Nano-scale fluorescence microscopy to study neurodegenerative diseases
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My laboratory develops and applies nano-scale imaging technologies to investigate the fundamental mechanisms driving neurodegenerative diseases, bringing together researchers in physics, biology, and chemistry. We focus on how amyloidogenic protein aggregates form, evolve structurally, interact with cells, and are cleared from the brain via cerebrospinal and lymphatic fluids. By integrating single-molecule and super-resolution microscopy with in vivo fluorescence imaging, we explore core processes of protein clearance and neuroimmune surveillance that underpin disorders such as Alzheimer’s disease, Parkinson’s disease, and amyotrophic lateral sclerosis.

In this seminar, I will present our recent work where we developed all-optical strategies to characterise the structural features of disease-relevant protein aggregates. I will highlight ongoing efforts to profile aggregates in the cerebrospinal fluid of patients with Parkinson’s or Alzheimer’s disease, with the goal of enabling earlier and more accurate diagnosis. I will also discuss how the combination of super-resolution microscopy, optogenetics, and calcium imaging has allowed us to disentangle multiple toxicity mechanisms triggered by structurally diverse amyloid-beta aggregates, focusing particularly on pathways mediated by TLR4 and LILRB3.

Finally, I will describe how in vivo nanoparticle tracking through sealed cranial windows in mice has enabled us to test key aspects of the debated “glymphatic” hypothesis. These studies reveal how interstitial fluid flows and drains into the cerebrospinal fluid and meningeal lymphatic vessels, interacting with diverse immune cell populations along the way.
