
GLUT1 DS: 
The Genetic Approach

Carla Marini, MD, PhD
Child Neurology Unit –

AUO

Meyer Children’s Hospital 
Firenze – Italy



Outline

• Treatable, highly epileptogenic, encephalopathy
• SLC2A1 or GLUT1 gene 
• Inheritance 
• Genotype 
• Phenotype 
• Genotype-phenotype correlations

https://www.google.it/search?client=firefox-b&q=%E2%80%A2Treatable,+highly+epileptogenic,+encephalopathy&spell=1&sa=X&ved=0ahUKEwjMyZ605L7PAhXrAsAKHR-pBFsQBQgbKAA
https://www.google.it/search?client=firefox-b&q=%E2%80%A2Treatable,+highly+epileptogenic,+encephalopathy&spell=1&sa=X&ved=0ahUKEwjMyZ605L7PAhXrAsAKHR-pBFsQBQgbKAA


SLC2A1 gene

Humans have 2 copies of the gene
Maternal copy + paternal copy



Mutations might be:
• Missense
• Frameshift
• Non sense
• Truncating
• deletions



How should the gene be analyzed?

•Sanger-based automated sequencing           to uncover missense or truncating mutations

•Sequencing must include regulatory sequences of the SLC2A1 gene, e.g. promoter 

sequences and/or sequences deep in introns

•About 10% of GLUT1-DS might also be caused by (partial) deletion of the SLC2A1 gene.  

•Multiplex Ligation-dependent Probe Amplification (MPLA) must be performed in patients 

with suspected GLUT1 deficit



• Several affected family members over different 
generations

• Mutations are transmitted by mildly affected parent 
• Mosaic mutations in the transmitting parent
• Non penetrant transmitting parent
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Inheritance

GLUT1-DS often presents as a sporadic disease with ‘de novo’ mutations 

producing haploinsufficiency and conferring symptomatic heterozygosity

SLC2A1 mutation



Genotype

• Several hot spots for recurrent mutations have been identified
o Asn34 
o Gly91 
o Ser113 
o Arg126
o Arg153
o Arg264
o Thr295
o Arg333

• All mutations either lead to absence or loss of function of one of the 
SLC2A1 alleles







Rare disorder?

2011: close to 200 patients identified worldwide 
2016: thousand/s patients..

2004 to 2008
132 requests to analyse SLC2A1 gene 

54 mutations (41%) (French study)

Leen et al., Brain 2010

6/207= 2.8% - Danish study
Estimated frequency 1:83,000

Larsen et al., Epilepsia 2015





Classic – De Vivo – GLUT1-DS phenotype

• Infantile onset seizures
• Delayed development
• Deceleration of head growth
• Paroxysmal events of non-epileptic 

nature
• Hypoglycorrhachia and reduced 

CNS/ blood glucose ratio
• Dramatic response to KD

N Engl J Med 1991;325:703–9.



12% (4/34) early-onset absence 

epilepsy  of patients 

o 2 mutations de novo

o 2 mutations familial

Ann Neurol. 2009 Sep;66(3):415-9

SLC2A1 mutations and epilepsy 
type/syndromes

https://www.ncbi.nlm.nih.gov/pubmed/19798636
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With intellectual disability and ataxia



Mullen et al 2011





Genotype and phenotype correlations
• Type of mutation with the severity of intellectual disability (ID)

Mild ID in 
• 79% of patients with missense mutations
• 26% of patients with nonsense, frame shift, splice site or translation initiation mutation or multiple 

exon deletion
• Presence or movement disorders

• 63% in patients with missense mutations
• 88% with other type of mutations

• 100% multiple exon deletion have: early onset classical phenotyp

Correlations 
genotype   CFS/blood glucose ratio phenotype
mutations with truncating effect mean 0.30 early onset GLUT1DS

missense mutations mean 0.40 late onset GLUT1-DS or 
non classical phenotype



MUTATION SYNDROME GLYCORRHACHIA

MISSENSE

4 MAE

1 IGE

1 PED

1 DE VIVO

 mean: 36.5 mg/dl

 median: 37 mg/dl

 range: 31 mg/dl- 43 mg/dl

SPLICING 1 EOAE

1 DE VIVO

 mean:  35 mg/dl

 median: 35 mg/dl

 range: 32 mg/dl-38 mg/dl

TRUNCATING 1 DE VIVO 31 mg/dl

FRAME SHIFT 1 DE VIVO 29 mg/dl

• No Genotype-phenotype correlation

• Missense mutations: wide range of 

manifestations from early onset absence 

epilepsy to GLUT1-DS

• Mutations with truncating effect: GLUT1-DS

• 2 patients with same missense mutation and 

identical phenotype: myoclonic astatic epilepsy 

with childhood onset PED and adolescent onset 

behavioral disturbance

From our cohort of patients carrying 
SLC2A1 mutations

(unpublished data)



Conclusion

If GLUT1DS is suspected: 

A Lumbar puncture first B Genetic testing first 

 Individual cases with normal glycorrhachia

 Relying on hypoglycorrhachia alone might be unhelpful for a definite diagnosis in 

individual cases- GLUT1 deficit might remain undiagnosed and untreated



Conclusion

• Genetic testing to confirm the clinical diagnosis 
o SLC2A1 sequencing

o SLC2A1 MLPA (to detect deletions)

o Parental analysis to explore inheritance

o Genotype-phenotype correlation

• Mutations with truncating functional effect have a more severe phenotype


