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●Single-cell transcriptomics of around 247,000 temporal cortex nuclei identified oligodendrocytes and OPCs as major hubs of LOAD-associated molecular dysregulation, with glial cells 
being key contributors to disease pathology. 

●Across ancestries, there was consistent upregulation of ribosomal and protein translational pathways in oligodendrocytes, with an increased expression in ribosomal genes such as 
RPS15, RPS11, and RPL7, suggesting alterations in protein machinery. 

●Oligodendrocyte ribosomal and protein translation pathways and networks were a prominent male-associated LOAD signature across ancestries.
●Female LOAD brains exhibited prominent neuroinflammatory and immune-associated glial signatures, contrasting with the translation and proteostasis pathways that were prominent 

in the male brains 
●Sex dependent effects frequently exceeded (meaning more distinctions across the two sexes within an ancestry) ancestry-dependent effects, emphasizing sex as a critical determinant 

of disease biology in LOAD

Late-onset Alzheimer's disease (LOAD) is the leading 

cause of dementia globally, yet the molecular 

mechanisms underlying demographic disparities in 

disease risk and progression remain poorly 

characterized. Epidemiological, genetic, and 

pathological features of LOAD diverge substantially 

across ancestral backgrounds and between the 

sexes, with age-adjusted incidence rates estimated 

to be up to 2 times higher in individuals with African 

ancestry (AA) than European ancestry (EA), and 

approximately two thirds of all LOAD patients being 

women. While GWAS have identified over 80 risk 

loci in EA populations and cross-ancestry studies 

have revealed both shared and divergent genetic 

determinants, most transcriptomic and epigenomic 

studies of LOAD have been conducted exclusively in 

EA subjects. No studies to date have directly 

compared transcriptome-wide gene expression 

changes in LOAD between AA and EA individuals, 

nor characterized how sex modulates 

LOAD-associated dysregulation across ancestries at 

the cell-type level. To address these gaps, we 

present the first transcriptome-wide single-nucleus 

RNA sequencing comparison of LOAD across AA and 

EA populations. We analyzed 274,542 nuclei from 

temporal cortex tissue of 48 donors spanning LOAD 

and cognitively normal controls, identifying 21 

neuronal and glial subtypes. Integrating ancestry, 

sex, and cell-type-specific analyses, we characterize 

molecular heterogeneity in LOAD-associated gene 

dysregulation, examining ancestry- and 

sex-dependent differential expression, pathway 

enrichment, and cell-cell communication dynamics. 

Notably, this work elucidates sex-dependent, 

glial-driven alterations in protein translational 

pathways as a convergent feature of LOAD across 

both AA and EA ancestries. Together, these findings 

provide new insight into the distinct neuronal and 

glial mechanisms that may contribute to differential 

LOAD risk and progression across populations.

Conclusions

Experimental Overview

Ancestry-Dep. Altered Cell-Cell Communication in LOAD

LOAD-Associated Differential Gene Expression - Ancestry Interaction

This study aims to characterize the effects of ancestry and sex on the molecular 
mechanisms underlying LOAD. Using single-nucleus RNA sequencing data from 
postmortem temporal cortex tissue of African- and European-ancestry individuals 
with and without LOAD, we profiled transcriptomic changes across major brain cell 
types and subtypes. Differential gene expression, pathway enrichment, and cell-cell 
communication analyses were performed to identify shared ancestry and sex 
dependent disease signatures. Together, these analyses provide a collective insight 
into cellular and molecular drivers of LOAD across diverse populations, thereby 
informing the development of specialized therapeutic targets. 
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(A) Circle plots showing the top 25% of changes in interaction 

probability between cell subtype pairs in LOAD vs. normal cells 

for AA (Left) and EA (Right). Red indicates increased 

communication strength in LOAD; blue indicates decreased 

communication strength. (B) Diagrams of example cell 

subtype(s) for AA (Left) and EA (Right) expressing ligand or 

receptor genes involved in interactions with differential 

predicted probability in LOAD vs. normal cells, restricted to 

genes that were also concordant DEGs (expression and 

communication probability changed in the same direction in 

LOAD). DEG-expressing cells are shown in blue and expressed 

DEG ligand/receptor genes in violet; non-DEG cell types and 

genes are shown in gray. Arrows indicate direction of signal 

transmission (sender expresses ligand, receiver expresses 

receptor). DEG summary statistics are shown in text boxes. 
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(A) Bar chart of independent and 
ancestry-dependent differentially expressed 
genes (DEGs) across different cell subtypes. (B) 
Left, Metascape pathway heatmap diagrams for 
upregulated genes for ancestry independent 
DEGs. Darker means more significant pathway 
enrichment. Right, Enriched pathway network 
diagram for upregulated DEGs of 
oligodendrocyte 2 subtype. Node size is 
proportional to gene numbers per pathway, and 
edge width is proportional to number of shared 
genes between linked pathways. (C) Volcano 
plots for indicated DEG types in selected cell 
subtypes, includes GWAS genes. Labeled genes 
are associated with enriched pathways 
corresponding to the same DEG categories. D) 
Top, Metascape pathway heatmap diagrams for 
upregulated genes for AA-dependent DEGs. 
Bottom, Enriched pathway network diagram for 
upregulated AA-dependent DEGs of GABAergic 
neuron 4 subtype. E) Left, Metascape pathway 
heatmap diagrams for upregulated genes for 
EA-dependent DEGs. Bottom, Enriched pathway 
network diagram for upregulated EA-dependent 
DEGs of GABAergic neuron 4 subtype. 
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(A) Bar chart of independent and sex-dependent differentially expressed genes (DEGs) 
across different cell subtypes. (B) Left, Metascape pathway heatmap diagrams for 
upregulated genes for female-dependent DEGs. Right, Enriched pathway network 
diagram for upregulated DEGs of OPC1 subtype. 

(C) Left, Metascape pathway heatmap diagrams for upregulated genes for 
male-dependent DEGs. Right, Enriched pathway network diagram for upregulated 
DEGs of Oligodendrocyte 5 subtype. (D) Volcano plots for indicated DEG types in 
selected cell subtypes, includes GWAS genes. Labeled genes are associated with 
enriched pathways corresponding to the same DEG categories. 
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