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The challenge of neurodevelomental disorders
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Neurodevelopmental disorders, such as attention deficit and hyperactivity disorder, 

autism, schizophrenia, or intellectual disability, affect 15% of the population. 

Across 195 countries, from 1990 to 2016, neurodevelopmental disorders were 

the largest contributor to Years Lived with Disability (YLD) among 

children < 5 years old  (Global Resarch on Developmental Disabilities 2018, 

Bill&Melinda Gates Foundation) 

The Sustainable Development Goals of the United Nations mandate systematic 

monitoring of the health and wellbeing of all children to achieve optimal early 

childhood development.







“In the past 30 years, major advances have been made in the treatment 
of several serious diseases, such as Leukaemia, heart disease, stroke or 
AIDS, with reductions in mortality rates of up to 95%. 

Unfortunately, this is not the case for mental illness. Mental illnesses affect 
up to 1 in 5 people, and the WHO indicates that up to 1 in 3 people 
report sufficient criteria for mental illness at some point of their life. 

The main problem is that we know dangerously little about the 
functioning and development of the brain. 

The traditional framework of neuroscience research seems 
insufficient to tackle the surreal complexity of the brain.” 

Thomas Insel, NIMH Director 2002-2015

The societal challenge of brain disorders



Polygenic architectures
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Zhang et al (2018)
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Common genetic variation captures a substantial proportion of neuroanatomical diversity

(MRI and whole-genome genotyping on 20,140 subjects)

s.e.=4.5%



Causal variants are widespread across the genome



Causal variants are mostly located within genes and in immediately neighbouring regions



Mechanical morphogenesis
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Brodmann 1909
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Modelling: Elasticity & Growth
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Montel et al 2012

Cell proliferation 

Cell fate 

Cell shape 

Axonal guidance 

Effects of mechanics on developing tissue

Neural stem cells (culture): division peak at 1-4 kPa. 
In gels softer than ~10 Pa, spreading, self-renewal and 
differentiation is completely inhibited (Fung, 1993; Rodriguez et al., 
1994; Cheng et al., 2009; Montel et al., 2012, Saha et al., 2008) 

Foubet et al 2018



Cell proliferation 

Cell fate 

Cell shape 

Axonal guidance 

Effects of mechanics on developing tissue

Naive mesenchymal stem cells cultured on a substrate mimicking 
the elasticity of brain, muscle or bone, differentiated respectively 
into branched cells similar to neurons, myoblasts or polygonal cells 
similar to osteoblasts. Soft gels produce mostly neurones, whereas 
increasingly harder gels (up to 1-10 kPa) produced progressively 
more glial cells.

Saha et al 2008

Foubet et al 2018



Cell proliferation 

Cell fate 

Cell shape 

Axonal guidance 

Effects of mechanics on developing tissue

Neurones cultured on soft substrates (50-300 Pa) develop up to 3 
times more branching than those cultured on stiffer gels (300-550 
Pa, Flanagan et al (2002)).

Flanagan et al 2002

Foubet et al 2018



Cell proliferation 

Cell fate 

Cell shape 

Axonal guidance 

Effects of mechanics on developing tissue

Cell migration and axonal pathfinding respond to mechanical clues 
(Saez et al., 2007).

Saez et al 2007

Foubet et al 2018
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Project 

UNFOLD

Groupe de neuroanatomie appliquée et théorique, Institut Pasteur, France 
Roberto Toro (P.I.) (PhD) is leader of the group of applied and theoretical neuroanatomy at the unit of 
human genetics and cognitive function, department of neuroscience of the Institut Pasteur. After a 
degree in engineering, he obtaine a Master and a PhD in Neuroscience at the University of Paris 6, 
France. He is interested on the development and evolution of the brain, which he studies through 
mathematical modelling, magnetic resonance imaging and genomics.

M e c h a n i c a l 
morphogenesis of 
neocortical organisation

Wave physics for medicine 
Charlie Demené (associate professor, implication 3.6 p-m), expert in ultrasensitive Doppler tomography 
of small animals and acoustic radiation force. His laboratory is a sub-unit of Institut Langevin (Inserm/
CNRS/ESPCI Paris). The research team Inserm U979 is led by Prof. Mickaël Tanter and consists of 
physicists developing biomedical imaging and therapeutic techniques, mostly based on ultrasound, 
for preclinical and clinical research. The team is internationally renowned for having introduced novel 
imaging modalities based on ultrafast ultrasound imaging, such as shear wave elastography, 
ultrasensitive Doppler or functional ultrasound imaging

Groupe de neuroanatomie appliquée et théorique, Institut Pasteur, France 
Yves Boubenec (PhD) s part of the laboratory set up at ENS Paris by Pr. Shihab Shamma, a world-wide 
expert on electrophysiology in behaving ferrets and in audition. He leads the ferret facility at ENS 
Paris since its creation in 2012, and is an expert in animal training and behavior, electrophysiology 
and imaging in the behaving ferret, as well as advanced data analysis. There is an ongoing 
collaboration between Dr. Boubenec with Charlie Demené and Mickaël Tanter, member of the ESPCI 
team, to investigate auditory perception and cognitive processes in the behaving ferret using 
functional ultrasound (fUS) imaging. An ultrasound scanner is available in the LSP, and the platform 
hosts a complete ferret facility in-house, as well as the necessary experimental space and equipment 
for performing the planned experiments.

Groupe de neuroanatomie appliquée et théorique, Institut Pasteur, France 
L. Mahadevan (Prof, PhD, FRS, Lola England de Valpine Professor of applied mathematics, organismic 
and evolutionary biology and physics) is a renowned expert in the field, with a long track record of 
highly influential contributions to the modelling of biological phenomena, in particular brain folding. 
Partners SEAS and IP are currently collaborating in the mechanical modelling of ferret brain folding, a 
collaboration that will be the basis of the modelling task in project UNFOLD. 



Deffieux et al 2018



Tanter et al







The width of brain folds is strongly conserved across primates



Neocortical expansion has occured several times during primate evolution
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Data analysis
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Conclusion



Progress in the study of neurodevelopmental disorders will require extremely large 

sample sizes (~1M), and the development of a different kind of data analysis 

approaches. 

In absence of major genes, brain imaging phenotypes can provide an 

alternative rich source of biological information: they are strongly polygenic, 

and their variability is affected by some of the same genomic regions that 

determine the risk to neurodevelopmental disorders. 

Data sharing and open science approaches may provide inmportant strategies to 

tackle this challenge.
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