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Abstract

Alzheimer’s disease (AD) is the most common form of dementia. AD has been linked to the
aggregation of amyloid beta (AB) peptides into extracellular deposits, AP plaques. These are also
found in cognitively unimpaired amyloid-positive (CU-AP) individuals, but these AP plaques are
primarily diffuse in structure. In AD brains, A plaques often have a dense core and a more diffuse
periphery. AP exists in various lengths, where the 42 amino acid-long AB form (AP1-42) is
considered most neurotoxic. AB1-42 is currently used as an AD biomarker when measured in
cerebrospinal fluid or plasma. Measurements of the relative amount of different biomolecules
within A plaques are generally performed using antibodies. Usually, up to three molecules, can
be visualized using this technique. Recently it has been shown that AP aggregates can have
distinct 3D structures. These differences in structures can be the result of which particular Ap
peptides the aggregates are made of. AP} aggregates may also differ between AD patients, which
makes it difficult to visualize and compare AP plaque pathology, and poses challenges in the
development of new drugs targeting AP aggregates. It is likely that the composition of different
AP plaques, making them more or less diffuse, could vary depending on different AP peptides.
This thesis presents the development of methods to study chemical factors underlying the
variation between different types of AP plaques. These are mainly based on three advanced
technologies. The first is imaging mass spectrometry, which enables the accurate separation and
visualization of molecules based on their mass in brain tissue. The second is hyperspectral light
microscopy, which utilizes different light wavelengths to characterize the structural properties of
AP aggregates in different plaque types. The third is high resolution electron microscopy, which
enables the visualization of individual aggregates. Furthermore, stable-isotope labelling is used
to study the dynamics of AP plaque formation. These methods were applied to characterize the
biomolecules (different AP peptides and lipids) between diffuse and dense structures within and
between AP plaques in mice, AD patients and CU-AP individuals. It was demonstrated that the
shorter AB1-40 peptide localized to the dense core, and, at least in mice, this localization appeared
to be a result of AP plaque maturation. CU-AP-associated diffuse plaques were not the same as
the AD-associated diffuse or cored plaques, when it came to the aggregation state. The chemical
modification of the N-terminal part could be responsible for such structural heterogeneity, and
possibly for the neurotoxicity associated with AD. Further, an altered lipid composition was
identified between diffuse and dense AP aggregate structures. Finally, with the help of stable-
isotope labelling, it was verified that AP plaque spread starts in the cortex and continues towards
the hippocampus. This was initiated through the deposition of AB1-42. Shorter C-terminally
truncated peptides were deposited only at a later stage. These peptides were newly produced, and
did not stem from already accumulated AB1-42.

In summary, AP plaque pathology is much more complex than what it is currently considered
during ordinary post-mortem neuropathological assessments. It needs to be researched with the
help of advanced methods, to provide us with important information about how, where and why
AP and other biomolecular factors contribute to the development of AD.
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