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Abstract

Background: Pantothenate kinase-associated
neurodegeneration (PKAN) is a rare neurodegenerative
disorder that occurs due to autosomal recessive
mutations in the PANK2 gene. Several of these pathogenic
mutations have been identified, and ethnic differences
seem to play an important role in the clinical outcomes of
this disease.

Methods and Findings: Herein we present two Thai
patients diagnosed with classic PKAN. The patients
presented with typical features of progressive dystonia
and an “eye-of-the-tiger” signal on their brain MRIs.
Molecular analysis of the PANK2 gene was, therefore,
performed to study the mechanism underlying this
disease state.

Clinically, we observed features of generalized dystonia
and dysarthria during early childhood in both patients.
Brain MRIs showed a central hyperintensity surrounded
by a region of hypointensity in the globus pallidus which
are hallmarks of this disease. Upon molecular analysis, we
identified two missense mutations: c.1475C>T
(p.Ala492Val) and c.1103A>G (p.Asp368Gly) and one
splice site mutation: c.982-1G>C (IVS2-1G>C) in the
PANK2 gene. Interestingly, the c.982-1G>C intronic
mutation has previously been reported in only one Thai
patient with classic PKAN.

Conclusion: Our study demonstrates the clinical and
genetic characteristics of classic PKAN in two Thai
patients. Generalized dystonia and dysarthria were the
main clinical features that differed from classic PKAN in
Caucasians. Two unique missense mutations and one
recurrent splice-site mutation were identified in Thai
patients with classic PKAN.
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Introduction
Pantothenate kinase-associated neurodegeneration (PKAN,

OMIM 234220), previously named Hallervorden-Spatz
syndrome, is a rare autosomal recessive neurodegeneration
with brain iron accumulation (NBIA) disorder; it has an
estimated prevalence of 1 to 3 per million and accounts for
almost half of NBIA cases [1,2]. PKAN is characterized by
progressive extrapyramidal dysfunction and iron accumulation
in the brain. Brain magnetic resonance imaging (MRI) usually
shows typical “eye-of-the-tiger” pattern in the globus pallidus
which is caused by iron accumulation in the peripheral region
(seen as hypointensity) and necrosis in the anteromedial
region (seen as hyperintensity).

PKAN is classified into two main clinical phenotypes: classic
and atypical, based on the age of onset, rate of progression
and severity of neurological symptoms. Classic PKAN usually
presents within the first decade of life (early onset) and has a
rapid progression. In case of atypical PKAN, the onset is late,
and the progression is slower and more variable.

PKAN is caused by a mutation in the PANK2 gene (OMIM
606157) which is located at 20p13 and spans approximately 34
kb. This gene contains 7 exons and encodes a 571-amino acid
pentothenase kinase-2 (PANK2) mitochondrial enzyme [2].
PANK2 is the principal regulatory enzyme in coenzyme A (CoA)
biosynthesis and is localized in the mitochondria [3]. Due to
the participation of CoA in several metabolic pathways such as
the citric acid cycle, sterol and steroid biosynthesis, heme
biosynthesis, and amino acid and fatty acid metabolism,
deficiency of CoA due to PANK2 mutations leads to diverse
metabolic defects and possible mitochondrial dysfunction.
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To date, more than 150 pathogenic mutations have been
reported in various ethnic groups [4]. Almost all mutations
were small rearrangements including missense, nonsense,
splice-site mutations, and small deletions and insertions. Most
of these mutations were missense mutations.

In this study, we report the clinical features, neuroimaging
and molecular analysis of the PANK2 gene in two Thai patients
suffering from classic PKAN.

Case Reports

Patient 1
A 12-year-old Thai boy presented with progressive dystonia

since early childhood. He started walking at the age of 1 year
and 8 months; at that time his mother noticed that he walked
on the tips of his toes and fell frequently. When he was 5 years
old, he developed dystonia which progressed exponentially. At
the age of 11 years, he had dysphagia and dysarthria which
were caused by mouth and tongue dystonia, respectively. He
also had difficulty speaking. The symptoms of generalized
spasticity became more progressive and limited his daily
activities; thus, he had to quit school. Family history revealed
that he was the first child of a consanguineous couple and had
two healthy younger siblings: a brother and a sister.

Neurological examination revealed dystonic face,
generalized dystonia, dysarthria and hyperreflexia of all limbs.
T2-weighted brain magnetic resonance imaging (MRI)
demonstrated symmetrical hyperintensity at the medial aspect
of the globus pallidus, resulting in an “eye-of-the-tiger”
appearance (Figure 1A). Owing to clinical features and the
typical “eye-of-the-tiger signal” on the brain MRI, PKAN was
suspected. Despite the use of benzodiazepine, baclofen,
levodopa, deferiprone, and pantothenic acid, his dystonia and
spasticity were not improved. He became wheelchair-bound 8
years after the onset of symptoms.

Figure 1 Characteristic MRI brain in our patients. T2-
weighted magnetic resonance imaging of Patient 1 (A) and
Patient 2 (B) showing symmetrical central hyperintensity
surrounded by hypointensity in the globus pallidus giving
the “eye-of-the tiger” appearance (arrow).

Patient 2
A 7-year-old Thai boy presented with developmental

regression since he was 3 years of age. He was born to non-
consanguineous parents and was healthy until the age of 3
years. He had issues walking and fell down frequently.
Furthermore, the parents had noticed a slight psychomotor
developmental delay, which affected his school performance.
He also had a speech disorder and could not speak long
sentences. Neurological examination showed impaired
memory and calculation ability, dystonic posturing, and
hyperreflexia of both arms and legs. Neither weakness nor
abnormal cerebellar signs were observed. Developmental
regression with marked dystonia was the primary concern in
this patient. Brain MRI was performed and revealed the typical
“eye-of-the-tiger” signal in the bilateral globus pallidus (Figure
1B). Thus, PKAN was strongly suspected. Baclofen and
deferiprone were administered but the patient’s symptoms
kept progressing.

Methods

Mutation analysis of the PANK2 gene
After informed consent was obtained from the patients and

their family members, genomic DNA was extracted from
peripheral blood lymphocytes using commercially available
kits according to the manufacturer’s protocol. All coding exons
and exon-intron boundaries of the PANK2 gene were amplified
through PCR using 7 pairs of primers as previously described
[5]. All PCR products were purified and sequenced in both
directions. Novel PANK2 mutations were investigated in 100
healthy control alleles and were analyzed through the
PolyPhen-2 (http://genetics.bwh.harvard.edu/pph2/), SIFT
(http://sift.jcvi.org/), and Mutation Taster (http://
www.mutationtaster.org/) softwares to predict the effect of
non-synonymous variations. The reference sequences were
NM_153638.3 and NP_705902.2 for PANK2 gene and PANK2
protein, respectively.

Results
A homozygous mutation of c.1475C>T (p.Ala492Val) was

identified in patient 1 (Figure 2A). This mutation was located
on exon 5. Segregation analysis of available family members
including one younger brother, one younger sister and both
parents was performed. All of them were heterozygous for the
same mutation (Figure 2B). This missense mutation had been
previously reported in The Human Gene Mutation Database
(HGMD) (http://www.hgmd.cf.ac.uk).

Compound heterozygous genotypes of a known c.982-1G>C
(IVS2-1G>C) splice site mutation in intron 2 and a novel c.
1103A>G (p.Asp368Gly) missense mutation in exon 3 were
identified in patient 2 (Figures 2C and 2D). The former splicing
defect was inherited from the father. Unfortunately, genomic
DNA from the mother was not available. Concerning this novel
missense mutation, Polyphen-2 and Mutation Taster software
predicted the pathogenicity to be “possibly damaging” and
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“disease causing”, respectively. The SIFT software predicted
the pathogenicity to be “tolerated.” However, this missense
mutation was not identified in 100 healthy control alleles, the
HGMD, the 1000 Genome Project database (http://
www.internationalgenome.org/), and the Exome Aggregation
Consortium (http://exac.broadinstitute.org/).

Figure 2 Electropherogram of our patients and their family.
A homozygous c.1475C>T missense mutation in exon 5 (a)
was identified in Patient 1 and heterozygous of the same
mutation (b) was identified in the younger brother, younger
sister and both parents. Compound heterozygous of a c.
982-1G>C splice site mutation in intron 2 (c) and c.1103A>G
missense mutation in exon 3 (d) were identified in Patient 2
which the splicing defect was inherited from his carrier
father.

Discussion
PKAN is caused by mutations in the PANK2 gene which

encodes a pantothenate kinase-2 (PANK2) mitochondrial
enzyme. PANK2 is the first and rate-limiting enzyme in
coenzyme A (CoA) biosynthesis. Deficiency of PANK2 results in
both CoA deficiency, which affects cellular energy production
and accumulation of cysteine-containing molecules, which in
the presence of iron may cause rapid auto-oxidation leading to
free radical generation and extensive cellular damage [1,2].
Since PANK2 is expressed ubiquitously in basal ganglia and
retina, iron accumulation in the basal ganglia especially in the
globus pallidus and retinopathy are cardinal features for this
disorder [2]. The two main forms of clinical presentation are:
classical, which start in early childhood with rapid progression
of symptoms including dystonia, dysarthria, rigidity, and
cognitive decline; and atypical, which has later onset (after the
age of 10 years) and slower progression. Unlike in the classic
presentation, in the atypical presentation, motor disorders are
fewer, but there are more psychiatric symptoms and speech
disorders.

We reported two classic PKAN Thai patients presented with
progressive dystonia. Brain MRI revealed the typical “eye-of-
the-tiger” signal and PANK2 mutations were identified in both
patients. Typically, the main clinical feature of classic PKAN is
progressive dystonia, but the type of dystonia differs among

Asians and Caucasians. Previous studies mention that cranial
dystonia is much less common in Asians than in Caucasians in
both classic and atypical PKAN patients [6]. In contrast,
atypical PKAN patients in Asia tend to have segmental dystonia
more than Caucasians. Moreover, they also pointed out that
Caucasians with PKAN have more complex presentations than
Asians. High prevalence of pyramidal signs, mental impairment
and parkinsonism were observed in Caucasian patients,
whereas dysarthria was frequently noticed in classic PKAN
patients of Asian origin. Our study is in line with these studies,
the main clinical features of classic Thai PKAN are similar to
those in Asian PKAN. The patients presented with progressive
generalized dystonia and dysarthria and no sign of
parkinsonism is observed.

Ethnicity also plays an important role in genetic analysis. To
date, more than 150 pathogenic mutations including missense,
nonsense, splice-site mutations, and small deletions and
insertions have been identified throughout the PANK2 gene
and have been reported in PKAN patients from different
populations [4,6-10]. Two missense mutations including c.
1475C>T (p.Ala492Val) and c.1103A>G (p.Asp368Gly) and one
splice site mutation, c.982-1G>C (IVS2-1G>C), were identified
in our study. The c.1475C>T missense mutation has been
previously reported in HGMD with no clinical information on
the patient. In this study, homozygosity of this mutation
resulted in classic PKAN as demonstrated in our first patient.
The c.1103A>G is a novel missense mutation and has never
been reported in previous studies [4,6-10]. Polyphen-2 and
Mutation taster softwares predicted the pathogenicity of this
mutation to be possibly damaging and disease-causing,
respectively, whereas, SIFT predicted the pathogenicity to be
tolerated. However, this mutation was neither identified in 100
healthy control alleles, nor in other large genomic databases.
Although the maternal genomic DNA was not available, the
paternal and the patient’s DNA suggested the possibility of
autosomal recessive inheritance pattern. Unfortunately,
further vlidation cannot be performed at our institution. The c.
982-1G>C intronic mutation has been previously reported in
the first and only report of a Thai classic PKAN patient who
was homozygous for this intronic mutation [11]. This finding
suggests the ethnic specificity of this recurrent mutation in
Thai populations.

Although the PANK2 mutation has been identified in all
patients with classic PKAN, as demonstrated in our study, the
mutation can be identified in only one-third of atypical PKAN
patients [10]. Nevertheless, when PKAN is suspected, genetic
testing is recommended to confirm the diagnosis in affected
patients and presymptomatic diagnosis in other family
members. In addition to diagnostic confirmation of suspected
disease, molecular analysis is also important for carrier testing,
prognosis, and facilitation of prenatal or pre-implantation
genetic diagnosis.

Conclusion
Our study demonstrates the clinical presentations and

molecular analysis of two Thai patients with classic PKAN.
Generalized dystonia and dysarthria were the main clinical
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features that differed from classic PKAN in Caucasians. In
addition, two unique missense mutations and one recurrent
splicing defect were also identified in Thai patients with classic
PKAN.
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