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BACKGROUND

•  Neurovascular unit (NVU) dysfunction is a hallmark 
of early Alzheimer’s disease (AD).
•  NOTCH3 mutations cause CADASIL, but its role in 
broader neurovascular aging is not well understood.
•  We investigated how NOTCH3 loss impacts the 
biological aging trajectory and functional survival of 
brain vascular smooth muscle cells (vSMCs).
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Integrated transcriptomic and functional analyses reveal how NOTCH3 deficiency drives neurovascular aging and vulnerability.

KEY FINDINGS
NOTCH3 loss accelerates the biological age of vSMCs and astrocytes 

based on transcriptomic aging clocks.

NOTCH3-deficient human vascular organoids show increased DNA 
damage, senescence (p21), apoptosis (active Caspase-3), and impaired 
migration.

DEGs in Notch3 KO vSMCs are enriched for AD-associated GWAS traits, 
including Alzheimer’s disease, cognitive performance, memory 
performance, and brain volume.

FIGURE 1. Transcriptomic aging clock in brain cells

(A) Relative chronological 
transcriptomic age (tAge) in 
astrocytes and vSMCs from WT 
and Notch3 KO mouse brain 
(public scRNA-seq). (B) 
Modules contributing to 
biological age in astrocytes and 
vSMCs, with direction of aging 
(↑ accelerates, ↓ decelerates) 
in KO vs WT.

FIGURE 2. Cellular phenotyping in human iPSC-derived vascular 
organoids

(A) Neutral comet assay (tail moment). (B) γH2AX+ cells. (C) Ki67+ cells. (D) Active Caspase-3+ 
cells. (E) p21+ cells. Data are mean ± SEM; each point is an independent organoid line. *p < 0.05, 
**p < 0.01, ***p < 0.001 (one-way ANOVA, Tukey’s post hoc test).

FIGURE 3. GWAS Catalog enrichment of DEGs in Notch3 KO vSMCs

Top GWAS traits (GWAS 
Catalog 2025) enriched 
among DEGs in Notch3 
KO vSMCs. vSMC DEGs 
overlap with AD and 
neurodegenerative 
disease risk loci, including 
the mitochondrial genes 
CYCS and BCAS3.
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FIGURE 3. Functional validation in human iPSC-derived vascular 
organoids
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(A) Representative immunofluorescence images of vascular 
organoid sprouting from NOTCH3+/+, NOTCH3+/−, and
NOTCH3−/− lines after 3, 6, and 9 days in Matrigel. (B) 
Quantification of the migrated area of CD31⁺ endothelial cells
and αSMA⁺ mural cells over time. Data are presented as mean ±
SEM. *P < 0.05; **P < 0.01.
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