is transported into the hepatocytes via copper transporter
protein (CTR-1), situated on the sinusoidal aspect of
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Figure 1 Outline of copper homeostasis. Copper absorbed by the proximal small intestine is taken up by the liver that plays a central role in copper
homeostasis by utilizing copper for metabolic needs and excreting excess copper into bile and thereby the gut, or exporting copper as copper con-
taining ceruloplasmin used in iron metabolism and as non ceruloplasmin bound copper that may be used by or pathologically accumulated in other
tissues or excreted into urine. Treatments for Wilson disease block copper absorption by the gut and increase fecal copper excretion (zinc) or increase
urinary copper excretion (chelating agents D-Penicillamine and trientine). (Reproduced with permission from Thieme publication Semin Liver Dis 2011;

31(3):245-259).

hepatocytes. Within the cell, as copper does not exist in the
ionic form or free form it binds to metallochaperones,
which are low molecular weight proteins that deliver cop-
per into specific cellular targets. One such copper chap-
erone ATOX1 delivers the copper to Wilson disease
protein, ATP7B by copper dependent protein-protein
interaction. CCS1 (copper chaperone for superoxide dis-
mutase 1) deliver the copper to superoxide dismutase
(SOD1) a principally cytoplasmic defense against oxidant
stress. ATP7B is present in the trans-Golgi network in
case of normal and low copper state, and is important in
the holoceruloplasmin synthesis. In case of copper excess,
ATP7B moves toward the canalicular aspect, where it pro-
motes biliary copper excretion. ATP7B dependent biliary
copper excretion is the principal homeostatic mechanism
for copper metabolism. Biliary excretion of copper also oc-
curs by conjugation with glutathione; however it is a low
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Figure 2 Pathways of copper metabolism in the hepatocyte.
Cu = copper. CTR-1 = copper transporter 1. MT = metallothioneins.
GSH = glutathione. Cp = ceruloplasmin (Reproduced with permission
from Thieme publications Lancet 2007; 369:397-408).
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affinity pathway in comparison to ATP7B dependent
biliary copper excretion. Thus the liver utilizes some cop-
per for its metabolic needs, including synthesis and secre-
tion of ceruloplasmin (a copper containing protein)
which is also involved in iron metabolism. The excess of
copper is excreted in the bile in normal individuals and
not in Wilson disease patients.

MOLECULAR PATHOGENESIS

Wilson disease results from the mutation of ATP7B gene
which is inherited as an autosomal recessive trait. ATP7B
gene situated on the long arm of chromosome 13, encodes
copper-transporting P-type ATPase which is situated intra-
cellular. The ATP7B protein is involved in the incorporation
of copper into the ceruloplasmin and biliary
copper excretion. ATP7B mutation results in absent or
non-functional ATPase with defective synthesis of cerulo-
plasmin and defective biliary copper excretion. The resulting
copper accumulation in the hepatic and extrahepatic tissues
leads to copper toxicity with myriad clinical features of Wil-
son disease. Being a prooxidant copper generates enough

reactive oxygen species producing cellular damage. Copper
also produces apoptosis due to the conformational change
in the antiapoptotic protein, X linked inhibitor of apoptosis
(XIAP). Figure 3 summarizes the pathogenesis of copper
toxicity.'' More than 500 ATP7B mutations have been
described in Wilson disease.'® Despite great efforts at detect-
ing correlation a clear-cut genotype-phenotype pattern re-
mains elusive although homozygote's with the H1069Q
mutation are found frequently in patients of Eastern Euro-
pean origin and present more frequently atan older age with
neurological symptoms.'* It is likely that epigenetic and
other genetic factors including modifier genes may atten-
uate or amplify its effect on the mutated gene."'

CLINICAL FEATURES

The clinical phenotype includes myriad presentations vary-
ing from asymptomatic state to chronicliver disease, neuro-
psychiatric manifestations or acute liver failure. Individuals
usually becomes symptomatic between the ages of 5 and 35
years, which reflects the potential of the liver to store excess
copper, but both younger individuals and older individuals
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Figure 3 Pathogenesis of copper toxicity. The main pathways of copper overload/toxicity is through both a direct oxidative stress mechanism with

lipid peroxidation of membranes, mitochondria, and DNA; and also from unregulated apoptosis resulting in cell death from copper-induced changes in
the anti-apoptotic protein, X-linked inhibitor of apoptosis (XIAP), and its loss of inhibitory control of caspase-3 with copper accumulation (Reproduced

with permission from Thieme Publications, Semin Liver Dis 2011; 31(3):245-259).
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have been well described.' Liver disease manifestations are
common in the younger age group usually the first and the
second decade, while neurologic symptoms occur in the
third decade of life."" Wilson disease patients with neuro-
logical symptoms are assumed to have liver disease at the
time of detection, which is usually asymptomatic.'* The
natural history of the disease without treatment is almost
always worsening of disease leading to death.'®

LIVER DISEASE

The type of the liver disease can vary from biochemical ab-
normalities to any spectrum of liver disease including
acute hepatitis, acute liver failure, and cirrhosis with portal
hypertension. Presentations due to liver disease are com-
mon in children. Children may be asymptomatic and
may present with hepatomegaly or abnormal serum ami-
notransferases.'” Some patients may have non-immune
mediated (Coomb's negative hemolytic anemia) with tran-
sient episodes of jaundice or low-grade hemolysis, even
when liver disease is asymptomatic. \”

Acute liver failure presentation is the most dramatic and
may arise with catastrophic suddenness. It is considered
rare, constituting only 3% of ALF cases (n = 9) in the pedi-
atric ALF series in USA'® and associated with a high mor-
tality reaching 95%." However, in some registries ALF
presentation constitutes almost 30% of all cases of Wilson
disease.”® Although females in general are overrepresented
in patients with Wilson disease this is not universal. Liter-
ature from the Kings College Hospital series,”! our own se-
ries,” and in an Egyptian series® the disease was seen more
often in boys than girls. Most patients in our series were
prepubertal which may be an explanation for the higher
incidence in boys. Both Coomb's negative hemolytic ane-
mia and renal insufficiency may contribute to the clinical
picture. This again has wide geographical differences.

PATIL ET AL

Coomb's negative hemolysis is often present and may be
a distinctive diagnostic feature particularly in those pre-
senting with jaundice or acute liver failure; in one large Jap-
anese series hemolytic anemia was the sole presenting
feature three of their 282 (1.0%) patients.”” However, he-
molysis was present in 19 of their 77 patients (28%) who
had jaundice at presentation.?” In patients with advancing
acute liver failure, encephalopathy develops with cerebral
edema.!! Previously treated patients who have stopped
their medications, can also have acute presentation with
rapid deterioration,"” which is a particular problem when
patients enter the adolescence period or when it first occurs
in teenagers.

Splenomegaly may be an important clinical clue to
the diagnosis in patients who present with hypersplenism
or those with signs of chronic liver disease.'”*?
Hepatocellular carcinoma is less frequently associated
with Wilson disease than with hemochromatosis but in a
large series, it was seen in 1% of their Wilson's cohort
during follow up.9 Table 1 summarizes the clinical features
of Wilson disease patients with liver disease across 5 series.

NEUROLOGICAL

Neurological assessment should be sought in all patients
with Wilson disease. Neurological manifestations are the
presenting features in 40-50% of patients with Wilson dis-
ease”® but are heavily biased by the referral system.”” The
neurological manifestations are categorized as: (a) an
akinetic-rigid syndrome similar to Parkinson's disease, (b)
pseudosclerosis dominated by tremor, (c) ataxia, and (d) a
dystonic syndrome.30 Behavioral changes, decrease in scho-
lastic performance, or hand-eye discoordination can pre-
sent before neurological signs.”” Micrographia, drooling,
dysarthria, spasticity are other common neurological
signs.31 The characteristic tremor in Wilson disease, similar

Table 1 Clinical symptoms in Wilson disease patients with liver disease.

Author, Country [Ref] Walshe, UK** Stremmel et al, Schilsky Scott Ferenci,
Germany?® et al, USAZ® et al, UK%? Austria®®

N with liver disease (out of) 87 (>250) .a (51) 207 (320) 17° (45) 30 (64)

Presenting symptom

Jaundice, anorexia, vomiting (%) 44 14 15 41 37

Ascites/edema (%) 26 14 50 24 23

Variceal hemorrhage (%) 10 6

Hemorrhagic diathesis (%)

Hemolysis (%) 20 10 5 10

Hepatomegaly/splenomegaly (%) 16 49 15 29 17

Acute liver failure (%) n.a n.a n.a n.a 17

Asymptomatic® (%) 18 5 23

@0nly cases with chronic active hepatitis.

PElevated ALT at routine testing or accidental finding of cirrhosis or of Kayser-Fleischer rings (Reproduced with permission from Elsevier Publications

J Hepatol. 2012; 56:671-85).
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to a wing beating appearance is described as coarse and
irregular with proximal tremulousness. Dystonia are

In patients with advanced liver disease, neurological presen-
tations can be misdiagnosed as hepatic encephalopathy.®

known to be focal, segmental or generalized, which often
leads to severe contractures.”” In a large cohort of patients
from Bangalore,”® the commonest neurological presenta-
tion includes parkinsonism 62.3%, dystonia 35.4%, cere-
bellar 28%, pyramidal signs 16%, chorea 9%, athetosis
2.2%, myoclonus 3.4% and behavioral abnormalities 16%.

PSYCHIATRY

Psychiatric abnormalities can present before neurological
or hepatic signs in one-third of patients.> Decreased
academic performance or personality changes like

Table 2 Scoring system developed at the 8th International Meeting on Wilson's disease, Leipzig 2001.33

Kayser—Fleischer rings

Absent 0

Severe 2

Absent 0

Normal (>0.2 g/L) 0

<0.1g/L 2

Present 1

Other tests

>5x ULN (>4 umol/g) 2

Normal (<0.8 umol/g) -1

Urinary copper (in the absence of acute hepatitis)

1-2x ULN 1

Normal, but >5x ULN after D-Penicillamine 2

On both chromosome detected 4

No mutations detected (0]

4 or more Diagnosis established

2 orless Diagnosis very unlikely

Reproduced with permission from Elsevier Publications J Hepatol. 2012; 56:671-85.
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impulsiveness, labile mood, sexual exhibitionism, and
inappropriate behavior can be seen in children, while psy-
chotic features resembling paranoia, schizophrenia or
depression can be seen in older patients.32 Affective disor-
der, major depression, and dysthymia were commoner psy-
chiatric diagnosis in Wilson disease patients in a series
from Bangalore.”*

Infrequent presentations include gigantism, lunule
cerulea, renal abnormalities such as aminoaciduria neph-
rolithiasis, hypercalciuria and nephrocalcinosis, cardio-
myopathy, myopathy, chondrocalcinosis and
osteoarthritis, hypoparathyroidism, and pancreatitis.”
Infertility or repeated miscarriages as presentations are
rare although diagnosed patients have these as associa-

tions.>?

DIAGNOSIS

Early diagnosis and prompt treatment of Wilson disease is
critical for complete recovery which is otherwise quite fatal.
Hence, it is important to consider the disease in any unex-
plained hepatic and neurological presentation.”> The
working party at the 8th International Meeting on Wilson
disease, Leipzig 2001 (Table 2)">** proposed a diagnostic
score, which provides a good accuracy. Table 3 shows the
routine tests done for diagnosis of Wilson disease. With
a score of >4 the diagnosis of WD can be made with reason-
able accuracy.”

KAYSER-FLEISCHER RING

Kayser-Fleischer (K-F) ring (Figure 4), are considered to
be the hallmark of WD, which are corneal copper de-
posits within descement membrane, appearing as gran-

Table 3 Routine tests for diagnosis of Wilson disease.

PATIL ET AL

ular golden-greenish layer near the limbus. Often they
are quite obvious to the trained eye, but are best seen
by slit-lamp examination. The frequency of K-F rings
in children presenting with liver disease and young
asymptomatic patients is variable and reported to be
low,> but may be high in certain populations and
may be seen in up to 80-90% of patients.*” However,
they are almost universal in neurological presentations
and may be seen in up to 98% of patients with
neurological and psychiatric presentation.36 It may rarely
be found in other chronic cholestatic syndromes
including primary biliary cirrhosis, cryptogenic cirrhosis,
chronic active hepatitis, and neonatal hepatitis.37 but
these disorders can easily be differentiated clinically
from Wilson disease.

Other rare ophthalmological changes such as sunflower
cataracts, found by slit-lamp examination, represent de-
posits of copper in the lens and do not affect vision."”
The effect of medical treatment and liver transplantation
can lead to disappearance of these ophthalmological find-
ings, but it does not correspond with subsidence of clinical
symptoms.'” The non-compliance of medical therapy can
lead to reoccurrence of either of these ophthalmologic
ﬁnclings.38 Night blindness, exotropic strabismus, optic
neuritis, and optic disc pallor are rarer ophthalmological

. . 12
manifestations.

SERUM CERULOPLASMIN

Ceruloplasmin, a 132 kDa protein, is produced mainly in
the liver."” It is a major carrier of copper in the blood and
it contains six copper atoms per molecule (holocerulo-
plasmin) but may be present just as the protein without
the copper (apoceruloplasmin). Ceruloplasmin is an acute

Test Typical finding

False negative False positive

Decreased by 50% of
lower normal value

Serum ceruloplasmin

24 h urinary copper >100 mcg/24 h

>40 mcg/24 h in children

Serum free copper >200 mcg/L

Hepatic copper >250 mcg/g dry weight

Kayser—Fleischer rings by Present

slitlamp examination

Low levels in:

Normal levels in patients with marked
hepatic inflammation.

Overestimation by immunologic assay
Pregnancy, estrogen therapy

Normal
- incorrect collection
- children without liver disease

Normal if ceruloplasmin overestimated
by immunologic assay

Due to regional variation
- in patients with active disease
- in patients with regenerative nodules

Absent

- in up to 50% of patients with hepatic
Wilson disease

- in most asymptomatic siblings

- malabsorption
- aceruloplasminemia
- heterozygote’s

Increased

- Hepatocellular necrosis
- Cholestasis

- Contamination

Cholestatic syndromes

Primary biliary cirrhosis

Reproduced with permission from Elsevier Publications J Hepatol. 2012; 56:671-85.
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Figure 4 (A): Kayser-Fleischer ring on naked eye examination, (B):
Kayser—Fleischer ring on slit-lamp examination.

phase reactant possessing a nitric oxide oxidase property,
levels of which may be measured enzymatically by its ac-
tivity toward specific substrates.'” It can also be measured
by antibody dependent assays such as radioimmunoassay,
radial immunodiffusion, or nephelometry. Enzymatic as-
says are better than immunologic assays as the latter may
overestimate ceruloplasmin concentrations.”” In normal
individuals, levels are very low from early infancy to the
age of 6 months, followed by higher value in early child-
hood (at approximately 0.3-0.5 g/L), before dropping
down to the adult range.17 By the enzymatic assay,
normal values varies among laboratories with a lower
limit of detection ranging between 0.15 and 0.2 g/L and
lower value may be seen in approximately 20% of hetero-
zygotes.> In patients with neurological presentation it
may be typically decreased, whereas in 50% of active liver
disease patients it may be found in the low normal
range.”” It is low in other conditions like marked renal
or enteric protein loss, malabsorption syndromes or
with severe end stage liver disease of any etiology,** while
it is increased by acute inflammation, hyperestrogenemic

states such as pregnancy and estrogen supplementa-
tion.!” Patients with aceruloplasminemia who lack the
protein entirely due to mutations may exhibit hemoside-
rosis but do not have copper accumulation.'” In a pro-
spective cohort of liver disease patients, subnormal
ceruloplasmin showed positive predictive value of only
6% as a screening test.*! Korman et al reported a poor
predictive value of ceruloplasmin for diagnosis of Wilson
disease in acute liver failure.** Low serum ceruloplasmin
heightens suspicion of Wilson disease but is rarely used
in isolation and is often used in conjunction with other
test such as 24 h urinary copper and K-F ring. Values
below 10 mg/dl strongly favor a diagnosis of Wilson dis-
ease; such values are unlikely in carriers with Wilson dis-

ease.7

SERUM COPPER (NON CERULOPLASMIN
BOUND COPPER)

Inspite of being a disease of copper overload, the total
serum copper is usually reduced in proportion to the
decreased ceruloplasmin in the circulation, whereas in
acute liver failure, it may even be higher due to the sudden
release of copper from liver tissue damage. Increased
or normal serum copper levels inspite of decreased cerulo-
plasmin levels, suggests increased concentration of copper
not bound to ceruloplasmin (non ceruloplasmin
bound copper or free copper). Free copper or non cerulo-
plasmin serum copper can be calculated by subtracting
ceruloplasmin bound copper from the total serum copper
concentration (i.e. total serum copper in mcg/L—
3.15 x ceruloplasmin levels in mg/L).*>** Free copper is
suggested as a useful diagnostic test for Wilson disease
but is limited by its dependency on the adequacy of the
methods for measuring both serum copper and
ceruloplasmin on the same sample and also by the gross
variability in the values.” In most untreated patients,
free copper is elevated above 200 mcg/L (normal
reference < 150 mcg/L),"” but may also be elevated in acute
liver failure of any etiology, chronic cholestasis, or copper
intoxication.* It is of more importance in monitoring of
pharmacotherapy,® where levels less than 50 mcg/L may
indicate systemic copper depletion that can occur with pro-
longed treatment.'” Walshe demonstrated lack of correla-
tion between the serum and urinary copper and found
the term free copper misleading and suggesting it be re-
placed by the accurate term “non ceruloplasmin bound
copper”.*® More recently, exchangeable copper, which indi-
cates labile copper, was found to be analytically reliable
with good sensitivity and specificity in diagnosing Wilson
disease. Relative Exchangeable Copper calculated by the
equation (REC = ratio of exchangeable copper/total cop-
per) was suggested as a new biomarker for diagnosing Wil-
son disease.*’
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Figure 5 Liver biopsy showing mild steatosis and hepatocellular
swelling. (Reproduced with permission from Thieme Medical Publishers.
Semin Liver Dis. 2011;31:239-244).

URINARY COPPER EXCRETION

The 24 h urinary copper excretion may be useful for the
diagnosis of Wilson disease and for monitoring treatment.
In untreated patients, it reflects the amount of free copper
in the circulation and depends on urine volume and the to-
tal creatinine excretion per 24 h for accurate determina-
tion. The test is inaccurate for determination in case of
renal failure. The 24 h urinary copper excretion greater
than 100 mcg is considered diagnostic in symptomatic
Wilson disease patients.*®>° In a study comparing
40 mcg/24 h vs. 100 mcg/24 h found the lower value
best for diagnostic accuracy.”® It is insignificant in healthy
individuals, but excretion above 40 mcg/24 h can be sug-
gestive of Wilson disease in asymptomatic children*” and
therefore may be used in asymptomatic siblings of affected
patients.” Urinary copper excretion is higher in heterozy-
gote's than in controls but it rarely exceeds the normal
values. Interpretation of excretion values can be arduous
due to the overlap with other liver disease like acute liver
failure of any etiology, autoimmune hepatitis, chronic
active liver disease or cholestasis.®” In pediatric population,
urinary copper excretion with p-Penicillamine administra-
tion is a useful diagnostic test but was inaccurate in the
diagnosis of asymptomatic siblings and is not recommen-
ded in adults. In children a 500 mg of p-Penicillamine is
given orally at the beginning and again 12 h later during
24 h urinary excretion, irrespective of body weight. When
the excretion is more than 1600 mcg/24 h, it clearly dis-
criminates Wilson disease from other liver disease such
as autoimmune hepatitis, primary sclerosing cholangitis,
and acute liver failure of other etiology.®!

LIVER BIOPSY

Increased hepatic copper accumulation is the characteristic
finding of Wilson disease and may be the single test that
readily differentiates Wilson disease from other non-

328

Figure 6 Liver biopsy showing pericellular fibrosis in evolving cirrhosis.
(Reproduced with permission from Thieme Medical Publishers. Semin
Liver Dis. 2011;31:239-244).

cholestatic chronic liver disease. Histochemical evaluation
with special stains like rhodamine or orcein detects only
the lysosomal copper deposition, revealing focal copper
stores in less than 10% of patients. Hence, quantification
of copper concentration in hepatic parenchyma is diag-
nostic method of choice. The accuracy of measurement is
improved with adequate specimen size of at least 1 cm
core length and placed dry in copper free container. A cop-
per content > 250 mcg/g dry weight is considered diag-
nostic for Wilson disease, but lowering the threshold to
70 mcg/g dry weight improved sensitivity from 83.3% to
96.5% but decreased specificity (98.6% vs. 95.4%).%* A cop-
per content < 50 ug/g dry weight is helpful in eliminating
diagnosis of Wilson disease in untreated patients.>* Inho-
mogeneous distribution of copper within the liver in later
stages of disease may lead to underestimation.”® The
higher levels of hepatic copper content can also be seen
in idiopathic copper toxicosis syndromes (Indian

Figure 7 Liver biopsy showing mitochondria abnormalities in Wilson
disease. (Reproduced with permission from Thieme Medical Publishers.
Semin Liver Dis. 2011;31:239-244).
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childhood cirrhosis).*> Long standing cholestatic disorders
such as primary biliary cirrhosis, biliary atresia, prolonged
extrahepatic biliary obstruction and sclerosing cholangitis
may have increased copper accumulation but may be easily
distinguished clinically and rarely lead to diagnostic confu-
sion.”®

Liver histology may be a useful adjunct for diag-
nosing indeterminate cases and also in staging the pres-
ence and degree of fibrosis, since evidence of fibrosis is
seen in 90% of asymptomatic patients.>* The histological
abnormalities in early stages include mild steatosis
(Figure S), glycogenated nuclei in hepatocytes, and focal
hepatocellular necrosis, whereas, progressive paren-
chyma damage leads to fibrosis (Figure 6) and conse-
quently develops into cirrhosis. Even in acute liver
failure, marked hepatocellular degeneration via
apoptosis and parenchyma collapse is noticed on the
background of cirrhosis making Wilson disease a prime
example of acute on chronic liver failure. Ultrastructural
analysis reveals mitochondrial abnormalities (Figure 7)
such as increased intracristal space with dilatation of
the tips of the cristae, resulting in a cystic appearance
which is often are considered pathognomic.’® These
changes may regress with prolonged therapy.>®

NEUROIMAGING

Neurologic evaluation should be performed in patients
with neuropsychiatric manifestations and may also be car-
ried out in presymptomatic and hepatic Wilson disease. It
is particularly useful when distinction between causes for
early onset extrapyramidal disorders is required®” where
magnetic resonance imaging (MRI) or computerized to-
mography (CT) of the brain may detect structural abnor-
malities which include increased density on CT or
hyperintensity on T2 magnetic resonance imaging in the
region of the basal ganglia, tectal-plate and central
pons.”® The face of the giant panda sign, characteristic
finding in Wilson disease is seen in minority of patients.s9
Other neuroimaging techniques as magnetic resonance
spectroscopy, single-photon emission computed tomogra-
phy, transcranial brain parenchyma sonography, auditory-
evoked brainstem potentials might be helpful in diag-
nosing early brain damage in Wilson disease.>

DIAGNOSTIC DILEMMA IN ACUTE LIVER
FAILURE (ALF)

The clinical features of ALF are essentially the same
across many aetiologies. Some distinct features that sug-
gest a diagnosis of ALF due to Wilson disease include
Coomb’s-negative hemolytic anemia, coagulopathy unre-
sponsive to vitamin K administration, renal failure, rela-
tive modest rises in serum aminotransferase, elevated
serum coppet, elevated 24 h urine copper and presence

of K-F rings."” Presence of ascites and splenomegaly
are subtle clues about the diagnosis of Wilson dis-
ease.”*”> In ALF, the serum ceruloplasmin may be
falsely elevated, and together with the 24 h wurine
copper studies may have a turnaround time of several
days thus delaying the diagnosis. Moreover K-F rings
may be absent in more than 50% of patients.'* Hence,
several investigators have tried to investigate alternative
diagnostic clues for early diagnosis of Wilson disease
and ALF. Berman and colleagues described a ratio of
alkaline phosphatase to total bilirubin < 2 and AST/
ALT > 4 in their series of 6 patients with Wilson disease
and compared it to 43 patients with non-Wilsonian FHF.®°
The ratio of ALP/TB < 2 provided a sensitivity and speci-
ficity 100% in identifying fulminant Wilson disease.®®
However, Sallie and coworkers®! could not replicate this
finding and the distinction between fulminant WD and
other causes of FHF was not possible. Furthermore, this ra-
tio is not helpful in children given the high alkaline phos-
phatase contributed by growing bone.®’ More recently
Korman*? et al used a ratio of ALP/Total bilirubin < 4
and an AST/ALT ratio > 2.2 in early identification of Wil-
son disease producing ALF. They reported an excellent
sensitivity of 94%, 94% and 100%for the ratio of AP/TB,
AST/ALT, and AP/TB plus AST/ALT respectively.”> A
recent study investigating the same indices demonstrated
a sensitivity of 21.7%, 36.7% and 38.3% for patients with
WD pediatric ALF.?° This discrepancy could be attributed
to the fact that Korman's series consisted of patients with
advanced liver failure with a MELD score of 40 and may
hence not be considered “early”. This view was supported
by O'Brien and Williams who cautioned about the gener-
alizability of this result including in the pediatric popula-
tion where ALF is more common.* All this underscores
the need for better biomarkers or tests for the early detec-
tion of WD in the setting of ALF. The diagnosis of WD and
ALF should be whenever possible, since it may be helpful
to screen asymptomatic siblings.*

GENETIC TESTING

Genetic tests are useful to ascertain the diagnosis in sus-
pected patients and to screen asymptomatic siblings.
Detection of ATP7B mutations is assigned the highest
weight in the scoring system for Wilson disease.” However,
with >500 ATP7B mutations reported and with no com-
mon set of mutation across regions and clinical manifesta-
tions, its role in the diagnosis of index cases is limited. In
studies of Indian patients, common mutations include
C813A in 19%°* G3182A in 16%,°° C813A in 12%,°
T33053 in 6%,°* C2975A in 6%°* 2977insA in 6%,°*
whereas in the Caucasians population, the most common
mutation is H1069Q which accounts for 37-63%'*" of
cases and is the basis for screening. H1069 mutation was
not identified in an Indian series.®
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criteria useful whereas Fischer et al”® sounded caution in
the application of the score.

TREATMENT

Treatment for Wilson disease focuses on achieving a nega-
tive copper balance either with chelators (drugs that pro-
mote cupriuresis) or zinc which reduces absorption or
both. Liver transplantation is indicated in patients with
acute liver failure, unresponsive to medical treatment or
those with end stage liver disease. Drugs available for
the treatment of Wilson disease include p-Penicillamine,
Trientine, Ammonium tetrathiomolybdate and Zinc
(Table 4). It should be remembered that these drugs have
not been subjected to randomized controlled trials,”* and
trials are underway to clarify these issues.

p-PENICILLAMINE

Dimercaprol was used as chelating agent until 1956 when
p-Penicillamine was introduced.”* Since then, this has been
widely evaluated and preferred drug in the treatment of
Wilson disease. Penicillamine is the breakdown product
of Penicillin with free sulphydryl group which acts as the
copper chelator. p-Penicillamine may also act by inducing
metallothionein thereby enhancing cupriuresis and
sequestering free copper.17

D-Penicillamine has a double-peaked curve”>”* for
intestinal absorption with oral bioavailability of 40-
70%.747¢ Major route of excretion is by kidney.
D-Penicillamine is started at dose of 250-500 mg/day,
increased by 250 mg every 4-7 days to a maximum of
1000-1500 mg/day in 2-4 divided dosages. Maintenance
dose is usually 750-1000 mg/day administered in two
divided doses.!” Food inhibits the absorption of the drug
and hence it is best recommended 1 h before or 2 h after
the meal.”

According to a systematic review analyzing one random-
ized and twelve observational studies, p-Penicillamine is
probably the most effective drug in hepatic presentation
of Wilson disease.”! Numerous studies have shown the ef-
ficacy of p-Penicillamine in liver disease.”” 82 Improvement
in clinical symptoms (jaundice and ascites) and synthetic
functions of the liver (albumin and INR) usually occurs
after 2-6 months of treatment. Failure of compliance can
lead to progression of liver failure in next 1-12 months.®”

Worsening of neurological symptoms may be noticed in
10-50% of the patients during the initial phase of treat-
ment.®®  The propensity for the neurological
deterioration is highest for p-Penicillamine among the
chelator. Other side effect profiles are depicted in
Table 4. Since cytopenias and renal involvement are the
most common adverse events, these need to be monitored
at regular intervals. p-Penicillamine tends to interfere with
pyridoxine action and hence supplemental pyridoxine is

still advocated.®> Penicillamine also interferes with
collagen cross-linking®® because of which the dose is
reduced in the latter months of pregnancy.

TRIENTINE

Trientine was introduced in 1982 as an alternative to b-Peni-
cillamine in view of its side effect proﬁle.87 However, Trien-
tine is still not available in various parts of the world. Itis a
chelator with polyamine like structure and lacks sulphydryl
group. It chelates by forming a stable complex with the four
constituent nitrogens in a planar ring. Trientine also che-
lates iron, and co-administration of trientine and iron
should be avoided because the complex with iron is toxic.!”

Data are scarce regarding the pharmacokinetics of Tri-
entine. Trientine is particularly preferred in patients who
are intolerant to D-Penicillamine and in patients with
neurological symptoms as the worsening of the neurolog-
ical symptoms are less common compared to D-Penicilla-
mine.®” %8

Trientine is a better tolerated drug with fewer side effect
profiles as mentioned in Table 4. There are encouraging
data regarding the use of Trientine in patients with severe
liver disease.®?° Typical initial dose of trientine is 750-
1500 mg/day in two or three divided doses, with 750-
1000 mg/day used for maintenance therapy.'”

ZINC

Zinc was first introduced in 1961 and subsequently devel-
oped for the treatment of Wilson disease.”*? Zinc acetate
received approval by U.S. FDA in 1997.” In other parts of
the world zinc sulfate is used and is equally effective.””?
Zinc acts by inhibiting the copper uptake from the
gastrointestinal mucosa. Zinc induces enterocyte
metallothionein, a cysteine-rich protein that has greater af-
finity for copper than for zinc thereby inhibiting copper
entry into the portal circulation. The bound copper is
lost when the enterocyte is shed during normal cell turn-
over.” Zinc also induces copper binding metallothionein
synthesis in the hepatocytes, thereby reducing the
damaging effects of free copper.”*

Zinc has very few side effects as indicated in Table 4.
Neurological deterioration is uncommon with Zinc.”?
Although zinc is currently reserved for maintenance treat-
ment, it has been used as first-line therapy, most
commonly for asymptomatic or presymptomatic patients.
It appears to be equally effective as penicillamine but much
better tolerated.”! Combination treatment with chelators
(trientine or penicillamine) in which the chelator and the
zinc are given at widely spaced intervals during the day
has been advocated but not yet reported in rigorously de-
signed series.

Dosing is based in milligrams of elemental zinc. Larger
children and adults require 150 mg/day is administered in

Journal of Clinical and Experimental Hepatology | December 2013 | Vol. 3 | No. 4 | 321-336 331

Wilson Disease



aspasiq UoSs|IM

A REVIEW AND CURRENT PERSPECTIVE ON WILSON DISEASE

three divided doses and smaller children (<50 kg) require
75 mg/day."”

AMMONIUM TETRATHIOMOLYBDATE (TM)

TM acts by forming a tripartite complex with copper and
protein both in the gut and blood rendering the complex
non absorbable and non toxic” Administered with meals
TM acts by inhibiting copper uptake and administered be-
tween the meals it acts by binding copper from the
plasma.”””%? Clinical experience with this drug is
limited as it is not commercially available. Adverse events
are indicated Table 4.

In a randomized double blind study comparing tetra-
thiomolybdate and trientine in patients with the neuro-
logic presentation, 6 of 23 patients in the trientine arm
and 1 of 25 patients in the tetrathiomolybdate arm devel-
oped neurologic deterioration. Neurologic and speech re-
covery during a 3-year follow-up period were good.loo
The greatest utility of TM will be in the treatment of
neuro-psychiatrically disorders especially when p-Penicilla-
mine therapy is not tolerated and results in worsening of
the condition.” TM has only been evaluated in initial ther-
apy and its utility in maintenance treatment awaits further
trials.

DIET

Foods with very high concentrations of copper (shellfish,
nuts, chocolate, mushrooms, and organ meats) should be
avoided, more so in the first year of treatment. (EASL:
GRADEII-3, B, 2, AASLD Class I, Level C) Well water or wa-
ter delivery systems to households commonly made from
copper should be checked for copper levels and a water
purifying system may be advisable. Copper containers
should be avoided while cool(ir1g.17’33 However the role
of diet is probably overstated.” The earlier methods that
measured copper in important foods overestimated the
copper contents due to methodological issues and also
because food processing has chamges.7 The copper content
in the livers of domestic animals and shellfish are high in
copper and need to be avoided.” However, the copper con-
tent in older tables show a higher copper content than is
actually present and may need to be modified in the light
of more recent data.'®! One group does not restrict choco-
lates, mushrooms or nuts as they do not find them partic-

ularly high in copper.”

OTHER TREATMENTS

As oxidative stress plays a key role in the pathogenesis of
Wilsons disease, antioxidants and Vitamin E'°* % have
been investigated for its role in Wilson disease. No well
controlled studies are available to advocate its routine
use.
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SPECIFIC SITUATIONS
Asymptomatic/Presymptomatic Cohorts

According to a systematic review, D-Penicillamine and Zinc
both were both effective in 100% of presymptomatic co-
horts. However, D-Penicillamine had a higher incidence
of side effects.”” In a randomized study comparing p-Peni-
cillamine and Zinc with 12 years follow up, the long term
effectiveness was similar with more side effects reported in
the p-Penicillamine arm.®* Hence both the AASLD and
EASL recommend usage of either chelator or Zinc with
the latter preferred in children under the age of 3 years.
(AASLD Class I Level B, EASL Grade II-1, B,1).'”*

Symptomatic Liver Disease Patients

Randomized clinical trials comparing the various decopper
agents are lacking.71 A recent review found p-Penicillamine
to be effective in 42/57 (73.7%) patients, whereas zinc ther-
apy had a positive effect in 5/ 9 (55.6%) of patients
treated.”! Another study of 17 patients with severe hepatic
insuffiency without encephalopathy, early administration
of D-Penicillamine was associated with improved survival
without transplantation.'”” The AASLD and the EASL
recommend initial treatment for symptomatic patients
with Wilsons disease should include a chelating agent (p-
Penicillamine or trientine). Trientine may be better toler-
ated (AASLD Class I, Level B, EASL GRADE II-1, B, 1).}7*?

Once the adequate treatment is achieved with the initi-
ated chelator as assessed by clinical parameters or synthetic
function, maintenance therapy can be achieved by reduced
doses of either chelator or with by Zinc (AASLD Class I,
Level B, EASL GRADE II-1, B, 1)."”**

Merle and coworkers retrospectively studied 163 pa-
tients with Wilson disease, of whom 138 patients were
treated initially with p-Penicillamine, 9 with trientine,
and 13 with zinc salts. Three underwent liver transplanta-
tion for acute liver failure. Among patients on p-Penicilla-
mine, 39 were changed to Trientine and 34 to Zinc due to
side effects. More than three fourth patients had stable or
improved course of the disease. The mean follow up of the
study was 16.7years.49

In another study from Czech republic 117 patients with
WD were followed up for an average period of 15 £+ 10
years.'”® The patients were treated with p-Penicillamine
(81%) or zinc salts (17%). The majority of patients
improved with during follow up. The long term survival
of these patients was similar to that of the general popula-
tion without liver disease underlining the efficacy of drugs
in the long term management of patients.lo8

Decompensated Cirrhosis

Studies demonstrating the efficacy of chelators with or
without Zinc in patients with decompensated liver disease
have been published.”"**'*® In such a scenario, a chelator
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and Zinc should be spaced 5-6 h apart in order to avoid
negation of the effect of respective drugs. Those who
respond may then be maintained on chelator or Zinc
monotherapy. However non-responders to chelation
should be promptly evaluated for liver transplantation.
(AASLD Class I Level B, EASL Grade 1I-2, B, 1).}*

Acute Liver Failure

Patients with acute liver failure and particularly those with
encephalopathy often require liver transplantation. Spon-
taneous recovery is very rare with mortality approaching
100%. Chelation is rarely effective due to time lag needed
for the onset of action and hence the need to identify
such patients and transfer them to a facility with advanced
care or liver transplantation becomes critical.

LIVER TRANSPLANTATION

Orthotropic liver transplantation (OLT) is indicated in pa-
tients with acute liver failure and decompensated liver dis-
ease unresponsive to medical mamagement.110 Liver
transplantation corrects the underlying hepatic metabolic
defects of Wilson disease.''" Patients undergoing liver
transplantation have a slightly overall less favorable
outcome when compared to transplantations performed
for other etiologies.%’1 12-114

In a study by Schilsky and coworkers,*® 55 patients un-
derwent liver transplantation; 33 for decompensated
cirrhosis, 21 for acute liver failure and one for intractable
neurological Wilson disease. The median survival after
OLT was 2.5 years, the longest survival time after OLT
was 20 years. Survival at 1 year was 79%. In another Chinese
retrospective study consisting of 36 patients, the 1, 3,and 5
years post-transplant survival was 91.7%, 83.3% and75%
respectively.112 Although there are anecdotal reports of
improvement in neurological.

Wilson after OLT, neurological deficits are rarely elimi-
nated and liver transplantation as a cure for neurological
disease is not advocated.''® Arnon and coworkers
reviewed the outcome in 400 adults and 170 children
who underwent liver transplantation over a 21 year
period from the UNOS (United network for organ
sharing) database. This included transplantation for
Wilson disease with ALF and chronic disease. They found
the outcome much better in adults than children and
also for transplantation for chronic disease than ALE.'"

PREGNANCY

Patients contemplating pregnancy should have their copper
status optimized before pregnancy. Patients should be
frequently monitored during pregnancy. Although there is
some concern of teratogenicity of p-Penicillamine, benefits
of continuing treatment outweigh risks of withdrawal of

treatment.'*’ Interrupting treatment during pregnancy
can result in acute liver failure.'*' While the dosage of Zinc
can be maintained without any change the dose of chelators
such as p-Penicillamine and Trientine may be reduced by 25-
50%. (AASLD Class I, Level C, EASL Grade 1I-2, B, 1).'7?
Wound healing may be impaired after Caesarean section
or episiotomy due to chelators.'** Therefore the dose of D-
Penicillamine may be reduced toward the latter weeks of
pregnancy in order to facilitate better wound healing after
pregnancy. Regarding contraception, only spermicidal, bar-
rier methods and progesterone only preparations are advis-
able as estrogens may interfere with biliary copper excretion
and some intrauterine devices contain copper.”>'*?

MONITORING OF TREATMENT

Monitoring of treatment is required to confirm clinical and
biochemical improvement, ensure compliance with therapy,
and identify adverse events.'”** This is particularly so in
during maintenance therapy rather than the initial period
and more so during adolescence. Appearance or
reappearance of KF ring in whom it was absent should
trigger suspicion of non-compliance or non-response .'”>>

Patients taking p-Penicillamine or trientine may have to
monitor their 24 h urinary copper more frequently in the
first year and yearly thereafter. The 24 h urinary copper
excretion should be more than 200-500 ug/day (3-
8 umol/day). Urine copper excretion below 200 ug/day
(3.2 umol/day) may indicate either nonadherence to ther-
apy or overtreatment and excess copper removal.'”??
This can be differentiated by non ceruloplasmin bound
coppers which is elevated in nonadherence (>15 ug/dL or
>150 ug/L) or low (<5 g/dl or <50 g/L) when
overtreated.'””> Development of anemia or leukopenia
after a period of stabilization may indicate copper
deficiency and treatment should be temporarily
discontinued.” 24 h urinary copper excretion levels for pa-
tients on zinc and penicillamine should be no more than
75 pg/day (1.2 wmol/day). For patients on zinc alone,
and suspected to be non-compliant the 24 h urinary excre-
tion of zinc should be more than below 2 mg/day and the
urinary copper will begin to increase.

24-h urinary copper excretion values for patients on
zinc should be no more than 75 ug/day (1.2 umol/day).
24 h urinary excretion of zinc may be measured to check
the compliance (should be on the order of 2 mg/day)."”

For routine monitoring, serum copper and cerulo-
plasmin, liver enzymes and international normalized ratio,
complete blood count and urine analysis as well as physical
and neurological examinations should be performed regu-
larly, at least twice annually (AASLD Class I, Level C, EASL
GRADE II-2, B, 1).'7*

The 24 h urinary copper excretion on medication and
after 2 days of cessation of therapy should be measured
at least yearly The estimated serum non ceruloplasmin
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bound copper may be useful parameter to control therapy
(AASLD Class I, Level C EASL GRADE II-3, B, 1).'7*

CONCLUSIONS

Wilson disease is an inherited metabolic disease which re-
sults in copper accumulation affecting mainly the liver
and neurological systems. It should be suspected especially
in children and young adults presenting with jaundice,
acute liver failure or chronic liver disease. Diagnosis of Wil-
son disease can be made using the scoring system incorpo-
rating routinely available laboratory tests. ATP 7 B gene
mutation when identified in a proband is helpful in identi-
fying pre-symptomatic siblings and is the highest weighted
variable in the Leipzig score. Haplotype analysis or direct
sequencing is useful for screening of siblings. However, if
one can establish a diagnosis on clinical grounds alone,
there may not be a need for genetic testing.'** Wilson dis-
ease carries an excellent prognosis if diagnosed and treated
early and if compliance with treatment is maintained. The
outcome may be less desirable in those with neurologic dis-
abilities. Drugs have excellent efficacy but has to be moni-
tored at regular intervals. Liver transplantation may be
indicated in those who present with acute liver failure or
those unresponsive to medical management. Siblings
need to be screened and started on treatment preferably
with Zinc to prevent disease manifestation.
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