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ABSTRACT

Alzheimer’s disease (AD) is a devastating neurodegenerative disease that
affects more than 25 million people worldwide. It is characterized by two pathologic
hallmarks: extracellular senile plaques and intracellular neurofibrillary tangles. Senile
plaques are now known to be an aggregation of f-amyloid (Ap), a cleavage product of
amyloid precursor protein (APP). Amyloid plaques are thought to interfere with
normal brain function and contribute to the impairment of learning and memory that is
typical of AD. The data on how AP polymerizes and aggregates to become insoluble
deposits are relatively scarce compared to recent breakthroughs in our understanding
of the mechanisms that are responsible for AB production. Specifically, little is known
about how AP is deposited in relation to the complex ultrastructure of brain neuropil.
This study attempted to fill this void in knowledge by combining two powerful
techniques: three-dimensional reconstruction of serial ultrathin section, and detection
of amyloid fibrils by high resolution postembedding immunocytochemistry. The
analysis was performed on hippocampal section obtained from mice with mutant
presenilin-1, APP and tau transgenes, and on neocortical sections obtained from aged
canines. Immunocytochemistry was used for identification of amyloid deposits by A}
antibodies, and glutamine synthetase (GS; a marker for astrocytic processes). The
study revealed that the organization of extracellular amyloid deposit is more complex
than previously postulated from conventional single-section light and electron
microscopic analysis. AP fibrillizes to form meshworks composed of bundles of fibrils
of varying size that radiate from a high-density centre. The 3D reconstruction analysis
in transgenic mice clearly showed that extracellular amyloid is deposited in close
proximity to stem dendrites and somata of pyramidal cells. A strikingly similar pattern
was observed in the aged dog model where AP deposits were associated almost
exclusively with the plasma membrane of neuronal somata and major dendrites.
Amyloid deposits showed no specific association with thin dendritic branches or
spines, nor with presynaptic elements or astrocyte processes. The study shows that
extracellular AP deposits are laid down on restricted membrane domains of pyramidal
cells, indicating that AP fibrillization is promoted by specific molecular interactions
between amyloid protofibrils and the neuronal plasma membrane.
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