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Speaker: Prof. Dr. med. Adrian Danek 

Since 2002 Professor of Cognitive Neurology at LMU, contributed to > 200 PubMed listed papers, H-Index 39. 

 

Expertise and research focus: cognitive neurology, functional neuroanatomy, dementia, neuroacanthocytosis 

 

• Student of medicine at the Ludwig-Maximilians-Universität (LMU) in Munich, Germany  
• 1992-1999 assistant professor, Department of Neurology, LMU Munich (Prof. Brandt) 
• 1999-2001 visiting scientist, associate investigator: Cognitive Neuroscience Section, NINDS, 

National Institutes of Health, Bethesda, Md, USA (Dr. J. Grafman) 
 

 

• 2010-2013 coordinator of ERA-net network “European multidisciplinary initiative on neuroacanthocytosis”; 
www.med.uni-muenchen.de/forschung/verbuende/euprojekte/abgeschlossen/emina/index.html) 

• Financed by the Advocacy for Neuroacanthocytosis Patients (www.naadvocacy.org) he offers a Western blot 
for chorein determination in blood samples free diagnostic tool used by physicians worldwide for >700 
patients so far - confirming a diagnosis of chorea-acanthocytosis (ChAc) in ~ 30% of the cases. 

• Curator of web-based NA patient database within the European Huntington´s Disease network  
(www.euro-hd.net/html/na/registry) for trial readiness in spite of world-wide dispersal 

• Curator (with A. Velayos-Baeza and G. Miltenberger-Miltenyi) of the VPS13A gene homepage  
of the Leiden Open Variation Database (https://databases.lovd.nl/shared/genes/VPS13A) 
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General information about the webinars 

• RARE neurological, neuromuscular and movement disorders 
 

• 30-35min presentation 
 

• 15min Q&A session at the end (please write your questions in the Q&A) 
 

• Target audience: neurologists, residents, paediatric neurologists, 
geneticists from RND members, RND affiliated partners, and non-RND 
HCPs across Europe and worldwide 
 

• Recorded Webinar and presentation to be found at the latest 2 weeks 
after on: http://www.ern-rnd.eu/education-training/past-webinars/ 
 

• Post-webinar survey (2-3min):  satisfaction, topic ideas for next webinars 
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Adrian Danek, Ludwig-Maximilians-Universität München, Neurologische Klinik (Direktorin: Prof. Dr. M. Dieterich) 

Learning objectives 

• Appreciate the heterogeneity of NA syndromes 

• Chorea-acanthocytosis (ChAc), McLeod syndrome (MLS) etc. 

• Become able to distinguish the two core syndromes 

• Know about genes and patterns of inheritance 

• Learn about helpful clinical and laboratory hints 

• Estimate the contribution of blood films 

• Hear about current basic science insights 

• VPS13 gene family, membrane contact sites, lipid transfer 

• Know where to find additional information 

• Reviews, books, symposia, Advocacy for NA Patients 

 

 

 

 

Neuroacanthocytosis (NA) syndromes 
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Webinar outline 
 
• Mutual introduction 

• Concept of „neuroacanthocytosis“ (NA) 

• MLS & ChAc, the two core NA syndromes 

- clinical features    - genetic background    - epidemiology 

- suggestive hints   - differential diagnosis   - diagnostic procedures 

• Basic science news 

• Mutation and patient registries for trial readiness  

• Reference material 

• Questions and answers 
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Expertise: 

 

• Adult neurology? 

• Child neurology? 

• Psychiatry? 

• Cardiology? 

• Blood banking? 

• Hematology? 

• Genetics? 

 

 

 

Type of clinic: 

 

• Cognitive/dementia? 

• Movement disorders? 

• Epilepsy? 

• Neuromuscular? 

• Tourette/OCD? 

• Genetic counselling? 

• Other 

 

Q&A 1: participants' background 
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Q&A 2: participants' previous experience 

• Patients with McLeod syndrome? 

• Patients with chorea-acanthocytosis? 

 

• Experience with acanthocyte determination? 

• With method of Storch et al. (J.Neurol. 2005)? 

 

• Availability of Kell blood group phenotyping? 

• Information on chorein Western blot? 



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

Neuroacanthocytosis syndromes       

Adrian Danek - danek@lmu.de 

DG ‚Choreas and HD‘       

December 3, 2019 

What is acanthocytosis? 
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Testing for acanthocytosis (Storch et al.)  

Wet Blood Smear Preparation 
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Neuroacanthocytosis: 

neurological findings  

plus  

acanthocytosis 

(an umbrella term for a variety of diseases) 



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

Neuroacanthocytosis syndromes       

Adrian Danek - danek@lmu.de 

DG ‚Choreas and HD‘       

December 3, 2019 

Neuroacanthocytosis: a variety of diseases 

Neuroacanthocytosis with basal ganglia involvement 

• McLeod syndrome 

• Chorea-acanthocytosis 

• Pantothenate kinase associated neurodegeneration (PKAN) 

• Aceruloplasminemia? (single case)  

• ELAC2 mutations? (single case)  

• Huntington‘s Disease-like 2? (acanthocytes not a general feature) 
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Two core neuroacanthocytosis syndromes 

McLeod syndrome (MLS) X-linked XK 

Chorea-acanthocytosis (ChAc) 
autosomal 

recessive 
VPS13A 
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A new phenotype (McLeod) in  

the Kell blood-group system  
Allen FH et al. Vox Sanguinis. 1961;6:555–60 
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Brothers with heart disease & ↑ muscle CK 
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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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CYBB 
(X-CGD) 

XK 
(McLeod) 

DYS 
(DMD) 

RP3 
(X-RP) 

p 

q 

X 

Ann. Neurol. 2001;50:755 
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Membrane protein bound to 

Kell blood group protein 

 

Member of family of  

“XK related proteins” 

disulfide bond 

Kell 

XK 

XK codes for the Kx/XK protein 
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RBC membrane model 

Roulis et al. JAMA Neurol. 2018;75:1554 
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Hugh McLeod deletion 
Kx protein: 

444 amino acids  

10 transmembrane domains 

Kell binding site 

Roulis et al. JAMA Neurol. 2018;75:1554 
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Chorea-acanthocytosis (ChAc) 

Initially described by 

I. Levine (1960/1968) and E. Critchley (1967/1968)  

New England & Kentucky families  

with females and males affected; recessive? 
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„I can´t sit still and it´s very unsettling. I guess I would call them uncontrollable body movements.“ 

https://global.oup.com/us/companion.websites/9780195393514 
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Impaired stance and gait („rubber man“) 

https://global.oup.com/us/companion.websites/9780195393514 
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Bader et al. Mov Disord 25 (2010) 127-129 

 

Orofacial dyskinesia 
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Progression to hypokinesia 

https://global.oup.com/us/companion.websites/9780195393514 
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17 years (44yom) 
8 years (35yom) 

6 years (30yof) 

Progressive brain atrophy/neurodegeneration 
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VPS13A (3174aa, 73 exons): mutation spectrum 

Dobson-Stone C, et al. Eur.J Hum.Genet. 2002;10:773 

Velayos-Baeza A et al. The function of chorein. In: Neuroacanthocytosis II; 2008;87 

Currently > 140 

distinct mutations 

known, all over 

VPS13A 

 

Most lead to gene 

product deficiency  

 

<10 missense 

mutations 
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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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VPS13D 

Ataxia syndromes 

modified from Myers & Payne, J Cell Biol. 2017;216:299 
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Basic science: VPS13 functional domains 

Rzepnikowska et al. Traffic 2017;18:711 
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VPS13 family: inter-organellar lipid transfer 

 Yeshaw et al. Elife. 2019 Feb 11;8:e43561 
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(Yeast) Vps13 Adaptor Binding domain 
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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 group 

 

 

Very wide differential diagnostic spectrum 
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weak Kell  

antigens 

cardio- 

myopathy 

tongue and  

lip bites 

dysphagia parkinsonism 

Distinction MLS vs ChAc 
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Is MLS „delayed chorea-acanthocytosis“? 
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Chorea-acanthocytosis (ChAc) 

Younger males and females 

• Degeneration of CNS structures 

(movement disorders, seizures, 

cognitive impairment, 

psychopathology, endocrine, MND) 

• Peripheral nerve 

• Muscle  

(CK elevation, atrophy, weakness) 

Ubiquitous, global prevalence ~ 5000? 

Bader et al. Mov Disord 25 (2010) 127-129 
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McLeod syndrome (MLS) 

X-linked, older men (brothers, uncles/nephews) 

• Mutation affects an element of Kell 

erythrocyte antigen system 

• Apart from cardiomyopathy (very common), 

sex-linkage & age, almost identical with ChAc 

• Heart monitoring 

• Banking of blood for later use 

Ubiquitous, global prevalence ~ 500? 

 



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

Neuroacanthocytosis syndromes       

Adrian Danek - danek@lmu.de 

DG ‚Choreas and HD‘       

December 3, 2019 

Diagnosis of ChAc & MLS 

• Clinical and paraclinical findings 

• Family history 

• Exclusion of HD 

• CK elevation 

• Dedicated Kell serology and genetic testing of XK 

• Genetic testing of VPS13A (sensitivity <100%!) 

• Chorein Western blot (sensitivity <100%!) 

 

• {Acanthocytosis} 

? 
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Chorein Western Blot 
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Origin of 164 patient samples diagnosed with 

ChAc according to Western Blot  (2006 - Jan 2016) 
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Tools to improve diagnosis and treatment 

- Mutation registry → DNA change of relevance? 

 
 

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

- Patient registry → natural history, trial readiness   
 

 

      

 

     

        https://www.euro-hd.net/html/na/submodule 
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Reference material: general 

McLeod syndrome and XK gene 
 Ho et al. Cell 1994;77:869 

 Roulis et al. JAMA Neurol. 2018;75:1554 

 Jung et al. GeneReviews 2019 www.ncbi.nlm.nih.gov/books/NBK1354 

 

Chorea-acanthocytosis and VPS13A gene 
 Rampoldi et al. Nature Genetics 2001;28:119 

 Ueno et al. Nature Genetics 2001;28:121 

 Peikert et al. Eur J Med Genet. 2018;61:699 

 Velayos-Baeza  et al. GeneReviews 2019 www.ncbi.nlm.nih.gov/books/NBK1387 

Acanthocyte determination 
 Storch et al. J Neurol. 2005;252:84  
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Reference: history 

NA symposia 2002, 2005, 2006 
 Danek Springer 2004 

 Walker et al. Springer 2008 

 

Outdated 
 Gandhi et al. (Neuroacanthocytosis Syndromes II; 2008;43-) followed up on the 

 often quoted paper by Hardie et al. „Neuroacanthocytosis. A clinical, haemato-

 logical and  pathological study of 19 cases” Brain 1991;114:13, a heterogenous 

 series now  known to have comprised 6 cases of from an MLS family and 1 case of 

 HARP syndrome, and with only 6 definite ChAc cases where mutations had been 

 found in both alleles of VPS13A. In 3 cases only one allele was found mutated and 

 on the remaining 3 cases no genetic information is as yet available. 

 



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

Neuroacanthocytosis syndromes       

Adrian Danek - danek@lmu.de 

DG ‚Choreas and HD‘       

December 3, 2019 

Reference: basic science & recent symposia 

VPS13 family 
 Velayos-Baeza A et al. Genomics 2004;84:536 

 Wang et al. GeneReviews 2016 www.ncbi.nlm.nih.gov/books/NBK1482 

 Schormair et al. Clin Genet. 2018;93:603 

 Lesage et al. Am J Hum Genet. 2016;98:500 

 Meijer GeneReviews 2019 www.ncbi.nlm.nih.gov/books/NBK537720 

VPS13 function 
 Rzepnikowska et al. Traffic 2017;18:711 

 Yeshaw et al. Elife 2019;8:e43561 

 Dziurdzik et al. bioRxiv. 2019;768366 

NA symposia 2016 & 2018 
 Pappas et al. Tremor Other Hyperkinet Mov. 2017;7:428 

 Peikert & Hermann. Tremor Other Hyperkinet Mov. 2018 8:579 

 

 

 

 

 

 



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

Neuroacanthocytosis syndromes       

Adrian Danek - danek@lmu.de 

DG ‚Choreas and HD‘       

December 3, 2019 

 

 

 

 

 

 

 

• Dresden, Germany 2018 

• Ann Arbor, USA 2016 

• Stresa, Italy 2014 

• Ede, Netherlands 2012 

• Bethesda, USA 2010 

• London/Oxford, UK 2008 

• Kyoto, Japan 2006 

• Montreal, Canada 2005 

• Seeon, Germany 2002 

 

Reference: NA newsletter & NA symposia 
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www.neuroacanthocytosis2020.com 
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Patient Advocacy 

Founded by  

Glenn Irvine† and  

Ginger Irvine 
 

Mail: gingerirvine@gmail.com 

www.naadvocacy.org 



ePAG (European Patient Advocacy Groups) Voice 

Astri Arnesen - Patient Representative for: Choreas & Huntington's 
Disease and president of the European Huntington Association  
astri@eurohuntington.org 
 
 
ePAGs Mission: 
• Our overall aim is to work together with clinicians to have an active, 

sustainable network that contributes to equal access to expertise and 
treatment for patients all over Europe. 
 

• Partnering in the network activities and development and advocate for 
patient centric services. 

 

• We have very high ambitions for the networks and we want to 
contribute in any way we can to make them successful.  
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ePAG (European Patient Advocacy Groups) Voice 

ePAGs role in ERN-RND: 
• Participate in ongoing activites within the network and give input 

from our perspective as affected by the disease  
• Disseminate information about the network, spread awareness in 

our disease community 
• Lobby for implementation of the network partners into their 

respective national health plans 
• Lobby for extension of the network to include all countries in Europe 

Next milestone/need in this Disease Group:  
To have better distribution of clinics into the network and have more clinicians 
connected and working together to give patients treatment in accordance with 
best evidence based knowlegde.   
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Q & A 3: Acanthocytes are 

1 skin lesions in diabetes. 

2 an obligatory finding in McLeod syndrome. 

3 deformed red blood cells. 

4 easily picked up in routine investigations. 

5 required to diagnose an NA syndrome. 
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Q & A 4: Neuroacanthocytosis syndromes 

1 are heterogeneous.  

2 comprise cases with ELAC2 mutations. 

3 can be differentiated with dedicated Kell serology. 

4 may be taken for Huntington´s disease. 

5 are dyslipidemias. 
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Q & A 5: McLeod syndrome 

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: Chorea-acanthocytosis 

1 does not present with parkinsonism.  

2 is caused by VPS13C mutations. 

3 is transmitted as an autosomal dominant trait. 

4 is often accompanied by cardiomyopathy. 

5 is typically characterized by hyperCKemia. 
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