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Wilson disease (WD) is an autosomal recessive disorder of copper

metabolism caused by mutations in the ATP7B gene, which leads

to copper accumulation in various organs and predominantly pre-

sents with hepatic or neuropsychiatric symptoms [1]. Chelation

therapy is central, and liver transplant (LT) is the only option if it

fails [2]. Both orthotopic liver transplantation (OLT) and living-

donor liver transplantation (LDLT) are acceptable [3–6]. We

administered a low-copper diet and zinc monotherapy to 8 post-

LT patients with WD and followed each for 3 to 9 years in order to

explore the necessity of a low-copper diet and zinc monotherapy

after LT as well as chelation therapy for post-LT patients with neu-

rological deterioration.

Our study was approved by the ethics committees of Huashan

Hospital and First Affiliated Hospital of Fujian Medical Univer-

sity. The diagnosis was based on clinical manifestations and

ATP7B mutation analysis using a procedure previously described

[7]. Patients 1, 6, 7 received LT due to decompensated liver cir-

rhosis and patients 2, 3, 5 did due to fulminant liver failure.

Patients 4, 8 had mild liver dysfunction, but received LT for dis-

abling neurological symptoms. Patients 1, 3, 4, 5 received LT

right after they were diagnosed. Patients 2, 6, 7, 8 were treated

with penicillamine combined with zinc for 6–12 months prior to

LT but responded poorly. Patient 7 received LDLT with her

mother as the donor and the other patients received OLT. The

surgery was successful for each patient. Tacrolimus was adminis-

tered for immunosuppression. One month after LT, we gave the

patients 140 mg of zinc gluconate three times a day, separated

from food by at least 1 h. The patients were also asked to avoid

food rich in copper contents [8]. Patients were followed up by

two senior neurologists. Laboratory data were collected monthly

after LT for 1 year, yearly for 2 years and every 2 years

afterward.

The genotype, clinical manifestations and follow-up data are

shown in Table 1. Chromatograms of ATP7B sequencing results

are shown in Figure 1. For the eight patients, the ceruloplasmin

levels returned to normal 1 month after LT and liver functions

tests within 1 year after LT. Urinary copper levels were mea-

sured in 4 of 8 patients, which decreased but still higher than

normal. Three patients (patient 3, 5, and 6) with good compli-

ance had normal liver function test results and abdominal ultra-

sound findings ever since. Another three patients (patients 1, 2,

and 7) with poor compliance presented different symptoms. The

neurological symptoms of patients 4 and 8 worsened despite

successful LT.

Patient 1 was admitted for jaundice and edema 2 years after LT.

He was scaled as Child-Pugh level A with total bilirubin

26.3 umol/L. Liver cirrhosis and splenomegaly were detected by

ultrasonography. Liver biopsy suggested chronic cell rejection.

The blood concentration of tacrolimus was 6.59 ng/mL,within the

recommended range [9]. Plasma copper level was normal

(13.8 lmol/L; normal range: 12.7–30.2 lmol/L), but ceruloplas-

min level was low (0.15 g/L; normal range: 0.2–0.4 g/L) and 24-h

urinary copper excretion was elevated (232 lg/24 h; normal

range: <100 lg/24 h), thus disrupted copper metabolism was sus-

pected. 125 mg of D-penicillamine three times a day and 280 mg

of zinc gluconate was administered. Jaundice was resolved and

liver functions tests were normal 3 months later, so D-penicilla-

mine was tapered off. Our recommended therapy was started. The
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patient is compliant with the therapy and remained in good condi-

tion ever since.

Patient 2 was admitted for dysarthria, dysphagia, limbs dysto-

nia, and depression 5 months after LT. These symptoms were not

relieved by reducing the dosage of tacrolimus. Normal liver func-

tions tests but low ceruloplasmin level (0.17 g/L) was detected.

The brain MRI showed no significant changes pre- and post-LT.

He was treated with 250 mg of D-penicillamine twice a day and

280 mg of zinc gluconate three times a day, along with benzhexol,

levodopa, and amitriptyline to control his symptoms. His symp-

toms improved significantly after 6 months but he discontinued

the regimen. The patient died from fulminant liver failure 1 year

later.

Patient 7 developed drooling, slurred speech, and tremor of four

limbs 3 months after LT. The symptoms were considered as the

side effects of tacrolimus but worsened despite reduced dosage.

Torsion dystonia of the trunk and frequent stumbling emerged

1 year later. 125 mg of D-penicillamine and 280 mg of zinc gluco-

nate three times a day were started along with benzhexol and clo-

nazepam for symptomatic treatment. Seven months later,

drooling and tremor improved significantly while slurred speech

and torsion dystonia improved moderately. D-penicillamine was

stopped 6 months later. She is on 140 mg of zinc gluconate three

times a day and a low-copper diet. At present, torsion dystonia

and a slight lisp remain.

The neurological symptom of patients 4 and 8 deteriorated

1 month after LT, without significant changes in brain MRI.

Patient 4 presented drooling, dysarthria, and tremor of right hand

which prohibited writing. She was treated three times a day with

125 mg of D-penicillamine and 280 mg of zinc gluconate immedi-

ately. Her drooling and tremor disappeared with a remaining

slight lisp. Patient 8 developed drooling, dysarthria, severe dys-

phagia, and depression but refused chelation therapy. Benzhexol,

baclofen, and clonazepam were included as adjunctive therapy.

Drooling disappeared, dysphagia and depression improved

slightly, but dysarthria sustains.

In summary, our results demonstrate that LT do ameliorate

metabolic defects. However, the neuropsychiatric WD patients

with normal or mildly deficient hepatic function are not advised

to receive LT. Zinc therapy and a low-copper diet help in alleviat-

ing neurological symptoms when graft rejection and tacrolimus-

associated adverse events are ruled out as possible causes. The

effect of the chelation therapy, zinc monotherapy, and a low-

copper diet in patients with WD after LT shall not be overlooked

despite small sample size of our study.
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Figure 1 The chromatograms of the ATP7Bmutations identified in this study. The panel for each chromatogram depicts the mutated sequence.
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