
Next generation of neuronal 
cultures: modeling the brain 
with self assembled organoids 
and 3d bioprinted constructs
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New tools- bricks

gene profiling

gene editing

Induced Pluripotent 
Stem Cells (iPSCs)



Transforming adult cells into stem cells



Shifting paradigms
2012 - Nobel Prize in  Physiology or Medicine 

Sir John B. Gurdon and Shinya Yamanaka

"for the discovery that mature cells can be reprogrammed to 

become pluripotent."

2020 - Nobel Prize in Chemistry

Emmanuelle Charpentier and Jennifer A. Doudna

"for the development of  a method for genome editing."



Induced Pluripotent  Stem Cells (iPSCs)









From 2d to 3d cell cultures









Modeling human brain development using 
iPSCs



What are cerebral organoids?



What are cerebral organoids?









Day 0 6 10-11 40

hiPSCs

EB formation
Neural

induction
Neuroepithelium expansion Maturation

Lancaster M. et al., Nat Prot 
2014

Static culture
Orbital shaking

Matrigel
embedding

Expansion phase (day25) Maturation phase (day40+)Neural Induction phase (day10)

Generation of human cortical organoids





DAPI Ncadh

Day 50

Generation of human cortical organoids



DAPI FOXG1 PAX6

Day 50

Generation of human cortical organoids



40x

ventricle-like structure - ventricular and subventricular-like
regions

Generation of human cortical organoids

Day 50

MAP2 Pax6 N-CadherinDAPI



DAPI CTIP2 MAP2 TBR1

Day 50

Generation of human cortical organoids









ARE human cortical organoids A RELIABLE 
MODEL?



THE BATCH SYNDROME



POSSIBLE SOLUTIONS:

ENGINEERED CEREBRAL ORGANOIDS 
(ENCORS)

3D BIOPRINTED CONSTRUCTS





ENGINEERED CEREBRAL ORGANOIDS 
(ENCORS)





























Induced Pluripotent 
Stem Cells (iPSCs)

3D Bio-fabrication

3D BIOPRINTED CONSTRUCTS



gene profiling

gene editing

Induced Pluripotent 
Stem Cells (iPSCs)

bricks



New tools- bricks



Bioink

3D Bio-fabrication

3D Bioprinting







3D printing in medicine



Prosthetic 3D printing  



Ehanced reality



consistent

versatilethree-dimensional

functional

Physiologically relevant Human-derived platforms

3D BIOPRINTED CONSTRUCTS



B. Pre-printing differentiation

A. Post-printing differentiation

iPSCs

3D bioprinted iPSCs

3D bioprinted 

iPSCs-derived neural cells

differentiationprinting

iPSCs

3D bioprinted 

iPSCs-derived neural cells

printingdifferentiation

iPSCs-derived neural cells

iPSCs Printing Strategies



3D bioprinting of differentiating cortical
neurons



Neural differentiation of human iPSCs

day 0 day 10 day 20 day 70day 35

NPC formation

Passage

Neural induction Neuronal differentiation Neuronal maturation

Passage Passage

day 27

Real-time qRT-PCR analysis
during iPSC differentiation. 
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Neural differentiation of human iPSCs
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Neural differentiation of human iPSCs



3D bioprinting of differentiating cortical
neurons



Our technology

gradient coding

Serial coding

500 µm

Parallel coding

500 µm

Arbitrary 3d patternMicrofluidic print-head

Adv. Mat. 2015



Our technology



Our technology



viability post printing



Live/dead d50 post-printing

LIVE
DEAD

10X

40X



3d neural network MATURATION

Gene expression



3d neural network MATURATION



3d neural network MATURATION

ASTROCYTES!



Functional ion channels in 3D printed neurons



Calcium Imaging

3d neural network MATURATION



3d neural network MATURATION
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