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Description of the Project (max 3,000 characters including spaces)

Backgroundlgap of knowledge

Axonal damage and neurodegeneration are key hallmarks of multiple sclerosis (MS), particularly
in its progressive form (PMS). Despite numerous clinical trials, effective treatments for PMS are
still lacking with inconsistent results in clinical trials, highlighting a significant unmet clinical
need. This project aims to identify novel, druggable targets for progressive MS by validating the
neuroprotective effects of repurposed drug candidates previously identified through the multi-
stage, multi-cellular phenotypic screening conducted in the BRAVEINMS project. Among these
compounds, we focused on bavisant, a specific antagonist of the histamine receptor H3 (HRH3)
that promoted neuroprotection/myelination in rodent and human 2D and 3D in vitro assays, and
in experimental models of multiple sclerosis. The set of pharmacological data gathered to date
by the BRAVEINMS network indicates that bavisant and related repurposed Hrh3 antagonists
might represent promising drug candidates for clinical trials in patients with progressive forms
of MS.

To achieve this, in vitro functional assays will be performed using neuronal cultures and 3D
human induced pluripotent stem cell (hiPSC)-derived neural spheroids. These models will be
used to assess the neuroprotective properties of candidate drugs under neurotoxic and
neuroinflammatory conditions. Promising compounds were evaluated in vivo using preclinical
animal models, with the ultimate goal of translating effective candidates into clinical
applications.

The project will employ several key approaches: (i) functional assays to validate the
neuroprotective effects of compounds in hiPSC-derived neurons and 3D spheroids; (ii) gene
editing techniques to confirm drug targets and elucidate mechanisms of action of HRH3

antagonist); and (jii) in vivo evaluation of neuroprotective efficacy in experimental autoimmune
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encephalomyelitis (EAE) and in animal model of progressive MS-like focal lesions by OxPC
deposition (oxidized phosphatidylcholines).

The student will play an active role in developing and optimizing cellular assays to investigate
drug-induced neuroprotection in human neuronal systems, including measurements of
neuronal viability, dendritic morphology, and oxidative stress. Additionally, they will contribute to
uncovering the context-specific mechanisms of action of selected compounds using
CRISPR/Cas9-mediated gene editing. Molecular and biochemical targets will be further
validated in hiPSC-derived 3D brain spheroids through single-cell RNA sequencing (scRNA-seq).
Finally, the student will assess the therapeutic potential of selected compounds in vivo using EAE
and OxPC models of MS.

Rationale and hypothesis

Multiple sclerosis (MS) is characterized by a complex interplay between neuroinflammation and
neurodegeneration, with the latter representing the primary pathological driver of disability in
progressive forms of the disease. Consequently, in addition to immunomodulatory therapies,
there is a pressing need for neuroprotective strategies aimed at limiting neurodegeneration and
slowing disability progression. In this context, validating repurposed drugs with neuroprotective
and remyelinating potential may facilitate the identification of novel, druggable targets for PMS.

The project is based on the hypothesis that by directly providing neuroprotection (or indirectly
by fostering remyelination) innovative neuroprotective/remyelination add-on therapies could
be beneficial in progressive MS and CNS repair. Repurposing of existing drugs and identification
of novel pathways involved in injury and repair will translate into future early-phase MS clinical

trials.

Objectives and specific aims

The main objective of this project is to validate the neuroprotective properties of the novel
repurposed drug candidate in 2D/3D hiPSC-derived neuronal in vitro models and to identify the
potential targets/mechanism of action of the compound. The specific aims are:

1. to identify the target through which selected compound mediate
neuroprotective/promyelinating effects in vitro

2. to define the role of HRH3 in (re)-myelination and neuroprotection, using loss-of-function
studies in in vitro models.

3. to evaluate the efficacy of the drug candidate in vivo preclinical models and its potential

relevance to neuroprotection in PMS.
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Expected outcomes

We expect to identify therapeutic strategies through drug-repurposing to identify safe-in-
human compounds favoring neuroprotection and remyelination in experimental models of MS
and ultimately in the clinic. Since the focus is on HRH3 antagonism, we expect to further identify
the mechanism of action of this drug as a neuroprotectant and pro-remyelinating therapy in

progressive MS models.

Skills that the student should acquire (max. 600 characters including spaces):

* 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

» 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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