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Abstract: Wilson’s disease (WD) is an inherited disease caused by mutations in ATP7B and is 
characterized by the pathological accumulation of copper in the liver and brain. Common clinical 
manifestations of WD include a wide range of liver disease and neurological symptoms. In some 
patients, psychiatric symptoms may be the only manifestation at the time of diagnosis. The clinical 
features of WD are highly variable and can mimic any disease of internal medicine. Therefore, for 
unexplained medical diseases, the possibility of WD should not be ignored. Early diagnosis and 
treatment can improve the prognosis of WD patients and reduce disability and early death. Gene 
sequencing is becoming a valuable method to diagnose WD, and if possible, all WD patients and 
their siblings should be genetically sequenced. Copper chelators including D-penicillamine, tri-
entine, and dimercaptosuccinic acid can significantly improve the liver injury and symptoms of WD 
patients but may have a limited effect on neurological symptoms. Zinc salts may be more appropri-
ate for the treatment of asymptomatic patients or for the maintenance treatment of symptomatic 
patients. High-quality clinical trials for the drug treatment of WD are still lacking, therefore, indi-
vidualized treatment options for patients are recommended. Individualized treatment can be deter-
mined based on the clinical features of the WD patients, efficacy and adverse effects of the drugs, 
and the experience of the physician. Liver transplantation is the only effective method to save pa-
tients with acute liver failure or with severe liver disease who fail drug treatment. 
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1. INTRODUCTION 

 Copper is an essential trace element for humans and 
plays an important role in maintaining normal physiological 
functions. Most of the copper in the body is absorbed from 
our diet in the upper small intestine. Excess copper is ex-
creted mainly through bile, and a small part (about 3% of the 
absorbed copper) is excreted from urine [1]. If the homeosta-
sis of copper absorption and excretion is disrupted, copper 
deficiency or excess accumulation can lead to serious conse-
quences. The most typical example disease of copper accu-
mulation is Wilson’s disease (WD), also known as hepato-
lenticular degeneration, an autosomal recessive inherited 
disorder caused by ATP7B mutations on chromosome 13 [2]. 
The causative gene, ATP7B, encodes a copper-transporting 
P-type ATPase ATP7B residing in the trans-Golgi network 
of hepatocytes. ATP7B is a copper transporter required for 
the bile excretion of copper and the synthesis of functional 
ceruloplasmin. The dysfunction of ATP7B causes excessive 
copper accumulation in the liver, and large amounts of  
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non-ceruloplasmin-bound copper in the circulation leading to 
uptake then subsequent injury and impairment of brain, kid-
ney and other organs [3, 4]. 

 The clinical features of WD are highly variable, although 
the majority of the symptomatic patients have liver disease 
and/or neuropsychiatric disturbances. Because of the lack of 
specific biomarkers, early diagnosis of WD is relatively dif-
ficult, especially for asymptomatic patients and patients with 
atypical symptoms. Although serum ceruloplasmin reduction 
is one of the most characteristic features of WD, serum ceru-
loplasmin is within the normal range in approximately 5% of 
WD patients [5]. We recently treated a female patient who 
had been diagnosed with autoimmune hepatitis (via a liver 
biopsy) 20 years ago. Her hepatic lesions continued to dete-
riorate after more than 10 years of treatment with glucocorti-
coids and immunosuppressive agents. Eventually, she was 
diagnosed with WD in our department according to labora-
tory testing and genetic sequencing. Aside from the most 
common liver and brain involvement, WD can affect almost 
any system in the body, including the eyes, musculoskeletal 
system, endocrine system, hematological system, immu-
nological system, and even the heart [6]. WD is a multi-
system disorder that can mimic any internal medical disease. 
It is difficult to define whether WD is a disease or a series of 
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diseases. The possibility of WD should also be considered 
for internal medical diseases in which conventional treat-
ment is not effective. We should say: if you would think of 
WD, don't miss it. This is an important prerequisite for the 
early diagnosis of WD. A comprehensive understanding of 
WD is the basis for early diagnosis and effective treatment. 
The review will focus on the latest advances in the genetics, 
pathophysiology, and diagnosis of WD, and highlight the 
importance of early diagnosis and individualized therapy in 
the management of WD. 

2. GENETICS 

2.1. Common Mutations in ATP7B 

 WD is an autosomal recessive inherited disorder caused 
by mutations in the ATP7B gene. ATP7B is located on the 
short arm of chromosome 13 and consists of 20 introns and 
21 exons. To date, more than 700 mutations have been iden-
tified in all exons of this causative gene, and most of those 
mutations are missense mutations, small deletions or inser-
tions, and splice junction mutations [4, 7]. Due to the differ-
ences in genetic background, the ATP7B hotspot mutations 
vary greatly between different regions (Table 1). The point 
mutation H1069Q on exon14, causing the replacement of 
histidine with glutamic acid in the N-domain of ATP7B, is 
one of the most common mutations in WD patients from 
European countries. It is estimated that 50–80% of WD pa-
tients from central, eastern, and northern Europe carry at 
least one H1069Q allele [8-11]. H1069Q is also the most 
common mutation in WD patients from North America with 
a high allele frequency of 38% [12]. The frequency of 
H1069Q is only about 19% in WD patients from the United 
Kingdom (UK), much lower than that in other European 
countries. The second most common mutation identified in 
the same UK cohort is the M769V in exon 8 with a fre-
quency of 6% [13]. Other mutations such as 2299insC and 
3400delC have been reported as common mutations in the 
WD patients from Europe, with a frequency of less than 10% 
[8, 11]. However, the common mutations of ATP7B in Asian 
populations are quite different from those in European popu-
lations. The point mutation R778L in exon 8 is the most 

common mutation in WD patients from east Asian countries, 
with an allele frequency of 13–49% [14-17]. In addition to 
R778L, P992L and T935M are also common ATP7B muta-
tions in the Chinese population, and these three mutations 
are found in more than 70% of patients with WD [15]. In 
central and eastern Japan, 2871delC is the most common 
mutation in WD patients, with an allele frequency similar to 
that of R778L [17, 18]. In addition, C271X is reported as the 
most common ATP7B mutation in the eastern Indian pa-
tients, and the mutation spectrum between east and west In-
dia is quite different [19, 20]. Despite WD as an autosomal 
recessive disorder, patients with homozygous mutations in 
ATP7B are not common. Most WD patients are compound 
heterozygotes with two different mutations on each copy of 
the chromosome [21]. Conventional gene sequencing-based 
on hotspot mutations can usually find one mutation in WD 
patients with compound heterozygotes, but the other muta-
tion is often missing. These rare mutations may be present in 
siblings or parents of WD patients and become family-
specific mutations. 

2.2. Genotype-Phenotype Correlation 
 Mutations in ATP7B gene may result in the absence or 
complete disablement of the ATP7B protein, although these 
mutations are fairly rare. These mutations are reported to be 
associated with an earlier age of onset and lower serum ceru-
loplasmin oxidase activity [25]. Common missense muta-
tions like H1069Q tend to impair the structural stability of 
ATP7B protein and are associated with its reduced levels 
[26, 27]. Recently, Ferenci et al. conducted a large-scale 
genetic study including more than 1000 European WD pa-
tients, but they did not find a genotype-phenotype correla-
tion. Gender and age may affect the phenotype of WD, and 
cirrhosis is more common in female patients and adult pa-
tients [11]. As mentioned above, R778L is the most common 
mutation in east Asian WD patients. Wu and Cheng et al. 
found that homozygous R778L mutation was associated with 
the early onset of WD with hepatic presentation and a lower 
ceruloplasmin concentration [23, 28]. In addition, young 
children carrying R778L may present with a higher rate of 
acute liver failure (ALF) than the patients without R778L 

Table 1. Common ATP7B mutations in Europeans and Asians. 

  Variants Exon DNA Nucleotide Change Protein Amino Acid Change Allele Frequency Refs. 

H1069Q 14 3207C > A His1069Gln 17–78% [8-11] 

2299insC 8 2298-2299insC Pro767Pro-fs 3–11% [8, 11] 

M769V 8 2305A > G Met769Val 6–8% [13, 22] 
Europe 

3400delC 15 3400delC Frameshift 3–7% [8, 11*] 

R778L 8 2333G > T Arg778Leu 13–49% [14-17, 23] 

P992L 13 2975C > T Pro992Leu 6–16% [15, 24] 

2871delC 13 2871delC Frameshift 16–20% [17, 18] 
Asia 

C271X  2 813C > A Cys271Stop 19–24% [19, 20] 
*3402delC instead of 3400delC according to the author. 3402delC and 3400delC have the same reference single nucleotide polymorphism (SNP) cluster identification number 
(rs137853281). 
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[29]. Nevertheless, these results are still controversial [30]. 
Correlations between genotypes and phenotypes of the 
common ATP7B mutations have not been clearly established 
[11]. 

 The lack of genotype–phenotype correlation is partly due 
to the finding that the majority of patients with WD are 
compound heterozygotes, and the likely influence of envi-
ronmental factors such as dietary copper intake and absorp-
tion, and due to modifier genes that affect one’s copper tol-
erance [4]. Modifier genes are a group of genes that alter the 
expression of a gene at another locus or its phenotypic ex-
pression. Several genes such as Apolipoprotein E (APOE) 
and 5,10-methylenetetrahydrofolate reductase (MTHFR) 
have been proposed as potential modifier genes of ATP7B 
[31, 32]. APOE gene is associated with lipid metabolism and 
has been identified as the major genetic risk factor of late-
onset Alzheimer's disease [33]. The presence of the APOE ε3 
or ε4 allele may be associated with late and early onset of 
WD, respectively [31, 34]. However, the association between 
APOE and WD phenotype was not confirmed in other inde-
pendent studies [35, 36]. MTHFR gene encodes a key folate–
homocysteine pathway enzyme. Gromadzka et al. reported 
that the polymorphism of the MTHFR gene was associated 
with the phenotypic variability of WD. Patients with 
MTHFR C677T allele were more likely to show hepatic 
signs, while the A1298C allele was associated with an earlier 
age of onset [32]. Recently, a whole-exome sequencing 
analysis including 248 WD patients identified esterase D 
(ESD) and INO80 as two possible modifier genes. Rare mu-
tations in ESD and INO80 increased and reduced the possi-
bility for the neurological phenotype, respectively [37]. 
Other potential modifier genes, such as human homologue 
antioxidant 1 copper chaperone (ATOX1), copper metabo-
lism domain-containing 1 (COMMD1), Prion Protein 
(PRNP), and patatin-like phospholipase domain-containing 3 
gene (PNPLA3), may be associated with the phenotype of 
WD, but have not been confirmed in other independent stud-
ies. The potential modifier genes were well summarized by 
Medici et al. in their recent published review [38]. The role 
of modifier genes in the disease heterogeneity seems limited 
but remains to be fully investigated. In addition to modifier 
genes, gender may also affect the phenotype of WD. Female 
patients are more likely to show liver symptoms and ALF 
[11]. In order to establish an accurate genotype–phenotype 
correlation, potential modifier genes need to be validated in 
larger independent cohorts. 

3. PREVALENCE 

 The world prevalence of WD had been estimated as 
1/30000, based on a heterozygous ATP7B mutation carrier 
frequency of 1/90 in 1984 [39-41]. However, the true preva-
lence of WD may be higher than previously thought. The 
prevalence of WD varies widely in different regions due to 
differences in genetic backgrounds, and it is higher in rela-
tively isolated populations because of similar genetic back-
grounds [42]. In the absence of large-scale epidemiological 
investigations, the prevalence of WD is often estimated 
based on laboratory tests and the ATP7B mutation carrier 
frequency. It is believed that east Asia countries have a 
higher prevalence of WD than western countries. Two large 

epidemiological investigations in China identified 9 cases of 
WD in a population of 153370, with a prevalence rate of 
5.87/100000 [30]. Considering that some asymptomatic pa-
tients do not have Kayser-Fleischer rings and biochemical 
abnormalities, the actual prevalence may be higher in China. 
Mass screening studies performed in South Korea and Japan 
showed a relatively higher prevalence of WD (1 in 3667 and 
2 in 2789, respectively) in children based on serum ceru-
loplasmin concentrations [43, 44]. Studies based on clinical 
features tend to miss early asymptomatic patients, and 
screening of biochemical parameters may lead to more false-
positives. ATP7B genotype analysis is a relatively accurate 
epidemiological research method but still requires a large 
sample size. Through haplotype analysis of 660 healthy in-
dividuals, the prevalence of WD in Hong Kong Chinese is 
estimated as 1/5400 [45]. Furthermore, a genetic analysis 
performed in 500 healthy South Korean individuals indicated 
the ATP7B mutation carrier frequency was 1/27 and the ex-
trapolated prevalence of WD was 1/3000 [46]. Nevertheless, 
the prevalence predicted based on hotspot mutations analysis 
is not accurate because most pathogenic mutations in WD 
are rare mutations. Recently, a large-scale investigation con-
ducted in the UK indicated that the heterozygote ATP7B 
mutation carrier frequency was 1/40, predicting prevalence 
of 1/7000 [13]. However, the prevalence of clinically diag-
nosed WD patients is far less than those reported in the 
above studies. This is partly due to the difficulty in early 
diagnosis of WD for its varying clinical features, and the 
possibility of incomplete penetrance of ATP7B mutations. It 
is foreseeable that with the further understanding of WD and 
the development of economical and rapid ATP7B gene se-
quencing technology, more WD patients will be diagnosed 
and we will be able to determine the true penetrance of the 
disease. 

4. PATHOGENESIS AND PATHOLOGICAL CHANGES 

 Mutations in ATP7B result in partial or complete struc-
tural and functional abnormalities of ATP7B protein, leading 
to disturbed copper homeostasis in the body. ATP7B plays a 
critical role in maintaining copper homeostasis in hepato-
cytes and neurons mainly through two physiologic processes. 
Firstly, ATP7B is essential for the transport of copper for the 
synthesis of functional ceruloplasmin (holoceruloplasmin), 
which contains six copper atoms per molecule. Secondly, 
ATP7B is the transporter responsible for the biliary excretion 
of excess intracellular copper in hepatocytes [47]. This could 
explain why most WD patients present with low serum ceru-
loplasmin levels and increased hepatic copper content. In-
creased intracellular copper accumulates in the liver, and 
then distributes to brain, kidney, eye, heart, and other organs, 
leading to oxidative stress and damage of cell components. 
In turn, a series of clinical symptoms including liver disease, 
neuropsychiatric symptoms, renal tubular dysfunction, oph-
thalmologic symptoms, and cardiomyopathy may present in 
WD patients due to the toxic effects of copper [48]. 

4.1. Copper Homeostasis 

 Copper is an essential trace element for humans to main-
tain normal physiological functions and brain development. 
Acting as a cofactor or structural component of various en-
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zymes, copper is involved in many physiological processes 
such as mitochondrial respiratory chains, antioxidant de-
fense, and neurotransmitter synthesis [49]. However, the 
excess accumulation of copper can cause the generation of 
toxic reactive oxygen species due to its redox activity, lead-
ing to oxidative DNA damage and mitochondria-mediated 
apoptosis [50]. Furthermore, excess copper may directly 
inhibit the functions of enzymes [51]. Therefore, the absorp-
tion, transport, storage and excretion of copper must be pre-
cisely regulated to control the level of copper within a proper 
range, providing enough copper for the synthesis of copper-
containing enzymes while preventing copper-induced oxida-
tive stress (Fig. 1). 

 Daily food is the main source of copper in the body. 
Some foods such as animal liver, shellfish, beans, nuts, and 

chocolate are rich in copper. Most copper is absorbed in the 
upper small intestine and then transported to the liver 
through the portal vein. Generally, 1.0 mg of copper per day 
is absorbed into the body through diet but the physiological 
requirement for copper is only 0.75mg per day, and the re-
maining copper is excreted by the liver mainly through the 
bile to maintain the copper balance [52]. Copper homeostasis 
is regulated by a series of proteins including transmembrane 
and cytosolic copper transporters, copper storage proteins, 
and copper-binding enzymes [7]. The copper transport recep-
tor 1 (CTR1) is the main copper transmembrane transporter 
in normal physiological processes, although other copper 
transmembrane transporters such as divalent metal trans-
porter 1 (DMT1) have been reported [53, 54]. When copper 
enters the cells, it binds to the copper chaperones and trans-
ports to intracellular biomolecules. Copper chaperone for 

 
Fig. (1). Regulation of copper homeostasis. (a) Dietary copper enters the digestive tract and is absorbed into the blood mainly through the 
small intestine. Serum copper is then transported to the liver through the portal vein. (b) Copper is taken up by the intestinal enterocytes 
through CTR1 on the apical site, and then is released into the blood through ATP7A at the basolateral aspect. Copper loosely binds to pro-
teins such as albumin in the blood and then transported to the liver. (c) Copper enter the hepatocytes via CTR1 and then bind to copper chap-
erones. Copper chaperone CCS transports copper to SOD1. Copper-specific chaperone ATOX1 transports copper to the copper transporting 
P-type ATPases ATP7A and ATP7B. COX17, SCO1, SCO2, and COX11 transport copper in the cytoplasm to synthesize cytochrome c oxi-
dase. Intracellular free copper can be stored in combination with MT and GSH. ATP7B transports copper into the TGN to provide copper for 
the synthesis of CP. In addition, ATP7B is the main copper-transporter for biliary copper excretion in hepatocytes. (d) ATP7A and ATP7B 
in choroid epithelial cells excrete excess copper into CSF or blood to maintain copper balance in the brain. Brain capillary endothelial cells 
absorb copper from the blood through CTR1, and then release copper into the brain parenchyma through ATP7A. ATOX1, antioxidant pro-
tein 1; BBB, blood-brain barrier; BCB, blood-CSF barrier; CCS, copper chaperone for superoxide dismutase; COX17, Cytochrome c oxidase 
copper chaperone 17; CP, ceruloplasmin; CSF, cerebrospinal fluid; CTR1, copper transporter 1; GSH, glutathione; MT, metallothionein; 
SOD1, superoxide dismutase 1; TGN, trans-Golgi network. (A higher resolution / colour version of this figure is available in the electronic 
copy of the article). 
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superoxide dismutase (CCS) transports copper to superoxide 
dismutase 1 (SOD1), which is involved in free radical defense. 
Copper-specific chaperone antioxidant protein 1 (ATOX1) 
transports copper to the copper transporting P-type ATPases 
ATP7A and ATP7B. Cytochrome c oxidase copper chaper-
one 17 (COX17), SCO1, SCO2, and COX11 transport copper 
in the cytoplasm to provide copper for the synthesis of cyto-
chrome c oxidase in mitochondria. In addition, intracellular 
free copper is controlled at a fairly low concentration by 
binding to metallothionein (MT) and ligands like glutathione 
(GSH) [55]. Mitochondria play a critical role in maintaining 
intracellular copper balance. Copper is an important cofactor 
of several key enzymes in the oxidative respiratory chain. 
Furthermore, mitochondria have been suggested as a dy-
namic copper pool, and the copper level in mitochondria 
changes with the cytosolic copper level [56, 57]. The excre-
tion of copper mainly relies on the function of ATP7A and 
ATP7B, which can transport copper across the cell mem-
brane by using the energy of ATP hydrolysis [58]. Dietary 
copper is mainly absorbed by enterocyte through CTR1 and 
then transported into the interstitial fluid by ATP7A at the 
basolateral aspect of the enterocyte. When the concentration 
of intracellular copper rises above the normal range or the 
concentration of copper in peripheral blood decreases, hepa-
tocytes release the stored copper into peripheral blood 
through ATP7A and ATP7B. Similarly, the two ATPases in 
choroid epithelial cells excrete excess copper into the cere-
brospinal fluid (CSF) or blood to maintain copper balance in 
the brain [49]. ATP7B transports copper into the trans-Golgi 
network to provide copper for the synthesis of holoceru-
loplasmin. More importantly, ATP7B is the main copper-
transporter for biliary copper excretion in hepatocytes. In 
WD, the non-function mutations in ATP7B cause disruption 
of copper excretion from hepatocytes to the bile, leading to 
excessive accumulation of copper in the liver. When copper 
accumulates in hepatocytes to its capacity, excess free cop-
per is released into the circulation and distributed to organs 
such as the kidneys, heart, eyes, and brain. Increased intra-
cellular copper concentration leads to free radical formation 
and oxidative stress, and mitochondrial dysfunction by 
mechanisms other than oxidative stress [59]. 

4.2. Pathological Changes 

4.2.1. Liver Pathology 

 The accumulation of toxic copper is considered as the 
main cause of hepatic injury in WD. Excess intracellular 
copper, especially the free copper is the main cause of oxida-
tive stress due to its redox activity, leading to injury of DNA, 
RNA, lipids, proteins, and other small molecules. Copper 
can change between cuprous and divalent copper, catalyzing 
hydrogen peroxide and superoxide to generate highly reac-
tive hydroxyl radicals through the Haber-Weiss reaction 
[60]. Copper can also split lipid hydroperoxides to generate 
alkoxyl and peroxyl radicals and accelerate lipid peroxida-
tion via a reaction like the Fenton reaction [61]. In addition, 
excess copper may induce apoptosis by activating acid 
sphingomyelinase and releasing ceramide, and inhibits the 
activities of some enzymes by nonspecific binding to their 
thiol groups [62, 63]. Compared with other organelles, mito-
chondria are more sensitive to oxidative stress caused by 

copper. Copper may induce cardiolipin fragmentation to in-
fluence the integrity and function of the mitochondrial mem-
brane, which can lead to mitochondrial damage [64]. Mito-
chondrial damage has been observed in the hepatocytes of 
early WD patients, thus it is considered as an initial event of 
liver injury [65, 66]. 

 The liver is the major organ for ATP7B synthesis and 
regulation of copper metabolism. The distribution of copper 
in the liver is inhomogeneous, and copper concentration in 
hepatocytes changes during disease progression. Typically, 
the liver copper content (dry weight) in WD patients is five-
fold higher or more than that of healthy individuals [67]. In the 
early stages of WD, cytosolic copper in hepatocytes tends to 
bind to MT, which are cysteine-rich proteins that can bind and 
store heavy metals. The MT-bound copper is not histochemi-
cally detectable by standard tests, but the Timm stain may 
detect the copper sulfur complexes. As the disease progresses, 
more and more copper accumulates in hepatocytes and then 
enters lysosomes. The lysosomal copper protein complexes 
are now detectable by rhodamine [68]. When the copper in 
hepatocytes exceeds their capacity, a large amount of non-
ceruloplasmin-bound copper is released into the circulation 
and gradually accumulates in different organs of the body. 

 The histologic spectrum of liver injury in WD ranges 
from normal to very mild changes to severe disease with 
massive necrosis [69]. In the initial stage of the disease, the 
liver histology may include nonspecific changes such as mild 
portal lymphocytic inflammation, simple steatosis, nuclear 
glycogenation of hepatocytes but no obvious fibrosis [70]. 
Subsequently, hepatocyte degeneration and ballooning, Mal-
lory hyaline bodies, and hepatocyte necrosis can be observed 
by light microscopy. However, some of these histologic 
changes are not specific and are seen in other liver diseases 
[71]. The typical pathological changes of chronic active viral 
hepatitis and autoimmune liver disease have been observed 
in some WD patients [72]. With the progression of the dis-
ease, liver disease appears more chronic with steatohepatitis 
and progressive typical liver fibrosis and eventual micro-
nodular and macronodular cirrhosis. It should be noted that 
WD is highly suspected in patients presenting unexplained 
liver disease with multiple pathologic changes, especially in 
young patients [71]. Acute hepatic necrosis on the back-
ground of fibrosis appears in a minority of patients and is 
associated with ALF. 

4.2.2. Brain Pathology 

 Neurological symptoms and brain damage in WD are the 
primary extrahepatic manifestations of copper toxicity. The 
human brain has the highest concentration of copper after the 
liver [73]. The copper concentration in the brain of WD pa-
tients is 10-15 fold higher than in healthy controls, but the 
distribution of copper is inhomogeneous among different 
brain regions [74, 75]. Copper concentrations in the brain 
parenchyma and CSF of WD patients were still higher than 
normal even after years of chelation treatment [48]. A neu-
ropathological study including 11 WD patients found a cor-
relation between the severity of brain injury and brain copper 
content [74]. However, Faa et al. reported that the increased 
copper content had no correlation with the neuropathologic 
lesions [76]. In another study with 12 WD patients, the brain 
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copper was homogeneously distributed in the examined 
structures (frontal cortex, putamen, pons, and dentate nu-
cleus) and was increased almost eight times than controls. 
The copper concentration in putamen correlated positively 
with the duration of the disease [77]. Astrocytes play a criti-
cal role in regulating copper homeostasis and copper toxicity 
in the brain. Astrocytes are not only a major component of 
the blood-brain barrier but are essential in metabolic supply 
to neurons, modulation of synaptic plasticity and functions, 
and defense against oxidative stress [49, 78]. The toxicity of 
copper is firstly buffered by astrocytes. Astrocytes are able 
to store large amounts of copper, which may be achieved by 
upregulating the synthesis of copper-bounding proteins such 
as MT and GSH [79, 80]. In response to rising levels of cop-
per in the brain, the number of astrocytes increases (astrogli-
osis), and at the same time, the morphology of astrocytes 
changes (cell swelling) [81]. Alzheimer's types of glia and 
Opalski cells are two types of abnormal astrocytes that are 
considered to be characteristic pathological changes in the 
brain of WD. Staining showed that these cells were rich in 
MT and copper, suggesting their role in copper detoxifica-
tion [82]. As the intracellular copper accumulates, the buffer-
ing effect of astrocytes is depleted, leading to excess copper 
being distributed to other brain tissues. The increased copper 
concentration and changes in the cerebral microenvironment 
caused by astrocyte damage may induce impairment of neu-
rons and oligodendrocytes [83]. 

 Different regions of the brain show distinct susceptibility 
to copper toxicity, and the most vulnerable areas are basal 
ganglia, especially the putamen [75]. The basal ganglia in the 
brain are more sensitive to copper toxicity probably due to 
its increased blood supply, abundant mitochondria, and high 
metabolic rate. In addition to the basal ganglia, thalamus, 
midbrain, and pons are also regions vulnerable to toxic in-
jury, and abnormal signals in these regions are often seen in 
magnetic resonance imaging (MRI) [84]. Pathological 
changes including astrogliosis, demyelination, and tissue 
disintegration in these regions may lead to hyperintensity in 
T2-weighted images in MRI. Demyelination lesions tend to 
occur in fiber bundles across the frontal lobe, basal ganglia 
and pontine regions. Basal ganglia and associated fiber bun-
dle lesions are the pathophysiological basis of dystonia, 
parkinsonism and dyskinesia in WD [48]. All the cells in the 
brain will necrose when exposed to high concentrations for 
long periods of time. Dopaminergic neurons in substantia 
nigra may be affected, and parkinsonism in WD may be 
caused by damage to the presynaptic substantia striatum 
pathway. Cortical and white matter lesions have also been 
reported in several cases, and these lesions may be related to 
epilepsy [85, 86]. 

 Besides copper toxicity due to ATP7B dysfunction, other 
factors such as hepatic encephalopathy and accumulation of 
iron may contribute to the neuropathological changes in WD 
[48]. Although ATP7B has been identified in the brain, its 
role in maintaining brain physiological functions is still not 
clear. Some WD patients with ATP7B mutations remain to 
have no neurological symptoms after many years of onset, 
but other patients with the same genotype may develop neu-
rological symptoms at an earlier age. ATP7B knockout mice 

showed neuron morphologic abnormalities even without 
significant copper deposition, raising the possibility that 
copper deposition might not be the only cause of neuropa-
thologic changes in WD [87]. Hepatic encephalopathy, 
caused by liver dysfunction, portosystemic shunting or both 
may contribute to neuropathological changes in WD. Ab-
normal astrocytes like Alzheimer's type of glia existed in the 
brain of WD, can also be observed in hepatic encephalopa-
thy. Some WD patients showed bilateral pallidus hyperinten-
sity in T1-weighted images in MRI, which was also observed 
in patients with portosystemic shunt [7]. It should be noted 
that in addition to copper, a large amount of iron may be 
deposited in the brain of WD patients. Postmortem neuropa-
thologic studies found that the amount of detectable iron 
accumulated in the basal ganglia correlated with the patho-
logical severity of changes due to WD and was accompanied 
by an increased number of iron-containing macrophages [88, 
89]. Positron emission tomography (PET) scans of 52Fe-citrate 
in vivo also showed increased cerebral iron uptake in WD 
patients [90]. The mechanism of iron accumulation in WD 
patients and its effect on brain pathophysiology are still unclear. 

5. CLINICAL FEATURES 

 Although WD patients may show clinical symptoms at 
any age, most patients develop symptomatic disease between 
the ages of 5 and 35. The youngest patient diagnosed with 
WD was an 8-month-old child [91]. In contrast, late-onset 
patients diagnosed with WD in their 70s have been reported 
[92]. Therefore, the age of a patient cannot be used to ex-
clude WD. Liver disease and neuropsychiatric disorders are 
the most common clinical features of WD. The clinical fea-
tures of WD can be quite complex, including not only liver 
and neuropsychiatric symptoms, but also symptoms due to 
injury of other organs as well. 

5.1. Liver Disease 

 WD patients generally develop liver disease in the first or 
second decade of their lives. Liver disease appears in most 
WD patients with or without neurological symptoms and 
may precede neurological symptoms by 10 years [67]. Liver 
disease presents as the first clinical symptom in 40–60% of 
WD patients and other symptoms may be present as well [7]. 
The spectrum of liver disease in WD is highly variable, rang-
ing from asymptomatic to severe cirrhosis with complica-
tions of portal hypertension and even ALF. Most asympto-
matic WD patients are diagnosed through family screening 
(siblings of WD patients) by medical examination and bio-
chemical testing, only increased serum transaminases along 
with disease-specific findings such as the presence of Kay-
ser-Fleischer rings, a low ceruloplasmin level, or the ele-
vated urine copper excretion. In the early stages of the dis-
ease, the liver disease slowly progresses from elevated serum 
transaminases to a state of chronic active hepatitis [93]. In 
children and adolescents, early liver histology includes mild 
to moderate steatosis, which can sometimes be detected on 
ultrasonography as well as liver biopsy. The persistent active 
inflammation in the liver leads to fibrosis progression, and 
WD patients gradually develop advanced fibrosis and cirrho-
sis, initially compensated and later on decompensated with 
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complications of portal hypertension. Similar to the clinical 
manifestations of chronic active hepatitis caused by other 
diseases, WD patients with compensated chronic cirrhosis 
often present with fatigue, jaundice, and abdominal discom-
fort and have splenomegaly on examination. Portal hyperten-
sion with edema, ascites, esophageal or gastric varices and 
hepatic encephalopathy may occur in patients with decom-
pensated cirrhosis [94]. Jaundice in WD patients may be 
caused by liver dysfunction in advanced disease; however, it 
may also be caused or exacerbated by transient or chronic 
hemolysis. Obvious hemolysis is usually seen in severe ALF. 
In this setting, massive necrosis of hepatocytes leads to the 
release of copper into blood, and high levels of serum-free 
copper may have a direct oxidation effect on hemoglobin 
and membrane phospholipids, which may be the underlying 
mechanism of hemolysis [95]. A study including 321 WD 
patients revealed that 22 of these patients presented with 
acute hemolysis [96]. In another study including 283 Japa-
nese WD patients, only 3 patients with acute hemolysis were 
observed [97]. Low-grade hemolysis may also occur in WD 
patients without any obvious manifestation of liver disease. 

 ALF caused by WD, also known as fulminant WD or 
abdominal Wilsonian disease, is the most severe form of 
liver disease. The most common clinical symptoms of ALF 
are rapid onset of jaundice, ascites, severe coagulopathy, 
acute renal failure, and hepatic encephalopathy, similar to 
ALF caused by other etiologies. ALF due to WD accounts 
for about 5% of all ALF cases and accounts for 6–12% of all 
ALF cases requiring emergency liver transplantation [98, 
99]. ALF tends to present more frequently in young females 
(female: male ratio 4: 1) and WD patients who interrupt 
medical therapy [94]. ALF should be highly suspected when 
a WD patient presents with deep jaundice, anemia, low level 
of serum alkaline phosphatase, and only mild transaminase 
elevation [67]. It should be noted that some WD patients 
may also have concurrent liver diseases such as autoimmune 
hepatitis, nonalcoholic steatohepatitis, and viral hepatitis. As 
the liver histologic changes of WD overlap with these liver 
diseases, sometimes the diagnosis of WD can be delayed and 
the disease becomes more severe over time. A retrospective 
cohort study found that 9 of 42 WD patients had concurrent 
liver disease, including 4 patients with autoimmune hepatitis, 
2 patients with hepatitis C virus, and 1 patient with viral 
hepatitis progressing to hepatocellular carcinoma (HCC). 
Patients with concurrent liver disease were significantly 
older at diagnosis, with more advanced fibrosis and cirrhosis 
and are associated with higher mortality [100]. Concurrent 
liver disease may accelerate the deterioration of liver symp-
toms, delay the diagnosis of WD, and also affect the judg-
ment of whether drug treatment is effective. Therefore, other 
liver disorders must be excluded in WD patients embarking 
on disease-specific treatment. Although liver cirrhosis is a 
common clinical feature in WD patients, HCC is rarely pre-
sent in WD patients. This phenomenon may be explained by 
the antitumor effect of copper in hepatocytes [101]. A retro-
spective study including 130 WD patients found only 2 pa-
tients progressing to HCC after a median follow-up of 15 
years. The estimated annual HCC incidence in WD patients 
is 0.09% for all patients and 0.14% for patients with cirrhosis 
[102]. In another cohort of 363 WD patients, only 2 patients 

with cirrhosis (0.5%) developed HCC after more than 30 
years of treatment [103]. Recently, a large-scale retrospec-
tive study found 8 cases of HCC and 6 cases of intrahepatic 
cholangiocellular carcinomas (ICC) in 1186 WD patients. 
The low HCC risks in WD did not reach the recommended 
thresholds for screening and surveillance for HCC [104]. 
Therefore, regular HCC monitoring may be unnecessary for 
WD patients without other risk factors. 

5.2. Neuropsychiatric Symptoms 

 Neurological symptoms are also one of the more com-
mon and characteristic symptoms of WD. Neurological 
symptoms generally appear between the ages of 20 and 30, 
about 10 years after the onset of liver symptoms. It is esti-
mated bout 18–68% of WD patients were diagnosed for their 
initial neurological symptoms, and these symptoms may also 
occur without obvious liver disease [105]. There is a wide 
spectrum of neurological symptoms in WD, and most are 
extrapyramidal symptoms caused by copper-induced damage 
to the basal ganglia and associated fiber bundles. The most 
common neurological symptoms include tremor, dystonia, 
dysarthria, parkinsonism, chorea, and athetosis [106]. Neuro-
logical symptoms can be very subtle and persist for many 
years, but their onset and progression may also be rapid, 
leading to complete disability within a few months. In gen-
eral, patients with neurological symptoms continue to pro-
gress and eventually develop severe disabilities if they are 
not diagnosed or treated promptly [67]. There is no specific 
neurological manifestation in early WD patients. Neurologi-
cal WD patients usually begin with mild dysarthria, 
dysphagia, and finger tremors. These symptoms of WD pa-
tients can persist for several years without significant pro-
gression, or they can quickly worsen within a few months if 
not diagnosed and treated properly. The neurological mani-
festations of WD patients can be classified into three syn-
dromes: dystonic syndrome, parkinsonian syndrome, and 
ataxia syndrome. However, the neurological symptoms of 
most WD patients are not isolated but a combination of these 
features [4]. 

 Tremor is one of the most characteristic symptoms in 
neurological patients with WD. The characteristic tremor is 
the wing-beating tremor or flapping tremor, a coarse and 
irregular limb tremor similar to that of a bird flapping its 
wings. Wing-beating tremor combined with dysarthria 
highly suggests the possibility of WD. Rest, action, or inten-
tion tremor may occur alone or in combination in WD pa-
tients [4]. Tremor may be bilateral or limb asymmetry and 
may gradually affect other parts of the body with disease 
progression. Unlike Parkinson's disease, tremor in WD pa-
tients is generally not accompanied by hypermyotonia, and 
some patients with tremor even show hypomyotonia. Wing-
beating tremor can be observed in patients with hepatic en-
cephalopathy and it may be a feature of negative myoclonus. 
Dystonia is a common symptom in WD and affects more 
than 30% of all patients with neurological symptoms. Dysto-
nia in WD can be focal, segmental, multifocal, or even gen-
eralized, ranging from mild to severe contractures. Putamen 
abnormalities are found in 80% WD patients with dystonia, 
indicating that damage to the putamen may be associated 
with dystonia [107]. Dystonia often involves the cranial re-
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gion and is clinically manifested as abnormal facial expres-
sions (e.g., facial grimacing and risus sardonicus), dysarthria, 
and oropharyngeal dystonia (e.g., open jaw drooling). Focal 
dystonia affecting the limbs, neck, tongue, and blepharo-
spasm are often observed in WD [106]. Speech changes and 
drooling are the most common neurologic symptoms in the 
early stage of WD. Young patients with tremor and dystonia 
should be highly suspicious of WD [67]. Like tremors, 
dystonia can also be asymmetrical, gradually spreading 
throughout the body as the disease progresses. Severe dysto-
nia can lead to postural abnormalities of the neck, trunk, and 
limbs. 

 Dysarthria is another neurological symptom present in 
neurologically affected WD patients, and 85–97% of patients 
with neurological symptoms have varying degrees of 
dysarthria [108, 109]. Dysarthria is often combined with 
other neurological symptoms with spastic, ataxic, hypoki-
netic, and dystonic components, such as slow tongue move-
ments and orofacial dyskinesias [4, 52]. 

 Seizures are also observed in some patients with WD and 
may occur at any stage of the disease. While most WD will 
not have seizures, the prevalence of seizures in WD patients 
is estimated to be 6–8%, which is ten times higher than that 
of epilepsy in the general populations [86, 110]. Seizures in 
WD patients may be related to lesions of the cortical white 
matter tracts, and are more likely to occur in patients receiv-
ing chelators treatment. The overtreatment or abrupt dis-
balance of WD and copper deficiency may be one of the 
causes of seizures [111]. In addition to neurological symp-
toms discussed above, WD patients may present other rare 
neurological symptoms including olfactory dysfunction, 
rapid eye movement sleep behaviour disorder, neuropathy, 
restless leg syndrome, and headaches [105]. 

 Psychiatric symptoms may occur in WD patients inde-
pendently or combined with neurological symptoms. Ac-
cording to a recent review, psychiatric symptoms were ob-
served in bout 30–40% of WD patients at the time of their 
diagnosis [112]. In general, psychiatric symptoms can easily 
obscure the true condition of WD, leading to delayed diag-
nosis of WD [112]. The most common psychiatric symptoms 
include abnormal behavior, personality changes, depression, 
and anxiety. Children with WD may exhibit decreased aca-
demic performance, personality changes, and inappropriate 
behavior, which are often mistaken for adolescent problems 
[67]. The possibility of WD should be considered if young 
patients with psychiatric symptoms are accompanied by liver 
test abnormalities, sensitivity to neuroleptics, a family his-
tory of psychiatric symptoms, and a history of jaundice 
[113]. Psychiatric features such as depression, paranoia, and 
schizophrenia can occur in adult patients. Cognitive impair-
ment is one of the neurological features of WD patients and 
is present in some patients with psychiatric symptoms. In 
WD patients, executive function or implicit cognition related 
to the frontostriatal circuits is vulnerable, but episodic  
memory and verbal intelligence are less affected [114]. WD 
patients with neurological symptoms may present with  
impairment of all cognitive functions, including executive 
function, memory, and visuospatial processing [115].  
Furthermore, the attention deficit is more likely to occur in 
WD patients with neurological symptoms [116]. 

5.3. Other Clinical Symptoms 

 Kayser-Fleischer rings are common clinical features of 
WD caused by abnormal copper deposits in the corneal De-
scemet's membrane. Kayser-Fleischer rings exist in most 
WD patients at the time of diagnosis and are more likely to 
appear in WD patients with neurological symptoms. Ap-
proximately 95% of WD patients with neurological symp-
toms and 50% WD patients without neurological symptoms 
have Kayser-Fleischer rings, but pediatric WD patients with 
liver symptoms often lack this feature [67]. On ophthal-
mological inspection, the Kayser-Fleischer rings are usually 
brown or golden rings at the edge of the cornea (starting in-
feriorly and superiorly and expanding to become circumfer-
ential with time), and are visible under the slit-lamp. Any 
patient who suspects WD should have an ophthalmic slit-
lamp examination, which is easy to perform. Anterior seg-
ment optical coherence tomography (AS-OCT), a new 
method of detecting copper deposits in cornea, may be more 
sensitive than slit lamps in detecting Kayser-Fleischer rings 
[117]. AS-OCT could detect the Kayser-Fleischer rings that 
could not be found under the slit-lamp in WD patients [118]. 
In addition, optical coherence tomography (OCT) also found 
thinning of the total retinal nerve fiber layer and macular 
thickness, reflecting neurodegeneration in WD patients [119, 
120]. However, Kayser-Fleischer rings are not a specific 
ophthalmological sign of WD, and can rarely be observed in 
obstructive liver diseases such as cholestasis and primary 
biliary cirrhosis [52]. Another ophthalmological sign, sun-
flower cataracts, is less common than Kayser-Fleischer rings 
and occurs in about 2–20% of WD patients [105]. 

 The cardiovascular system is also affected in some WD 
patients. The average copper content of myocardium in WD 
patients (157 µg/g) is about 10-fold higher than that in 
healthy individuals (17 µg/g) [121]. Cardiac symptoms in 
WD patients include arrhythmias, cardiomyopathy, and 
autonomic dysfunction. In a cohort of 125 WD patients, the 
structural and functional changes of the heart were mainly 
manifested as mild left ventricular hypertrophy and diastolic 
function changes, which were more obvious in neurological 
WD patients [122]. WD patients with severe clinical symp-
toms may present with cardiac manifestations and have a 
higher risk of developing structural heart disease [123]. It is 
estimated that WD patients have a 29% higher risk of atrial 
fibrillation and a 55% higher risk of incident heart failure 
compared to the general populations [6]. Other clinical mani-
festations include renal abnormalities, bone demineraliza-
tion, endocrine abnormalities, pancreatitis, immunologic 
abnormalities, skin changes, infertility, and repeated miscar-
riage [67, 121]. Although these symptoms are not common 
in WD patients and some are not very specific to WD, they 
may divert attention to different processes and thereby delay 
diagnosis, leading to more severe liver and brain damage 
with time. Therefore, attention should be paid to the diver-
sity of clinical manifestations of WD. 

6. DIAGNOSTIC METHODS 

6.1. Clinical Diagnosis of WD 

 The diversity of clinical manifestations of WD often 
makes it difficult to differentiate WD from other diseases. 
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Therefore, the diagnosis of WD requires a combination of 
clinical manifestations and laboratory tests. In 2001, a WD 
diagnostic scoring system was developed at the 8th Interna-
tional Meeting on Wilson's Disease held in Leipzig, Ger-
many [124]. The scoring system is based on clinical features, 
copper-related laboratory tests, and genetic testing data from 
WD patients that are used to calculate a total score. This WD 
scoring system provides excellent diagnostic accuracy and 
has been incorporated into the European Association for the 
Study of the Liver (EASL) clinical practice guidelines for 
WD as part of an algorithm about how to approach disease 
diagnosis [67]. The diagnosis of WD is established when the 
total score reaches 4 or more. In contrast, WD is less likely 
when the total score is only 2 or less. According to this scor-
ing system, the diagnosis of WD can be established if the 
patient has decreased serum ceruloplasmin and the presence 
of Kayser-Fleischer rings. However, as previously described, 
Kayser-Fleischer rings may be absent in some WD patients 
[67]. Ceruloplasmin is an acute phase reactant that is ele-
vated in acute inflammation. Although serum ceruloplasmin 
levels decrease in about 95% of WD patients, serum ceru-
loplasmin may be within the normal range in some WD pa-
tients with active liver diseases or who are on estrogen sup-
plements. Low serum ceruloplasmin levels can be observed 
in severe liver diseases, renal failure, intestinal absorption 
disorders, and other diseases that cause protein loss. Patients 
with aceruloplasminemia and Menkes disease also show 
decreased serum ceruloplasmin levels due to mutations in 
ceruloplasmin and ATP7A genes, respectively [125, 126]. In 
addition, 20% of individuals who are carriers with one muta-
tion of ATP7B may present with mildly decreased serum 
ceruloplasmin levels, but they do not manifest organ injury 
from these changes [127]. Serum ceruloplasmin levels as a 
single test have a poor predictive value and therefore should 
be combined with other laboratory tests to diagnose WD. 

 Although WD is a copper overload disease, most WD 
patients have normal or slightly reduced total serum copper 
levels. The reduction of ceruloplasmin leads to a decrease in 
ceruloplasmin-bound copper which usually contains ~90% 
of the total serum copper. By contrast, there is a relative in-
crease in non-ceruloplasmin-bound copper over time as the 
disease progresses. Serum non-ceruloplasmin-bound copper, 
also known as free copper, is generally not directly measured 
but is calculated by subtracting the ceruloplasmin-bound 
copper from total serum copper. Serum non-ceruloplasmin-
bound copper was proposed as a diagnostic test for WD, but 
it has proved to be unreliable because it relies on methods 
for measuring both serum ceruloplasmin by immunologic 
rather than by enzymatic activity due to the copper content, 
and a separate measurement for copper [67, 128]. A direct 
measurement of free copper, called exchangeable copper 
(CuEXC), has been developed in some laboratories and 
evaluated as a WD diagnostic tool [129]. The ratio of 
CuEXC to total serum copper is called relative exchange 
copper (REC), which has excellent sensitivity and specificity 
for the diagnosis of WD when the REC value was greater 
than 18.5% [130]. As a new diagnostic test, the role of REC 
in WD diagnosis requires further testing to confirm its accu-
racy in wider populations. 

 The amount of 24-hour urinary copper excretion is very 
important for the diagnosis and treatment monitoring of WD. 
In most symptomatic patients, the 24-hour urinary copper 
excretion is usually more than 100 µg/24 hours (1.64 
µmol/24 hours), and this is an important diagnostic criterion 
for adult WD [67, 124]. The elevated copper content in urine 
is attributed to the increased non-ceruloplasmin-bound cop-
per in the circulation. Approximately 20% of the WD pa-
tients have a basal 24-hour urinary copper excretion less than 
100 µg/24 hours, which is more likely to occur in pediatric 
patients [7]. Urine copper excretion in healthy individuals is 
negligible; therefore, urine copper excretion in asymptomatic 
children exceeding 40 µg/24 hours (0.64 µmol/24 hours) 
suggests the possibility of WD [67, 131]. For some patients 
suspected of WD but whose urinary copper excretion does 
not meet the diagnostic threshold, a D-penicillamine chal-
lenge test can be performed. The test was standardized only 
in pediatric patients, starting with 500 mg of D-penicillamine 
orally and repeating the same dose of D-penicillamine 12 
hours later during 24-hour urine collection. The patient is 
likely to be WD if a 5-fold increase in copper content is de-
tected in the urine collected in the second 12 hours, or a 10-
fold increase in copper content in the urine collected within 
24 hours [131, 132]. However, the clinical value of the D-
penicillamine challenge test is limited. Fecal copper test can 
better reflect the copper-excretion ability of the liver and 
may be used in the diagnosis of WD in the coming decades. 

 Liver biopsy can be utilized to aid the diagnosis of WD 
in patients who cannot be definitely diagnosed by non-
invasive testing and there is also a role for directed biopsy 
when there is the presence of other liver lesions. Generally 
speaking, the hepatic copper content is less than 50 µg/g dry 
weight in healthy individuals. In contrast, hepatic copper 
content usually exceeds 250 µg/g dry weight in WD patients; 
however, there are some patients in whom the copper content 
may not meet this threshold [133]. The sensitivity of the he-
patic copper content to diagnosis WD is increased when the 
threshold is lowered to 75 µg/g dry weight, but the specific-
ity is decreased. The distribution of copper in the liver is 
extremely inhomogeneous, especially in patients with cirrho-
sis, so sampling errors in liver biopsy may lead to false-
negative results [128]. However, the copper content in these 
individuals is rarely low enough to be in the normal range, 
and therefore a normal hepatic copper content usually ex-
cludes the diagnosis of WD. It is worth noting that the in-
crease in hepatic copper content is not only found in WD but 
also found in cholestatic diseases. The disease manifestations 
and histologic findings on biopsy allow for the differentia-
tion of these individuals from those with WD [133]. 

6.2. Neuroimaging Findings 

 Neuroimaging should be evaluated for all WD patients 
with or without neurological symptoms. Although neuroi-
maging examinations are not included in the Leipzig scoring 
system, they can provide much useful information to detect 
early neurological lesions and exclude other possible dis-
eases. Neuroimaging changes are observed in almost all pa-
tients with neurological signs of WD, as well as some pre-
symptomatic patients and patients with liver symptoms  
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[105]. MRI is more sensitive in detecting brain lesions com-
pared with other neuroimaging examinations, and if possible, 
all patients should undergo brain MRI. The most common 
brain MRI findings of WD patients are symmetrical or 
asymmetric hyperintensities in T2-weighted images in basal 
ganglia, thalamus, midbrain, and pontine [7, 134]. Cortical 
regions, corticospinal tracts, cerebellum, and white matter 
can also be affected [105]. Severe neurological lesions may 
lead to hypointense changes in T1-weighted images in the 
bilateral basal ganglia. The most characteristic MRI signs of 
WD is the so-called “face of the giant panda” in the mid-
brain, which occurs in 14–20% of WD patients with neuro-
logical manifestations [4, 7]. Hyperintensities in T1-weighted 
images can be observed in the globus pallidum and substan-
tia nigra in patients with severe liver failure or portosystemic 
shunting, which may be due to the accumulation of manga-
nese [135]. MRI abnormalities in the brain may completely 
regress after effective treatment, therefore regular MRI ex-
amination may help to evaluate the effectiveness of treat-
ment [136]. Recently, Dusek et al. developed a novel brain 
MRI rating scale for WD that could semi-quantitatively  
assess the severity of neurological lesions in MRI. This  
scale includes the acute toxicity score (calculated by T2 or 
T2-FLAIR hyperintensities) and the chronic damage score 
(calculated by T2 hypointensity and brain atrophy), which 
provides a method for classification of radiological severity. 
The MRI rating scale scores were well correlated with dis-
ease severity, both at baseline and after 24 months of treat-
ment [137]. The effectiveness of the MRI rating scale and its 
role in assessing disease severity still needs to be confirmed 
in the following studies. 

 WD is characterized by excess copper deposits in the 
brain, but iron deposits may be present as well. The magnetic 
susceptibility of brain tissue changes due to the deposition of 
copper and iron. T2*-weighted images and susceptibility-
weighted imaging (SWI) are superior to conventional MRI 
sequences in displaying metal deposition and have been used 
to explore its distribution in WD [138, 139]. A recent post-
mortem study showed that copper and iron were significantly 
elevated in the basal ganglia of WD patients, and hypointen-
sities in the basal ganglia in T2*-weighted images were asso-
ciated with iron rather than copper deposition [89]. Although 
SWI and T2*-weighted images are able to detect metal de-
posits in the brain of WD patients, the susceptibility of the 
deposited metal cannot be quantitatively analyzed and the 
results were influenced by the imaging parameters. To solve 
this problem, a new MRI sequence, quantitative susceptibil-
ity mapping (QSM), was recently developed. QSM can 
quantitatively analyze the susceptibility of metal deposition 
in the brain, so as to reflect the metal content in each brain 
region [140]. Fritzsch et al. found that susceptibility was 
significantly increased in the gray matter nuclei of the mid-
brain and basal ganglia in both neurologically symptomatic 
and asymptomatic WD patients [141]. The results were also 
validated in pediatric WD patients [142, 143]. Since QSM is 
very sensitive to susceptibility changes, it may be used to 
detect the early stage of copper and iron deposition, provid-
ing clues to the diagnosis of asymptomatic WD patients (Fig. 2). 
Other imaging techniques, such as magnetic resonance spec-
troscopy (MRS), single-photon emission computed tomogra-

phy (SPECT), and transcranial parenchymal ultrasound (TCS) 
are currently only used in WD for research [4, 144, 145]. 

6.3. Genetic Sequencing 

 Direct genetic sequencing of ATP7B is important for the 
diagnosis of WD, especially if it cannot be confirmed based 
on clinical manifestations and laboratory tests alone. There 
are more than 700 mutations identified in ATP7B and most 
of them are rare mutations. In addition, most WD patients 
are compound heterozygotes with two different mutations 
[7]. All these factors make comprehensive genetic screening 
difficult for the diagnosis of WD due to time can cost, fac-
tors that are likely to change in the future. In contrast, allele-
specific probes based on hotspot mutations can directly iden-
tify causative mutations in ATP7B, which even now can be 
fast and helpful for the diagnosis of WD [146]. However, 
allele-specific probes depend on hotspot mutations in spe-
cific populations, such as H1069Q in European and R778L 
in Asian patients, and miss rare mutations. A genetic study 
performed in the UK showed that 98% of WD patients had 
two or more pathogenic mutations if the entire ATP7B gene 
was sequenced [13]. Therefore, with the advancement of 
technology and the gradual reduction of the cost, compre-
hensive gene screening such as whole exon sequencing or 
whole genome sequencing may contribute to the clinical 
diagnosis of WD. The diagnosis of WD is supported when 
one pathogenic mutation in ATP7B is found and confirmed 
when two pathogenic mutations or homozygosity for a 
pathogenic mutation is found [67]. ATP7B gene sequencing 
is recommended for any patient with a clinical diagnosis of 
WD, and it is recommended for the family screening of pri-
mary relatives of WD patients. Twenty-five percent of the 
siblings of WD patients are likely to develop WD, and 0.5–
4% of the offspring of WD patients may develop the disease 
[67, 147]. Early diagnosis of WD is critical to improve the 
prognosis of WD, reduce liver and brain damage, and reduce 
disability. Family screening can identify asymptomatic pa-
tients for treatment before clinical symptoms appear. In addi-
tion, for the diagnosis of children under the age of three, 
genetic sequencing is far more reliable than the decreased 
serum ceruloplasmin levels, which generally reach adult lev-
els at the age of three. 

7. THE MANAGEMENT OF WD 

 Once the diagnosis of WD is established, treatment 
should begin immediately and continue for life. Most asymp-
tomatic patients who were diagnosed early and treated had a 
good prognosis and similar survival to healthy people [148]. 
Early diagnosis and treatment is the most critical factor to 
improve the prognosis of WD. Patient compliance with 
treatment is also required for good outcomes. Treatment of 
WD includes a low-copper diet, drug treatment, liver trans-
plantation, symptomatic treatment and other therapies. Since 
most copper enters the body through food, a low-copper diet 
is recommended for WD patients. Copper-rich foods such as 
animal liver and other organs, shellfish, mushrooms, nuts, 
and chocolate should be avoided. Copper containers or cook-
ing utensils should also be avoided [67, 149]. Several drugs 
have been used for the treatment of WD, including D-
penicillamine, trientine, zinc salts, tetrathiomolybdate (TM), 
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and dimercaptosuccinic acid (DMSA). Large-scale random-
ized controlled trials are still lacking to evaluate the efficacy 
of these drugs, and the selection of which drugs to use is still 
based on physician experience and preference. The initial 
treatment of WD should begin with a low dose of chelators 
and gradually reach a maintenance dose to prevent excessive 
copper release into the blood causing exacerbation of symp-
toms. WD patients receiving medication should be continu-
ously monitored to assess treatment compliance, drug effec-
tiveness, and adverse reactions. Neurological and liver 
symptoms, copper status, liver function, and other organs 
that may be affected should be regularly evaluated in WD 
patients [7]. 

7.1. Drug Treatments 

7.1.1. D-Penicillamine 

 According to different mechanisms of action, drugs for 
the treatment of WD can be divided into copper chelators 
and zinc salts. These drugs can create a negative copper bal-
ance, promoting the excretion of excess copper from the 

body through the urine or feces. D-penicillamine is one of 
the most effective chelating drugs for WD and is widely used 
worldwide. D-penicillamine can form complexes with free 
copper via sulfhydryl groups and excrete them through urine. 
In addition, D-penicillamine may induce the synthesis of 
tissue MT, thereby reducing the toxicity of free copper 
[150]. The maintenance dose in an adult is usually 750–1500 
mg/day (or 10–15 mg/kg/day) given in two or three divided 
doses. Children can also be reduced from an initial 20 
mg/kg/day dosage to 10–15 mg/kg/day [67]. Food can in-
hibit the absorption of D-penicillamine, thus it should be 
taken 1 hour before or 2 hours after meals. The efficacy of 
D-penicillamine in the treatment of WD has been reported in 
numerous studies. The liver symptoms of WD patients gen-
erally improve within a few months after treatment and may 
recover further in the first year of treatment [151]. In con-
trast, patients with neurological symptoms tend to improve 
their symptoms more slowly. Most severely, neurological 
symptoms may worsen in 10–50% of patients after receiving 
D-penicillamine treatment, and some of them are even irre-
versible. It has been reported that D-penicillamine was more 

 
Fig. (2). Brain MRI changes in WD. T2-FLAIR weighted images and QSM are used to show brain MRI changes in a 27-year-old WD patient. 
(a) Normal T2-FLAIR weighted images. (b) Hyperintensities in the bilateral globus pallidus and thalamus (blue arrows) can be observed in T2-
FLAIR weighted images in the WD patient. (c) Normal QSM images. (d) QSM images show increased susceptibility (hyperintensities, black 
arrows) of bilateral globus pallidus and thalamus in the same patient. QSM, quantatitive susceptibility mapping; T2-FLAIR, T2-fluid attenuated 
inversion recovery; WD, Wilson’s disease. (A higher resolution / colour version of this figure is available in the electronic copy of the article). 
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likely to worsen neurological symptoms than trientine and 
zinc salts in initial treatment [152]. However, several recent 
retrospective studies found that copper chelators and zinc 
salts had similar risks of neurological deterioration [151, 
153]. The true risk of D-penicillamine-induced neurological 
deterioration is difficult to accurately assess. Firstly, it is 
difficult to tell whether the neurological deterioration is 
caused by D-penicillamine or the progress of the disease 
itself. Secondly, it is difficult to determine the cause of neu-
rological deterioration in patients who initially received D-
penicillamine and then changed or added other drugs. The 
mechanism of the paradoxical neurological deterioration in 
initial treatment may be explained by the release of large 
amounts of copper from the liver and other organs into the 
circulation, causing oxidative stress and damaging brain tis-
sue [154]. Slowly increasing the dose of the copper chelators 
during treatment initiation may reduce the risk of neurologi-
cal deterioration [67]. D-penicillamine has been considered 
as the second-line anti-copper drug for neurological WD 
patients, especially ones with severe disease, and some ex-
perts recommend other chelators instead of D-penicillamine 
for initial treatment to reduce the risk of neurological dete-
rioration [152, 155]. D-penicillamine has more adverse drug 
reactions than other chelators and zinc salts, causing about 
30% of patients to be unable to continue taking this drug 
[156]. Common adverse drug reactions include fever, cuta-
neous eruptions, neutropenia, thrombocytopenia, proteinuria, 
and lymphadenopathy may appear in the first three weeks of 
D-penicillamine treatment [67]. If severe adverse reactions 
occur, D-penicillamine should be discontinued immediately 
and replaced with trientine or zinc salts. Late reactions such 
as nephrotoxicity, lupus-like syndrome, myasthenia-like 
syndromes, polymyositis, and loss of taste are infrequent but 
have been reported [151]. 

 The 24-hour urinary copper excretion should be moni-
tored during the treatment of WD with D-penicillamine. 
Generally, the 24-hour urinary copper excretion increases 
rapidly after receiving D-penicillamine and can reach 1000 
µg/24 hours (16 µmol/24 hours) or even higher, and de-
creases over time afterwards. Urinary copper excretion dur-
ing maintenance treatment is generally between 200–500 
µg/24 hours. If urinary copper excretion is less than 200 
µg/24 hours, there may be overtreatment or non-compliance 
of the patients with treatment. The concentration of serum 
non-ceruloplasmin-bound copper in the serum may also re-
flect the efficacy of drug treatment. However, both serum 
non-ceruloplasmin-bound copper and 24-hour urinary copper 
excretion can only be used as a reference for therapeutic ef-
fects, not a definite marker, and clinical correlation is impor-
tant [67, 151]. 

7.1.2. Trientine 

 Similar to D-penicillamine, trientine is a chelator that 
binds to free copper and is mainly excreted in the urine. Tri-
entine has a polyamine-like structure and lacks sulfhydryl 
groups. Trientine is an effective chelator for WD and has 
been used successfully in patients who cannot tolerate D-
penicillamine [157]. The adverse reactions disappeared after 
the substitution of D-penicillamine for trientine and did not 
recur during subsequent treatment. Due to fewer adverse 

reactions, trientine has been recommended as an alternative 
drug to D-penicillamine. Trientine is also effective in the 
initial treatment of WD, even for patients with decompen-
sated liver diseases [158]. The typical dose of trientine for 
initial treatment is 900–2700 mg/day (or 20 mg/kg/day), 
divided into two or three times, and 900–1500 mg/day (or 
10–15 mg/kg/day) is used for maintenance treatment. For 
children, the usual dose is 20 mg/kg/day, rounded off to the 
nearest 250 mg, and overtime may be decreased to mainte-
nance dosages [67]. The copper-chelating potency of tri-
entine may be less than D-penicillamine from a biochemical 
perspective on a mole per mole basis, but the dose can be 
adjusted to make up for this difference. Although trientine 
has fewer adverse reactions than D-penicillamine, it does not 
reduce the risk of neurological deterioration in the initial 
treatment of WD. The study conducted by Brewer et al. 
showed that 6 of 23 neurological WD patients had neuro-
logical deterioration after initial treatment with trientine 
[159]. In a recent large cohort study, patients initially treated 
with trientine (4 out of 38) even had a higher risk of neuro-
logical deterioration than those initially D-penicillamine (6 
out of 295) [160]. Trientine can also chelate iron and should 
be avoided in combination with iron, which can form a toxic 
complex. Sideroblastic anemia may occur during trientine 
treatment over time, indicating overtreatment and resultant 
copper deficiency [67]. The available data still do not deter-
mine whether D-penicillamine or trientine is more suitable 
for the first-line treatment of WD. The selection of drugs 
should be based on the needs of patients and tolerance to 
drugs to develop individualized treatment plans, as well as 
regional availability [4]. Unfortunately, besides the much 
expensive cost, the drug is not approved for marketing in 
many countries such as China. 

7.1.3. Tetrathiomolybdate 

 TM is an effective anti-copper agent that interferes with 
the absorption of copper in the intestinal tract, copper cellu-
lar uptake in the circulation and may promote biliary copper 
excretion [161]. As an experimental drug, TM has not been 
officially approved for clinical use. Brewer et al. performed 
a clinical trial involving 55 neurological WD patients and 
found that ammonium TM could significantly improve neu-
rological symptoms, with only 2 of 55 patients experiencing 
neurological deterioration [162]. In their subsequent studies, 
they found that neurological WD patients treated with am-
monium TM (1 of 25) had a significantly lower risk of neu-
rological deterioration than trientine (6 of 23), suggesting 
that ammonium TM may be more suitable than trientine for 
the initial treatment of neurological WD [159]. A phase 2 
clinical trial found another TM compound, the more stable 
bis-choline TM, could rapidly lower non-ceruloplasmin-
bound copper levels and improve neurological symptoms 
after 24 weeks of treatment. Paradoxical neurological dete-
rioration was not observed in 28 WD patients in this study, 
and after some initial elevation of alanine transaminase 
(ALT) in about a third of patients that was reversible with 
dose adjustment, their liver function remained stable during 
treatment, suggesting that the drug was safe and effective 
[163]. TM is a promising anti-copper drug that may reduce 
the risk of worsening neurological symptoms in the initial 
treatment of WD, but side effects such as bone marrow de-
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pression and liver toxicity need to be reviewed carefully in 
the phase 3 study that is ongoing to confirm its efficacy and 
safety in treating WD [67]. 

7.1.4. Zinc Salts 

 The mechanism of zinc salts in WD treatment is quite 
different from that of copper chelators. Zinc salts can inhibit 
the absorption of dietary copper in the intestine mainly by 
inducing the production of MT in enterocytes, which has an 
affinity for copper. Zinc may also induce hepatocytes to pro-
duce MT and reduce the toxicity of excess copper to the liver 
[164]. Commonly used zinc salt preparations include zinc 
sulfate, acetate, and gluconate. There is no significant differ-
ence in efficacy between different zinc salts, but it may af-
fect patient tolerance. For adult patients, the recommended 
dose is elemental zinc 150 mg/day in three divided doses. 
For children weighing less than 50 kg, the recommended 
dose is 75 mg/day in three divided doses. Zinc salts should 
be taken 1 hour before or 2 hours after meals because the 
food may interfere with its absorption and efficacy [67, 149]. 
The efficacy and safety of zinc salts in treating WD have 
been confirmed in numerous studies and has been used as the 
first-line drug for initial and maintenance treatment [165]. 
Zinc salts seem to be as effective as D-penicillamine in both 
asymptomatic and symptomatic WD patients, but better tol-
erated [166, 167]. However, Weiss et al. found that hepatic 
deterioration was more likely to occur in patients treated 
with zinc monotherapy than with D-penicillamine [153]. 
Hepatic deterioration may be due to the fact that zinc salts 
are less effective than chelators in removing tissue copper. In 
addition, it takes several months to produce a negative cop-
per balance, which may explain the lack of reaction or symp-
tomatic deterioration during initial treatment with this agent 
[4, 151]. Some experts suggested that all symptomatic WD 
patients should receive a chelator at the stage of initial treat-
ment, and zinc salts may have a role in maintenance treat-
ment [67, 149]. For patients whose neurological symptoms 
continue to worsen after treatment with chelators, replace-
ment with zinc may lead to improvement [168]. Zinc salts 
have few adverse effects, but the most common one is gas-
tric irritation which can be influenced by the type of zinc 
salts. Neurological deterioration is not common in zinc salts 
treatment [67]. There is not enough evidence to show that 
the combination of zinc salts with chelators can increase the 
efficacy of treatment. Zinc salts can be bound by chelators in 
the intestinal tract, so if combination therapy is used, the 
dosing interval between zinc and chelators should be greater 
than 2 hours. 

7.1.5. Dimercaptosuccinic Acid and Other Drugs 

 DMSA was first invented as a heavy metal chelator by 
Ding GS et al. in the 1950s. Since trientine was not available 
in China, patients who cannot tolerate D-penicillamine 
needed to find an effective alternative chelator. Therefore, 
Yang RM et al. explored the role of DMSA in WD treatment 
in the 1980s. DMSA could increase the biliary copper excre-
tion and significantly improve neurological symptoms after 
only 4 weeks of treatment [169]. Despite the lack of large-
scale randomized controlled trials, years of clinical practice 
have shown that the efficacy of DMSA is similar to D-
penicillamine in treating WD, but with fewer adverse effects 

[170]. In China, DMSA has been used for patients who are 
unable to tolerate D-penicillamine or suffer from neurologi-
cal deterioration after taking D-penicillamine and has been 
used as a first-line chelator for patients with a neuropsy-
chiatric symptom or mild liver symptoms [30]. Sodium di-
mercaptosulphonate (Na-DMPS) has a similar structure to 
DMSA and is used intravenously in the maintenance treat-
ment of WD. The combination of D-penicillamine crossover 
with intravenous DMPS therapy may be more effective in 
improving symptoms of WD patients, reducing adverse reac-
tions to continuous drug therapy, and maintaining life-long 
treatment [171, 172]. In addition, Wang et al. found that cap-
topril, an antihypertensive drug, also had a mild anti-copper 
effect and could reduce portal hypertension caused by cir-
rhosis [171]. In China, traditional Chinese medicine (TCM) 
is used as an adjunct drug for WD treatment. The TCM 
preparations commonly used to treat WD are Gandou decoc-
tion and Gandou tablets, which are composed of Chinese 
herbal medicines including Radix et Rhizoma rhei, Rhizoma 
coptidis, Herba andrographidis, Herba scutellariae barbatae 
and Rhizoma dioscoreae hypoglaucae [173]. TCM combined 
with chelators may have better efficacy and fewer adverse 
reactions than chelators alone, especially for patients with 
liver symptoms [174, 175]. Antioxidants, such as vitamin E 
and curcumin, can reduce oxidative stress caused by exces-
sive copper deposition and may become adjuvant drugs for 
the treatment of WD [67]. 

7.2. Early Neurological Deterioration 

 Neurologic deterioration is the major challenge for the 
anti-copper treatment of WD, especially in neurological WD 
patients. The mechanism of neurological deterioration is still 
unclear, which may be caused by the transient increase of 
non-ceruloplasmin-bound copper in the serum and CSF after 
anti-copper treatment [67]. Early neurological deterioration 
tends to occur within the first 6 months after anti-copper 
treatment, especially in patients with neurological symptoms 
at the time of diagnosis. Just as discussed above, D-
penicillamine was once thought to be the drug most likely to 
cause neurological deterioration. It is estimated that nearly 
50% of patients could experience neurological deterioration 
after D-penicillamine treatment [67, 152]. However, recent 
studies indicated that all copper chelators and zinc salts may 
lead to neurological deterioration with a similar frequency of 
less than 10% [151]. A retrospective performed by Weiss et 
al. found that neurological deterioration occurred in 9.1% of 
WD patients on D-penicillamine, 8.8% on trientine, and 
7.3% on zinc salts [153]. In subsequent studies, they found 
that patients who were initially treated with D-penicillamine 
were even less likely to develop neurological deterioration 
than those who were initially treated with trientine [160]. 
Litwin et al. reported that neurological deterioration was 
observed in 16 of 143 WD patients (about 11%) and in-
volved only patients with neurological symptoms at diagno-
sis, and there were no significant differences between initial 
treatment with D-penicillamine or zinc salts [176]. Patients 
with severe baseline neurological symptoms, thalamic and 
brainstem lesions, and using dopamine receptor antagonists 
may have a higher risk of neurological deterioration [176]. In 
addition, stress events like traumatic, surgical or emotional 
events may exacerbate neurological symptoms in WD pa-
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tients [177]. There is no recommended effective treatment 
for neurological deterioration, and it may be helpful to re-
duce the dose of the currently used drug or switch to another 
drug. Slowly increasing the dose of D-penicillamine at the 
initial treatment may reduce the risk of neurological deterio-
ration [67, 153]. It is worth noting that persistence with 
treatment is critical to the long-term prognosis of WD pa-
tients. Non-persistent WD patients presented more often with 
neurologic deterioration than persistent patients [178]. 

7.3. Liver Transplantation for Abdominal WD 

 Most WD patients can improve their clinical symptoms 
through medication and achieve long-term survival through 
maintenance treatment. However, for some patients who are 
unresponsive or intolerant to the medication, liver function 
may continue to deteriorate and eventually become decom-
pensated cirrhosis. Approximately 5% of WD patients de-
velop ALF, and another 10% develop chronic end-stage liver 
disease. Liver transplantation is necessary and life-saving for 
these patients [179]. Since WD is a disease caused by ab-
normal copper metabolism in the liver, liver transplantation 
can restore the copper excretion capacity of the liver and 
even improve neurological symptoms. Transplantation indi-
cations for ALF are usually based on a revised King’s prog-
nostic Wilson Index, and liver transplantation is recom-
mended when the score reaches 11 or higher [67, 180]. The 
prognosis of liver transplantation is satisfactory. According 
to two follow-up studies, the one-year survival rate after or-
thotopic liver transplantation was 79% and the maximum 
survival time was 20 years. Compared with patients with 
ALF, graft survival is better for patients with chronic ad-
vanced liver cirrhosis due to WD [181, 182]. The outcome of 
pediatric liver transplantation is likely to be better than that 
of adult liver transplantation. A recent systematic review of 
290 pediatric WD patients showed that the one-year survival 
rate for children with liver transplantation was 91.9% and the 
five-year survival rate was 88.2% [183]. Whether liver 
transplantation can be used as a treatment for severe neuro-
logical symptoms remains controversial, and neurological 
deterioration may still occur after liver transplantation [184]. 
Liver transplantation is currently the only effective way to 
save patients with liver failure, but the limited source of liver 
prevents many patients from receiving the operation in time. 
Hepatocyte or stem cell transplants are promising treatments 
that may replace liver transplantation for WD in the future 
[185]. 

7.4. Symptomatic Treatment  

 In addition to anti-copper treatment, symptomatic treat-
ment is also very important for WD patients. Symptomatic 
impairment of liver function or liver cirrhosis is a common 
feature of WD and usually appears at the time of diagnosis. 
WD patients with symptomatic hepatic manifestations are 
recommended to be treated with copper chelators. Strict ad-
herence to the chelators can partially reverse the liver dam-
age and prevent the progression of cirrhosis, thereby mini-
mizing its complications [153, 186]. WD patients with stea-
tosis, liver fibrosis, or compensated liver cirrhosis should 
avoid further damage to the liver by exogenous hepatotoxic 
substances, such as alcohol, drugs with known hepatotoxic-

ity, as well as some herbal supplements [186]. In WD pa-
tients with cirrhosis, regular esophagogastroduodenoscopy 
(EGD) is necessary to screen for esophageal or gastric 
varices. Generally, after strict anti-copper treatment, liver 
function improves or remains stable, and rarely continues to 
deteriorate into decompensated cirrhosis. However, a small 
number of patients with concomitant liver disease, taking 
hepatotoxic drugs, or having poor treatment compliance may 
cause decompensation of liver function [151]. Patients with 
decompensated cirrhosis have a series of complications 
caused by portal hypertension (ascites, spontaneous bacterial 
peritonitis, hepatorenal syndrome, gastroesophageal variceal 
hemorrhage) and complications caused by liver insufficiency 
(hepatic encephalopathy, infections, and jaundice) [186]. 
While WD patients receive anti-copper treatment, the treat-
ment of liver symptoms should be performed under the guid-
ance of a gastroenterologist. 

 Symptomatic treatment should be considered when neu-
rological symptoms are not relieved or neurological deterio-
ration occurs during anti-copper treatment. The symptomatic 
treatment is mainly based on the predominant neurological 
symptoms such as tremor, dystonia, and parkinsonism [7]. 
Treatments for neurological symptoms caused by other eti-
ologies may also be helpful for the symptomatic treatment in 
WD patients. The choice of drugs for different types of 
tremor varies greatly. Beta-blockers (e.g., propranolol and 
atenolol) may be the best treatment option for tremor mim-
icking essential tremor. Botulinum toxin injection is consid-
ered the best treatment option for dystonic tremor involving 
head and face. High doses of levodopa, anticholinergic drugs 
(e.g., trihexyphenidyl), benzodiazepines (e.g., clonazepam), 
and levetiracetam, may be effective for rubral tremor [187, 
188]. Focal dystonias can choose botulinum toxin injections, 
while multisegmental or generalized dystonia should use 
drugs including anticholinergics, baclofen, benzodiazepines, 
dopamine receptor antagonists, and dopamine-depleting 
drugs. Levodopa and dopamine agonists can be used for 
parkinsonism in WD patients, but the effect may not be as 
good as in Parkinson’s disease. For patients with persistent 
or progressive severe dysphagia, percutaneous gastrostomy 
(PEG) should be considered. Anticholinergic drugs or botu-
linum toxin injections in the parotid and submandibular 
glands may be helpful for drooling [187, 188]. For patients 
with severe neurological symptoms who fail drug treatment, 
neurosurgical procedures such as deep brain stimulation 
(DBS) may be the last effective method to relieve neurologi-
cal symptoms [189]. 

7.5. Psychiatric Symptom Treatment 

 Various psychiatric symptoms may occur in WD patients 
at any stage of the disease [112]. For the treatment of mental 
symptoms, it should be noted that some psychoactive drugs 
may affect or even worsen liver function and neurological 
symptoms in WD patients [7]. Selective serotonin reuptake 
inhibitors (SSRI) seems to be a reasonable choice for the 
treatment of depression in WD patients. Neurological dete-
rioration was observed in some patients treated with a tri-
cyclic antidepressant (TCA) [190]. Other antidepressant 
drugs including selective serotonin reuptake inhibitors 
(SNRIs), serotonin antagonist and reuptake inhibitors (SA-
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RIs), and electroconvulsive therapy (ECT), can be used al-
ternative options for the treatment of depression in WD pa-
tients. Antidepressant drugs that may cause liver injuries 
such as iproniazid, phenelzine, imipramine, amitriptyline, 
and duloxetine, should be avoided [191]. Mood stabilizers 
such as lithium and antiepileptic drugs (e.g., carbamazepine 
and oxcarbazepine) can be used in the treatment of 
manic/hypomanic syndrome in WD. Valproate should be 
avoided for its hepatotoxicity [7]. For the treatment of psy-
chosis, the first-generation antipsychotics should be avoided 
as they may cause neurological deterioration [176]. Clozap-
ine and quetiapine are recommended for the treatment of 
psychiatric symptoms in Parkinson’s disease, and they are 
safe options for WD patients for their low risk of extrapyra-
midal symptoms. However, clozapine treatment may in-
crease the risk of leucopenia and dose-related seizures, there-
fore regular blood analysis is need during using clozapine. 
Other antipsychotics such as aripiprazole and olanzapine are 
alternative options for the treatment of psychosis. Olanzap-
ine and quetiapine have a moderate risk of liver injury and 
should be used with caution in WD patients with hepatic 
symptoms. SSRIs, antiepileptics, and benzodiazepines may 
be used for the treatment of behavioral symptoms and per-
sonality disorders in WD patients [7, 191]. More detail about 
the management of psychiatric symptoms can be found in 
the recent published review by Litwin et al. [191]. 

CONCLUSION 

 It has been more than 100 years since Wilson reported on 
the disease in his monograph published in 1912. The under-
standing of WD has expanded from recognizing simple cop-
per deposition to the level of understanding the pathophysi-
ology and genetic pathways controlling copper metabolism. 
According to the recent large-scale genetic study, the preva-
lence of WD is higher than previously estimated [13]. The 
number of WD patients may be significantly underestimated. 
Many patients are disabled or even die for not receiving a 
timely diagnosis and disease-specific treatment. Therefore, a 
comprehensive understanding of WD is necessary for neu-
rologists and gastroenterologists. Early diagnosis of WD is 
the key to improving its prognosis, and in the future neonatal 
screening may help with the earliest diagnosis [67, 149]. The 
diagnosis of WD can be easily established according to the 
typical neurological or liver symptoms, decreased serum 
ceruloplasmin levels, the presence of Kayser-Fleischer rings, 
and abnormal copper metabolism indicated by laboratory 
tests. But for asymptomatic patients and patients with only 
one of these manifestations, the diagnosis of WD is often 
difficult. Gene sequencing can provide direct evidence for 
the diagnosis of WD, especially in patients with atypical 
symptoms and in asymptomatic patients. Family screening is 
recommended if patients are diagnosed with WD. New tech-
nologies such as direct measurement of serum non-
ceruloplasmin-bound copper concentration and metal-
sensitive MRI sequence QSM may also provide clues to the 
diagnosis of WD [129, 141]. Drug therapy is effective in 
improving liver symptoms of WD patients but has a limited 
effect on neurological symptoms. More importantly, para-
doxical early neurological deterioration during treatment 
initiation remains unexplained and is one of the most serious 
adverse effects of therapy with D-penicillamine and tri-

entine. An individualized treatment plan for WD patients 
should be developed according to their response and toler-
ance to the medication. Gene therapy and cell therapy are 
new directions for the treatment of WD, which are still in the 
pre-clinical stages, and may be used for the treatment of WD 
in the future [192, 193]. 
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