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The cortex is involved in higher cognitive 
functions often disrupted in multiple NDDs

Spatio-temporal profile of Neurodevelopmental Disorders



Gabriele et al. 2017

Early development is a particularly susceptible window in which gene mutations can result in their highest phenotypical impact

Spatio-temporal profile of Neurodevelopmental Disorders



Satterstrom et al., 2020

ADNP in the genetic architecture of Autism Spectrum Disorder

Large-scale exome-seq identifies high-risk ASD-associated genes
102 ASD

-associated genes



Objectives

Assess ADNP-related 
vulnerabilities in a suitable 

neurodevelopmental model 

Investigate the mechanisms 
through which ADNP-mutated 

cells “evolve” during their 
lifespan

Dissect human ADNP function in 
healthy and diseased states



Where do we start to study HVDAS?

• Not relevant for the study of the pathology

• Not suitable for long term culture in vitro

• No differentiation potential
Skin Biopsy

Patient

Control
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What is a pluripotent stem cell, and why is that important?
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What is a pluripotent stem cell, and why is that important?

Skin Biopsy Pluripotent 
Stem Cells

Patient

Control

Reprogramming
• Representative of the embryonic-like 

patient-specific cell behaviour

• Suitable for long term culture in vitro

• Ability to differentiate into every 
organism tissue

What can we do with these cells?



Where does ADNP act on a molecular level, and why is that important?
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ADNP properly functioning

ADNP missing

Where does ADNP act on a molecular level, and why is that important?



What is a pluripotent stem cell, and why is that important?

Investigate the function of ADNP in genomic regulation 
during neurogenesis



What is a pluripotent stem cell, and why is that important?

• Inaccessible tissue

• Post-mortem samples do not recapitulate 
developmental features of human brain
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Stem Cells
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Cortical 
Organoids



Neurodevelopmental range of experimental models

Le Bail et al., 2021
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Neurodevelopmental range of experimental models

Le Bail et al., 2021
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HVDAS cortical spheroids show morphological alterations
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HVDAS cortical organoids show morphological alterations with proliferation defects
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HVDAS cortical organoids show morphological alterations with proliferation defects

DAPI pH3 Co-localization



HVDAS cortical organoids show accelerated maturation phenotype
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§ Identify actionable targets among ADNP-sensitive effectors: if a gene is deregulated, can we restore its 
function and ameliorate the phenotype? 

§ Drug intervention on selective pathways: once we identify a neuronal-related abnormal chain of molecular 
events, can we effectively modulate it to properly activate/repress it?

Future perspectives:



Future perspectives: an example of therapeutic approach

GTF2I

Vorinostat

GTF2I

Mocetinostat
RG2833



§ We can model HVDAS by taking cellular material (skin cells) from the patients and reprogram them to a  
pluripotent stage (embryonic-like stage) to understand the behaviour of patients’ cells, when compared to 
healthy controls.

§ We can learn molecular mechanisms of ADNP action by looking into patient-derived pluripotent stem cells.

§ We can use patient-derived pluripotent stem cells to produce cortical organoids (3D structure resembling 
human cortex) in order to investigate the alterations of neurodevelopmental processes when ADNP is 
mutated.

§ Patient-derived cortical organoids have morphological deficits compared to healthy control ones. 

§ We observe an acceleration of neuronal maturation in patient-derived cortical organoids; it means that when 
ADNP is mutated stem cells and progenitor cells seem to differentiate faster into mature neurons. This could 
represent a strong imbalance during neurodevelopment, and needs to be further investigated to understand 
the precise molecular events leading to this phenotype.

Summary
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