ABSTRACT

BPAN is a subtype of neurodegeneration with brain iron accumulation (NBIA) that results in a
variety of symptoms throughout its multiple stages. The most prominent symptoms include
childhood developmental delays and dementia. Moreover, BPAN is a result of mutations in the
WDR45 gene which results in an ineffective WIPI4 protein and impaired autophagy. Similarly, BPAN
is thought to be an X-linked condition causing a large proportion of individuals with this disorder to
be female. Although several therapeutics are being investigated for their use in BPAN symptom
alleviation, there continues to be no cure for this disorder. Likewise, with the cause of the disorders
being discovered relatively recently, there exist many challenges in the diagnosis of BPAN. In
general, there are areas that are unclear. In this paper, we compile the finding of 11 pieces of
literature or online sources to discuss the major advancements regarding this disorder and the areas

needing further research.

General Overview
e BPAN is a subtype of neurodegeneration with brain iron accumulation (NBIA) that presents childhood

developmental delays.
o Neurodegeneration With Brain Iron Accumulation (NBIA) disorder are disorders characterized by iron
accumulation in the Basal ganglia (1)
o BPAN is 1-2%
Iron accumulation is detected by brain MRI in the substantia nigra and globus pallidus (6)
Previously known as static encephalopathy of childhood with neurodegeneration in adulthood (SENDA) (6)

e BPAN displays a dominant X-linked inheritance pattern and is caused by a variety of mutations in the WDR45
gene which encodes the WD40 repeat protein interacting with phosphoinositides 4 (WIPI4) (5).

e WIPI4 is essential in autophagy (cellular recycling), iron storage, participating in autophagosome biogenesis and
size control.

o Impaired autophagy results in inefficient waste removal from cells causing them to build up and cause
damage
o Neurons even more sensitive to this (5)
Symptoms of neurodegeneration (progressive damage to nervous system) (7)
e Characterized by two phases of disease progression/manifestation:
o First phase in childhood includes early onset global developmental delay (wide spectrum) cognitive delay,
epipletic seizures, speech delay, autism, Rett-like (1,4)
o Second phase in early adulthood entails Parkinsonism, dementia, and dystonia (8)
Genetics of BPAN

e Most individuals with this disorder are female, likely because a small number of males survive until birth

e Almost all cases of BPAN are from new mutations of the gene, although is a genetic condition (X-linked
condition).

Challenges of Diagnosis

e in many cases their early brain MRI studies may not show iron accumulation in the basal ganglia [2,3]. Most of
the time, brain MRI in early childhood is reported normal.

o Commonly used clinical MRI sequences have different sensitivities for detecting brain iron accumulation (1)

o Or: absence of iron accumulation in the globus pallidus and substantia nigra in early childhood brain MRI
with its appearance later, either with standard or specialized MRI technique (1)

o early brain MRI showed no obvious iron accumulation, but multifocal spikes, or polyspikes in
electroencephalograms (EEG) were observed in four patients = diagnosis (10)

o it becomes obvious in adulthood with hyperintense signal in T1 in substantia nigra when nervous system
worsens (10)

e Limited reports of patients displaying a milder phenotype in childhood make diagnosis more challenging (1)

e In the early stage, clinical phenotypes may be nonspecific and whole exome sequencing will enable early
detection of BPAN in children so that patients can be diagnosed before getting worse (10)

o whole exome sequencing: detection of variants using WES can provide a more reliable basis for the final
diagnosis. (10)
o trio exome sequencing contributes to the early detection of BPAN(10)

e Combination of whole exome sequencing and neuroimaging: 6-year-old girl with BPAN diagnosed by whole
exome sequencing & Brain iron accumulation was detected by T2-weighted MRI and T2-star weighted
angiography (SWAN) after showing symptoms (11). But problem is only after showing symptoms & 6 is kinda old

e If BPAN is suspected clinically, it is essential to include certain sequences that are sensitive to iron
accumulation when performing the MRI. people of different ages would have different amounts of iron
accumulation that would indicate a disorder so they need to be compared to normal people of their own age’s
iron levels in the globus pallidus,substantia nigra, and red nucleus to determine a diagnosis, and to minimize
false positive interpretation of the MRI.

e BPAN should be considered in patients with mild-to-moderate childhood-onset developmental delay ,especially
if epilepsy or a Rett-like phenotype is present (1)

o BPAN should not be excluded if patient accompanied with developmental delay or epilepsy in childhood
regardless of whether he showed normal imageological examination (10)
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FIGURE 3 The three-dimensional structure of WDR45. (a) 3D-structure of the wild-type WDR435; (b) 3D-structure of the variant of ¢.806del
(p.-Asp269Valfs*19). (¢) 3D-structure of the variant of ¢.726C>G (p.Tyr242%).
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MRI findings in BPAN. Brain MRI of the Norwegian patient at the age of 33 years, showing typical findings for
BPAN. (A) Axial TTweighted image at the level of the midbrain shows symmetric hyperintense "halos”
surrounding a band of central hypointensity in the substantia nigra (arrows). Axial T2-weighted and SWI image of
the same area shows prominent hypointensities in the substantia nigra and cerebral peduncles (arrows). (B)
Axial images at the level of the striatum show high T1 signal and low T2 and SWI signal in the globus pallidus.
The low SWI signal corresponds to areas of increased iron deposition (arrowheads).

Imaging phenotype of nheurodegeneration
with brain iron accumulation (NBIA)

CONCLUSION

BPAN’s cause was discovered relatively recently (2012) compared to other known diseases. There are
limited papers on this disease due to its rarity. However, enough is known about this disorder to
come up with a few conclusions: it is a X-linked disorder, caused by a mutation of the WDR45 gene
that causes the resulting protein WIPI4 to be nonfunctional. This results in impaired autophagy and
inefficient waste removal causing iron accumulation in the basal ganglia which in turn impairs
cognitive function, leading to a variety of symptoms. Studies of Alzheimer's and other disorders
involving metal ion accumulation can be applied to uncovering the mechanisms resulting in BPAN.
Neuroimaging is oftentimes not sufficient in diagnosing BPAN as iron accumulation may not show
in early stages, so genetic testing has to be done, with expensive trio whole exome sequencing (of the
2 parents and patient) being one of the most thorough options to detect variants (10). Thus, a likely
and thorough diagnostic method is a combination of MRI (possibly T2-weighted (10)) and genetic
testing early in life. Due to BPAN’s variety in symptoms, it has the potential of being misdiagnosed as
atypical Rett syndrome, cerebral palsy, and similar diseases, due to overlap in symptoms. This is why
BPAN should not be excluded if a patient is accompanied with developmental delay or epilepsy in
childhood regardless of whether he showed normal imageological examination (10). Due to overlap in
the symptoms and causes of BPAN and other neurodegenerative disorders, research/therapeutic ideas
and funding from related well known diseases (i.e. Alzherimer’s or Parkinson’s) can be utilized to
study BPAN. Future studies should look into potential mechanisms through which to artificially
activate autophagy in order to reverse iron accumulation and BPAN and if this is a potential
treatment option.
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