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Understanding cognitive resilience requires us to dissect 
the complex, heterogenous landscape of the brain  

Human Protein Atlas
Lanooij SD et al. Mol Psych 2023

Santiago Ramón y Cajal 

Regional (Anatomic) Contributions

Specific cortical 
regions involved in 
cognition

Cellular Contributions

Neuronal 
heterogeneity 
recognized > 100 
years ago



The single-cell revolution



Numerous studies have leveraged single cell technology 
to study neurodegeneration

Murdock et al. Nat Neurosci 2023



Fewer studies have looked at phenotypic variation within 
a disease state

Bennett DA et al. J Alzheimer’s Disease 2018
Barker SJ*, Raju RM* et al. Science Transl Med 2021



Finding cognitively resilient patients in the ROSMAP 
cohort



Identifying the neuronal genes associated with resilience 
at single cell resolution

Barker SJ et al. Science Transl Med 2021
Murdock et al. Nat Neurosci 2023

Leng K et al. Nat Neurosci 2021
Udeochu JC et al. Nat Neurosci 2023

Key theme emerging is that factors 
protecting neuronal function and 

survival during disease 
progression facilitates resilience



Larger scale dissection of genes and cell types 
associated with resilience 



Inhibitory neuron survival is associated with 
preservation of cognition in the presence of pathology

What are the molecular regulators of interneuron survival in 
resilient patients?

Mathys et al. Cell 2023



No studies to date have assessed other domains of 
resilience in aging or aging-related disorders

Readouts of physical resilience  

Readouts of psychological resilience  



Challenges and limitations to translating insights from 
single-cell studies

 Limited definition of resilience in post-mortem tissue 
 Cognitive testing prior to death, with variable timing of last testing to tissue 

harvesting
 Pathological burden determined post-mortem

 Variable definitions of resilience across multiple studies
 Some transcriptional studies define resilience and non-resilience as binary states
 Others define it as a continuous spectrum

 RNA is unstable in post-mortem tissues (combination of degradation and ischemia-
induced changes) 

 High technical variability in methodologies, platforms and analytical pipelines employed 
all result in different biological conclusions being made in different studies
 We need more meta-analysis-esque studies that integrate data

 Translating post-mortem discovery into diagnostic and therapeutic interventions
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