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The Need for Models of the Human Cortex



Brain Organoids: What Could They Teach Us?



Giorgia Quadrato

Human Brain Development is Long: How far 

Can Brain Organoids Go? 

Quadrato et al., Nature (2017)
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Quadrato et al. Nature (2017)



Towards Reproducible Models of the Human Cerebral Cortex

Silvia Velasco

• Long-term development

• Generation of cell 

diversity

• Multiple stem cell lines

• Reproducible
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Velasco et al. Nature (2019)

Adapted from Kadoshima et al., PNAS (2013)
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Reproducible Cell Diversity in brain organoids (6 months)

Velasco et al. Nature (2019)
With Joshua Levin and Aviv Regev



Reliable Corticogenesis in Human Cortical Organoids

Keidagle* / Uzquiano* et al., unpublished
With Joshua Levin and Aviv Regev
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GENETICS

NEURODEVELOPMENTAL 

DISORDERS

NEUROBIOLOGY

?
gene 1 gene 2 gene 3 gene 4

gene 5 gene 6 gene 7 gene 8

Understanding complex human brain diseases



Modeling ASD risk gene mutations in brain organoids

With Joshua Levin and Aviv Regev
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What cell types are affected?

What biological processes are affected?

When are they affected?

Do these alterations converge across mutations?

Does human genomic background affect penetrance?Q
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Paulsen*, Velasco*, Keidagle*, Pigoni* et al., Biorxiv 2020



39,285 cells

SUV420H1, ARID1B, and CHD8 Haploinsufficiencies Converge on 
Accelerated Development of GABAergic Neurons

35,000 cells57,941 cells

ARID1B+/-

Paulsen*, Velasco*, Kedaigle*,Pigoni* et al., Biorxiv, 2020
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Asynchronous Development of Deep-Layer Projection Neurons in both 
SUV420H1 and ARID1B Mutant Organoids
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57,941 cells37,510 cells30,733 cells

Penetrance of GABAergic Neuron Phenotype in SUV420H1 Mutant Organoids 
Depends on Genomic Context

Paulsen*, Velasco*, Kedaigle*,Pigoni* et al., Biorxiv, 2020



CONVERGENCE ON 

PROCESS:
asynchronous development

through 

largely 

distinct 

molecular 

pathways

CONVERGENCE ON CELL 

TYPES:
GABAergic neurons and 

deep layer projection neurons

HYPOTHESIS:
abnormal activity of local circuits?
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With Ed Boyden (MIT)

Yang Sung Min



Summary 

• Organoids can serve as reductionist experimental models 
of human brain development

• Cell diversity of cerebral cortex is generated reproducibly
“organoid-to-organoid” and across stem cell lines

• Organoids identify early convergent phenotypes across 
multiple ASD genes: asynchronous development of 
GABAergic neurons and deep layer corticofugal neurons
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