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VPS13A and XK bulk lipid transfer diseases
Learning objectives
• Learn about current developments in 

„neuroacanthocytosis“ 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

• 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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1, Expertise:

• Adult neurology?
• Child neurology?
• Psychiatry?
• Cardiology?
• Blood bank/hematology?
• Genetics?
• Cell biology/biochemistry?
• Other

2, Type of clinic:

• Cognitive/dementia?
• Movement disorders?
• Epilepsy?
• Neuromuscular?
• Tourette/OCD?
• Mental retardation?
• Genetic counselling?
• Other

Q&A 1 and 2: participants' background
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Levine et al. 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.
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Critchley et al. 1968
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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.”
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Levine families Critchley
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Acanthrocytosis: defined in Bassen-Kornzweig cases
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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



Neurologische Klinik und Poliklinik (Prof. Dr. M. Dieterich, FANA, FEAN)

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

October 25, 2022

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?
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-> „Levine-Critchley syndrome“  
71 cases from 1974 to 2006 in Japan

also known as chorea-acanthocytosis/neuro-acanthocytosis

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



Neurologische Klinik und Poliklinik (Prof. Dr. M. Dieterich, FANA, FEAN)

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

October 25, 2022

Neuroacanthocytosis: Hardie et al. 1991
From Levine-Critchley syndrome to
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Wimer et al. 1977
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Hugh McLeodʹs blood cells Allen et al. 1961
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MLS: Multi-system disease with CNS involvement

Acanthocytosis

Heart disease

Chorea/Parkinsonism

Cognitive impairment

Epilepsy

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

Case 1 at age 52 Case 2 at age 57 Case 1 at age 58
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McLeod gene XK (1994)
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McLeod XK gene and protein (1994)
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H. McLeod
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Neuroacanthocytosis: Hardie et al. 1991

McLeod syndrome (XK)
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Kell
disulfide

bond

XK protein and AlphaFold (2021)
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2001: VPS13A gene („nonMcLeod neuroacanthocytosis“ tested)
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VPS13A protein (aka chorein)

Guillén-Samander et al. 2022
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Lipid exchange between membranes

Reinisch & Prinz  J Cell Biol (2021) 220 (3): e202012058

Important

mechanism of 

interaction between

cellular organelles
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Lipid exchange between membranes

Reinisch & Prinz  J Cell Biol (2021) 220 (3): e202012058
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Bulk lipid transfer, e.g. into phagosome
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Bulk lipid transfer proteins
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VPS13 gene family

• VPS13A → ChAc

• VPS13B → Cohen syndrome

• VPS13C → Lewy body pathology

• VPS13D → ataxia syndromes
Velayos-Baeza A et al. Genomics 2004;84:536
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17 years (44yom)8 years (35yom)
6 years (30yof)

Progressive brain atrophy/neurodegeneration
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Course of VPS13A disease


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
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				Median
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WinSTAT Trigger
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		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
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Course of disease box plots
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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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Bader et al. Mov Disord 25 (2010) 127-129

Orofacial dyskinesia
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Critchley family:
VPS13A disease
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Webinar outline

• 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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Neuroacanthocytosis: Hardie et al. 1991

VPS13A disease

VPS13A
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Neuroacanthocytosis: Hardie et al. 1991

XK disease

VPS13A disease
PKAN („PANK2 disease“)

VPS13A & PKAN
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Kx absent =
weak Kell 
antigens

cardio-
myopathy

tongue
and 

lip bites

dysphagia parkinsonism

Similarity of XK and VPS13A diseases
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• Obsessive compulsive
• Psychosis
• Tourette‘s

• Huntington‘s
• Parkinson‘s
• Ataxia

• Motor neuron disease
• Neuropathy
• Myopathy

• Epilepsy
• Dementia
• Neurodegeneration with

brain iron accumulation
group

Very wide differential diagnostic spectrum
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Diagnostic tools VPS13A
- Mutation registry → DNA change of relevance?

https://databases.lovd.nl/shared/genes/VPS13A

- Chorein Western Blot
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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
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Role of acanthocytosis
• Is there „NA without acanthocytes“?
• Cut-off value?
• 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?
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Testing for acanthocytosis (Storch et al.) 

Wet Blood Smear Preparation
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Figure. Distinction of acanthocytes from echinocytes based on 3D confocal 
images and classification with artificial neural networks (figure modified from 
(Rabe et al, 2021). To arrive at these classifications, a drop of blood was dropped 
directly (i.e. without anticoagulant exposure) from the blood-drawing needle tip 
into glutaraldehyde for fixation (Abay et al, 2019), followed by staining with Cell 
Mask deep red and confocal microscopic imaging (Quint et al, 2017). Artificial 
intelligence-based classification allows unbiased automated analysis, including a 
‘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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Is XK disease „delayed“ VPS13A disease?
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Molecular interaction of VPS13A & XK
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Levine family: XK     Critchley family: VPS13A



Neurologische Klinik und Poliklinik (Prof. Dr. M. Dieterich, FANA, FEAN)

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

October 25, 2022

Reference material: general

VPS13A disease (update 2022/23)
Kevin Peikert et al.
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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
• Ann Arbor, USA 2016
• Dresden, Germany 2018
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VPS13 Forum meetings (Zoom)

Bulk lipid transfer as novel disease mechanism and the WIPI4/ATG2a molecular complex Tassula Proikas-Cezanne, University of Tübingen, Germany; 
Vassilena Iankova; LMU Munich, Germany

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

Neuropathology of Neuroacanthocytosis Syndromes project Ruth H. Walker, John F. Crary and Amber Tetlow, Mount Sinai Brain Bank New York, USA; 
Gabriel Miltenberger-Miltenyi, LMU Munich, Germany

Patient registries and natural history studies Bernhard Landwehrmeyer, University of Ulm, Germany; 
Megan O’Boyle, RARE-X, USA

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

Disease insight from animal models
Eric H. Baehrecke University of Massachusetts, USA; 
Ody Sibon University of Groningen, The Netherlands; 
Lucia de Franceschi University of Verona, Italy

Blood cell physiology and acanthocyte genesis
Lars Kaestner, Saarland University, Germany; 
Donatienne Tyteca, UCLouvain, Belgium; 
Felix Reichel, MPI Erlangen, Germany

Update on neuropathology and recent clinical research Ruth H. Walker, Mount Sinai Brain Bank New York, USA; 
Gabriel Miltenberger-Miltenyi and Adrian Danek, LMU Munich, Germany

Membrane contact site proteins in neuronal and red cell function Tim P. Levine, University College London Institute of Ophthalmology, London, UK;
Lesley J. Bruce, Bristol Institute for Transfusion Sciences, NHS Blood and Transplant, UK
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Upcoming 10th 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 Mühlbäck, 
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/62806527413?pwd=ZXk0TG5vQ1M5dDA4WEFYVk5xV2RVQT09



Neurologische Klinik und Poliklinik (Prof. Dr. M. Dieterich, FANA, FEAN)

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

October 25, 2022

11th International Meeting

September 15-17, 2023

Homburg/Saar

Universitätsklinikum
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Patient advocacies

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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