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• Alzheimer’s disease is critically age-dependent

• ˜95-98% of cases are sporadic, no transgenic models

• familial (inherited) AD is rare, and age-dependent

• no unifying age-dependent disease etiology known; no cure

Aging and neurodegeneration
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Human aging biology is a central 
determinant of disease vulnerability

à Model choice matters!

Aging biology of the available cellular ingredients?



Rejuvenated versus age-equivalent human neuronal models

Traxler L et al. FEBS letters 2019; Böhnke L et al. Drug Discovery Today  2018

fibroblastsiPSCs
rejuvenation

TF-based direct conversion

induced neurons (iNs, age-equivalent)iPSC-neurons, etc… (rejuvenated)

Age-equivalency: 
- Ontogenic identity of adult neurons 
- Biological age of donors



Age-equivalency: Ontogenic identity and biological age of iNs

Mertens J et al. Cell Stem Cell 2015 & Cell Stem Cell  2021 
Herdy J et al. eLife 2019 & Herdy J et al. Cell Stem Cell 2022 

Transcriptome correlation with adult fetal or adult brain

• iPSC neurons resemble fetal stages
• iNs resemble adult stages

Epigenetic (DNA methylation) clock

• iPSC neurons have pre-birth ages
• iNs reflect individual donor ages



Why 3D and multicellular human brain models?

Advantages of 3D cultures / MPS:
• Tissue architecture and spatial organization

• Cell-cell and cell-ECM interactions

• Biomechanical stiffness and more realistic microenvironments

• Multicellular complexity/connectivity

• Stable long-term maturation; 
2D

3D

Aging phenotypes are not only cell-autonomous:
• Senescence (SASP) bystander effects

• Aging ECM and biomechanics

• Metabolic cell-cell interactions (also with glia)

• etc…   à all shape tissue-level vulnerability



Current 3D route 1: iPSC-derived organoid systems

Advantages Challenges Emerging directions

• Intrinsic self-organization and 
multicellular patterning

• Engineerable stem cell source
• Virtually unlimited cell numbers

• Embryo-like developmental state
• Rejuvenation resets donor-age state
• Inter-line and -organoid variability
• Experimental accessibility (hyper-

dense tissue)
• Lack of vasculature

• Improved differentiation protocols 
and QC/benchmarks

• Genetic “progeroid” iPSC lines
• Age-induction (stressors to 

accelerate aging phenotypes)
• Assembloids
• Transplantation and in vivo 

maturation

Strong fit for genetic, developmental and 
multicellular questions

iPSCs Embryoid bodies Brain organoids
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Current 3D route 2: direct-conversion-based engineered systems

Advantages Challenges Emerging directions

• Adult neuronal identity 
• Donor-specific age retention
• Endogenous age-linked disease-

relevant
• Controlled assembly of defined cell 

combinations
• Rejuvenation and heterochronic 

study designs possible

• Stepwise assembly laborious
• Limited material and scalability
• No self-organized tissue architecture 

(e.g. layering)
• Experimental accessibility
• Complex multicellular 3D constructs 

are very early stage

• Engineered scaffolds 
• Controllable microenvironments and 

cell density
• Low-input omics and single-cell 

readouts
• Neuron-Glia co-cultures
• Transplantation and in vivo 

maturation

Strong fit for age-dependent and sporadic disease 
questions and ’flag post’ phenotypes

Fibroblasts pure iNs 3D iN spheres or 
constructs



Current 3D route 2: direct-conversion-based engineered systems
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Conclusions and Acknowledgement

• Aging biology is a core determinant of 
neuronal vulnerability that matters in AD etc.

• iPSC-derived organoid systems and 
direct iN conversion models are 
complementary and evolving

• Human 3D brain models that combine 
defined multicellular complexity with age-
retaining cells is next frontier
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