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

Background/gap of knowledge

The nervous system is protected by specialized vascular barriers, which are well characterized
in the central nervous system (CNS), such as the blood-brain and blood-spinal cord-barriers'
In contrast, the blood-nerve barrier (BNB), which preserves the homeostasis of peripheral nerves,
remains poorly understood?. The BNB represents both a critical site of vulnerability in diseases
affecting the peripheral nervous system (PNS) and a barrier to the effective delivery of
therapeutics®.

Importantly, the BNB is structurally and molecularly distinct from the CNS vasculature®. Our lab
has begun to define these unique features using transcriptomic approaches, mouse models,
and functional assays. We have identified specific endothelial properties and cellular

interactions that regulate BNB stability and are altered in disease®.

In amyotrophic lateral sclerosis (ALS), traditionally considered a CNS disorder, emerging
evidence indicates early involvement of the PNS’8. Motor neurons extend long axons through
peripheral nerves, and damage to these structures occurs early in disease progression. Our data
show that BNB alterations are an early event in ALS models and patient samples, suggesting a

potential role in disease initiation and propagation®.

Rationale and hypothesis

The early involvement of the BNB in ALS suggests that this interface is both vulnerable and
potentially targetable. We hypothesize that early BNB disruption permits immune infiltration and

accumulation of toxic factors, leading to destabilization of peripheral nerve homeostasis and
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exacerbation of neurodegeneration. Restoring BNB integrity may therefore mitigate disease

progression.

Objectives and specific aims

This project aims to define the molecular and cellular mechanisms regulating BNB function and

its alteration in ALS. It will leverage the lab’s expertise and tools to achieve:

1) Molecular characterization of the BNB using single-cell RNA sequencing and integration with

spatial transcriptomics datasets to identify deregulated pathways in ALS models.

2) Functional targeting of candidate pathways by manipulating endothelial cells in peripheral
nerves using AAV-based approaches and genetic models to test causality and therapeutic

potential.

The project may also extend to other PNS-related disorders, including demyelinating diseases

and pain syndromes.

Expected outcomes

We expect to identify molecular signatures of BNB dysfunction, including disease-specific and
shared pathways across PNS disorders. This work will define key regulators of vascular stability
in peripheral nerves and establish whether targeting the BNB can preserve nerve integrity and
limit disease progression.

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

The student will gain expertise in neurovascular biology. They will develop skills in mouse models
of neurodegeneration, including viral and drug delivery surgeries, behavioral analysis,
immunohistochemistry, and imaging. They will also be trained in single-cell and spatial
transcriptomics, functional vascular assays, molecular targeting approaches (AAV, genetics),

data integration, and critical analysis of disease mechanisms in ALS and related disorders.
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