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• Alzheimer’s disease affects around 7 million

Americans making it the 6th largest cause of

death in the USA (CDC 2025)

• Large scale human studies like ROSMAP have

identified individuals with equivalent levels of

amyloid-β and tau pathology in brain, and

having normal cognition known as

Asymptomatic AD (AsymAD)1-3

• Excitatory  neurons, inhibitory neurons, and microglia 

showed significant biological age acceleration in  AD 

compared to  AsymAD, with female neurons, astrocytes , 

and o ligodendrocytes aging faster than males.

• AsymAD preserved pathways linked to mitochondrial 

electron transport, oxidative phosphorylation, cytoplasmic 

translation, enhanced regulation of L-glutamate transpor t 

and ca lc ium-dependent signaling, cons is tent with  

protection  from excitotoxic stress. 

• Neuroprotective metabolites including N -acetyl-asparty l-

glutamate and β -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-β and tau is driven by  active, cell -type 

specific programs preserving mitochondria l energy, 

proteostasis, and neurotransmission while avoiding 

excitotoxicity and metabolic failure. These cell -resolved 

markers offer a framework  for targeting  res ilience  mechanisms 

rather than pathology in fu ture therapies.
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Cell type-specific adaptive brain aging associated with cognitive 

resilience despite amyloid and tau pathology in Alzheimer’s 

disease

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

compared to AD. 

Neuroprotective metabolites N-acetyl-aspartyl-glutamate and β-citrylglutamate 

positively correlated with glycerophosphocholine phosphodiesterase 1 (GPCPD1)
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• 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 

astrocytes6. 

• 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

• Seattle AD (SEA-AD) shows increased accumulation of Amyloid 

beta in neuronal layers in AsymAD and AD compared to Cognitive 

normals4,5

Accelerated aging formula:             ΔAge=𝐵𝐴−𝐶𝐴;               
BA = Biological Age; CA = Chronological Age
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