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Genetic and pathological mechanisms involved in cerebellar developmental defects 

This project aims to decipher the molecular defects underlying pediatric neurological disorders affecting the 

cerebellum structure and function with consequences on psychomotor development. This project will focus more 

specifically on a disease called pontocerebellar hypoplasia (PCH). Affected children have a smaller cerebellum 

(hypoplasia) with a decreased volume of the ventral pons, a part of the brainstem. The clinical features include a 

very limited motor and cognitive development, swallowing and feeding difficulties along with limb spasticity. This 

condition is usually lethal within the first 10 years of life, and no treatments exist. The genetic bases are only 

partially known and clear hypothesis are lacking about its pathogenesis. The leading hypothesis is an excess of cell 

death affecting neural progenitors and neurons during cerebellum development. Several pathways have been 

identified including RNA processing and degradation, protein translation regulation and inositol phosphate 

metabolism. Yet, how disruption of genes ubiquitously expressed specifically affects cerebellar and pontine cells 

remains puzzling. Moreover, the exact defect at the cellular level has not been clearly characterized yet. 

Aim 1: Identifying new molecular causes and mechanisms for PCH and other Cerebellar developmental defects 

using Next-Generation Sequencing techniques (NGS). A cohort of patients from Necker hospital is currently being 

genetically characterized using high-throughput sequencing of the coding part of the genome (a technique called 

“Whole-exome sequencing”) or the full genome (called “Whole-genome sequencing”). In addition to these genomic 

data, a transcriptomic data set from patient’s cells, including iNeurons (see aim2) will be used to help the 

interpretation of regulatory mutations. This approach will allow the identification of new mutations and genes 

involved in this defect. 

Aim 2: Characterize new developmental mechanisms involved in pontocerebellar hypoplasia. We have recently 

identified new candidate and validated genes involved in PCH. Some of these genes are predicted to play a key role 

in cerebellum and brainstem neuron differentiation and for others the role during hindbrain development is 

completely unknown. To study the cellular consequences of the disruption of these genes, human neuronal stem 

cells (NSCs) or potentially induced neurons (iN) with patient’s mutation will be studied. He/she will use live cell 

imaging to study cell proliferation, survival or differentiation in NSCs or iN. In parallel, a transcriptomic approach 

will be undertaken to understand how the cell differentiation program is affected and could cause neural cell death. 

 

This project should enable a better diagnosis of patients and allow deeper understanding of the molecular and 

cellular mechanisms that govern the development of the cerebellum. 
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Research scientists and clinicians: Valérie Malan; Anne Philippe; Giulia Barcia; Marlène Rio; Karthyayani Rajamani; 

Lydie Burglen. 

M2 and PhD Students: Romain Nicolle (M2), Lotte Philippen (M2), Ekin Uçünçü (PhD) 

Research assistant: Karine Siquier-Pernet 
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