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Abstract:
Pathophysiological conditions like traumatic injury, ischemia, binge
alcohol, tumor growth, and experimental drug treatments can inflict complex and widespread brain cytoarchitectural alterations. Many of these changes can be subtle and/or latent, and only discernible by sensing changes in cell morphology and/or the expression
and/or intra-cellular distribution of specific molecular markers.
Importantly, these alterations can be spread across brain regions that are
distant from the injury/damage site, implying the need to examine extended
regions of the brain, and possibly the whole brain. There is a compelling
need to detect and quantify brain cytoarchitectural
alterations in a sensitive yet comprehensive manner, since missed changes
in certain brain regions may eventually manifest as confounding clinical
conditions, and dangerous side effects. To overcome the limitations of H&E
based histology, we used multiplexed fluorescence imaging and
computational image analysis methods. For ischemic stroke (MCAO) and TBI
(CCI) studies, we performed 10 to 30-plex fluorescence imaging of 8 μm thick
whole rat brain sections (coronal/sagittal) at 300nm/pixel resolution
using a custom Zeiss microscope. Combinations of these markers indicate
cell types (neurons, microglia, astrocytes, endothelials), and cell states
(reactive, resting, apoptotic, etc.). Using machine learning
algorithms, we identified the type and state of each cell. Next, we fit
the Paxinos atlas to parcellate the data into known brain regions.
Finally, we used multivariate statistical tools to compare affected and
control regions to develop a comprehensive profile of region-specific
cytoarchitectural alterations, that can be used across diverse
neuroscientific studies.
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