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Translational research movement disorders



Learning objectives
• By the end of this webinar:

• You are not afraid anymore of metabolic diseases
• You will know when to do biochemical testing or genetic testing
• Identify treatable forms of dystonia (limited number of disorders)
• Knowledge of treatment options in dystonia
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What are Metabolic Diseases?
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Metabolic Diseases are defects in our biochemistry



Porphyria
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Enzymes are proteins encoded by DNA



• Metabolic Diseases are genetic disorders

• Making a diagnosis of a metabolic disorder is 
identical to any other genetic disorder,

• Making the diagnosis of dystonia due to a metabolic
disorder is identical to any other forms of dystonia, 
except in acute onset dystonia



It is impossible to have knowledge of and have seen 
all potential dystonia disorders caused by dystonia genes. 
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54/147 dystonia genes are metabolic diseases



How are you going to tackle this problem?






















• When seeing a patient with dystonia you need to decide first 
is it likely an acquired disorder or not.

• Acquired:

• Side effect of medication?

• Infection / postinfectious?

• Auto antibody / autoimmune

• Functional disorder



Next do you think of a (treatable) metabolic disease?

• Do you think of a specific disorder

• Aim your diagnostics at this specific disorder

• Acute onset or intermittend movement disorder

• Insidious onset movement disorder



4 big groups of clinical presentations:
• Acute or intermittent encephalopathy
• Chronic progressive brain dysfunction
• Myopathy and rhabdomyolysis
• Liver failure

Clinical presentations of metabolic diseases



• Toxic metabolite / intoxication type 
• Amino acids
• Urea cycle
• Organic acid disorders
• Porphyria

• Cellular energy failure
• Mitochondrial disease 

• Onset often related to infections 
or drugs, ie valproate or change in diet

Ataxia
Myoclonus
Dystonia
Chorea
Tremor

Plus 
Seizures
Confusion
Psychosis
Anxiety
Coma

Acute or intermittent encephalopathy



Chronic progressive brain dysfunction

• Usually starts with very mild symptoms
• Focal onset, later generalised movement disorders
• Slowly progressive
• Over time multiple movement disorders and or other 

neurological abnormalities (eye movement disorders, 
seizures, neuropathy, cognitive dysfunction, myopathy)





How to recognise treatable forms of dystonia?



Treatable dystonias:
• Treatment dystonia is treament of metabolic disease

• Neurotransmitter disorders (DRD, SR, TH; L-dopa)

• Glucose transporter deficiency (Glut 1 deficiency; ketogenic diet)

• Paroxysmal dyskinesias

• Paroxysmal kinesiogenic dyskinesia (PRRT2;carbamazepine)

• Excercise induced dyskinesia (glucose transporter, pyruvate
dehydrogenase deficiency, DRD; ketogenic diet or L-dopa)










• Supplementing missing substrate
• Vitamin E deficiency

• Thiamine transporter deficiency

• Folate transporter deficiency

• Getting rid of accumulated compound
• Wilson’s disease

• Brain Manganese accumulation



• Good treatment results will be obtained in: 
• Dopa responsive dystonias

• Paroxysmal dyskenesias

• All other secundairy dystonias, when dystonia is already present, 
treatment is aimed at stopping progression of disease 

• Disease specific treatment can give some improvement of 
movement disorders, but in general limited effect
• Dietary treatment in metabolic diseases

• Supplementing missing substrate 

• Chelation therapy



Majority of patients require symptomatic treatment of their
dystonia

• Trihexyphenidyl (artane)

• Gabapentin

• (Baclofen)

• Benzodiazepines 

• Botulinum toxin

• Deep brain stimulation (DBS) 



• Acute or intermittend onset dystonia / movement disorders
• Need for speed

• Routine biochemical testing (lactate, ammonia, bloodgas, uric acid, ketones)

• Acylcarnitines, amino acids, or organic acids in urine

• Start emergency treatment

• Insidious onset disorders
• Next generation sequencing

• (targeted biochemical/metabolic testing)

How to diagnose a metabolic movement disorder? 
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• Next Generation Sequencing (NGS) approach is cost effective
• Superior for detecting unusual or late onset phenotypes





• As a clinician you decide what the diagnosis is for the complaints 
with which the patient comes to you 

• The result on the lab form is not the same as the diagnosis
• You need to have an opinion on the results of genetic testing
• Identical to the report of a MRI scan, you likely look at the scan 

yourself to see whether this actually explains the symptoms of your 
patient

• So deciding yourself is needed when looking at genetic (or 
biochemical) test results

How to diagnose a metabolic movement disorder? 



How to diagnose a metabolic movement disorder? 



• Coverage is not always 100% (GC rich areas are less well represented 
affects frequently exon 1)

• Large structural rearrangements (deletions of whole exons) are difficult 
to detect and not reported (also in Sanger, you need MLPA)

• Genomic deletions can give defects in transcription of nearby genes 
(Benign Hereditary Chorea) or include your gene of interest 

• Intronic mutations and mutations in promotor regions are not picked up 
(because introns are not captured), except in Whole Genome 
Sequencing 

• Nucleotide repeats (Huntingtons, SCA’s, myotonic dystrophy, FRA-X) are 
not reported 

• Intronic nucleotide repeats are a new class of mutations
• mtDNA is usually not reported in exome sequencing
• A single mutation in a recessive gene (in particular in metabolic 

diseases) can give a clinical phenotype

Pitfalls in exome sequencing



• Genomic deletions can give defects in transcription of 
nearby genes (Benign Hereditary Chorea) or include your 
gene of interest 

Pitfalls in exome sequencing



• Intronic mutations and mutations in promotor regions are 
not picked up (because promotor regions and introns are 
not captured), except in Whole Genome Sequencing

Tyrosine hydroxylase gene (TH)

Pitfalls in exome sequencing



Pitfalls in exome sequencing

• Specific pentanucleotide and trinucleotide intronic repeats 
give rise to myoclonus and familial cortical tremor and 
glutaminase deficiency.

• Intronic mutations that affect methylation can give rise to 
autosomal recessive disorders



Pitfalls in exome sequencing



Pitfalls in exome sequencing



Pitfalls in exome sequencing

• Heterozygote mutations can give rise to autosomal 
recessive disease (affect dimerization of enzyme complex 
or affect allelic expression)

• Heterozygote mutations can give gain of function and 
hence metabolic disease

• Mitochondria have their own DNA, mutations in mtDNA
are not reported in WES



Dominant negative mutations

Mutations in Δ1-pyrroline-5-carboxylate synthase, P5CS  (ALDH18A1)
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• Is there need for speed? 
• Biochemical testing and metabolic testing

• Do you suspect a specific disorder?
• Aim your diagnostics at this specific disorder! 

• When not a single disorder is suspected, start NGS 
diagnostics including metabolic diseases.

• When there are LP or VUS variants reported in a gene that 
really could explain the phenotype, you should pursue this 
potential diagnosis. Also, when only 1 mutation is found
• Is there a biochemical or enzymatic test that could make this 

diagnosis more likely, MLPA, array-CGH or perhaps imaging studies?

Diagnostic Strategy



• Keep in mind that in some cases one mutations in a recessive gene can explain 
the phenotype so could a dominant negative effect or allelic expression 
imbalance explains the phenotype. 

• Consider sending material to a laboratory of which the disorder is a research 
focus. 

• When NGS diagnostics did not result in a molecular diagnosis, but a 
genetic cause is highly suspected, consider whether a diagnosis can be 
missed due to any of the pitfalls of NGS diagnostics. 
• Large structural rearrangements, genomic deletions or could a repeat disorder 

perhaps be the cause? Was mtDNA tested? Could dedicated biochemical 
testing be beneficial for the diagnostic process?

• When all of this this still does not result in a molecular diagnosis, follow-
up on the clinical evolution of the phenotype is the best thing to do and 
share these clinical phenotypes within your network.
• Repeat diagnostic testing after 1-2 year, depending on progression of the 

symptoms 



Key conclusions
• Metabolic Diseases are genetic disorders

• Making a diagnosis of a metabolic disorder is identical to any
other genetic disorder, except in acute onset movement
disorders

• Treatable metabolic movement disorders are rare, in most 
cases treatment is aimed at stopping progression of the
disorder

• Make use of diagnostic algorithms and determine what

works best in your clinic



Tom J de Koning
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NEXT Webinar

‘Adult leukodystrophies - early 
symptoms of late-onset 
leukodystrophies’
by Fanny Mochel, 
Institute of Brain and Spine, Paris, France
5. October 2021 
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