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Dear Sir,
Neurodegeneration with brain iron accumulation (NBIA) is 

a hereditary syndrome characterized by progressive neurode-
generation and iron accumulation in brain tissue with extrapy-
ramidal movement disorders.1 Currently, ten causative genes 
for NBIA have been identified. Beta-propeller protein associat-
ed neurodegeneration (BPAN, NBIA5), which was previously 
known as static encephalopathy in childhood with neurode-
generation in adulthood (SENDA), is caused by de novo 
heterozygous or hemizygous mutation in WDR45.2 In patients 
with NBIA, dystonia is the most commonly recognized invol-
untary movement. Although parkinsonism was reported in 
some NBIA patients, pathological substrates for parkinsonism 
in NBIA cases are not well studied. Here, we report a BPAN 
patient with a heterozygous mutation in WDR45 showing le-
vodopa-induced dyskinesia (LID) and dopamine loss docu-
mented by a dopamine transporter positron emission tomog-
raphy (PET) study.

A 37-year-old woman was referred to our movement disor-
ders clinic because of generalized dystonia and progressive gait 
disturbance over the course of 10 years. She had no family his-

tory of movement disorders, dementia, or psychiatric illness. 
She had no history of perinatal injury or seizure. She has had 
psychomotor retardation from childhood. She could make 
sound but could not communicate verbally. She partially com-
municated with others using gestures. Her motor development 
was also retarded. Although unsteady, she could walk holding 
an assistant’s hand until she was 27 years old. Thereafter, her gait 
disturbance and generalized dystonia progressively worsened, 
and she could not stand at all after age 32. She visited a neurol-
ogy clinic 3 years ago and was prescribed 0.75 tablets of levodo-
pa/carbidopa 100 mg/ 25 mg BID and Tizanidine 1 mg BID. 
Her mother reported that her dystonia partially improved; how-
ever, she could not tolerate the medication because of general-
ized dyskinesia, which was newly developed after she was pre-
scribed medication. On examination, she was drooling and 
showed masked face. She had severe generalized dystonia and 
hypokinesia with spastic quadriparesis. The Babinski sign was 
negative. Optokinetic nystagmus was present in all directions. 
Laboratory tests including complete blood count, blood chem-
istry, thyroid function test, HIV antibody, ferritin, ceruloplas-
min, serum copper level and 24-hour urine copper level were 
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within normal ranges, except for a mildly elevated 
AST/ALT (54/137). The nerve conduction study and 
EEG were normal. A brain MRI (Philips Achieva 
3.0T MRI System, release 3.2.1.1, Best, The Nether-
lands) showed generalized cerebral atrophy with 
ventricular enlargement. T2-weighted and suscep-
tibility-weighed MR images showed marked hy-
pointensity at the substantia nigra region and, to a 
much lesser extent, at the globus pallidus (Figure 1). 
T1-weighted 3D MP-RAGE MR images showed a 
central band of hypointensity at the substantia nig-
ra region but a surrounding halo of hyperintensity 
was not obvious (Figure 1E). 18F-fluoropropyl-2-be-
ta-carbomethoxy-3-beta-(4-iodophenyl) nortropane 
(18F-FP-CIT) PET revealed a significant decrease of 
dopamine transporter in the bilateral striatum. The 
degree of dopamine transporter loss was relatively 
symmetrical; however, the posterior part of the pu-
tamen was involved more than the anterior part (Fig-
ure 1F). PCR and Sanger sequencing of all exons of 

WDR45 revealed a novel missense mutation (p.
N202K, c.606C>G, NM007075) that predicted to 
be ‘disease-causing’ by Mutation Taster.3 Her mother 
was negative for the same mutation, but we could 
not study her father’s DNA. After she was treated 
with trihexyphenidryl 1 mg BID, her rigidity mildly 
improved; however, her mother complained of new-
ly developed intermittent myoclonic jerks. We could 
not try other medication because follow up was lost.

Although a functional study for p.N202K muta-
tion in WDR45 in this patient was not performed, 
we believe that her neurological signs were caused 
by de novo mutation of WDR45 for the following rea-
sons. Her clinical features such as dystonia, spasticity, 
mental retardation, parkinsonism and myoclonus, 
and clinical course showing deterioration in adult-
hood were characteristic for BPAN. Her MRI features 
also support BPAN except for T1-weighted images 
which may be attributable to our parameters for T1-
weighted 3D volumetric images. Her de novo muta-

Figure 1. MRI and 18F-FP-CIT PET findings of a patient with beta-propeller protein-associated neurodegeneration. 
T2-weighted and susceptibility-weighed MR images show marked hypointensity in the globus pallidus (A and B) 
and the substantia nigra (C and D) in axial slices. T1-weighted 3D MP-RAGE axial images show a central band of 
hypointensity in the substantia nigra area (E). 18F-FP-CIT PET showed symmetrically reduced dopamine transport-
er binding activity in the bilateral striatum, where the posterior part of the putamen was more involved than the an-
terior part (F). 18F-FP-CIT: 18F-fluoropropyl-2-beta-carbomethoxy-3-beta-(4-iodophenyl) nortropane, PET: positron 
emission tomography, 3D: three-dimential.
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tion in WDR45 was novel and predicted to be dis-
ease-causing. 

Among NBIAs, parkinsonism was reported in 
Pantothenate kinase-associated neurodegeneration 
(PKAN), PLA2G6-assocaited neurodegeneration 
(PLAN, PARK14), Mitochondrial membrane pro-
tein-associated neurodegeneration (MPAN), BPAN, 
Fatty acid hydroxylase-associated neurodegenera-
tion (FAHN), Coenzyme A synthase protein-asso-
ciated neurodegeneration (CoPAN), Neuroferriti-
nopathy, Aceruloplasminemia, Woodhouse-Sataki 
syndrome, and Kufor-Rakeb syndrome (PARK9). 
In a retrospective review of 23 cases of BPAN, par-
kinsonism was present in 91% of patients who ex-
hibited neurological deterioration in adolescence 
or early adulthood.4 A Japanese study reported that 
mutations in WDR45 were found in 25% of pa-
tients with intellectual disability in childhood and 
young-onset parkinsonism whose age-at-onset is 
less than 40 years.5 Pathological correlates for par-
kinsonism in BPAN have been poorly studied. Al-
though a unique MRI feature of hyperintense signal 
of T1-weighted MR images in the substantia nigra in 
BPAN was argued to reflect degeneration of pig-
mented neurons, documentation of neuronal loss 
in the substantia nigra of the autopsied brain was 
reported only in two cases.4,6 No functional neuro-
imaging studies for dopaminergic system such as 
dopamine transporter PET (or single photon emis-
sion computed tomography) or fluorodopa PET have 
been reported. Although we did not analyze FP-
CIT PET images quantitatively, images showing se-
vere loss of dopamine transporter with anterior-to-
posterior gradient are consistent with previous 

pathological studies.4,6 
Levodopa responsiveness with early development 

of motor fluctuation and LID was frequently report-
ed in BPAN.4-6 In some cases, similar to in the patient 
we presented, LID was disabling which warranted 
discontinuation of levodopa. Lacking neuronal loss 
in the putamen and sparing of post-synaptic dopa-
minergic receptors may be related to these pheno-
types;6 however, the exact mechanism of LID remains 
unclear. 
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