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Abstract

Deliverable 3.3 of the EUROOC project comprises 36 presentation slides developed for public use.
They were designed to introduce the topic, present the participating institutions and organisations,
to explain the different objectives and to provide deeper insights into the current state of research.
As they address a broad audience, they will be used for classroom lectures for pupils, public
evening lectures or non-specialist science events equally.

Moreover, they will be featured on the website and can be requested by schools, science
museums, science cafes, public science festivals or similar events organised by stakeholders in
the vicinity of the network partner locations. Respective PlIs or ESRs at those locations will present
the lectures and engage with the public.
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1 Lecture Slides

EUROOC.

Slide Deck for Public Outreach
Deliverable 3.3

Organ-on-a-chip - Definition

“a fit-for-purpase microfliuidic device, containing living engineered organ substructuras in a controlled
microenvironment, that recapitulates one or more aspects of the organ's dynamics, functionality and
(patho)physiological response in vivo under real-time monitoring”

As defined by the ORCHID Vision Workshop
(Mastrangeli M. et al. Organ-on-Chip In
Development: Towards a roadmap for Organs-
an-Chip,

doi: 10 20944 preprints 201903 0031 v 1)

=ee also Mastrangeli M. et al. Building blocks
Tor & Europsean

Organ-on-Chip roadmap. ALTEX.
2019:36(3)0 481 -492.
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Organ-on-a-chip - Current state
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Organ-on-a-chip - Crossing the Valley of Death

Academics Industry
» Functional validation + Large reference

» Mechanistic datasets
applications

Support
o Joint projects

« Early regulator
imvalvernent

» Tissue Chip
Testing Canters

« Accredited systems
« High TRL
» Automated handling

« Some compounds
tested

» Manual handling

» Proof of concept in
developers lab

o Inter/intra-
laboratory
reproducibility

Issues

» Extensive screening not publishable /
net interest of academics

+ Missing funding mechanisms

MECATTH-ETH: EURDeC |GA-No. B12954)
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Organ-on-a-chip - Working Togetherin an European .-
Society

= launched at the International Organ-gon-Chip Symposium on Nov. Sth
Development and coordination of Organ-on-Chip research in Europe
Annual EURO0C Confarancas (2019 Graz, Austria; 2020 Upsala, Swedan)
Devalopment Provide opportunities to share and advance knowledge and expertise in this Tield
Founding board: Chiisting Murnmery {chair), Peter Loskill (vice-chain), Janny van den Eijnden, Albart van dan Berg

Wabsite: www aursoc-sociaty.au/

EUROPEAN ORGAN-ON-CHIP SOCIETY

MECAITH-ETH: EURDSC {GA-No. B12954)

¢l

Training future leaders in Organ-on-a-chip Research

To support innovative research projects, which together target the development of advanced Organ-on-a-
chip systems with higher physiological significance that go beyond the culture of monolayers on inert
membranes and that directly integrate end point analysis

To trainthe next generation of interdisciplinary scientists to be adept in all aspects of Organ-on-a-chip
development and utilization

To create a trans-European network of interdisciplinary specialists working on different aspects of Organ-
on-g-chip development from academic institutions, industrial infrastructure providers, and regulatory
agencies

MECATTH-ETN: EURDSC |GA-No. B12954)
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Masme Mane

»  Technsore Universitaet Berin (TUBL. Germary - Peber Neobsuer
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EUROoC workpackages
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Systems

WP1: Network Management and
Coordination
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Ten organs of priority for CoC development for regulatory use have been identified.

For lung, skin, liver, kidney, heart, and intestine, OoC are at rather advanced stages of
deyvelopment, such that involvement of regulators becomes of value in the optimization towards
fitness-for-purpose of these methods,

For testis, spleen, brain, and stomach, 0oC are more premature, If existing at all. Developmental
work on CoC for these organs is expected to stay in the academic arena for some time.

We recommend the developmentof OoC to go together with the developmentof Adverse
Outcome Pathways and combiningthem with other methods into integrated testing strategies.

Regularinteractions in multi-stakeholder workshops on application of animal-free innovations
suchas OoC will be beneficial.

Heringa et al. ALTEX 2019

MECAITH-ETH: EURDSC {GA-No. B12954)

Parallelisable microfluidic Heart-on-a-chip systems with integrated sensing
capability to monitor maturation and functionality of cardiac microtissues.

WP4 - ESR1: Heart-on-chip q

Chip Design Milestones

+ Defined cell composition (hiFSC-
derived Cardiomyocytes/Fibroblasts),

» |ntegration of hydrogels.
» On-chip tissue maturation assessment,

» Set-up a toolbox of non-invasive read-
out technologies
(p02 sensors, RAMAM, FLIM).

MECATTH-ETN: EURDSC |GA-No. B12954)
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WP4 - ESR2: Bone-on-chip

Physical .. Biological
Parameters

= Hypoxic gradients (0.5=
T% Oy) that also
determine cell function
(e.g. heamatopostic
stem cell niche)

+ Subjected to mechanical
load that is a regulator in
bone remodelling
through the balanced
interaction of esteoclasts
(bone resorption) and
osteoblasts (bone
farmation)

B Bn i £ 80, Caves [2T1H]

EUROC.

% «[

Harbours a multitude of
different cells including
mesenchymal stromal cells.
heamatopoetic stem cells,
osteoblasts, osteoclasts ete,

ECM is a composite material
consisting of organic (20% Col 1)
and incrganic compenents
{Hydroxyapatite:
{[Ca3(PO4)2]Cal0R]2))

Highly vascularized. varying
degrees of vascularisation
within differant tissue
compartments (e g bone
Marrow ve, periosteum)

MECAITH-ETH: EURDSC {GA-No. B12954)

[ ]
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WP4 - ESR2: Bone-on-chip =

Aim: To develop a OoC system that allows for the application and guantification of mechanical lnadto 2

3D organoid to study matrix mineralization and remodelling. thereby enabling a physiclogic model as

an alternative to animal testing (reduce and replace)in the context of bone biology.

@ [P - » Mechanical load is applied
@ . preumatically via a flexible membrane

i that is situated below the organoids’
culture compartment and covers a small
chamberthan can be pressurized (1)

« A sensor for force determination is
- ,-l incorporated in the devices’ lid on the
opposite site of the pressure chamber

- == - ;'
— il @

N e » Theorganeid (inred) is situated

betwesn pressure chambe s

13)
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WP4 - ESR3: Heart-on-chip
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WP4 - ESR3: Heart-on-chip

Glacomeli et al, 2017, Integrate into a chip

Ghacome et al . 2017

X %@”t‘ﬂe s

{"% Fibroblaste

Stem cells q%;\ Guaric et al. 0T -~ Formation of mini heart

Hear‘t nnn :hip

A
-

] . o Giscomeiii et af., 2018, ) e ) _."‘ .
‘ - 11 FEViSkon Alternative to animal studies  Personalized medicing
" -

I
cels

Caoet &l, 2019
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WP4 - ESR4: Heart-on-chip q
Limited analysis of cell
engraftment after
transplantation into huma
ﬂssu: fp Lack of human
s in vitro test
systems

Development of a microfluidic-based
heart-on-a-chip modelas a device for
modelling cellulartherapy approaches

MECATTH-ETH: EUVRDSC |GA-No. B12954)

WP4 - ESR4: Heart-on-chip

TISSUE
f“ Protocol development for heart

L - (g

microtissue functioning for non-
invasive analysis set up

02¢/610C

CHIP
.%) Transfer of differentiation protocol
and analytics to .on-chip™ systems

T2¢/0202

PROCF OF COMCEPT
Evaluation of the heart-on-a-chip
- systern as a in vitro assay for cellular
therapy products

M
=]
M
£
b
M2
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EUROOC.

WP5 - ESR5: Gut-on-chip

Current limitations to | nvestigate:

Aimof PhD project:
* Intestinal diseases To create an Immune-responsive and
« Host-microbiome interactions physiologically relevant intestinal model for

+ Person-specific reactions to personalised microbiome studies using a gut-
medicine an-chig platform

Objectives:

1. Establish a more physiclogically relevant
model of the gut

2. Create an hIFSC-based intestinal model

3, Study host-microbiome interactions

MSCATTH-ETN: EURCC |GA-No. B12354)

WP5 - ESR5: Gut-on-chip

MASCA-STH-ETN; BUROGC |Ga-No, B12354)
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WP5 - ESR5: Gut-on-chip

« How

Incorporate in vivo knowledge of physiclogically
relevant chemical and biophysical cues into the gut-
on-chip mode|

Integrate the gut microbiome inte this model and
carry out studies of host-microbiome interactions

Implement and develop a phyziclogically relevant
hIFSC model to enable future personalized studies

+ Future perspective

Empower physiologically relevant in vitro
investigations of the gut on a cellular level

Enable relevant in vitro studies of the gut and host-
microbleme interactions

MECAITH-ETH: EURDSC {GA-No. B12954)

% T

WP5 - ESR6: Retina-on-chip

outer Blood-Retinal

Barvier*

= Eszential Tor normal visual

functions:

+  Suppty Oy & Mautnents for
neronal Reting

+  Disposal of waste
products

"] Neuronal Retina

Retinal Pigmentad

Epithelium{RPE)*

Bruch's Membrane*

. Choroid (vascular layver)™

 Vizion losg and blindness affect million of people

 Blood-Retinal barrier irmvolved in pathophysiology of
varigus retinal diseaszes

But: disease machanism not fully understood|

Problem: Lack of suitable animal models & limitations of
current cell models to study disease mechanism

Alrm: devaloping a 30 model of 0BREB as a Organ-on-chip with
integrated Oxygen sensing
# Drug testing

+ Ratinal disease modelling
Find new treatment strategies against retinal

- dispasas

Retina-an-chip

(1) Mecrofluidic channsts connectad to
TR FESENADIns /UM S
= o supply Cells in inner chamber
with Oy & Mutrients
@ Open inner chamber filled with
hydroged and endothelal cells
= Nasoukar network (Chonoedy
RPE ¢ells seeded on top of hydrogsin
apen inner chamiser
# Epithelium & Bruch's
membrang

5 ©
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Acute Lung Injury (ALI)

WP5-ESR7: Lung-on-chip q

» Severe injury of the lung
+ Sepsis, infection, intubation, etc.

» 40-60% mortality
» Current treatment not effective

» Mechanism: barrier disruption and
infiltration of immune cells

« Aim: mimic ALl on chip

Lorraine and Matthey, 2000

MECATTH-ETH: EUVRDSC |GA-No. B12954)

WP5-ESR7: Lung-on-chip

Aim: investigation of ALl on chip
Development of a perfusable lung-on-chip to study barrier disruption and
immune cell migration

TMLP AL fMLP LR
P Flow of chemoattractant RALF
i e FRILP S TMLP i i 1
|=t'.- — dn:- N EH
) b i B o Flow of immune cells
) e * L
ey g it L
Perfusion of immune cells and Immune cells adhere and transmigrate

chemoattractant towards chemoattractant

g < detection of expressed cylokines
- R Immumne cells

L1
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WP5-ESR8: Assay Development

Acoustic trapping
+ Particles can be trapped [ ]

when a spundwave has M [ ] ] I
the right pitch to fit inside  9g ® "o ® fmu.__ .
a channel, like you seein * 5 . ]
the picture to the right. -
P & 2% ¢ o0 & S
.y .® Se o
» These particles can be °®s0® S e L
designed to attach to L
proteins or melecules that I Transducer I
would otherwise be to

small to cateh. This will
concentrate the proteing
and caught proteins will
give a flourecent signal
allowing a measurement.

Schematic drawing of the trapping phenomeanon, [1]

[1] M. Tanje e &, “Aooueaiic Waping e & geranic Non-Contact MU baton Sie for moligka
Dead-Dased syt~ Anal. Chin Acts, wol. 853 no. 1, pp. BA2-688, 2045,

WP5-ESR8: Assay Development

Protein detection

To detect a protein. for example produced by a cell, a
bead coverd in the antibody fitting to the desired protein,
Around this bead the proteins concentrate. Now the
beads can be washed with the antibody again. but this
time the antibody is attached to a fluorescent molecule,
When shining light on the beads the amournt of the
flugrescent light signal can be measured to caloulate
back to the amount of proteins captured by the bfads. -
 —

Beads coupled to anti-protein antibodies /

> e
¢

A
Protein bound fo specific antibody
Iy

nT ol Fludreseent light signal
.l'p“'

Laheling with APC-conjugated anti-grotein antibodies 4
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EUROC.

% «[

WP5-ESR8: Assay Development
Lab-on-Chip design Onforr

= The shown chip design will allow beads
to e captured and exposed to the
fluid contaiming the proteins from the

Transducer
cells ) -
« After exposure the fluorscent markers Sample A G
can be Injected and the fluorescent Amels Faw > ) %
signal can be measured ; .

concentration in 10 minute intervalls,
providing more ingight on the cell
behaviour during experiments.
especially for Organ-on-Chip setups.

o The chip will be tested in collaboration
with the group working on the Lung-on-
Chip

o The goal isto detect the protein
Fluorescent signal

Fluarescent markes Bead [njection

MECAITH-ETH: EURDSC {GA-No. B12954)
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WP4-ESR9: Defined Matrices

Motivation: Cells can be guided externally to make up complex organ-like systems

a8 ’ H
-9 - — (A
i ]ﬁ ey

Healthy and Stem Cells Defined “lab-homes" Miniature organs
Diseased ohi-Chip
Highly flexibl ; .
Better fitting oy Fleble ":thn“ ° . Different cell types
than animal models cells that can Furniture: ECM Reads: Vosoulor netwark
praduce multiple Supplies- Growth factars, hormenes Ui the.de
cell types Sensons: dynamicity (40 Wque ta The doner

Synthetic "homes"” and "villages” to grow mini-organs

MECATTH-ETN: EURDSC |GA-No. B12954)
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sull state from whih human o labaratern,
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stom call _ o p e " ' q’.";_,‘:l
. Y &’- Y|  bisonginarod =
i [ | » —* — | el -
Beprogramming _— Differantiation f k
Blaod weiinl oall
@ These colls bearing the same
charssterbtas af the patient are
integrated inta 3 chip to pererate
fumsticnal vessels
Patignt
Human cienulsi ey spstem. CredB: Skade Cechears of ol Adv. Drap Dol Sre. 2008 [meadifiad]
|
L}
LS
—
; ]
Let's flow through a vessel-on-a
chipformed by human cells.
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EUROOC.

% T

WP6 - ESR11: Liver-on-chip

Aim of PhD project

To create an immune-résponsiveand physiologically
relevant model of liver zonation ableto recreate
metabolic patterning

Postal Wein

i ot o Objectives

1. Developmentof an hiPSC baged liver-on-chip model

2. Emulating liver zonation be recreating metabolic
patterning.

3. Improvement of microfluidic platform by integration
of metabolic sensors,

4. Establishment of Multi-Organ-Systems: WAT-Liver-
on-chip and Gut-Liveron-chip

MECAITH-ETH: EURDSC {GA-No. B12954)

% T

WP6 - ESR12: Gut-on-chip

Imbalances in the gut microbiome affect human health
and disease

Parknson's disease

Microbial
community

Asthma/Allerges
Cardiovascukarn
diseass

Type 2 dimbetes
Obsesity

Inflarimiaton howel
dEeasEs

Colorectal cancer

MECATTH-ETN: EURDSC |GA-No. B12954)
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WP6 - ESR12: Gut-on-chip Integrate iPSG-derived
inmaﬂnalel;lﬂwllaloellsm
improve physiological
resemblance

Integrate on-chip
functionality to monitor gut
barrier function

Interfacing of gut and |iver
model to mimic physiclogical
organ communication

Study host-microbe interactions using
Gut-on-chip: HuMiX 3.0
Schematic drawing of HuMIX 3.0

MECAITH-ETH: EURDSC {GA-No. B12954)

WP6 - ESR13: WAT-chip

Focus of the project

+ Physiologically relevant tissue crosstalk

+ Patient specific immune cell responses

+  Realtimesensing of glucose, lactate
consumption and axygen in metabolizing

ﬁ

tissues o’ = E
Study of crosstalk between WAT )
and Livertissues, WAT chip

Irreversible

Sensors help
1o visualise
parameters

which will
affect cell

The progression of Non-alcohohe Fatty Liver Disease procesds could function in
be reversible up 1o a point real time*

e,

MECATTH-ETN: EURDSC |GA-No. B12954)
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WPG6 - ESR14 / ESR15 : Sensors
Integrated Optical Chemical Sensors

A luminescant sensor spot is read-out Microfuidic chips Advantages:
contact-less via an optical fibre with integrated sensars

+  [n-Sitl measurement

* Realtime measureaments

+ Contactless measurements
+ Mon-invasive

+ Mo reference-eleaments

+ Simple fabrication steps

+ Spot size 500 pm
in-situ measurementof Q,, pH, CO,, Glucose, Lactate, lons, Temperature

MECAITH-ETH: EURDSC {GA-No. B12954)

WPG6 - ESR14 / ESR15 : Sensors
Online-monitoring in Organ-on-Chips
with integrated optical sensors

Cell Viability & Sulne oot System
Metabolic State a Parameters
B, K, pH, 61, Wy, eul. .m0
mm I
. ']
I « 0 O LAl ‘ L]
Organ-on-Chip

In-linesensors enable;
= Monitoring and control of cell culture conditions

= Monitoring of tissue conditions to ensure Tuncticnal organ activity
= Obtain metabolic data for disease toxicty modals

MECATTH-ETN: EURDSC |GA-No. B12954)
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