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

Iron dysregulation and ferroptosis has been reported in specific brain regions (i.e. cortex and hippocampus in 
Alzheimer’s disease [AD]; motor cortex in amyotrophic lateral sclerosis) during aging and in several 
neurodegenerative diseases. In particular, iron has been observed to accumulate within a subset of 
activated/reactive microglia. In multiple sclerosis (MS), iron-laden microglia is seen at the edge of chronically 
inflamed lesions, which are associated with smoldering degeneration of myelin and axons and, associated 
with disease progression.1 Furthermore, new MR imaging techniques in vivo are sensitive to iron content 
allowing the planning of novel-designed clinical trials targeting iron-laden microglia.1 However, yet, it is 
unknown whether alteration of brain iron metabolism represents one of the triggering factors or consequence 
of the degenerative processes. 

In this context, we hypothesize that iron-laden microglia exert deleterious effects on tissue by releasing pro-
inflammatory mediators and inducing astrogliosis. Thus, targeting iron-laden microglia might contribute to 
halt chronic inflammatory environment in MS, thereby protecting brain tissue from disease progression. 
Furthermore, initial insights showed that iron-laden microglia transcriptional profile in MS overlaps with that 
of microglia in other neurodegenerative diseases,2,3 suggesting that primary and secondary 
neurodegeneration may share common pathological mechanisms and could benefit from similar therapeutic 
approaches. 

In this project, we will achieve two main objectives: (1) to model iron-laden microglia and its glial interactome 
using an hiPSC-derived cellular platform that include 2D and 3D cell cultures (BrainSpheres).6 Such platform 
will be also used to screen compounds able to revert glial activity; (2) comparison of single-cell transcriptomic 
profile of iron-laden microglia in MS and AD to unravel common and divergent features; (3) identification of 
novel potential druggable targets in MS and AD. To this end, we will leverage unique resources available from 
snRNA-seq past2 and ongoing studies led by Dr Absinta vs existing snRNA-seq dataset of human brain tissues 
from AD patients4,5 at different Braak stages and age-matched non-neurological controls. 

Overall, lacking dedicated animal models fully recapitulating iron dysregulation and chronic inflammation 
observed in progressive MS, modelling and understanding the pathological role of iron-laden microglia and, 
especially, its interactome might reveal critical for the identification of future therapeutic targets. We aim to 
identify novel targets and/or repurpose compounds with the ultimate aim to test them into the clinical setting 
of proof-of-concept MRI-based clinical trials. Based on the results of Aim2, this “MS-based translational 
platform” might reveal of interest also for other neurodegenerative conditions, such as AD. 

 

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

Single-cell transcriptomics, including bioinformatic analysis; culture of human-induced pluripotent stem cells 
(hiPSC); culture and differentiation of neuronal precursors cell (NPC); 3D-BrainSphere differentiation from 
neural precursor cells; differentiation of hiPSC-derived microglia cell; viral transfection of cell lines; CRISPR-
gene editing of cell lines; immunostaining; confocal microscopy; FACS-analysis; electron microscopy. 
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