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Case Report

Osteoarticular manifestations as initial symptoms of WD with
novel compound heterozygote mutations in the ATP7B gene: a
case report
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Abstract: Wilson disease (WD) is a rare autosomal recessive disease characterized by hepatic, neurologic
and psychiatric, and variable manifestations. Skeletal and articular manifestations are usually overlooked at an
early stage in WD patients, which have an effect on therapeutic outcome and prognosis. We report a 13-year-
old girl of Chinese Han ethnicity with arthralgia and fracture as initial symptoms of WD. Laboratory tests
showed her 1:80 of antinuclear antibodies (ANA). The patient was diagnosed with oligoarticular juvenile
idiopathic arthritis (JTA) and treated with 10 mg of methotrexate (MTX) every week and diclofenac sodium
every day. Her symptoms showed no improvement over 6 months and her medications were ceased. Then
the patient presented to our department with a 3-week history dysarthria, gait abnormalities, dystonia and
tremor. Kayser-Fleischer rings, serum ceruloplasmin and liver biopsy confirmed the diagnosis of WD.
Genetic analysis was performed using SureSelect Clinical Research Exome v2 and then verified by bi-
directional Sanger sequencing. We found that the patient carried a novel compound heterozygous mutation
in ATPase copper transporting beta (A7P7B) on both chromosomes, which consist of a heterozygote of
NM_000053.3 (ATP7B): c.3884C>T p. Alal1295Val and large fragment heterozygous deletion in exons 10-11
of ATP7B gene identified using multiplex ligation-dependent probe amplification (MLPA), to be inherited
from her asymptomatic parents, respectively. The patient’s symptoms were relieved at the 1-year follow-
up after treatment with D-penicillamine and oral zinc. This case highlights that WD should be taken into

consideration in adolescents with unexplained joint pain, arthritis, and fracture of the large joints.
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Introduction

Wilson disease (WD), also known as hepatolenticular
degeneration, is a rare autosomal recessive disorder
characterized by the impairment of cellular copper
excretion. Patients present with hepatic, neurologic
and psychiatric manifestations, and presentations vary
considerably among patients (1). Due to this variability,
making an early diagnosis is difficult, which affects
therapeutic outcome and prognosis. Among the signs and
symptoms of WD, osteoarticular disturbances, including
osteoporosis, osteomalacia, and degenerative changes
of joints, have been reported (2). Here, we described
a patient with WD who presented with arthralgia and
fracture as initial symptoms and carried a novel compound
heterozygote of the ATPase copper transporting beta
(ATP7B) gene. We present the following case in accordance
with the CARE reporting checklist (available at http://
dx.doi.org/10.21037/tp-20-353).

Case presentation

A 13-year-old girl of Chinese Han ethnicity presented
to the Department of Rheumatology at Renji Hospital
with a 6-month history of joint pain, and limb tremors,
clumsy gait, and speech difficulties lasting 3 weeks. A
year earlier, the patient had visited a pediatrician for
arthralgia in the knees and ankles without triggers. She
had no fever, rash, oral ulcer, or low back pain, nor did
she report any trauma. Apart from her elder brother,
who had undiagnosed muscular atrophy of the limbs, she
had no known family history of inherited diseases. The
patient underwent a systemic evaluation for differential
diagnosis. Physical examination revealed tenderness and
swelling in both knees. Laboratory tests showed 1:80
of antinuclear antibodies (ANA, normal value: <1:40),
with negative anti-double-stranded DNA antibody (anti-
dsDNA), anti-cyclic citrullinated peptide antibody (anti-
CCP), anti-neutrophil cytoplasmic antibodies (ANCA),
human leukocyte antigen B27 (HLA-B27), and rheumatism
factors (RF). The erythrocyte sedimentation rate (ESR)
and C-reactive protein (CRP) were within normal ranges.
Liver and renal functions showed no abnormalities. Plain
radiography and magnetic resonance imaging (MRI)
of the knees indicated a fracture in the upper end of
the tibia as well as osteochondritis of the tibial tubercle
(Figure I). Single-photon emission computed tomography
(SPECT) of the knees showed high 99mTc-methylene
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diphosphonate (99mTc-MDP) uptake in the patient’s tibial
plateau. A bone marrow biopsy was performed and no
abnormalities were found. The patient’s cardio-pulmonary
function and ophthalmologic examination were normal.
She was diagnosed with oligoarticular juvenile idiopathic
arthritis (JIA) and received therapy consisting of 10 mg of
methotrexate (MTX) every week and diclofenac sodium
every day. As the symptoms showed no improvement over
6 months, the treatment was stopped.

Three weeks prior to admission, the patient experienced
trembling hands and verbal vagueness. After referral to
our department, physical examination showed that she
had ataxic dysarthria and essential tremor, which was
common with hand and arm involvement. The patient
also had increased muscle tone in the left upper limb
and a negative pathological reflex. Her laboratory tests
revealed a white blood cell count of 4.07x10™/L (normal
value: 4-10x107/L), hemoglobin 122 g/L (normal value:
113-151 g/L), platelet count 139x10”/L (normal value:
101-320x10°/L), a negative Coombs direct antibody test,
an ESR of 10 mm/h (normal value, <20), CRP 1.0 mg/L
(normal value: <8 mg/L), alanine aminotransferase 20 U/L
(normal value: 0-75 U/L), aspartate aminotransferase
38 U/L (normal value: 0-40 U/L), albumin 36.4 g/L (normal
value: 34-54 g/L), gamma-glutamyltransferase 56.00 U/L
(normal value: 11-50 U/L), alkaline phosphatase 152 U/L
(normal value: 40-150 U/L), direct bilirubin 5.7 pmol/L
(normal value: 0.1-5 pmol/L) and a creatine kinase
of 114 U/L (normal value: 24-248 U/L). Her serum
calcium was 2.16 mmol/L (normal value: 2.08-2.6 mmol/
L), phosphorus 1.62 mmol/L (normal value: 0.96-
1.62 mmol/L), 25-OH-vitamin D3 19.14 ng/mL (normal
value: >20 ng/mL) and parathyroid hormone 25.4 pg/mL
(normal value: 12-88 pg/mL). The bone mineral density
(BMD) of the patient’s hip and lumber spine, as measured
by dual-energy X-ray absorptiometry, was normal.
However, her abdominal ultrasound revealed liver damage
and splenomegaly. No immunological abnormalities were
indicated by her laboratory results, except for a positive
ANA of 1:80. Pathogen detection tests were negative.
MRI of the brain was performed, and T,-weighted MRI
and fluid attenuated inversion recovery images (FLAIR)
demonstrated hyperintense signals in the brainstem,
thalamus, and bilateral basal ganglia (Figure 2), which were
suggestive of WD. Ophthalmologic examination with slit-
lamp examination found Kayser-Fleischer rings. Further
laboratory results showed remarkably low ceruloplasmin at
20 mg/L (normal value: 200-600 mg/L). The patient’s liver
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Figure 1 Plain radiographs (A) and magnetic resonance imaging (MRI) (B) images of the right knee indicated a fracture in the upper end of

the tibia (small arrows) and osteochondritis of the tibial tubercle (coarse arrows).

biopsy results suggested moderate steatosis of hepatocytes
(small vesicular predominance, G1S2) and negative hepatitis
B virus surface antigen (HBsAg), hepatitis B virus e-antigen
(HBeAg), and Epstein—Barr virus (EBV). Subsequently,
we performed genetic testing for ATP7B gene mutations,
which are responsible for the pathogenesis of WD (2),
using SureSelect Clinical Research Exome v2 (Agilent).
A heterozygous mutation of NM_000053.3 (ATP7B):
¢.3884C>T p. Alal295Val was detected and then verified
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using bi-directional Sanger sequencing. The mutation was
found to be inherited from the patient’s father (Figure 3).
The variant is classified as pathogenic even if it is absent
from population databases. The results also suggested the
possibility of copy number reduction in exons 10-11 of
ATP7B. Therefore, multiplex ligation-dependent probe
amplification (MLPA) was performed, and large fragment
heterozygous deletion in exons 10-11 of ATP7B gene
inherited from the patient’s mother was found (Figure 4).
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Figure 2 Magnetic resonance imaging (MRI) of the brain demonstrated symmetrical hyperintensity signal on T2-weighted MRI and fluid

attenuated inversion recovery images (FLAIR) images in bilateral basal ganglia and thalamus.

A compound heterozygotic mutation leads to defects
in ATP7B protein function and copper metabolism. A
diagnosis of WD was confirmed.

The patient was treated with oral zinc and D-
penicillamine. At the 1-year follow-up after treatment,
her neurologic symptoms and arthralgia had improved.
The patient still adheres to this therapy regime currently.
Also, the patient’s brother underwent whole-exome
sequencing, which revealed a compound heterozygous
mutation in the Sacsin Molecular Chaperone
gene (NM_014363.6:c.8948A>G p.Asn2983Ser
and NM_014363.6:¢.8948A>G p.Asn2983Ser
014363.5:¢.7466C>A p.Pro2489 His) inherited from
their parents. This mutation can lead to spastic ataxia of
Charlevoix-Saguenay (SACS, MIM 270550). However, for
unknown reasons, he did not pursue further medical testing.

© Translational Pediatrics. All rights reserved.

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee(s) and
with the Helsinki Declaration (as revised in 2013). Written
informed consent was obtained from the patient’s parents.

Discussion

The clinical features of WD are predominantly hepatic,
neuropsychic, or a combination of variable symptoms
(3,4). The differential diagnosis of WD can be challenging,
especially in the early stage of the disease. Musculoskeletal
manifestations in WD are often overlooked. Menerey et al.
evaluated 24 patients with WD and found minimal
radiological findings, including osteophytes, subchondral
cysts, chondrocalcinosis, and joint space narrowing (5).
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Figure 3 Analysis of NM_000053.3: ¢.3884C>T mutation in the ATPase copper transporting beta (ATP7B) genes. (A) Family pedigree of
the patient; (B) The patient (II-2) carried a heterozygous variant of ¢.3884C>T verified using Sanger analysis, which was inherited from the
patient’s father (I-1).
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Figure 4 Large fragment heterozygous deletion in exons 10-11 of the ATP7B gene using multiplex ligation-dependent probe amplification

(MLPA).

Quemeneur et /. summarized musculoskeletal conditions
associated with WD. They observed spinal radiological
abnormalities, including scoliosis, diffuse bone
demineralization, and osteochondritis (6,7). Several groups
have reported that decreased BMD and a high prevalence
of osteoporosis, especially in the lumbar spine, in patients
with WD (8-10). In adults patient with normal BMD,
Quemeneur et 4l. also reported a prevalence of vertebral
and peripheral fracture (11).

In our patient, arthralgia, and fracture presented as initial
symptoms of WD, which—to the best of our knowledge-
has not previously been reported in the literature. The
patient did not have osteoporosis, and her serum levels
of calcium, phosphorus, and 25-OH-Vitamin D3 were
within normal limits. Copper deposition might play a role
in the etiology of arthropathy and fracture. However, the
mechanisms of osseous abnormality are still unclear. Renal
tubular dysfunction and abnormal calcium and phosphorus
metabolism have been linked to bone conditions (2,10).
Copper is an essential component of proteins and enzymes,
and is involved in multiple metabolic pathways. At excess
levels, copper induces both the production of reactive
oxygen species (ROS) and mitochondrial dysfunction,
leading to osteoarticular disorders (10,12).

Furthermore, our patient also had a 1:80 ANA, which
more frequently presents in JIA and other autoimmune
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diseases than in WD. However, our patient did not show
other manifestations of rheumatic diseases, and her
symptoms were not relieved by MTX.

The Leipzig scoring system, which includes clinical
and laboratory testing, is useful in diagnosing WD
(3,13). Genetics analysis has the ability to provide early
and accurate WD diagnosis. In a clinical series of WD
in eastern Spain, Sdnchez-Monteagudo er «/. identified
biallelic ATP7B mutations in 30 patients, and in a case,
a large deletion of exon 1 with MLPA (14). Our patient
harbors a compound heterozygous mutation in the ATP7B
gene. There are heterozygous mutations of ¢.3884C>T
p-Ala1295Val in allele 1 and a large heterozygous deletion
in exons 10-11 of the ATP7B gene in allele 2. To the best
of our knowledge, the present study is the first to describe
this compound heterozygous mutation. A7TP7B mutations
caused a defect in hepatocellular copper transportation,
resulting in the accumulation of copper in various tissues
and organs. Xie et al. reported that skeletal copper content
increased 4 times in patients with WD, which might lead
to bone and joint changes (15).

It is also interesting that the patient’s brother
demonstrated additional mutations in the SACS gene,
which might cause SACS. It is uncommon for siblings to
have different genetic diseases in one family.

Our case suggests that, due to their rarity,
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musculoskeletal presentations of WD are usually neglected
in WD patients at an early stage. WD should be considered
in adolescents with unexplained arthralgia of the large
joints. Patients with WD may demonstrate abnormal
autoimmune features, such as a low titer of positive ANA or
arthritis in large joints. Early diagnosis and therapy can aid
in improving the prognosis of patients with WD.
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