Mapping the meningeal immune landscape in Multiple Sclerosis: a multi-omic approach to reveal the detailed immune cell interactions and functions of meningeal inflammation.


Multiple sclerosis (MS) is a chronic inflammatory, demyelinating disease of the central nervous system (CNS), characterized in the initial relapsing-remitting stage by acute immune cell influx, mainly in the perivascular spaces, and associated with focal white matter lesions. Immune cells then remain compartmentalised in intrathecal niches and contribute to the accumulation of neurological disability in the progressive phase (Lassmann, 2019; Reynolds et al., 2011). Over the last 20 years, our work has demonstrated the presence of high levels of meningeal inflammation and the developing of aberrant ectopic tertiary lymphoid-like structures (TLS), morphologically resembling the B-cell follicles of secondary lymph nodes, within the inflamed meninges of post-mortem MS cases with a high level of grey matter pathology. This is accompanied by a surface-in gradient of substantial neuronal loss and glial activation and more severe and rapid disease progression (Magliozzi et al., 2023). We are using novel unbiased transcriptomic and proteomic approaches to investigate the detailed cell and molecular signature of meningeal TLS and of the linked cortical pathology to identify potential new MS therapeutic targets and biomarkers of the disease progression.

In this framework, the aim of the proposed PhD project is to define the exact cytoarchitecture and the precise cell-cell interactions, molecular signature and functions of compartmentalized meningeal inflammation in progressive MS cases and to create a comprehensive spatially-defined atlas and a cell/molecular functional model of MS meningeal immune-pathology. 

By integrating multi-omic approaches, including spatial transcriptomic, mass spectrometry and genome wide association data with clinical and neuropathological characteristics of the donors, this research seeks to identify the specific immune signatures and cellular interactions that may drive disease progression, with particular focus on the possible interactions between adaptive and innate immune cells and the following molecular pathways involved in neuro-axonal damage. To this purpose, the project intends to functionally validate the potential identified meningeal immune-pathogenic contribution to neuroinflammation and neurodegeneration by optimizing an in-vitro culture model using human-induced pluripotent stem cell (hiPSC)-derived neuronal and glial cell lines. This will in turn help to verify how molecules released by meningeal inflammatory cells may trigger direct neurodegeneration or indirectly by priming glial activation and/or dysregulation. Finally, blocking the key molecules of interest in the in-vitro model will verify possible novel therapeutic targets to halt disease progression.

The project is expected to consist of three main tasks: 1) Integrated analysis of single-cell resolution of spatial transcriptomic data, currently being generated from post-mortem meninges from 20 MS cases and 10 individuals without neurological conditions with mass spectrometry, genome wide association study together with clinical and neuropathological available from all the examined MS and control cases; 2) establishment of in-vitro culture model using human-induced pluripotent stem cell (hiPSC)-derived neuronal and glial cell lines; 3) functional validation of the identified molecular mechanisms of neurodegeneration mediated by meningeal inflammation in the in-vitro cell culture model.




[bookmark: _Hlk191547154]Applicants must hold a first or upper-second-class honours degree in the Biomedical Sciences. A Master’s degree in a Neuroscience related subject is also desirable. Applicants must also meet Imperial College’s English language requirements – further details can be found at  https://www.imperial.ac.uk/study/pg/apply/requirements/english/.
 
Funding: Course fees at the UK-Home Faculty of Medicine rate per year (Faculty of Medicine | Current students | Imperial College London) for 3 years. 
A UKRI Rate tax‐free stipend for 3 years plus 6 months writing-up if needed. Current UKRI rate is £22,780 expected to increase each October.
Consumables of up to £12,000 per year, managed by the supervisor. Funding for overseas fees is not provided.
 
Applicants should submit their CV and a cover letter, including full contact details of two referees, to Roberta Magliozzi (r.magliozzi04@imperial.ac.uk ).

Potential applicants with a strong background in neuroscience, computer science, molecular biology and cell culture are encouraged to contact Roberta Magliozzi to discuss the project (r.magliozzi04@imperial.ac.uk ).
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