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Novel PANK2 mutation identified in patient with pantothenate kinase-
associated neurodegeneration

Hoga myrtanmja y reny PANK2 kon 6osiecHuKa ca HEypoereHepalyjomM

YAPYKEHOM Ca IMAHTOTEHAT KHHA30M

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. A brain MRI 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
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 neurodegeneration; PANK2

INTRODUCTION

CAXKETAK

¥YBoa Heypoperenepamuja yapykeHa c¢a MaHTOTEHAT
kuHazoM (IIKAH) je perko, '‘ayTO30MHO - PELECHBHO
000JbeHE Y3pOKOBAHO MyTalldjamMa y TeHy 32 MaHTOTCHAT
kunasy 2 (IIAHK?2) na xpomo3zomy 20m13.

Iwp oBor mpukaza je Mpe3eHTandja OoJIECHHKA ca
atunmuuaiM ~ obymkom / IIKAH © kojm - je  Hocuiail
HOBOOTKPHBEHE XETEPO3UTOTHE MyTallHje.

Ipuxa3 Gosnecuuka [Ipukasyjemo *xeHy crapy 32 romauHe
gyuja je OojecT modena y IBaJeCceroj roAuHu (Aempecw;ja,
mpobJeM ca TOBOPOM H TyTamkeM W MaJOBU yHa3ad) U UMa
NPOrpecuBaH TOK. HEYpoJOUIKUM  HPEriesoM YOoueHa je
XHTIOMUMHE]ja, risus sardonicus, nucdaruja, Taxunaiumja u
TEeIIKa AMCTOHWYKA IM3apTpHja, yMEpeHa IHCTOHHjA PYKY,
HOTY W)\ IWCTOHWja OTBapama BWIHWIE, IIOCTypaiHa
HEeCTaOMJIHOCT, ypreHIMja MUKLHje U CMameHa OLITPHHA
Buja. [Ipernen Mosra MarHeTHOM PE30HAHIIOM yKa3ao je Ha
TajloKele TBokha y mo0ycy mamuaycy © IyTaMeHy
o0ocTpaHo (3HaK THTPOBOT OKa), PAJUOJOIIKKA Haja3
natorHoMoHn4an 3a IIKAH. T'emerckom aHamusom
OTKpUBEHa je OJ paHHje Mo3Hata Myramuja P.T528M
(c.1583C>T) y ersony 6, u HoBa Myrtamuja p.Y405D
(c.1213T>G) y er3ony 3 rena [TAHK2. In silico anamm3za
yKa3yje /1a je HOBOOTKpHBEHa MyTallija MaToreHa.
3aksbyuak [Ipukazamu cmo Oonecuuity ca [IKAH u HoBOM
mytanujom P.Y405D (c.1213T>G) y ITAHK?2, xoja nukanma
paHuje HUje onmcaHa ko 6onecHuka ca [IKAH.

KibyuHe peun: HeypoereHepamnyja ca TaloXKeHeM rBoxkla,
HeypoJereHepaluja yapy)keHa ca NaHTOTEHAT KHHAa30M;
TIAHK2

Pantothenate kinase associated neurodegeneration (PKAN) is a recessively inherited

disorder caused by bi-allelic mutations in the pantothenate kinase 2 (PANK2) gene on

chromosome 20p13 [1]. Two most frequent mutations (c.1231G > A, ¢.1253C > T) account

for about one third of all cases, but 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 patients, followed by generalized pyramidal and extrapyramidal features

(mainly dystonia), neuropsychiatric involvement and pigmentary retinopathy. Clinical course

is progressive and affected children generally become wheelchair-bound within a few years

[3.4].
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Atypical PKAN presents later with less pronounced motor involvement, but cognitive
decline and psychiatric features may be prominent [5]. Disease progresses over 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-consanguineous-marriage, had unremarkable
family history (brother was diagnosed as spondylitis ‘ancylopoetica). Delivery and
developmental milestones were normal. At the age of 20 she was treated by psychiatrist due
to depression. At that time, she noticed speech, chewing problems and frequent backward
falls. Three years later urge incontinence appeared and gradually worsened. 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 beginning of
symptoms until nowadays) included normal serum ferritin, ceruloplasmin, albumin, liver
tests, copper (work up for Wilson s disease), and lipoprotein levels. The blood smear was
negative for acanthocytes. After few years of disease, a brain MRI revealed onset iron
accumulation in the bilateral globus pallidus and putamen (Fig. 1) (“eye-of-the-tiger”). We
saw her after getting brain MRI, and due to typical “eye-of-the-tiger” finding we diagnosed
her as NBIA (PKAN).

Personal neurological examination (neurological reports were also used for follow up of
patients’ status) 12 years after disecase 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. Gait was unstable. Cerebellar signs and Romberg test were negative.
The Mini Mental State Examination score was 30/30. Twelve years after symptoms onset she

was still able to walk unassisted and to take care of herself.
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Her psychological status was at the moment of examination within normal range

without symptoms of depression.

DNA was extracted using commercial kit. After PCR amplification of PANK2 exon 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, USA)
on ABS 3500 Genetic Analyzer (ABS, USA). For data analysis Sequencher software has
been used. After detection of only one heterozygous PANK2 mutation in exon 6, analysis was
continued by Next Generation Sequencing (NGS) of DNA. We used TruSight One Panel
(Mumina, USA) and MiSeq NGS platform (lllumina, USA). Data analysis was performed by
Variant Studio provided for Illunina’s users. In-silico characterization of detected gene
variants was performed by PolyPhen, Shift, MeatakR, REVEL and Mutation Taster
softwares. Confirmation of NGS detected PANK2 mutation was done by Sanger sequencing

after PCR amplification of target region, as described above:

Initial targeted sequencing of selected PANK2 gene exons reveled known mutation p.
T528M (c.1583C>T) in exon 6, in heterozygous state. In addition, NGS analysis detected
substitution p.Y405D (¢.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 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
Mutation Taster). Features mentioned above are sufficient to classify this variant as (likely)

pathogenic [7].

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

Clinical presentation of our patient was consistent with atypical PKAN based on time
of disease onset, neurological feature, presence of behavioural and psychiatric abnormalities
and mode of disease progression. Besides characteristic MRI scans, mutational analysis

confirmed the diagnosis.

Initial complaints were psychiatric, in accordance with the previous findings' that
psychiatric symptoms (depression, 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 PANK?2
gene. Substitution ¢.1583C>T (p.T528M) is one-of the most common mutations in European
NBIA patients, and confirmed founder mutation in Serbian population [10]. This variant
affects catalytic domain of the enzyme; frequently it is associated with atypical form of

PKAN supporting biochemical data of residual enzyme activity.

Substitution p.Y405D (c.1213T>G) has not been previously described in NBIA
patients. Also,.this variant was not found in population databases 1000 Genomes and EXAC
nor in disease related databases such as ClnVar, LVOD and HGMD. Several in silico
predictions indicate this variant is damaging. In addition, segregation analysis confirmed
p.Y405D (€.1213T>G) is in trans with already known disease related mutation p.T528M,
which all support 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 indicated that many of patients with atypical form
of the disease may have a residual PANK2 activities. It is believed that in the presence of
missense mutations, residual activity of the PANK2 determines the age of onset, without
playing a role in the progression of the disorder [11]. Although variable expressivity of
alleles, as well as combination and concentration of the mutant proteins were the features that
mainly affected PKAN phenotype, there were also other genetic and non-genetic modifiers
that might alter PANK2 catalytic activity [12-15].
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Although we were unable to determine the enzymatic activity of PANK2 in our case,
these compound heterozygous mutations may have been responsible for the adult onset and
delayed progressive nature of the disease. Our novel PANK2 mutation may probably add to

understanding the clinic-genetic correlations in atypical PKAN.
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