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1-1 Introduction: movement disorder phenomenology
K. Bhatia
Sobell Department of Motor Neuroscience and MowemBisorders, Institute of
Neurology, Queen Square, London WC1N 3BG, UK

Chorea is a hyperkinetic movement disorder charaetd by involuntary movements which flit
and flow unpredictably from one body part to anatlizgystonia is characterized by involuntary
muscle spasms resulting in writhing movements abkomanal body postures. Chorea and
dystonia are the main movement disorders exhibiigdpatients with neuroacanthocytosis,
although tics and parkinsonism may also be preddm.differential diagnosis in a patient with
familial adult-onset chorea entails Huntington’sedise (HD), which is caused by a triplet repeat
expansion in the IT15 gene (also known as huntipgind which accounts for about 90% of
cases of chorea of genetic etiology, as well asrafistinct genetic disorders which can present
with a clinical picture indistinguishable from HDhese disorders are termed HD-like (HDL)
syndromes. So far, four such conditions have beeognized, including disorders attributable to
mutations in the prion protein gene (HDL1), thegtaphilin 3 gene (HDL2) and the gene
encoding the TATA box-binding protein (HDL4), and single family with a recessively
inherited HD phenocopy, the genetic basis of whihcurrently unknown (HDL3). These
disorders, however, account for only a small proporof cases with the HD phenotype but a
negative genetic test for HD, and the list of HDdngs and conditions is set to grow.

1-2 Follow—up of cases reported by Dr. R. Hardie i1991
S. Gandhi
Institute of Neurology, University College Londaondon, UK

In 1991, Dr. Hardie described the clinical and p#dbical features of 19 cases of

neuroacanthocytosis, resulting in the largest seeported with this rare disorder. During the
past 15 years, there have been many advances mnderstanding of the neuroacanthocytosis
syndrome, including the identification of severdfetent molecular causes. We have revisited
the original Queen Square series in an attempbrt@late the clinical picture and natural history
of each case with the new genetic findings.

1-3 International efforts at case collection (“Virtual Institute”)
A. Danek and B. Bader
Neurologische Klinik, Ludwig-Maximilians-Univer&if Munich, Germany



For more than fifteen years we have collected -+ Wit generous support of physicians world-
wide — chart data on individual patients (presently50) affected by neuroacanthocytosis
syndromes in order to delineate disease featurésatural history. In addition to the data on
McLeod syndrome (Danek et al. 2001) information 16 cases with a diagnosis of chorea-
acanthocytosis (ChAc) based diPS13Amutation analysis has been evaluated (Danek et al.
2009).

For a more systematic, prospective approach weaumwentrate on ChAc after the Western blot
for chorein became available as a diagnostic tbobgon-Stone et al. 2004). Since 2007 we
have fully analyzed 110 blood samples from patiemts suspected ChAc, sent in from all
continents, and made a positive diagnosis in 42 cases. This service is offered at no cost
thanks to the support of Advocacy for Neuroacangtasis Patientswww.naadvocacy.ong but

in return we ask for clinical data on the affegbedients, collected according to a protocol newly
set up with a group of neuroacanthocytosis spatsaiind to be entered locally by the physician
in charge.

This patient registry forms a submodule within tBeropean Huntington’'s disease network
(www.euro-hd.net/html/na/submodule/reqgi$trin addition to the data collection according to
standardized questionnaires and scales, a systedwtumentation of the patients” movement
disorder, filmed according to a teaching video k¢ for download, is encouraged. We also
consider possibilities for uploading neuroimagiraged

The registry will be opened for data entry in J2908 and eventually aims at allowing
therapeutic studies for ChAc patients. Due to tétyr of the disease such studies critically
depend on global collaboration. This can now be foaably provided by our web-based
platform, a "virtual institute” for neuroacanthoasis information, research and treatment.

1-4 Epilepsy in chorea-acanthocytosis
C. Vollmar
The National Society for Epilepsyhalfont St. Peter, Bucks, UK

It is reported that 30-40% of chorea-acanthocyt(SIsAc) patients have seizures at some stage
of their disease. Seizures can occur many yeaes thi¢ onset of a movement disorder, but they
can also precede any other clinical manifestatipra® much as 15 years. In such cases the
diagnosis of ChAc may be established many yeags tife first seizure.

Unfortunately the majority of studies do not fumthatassify the epilepsy, mostly 'generalised
seizures' are described, however, some of themtmigh have had a focal onset and secondary
generalisation.

We describe a patient who underwent evaluationefatepsy surgery because of medically
intractable temporal lobe epilepsy. Surgery was arooption as he had independent seizures
arising from either temporal lobe. During this pnegcal evaluation FDG-PET was performed
and showed a markedly reduced metabolism of thdataunucleus, MRI showed mild global
atrophy. Later he developed orofacial tics withkilyssia and the diagnosis of ChAc was made.
This patient was shown to have focal bilateral teraplobe epilepsy, but in many ChAc patients
a clear syndromatic epilepsy classification mayl@available. It might even remain unclear if
they have generalised or focal epilepsy which cobf&lle an impact on the choice of
anticonvulsant medication. Additionally further anfnation about the epilepsy can improve our
understanding of basic mechanisms of ChAc s: tgelyeralised epilepsies can be indicative of



molecular dysfunction, e.g. in ion-channels, wherézcal epilepsies suggest mechanisms of
focal structural damage, e.g. on an embolic oamfhatory basis.

Therefore we recommend that epileptologists becow@&ved, to achieve a distinct syndromic
classification of epilepsy in ChAc patients withzsees.

1-5 McLeod syndrome: brain and neuromuscular pathadgy

H. H. Jung
Dept. of Neurology, University Hospital Zurich,riah, Switzerland

The McLeod neuroacanthocytosis syndrome (MLS) isXdimked multisystem disorder with
haematological, neuromuscular, and central nerggatem (CNS) involvement. MLS is caused
by mutations in th&XK gene that encodes the XK protein, a putative mangtransport protein
which is covalently linked to the Kell glycoproteifihe function of the XK/Kell-complex is not
yet clarified. The Kell protein is an endothelineBnverting enzyme generating the bioactive
endothelin-3. The XK protein shares important hagas with the ced-8 protein of the
nematodeC. elegansin which it acts as a cell death effector doweestn of the caspase ced-3.
CNS manifestations of the MLS comprise chorea, oysychiatric and cognitive abnormalities,
and generalized seizures. Imaging studies in MLifeps revealed caudate nucleus and putamen
atrophy as well as decreased glucose uptake inrgostmission tomography studies without
clear evidence for extrastriatal pathology. Neutbplmgical examination demonstrated
unspecific neuronal loss and astrocytic gliosistive caudate nucleus, putamen and, less
pronounced, in the globus pallidum. Extended warkdid not demonstrate specific features of
the pathological alterations. The severity of thréatal pathology varied considerably between
the patients, also in those carrying an identicatation. In contrast to choreoacanthocytosis
(ChAc), there was no involvement of the substaniigia and thalamus and only minor cortical
gliosis was present in some patients.

Virtually all MLS patients had elevated serum cireatkinase levels, and about 50% develop
weakness and muscular atrophy. In a series of 1€clmwiopsies of MLS patients, clear but
unspecific myopathic changes were present onlyour patients. All patients, however, had
neurogenic changes of variable degree. Motor amdasg nerve examinations demonstrated
axonal sensory-motor neuropathy. Cardiac maniiesisatof MLS developed in more than half
of the patients and include congestive cardiomyopatilated cardiomyopathy, atrial fibrillation
and tachyarrhythmia. Cardiac histopathology is m©pecific and reveals focal myocyte
hypertrophy, slight variation of myofiber size anterstitial fibrosis.

1-6 Chorein expression and neuropathology
B. Bader
Neurologische Klinik, Ludwig-Maximilians-Universif®-81366, Munich, Germany

Background: Chorea-acanthocytosis (ChAc) is characterised layked neurodegeneration
within the caudate nucleus and presence of malfdrergthrocytes. The connection between
both phenomena and the underlying function of tlheated protein chorein remain still cryptic.
For progress in understanding the disease, urahelisiy the functional aspects is crucial.
Methods: Brain tissue of ChAc patients in comparison to khgibn’'s disease (HD) patients
was investigated by histology, immunohistochemistngl stereology for 3D reconstruction as
well as morphometric methods for cell differentiatiand calculation. Western blot was used to



study chorein expression in various brain regioaswell as peripheral tissues of healthy
subjects. Further, blood samples of HD and pantatteekinase associated neurodegeneration
(PKAN) have been examined for chorein presenceyithecyte membranes.

Results: In ChAc a notable loss of neurons was found incogex and even more striking in
striatum, exceeding the observations in late std@e brains in these regions. Impressive
neurodegeneration was confirmed by both, a remélagirogliosis and an increased number of
activated microglial cells. This could also be doemted by an increase in the astroglia/neuron-
index in ChAc (47) and in HD (23) compared to healtontrols (3). In Western blot, chorein
expression was throughout constant in differeninbr@gions of healthy control subjects, but was
absent in all corresponding tissues of ChAc patiehivo fragments present in healthy brain and
missing in ChAc tissue are recognised at 160 k2h1&® kDa.

Furthermore, we examined different peripheral #ssaf healthy control subjects and found full
length chorein synthesised in brain, blood, teatid muscle. Comparing brain and peripheral
tissues, chorein expression pattern seems to baeetispecific. While full length chorein is
missing in erythrocyte membranes of ChAc patiernitsis present in all healthy controls
examined so far (n > 30), as well as in five HDigrats (PKAN results pending).

Conclusions: Neurodegeneration in ChAc is different than in Hgarding the degree of tissue
loss and astroglia/neuron index but shows simidgritegarding the affected brain regions, while
chorein is expressed ubiquitously in non affedbeins. Results also point out that different
variants of chorein are synthesised in brain tis3iés can implicate a structural organisation of
functional domains within the chorein protein. Ghiar presence in erythrocytes of healthy
controls and patients suffering of similar disoslsupports the specificity of the diagnostic
Western blot.

1-7 Caudate nucleus pathology and obsessive-compués disorder in  Chorea-
Acanthocytosis

M. Walterfang

Neuropsychiatry Unit, Royal Melbourne Hospital, IM®irne, Australia

Chorea-acanthocytosis (ChAc) is an exceptionalhg r@utosomal recessive disorder (1 in 5
million) associated with seizures, chorea and perigl blood acanthocytes. Patients often have
dramatic caudate atrophy noted on magnetic resenamaging. Notably, the disorder presents
with adolescent or adult-onset obsessive-compulsiisorder (OCD) in up to 25% of
individuals, implicating dysfunction of the caudatecleus and its relay function in the lateral
orbito-frontal loop (LOFL). MRI scans from a numbrclinicians in Europe, Australia and the
Americas were collected (n=14), and then age- amtigr-matched against controls (n=14) and
patients with Huntington's disease (HD, n=14). Gaeduclei were traced using an established
protocol; caudate volume corrected for intracram@lme was determined, and shape analysis
was conducted on caudate shape using permutatialysa following spherical harmonic
modeling and parametric mesh generation. HD patieatl a 10% reduction in caudate volume
(not significant) and only modest shape changespeoed to controls; ChAc patients in
comparison showed a dramatic 80% reduction in siZlgttening of the caudate and the loss of
most of the caudate head. This suggests that daneironal loss in the caudate results in the
loss of its function in inhibiting motor acts, leéag to OCD-like illness in a number of ChAc
patients.



2-1 Drug therapies including botulinum toxin
S. A. Schneider
Sobell Department of Motor Neuroscience and MowemBisorders, Institute of
Neurology, Queen Square, London WC1N 3BG, UK

Neuroacanthocytosis is a neurodegenerative disghase¢o mutations of th#PS13A(Chorein)
gene on chromosome 9g21. The condition is charaeteby hyperkinetic movements of chorea
and dystonia with prominent orofacial involvementiaself mutilation, tics, parkinsonism, eye
movement abnormalities suggestive of brain stenolimment, subcortical dementia and
psychiatric features with impairment of frontal éolfunction with age of onset in mid-life.
Seizures, autonomic features, as well as myopatiyy europathy may also be present.
Treatment remains symptomatic. With respect to mmrds, chorea may respond to
tetrabenazine or atypical neuroleptics, however féhmer may worsen a co-existing depression.
Dystonia may respond to anticholinergics. Focaltalyss, e.g. of the oromandibular region, can
be treated with botulinum toxin injections. Parkinen features may respond to dopaminergic
drugs and gait problems to amantadine. Deep btamuktion has been explored in individual
cases with mixed results. In later disease stagasents may require a PEG, or suprapubic
catheter. Speech therapy, physiotherapy and psygical therapy should also be offered to the
patient when needed.

2-2 Rehabilitation - Qualitative Interviewing - A patient’s perspective
J. Mcintosh
The Wolfson Neuro-rehabilitation Centre, St. Getsdealthcare, Wimbledon, UK

A person’s identity is important in any treatmdhhelps shape the way they cope. If you want
to know how a person copes you have to ask theigoes

The results of a qualitative interview with a pati@ill be presented. Qualitative interviewing,
according to Kvale (1996), attempts to “unfold theaning of peoples’ experiences”. This
presentation then, gives a glimpse of the persom Mozart to a desire for chocolate.

2-3 Biofeedback in dystonic syndromes
M. W. M. Horstink
Dept. of Neurology, Radboud University Medical @enNijmegen. The Netherlands

The brain projects motor output on a specific grotimuscles required for performing a specific
task. During movement sensory feed-back afferemmis the muscles provide input for motor
control. Abnormal movement-related sensory inpualmnormal sensorimotor processing in the
brain results in abnormal postures or movements.siisv the clinical proof of the impact of
abnormal sensory feedback on movement in a patightpseudoathetosis-dystonia caused by
sensory polyneuropathy. Causalgiform dystonia-tikemps present probably the most extreme
example of such abnormal peripherally induced semsbor disorder. Dystonia may also be
caused by abnormal sensorimotor integration, nesuih a mismatch between sensory input
versus motor output. In a number of patients wiemserimotor movement disorders the
abnormal sensorimotor drive can be restored, olelrar evaded by behavioral manipulations
of the sensorimotor loop. We show examples of tiieceof sensory tricks in torticollis and
oromandibular dystonia, the effect of blockade dfigger muscle in midbrain tremor, and the



effect of evading the disordered sensorimotor lgopvriters cramp. We have systematically
treated patients with writers cramp with behavidh&rapy. The patients are taught to recognize
the relationship between the level of EMG activayshown on a screen and the contraction of
the muscle. Patients are trained to reduce thessiee EMG to the minimum possible level
while they were writing. In a majority of patienthis therapy results in long-lasting
improvement of writing. In a pilot study we fouritat behavioral therapy restored pre-existing
lowered levels of dopamine receptors, suggestiag dbpaminergic abnormalities in the basal
ganglia in these patients are probably a seconddaptation rather than the cause of writers
cramp. Most of these therapies can probably noapydied in patients with extensive brain
pathology because they may require full co-opemnadiocompensatory parts in the brain.

2-4  Deep brain stimulation for NA patients— forum

a) Deep Brain Stimulation in Pantothenate Kinase Asociated Neurodegeneration

L. Cif, V. Gonzalez, X. Vasques, and P. Coubes

CHRU Montpellier, Hopital Gui de Chauliac, Servide Neurochirurgie; INSERM, U661,
Université de Montpellier 1; CNRS UMR5203, Institde Génomique Fonctionnelle,
Montpellier, F-34000 France

Background: Pantothenate kinase-associated neurodegener&@iOhN, OMIM 234200) is a
progressive autosomal recessive disorder due tatrons in the pantothenate kinase 2 gene
(PANK2). PKAN patients generally fall into 2 clirdt categories: early onset, rapidly
progressive (classic) disease or late onset, slopriygressive (atypical) disease. Motor
involvement with gait disturbances due to dystonigidity, and spasticity are present in both
forms. Psychiatric symptoms (more prominent in &gidisease) include depression, emotional
lability, and impulsivity. Repetitive actions, fraag, and palilalia are all common features of the
syndrome. Pharmacologic and surgical interventiams at improvement of psychiatric and
motor symptoms.

Objective: Deep brain stimulation of the internal globus phlé (GPi) has been proposed for
treating progressive generalized dystonia and dgska sometimes resulting in life threatening
conditions in PKAN. We studied the results of Gfnslation in PKAN.

Population and method: Eleven consecutive genetically proven PKAN patie(@smale)
underwent surgery for DBS. Eight patients presertgiedsic form of PKAN. Bilateral GPi
implantation has been performed in all patientse Patients were assessed before and after
surgery using the Burke-Fahn-Marsden’s dystoniamgascale (BFMDRS) which includes a
motor scale and a disability scale.

Results: At onset, the mean age of the patients was of 8atsy(range, 1-17). At surgery, the
mean age was 18.5 years (range, 8-39). Postopyatiliere was a sustained decrease of the
dystonia in all but one patient with a mean glomalitor improvement of 60.5% (range, 6.5 to
91.5) and a mean global disability improvement 2#04(range, 4—-82). Two patients presenting
with classic forms of PKAN died after 56 and 14 rinfollow-up. The three atypical and four
classic PKAN patients preserved autonomous gaétsatassessment. Three patients experienced
improvement of dysarthria. Hardware related conapioms occurred in one patient.
Discussion:Since our first publication reporting on the effe€tGPi DBS in 6 PKAN patients,
several case reports described sustained effice@&Po stimulation in PKAN. Two patients in
life-threatening condition previous to DBS surviviat more than five years with a satisying
quality of life. If the mean motor improvement itisfying, the outcome for walking capacities



can be limited by freezing (common feature of theedse), sometimes increased by high
frequency GPi stimulation. Speech involvement vadvere dysarthria is rarely improved by
DBS. Psychiatric symptoms were not modified by GBES.

Conclusion: Since no curative therapy exists to date, we censftht DBS should be considered

in the treatment of the severe generalized dystohiBKAN. Pallidal stimulation reduces the

dystonia along with the painful spasms and subsgtyuenproves the functional autonomy of

the patients in daily living.

b) Deep brain stimulation for neuroacanthocytosisLessons from three cases
P. Burbaud
Department of Clinical Neurophysiology, Bordeauxshiital, Bordeaux, France

Neuroacanthocytosis (NA) is a group of neurodeganar diseases characterized by various
types of involuntary movements resistant to mediedtment. We report data concerning three
NA patients who benefited from deep brain stimolat{DBS) with different targets: one in the
posterior ventral oral nucleus of the thalamus (Vapd the other two in the internal pallidum
(GPi).

Patient 1 had a severe form of chorea-acanthocytosis, vislemt truncal spasms, head banging,
hypotonia and dysarthria. The frequency of trunlkassps and head banging dramatically
decreased with Vop stimulation and the clinicaldfgnmemained stable 1 year later but no clear
effect was observed on dysarthria nor on hypotaninach always impaired gait.

Patient 2 was a 32-year-old man with an 8-year history of rehtic-dystonic syndrome,
dysarthria, recurrent distressing tasteless bedcland dramatic tongue-biting. Walking was
disturbed by intermittent dystonia of the left fatd bilateral choreatic movements causing a
jerky gait. Trunk flexion movements and a modetaaek-arching dystonia were occasionally
observed Patient 3 exhibited a severe generalized chorea predominatnthe left side with
hypotonia, postural instability causing him to fakpeatedly and a moderate cognitive
deterioration. In these two patients 40Hz stimalatapplied to the GPi gave the best clinical
benefit, improving chorea without effect upon hypuoa. Higher frequency stimulation (120Hz)
was effective for dystonia but increased choreasemed dysarthria and induced drooling. Low
frequency (10Hz) GPi stimulation was ineffective.

These preliminary data show that pallidal stimolatis effective on choreatic and dystonic
symptoms in NA. However, it should be kept in mitnét this evolutive disease has a wide
spectrum of symptoms. The decision to perform syrgesolves full assessment of the risk of
side-effects and the clinical features of eachep&tiThe latter must also guide the choice of
target and stimulation parameters.

c) DBS frequency screening for programming optimizeon in a patient with chorea-
acanthocytosis

F. GuptaN. Chan, R. Alterman, R. Walker, and M. Tagliati

Mount Sinai Health Center, New York, NY, USA

Objective: To explore the optimal frequency of therapeutiltigheal stimulation in a patient with
genetically confirmed neuroacanthocytosis (NA).

Background: Pharmacological treatment of NA, including antigsytics, tetrabenazine,
tiapride and levitiracetam, has often been provesffective. The use of pallidal deep brain



stimulation (DBS) has been reported in five presiamedication-resistant NA patients. A
superior efficacy of lower stimulation frequenc{éd®Hz) has been reported, while classical high
frequency stimulation (130 Hz) either failed toyd® benefits or worsened NA symptoms.
Methods: Bilateral pallidal DBS was performed on a 49 yelrmale with a two year history of
medically resistant, progressive orobuccal dyskanegth recurrent tongue biting associated
with distressful, tasteless belching. Choreiformvermaents involving the lower extremities
caused a mild gait disturbance. Diagnosis was waefi by peripheral blood smear positive for
acanthocytes, elevated CPK and genetic testingeddsof applying a routine voltage screening
during initial programming, we adopted a new pagadmaintaining constant voltage (3.0V) and
pulse width (210 microsec) while performing a freqay screening with systematic changes
every 24 hours. Tested frequencies ranged frono IB® Hz. Results were evaluated using the
Unified Huntington’s Disease Rating Scale (UHDRS).

Results: We observed best clinical results, as measuredhbyUHDRS, at 40 and 50 Hz
stimulation using a single monopolar configuratemd at 40 Hz using a double monopolar
configuration. At 40Hz, maximum UHDRS score improment from baseline of 64% (single
monopolar) and 73% (double monopolar) was recor8¢dhulation at frequencies higher than
100 Hz were not effective and poorly tolerated.

Table 1: UHDRS scores following DBS programmingesting at different stimulatic
frequencies

Frequency (Hz) UHDRS Score
Single Monopolar (1-C+) Double Monopolar (1-2-C+)
Baseline 33 33
20 15 12
30 15 11
40 13 9
50 12 17
>50 Not Tolerated Not Tolerated

Conclusions: Pallidal DBS is a safe and effective treatment gatients with advanced NA

resistant to currently available medications. Oatacconfirm that lower stimulation frequencies
(40-50 Hz) are more effective to treat NA than higbguencies typically used for tremor and
Parkinson’s disease treatment. New programmingdpggres, highlighting the importance of

frequency screening, should be further investigatedptimize DBS results in NA and other
movement disorders.

d) Bilateral Deep Brain Stimulation of internal Globus pallidus in Chorea-acanthocytosis:
New Neurological and Psychiatric Findings

L. Burghau$, J. Kuhf, M. Barbé, A. Pauls, J. Klosterkétter V. Sturn?, G. R. Fink, and L.
Timmermann

!Department of Neurology, University Hospital Coleg@ologne, Germany

’Department of Psychiatry, University Hospital Categ Cologne, Germany

*Department of Neurosurgery, University Hospital @pie, Cologne, Germany



Neuroacanthocytosis syndromes are a group of ratgodegenerative disorders with co-
occurring neurological deficits and peripheral lmaacanthocytosis. Although pharmacological
treatment strategies have positive effects, in meases there is loss of efficacy with longer
disease duration. Deep brain stimulation, emplogexther movement disorders, has been tested
as a therapeutic option in neuroacanthocytosisreynels. We describe the effects of bilateral
internal globus pallidus deep brain stimulationtle@ neurological and psychiatric symptoms of
two patients suffering from pharmaco-resistant ebescanthocytosis. The data presented here,
including a detailed neurological and psychiatkialaation of disease course under conditions of
low and high frequency deep brain stimulation, efeconsiderable value in this regard. We
claim that deep brain stimulation should be inctl@s a potential therapeutic option in the
treatment of neuroacanthocytosis syndromes, p&tlguin cases with drug-resistant motor
disturbances.

3-1 Pantothenate kinase-associated neurodegeneratio (PKAN): Hypotheses of
pathogenesis and relevance to other neuroacanthooges

S. J. Hayflick
Oregon Health & Science University, Portland, CosagUSA

Pantothenate kinase-associated neurodegeneratifAN)P is characterized by dystonia,
pigmentary retinopathy, basal ganglia iron accutiiaand acanthocyte formation. The
causative gend?ANK2 is one of four human genes to encode a pantahdmaase, the key
regulatory protein in coenzyme A biosynthesis. Bém@nate kinase 2 is unique among these
homologs for being targeted to mitochondria.

Disease caused by mutationsPANK2is hypothesized to arise from a combination céssors

in the specialized cells and tissues affected iIMRKThese include energy demands, cellular
and organellar membrane composition, differentaiiviies of other pantothenate kinases, and
compensatory mechanisms in the affected cells. Deithe presented to support a hypothesis of
disease that centers on lipid dyshomeostasis.maahanism is likely to underlie other disorders
that share key features with PKAN.

3-2 Huntington’s disease like-2
R. H. Walker
Dept. of Neurology, James J. Peters Veterans raffdiedical Center, Bronx and Mount
Sinai School of Medicine, New York, NY, USA

Huntington’s disease-like 2 (HDL2) is an autosordaminantly inherited neurodegenerative
disorder characterized by a progressive movemesatrdier and cognitive impairment. HDL2 is
due to trinucleotide repeat expansions inXRel3 gene encoding for junctophilin 3, and is found
almost exclusively in families of African ancestrguggesting a founder effect. As with
Huntington’s disease (HD), age of onset is invgrselated to the size of the repeat expansion,
and there is likely to be anticipation with suceessgenerations. Unlike HD, the expansion
repeat size does not appear to determine whetteerpbienotype will be parkinsonian or
choreiform. Acanthocytososis is found in approxiehatl0% of cases, for reasons which are
unclear, and may result in diagnostic confusionudpathological findings are very similar to
those seen in HD, with striking atrophy of the catednucleus and putamen. As with HD,
ubiqutin-immunoreactive and polyglutamine-immunatee intranuclear inclusion bodies are



found throughout the cortex, however, recent ewsdesuggests that cytotoxicity is more likely
to be related to cytoplasmic RNA inclusions.

4-1 Soil/Vpsl3 in budding yeast
R. S. Fulley M. E. Abazeed, and M. De
Dept. of Biological Chemistry, University of Migan Medical School, Ann Arbor, Mi
48103, USA

We identified the yeastSa@ccharomyces cerevis)aéPS13gene through recessive suppressor
mutations $oil mutations) that affected localization of teans Golgi Network (TGN)
transmembrane (TM) protein, Kex2 proteadéol( Cell Biol. 1996 16:6208-17]. Cell Biol.
1997 139:23-36). Vpsl3p is required for retrogradesicular transport from the late
endosome/PVC (prevacuolar compartment) to the TGN'M proteins (Kex2p, Stel3p &
Vps1lOp — the lysosomal/vacuolar sorting receptoyesst) and promotes forward transport of
Kex2p and Stel3p from the TGN to the PVC by inimigita signal in the cytosolic tails of these
proteins that favors retention in TGN, most likély directing transport between the TGN and
early endosome. Vpsl3p behaves as a peripheralbraam protein that is part of a high
molecular mass complex. Three additional obsermatitave been published on Vps13p in yeast
that may be of significance for interpreting thedtion of the Chorea Acanthocytosis protein,
Vps13A. First, John Kilmartin published strikingigdence that Vps13p is a centrin/Cdc31p-
binding protein, and we have obtained some evidémaiecorroborates this resull. (Cell Biol.
2003 162:1211-21). Centrin is a highly conserveehBRd protein that binds to several proteins
through interaction with a short-helical motif. Calcium binding to the centrin-Sfitomplex is
thought to result in a contractile function at dentriole/spindle pole body. Second, we found
thatsoil/vps1ull mutants were severely defective for sporolain yeast. Aaron Nieman and
coworkers subsequently found thgpsl3 mutants are defective for initiation of prospore
membrane formation, a process that begins by tbeiitment of vesicles to the spindle pole
body (. Cell Sci.2007 120:908-16). Finally, Michael Sherman and adwers foundvpsl13
mutations among a collection of mutations that esbhahe toxicity of poly@s in yeast iol.
Cell Biol. 2003 23:7554-65). Models that integrate this infation will be discussed. We are
currently attempting to verify possible Vpsl13p-naigting proteins identified through high-
throughput proteomic screens and to identify addél interactors through mass spectrometric
analysis of native and cross-linked complexes tedlfrom yeast.

4-2 The Tetrahymena thermophila Vacuolar Protein Sorting 13A protein (VPS13A)
localizes to the membrane of phagosomes
H. Samaranayake, A. E. Cowan, and L. A. Klobutcher
Dept. of Molecular, Microbial, and Structural Bagy, University of Connecticut Health
Center, Farmington, CT, 06032, USA

The ciliated protozoai etrahymena thermophilatilizes phagocytosis as a means of ingesting
other microorganisms that serve as its food soufiae.learn more about the molecular
mechanisms of phagocytosis, we recently carriecaautass spectrometry-based analysis of the
Tetrahymengohagosome proteome, identifying 73 putative protmmponents (Jacolet al.,
2006,Euk. Cell 5:1990). One of the identified proteins was VPS1BRitations inVPS13gene
homologues have been implicated in the human gewétorders Chorea-acanthocytosis and



Cohen syndrome, but the VPS13 protein has not pbearnously linked to phagocytosis. As a
first step to study the function of this gene anmcuiment its role in phagocytosis, we
characterized theVPS13A gene structure. RLM-RACE (RNA ligase mediated Rapi
Amplification of cDNA Ends) and RT-PCR were perfatto confirm/revise th&etrahymena
Genome DatabaséPS13Agene prediction. The results of these analysesredte 12 predicted
exons and alter 3 predicted exon/intron boundaseghat the revised gene structure consists of
17 exons that encode a protein of 3475 amino abidsddition, there was no evidence of major
MRNA splice variants, which has been observed hrerosystems. To localize the VPS13A
protein, we constructed a strain Détrahymenan which the endogenowéPS13Agenes have
been replaced with copies bearing a green fluonésmetein fusion at their carboxy termini
(VPS13A-GFF. Live-cell confocal microscopy indicates that Mi@S13A-GFP protein localizes
to the membrane of phagosomes within the cell.ifmetcourse analyses, VPS13A-GFP is
present on the phagosome membrane at the eanfiestpbints that we are able to analyze (1
min.), and remains associated with phagosomes dghoui their passage through the cell.
Phagosome association of VPS13A-GFP occurs webrbedcidification of the phagosome,
which begins at ~20 min. These cytological analyseside confirmation of the phagosome
proteome analysis, and further implicate VPS13A hagocytosis related process. We are now
pursuing genetic analyses to further study the 00/ PS13A in phagocytosis. XPS13Agene
construct with a selectable drug resistance generrupting its coding region is being
constructed and will be used to generafBerahymena/PS13Aknock-out strain to assess its
function in phagocytosis. In addition, we are pregaa construct that will allow the inducible
over-expression of the well-conserved amino teringh@main of VPS13A as a means of
generating a potential dominant negative mutanés€hand other future studiesTietrahymena
should provide insights into the function of the SABA protein, and may provide new insights
into how mutations in similar genes result in hurganetic diseases.

4-3  Chorein and other human VPS13 proteins
C. LévecqueA. Velayos-Baeza, and A. P. Monaco
Wellcome Trust Centre for Human Genetics, Univeis Oxford, Oxford, UK

The VPS13 protein family includes four members: Y84, VPS13B, VPS13C and VPS13D.
Chorein, encoded by théPS13Agene, is altered in Chorea-Acanthocytosis (ChAw) the
VPS13Bgene, also known &0H1, is mutated in Cohen syndrome. Sequence analysese
four large proteins did not reveal any domain t@ild provide information about the possible
function of these proteins. However, their yeasinblmgue, Vpsl3p has been shown to be
involved in the trafficking of several proteins Wween the trans-Golgi network and the
prevacuolar compartment. We present here a revigheadata obtained on VPS13 proteins. The
investigation of their subcellular localisation slsthat they are soluble cytoplasmic proteins
that interact with membranes. A characteristic adar-like pattern is easily detected in cells
expressing chorein; similar structures can alsadtected for VPS13B, C or D but at a much
lower occurrence. The characteristic vesicular-plagtern of chorein is altered in several of the
mutated chorein proteins suggesting that this patteeflects a functionally important
localisation. We have used an immunoprecipitatiopreach to test whether the VPS13 proteins
form homo- or heterodimers (or multimers). We aiswestigated the potential interaction
between VPS13 proteins and candidates partnersasugfoprotein convertases or MADD.



4-4  Chorein (VPS13A) state and proteome analysis iohorea-acanthocytosis red blood
cells
M. NakamuraM. Matsuda, N. Kohno, and A. Sano
Dept. of Psychiatry, Kagoshima University, Kagosfj Japan

Chorea-acanthocytosis (ChAc) is an autosomal reeesdisorder characterized by striatal
degeneration and erythrocyte acanthocytosis. Ldsturmction mutations inVPS13Agene,
coding a large protein, chorein, cause ChAc. In phnesent study, we performed parallel
proteomic analysis of protein expression in erythite membrane of a ChAc patient. We found
decreased or increased protein levels of sevewmekips, some of which are involved in the
assembly of specrin-actin network in erythrocyiRscently, we produced a ChAc model mouse
which shows the striatal neurodegeneration. Sulesgtyl we performed immunoblot and
immunohistochemical analyses in the striatum of @eAc model mouse. Consistent results
were obtained from the experiments using ChAc p##ieerythrocyte and brain striatum of
model mice, suggesting the existence of a commdhwag leading to acanthocytosis and
neurodegeneration.

4-5 Genomic and transcriptomic analysis of the/PS13A gene in a Mexican American
population sample
E. K. Moses K. A. Freed, M. P. Johnson, T. Dyer, H. H. G&ridg Charlesworth, J.
Curran, M. Carless, and J. Blangero
Dept. of Genetics, Southwest Foundation for BidoadResearch, San Antonio, Texas,
USA

We are using genome wide transcriptional profilaslymphocytes from more than 1200
Mexican Americans in ~40 large families to assisinua variety of projects aimed at identifying
risk factors for common human disease. We have ralsently demonstrated the utility of this
dataset to study monogenic disease using cystiagss example. All known causal mutations
for cystinosis have been found in tB@NSgene coding for the lysosomal cystine transporter
cystinosin. We have use@TNS mRNA levels in lymphocytes as a quantitative traitd
performed variance components based linkage asalysour Mexican American families to
identify potential regulatory loci. We found (an@néirmed) strong evidence faris-acting
regulation and identified a putatitens-acting QTL on chromosome 9. TM®S13Agene at
this QTL is a strong candidate for ttrans-acting factor as its mMRNA expression in lymphosyte
was negatively genetically correlated wiEiif NSexpression levels. We are currently attempting
siRNA knockdown in lymphoblastoid cell lines fromrafamilies to confirm drans-acting role

for VPS13A0on CTNSMRNA expression.

Given the known involvement o¥PS13Ain chorea-acanthocytosis we have now used our
datasets to look for potentilans-acting regulators o/PS13AMRNA expression. We have
used a high density SNP dataset for 600 of our téexiAmerican individuals (genotyped for
>500,000 SNP markers), in combination with our ly1ogyte expression data fgPS13Ain the
same individuals, to perform a genome wide associacan. Our strongest associations are for
SNPs within thePVRL3(rs873132; p = 1.53 x 19, DRD5 (rs7685513; p = 3.84 x T and
PARD3 (rs7904348; p = 4.37 x T9 genes on chromosomes 3, 4, and 10 respectively.
Interestingly, the®PVRL3andPARD3genes code for known interacting proteins. It rabp be



possible to confirm aransacting role for these genes using siRNA knockdowwnour
lymphoblastoid cell lines.

We have recently re-sequenced ~ 2kb of the proxjnamoter of VPS13Ain 189 founder
individuals from our Mexican American families. Vitkentified 16 SNPs (6 novel), that along
with 262 known SNPs in this gene, have now beerotyped in our Mexican American
families. Of the 278 SNPs that we successfully ¢grex, 50 show strong association with
VPS13AMRNA expression levels (i.ecjs-effects) and of the best&s-acting SNPs, 3 SNPs
showed significant association wi@TNSmMRNA expression levels (i.erans effects). We are
currently analysing this genotype data in comboratvith our lymphocyte transcriptome data,
to identify by association genes downstreamVefS13A These genes may provide greater
insight into the pathophysiology of chorea-acanytaosis.

4-6 Pathogenesis of Huntington’s disease-like 2 (HL2)
D. D. Rudnickj W. Chung, A. Seixas, C. A. Ross, and R. L. Magyol
Dept. of Psychiatry, Johns Hopkins University,tBabre, Maryland, USA

Huntington’s disease-like 2 (HDL2) is an autosontgiminant, progressive, adult onset
neurodegenerative disorder characterized clinidaylychorea, dystonia, rigidity, bradykinesia,
psychiatric syndromes, dementia, and an inevitaldeline to death. Pathologically, HDL2
resembles Huntington’s disease (HD), with corteradl basal ganglia degeneration and a loss of
medium sized neurons in the striatum in a dorsaktdral gradient. Staining with anti-ubiquitin
and 1C2 reveals intranuclear protein inclusionsiuitiple brain regions. Some individuals with
HDL2 appear to have acanthocytes, suggesting anfuateelationship between HDL2 and
neuroacanthocytosis syndromes. At least 25 HDIdigpees have been identified; all pedigrees
of known ethnicity are of definite or probable Afin origin. HDL2 is caused by a CAG/CTG
expansion mutation on chromosome 16924.3. We pusiydound that, in addition to protein
aggregates, HDL2 brain contains RNA foci that agtedtable with both a CAG riboprobe and
with riboprobes specific to JPH3 transcripts. Samilo foci detected in myotonic dystrophy 1
(DM1), the foci co-localize with muscleblind-like @rotein (MBNL1), and nuclear MBNL1 in
HDL2 cortical neurons is decreased relative to st In cell experiments, expression of a
JPH3 transcript with an expanded CUG repeat resultethénformation of RNA foci that co-
localized with MBNL1 and in cell toxicity. The tmity was rescued by co-expression of
MBNLL1. These results imply that RNA toxicity mayrtabute to the pathogenesis of HDL2.

5-1 Production of antibodies against human VPS13 pteins
A. Velayos Baezaand A. P. Monaco
Wellcome Trust Centre for Human Genetics, Univeis Oxford, Oxford, UK

The Advocacy for Neuroacanthocytosis Patients agéats a grant in 2007 to develop new tools
for the analysis of chorein and other VPS13 prateirwo members of théPS13gene family
have an associated disorder: Chorea-Acanthocy{G$idc) for VPS13Aand Cohen syndrome
for VPS13B One of the main problems in the research on thlecnlar biology aspects of ChAc
is the difficulty in obtaining good antibodies alil® detect chorein, the protein encoded by
VPS13A The same applies to the rest of the VPS13 poi@n C and D). These antibodies are
needed for the detection of the endogenous protemsonly for basic research but also for
diagnostic purposes. A western-blot-based diagnassay is already available for ChAc, where



an antibody against the N-terminal region of choisiused. With the new antibodies we want to
improve this assay and, hopefully, develop a singlae for Cohen syndrome. The approach we
have followed in this project consists on over-eggion of six or more different fragments for
each VPS13 protein and purification of those proteagments showing a good expression level.
The purified proteins are then used as antigenslenelop antibodies in different species,
allowing the generation of a panel of antibodiest ttould be used in different combinations for
a number of applications. Here we are presentiegrélsults obtained in the cloning and over-
expression of the VPS13 protein fragments as welthe initial characterisation of the first
antisera obtained against six of these fragmente fAext steps in the project will also be
outlined.

5-2 Analysis of functional and post-translational nodifications in red cells from
neuroacanthocytosis
L. de Franceschi
Dept. of Clinical and Experimental Medicine, Sewctof Internal Medicine, University of
Verona, Verona, Italy

Abnormally  spurn-thorn shaped red cells, known asanthocytes, characterise
neuroacanthocytosis syndromes (NA). The enormouys lgween genotype and phenotype
clinical manifestations in NA suggests a possibtgoartant role of post-translation protein
modifications in abnormal cell function. Here, wiedsed red cells from patients with chorea-
acanthocytosis (ChAc) or McLeod syndrome (MLS). Weluated hematological parameters,
red cell index by ADVIA —Technicon (Bayer) and reell cation content. In both ChAc (n=4)
and MLS (n=5) patients we observed the presencdeote red cell fraction with marked
significant reduction in red cell K+ content andleght but significant increase in red cell Na+
content. We then fractioned red cells accordinth&r density and we further analysed red cells
membrane proteome and post-translational modifinatifocusing on red cell membrane
phosphotyrosine (Tyr-) profile. We considered twacfions: F1 corresponding to red cells
density < 1.074 and F2: corresponding to red addissity > 1.092, which contains denser red
cells and acanthocytes. We generated bidimensgeialof membrane proteins from fractioned
red cells of normal and ChAc patients. We analy88@8 spots and a total of 91 spots
significantly differently expressed were identifiety MALDI-TOF MS/MS analysis. The
identified proteins were divided into 6 major clkrstaccording to their functions: (i) membrane-
cytoskeleton proteins; (i) metabolic enzymes) (ibiquitin-proteasome system; (iv) membrane
channel and transports; (v) phosphatase-kinaseévgrzhaperones. The differences in the spots
of membrane-cytoskeleton proteins in red cell fod (F1, F2) from ChAc subjects were
mainly related to 2D mobility shift most likely dde post-translation modifications such as for
ankyrin, band 4.1, protein p55 in F1 and F2 ordematin in F2. We then moved to analysis of
Tyr-phosphoproteome of fractioned red cells fronthbeormal and ChAc patients. In both F1
and F2 fractions from ChAc red cells, we observexnlgase red cell Tyr-phosphorylation state of
red cell membrane protein compared to normal ctatrdhe perturbation of Tyr
phosphorylation profile in dense ChAc red cells olred integral membrane protein,
cytoskeleton proteins but also anchoring proteims. addition, the increased membrane
association of chaperone proteins such as heak gitoteins 70 and 27, support a perturbation
of red cell membrane organisation participatingha generation of acanthocytic red cells in
ChAc. Further studies need to be carried out togness on the functional analysis of



mechanisms involved in red cell volume regulatioocpsses and in post-translational events in
red cells from NA patients.

5-3 Analysis of functional and post-translational nodifications in red cells from
neuroacanthocytosis
G. Bosman
Dept. of Biochemistry, Radboud University Medican@r and Nijmegen Center for
Molecular Life Sciences, Nijmegen, The Netherlands

The presence of abnormally shaped erythrocytelarbtood of patients with various forms of
neuroacanthocytosis (NA) suggests that elucidadiothe cause of the acanthocyte shape may
yield clues to the mechanism underlying the neugederation that is associated with mutations
in chorein, XK protein, and junctophilin-3. Preusdata suggested a central role in acanthocyte
formation for alterations in erythrocyte band 38 mtegral membrane protein occupies a central
position in regulation of erythrocyte function, pleaand removal. Recent data from the Verona
and Nijmegen groups indicated the involvement dftgianslational modifications of band 3,
but also of other membrane and cytoskeleton pretdireliminary data showed proteomic
approaches to be highly informative in these amalys herefore, in order to accelerate the
discovery of novel clues on the pathophysiologyN#, the major aim of this project is to
generate a comparative proteomic inventory of tleenisrane fractions of erythrocytes from NA
patients with chorea-acanthocytosis (ChAc), McLegddrome, and Huntington disease-like 2
(HDL-2).

We performed proteomic analysis using the peptal#ained by tryptic digestion of gel slices
after protein separation using one-dimensional §BISlectrophoresis. Peptide sequences were
determined using a nano-HPLC system connected taT®-Fourier transform mass
spectrometer (FTMS), and proteins were identifigdsbarching an in-house data base, using
Mascot 2.1. Semi-quantitative analysis was perfarmeéth a label-free, spectral counting
exponentially modified protein abundance index (&MPThe combination of these methods for
identification and quantification was shown to lideao detect proteins in the picomolar range,
and were validated by immunoblot analysis.

Since proteomic analyses are expensive and timgsuooing, we first invested in the
development of a method to generate reliable déa aminimal number of samples. In the
resulting procedure, protein separation is regictwhich reduces the necessary number of
FTMS runs sixfold. This yields results that are pamable to those obtained previously by much
more elaborate methods, although there is someihmofise amount of — mainly qualitative -
information.

Using this method, we then determined the protemmposition of the erythrocyte membrane
preparations obtained from four healthy control atsn These were identical to those obtained
before by us and others. The inter-individual comiagions varied 5-10 percent, apparently
dependent on the number of molecules per celldédgeee of hydrophobicity, and/or the degree
and type of glycosylation.

A first analysis of the membrane protein compositid erythrocytes from patients with ChAc
and HDL-2 showed considerable differences in thaceatration of a number of proteins
between ChAc and HDL-2 erythrocytes and controthepcytes, but also between ChAc and
HDL-2 erythrocytes. The proteins in question arentiyacomponents of the cytoskeleton and the
cytoskeleton-membrane interface (increased coratgmis of ankyrin, spectrin, band 4.2 in



ChAc and HDL-2; increased p55 in ChAc but not inlHP). There were also considerable
differences in the association of cytosolic pratesuch as hemoglobin and glyceraldehyde 3-
phosphate dehydrogenase, and in the amount of nae@ermound stomatin.

These analyses are presently being repeated amddext with samples from other patients. The
first results of this project presented here comfprevious data from a pilot study reported in
Kyoto, and complement and extend the data obtaiydtie Verona group. In combination with
the latter, they strongly suggest that this apgraadikely to inspire new theories and lead to
more insight into the pathophysiology of neuroabanytosis.

6-1 The molecular basis of red cell membrane disosais
J. Delaunay
Hopital de Bicétre, Service d’Hématologie, Facul& Médecine Paris-Sud, Le Kremlin-
Bicétre, France

Most genetic disorders of the red cell membraneaaseciated with a more or less pronounced
hemolytic anemia and various shape abnormalitiededd, these disorders have been largely
classified on the very change in erythrocyte molpdgy The membrane is composed of a lipid
bilayer and is studded with a variety of proteiparming the bilayer and involved in transport
functions. Specifically, there is, at the innerfaoe of the bilayer, a strong bidimensional
skeleton tightly attached to the bilayer by anamgrproteins such as ankyrin-1, and playing a
major role in red cell mechanical properties andphology. Hereditary elliptocytosis (HE)
and its aggravated fornmereditary poikilocytosis (HP), stem from mutations in tHePTA]
SPTBand theEPB41 genes that encode spectdrchain, spectrirf3-chain and protein 4.1R,
respectively. Mutations of both spectrin chainsali®r next to the site wheof3-spectrin dimers
interact to formayf3, tetramers or higher order oligomers. They loo$es gite and generate an
ellipsoid. A very common allele of th8PTAlgene, allelen"®"", leads to an aggravation of
elliptocytosis when it happens to staimdtrans to an elliptocytogenic allele of this gene. The
loosening is accentuated (through a subtle mecmniesulting in the fragmentation of the red
cell, that is, poikilocytosis. Th8outheast Asian ovalocytosiss a unique condition due to a 27
nucleotide-deletion in thBLC4Algene that encodes the anion exchanger. The corréisyy 9
amino acid loss lies at the very junction of théopjasmic and membrane domain of the anion
exchanger.Hereditary spherocytosis (HS) is the most common genetic condition with an
altered cell shape. Generally speaking, one of npasgible proteins may be reduced or even
absent (in the most severe cases): HS can be viawdde result of quantitative defects. As a
consequence, the lining of the inner surface ofrttenbrane by the skeleton becomes more
sparse. Microvesicles swarm out of the cell, dishimg its surface (nhormally in excess) and
transforming the physiological biconcave disk iatspheroid. Mutations lie in at least five genes
in HS: SPTAlandSPTB(however the mutations in these genes are diftédrem the ones seen
above, and primarily lead to an isolated defectspéctrin), ANK1, that encodes ankyrin-1,
SLC4Aland EPB42 that encode the anion exchanger and proteinréshectively. A huge
collection of mutations have been gathered. Somiherh, especially when they occur in the
homozygous state, have proved very useful in thderstanding of the supramolecular
architecture and will be presentédereditary stomatocytosesHSt) are now known to belong
to the wider, ever diversifying group of genetisaliders of theassive leak of monovalent
cations across the membraneThe shape abnormality (sometimes missing) retiasthe
conversion of the circular depression centeringrtbamal red cells into a linear groove. The



generation of this shape is ill-understood. Thesedtions are rare. The most frequent is
dehydrated hereditary stomatocytosis (DHSt) whighry interestingly, is part of a pleiotropic
syndrome including, in addition to anemia, a pséygerkalemia and perinatal fluid effusions.
The involved genes are still unknown for most aé thet of conditions. However, a dramatic
example is accounted for by cryohydrocytosis. Taisdition, which is characterized by a cation
leak enhanced by the cold, is due to mutations glyim the anion exchanger!
Neuroacanthocytosis(NA) is an association of neurological manifestas and acanthocytosis.
NA has been described as inherited as an autosoewaksive disorder, as an autosomal
dominant disorder, and as part of an X-linked disorcalled McLeod syndrome (MLS) and
related to the Kell blood group system. The linkstweeen acanthocytosis and the other
symptoms constitute a fascinating problem yet tedieed.

6-2 Protein interactions in the erythrocyte membrarme
N. Mohandasand X. An
Kimball Research Institute, New York Blood Cent&yw York, NY, USA

Erythrocyte membrane is a composite structure inchvia plasma membrane envelope
composed of cholesterol and phospholipids is amthto a two dimensional elastic network of
skeletal proteins through tethering sites on c@splic domains of a number of transmembrane
proteins embedded in the lipid bilayer. Direct ratgion of several skeletal proteins with the
anionic phospholipids provides additional tetherofgthe skeletal network with lipid bilayer.
More than 50 transmembrane proteins of varying dbooe ranging from a few hundred to
approximately a million copies per red cell haveerbedentified. A large fraction of these
transmembrane proteins, approximately 25, spebiéyvarious blood groups. Transmembrane
proteins exhibit diverse functional heterogenegysg as cation, water and urea transporters,
as adhesive proteins involved in interactions of cells with other blood cells and endothelial
cells, in cell signaling events and some with yebé defined. Of direct relevance to structural
integrity of the membrane are membrane proteinsd I3a glycophorin C and RhAG that link the
bilayer to the spectrin based membrane skeletond B&a and RhAG link the bilyer to the
membrane skeleton through the interaction of tlegioplasmic domains with ankyriwhile
glycophorin C links through its interaction withopein 4.1R. We have recently documented that
XK, the membrane protein deficient in acanthocyo&iinds to both 4.1R and spectrin. We
speculate that this newly identified skeletal liggaof XK may play a role in shape abnormalities
of acanthocytosis.

7-1 Recent progress on Kell and XK: Functional asprs of the two proteins learned from
knockout mouse models
S. Lee
New York Blood Center, New York, NY, USA

Absence of XK protein, the McLeod phenotype, igoesible for red cell acanthocytosis and
late onset forms of neuromuscular abnormalitiesn ré&d cells, XK, a putative membrane
transporter, forms a heterodimer with Kell, an d@hdbn-converting enzyme-3 (ET-3) and
KelllXK is anchored, by binding with 4.1R, to theytaskeleton forming a XK(Kell)/
4.1R/actin/spectrin multi-protein complex. ET-3ed&s multiple functions primarily through
activation of EE receptor which is coupled with various alpha suisuof heterotrimeric G



protein. Neither the functions of XK nor the rgkayed by Kell in the XK/Kell complex have
been defined. The expressions of Kell and XK anrtid cell surface, are affected by absence of
either partner protein; absence of XK (McLeod rellis3 reduces Kell expression and absence of
Kell (Kell Null red cells) reduces XK expressiom non-erythroid tissues, where XK expression
exceeds Kell (or no Kell is expressed), XK may tiort differently from XK/Kell in red cells.

In order to understand the function of XK alone ifhanon-erythroid) and of the erythroid
XK/Kell/4.1R complex (also present in non-erythraidsues), we studied knockout mouse
models, lacking Xk, Kel or both Xk and Kel (Xk-K@el-KO and Xk/Kel-double KO) and
compared them to wild-type mice. Scanning skeletascles of the knockout mice, we found
some abnormalities (internalized nuclei, anguldtbdrs and splitting fibers), in Xk-KO and
Xk/Kel-KO mice and very mild changes in Kel-KO. &t nerves, anterior horns of lumbar
spinal cord and related nerve roots of all threeckout mice showed axonal neuropathy with
variable degrees of secondary demyelination (Xkfikaible KO>Kel-KO>Xk-KO). lon
transport studies of the red cells of the knockoige showed that their functions are affected in
all three knockout mice lines. These results, nakegether with other behavioral, motor
function studies indicate that Kell and XK are ftianally coupled and imply that Kell and XK
may both participate in McLeod pathology and thbsemce of XK in the XK(Kell)/4.1R
complex is a contributing factor to McLeod patholog

7-2 Mitochondrial apoptosis cascade is involved ithe brain pathology of ChAc-model
mice
M. Matsuda, M. Nakamura, M. Ichiba, M. Kato, H.i8b, A. Tomiyasu, N. Kono, Y.
Uchinokura, S. Mori, T. Ishizuka, T. Hayashi, andSano
Dept. of Psychiatry, Kagoshima University, Kagosdj Japan

Chorea-acanthocytosis (ChAc) is a hereditary neagederative disorder caused by loss of
function mutations in th¥PS13Agene encoding chorein. Recently, we produced acGhédel
mouse using a gene targeting technique to delet@se80-61 that corresponds to a human
disease mutation. Neuronal degeneration was olibdrvahe striatum of the ChAc-model
mouse. We performed proteomic analysis of striptakein in the ChAc model mouse that
revealed an increased protein level of DARPP-32RPR-32, which regulates ion channels and
receptors functions acting as an inhibitor of profghosphatase-1 (PP1) at striatum, is a pivotal
integrator of dopamine signals. PP1 and proteirsphatase 2A (PP2A) dephosphorylate Bcl-2
family proteins and regulate apoptosis. We then fopged immunoblot and
immunohistochemical analyses to detect alteratiorotein expression levels of Bcl-2 family
related with apoptosis in the striatum, the ceretoaex, and the hippocampus for comparison
between wild-type and ChAc-model mice. The expoassevels of PP2A and Caspase-3 tend to
be increased in the striatum and the hippocampukeofChAc-model mouse. Our preliminary
results suggest that Bcl-2 family proteins are ingd in the ChAc brain pathology.

7-3 Molecular mediators and environmental modulatos of corticostriatal
neurodegeneration leading to motor, cognitive and gychiatric symptoms: Insights
from Huntington’s disease mice
J. Nithianantharajah, T. Y. C. Pang, M. Zajac,Barkus, N. Vijiaratham, X. Du, O.
Clement, M. L. Howard, and A. J. Hannan



Howard Florey Institute, Florey Neuroscience Ingis, University of Melbourne,
Parkville, VIC 3010, Australia

Huntington's disease (HD) is an autosomal domimantrodegenerative disorder caused by a
CAG trinucleotide repeat expansion encoding a gotggine tract in the huntingtin protein and
is the most common of at least nine polyglutamimairb diseases. HD involves selective
degeneration of neurons in specific brain regiqasticularly the striatum and cerebral cortex.
HD patients exhibit motor abnormalities (includinfgorea), cognitive deficits (culminating in
dementia) and psychiatric symptoms (the most comwiowhich is depression). We have
attempted to model motor, cognitive and psychiasgimptoms in the R6/1 transgenic mouse
model of Huntington’s disease (HD) and correlatlibhavioural findings with changes in gene
expression and cellular plasticity. Transgenic id@e and wild-type littermates were compared
across a range of cognitive, affective and motatstefollowing housing under different
environmental conditions. We have then investigaigetific aspects: gene expression, neuronal
morphology, synaptic plasticity and neurogenesiselected brain regions of wild-type and HD
mice, including the striatum, neocortex and hippogas. Furthermore, our findings
demonstrate that environmental factors, in paricahvironmental enrichment, can dramatically
modify the disease process and delay the onsetpangression of motor and cognitive
symptoms. We have also been able to model bothctgnitive deficits and affective
abnormalities, and correlate them with deficitsanfult neurogenesis and cortical plasticity.
Cognitive and affective deficits were found to acpuior to onset of motor symptoms in HD
mice and may be mediated by ‘pathological plasgficit the cellular level. We have been
investigating the mechanisms mediating these esmpeeidependent effects, and have identified
spatiotemporally regulated molecular and cellulflanges in response to environmental
stimulation. Our findings indicate that the modaig effects of environmental enrichment are
mediated by experience-dependent changes in tigtigorof specific genes, synaptogenesis and
adult neurogenesis, some of which may be mimicked hewly proposed class of therapeutics
(‘enviromimetics’). The relevance of these findingschorea-acanthocytosis and related ‘HD
phenocopy syndromes’ will be discussed.

8-1  Neuroacanthocytosis - new directions for caboration and research
J. Hardy
Department of Molecular Neuroscience and Reta Wfkeston Laboratories,
Institute of Neurology, UCL, London, UK

The field may benefit from support from the Natibimstitute for Neurological Diseases and
Stroke together with the National Heart, Lung amaoB Institute (Bethesda, MD), as
neuroacanthocytosis is a unique disease for rds@aneurodegeneration because of the
relatively simple system of pathogenesis.

DNA from genetically-proven cases of NA diseasesusthbe tested for SNPs to identify subtle
variations in genes that may be modifiers. Rayadsomes may be associated with genes that
are yet to be found. New technologies which artabie for these studies are now available at

reasonable cost.



Genetic modifiers of the phenotypes should be erplby creating an international case
database (as is currently underway).

Frontal temporal dementia linked to chromosomedikhbe added to the conditions being
studied as a newly implicated gene (CHMP2B) invsliree same pathway as VPS proteins.

The focus on acanthocytes might be a “red herriag”artifact of the disease pathway rather
than a crucial link or cause, thus research shioelguided by the pathology of the diseases
rather than the symptoms.

In discussing the use of descriptive clinical ssateevaluate patients with NA, different scales
may be useful in diagnosis from those that mayrdete a treatment effect.

8-2  Neuroacanthocytosis — A structural point of vies
R. Prohaska
Max F. Perutz Laboratories Medical University obE¥na, Austria

Neuroacanthocytosis (NA) symptoms can result frenegal gene defects that cause the loss or
dysfunction of the respective proteins, namely emd¥PS13A, Kx, junctophilin-3, PANK2,

and additional new candidates like the glucosesprarter GLUTL1. These proteins have little in
common. VPS13A is a homologue of yeast vacuolaieprsorting 13 protein, a large protein
reminiscent of cytoskeletal or tethering protelis,is a putative transporter of neutral amino
acids, with 10 transmembrane domains, junctopldlis-a membrane protein of the
endoplasmic/sarcoplasmic reticulum (ER/SR) andnapament of junctional complexes with the
plasma membrane mediating cross-talk between theuwréace and intracellular ion channels,
and PANK?2 is a pantothenate kinase, an enzymeveddh lipid metabolism.

Because of the lack of structural similarities, ¢uestion is whether these proteins share a
common pathway, e.g. in metabolism, or if the nedairoteins are misfolded and prone to
aggregation and thus create a proteinopathic pipepor both. Misfolded and aggregated
proteins are recognized by chaperones and by tiodded protein response (UPR)-proteins at
the ER membrane and are subsequently ubiquitird/itel degraded in the proteasomes. Larger
aggregates cannot fit in the proteasome and amsded in aggresomes, which are microtubule-
associated inclusion bodies at the microtubulermurgag centre (MTOC) near the centrosomes.
The formation of the aggresome is largely belieteelde a protective response, sequestering
potentially cytotoxic aggregates and also acting agging centre for eventual autophagic
clearance from the cell. Certain cellular inclusi@een in human disease are thought to
represent an aggresomal response, for exampleethig bodyseen in neurons in the brain in
Parkinson's disease.

Apparently, many neurological diseases are caugekposited material, mainly protein or
lipid, which cannot be degraded in the normal wWaifgen, this is due to an enzymatic defect like
in the sphingolipidoses, Niemann-Pick disease, Saghs disease, leukodystrophy, and other
lysosomal storage diseases. The accumulation adgraded material eventually leads to
(neuronal) cell death by apoptosis and autophaggesses that are highly regulated and
connected. Autophagy is the major route for tharadece of mutated huntingtin in Huntington’s



disease and-synuclein in Parkinson’s disease. In Alzheimersedse, a key protein of
autophagy, beclinl, was found to be reduced ircedtebrain regions and in beclinl knock-out
mice the lack of beclinl led to intraneuronal an/I® (AB) accumulation and
neurodegeneration. There is also experimental realéhat the loss of autophagy in the central
nervous system causes neurodegeneration and tteereftoring normal autophagy is thought to
have therapeutic potential in neurodegenerativeadiss.

Autophagy and the apoptotic pathway also play aerdgal role in erythrocyte maturation.
When human erythroid precursor cells expel theaus;lthe resulting reticulocytes clear all
remaining organelles by autophagy. Concomitantig,large amounts of transferrin receptor
(TfR) on the cell surface are internalised by entinsis, F&" is transported through the
endosomal membrane and TfR is targeted to multuési bodies (MVBs) that bud off luminal
vesicles from the limiting membrane, the so-cal&dsomes, which are expelled into the
extracellular medium after fusion of MVBs with thasma membrane (PM). MVBs and
autophagosomes share signalling pathways, becalste istage erythropoiesis MVBs are fused
to autophagosomes. The autophagosomes also fusé/sosomes to generate
autophagolysosomes, which digest all enclosed mbterd eventually fuse with the PM. This
process is also essential for the restructuring@PM from the bizarre shape of early
reticulocytes to the smooth, discoid shape of neatuythrocytes and is tightly regulated. It is
conceivable that a defect in this process mayteaddeviation of the discocyte shape, as in
acanthocytosis.

Regarding the formation of the acanthocyte shdpgetare two possible mechanisms according
to the bilayer couple hypothesis (reviewed by Gar8tewart in Neuroacanthocytosis
Syndromes Il): either the outer leaflet of the amembrane expands or the inner leaflet
contracts. Expansion of the outer leaflet coulddesed by insertion of lipids that are not
equally distributed between the outer and inndtdeuaia the flip-flop mechanism like the
sphingolipids or by insertion of (lipo)proteinsdilglycosylphosphatidylinositol (GPI)-linked
proteins, which are known to be transferred frora cell to another. Contraction of the inner
leaflet could be caused by loss of “inner” phospiads like phosphatidylserine (PS),
phosphatidylethanolamine (PE), and phosphatidyifiologhosphates (PIPs). Particularly the
turnover of PIPs is tightly regulated and corredatgth the attachment of cortical actin
filaments. Aggregation of Pl(4,5)P2-containing dipafts could lead to unequal distribution of
the actin cytoskeleton and thereby cause an acayttbchape. Moreover, attachment of
cytosolic proteins to the inner leaflet like thenarin family- and BAR domain-proteins could
cause an acanthocytic shape. Last, not least,farooational change of a large transmembrane
protein like band 3 could also create acanthocytésnot clear, which of these mechanism(s)
might play a role in NA. If autophagy is defectN\, certain proteins might survive, which
normally would be destroyed. Since autophagy isrdsa for discocyte formation, that is
creating the right balance between surface are@ygondkeleton attachment, it is feasible that a
defect would create misshaped red cells.

The biogenesis of autophagosomes has been studyeadst and mammalian cells. In yeast, 17
autophagy genes (Atg) have been identified. A l@ymonent that is regulating autophagy is the
class Il phosphatidylinositol 3-kinase, PI(3)K@8.mammalian cells, the PI(3)KC3 complex
contains the proteins UVRAG, Vpsl15, Vps34, and BédclRecently, the protein Bif-1 was also



found to be associated with the PI(3)KC3 complaklBontains an N-terminal BAR domain
that is associated with lipids and due to its weslggped structure induces curvature on
membranes. Bif-1 also contains a coiled-coil donfairoligomerization and an SH3 domain for
association with a variety of proteins like UVRA@/namin, amphiphysin, Bax, and huntingtin.
One can envisage that Bif-1 forms oligomeric come¢ewith various proteins bound to the SH3
domains, possibly also VPS13A, which could theeriatt with each other.

Although many Vps proteins were found to play & fiol the biogenesis of autophagosomes,
VPS13A was not (yet) identified in the relevant gdexes. However, it may play a role in
endosome-vacuole/phagosome tethering rather tlogehesis. Several large tethering
complexes are known that connect various endosantiesntracellular membranes, like the
TRAPP complexes between ER and Golgi and withirGbkgi apparatus, the CORVET
complex tethering trans-Golgi network (TGN) vesscleth the TGN, the exocyst complex
tethering TGN vesicles to the PM, and the HOPS dexmethering TGN vesicles to vacuoles.
Vps proteins are tethered by the HOPS complex, tieny&/ps13 was not (yet) identified as part
of this complex. However, Vps13A has been iderdifi@ phagosomes of Tetrahymena (L.
Klobutcher) and human VPS13A was found to assouwiételarge vesicles when overexpressed
in mammalian cells (A. Velayos-Baeza). Moreover SIBA was identified in human
erythrocytes suggesting that it plays a role ndy anneurons but also in red cells and probably
in the other cell types that express it. In summeBS13A may act as a tethering component
targeting endosomes/MVBs to vacuoles/autophagostondise clearing of cell debris. Non-
functional VPS13A may lead to accumulation of delmithe cell and eventually lead to cell
death.

The Kell/Kx complex has no similarity to any tetimgy complex. The Kx protein that is mutated
in McLeod Syndrome (MLS) has a similarity to traodgprs of neutral amino acids and
oligopeptides. It is also similar to tkie elegangrotein CED-8, which is involved in the
apoptosis pathway. Mutations in CED-8 inhibit ajpsg and enhance cell survival but may lead
to inefficient cell differentiation/maturation (oéd cells and neurons), a process that relies on
apoptotic steps and autophagy. There is a baldraeabolism and catabolism (apoptosis and
autophagy) in the cell and this balance is depenolethe metabolic state. Neutral amino acids
in the cytosol, particularly leucine, activate thammalian target of rapamycin (NTOR), a
Ser/Thr-kinase, which is a key regulator of celtab®lism stimulating protein synthesis and
inhibiting autophagy. It is not known, if Kx actlhatransports amino acids, nor if the lack of Kx
has an effect on mTOR signalling, however, thehitioin of apoptosis and autophagy may have
long-term consequences on the autophagic remoadafmulated debris in the cell. The mTOR
C2 complex is also an important regulator of thesleleton and therefore could be involved in
the formation of the red cell acanthocytic shape.

It is certainly desirable to get more insight itite function of the players that have been
identified so far, i.e. VPS13A, Kx, JPH3, PANK2 dathe newly discovered proteins. Insights
might come from cell biological studies and biocleahanalyses. Cell biological studies may
start with the localization in the cell, overexmies of wild type and mutated proteins, and
knock-down of the proteins, respectively. Live msxopy of the GFP-tagged proteins (wild
type and mutants) will give insight into the dynamof the membrane-bound proteins. The
biochemical analyses will characterize the proteimd identify binding partners. When soluble



fragments can be produced, X-ray crystallographghtibe the ultimate goal for understanding
the structural basis. Insights will also come froomparative proteomic analyses of red blood
cells by identifying gained or lost proteins an@uges in post-translational modifications in the
acanthocytes. Because lipids play an essentialmateembrane structure, it is also advisable to
perform lipid analyses, preferably lipidomics irllaboration with a specialized laboratory.



