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Neurodegeneration with brain iron accumulation (NBIA) is a
diverse collection of neurodegenerative illnesses defined by iron
deposition in the basal ganglia." This heterogeneous group of disor-
ders is caused by mutations in 1 of the 13 identified NBIA genes
(the different symptoms and magnetic resonance imaging [MRI]
findings of these subtypes are described in Table 1).? NBIAs are
characterized by gait abnormalities and clumsiness in childhood as
well as spasticity, dystonia, and gradual cognitive and intellectual dis-
ability.'” Diagnosis of these disorders is based on the patient’s his-
tory and symptoms and evidence of iron deposition on brain
MRI," with the precise diagnosis verified by genetic study includ-
ing whole exome sequencing (WES).*® COASY protein associated
neurodegeneration, or CoPAN, a new subtype of NBIA discovered
in recent years, results from mutations in the Coenzyme A synthase
gene (COASY).*” In this article, we present the clinical manifesta-
tions and imaging of a known variant in the COASY gene, which
is the first reported from Iran. The patient is a 24-year-old man
who was born to healthy consanguineous parents. The prenatal and
perinatal histories were found to be unremarkable, with normal
physical and intellectual development during infancy. At the age of
2 years, his parents observed speech problems as well as delays in
language development. He also had gait disturbance with imbalance
and frequent falls. He was unable to attend regular schools owing
to cognitive impairment, which was confirmed by standard neuro-
logic examination despite being able to perform everyday tasks.
There was no history of visual or hearing problems and no history
of seizures. At the time of examination, speech appeared to be nor-
mal, in contrast with the history obtained from the parents. There
were no abnormalities on examination of eye movements, and
fundoscopy revealed no pathological finding. Further examination
of the limbs showed mild hypokinesia, with mild dystonic posturing

of the legs while walking (Video 1). Cerebellar testing, sensory
exam, and muscle stretch reflexes were all normal, and plantar
reflexes were bilaterally downward.

Brain MRI revealed hypointensity of both the globi pallidi and
substantia nigra on T2, fluid-attenuated inversion recovery, and sus-
ceptibility weighted imaging sequences (Fig. 1). WES was per-
formed on the DNA of the patient, and a known homozygous
varant  ¢.1495C>T: p.Arg499Cys in the COASY gene
(NM_025233; 1s140709867) was revealed. The varant was only
found in the heterozygous state in GnomAD (https://gnomad.
broadinstitute.org/) with a minor allele frequency 0.000014. The
variant was not detected in other genome databases, including the
Iranome (www.iranome.com) with WES data of 800 healthy
Iranian individuals. The variant was predicted as a disease causing/
damaging variant by several in silico prediction tools, such as Sorting
Intolerant From Tolerant (SIFT) (https://sift.bii.a-star.edu.sg/),
Polyphen2 (http://genetics.bwh.harvard.edu/pph2/), Protein Varia-
tion Effect Analyzer (PROVEAN) (https://bio.tools/provean),
Mutation Taster (https://www.mutationtaster.org/), and Mutation
Assessor  (http://mutationassessor.org/r3/). The varant was
cosegregated with the disease status in the family members and
predicted as a likely pathogenic variant based on the American Col-
lege of Medical Genetics and Genomics criteria. The detected vari-
ant causes CoPAN as a rare subtype of NBIAs. No other mutations
or NBIA disease-causing genes, including ATP13A2, C190rf12,
CP, DCAF17, FA2H, FTL, PANK2, PLA2G6, and WDR45,
were detected using WES, so we concluded the variant is the cause
of disease and results in CoPAN. As treatment, we prescribed levo-
dopa carbidopa 100/10 mg three times a day and amantadine
100 mg two times a day, which were partially effective in reducing
the dystonia and hypokinesia.
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TABLE 1 Summary of the differences between the various NBIA subtypes

Average Age of

NBIA Subtype Gene Inheritance Onset Symptoms MRI Findings
PKAN PANK2  Autosomal 3 years old (classic Classic form: ataxia and T2 hypointense GP with
recessive’ form) gait disturbances, region of hyperintensity
18 years old (atypical cognitive impairment, termed “eye of the tiger”°
form)® and parkinsonism
Atypical form: dystonia,
dysarthria, and
psychiatric symptoms”
PLAN PLA2G6 Autosomal 6 months to 3 years Infantile: hypotonia, Cerebellar atrophy, diffuse T2
recessive’ (infantile onset) spastic tetraparesis, and hyperintensity in white
After 3 years old seizures matter, thinning of the optic
(childhood onset) Childhood: dystonia, chiasma and corpus callosum,
20 to 40 years old spasticity, ataxia, hypointense GP late in
(adulthood onset)” delayed speech, and disease progression™®
autistic symptoms
Adulthood: dystonia and
mild cognitive
impairment3
MPAN C1901f12  Autosomal  Usually a childhood Dystonia, spasticity, gait T2 hypointense signaling in the
recessive’ onset at 9 years old® abnormalities, and GP and SN, cerebellar and
psychiatric symptoms’ cortical atrophy, T1
hyperintensity of caudate and
putamenS‘(’
BPAN WDR45 X-linked Usually childhood Seizures, cognitive T2 hypointense signaling in the
dominant® onset® impairment, and ataxia® GP and SN and cerebellar
and cerebral atrophy”°
FAHN FA2H Autosomal  Usually childhood Ataxic spastic gait, seizures, T2 hypointense signaling of the
recessive’ onset at 4 years old® dystonia, and cognitive GP and SN
impairment
CoPAN COASY Autosomal  Usually childhood Gait disturbances and mild T2 hypointense signaling of the
recessive’ onset at 2.5 years cognitive impairment GP and SN
old® with progressive
dysarthria and dystonia®
Aceruloplasminemia CP Autosomal  Usually mid- to late-  Ataxia, dystonia, and T2 hypointense signaling of the
recessive’ adulthood onset at chorea® GP, dentate, thalamus, and
51 years old>® red nucleus’
Neuroferritinopathy FTL Autosomal  Usually adult onset at ~ Dystonia, ataxia, areflexia, T2 hypointense signaling of the
dominant’ 40 years old? dysarthria, GP, SN, putamen, caudate,

Kufor-Rakeb
syndrome

ATP13A2 Autosomal
recessive’

DCAF17 Autosomal

recessive’

Woodhouse-Sakati
syndrome

Usually occurring
before 20 years old’

Variable onset of
juvenile to

adulthood®

. . 6
parkinsonism, and and thalamus”

.. . . 3
cognitive impairment

T2 hypointensity of the GP,
caudate, and putamen®

Parkinsonism, spasticity,
and cognitive
. . 35
impairment™’

Dysarthria and T2 hypointensity in the GP°
sensorineural hearing

35
loss™

Abbreviations: PKAN; pantothenate kinase-associated neurodegeneration, PLAN; PLA2G6-associated neurodegeneration, MPAN; mitochondrial membrane protein-associated

neurodegeneration, BPAN; Beta-propeller Protein Associated Neurodegeneration, FAHN; Fatty acid hydroxylase-associated neurodegeneration, CoPAN, COASY protein associ-
ated neurodegeneration; GP, globus pallidus; MR, magnetic resonance imaging; NBIA, neurodegeneration with brain iron accumulation; SN, substantia nigra;

CoPAN is a rare form of NBIA caused by an autosomal reces-
sive inherited mutation of the CoA-synthase enzyme located on
17¢21, with 5 confirmed mutations documented.'”*”® This
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bifunctional protein synthesizes CoA from pantothenic acid by
catalyzing the last 2 steps of its pathway and is located down-
stream of pantothenate kinase-associated neurodegeneration 2
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Video 1. This video shows mild hypokinesia and mild dystonic
posture of the feet on walking.

Video content can be viewed at https://onlinelibrary.wiley.com/
doi/10.1002/mdc3.13624

(PKAN?2), which performs the first step in this pathway.'*7”*

Previous studies showed that mutations in this gene result in a
significant reduction of the COASY protein and subsequent
CoA and acetyl-CoA biosynthesis.®’ As the pathogenic pathway
for CoPAN is similar to that of PKAN; the possible etiologies
might also be similar. For PKAN, it is hypothesized that the
accumulation of cysteine as the precursor for CoA might be
responsible for neurodegeneration through rapid oxidization and
the release of free radicals in the presence of iron.®’” Reports
have shown that symptoms of CoPAN start from the first
decade, with progressive early childhood-onset dystonia, spastic-
ity, and gait abnormalities along with mild cognitive impair-

1,4,6,7
ment. "¢

Psychiatric symptoms can also be seen in CoPAN
manifesting as obsessive-compulsive disorder."* In the history taken
from this patient, cognitive impairment and frequent falling were
noticed in early childhood, and although at the time of examination
no speech defects or dysarthria was noticed, the parents revealed a
history of speech problems in his early childhood. Similar to other
NBIAs, the globus pallidus and substantia nigra are affected in
CoPAN, with brain MRI showing hypointense signaling on
T2-weighted images,l’}(”g as was seen in this patient. Genetic test-
ing using WES revealed a homozygous varant c.1495C>T:

p-R499C in the COASY gene that has been reported by Dusi
et al.” Due to the nonspecific symptoms and MRI findings, the
diagnosis is based on genetic study. Aside from the typical NBIA
findings in a brain MRI, CoPAN can also be seen associated with
T2-weighted hyperintensities of the caudate and thalamus, which
were not seen in this case. It is important to note that these hyper-
intensities and swelling of the striatum and thalamus may regress
over time, subsequently being replaced with the more identifiable
pallidal iron deposits. These changes typically occur between the
ages of 7 and 9 years, which could explain why signal changes were
not detected in the strdatum and thalamus in our older patient.
Bilateral pallidal changes with calcifications can also mimic the
imaging pattern seen in PKAN referred to as “eye of the tiger.”'’
In summary, this is the first case of CoPAN from Iran with a
known mutation with typical symptoms and brain MRI.
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FIG. 1. Brain magnetic resonance imaging. Fluid-attenuated inversion recovery sequence (right) and susceptibility weighted imaging
images (middle and left) showing iron deposition in the globus pallidus and substantia nigra.
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