Cell type-specific adaptive brain aging associated with cognitive

resilience despite amyloid and tau pathology Iin Alzheimer’s
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Cognitive resilience in the presence of amyloid-3 and tau in Alzheimer’s disease Is driven by active, cell type-specific programs
preserving mitochondrial energy, proteostasis, and neurotransmission while avoiding excitotoxicity and metabolic failure.
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« Alzheimer’s disease affects around 7 million
Americans making it the 6 largest cause of
death in the USA (CDC 2025)

« Large scale human studies like ROSMAP have
identified individuals with equivalent levels of
amyloid- and tau pathology in brain, and
having normal cognition known as
Asymptomatic AD (AsymAD)'-3

Gentic background of AD and AsymAD APOE genotype
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Equivalent amyloid (CERAD) and tau accumulation (Braak) in AD and AsymAD
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Braak Stage

+ Seattle AD (SEA-AD) shows increased accumulation of Amyloid
beta in neuronal layers in AsymAD and AD compared to Cognitive
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Diagnosis
Amyloid beta Tau tangles Cognition
CERAD Score Braak Stage Dementia
RADC Research g °Ng neuritic plaques 0: No neurofibrillary tangles MMSE: Mini Mental State
oA Resource 4 Sparse neuritic plaques 1-2: NFT confined mainly to the entorhinal region of the brain Examination
$® " Sharing  2: Moderate neuritic plaques 3-4: NFT in limbic regions such as hippocampus MMSE score >= 24 = No dementia
4P Hub 3: Frequent neuritic plaques 5-6: Moderate to severe NFT in neocortical regions MMSE score < 24 = Dementia

We leveraged six published transcriptomic aging clocks
trained on human cell type-specific single-nucleus RNA-
sequencing data, where regression models predicted
chronological age across excitatory and inhibitory
neurons, oligodendrocytes, OPCs, microglia, and
astrocytess.

Using ~1.9 million nuclei from the dorsolateral prefrontal
cortex (BA9) of 345 ROSMAP donors (100 Control, 120
AsymAD, 125 AD), we applied these models to estimate
biological age and assess age acceleration in AD versus
AsymAD.

Unique aging-associated genes were identified in AsymAD
and were validated using proteomics with additional
integration of metabolomics
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Multiomics integration with common aging genes

Accelerated aging formula: AAge=BA-CA;
BA = Biological Age; CA = Chronological Age

Cell type-specific age acceleration in AD
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Preserved pathways in AsymAD in excitatory and inhibitory neurons

compared to AD.

Excitatory neurons Inhibitory neurons

GO Biological Process 2026
L-glutamate Transmembrane Transport (G0:0015813) *2.96e-05

GO Biological Process 2026
Cytoplasmic Translation (GO:0002181) 1.59e-04
L-glutamate Import (G0O:0051938) *3.59e-05 Inhibitory Synapse Assembly (GO:1904862) 1.77e-04
Regulation of Calcium lon-Dependent Exocytosis (GO:0017158) 2.28e-04 Translation (GO:0006412) 2.08e-04
Positive Regulation of Mitochondrial Calcium lon Concentration (GO:0051561) 3.03e-04 L-valine Catabolic Process (GO:0006574) 3.38e-04

L-alpha-amino Acid Transmembrane Transport (G0:1902475) 4.89e-04 Valine Metabolic Process (GO:0006573) 3.38e-04

in Si Pathway (G0O:0071526) 5.26e-04 Oxidative Phosphorylation (G0:0006119) 3.99e-04

Chemical Synaptic Transmission (GO:0007268) 5.86e-04 Response to Lead lon (G0:0010288) 4.71e-04

Synaptic Vesicle Exocytosis (G0:0016079) 6.49e-04 L-amino Acid Metabolic Process (GO:0170033) 5.27e-04

Cytoplasmic Translation (G0:0002181) 7.49e-04 ic Amino Acid C. ic Process (GO:0170040) 6.25e-04

Monoatomic Anion Transport (GO:0006820) 1.12e-03 Regulation of Chap

gy (GO:1904714) 6.27e-04
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Neuroprotective metabolites N-acetyl-aspartyl-glutamate and -citrylglutamate
positively correlated with glycerophosphocholine phosphodiesterase 1 (GPCPD1)

S - 1.636+06, p = 5.786-29, Pspeaman = 0-59, Clss, [0.51, 0.67], Mpairs = 289 S = 1.766+06, p = 1.598-25, Pgpearman = 0.56, Class, [0.48, 0.64], Nyars - 289
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« Excitatory neurons, inhibitory neurons, and microglia
showed significant biological age acceleration in AD
compared to AsymAD, with female neurons, astrocytes,
and oligodendrocytes aging faster than males.

« AsymAD preserved pathways linked to mitochondrial
electron transport, oxidative phosphorylation, cytoplasmic
translation, enhanced regulation of L-glutamate transport
and calcium-dependent signaling, consistent with
protection from excitotoxic stress.

* Neuroprotective metabolites including N-acetyl-aspartyl-
glutamate and B-citrylglutamate were positively correlated
with glycerophosphocholine phosphodiesterase 1 GPCPD1
indicating coordinated phospholipid turnover and energy
metabolism.

Our analyses demonstrate that cognitive resilience in the
presence of amyloid-B and tau is driven by active, cell-type
specific programs preserving mitochondrial energy,
proteostasis, and neurotransmission while avoiding
excitotoxicity and metabolic failure. These cell-resolved
markers offer a framework for targeting resilience mechanisms
rather than pathology in future therapies.
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