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21st century medicine requires models that capture:

The complexity of tissues
Disease phenotypes
Differences between individuals

Better predictive models in the pharma pipeline



A leap forward in physiological relevance

3D	culture

Human	tissues
Co-culture
Perfused
ECM	embedded
Tubes	&	vessels

2D	culture

Animal	testing

2D	culture

The challenge of reductionism: 
“Make things as simple as possible, but not simpler”, Albert Einstein



The OrganoPlate® platform
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3D	cell	culture

Pump-free	perfusion

Membrane-free	co-culture

Microtiter	plate	format

Up	to	96	tissues

Automation	and	HCS	compatible
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PhaseGuides™

Vulto et	al	2011	Phaseguides:	a	paradigm	shift	in	microfluidic	
priming	and	emptying.	Lab	Chip 11(9)	1596-1602

Surface tension

Phase guide



Meet the OrganoPlate® (video)

Watch full movie https://youtu.be/L_VEJAZ5J6U



Brain-on-a-Chip: Neuronal network
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0	h 2	h 4	h 8	h 24	h
Rapid network formation directly after seeding in OrganoPlate® (iPSC-derived Dopa.4U) 



Characterization of human 3D neuronal models  

iPSC-derived Huntington neuronal precursors (day 42) (Axol)

bIII tubulin S100BbIII tubulin Vimentin vGAT vGlut

iPSC-derived neuroepithelial stem cells (day 31) 

β-III-tubulin/Synapsin-I β-III-tubulin/TH 

bIII tubulin TH

iPSC-derived Dopa.4U™ (Axiogenesis)

MAP2/Synapsin-I

iPSC-derived Neurons (iCell® Neurons)

bIII tubulin GFAP



Heat map of dye concentration at certain time-point

Contrast normalized projection

Heat map of neuronal activity

Detection	of	calcium	fluctuation	using	Fluo4AM	dye

Neuronal activity in 3D neuronal models 
Calcium imaging in OrganoPlate® (iCell GlutaNeuron)

Variation	in	the	fluorescent	trace	
represents	neuronal	activity

Time	(sec)



Methylmercury toxicity
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Brain-on-a-Chip: Toxicity testing



ZO-1	f-actin MicrofluidicsECMperfusion 
channel

Renal Proximal Tubuli

Perfusion 
lane Phaseguide

Gel

Boundary

MDCK	cell	line

Membrane	free	boundary

Apical	and	basal	access



Tube polarization: Acetylated tubulin and ZO-1
Day	-1	fil	gel

Day	1-9	
maintenance

Day	0	seeding	of	
SRPTEC Day	9	fixation

Acetylated	tubulin	ZO-1 DNA

apical

apical perspective basal perspective

apical

basalbasal

apical

basal

Cilia	point	to	lumen	of	the	proximal	tubule

RPTEC	in	Mimetas	OrganoPlate®	
3	lane	400	µm
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Leak	tight	tube	(PC)

No	cells	(NC)

Intensity	perfusion	channel

Intensity	ECM	channel

Time	(min)
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Barrier	Integrity	Assay:	to	determine	the	quality	
of	the	epithelial	monolayer	a	impermeable	
fluorescent	dye	is	added	to	the	lumen	of	the	
tube.	
Real	time	read	out	assay	during	toxicant	
exposure.

Real-time Barrier Integrity Assay



Renal Toxicity Testing: apical versus basal exposure

Day 0 seeding Day 4 pre-leakage

MDCK (canine distal tubule cell line) in 
400µm 3-lane OrganoPlate™; cisplatin 
exposure

Day 0-4 culture under 
flow 

Day 4 start 16h cisplatin 
exposure, apical and basal (no 
flow)

0 µM 100 µM 100 µM 500 µM 500 µM
Apical ApicalBasal Basal

ECM
Apical exposure

Basal exposure

Time-to-leak of MDCK tubules is significantly
shorter when exposed to cisplatin from basal
side compared to apical exposure
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MDCK cisplatin exposure
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Renal clearance model

Acetylated tubulin, DNA, VE Cadherin (HUVEC)

HUVEC

RPTEC

ECM

ECM gel

DNA ZO-1 Ezrin Huvec-RFP



Blood-brain barrier

Blood-brain barrier with neuronal end-points



Complex endothelial co-cultures

Pericytes

Huvecs

Concentric co-culture of 
endothelium and pericytes
in a functional tubular tissue

Primary 
monocytes

Huvecs



Angiogenesis-on-a-chip

gradient	of	
angiogenic
factors

Mix CMix BMix A
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Gut-on-a-Chip

50 μm

Acetylated tubulin, ErbB1, DNAAcetylated tubulin, Glut-2, DNA

Caco-2 tubule



Epithelial	Barrier	Assays

Neuronal	Activity	Assays
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Neurotoxicity	assays

Mix CMix BMix A

0,00

100,00 Sprouting over time
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Figure 3 | Detection of compound effects on electrophysiology, neurite
outgrowth, and cell viability. (a-b) Addition of 100 μM GABA inhibits neuronal
firing in iCell® neurons (7 DIV). (c) Dopa.4U™ neurons were seeded in ECM
solution in the OrganoPlate® and allowed to form networks for 24 hours
followed by 24-hour exposure to various concentartion of methyl mercury.
Cells were fixed and stained with β3-tubulin and DraQ5 to visualize neurites
and nuclei and imaged using confocal microscopy. Maximum projection
images are shown. Scale bar: 50µm (d) Quantification of neurite outgrowth of
neurons exposed to methyl mercury show a concentration-dependent
decrease. (mean ± SEM, n = 200-400 cells per condition). (e) Equal numbers
of iCell® neurons and astrocytes (Cellular Dynamics International) were mixed
and seeded in ECM solution in the OrganoPlate®. After six days in culture, the
cells were exposed to various concentration of methyl mercury, endosulfan, or
2,5-hexanedione for 24 hours, after which a RealTime-Glo™ assay
(Promega) was used to assess cell viability. Cell viability is plotted (mean ±
SD, n=3) as compared to vehicle control (0.3% DMSO for methyl mercury and
endosulfan and medium control for
2,5-hexanedione). {Remko, insert welke statistische test we hebben gebruikt
(mann-test? Kruskal-wallis?, * = p<0.0001) or does four stars look cooler?]
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Assays in the OrganoPlate®

Angiogenesis	Assays



Liver

Brain

Organoids

Solid	tissues

Gut

Vasculature

Kidney

Barrier	tissuesCo-culture

Endothelium	- Pericyte

Kidney clearance

Blood-brain barrier

Organ models in the OrganoPlate® 
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