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

Recent studies show that gut microbiota strongly influences brain physiology and that alterations of its 
composition are present in many brain pathologies, including Multiple sclerosis (MS), although the 
mechanisms through which it modulates neuroinflammation and neurodegeneration are still poorly defined1. 
The microbiota mediates its action principally through the synthesis of specific metabolites that act as 
messengers. These metabolites can modulate the immune and nervous systems, induce tissue repair, and 
promote stemness. The SCFAs (mainly acetate, propionate, an. butyrate) - produced by the fermentation of 
dietary fiber in the colon -  are a class of microbial metabolites of primary importance. Levels of butyrate and 
propionate decrease in MS patients compared to healthy donors2. On the contrary, increasing SCFAs through 
the diet ameliorates a murine model of MS3. Patient-derived data have shown that SCFAs are beneficial in MS2, 
although the molecular mechanisms through which they act are still unclear and, paradoxically, no studies 
investigate their role in the nervous system in the frame of neuroinflammation. SCFAs produced and released 
in the colon have been shown to communicate directly with the enteric nervous system (ENS)1 and to influence 
the stemness of intestinal stem cells and potentially also enteric neural stem cells4. Thus, we designed a 
project driven by the hypothesis that SCFAs play a positive role in neuroinflammatory pathologies by acting 
not only on immunity but also on the stemness of enteric and brain NPCs, as well as the homeostasis of mature 
neurons, which is extremely relevant in neuroinflammatory/neurodegenerative diseases like MS. The project's 
main aims are: 
 
1. to understand how SCFAs (a) stimulate neurogenesis of the enteric nervous system and (b) modulate 
enteric neuronal homeostasis by modulating the cellular response to a stressed environment; 
2. to investigate how SCFAs-stimulated enteric neurons signal through the gut/brain axis, favoring CNS 
homeostasis in the case of neurodegeneration and neuroinflammation.  
 
The student will perform fate-mapping experiments in Nestin-Cre/Rosa-TdTomato transgenic mice5 to track 
how SCFAs modulate the neurogenesis both in the enteric and the central nervous system (CNS). These mice 
will be treated with SCFAs either in drinking water (i.e. passing through the colon) or by intraperitoneal 
injections (i.e. systemic). Fate-mapping experiments will be coupled with spatial transcriptomics to study the 
molecular signature underpinning the observed phenotype. After analyzing the neurotrophic potential of the 
SCFAs in steady-state conditions, the student will study the influence of SCFAs-ENS-CNS interplay in the frame 
of neuroinflammation.  Finally, the candidate will confirm in a human-derived model the data obtained in 
mice by setting up the culture of intestinal organoids6,7 containing enteric neurons as a model of microbiota-
ENS crosstalk.  
 

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

- Pose a research question;  
- examine the range of modes of inquiry; 
- identify the appropriate research mode and procedure, define a sample/population;  
- identify a data collection strategy; analyze and interpret the data; draw conclusions from the data;  
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- acquire experimental skills in the context of in vitro cellular models and organoids, and in vivo animal 

models;  
- write research reports/papers; 
- present a scientific project to an internal and external audience. 
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