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The Need for Models of the Human Cortex

HUMAN BRAIN vs.
OTHER SPECIES

LIMITED ACCESS TO HUMAN
BRAIN DEVELOPEMENT
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Brain Organoids: What Could They Teach Us?
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Human Brain Development is Long: How far
Can Brain Organoids Go?

Giorgia Quadrato
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Quadrato et al., Nature Med (2016)
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Quadrato et al. Nature (2017)



Towards Reproducible Models of the Human Cerebral Cortex
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Whole brain
organoids

Adapted from Kadoshima et al., PNAS (2013)

Dorsal
organoids

Long-term development

°% « Generation of cell
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gg J Multiple stem cell lines Silvia Velasco

Reproducible

Velasco et al. Nature (2019)



VELASCO ORGANOIDS DAY34
A. ALBANESE
KWANGHUN CHUNG GROUP (MIT)

TECHNOLOGIES:
¥ SHIELD (tissue preservation)
¥ eFLASH (staining)



Reproducible Cell Diversity in brain organoids (6 months)

Day 3

Day 35 Day 90 Day 180
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@ Immature CPNs
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@® cruPns
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@ cycling IN precursors
@ Astroglia

®rG
. oRG

o Cycling progenitors
@ oRG & Astroglia

Total: 488,965 single cells
69 individuial organoids
20 batches, 5 cell lines

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



Reliable Corticogenesis in Human Cortical Organoids
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Understanding complex human brain diseases

GENETICS NEUROBIOLOGY
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NEURODEVELOPMENTAL
DISORDERS




Modeling ASD risk gene mutations in brain organoids
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What cell types are affected?

What biological processes are affected?
When are they affected?
Do these alterations converge across mutations?

oes human genomic background affect penetrance?

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

With Joshua Levin and Aviv Regev



Control

SUV420H1+

Cycling Progenitor
© aRG
Newborn DL PN
@ Immature DL PN
) Cajal-Retzius
Cortical Hem
@ Subcortical
® oRG
IPC
@ PN
@ ULCPN
® DL CFuPN
Cycling GABA NP
GABA NP
® GABAN
@ Cycling GABA INP
©® GABAINP
® GABAIN

Unknown

57,941 cells
#1

.
#4

SUV420H1, ARID1B, and CHD8 Haploinsufficiencies Converge on

Accelerated Development of GABAergic Neurons

3 cell lines

2 timepoints
7 batches
41 organoids

ﬂzez,eeo cells

[
L J

SUV420H1+

#2 #3
=
#5 #6

Control

ARID1B*

35,000 cells

#1

#4

*on,

(%

2 cell lines
2 timepoints
W 4 patches
24 organoids
- 162,399 cells

#2 #3

#5 #6

Control

CHD8*

3 cell lines

2 timepoints
6 batches
35 organoids

249,588 cells

(i
@T

#2 #3

#5 #6

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



Asynchronous Development of Deep-Layer Projection Neurons in both
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Control

SUV420H1+

Penetrance of GABAergic Neuron Phenotype in SUV420H1 Mutant Organoids
Depends on Genomic Context
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abnormal activity of local circuits?
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With Ed Boyden (MIT)



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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