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1) Interaction among neurologists, geneticists and neuroradiologists 
(MACF1) 
 
2) Interaction with colleague dysmorphologists (INTS8 and INTS1) 
 
3) Interactions needed … when the exome lets you down (SMPD4) 
 
 
 
  
 
 
 
 
 
 

The perspective of the clinical geneticist on 
multidisciplinary collaboration in MCD research 



1 – Interaction with neurologists, geneticists and radiologists  
(Bill Dobyns’ multicenter review session) 

10 yr male 
Seizures 
Spasticity 
No speech 
 
MRI:  
-P>A 
pachygyria, 
-Narrow pons,  
-Mildly thick 
medulla  
 

Exome: 
-NM_012090.5(MACF1):c.15530G>T, p.(Cys5177Phe), de novo. 



Bill Dobyns, Dan 
Doherty:  
 
Distinctive and 
recognizable pattern in 8 
unrelated  individuals 





Marjolein Dremmen, Neuroradiologist 

DTI:  defect in midline crossing tracts 

patient 

control 



Cys7135 Cys7188 

Asp7186 Cys7133 

Cys7135Phe 

Cys7188Phe 

Cys7188Gly 

Asp7186Tyr 

WT 



Persona = Latin word for the ancient 
resonating (= per-sonare) theater masks 

2 – Interaction with dysmorphologists: 
reverse phenotyping   



Face2gene 

Who needs the clinical dysmorphologist? 

Cliniface platform 
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Face dysmorphism 

Abnormal toes 

 

Severe DD 

Epilepsy 

Blindness 

Absent speech 

Spasticity 

J. Hoogeboom, G. Mancini, R. Oegema 

1983, 2003, 2013, 2017 



Periventricular Nodular Heterotopia and 
Cerebellar Hypoplasia 
2003, MRI: Cerebellar Hypoplasia and Periventricular Nodular Heterotopia 

G. Mancini, M.H. Lequin, I. de Coo, Rotterdam 



U1/U2 

WGS: INT, Integrator complex subunits 

D. Baillat and E. Wagner, Cell, 2005 

RNAP-II 

INTS8 

INTS8:  
- c.893A>G, p.Asp298Gly + affecting splicing 
- c.2917_2925del, p.Glu972_Leu974del 
 

Oegema R et al. 
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INTS8 

WES:  
INTS1 / KIAA1440 
c.5351C>A, 
p.Ser1784* 
homozygous  

Distinctive dysmorphic features 

WES: Marjon van Slegtenhorst, Martina Wilke 

Severe ID, SS, cataract, dysmorphism, abn. toes 

INTS8 

U1/U2 

Courtesy Dr A.S. Brooks 

RNAP-II 

Fam 1 Fam 2 Fam 3 



• Neural progenitor-specific depletion of INTS1 and INTS8 
induces ectopic type II neuroblasts and increased de-
differentiation to INP 
 

• Possibly, the PNH observed in affected individuals results 
from abnormal NP differentiation (rather than migration) 

April 2019 

Integrator in cortical development 



On-line 19 Aug 2019 



INTS8 

CTDP1 

INTS1 INTS8 

D. Baillat & E. Wagner 

CCFDN is caused by mutation in CTDP1  



3 – Interactions…when the exome lets you down 
 
Since 2002 in follow-up, large 
consanguineous pedigree, all affected 
share the same phenotype: 
 

- Primary microcephaly with 
simplified gyral pattern and 
hypomyelination 

- No developmental milestones 
- Congenital arthrogryposis of hands 

and feet  
- Early death  

 
 

- Linkage analysis: one large region 
of homozygosity on chrom 2q22, 
shared by all affected > MUTATION 
LOCUS (300 genes) 

2016 Exome sequencing: no 
mutation! 



DNA RNA PROTEIN 

CELL TISSUE ORGAN 

 2017 >  RNAseq 



RNASeq reads from ROH on chromosome 2q22 

#2 

#1 

#3 

#4 

#5 

#6 

15 14 13 16 17 SMPD4 exons 

Sample 

mutation 

A single nucleotide mutation in INTRON 14 of SMPD4 (chr2:130,155,051 G>T) 
creates a mutant splice acceptor site, close to exon 15 

Dr. Maarten Fornerod, Cell Biology 
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SMPD4 recessive variants cause the same phenotype  

AJHG 5 Sept 2019, online 
 

Open access databases of genomic 
variants: https://www.genematcher.org/ 



SMPD4 defect: Microcephaly with simplified gyral 
pattern and hypomyelination 

Magini P, Smits D et al AJHG Sept 2019 



Link between SMPD4, membrane and cell proliferation? 

 

- SMPD4 is a neutral sphingomyelinase in 
the ER membrane  

- Sphingomyelin is particularly abundant 
in de Outer Nuclear Membrane  

- Dynamics of Nuclear Membrane 
important during cell division (mitosis)  

https://commons.wikimedia.org/wiki/File:Mitosis_cells_sequence.svg 



SMPD4 sequence identical to NET13,   
Nuclear Envelope Transmembrane protein-13 



Link between nuclear membrane and mitosis  

SMPD4 localizes 
at the nuclear 
envelope 

Nuclear envelope 
breaks down 
during mitosis 

Daphne Smits 



Loss of SMPD4 results in cell cycle defects and apoptosis 
Daphne Smits, Rachel Schot, Maura van Mook   

KD SMPD4  
- ↓ Dividing cells 
- G1 delay 

Patient fibroblasts 
- Increased apoptosis 
- No G1 delay 
 

Contro
ls

Pati
en

ts 
W

RS
0

20

40

60

80
%

 o
f p

os
iti

ve
 c

el
ls

*
**

Active Caspase 
assay,FLICA) 

Cell cycle phases  

Cell cycle phases (flow cytometry)  



SMPD4 interacting proteins are localized in the ER 
 and the nuclear envelope  

ER membrane proteins 
  

ER + Nuclear envelope 

Pulldown of Myc-SMPD4  Mass spectrometry  
- 253 significant potential binding partners  
- Network analysis in IPA (ingenuity pathway analysis)   

Involved in protein folding, protein 
synthesis, protein translocation 

 

Several components of the nuclear pore 
complex  

Magini, Smits et al AJHG 2019 



SMPD4 localizes at the Nuclear Pore Complex 

Nuclear lumen  

Nuclear  envelope  

Cytoplasm 



• SMPD4 is an outer Nuclear Membrane sphingomyelinase 
associated with the Nuclear Pore Complex 
 

• Lack of SMPD4 leads to MIC, SGP and Hypomyelination during 
brain development, 

• Linking lipid metabolism to neural progenitors proliferation and 
differentiation   



Lessons learned: 
 
MACF1 > periodic multidisciplinary MRI review sessions support 
recognition and classification of rare MCD phenotypes  
 
INTS8/1 > accurate phenotyping supports genome data interpretation and 
leads to syndrome recognition  
 
SMPD4 > searching beyond the exome and integrating new technologies  
is increasingly needed 
 
All > importance of long term follow up of patients with rare phenotypes  

The perspective of the clinical geneticist on 
multidisciplinary collaboration in MCD research 



• Erasmus MC: 
Clinical Genetics 
Rachel Schot, Laura Vandervore, Daphne Smits, Marjon van 
Slegtenhorst, Martina Wilke,  Frans Verheijen, Alice Brooks, 
Esmee Kasteleijn, Vincenzo Bonifati, Stefan Barakat, Maura van 
Mook 
Cell Biology 
Maarten Fornerod, Niels Galjart, Raymond Poot 
Pathology 
Peter van der Spek, Max Kros, Stefanie Brock 
Child Neurology: Marie Claire de Wit 
Radiology: Marjolein Dremmen 
Proteomics: Jeroen Demmers, Dick Dekkers 
 

 

• Patients and families, Referring clinicians, 
Collaborators: 

Anna Jansen, UZ Brussel 
Nadia Bahi-Buisson, Paris 
Andrew Fry, Cardiff 
Maarten H. Lequin, Utrecht 
Renske Oegema, Utrecht 
Daniela Pilz, Glasgow 
Nataliya Di Donato, Dresden 
Ghayda Mirzaa, Seattle 
Bill Dobyns, Seattle 
Jim Barkovich, UCSF 
Pamela Magini, Bologna 
Mariasavina Severino, Genova 
Cathryn Poulton, Perth 
Tugba Kalayci, Istanbul 
Maha Zaki, Cairo  
Joseph Gleeson, La Jolla 
Aida Bertoli Avella, CENTOGENE, Rostock 
Maria Teresa Divizia, Genova 
Wojciech Wiszniewski, Warsaw 
Amal Alhashem, Riyadh 
Bella Davidov, Ten Aviv 
Nicola Brunetti Pierri, Napoli 
Rolf Stottmann, Cincinnati 
Alexandra Afenjar, Paris  
Stephanie Coury, Boston 
Boris Keren, Paris 
Caroline Nava, Paris 
Florence Renaldo, Paris 
María José Sanchez, Murcia 
Wen-Hann Tan, Boston and many more…. 


	The relevance of multidisciplinary interaction in MCD gene discovery
	Slide Number 2
	1 – Interaction with neurologists, geneticists and radiologists �(Bill Dobyns’ multicenter review session)
	Slide Number 4
	Slide Number 5
	Marjolein Dremmen, Neuroradiologist
	Slide Number 7
	2 – Interaction with dysmorphologists: reverse phenotyping  
	Who needs the clinical dysmorphologist?
	Slide Number 10
	Periventricular Nodular Heterotopia and Cerebellar Hypoplasia
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	RNASeq reads from ROH on chromosome 2q22
	Slide Number 20
	Slide Number 21
	Link between SMPD4, membrane and cell proliferation?
	SMPD4 sequence identical to NET13,  �Nuclear Envelope Transmembrane protein-13
	Link between nuclear membrane and mitosis 
	Loss of SMPD4 results in cell cycle defects and apoptosis�Daphne Smits, Rachel Schot, Maura van Mook  
	SMPD4 interacting proteins are localized in the ER� and the nuclear envelope 
	SMPD4 localizes at the Nuclear Pore Complex
	Slide Number 28
	Slide Number 29
	Slide Number 30

