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SYNGAP1, 
a new gene 
identified



Background

▪ SYNGAP1 codes for Synaptic Ras GTPase-
activating protein 1 on short arm of Chr. 6 
(6p21.3)

▪ Function of SYNGAP1 contains regulation of the 
density of NMDA-rezeptors and AMPA-rezeptors.

▪ Important for cognition and functioning of 
synapses

Clement et al. Cell 2012; Komiyama et al. J. Neurosci

2002; Kim et al. J Neurosci 2003
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Mutations that cause intellectual disability (ID) 
and autism spectrum disorder (ASD) commonly in 
genes that encode for synaptic proteins.

SYNGAP1 mouse model of ID/ASD:

Dendritic spine synapses develop prematurely
during the early postnatal period premature
spine maturation dramatically enhanced
excitability in the developing hippocampus
emergence of behavioral abnormalities

Clement et al. Cell 2012



Cell 2012 151709-723DOI: (10.1016/j.cell.2012.08.045) 

Background



Background- Protein Function
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Findings by the SYNGAP1 mouse model
▪ Pathogenic SYNGAP1 mutations promote 

early maturation of hippocampal spine
synapses

▪ Mutations lead to neonatal hyperactivity of
the hippocampal trisynaptic circuit

▪ Mutations have greatest impact during the
first 3 weeks of development

▪ Reversal of mutations in adults does not 
improve behavior and cognition

Clement et al. Cell 2012



Pathomechanism SYNGAP1

Weldon M, Kilinc M, Lloyd Holder J Jr, Rumbaugh G.
J Neurodev Disord. 2018 Feb 5;10(1):6.



SYNGAP1

▪ Mutation in SYNGAP1 cause “autosomal 

dominant mental retardation type 5” 

(MRD5).

▪ SYNGAP1 one of most important genes for  

intelligence impairment  (ID), mutation are 

found in 0.7 - 1% of ID.

Muhia et al. Euro J Neurosci 2010; Aceti et al. Biol Psychiatry

2015; Vissers et al. Nat Genet. 2010; Rauch et al. Lancet 2012; 

Allen et al. Nature 2013 
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SYNGAP1- phenotypes

▪ Autism spectrum disorder (ASD) 

▪ Developmental delay

▪ Acquired microcephaly

▪ Different epilepsies (including epileptic 

encephalopathy)

▪ …

Muhia et al. Euro J Neurosci 2010; Aceti et al. Biol Psychiatry

2015; Vissers et al. Nat Genet. 2010; Rauch et al. Lancet 2012; 

Allen et al. Nature 2013 
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Case 1
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▪ Normal pregnancy and birth, as early 
development

▪ 2.5 y: delay in speech development

▪ 12 y: neuropsychological testing: learning 
disability; intellectual impairment and 
autistic characteristic signs

▪ 2 y: first epileptic seizure (drop attacks   
clonic and GTCS)

▪ AED: STM+ CLB STM; with 6 y.: VPA

▪ 11-13 y: +LEV; then all AED stopped



Case 1
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▪ EEG: 

▪ without AED worse

▪ 2 GTCS (one during fotostimulation)

▪ new: normalization of paroxysmal activity 
by eye opening

▪ NGS-panel: heterozygote Mutation 
c.348C > A, p.Y116 in Exon 4 of SYNGAP1



Case 1
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Results:

▪ Description of  17 non-related patients with 13 
different new loss-of-function SYNGAP1
mutations (8m/9f; mean age:10.3y. (3-29 y.)) 

▪ Developmental delay was first manifestation of 
SYNGAP1- Encephalopathy

▪ Intelligence impairment became more and more 
obvious and was related in 8 patients with 
autistic behavior.

SYNGAP1

15.07.202119
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Mutations all over
the gene except for
spliced 3‘ and 5‘ 
exons.

SYNGAP1



▪ Neurological assessment: often hypotonia and 

unsteady gait/ataxia

▪ MRI: either normal or unspecific findings 

SYNGAP1

15.07.202121



▪ Except for one patient all had epilepsy

▪ Seizure-Semiology: atonic or myoclonic seizures, 

(myoclonic) absences, and/or eyelid myoclonia

▪ Often trigger for seizures (n=7): PS (n=5) or Fixation OFF 

Sensitivity (FOS) (n=2), eating (1x).

▪ Severity of epilepsy did not correlate with occurrence of 

autistic features or the severity of cognitive impairment

SYNGAP1
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SYNGAP1
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Patients with
mutations in 
Exon 4 - 5 more
responsible to
pharmaco-
therapy than
patients with
mutations in 
Exon 8-15.  



SYNGAP1
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▪ in EEGs of 15 new
patients two distinct
EEG patterns
▪ P1:rythmic 

posterior/diffuse 
delta waves (FOS)

▪ P2: diffuse 
polyspike and
wave discharges

▪ both triggered by eye
closure

▪ FOS and eye closure
main seizure triggers!



SYNGAP1, 
eating epilepsy



SYNGAP1 and eating epilepsy

▪ 1/17 patients in SYNGAP1 publication with 
seizures triggered by chewing

▪ Further index patient: 
▪ 4-year-old boy, no family history
▪ at 3 months: motoric developmental delay
▪ At 2.5 yr. drop attacks
▪ + eyelid myoclonia and atonic seizures
▪ VPA → seizure reduction

▪ cMRT: normal
▪ Epilepsiepanel: SYNGAP1 mutation

Mignot C et al J Med Genet 2016



SYNGAP1 and eating epilepsy

von Stülpnagel C et al Seizure 2019
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SYNGAP1 and Eatingepilepsy
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SYNGAP1 and eating epilepsy
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Eating seizures: bilateral eyelid myoclonia, 
upward starring, followed by short tonic head 
propulsions/thoraxpropulsions and sometimes 
short tonic extensions of head and neck

EEG:
▪ similar focal EEG-pattern with 1-5 sec. high 

amplitude, irregular 3/sec spike-wave 
complexes with start from left temporo-
occipital, rights temporo-occipital or bi 
occipital/ temporo-occipital



SYNGAP1 and eating epilepsy
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SYNGAP1 and eating epilepsy
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Retrospective study with 8 SYNGAP1 patients
and eating epilepsy (EE):

▪ 4 girls (age: 4–14 yr.; mean 6.9 yr.; median: 
5.75 yr.)

▪ all severe language developmental delay
▪ cognition: (mean age:5.6 yr) 

▪ moderate-severely impaired in 6 
▪ 1 patient each with moderate or severe 

impairment. 

▪ first seizure around 3.5 yr. (1 -7.5 yr.)

15.07.2021



SYNGAP1 and Eatingepilepsy
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EE:
▪ main seizure type: bilateral eyelidmyoclonia (7 

pat.)
▪ with additional short absences with 3 pat.
▪ subtle atonic components in further 3 pat. 
▪ 1 pat. atonic headdrops
▪ 1 pat. besides eyelidmyoclonia short 

retropulsive movements of head and neck and 
atonic phase at the end. 

▪ 1 pat. tonic head extensions more to the right 
side and upward gaze for 7 sec. (eating as 
toddler) and as child eyelidmyoclonia with oral 
stimulation.

15.07.2021



SYNGAP1 and Eatingepilepsy
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EEG:
▪ 1-5 sec. high amplitude, irregular 3/sec 

spike-wave complexes with beginning left 
temporo-occipital, right temporo-occipital or 
bi-occipital/ temporo-occipital

▪ spike-wave complexes bioccipital and 
generalizied

▪ multifokale irregular spikes and polyspikes
right fronto-temporal and left temporo-
occipital (Pat#2)

15.07.2021



SYNGAP1, 
the broader
clinical picture



http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjgvJDv-qXXAhXGjJQKHYDKCMcQjRwIBw&url=http://www.ippoca.eu/the-partners/&psig=AOvVaw1hHTmBp6jaPiWlu-zXA-E0&ust=1509920639935524
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjysZ_K_aXXAhVIJpQKHe2JAnUQjRwIBw&url=http://www.foreignercn.com/yellowpages/store-333.html&psig=AOvVaw32aj2mJl5h0j9EVxcngqAJ&ust=1509921360667923
http://www.washington.edu/medicine/pediatrics/home/


Inspiration for study



- Investigators’ practices and research databases (n = 39) 

- Facebook (n = 27) 

Patient recruitment (n = 66)

https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwibibyX66HXAhXEqJQKHduhDPcQjRwIBw&url=https://globalgenes.org/raredaily/worlds-largest-ever-study-of-syngap1-mrd5-launches/&psig=AOvVaw3MfvLh1SJ8OExM3kamfbOX&ust=1509778965980931


57 with pathogenic mutation

53% male

Median age 8 yrs (range 18 m – 33 yrs) 

46 novel patients, 35 novel unique mutations

Patient cohort (n = 57)



SYNGAP1 genotypes

Both truncating and missense variants were identified



SYNGAP1 genotypes

Microdeletions were identified in patients with similar phenotypes



Seizures

Most patients have multiple seizure types with onset in childhood

– Seizures diagnosed in 56/57 patients

• Median age at onset: 2 years (4 m – 7 y)

– Seizures remitted in 10 (18%)

• Median age at offset: 7 years (3 y – 13 y)  

– Multiple seizures types in 61%



Seizure types

Seizure types are most often generalized
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Seizures can be subtle

Seizures often misinterpreted as behavior



Reflex seizures

Seizures induced by eating in 25%



Novel seizure type (n = 13)

Eyelid myoclonia → myoclonic – atonic seizure (n = 5)
→ atonic seizures (n = 8) 



Eyelid myoclonia – myoclonic – atonic seizure

Novel type of drop attack for SYNGAP1 

Eyelid myoclonia Myoclonic-atonic

MyoclonicEyelid myoclonia



EEG results (n = 52)

The EEG shows both generalized and focal discharges 

– Generalized discharges in 77%

– Focal/multifocal discharges in 54%

– Photosensitivity in 55% of tested patients (n=31) 

– Slow background in 50%



Intellectual disability (ID)

Patients have developmental delay with regression
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5 / 57 had mild ID

50 / 57 had moderate to severe ID
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SYNGAP1 comorbidities
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Gait difficulties 

Gait difficulties in a 10 year old boy



Brain pathology in SYNGAP1 encephalopathy

Older patient with focal seizures



Brain pathology in SYNGAP1 encephalopathy

Loss of purkinje cells likely relates to ataxia

Cerebellar molecular layer

Internal granular layer 

Astrocytosis
Loss of purkinje cells
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Dysmorphology

SYNGAP1 has subtle dysmorphic features 



SYNGAP1 
syndromology



Epilepsy with
Eyelid Myoclonia

(EMA) 23%

Epilepsy
with Myoclonic-
Atonic seizures

(MAE) 7%

SYNGAP1 epileptology

SYNGAP1 encephalopathy is a MAE & EMA overlapping syndrome  

MAE & EMA
overlapping 
syndrome 

35%

Nonsyndromic DEE (32%)
West syndrome (2%)

Developmental
encephalopathy
without epilepsy



Genotype-phenotype correlation

No clear genotype-phenotype correlation exists



Treatment
in SYNGAP1            



Epilepsy treatment

Novel therapies on the horizon



Epilepsy treatment

Most patients had therapy-resistent epilepsy

- 20 different anti-epileptic drugs 
- Valproate most often

commenced (64%)
- Lamotrigine most often

continued (77%)

Anti-epileptic drug Commenced in n Continued in n 

Valproate (VPA) 45 29 (64.4)

Lamotrigine (LTG) 22 17 (77.3)

Levetiracetam (LEV) 19 8 (50.0)

Clobazam (CLB) 15 6 (40.0)

Topiramate (TPM) 11 6 (54.5)

Ethosuximide (ETX) 10 2 (20.0)

Clonazepam (CZP) 10 5 (50.0)

Zonisamide (ZNS) 7 2 (28.6)

Cannabidiol (CBD) 6 5 (83.3)

Ketogenic diet 6 3 (50.0)

Carbamazepine (CBZ) 3 2 (66.7)

Nitrazepam (NZP) 4 -

Steroid 4 -

Pyridoxine 3 -

Lacosamide (LCM) 3 -

Rufinamide 3 -

Vigabatrin (VGB) 2 -

Phenytoin (PHE) 1 -

Lorazepam (LZP) 1 -

Perampanel 1 -



SYNGAP1-Epilepsy Treatment
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Eschermann K, Kiwull L. et al. submitted



SYNGAP1-Epilepsy Treatment
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Case 1

▪ 19 yrs.: EEG-worsening with generalized 
polyspike waves and occipital spikes 

▪ 20 yrs.: GTCS after sleep deprivation and 
single myoclonic seizures every morning 
after waking-up

▪ Longterm-Video-Monitoring (52h): 100 
episodes with epileptic discharges as well as
4 myoclonic seizures/24h

▪ N1-Trial with rosuvastatin 5 mg/d for 18 
months in monotherapy seizure
situation improved: no GTCS /less myoclonic
seizures

6
8

15.07.2021 Kluger G. et al. Neuropediatrics. 2019



Mode of Action Statines

Rose; Al-Janabi, et al. Porto Biomedical Journal. 2017.



STATINE and SYNGAP1

Weldon M et al. J Neurodev Disord. 2018 



Take home messages

– SYNGAP1 is a distinctive generalized DEE 
– Combines features of MAE and EMA 
– Seizures can be triggered by eating
– Fixation off Sensitivity and Eyeclosure triggers 

seizures
– Array of comorbidities

» Intellectual disability, 
behavioural problems, 
a high pain threshold
and ataxia

– Early recognition of seizures might improve outcome



Questions?



NETRE

▪ non-sponsered and non-funded

▪ initiated to share treatment experiences among

clinicians

▪ coordinators for different genes (>270 groups)

▪ Quarterly newsletter

▪ Contact:

celina.Steinbeisvon@med.uni-muenchen.de

73

31.03.2021



SYNGAP1 Facebook group
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