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Combining Engineering and Biology
Organs-on Chips

Disruptive and Innovative
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Spinal Motor, Midbrain Neurons and BMECs are Generated from Human iPSCs.

Induced 
pluripotent stem 

cells (iPSCs)

v Pre-fated progenitors can be 
cryogenically frozen, banked and 
thawed for further Chip study.

• Brain microvascular endothelial cells 
(BMECS) are generated in distinct protocol 
(Lippman et. al. 2018).
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• Spinal motor neuron (spMN) progenitor 
cultures are matured into MNs in as little 
as 18 days days using internal protocol.

• Midbrain patterned neural progenitor 
cultures contain TH+ DA Neurons after 30 
days in culture. (Modified Kriks et. al 2011)



Additional cell types survive in long term Chips

A diMNs SMI32/Isl1
A BMEC Glut1
B Astrocytes GFAP/s100b
C Microglia Iba1

GFAP s100b

DAPI Iba1

GLUT1 SMI32 Isl1
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PD-Chip: Dopaminergic Neuron | Endothelial Co-cultures from human iPSCs.
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α-synuclein accumulation in EOSPD mDA cultures

• Increased α-synuclein levels in EOSPD mDA cultures by western blot and ELISA 

Laperle et al, submitted



Lysosomal pathways are impaired in EOSPD mDA cultures

• Lysosomal associated membrane protein 1 (LAMP1)
• GCase – Lysosomal hydrolase 



p-PKCa is elevated in EOSPD mDA cultures

• PKCa phospho Thr-638 controls the rate of agonist induced dephosphorylation and 
inactivation of the protein 

• Increased activity is associated with other neurodegenerative diseases (Alzheimer's)

Laperle et al, submitted



Phorbol ester compounds reverse the phenotype

Croton tigliumHomalanthus nutansEuphorbia peplus

PEP005 Prostratin PMA

Laperle et al, submitted



Calcium Imaging show active neurons in chip
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Fluo-4 Ca2+ Imaging

From BBB-Chip to Brain-Chip



Automated quantification of calcium transients in Chips

• Detects up to 1000 neurons in each chip

• Determines firing rate pattern for each 
individual neuron

• Can be registered to neuron post 
fixation and analysis

• Drugs can be given to blood channel 
and effects on neural activity monitored

Eftychios Pnevmatikakis (Flatiron Institute)

PD-Chip (02 CTR) at endpoint



Whole human blood can be flowed through the blood side



Acknowledgements
Samuel Sances
Gad Vatine
Michael Workman
Dylan West
Amanda Woodbury
Briana Ondatje
Kareem El-Ghazawi
Amanda Meyer
Marlesa Godoy
Veronica Garcia
Alex Laperle
Victoria Dardov
Weston Spivia

Emulate Team:
Geraldine Hamilton
Jordan Kerns
Norman Wen
Chris Hinojosa
Riccardo Barrile

Collaborators:
Nigel Maidment (UCLA)
Zhan Shu (UCLA)
Andrew West (UA)
Candace Cromer (UA)
Dhruv Sareen
Loren Ornelas
Lindsay Lenaeus

Funding:
NIH Tissue Chip 2.0

Award Number UG3NS105703.

ALS Association

Co-PIs:
Michele Tagliati
Robert Baloh
Jenny Van Eyk


