
Cell-‐cell	  fusion	  is	  required	  for	  	  
diverse	  biological	  processes	  

bone	  remodeling/	  
immune	  response	  
macrophage	  fusion	  

fer8liza8on	  
sperm+egg	  fusion	  

diploid	  forma8on	  
MATα/MATa	  cell	  fusion	  

development	  
epidermal	  cell	  fusion	  
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Wunens:	  lipid	  phosphate	  phosphatases	  

P	  

phospholipids	  
lysophospha8dic	  acid	  
phospha8dic	  acid	  
sphingosine-‐1-‐phosphate	  
ceramide-‐1-‐phosphate	  

	  

lipids	  
monoacylglycerol	  
diacylglycerol	  
sphingosine	  
ceramide	  

lipid	  phosphate	  
phosphatase	  
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Lipid	  signaling	  in	  germ	  cell	  migra8on	  and	  survival	  

	  	  

Germ	  cell	  

mesoderm	  

midgut	  

nervous	  system	  

migra8on	  survival	  

P	   P	  

Germ	  cell	  

• transport?	  
• metabolism?	  
• storage?	  
• membrane	  
dynamics?	  

P	  
P	  

phospholipids	  

LPP	  
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PKAN	  	  	  
pantothenate	  kinase-‐associated	  neurodegenera8on	  	  

NBIA was eventually made. Thereafter, progression has been
rapid with symptoms including dystonia, dysarthria, spastic
paraparesis, and loss of ambulation. Unlike most NBIA patients,
some of these individuals have responded well to levodopa
therapy. Unfortunately, the size of this cohort has limited
attempts to identify a causative gene through linkage analysis.

The phenotypic spectrum of idiopathic NBIA is broad,
although some findings remain consistent. Progressive dystonia,
rigidity, and dysarthria are observed in most cases, and optic
nerve pallor or atrophy are common.15 Developmental delay or
cognitive impairment is described more frequently in this group
than in PKAN, according to registry data. Age of onset and
progression vary widely. For example, our patient registry
contains individuals with onset of dystonia and optic atrophy
during infancy, rapid progression, and death during the first or
second decade. In contrast, others have onset in the third to
fifth decades with slow progression. In one case, a patient with
onset at 51 years is now in her mid 50s and has parkinsonism
and mild dystonia, but remains ambulatory. Still others have
onset during childhood with a protracted course. The amount of
variation seen in this group strongly suggests that two or more
additional genes remain to be found.

NEUROIMAGING
MRI has been particularly useful in distinguishing the forms of
NBIA and guiding clinicians towards appropriate molecular
diagnostic testing. Brain MRI is a standard component of the
diagnostic evaluation for this group of disorders. Newer
neuroimaging technologies, such as magnetic resonance spectro-
scopy (MRS), may also prove useful, but their utility has not yet
been established.

By definition, patients with NBIA have abnormal iron
accumulation in the basal ganglia. This is usually appreciated
as hypointense lesions in the globus pallidus and substantia
nigra pars reticulata on T2 weighted images (fig 2).29–32 On T1
weighted images, these regions are isointense, which can help
distinguish them from calcium deposits or other changes. In
idiopathic NBIA, iron accumulation is sometimes also observed
in the red nucleus, dentate nucleus, putamen, or caudate. Once
the diagnosis of NBIA has been made, the clinical benefit of
repeat MR imaging over time is limited.

In PKAN, a central region of hyperintensity in the globus
pallidus with surrounding hypointensity on T2 weighted
images is virtually pathognomonic for this subset of disease
(fig 2). To date our research group has found an absolute
correlation between this pattern, called an eye-of-the-tiger sign,
and the presence of mutations in PANK2.1 The hyperintense

central region indicates a primary tissue insult leading to
necrosis or oedema, while the surrounding hypointense region
represents high iron. In presymptomatic patients, the hyper-
intense lesions predominate; with disease progression, hypoin-
tensities appear and eventually dominate.33 The eye-of-the-tiger
sign is highly specific to PKAN and is not observed in INAD or
idiopathic NBIA, although similar changes may rarely be seen in
neuroferritinopathy.34

In INAD, iron mainly accumulates in the globus pallidus,
when present (fig 3).8 23 34 35 In cases of atypical NAD, abnormal
iron accumulation is also observed in the substantia nigra.8

Kurian and colleagues were able to collect longitudinal imaging
data sufficient to assess the substantia nigra in 10 classic INAD
patients and found that a portion of them also had iron
accumulation in this region that did not become appreciable
until later in disease course.23 In cases to date, the patterns of
high brain iron are indistinguishable from those of other
idiopathic NBIAs.8 34 Cerebellar atrophy has been well docu-
mented in INAD and can often be detected by 2 years of age
(fig 3).8 23 35–40 Increased signal in the cerebellar cortex on T2
weighted images is often associated with cerebellar atrophy.37 39–41

Low signal in the globus pallidus on T2 weighted images,
indicating iron accumulation, may be present in as many as
half of INAD cases.8 23 In the two dystonia–parkinsonism
families with PLA2G6 mutations, neither iron accumulation
nor cerebellar atrophy were present. Generalised cerebral
atrophy was reported in two individuals, one of whom also
had frontal white signal changes.28

NEUROPATHOLOGY
Since the recognition of PKAN and NAD as genetically
homogeneous diseases, it has become possible to delineate
neuropathologic findings among subtypes of NBIA. For clin-
icians, the most useful diagnostic pathologic findings are the
presence and distribution of axonal spheroids. Axonal spheroids
are posited to represent swollen or distended axons, possibly
secondary to defects in axonal transport or membrane
integrity.7 They are observed in a number of other neurodegen-
erative disorders and in normal aging brains. Long before the
PLA2G6 gene was associated with INAD, peripheral nerve
spheroids were known to be specific to this disease and served as
a highly useful diagnostic finding.22 Central nervous system
(CNS) spheroids are also seen in INAD, and spheroids are
limited to the CNS in PKAN and other idiopathic NBIA.22 42

They are abundant in regions of abnormal iron accumulation
but are also present in other areas.43

Figure 2 Patterns of iron accumulation
on T2 weighted magnetic resonance
imaging (MRI) of the brain. The image on
the left is from a normal patient. The
centre image from a patient with
idiopathic neurodegeneration with brain
iron accumulation (NBIA) (PANK2
mutation negative) has a region of
hypointensity (arrow) seen in the medial
globus pallidus. The right image from a
patient with mutation positive
pantothenate kinase associated
neurodegeneration (PKAN) shows an eye-
of-the-tiger sign with hypointensity (thick
arrow) with a central region of
hyperintensity (thin arrow) in the medial
globus pallidus.
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T2-‐weighted	  MRI	  
•  First	  described	  as	  a	  clinical	  syndrome	  in	  1924	  
	  
•  Accounts	  for	  ~50%	  of	  childhood	  

neurodegenera8on	  with	  brain	  iron	  accumula8on	  
	  
•  Es8mated	  prevalence	  of	  1–3/million	  

•  “Classic”	  PKAN	  characterized	  by	  early	  onset	  and	  
rapid	  progression	  

•  Primary	  clinical	  features	  include	  dystonia,	  
dysarthria,	  and	  rigidity	  

Eye-‐of-‐the-‐8ger	  sign	  in	  the	  globus	  pallidus	  
Thick	  arrow:	  peripheral	  hypointensity	  
Thin	  arrow:	  central	  hyperintensity	  
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Lipofuscin	  Background	  

•  Granular	  yellow-‐brown	  pigment	  granules	  
found	  in	  many	  cell	  types	  

•  Composed	  of	  lipid-‐containing	  residues	  of	  
lysosomal	  diges8on	  	  

•  Known	  to	  also	  contain	  proteins,	  sugars	  and	  
metals	  	  

	  	  
•  Increases	  significantly	  with	  aging	  and	  in	  

several	  neurodegenera8ve	  disorders	  
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