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• Our findings provide quantitative evidence that BEX1-positive excitatory 
neurons are selectively vulnerable across both typical and atypical Alzheimer’s 
disease, and across distinct brain regions.

• The convergence of this vulnerability across clinical phenotypes and 
anatomical sites highlights a shared, cell type-specific signature of AD-related 
neurodegeneration and reinforces the importance of determining neuronal 
vulnerability in AD.

• Alzheimer’s disease (AD) is characterized by selective 
vulnerability of specific neurons.

• Prior snRNA-seq (>1.61M nuclei) revealed shared 
transcriptional changes in excitatory neurons.

• BEX1-positive excitatory neuron subpopulation 
(NRGN+BEX1) as consistently vulnerable in both 
neocortical (superior temporal gyrus, STG) and 
hippocampal (cornu ammonis sector 1, CA1) regions.  

To validate the vulnerability of the BEX1-positive excitatory 
subpopulation across CA1 and STG in amnestic AD, 
logopenic variant primary progressive aphasia (lvPPA), 
and posterior cortical atrophy (PCA) through quantitative 
neuropathological analysis.
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Figure 2. Reduction of BEX1-
positive excitatory neurons across 
neuropathologic groups and brain 
regions. (A-C) Adapted from our 
previous snRNA-seq study. (A) UMAP 
analysis identified 24 excitatory neuronal 
subpopulations, including NRGN+BEX1. 
(B) NRGN+BEX1 subpopulation was 
observed across all examined brain 
regions, present in 60–100% of samples. 
(C) Log₂ odds ratios (OR) for 
NRGN+BEX1 cells were consistently 
reduced in AD variants (amnestic AD, 
lvPPA, and PCA), ranging from −2 to −4 
across regions, corresponding to an 
approximately 4- to 16-fold lower 
likelihood compared to controls. (D) 
Multiplex staining of neurons (NeuN, 
cyan), excitatory neurons (CAMKII, 
green), phospho-tau pathology (PHF1, 
orange), BEX1 (red), and nuclei (DAPI, 
blue). Yellow arrow indicates NeuN⁺	
CAMKII⁺ neurons; white arrow indicates 
NeuN⁺CAMKII⁺BEX1⁺ neurons. Scale bar: 
200 µm. Representative 
immunofluorescence of CAMKII, NeuN, 
BEX1, and PHF1. Scale bar: 50um. (E) 
Quantification of BEX1-positive excitatory 
neurons (BEX1:CAMKII) shows a 
significant reduction in AD variants relative 
to controls.
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Figure 1. Quantitative neuropathological analysis of STG and CA1 
excitatory neurons: FFPE postmortem CA1 and STG tissues from amnestic AD, 
lvPPA, PCA, and healthy controls (n = 6/group) obtained from the UCSF 
Neurodegenerative Disease Brain Bank and the Brazilian Biobank for Aging Studies at the 
University of São Paulo were analyzed. Six-micrometer sections underwent multiplex 
immunofluorescence for NeuN, CAMKII, PHF1, and BEX1. Whole-slide images were 
acquired using a ZEISS Axioscan 7 and quantified with ImageJ, with 700–1,000 neurons 
counted per case and region. (Figure created with BioRender.)


