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hPSC-derived brain organoids and 
spheroids

Quadrato et	al;	Nature	Medicine	(2016)



Long-term cultures of 3D human brain organoids

Quadrato et al., Nature (2017)
Quadrato*, Sherwood* et al., Nat.Prot.Ex. (2017)



Early self-regionalization of brain organoids (1 mo)



What cells can be made in human brain organoids?
--Drop-seq single cell analysis--

Organoids 6mo (n = 19 
from 4 distinct 

bioreactors)

Single cell 
suspension

Steve McCarroll Evan Macosko

67,000 cells
10 big 
clusters

Macosko et al; Cell 2015



Decoding the identity of Drop-seq clusters



Many cell types of the endogenous human forebrain
are identified within brain organoids

EMX1
EOMES
PPP1R17
TBR1
TLE4
SOX5
FEZF2
BCL11B
CRYM
SATB2
MDGA2
MEF2C
GAD1
DLX1
GAD2
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Expression of autism-risk genes
in the forebrain cluster
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All genes from Simon Simplex Collection with FDR 
<= 0.01
(Sanders et al., Neuron 2015) 



Decoding the identity of the retina cluster (6 mo)
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Protracted culture of human brain organoids leads 
to increased cellular diversity

vs

3 mo 6 mo



Extended oragnoid culture allows maturation
of photoreceptors

c

c



Daniel	Berger

Jeff	Lichtman

Protracted culture of human brain organoids
leads to advanced neuronal maturation 



Human brain organoids mature dendritic spines



Brain organoids form spontaneously-active 
neuronal networksJohn Sherwood, Ed Boyden

(Scholvin et al., 2016)



Brain organoids form spontaneously-active 
neuronal networksJohn Sherwood, Ed Boyden

(Scholvin et al., 2016)



“Sensory stimulation” of brain organoids

record 
light-induced 

activity
record 

spontaneous
activity

record 
post-light
activity

with Ziv Williams



Summary

o 3D human cerebral organoids can be 
“developed” over a long timeline (over 1 yr).

o Cerebral organoids can generate regional and 
cellular diversity and mature spontaneously 
active networks.

o Neuronal activity in organoids can be modulated 
by sensory stimulation of light-sensing cells 

. 
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Single	Cell	RNA-seq analysis of	Brain	
Organoids derived from	mutant	ES	lines	

Organoids
dissociation

Single-cell
suspensionBrain organoids

6 months old

WT ES

Mutant ES

Organoids
dissociation

Single-cell
suspensionBrain organoids

with Joshua Levin and Aviv Regev



Long-term development of 3D brain organoids



Early self-regionalization of brain organoids (1 mo)



Long-term development of 3D brain organoids


