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SUMMARY

Introduction Pantothenate kinase-associated neurodegeneration (PKAN) is a rare, recessively inherited
disorder caused by mutations in the pantothenate kinase 2 (PANK2) gene on chromosome 20p13.

The objective of this report is to present a patient with atypical PKAN with the novel heterozygous
PANK2 mutation.

Case outline We present a 32-year-old female who had disease onset at the age 20 (depression, speech,
chewing problems and backward falls) with progressive course. Neurological examination revealed
hypomimia, risus sardonicus, dysphagia, tachylalia and severe dystonic dysarthria, moderate arms, legs,
and jaw-opening dystonia, postural instability, urge incontinence, and decreased visual acuity. Brain
magnetic resonance imaging revealed iron accumulation in the bilateral globus pallidus and putamen
(“eye-of-the-tiger”), a radiological finding pathognomonic for PKAN. Genetic analysis revealed known
mutation p.T528M (c.1583C>T) in exon 6, and novel p.Y405D (c.1213T>G) in exon 3 of the PANK2 gene.
In silico analyses strongly suggested this mutation to be pathogenic.

Conclusion We report a patient with PKAN, and novel substitution p.Y405D (c.1213T>G) in PANK2 that
has not been previously described in PKAN patients.

Keywords: neurodegeneration with brain iron accumulation; pantothenate kinase-associated neuro-

degeneration; PANK2

INTRODUCTION

Pantothenate kinase-associated neurode-
generation (PKAN) is a recessively inherited
disorder caused by bi-allelic mutations in the
pantothenate kinase 2 (PANK2) gene on chro-
mosome 20p13 [1]. Two most frequent muta-
tions (¢.1231G > A, ¢.1253C > T) account for
about one-third of all cases; however, to date,
155 different mutations have been reported [2].

Typical PKAN presents in early childhood
with gait difficulty (spastic/dystonic gait), in
almost 90% of the patients, followed by gener-
alized pyramidal and extrapyramidal features
(mainly dystonia), neuropsychiatric involve-
ment, and pigmentary retinopathy. Clinical
course is progressive and affected children
generally become wheelchair-bound within a
few years [3, 4].

Atypical PKAN presents later with less pro-
nounced motor involvement, but cognitive de-
cline and psychiatric features may be promi-
nent [5]. Disease progresses over the first five
years, followed by a long-lasting, rather stable
period of slower progression [6].

In this report, we present a patient with
atypical PKAN with the novel heterozygous
PANK2 mutation.

CASE REPORT

A 32-year-old female, born from a non-consan-
guineous marriage, had unremarkable family
history (her brother was diagnosed with spon-
dylitis ankylopoietica). Delivery and develop-
mental milestones were normal. At the age of
20, she was treated by a psychiatrist due to de-
pression. At that time, she noticed speech and
chewing problems, and frequent backward falls.
Three years later, urge incontinence appeared
and gradually worsened. The patient sought
medical care at the Clinical Centres of Zagreb
and Clinical Hospital in Osijek (Croatia) and
Belgrade (Serbia). In the course of years, she
experienced slow progression of symptoms and
gradual but slight worsening of gait, speech,
and postural stability.

Laboratory findings examined in the course
of her illness (since the onset of the symptoms
until present) included normal serum ferritin,
ceruloplasmin, albumin, liver tests, copper
(workup for Wilson’s disease), and lipopro-
tein levels. The blood smear was negative for
acanthocytes. After several years of the disease,
brain magnetic resonance imaging (MRI) re-
vealed iron accumulation in the bilateral globus
pallidus and putamen (“eye-of-the-tiger”) (Fig-
ure 1). We examined her after obtaining brain
MRI, and due to the typical “eye-of-the-tiger”
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tinding, we diagnosed her with neurodegeneration with
brain iron accumulation (NBIA) - PKAN.

Personal neurological examination (neurological re-
ports were also used for the follow-up of the patient’s
status) 12 years after disease onset, revealed hypomimia,
risus sardonicus, dysphagia, tachylalia and severe dystonic
dysarthria, moderate arms, legs, and jaw-opening dystonia,
postural instability, and decreased visual acuity. Tendon
reflexes were brisk, Babinski sign negative. Her gait was
unstable. Cerebellar signs and Romberg test were nega-
tive. The Mini Mental State Examination score was 30/30.
Twelve years after the symptoms onset she was still able to
walk unassisted and to take care of herself.

At the moment of examination, her psychological sta-
tus was within the normal range, without symptoms of
depression.

DNA was extracted using a commercial kit. After PCR
amplification of the PANK2 exons 5 and 6 and surrounding
regions, direct Sanger sequencing was performed using
BigDye Terminator v.3.1 Cycle Sequencing kit (Thermo
Fisher Scientific — Life TEchnology, Waltham, MA, USA)
on ABS 3500 Genetic Analyzer (ABS Global, Inc., DeFor-
est, WI, USA). For data analysis, Sequencher software
(Gene Codes Corporation, Ann Arbor, MI, USA) was used.
After detection of only one heterozygous PANK2 mutation
in exon 6, the analysis was continued by next generation
sequencing (NGS) of DNA. We used TruSight One Panel
(Illumina, Inc., San Diego, CA, USA) and MiSeq NGS plat-
form (Illumina, Inc.). Data analysis was performed by the
Variant Studio provided for Illumina users. In silico char-
acterization of the detected gene variants was performed
by PolyPhen, Shift, MetaLR, REVEL, and MutationTaster
software. Confirmation of NGS-detected PANK2 mutation
was done by Sanger sequencing after PCR amplification of
the target region, as described above.

Initial targeted sequencing of selected PANK2 gene ex-
ons reveled known mutation p. T528M (c.1583C>T) in
exon 6, in heterozygous state. In addition, NGS analysis
detected substitution p.Y405D (c.1213T>G) in exon 3, also
as a heterozygous change.

This change was confirmed in our patient by another
targeted Sanger sequencing. Substitution ¢.1213T>G at
transcript NM_153638.2 is the missense mutation leading
to replacement of tyrosine to aspartic acid at amino acid
position 405. This change was not detected previously in
population databases ExAC and 1000G and it is also absent
from disease-related bases ClinVar, LVOD, and HGMD.
The variant is located in exon 3 of the PANK2 gene that
corresponds to catalytic domain of the protein, and this
nucleotide and amino acid position is evolutionary highly
conserved. According to the in silico prediction, p.Y405D
(c.1213T>G) is ranged as deleterious (by Sift), probably
damaging (by PolyPhen), or damaging (by MetaLR), likely
disease-causing (by REVEL), and disease-causing (by Mu-
tationTaster). Aforementioned features are sufficient to
classify this variant as (likely) pathogenic [7].

DNA analysis revealed that the proband’s neurologically
healthy father and brother were heterozygous carriers of
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the known p.T528M (c.1583C>T), while healthy mother
was a heterozygous carrier of the newly described p.Y405D
(¢.1213T>G) mutation.

DISCUSSION

Clinical presentation of our patient was consistent with
atypical PKAN based on time of the disease onset, neuro-
logical features, the presence of behavioral and psychiatric
abnormalities, and the mode of disease progression. In
addition to characteristic MRI scans, mutational analysis
confirmed the diagnosis.

Initial complaints were psychiatric, in accordance with
the previous findings that psychiatric symptoms (depres-
sion, anxiety, emotional lability, tics, obsessive-compulsive
disorder, and psychosis) were common in the atypical
PKAN, often preceding motor features [6, 8, 9].

DNA analysis showed one known mutation and one
newly described variant in the PANK2 gene. Substitution
¢.1583C>T (p.T528M) is one of the most common muta-
tions in European NBIA patients, and confirmed founder
mutation in the Serbian population [10]. This variant af-
fects catalytic domain of the enzyme; frequently it is as-
sociated with an atypical form of PKAN, supporting bio-
chemical data of residual enzyme activity.

Substitution p.Y405D (c.1213T>G) has not been previ-
ously described in NBIA patients. Also, this variant was not
found in 1000 Genomes and ExAC population databases
nor in disease-related databases such as ClnVar, LVOD,
and HGMD. Several in silico predictions indicate that this
variant is damaging. In addition, segregation analysis con-
firmed p.Y405D (c.1213T>@) is in trans with an already
known disease-related mutation p.T528M, which all sup-
port its own pathogenicity.

Previous reports have demonstrated that in patients
with two loss-of function alleles, symptoms were always
presented at an early stage of life, while those in atypical
patients often resulted in amino acid changes. This indi-
cated that many of the patients with an atypical form of the
disease may have residual PANK2 activities. It is believed
that in the presence of missense mutations, residual activity
of the PANK?2 determines the age of onset, without playing
arole in the progression of the disorder [11]. Although
variable expressivity of alleles, as well as the combination
and the concentration of the mutant proteins, were the
features that mainly affected the PKAN phenotype, there
were also other genetic and non-genetic modifiers that
might alter PANK?2 catalytic activity [12-15].

Although we were unable to determine the enzymatic
activity of PANK2 in our case, these compound heterozy-
gous mutations may have been responsible for the adult
onset and delayed progressive nature of the disease. Our
novel PANK2 mutation may probably add to understand-
ing the clinic-genetic correlations in atypical PKAN.
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HoBa myTtauuja y reHy PANK2 kop 60necHuKa ca HeypogereHepaLmnjom yapyKeHom

Ca NAHTOTEHAT-KNHA30M

MapwuHa Ceten'?, BaHa Hosakosuh?, CetnaHa Tomuh*, Hukona Kpecojesuh', Bnagumup Koctuh'?

'KnuHnykn ueHtap Cpbuje, Knuhnka 3a Heyponorujy, beorpag, Cpbuja;
2Ynueepautet y beorpagy, MeanunHcku pakyntet, beorpag, Cpbuja;

*YHusep3utet y beorpaay, MegnunHcki dakyntet, IHCTUTYT 3a XymaHy reHeTuky, beorpag, Cp6uja;
“‘Ceeyunnuwte Jocuna Jypja LLitpocmajepa y Ocujeky, MeguumHcku dakynter, KBLL Ocujek, KnuHuka 3a Heyponorujy, Ocujek, XpBaTcka

CAMETAK

YBopa HeypopereHepauuja yapy»eHa ca NaHTOTeHaT-K1Ha30M
(PKAN) peTKo je, ayTO30MHO peLiecMBHO 060sbere Y3pOoKoBaHO
MyTaLujama y reHy 3a naHToTeHat-KuHasy 2 (PANK2) Ha xpomo-
3omy 20p13.

Linrb oBor pafia je nprika3uBakbe 60NIecHMKa ca aTUnmuyHUmM 06-
nukom PKAN Koju je Hocunal, HOBOOTKPYIBEHE XEeTEPO3UrOTHE
myTaumje.

Mpwuka3s 6onecHuKa MpriKasyjemo xeHy ctapy 32 roanHe umja
je bonect noyena y ABafeceToj roauHU (Benpecuja, npobnem
Ca roBOPOM 1 FryTatbem 1 NagoBu yHa3af) 1 MmMa nporpecu-
BaH TOK. HeyponowKum npernefom youeHu cy Xunomumuja,
risus sardonicus, pucdarnja, Taxunanuja v TelKa ANCTOHNYKA
[u3apTpuja, ymMepeHa ANCTOHM]ja PYKY, HOTY 1 ANCTOHMja OTBa-
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parba BUKLE, MOCTYpaJiHa HECTABUHOCT, ypreHumja MUKLuje
1 CMatbeHa oWTprHa BuAaa. MNpernea Mmo3ra MarHETHOM pe3o-
HaHLIOM YKa3ao je Ha Tanoxete rsoxha y rnobycy nanugycy
1 myTameHy 060CTpaHoO (3HaK TUFPOBOT OKa), @ PaMOJOLLKY
Hanas je 6o naTorHoMoHuYaH 3a PKAN. [eHeTCKOM aHann3om
OTKpPVBEHa je ofpaHmje no3Hata MyTauuja p.T528M (c.1583C>T)
y er3oHy 6, 1 HoBa myTauuja p.Y405D (c.1213T>G) y er3oHy 3
reHa PANK2. Ananu3a in silico yka3yje Aa je HOBOOTKpUBEHa
MyTaLvja natoreHa.

3aksbyyak Npukasanu cmo 6onecHuuy ca PKAN 1 HoBom MyTa-
uujom p.Y405D (c.1213T>G) y PANK2, Koja H/Kaga paHuje Huje
onuncaHa kop 6onecHuka ca PKAN.

KmbyuHe peun: HeypoaereHepaumja ca Tanoxerem reoxha;
HeypojereHepaLyja yapyxeHa ca naHToTeHaT-kuHasom; PANK2
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