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Project description (Number of characters, including spaces: 2.000 - 3.000): 

Motor neurons (MNs) of the spinal cord are selectively affected in Amyotrophic Lateral Sclerosis (ALS), a 
neurodegenerative disorder in which all voluntary movements are lost (1). What makes MN vulnerable is 
unclear. The pathogenetic process may initiate cell-autonomously (within MNs due to their intrinsic 
properties) or non-cell-autonomously, due to toxic signals from neighboring cells. It is thought that 
understanding the molecular underpinnings of MN susceptibility will open new therapeutic opportunities. 
 
We propose that dysfunction in the vascular compartment of the spinal cord, where MN cell bodies are 
located, and/or peripheral nerves that contain their long axonal projections is a critical contributor to the 
selective demise of MNs in ALS. The combined action of pathogenic signals derived from MNs themselves or 
nearby vessels is expected to trigger neurodegeneration. 
 
The rationale of the study is based on evidence in patients and animal models indicating that loss of vascular 
integrity accompanies MN loss (2-4). Over the past few years our lab has revisited these findings confirming 
the involvement of vascular deregulation in disease onset and progression, and raising key questions that will 
be addressed in the course of this project. The overall goal of the project is to identify molecular pathways 
responsible for aberrant neurovascular crosstalk that, we hypothesize, underlies spreading of 
neurodegeneration.  
 
To this end, single-cell transcriptomics on ALS mouse models will be employed to build a reference atlas of 
deregulated cell states affecting the vascular compartment. Downstream computational analysis performed 
in collaboration with bioinformaticians in the team will reveal cell types displaying enhanced sensitivity at 
early disease stages and will point to candidate signals that might mediate toxicity to MNs. These factors will 
be studied in transgenic mice, patient biopsies and in vitro systems (primary cultures and possibly human 
organoids). In addition, mouse genetics and viral-based strategies will be employed to manipulate 
deregulated pathways to achieve neuroprotection. Ultimately, the project will establish a rationale for 
therapeutic approaches directed at reverting abnormal neurovascular signaling.  
 

Skills to be acquired by the student (Number of characters, including spaces: max 600): 

Mouse handling; design of mouse crosses; basic surgeries and tissue dissection; 
immunohistochemistry/histology; in situ hybridization; tissue clearing and imaging [epifluorescence, 
confocal, lightsheet (assisted)]; molecular approaches including cloning, preparation of RNA probes, cDNA 
library preparation; FACS sorting and basic analysis; preparation of viral particles for cell culture 
transduction and in vivo injection; image processing and quantitative analysis of imaging and gene 
expression datasets (generated by bioinformaticians).  
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