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Introduction 

Progress over the last century has evolved from the formal 
recognition of Wilson disease (WD) as a neurologic disorder 
with associated liver disease (1) to the understanding that 
WD is an autosomal recessive inherited disorder of copper 
metabolism (2). Even before the responsible gene for 
WD, ATP7B, was identified (3), it was known that excess 
copper, in particular in the liver and the central nervous 

system, underlay the pathophysiology of this disease and its 
wide array of clinical phenotype. As such, development of 
medical therapy focused on the removal of copper to arrest 
disease progression and even reverse some of the clinical 
manifestations of copper toxicity. 

All current medical treatments for WD require lifelong 
therapy to maintain the health of the patient. As with 
treatment of any chronic disease, the requirement for 
daily therapy, sometimes with multiple daily dosages of 
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medication apart from food, has led to non-adherence with 
treatment in up to half of patients and recurrent or new 
disease symptoms or even death from liver failure in some 
non-adherent patients (4). Furthermore, some patients 
experience side effects of treatment. We discuss here the 
current advances in diagnostic tools, management and 
monitoring for WD with summarization of key points in 
Table 1.

Diagnosis

The diagnosis of WD has been historically based on clinical 
history and biochemical evaluation. The clinical findings 

of Kayser Fleischer (KF) rings, cirrhosis, neurological or 
psychiatric complications in various combinations can be 
used to diagnose individuals with WD. However, it can be 
difficult when patients present with only one or two of the 
clinical findings. Biochemical evaluation with serum copper, 
serum ceruloplasmin, liver enzymes, urine copper excretion, 
hepatic copper quantitation and (if available) genetic testing 
are also helpful in establishing the diagnosis, but each has 
its’ limitations. Imaging, such as MRI of the brain, can be 
useful if abnormalities are seen in the basal ganglia. As early 
diagnosis is essential to prevent long term complications, 
several advances in diagnostic imaging and genetic testing 
have proved helpful in diagnosing WD (24). 

Table 1 Current advances in diagnosis and management of Wilson disease

New modalities for diagnosis

• Anterior segment optical coherence tomography for detection and quantification of Kayser Fleischer ring (5)

• Dynamic PET analysis with copper-64 chloride detecting increased accumulation and reduced clearance of copper from the liver of 
mice model of WD (6)

• MR spectroscopy of brain for detection of early neurological changes of WD (7)

• Liquid chromatography multiple reaction monitoring mass spectrometry for quantification of ATP7B protein in dried blood as potential 
screening tool for WD (8)

• Relative exchangeable copper, the ratio of CuEXC to total serum copper (9,10)

New therapeutic agents and treatment strategies

Therapeutic agents

• Once daily dosing of trientine for better patient’s compliance (11,12)

• Bis-choline Tetrathiomolybdate with advantage of neurologic improvement (13,14)

• Zinc salts with variable compounds have comparable efficacy in treatment (15)

• Methanobactin with potent affinity for copper showed promising results for prevention of copper induced mitochondrial injury in 
hepatocytes and histology improvement in animal model of WD (16-18)

Gene therapy

• Adeno-associated vector encoding human ATP7B cDNA in the hepatocytes of the mouse model of WD showed adequate 
expression of ATP7B with reduce hepatic copper and prevention of hepatic injury (19)

• A shorter vector coding for a miniATP7B protein was shown to be effective in achieving long-term copper hemostasis in mouse 
model (20)

Cell therapy

• Transplantation of normal hepatocytes was associated with prevention of fulminant hepatitis, decreased inflammation and increased 
short term survival in rat model of WD (21,22)

Monitoring of treatment

• Anion exchange chromatography-triple quadrupole inductively coupled plasma mass spectrometry for simple quantification of 
ceruloplasmin for a more accurate determination of non-ceruloplasmin copper level (23)

cDNA, complementary DNA; CuEXC, exchangeable copper; MR, magnetic resonance; PET, positron emission tomography; WD, Wilson 
disease.
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Recent advances in evaluating for KF rings were helpful 
in both identifying and quantifying the rings. KF rings 
are usually identified by ophthalmologists via a slit lamp 
biomicroscopy but can be difficult to quantify. In anterior 
segment optical coherence tomography, the grey scale 
detects the KF rings by its’ hyper reflective band at the level 
of the Descemet’s membrane in the cornea. On a color scale 
the rings can be seen as a yellow orange band. The anterior 
segment optical coherence tomography has been proposed 
as a sensitive method for detection of KF rings by a non-
ophthalmologist and also for quantification of the KF rings 
that can be followed over time for patients undergoing 
treatment (5). 

Imaging advances such as positron emission tomography 
(PET) imaging and magnetic resonance spectroscopy have 
also helped in diagnosis, by improving our understanding 
copper metabolism and by potential early detection of 
neurological abnormalities. Dynamic PET analysis using 
copper-64 chloride as a tracer was shown in ATP7B knock 
out mice to detect increased accumulation and reduced 
clearance of copper from the liver (6). It also showed 
copper was retained in other organs such as kidney, heart 
and lungs. These studies demonstrated the potential not 
only for diagnostic use but also for monitoring copper 
accumulation in the body. Other advances in imaging 
include use of magnetic resonance (MR) spectroscopy of 
tissues in the pediatric population. In a case controlled 
prospective study, 26 pediatric patients with WD were 
compared to 26 healthy control (7). The levels of N-acetyl 
aspartate (NAA), choline (Cho), and creatine (Cr), as well 
as the metabolite ratios of NAA/Cho, NAA/Cr, and Cho/
Cr in brain tissue as determined by MR spectroscopy was 
significantly decreased in WD patients compared to healthy 
individuals. A more severe reduction in NAA, NAA/Cr, 
and NAA/Cho was observed in WD patients with mixed 
neurologic and hepatic involvement compared with those 
with liver only involvement. This potentially can serve as 
a method for detecting early neurological involvement in 
pediatric patients with WD. 

Unfortunately, despite the availability of clinical, 
biochemical and genetic testing, many patients come 
with a delayed diagnosis of WD. Currently there are 
no reliable biomarkers or screening tests in pediatric or 
neonate patients, as ceruloplasmin has been studied in 
this population with inconsistent circulating levels of the 
protein due to age and other potential confounding factors. 
One method that has been recently discussed as a potential 
diagnostic tool is liquid chromatography multiple reaction 

monitoring mass spectrometry (8). This technology allows 
for potential identification and quantification of proteins 
that may not be present in large amounts in dried blood 
spots. Preliminary findings show that ATP7B may be 
decreased in blood spot specimens from patients with WD 
compared to non-affected individuals (8), however further 
studies are needed for validation of the methodology. 

Management of WD

The mainstay of current management for WD is based on 
inducing a negative copper body balance through decreased 
intake from diet, blocking absorption, or by increasing 
copper excretion. 

Che l a t ing  agen t s  a r e  a  c l a s s  o f  d rugs  whose 
mechanism of action is promotion of the excretion of 
excess body copper through the urine, or in the case of 
tetrathiomolybdate (TTM), into bile. British anti-Lewisite 
(BAL) or 2,3-dimercaptopropanol was the first chelating 
agent introduced as an effective treatment for WD in 1951 
which was administered through intramuscular injection 
(25,26). D-penicillamine was the first oral chelating agent 
used for treatment of WD (27), and this was followed by 
the development of trientine (diethylene tetramine) that is 
approved for patients intolerant of d-penicillamine. These 
chelating agents work by binding with plasma copper and 
excreting in urine. D-penicillamine may also induce release 
of intracellular stores of metallothionein, an endogenous 
copper chelator (28,29). D-penicillamine, however, is 
associated with many side effects causing a relatively high 
rate of intolerance (over 30%) over time. The main concern 
with D-penicillamine therapy is the risk of deterioration 
of neurologic manifestations during treatment initiation in 
patients with neurologic manifestations of their WD (30,31). 
Trientine may have fewer side effects (32), however about 
20% of patients initially treated with this medication can 
also develop paradoxical neurologic worsening. 

Zinc salts as a treatment for WD acts by creating a 
negative copper balance by decreasing absorption of 
dietary copper from gut. Zinc induces metallothionein 
in enterocytes that binds the ingested copper and traps it 
within the cells. The enterocytes are then excreted into the 
stool (24). Zinc salts have gained popularity for treatment of 
very young children with WD, treatment of asymptomatic 
WD patients, and treatment of symptomatic patients 
who experienced adverse effects with chelation therapy. 
Limitations of zinc treatment include gastrointestinal 
upset (leading to intolerance in about one third of patients) 
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and decreased adherence due to multiple daily doses 
administered away from meals. 

New therapeutic agents and new treatment 
strategies

Trientine

Trientine appears to have less side effects and superior 
tolerability compared with D-penicillamine, and is 
becoming a preferred first line treatment for WD. The 
recommended dose is 20 mg/kg initially and later ~15 mg/kg  
given as divided doses 2–4 times daily. Poor compliance 
with medication use is often a significant barrier for 
optimized management of WD (33). The possible efficacy 
of once daily dose of trientine as a maintenance therapy 
for WD was suggested by case studies and in a limited 
pilot study carried out on 8 WD patients for 12 months 
(11,12). The once daily dosing of trientine was felt by these 
patients to improve their adherence to treatment and was 
more convenient given the necessity to take the medication 
apart from food. This study demonstrated the stability of 
their biochemical status and good copper excretion on the 
once daily trientine. Larger trials with longer duration 
of follow up and testing of dose response for treatment 
are required to address the safety, long-term efficacy and 
cost effectiveness of single dose trientine treatment for 
maintenance therapy in WD.

TTM

TTM was studied as initial treatment for WD patient 
with neurologic symptoms (34-36). TTM is a potent de-
coppering agent with multiple mechanisms of action; it 
interferes with copper absorption from the gut when given 
with food, it binds plasma copper in a tripartite complex 
with albumin, and also has a role for copper removal from 
metallothioneins in tissues, including hepatocytes with 
the resultant increase in biliary excretion of copper (24). 
There is also a proposed role of anti-angiogenesis, anti-
inflammatory and anti-fibrosis for TTM through de-
coppering and cytokine inhibition (37). The ammonium salt 
of TTM used initially for treatment of WD was not stable 
and was therefore difficult to store or use clinically (38).  
Current clinical trials are using a more stable TTM 
compound, Bis-choline TTM, for the treatment of WD. 
Phase I and II studies are complete and phase III is ongoing. 
The results from phase II were promising with favorable 

safety profile overall. Though up to 1/3 had elevations in 
transaminases early after TTM initiation, these resolved 
with dose reduction or discontinuation and were not 
associated with concomitant elevation of bilirubin. On 
further treatment with TTM during extension beyond the 
initial 6 months, stable liver function was maintained, even 
in those with cirrhosis. The patient also demonstrated a 
reduction of non-ceruloplasmin bound serum copper to 
within normal ranges between 8–12 weeks after initiation 
of treatment, and most had improvement of neurologic 
symptoms (13,14). The current phase III study is recruiting 
WD patients naïve to treatment and those on maintenance 
therapy for their WD (NCT03403205). 

Zinc salts

Zinc salts are an alternative treatment for patients intolerant 
of chelation agents and also for initial and maintenance 
therapy of asymptomatic or stable patients. Initial studies 
in the US utilized zinc acetate as the favored zinc salt, and 
there was a perception that alternative zinc agents might not 
be as well absorbed or as effective. In order to address these 
questions, Camarata et al. retrospectively reviewed a single 
center experience of patients who were on zinc therapy for 
their WD with zinc acetate and also with alternative zinc 
salts (15). The absorption of the zinc was found to be good 
with zinc acetate but also with other zinc salts, including 
zinc gluconate and zinc picolinate. There was a similar 
efficacy with respect to achieving a normal ALT and urine 
copper excretion of <100 mcg per day for the different zinc 
salts. Whether those with normal ALT and appropriate 
copper excretion on zinc treatment are absolutely prevented 
from disease progression of their WD over time remains 
to be determined, however the majority of those achieving 
both of these parameters in this cohort were clinically stable 
and doing well. 

Methanobactin

Methanobactin is a peptide produced by a bacterium named 
methylosinus trichosporium with a potent affinity for 
copper. Methanobactin within hepatocytes remove toxic 
copper from cells and prevented mitochondrial injury. 
Treatment with methanobactin reversed mitochondrial 
dysfunction and liver injury in animal models of WD in 
the acute phase of copper toxicity (16). A short course of 
treatment with methanobactin was shown to effectively 
remove the excess liver copper content in WD disease 
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rat model, an effect that was sustained for several weeks 
after stopping treatment (17). High copper affinity of 
methanobactin and its rapid action for copper removal 
from hepatocytes in animal models suggests its possible 
application for treatment of acute cases of WD. More 
studies and clinical trials are required. 

In a second study using this same animal model, animals 
were fed a high fat diet that compounded the injury 
of copper to the liver. Treatment with methanobactin 
prevented the mitochondrial injury and improved liver 
histology. Interestingly, this study highlighted the 
convergence of pathways for liver injury for steatohepatitis 
and for WD with the potential synchronous oxidative 
injury to the hepatocytes (18). This likely has relevance 
for patients with WD who may have exacerbation of their 
injury if they have concomitant NASH, or have progression 
of their liver disease despite treatment that is directed 
against the copper toxicity alone. 

Gene therapy

Gene replacement therapy theoretically can provide a 
potential cure for genetic disorders. WD as a monogenic 
inherited disorder with impaired ATP7B function, could 
possibly be treated with gene therapy if sufficient transgene 
expression of ATP7B in hepatocytes could be maintained 
over time. Lentiviral gene transfer that integrates the 
ATP7B gene into the genome has been shown to be 
effective for ameliorating disease progression in animal 
models of WD (39). However, there are concerns that 
using such integrative techniques could cause oncogenesis. 
Adeno-associated virus is an alternative vector for gene 
therapy that is gaining popularity due to its ability for 
direct extra-chromosomal gene transfer to hepatocytes. 
Using an adeno-associated vector (AAV) encoding human 
ATP7B complementary DNA (cDNA) in the hepatocytes 
of the Atp7b-/- WD mouse, adequate expression of ATP7B 
was achieved to reduce hepatic copper and prevent liver 
injury (19). However, the large size of ATP7B cDNA 
affected the vector’s cloning capacity for production 
of efficient gene transfer. To overcome this limitation, 
a shorter vector coding for a miniATP7B protein was 
generated that was effective in achieving long-term copper 
hemostasis in this mouse model of WD (20). Based on 
these studies, AAV gene transfer for the genetic correction 
of WD in humans is being planned. Issues to overcome 
in AAV directed therapy include the potential for using 
neutralizing antibodies in some patients that have pre-

existent antibodies and patients who develop antibodies 
after administration of AAV. Alternatives to re-introducing 
the gene via the same AAV vector as hepatocytes turnover 
would also help to maintain the therapy by allowing safe 
gene transfer into previously treated individuals. 

Cell therapy 

Phenotype correction of WD is possible through liver 
transplantation. Transplantation of adequate amount 
of healthy hepatocytes may restore ATP7B related 
ATPase activity at the level adequate for a normal 
copper metabolism. In WD rat model, transplantation of 
normal hepatocytes has been shown to be associated with 
prevention of fulminant hepatitis, decreased inflammation 
and increased short term survival (21). Repeated cycles 
of cell transplantation may require to achieve adequate 
clinical improvement (22). There are no reported human 
trials of cell transplantation with WD. Potential limitations 
with this approach include the need for transplantation 
of large amount of cells, the requirement for long term 
immunosuppression and differences in the success of 
implantation if there is already disease within the liver that 
alters the livers’ microcirculation. 

Monitoring of treatment

Monitoring of treatment is of significant importance in 
the management of WD. An optimized therapy plan is 
achieved when there is evidence for biochemical and clinical 
improvement with minimal management related adverse 
events and good patient compliance. Monitoring should 
include regular clinic visits for physical examination and 
history for both disease and medication related side effects. 
Laboratory testing should also be done to evaluate for 
adequacy of treatment. Frequency of monitoring varies with 
the stage of disease. More frequent monitoring is required 
in initiation of therapy and less in the stable phase of disease. 
Laboratory testing include liver function tests, serum 
copper, ceruloplasmin, complete blood count, 24 hr urine 
and for those on chelating agents urinalysis (24). Calculated 
non-ceruloplasmin bound copper using ceruloplasmin and 
serum copper measurement can provide the best estimate 
for adequacy of any type of treatment (chelating or non-
chelating therapy) (24). A level between less than 15 mcg/dL  
but more than 5 mcg/dL is considered as an index of 
treatment efficacy while avoiding copper deficiency. 
However, this method is subjected to potential errors based 
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on the accuracy of ceruloplasmin and copper measurement 
and thus there have been recent advances into alternative 
methods of monitoring copper balance. 

One method of monitoring and response to therapy 
is measuring exchangeable copper. Exchangeable copper 
(CuEXC) assays use specific chelating agent to measure 
copper “exchanged” or mobilized from proteins and 
peptides other than ceruloplasmin. Accurate determination 
of CuEXC may help with response guided medical 
therapy for WD. In addition, another parameter, relative 
exchangeable copper (REC), the ratio of CuEXC to total 
serum copper has been shown to be a highly accurate tool 
for the diagnosis of WD. REC may also be helpful in 
distinguishing patients with WD carrying one abnormal 
ATP7B allele. Using a cut-off of 15%, REC determination 
was able to distinguish patients with WD from individuals 
carrying one abnormal ATP7B allele versus normal subjects. 
Thus, if validated, CuEXC and REC can potentially be used 
in screening patients’ family members as well as monitoring 
treatment efficacy (9,10). 

Another method of monitoring free copper includes 
a new method of anion exchange chromatography-triple 
quadrupole inductively coupled plasma mass spectrometry 
for simple quantification of ceruloplasmin (23). Previously 
used immunoassays for ceruloplasmin activity rely on 
indirect methods and can overestimate the quantity 
of ceruloplasmin due to presence of the apoprotein. 
This method of anion exchange chromatography-triple 
quadrupole inductively coupled plasma mass spectrometry 
allows for ceruloplasmin quantification with limit of 
detection of 0.1 mg·L−1 and limit of quantification  
0.4 mg·L−1). Measurement of non–ceruloplasmin bound 
copper was also studied using this device and noted that the 
ultrafiltration method to quantify non-ceruloplasmin copper 
(NCC) is subjected to overestimation in measurement due 
to a removal of copper from ceruloplasmin (23). This assay 
may provide a more accurate understanding of the NCC in 
patients with WD. 

Conclusions

Overall, there are multiple diagnostic, treatment and 
monitoring modalities for patients with WD. Although 
further studies are ongoing, the technological advances in 
genetic testing, imaging, and treatment discussed provide 
optimism for a more precise detection and management of 
WD in the coming years.
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