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This review provides recommendations for the evaluation and management of individuals
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with beta-propeller protein-associated neurodegeneration (BPAN). BPAN is one of several
neurodegenerative disorders with brain iron accumulation along with pantothenate kinase-
associated neurodegeneration, PLA2G6-associated neurodegeneration, mitochondrial mem-

brane protein-associated neurodegeneration, fatty acid hydroxylase-associated neurodegener-

ABBREVIATIONS

BPAN Beta-propeller protein-
associated neurodegeneration
Neurodegeneration with brain
iron accumulation

NBIA

ation, and COASY protein-associated neurodegeneration. BPAN typically presents with global
developmental delay and epilepsy in childhood, which is followed by the onset of dystonia
and parkinsonism in mid-adolescence or adulthood. BPAN is an X-linked dominant disorder
caused by pathogenic variants in WDR45, resulting in a broad clinical phenotype and imaging
spectrum. This review, informed by an evaluation of the literature and expert opinion, dis-
cusses the clinical phenotype and progression of the disease, imaging findings, epilepsy fea-

tures, and genetics, and proposes an approach to the initial evaluation and management of
disease manifestations across the life span in individuals with BPAN.

Beta-propeller ~ protein-associated ~ neurodegeneration
(BPAN, OMIM no. 300894) is an X-linked dominant neu-
rodegeneration with brain iron accumulation (NBIA) disor-
der. Mutations in WDR45 were identified in a group of adults
with brain iron accumulation and similar clinical features.'
BPAN is the most common NBIA disorder, with an esti-
mated prevalence of 2 to 3 per million individuals (Table 1).
BPAN was initially characterized by global developmental
delay and epilepsy in childhood with the development of dys-
tonia, parkinsonism, and dementia in young adulthood. With
increasing numbers of individuals identified with BPAN and
recognition of a more expansive clinical phenotype, the pur-
pose of this review is to provide recommendations for best
practice in caring for individuals with BPAN.

METHOD

This review results from an evaluation of the literature and
consensus of clinicians with experience treating individuals
with BPAN. PubMed was searched from July to August
2019 using the exact search terms ‘BPAN’, ‘beta-propeller
protein-associated neurodegeneration’, ‘SENDA’, and
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‘WDR45’. Clinical management information was extracted
from published case reports. One author reviewed and com-
piled all the articles retrieved by this search (JLW), while a
second author also reviewed the articles related to epilepsy
(IB). English language case series, case reports, and reviews
were included. The full texts of the articles were obtained
and reviewed. The references of the articles were reviewed
to determine if any additional articles should be included
that did not appear in the original PubMed search. Data rel-
evant to the clinical presentation and management were
extracted from each article and compiled into a spreadsheet
(e.g. imaging findings, endocrinological features, etc.). The
findings related to each clinical feature, in addition to experi-
ence of the authors, informed the descriptions and consensus
of the group in formulating recommendations. Expert opin-
ion was sought in an approach similar to that used in the
development of the pantothenate kinase-associated neurode-
generation clinical management guideline.” Specifically, a
draft was circulated to clinical experts in BPAN for review
and subsequent revision. The revised draft was then shared
with families affected by BPAN for review.

© 2021 Mac Keith Press.
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DIAGNOSIS AND INITIAL ASSESSMENT AND CARE
Presenting features in childhood

BPAN is more common in females and typically presents
with global developmental delay particularly impacting
expressive language, abnormal gait, epilepsy, sleep distur-
bance, and autistic features, including hand stereotypies
and repetitive behaviors. A rounded face with coarse fea-
tures, mild telecanthus, and a diastema may be present in
early childhood. Bruxism and hyperpnea are common, as
seen in Pitt—Hopkins syndrome and Rett syndrome. Since
the clinical features are non-specific and imaging may not
demonstrate classic findings at a young age, the diagnosis
is often made when a gene panel or exome sequencing
reveals a mutation in WDR45.

Presenting features in adulthood

BPAN should be considered in adults with intellectual dis-
ability who develop early-onset parkinsonism, dystonia,
and dementia. Adults with BPAN typically have moderate-
to-severe intellectual disability and manifest neurodegener-
ation in early or mid-adulthood that is characterized by
dystonia, parkinsonism, and dementia, often with behav-
ioral changes. The deterioration often prompts imaging
showing a characteristic pattern of iron deposition sugges-
tive of NBIA.

Phenotypic spectrum of BPAN

The BPAN phenotypic spectrum is broad, at least in part
due to complex genetic mechanisms. Children may present
with an infantile-onset epileptic encephalopathy and severe
developmental disability, or with a Rett-like or Angelman-
like phenotype, including midline or flapping hand stereo-
typies. However, females with mild intellectual disability
and typical motor function have been observed.’” An indi-
vidual with a pathogenic WDR45 mutation may even be
asymptomatic.® A number of males with BPAN have been
described’ '* and the phenotype is broad for males and
females alike.

What this paper adds

* The complex epilepsy profile of beta-propeller protein-associated neurode-
generation (BPAN) often resolves in adolescence.

® The treatment for an individual with BPAN is supportive, with attention to
sleep disorders, complex epilepsy, and behavioral problems.

* |ndividuals with BPAN have shifting needs throughout their life span requir-
ing multidisciplinary care.

Diagnostic imaging

Brain magnetic resonance imaging (MRI) including iron-
sensitive sequences demonstrates an evolution of changes
that are specific to BPAN (Fig. 1). The appearance of
increased iron does not necessarily coincide with or predict
clinical deterioration. Early imaging findings include mild
white matter volume loss, delayed myelination, and a thin
corpus callosum. However, a normal brain MRI does not
exclude the diagnosis of BPAN in a young child. A hypoin-
tense signal in the globus pallidus and substantia nigra on
iron-sensitive sequences usually appears after 2 to 4 years
of age, followed by similar changes on T2 sequences. A
symptomatic adolescent or adult may also have generalized
volume loss and a ‘halo’ of T1 hyperintensity around a
hypointense band in the cerebral peduncles, which is
pathognomonic for BPAN. A transient T2 hyperintense
signal in the deep cerebellar nuclei has been described; this
is a finding not seen in other NBIA disorders."""'?

Genetic testing

When BPAN is suspected, genetic testing is recommended
to confirm the diagnosis. Sequencing and deletion/duplica-
tion testing of the WDR45 gene can be made as a single
gene test or as part of a gene panel. Rare cases have been
associated with microdeletions encompassing WDR45. Par-
ental testing is recommended to determine whether the
pathogenic variant is de novo or inherited.

Somatic mosaicism and X inactivation
The phenotypic spectrum in BPAN is impacted by somatic
mosaicism and, in females, X inactivation.! Somatic

Table 1: Estimated incidence, inheritance pattern, and clinical features of NBIA disorders

Estimated
prevalence
Disorder per million

Inheritance Clinical features

Global developmental delay, epilepsy, dystonia, parkinsonism in adulthood
Classic: severe, progressive dystonia, retinal degeneration

Atypical: speech disorders, dystonia, psychiatric symptoms

INAD: psychomotor regression, ataxia, dystonia, spasticity, optic atrophy

aNAD: speech delay, developmental regression, dystonia, spasticity, optic atrophy
PLA2G6-related dystonia-parkinsonism: parkinsonism, dystonia, cognitive decline,

Impaired gait, spasticity, weakness, dystonia, psychiatric changes, optic atrophy,

Spasticity, dysarthria, optic atrophy, intellectual impairment

BPAN 2-3 X-linked dominant
PKAN 2 Autosomal recessive
PLAN 1 Autosomal recessive

psychiatric changes
MPAN 1 Autosomal recessive

parkinsonism
FAHN <1 Autosomal recessive
CoPAN <1 Autosomal recessive

Spasticity, oromandibular dystonia, dysarthria, neuropathy, parkinsonism

NBIA, neurodegeneration with brain iron accumulation; BPAN, beta-propeller protein-associated neurodegeneration; PKAN, pantothenate
kinase-associated neurodegeneration; PLAN, PLA2G6-associated neurodegeneration; INAD, infantile neuroaxonal dystrophy; aNAD, atypical
neuraxonal dystrophy; MPAN, mitochondrial membrane protein-associated neurodegeneration; FAHN, fatty acid hydroxylase-associated
neurodegeneration; CoPAN, COASY protein-associated neurodegeneration.
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(c) Corpus callosum T1

(d) Substantia nigra Normal or mild
and globus pallidus T2 hypointensity

Normal or mild
hypointensity

(e) Substantia nigra
and globus pallidus
T2*/GRE/SWI

(f) Substantia nigra T1 Absent or T1
halo’ hyperintensity without
dark central band

Age
MRI feature Childhood Adolescence Adulthood
(a) White matter Delayed myelination Normal myelination Normal myelination
(b) Cerebral and Mild volume loss or Mild to moderate Severe volume loss
cerebellar volume T2 normal volume loss

T1 hyperintensity with
or without subtle
central dark band

More prominent 'halo'

Figure 1: Progression of common imaging features seen in beta-propeller protein-associated neurodegeneration (BPAN): (a) delayed evolution of imag-

ing in BPAN (myelination may be present in childhood); (b) generalized volume loss appearing in childhood or adolescence and progressing into adult-

hood; (c) thinning of the corpus callosum; (d,e) hypointense signal appearing in childhood or adolescence in the globus pallidus and substantia nigra
on iron-sensitive sequences, increasing in hypointensity with age; (f) ‘halo’ of T1 hyperintense signal around a hypointense signal band in the cerebral
peduncles becoming apparent in adolescence and more prominent in adulthood. GRE, gradient echo; SWI, susceptibility-weighted imaging.

mosaicism describes the presence of two sets of cells in an
individual, one with a mutation in #WDR45 and one without.
Single gene and panel testing can detect mosaicism. Gonadal
mosaicism also occurs in BPAN.” Genotype alone is not a
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strong predictor of phenotype, which is also influenced by:
(1) the developmental timing and tissue distribution of
somatic mutation, (2) the presence of a second X chromo-
some, and (3) the pattern of X inactivation. Typically, one
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X chromosome is randomly ‘turned off’ in each cell. In
BPAN, the pattern of X inactivation may be non-random
thereby influencing phenotype.''*"'* One can speculate that
female outliers who are asymptomatic or have mild pheno-
types have favorable X inactivation or somatic mosaicism.
Males with somatic mosaicism tend to have a phenotype
ranging from mild to classic BPAN, while those without
mosaicism tend to be more severe than classic female

G
cases.7’)

Genetic counseling, recurrence risk, and mosaicism in
population norm parents

BPAN is inherited in an X-linked dominant manner.
There are more affected females than males, possibly due
to early loss of male conceptuses. Most cases are de novo
and simplex, meaning they are the only affected individual
in the family. Still, parental testing is recommended since
recurrence has been reported. If neither parent has the
variant, then recurrence is slightly greater than the popula-
tion risk but still less than 1% due to possible gonadal
mosaicism.” When a parent has the same WDR45 variant
and evidence for mosaicism, then the recurrence chance
could increase to 50%.

Most individuals with BPAN do not reproduce. How-
ever, mildly affected females should have genetic counsel-
ing once they near child-bearing age. The chance to pass
on a WDR4S pathogenic variant is as great as 50%. Since
their unusually mild phenotypes are attributed to mosai-
cism and/or skewed X inactivation, their children would be
more likely to have a classic BPAN phenotype. Finally,
many families worry that a typically developing sibling
could have a child with BPAN. Monozygotic co-twins may
have low-level mosaicism for a WDR4S5 pathogenic variant
that occurred before the splitting of the zygote and would
have an increased recurrence risk.® Similarly, if a female
sibling inherits a mutation from a parent with gonadal
mosaicism and happens to have favorable X inactivation,
the increased recurrence risk would be difficult to identify.
While rare, these scenarios have occurred and warrant dis-
cussion, genetic counseling, and possibly genetic testing.

Disease progression in BPAN

Individuals with typical BPAN have seizures in childhood,
which tend to resolve in late childhood or adolescence.
Although delayed, they continue to make developmental
gains in childhood, with most walking and able to say a sin-
gle word by 3 years of age."” In late childhood, behavioral
problems and sleep disturbances can be significant, although
typically seizures have resolved and there is a period of sta-
bility. Then, ranging from later in childhood to mid-
adulthood, most individuals experience disabling parkinson-
ism, dystonia, and dementia (Table 2). The timing of neuro-
logical deterioration varies and the age range is not yet fully
understood. In a review of 64 cases, the mean age of deterio-
ration was 27 years 2 months (range 13739)7);16 however,
ascertainment bias for a disorder only recently described
may have skewed that mean to a later age. There are no con-
firmed predictors of neurological deterioration nor is it cer-
tain that all individuals with BPAN experience regression. A
prospective natural history study of BPAN currently under-
way may elucidate predictors of regression (http://nbiacure.
org/our-research/in-the-clinic/bpanready/).

EVALUATION, MANAGEMENT, AND SURVEILLANCE
The care of the individual with BPAN requires anticipatory
guidance for the individual affected and their family and a
focus on managing the features that most impact quality of
life: seizures, behavioral problems, communication deficits,
sleep disorders, and neurological regression. Given the lim-
ited published literature, most of the recommendations are
based on the consensus agreement of expert clinicians with
experience in the care of individuals with BPAN.

Therapeutic targets

The specific function of WDR45 seems to be in formation of
the autophagosome. Mutations in WDR4S result in impaired
autophagy, which underlies the pathological abnormalities
seen in BPAN.!” Tron metabolism is affected in the fibroblasts
of patients with BPAN, suggesting a mechanism for brain
iron accumulation.'® As with other NBIA disorders, the accu-
mulation of iron is likely a secondary phenomenon in BPAN,

Table 2: Clinical progression of individuals with beta-propeller protein-associated neurodegeneration®

Age

Clinical feature Childhood

Adolescence Adulthood

Seizures Mild to intractable, often multiform, may
occur with fever

Language/cognitive Expressive>receptive delay; may have

speech regression with onset of seizures or

autism

Motor Gross motor delay, most eventually walk,
ataxic, hunched or crouched gait, hand
stereotypies

Behavioral Autistic features, behavioral challenges

Endocrinological Precocious adrenarche
Other Sleep disruption

Decrease in seizures Seizures uncommon
Minimal spoken language, may use Dementia with loss of
signs or augmentative communication skills
communication
Static function Development of dystonia,
parkinsonism, loss of
ambulation

Sleep disruption,
incontinence

Sleep disruption

®Note that the spectrum of the disease is broad and progression will vary.
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raising questions of whether removing iron should be a thera-
peutic goal. Mouse models of BPAN have been published'’
and these may serve as critical resources for early feasibility
studies of rational therapeutics for the disease.

Iron chelating agents

With the unifying feature of iron accumulation, there has
been interest in iron chelation as a therapeutic approach in
the NBIA disorders. In a randomized controlled trial of
deferiprone in individuals with pantothenate kinase-
associated neurodegeneration, there was no significant dif-
ference between placebo and treatment groups regarding
change in dystonia measurement after 18 months.? The two
reported adults with BPAN treated with deferiprone did not
benefit; one had worsening parkinsonism that improved on
discontinuation and the other had no improvement in clini-
cal symptoms, although they tolerated only a low dose.”*!
These data do not support the use of iron chelating agents in
BPAN outside of a clinical trial setting.

Recommended evaluation and care at the time of
diagnosis

Neurology and development

Neurologists play an important role in childhood, manag-
ing epilepsy that may be refractory, and again in adult-
hood, when movement disorder expertise may be needed
to treat rapidly progressive and complex parkinsonism.
Children with BPAN should have an initial developmental

evaluation to assess and guide interventions.

Ophthalmology
Since treatable eye findings are common in BPAN, an eye
examination is recommended.

Brain MRI

A brain MRI may help solidify an uncertain genetic diag-
nosis; however, once the diagnosis is established, repeat
imaging is not recommended if solely to document the

MRI changes associated with BPAN.

Laboratory testing

Although there have been reports of abnormalities in some
laboratory tests in individuals with BPAN (aspartate
aminotransferase, creatine kinase, lactate dehydrogenase,
neuron-specific enolase),™” these abnormalities are of
uncertain significance. We do not recommend routinely
doing these tests without clinical indication.

Medical genetics and genetic counseling

Due to the complex genetics of the disorder, medical genetics
evaluation and genetic counseling are recommended. Annual
re-evaluation helps keep families informed of genetic advances.

Rehabilitation therapy

Children with BPAN may benefit from early involvement
of physical, occupational, and speech therapy to maximize
developmental potential.

1406 Developmental Medicine & Child Neurology 2021, 63: 1402—1409

Family support

Sharing resources for advocacy and support organizations
with families can provide much needed support after diag-
nosis.

Symptom-based interventions

Seizures

Seizures occur in about two-thirds of children with BPAN.*
Similar to Rett syndrome, individuals with BPAN can have a
complex epilepsy, which is refractory to treatment, and spells
on awakening from sleep that are eventually proven to be
seizures. While there is no BPAN-specific approach, the
neurologist must be attentive and reassure that despite their
complexity, seizures usually cease in adolescence, at which
time antiseizure medication should be tapered.
Infantile/epileptic spasms. Children with BPAN may have
an early 3mo'%??) or late 3y**) onset of spasms.”!%1%23:24
Children with BPAN should undergo standard evaluation
and treatment of infantile/epileptic spasms.*?

Episodes on wakening. In our experience, children with
BPAN may have stereotyped events on wakening that can
be epileptic. Electroencephalography (EEG) monitoring
may be helpful, although a negative surface EEG does not
exclude the possibility of seizure.

Initiation of an antiseizure medication. An antiseizure medi-
cation should be considered in children with recurrent,
unprovoked seizures. No single antiseizure medication
has proven more effective in BPAN. Cannabidiol may be
used on-label if children meet the criteria for Lennox—
Gastaut syndrome, although there are no BPAN-specific
data for cannabidiol. A ketogenic diet or vagal nerve
stimulator may be considered in children refractory to
medication.

EEG. Diffuse, continuous fast (beta) activity may be an
early, non-specific feature of the BPAN EEG.” Children
with BPAN can have a variety of other EEG abnormalities
including diffuse slowing, generalized spike wave or poly-
spike wave discharges, and focal or multifocal spikes. Hyp-
sarrhythmia is commonly seen in children with epileptic
spasms. An EEG is recommended after a first seizure and
subsequently if expected to impact management.
Discontinuation of antiseizure medications. Many children
with BPAN outgrow their seizures in adolescence. Chil-
dren with BPAN who demonstrate 2 years of seizure free-
dom should be offered a trial period off antiseizure
medications.

Speech, language, and communication

Most individuals with BPAN develop no more than a few
spoken words. Communication challenges may compound
behavioral issues as children get older. Practitioners should
set realistic expectations for spoken language, framing rec-
ommendations for early evaluation by a speech therapist
with expertise in augmentative and alternative communica-
tion. Children with autism spectrum disorder should
receive a comprehensive treatment model, which may
include applied behavior analysis and developmental
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approaches to support communication. All children with
BPAN should have a formal audiological evaluation.

Motor skills

Most children with BPAN achieve independent ambulation,
although it may occur significantly later than is developmen-
tally typical."”” In childhood, physical therapy is recom-
mended to support motor development. We encourage
therapists and families to develop short-term, realistic goals
and re-evaluate these periodically. Involvement of physical
therapy in adolescence is encouraged to maintain skills.

Behavior and psychiatric care

Behavioral problems can be a source of significant diffi-
culty in individuals with BPAN. We suggest establishing
care with a psychologist or psychiatrist experienced in
managing behavioral problems in individuals with intellec-
tual disability. A behavioral management program, such as
applied behavior analysis, may be beneficial.

Sleep

Sleep disruption has a major impact on the quality of life
of individuals with BPAN and their families. Clinicians
should inquire about the context of sleep disruption, which
can be multifactorial (e.g. dysregulation of the sleep cycle,
sleep-disordered breathing, seizures, reflux, spasticity). The
suspected etiologies will drive diagnostic investigations and
interventions. While data are lacking, providers may shape
their approach using the following suggestions.

Diagnostics. 'The following diagnostics are suggested: sleep
study to evaluate sleep-disordered breathing; EEG if sei-
zures are suspected to be disrupting sleep; serum ferritin in
individuals with restless sleep.

Treatment. Non-pharmacological treatment may include a
bedtime routine, limited napping, white noise, a weighted
blanket, and graduated extinction. The sleep environment
should also be evaluated for safety. Regarding pharmaco-
logical treatment, data are limited and there are no medi-
cations approved by the US Food and Drug
Administration or the European Medicines Agency to treat
insomnia in children. First-line medications include mela-
tonin. Second-line medications include alpha agonists
(clonidine). Third-line medications include antihistamines
(hydroxyzine, diphenhydramine; may lower seizure thresh-
old), antidepressants (trazodone, mirtazapine), benzodi-
azepines, gabapentin, zolpidem, and atypical antipsychotics
(risperidone; may exacerbate parkinsonism).

Precocious adrenarche

Some children with BPAN have been noted to have preco-
cious adrenarche as young as 1 to 2 years of age.*'* Early
puberty with menarche at age 6 years was observed in one
individual. If a young child develops pubic hair, axillary hair,
acne, or adult-type body odor without breast development,
menarche, or testicular/penile enlargement, no further eval-
uation or intervention is typically indicated. In rare cases of
early puberty, further evaluation is recommended.

Vision

Individuals with BPAN frequently have ophthalmological
abnormalities, such as strabismus, amblyopia, astigmatism,
and myopia, although numerous other findings have been
reported.® 113:16:212227 Regular care with ophthalmology
is recommended. Individuals with visual impairment should
seek early evaluation with a low-vision specialist.

Nutrition, diet, and supplements

There is no evidence of clinical benefit from any specific
dietary modifications or nutritional supplements in BPAN.
We recommend against a low-iron diet since it leads to
systemic iron deficiency without impacting brain iron
levels or disease course. There has been interest in
cannabidiol to treat mood disorders, autism, insomnia, and
behavioral problems, based on very limited data. Practi-
tioners should inquire about the use of these products and
partner with patients and families in their decisions about
the use of these products.

Some children present with hyperphagia requiring
behavioral management, but increased childhood body
mass index does not typically persist into adulthood. Later
in the disease, dysphagia and weight loss may become a
problem when dystonia and parkinsonism appear. Clini-
cians should ask about dysphagia at every visit and refer

for further evaluation if present. A gastrostomy tube may
be needed.

Regression, dystonia, and parkinsonism

The final evolution in BPAN is a period of neurodegenera-
tion characterized by parkinsonism, often with dystonia,
developing in adolescence to adulthood, sometimes over
the course of months. The movement disorder is accompa-
nied by cognitive deterioration that may manifest initially
with subtle behavioral changes, including apathy or aggres-
sion, progressing over time to overt dementia. Families
naturally struggle with anxiety with these changes; stress
and renewed grief are common. Treatment with dopamin-
ergic medication is appropriate since individuals with
BPAN typically show a robust response; however, the
development of brittle motor fluctuations and dyskinesias,
sometimes with painful dystonia, creates challenges in
medication management that are best managed by a neu-
rologist with movement disorder expertise.'**** Children
with BPAN do not typically develop parkinsonism and
rarely need treatment for movement disorders. There are
no data on the use of deep brain stimulation for the treat-
ment of parkinsonism in BPAN; however, the potential for
deep brain stimulation to worsen cognitive function man-
dates a cautious approach.

Palliative and end-of-life care

The life expectancy of individuals with BPAN wvaries
depending on the individual clinical presentation. As adults
develop progressive dystonia, they are at increased risk of
dying, with deaths reported in young to middle adulthood
(30-50y) from complications of parkinsonism and
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aspiration.'’ Palliative care may be of particular utility for
adults who begin to demonstrate decline and in severely
disabled individuals, to support a focus on quality of life
and help with decisions around end-of-life care.

Transition

As a child with BPAN transitions toward adulthood, an ongo-
ing conversation between families and healthcare providers,
educators, social workers, and care coordinators can provide
support. Guidelines®® and tools®! are readily available.

Emergency care plan for individuals with BPAN
Individuals with BPAN should have an emergency care
plan, which is a concise overview of their condition and
treatment recommendations. The care plan may include
recommended seizure management, behavioral approaches,
and how to reach the individual’s physician. The American
Academy of Pediatrics has developed an emergency infor-
mation form for children with special needs that would be
suitable for children and adults with BPAN.*?

Immunization
Individuals with BPAN should undergo a standard
approach to immunization.

Education

Children with BPAN should have an individualized educa-
tion plan to support their particular needs, which should
be re-evaluated at least annually.

Psychosocial challenges and support

Families affected by BPAN benefit from strong support
systems. Most families of younger children, having adjusted
to the reality of having a disabled child, experience new
anxiety and grief when they learn that their child will likely
have regression with parkinsonism and cognitive decline.
Some families may become hypervigilant, worrying that
any new symptom in their young child with BPAN repre-
sents the onset of regression. Reassurance may help allevi-
ate this worry. For families of adult patdents, clinical

REFERENCES

1. Haack TB, Hogarth P, Kruer MC, et al. Exome

sequencing reveals de novo WDR45 mutations causing

a phenotypically distinct, X-linked dominant form of 5. Fonderico M, Laudisi M, Andreasi NG, et al. Patient

NBIA. Am § Hum Gener 20125 91: 1144-9.
2. Hogarth P, Kurian MA, Gregory A, et al. Consensus

clinical management guideline for pantothenate kinase-

associated neurodegeneration (PKAN). Mo/ Genet Metab 6. Harik S, Dandu V, Angtuaco E, Hayflick S. Phenotypic

2017; 120: 278-87.
3. Long M, Abdeen N, Geraghty MT, Hogarth P, Hay-
flick S, Venkateswaran S. Novel WDR45 mutation and

pathognomonic BPAN imaging in a young female with

affected by beta-propeller protein-associated neurode-
generation: a therapeutic attempt with iron chelation

therapy. Front Neurol 2017; 8: 385. 9. Nakashima M, Takano K, Tsuyusaki Y, et al. WDR45

differences in identical twins with mutated WDR45, a

causes neurodegeneration with brain iron accumulation

(NBIA). Neurology 80(7 Suppl.), P03.052.

confirmation of the onset of parkinsonism and cognitive
decline may be a source of new grief.

THE ROLE OF NBIA ADVOCACY GROUPS

The growing number of cases identified and increasing
social media presence have led to the formation of several
advocacy groups. Participation in these can be a rich
source of support and information but may be overwhelm-
ing for some newly diagnosed families. Clinicians should
discuss these resources with appropriate balance and cau-
tions. More formal activities are carried out through the
NBIA Alliance (http://www.nbiaalliance.org/), an interna-
tional federation of family advocacy organizations offering
additional opportunities for families and care providers to
interact and learn from one another through forums and
family conferences.

ACKNOWLEDGEMENTS

BPAN Guideline Contributing Author Group: Caleb Rogers
(Department of Molecular and Medical Genetics, Oregon
Health & Science University, Portland, OR, USA), Jae-Hyeok
Lee (Department of Neurology, Research Institute for Conver-
gence of Biomedical Science and Technology, Pusan National
University Yangsan Hospital, Pusan National University School
of Medicine, Yangsan, Republic of Korea), Kimberly Burke,
Meg Talley Dyer, and Donna Stretter. The authors would like
to thank the NBIA Disorders Association and the Penn Medi-
cine Orphan Disease Center’s Million Dollar Bike Ride pro-
gram for their support of BPAN research. The project
described was supported by the National Center for Advancing
Translational Sciences (NCATS), National Institutes of Health
(NIH), through Grant Award Number UL1TR002369. The
content is solely the responsibility of the authors and does not
necessarily represent the official views of the NIH. The authors
have no interests that might be perceived as posing a conflict
or a bias.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data
were created or analyzed in this study.

neurodegeneration (BPAN); expanding the phenotypic 8. Takano K, Goto K, Motobayashi M, et al. Early mani-
spectrum. Mol Genet Metab Rep 2019; 20: 100483.

festations of epileptic encephalopathy, brain atrophy,
and elevation of serum neuron specific enolase in a boy
with beta-propeller protein-associated neurodegenera-

tion. Eur J Med Genet 2017; 60: 521-6.

mutations in three male patients with West syndrome.

J Hum Genet 2016; 61: 653-61.

newly discovered X-chromosome gene mutation which 10. Abidi A, Mignon-Ravix C, Cacciagli P, Girard N, Milh

M, Villard L. Early-onset epileptic encephalopathy as

the initial clinical presentation of WDR45 deletion in a

mild cognitive delay. Pediatrics 2015; 136: ¢714-7. 7. Zarate YA, Jones JR, Jones MA, et al. Lessons from a male patient. Eur 7 Hum Genet 2016; 24: 615-8.
4. Chard M, Appendino JP, Bello-Espinosa LE, et al. Single- pair of siblings with BPAN. Eur 7 Hum Gener 2016; 24: 11. Kimura Y, Sato N, Ishiyama A, et al. Serial MRI alter-
center experience with beta-propeller protein-associated 1080-3. ations of pediatric patients with beta-propeller protein

1408 Developmental Medicine & Child Neurology 2021, 63: 1402—1409

85U8017 SUOWWIOD 9AE81D) 8|qeat|dde sy Aq peusenob ae sejoie O ‘SN JO SajnJ 1o AkeiqiT 8UlUO AB[IAN UO (SUOIPUOI-PUe-SWLB)/L0D A8 |1 Alelg [euluo//Sdny) SuonipuoD pue swie | 8y 89S *[Z0z/£0/02] uo Akeiqiauliuo Ao|iM S8 1 AQ 086T UOWP/TTTT OT/I0P/W0Y A3 | m Ale.q 1 pul|uo//sdny WwoJj pepeojumod ‘ZT ‘T20Z ‘67/8697T


http://www.nbiaalliance.org/

associated neurodegeneration (BPAN). 7 Neuroradiol

2021; 48: 88-93.

. Russo C, Ardissone A, Freri E, et al. Substantia nigra

swelling and dentate nucleus T2 hyperintensity may be
early magnetic resonance imaging signs of B-propeller
protein-associated neurodegeneration. Mov Disord Clin

Pract 2019; 6: 51-6.

. Hayflick SJ, Kruer MC, Gregory A, et al. B-Propeller

protein-associated neurodegeneration: a new X-linked
dominant disorder with brain iron accumulation. Brain

2013; 136: 1708-17.

. Fieremans N, Van Esch H, Holvoet M, et al. Identifi-

cation of intellectual disability genes in female patients
with a skewed X-inactivation pattern. Hum Mutat 2016;

37: 804-11.

. Adang LA, Pizzino A, Malhotra A, et al. Phenotypic

and imaging spectrum associated with WDR4S. Pediatr
Neurol 2020; 109: 56-62.

. Stige KE, Gjerde 10, Houge G, Knappskog PM, Tzou-

lis C. Beta-propeller protein-associated neurodegenera-
tion: a case report and review of the literature. Clin

Case Rep 2018; 6: 353-62.

. Wan H, Wang Q, Chen X, et al. WDR45 contributes

to neurodegeneration through regulation of ER home-
ostasis and neuronal death. Autophagy 2020; 16: 531-
47.

. Ingrassia R, Memo M, Garavaglia B. Ferrous iron up-

regulation in fibroblasts of patients with beta propeller

20.

21.

22.

23.

24.

25.

Practical Guides

protein-associated neurodegeneration (BPAN). Front

Genet 2017; 8: 18.

. Zhao YG, Sun L, Miao G, et al. The autophagy gene

Widr45/Wipi4 regulates learning and memory function
and axonal homeostasis. Autophagy 2015; 11: 881-90.
Klopstock T, Tricta F, Neumayr L, et al. Safety and
efficacy of deferiprone for pantothenate kinase-
associated neurodegeneration: a randomised, double-
blind, controlled trial and an open-label extension
study. Lancet Neurol 2019; 18: 631-42.

Lim S-Y, Tan AH, Ahmad-Annuar A, et al. A patient
with beta-propeller protein-associated neurodegenera-
tion: treatment with iron chelation therapy. 7 Mov Dis-
ord 2018; 11: 89-92.

Carvill GL, Liu A, Mandelstam S, et al. Severe infantile
onset developmental and epileptic encephalopathy
caused by mutations in autophagy gene WDR4S. Epilep-
sin 2018; 59: e5-13.

Liu W-T, Chen Q, Gao Z-J, Ji X-N, Xu K-M, Cao Y-Y.
A novel WDR45 mutation in a 9-month-old male infant
with epileptic spasms. Chin Med 7 2018; 131: 2991-2.
Morikawa M, Takano K, Motobayashi M, et al. Clinical
features of a female with WDR4S5 mutation complicated
by infantile spasms: a case report and literature review.
Brain Dev 2017; 39: 804-7.

Kidokoro H, Yamamoto H, Kubota T, et al. High-

amplitude fast activity in EEG: an early diagnostic mar-

ker in children with beta-propeller protein-associated

26.

27.

28.

29.

neurodegeneration (BPAN). Clin  Neurophysiol 20205
131: 2100-4.

Bruni O, Angriman M, Calisti F, et al. Practitioner
review: treatment of chronic insomnia in children and
adolescents with neurodevelopmental disabilities. 7
Child Psychol Psychiatry 2018; §9: 489-508.

Tiedemann LM, Reed D, Joseph A, Yoo SH. Ocular and
systemic  manifestations
associated neurodegeneration. 7 AAPOS 2018; 22: 403-5.
Nishioka K, Oyama G, Yoshino H, et al. High fre-

of beta-propeller protein-

quency of beta-propeller protein-associated neurode-
generation (BPAN) among patients with intellectual
disability and young-onset parkinsonism. Neurobiol
Aging 2015; 36: 2004.¢9-15.

Hogarth P. Neurodegeneration with brain iron accu-
mulation: diagnosis and management. 7 Mov Disord

2015; 8: 1-13.

. White PH, Cooley WC. Supporting the health care

transition from adolescence to adulthood in the medical

home. Pediatrics 2018; 142: €20182587.

. Got Transition [Internet]. https://gottransition.org/inde

x.cfm (accessed 9 June 2021).

. American College of Emergency Physicians, American

Academy of Pediatrics. Emergency information form
for children with special health care needs [Internet].
https://www.acep.org/by-medical-focus/pediatrics/med
ical-forms/emergency-information-form-for-children-

with-special-health-care-needs/ (accessed 9 June 2021).

Mac Keith Press Practical Guides

Edited by Peter B. Sullivan, Guro L. Andersen and Morag J. Andrew

This handbook provides easily accessible information on the aetiology,
assessment and management of nutritional disorders in children with neurodisability.

* Concise summaries of key clinical guidelines
Feb 2020 / 240 x 170mm / 208 pages / Paperback / ISBN 978-1-911612-25-4 / £55.00

www.mackeith.co.uk/books

Nutrition and Neurodisability

* Expert topic reviews providing evidence-based approaches to the assessment and
management of nutrition and feeding difficulties in children with neurodisabilities

* Practical clinical strategies accessible at point of care
¢ Clinical vignettes illustrate key learning points

Nutrition and
Neurodisability

Review 1409

85U8017 SUOWWIOD 9AE81D) 8|qeat|dde sy Aq peusenob ae sejoie O ‘SN JO SajnJ 1o AkeiqiT 8UlUO AB[IAN UO (SUOIPUOI-PUe-SWLB)/L0D A8 |1 Alelg [euluo//Sdny) SuonipuoD pue swie | 8y 89S *[Z0z/£0/02] uo Akeiqiauliuo Ao|iM S8 1 AQ 086T UOWP/TTTT OT/I0P/W0Y A3 | m Ale.q 1 pul|uo//sdny WwoJj pepeojumod ‘ZT ‘T20Z ‘67/8697T


https://gottransition.org/index.cfm
https://gottransition.org/index.cfm
https://www.acep.org/by-medical-focus/pediatrics/medical-forms/emergency-information-form-for-children-with-special-health-care-needs/
https://www.acep.org/by-medical-focus/pediatrics/medical-forms/emergency-information-form-for-children-with-special-health-care-needs/
https://www.acep.org/by-medical-focus/pediatrics/medical-forms/emergency-information-form-for-children-with-special-health-care-needs/

