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Abstract 

Alzheimer’s disease (AD) is the most prevalent cause of neurodegenerative dementia. Aggrega-

tion of amyloid β (Aβ) peptides into extracellular Aβ plaques is one of the major neuropatholog-

ical features of AD. However, Aloysius Alzheimer reported remarkable lipid granule accumula-

tions in multiple glial cell types and intense lipid granules in the plaque core in AD brain along 

with the proteopathic features of AD in his initial reports. While the role of lipids in AD has 

until recently not received as much attention, a body of molecular, immune, genetical, biochem-

ical evidence closely links aberrant lipid metabolism to several stages of AD pathogenesis. 

Therefore, plaque-associated lipid molecular information in specific brain regions would be a 

strong asset to dissect spatial lipid biochemistry of amyloid plaques which would also provide a 

basis for further investigation of cell signaling and metabolic pathways that are disrupted in AD. 

This thesis represents the development of matrix-assisted laser desorption/ionization (MALDI) 

mass spectrometry imaging (MSI) methods for single-plaque resolution spatial lipidomics 

across the brain tissue sections of transgenic AD mouse models. The developed methods include 

“static” MALDI for high-spatial resolution (at 10 μm) lipid imaging using low-energy laser 

pulses which can be followed by immunofluorescence imaging of the same brain tissue section, 

dual polarity MALDI-MSI on the same pixel points for spatial correlation of lipid species ion-

ized in both negative and positive polarities and “trimodal” MALDI-MSI which allows spatial 

correlation of lipid species in dual polarity with peptide/protein species within the same brain 

tissue sections at 10 μm spatial resolution. These MALDI-MSI methods in combination with 

immunohistochemistry revealed plaque-associated alterations of several phospholipids, lyso-

phospholipids, and sphingolipids along with the Aβ peptide truncations and leveraged the un-

derstanding of molecular, structural and immune signatures of Aβ pathology. For instance, we 

observed amyloid plaque-associated myelin lipid architecture loss, apolipoprotein E (APOE) 

mediated sulfatide depletion, region-specific and long chain base specific accumulations of 

monosialogangliosides, and accumulations of several lysophospholipids in amyloid plaques in 

transgenic AD mouse brain.  

In summary, lipids are important components of amyloid plaques and above mentioned novel 

MALDI-MSI methods in combination with other modalities have great potential for probing 

spatial lipid molecular pathology of amyloid plaques which can provide novel insights into AD 

pathogenesis.  
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