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ABSTRACT

The term “neuroacanthocytosis” (NA) is used for o spectrum of neurclogical disorders
in which there are thorny red blood cells. While NA historically referred to disorders of
lipoprotein absorption, we have promoted it as an overarching term for a group of basal
ganglia disorders, with specific reference to two diseases that we defined as “core”
NA syndromes. “Meurcacanthocytosis” hos also been used to refer to a specific, now
genetically-defined disease, otherwise known as “choreg-acanthocytosis”. These various
usages have resulted in diagnostic confusion, and in o number of cases have quite likely
prevented the pursuance of precise, molecular, diagnosis. Disease nomenclatureis an ever-
evolving field, especially in the current era of expanding genetics, and naming proposals
are often far from ideal. We, however, suggest that the term “neurcacanthocytosis”
should no longer be generally used and if so, only with approprigte understanding of
its limitations. Further, we propose that choreg-acanthocytosis be renamed as “VPS134
disease” in accordance with its genetic etiology.
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VPS13A and XK bulk lipid transfer diseases

Learning objectives

 Learn about current developments in

,heuroacanthocytosis“ and ,,Levine-Critchley syndrome*
bulk lipid transfer science, genetic diagnoses in historic families

 Understand proposal to change nomenclature
« Chorea-acanthocytosis (ChAc) -> VPS13A disease
« McLeod syndrome (MLS) -> XK disease

- Become able to distinguish the two diseases
« Distinct clinical features, lab findings/biomarkers, molecular correlates

 Know where to find additional information
 Reviews, books, symposia, patient advocacies
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Webinar outline

e Mutual introduction

 Problems of ,,neuroacanthocytosis“/,,Levine-Critchley syndrome*

« VPS13A and XK diseases (novel nomenclature)

- clinical features

- genetic background - diagnosis

« Bulk lipid transfer as recently discovered mechanism

« Reference material

« Questions and answers
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Q&A 1 and 2: participants’ background

1, Expertise: 2, Type of clinic:
* Adult neurology? « Cognitive/dementia?
e Child neurology? « Movement disorders?
 Psychiatry? « Epilepsy?
« Cardiology?  Neuromuscular?
 Blood bank/hematology? -+ Tourette/OCD?
 Genetics? * Mental retardation?
 Cell biology/biochemistry? < Genetic counselling?
 Other « Other
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Webinar outline

e Mutual introduction

 Problems of ,,neuroacanthocytosis“/,,Levine-Critchley syndrome*

« XK and VPS13A diseases (novel nomenclature)

- clinical features

- genetic background - diagnosis

« Bulk lipid transfer as recently discovered mechanism

« Reference material

« Questions and answers
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A(‘,ANTHCICYTOSIS has been ch -

ized as a genetic disorder manifested by the

403
Hereditary Neurological Disease
With Acanthocytosis
A New Syndrome
Irving M. Levine, MD; J. Worth Estes, MI); and Joseph M. Looney, M1}, Boston

and no defici of herol. The pro-

band’s brother was reported as a new case of

is with schizaph in 1963.5

appearance of spiny red cells in the periph-
eral blood smear, abnormal lipid metabo-
lism usually invelving absent g-lipoproteins,
steatorrhea, retinitis pigmentosa, and altera-
tions of the central and peripheral nervous
systems including atrophy of certain muscle
groups.! In 1966 a complete review of this
disorder was published by Farquhar and
Ways.?

In 1960 Levine et al® gave a preliminary
report of the patient and family presented in
this paper. The earlier report indicated that
lI‘ll.BufZBmabenmlmlahvmﬂmm

‘The neurological disorder is similar in the
two siblings.

Report of Cases

The proband, ITI-7 (Fig 1) is a 50-year-old
white married engineer whose birth and early
development are described as normal. However,
at approximately the age of 15, he had a brief
illness characterized by jaundice, gastric pain,
dark urine, and questionably light-colored
stools. Similar episodes were noted on four oth-
or oecasions within the next seven years and

Fig 1.—Pedigree of family with hereditary

ing this hospitalization nor were any abnormal-

ities of the blood revealed. Seizures have been

fairly well with dij

and phenobarbital. In the past ten vears his

chorea has increased considerably lml with less
ion of his neur He

has not had visual disturhances other than mi-

available for

n the heral blood while  once while in the army. No anemia was repart. nor refractive errors which have heen mrrecbecl

15 had nane. At that ume 8 of 17 persons ed during the periods of jaundice. No more with Dementia, hi d by in-
than an equivocal history of could i ideation, and

be alicited. His have essen- has rapidly in the past

showed signs of neurclogical disease. Btud-
ies of the red blood cells (RBC) and serum
lipids in the family were presented in a sub-
sequent report (Estes et al).4 A unique fea-
ture of the syndrome in this family is that
there was no abnormality of serum lipids

Submitted for publication Jan 19, 1968; accepted
March 4.

From_the Veterans Administration Outpatient
Clinic, Boston (Drs. Levine and

rch tory,

Bos! ty Medical Center Hospital (Dr.

Estes), and Tufts University School of Medicine
(Drs Levine and ).

Presented

Neurology, Denver, 1964, and at the Second [nter-

national ~Congress

in part at the American Academy of

tially of progressive weakness and cramps in
his legs, involuntary movements of all limbs,
grand mal seizures, and failing memory and
efficiency. This resulted in his premature re-
tirement,

The patient entered the army in 1943 at the
age of 27, During basic training he experienced,
for the first time, slight weakness in hls legs.

five years resulting in medical retirement from
his job in January 1967. He has usually eaten a
well balanced diet, without apparent excesses
or restrictions such as fat or gluten,

General Physical Eramination—A  some-
what thin man of stated age had blood pressure
of 130/80; his heart, lungs, and abdomen wcre
normal. Mentally, the patient was alert and co-

Levine et al. 1968

HEREDITARY NEUROLOGICAL DISEASE—LEVINE ET AL

CMALE
O FEMALE
I SEX UNKNOWN

&= PROBAND i
| ® === NO ACANTHOCYTES
© E= ACANTHOCYTES PRESENT
@ = POS. NEUROLOGICAL
| & E=J NEG. NEUROLOGICAL
0 F FATHER OF PROBAND

disorder and

of inflammation, palsy, or nystagmus. The
right palpebral fissure was 1 mm larger, and
the right eveball protruded L% mm more than
that of the left eye. Both of these were within
normal limits of variation between the eyes.
The pupils were round, equal, and reactive.
The lenses in each eye as seen with the slit
lamp exhibited multiple tiny discrete white
opacities in the anterior and posterior cortex,
The ocular fundi revealed no edema, hemor-
rhage, atrophy. or unusual pigmentation. Eso-
phoria of two prism diopters was elicited with
the Maddox red glass for far and near {(nor-
mal). Fair convergence was present. Good
depth perception was demonstrated in the car-
dinal position of gaze. The central and periph-
eral visual fields were within normal limits. To-
nometry (Schiotz) disclosed a pressure of 17.2
mm in qach EyE {normal). Despite the patient’s

i diplopia, no true pal-

For about a year there was some of
this ki and he d i
i““ and inveluntary “jerky"” muvumqnls of his
i

Following return to civilian life, there was
gradual increase in weakness, choreiform move-
ments, incoordination, disturbance of gait. and

v o ¢ e Word i
¥, Montresl,
REprIllthuem hD 17 Court St, Boston, 02108 (Dr.
Levine).

in arti In 1956 he experi-

enced a grand mal seizure for the first time and
was admitted to the hospital. No additional
abno: were dur-

Arch Neurol—Vol 19, Oct 1968

P but ied and anx-
ious. He was correctly oriented in all sphercs.

sy of tlm musclea cuulr.l be demonstrated, and it

He denied hallucinations, illusions or del
although he expressed subtle ideas of reference
and definite ideas of persecution. Insight was
poor and judgement was shallow. He was very
forgetful and kept notes of maitters he wished
to discuss with the examiner.

Neurelagical Examination—Correeted visual
acuity in the right eye of 20/25 and in the left
eye of 20/20 was noted. There was no evidence

was to fatigue or emo-
honal tension or both. Corneal uennlnuty and
were normal and equi

T.‘nem was no facial wﬁlmmi oF asymmetry;
however, there were frequent facial grimaces
and occasional chomping movements, The uvu-
la moved in midline; there were no swallowing
difficulties. The tongue in the mid-
line but was interrupted by side to side and

Arch Neurol—Vol 19, Oct 1968
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seem to be any loss in overall
intellectual or memory func-
tion. In 1966 a Wechsler Belle-
vue Intelligence Scale revealed
a verbal IQ of 115, his in-
voluntary —movements pre-
vented further testing.
Several members of the
family have acanthocytosis
and neuromuscular weakness
somewhat similar 1o that of
the proband (Fig 1). The pro-
band iz married and has two
children, a son and a -
ter. Although beth children |
are described as well by the
parents, the daughier has
both hematological and neu-
rological disorders. His broth-
er's behavior and mental stat-
us are similar to those
described in the proband.®
In September 1958 two sis-
ters of our patient were found
to have acanthocytes in pe-
ripheral blood, as noled by
M. Yettra, MD (written com-
munication, July 1859}, This
was discovered when one of
the sisters having suspected
anemia for many years, went
to her physician for a periodic
checkup. At this time it was
reported that neither sister
had any neurological disabil-
ity, although evidence of neu-
rological deficit in one of them
was found twe years later by
one of us (LM.L.). Soon after
the discovery of acanthocytes
in the blood smears of these
lwo sisters, similar cells were
found in the peripheral blood
smear of our proband, These
events initiated this study.
This family has been un-
usually cooperative in con-
strueting the pedigree seen in Fig 1, as well
ag in clinieal and laboratory participation.
It soon evident that the disorder in-
volved the maternal side of the family. Blood
smears of seven paternal relatives in two gener-
ations were examined and were found to be
normal, The entire family is distributed over
many states as well as outside of the continen-
tal United States so that it has been impossible
ko examine most of the family bers living

X 1,000

2—Top, Peri
[l 7. showing spiny acanthocytes (Wright's stain, X 1,280),
Bottom, JZ% plasma suspension of proband’s RBC (unstained,

HEREDITARY NEUROLOGICAL DISEASE—LEVINE ET AL

i bluud smear of pml:anu. patient

has been shown ihal iwo unrelated people of
English descent married in 1643, but in their
progeny three generations hence there was
marriage of second cousins in 1754, the only
available evidence of consanguinity, The mater-
nal relatives investigated extended through
four generations snd totaled 32 persons. 16
males and 16 females
‘The ‘youngest person with neurological

beyond the New England area.
On the basis of available documented data, it

was a 2. ld girl, while the bld
esi was a 78.year-uld woman. The youngest
person in whose peripheral blood smesr acun-

Areh Neurol—Vol 18, Oct 1968
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Index patient

Levine et al. 1968, follow-up reports and NIH files

By age 25 years dragging his right leg. Leg weakness was progressive; subsequently
developed leg cramps, limb chorea, and a gait disturbance.

At age 40 first generalized seizures and paranoid ideation, age 47: generalized areflexia,
leg muscle atrophy/weakness and distal hypalgesia/pallhypesthesia.

Age 50: gait “lurching in character with long strides and somewhat ataxic because of quick
involuntary knee buckling movements.” Difficulty with serial subtractions. Generalized
chorea, involuntary tongue movements at rest and dysarthria. “Frequent facial grimaces
and occasional chomping movements” but no dysphagia. Tonic extension of great toes.

CK elevated. EMG: lower motor neuron. Quadriceps Bx: neuropathy and/or myopathy.
Pneumencephalography: moderately dilated ventricles.

Advancing “intellectual impairment, paranoid ideation and negativism”, died at age 54.

October 25, 2022 VPS13A and XK bulk lipid transfer diseases
Adrian Danek - danek@Imu.de
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IN THE Bassen-Kornzweig syndrome,-®
thorny malformation of the erythrocytes
(acanthocytes), a disease which begins in
childhood, is associated with progressive
ataxia; atypical retinitis pigmentosa; mus-
cle wasting; steatorrhea, which may appear
only in early life; and biochemical abnor-
malities, The serum levels for cholesterol,
carotenoids, vitamin A, and phospholipids
are invariably depressed, and the g-lipopro-
tein moiety is absent, This syndrome ap-
pears to be the expression of an

Critchl

135

Acanthocytosis and Neurological Disorder
Without Betalipoproteinemia

E. M. R. Critchley, BM, MRCP;
David B. Clark, MD; and
Abraham Wikier, MD [.exmg!on Ky

Report of Cases

Toeicall

recessive gene.

The family described in this paper is not
the first in which acanthocytosis in an adult
has been reported in conjunction with neu-
rological disease, but the neurological mani-
festations are dissimilar to those of the
Bassen-Korneweig syndrome, and the bio-
chemieal abnormalities of that syndrome are
not present. Kuo and Bassett in 19627 re-
ported steatorrhea, acanthocytosis, and neu-
ropathy in a man aged 41, but the nature of

affected b of this fam-
ﬂy lie within two generations. The proband (I,
10), a 29-year-old white man from eastern
Kentucky who belongs to the first generation,
was seen some 214 vears ago and exhibited at
that time involuntary movements and a grossly
swollen, raw, bitten tongue (Fig 1). He had had
15 to 20 similar episodes of tongue, lip, and
cheek biting, which often occurred at night,
The episodes had begun six year earlier on a
background of increasing genes

nervousness, “fits and jerks,” and had increased
in l"equency and sewnty The uwo]unf.ury

the neuropathy was not c upan.
Kahan et al, 1963,5° found “acquired” acan-
thocytosis in a patient with Eales’ disease
and also reported two families in which
hereditary vitreo-retinal degeneration (dn-
generatio hyaloi inalis) was i

with acanthocytosis. It is still not certain?®
whether the cells deseribed in Kahan’s pa-
tients were acanthocytes or crenated erythro-
cytes. More recently, Lewis et al'! and Mars
et al'* from Cleveland have reported the bio-
chemical abnormalities and the neurclogical
findings in a 38-year-old patient with a pat-
tern of disease quite dissimilar to that of the
present family. The salient clinical features

grimac-
ing, dysbmuc nm.l chorelfom movements, hyper-
extension of the trunk, sucking noises, plosive
sounds, and drooling. Coprolalia, seen in the
Gilles de la Touretfe syndrome, was not evi-
dent. There had been times when he could not
apeak plainly; “the inside of his mouth would
draw”, he would “snap at his lips, and his
stomach would stick.” When he ate, his tongue
would involuntarily push his food out onto his
plate. Since 1962 he had preferred to retire to a
separate room to eat his food.

He was alert, well-ariented, had no gross
memory defects or psychotic behavior, and was
disturbed by his own repulsive appearance. He
slurred and stutlered a little when talking and

found in their patient were fat i
impaired sphincter control, cerebellar incoor-
dination, hyperactive reflexes, and hypobela-
Hpopmteinenﬁa.

s..b.mm for publication June 10, 1967; accepted

Jun-
rom Department of Neurology, University of
Kmhch Madical Ganm. Lexi
rimont of Neurology,
University of Kentucky Medical Center, B00 Rose
St, Lexington 40506 (Dr. Critchley).

had i iate laughter. Despite
the frequent involuntary movements, there was
no ataxia of gait, and finger-nose, finger-finger,
and heel-shin coordination tests were intact. He
had generalized hypetonia, flexor plantar re.
sponses, and loss of deep tendon reflexes.
His symptoms oo\n!onned for the most part,
to the it of Hunti 's cho-
rea. His full-scale intelligence quotient was 72
{Wecksler Adult Intelligence Scale (WAIS),
verbal 81, and 61. The electro-

Arch Neurol—Val 18, Feb 1968

Fig 1.—Lip and cheek of proband (1.10) when first admitted

Fig 2. —Pneumoencephalographs to show increase of alr over cortex and lessening of
caudate buiges into lateral ventricles (left, December 1964; right, June 1966).

Arch Neurol—Vel 18, Feb 1968

ey et al.

1968

136 ACANTHOCY TOSIS—CRITCHLEY ET AL

Fig 3.—Peripheral blood from proband with significant acanthocytosis. Wet preparation,
phase contrast microscopy.

encephalogram confained a slight excess of
bioceipital theta activity. Cerebrospinal fluid,
muscle and nerve biopsy, nerve conduction
velocities, electrocardiogram, and skull x-ray
film were normal, but comparison of serial
pneumoencephalograms taken 18 months apart
showed increased air over the cortex and less-
ening of the caudate bulges into the lateral
ventrieles (Fig 2).

Hematologie data (Table 1), total fecal fat,
holesterol mcnphcml lng]yccndna and frae-

. However, 307, to 407 of the red blood
(RBC) seen in wet preparauons exs
by phase contrast and in dry films
stain), were acanthocytes (Fig 3).
¢ raised reticulocyte and bilirubin
depression of haptoglobins were
ild hemolysis.

ings were involuntary tic-
movements, areflexia, di-
al ventricles, and acan-
thocytosis in the pri§nee of normal serum
lipids. His involunta
respond to diphenylhy
nobarbital, diazepam ai

I
“ HI i wam

W el LUNess
E5) El[nnf”ﬂ(ﬂoils
T

and, more recently, haloperidol has been
used with apparently favorable results—
though whether or not the improvement ob-
served is due to this drug is uncertain since
the reduction in frequency of tics continued
for about two months after its cessation,

Generation T

Immediate Family—The proband was the
youngest of ten children. When his mother died
of uterine carcinoma at the age of 43 his father
remarried and had five more children. Neither
parent nor siblings were known to have had
any neurclogical disease, but three of the pa-
tient’s full siblings had had “spells,” had be-
come psychotic, and had died in mental institu-
tions, Another sibling, who was believed to have
been unaffected, was murdered when aged 38,
Twao siblings, aged 49 and 39, have acantho-
cytes but show no evidence of neurclogical dis-
ease (Fig 4).

The first sibling affected (I, 2) died at 31
years of age alter an illness beginning with sei-
zures when aged 25. Although she never actual-
Iy lost consciousness, she bit her tongue and
cheek, had involuntary limb movements,
dropped things, and became forgetful. Tn the
last two years of her life, she hecame emaciated
and had viclent shaking of her hands.

The second (1, 4) died at 26 years of age aft-
er an illness of two years' duration. His tongue
hegan rejecting food, and he retreated into an-
other room to eat. He had “passing-out spells™
during which he would tear or pull on things.
He did not lose weight or have viclent hand
movements.

The third (L 5) also died at 26 years of age.
She bit her tongue. lips, and cheeks, and had
involuntary limb movements, weight loss, and
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Index patient ,,Terry“

Critchley et al. 1968

“‘When first seen at the age of 26, he exhibited involuntary movements and had a
grossly swollen, raw, bitten tongue. .. The involuntary movements included finger-
snapping, grimacing, dystonic and choreiform movements, hyperextension of the
trunk, twisting movements of his shoulders, sucking noises, plosive sounds and

drooling. .. When he ate, his tongue would involuntarily push food out on to his plate.”

October 25, 2022 VPS13A and XK bulk lipid transfer diseases
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Acanthrocytosis: defined in Bassen-Kornzweig cases

B LO O D The Journal of Hematology

JUXE, 1952 VOL. VII, NO. ¢

PERLETELY a7l K. SINGER, B. FISHER AND M. A. PERLSTEL BB7

I view of these fndings, the patient appenred 10 have n progressive nearopathy with

anee of the abnormal red eells definitely antedated the clinical onset of the neu-
involvement of the eerebellum and/or its tracts, the basal nuelei, and the dorsal columns,

ropathy. Whether the erythrocyte malformation was already present at birth
or evolved later in life cannot be stated
o Xoravs of Retinitis pigmentosa which was present in Bassen and Komzweig's cnse i

Latwratary Esaminations

(1) The el il were normal, as wi

Acanthrocytosis

A Genetie Erythrocytie Malformatio

By Kakn Stvaen, AL, Bex Frsoer, Mo axs Mever v Prisr ALD.

1050 Basaen uned Wormzweig! reported uhvcnvnil'ln on e 18 vear old girl
I whu, after having been afflieted with celiae o: chilbhood, ex-
hibitedd (1) atypieal retinitis pigmentosa, (2) diffuse m\u]\cvmmn of the nervius
svstem {p ulardy the spina-eerehe ets) aned (31 hitherte uneeseribad
il form ireulating erythrocytes, The latter showed an unusual de-
gree of “erenation” charaeterized by protoplasmic projections of varying sizes
and shapes, which gave the cells o bizarre appearanee simulating small erales,
heetles or stars. In the flm, many of these ervthrooytes were small and decy
stuined, thus resembling spheroeytes with buds s pseudopods. The hypotonic
v wis slightly decreaseil. There was only a mild anemia (Fgh 11
ML) No data were reported to indicate whether o hems
A younger brather of the patient had almast identics
eye grounds and red cells, but no newropathy. ¢ parents woere fipst consins.
L the present eommunieation, ohservations on a 13§ year ol hoy are reporeted.
e shows an analogous mulfor jon of his red eells pesociated with o simil
diffuse, progressive nearologie i e, However, retinal changes are nol appar-
ent. The patient also had suffered from o eoline syndrome in his carly vears of
life. His parents are second cousing
Since the most eonspicuons feature of these abnor
distorted “thomy” appearsnes in wet prepavtions amd in the film, we have
called them acantivocytes {(abantha, thor in Greek) The ovenrrenee of the
misshapen red cells together with diffuse progressive nenropathy, on the basis
of ronzung v oof the parents, = unlikely fo e merely coieidental and may
be charneteristie of a new hereditary seadrome,

al ervthroeyies is their

Rerorr oF Case
Histary

COuKIng.
wrently

ansl the

Meacarel h:umlul out with 1l
States PPublie 1Tenl
Seientific Research, and

seareh Group Tor Coreliral

aidd of w
T P 1

Aidds Founlation mwl the e

.

the chest amd skeleton (2. Urie: albumin und sugar were absent. Urabilinogen
rensed, A test for phenylpyruvie acid was negative, (3) The feces were formed,
tand no oecult blood. The xery
m. per eent it The b
mol turhidity and intravenous glurnue {nlerance teata gave normal results, Serum
normul limits.
5 REC 3,75 M. Reticuloeytes 0.5 per cont, hemato
B e, MCHR 31.2 e, MCHRIC 316 por eent, W

not
of firm
-

(Win-

trobe) 37 per cont, M 007w,

Fie. 1 the blood film,

nthroey tes

mm. with a normal differeniial count : neatrophils segmented 30 per cent. nonsegmented 5
per cent, lymphoeytes 37 por cent, monocytes 10 per cent, Platelet count (method of Dame
shek?) 520,200/cw. mm. A great number of the red eolls in 1he counting ehamber as well us
in the film, showed a peeuline “cren: arance. Many of these o
ervihrovyies were relatively small I med and exhibited se
spaced protuberances, thus resembling crenated spherocytes (g 1. Tl
s we suggest they be called. did mot form rouleaus in the wet proparation
an from the sternum revenled a eellular marsow of the fallowing compasition ‘unu
nuelented eells cou ilasts 06 jier eont, promyelocytes |z,.-m nt

s 2 per cont, met 10.1 per cent, ul
cent, n-.;mnmodsn per cont :-oemnplulu myelocytes 0.8 pﬂlrce\nl n..em.n
cent, nonsegmented granulocytes 0.7 per cont. segmentod granuloeytes 0.9 per cont;
philic granuloeytes 0.1 per cont. Red cell series: pronermehlusts 2.4 per sent, hasophilic
normoblasts 6.9 per cent, polvehromatic normoblasts 9.6 per cent, orthorhromatic normo
lasts 11.4 per cent, norny mitosis 0.4 per cont; reticulum eells 14 per cent; lym
phaeytea 30 per cent, The nucleated hemoglobinized red cells did not show any ahnormality
in shape. The erythrocyticigranuloeytic ratio wos 1:1.2, suggesting 3 medderate eryihro
e hyperplasia. Megakaryoeytes were present in normal numbers.

ul ,m-,(m.ul.

An

typical example of an ubiotrophic disorder.® The concept of abiotrophy implies
an hereditary disease which may remain latent for many years and develops in
tissues apparently normal funetions during this lutent period.” Similarly,
some neuropathies (Friedreich’s ataxia, Marie's ataxin, other hereditary ataxing,
Huntington’s chorea, ete.) also belong to the category of abiotrophic diseases.
The literature containg several pedigrees of families showing simultancous oc-
currence of retinitis pigmentosa and hereditary ataxia #-# Since the presenting

Tardly of Peticnh denciibed by .
3 : Our Fotiants Tamily

Fia. 5—Pedigrees of families showing neanthrocytosis

condition in both patients with acanthrocytosis was ataxia, and since acanthro-
eytosis may easily be overlooked, it is possible that this syndrome may not be
too uncommaon. Whether this is s0 can only be elucidated by a systematie survey
h ev dence of abiotrophic neuropathy. Such a
At this moment, the availuble data are

eration of possible linkage of pathologic genes for
the various abnormalities observed in the patients showing acanthroeytosi

3. Clinical Aspeets

A very pugzling feature common to both families with acanthrocytosis is the
reported “celiac syndrome.™ Tt started early in life, causing severe anemis and
malodorous, fatty stools, and disappeared after & few years on standard dietary,
vitamin and folie acid therapy. Unfortunately, no adequate data are at hand for
establishing the exact nature of these intestinal disturbances, which preceded
the neuropathy. The problem arises whether the nervous disease nppearing later
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Bassen-Kornzweig: Abetalipoproteinemia!

Schwartz et al. (1961). Bassen-Kornzweig syndrome.
Neuromuscular disorder resembling Friedreich’s ataxia
associated with retinitis pigmentosa, acanthocytosis,
steatorrhea, and an abnormality of lipid metabolism. Trans
Am Neurol Assoc 86, 49-53

Salt et al. (1960). On having no beta-lipoprotein. A syndrome
comprising a-beta-lipoproteinaemia, acanthocytosis, and
steatorrhoea. Lancet 276, 325-329
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What to call a condition where serum lipids
are normal but acanthocytosis are seen?
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What to call a condition where serum lipids
are normal but acanthocytosis are seen?

Acanthocytosis and Neurological Disorder
Without Betalipoproteinemia

E. M. R. Critchley, BM, MRCP;

ton. Kv
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What to call a condition where serum lipids
are normal but acanthocytosis are seen?

-> Levine-Critchley syndrome*
71 cases from 1974 to 2006 in Japan
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From Levine-Critchley syndrome to

Neuroacanthocytosis: Hardie et al. 1991

NEUROACANTHOCYTOSIS 15 TABLE I. CLINICAL FEATURES OF AFFECTED CASES

Age (yrs) at last

A
NEUROACANTHOCYTOSIS Age (yrs)  examination (or Psychiatric  Orofacial Movement  Tendon
Case  Sex  of onset death*) Dementia  Seizures  features  dyskinesia  Dysphagia  Dysarthria  disorder  reflexes
A CLINICAL, HAEMATOLOGICAL AND PATHOLOGICAL STUDY OF ! Family H
19 CASES 1 M 37 61% + + + o + + P o
2 F 39 61* + [¢] + + + +V cp R
3 F 40 49 + o o o + +V CDPT R
by R. J. HARDIE,' H. W. H. PULLON,™ A. E. HARDING,' 4 F 44 47 + o + o o +v CpPT o
J. S. OWEN,’ M. PIRES,? G. L. DANIELS,® Y. IMAL® V. P. MISRA, " \ ) Fanily L
R. H. M. KING,® J. M. JACOBS,? P. TIPPETT,* L. W. DUCHEN,? 5 F 51 57 + + + + o + CT o
P. K. THOMAS'"S and c. . MARSDEN' m * 6 F - 56 0 o] o} o] o [0} C +
_ - 10 7 M 2% 3Ix 0 + + 0 0 0 c o
(From the 'University Department of Clinical Neurology and *Department of Neuropathology, Institute 8 M 2 3% 0 + [o) 0 o) [o) o o
of Neurology and National Hospital for Neurology and Neurosurgery, Queen Square, the *Department 5 0 M =z 27 ° o o ° ° ° cr o
of Haematological Medicine, King's College Hospital School of Medicine and Dentistry, the *Medical 10 F - 14 o o 0 0 o o ) R
Research Council Blood Group Unit, University College London, and the *Depariments of Academic !
Medicine and *Neurological Science, Royal Free Hospital School of Medicine, London, Ul Family B
1 12 24 + o + +B [ + DPT +
SUMMARY 12 M 8 2 + o + o o + D +
Nineteen cases are described, including 12 cases from three differcnt familics and 7 nonfamilial cases, " Sporadic cases
in which multisystem neurological discase was associated wi peripheral blood 13 M 44 51 + + + + + +V cp o
plasma li Mild can sy be and scanning electron microscopy may 14 M ¥
be helpful. Some neurologically asymptomatic relatives with significant acanthocytosis were identified during Is F gg g; : ? M IB E Iz gg!,"T :
family screening, including some who were cllmcally affected. m
The mean age of onset was 32 (range 8—62) yrs and the clinical course was usually progressive but 16 F 28 36 + + + +B + +v cpT R
there was marked phenotypic variation. Cognitive impairment, psychiatric features and organic personality 17 M 8 18 + o o + + + D +
change occunm in over half the cases, and more than one-third had scizures. Orofaciolingual involuntary 18 M 33 36 o o o + + +V 4 R
ly caused dysphagia and dysarthria that was sometimes v 19 M 39 44 o + o + + +v D R
severe, but blung ofthe Tips or ongue was rarely seen. Chorea was seen i almostall symplomaiic cascs o - : . )
but dystonia, tics, i y ‘and d foattircs also ocourred. Twe cases had no B = tongue/lip biting; V = vocalizations; C = chorea; D = dystonia; P = parkinsonism; T = tics; O = absent; R = reduced; + = present.
‘movement disorder at all. C¢ i often cerebral atrophy. Caudate atrophy FiG. 1. Pedigree of families H (1) and L (8). Arrow = index case, circle = female, square = male, filled symbols

was seen less commonly, and focal and ic signal from the caudate or
lentiform nuclei were seen by magnetic resonance imaging in 3 out of 4 cases.

Depression o absence of tendon reflexes was noted in 13 cases and neurophysiological abnormalities
often indicated an axonal neuropathy. Sural nerve biopsies from 3 cases showed evidence of a chronic
axonal with promincnt activity, affecting the large diameter
myelinated fibres. Serum creatine kinase activity was increased in 11 cases but without clinical evidence
of a myoj

Postmortem neuropathological examination in I case revealed extensive neuronal loss and gliosis affecting
the corpus striatum, pallidum, and the substantia nigra, especially the pars reticulata. The cerebral cortex

. appeared spared and the spinal cord showed no evidence of anterior horn cell loss.

Two examples of the McLeod phenotype, an X-linked abnormality of expression of Kell blood group
antigens, were identificd in a single family and included | female. The genetics of neuroacanthocytosis
are unclear and probably heterogeneous, but the available pedigree data and the association with the
McLeod phenotype suggest that there may be a locus for this disorder on the short arm of the X chro-
mosome.

Correspondence to: Dr R. 1. Hardie, Department of Neurology, King's College Hospital, Denmark Hill, London
SES ORS, UK.
* Present address: Haematology Department, Palmerston North Hospital, Private Bag, Palmerston North, New Zealand.

© Oxford University Press 1991

indicate neurological disease, * = cxamm:d hy s, open symbols unaffected, hal-flled = probably affected by history,
open with * indicates ion by us and no on blood film.

Methods

Haematology

Blood was collected into tubes containing ethylene-diamine-tetracetic acid (EDTA) and in addition, where
possible, a blood film was made from fresh blood without EDTA contact. When this was not possible,
blood films were madc from EDTA-containing samples within | h of collection. Each sample was processed
by a Coulter S-Plus JR or STKR and the blood count parameters obtained. The dried blood films were
stained with May-Grunwald Giemsa stain at pH 6.8 and subsequently examined by light microscopy at
%1000 magnification under oil immersion. Care was taken to examine them at a point where the film
was only one c:ll l}uck and with mlmmal space between the cells. In each case 500 cells were counted
and the estimated.

For the purposes ufllus study an acamhocylc was defined as a dense, slightly contracted red cell which
had a number of irregularly spaced thorny surface projections, often with terminal bulbs (Brecher and
Bessis, 1972). Echinocytes also have an abnormal cell surface, but with more abundant and evenly distributed
surface projections that have a much broader base in relation to their length. We regarded an acanthocyte
count of >3% as significant.
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British_Journal of Haematology, 1977, 36, 219. Wi m e r et a I 1 9 7 7
n

Haematological Changes Associated with the McLeod
Phenotype of the Kell Blood Group System

B. M. WiMmer, W. L. MarsuH, H. F. TaswerL aAND W. R. GALEY

Lovelace-Bataan Medical Center, Albugquerque, New Mexico;
New York Blood Center, New York, New York; Mayo Clinic, Rochester, Minnesota;
and University of New Mexico School of Medicine, Albuquerque, New Mexico
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Fi¢ 1. Peripheral blood film of McLeod phenotype red cells showing characteristic acanthocytosis.
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in the Kell Blood- Syst 557
Vox Sang. 6: 555-560 (1961) 556 in the Kell Blood-group System

Allen, Krabbe, Corcoran, A New Phenotype (McLeod)

reactions with anti-K1 (Kell) and anti-K3 (Penney), and normally
strong reactions with anti-K2 (Cellano), anti-K4 (Rautenberg) and
anti-K 5 (Peltz). Results of titrations of anti-K 2 and anti-K4 serums
are shown in Table II. Anti-K2 serum (Nir.) was one that had been
classified as a weak reactor with H. M. red cells. The prozones were

confirmed by repeated tests.

TABLE I

A New Phenotype (McLeod) in the
Kell Blood-group System*

Notation for the Kell Blood-group System

New notation Old notation

Frep H. ALLEN, JR., S1sseL M. R. KrABBE and Antibodies:

Parricia A. CORCORAN :m'ﬁé (‘]:“lil) i":‘:f (2) Absorptions. With every example of anti-K4 (Rautenberg),
. A::::KS EP:n:::; A:t:Kp' regardless of the strength of the direct reaction, all antibody was
The Blood Grouping Laboratory of Boston Anti-K4  (Rautcnberg) Anti-Kp® removed by the cells of Hugh McLeod, almost as rapidly as by
Anti-K5  (Peltz) Anti-Ku absorption with ordinary K4 red cells. Repeated absorptions of
. . Phenotypes:* anti-K5 (“triple eluate” prepared from serum of Mrs. Peltz [5])
Until 1957, there were two known antibodies in the Kell blood- L K:l,2,-3,4,5  (Kell+) K+k+Kp(a-b-+)Ku+ consistently failed to remove the antibody, confirming that H. M.
group system, and three phenotypes. Three new antibodies were 2. K:-1,2,-3,45  (Kell-) K-k+Kp(a-b+)Ku+ is K5-. Absorptions with McLeod cells and anti-K1, anti-K 2, and
then found in rapid succession [1, 2, 5], and four new phenotypes [1, 3. K:1,-2,-3,4,5  (Cellano-) K-+k-Kp(a-b+)Ku + . . . ’ ’
bt :’rpose oo PE - m]desmbe photd hp;h pheﬁ’;t y}Ee L Koioass  (Pamegd) Kok Kn(ath 1)Kot anti-K 3 are shown in Table III. Preliminary work had shown that
Th b d has b . 5. K:1,w2,34,5  (Kell+, Penney+)  K-+k+(weak), Kp(a+b+)Ku-+
e notation to be used has been pr din a sep 6. K:-1,w2,3,-4,5 (Rautenberg-) K-k (weak),Kp(a-+b-)Ku+ TABLE Il

tion [3] and is shown in Table I.

Mr. Hugh McLeod, possessor of the new phenotype, was en-
countcred in testing a new class of medical students, who routinely
are ped as th ghly as possible, in search of useful panel
donors. He was originally tl:ougl:t to be of Peltz type [4], lacking all
antigens of the Kell series, and his blood was distributed as such to
other laboratories as a refe blood. I di from
several laboratories, and our own subsequent mvesuganons, proved
that his cells gave weak reactions with both anti-KpP and with anti-k
and that these reactions were not non-specific, or due to contaminating
antibodies in the reagents.

The mode of inheritance of the new phenotype is not revealed by
tests of the family. Both parents are type K: -1, 2, -3, 4, 5 (pheno-
type 2 in Table I). The parents are not related.

Serological Data

(1) Direct tests of McLeod cells. Tests with anti-K1 (Kell), anti-K 3
(Penney), and anti-K5 (Peltz) were consistently negative. These
were confirmed by absorption tests. Tests with various anti-K4
(Rautenberg) serums consistently gave weak reactions. Direct tests
with anti-K2 (Cellano) serums gave variable reactions; some were
weak, others were negative. The red cells of the parents gave negative

7. K:-1,-2,-3,-4,-5 (Peltz type)
8. Ki-1,w2,-3,w4,-5 (McLeod type)

K-k-Kp(a-b-)Ku-
K-k +(weak),K p(a-b -+ weak)Ku-

Absorptions Done with Red Cells of McLeod on Selected Serums

Number of Test
absorptions Cells
with McLeod

Dilutions of serums before and after absorptions.
Testing done by indirect Coombs method*

Allelic genes:
1. Ku- K, KKp®
2. K k, kKpv
3 Ketwio-es ke, kKp»
4k K°

* Numbers used in phenotype names refer to the various antibodies used. Use
of the number unmodified indicates a positive reaction. Use of minus sign before
number indicates no reaction. Use of “w” before the number indicates weak or
variant reaction. In recording results of tests with a single antibody, such as anti-K 2,
one may write K21 or K2-, o, alternatively, K:2 or K:-2.

TABLE II
Reactions of McLeod Family with Anti-K2 and Anti-K4

Serum Test Cells Dilution of serum, and results *
1 2 4 8 16 32
Anti-K 2 (Cellano)-(Nir.) (v o 1 2 1 o ol
» father 4 4 4 4 3 1
» mother 4 4 4 3 3 1
Anti-K4 (R berg)-(Rau.) [H.M 11 3 3 2 1]
» father 4 4 4 4 4 4
» mother 4 4 4 4 4 4

red cells

1

2

4

8

16

32

64

128

Anti-K1 (Kek.)
(anti-Kell)

Anti-K 2 (Gig.)
(anti-Cellano)
Anti-K 2 (Mar.)

(anti-Cellano)

Anti-K 3 (Mes.)
(anti-Penney)

0
ges
16
24
0
8
16
0
8
16
24
0
8
16
24

K:1,2,-3,

K:-1,2

¥ ¥ YT L,Y Y Y YEY Y Y

4,5

14,5

4
4
4
4
4
4
0
4
3
1
+
4
4
4
4

BB R R D W R DR R R R R

D e - N

H N O W WO W B R

oot ool mwo wia s ke

coocococolt —mombwwen

CCOCOCCOO O W W W W

cScoococococoocow o~

* Al readings done “blind”. 4 = ++++,3 = +++, ete.

** 8 parts of packed red cells to 1 part of serum: all absorptions in this seriea:done in this way. Packed
red cells used for all absorptions were washed and centrifuged in small aliquots, then pooled and mixed:
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CONTROL Mc LEOD SYNDROME

BG/FC RATIO: 1.58 BG/FC RATIO: 1.30

Acanthocytosis

Heart disease

Figure 1. Proton-density-weighted MRI in a 52-year-old
patient with chorea and the McLeod ryzhroe.‘

Chorea/Parkinsonism L R

Cerebral involvement

Cognitive impairment in McLeod syndrome

A Danek, MD; 1. Uttner, MSe; T. Vogl, MD; K. Tatsch, MD; and T.N. Witt, M}

mlemmeﬁgaw syndrome is n Xp21-linked Kell blood group variant due o Tack of rythrocyte protein Kx

- with - A man with this syndrome developed chorea and
I slight n p«_‘,l |gn|1mpl rrnBLH.eh dcnudt tmphyuﬂmrehrslimagl gmdmauned striutal dopamine D,-
receptor b emiss| y. Sinee Xp2l was partly deleted in the patient, the

missing gene pmd ctl'po bl.y lemuyheessant al for the ind t.egm; of the striatum.
NEUROLOGY 1994;44:117-120

discloses slight atrophy of the caudate nucleus

[ L Lm—

Psychopathology estimate: <300 cases world-wide
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Brothers with heart disease & 1t muscle CK

Case 1 at age 52

J Neurol (1992) 239:302-306

McLeod syndrome: a distinct form of neuroacanthocytosis

Case 2 at age 57

Case 1 at age 58

The Chorea of McLeod Syndrome

Report of two cases and literature review with emphasis on neuromuscular manifestations

Thomas N. Witt', Adrian Danek', Michael Reiter', Marcell U. Heim?, Josef Dirschinger’, and Eckardt G.J. Olsen*

October 25, 2022

A. Danek, MD, PhD."" F. Tison, MD, PhD.” J. Rubio, PhD.> M. Oechsner, MD.* W. Kalckreuth, MD,” and
A.P. Monaco, MD, PhD?
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McLeod gene XK (1994)

Gell, Vol, 77, 869-860, June 17, 1994, Copyright & 1994 by Cell Press

Isolation of the Gene for McLeod Syndrome
That Encodes a Novel Membrane Transport Protein

Mengfatt Ho," Jamel Chelly,” Nick Carter,!
Adrian Danek,* Paul Crocker,*

and Anthony P. Monaco®

*Imperial Cancer Research Fund Laboratories
Institiite of Molacular Madicine

John Radcliffe Hospital

Oxford OX3 90U

England

TMedical Ganatics. Unit

St. Georges Hospital Medical School

London SW17 ORE

England

Neurologische Klinik
Ludwig-Maximilians-Universitat

D-81366 Minchen 70

Federal Republic of Germany

Summary

Mcl y an X-linked disorder

ratrioval processes (Danek et al., 1994). As in HD, there

is binding of striatal D2 recaptors as
assessed W single photon emission mmpumd Iambgm-
phy with [*]i ide. This finding is i

ﬂy!mﬂéﬂﬂﬂ ﬂl calls i the Sifiatum of redustion of their
number. The biochemical basis underlying these neuro-
logical defecta ia currently unknown.

McLeod syndrome is also associated with a late-onset
form of muscular dystraphy and cardiomyapathy, charac-
terized by elevated lavels of serum creatine kinase and
carbonic anhydrasa Il (Marsh et al., 1981; Swash st al.,
1983; Witt et al., 1992). Muscle biopsies of patients show
features of active muscle fiber necrosis and regeneration
with subsarcolemmal and sarcoplasmic calcium deposi-
tion in abnormal muscle fibers (Swash et al., 1983; Danek

al., 1980; Carter et al.,, 1990). Similar findings have
bean observed in muscle biopsies of Duchenne muscular
dystraphy (DMD) patients (Bradley and Fulthorpe, 1978;
Carpantar and Karpati, 1979), which suggest that mem-
brane defects are involved in McLeod syndrome. Involve-
ment of dystrophin in McLeod syndrome has been ruled

by in the
and hematopoletic systems. We have assembled a
cosmid contig of 360 kb that encompasses the McLeod
gene locus. A 50 kb deletion was detected by screen-
ing DNA from patients with radiolabeled whole cos-
mids, and two units were
within this deletion. The mANA expression pattern of
one of them, designated as XK, correlates closely to
the McLeod phenotype. XK encodes a novel protein
with structural characteristics of prokaryotic and eu-
karyotic proteins.
guence analysis of !Uﬂfom two unrelated McLeod pn-
tients has identifled point mutations at conserved
splice donor and acceptor sites. These findings pro-
vide direct evidence that XX is responsible for McLeod
syndrome.

Introduction

Neurological impairment that occurs with erythrocyta acan-
thoeytosis has been broadly classified under the term neu-
FoacANINOEYIoSIS, COMPrISIng &1 16ast thiee neurolagical
syndromes (Hardie, 1989). McLeod syndrome is a distinct
condition defined on the baaia of abnormal expreasion of
1he Kell blood group antigens. The neurological defects
in this syndrome have a typically insidious onset in the
fourth decade of life, presenting initially as areflexia and
gradually progressing to dystonic and choreiform move-
ments (Witt et al., 1882; Redman and Marsh, 1983). Neu-
roimaging findings of McLeod patients reveal a striking
similarity with those of early Huntington's disease (HD),

out by i ical and DNA analysis (Carter et al.,
1990; Danek et al., 1990)
The in McLeod sy
ized by red blood mor-

phology, reduced in viva survival, weakened Kell antigens,
and the absence of an antigen, Kx (Wimer et al., 1977).
The precise mechanism of acanthocytosis in McLeod red
cells is unknown. Although grossly irregular in shape.
there is no evidence of any abnormality or deficiency in
membrane proteins or phospholipids (Galey et al_, 1978;
Kuypars et al., 1985). Absence of the Kx antigen is the
mast prominent biochemical defect in McLeod syndrome,
and s absence |s associated with a marked raduction of
all Kell antigens (Marsh and Redman, 1887). Immunopre-
cipitation exporiments using human alleimmune anti-Kx
serum have established that Kx is a 37 kDa protein found
on the surface of red blood cells (Redman et al., 1988),
but its distribution in other tissues has nol been deter-
mined. To date, Kx remains uncharacterized owing 10 the
rarity of the human alloimmune anti-Kx, the inability to
preduce antibodies to Kx in animals, and the extremely
small amounts of Kx present in red blood cells (Hedman
and Marsh, 1993),

Family studies of McLeod syndrome suggest there is
no genelic hetercgeneity, and the different cellular de-
fects in MoLeod syndrome are likely to be due o a single
X-linked gene (Symmans et al., 1979; Swash et al., 1983).
The locus for McLeod syndrome has been mapped, by
deletion analysis, o a region between the gene locl for
DMD and chronic granulomatous disease (CYBB) (Bentel-
son et al., 1988). A novel marker, DXS709, was recently
isolated ing the of a DMD patient with

with caudate nucleus atrophy seen on a cranial
tomographic scan and magnetic resonance imaging. In
addition, neuropsychological assessment demonstrates
cognitive deterioration with deficits in information pro-
‘cessing, in attention and planning, and in encoding and

a 6 Mb deletion. Pulsed-field gel electrophoresis (PFGE)
mapping using DXS709 and CYBE as markers has further
«defined the gene locus to a region of less than 380 kb (Ho
ot al., 1991).
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prosence of a relatively large number of potential phos-
phorylation sites and a large extracellular hydrophilic loop
linking TM segments 3 and 4. Remarkably, an identical
topographical arrangement is predicted from the hydro-
phobicity plots of a glutamate transporter from rabbit and
rat (Kanai nnd Hediger, 1892; Pmsm al., 1982, human
[ ot al., 1891), rat
anpamlna ansponter (Shimada a1 al., 1991), rar brain
ic acid et al., 1990),
and rat brain serotonin tranaporter (Blakely et al., 1991),
These transporters balong to an expanding family of Na“-f
Cdeap p (Uhl, 1992;
Uhl and Hartig, 1992; Amara, 1993). The protein encoded
by XK bears the closest resemblance to the rabbit Na™-
dependent glutamate transporter in having the same num-
ber of TM segments, a large putative second extracellular
loop, and multiple consensus phospharylation site motifs.
However, this topographical similarity is not comple-
mented by substantial similarity of primary amino acid se-
quence, which suggests that the XK protein may define
a novel family of transport proteins.
To investigate the substrate specificity of XK protein,
frash red blood cells from patient MT and two healthy indi-
viduals were assayed for the uptake of various substrates,

HESE

Figure 8. Inferred Structural Foatures &ng
Propased Modol of ihe XK Encoded Protein
[A] Hydropathy profile of the XK-sncoded pro-
iy v dinng o e lgurithim of Kyt and Doo:
litthe, {1982) using & window of 11 amino acids
Negative values indicale hydrophobic resi-
dues. Putative transmembrane o heiices ars
numbered from 1 1o 10.

iB) Schematic reprasentation of the XK-
encoded protein. showing the propased topal-
gy in the plasma mambrane. Tha single ietier
amine aid coda is used, and rectangloe indi
cato potontial membrane-spanning a helices,
Within TM helices. negatively enarged resi-
0UES (35panGle Ana CIUIAMAE) ana postvely
charged residues {arginine, lysine, and histi-
dine) are oullined. Dutside the TM segments,
charged reskduas are denoled by their respec-
tive plus or minus signs. All the praposed exra-
ealluiar konps (axeant oap 1) have nat neutral
charge, wheraas ali the cytoplasmic loops (ex-
‘captioop 2)and the amino and carboxyl tsrmini
have nel positive charges. Proline residues lo-
cated within TM domains are boxed, and puta-
tive: phosphorylation sites for various serine
protain kinases are indicatad by an atrow I ey
are predicted 1o be cyloplasmic.

with and without the relevant inhibilors, according 10 a
previously described mathod (Kirk et al., 1994). Pralim/-
nary findings did not reveal significant differences be-
tween red blood cells from controls and frem McLeod pa-
tient MT in the uptake of various radiolabeled L-amino
acids lested (arginine, alanine, glutamine, glutamate, gly-
«cine, tryptophan, and valine). Nor were there any differ-
BNEES N INe URIGINEEtional influx of MORGVAIENL EaNGNE
K' and choline, the uncharged nucleoside adenosine,
'monovalent anions L-lactate and GI-, and divalant anion,
SC.* based on radicisotope uptake measurements of
b, [“Olcholine. [“Cladenosing. 1["Clactate, B
and ®80,%, respectively (K. Kirk and C. Ellory, unpub-
lished data). To avoid difficulties in obtaining fresh red
blood cells, future anal to determine the substrate
spacificity of XK protein will bs performed in a Xenopus
oocyte expression system. A more diverse reperoire of
substrates, such as neulral amino acids, cligopeptides,

s and i will be tested as
candidates for transport by the XK protein.

It is interesting to note that the tissue distribution and
mMRNA expression pattern of XK is almost identical to that
of a recently isolated brain Na‘-dependent neutral amino
acid transporter that has structural similarity to glutamate
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McLeod XK gene and protein (1994)
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Isolation of the Gene for McLeod Syndrome

That Encodes a Novel Membrane Transport Protein
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Figura B. Inferred Strectural Features and
Proposed Model of the XK Encoded Profein
|A} Hydropathy profile of the XK-encoded pro-
Do v iy by T arbgowithorm of Kyte aned Doo-
litthe, {1982) using & window of 11 amino acids.
Negative values indicate hydrophobic resi-
duss. Putative transmembrane « helices are
numpered from 1 1o 10.

{B) Schematic representalion of the XK-
ancodad protein. showing 1ne propesad topol-
ogy in the plasma membrane. Tha singls kettar
aming agid codo is wsod, and roctanglae indi
cate potential membrane-spanning a helices.
Within TM helices. negatively charged resk-
a5 (3spanate and glutaman) and postively
charged residuas (arginine, lysine, and histi-
ding) are oullined. Outside the T segmants,
charged residuas are denated by their respac-
tive phus or minus signs. All the proposed extra-
rallydar ks (aueapt lonp 1) hava net nautral
charge, whereas all ihe cyloplasmic ipops (ex-
copt loop Z)and the amino and carboiy| termini
hawe net positive charges. Proline residuss lo-
cated withen Th domains are boxed, and puta-
tive phasphorylation sites for various sarine
protein kinases ard indicated by &n arrow || they
are prodicted to be cytoplasmic.
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- 1020-1033 del (312HsX23) [Patient 21]
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T

Fig 2. Schemaric represensation of the XK gee with knoun
musacions. The appraximase posteion of all presently reporeed
musacions in XK is indicased and, in parentheses, the resuls-
ing changes in che sequence of the XK prowein (see also Table
2). Square brackess refer ¢a patienss in the presens seris or 0

repors from she lerisure.

In 9 patients the identified mutation is expected to
cause the synthesis of a shortened, truncated form of
XK. While the location of the in-frame stop codon in
this situarion can be predicted (see Table 2), the exact
fate of the prorein cannot be easily foreseen. However,
it is likely that a truncated protein will lack critical
posttranslational modifications and this will subse-
quently result in its degradation. Western blot analysis
of tissues expressing the XK gene with the help of
Neterminal directed antibodies would provide insight
into the stability of these truncated proteins and im-
munohistochemical analyses using these molecular
probes could be used to identify intracellular process-

762 Annals of Neurology Vol 50 No 6  December 2001

ing problems caused by the mutations. In addition to
our own findings, five recenty reported mutations
share this mechanism of a frameshift in transcription
with subsequent synthesis of a shorter than normal
protein>! 41838 (see Fig 2).

The only missense mutation found is a nonconser-
vative cysteine to arginine change (Patient 12). Cys-
teine residues can be critical for forming intra- and in-
termolecular covalent linkages via disulfide bonds. The
absence of this critical cysteine residue in XK could
seriously disrupt the secondary structure of the nascent
protein in the lumen of the endoplasmic reticulum,
which in turn could lead to aberrant trafficking of the
protein to the plasma membrane® At present, only
one other missense mutation is known, yet details have
not been published.****

In Patients 3 and 4, we found mutaions likely to
affect the splicing of the XK mRNA. In each case, the
splicensome complex is likely to find anather sequence
in a different location that can act as a splice acceptor
(Patient “ED”) or splice donor (Patient “FD”) in order
to splice the message, albeit incorrectly. Aberrant splic-
ing events could lead to deletions of coding sequence
or inclusion of intron sequence in the mRNA. Both of
these scenarios are likely to affect the function of the
XK gene product. Because “ED” and “FD” were litle
affected,” a small amount of functional XK protein
might still be synthesized and prevent full development
of the disease. One further subject with this type of
mutation, however, was associated with definite cho-
rea,*! whereas another was neurologically unaffected
and did not even show CK elevation.” Detailed anal-
yses of XK expression are needed to beter understand
these cases.

An intriguing question derives from the lare devel-
opment of most McLeod symptoms. Could XK, hun-
tingtin, and chorein at least temporarily substirute for
cach other? In any case, the investigation of XK and its
function can be expected to shed light on general
mechanisms of basal ganglia disease. One clear aim,
however, should be the development of causal therapy
for the slow but relentlessly progressing neurodegenera-
tion of McLeod syndrome.

J. Rubio was supported through a Howard Florcy Fellowship of the
Royal Socicty of London, UK. L Rampoldi was the recipient of
fellowships from Telethon and the University of Padus, Tuly. A. P.
Monaco is 2 Wellcome Trust Principal Research Fellow.
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Stonc, N. D). Carter, S. Bundey, J. A. Spillane, A. Federico, G. M.
Fabrizi, W. L. Massh,’ C. M. Redman, A. P. Hays, H. Meleod, 5.
Hamaker, and M. F. Brin.

Mcleod Neuroacanthocytosis: Genotype
and Phenotype
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October 25, 2022

MeLeod syndrome is caused by mutations of XK, an X-chromosomal gene of unknown function. Originally defined as
a peculiar Kell blood group variant, the disease affects multiple organs, including the nervous system, but is certinly
underdiagnosed. We analyzed the mutations and clinical findings of 22 affected men, aged 27 to 72 years. Fifteen
different XK mutations were found, nine of which were novel, including the one of the eponymous case McLeod. Their
common result is predicted absence or truncation of the XK protein. All patients showed elevated levels of muscle
creatine phosphokinase, but clinical myopathy was less common. A peripheral neuropathy with areflexia was found in all
but 2 patients. The central nervous system was affected in 15 patients, as obvious from the occurrence of seizures,
cognitive impai P and choreatic imagi ized the particular i

of the basal ganglia, which was also detected in 1 asymptomatic young patient. Most features develop with age, mainly
after the fourth decade. The resemblance of McLeod syndrome with Huntington’s disease and with autosomal recessive
chores-acanthocytosis suggests that the corresponding proteins—XK, huntingtin, and chorein—might belong to a com-
mon pathway, the of which causes ion of the basal ganglia.

Ann Neurol 2001:50:755-764

Finding

Frequency (%)

Weak Kell erythrocyte antigens
Acanthocytosis

Elevation of serum creatine phosphokinase

Elevation of lactate dehydrogenase

Elevation of aspartate aminotransferase
Elevation of alanine aminotransferase

Elevation of vy-glutamyltransferase
Reduced haptoglobin
Splenomegaly

Hepatomegaly

Cardiac disease

Areflexia: ankles

Areflexia: arms

Muscle weakness

Muscle biopsy: myopathic
Muscle biopsy: neuropathic
Electromyography: myopathic
Electromyography: neuropathic
Reduced vibration sense in feet
Seizures

Psychopathology

Cognitive impairment

Limb chorea

Dystonia

Facial hyperkinesia
Involuntary vocalizations
Habitual tongue/lip biting
Dysarthria

Parkinsonian features

100 (91-100)

100 (91-100)

100 (100)
91 (45-95)
33 (23-55)
33 (23-55)
33 (18-64)
80 (18-95)
38 (23-64)
42 (23-68)
65 (50-73)
90 (86-91)
62 (59-64)
65 (59-68)
80 (36-91)
64 (32-82)
14 (9-45)
79 (50-86)
40 (27-59)
50 (27-73)
83 (45-91)
54 (32-73)
94 (68-95)
38 (23—64)
86 (55-91)
58 (32-77)

8 (5-45)

77 (45-86)
19 (14-41)
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Neuroacanthocytosis: Hardie et al. 1991

Brain (1991), 114, 13-49

NEUROACANTHOCYTOSIS

A CLINICAL, HAEMATOLOGICAL AND PATHOLOGICAL STUDY OF
19 CASES

by R. J. HARDIE,' H. W. H. PULLON,** A. E. HARDING,'
J. S. OWEN,’ M. PIRES,? G. L. DANIELS,® Y. IMAL® V. P. MISRA,
R. H. M. KING,® J. M. JACOBS,? P. TIPPETT,* L. W. DUCHEN,?
P. K. THOMAS'® and C. D. MARSDEN'

(From the 'University Department of Clinical Neurology and *Department of Neuropathology, Institute
of Neurology and National Hospital for Neurology and Neurosurgery, Queen Square, the *Department
of Haematological Medicine, King's College Hospital School of Medicine and Dentistry, the *Medical
Research Council Blood Group Unit, University College London, and the *Departments of Academic
Medicine and “Neurological Science, Royal Free Hospital School of Medicine, London, U}

SUMMARY

Nineteen cases are described, including 12 cases from three different familics and 7 nonfamilial cases,
in which multisystem ncurological discase was associated wi peripheral blood

plasma i Mild can easuly be and scanning electron microscopy may
be helpful. Some neurologically asymptomatic relatives with significant acanthocytosis were identified during
family screening, including some who were cllmcally affected.

The mean age of onset was 32 (range 8—62) yrs and the clinical course was usually progressive but
there was marked phenotypic variation. Cognitive impairment, psychiatric features and organic personality
change occunm in over half the cases, and more than one-third had scizures. Orofaciolingual involuntary
ly caused dysphagia and dysarthria that was sometimes.

severe, but blung of the lps or tongue was rarely seen. Chorea was seen in almost ll symplomatic cases
but dystonia, tics, il y and a id features also occurred. Two cases had no
movement disorder at all. C i often cerebral atrophy. Caudate atrophy
was seen less commonly, and focal and ic signal from the caudate or
lentiform nuclei were seen by magnetic resonance imaging in 3 out of 4 cases.

Depression o absence of tendon reflexes was noted in 13 cases and neurophysiological abnormalities
often indicated an axonal neuropathy. Sural nerve biopsies from 3 cases showed evidence of a chronic
axonal with promincnt activity, affecting the large diameter
myelinated fibres. Serum creatine kinase activity was increased in 11 cases but without clinical evidence
of a myopathy.

Postmortem neuropathological examination in I case revealed extensive neuronal loss and gliosis affecting
the corpus striatum, pallidum, and the substantia nigra, especially the pars reticulata. The cerebral cortex

. appeared spared and the spinal cord showed no evidence of anterior horn cell loss.

Two examples of the McLeod phenotype, an X-linked abnormality of expression of Kell blood group
antigens, were identificd in a single family and included | female. The genetics of neuroacanthocytosis
are unclear and probably heterogeneous, but the available pedigree data and the association with the
McLeod phenotype suggest that there may be a locus for this disorder on the short arm of the X chro-
mosome.

Correspondence to: Dr R. 1. Hardie, Department of Neurology, King's College Hospital, Denmark Hill, London
SES 9RS, UK.
* Present address: Hacmatology Department, Palmerston North Hospital, Private Bag, Palmerston North, New Zealand.

© Oxford University Press 1991
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Fic. 1. Pedigree of families H (A) and L (8). Arrow = index case, circle = female, square = male, filled symbols
indicate neurological disease, * = cxzmm:d hy s, open symbols unaffected, hal-flled = probably affected by history,
open with * indicates ion by us and no on blood film.

Methods

Haematology

Blood was collected into tubes containing ethylene-diamine-tetracetic acid (EDTA) and in addition, where
possible, a blood film was made from fresh blood without EDTA contact. When this was not possible,
blood films were madc from EDTA-containing samples within | h of collection. Each sample was processed
by a Coulter S-Plus JR or STKR and the blood count parameters obtained. The dried blood films were
stained with May-Grunwald Giemsa stain at pH 6.8 and subsequently examined by light microscopy at
%1000 magnification under oil immersion. Care was taken to examine them at a point where the film
was only one cell thick and with mlmmal space between the cells. In each case 500 cells were counted
and the ions of estimated.

For the purposes of this study an acamhocylc was defined as a dense, slightly contracted red cell which
had a number of irregularly spaced thorny surface projections, often with terminal bulbs (Brecher and
Bessis, 1972). Echinocytes also have an abnormal cell surface, but with more abundant and evenly distributed
surface projections that have a much broader base in relation to their length. We regarded an acanthocyte
count of >3% as significant.

Case  Sex
Family H

. ! McLeods

Family L
5 F
6 F
7 M
8 M
9 M
10 F
Family B
1
12 M
Sporadic cases
13 M
14 M
15 F
16 F
17 M
18 M
19 M
B

Age (yrs)
of onset

51
24
22

TABLE I. CLINICAL FEATURES OF AFFECTED CASES

Age (yrs) at last

examination (or Psychiatric  Orofacial Movement
death*) Dementia  Seizures  features  dyskinesia  Dysphagia  Dysarthria  disorder
+ + (o} + + P
+V Ccp
yE] rome v coet
+ 9 9 +V CPT
57 + + + + o + CT
56 e} [¢] o o (e} o C
31* o + + o (e} (¢} C
31* 0 + [o] o o o o
27 o o o o o o CcT
14 (9] [} o o o o
24 + (¢} + +B [} + DPT
23 + + [} o + D
51 + + + + + +V cp
67 + o + + o] +V CDPT
25 + + + +B + +V CDT
36 + + + +B + +V CDT
18 + o o + + + D
36 o (e o + + +V D
44 (&) + o + + +V D

VPS13A and XK bulk lipid transfer diseases
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Tendon
reflexes

O®m®™O

©OOOC+ O

+ o+

B+ D+ + O

= tongue/lip biting; V = vocalizations; C = chorea; D = dystonia; P = parkinsonism; T = tics; O = absent; R = reduced; + = present.
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Figure 8. Inferred Structural Features and
Propesed Mode| of the XK Encoded Protein
A} Hydropathy profile of the XK-encoded pro-
Lasinn e diveg b the ahgorithim of Kyte aed Door
litthe, (1982) using & window of 11 amino acids,
Negatve values indicate hydrophobic resi-
duas. Putative transmembrane o helices ere
numbared from 1 10 10.

{B) Schematic representation of the XK-
encodad protein, showing the propasad topol-
ogy in the plasma membrane. Tha single kettar
aming agid codo is wsod. and rootanglos indi-
cate potential membrane-spanning a helices.
Within TM helices. negatively charged resk-
Qi (aspanate and glutamata) and posiivaly
charged residues (arginine, Wsine, and histi-
dina) are outlined. Outside the TM segments,
charged residuas are denated by their respec-
tive plus or minus signs. All the proposed exira-
ralludar ksnps freapt lonp 1) have net nauiral
charge, whereas all the cytoplasmic loops (ex-
copt leop 2)and the amine and carboxy| tesmini
have net positive charges. Proling reslduss lo-
cated withen Th domalns are boxed, and puta-
tive pheaphorylation sites for various sarine
protain kinases are indicated by an atrow [ they
are predicted to be cytoplasmic.
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XK protein and AlphaFold (2021

[ Crocktor upaaces |

Method of the Year 2021: Protein structure
prediction

Deep Learning based approaches for protein structure prediction have sent shock waves through the structural
biclegy community. We anticipate far-reaching and long-lasting impact.

Th: potential to predict protein A year ago, at the CASP14 meeting, on structural biology. and the caveats of
three-dimensional (3D) structures AlphaFold? from DeepMind outperformed  predicted structures.

given a linear sequence of amino acids  all other approaches, and by a wide The burning question, however, is,

has captivated computational biclogists for margin. On average, the fraction of a now that it is possible to predict accurate
o Wi i ol e 1] PO I S p— 1. P B S,

FOCUS | COMMENT

[0 check o pdatea out disulfid
Protein structure predictions to atomic accuracy —
with AlphaFold

AlphaFold is a neural-network-based approach to predicting protein structures with high accuracy. We describe

how it works in general terms and discuss some anticipated impacts on the field of structural biology. In
John Jumper and Demis Hassabis NH
n the 2020 Critical Assessment of protein ~ machine-learning algorithms, consisting interpreted as a communication between
Structure Prediction (CASP14), the of pipelines of alternating linear and different sequence positions, we add a special
AlphaFold system' predicted almost nonlinear components, called layers, that are  connection to our 'pair representation’ that
two-thirds of the target protein structures typically ‘trained’ (the process of optimizing  enables the network to modulate these
at an accuracy that the assessors considered  parameters) using gradient descent on the interactions on the basis of its understanding

NATURE METHOD'S | VOL 19| IANUARY 2022 | 11-26 | www nature.comynaturemethads n

COOH NH,
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XK protein 20214
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2001: VPS13A J€enNe (.nonMcLeod neuroacanthocytosis“ tested)
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Webinar outline

e Mutual introduction

 Problems of ,,neuroacanthocytosis“/,,Levine-Critchley syndrome*

« XK and VPS13A diseases (novel nomenclature)

- clinical features

- genetic background - diagnosis

- Bulk lipid transfer as recently discovered mechanism

« Reference material

« Questions and answers
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Bulk lipid transfer proteins

SHIP164
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@ CelPress

fransfer proteins

Sarah D. Neunan, ' Tim P. Levine,* and Arash Bashirullah ®'*

Lipid transfer proteins mediate nonvesicular transport of lipids at membrane
contact sites to regulate the lipid composition of organelle membranes. Recently,
anew type of bridge-like lipid transfer protein has emerged; these proteins con-
tain a long hydrophobic groove and can mediate bulk transport of lipids between
organelles. Here, we review recent insights into the structure of these proteins and
identify a repeating modular unit that we propose to name the repeating B-groove
(RBG) domain. This new structural understanding conceptually unifies all the RBG
domain-containing lipid transfer proteins as members of an RBG protein super-
family. We also examine the biological functions of these lipid transporters in nor-
mal physiology and disease and speculate on the evolutionary origins of RBG
proteins in bacteria.

MNonvesicular lipid transfer occurs at membrane contact sites

The lipid ion of each i s unique and plays an essential role in main-
taining organealle dentity and function. Lipids can be moved betwean organelles via vesicular or
rnonvesicular trafficking. Seminal work in the 1980s suggested that phospholipids and sterols
are primarty transported via nonvesicular routes [1,]; since then, evidence ing the

Trends in
Cell Biology

A novel superfamily of bridge-like lipid

Highiights
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primacy and importance of nonvesicular lipid transport has continued to grow. Nonvesicular
lipid trafficking is camied out by lipid transfer proteins (LTPs), cytoplasmic proteins that lower
the energy bamier for Ipids to move between membranes across aqueous spaces [3].

Most known LTPs fold to form a box-like shape with a hydrophobic lining capable of holding a
single lipid [4,5). These box-like LTPs transfer lipids via a shuttling mechanism, selecting one
lpid molecule at a time based on headgroup and transferring it from donor to acceptor mem-
branes [4]. Often this cocurs at membrane contact sites, locations where two organelles arein
dose enough proxdmity that a single protein can bridge the gap [5].

Inthe past 4 years, a new dass of LTP has emenged. These LTPs are large proteins that fokd to form
long bridge-lke structures that span the entire distance batwieen at
stes [7-17]. The hydrophabic lining of these LTPs enabiles tham o function ke lipid superhighways
«connecting organelie membranes [7,9,12,13]. Five members of this LTP family have been identified:
VPS13, ATG2, the Hob proteins, Tweek/Csf1/KIAAT108, and SHIP164 [7-8,12-18]. In ths review,
e I adhances in [ of this novel superfamily of bridge-ke
LTPs, hi fing a shared structural ad of a repeating seres of B-sheets that we
«call the RBG domain. We also review recent developments in charactarizing the molecular, celllar,
and physblogical functions of these prateins and speculate on their evolutionary orgins,

A new family of eukaryotic LTPs with long hydrophobic grooves
VPS13 and ATG2 are large (3000-4000 and ~2000 amino adds, respectively) proteins that are
highly conserved among eukaryotes. Structural studies in the past 4 years showed that both
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VPS13 gene family

VPS13A — ChAc

VPS13B — Cohen syndrome
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VPS13C — Lewy body pathology e

VPS13D — ataxia syndromes

—t 67

Velayos-Baeza A et al. Genomics 2004;84:536

October 25, 2022

VPS13A and XK bulk lipid transfer diseases
Adrian Danek - danek@Imu.de



KLINIKUM

I_IVI u DER UNIVERSITAT MUNCHEN Neurologische Klinik und Poliklinik (Prof. Dr. M. Dieterich, FANA, FEAN)

BBA - Molecular and Cell Biology of Lipids 1866 (2021) 159003

Contents lists available at ScienceDirect

BBA - Molecular and Cell Biology of Lipids

journal homepage: www.elsevier.com/locate/bbalip
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Insights into VPS13 properties and function reveal a new mechanism of il
eukaryotic lipid transport™
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Course of VPS13A disease
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Diagramm1

		Death		Death		Death		8.5		14

		Neuropathy		Neuropathy		Neuropathy		9		20

		Myopathy		Myopathy		Myopathy		8		23

		Areflexia/hyporeflexia		Areflexia/hyporeflexia		Areflexia/hyporeflexia		6		12.75

		Parkinsonism		Parkinsonism		Parkinsonism		3		2.5

		Vocalizations		Vocalizations		Vocalizations		5		9.5

		Dysarthria		Dysarthria		Dysarthria		5.5		7.5

		Tongue dystonia		Tongue dystonia		Tongue dystonia		6		8

		Chorea (head/neck)		Chorea (head/neck)		Chorea (head/neck)		6		18

		Chorea (limbs/trunk)		Chorea (limbs/trunk)		Chorea (limbs/trunk)		5		10.5

		Facial tics		Facial tics		Facial tics		12.25		7

		Dystonia		Dystonia		Dystonia		2		7

		Seizure		Seizure		Seizure		13.75		26

		Onset		Onset		Onset		18		13
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WinSTAT Commands

		1/8/08 18:44		1/8/08 12:11

		1		4

				0

				Median

				Quartil 75%





WinSTAT Trigger

		95

		HasTestMacro





Tabelle Mutations I

		Mutationen Overall

				Exon				Intron

				n		%		n		%		n		%

		Small deletion/insertion (frameshift)		37		49%						37		40%

		Nonsense		22		29%						22		24%

		Gross deletion		7		9%						7		8%

		Missense		6		8%						6

		Splice-site		3		4%		18		100%		21		23%

		Total		75		78%		18		22%		93		100%

		Not determined										17

																				Small deletion/insertion (frameshift)		49.33%		49.21%

																				Nonsense		29.33%		31.75%

																				Gross deletion		9.33%		9.52%

		Mutations 106 patients																		Missense		8.00%		7.94%

				Exon				Intron												Splice-site		4.00%		1.59%

				n		%		n		%		n		%								100.00%		100.00%

		Small deletion/insertion (frameshift)		31		49%						31		38%

		Nonsense		20		32%						20		25%

		Gross deletion		6		10%						6		7%

		Missense		5		8%						5		6%

		Splice-site		1		2%		18		100%		19		23%						38.27%

		Total		63		78%		18		22%		81		100%						24.69%

						100%				100%										7.41%

		Not determined										17								6.17%

																				23.46%

		Studied		70																1

		Family		30

		Unknown		6





Tabelle Mutations II

		Book		Region				DNA Change		Effect on Coding Sequence		Patient Number		Mutation				Pat. Count				Mutation old

		1		Exon		4		c.269T>A		p.I90K		1, 2, 3, 4		ms				1				oth

		1		Exon		31		c.3283G>C		p.A1095P		48		ms				4				oth

		1		Exon		37		c.4354T>C		p.S1452P		9, 10		ms

		1		Exon		53		c.7378T>C		p.W2460R		56		ms				4				ns

		1		Exon		59		c.8162A>G		p.Y2721C		17, 18		ms				1				oth

		1		Exon		57		c.8016G>C		p.K2672N		XX		ms				2				fs

		2		Exon		9		c.622C>T		p.R208X		6, 36, 55, 64		ns

		2		Exon		17		c.1549G>T		p.E517X		23		ns

		2		Exon		18		c.1616C>G		p.S539X		45		ns				1				fs

		2		Exon		22		c.2191C>T		p.R731X		88, 89		ns				1				fs

		2		Exon		23		c.2347C>T		p.Q783X		93, 94		ns				1				ns

		2		Exon		25		c.2593C>T		p.R865X		31, 31		ns				1				oth

		2		Exon		30		c.3157C>T		p.Q1053X		42		ns				1				ns

		2		Exon		34		c.3889C>T		p.R1297X		63		ns				1				ns

		2		Exon		37		c.4355C>G		p.S1452X		59, 104		ns				2				ns

		2		Exon		37		c.4411C>T		p.R1471X		54, 103		ns				1				del

		2		Exon		41		c.5084T>A		p.L1695X		92		ns				2				ns

		2		Exon		45		c.5920G>T		p.E1974X		26, 27, 28, 29		ns				2				ns

		2		Exon		46		c.6094C>T		p.R2032X		24, 25		ns				1				oth

		2		Exon		48		c.6419C>G		p.S2140X		53		ns

		2		Exon		48		c.6494G>A		p.W2165X		32, 33		ns				1				ns

		2		Exon		48		c.6700C>T		p.R2234X		7		ns				1				fs

		2		Exon		50		c.7005G>A		p.W2335X		60, 61		ns				1				fs

		2		Exon		56		c.7867C>T		p.R2623X		52		ns				1				ns

		2		Exon		68		c.9109C>T		p.R3037X		11, 12, 13, 14, 15, 21		ns

		2		Exon		70		c.9219C>G		p.Y3073X		37, 38, 39, 40		ns				2				fs

		2		Exon		13		c.1078C>T		p.Q360X		XX		ns				1				fs

		2		Exon		29		c.3109A>T		p.K1037X		XX		ns				1				fs

		3		Exon		4		c.237del		p.E80KfsX11		20		sid				2				oth

		3		Exon		13		c.1115del		p.K372SfsX2		16		sid				2				ns

		3		Exon		13		c.1125_1128del		p.S375RfsX23		34, 35		sid				2				ns

		3		Exon		14		c.1187_1188del		p.F396X		44		sid				1				oth

		3		Exon		14		c.1208_1211del		p.Q403RfsX6		52		sid				1				fs

		3		Exon		17		c.1592del		p.I531KfsX7		5		sid				1				fs

		3		Exon		20		c.2029_2031delins27		p.H677delinsIYX		57		sid				1				fs

		3		Exon		27		c.2833_2834del		p.K945EfsX11		19		sid				1				fs

		3		Exon		33		c.3556_3557dupAC		p.V1187LfsX12		90		sid				1				ns

		3		Exon		35		c.3995_3996delinsA		p.F1332X		88, 89		sid				4				fs

		3		Exon		36		c.4216del		p.V1406CfsX20		63		sid				1				fs

		3		Exon		37		c.4346del		p.S1449FfsX5		46		sid				4				ns

		3		Exon		38		c.4419dupA		p.G1474RfsX7		6		sid				2				fs

		3		Exon		38		c.4428_4431del		p.G1478LfsX6		92		sid				2				ns

		3		Exon		39		c.4724del		p.P157LAfsX3		86		sid

		3		Exon		39		c.4835del		p.P1612QfsX30		48		sid				4				oth

		3		Exon		40		c.4903_4906del		p.K1635VfsX6		87		sid				1				ns

		3		Exon		41		c.5253_5266del		p.F1751LfsX14		37, 38, 39, 40		sid				2				ns

		3		Exon		45		c.5909_5910del		p.E1970VfsX4		79		sid				1				oth

		3		Exon		46		c.6059del		p.2020LfsX9		62, 84		sid				1				fs

		3		Exon		48		c.6404_dupT		p.S2136KfsX2		1, 2, 3, 4		sid				2				fs

		3		Exon		49		c.6804dupG		p.S2269VfsX7		64		sid				2				ns

		3		Exon		49		c.6828del		p.V2277LfsX12		67, 102		sid				1				fs

		3		Exon		53		c.7339dupT		p.Y2447LfsX5		47		sid				1				fs

		3		Exon		57		c.7985_7989del		p.P2662RfsX6		58		sid				4				del

		3		Exon		57		c.8007del		p.K2669NfsX22		49, 50, 51		sid				1				ss

		3		Exon		61		c.8390del		p.G2797DfsX2		41		sid				1				ns

		3		Exon		67		c.9065_9066del		p.Q3022RfsX10		102		sid				1				fs

		3		Exon		70		c.9190del		p.V3064SfsX17		53		sid				3				fs

		3		Exon		71		c.9286_9289dupTTTG		p.T3098CfsX12		11, 12, 13, 14, 15		sid

		3		Exon		72		c.9429_9432del		p.R3143SfsX5		20, 57, 100, 101		sid

		3		Exon		13		c.994del		p.A332LfsX10		XX		sid				2				oth

		3		Exon		34		c.3847del		p.L1283WfsX7		XX		sid				1				fs

		3		Exon		47		c.6283del		p.S2095QfsX10		XX		sid				1				fs

		3		Exon		5		c.365_372dupAACAAAAA		p.V125NfsX4		XX		sid				6				ns

		3		Exon		71		c.9367del		p.V3123FfsX14		XX		sid				1				ss

		3		Exon		72		c.9431_9432del		p.E3144VfsX6		XX		sid				4				ns

		4		Exon		23		c.2289-?_2427+?del		p.I766HfsX14		30		del				5				oth

		4		Exon		54		c.7420-?_7652+?del		p.D2474FfsX2		95, 96, 97, 98		del

		4		Exon		2-3		c.101-?_187+?del		p.A35_G63del		99		del				4				fs

		4		Exon		46-50		c.5992-?_7026+?del		p.I1998_Q2342del		105, 106		del

		4		Exon		60-61		c.8211+1232_8472-245delinsTC		p.V2738AfsX5		XX		del

		4		Exon		70-73		c.9189+8647_oGNA14:723+897del		unknown		68, 69, 70, 71, 72, 73, 74, 75, 76		del				1				del

		4		Exon		8-9		c.556-?_696+?del		p.T186_L232del		85		del				1				del

		5		Exon		55		c.7806G>A		splice-site		23		ss				2				del

		5		Exon		57		c.8035G>A				XX		ss

		5		Exon		72		c.9474G>A				XX		ss				9				del

		5		Intron		3		c.188-5T>G		splice-site		80		ss				1				ss

		5		Intron		6		c.495+1G>A		splice-site		81, 82, 83		ss				3				ss

		5		Intron		6		c.495+5G>A		splice-site		87		ss				1				ss

		5		Intron		11		c.883-1_892del		splice-site		49, 50, 51		ss				3				ss

		5		Intron		17		c.1595+1G>A		splice-site		60, 61		ss				2				ss

		5		Intron		17		c.1596-1G>C		splice-site		59, 104		ss				2				ss

		5		Intron		17		c.1596-2A>C		splice-site		43		ss				1				ss

		5		Intron		21		c.2170+1G>A		splice-site		54		ss				1				ss

		5		Intron		22		c.2288+2T>C		splice-site		22		ss				1				ss

		5		Intron		36		c.4242+1G>T		Exon 36 skipped; A1373FfsX7		65, 66, 75, 76, 77, 78		ss				6				ss

		5		Intron		40		c.4956+1G>T		splice-site		36		ss				1				ss

		5		Intron		48		c.6775-2A>C		splice-site		7, 8		ss				2				ss

		5		Intron		61		c.8472-1G>C		splice-site		22		ss				1				ss

		5		Intron		65		c.8907+2T>A		splice-site		43		ss				1				ss

		5		Intron		70		c.9275+1G>A		splice-site		21		ss				1				ss

		5		Intron		70		c.9276-2A>T		splice-site		67		ss				1				ss

		5		Intron		71		c.9399+2_+8del		splice-site		41		ss				1				ss

		5		Intron		58		c.8105+3_+6del		splice-site		91		ss				1				ss

				Unknown				Not clearly determined				17, 18, 19, 24, 25, 34, 35, 45, 46, 47, 58, 79, 80, 81, 82, 83, 91		nd				17				nd

				Unknown, not clearly determined on 17 alleles
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Epidemiology

		Country		n patients		%		Patient Number

		Argentina		1		1%		46

		Australia		2		2%		100, 101

		Brasil		1		1%		45

		Canada		14		13%		68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 81, 82, 83

		Finland		1		1%		86

		France		6		6%		5, 9, 10, 56, 65, 66

		Germany		7		7%		21, 23, 43, 59, 104, 105, 106

		Israel		2		2%		30, 84

		Italy		13		12%		6, 16, 19, 22, 34, 35, 36, 63, 64, 67, 87, 102, 103

		Japan		2		2%		54, 55

		Mexico		6		6%		11, 12, 13, 14, 15, 90

		The Netherlands		3		3%		80, 85, 91

		Norway		6		6%		32, 33, 37, 38, 39, 40

		Saudi Arabia		6		6%		26, 27, 28, 29, 42, 44

		Slovenia		2		2%		88, 89

		Spain		8		8%		31, 93, 94, 95, 96, 97, 98, 99

		UK		15		14%		1, 2, 3, 4, 17, 18, 20, 24, 25, 57, 58, 60, 61, 79, 92

		USA		11		10%		7, 8, 41, 47, 48, 49, 50, 51, 52, 53, 62

		Europe		61		58%

		America		33		31%

		Other		12		11%





Presenting Symptoms

				n		Percentage of 102		Percentage of 106		Patient Number

		Seizure		43		42%		41%		1, 5, 6, 16, 20, 24, 25, 30, 31, 32, 34, 35, 37, 38, 42, 44, 46, 47, 50, 51, 56, 58, 61, 64, 66, 70, 71, 72, 73, 74, 75, 79, 81, 82, 83, 84, 85, 86, 87, 93, 94, 97, 101

		Orofacial dyskinesia		26		25%		25%		2, 5, 6, 7, 13, 17, 19, 21, 23, 26, 27, 33, 34, 36, 39, 49, 53, 59, 60, 65, 67, 77, 91, 100, 103, 106

		Cognition / Psychiatric		23		23%		22%		1, 2, 4, 6, 7, 8, 13, 17, 18, 19, 20, 21, 22, 29, 46, 48, 58, 67, 69, 95, 96, 98, 105

		Chorea		17		17%		16%		6, 9, 10, 11, 12, 13, 14, 21, 27, 36, 39, 40, 43, 55, 78, 92, 99

		Imbalance/Gait problems		17		17%		16%		1, 3, 6, 13, 14, 15, 28, 36, 41, 43, 62, 68, 88, 89, 90, 91, 104

		Dysarthria		15		15%		14%		1, 2, 3, 5, 7, 11, 12, 17, 18, 26, 40, 53, 68, 77, 104

		Tics		10		10%		9%		17, 21, 22, 27, 39, 49, 53, 60, 80, 99

		Tongue & Lip biting		8		8%		8%		5, 7, 17, 19, 20, 43, 51, 54

		Dysphagia		8		8%		8%		1, 2, 3, 11, 27, 40, 65, 91

		Restlessness		7		7%		7%		3, 7, 21, 48, 50, 59, 67

		Parkinsonism		3		3%		3%		5, 17, 29

		Incoordination		3		3%		3%		48, 52, 90

		Muscle weakness		3		3%		3%		13, 63, 98

		Vocalizations		2		2%		2%		27, 53

		Patients with onset symptoms stated [n]		102

		Patients with onset symptoms not stated		45, 57, 76, 102





Medication

						n patients		Effect yes		Effect no		Effect n		Effect %yes		Effect %no

		Antikonvulsiva		Carbamazepine		23		12		3		15		80%		20%		3

		Antikonvulsiva		Valproic acid		15		10		2		12		83%		17%		3

		Antikonvulsiva		Phenobarbital		8		5		0		5		100%		0%		3

		Antikonvulsiva		Gabapentin		6		4		0		4		100%		0%		3

		Antikonvulsiva		Lamotrigine		3		2		1		3		67%		33%		3

		Neuroleptika		Clozapine		7		4		1		5		80%		20%		3

		Neuroleptika		Olanzapine		6		2		1		3		67%		33%		3

		Antidepressiva		Fluoxetine		3		1		0		1		100%		0%		2

		Antidepressiva		Lithium		1		1		0		1		100%		0%		2

		Chorea		Tetrabenazine		9		4		5		9		44%		56%		2

		Antikonvulsiva		Clonazepam		10		3		3		6		50%		50%		2

		Antikonvulsiva		Levetirazetam		2		1		0		1		100%		0%		2

		Antikonvulsiva		Topiramat		1		1		0		1		100%		0%		2

		Parkinson		Trihexphenidyl		4		3		0		3		100%		0%		2

		Parkinson		Pramipexole		1		1		0		1		100%		0%		2

		Parkinson		Amantadine		1		1		0		1		100%		0%		2

		Sonstige		Botox		4		2		0		2		100%		0%		2

		Sonstige		Deep brain stimulation		1		1		0		1		100%		0%		2

		Antikonvulsiva		Phenytoin		6		0		2		2		0%		100%		1

		Neuroleptika		Haloperidol		16		2		11		13		15%		85%		1

		Neuroleptika		Sulpirid		8		1		6		7		14%		86%		1

		Neuroleptika		Quetiapine		3		1		1		2		50%		50%		1

		Parkinson		L-Dopa		8		1		6		7		14%		86%		1

		Sonstige		Hydantoin		2		0		1		1		0%		100%		1

		Tranquilizer		Triazolam		1		0		1		1		0%		100%		1

		Tranquilizer		Diazepam		1		0		1		1		0%		100%		1

		Antidepressiva		Desipramine		1												0

		Neuroleptika		Fluphenazine		1												0

		Neuroleptika		Perphenazine		1												0

		Tranquilizer		Zolpidem		2												0

						n patients		Effect yes		Effect no		Effect n		Effect %yes		Effect %no

		Antidepressiva		Fluoxetine		3		1		0		1		100%		0%		2

		Antidepressiva		Lithium		1		1		0		1		100%		0%		2

		Antidepressiva		Desipramine		1												0

		Antikonvulsiva		Carbamazepine		23		12		3		15		80%		20%		3

		Antikonvulsiva		Valproic acid		15		10		2		12		83%		17%		3

		Antikonvulsiva		Phenobarbital		8		5		0		5		100%		0%		3

		Antikonvulsiva		Gabapentin		6		4		0		4		100%		0%		3

		Antikonvulsiva		Lamotrigine		3		2		1		3		67%		33%		3

		Antikonvulsiva		Tetrabenzine		9		4		5		9		44%		56%		2

		Antikonvulsiva		Clonazepam		10		3		3		6		50%		50%		2

		Antikonvulsiva		Levetirazetam		2		1		0		1		100%		0%		2

		Antikonvulsiva		Topiramat		1		1		0		1		100%		0%		2

		Antikonvulsiva		Phenytoin		6		0		2		2		0%		100%		1

		Neuroleptika		Clozapine		7		4		1		5		80%		20%		3

		Neuroleptika		Olanzapine		6		2		1		3		67%		33%		3

		Neuroleptika		Haloperidol		16		2		11		13		15%		85%		1

		Neuroleptika		Sulpirid		8		1		6		7		14%		86%		1

		Neuroleptika		Quetiapine		3		1		1		2		50%		50%		1

		Neuroleptika		Fluphenazine		1												0

		Neuroleptika		Perphenazine		1												0

		Parkinson		Trihexphenidyl		4		3		0		3		100%		0%		2

		Parkinson		Pramipexole		1		1		0		1		100%		0%		2

		Parkinson		Amantadine		1		1		0		1		100%		0%		2

		Parkinson		L-Dopa		8		1		6		7		14%		86%		1

		Sonstige		Botox		4		2		0		2		100%		0%		2

		Sonstige		Deep brain stimulation		1		1		0		1		100%		0%		2

		Sonstige		Hydantoin		2		0		1		1		0%		100%		1

		Tranquilizer		Triazolam		1		0		1		1		0%		100%		1

		Tranquilizer		Diazepam		1		0		1		1		0%		100%		1

		Tranquilizer		Zolpidem		2												0





Age Distribution

		

				%				n

				Onset (n=106)		Death (n=26)		Death		Onset

		≤ 10		2%		0%		0		2

		11-15		2%		0%		0		2

		16-20		7%		0%		0		7

		21-25		20%		0%		0		21

		26-30		27%		8%		2		29

		31-35		26%		12%		3		28

		36-40		12%		31%		8		13

		41-45		3%		15%		4		3

		46-50		1%		19%		5		1

		51-55		0%		8%		2		0

		56-60		0%		0%		0		0

		≥ 61		0%		8%		2		0

								26		106





Age Distribution
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Percent of patients



Course of disease box plots

		



Onset (n=106)

Death (n=26)



Course of disease data

				Death		Neuropathy		Myopathy		Areflexia/hyporeflexia		Parkinsonism		Vocalizations		Dysarthria		Tongue dystonia		Chorea (head/neck)		Chorea (limbs/trunk)		Facial tics		Dystonia		Seizure		Onset						MRI pathological [n=32]		CAT scan pathological [n=25]

		Median		41.0		36.0		37.0		36.0		35.0		35.0		34.0		32.0		32.0		32.0		30.5		30.0		30.0		29.0						36.0		40.0

		Q1		36.5		33.0		34.0		32.0		30.0		29.0		30.5		29.0		29.0		27.0		28.3		27.0		26.8		25.0						32.5		38.0

		Q3		47.0		41.0		38.0		41.3		41.5		36.5		38.5		34.0		36.0		36.5		34.0		32.0		33.0		33.0						38.0		44.0

		Minimum		28.0		24.0		26.0		26.0		27.0		24.0		25.0		23.0		23.0		22.0		16.0		25.0		13.0		7.0						26.0		32.0

		Maximum		61.0		61.0		61.0		54.0		44.0		46.0		46.0		42.0		54.0		47.0		41.0		39.0		59.0		46.0						44.0		44.0

		25th		36.5		33.0		34.0		32.0		30.0		29.0		30.5		29.0		29.0		27.0		28.3		27.0		26.8		25.0						32.5		38.0

		50th		4.5		3.0		3.0		4.0		5.0		6.0		3.5		3.0		3.0		5.0		2.3		3.0		3.3		4.0						3.5		2.0

		75th		6.0		5.0		1.0		5.3		6.5		1.5		4.5		2.0		4.0		4.5		3.5		2.0		3.0		4.0						2.0		4.0

		Min		8.5		9.0		8.0		6.0		3.0		5.0		5.5		6.0		6.0		5.0		12.3		2.0		13.8		18.0						6.5		6.0

		Max		14.0		20.0		23.0		12.8		2.5		9.5		7.5		8.0		18.0		10.5		7.0		7.0		26.0		13.0						6.0		0.0

		n		26		41		30		68		11		11		19		29		13		39		18		14		28		106						32		25





Course of disease data
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Lab

		Phase				Median		Max		Quartil 75%		Quartil 25%		Min		n

		I		Onset		29.0		46.0		33.0		25.0		7.0		106

				Seizures		30.0		59.0		33.0		26.8		13.0		28

				Dystonia		30.0		39.0		32.0		27.0		25.0		14

				Tics		30.5		41.0		34.0		28.3		16.0		18

				Orofacial movements		30.5		39.0		34.3		26.8		23.0		20

		II		Movement disorder		31.0		47.0		36.0		26.0		12.0		84

				Chorea (trunk)		32.0		47.0		36.5		27.0		22.0		39

				Chorea (head/neck)		32.0		54.0		36.0		29.0		23.0		13

				Tongue		32.0		42.0		34.0		29.0		23.0		29

				Dysarthria		34.0		46.0		38.5		30.5		25.0		19

				Vocalizations		35.0		46.0		36.5		29.0		24.0		11

		III		Parkinsonism		35.0		44.0		41.5		30.0		27.0		11

				Neuropathy		36.0		61.0		41.0		33.0		24.0		41

				Reflexes absent/reduced		36.0		54.0		41.3		32.0		26.0		68

				Changes in MRI		36.0		44.0		38.0		32.5		26.0		23

				Myopathy		37.0		61.0		38.0		34.0		26.0		31

				Changes in CAT Scan		40.0		44.0		44.0		38.0		32.0		9

		IV		Exitus		41.0		61.0		47.0		36.5		28.0		26

				Mean survival time after onset		12.0





Lab-Age Correlation

				Median		Max		Quartil 75%		Quartil 25%		Min		n		Norm		Median normiert

		Acanthocytes [%]		20%		83%		37%		10%		0%		63		7%		286%

		CPK [U/l]		1249		9310		2463		501		21		82		170		735%

		LDH [U/l]		497		2193		643		296		145		47		245		203%

		ALT [U/l]		40		329		71		26		6		50		50		79%

		AST [U/l]		35		488		62		24		8		51		52		67%

		gGT [U/l]		21		327		30		16		5		37		71		30%

		Age lab taken		36		61		40.5		32		23		60

		Korrelationskoeffizient rho

				Acanthocytes		AST		ALT		gGT		LDH		CK

		vs age of onset		0.05		-0.12		-0.05		-0.11		-0.08		0.02

		vs age		-0.17		-0.29		-0.33		-0.06		-0.11		0.05

		vs disease duration		-0.25		-0.03		-0.03		0.11		0.07		0.05





Lab-Age Correlation

		



vs age of onset

vs age

vs disease duration



Symptoms

		Age of onset		Age		Years after Onset		Acantho		AST		ALT		gGT		LDH		CK				Acantho		AST		ALT		gGT		LDH		CK

		37		61		24														Rho Onset		0.05		-0.12		-0.05		-0.11		-0.08		0.02

		39																		Rho Age		-0.17		-0.29		-0.33		-0.06		-0.11		0.05

		40						0.1										401		Rho Disease duration		-0.25		-0.03		-0.03		0.11		0.07		0.05

		44						0.25

		32		32		0		0.2		74		95		21		342		1870

		32		38		6		0.11		88		69				698		2470

		32		36		4		0.1										900

		37		47		10		0.02										5910

		31		37		6		0.33		22		21		28		491		1340

		27		33		6		0.2		98		115		327		577		1530

		33						0.2

		27

		24

		36

		32		44		12										260		1366

		32		42		10		0.2		22		35		24		285		513

		12		24		12		0.15										109

		8		23		15		0.12										103

		26		30		4		0.2		49				7		190		870

		31		32		1		0.2						26		190		347

		32		43		11		0.35		24								2700

		16		30		14		0.1		21		22				766		3010

		28		29		1		0.46		17		28		6		341		276

		33		37		4		0.032										3907

		27						0.35										3014

		42						0.4

		30						0.15										3360

		20						0.1										224

		20						0.12										1393

		39		41		2				19		36		31		556		119

		24		34		10		0.5		49		64		30				2000

		29						0.15		81		112		48		895		4327

		22		40		18		0.15		24		37		16		344		163

		32								48		60						422

		33		39		6				25		20		7		670		1586

		25								28		19				565		935

		25

		24						0		30		28		21		238

		25		36		11		0		24		32		12		383		622

		22		39		17		0.02

		24																1470

		28																488

		35		39		4		0.25		19		16		18		251		937

		26						0.25								936		7175

		31		35		4		0.11										111

		46														412		528

		27																4000

		29																2989

		35																5859

		24

		22																425

		22		30		8										231		298

		27		44		17												493

		24		26		2				39		42				307		263

		35		40		5				21		25				528

		31						0.02		44		99		192		846		1150

		33						0.25										1980

		39						0.05										692

		21								35		27						21

		34		43		9		0.01		47								1290

		27		37		10		0.5										838

		26

		24		37		13										850		2000

		29						0.35		18		6		22				666

		29		32		3		0.1		22		20		14		525		641

		7		28		21		0.05		159		124		17		817		6330

		20		37		17		0.51		44		36		16		510		2355

		33		40		7												581

		17																271

		30		41		11				18		26

		38						0.1

		26		47		21		0.04		35		47		27				1237

		23

		26		37		11		0.05		72		53				319		285

		20

		27

		38		44		6		0.07										3212

		41								27		26						605

		39										202						1251

		16		32		16		0		82		68		16		386		655

		31		44		13												1274

		25		46		21												2668

		26

		30		38		8		0.38		30		27		43		615		700

		33								336		171				551		7341

		30		35		5		0.5		264		159		13		488		1932

		24		32		8		0.3		25		14		23		726		2441

		38						0.4		51		47		22		749		1309

		36		43		7		0.6		29		25		18		527		497

		30						0.4

		38		43		5				7.5		8		29

		30		31		1						75						1944

		13		33		20		0.45		30		52		225		168		1247

		28		30		2		0.83		41		72		35		215		1374

		33		36		3		0.2		39		44		145		558		9310

		25		31		6		0.75		488		329				2193		5610

		32		35		3		0		51		45		39		435		1170

		25		28		3		0.25		146		121		15		756		3615

		24		30		6		0.4		59		48		5		580		2491

		33

		35

		27		36		9				65		25				497		2700

		26		30		4		0.5		25		27		10		145		414

		33		36		3		0.68		32		27		20		275		452

		32		38		6		0.3		82		95		18		210		1445

		30						0.1										714

		BSR

		45

		23

		68

		33

		101

		0.6732673267





Symptoms

		



Rho Onset

Rho Age

Rho Disease duration



Imaging

		Group		Symptom		% yes/n		% yes/106		% (106-no)/106		yes		no		n		% n/106

		Movement disorder		Dysarthria		94%		83%		94%		88		6		94		89%

		Movement disorder		Orofacial (any)		89%		81%		90%		86		11		97		92%

		Movement disorder		Face		89%		74%		91%		78		10		88		83%

		Movement disorder		Chorea (limbs/trunk)		84%		81%		85%		86		16		102		96%

		Movement disorder		Dysphagia		84%		49%		91%		52		10		62		58%

		Movement disorder		Tongue		76%		62%		80%		66		21		87		82%

		Movement disorder		Tics		72%		58%		77%		61		24		85		80%

		Movement disorder		Vocalizations		67%		55%		74%		58		28		86		81%

		Movement disorder		Dystonia		62%		53%		68%		56		34		90		85%

		Movement disorder		Chorea (head/neck)		59%		40%		73%		42		29		71		67%

		Movement disorder		Parkinsonism		31%		26%		42%		28		62		90		85%

		Myopathy		Myopathy general		57%		52%		61%		55		41		96		91%

		Myopathy		Muscle biopsy: myopathy		57%		19%		86%		20		15		35		33%

		Myopathy		Myopathy clinical		43%		27%		63%		29		39		68		64%

		Myopathy		Electromyography: myopathic		40%		22%		68%		23		34		57		54%

		Neuropathy		Neuropathy general		66%		53%		73%		56		29		85		80%

		Neuropathy		Nerve biopsy: neuropathic		59%		16%		89%		17		12		29		27%

		Neuropathy		Electroneurography: neuropathic		55%		32%		74%		34		28		62		58%

		Neuropathy		Neuropathy clinical		39%		25%		60%		27		42		69		65%

		Other		Psychiatric		71%		57%		77%		60		24		84		79%

		Other		Cognitive		70%		48%		79%		51		22		73		69%

		Other		Seizures		67%		58%		71%		62		31		93		88%

		Reflex		Achilles absent/reduced		78%		75%		79%		79		22		101		95%

		Reflex		Patella absent/reduced		74%		69%		75%		73		26		99		93%

		Reflex		Brachioradialis absent/reduced		68%		65%		70%		69		32		101		95%

		Reflex		Biceps absent/reduced		67%		64%		69%		68		33		101		95%

		Reflex		Triceps absent/reduced		67%		64%		69%		68		33		101		95%

		Lab		CK Elevation > 170 U/l		92%		72%		93%		76		7		83		78%

		Lab		LDH Elevation > 245 U/l		83%		37%		92%		39		8		47		44%

		Lab		CK Elevation > 500 U/l		73%		58%		79%		61		22		83		78%

		Lab		Acanthocytes >10%		67%		40%		80%		42		21		63		59%

		Lab		ALT (ALAT)  >50 U/l		38%		18%		71%		19		31		50		47%

		Lab		AST (ASAT) > 52 U/l		27%		13%		65%		14		37		51		48%

		Lab		gGT > 71 U/l		11%		4%		69%		4		33		37		35%

		Imaging		MRI pathological		77%		52%		85%		55		16		71		67%

		Imaging		BG degeneration		76%		60%		81%		64		20		84		79%

		Imaging		CT pathological		44%		20%		75%		21		27		48		45%

		General		Other general		18%		6%		75%		6		26		33		31%

		General		Sleep apnea		17%		4%		82%		4		19		24		23%

		General		Splenomegaly		13%		8%		48%		9		55		67		63%

		General		Cardiac disease		11%		8%		41%		8		63		71		67%

		General		Hepatic disorder		10%		7%		43%		7		60		67		63%





						yes		no		total

		MRI		n		55		16		71

				Percentage of n MRI		77%		23%		100%

				Percentage of 106		52%		15%		67%

		CT		n		21		27		48

				Percentage of n CT		44%		56%		100%

				Percentage of 106		20%		25%		45%

						Median Age		Quartil 75%		Max		Min		Quartil 25%		n

				Age MRT no		34.0		36.0		39.0		28.0		31.0		9

				Age CT no		34.0		39.5		43.0		24.0		30.8		16

				Age MRT yes		36.0		38.0		44.0		26.0		32.5		23

				Age CT yes		40.0		44.0		44.0		32.0		38.0		9
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Chorea-Acanthocytosis Genotype in the Original
Critchley Kentucky Neuroacanthocytosis Kindred
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Benedikt Bader, MD; Edmund M. R. Critchley, DM {Oxon), FRCP; Anthony P. Monaco, MD, PhD;

Adrian Danek, MD; Ruth H. Walker, MB, ChB, PhD

Objective: To determine the molecular nature of the neu-
rological disease in the seminal family reported by Critch-
ley etal in the 1960s, characterized by a hyperkinetic move-
ment disorder and the appearance of acanthocytosis on
peripheral blood smear. The eponym Levine-Critchley syn-
drome, subsequently termed newroacanthocytosts, has been
applied to sympromatically similar, but genetically distinct,
disorders, resulting in clinical and diagnostic confusion.

Design: DNA analysis.
Setting: Molecular biology research laboratories.

Participants: First- and second-degree relatives of the
original Critchley et al proband from Kentucky.

Main Outcome Measures: Mutations in the VPS134
gene.

Results: A mutation was identified in the VP5134
gene, responsible for autosomal recessive chorea-
acanthocytosis. Haplotype reconstruction suggested that
this mutation was homozygous in the proband.

Conclusion: These findings strongly support the diag-
nosis of chorea-acanthocytosis as the disorder de-
scribed in the original report.

Arch Neurol. 2011:68(10):1330-1333
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EURDACANTHOCYTOSIS
(NA) is an umbrella term
fior a genetically and phe-
notypically heteroge-
neous group of neuro-
logical conditions that occur together with
spiny red blood cells known as acantho-
cytes. Some of the earliest cases of NA re-
ported in the Western literature were given
the eponym Levine-Critchley syndrome in
recognition of the work of Irvine Levine,
MD, and Edmund Critchley, DM(Oxon),
FRCP. In the 1960s, these authors inde-
pendently reported a neurological condi-
tion characterized by acanthocytes and
normolipoproteinemia in patients from 3
different families from New England,' Ken-
tucky,? and the United Kingdom*
Advances tn molecular medicine have
led to the recognition of several different
disorders covered by the term neuroacan-
thocytosis*? and have made contempo-
rary use of this ambiguous term obsolete,
apart from as a descriptor for a group of
hyperkinetic disorders in which acantho-
cytosis may be seen. The main NA syn-
dromes are defined by at least 4 geneti-
cally distinct conditions: autosomal
recessive chorea-acanthocytosis (ChAc) 27

X-linked McLeod syndrome.® autosomal
recessive pantothenate kinase-associ-

nled ncumdegenerallon and aulcsomal
i 2w

1t Hu
Choreaacamhocytosls and \{cLeod sVI-
drome are considered the “core” NA
syndromes, as acanthocytosis is a fre-
quent finding in both disorders, while it
is only occasionally seen in Huntington
disease-like 2'° and pantothenate kinase—
associated neurodegeneration.”

From the literature, all of the Critchley
et al cases™® appear to have a phenotype
identical to that seen in patients in whom
amolecular dia of ChAc has been con-
firmed,*** but the same does not apply to
the New England family described by
Levine,' and no assumption can be made in
this regard without genetic testing.

A nephew of the proband from the origi-
nal Critchley et al Kentucky pedigree con-
tacted one of us (RHW.) via the Internet,
expressing an interest on behalf of the fam-
ily in participating in any further research
on the disorder affecting his uncle. Samples
were obtained from several surviving fam-
ily members allowing us to determine the
molecular nature of the neurological dis-
ease in this seminal NA family.
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To dmrmme whether the original condition nzpnrmd for this

DNA Genotek, Kanala Omtario, Cmada)sam Im fron
propriste [amily members. For the initial mutation screening
all translated exons phs flanking region

merase chain reaction and sequencedis

cols. For genotyping, 10 polymorphic sal Taggers
on chromosome 9 flanking the VPST W gen®and sin)
nucleotide polymorphism rs1 0869920 (¢.9077-133, intron 67}
were analyzed (¢Table 1, hitpufwww.archneurol.com). Hap-
lotypes were | manually by of recom-
bmauon events between markers and confirmed using Mer-
lin." Original medical records from the initial evaluation of the
proband at the University of Kentucky, Lexington, were re-
viewed for additional information.

Part A of the Figure shows the updated pedigree of the
Kentucky family reported by Critchley et al.? The pro-
band's only surviving sibling (1-8 in the Figure), now aged
78 years, has features consistent with Parkinson dis-
ease. No family members were affected outside the pro-
band’s generation. If the underlying disease in this fam-
ily 1s autosomal recessive ChAc, any direct descendant

ﬁ {
€.

ila) and found inul:luon in all indi-
1 . This

sease

(11-6, 11-29, 11-30, 11-31, and 11-32) of an affected indi-
vidual would be a heterozygous carrier of a VPSI13A mu-
tant allele. Blood samples were collected from family mem-
bers 11-20, 11-30, 11-31 {presumably helemzygeus\ -7
1.8 (30% ebnbllttyo[bemg

i{ fthe VPS13A gene

n family member

on and sequenc-
PR
1I-7. We Lhen checked for mu[aLlon in the other 4

nLV-

A second cha.nge was also datecl.ed in all 3 analyzed
samples in the amplified fanking region of exon 68
(£.0077-262C>T, in intron 67). This change does not
appear as a single-nucleotide polymorphism in any da-
tabase and we could not detect it in 180 control chro-
mosomes. However, its location in an intronic position
far away from the splicing consensus sequences sug-
gests that it probably does not have any pathogenic effect

To have a clearer genetic picture for this family, ad-
ditional (saliva) samples from other available poten-
tally informative members were collected (Figure, A) to
perform genotyping. These samples were examined for
the 2 changes mentioned earlier. Blood samples were ob-
tained from both parents of proband 23. This family trio
was analyzed as described earlier and additionally for the
2 mutations previously reported (c.7867C>T and
©1208_1211del) "' which we found were from paternal
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Neuroacanthocytosis: Hardie et al. 1991

Brain (1991), 114, 13-49

NEUROACANTHOCYTOSIS

A CLINICAL, HAEMATOLOGICAL AND PATHOLOGICAL STUDY OF
19 CASES

by R. J. HARDIE,' H. W. H. PULLON,** A. E. HARDING,'
J. S. OWEN,’ M. PIRES,? G. L. DANIELS,® Y. IMAL® V. P. MISRA,
R. H. M. KING,® J. M. JACOBS,? P. TIPPETT,* L. W. DUCHEN,?
P. K. THOMAS'® and C. D. MARSDEN'

(From the 'University Department of Clinical Neurology and *Department of Neuropathology, Institute
of Neurology and National Hospital for Neurology and Neurosurgery, Queen Square, the *Department
of Haematological Medicine, King's College Hospital School of Medicine and Dentistry, the *Medical
Research Council Blood Group Unit, University College London, and the *Departments of Academic
Medicine and “Neurological Science, Royal Free Hospital School of Medicine, London, U}

SUMMARY

Nineteen cases are described, including 12 cases from three different familics and 7 nonfamilial cases,
in which multisystem ncurological discase was associated wi peripheral blood

plasma Mild can easuly be and scanning electron microscopy may
be helpful. Some neurologically asymptomatic relatives with significant acanthocytosis were identified during
family screening, including some who were cllmcally affected.

The mean age of onset was 32 (range 8—62) yrs and the clinical course was usually progressive but
there was marked phenotypic variation. Cognitive impairment, psychiatric features and organic personality
change occunm in over half the cases, and more than one-third had scizures. Orofaciolingual involuntary
ly caused dysphagia and dysarthria that was sometimes
severe, but blung of the lps or tongue was rarely seen. Chorea was seen in almost all symptomati cases

and a

but dystonia, tics, il Y id features also occurred. Two cases had no
movement disorder at all. C i often cerebral atrophy. Caudate atrophy
was seen less commonly, and ific focal and ic signal from the caudate or

lentiform nuclei were seen by magnetic resonance imaging in 3 out of 4 cases.

Depression o absence of tendon reflexes was noted in 13 cases and neurophysiological abnormalities
often indicated an axonal neuropathy. Sural nerve biopsies from 3 cases showed evidence of a chronic
axonal with promincnt activity, affecting the large diameter
myelinated fibres. Serum creatine kinase activity was increased in 11 cases but without clinical evidence
of a myopathy.

Postmortem neuropathological examination in I case revealed extensive neuronal loss and gliosis affecting
the corpus striatum, pallidum, and the substantia nigra, especially the pars reticulata. The cerebral cortex

. appeared spared and the spinal cord showed no evidence of anterior horn cell loss.

Two examples of the McLeod phenotype, an X-linked abnormality of expression of Kell blood group
antigens, were identificd in a single family and included | female. The genetics of neuroacanthocytosis
are unclear and probably heterogeneous, but the available pedigree data and the association with the
McLeod phenotype suggest that there may be a locus for this disorder on the short arm of the X chro-
mosome.

Correspondence to: Dr R. 1. Hardie, Department of Neurology, King's College Hospital, Denmark Hill, London
SES 9RS, UK.
* Present address: Hacmatology Department, Palmerston North Hospital, Private Bag, Palmerston North, New Zealand.

© Oxford University Press 1991
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NEUROACANTHOCYTOSIS 15 TABLE I. CLINICAL FEATURES OF AFFECTED CASES
A Age (yrs) at last
Age (yrs)  examination {or Psychiatric  Orofacial
Case  Sex  of onset death*) Dementia  Seizures  features  dyskinesia
1 Family H
1 M 37 61% + + + (o}
2 F 39 61* + [} + +
3 F 40 49 + o o o
4 F 44 47 + (o] + (9]
i
| 9 Family L
F 51 57 + + + +
w P 6 F - o_g= o0 o 0
- 13Adisease ¢
8 M 31 [9) o
B 9 M - 27 o o o o
. 10 F - 14 0 o o 0
Family B
11 12 24 + o + +B
12 M 8 23 + o + o
" Sporadic cases
13 M a4 51 + + + +
14 M 62 67 + o + +
15 F 22 25 + + + +B
m 16 F + + + +B
17 M + o (o} +
18 M o o +
v 19 M 39 (&) + o +
B = tongue/lip biting; V = vocalizations; C = chorea; D = dystonia; P = parkinsonism; T = tics; O = absent; R = reduced; + = present.

Fic. 1. Pedigree of families H (A) and L (8). Arrow = index case, circle = female, square = male, filled symbols
indicate neurological disease, * = cxzmm:d hy s, open symbols unaffected, hal-flled = probably affected by history,
open with * indicates ion by us and no on blood film.

Methods

Haematology

Blood was collected into tubes containing ethylene-diamine-tetracetic acid (EDTA) and in addition, where
possible, a blood film was made from fresh blood without EDTA contact. When this was not possible,
blood films were madc from EDTA-containing samples within | h of collection. Each sample was processed
by a Coulter S-Plus JR or STKR and the blood count parameters obtained. The dried blood films were
stained with May-Grunwald Giemsa stain at pH 6.8 and subsequently examined by light microscopy at
%1000 magnification under oil immersion. Care was taken to examine them at a point where the film
was only one cell thick and with mlmmal space between the cells. In each case 500 cells were counted
and the ions of estimated.

For the purposes of this study an acamhocylc was defined as a dense, slightly contracted red cell which
had a number of irregularly spaced thorny surface projections, often with terminal bulbs (Brecher and
Bessis, 1972). Echinocytes also have an abnormal cell surface, but with more abundant and evenly distributed
surface projections that have a much broader base in relation to their length. We regarded an acanthocyte
count of >3% as significant.

VPS13A and XK bulk lipid transfer diseases
Adrian Danek - danek@Imu.de
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NEUROACANTHOCYTOSIS

A CLINICAL, HAEMATOLOGICAL AND PATHOLOGICAL STUDY OF
19 CASES

by R. J. HARDIE,' H. W. H. PULLON,** A. E. HARDING,'
J. S. OWEN,’ M. PIRES,? G. L. DANIELS,® Y. IMAL® V. P. MISRA,
R. H. M. KING,® J. M. JACOBS,? P. TIPPETT,* L. W. DUCHEN,?
P. K. THOMAS'® and C. D. MARSDEN'

(From the 'University Department of Clinical Neurology and *Department of Neuropathology, Institute
of Neurology and National Hospital for Neurology and Neurosurgery, Queen Square, the *Department
of Haematological Medicine, King's College Hospital School of Medicine and Dentistry, the *Medical
Research Council Blood Group Unit, University College London, and the *Departments of Academic
Medicine and “Neurological Science, Royal Free Hospital School of Medicine, London, U}

SUMMARY

Nineteen cases are described, including 12 cases from three different familics and 7 nonfamilial cases,
in which multisystem ncurological discase was associated wi peripheral blood

plasma Mild can easuly be and scanning electron microscopy may
be helpful. Some neurologically asymptomatic relatives with significant acanthocytosis were identified during
family screening, including some who were cllmcally affected.

The mean age of onset was 32 (range 8—62) yrs and the clinical course was usually progressive but
there was marked phenotypic variation. Cognitive impairment, psychiatric features and organic personality
change occunm in over half the cases, and more than one-third had scizures. Orofaciolingual involuntary
ly caused dysphagia and dysarthria that was sometimes.

severe, but blung of the lps or tongue was rarely seen. Chorea was seen in almost ll symplomatic cases
but dystonia, tics, il y and a id features also occurred. Two cases had no
movement disorder at all. C i often cerebral atrophy. Caudate atrophy
was seen less commonly, and focal and ic signal from the caudate or
lentiform nuclei were seen by magnetic resonance imaging in 3 out of 4 cases.

Depression o absence of tendon reflexes was noted in 13 cases and neurophysiological abnormalities
often indicated an axonal neuropathy. Sural nerve biopsies from 3 cases showed evidence of a chronic
axonal with promincnt activity, affecting the large diameter
myelinated fibres. Serum creatine kinase activity was increased in 11 cases but without clinical evidence
of a myopathy.

Postmortem neuropathological examination in I case revealed extensive neuronal loss and gliosis affecting
the corpus striatum, pallidum, and the substantia nigra, especially the pars reticulata. The cerebral cortex

. appeared spared and the spinal cord showed no evidence of anterior horn cell loss.

Two examples of the McLeod phenotype, an X-linked abnormality of expression of Kell blood group
antigens, were identificd in a single family and included | female. The genetics of neuroacanthocytosis
are unclear and probably heterogeneous, but the available pedigree data and the association with the
McLeod phenotype suggest that there may be a locus for this disorder on the short arm of the X chro-
mosome.

Correspondence to: Dr R. 1. Hardie, Department of Neurology, King's College Hospital, Denmark Hill, London
SES 9RS, UK.

* Present address: Hacmatology Department, Palmerston North Hospital, Private Bag, Palmerston North, New Zealand.

© Oxford University Press 1991
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Fic. 1. Pedigree of families H (A) and L (8). Arrow = index case, circle = female, square = male, filled symbols
indicate neurological disease, * = cxzmm:d hy s, open symbols unaffected, hal-flled = probably affected by history,
open with * indicates ion by us and no on blood film.

Methods

Haematology

Blood was collected into tubes containing ethylene-diamine-tetracetic acid (EDTA) and in addition, where
possible, a blood film was made from fresh blood without EDTA contact. When this was not possible,
blood films were madc from EDTA-containing samples within | h of collection. Each sample was processed
by a Coulter S-Plus JR or STKR and the blood count parameters obtained. The dried blood films were
stained with May-Grunwald Giemsa stain at pH 6.8 and subsequently examined by light microscopy at
%1000 magnification under oil immersion. Care was taken to examine them at a point where the film
was only one cell thick and with mlmmal space between the cells. In each case 500 cells were counted
and the ions of estimated.

For the purposes of this study an acamhocylc was defined as a dense, slightly contracted red cell which
had a number of irregularly spaced thorny surface projections, often with terminal bulbs (Brecher and
Bessis, 1972). Echinocytes also have an abnormal cell surface, but with more abundant and evenly distributed
surface projections that have a much broader base in relation to their length. We regarded an acanthocyte
count of >3% as significant.

TABLE I. CLINICAL FEATURES OF AFFECTED CASES

Age (yrs) at last

Tendon
reflexes

O®m®™O

©OOOC+ O

+ o+

B+ D+ + O

Age (yrs)  examination (or Psychiatric  Orofacial Movement

Case  Sex  of onset death*) Dementia  Seizures Jeatures dyskinesia  Dysphagia  Dysarthria disorder
Family H

1 M 37, a + + + o + + P

2 F % () + + + +V Ccp

. | XKdisease; : : : I &

4 F 4 + (o] + ] o +V CPT
Family L

5 F 51 57 + + + + o + CT

6 F - e} = _0O o) o (e} (¢} C

 « VPSA3Adisease : : :

8 M 31 [} o o [¢] o

9 M - 27 o o o o o o CcT
10 F - 14 0 (o] o o o o
Family B - (11

. isease’) &
12 M 8 L1 + D
Sporadic cases

13 M 44 51 + + + + + +V cp

14 M 2 + o + + o +V CDPT
15 F 22 + +B + +V CDT
5o YPS1 A& PKAN * @ @ &
17 M 18 <+ + + + D

18 M o [ o + +V D

19 M 39 0 + o + + +V D

B = tongue/lip biting; V = vocalizations; C = chorea; D = dystonia; P = parkinsonism; T = tics; O = absent; R = reduced; + = present.
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Similarity of XK and VPS13A diseases

100%

0%

McLeod

Findings Frequency (%) Frequency (%)
in MecLeod? n ChAch
Weak Kell antigens 100 0
Acanthocytosis 100 88
Elevation in CK 100 85
Elevarion in LDH 91 75
Elevation in AST 33 57
Elevation in ALT 33 50
Elevation in yGT 33 17
Reduction in haptoglobin g0 100
Splenomegaly 38 22
Hepatomegaly 42 1
Cardiomyopathy 65 0
Areflexia: ankles 90 90
Areflexia: arms 62 85
Muscle weakness 65 54
Muscle biopsy: myopathic 80 0
Muscle biopsy: neuropathic 64 100
Electromyography: myopathic 14 0
Electromyography: neuropathic 79 67
Pallhypaesthesia feet 40 13
Seizures 50 42
Psychopathology 83 60
Cognitive changes 54 73
Chorea 94 85
Dystonia 38 50
Hyperkinesia face g6 90
Involuntary vocalisations 58 62
Tongue and lip biting 8 40
Dysarthria 77 88
Dysphagia 10 62
Parkinsonian features 19 32

October 25, 2022
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Very wide differential diaghostic spectrum

 Obsessive compulsive * Motor neuron disease

* Psychosis * Neuropathy

* Tourette's * Myopathy
 Huntington‘s * Epilepsy

« Parkinson‘s  Dementia

- Ataxia * Neurodegeneration with

brain iron accumulation

October 25, 2022 g ro u p VPS13A and XK bulk lipid transfer diseases
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Diagnostic tools VPS13A

- Mutation registry — DNA change of relevance?

3 4523 Global Variome shared LOVD

A DT | T

Co Chrn VieTotion Dhsiaies woman varione  VPS13A (vacuolar protein sorting 13 homolog A

https://databases.lovd.nl/shared/genes/VPS13A
- Chorein D ion fo
- Chorein Western Blot the Disgrods of

Chorea-Acanthocytosis

Carol Dabson-Stone, PhDL' Antonic Velayos-Baeza, PhD.'

Lea 4. Filippone? Sarah Westhury,”

Alegander Storch, MI* Tolmnrérd.runnu, M,

Stephen J. Wioe, MD, FRCP.® Klaus L. Leenders, MD/”

a : . )

P9 P10 P11 P12 P13P14 M2 C1 C2 Ay . Ling, WD, RCP Nt T Do, MO,
Anronio Federiea, MDY,
Saidi A. Mohiddin, M, MRCP,™
Lameh Fananapazit, MD), FRCE," Geoff Daniels, PhD,"
Adrian Danek, MD," and Anthony . Monaco, MDY

Chorea-acantheortesis (ChAc) is a severe, neurodegencra-
tive disorder that shares clinical features with Hunting-
ton's discase and McLeod symdrome. It is cansed by mu-
tations in FPSI34, which encodes a larpe protein called
chorein. Using antichorein antisera, we found expression
af chorein in all homan cells analyzed. However, chorein
expression was ahsent or noticeably redoced in Chic pa-
tient cells, but not Mcleod syndrome and Huontington's
disease cells. This suggests that loss of chorein expression
is a diagnostic feature of Chic.

Ann Meurcl 200455299302
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Diagnostic tools XK

- Mutation registry — only partly existent

- Kell phenotyping in blood bank

ask for exclusion/confirmation of McLeod phenotype
»Kell positive“ or ,,Kell negative” is irrelevant

October 25, 2022 VPS13A and XK bulk lipid transfer diseases
Adrian Danek - danek@Imu.de
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Role of acanthocytosis ..‘3 o8 %"4:'.3.

Cut-off value? e O
Fluctuations over disease course?

Repeat how often for ,,exclusion of diagnosis?
Dry or wet smear?

Routine lab or microscopy (POC)?
Lumping with echinocyte numbers?
Electron microscopy?

October 25, 2022 VPS13A and XK bulk lipid transfer diseases
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Testing for acanthocytosis (Storch et al.)

JMeurol (2005) 252: 84-90
DOI10.1007/500415-005-0616-3

ORIGINAL COMMUNICATION

Alexander Storch
Markus Kornhass
Johannes Schwarz

7 Abstract The presence of acan-
thocytosis in peripheral blood
smears remains the hallmark of the
clinical diagnosis of most neuro-
acanthocytosis syndromes, such as
chorea-acanthocytosis (ChAc) and
McLeod syndrome. Genetic analy-
ses and/or specific laboratory tests
are available only for a minority of

October 25, 2022

Testing for acanthocytosis

A prospective reader-blinded study
in movement disorder patients

these disorders. Testing for acan-
thocytosis is hampered by the lack
of data on normal amounts of
acanthocytes assessed by a stan-
dardized method. We report a
prospective reader-blinded study
designed to establish control values
for abnormally shaped erythro-
cytes in healthy volunteers and pa-

Wet Blood Smear Preparation

s

Table 1. Parameters of the standardized acanthocyte screening test
(adapted from Storch et al, 2003).

Blood/Smear Type Normal value® Specificity Sensitivity®

EDTA /dry smear <1.2% 0.99 Low (1/3)
EDTA /wet preparation <3.7% 0.98 Low (1/3)
Diluted /dry smear <3.0% 0.99 Middle (2/3)
Diluted /wet preparation <63% 0.98 High  (3/3)

a09th percentile of healthy controls and defined movement disorder patients
"Number of detected patients per genetically confirmed ChAc patients

VPS13A and XK bulk lipid transfer diseases
Adrian Danek - danek@Imu.de
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Figure. Distinction of acanthocytes from echinocytes based on 3D confocal

classification SDE distribution X L . 7o . o
z images and classification with artificial neural networks (figure modified from
g - (Rabe et al, 2021). To arrive at these classifications, a drop of blood was dropped
total: 638 ‘; u=022 total: 163 directly (i.e. without anticoagulant exposure) from the blood-drawing needle tip
25 8§ g 8 1 % e ' into glutaraldehyde for fixation (Abay et al, 2019), followed by staining with Cell
ﬁ g S ° o E 8 i Mask deep red and confocal microscopic imaging (Quint et al, 2017). Artificial
= intelligence-based classification allows unbiased automated analysis, including a
SDE  CC KE KN ML A uc -1.00 -0.67 -0.33 0.00 033 067 1.00 ‘ . . y - . .
SpSTH STI D EI EI EIN stomatocyte-discocyte-echinocyte’ (SDE) classification on a continuous scale

(instead of in discrete classes). For design and validation of the artificial neural
network see (Simionato et al, 2021
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Similarity of XK and VPS13A diseases

100%

0%

McLeod

Findings Frequency (%) Frequency (%)
in MecLeod? n ChAch
Weak Kell antigens 100 0
Acanthocytosis 100 88
Elevation in CK 100 85
Elevarion in LDH 91 75
Elevation in AST 33 57
Elevation in ALT 33 50
Elevation in yGT 33 17
Reduction in haptoglobin g0 100
Splenomegaly 38 22
Hepatomegaly 42 1
Cardiomyopathy 65 0
Areflexia: ankles 90 90
Areflexia: arms 62 85
Muscle weakness 65 54
Muscle biopsy: myopathic 80 0
Muscle biopsy: neuropathic 64 100
Electromyography: myopathic 14 0
Electromyography: neuropathic 79 67
Pallhypaesthesia feet 40 13
Seizures 50 42
Psychopathology 83 60
Cognitive changes 54 73
Chorea 94 85
Dystonia 38 50
Hyperkinesia face g6 90
Involuntary vocalisations 58 62
Tongue and lip biting 8 40
Dysarthria 77 88
Dysphagia 10 62
Parkinsonian features 19 32
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Is XK disease ,,delayed” VPS13A disease?

October 25, 2022

Feeding Dystonia in McLeod
Syndrome

Andreas R. Gantenbein, MD," Nathalie Damon-Perriére, MD,?
Jorg E. Bohlender, MD,® Marie Chauveau, MD,?

Chrystelle Latxague, PhD,? Marcelo Miranda, MD,4

Hans H. Jung, MD, " and Frangois Tison, MD, PhD?

'Department of Neurology, University Hospital Zirich, Zdrich,
Switzerland; 2Department of Neurology, University Hospital
Bordeaux, Bordeaux, France; *Department of Oto-Rhino-
Laryngology, Division of Phoniatry, University Hospital Zirich, Zrich,
Switzerland; “Department of Neurology, Clinica Las Condes,

Santiago, Chile
online

=/

/ \
ABSTRACT

Background: The X-linked McLeod syndrome belongs
to the group of neuroacanthocytosis syndromes and has
a Huntington-disease-like phenotype with a choreatic
movement disorder, cognitive alterations, and psychiatric
symptoms. Another neuroacanthocytosis syndrome, the
autosomal recessive chorea-acanthocytosis, has a simi-
lar presentation, but distinct clinical features, believed to
be characteristic, such as tongue protrusion dystonia,
feeding dystonia, and rubber-man-like appearance.
Methods: This work comprised a case series of 3
patients with McLeod syndrome.
Results: The 3 patients with McLeod syndrome devel-
oped severe feeding dystonia and tongue protrusion as
well as rubber-man-like appearance in 1 patient during
the course of the disease.
Conclusion: These observations indicate that there is
an extended phenotypic overlap between MclLeod syn-
drome and chorea-acanthocytosis. © 2011 Movement
Disorder Society
Key Words: MclLeod syndrome; neuroacanthocytosis;
feeding dystonia
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Molecular interaction of VPS13A & XK

©2022. Published by The Company of Biologists Ltd | Journal of Cell Science (2022) 135, jcs260227. doi:10.1242/jcs.260227 B]olog]sts )
pNAS RESEARCH ARTICLE CELL BIOLOGY ‘\ OPEN ACCESS 'm
RESEARCH ARTICLE Sinies
Interaction between VPS13A and the XK scramblase is important A partnership between the lipid scramblase XK and the lipid
L transfer protein VPS13A at the plasma membrane
for VPS13A function in humans

Andrés Guillén-Samander®®<9, Yumei Wu**<4@®, S_ Sebastian Pineda®"®, Francisco J. Garcia™, Julia N. Eisen**%¢, Marianna Leonzino®><94i%,

Jae-Sook Park’, Yiying Hu?2, Nancy M. Hollingsworth', Gabriel Miltenberger-Miltenyi* and Aaron M. Neiman'* Berrak Ugur><¢, Manolis Kellis®*€, Myriam Heiman™, and Pietro De Camilli>><%"1 ®

Contributed by Pietro De Camilli; received March 30, 2022; accepted July 1, 2022; reviewed by Tim Levine and Antonella De Matteis
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»,Levine-Critchley syndrome®: obsolete

Adrian Danek ', Nevena Krsti¢ 2, Michael T. Hayes 2, Robert C. Green 4, Connie M. Westhoff 3, Sunitha Vege °, Ruth H. Walker ©

TNeurologische Klinik und Poliklinik, Ludwig-Maximilians-Universitat, Munich, Germany; 2Department of Obstetrics and Gynecology, University of South Florida, Tampa, FL, USA;

IDepartment of Neurology, and “Department of Medicine, Brigham and Women's Hospital, Harvard Medical School, Boston, MA, USA; 3New York Blood Center, New York, NY, USA;
®Department of Neurolegy, Mount Sinai School of Medicine, New York, NY, USA

Abstract
PATERNAL PAMILY mATERNAL FAMILY o e

In the 1960s, two families of patients with neurological features and red : e 1043 i 1 SEX UNKNOWN
blood cell acanthocytosis in the absence of lipoprotein abnormalities were * L él‘é%l éu [==] PROBAND
described independently by Irving Levine and Edmund Critchley (Levine et i o & p NO ACANTHOCYTES
al., 1968; Critchley et al., 1968). The condition was later designated énr:u:::n:;::: Y @ BE= ACANTHOCYTES PRESENT
LLevine-Critchley syndrome®, or alternatively as “neuroacanthocytosis”. é &8 =) ‘\ @ mm POS. NEUROLOGICAL

_ _ . SEEm G © E=3 NEG. NEUROLOGICAL
In 2011, we demonstrated that Critchley's family was affected by mutations kY II F FATHER OF PROBAND
in the autosomal VPS13A gene (Velayos-Baeza et al,, 2011). We now ‘\
make a diagnosis of XK disease (McLeod syndrome) in Levine”s family. . mhn
We confirm the c.906delT (p.lle302Metfs*21) mutation in the X-chromo- ﬁb £
somal gene XK In the daughter of his index case. > q| ! S

Method ¥
The daughter of Levine” s index case was contacted with the help of her family

and a buccal mucosa sample was analysed for the presence of the XK

mutation found in her cousin once removed.

H HH®R

XK mutation: ¢.906delT (p.lle302Metfs21)

n 12 [}
8 9 0 13

7

Levine family: XK  Critchley family: VPS13A
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Reference material: general

McLeod Neuroacanthocytosis Syndrome

Hans H Jung ', Adrian Danek 2, Ruth H Walker ¥, Beat M Frey 4, Kevin Peikert *
Margaret P Adam, David B Everman, Ghayda M Mirzaa, Roberta & Pagon, Stephanie E Wallace,
Lora JH Bean, Karen W Gripp, Anne Amemiya, editors.

In: GeneReviews® [Internet]. Seattle (WA): University of Washington, Seattle; 1993,
2004 Dec 3 [updated 2021 Sep 16].

Affiliations + expand
PMID: 20301528 Bookshelf ID: NEK1354

Chorea-Acanthocytosis ) VPS13A disease (update 2022/23)

Antonio Velayos Baeza 1 Carol Dobson-Stone 2, Luca Rampoldi ¥ Benedikt Bader 4, Kevin Peikert et al.
Ruth H Walker *, Adrian Danek *, Anthony P Monaco ' &

Margaret P Adam, David B Everman, Ghayda M Mirzaa, Roberta A Pagon, Stephanie E Wallace,

Lora JH Bean, Karen W Gripp, Anne Amemiya, editors.

In: GeneReviews? [Internet]. Seattle (Wa): University of Washington, Seattle; 1993,
2002 Jun 14 [updated 2019 Apr 18],

affiliations + expand
PMID: 20301561 Bookshelf ID: NEK1387
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Reference: historic

Neuroacanthocytosis symposia

« Seeon, Germany 2002
*  Montreal, Canada 2005
«  Kyoto, Japan 2006

 London/Oxford, UK 2008
 Bethesda, USA 2010
 Ede, Netherlands 2012

« Stresa, Italy 2014
 AnnArbor, USA 2016
 Dresden, Germany 2018

Neuroacanthocytosis

Syndromes

Ruth H. Walker
Shinji Saik

acanthocyfosis

Syndromes ||
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Tremor

and Other Hyperkinetic Movements

Share: £ W &+ in

Conference Proceedings

Proceedings of the Tenth International Meeting on
Neuroacanthocytosis Syndromes

Authors: Merce Masana &%, Manuel J. Rodriguez, Jordi Alberch

Abstract

The 10th International Meeting on Neuroacanthocytosis Syndromes was held online on
March 10th—12th, 2021. The COVID19 pandemic situation made our planned meeting in
Barcelona on March 2020 to be suspended by one year, and finally took place online.

The meeting followed the previous nine international symposia, the last of which was held
in Dresden, Germany in March, 2018. The setting of the meeting encouraged interactions,
exchange of ideas and networking opportunities among the high number of participants
from around the globe, including scientists, neurologists and specially patients and
caregivers. A total of 27 oral communications were distributed in 8 sessions with topics
ranging from molecular and cellular functions of VPS13 genes and proteins,

their involvernent in Neuroacanthocytosis Syndromes and finally clinical aspects and
patients care. In addition, 5 posters were presented. Altogether, scientists and neurologists
discussed recent advances and set the bases for next steps, action points, and future
studies in close collaboration with the patient’s associations, which are always actively
involved in the whole process.
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VPS13 Forum meetings (Zoom)

Tassula Proikas-Cezanne, University of Tibingen, Germany;

Bulk lipid t fi I di hani d the WIPI4/ATG2 lecul I
ulk lipid transfer as novel disease mechanism and the a molecular complex Vassilena lankova: LMU Munich, Germany

Hans Jung, University of Zurich, Switzerland;
Clinical aspects of McLeod syndrome (XK disease) with focus on unmet needs in blood banking Beat M. Frey, Swiss Red Cross, Switzerland;
Kevin Peikert, University of Rostock, Germany

Ruth H. Walker, John F. Crary and Amber Tetlow, Mount Sinai Brain Bank New York, USA;

N thol f N th is Synd ject
europathology of Neuroacanthocytosis Syndromes projec Gabriel Miltenberger-Miltenyi, LMU Munich, Germany

Bernhard Landwehrmeyer, University of Ulm, Germany;
Megan O’Boyle, RARE-X, USA

Pietro De Camilli, Yale University, New Haven, CT, USA;
VPS13 proteins and XK in membrane lipid dynamics Aaron M Neiman, Stony Brook University, NY, USA;
Shikegazu Nagata, Osaka University, Japan

Patient registries and natural history studies

Eric H. Baehrecke University of Massachusetts, USA;
Disease insight from animal models Ody Sibon University of Groningen, The Netherlands;
Lucia de Franceschi University of Verona, Italy
Lars Kaestner, Saarland University, Germany;
Blood cell physiology and acanthocyte genesis Donatienne Tyteca, UCLouvain, Belgium;
Felix Reichel, MPI Erlangen, Germany

Ruth H. Walker, Mount Sinai Brain Bank New York, USA;

Updat thol d t clinical h
pdate on neuropathology and recent clinical researc Gabriel Miltenberger-Miltenyi and Adrian Danek, LMU Munich, Germany

Tim P. Levine, University College London Institute of Ophthalmology, London, UK;

Membrane contact site proteins in neuronal and red cell function
P Lesley J. Bruce, Bristol Institute for Transfusion Sciences, NHS Blood and Transplant, UK

October 25, 2022 VPS13A and XK bulk lipid transfer diseases
Adrian Danek - danek@Imu.de



KLINIKUM

I_M u DER UNIVERSITAT MUNCHEN Neurologische Klinik und Poliklinik (Prof. Dr. M. Dieterich, FANA, FEAN)

Upcoming 10. VPS13 Forum: Medical Q & A

Monday, November 28, 2022 - 2:00-4:00 pm (Central European Time)

Medical Questions and Answers with Panel of Experts and Patient Advocates

Adrian Danek, Andreas Hermann, Ginger Irvine, Hans Jung, Gabriel Miltenberger-Miltenyi, Alzbeta Muhlback,
Kevin Peikert, Ruth H Walker, Cornelius Werner, Joy Willard-Williford

Dysphagia in rare movement disorders such as Huntington's disease
Why we should get rid of the term neuroacanthocytosis — or shouldn "t we?

We encourage patients, family members, and caregivers to submit medical questions prior to the meeting and
to indicate if a translation from English into their mother language will be needed. Please submit your
questions to: kevin.peikert@med.uni-rostock.de

Zoom-link: https://uni-rostock-de.zoom.us/j/628065274137?pwd=ZXk0TG5vQ1M5dDA4WEFYVk5xV2RVQTO09
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11th International Meeting

September 15-17, 2023

Homburg/Saar

Universitatsklinikum
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Patient advocacies

October 25, 2022

Advocacy for Neuroacanthocytosis Patients
An ultra rare disease

www.naadvocacy.org
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Q&A 3: Acanthocytes are (single answer)

1 skin lesions in diabetes.

2 an obligatory finding in XK disease.

3 deformed red blood cells.

4 easily picked up in routine investigations.

5 required for diagnosing VPS13A disease.
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Q&A 4: bulk lipid transport (several correct)

1 is a long established and understood mechanism.
2 requires tube-like molecules.

3 is unrelated to phagosome formation.

4 requires scramblases.

5 relates to membrane contact sites.
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Q&A 5: XK disease (several correct)

1 is diagnosed in blood banks (Duffy serology).
2 carries risks for blood transfusions.

3 is transmitted as an autosomal recessive trait.
4 is often accompanied by cardiomyopathy.

5 is typically characterized by hyperCKemia.
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Q&A 6: VPS13A disease (several correct)

1 does not present with parkinsonism.

2 seems to relate to defective bulk lipid transport.
3 is transmitted as an autosomal dominant trait.
4 is often accompanied by cardiomyopathy.

5 is typically characterized by hyperCKemia.
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