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ABSTRACT

Objective “The.aim of the study was to characterize the clinical features of nine patients in
three families with Choreacanthocytosis (ChAc) sharing the same rare c.2343del mutation
in theVPSL3A.gene.

Methods Genetic test results, clinical description, MRl and EEG al as laboratory
results are. summarized.

Results ChAC is a rare genetic disorder characterized by hyperkinetic movements, seizures,
cognitive decline, neuropsychiatric symptoms, and acanthocytes on peripheral b&sod sm
This unique_cohort of nine patfitsis characterized by seizures as a faetl prominent
symptom. In_our patiens other features of ChAc appeared later, including tics, other
movementdisorders, dysarthria and mild to moderate cognitive decline.
Significance:Chorea-Acanthocytosis pants carrying thelescribedare mutatiorcan

present with-focal, treatment resistant seizures.

Keywords: Epilepsy,choreoacanthocytosi¥PSL3A, chorein, genetics.

1. Introduction

Choreaacanthocytosis (ChAc, MIM 2001p0Ois one of the core neuroacamtiytosis
syndromes, which also include McLeod syndrome, Huntington's difkase (HDL2), and

a subtype of pantothenate-kinase-associated neurodegeneration (PKAN)
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ChAc follows autosomal recessivaheritance’ and the causative geneVi®S13A (vacuolar
protein sorting 13A)a large gene on chromosome 9g21 comprising 73 eXbriReported
variantsof the gene comprise missensmnsense, fraeshift splice site, duplication, and
deletion mutationg. VPSL3A is expressed priarily in the brain and red blood cells and
encodes~chorein, a 3@&Da protein Chorein is involved in the trafficking of membrane
proteins bétween cellular compartments and is absent or markedly reduced in tisduks of
patients’.

The meangage of onset ChAcis about 35/ears,but symptoms may begin before age 20 or
after age 40. fie bestcharacteried symptontomplex is hyperkinetic movement disorde
exhibiting choreiform as well as dystonic componeiitss, andinvoluntary movements of
facial, oralf’lingual, pharyngeal and laryngeal mustl&ther features of the syndrome are
ocular motiliy ‘abnormalities, neuropathy and myopathy, cognitive aedro-psychiatric
symptomsAn increased number of acanthocytes in peripheral blood is characteristic but not
pathognomonic, and may appeenly late in the cours& as well in other disords. Epilepsy

is also part.of the ChAc syndrome, occurring in over 40%e patientsSeizures haveeen
described as.a.Jate manifestation in vestablished casebut only rarelyas the presenting
symptom’ €, The seizure type most commypmentiored is generalized tonic aii (GTCS),
but simple and complex partial seizu(€$S)of temporal lobe origin have infrequently been
described"*’,

The severaVPS13A mutations described so far have not been reported to correlate with a
specific clinical phenotyp&'. We here reporhine patientsliagnosed with ChAc due the
sameVPSL3A c.2342del mutatiorinterestingly, allbbutone patient presented with seizuass
afirst symptom.

2. Methods

Patients

Nine affectedmembers othreefamilies were interviewed and examined, and their medical
records werewscrutinizedEEG wasassessednd described irB/9 and MRI had been
performeds=in=alinine Neuropsychological testingag done for 2 patients. Peripheral blood
smears were tested for acanthocyte$/9 andDNA analysis was carried oun all nine
affected individualsas well as in several healthmembers oftheir families All the
participants gave informed consgerfulfilling local Institutional Review Board (IRB)
requirements.

DNA Amplification and Sequence Analysis
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Genomic DNA (gDNA) was extracted from peripheral leukocytes by standatibdsets
described elsewhere. cDNA was prepared by reverse transcription of nuRiNA BD
PowerScript! Reverse Tracariptase (BD Biosciences Clontech, Palo Alto, CA) with random
hexamers.

All 73 exonsvand flanking regions &PSL3A (GenBank NC_000009.11) were amplified
from gDNA, while the two primary transcripts (transcript variaA: GenBank
NM_033305.2; trascript variant B: GenBank NM)15186.3) ofVPS13A were ampliied
from the cDNA of those patnts for whom RNA was availabl&nnealing temperatures and
times were.determined according to the primer sequences and amplicon lAngth8ed
products were/purified using a QIAquick PCR purification kit (Qiagen) or a BigDye
Xterminator purification kit (Applied Bio systems, Foster City, CA). Then, they were
labeled in both directions using a BigDye Terminator v3.1 Cycle Sequencifiggglied
Biosystems)or AmpliTag Gold 360 Master Mix (Life Technologiegind were directly
sequenced on an ABI PRISM 3100 Avant Genetic Analyzer (Applied Biosystems).

3. Results

Following is.a.détailed dscriptionof severalpatients from each familyClinical features of

all affected,members asummarizedn Table l1and the timecourse of the appearance of
clinical symptoms is visualized in Fig. SIhe families are not known to be relatedut all
threeare of JewishTunisian origin from the island of Djerba, ndwing in Israel.

A. Clinical_Features

Family 1. [The family lives in Israel originating from Tisia (Island of Djerba). The
grandparents_of thiour tested and described family members waldings An additional
three members of the fampitould not be tested or examined but Ipistory also suffer from
ChAc (Fig. 1).

Patient 1. Atthe time of studythis 35year old femalevasthe only one affectedof four
siblings Atsthesbeginning of heacademicengineering studief@ge 18)shestartel having
seizures simple partial(SPS) CPS and secondarily generaliz€d-GTCS) She describe
auras consisting, of a déja sensation, dizzinesand apprehension. These were followed by
impairment of consciousness, starimmyal and manual automatismider head and gaze
sometimesleviated, possibly to the leind she muttered incomprehensible wo&kzures
occurred duringboth wakefulness and sleefseneralizd seizuresoccurred frequently

mainly during sleepSeveral antepileptic drugs (AEDs) diled to control her seizures
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(Carbamazepin€BZ; Valproic acid VPA) and only a combination of oxcarbazepine (OXC)
and clobazam (CLB) improved her seizure control with occasional CPS and-GIr€
(twice a year). Topiramate (TPM)recipitatedan acute psychosis requiring psychiatric
hospitalization At age 26she and her family noted mild cognitive decli@» examination,

the patient's=behavior was impulsive, withild disinhibition. Motor restlessness, with
infrequent/motor tics involving theeck ams and eyesrépetitiveblinking) andoccasional
phonic tics were noted on exaifonguemovements were slow, and saccades hypometric.
Neuropsyehological testing at age 27 reveaadmpairment of selective attention, with
difficulty restraining automatiacesponses and suppressing competing stimuli; impaired
retrieval duringJ4memory tasks, with errafomission, confabulations and perseveratiass
well as a tendency to impulsive responses; impaired executive functions also characterized by
difficulty focusing on the tasKnterictal EEG showed left temporal slowing with énittent
focal delta activity anddr MRI scan revealed bilateral mild caudate atropghyeripheral

blood smear was abnormal dueattincreased number of acanthocytes.

Patient 2: This.secondlegree male cousin of patient #1 is married with fchildren has

two sisterswitiChAc (patients#3, #4 and fourhealthy siblingsAt age 32 he started having
seizures, both™ CPS and-GICS. There were no aurasThe CPS manifested as
unresponsieness muttering or murmuring, and slow head and gaze deviation to the left,
followed by deep sleep. Both CPS &G TCS were mostly nocturnal and tended to occur in
clusters with very poor response to phenytoin (PHT), CBZ, phenobarbital (PB), laneotrigi
(LTG) and CLB. On the combination of VPA and TPM there was temporary improvement
however he developed a confusional state with psychotic symptoms and elevated ammonia
levels, which subsided after TPM discontinuation. The seizures eventually stopped
compktely.with levetiracetam (LEV). On clinical examination at age 4%ild cognitive

decline was. present, mainly affecting executive functiohgermittent involuntary
movements;*mainly affecting the mouth and lower face, with multiple motoratics
occasbnalrsniffing were present Dysarthriawas mild initially but gradually became more
severe, associated with drooling. Tongue movements were slow, and saccades hypometric.
His gait initially, had very mild choreiform features, but gradually worsenechari#came
unstable, with gross choreic movements.

The involuntary movements did not respond well to halopendolrisperidone, moderate
improvement was achieved withtetrabenazine and olanzapine. Depressive symptoms

responded to citalopranmterictal EEG slowed intermittent left temporal theta activity and
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generalized asynchronous theta activity, without epileptiform abnormalBiesn MRI
revealed bilateral mild caudate atrophy.peripheral blood smear was abnormal due to
increased number of acanthocytes.

Patient 3: The sister of patient#2 wasexamined at age 48ler disease presented at the age
of 41 withr CPS*preceded by a brief loss of vision @I¢S. Clinical details are presented in
Table 1.

Patient 4. This'is the yonger sister of patient® and#3, evaluated in our center at the age
of 42. Shepresented at age 29 wiGT CSwithout auras or CP$ler EEG showed mild left
temporal slowing. Clinical details are shown in Table 1.

Family I1: In"this consanguineoudamily five out ofsix siblingswerediagnosed with ChAc
One additional affected family member died before the study (Fig. 2). Thiy famginates
from the island of Djerba in Tunisia.

Patient 5: ‘41 yearsold today, theeldest daughteof the family this patient started to
experience.seuresat age 1§CPSand later2-GTCS)partially controlled by VPAPrevious
development washormal with an average school performandst age 18 involuntary
movements appead, atfirst restricted to theright upper extremity including choreo-
athetotic novements and sudden hajedks which progressed and spreadotber parts of
the body. Later orofacial automatisms including tongue bitingsawudre gaiinstability with
frequent falls developedAdditionally, progressive cognitive declinas notedard the
patient becamaphasic At age 32shebecame wheelchalvound,living in a nursing home.
The patient is still experiencing infrequent generalized seiz8tes needs help feeding and
with all activities of daily life ADL). Her EEG showed genewdd slowing without
localizedfeatures andbrain MRI revealedgeneraked atrophy.Her CK-levels are elevated
two fold beyond/normal upper limits (700 1U), and on blood smears acanthocytes are visible.
Patient 6: Thetaday 39yearold eldest brother of pant #5is unmarried andives with his
mother.GT-CSstarted at ag28. He is notompliant with hisAED treatnentand expeenced
severalepisodes oftatus epileptigs (SE). Currently the seizures are controlled WRA. In
addition slow eognitive deterioration was noted in the last years with difficoltgentrating.
Since age 34 the patient experiences tics with quick episodic eye blinking and grunting.
Repeatednterictal EEG recordngs showed no abnormalitie8RI showed mild atrophy of
the caudate nleus bilaterally. EMG muscle analysisd not show any pathologyMild
sensorypolyneuropathy of demyelinating type was seen wilow conduction velocities in
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both legs. Baseline CK levels are about twice the normal range increasingenfotdafter
seizuresBlood smear showed an increasennberof acanthocytes.

Patient 7: The younger brother of patient #5 and #6 is to@&year old unmarried
unemploydand receiving disability due to a left shoulder trauma duringilitary service
and afterranotorcycle accident at age 21 with multiple fractures in the lower extremities. The
patient experienced a singlmprovokedGTCS at age 32 anwasthentreated for one year
with VPA, ‘butstopped treatment on his own. At age 35 he experienced a seconda@dCS
is now medicated withvPA without any recurrencedor two years he suffers from
progressively worsening involuntary efacial movements like lip smacking and vocaktic
such asburping/soundsAdditionally, he developedudden choreoathetotic handdaarm
movements, whiclne incorporates inteemipurposeful movement3here are na@ognitive

or psychiatric change&EG and MRI of the brain are normélis baseline CKevels ange
between 2000 'and 3000 Mdl. EMG and NCS revealedilateral mild carpaltunnel
syndrome.

Patient 8: The youngessibling is 28-years old, unmarriedbiochemistry studentving with

his motherlnterestingly as part of a workip for an incidentalinding of hyperCK-emia at
age 6, a muscle biopsy was performed which was inconclusive and he wassdhgvith
idiopathic_hyperCK-emia. From age 20 he startexsuffer from tics including facial right
sided suddenstwitching and verbal tics with gruntiAg age 24 behavioral changes were
noted: megalomaniaddeationincluding finding the cure for all diseases and at the same
period his_religiouselief became strong with extreme depermeon prayers andeligious
rituals. He experienced ib first seizure (GTCS) at age 25. The patient is aoyhpliant
regarding 'his amepileptic medication due tdis belig that “the medication causes his
disease”. In_the last two years he suffered a total of $&iepisodesbut when adherento
VPA treatmenthe is seizurdree EEG displayedbitemporal slowingRepeated brain MRI
scansshowednoanatomic or signal abnormalities. His baselinel@l€ls are elevad up to
3000 IU but pest seizurgéhey regularly increaseto 35000 IU.Blood smear showed an
increased mamount of acanthocytes.

One additional family membethe second eldest daughtgrassed awaguddenlyat age 32
during a seizureand before the study commenced. The cause of death was determined as
sudden unexpected death in epileSYDEB. No genetic testing is available. According to
the family, sheexperienced seizures from age. Beizures were of sudden onset without
warning and with generalized convulsions and frequent head trauma. Sheated with

AEDs but specificaare unknown.

All rights reservedted by copyrighthis article is protec



Family I11: The family originates from TunisigDjerba islangl living in Israeltoday. The

parents are firstdegree cousingig. 3)

Patient 9: The only affected child of tis family is a 58year old woman with normal
development until age 22 when she experienced a first selxespite teatment with CBA

CPS recurred ever2-3 months in a catamenial fashion. Years after the beginning of her
seizure disorder, dyskinesia and vocalizations began and progressedghentilecame
wheelchair bound ab0 years of age. A suicide attemybs reported around age ,40
attributed toher severe dyskinesian@xamination she has ongoing involuntary movements

of her face,.ataxia of her limbs, and is unable to stand unsupported. No tendon reflexes could
be elicitedHer EEG was reported as normal.

B. Genetic Results:

All affected individuals in the threerfalies with a clinical diagnosis of ChAc were found to

be homozygous far.2343deldeletion mutation in the chorein gene. Additionally, in Family |

all parents_.of.affected individuals were tested and all are heterozygous for the same mutation
(Fig. 1). InyFamily II, the mother of the affected individuals and asymnptomatic sister

were tested and are heterozygous fordl#343del mutationThe nonsymptomatic father

and me symptomaticsister passed away before testifigg. 2) In Family Il only the

symptomaticindividual was testedFig. 3).All results are summarized in the table.
4. Discussion

This is adescription ofnine members othreeunrelatedisraeli familes of JewishTunisian
origin diagnosed clinically and genetically &Ac carrying the samedeletion mutation
c.2343delin_the"chorein gen&PS13A. VPS1I3A c.2342delcausing ChAc has only been

reportedonce before in a singleatientlacking a detailed description of the phenotylble
Affected memberof the familiesreported hereshare the clinical syndrome of epileptic
seizuresytics, chorea, cognitive impairmesrtd psychiatric manifestation¥he onsetof
clinical symptomsaried from 16 to 41 years (mean: 26811y).

Seizures are quite common as part of the clinical picture of CABout 42% of ChAc
patients have at least one seizure at some point of their clinical c]t?unflewever, he

seizure disorder is usually not the prominent feature of ChAc, and is overshadowed by
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hyperkinetic movement disorder and other symptamaost patients with ChAc previously
described were suffering already rfranvoluntary movements and behavioral symptoms
when the first seizure appearé%i In Hardie'sseries 0of19 neuroacanthotysis patients
(some ofwhom had neuroacanthocytosis syndromes other than ChAc), foaly(26%)

presentedwith seizures at an early stdgbeir diseasé? while Al-Asmi et al. foundonly 5

earlierreparted ChAc patients whose presenting symptom Wimmpms'lé Interestingly,

in their own=gries of 6 ChAc patientsxclusivelyof FrenchCanadan origin seizure onset
preceded otherdisease manifestations by up to 15 %(ears

In our series ofnine patientswith VPSL3A c¢.2342del,seizures were not only the first
presenting_symptom (8/9) but epilepsy remained the predominant clinical mdiufe$ba
years.When./other neurolical symptoms eventually appeared, they were misinterpreted as
"complications of epilepsy" andf its treatmente.g. @tient#1's personality change and
cognitive deterioration were attributed solely to the sequelae T®¥Minduced psychotic
episode. Btient#2's behavioral changes and cognitive deficits were regardée assuk of
chronic temporal lobe epilepskpilepsy as presenting feature of ChAc can delay the correct
diagnosis for yeardn Al-Asmi's families there was a delay in diagnosisipfto 11 yearg.

In the caseof-Patient#2 and Patient4 reported here, the diagnosis of ChAc was naug

13 years after_epilepsy onset while e.g. Patidnivds diagnosed with “only” a-year delay

due to earlyrinveluntary motor symptoms.

Seizure typs in ChAcaremostly GTCSIf describedat all There have beesomereports of

'17,18

CPS as wel Tiftikcioglu et al. performedh videoEEG investigtion ona ChAc patient

with drugresistant epilepsyand found CPS origating in the left temporal Iobé9 and in a
report of andtalian family seizure type and semiology were not mentioned, butnBRG
out of threesiblingswasreported to show bitemporapileptiform abnormalitie?’. Seizures

were localized to the temporal lobe origin according to semiology and ictal ~“H&&€®

recordings In the six previolysmentioned patients from two Fren€anadiarkindreds with
chAc’ and Scheid et akeported three patients with ChAc presenting with mesial temporal
lobe sclerosi§ In our reported patients, the affected members of the second family mainly

showedGTCS according to history and EEG. Two out of the four described experienced
multiple SE episodes Regarding the first family described, three out of four affected
members showed lacalizationrelated epilepsy.Patient#1 has auras andPSwith mesial
temporal lobe semiologgnd intermittent left temporal delta activity on EE®&d ter GTCS
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are mostly nocturnalPatient#2 also hasCPSwith temporal lobe semiology, and his EEG
also shows left temporal focal slowirfeatient#3 has GTCS with a vistaurasuggesting an
occipital origin whilePatient#4 has GTCS withouany localizing featuredyut her EEG
shows mild left temporal focal slowingihe explanation for focal seizures arising unilaterally

in a neurodegenerative disorder is lacking.

Seizues iri patients with ChAc are usually difficult to manage and to coritfdl The
effectiveness of AEDs to control seizures in the patients here reported is vandike.
Patient #3,6,7,and 8 show good control of seizures when complagnt 1continues to
experience,arasional seizures and is currently taking OXC and CLB, after having tried five
different AEDs.) Patient##2 had recurrenR-GTCS some of them prolonged, on seven
different AEDs but has gainedompleteseizure freedom with LEVRatients#1, #2,#4, #5

and #9are not seizuréeehaving tried 13 AEDSs, but suboptimal compliance with treatment

is a confounderPatient #5 is still experiencing infrequent seizures having tried four different
AEDs. Interestingly, psychotic symptordsvelopedn two ChAc patientsnvolving TPM:
Patient#1 had.apsychotic episode on TPM, anétient#2 suffered from encephalopathy
with psychetic.features on a combination of TPM and VPA with hyperammonemia.

In Family II"five out of six siblings araffectedand this is congruentith a previous report

of a Japanese family suffering from ChAc and initially thought to be of an autosomal
dominant patter® but corrected later and a pseudominant autosomal recessive pattern
was sggested. In theFrenchCanadian ChAc population a founder mutation was previously
reported EX70 EX73del) . The entire here described ChAc patiemtih VPSL3A
c.2342delbelong to fanies originating fromthe island of Djerbalunisia.Interestingly, we
found two case reports of ChAc patients from Tunisia but unfortunately none of thase wer
tested genetically’** The identification of the c.2343del mutation in three apparently
unrelated.ChAc families with origin from the island of Djerba suggests a founder mutation in
Jewish Tunisiansthis community is known to be ancient and relatively isolated with other
founder mutationé®?’. Routine testing for c.2343del in suspected ChAc cases may therefore

be worthwhile in this population.
Key Points:

e ChAc is a rare genetic disorder characterized by hyperkinetic movements, seizures,
cognitive decline, neuropsychiatric symptoms, and acanthocytes.

All rights reservedted by copyrighthis article is protec



11

e The rare c.2343del mutation in tMPS13A gene causing ChAc is found in Israeli
families from Tunisian origin.

e A divers phenotype is present but most affected individpedsented with seizures as
a first and dominant symptom.

e Seizures can be of temporal lobe origin and can be treatment resistant.

Figure L egend:
Fig. 1: Pedigrees of family with VPSL3A c.2342delDiagonal lines indicate deceased

individuals Alsoindividuals with tics or seizure unrelated to ChAc are listed.

Fig. 2: Pedigrees of familyl with VPSL3A c.2342del Diagonal lines indicate deceased

individuals.

Fig. 3: Pedigrees of familyll with VPSL3A c.2342delDiagonal lines indicate deceased

individuals.

Fig.S1: Time course of symptoms appearing in individual patients according tRagen

numbers indicates families
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Family

Patient no. 1 2 3 4 5 6 7 8 9
Gender/Age
/18 m/32 fl41 f129 f/16 m/28 m/32 m/20 f/22
at onset
Presenting ) ) _ ) _ _ ) Tics and )
Seizures Seizures Seizures Seizures Seizures Seizures Seizures ) Seizures
symptom behavior
' SPS, CPS,| CPS, 2- SPS, 2- CPS, 2-
Seizure type CPS, GTCS| CPS, GTCS] GTCS GTCS GTCS
2-GTCS GTCS GTCS GTCS
SE - - - - - + - + -
Lt temporal
Ettemporal & Generalized Lttemporal | Generalized bitemporal
EEG ) ) ) _ ) “normal “normal ] “normal
slowing generalized| slowing slowing slowing slowing
slowing
difficult to
Response to| . . good / low |
incomplete control good incomplete | incomplete good good _ incomplete
AEDs ) compliance
seizures
Hyperkinetic
+ +++ + + +++ + ++ ++ +++
Movements
Dysarthria + ++ ++ + +++ - - - +
Cognitive
+ ++ + - +++ - - + +
symptoms
Psychiatric ++ +++ +/- - + - - ++ +
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symptoms

Neuropathy ND ND + - - + +/- - +
mild mild mild mild
MRI caudate caudate "normal” "normal” cerebral caudate “normal “normal ND
atrophy atrophy atrophy atrophy
CK
baseline/max ND ND ND ND 700 700/3000 3000 3000/35000 ND
Acanthocytes + + ND ND + + ND + +
Genetics c.2343del
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