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Graphical Abstract

Wilson’s disease (WD)

Peripheral nerve

In addition to the classic disease pattern, WD can present with pure peripheral neuropathy,
rendering diagnostic challenging to this disease. Routine serum ceruloplasmin testing seems
justifiable for patients with peripheral neuropathy of undetermined cause.
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Abstract

Backgrowund: Wilson's disease (WD) is an inherited autosomal recessive disease affecting copper metabolism in the body. Nearly all
neurological symptoms are attributed to the central nervous system, while peripheral neuropathy is rare.

Case presentation: A 48-year-old male presented with progressive muscle weakness and atrophy in distal extremities for 7 months. Pure distal
motor axonal neuropathy was confirmed by electromyography. Extremely low serum ceruloplasmin level was detected accidentally and gene
screening of ATP7B found two known compound heterozygous mutations (c.3859G>A p.(Gly1287Ser), c3155C>T p.(Pro1052Leu)). However, the
patient had no typical symptoms or signs of WD. Brain MRI was unremarkable. B ultrasound only revealed mild liver steatosis. He responded well
to penicillamine treatment. Electromyography showed nearly normal results 1 year later.

Conclusion: WD can present with pure peripheral neuropathy, rendering diagnostic challenging to this disease. Routine serum ceruloplasmin
testing seems justifiable for patients with peripheral neuropathy of undetermined cause.
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Background

Wilson’s disease (WD) is an inherited autosomal recessive
disease affecting copper metabolism in the body caused
by mutations in the ATP7B gene. Most WD patients show
symptoms at <40 years of age.[1] Excessive copper
accumulating in the central nervous system (CNS) leads to
symptoms such as tremor, parkinsonism, dystonia, chorea,
myoclonus, and psychiatric or psychological problems.
[2] Copper overloading in the liver causes cirrhosis which
is found in most patients by the second decade of life and
steatosis is usually an early sign.[1] Kayser-Fleischer (K-F)
ring is a specific sign presenting in 85%-100% of neurological
cases, 33-86% of hepatic cases, and 0-59% in asymptomatic
patients.[3] However, involvement of the peripheral nervous
system is uncommon for WD. Although subtle peripheral nerve
changes can be observed pathologically[4,5] or detected by
electromyography (EMG)[6], clinical manifestations are nearly
imperceptible. Herein, we report a peculiar late-onset WD
case who presented with peripheral neuropathy exclusively
and responded to penicillamine treatment. No examinations
suggested WD other than low serum ceruloplasmin level.

Case Presentation

A previously well 48-year-old Chinese male was admitted in
September 2015 after he suffered from weakness and atrophy
in distal extremities without sensation complaints for 7
months. No infection, intoxication, or diabetes could be traced.
Before admission, he had been taking corticosteroids (taping
from 60mg daily) for 2 months but it was of no avail. Physical
examination highlighted distal extremities weakness (MRC
(Medical Research Council) grade 4+), decreased muscle
bulks in hands, shanks, and feet (Figure 1), absent tendon
reflexes, and unsteady tandem gait. Sensory examination
was unremarkable. EMG demonstrated positive sharp waves
and fibrillation potentials in the biceps brachii, first dorsal
interosseous, flexor carpi radialis, extensor digitorum brevis,
popliteal muscle, and tibialis anterior muscles with giant motor
unit potentials. A nerve conduction study showed a greatly
decreased amplitude of compound motor action potential
(CMAP) with normal F-wave latency, distal motor latency, and
motor nerve conduction velocity (MNCV) in most motor nerves
(Table 1). Sensory nerves were not affected. Most laboratory
tests relevant to peripheral neuropathy were unremarkable,
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including blood glucose, liver function, vitamin B12, vitamin
B1, foliate acid levels, monoclonal protein, RF, ANA, dsDNA,
ANCA, and anti-ganglioside antibodies. Hemoglobin was
118g/I (reference range:120-160g/1). Serum ceruloplasmin as
a risk factor screening showed less than 0.02g/I (reference
range:0.2-0.4g/l) and serum copper level was 1.7umol/
| (reference range:11-24umol/l), and then 24-hour urinary
copper excretion level was <0.10umol/24h . Cerebrospinal
fluid analysis revealed an elevated protein level of 1.4 g/I
(reference range:0.15-0.45 g/1) but a normal cell count.

Further investigations for WD were as follows: abdominal
B ultrasound which detected mild liver steatosis and
splenomegaly (131*43mm), brain MRI revealing normal
results, and slit lamp examination showing no K-F rings.
Gene screening of ATP7A and ATP7B was performed. Two
previously reported mutations, ¢.3859G>A p.(Gly1287Ser)
and ¢3155C>T p.(Pro1052Leu), were detected in ATP7B. No
mutations were found in ATP7A. His family members were
requested to mail their blood samples for gene screening.
The pedigree tree showed his father carried the mutation of
€.3859G>A p.(Gly1287Ser), while his mother was deceased.
His elder sister and younger brother carried neither of the
mutations and his elder brother carried both. None of his
family members but his elder brother reported mild walking
unsteadiness, which did not affect his life, and refused further
medical examination. However, he refused to visit our clinic.
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According to the gene screening result, WD was diagnosed.
The patient was started on 125mg penicillamine TID. In
December 2015, he reported improvement in his strength. In
October 2016, he could walk without difficulty and his muscle
bulks increased (Figure 1). Muscle strength was normal
(MRC grade 5). Hemoglobin elevated to 165g/I and fatty liver
disappeared on ultrasound. EMG showed no positive sharp
waves. A nerve conduction study showed normal CMAPs in
most motor nerves (Table 1).

Discussion and Conclusion

Several studies demonstrate subclinical peripheral nerve
changes in WD. Bowles RP, et al. verified small areas of
demyelination in peripheral nerves by autopsy.[7] Sturniolo
GC, et al. observed reduced nerve fiber density, number of
branching number of beading, and more fiber tortuosity in WD
patients’ cornea.[4] In Gondim Fde A’s study, water-induced
skin wrinkling test which tests autonomic/sensory small
fiber function was positive in two patients.[8] Pathogenesis
of peripheral fiber damage in WD is largely unknown. Copper
toxicity is probably secondary to the formation of reactive
oxygen species. Overproduction of oxidizing radicals leads to
the impairment of essential molecules, such as lipids, proteins,
and DNA. Mitochondria damage by oxidative stress may

Table 1. Findings of nerve conduction studies in July 2015 and October 2016. The first nerve conduction study was performed in July 2015 and
the second one was in October 2016. Abbreviations: CMAP: compound muscle action potential, MNCV: motor nerve conduct velocity, ADM:
abductor digiti minimi, APB: abductor pollicis brevis, AH: abductor hallucis, EDB: extensor digitorum brevis.

Latency(ms) CMAP(mv) MNCV(m/s) F-wave latency(ms)
Ist | 2nd (‘:,::32‘ Ist | 2nd S:}ﬁ:f Ist | 2nd S::ﬁ:f 1st | 2nd S:::if
Ulnar nerve 255 =50 <31.2
Wrist-ADM 269 | 3.2 <3.1 24 | 938 28 | 28.8
Below elbow-wrist 6.26 | 7.33 2.3 9.0 61.1 | 53.3
Below-above elbow 8.40 | 9.38 22 | 93 51.4 | 58
Media nerve 4.8 =50 <30
Wrist-APB 371 | 444 <4.2 121 | 82 29 | 275
Axillary-wrist 7.92 | 8.31 091 | 7.6 54.6 | 56.8
Tibia nerve =5.0
Ankle-AH 419 | 4.59 <5.8 1.69 | 2.5 >39.4 <59.2
popliteal-ankle 12.9 | 12.5 1.52 | 1.95 451 | 474 50.4 | 51.1
Peroneal nerve 2.3 >39.8 <59
Ankle-EDB 3.88 | 3.90 <4.6 3.1 43 47.4 | 489
Below knee-ankle 10.0 | 10.5 3.0 | 38 433 | 45
Above knee-below knee | 11.9 | 13 2.9 3.7 474 | 41.2
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Figure 1. Atrophy of intrinsic muscle of hands (A) and tibialis anterior muscle (C) in September 2015. Muscle bulks increased after 1-year-long

penicillamine treatment (B, D).

suppress neuron function.[4] Copper is involved in myelination,
and this may be the cause of the peripheral nerve injury in the
patient.

Despite the pathological and electrophysical evidence
of peripheral nerve damage, symptomatic neuropathy is
extremely rare in WD patients if those caused by excessive
de-copper treatment [9,10] are not counted. Only Jung KH,
et al. reported a 17-year-old male patient presented with
concrete sensorimotor peripheral neuropathy initially.[11]
WD was not considered until movement disorders developed
and typical signs of WD, such as KF ring, cirrhosis, and
hypoceruloplasminemia were found.[11] Compared with that
case, the clinical picture of our patient is far less typical. The
onset age of 48 in this case is very late. Only 3.8% of patients
were symptomatic after 40 years of age and 1.2% became
symptomatic after 48.[12] Our patient only had liver steatosis
and hypoceruloplasminemia. Liver steatosis is never specific
for most liver diseases. So, hypoceruloplasminemia seems to
be the only breakthrough. Although hypoceruloplasminemia
not always suggests WD, extremely low ceruloplasmin level
(<50mg/L or <5mg/dL) should be taken as strong evidence for
the diagnosis of WD.[1] The diagnosis was confirmed by gene
screening of ATP7B. The mutations,c.3859G>A p.(Gly1287Ser)
and c3155C>T p.(Pro1052Leu) were previously reported.[13,14]
In copper-related diseases, ATP7A-related polyneuropathy
has been reported, but serum ceruloplasmin is usually normal
in this condition.[15] In our case, gene screening of ATP7A
is normal.We speculated that the copper metabolic pathway
may be individualized. Although ceruloplasmin was extremely
low in our patient, urine ketone did not increase, and excess
copper may be deposited more on peripheral nerves.

In conclusion, we present a case of WD where peripheral
neuropathy appeared as the only symptom. WD is a potentially
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treatable disease, so recognizing this rare form of WD is
of value. Serum ceruloplasmin level which is not routinely
included in the neuropathy panel should be tested in patients
with polyneuropathy of undetermined causes.
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