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Introduction

Late-onset Alzheimer's disease (LOAD) is the leading
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cause of dementia globally, yet the molecular
mechanisms underlying demographic disparities in
risk remain

disease poorly

and

and progression

characterized. Epidemiological, genetic,

pathological features of LOAD diverge substantially
across ancestral backgrounds and between the
sexes, with age-adjusted incidence rates estimated
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* EU upregulated, AA downregulated

alterations in protein translational pathways in both African and European Ancestries

- AA upregulated, EU downregulated

. AA-dependent upregulated

B AA-dependent downregulated

. EU-dependent upregulated

B EU-dependent downregulated
Independent upregulated

B Independent downregulated

B. Upregulated Independent DEGs

G0:0006413: translational initiation

R-HSA-9006936: Signaling by TGFB family members

R-HSA-166520: Signaling by NTRKs

R-HSA-917937: Iron uptake and transport

G0:1901798: positive regulation of signal transduction by p53 class mediator
WP3888: VEGFA VEGFR2 signaling

CORUM:5266: TNF-alpha/NF-kappa B signaling complex 6
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provide new insight into the distinct neuronal and

informing the development of specialized therapeutic targets.

glial mechanisms that may contribute to differential
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LOAD-Associated Differential Gene Expression - Sex Interaction

. Male upregulated, female downregulated
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LOAD-Associated Differential Gene Expression - Ancestry Interaction

Oligodendrocyte 2
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G0O:0010975: regulation of neuron projection development Pathways molecular
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WP382: MAPK signaling utophagy y |
G0O:0001558: regulation of cell growth d. ° umoral immune
G0O:0031175: neuron projection development & ‘gf;a Lysosomal ° response
G0:0040007: growth o > ,’A\ transport
GO0:0071211: protein targeting to vacuole involved in autophagy / \.l’ ;.L
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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

development .
Regulation of

protein / '
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C. Uprequlated Male-dependent DEGs

Pathway enrichment
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B. Uprequlated Female-dependent DEGs
Pathway enrichment

R-HSA-9013026: RHOB GTPase cycle

G0:1902115: regulation of organelle assembly
R-HSA-194315: Signaling by Rho GTPases
GO0:0009267: cellular response to starvation
G0:0016071: mRNA metabolic process

G0:0002274: myeloid leukocyte activation

hsa04724: Glutamatergic synapse

G0:0044092: negative regulation of molecular function

G0:1903035: negative regulation of response to wounding

O

R-HSA-9006934: Signaling by Receptor Tyrosine Kinases o«
GO0:0007169: cell surface receptor protein tyrosine kinase signaling pathway E
GO0:0016055: Wnt signaling pathway -~
G0:0046486: glycerolipid metabolic process 3
G0:0006650: glycerophospholipid metabolic process g‘
hsa04062: Chemokine signaling pathway cell surface -
GO0:0000724: double-strand break repair via homologous recombination receptor /’ |
G0:0007589: body fluid secretion . tinto cell signaling RNA metabolism
G0:0033013: tetrapyrrole metabolic process import into ce /\
G0:0051276: chromosome organization o\-( -
R-H<QA RA2NAR- ~1/Q Trnnei'l-ior? response to \V
OCO0O>»P000OOOO0OOOO O -log10(P) nutrient levels £ growth factor f
B B E R R B signalin \
cEggFigEIEEREEE Neuroinflammat e -/r
T2 B 2 < - 2 = 2 - R . eurom a(rj‘nma fon o # phospholipid
3 's 3 n% saecasdasaaa 0 234 6 10 20 gluta?nnatergic \ biosynthetic
~e ~< 0 M 0 N < N < (al "
|g |g § 1(3 Ié IE |§ |g IE |Z IE |§ E OPC1 signaling \ J ) , Process
= ! I 3 3 3 3 i /
28838785283 Upregulated \ : \—>
o O O o o o O O ) .
eoNE e Ses Female-dependent = .\7 antigen
regulation of . recept-or-m.edlated
pathways myeloid cell N4 signaling
differentiation Chemokine positive
signaling regulation of cell

(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.
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_ Differential gene expression

G0:0031175: neuron projection development
WP3932: Focal adhesion PI3SK Akt mTOR signaling
G0:0050808: synapse organization

G0:0048193: Golgi vesicle transport

regulation of
NLRP3

GO0:0007610: behavior inflammasome
R-HSA-6798695: Neutrophil degranulation complex
hsa05100: Bacterial invasion of epithelial cells assembly

G0:0022618: protein-RNA complex assembly

G0O:0071692: protein localization to extracellular region requlation of

G0:0043434: response to peptide hormone 9 .

G0:0051170: import into nucleus translation

G0:0007420: brain development o

G0O:0050905: neuromuscular process

G0:0032259: methylation

G0:0043254: regulation of protein-containing complex assembly

G0:0050804: modulation of chemical synaptic transmission
I R-HSA-72689: Formation of a pool of free 40S subunits

CORUM:308: 60S ribosomal subunit, cytoplasmic

GO0:0010001: glial cell differentiation

G0:0048709: oligodendrocyte differentiation .
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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

o

TNF cytokine
production

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.

A. Changes in cell-cell communication strength in LOAD between subtype pairs

regulation of
autophagy
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(C) Left,

enriched pathways corresponding to the same DEG categories.

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
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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
AA (Left) and EA (Right). Red
communication strength in LOAD; blue indicates decreased

for indicates increased

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
ligand, receiver expresses

transmission (sender expresses

receptor). DEG summary statistics are shown in text boxes.
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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.

Resource for sequencing. This work was funded in part by the National Institutes of

Health/National Institute on Aging (NIH/NIA) [RF1 AG077695-01 to OC-F] as well as the

Alzheimer’s Association Grant [22-AAIIA-953269].

® Sex
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® 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

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