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Starting 2002…





Monogenic Neurodevelopmental disorders NDDs

Intellectual
disability (ID)

ADHD

M
ot

or
 D

iso
rd

er
s

Specific
Learning 
Disorder

• The neurodevelopmental disorders are a group of conditions 
with onset in the developmental period

DSM-5, 2013



Typical NDD patient we see

Wright C. et al, 2015

Deciphering Developmental Disorders study

 Prevalence 2% population
 Over 1600 different ‘Mendelian’ genes 



Genetische diagnostiek
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Human Genetics Nijmegen

The humane genome: chromosomes and genes

Willemsen&Kleefstra; Clin Genet 2013
Making headway with genetic diagnostics of intellectual disabilities.



Breakthrough 1999
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Knight et al, Lancet 1999
Dawson et al, Clin Genet 2002

Subtelomere 9q deletion by FISH

Cormier-Daire et al, J Med Genet 2003





• Genome First: broadening molecular and clinical spectra

• Clinical follow up/natural history

• Pre-clinical studies

• “Kleefstra syndrome type 2”

EHMT1 after 2006….
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Rare genetic
syndromes

Psychiatry (Clinical) Genetics

PsychologyBiology



Aim: optimal treatment
trough knowledge integration

‘personalised’
intervention strategies

(Clinical) Genetics

Psychology

Psychiatry

Biology



Neuropsychiatric deterioration

AMJG 2011; 155(10):2409-2415



Psychiatry
in Kleefstra
syndrome



Severe loss of function post-puberty!

Vineland-Z Adaptive Behavior Domains
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Adaptive functioning: Vineland-Z: Clinical interview

225 items, maximum 450 points (0,1,2 points per item)



Natural History

To develop and implement intervention strategies for Kleefstra syndrome

Objective 1: to develop a follow-up strategy for KS patients with special attention
to behavioral development changes

Objective 2: to perform an international clinical effect study to prevent general
regression in patients with KS syndrome

Objective 3: to understand the pathophysiology of the regression observed in KS
and the mechanism of olanzapine using patient-derived induced neurons

Joost Kummeling



Sequential design

T=0 T=1 T=2 T=3 T=4

Test battery Test battery Test battery Test battery Test battery 

• Treatment starts when symptoms of psychosis/regression occur
• Early Deteciont Cohort with psychosis and Late Detection Cohort will be treated



Collaborations

Nijmegen

Manchester

Boston

CHALLENGES:3



“ Kleefstra syndrome type 2”



What about Kleefstra syndrome type 2……..



2011: Module: Chromatin modification

Kleefstra
syndrome

75%?25%



 Targeted: 5 cases
Gene Ontology (GO) term: ‘chromatin modification’
String database/Known EHMT1 interactors
Total ≈ 400 genes

 Whole Exome: 5 cases
≈ 18000 genes
‘Trio screening’ 

?

Finding the other causes

10 cases:



Genetic causes in ‘EHMT1-negative’ patients

MBD5 NR1I3

Targeted

MLL3SMARCB1

Whole Exome 



Sba/MBD5-overexpression

Trr/Mll3-Knock Down

No EHMT-overexpression EHMT-overexpression

Control

Any interactions of these genes/proteins known? 

Collaboration
Jamie Kramer
Annette Schenck
Radboudumc

Kleefstra et al., AJHG 2012



Establishment of EHMT1 associated
genotype and phenotype networks

Genetic interaction

EHMT1
ehmt

MBD5
sba

MLL3
trr

SMARCB1
snr1NR1I3

EcR

Protein complex

Kleefstra et al., AJHG 2012



Ongoing collection: KMT2C-related NDD cohort n=90

Inherited

MLL3
trr



KMT2C variants compared to EHMT1 and KMT2D

Conclusion: Cohort differences on all levels

- Distinctive methylation signatures

- HPO terms + facial symptoms

Collaboration
Rosanna Weksberg Sick Kids, Toronto
Sid Banka, Genomic Medicine, Manchester

Koemans et al., Plos Genet 2017 and Rots et al., manuscript in preparation



guideline



Kleefstra syndrome

Inadequate 
surveillance and

follow-up

Rare

Limited 
studies

Lack of 
knowledge Pubmed: 365 results

Kleefstra Syndrome
Kleefstra-syndrom*
Ehmt1
Ehmt-1
9q34.3
9q-Subtelomeric-Delet*
9qSTDS
9q-STDS



To develop a clinical consensus guideline
-achieve an uniform, minimum standard of care
-support clinical decision making

Evidence-based Consensus-based

• Clinical
Based on clinical questions

• Consensus

• Guideline
Recommendations to use in clinical practice

Consortium aim



Guideline process
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Working groups (WG)
1. General care: patients and families
2. Development, Speech, Communication
3. Behavior, Sleep, Neurology
4. Cardiology, Digestive tract
5. Genetic testing and counseling 

Patient
represen-

tatives

Professionals

Survey and consortium meeting

Main topics



Final product

• 12 chapters 
• Including 12 clinical topics + recommendations: prenatal period -> adulthood

• Clinical synopsis
• Lay version in different languages

• Guideline update plan
• Research agenda

• Planning: November 2023: Consensus meeting



Acknowledgements 

Prof Han Brunner
Prof Hans van Bokhoven
Prof Nael Nadif Kasri
Prof Annette Schenck

Amalia Children Hospital
Dr Joyce Geelen

(Child)psychiatry Nijmegen
Dr Joost Janzing
Dr Monica Pop
Prof Nanda Lambregts

Clinical Neuropsychology,
Vincent van Gogh, Venray
Prof Jos Egger
Dr Karlijn Vermeulen

Human Genetics Nijmegen 
Arianne Bouwman
Joost Kummeling
Dmitrijs Rots
Lara van Renssen
Dr Nicole de Leeuw
Prof Lisenka Vissers
Dr Rolph Pfundt

Guideline committee

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjEk46uttLNAhVrB8AKHa8oBAcQjRwIBw&url=http://www.hartebeest.nl/en/visual_identities_and_logos/donders_institute&psig=AFQjCNFhsVFW2xVQawevUlyj7OchIcBaiA&ust=1467467718032994
http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjEk46uttLNAhVrB8AKHa8oBAcQjRwIBw&url=http://www.hartebeest.nl/en/visual_identities_and_logos/donders_institute&psig=AFQjCNFhsVFW2xVQawevUlyj7OchIcBaiA&ust=1467467718032994

	The Journey of Kleefstra syndrome and the EHMT1 gene�
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Monogenic Neurodevelopmental disorders NDDs
	Typical NDD patient we see
	Genetische diagnostiek
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Neuropsychiatric deterioration
	Slide Number 19
	Slide Number 20
	Natural History		
	Sequential design
	Collaborations
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Ongoing collection: KMT2C-related NDD cohort n=90
	Slide Number 32
	Slide Number 33
	Kleefstra syndrome
	Slide Number 35
	Guideline process
	Main topics
	Final product
	Acknowledgements ��

