Chorea-acanthocytosis in Sweden


Supplementary material

Phenotypic variability in chorea-acanthocytosis associated with novel VPS13A mutations
Methods
Western blot for chorein

Western blot analysis of chorein using Anti-VPS13A antibody (HPA021662, Sigma-Aldrich) in red blood cell (RBC) membrane. Method was used as in: Dobson-Stone C et al (2004). As control we used the monoclonal Anti-β-Actin antibody (A5316, Sigma-Aldrich) and the HiMark Pre-stained Protein Standard (Invitrogen). 

Single Voxel Spectroscopy
The examination was performed on a 3 Tesla Siemens Trio MR scanner (Siemens Healthcare, Erlangen, Germany) using a clinical 12-channel head coil. Three T2-weighted images were acquired, one in each anatomical plane; these images were used for voxel positioning in the mid-frontal gyrus and basal ganglia (putamen and globus pallidus) to acquire 1H-MRS of Patient 1. For each anatomical location, 2 voxels were acquired (20x20x20 mm3), one reference with 16 averages without water suppression and one with 128 averages with water suppression. A point-resolved spectroscopy (PRESS) sequence was used with TR/TE of 2000/30 ms. The spectra were processed using LCModel (version 6.3-1J). The reference spectra were used in LCModel to do water scaling and eddy current correction. Data from 20 healthy controls was used as a normative reference. 
Positron Emission Tomography 

Positron emission tomography (PET) with fluorodeoxyglucose (18F-FDG) for Patient 3 and 4 was performed on a PET/CT Discovery ST (D-ST) (GE medical Systems) and for Patient 1 on a Biograph mCT (Siemens) PET/CT. The injected dose was 2 to 3 Mbq/kg FDG and a 10-minute static scan was performed 30-45 minutes after isotope injection. Images for Patient 3 and 4 were recon​structed using ordered-subsets expectation maximization (OSEM; 2 iterations, 21 subsets) with a 2.14 mm FWHM post-filter. For Patients 1OSEM 5 iterations, 21 subsets and 2.0 mm Gaussian filter was used. All appropriate corrections were applied including attenuation correction based on a low-dose CT scan. Patients were individually evaluated based on visual examination and a semi-automated method comparing patients to normal age-matched healthy controls using analysis program CortexID Suite, GE healthcare for Patient 3 and 4, and Syngo.via Siemens for Patient 1.

Single-Photon Emission Computed Tomography 

Single-photon emission computed tomography (SPECT) were performed for patient 3 and 4 performed on an Infinia Hawkeye 4 SPECT/CT scanner (GE medical systems) and for patient 1 on a Symbia T16, Siemens using a Low Energy High- Resolution (LEHR) collimators after injection of 185 MBq 123I-ioflupane (Datscan). Image reconstruction and quantification was performed on Hermes Brass (Hermes Medical Solutions) according to standard procedures.

Clinical descriptions

The main findings in the four patients with chorea-acanthocytosis (ChAc) are summarized in table 1 (main manuscript). Huntington’s and Wilson’s disease were ruled out in all the described patients. 
Patient 1 
This man, born to non-consanguineous parents from Chile, was affected by insidious personality change, disinhibition, insomnia, gait difficulties and involuntary movements starting at age 33. His past medical history included mild sleep apnea for which he was recommended a splint. Later on, eating difficulties occurred and examination demonstrated feeding dystonia. An impulse control disorder became apparent causing termination from his two latest employments. Upon examination at age 41, dystonia, chorea and areflexia were evident; his UHDRS score at this point was 17. Laboratory analyses demonstrated acanthocytes (10%), compensated hemolysis, elevated creatine kinase (CK) levels (CK levels ranged from 48-98 μkat/L, normal value for men 0.8-6.7 μkat/L) and elevated transaminases. Electrocardiogram, echocardiography and EEG were also normal. Electromyography (EMG) demonstrated neurogenic alterations in both legs suggesting a rizopathy, however, an MRI of the spinal cord was normal. Electroneurography (ENeG) was normal. Muscle biopsy revealed incipient myopathy. Western blot analysis revealed complete absence of chorein in blood*. Feeding dystonia was treated with botulinum injections in the base of the tongue, as reported previously (1). However, this treatment was given a few times but was discontinued due to dysphagia in one occasion. Deep brain stimulation (DBS) was proposed since his dystonic gait disorder, with kicking opposite calf and truncal chorea, was refractory to pharmacological treatment. This dystonia was more pronounced on the right leg but resolved when the patient walked backwards (Video file). The patient was treated with bilateral DBS of the ventro-postero-lateral internal globus pallidus (GPi-DBS) at age 43. GPi-DBS had a transient effect on feeding dystonia only. Interestingly, the time lapse between botulinum injections could be prolonged (9 months).  His behavior became characterized by perseveration, troublesome impulsivity and poor insight. This patient has a university degree in engineering. At age 44, screening with Montreal Cognitive Assessment (MoCA) yielded 28 points.  Extended cognitive evaluation at age 41 and 44 with a wide array of cognitive batteries with Rey Auditory Verbal Learning Test (RAVLT), Rey Osterrieth Complex Figure Test (ROCFT), Wechsler Adult Intelligence Scale (WAIS-III), Controlled Oral Word Association Test (FAS/COWAT), Boston Naming Test (BNT), Symbol Digit Modalities Test (SDMT) and Trail Making Test, B (TMT) demonstrated a significant decline mainly in working memory and in logical reasoning. Unchanged, but clearly below average, were his results in visuospatial/constructional domains and processing speed. Nevertheless, the patient moved to a nursing home due to the relentless worsening of postural instability and frequent falls. Examination at this point demonstrated almost intelligible speech, severe bradykinesia, rigidity, slow saccadic movements and dystonia in the right arm, interfering dexterity and normal function. The patient was only able to take a few steps with support but with sudden and unexpected flexions of the left leg. This deterioration has confined him to a wheelchair. His UHDRS score at age 46 was 43, levodopa has been tried to not avail. 
Patient 2
This Swedish woman had onset of epileptic seizures at age 36 but was free from seizures with a combination of levetiracetam and lamotrigin. The semiology of these episodes was judged as epileptic and for that reason electroencephalogram (EEG) was prescinded. Brain MRIs at ages 36, 37 and 42 revealed striatal atrophy and iron accumulation in the pallidus. In the following years, some involuntary bucco-lingual movements were noticed that were initially thought to be side effects of antiepileptic drugs. However, at age 40, several new appeared such as dysphagia due to involuntary tongue protrusion, resulting in significant weight loss. Generalized chorea, and a broad-based gait were also present. Further investigation revealed moderate elevation of transaminases and elevated CK to 65 μkat/L (Normal value: 0.6-3.5 μkat/L) and anterior tibial muscle biopsy revealed myopathy. After acanthocytes were detected, a targeted genetic test revealed the homozygous mutation c.4162_4166 delins C in VPS13A. Further investigation of the kindred revealed a remote consanguinity. At age 42, clinical examination demonstrated marked bradyphrenia, dysarthria, vocalizations, areflexia and atrophy of the calves. A few months later, the patient died after a night seizure. An autopsy revealed sarcoidosis in her liver, heart and lungs but not in the brain. Even though sarcoidosis may predispose to cardiac arrythmias, Sudden Unexpected Death in Epilepsy (SUDEP) was believed to be the probable cause of death.  

Patient 3 
The first symptoms of this Swedish man were tics with blinking and ritual behavior from about the age of 16. Vocalizations followed and a diagnosis of Tourette´s syndrome was later given. Nonetheless, the patient was functioning well throughout school and had regular employment. Around age 30, he suffered from insidious involuntary facial movements, dysarthria and impaired gait.  The patient was evaluated 8 years later due to marked disease progression and loss of dexterity, motivating retirement. He also complained of insomnia and swallowing difficulties with biting of his cheeks, likely due to feeding dystonia. Loud nighttime vocalizations became bothersome to his neighbors. Furthermore, sudden loss of muscle tone in the trunk and dramatic falls occurred. His gait disorder was characterized as bizarre; similarly to Patient 1, this man walked backwards with less effort. At age 43, the patient was confined to a wheelchair. At this point, neurofilament light protein (NFL), total tau, phospho tau (p-tau), beta-amyloid 1–42 (Aβ42) and glial fibrillar acidic protein (GFAP) in the CSF were all normal, albumin in the CSF and the albumin-ratio (CSF/plasma) were slightly elevated. Nerve conduction studies recorded earlier in the course of disease were normal. Gene test for DYT-TH (DYT5) was normal. Dystonia was progressive and became generalized, affecting mainly his torso and face (severe blepharospasm). The patient needed truncal support even when sitting. Different neuroleptics and trihexyphenidyl were tried without benefit. Symptoms of dysarthria and dysphagia evolved slowly into complete anarthria, percutaneous gastrectomy was proposed but the patient declined. His care is provided at a nursing home; he is still able to communicate using an alphabet board but is fed by others. At age 42, this patient went through assessment with the Rivermead Behavioral Memory test and the Wisconsin Card Sorting Test.  These tests revealed slow processing speed, the patient made disinhibited decisions indicating frontal lobe affection. Progression into anarthria prevents more extended re-evaluation. It was not until age 46 that acanthocytes were sought and found on blood smears (10-15%), motivating targeted analysis for ChAc. The patient was compound heterozygous harboring the mutations c.2428-2A>G and  c.1595+4_1595+7delAGTA  (p?; p?). His CK was mildly elevated but transaminases were normal (See table 1) and Western blot analysis demonstrated low chorein levels. Due to difficulties to establish a diagnosis, repeated neuroimaging was performed (Brain MRIs, CT scan and PET studies, see below). At age 47, his UHDRS score was 55 with prominent truncal dystonia (hyperextended torso), blepharospasm, jaw clenching and bradykinesia. Botulinum toxin injections in the masseter, pterygoideii and the orbicularis oculi muscles were tried with some benefit. Reflexes were present in the arms but absent in the legs. Mild atrophy in both calves was also noticed but strength was preserved.  Over the course of disease, anxiety and sleeping difficulties were both evident. A younger brother to this patient was affected by epilepsy with onset at age 24 and died at age 28 during sleep, but had no other obvious neurological or psychiatric abnormalities. The autopsy protocol for his brother was not possible to obtain, however the circumstances of his early demise raise the reasonable suspicion of SUDEP. 
Patient 4 

This is a 38-year-old Syrian woman referred due to chorea and fatigue starting a year ago. The patient and her relatives were not aware of any known consanguinity. Her past medical record was unremarkable. Neurological examination showed chorea of the trunk and legs, orofacial chorea, forced inspiration and areflexia. Her school attendance was 9 years in total; she has been a house wife ever since she married. Screening with MoCA yielded 13 points. Further evaluation with Repeatable Battery for the Assessment of Neuropsychological Status (RBAN) demonstrated scores significantly below average in visuospatial/constructional domain, language, attention, and delayed memory. An impulsivity trait was evident during cognitive evaluation. Laboratory tests showed normal liver enzymes and lipid profile, slightly elevated CK (10.1 μkat/L) and myoglobin (87 μg/L) values. Acanthocytes (~12%) were found on a blood smear. MRI showed caudate atrophy and iron accumulation in the basal ganglia and substantia nigra. EEG recording was pathological due to episodes of mixed delta- and theta activity and triphasic waves but no epileptic activity. This abnormality was interpreted as reflective of a diffuse cerebral damage. ENeG and EMG revealed inactive lumbar rizopathy (L4) but no signs of neuropathy or myopathy. NFL, total tau, p-tau and Aβ42 in the CSF were within reference ranges and antineuronal antibodies were absent. Genetic testing for HD was negative. Targeted genetic investigation revealed the homozygous pathogenic variant c.7867C>T (p.Arg2623X) in the VPS13A gene. In addition, a Western blot revealed low chorein levels confirming the diagnosis of chorea-acanthocytosis. During three years of follow-up after diagnosis, the patient’s condition had worsened. She developed mild depression, fatigue and weight loss. Chorea also increased but there was no evidence of feeding dystonia or dysphagia. In addition, her latest examination also revealed subtle reduced amplitude during finger taps but absence of rigidity. Some drugs (haloperidol, tetrabenazine, risperidone and sulpiride) were tried to attenuate her chorea but discontinued due to adverse effects before olanzapine proved to be both well-tolerated and beneficial.
Genetics

Both mutations in patient 1 were reported before (1). The homozygous mutation p.Arg2623X has been described several times before including in the original Critchley family and labelled the Kentucky mutation (e-3).  
Neuroimaging

All patients displayed variable degrees of striatal atrophy, being progressive in Patient 3. Iron depositions were seen in the globus pallidus in Patients 2 and 4 (see Main manuscript). These MRIs were performed at different centers with different protocols, preventing comparable volumetric analyses. The MRS findings in Patient 1 are presented in table e-1 and figure e-1. FDG PET and DATscan SPECT were performed at the Karolinska University Hospital in Huddinge, Stockholm, (Patient 1) and at the University Hospital in Uppsala (Patients 3 and 4) according to standard procedures. In all the examined patients FDG PET displayed reduced striatal metabolism whereas DaTscan SPECT revealed reduced striatal dopamine transporter density. Patient 1 and 3 had increased metabolism in the thalami, whereas patient 2 had an abnormally low metabolism in this structure. Neuroimaging for all four patients are presented in Figures e-1 to e-5. 
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Figure e-1: Proton single voxel magnetic resonance spectroscopy in  Patient 1, visualizing placement  in the middle frontal gyrus white matter on T2-weighted images. Effort was taken to keep a minimum of 4 mm to the ventricle and avoid sulci in order to minimize effects of CSF in the spectrum.
	Metabolite
	Patient 1
	Reference data WM

	Creatine-ratio
	Basal ganglia
	WM
	Min/Max
	Mean
	SD
	CoV%
	Results

	Ins
	
	3.91
	3.55/5.32
	4.77
	0.45
	9.3
	Normal

	Ins/Cr+PCr
	
	0.80
	0.77/0.93
	0.88
	0.05
	5.7
	Normal

	Cho
	1.99
	1.28
	0.68/0.99
	0.84
	0.08
	9.2
	Mild elevation

	Cho/Cr+PCr
	0.31
	0.26
	0.13/0.19
	0.15
	0.01
	8.4
	Mild elevation

	NAA
	6.62
	5.16
	5.30/7.62
	6.84
	0.63
	9.2
	Normal

	NAA/Cr+PCr
	1.03
	1.06
	1.17/1.36
	1.25
	0.06
	4.5
	Mild reduction

	Cr+PCr
	6.41
	4.87
	4.29/6.20
	5.45
	0.41
	7.5
	Normal

	Glx
	
	7.86
	4.99/8.58
	7.32
	0.79
	10.8
	Normal

	Glx/Cr+PCr
	
	1.61
	1.15/1.53
	1.34
	0.11
	8.1
	Mild elevation


.
Table e-1: Summary of MRS findings in Patient 1. Reduced NAA/Cr has been described before in two siblings with ChAc. NAA: N-acetylaspartate; Cho: choline; COV: Coefficient of variation; Glx: combined glutamate and glutamine; PCr: phosphocreatine.
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Figure e-2: Axial T2-weighted MRI of Patient 1 at age 43 demonstrating marked striatal atrophy (A). DaTscan SPECT and FDG PET on the same patient at age 46 display significant reduction of dopamine transporter density in the striatum (B, arrow), mostly in the putamen, respectively marked striatal hypometabolism (C, arrow). Symmetrically increased metabolism is evident in the thalamus.
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Figure e-3: Axial T2-weighted MRI of Patient 2 at age 42 shows low signal in the globus pallidus and anterior commissure indicating iron deposition (A), and striatal atrophy (B).
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Figure e-4: Axial T1-weighted MRI of Patient 3 at age 41 (A) and five years later (B). Frontal horn width to intercaudate distance ratio (FH/CC) ratio decreased (1.5 to 1.2) whereas the intercaudate distance to inner table width ratio (CC/IT) ratio increased (0.26 to 0.26) between the exams indicating progressive caudate atrophy.
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Figure e-5: Axial T2-weighted (A) and T1-weigthed MRI (B) of Patient 4 at age 38 shows bilateral atrophy of caudate nuclei. Reduced DAT binding is also evident in the left putamen (C, arrow) as well as marked hypometabolism is seen in both striata (arrows) and to a milder degree in the thalami (D), both studies were performed at age 41.
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