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ABSTRACT

Wilson’s disease is a disease that results from a genetic disorder that causes copper accumulation. Wilson’s disease has presented challenges
for physicians during the last century, but it can be diagnosed and treated over time. Diagnosing Wilson’s disease is challenging for doctors
because of its wide range of clinical manifestations and complexity. Studies that can help diagnose Wilson’s disease include a 24-hour copper
urine examination and neurological tests, such as a CT scan or MRI, and liver function tests. There is also a scoring system to help medical
personnel diagnose this disease. Correct diagnosis and adequate therapy can be provided, such as penicillamine, trientine, zinc, and, most
rarely, liver transplantation. It is also necessary to monitor the side effects of treatment and its effectiveness of treatment. When receiving
therapy, Wilson’s disease has a better prognosis than if it is not treated.
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INTRODUCTION

Wilson’s disease is a hereditary copper transport disorder
characterized by ATP7B copper-binding protein dysfunction
(Hedera, 2017). The incidence of this disease is 1 in 30,000
individuals (Chaudhry, 2022). This disease can affect all
ages, from young to old, especially ages 5 to 35 (EASL,
2012). This disease’s clinical symptoms vary widely,
from hepatic to neurological symptoms, so the disease
is complicated to identify. Therapeutic determinations in
this disease must also be considered carefully because
there are differences in treatment in patients with hepatic
and neurological symptoms (Cztonkowska et al., 2018).
Wilson’s disease is an autosomal recessive hereditary
condition characterized by copper accumulation in the
cornea, eyes, liver, and brain (Bagilkar, 2016). This disease
is also called hepatolenticular degeneration. This disease is
caused by a mutation of the ATP7B gene on chromosome
13, this chromosome encoding the copper transport P-type
ATPase (ATP7B) in the trans-Golgi tissue of hepatocytes
(Cztonkowskaet al., 2018). The function of ATP7B is to
transfer intracellular copper to the bile and regulate the
synthesis of ceruloplasmin (Brewer et al., 2015). This
disease is classified as very rare and progressive. It can
cause liver disease, central nervous disorders, and death if
not treated. The incidence of developing Wilson’s disease
is 1 in 30,000 individuals. Therefore, this review will
discuss Wilson’s disease, starting from the pathogenesis,
clinical manifestations, diagnosis to therapy of this disease.

PATHOGENESIS

Copper is an essential trace element and a necessary
component of many proteins in the human body (Dong
and Wu, 2012). Adult humans contain about 100 mg of

copper. This metal balance is influenced by gastrointestinal
absorption and bile excretion. Although the required intake
of copper is about 0.9 mg per day, the average diet provides
approximately 2—5 mg per day. Since biliary excretion is
the primary route of copper elimination, the liver plays a
crucial role in copper metabolism by controlling biliary
copper excretion (Patil et al., 2013). Copper is readily
absorbed in the stomach and duodenum before entering the
liver’s portal circulation. Copper enters ceruloplasmin and
binds to albumin and amino acids like histidine.

The liver is the main organ of copper homeostasis. This
organ regulates the storage and excretion of copper (Mazi
et al., 2020). Copper balance regulation is determined by
biliary copper excretion, where the amount expelled in bile
equals the size of the hepatic copper pool. Hepatocytes are
the principal location of copper absorption and buildup in
the liver. Hepatocytes regulate copper-to-bile excretion
based on intracellular copper concentrations. The study
found that the liver will neutralize copper consumed
quickly, and within 24 hours, 10% of the amount given
will appear in the plasma and be fed into ceruloplasmin
(EASL, 2012).

Excess copper in the blood can damage mitochondria
and cause cell oxidative damage (Brewer et al., 2015). In
Wilson’s disease, copper homeostasis fails, causing copper
to circulate in the blood and accumulate in human organs
such astheliver, brain, kidneys, and cornea. Mutations cause
this homeostasis failure in the ATP7B gene on chromosome
13 (Yuan et al., 2020). The ATP7B gene regulates the
excretion of copper into bile and combines copper with
apoceruloplasmin to form ceruloplasmin. Ceruloplasmin
is an a2-globulin protein synthesized in hepatocytes and
binds to 6 copper ions. This form is a functional form of
copper storage in the bloodstream (Ramos et al., 2016).
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Ceruloplasmin is then released into the bloodstream to
capture copper and enter it into the plasma. Thus, 90% of
the copper is in the plasma. Copper has no effect on the rate
of synthesis or secretion of ceruloplasmin, but inability to
integrate these metals results in the rapid degradation of
plasma apoproteins. Mutations in the ATP7B gene cause
a decrease in the formation of ceruloplasmin, thereby
increasing levels of free copper in the blood (Linder, 2016).
Free copper in the blood will accumulate in human organs
such as the brain, liver, cornea, and red blood cells.

CLINICAL MANIFESTATIONS

Wilson’s disease’s clinical manifestations are extensive
and knowledge sharing about clinical presentation of the
disease is very important. For acute symptoms, patients
may present with liver failure, hemolysis, or both,
and chronic symptoms may present with liver disease,
neurological disease, or both (Shribman et al., 2019).
Because the manifestations of Wilson’s disease are vast,
symptoms differ according to the organ affected.

Patients with Wilson’s disease may show signs of
fulminant liver failure, including coagulopathy and
encephalopathy, hemolytic anemia with a negative
Coomb test, renal failure, and increased blood and urine
copper concentrations (Nagral et al., 2019). Usually,
patients present with cirrhosis of the liver or present with
signs of massive necrosis with connective tissue that
will lead to cirrhosis. Serum alkaline phosphatase (ALP)
concentrations are usually decreased, and if the ratio of
ALP (IU/L) to bilirubin (mg/dL) is less than 2, it can be
diagnosed as Wilsonian fulminant hepatitis (Mainardi et
al., 2019). Clinical signs of Wilson’s disease may resemble
those of chronic hepatitis; therefore, screening for Wilson’s
disease is essential in such patients (Bandmann et al., 2015;
EASL, 2012). Some patients may appear with symptoms
resembling hepatic cirrhosis, including ascites, spider
naevi, splenomegaly, and portal hypertension, and a minor
number of patients may present with decompensated
hepatic cirrhosis (Mansour and McPherson, 2018).
Consequently, young patients present with or without
symptoms of chronic liver disease. Cirrhosis, which is not
clear, should be screened for Wilson’s disease.

Next are neurological symptoms. The neurological
manifestations of Wilson’s disease usually appear as early
as 20 to 50 years of age. Neurological manifestations occur
in 40-50% of patients with Wilson’s disease. Neurological
symptoms can be classified into a) akinetic-rigid syndrome
resembling Parkinson’s disease, b) pseudosclerosis
dominated by tremors, ¢) ataxia, and d) dystonic syndrome
(Greenland and Barker, 2018). Symptoms such as changes
inbehavior, deterioration in the school or work environment,
and the inability to perform activities that require eye-hand
coordination can appear before neurologic characteristics
appear (Tomasz et al., 2018). Other symptoms are tremors,
lack of motor coordination, drooling, dysarthria, dystonia,
spasms, migraines, headaches, and insomnia, although
seizures are common. Wilson’s disease’s seizure types can
vary from grand mal, simple partial, complex, and periodic
myoclonus (EASL, 2012; Rasib et al., 2021). Patients with
Wilson’s disease may also find personality disorders, such
as depression, anxiety, and psychosis. These neurologic
symptoms arise from damage to the basal ganglia, pons,
medulla, thalamus, cerebellum, and subcortical brain areas.
CT or MRI scans reveal extensive brain lesions, cortical
atrophy, and changes in the white matter. Cognitive
impairment in Wilson’s disease is usually accompanied

by neurological deficits and often without association with
cortical abnormalities or hepatic encephalopathy because,
in these diseases, pathological changes in the basal ganglia
are the leading cause of cognitive deficits. Dystonia can
also occur in Wilson’s disease, this disorder causing strange
postures. Dystonia in the facial muscles and mandibula will
cause a stiff face with an open mouth, known as a vacuous
smile (Kalita et al., 2015).

Wilson’s disease also presents clinical manifestations
in the form of eye symptoms. The eye has Kayser-Fleischer
rings and Sunburst or sunflower cataracts. Both of these
symptoms are reversible with treatment or after a liver
transplant. Kayser-Fleischer rings usually appear on the
edges of the cornea. This occurs due to copper buildup in
the Descemet’s layer on the inner surface of the cornea
(Pandey et al., 2019). The first buildup at the top usually
occurs. This ring is golden brown. Although this ring can
be seen with the naked eye, it is still necessary to check with
a slit lamp to confirm this ring's presence. The appearance
of the Kayser-Fleischer ring indicates copper accumulation
in the brain. This ring occurs in 30-50% of patients with
hepatic or presymptomatic symptoms; therefore, this ring's
absence does not exclude Wilson’s disease. On the other
hand, this ring can be found in up to 95% of patients with
neurological symptoms. The presence of a Kayser-Fleischer
ring and a low level of ceruloplasmin (<0.2 g/L) is sufficient
to confirm a diagnosis of Wilson’s disease (Kathawala
and Hirschfield, 2017). However, if this ring is not found,
low ceruloplasmin levels do not always confirm Wilson’s
disease diagnosis. This situation can appear in autoimmune
hepatitis, celiac disease, familial aceruloplasminemia, and
advanced liver disease. Sunburst or sunflower cataracts can
only be seen using a slit lamp. This cataract does not affect
vision, unlike other types of cataracts. This cataract occurs
due to copper buildup in the lens. It is a greenish disc in
the anterior capsule with a spike-like shape. The clinical
manifestation of Wilson’s disease varies considerably.
However, liver disease and cirrhosis, neuropsychiatric
disorders, Kayser-Fleischer rings in Descemet’s corneal
membrane, and acute hemolysis episodes associated with
acute liver failure are the most prominent characteristics
(Stremmel et al., 2019).

DIAGNOSIS

Diagnosis of Wilson’s disease is challenging to establish,
the symptoms of Wilson’s disease are often non-specific,
and the association with different organs makes the
diagnosis difficult. The diagnosis is more accessible when
the patient presents neurologic symptoms, K-F rings, and
low ceruloplasmin concentrations. Typically, the presence
of a K-F ring and a ceruloplasmin concentration of less
than 100 mg/L suffices for a diagnosis (Liu et al., 2017).
However, K-F rings were found frequently in patients
with neurologic symptoms and only in half in patients
with hepatic symptoms (Langwinska-Wosko et al., 2016).
This clinical manifestation is often overlooked on physical
examination, especially in patients who have black
corneas. Low ceruloplasmin levels cannot be used as a
reference because several conditions cause ceruloplasmin
to decrease, such as hepatic insufficiency due to advanced
liver disease (Martinez-Morillo and Bauca, 2022).

Low serum copper levels, increased liver transaminase
enzymes, aminoaciduria, and hemolytic anemia are
laboratory findings that support the diagnosis of Wilson’s
disease (Bandmann et al., 2015, Kaler, 2013). Analysis
of copper excretion for 24 hours in the urine is an easy
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and essential test to perform. If the 24-hour urine copper
excretion is over 100 g, it is indicative of Wilson’s disease
in the absence of cholestasis of the liver. The upper limit of
normal interlaboratory urinary copper excretion is 40 pg
per 24 hours. This limit depends on the level of sensitivity.
The inspection also requires a particular copper-free
container made of polyethylene and disposable (Dong and
Wu, 2021). Because it is challenging to diagnose Wilson’s
disease, in 2001, Ferensi and her friends proposed to use
a scoring system. This scoring collected biochemical,
clinical, and genetic data from each patient and was
given a quantitative scoring. This scoring system is now
included in the Clinical Guidelines for Wilson’s Disease
issued by the European Association for the Study of the
Liver (EASL). This scoring system is called the Leipzig
score (EASL, 2012). Ceruloplasmin is the blood’s primary
copper carrier. Normal levels of ceruloplasmin ranges
between 0.15 and 0.2 g/L (Ferenci, 2017). Wilson’s disease
is typically below 0.1 g/L, particularly in patients with
neurological symptoms, but can be abnormally low in
approximately 50% of patients with active Wilson’s liver
disease. Although Wilson’s disease is a disease of copper
overload, serum total copper levels in patients are usually
low due to decreased levels of ceruloplasmin in the blood
(Patil et al., 2013). Normal or elevated serum copper levels
coupled by a decline in ceruloplasmin levels indicate an
increase in the concentration of copper in the blood that
is not bound to ceruloplasmin (copper that is not bound to
ceruloplasmin or called free copper).

A 24-hour urine copper examination is helpful for the
diagnosis and monitoring of Wilson’s disease (Hedera,
2017). A 24-hour urine copper test reveals the quantity
of free copper in the circulation of untreated patients.
Patients suffering from renal failure cannot undergo
this examination. Wilson’s disecase can be diagnosed
if the 24-hour urinary copper excretion level is higher
than 1.6 mol/24 hr in untreated patients (Merle and
Weiskirchen, 2016). Problems in measuring 24-hour
copper excretion include insufficient urine collection and
copper contamination of the collection apparatus (this
becomes less problematic with the appearance of single-
use containers) (EASL, 2012). It might be challenging to
interpret 24-hour urine copper excretion due to overlapping
findings with other kinds of liver disease (e.g., autoimmune
hepatitis, active chronic liver disease, or cholestasis,
particularly during acute liver failure origin) (Schroeder et
al., 2021). Problems that arise in measuring 24-hour urine
copper excretion, such as non-sticky urine collection and
contamination of the urine collection container, make this
examination difficult. The interpretation can overlap with
other diseases such as autoimmune hepatitis, active chronic
liver disease, cholestasis, and acute liver failure, whatever
the cause (Robson et al., 2020). Copper buildup in the liver
is a characteristic of Wilson’s disease. This examination
can only be done with a liver biopsy. This examination is
not routinely carried out in Indonesia.

TREATMENT

The first step is to determine the degree of the disease
using the Nazer prognostic index. Patients with a score
of <7 can be treated medically. A score of 7-9 requires
a clinical assessment of whether sufficient medical or
liver transplantation is sufficient. A score >9 should be
considered as liver transplantation. Therapy for Wilson’s
disease is lifelong because copper accumulation in the body
cannot be achieved only with a low-copper diet (Aggrawal

and Bhatt, 2018). There are 2 phases: the acute phase, the
copper reduction, and the maintenance phase. The therapy
used is a copper chelator, zinc, or both. Copper chelators
work by binding copper directly in blood and tissues
and excreting it, whereas zinc inhibits copper absorption
in the intestine. Copper chelator, D-penicillamine, is the
first therapy of choice, but it has toxicities and side effects
that increase neurological symptoms. Trientine is a better
chelator agent than penicillamine because it has fewer
side effects but the same effectiveness (Stremmel and
Weiskirchen, 2021).

Penicillamine use should be accompanied by pyridoxine
administration because pyridoxine deficiency caused
by penicillamine will worsen neurological symptoms
(Rodriguez-Castro et al., 2015). The recommended dose
for penicillamine is 750-1500 mg per day in divided
doses 2-4 times, and pyridoxine doses are 25 mg per day.
Penicillamine is best given 1 hour before or 2 hours after
eating because the absorption is down to 50% when given
with food. Zinc administration is the therapy of choice
in patients with hepatic/cirrhosis symptoms without
decompensation/neurological symptoms (Haftu et al.,
2020). Zinc can also be given to presymptomatic patients.
Zinc causes a negative balance by reducing copper
absorption in the intestine (Maares and Haase, 2020). The
recommended dose is 50 mg elemental zinc three times a
day, each dose at least 1 hour after consuming food and
beverages other than water, and should be separated from
penicillamine/trientine. Trientine works by increasing the
excretion of copper into the urine, much like penicillamine.
The recommended dose is 900-2700 mg/day in 2 or 3
divided doses.

One way to control copper in the body is a diet low in
copper. Patients should avoidfoods high in copper, such as
chocolate, nuts, liver, mushrooms, shellfish, and the use of
copper cookware (Radhika et al., 2016). Administration of
copper chelators such as penicillamine and trientine must
be monitored for toxicity in bone marrow suppression and
proteinuria (Hedera, 2019). Complete blood count, UL,
and standard biochemical profile were performed regularly
(Poujois and Woimant, 2018). The effect of the copper
chelator can be monitored using the free serum copper
level per 24 hours. Free copper levels were calculated by
reducing total serum copper with ceruloplasmin copper.
The norm is 1.6-2.4 um/L (10-15 pg/dL). The serum
copper level should be below 3.9 pg/L (<25 pg/dL) with
therapy. Side effects of zinc are nausea or epigastric pain,
which occurs in only 10% of patients (Plum et al., 2010).
The use of zinc is classified as safe, so it does not require
monitoring toxicity through urinalysis or serum levels.

PROGNOSIS

The untreated Wilson’s disease can be fatal. Most of the
patients will experience death from liver disease and
complications of neurological symptoms. Due to Wilson’s
disease, medical therapy is generally ineffective in acute
liver disorders (Kathawala and Hirschfield, 2017). Patients
with neurological symptoms who do not fully improve
usually will develop sequelae and, in some cases, worsen
at the start of therapy. The Nazer prognostic score can be
used to determine prognosis, but generally, the prognosis
depends on the degree of liver and neurologic damage
and the level of medication adherence (Stankiewicz et al.,
2021).
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CONCLUSION

Wilson’s disease is genetic and causes excess copper
accumulation in the liver and/or brain. Mutations cause this
disease in the ATP7B gene on chromosome 13. Mutations
in the ATP7B gene cause a decrease in the formation of
ceruloplasmin, thereby increasing free copper levels in
the blood. Diagnosing Wilson’s disease is challenging
for healthcare professionals because of its wide range
of clinical manifestations and complexity. Tests to help
diagnose Wilson’s disease include a 24-hour copper urine
test, neurological tests such as a CT or MRI scan, and liver
function tests.

Adequate therapy, such as penicillamine, trientine, zinc,
and liver transplantation, can be given. Administration of
medical therapy must be accompanied by complete blood
counts, standard biochemical profiles, and urinalysis to
monitor the side effects of treatment and its effectiveness
of treatment. Wilson’s disease can have a better prognosis
with therapy than if it is not treated.
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