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The recent advance in magnetic resonance imaging (MRI) and identification of causative genes led to the recognition of a new group
of disorders, named neurodegeneration with brain iron accumulation (NBIA). NBIA is a group of inherited disorders characterized by
abnormal iron deposition in the brain, usually in the basal ganglia, and share the clinical features of movement disorders accompanied
by varying degrees of intellectual disability. In this review, the causative genes, clinical presentations, neuroimaging features, and

pathological findings are summarized.
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1. Causative genes

Over the last decade, ten causative genes which lead to
NBIA have been identified: eight are autosomal recessive,
one is autosomal dominant (neuroferrtinopathy), and one
is X-linked dominant (Beta-propeller protein-associated
neurodegeneration, BPAN).' Both neuroferritinopathy
(FTL gene) and aceruloplasminemia (CP gene) are linked
to mutations in genes directly associated with iron
homeostasis, > The other forms are not directly involved
in iron metabolism. They are involved in diverse cellular
pathways: Pantothenate Kinase 2 (PANK2; Pantothenate
kinase-associated neurodegeneration, PKAN), Phospholipase
A2 group 6 (PLA2G6;, Phospholipase-associated neuro-
degeneration, PLAN), C190rf12 (Mitochondrial membrane
protein-associated neurodegeneration, MPAN), Coenzyme
A synthase (COASY; Coenzyme A synthase protein-asso-

ciated neurodegeneration, CoPAN), and Fatty acid hydrox-
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ylase 2 (FAZH; Fatty acid hydroxylase-associated neuro-
degeneration, FAHN) genes seem to be related to lipid
metabolism and to mitochondria functioning, WDR45
(Beta-propeller
BPAN) and A7P13A42 (Kufor-Rakeb syndrome) genes are
implicated in lysosomal and autophagosome activity,
while the DCAF17 (Woodhouse-Sakati syndrome) gene

. .23
encodes a nucleolar protein of unknown function,

protein-associated  neurodegeneration,

2. Phenotypic variability

NBIA patients commonly exhibit mixed dystonia, parkin-
sonism and spasticity,l’4 However, the clinical features of
NBIA range from global neurodevelopmental delay in in-
fancy to mild parkinsonism in adulthood, with wide varia-
tion seen between and within the specific NBIA subtype,
making the diagnosis of these rare diseases challenging.'
The later onset forms of NBIA may also mimic the clinical
presentations of other neurodegenerative diseases.*

PKAN accounts for about 50% of all NBIA cases and may
present in age-dependent phenotypes; the classic with ear-
ly onset and the atypical variant with later onset,' The clas-
sic form is characterized by pyramidal (spasticity, hyper-

reflexia, extensor toes) and extrapyramidal features with
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prominent dystonia, and rapid progression,S Gait and pos-
tural difficulties are often the presenting features develop-
ing around the first decade of life, Retinopathy are often
present. The atypical variant presents in the second or
third decade of life with less severe and slow-progressive
extrapyramidal and pyramidal signs,S Difficulties with
speech and psychiatric symptoms with cognitive decline
are often observed. Similar age-dependent presentations
have also been recognized in PLAN; early childhood-onset
form results in infantile neuroaxonal dystrophy with severe
progression, whereas later-onset PLAN may be milder and
present commonly with dystonia-parkinsonism without cer-
ebellar or sensory abnormalities,”* These examples high-
light the marked wvariability in clinical phenotype, and
NBIA should be considered as a possible diagnosis in pa-

tients of any age and irrespective of family history_/l

3. MRI Clues for diagnosis

The diagnosis of NBIA is typically suspected once com-
patible magnetic resonance imaging (MRI) features are
identified along with representative clinical features.’
Iron-sensitive  sequences such as T2* and suscepti-
bility-weighted imaging are more sensitive for demon-
stration of brain iron accumulation,"” The established hall-
mark MRI features include hypointense lesions in the
globus pallidus and substantia nigra on T2-weighted
imztges,4 The SN and the GP naturally contain high iron
concentrations and also have a high metabolic require-
ment, potentially predisposing these areas to iron-related
damage.” After iron deposition is identified on the MRI,
the pattern of iron accumulation should be evaluated.’ In
particular, the involvement of sites outside of the globus
pallidus is important for diagnosis.

In PKAN, iron-related MRI signal abnormalities are re-
stricted to the globus pallidus and substantia nigra, and al-
most invariably exhibit the 'eye of the tiger sign' in which
a central hyperintense region in the globus pallidus is sur-
rounded by a hypointense region,” In MPAN cases, pallid-
al hypointensity can be seen with hyperintense streaking

in the region of the medial medullary lamina,"” In BPAN,
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the hypointensity is most pronounced in the substantia ni-
gra where it appears as a discrete linear streak. This same
area on T1 sequences is surrounded by a hyperintense 'halo'
extending to the cerebral peduncles_l‘8 Neuroferritinopathy
shows iron deposition in the dentate nuclei together with
the globus pallidus and putamen and occasionally the
caudate, thalami, and red nuclei,” By contrast, acer-
uloplasminemia affects the simultaneous involvement of
all nuclei, with no evidence of the cystic degeneration
seen in neuroferritinopathy.”

However, cases of genetically proven PLAN and
Kufor-Rakeb syndrome patients have been described with
no evidence of iron deposition on MRI, questioning the
pathogenic role of iron.* In some NBIA subtypes, addi-
tional features including cerebellar atrophy which is the
most common neuroimaging finding in PLAN,' diffuse T2
white matter hyperintensities, and thinning of the corpus
callosum may be seen especially in more advanced
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disease.”

4, Neuropathology

On a pathological level, iron accumulation may be ac-
companied by protein aggregates (e.g. Lewy bodies, hy-
perphosphorylated tau) and axonal swellings depending
on NBIA subtype,2 For example, widespread alpha-synu-
clein-positive Lewy body pathology has been described in
patients with PLAN.® In addition, neuropathological ex-
amination of a patient with the MPAN has shown the
presence of Lewy bodies, spheroids, and tau-positive tan-

gle pathology,4
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