UNIVERSITATS
= KLINIKUMFREIBURG

2 b
s REAIR T
£ o
¥ 2 =
e he

Amyloid-beta spreading from”

e :\ S

o 13311.2024 e

. e s

Melanie Meyer-Luehmann




Alzheimer’s disease — protein misfolding disease

Folding
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Alzheimer’s disease — Neuropathological hallmarks

AD - a complex multicellular disease

Amyloid-f
Neurofibrillary plaques

tangles

Dystrophic
Synapse loss neurites
Brain

atrophy

Astrocyte Microglial cell

Microgliosis Astrogliosis

Congdon and Sigurdsson, 2018
* microgliosis

e astrogliosis

* neurofibrillary tangles



Possible spreading mechanisms

Proposed spreading routes:

* neuronal connections * passive diffusion * vasculature * microglia?
a AP to Ap
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— Are microglia involved the spread of AP pathology?



AP plaque formation in cortical WT transplants

WT
(Thy1)-GFP

/ Meyer-Luehmann et al. Nat Neurosci, 2003
Bachhuber et al. Nat Med, 2015
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—> Axonal transport is not involved in the spread of AP pathology in WT grafts



Role of microglia during AB plaque formation in WT transplants

Microglia invasion into WT grafts
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Do microglia act as an AB carrier? d'Errico P et al., Nat Neurosci 2022

—> Do microglia act as an AP carrier?



Characterization of Irf87/-mice

Irf8/-: defects in maturation, migration and process motility (in vitro)

(Masuda T. et al. Puirnergic Signal 2014; Minten C. et al. Plos One 2012)
Postmortem
analysis
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- Irf8/-microglia are less ramified and display shorter, swollen processes
- Plaque load in Irf87-x 5xFAD is similar



In vivo characterization of Irf8/-mice
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- Reduced process motility and migration towards laser-induced injury



In vivo characterization of Irf8/-mice
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Reduced AP plaque deposition in cortical WT transplants (1)
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-> Microglia migration deficit reduces A deposits in WT grafts



Reduced AP plaque deposition in cortical WT transplants (2)
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- Microglia depletion reduces AB deposits in WT grafts




Laser-induced injury leads to AB deposits in vicinity
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Summary |

? 5xFAD recipient

|Amy|oid-beta laden microglia invade the graft|

% 5xFAD recipient

Deminished microglia function:
- Impaired migration

- Altered phagocytosis

- Microglia depletion

Reduced amyloid-beta deposits inside the graft




Nucleation- dependent polymerization model
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Induction of AP aggregation - seeding

5xFAD/ WT
brain extract

v

5xFAD/ WT
brain extract

5xFAD/ WT
host

5xFAD/ WT
host

\ 4

hippocampus
Meyer-Luehmann M et al., Science 2006
Bachhuber T et al., Nat Med 2015
Ziegler-Waldkirch S et al., EMBO J 2018
Parhizkar S et al., Nat Neurosci 2019

\

Friesen M et al., Brain Pathol 2022
Olfactory Ziegler-Waldkirch S et al., Mol Psychiatry 2022
bulb



AP seeding in the olfactory bulb

uninjected + S5XxFAD homogenate
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Ziegler-Waldkirch et al., MolPsychiatry 2022



AP seeding in the olfactory bulb

150+
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1. Buried food test
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Ziegler-Waldkirch et al., MolPsychiatry 2022

- Seeded 5xFAD mice have a significant deficit in simple olfaction tests




AP seeding impairs adult neurogenesis
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Adult neurogenesis in the SVZ

Migrating neuroblast_) Interneurons
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Ming GL, Song H, Neuron, 2011

Markers

Neurogenesis occurs throughout life in restricted brain regions: SGZ of hippocampus

and the SVZ of lateral ventricles
Neural stem cells start to proliferate and differentiate in the SVZ

Neuroblasts migrate from the SVZ in the RMS towards the olfactory bulb and mature

to neurons.



AP spreads via the rostral migratory stream (RMS)

2 months 4 months 5 months
(predepositing) | |
intracerebral sacrifice olfaction test

injection into |

5xFAD/ WT 5xFAD/ WT olfactory bulb sacrifice

brain extract host

RMS

« The RMS is the major pathway by which
neuroblasts migrate from the SVZ to the
OB troughout adulthood




AP spreads via the rostral migratory stream (RMS)
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AP spreads via the rostral migratory stream (RMS)
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Bidirectional dissemination of AP seeds after injection into the RMS

2 months > months age of the mice
| 12 weeks | incubation time
SxFAD
' !
injection of SxFAD postmortem
brain homogenate into analysis
RMS

» Propagation of Ap
pathology via RMS towards
olf. bulb and SVZ




AP spreads via the RMS —role for microglia?
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5xFAD

Depletion of microglial cells
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Modified aggregation pattern of seeded AP spread
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- Some spherical aggregates have a compact core and are positive for TR* and ThioS*



AP spreads via the RMS in APP23 mice
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Microglia depletion in APP23 mice
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- Microglia depletion has no effect on AB load in brain regions near the injection site
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Induction of AP aggregation in vivo (seeding) HC and bulbes Stephi

2 months 4 months 5 months
(predepositing) Tdu for 2 weeks |
intracerebral sacrifice olfaction test

injection into |

5xFAD/ WT 5xFAD/ WT olfactory bulb sacrifice

brain extract host

2 months 4 months 5 months 6 months
(predepositing) rdU for 2 weeks
analysis
intracerebral sacrifice olfaction test sacrifice

injection into |

olfactory bulb -
sacrifice



Possible spreading mechanisms

Amyloid pathology

< R

T
Preclinical AD

van der Kant et al., 2020

Proposed spreading routes:
* neuronal connections ®

passive diffusion

a AP to AB

Primary

‘Secondary
deposit

Anterograde transport

— AP deposition occurs in a stereotypical
spatiotemporal distribution

b AP from AB

—

deposit

. Secondary
A/ deposit

Retrograde transport

before

vasculature * microglia?

¢ amyloid-beta

- What are the mechanisms underlying the spread of AB pathology?




Nucleation- dependent polymerization model
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Reduced AP plaque deposition in cortical WT transplants (1)
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—> Less AP uptake by microglia reduces A3 deposits in WT grafts



AP seeds spread via the rostral migratory stream (RMS)

2 months 4 months 5 months
(predepositing) | |
intracerebral sacrifice olfaction test
injection into |
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* Neurogenesis occurs throughout life in
restricted brain regions: SGZ of hippocampus
and the SVZ of lateral ventricles

« The RMS is the major pathway by which
neuroblasts migration from the SVZ to the OB
troughout adulthood
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