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Miniature devices that mimic human organs could help to replace

BIOTECHNOLOGY

‘Organs-on
g0 mainstre

Drug companies put in Vitro SyStems ey  tiosssik vondert

SPIEGEL ONLINE DERSPIEGEL SPIEBELTV
= WISSENSCHAFT

Medikamententests

Forscher basteln am menschlichen Computer-Dummy

Schlagzellen | Wetter | DAX 12.257,20 | Tv-Programm | Abo zum Beispiel Spu

Nieuws Cultuur & Leven
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Wie Mini-Organe Tierversuche vermindern
sollen

Forscher tiifteln an sogenannten Organen auf Chips: Mini-Labore aus Kunststoft, die den
menschlichen Korper simulieren. Davon erhofft man sich einiges.

finute atmen wir 10- bis 15-mal aus, im Artikel
2um Thema
::‘;:;::’" WiF 10'000 '000 Liter Luft
Niemann d die Luftr: im Der Unmut iiber Tierversuche
Bronchien hinab b wachst
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B3 Facebook aufgenommen,
(113}
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Versuchen fur

Gesetzgeber zu

Uber 600'000 Tierversuche
in einem Jahr
Al

Die strer
Wirkung

Hirn, Leber, Niere: Wissenschaftler bauen menschliche Organe als Computerchips nach. Die Miniaturen
sollen Tierversuche bei Medikamententests iiberfliissig machen - und dabei helfen, Depression, Alzheimer Die Redaktion auf Twitter

oder Parkinson zu besiegen.

Von Sascha Karberg

Stets informiert und aktuell. Folgen Sie
uns auf dem Kurznachnchtendienst

e Lipes -
y \\\\“\ Ly

Cyberbrganen: een

(leVoll(sl(rant 2

EE O signin News = Sport Weather Shop  Earth = Travel

NEWS

Home | Video = World

UK Business Tech Science Magazine

Health

'Organs-on-chips' wins design award

By James Gallagher
Health editor, BBC News website

@ 23 June 2015 | Health f ¥ © [ < share

DESIGN MUSEUM

Silicon chips that mimic the function of living human organs have won the
Design of the Year award from the Design Museum in London.

Entertainment & Arts
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Aims for today

1. Get an introduction into the general concept of
the pharmaceutical drug development process

2. Learn about preclinical model systems

3. Understand the underlying concepts of
microphysiological systems

4. Get an overview over existing Organ-on-a-chip
approaches




Drug development pipeline

\ 2-8 bn euro

Compounds

Compounds

Drug Clinical Clinical Clinical Review

Preclinical phase

Discovery phase | phase 2 phase 3 & Approval

3-6 years 4-5 years 2 years
A. Mosig, J. Nawroth, P. Loskill DZKF (2017)
M Extremely long process: approx. 10 - 12 years

B Extremely inefficient: 10 000 compounds = 1 drug

B Extremely expensive: >1 bil. €



Drug development

Compan Number of new 10 year R&D R&D costs per drug
pany drugs expanses (bil. S) (bil. S)

Abbott 13,183 13,183
Sanofi 6 60,760 10,128
AstraZeneca 4 38,245 9,561
Hoffmann-La

8 70,928 8,866
Roche
Pfizer 10 77,786 7,779
Wyeth 3 22,702 7,567
Eil Lily 4 26,710 6,678
Bayer 5 33,118 6,624
Schering-Plough 3 18,845 6,282
Novartis 10 60,727 6,073

Herper, M., Forbes, 8/11/13



Drug development

Number of new Medical entities (NME) per bil. S R&D expenses (corrected for inflation)

100 +

FDA tightens regulation
post thalidomide
A

FDA clears backlog following
074 T e PDUFA regulations and
perhaps relaxes on HIV drugs

'

j o
[
[

'1 e ———. Y - 1‘-‘:'.--”- i, R ———

Dolly the

Structure of Restriction DMNA
DNA enzymes sequencing Sheep
Recombinant Human Human
DNA insulin genome v1
0.1 1 . _ . .
1950 1960 1970 1980 1990 2000 2010

M ,EROOM's law“ — Continuous decline in productivity over the last decades



Transition from preclinical into clinical phases

\ 2-8 bn euro

Compounds

Compounds

Drug Clinical Clinical Clinical Review

Preclinical phase

Discovery phase | phase 2 phase 3 & Approval

3-6 years 4-5 years 2 years

A. Mosig, J. Nawroth, P. Loskill DZKF (2017)

M Extremely important transition, yet inefficient and problematic

B Slight increase in predictability = > 200 Mio S cost saving per drug

DiMasi, J. A. Pharmacoeconomics (2002)



"Education is what survives
when what you have learned
is forgotten" (B.F. Skinner)

Preclinical research

Cell assays Animal models

= What are the advantages and
limitations of those models

Your task:
1. Brainstorm for 5 minutes
2. Discuss your ideas with your neighbor(s)
for 5 minutes ;




"Education is what survives
when what you have learned
is forgotten" (B.F. Skinner)

Preclinical research
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Preclinical research

X X X X < < <

Cell assays

Human genetic background
Standardized & automated
Cost efficient

No perfusion

No mechanical forces

Cell to media ratio too low

2D (mono-)cultures of (cancer)
cells on hard plastic

X X X X%

Animal models

Complex tissue architecture
Circulation
Systemic effects

Different physiology
Different immune system
Specific environment & diet
Strain-specific results due to
(in)breeding

11



Animal models

Animal experimentation in Germany (Source BMEL)

3.500.000
3.000.000
2.500.000
2.000.000

1.500.000

1.000.000

Number of animals

500.000
0

2000 2002 2004 2006 2008 2010 2012 2014
Year
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Animal models

What exactly is the definition of the 3R-Principle

Animal experiments

Reduce

Replace

Replace animal
experiment by
another method

Only as much animal
experiments as
necessary

Quelle: Deutsches Zentrum zum Schutz von Versuchstieren (bf3R), 2015

William Russel & Rex Burch (1959) ,The Principles of Humane Experimental Technique”

N7
N~
N

Refine

Minimize stress
and burden
of the animals

13



Animal models

Rodents 2.396.475
Saugetiers Rabbits 111.718

Carnivores 6.526
Equines (Horses...) 1.525
Even-toed ungulates 20.643
Primates 3.141
Further mammals 1.590
Total 2.541.618

Source: BMEL 2017

14



Animal models - Rodent models

Similiarities

B 95% of genes are identical to humans

B Similar organ structure

Advantages
v Fast breeding

v" Small: Advantageous in terms of housing and facility size

Disadvantages

x  Specific environment and diet

x Different immune system / strategies to fight infections and injuries
x  Different physiology (heart rate 500 — 700 bpm)

x  Strain-specific results due to breeding

15



Animal models - Rodent models

€he New York Cimes

SCIENCE

Mice Fall Short as Test Subjects for
Some of Humans’ Deadly Ills

By GINA KOLATA FEE. 11, 2013

model has been totally misleading for at least three major
killers—sepsis, burns, and trauma. As a result, years and
billions of dollars have been wasted following false leads, n
they say”. {1

“But now, researchers report evidence that the mouse 8

16



Animal models - Rodent models

PNAS 2013

Genomic responses in mouse models poorly mimic
human inflammatory diseases

Junhee Seok®’, H. Shaw Warren®, Alex G. Cuenca®', Michael N. Mindrinos®, Henry V. Baker‘, Weihong Xu?,

Daniel R. Richards®, Grace P. McDonald-Smith®, Hong Gao?, Laura Hennessy', Celeste C. Finnerty9, Cecilia M. LopezS,
Shari Honarif, Emest E. Moore", Joseph P. Minei', Joseph Cuschieril, Paul E. Bankey, Jeffrey L. Johnson", Jason Sperry',
Avery B. Nathens™, Timothy R. Billiar, Michael A. West", Marc G. Jeschke®, Matthew B. Klein}, Richard L. GamelliP,
Nicole S. Gibran’, Bernard H. Brownstein?, Carol Miller-Graziano®, Steve E. Calvano', Philip H. Mason®, J. Perren Cobb®,
Laurence G. Rahme?t, Stephen F. Lowry™2, Ronald V. Maier, Lyle L. Moldawer<, David N. Herndon9, Ronald W. Davis*?,
Wenzhong Xiao**3, Ronald G. Tompkins*?, and the Inflammation and Host Response to Injury, Large Scale Collaborative
Research Program®

A S

A
@

L PN/

human inflammatory diseases

Keizo Takao®" and Tsuyoshi Miyakawa®?<"

2Section of Behavior Patterns, Center for Genetic Analysis of Behavior, National Institute for Physiological Sciences, Okazaki, Aichi 444-8585, Japan;
bCore Research for Evolutional Science and Technology, Japan Science and Technology Agency, Kawaguchi, Saitama 332-0012, Japan; and “Division of Systems
Medical Science, Institute for Comprehensive Medical Science, Fujita Health University, Toyoake, Aichi 470-1192, Japan

Edited by Ruslan Medzhitov, Yale University School of Medicine, New Haven, CT, and approved June 11, 2014 (received for review January 31, 2014)

ENAN

,Itis generally well known and accepted among researchers using animal
models that mouse models mimic only partial aspects of human disorders.”

PNAS 2014
Genomic responses in mouse models greatly mimic H
1
&M

17



Animal models - Rodent models

NEWSFOCUS [ =
=

When Mice Mislead

New stroke therapies: Couzin-Frankel Science (2013)
M 603 drugs tested in animals
N _ => 1 worked
M 374 showed positive healing
“... wasn‘t tested because of animal
effects data at all, but because it had already
benefitted patients with heart

M 97 were tested in humans ;
attacks.

“The way we do our research with our animals is stone-age.”

—ULRICH DIRNAGL, CHARITE UNIVERSITY MEDICINE BERLIN

18



Preclinical research

X X X X < < <

Cell assays

Human genetic background
Standardized & automated
Cost efficient

No perfusion

No mechanical forces

Cell to media ratio too low

2D (mono-)cultures of (cancer)
cells on hard plastic

X X X X%

Animal models

Complex tissue architecture
Circulation
Systemic effects

Different physiology
Different immune system
Specific environment & diet
Strain-specific results due to
(in)breeding

19



Conventional cell culture

Biology on plastic

B Petri dishes, Cell culture flasks,
Multiwell plates

Advantages

v Standardisable, Automatable, simple handling & logistics, cheap

Disadvantages
% Monolayers of (cancer)cells on hard plastic

x  Typically mono cultures

% Wrong biomechanical environment

% Missing cell-cell / cell-matrix-interactions
% Lack of perfusion

% Cell / media ratio magnitudes too low

20



Conventional cell culture

@

\\ _%:

Concentration

Nutrients, Compounds, ...

Metabolic “waste” etc

Culture time

21



Conventional cell culture

Biology on plastic

B Petri dishes, Cell culture flasks,
Multiwell plates

Advantages

v Standardisable, Automatable, simple handling & logistics, cheap

Disadvantages

% Monolayers of (cancer)cells on hard plastic

. “Biologists have
% Typically mono cultures constructed an entire

% Wrong biomechanical environment self-consistent biology

% Missing cell-cell / cell-matrix-interactions using monolayer
% Lack of perfusion monocultures on plastic”

% Cell / media ratio magnitudes too low —JOHN WIKSWO, VANDERGIT

22



Preclinical research

Cell assays

v" Human genetic background
v Standardized & automated
v Cost efficient

1N

Animal models

v Complex tissue architecture
v Circulation
v Systemic effects

Y
Organ-on-a-Chip Systems
v" Human engineered tissues
v"In vivo structure & function
v Microphysiological environment

23



Organ-on-a-Chip

Homunculus, noun

[hO- man-kya-las

plural ho-mun-cu-li

A miniature

representation of a
human.

Wikswo, TEDx, Nashville, 2013

“a fit-for-purpose microfluidic device, containing living engineered organ substructures 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 EU-FET Open ORCHID

24



Organ-on-a-Chip

Human tissue
In vivo structure & function
Physiological microenvironment

Microfluidic perfusion

... yields microphysiological

The human body ... Organ-on-a-chip systems

e
..asa %
structural E
blueprint and )
as a cell (primary, iPS) 5
!
source ... - ~
Y : IiEEEEEEEEEEEEEEEEEEEN
Q%Q {) .s*  ..together with a tailored
w@ Q) microfluidic platform ...
A. Mathur, P. Loskill et al., Stem Cell Res & Ther (2013)

25



Induced pluripotent stem cells

B Nobel prize 2012: Shinya Yamanaka, Gladstone Institutes

B Enable patient and disease-specific engineered tissues

Induced pluripotent stem cells can
then differentiate into all three
germ layers / all cell types

Adult human cells (e.g.
fibroblasts, keratinocytes)
are isolated

Reprogramming through delivery of
OCT4, SOX2, NANOG and LIN28
transgenes (via retroviruses for instance)

S. Yamanaka, Cell 137, 13 (2009)
R. Passier et al., Nature 453, 322-329 (2008)
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Organ-on-a-Chip

Human tissue
In vivo structure & function
Physiological microenvironment

Microfluidic perfusion

... yields microphysiological

The human body ... Organ-on-a-chip systems

e
..asa %
structural E
blueprint and )
as a cell (primary, iPS) 5
!
source ... - ~
Y : IiEEEEEEEEEEEEEEEEEEEN
Q%Q {) .s*  ..together with a tailored
w@ Q) microfluidic platform ...
A. Mathur, P. Loskill et al., Stem Cell Res & Ther (2013)
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Organ-on-a-Chip — Diversity in organs, diversity in chips

R
o

Blood-brain barrier

Multi-organ-chip. Source:
Lung-on-a-chip. Source: Wyss TissUse GmbH
Institute at Harvard University

Lung

¥

Liver ) .
Environment-control-chip.

Source: Fraunhofer IWS Liver-on-a-chip. Source:
\ Jena University Hospital
Heart-on-a-chip. Source:
Fraunhofer IGB
Bone

il

- Blood-brain barrier chip.

Retina-on-a-chip. Source: Uni Tiibingen Source: Vanderbildt University

28



Organ-on-a-Chip — Emulating organotypic functions

Blood-brain
barrier Mechanical

systems

— SKin

Heart

\& Gut

Bone

Neurons

29



Organ-on-a-Chip — Emulating organotypic functions

Organ tissue wmmm)p Organ-on-a-Chip

PIZZ 77777772
Air
/Surfactant
Cyclic stretch Alveolar
— — '/ epithel cells
e e o (oo | ofe Jo 4]

Basement

Lung alveoli

Blood flow membrane g
fr—— =
Endothelial cell Strf;ti_/
Immune cells\@mpgﬁm
Macrophages : ° g “5-'0“
Endothelial cells =

Perisinusoidal space
Hepatozytes

(S[o ] #® 6% Je[elele S __/,%\igé:’g Z
o Jolp Tals T o) Jo Lot — otellar cells P
Biliary epithelial cells 77777774

. 7777777777
Cardiac
—— ———
muscle Endothelial cells
Blood flow Cardiomyocytes Perfusion
m——— i
7777 777777

A. Mosig, J. Nawroth, P. Loskill, Deutsche Zeitschrift fir klinische Forschung (2017)
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Lung-on-a-Chip

Reconstituting Organ-Level Lung

Major characteristics of lung Functions on a Chip

tissue
Dongeun Huh,™? Benjamin D. Matthews,>> Akiko Mammoto,® Martin Montoya-Zavala,™?
Hong Yuan Hsin,? Donald E. Ingber™*** Science (2010)
B Breathing motion: Mechanical
stimulation
M Air-Blood interface _
B Immune com pete nce E Endothelium Membrane (.\\\
i "

Side chambers

B 3  Capillaries

Diaphragm

31



Lung-on-a-Chip

Ingber Lab, Wyss Institute at
Harvard, USA

B Flexible membranes with
epithelial cells on one and
endothelial cells on the
other side

Reconstituting Organ-Level Lung
Functions on a Chip

Dongeun Huh,™? Benjamin D. Matthews,>> Akiko Mammoto,® Martin Montoya-Zavala,™?
1,2,44

.2
Hong Yuan Hsin,” Donald E. Ingber Science (2010)
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Lung-on-a-Chip

Reconstituting Organ-Level Lung

Ingber Lab, Wyss Institute at Functions on a Ch|p
Harvard, USA
) ) Dongeun Huh,™? Benjamin D. Matthews,** Akiko Mammoto,® Martin Montoya-Zavala,™?
M Flexible membranes with Hong Yuan Hsin,? Donald E. Ingber™?** Science (2010)
epithelial cells on one and
endothelial cells on the
other side

M Recapitulation of
breathing motion

33



Lung-on-a-Chip

Reconstituting Organ-Level Lung
Ingber Lab, Wyss Institute at Functions on a Ch|p

Harvard, USA
) ) Dongeun Huh,™? Benjamin D. Matthews,** Akiko Mammoto,® Martin Montoya-Zavala,™?
M Flexible membranes with Hong Yuan Hsin,? Donald E. Ingber™?** Science (2010)

epithelial cells on one and
endothelial cells on the
other side

M Recapitulation of
breathing motion

M Recapitulation of an
immune respone

\
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Lung-on-a-Chip

Reconstituting Organ-Level Lung
Ingber Lab, Wyss Institute at Functions on a Ch|p

Harvard, USA
) ) Dongeun Huh,™? Benjamin D. Matthews,*> Akiko Mammoto,” Martin Montoya-Zavala, ™
B Flexible membranes with Hong Yuan Hsin,? Donald E. Ingber™?* Science (2010)

epithelial cells on one and
endothelial cells on the
other side

M Recapitulation of
breathing motion

M Recapitulation of an
immune respone

e
WYss § INSTITUTE
e



Lung-on-a-Chip

Reconstituting Organ-Level Lung
Ingber Lab, Wyss Institute at Functions on a Ch|p

Harvard, USA
Dongeun Huh,™? Benjamin D. Matthews,*> Akiko Mammoto,” Martin Montoya-Zavala, ™
. . . 2 1,2,34
B Flexible membranes with Hong Yuan Hsin,” Donald E. Ingber Science (2010)

epithelial cells on one and
endothelial cells on the
other side

M Recapitulation of
breathing motion

M Recapitulation of an
immune respone

WYsSs g INSTITUT



Lung-on-a-Chip

Reconstituting Organ-Level Lung
Ingber Lab, Wyss Institute at Functions on a Ch|p

Harvard, USA
) ) Dongeun Huh,™? Benjamin D. Matthews,*> Akiko Mammoto,” Martin Montoya-Zavala, ™
B Flexible membranes with Hong Yuan Hsin,? Donald E. Ingber™?* Science (2010)

epithelial cells on one and
endothelial cells on the
other side

M Recapitulation of
breathing motion

M Recapitulation of an
immune respone




Liver-on-a-Chip

Major characteristics of
hepatic (liver) tissue

B Multilayer structure

M [Integration of non-
parenchymal cell types

M Long-term maintenance of
metabolic and clearance
capacity

Biomaterials 71 (2015) 119-131

Contents lists available at ScienceDirect

Biomaterials

=

ELSEVIER journal homepage: www.elsevier.com/locate/biomaterials

A microfluidically perfused three dimensional human liver model

Knut Rennert * ', Sandra Steinborn * ', Marko Groger **, Birgit Ungerbock ”,
Anne-Marie Jank ¢, Josef Ehgartner 9, Sandor Nietzsche €, Julia Dinger |,

Michael Kiehntopf *, Harald Funke °, Frank T. Peters [ Amelie Lupp h Claudia Gartner b
Torsten Mayr d Michael Bauer 4, Otmar Huber ®J, Alexander S. Mosig &+ "

Hepatic sinusoid

Hepatocyles — b e : [~ Hepatic Bile canaliculi

X Kupffer cell
Central vein

Hepatic sinusoid

Hepatocyte
Portal triad

_ Branch of

bile duct

Branch of

hepatic portal vein
Branch of

hepatic artery

Bile canaliculi

Stenvall et al.
Physics in Medicine and Biology. (2014)
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Live r'o n -a -C h i p Biomaterials 71 (2015) 119-131

Contents lists available at ScienceDirect

) ) i Biomaterials
Mosig Lab, Universitat Jena

journal homepage: www.elsevier.com/locate/biomaterials

B Two channel platform with
endothelial side (upper) and
hepatic side (lower)

A microfluidically perfused three dimensional human liver model

Knut Rennert * ', Sandra Steinborn * ', Marko Groger **, Birgit Ungerbock ”,
Anne-Marie Jank ¢, Josef Ehgartner 9, Sandor Nietzsche €, Julia Dinger |,

Michael Kiehntopf *, Harald Funke °, Frank T. Peters [ Amelie Lupp h Claudia Gartner b
Torsten Mayr d Michael Bauer 4, Otmar Huber ®J, Alexander S. Mosig *)*

Hepatic sinusoid

Central vein
=— Hepatic
lobule

Bile canaliculi
Kupffer cell
Hepatic sinusoid

Hepatocyte
Portal triad

vascular layer Bile canaliculi

human primary

MAcIOphages HUVEC bl uct
Branch of
: membrane hepatic portal vein
Branch of
, 2 | o @75 @& hepatic artery
A 05 O 0 O O, .t
Stenvall et al.
Physics in Medicine and Biology. (2014)
LX2 HepaRG
stellate cells hepatic 'ay“ hepatocytes
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Liver-on-a-Chip

Mosig Lab, Universitat Jena

® Two channel platform with
endothelial side (upper) and
hepatic side (lower)

flow ﬁ‘l ' i

- — 3 : 7;_\_;

vascular layer

human primary

macrophages HUVEC

membrane
@

LX2 : HepaRG Rennert et al. Biomaterials (2015
stellate cells hepatlc layer hepatocytes ( )
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Liver-on-a-Chip

Mosig Lab, Universitat Jena

® Two channel platform with
endothelial side (upper) and

hepatic side (lower) bagtetria! % .
enaotoxins

B [Immune response 0

. ( ] (]
> Inflammation O & & &5 &)

* |lose of central metabolic L* ® \/!i/ﬂ EIE
functions o

* sustained inflammation

« cellular dysfunction / cell d
death

» Regeneration

* Reconstitution of
organotypic functionality

* immune tolerance

* prevention of cell death

classical
macrophage
activation



Heart-on-a-Chip SCIENTIFIC TN
REPLIRTS & ’SSF

m P
Major characteristics of cardiac

(heart) tissue Human iPSC-based Cardiac

Microphysiological System For Drug

B 3D fiber structure Screening Applications
. Anurag Mathur'?, Peter Loskill'?, Kaifeng Shao', Nathaniel Huebsch*®, SoonGweon Hong',
- S po nta neous co nt ra Ctl on Sivan g Mchus‘, Natalie Marks', Mohc?mmad Mandegar®?, Bruce R. Conklin®%, Luke P. sla.ee"3
& Kevin E. Healy'?
- coordlnated StImUIUS A. Mathur, P. Loskill, et al. Sci. Rep. (2015)

transmission

Kanzaki et al., Circulation (2010)

Kardiomyozyten

——
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Heart-on-a-Chip

Healy Lab, UC Berkeley, USA
Loskill Lab, Universitat Tubingen

B Central tissue chamber and
adjacent vasculature-like media
channels connected via micropores

M Separation of transport processes
(diffusive vs convective)

=
o
o
=
-

j
==
=
:1
=
41\
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Human iPSC-based Cardiac
Microphysiological System For Drug
Screening Applications

Anurag Mathur'2, Peter Loskill'?, Kaifeng Shao', Nathaniel Huebsch*®, SoonGweon Hong',
Sivan G. Marcus', Natalie Marks', Mohammad Mandegar®3, Bruce R. Conklin®, Luke P. Lee'
& Kevin E. Healy'?

A. Mathur, P. Loskill, et al. Sci. Rep. (2015)

Kanzaki et al., Circulation (2010)

.

Kardiomyozyten P .
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Heart-on-a-Chip SCIENTIFIC r”‘f\ 5/‘1
REPLIRTS pitans )

m

Healy Lab, UC Berkeley, USA
Loskill Lab, Universitat Tubingen

Human iPSC-based Cardiac
Microphysiological System For Drug

B Central tissue chamber and Screening App|ic0tions
adjacent vasculature-like media

channels connected via micropores

Anurag Mathur'2, Peter Loskill'?, Kaifeng Shao', Nathaniel Huebsch*®, SoonGweon Hong',
Sivan G. Marcus', Natalie Marks', Mohammad Mandegar®?, Bruce R. Conklin*3, Luke P. Lee'?
& Kevin E. Healy'?

B Separation of transport processes A. Mathur, P. Loskill, et al. Sci. Rep. (2015)
(diffusive vs convective)

Aligned human iPS-Cardiomyocytes

comeric alpha actinin

X7 section

UNIVERSITATS EBERHARD KARLS

~ Fraunhofer « _ KLINIKUM UNIVERSITAT
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Heart-on-a-Chip SCIENTIFIC Q2 %
REPLIRTS itaas @

Healy Lab, UC Berkeley, USA

Loskill Lab, Universitat Tubingen

Human iPSC-based Cardiac
Microphysiological System For Drug
Screening Applications

B Central tissue chamber and
a dJ ace nt vascu Iat u re-l I ke m ed 1a Anurag Mathur'2, Peter Loskill'?, Kaifeng Shao', Nathaniel Huebsch*®, SoonGweon Hong',

H H Sivan G. Marcus', Natalie Marks', Mohammad Mandegar®?, Bruce R. Conklin*3, Luke P. Lee'?
channels connected via micropores S ik | !
A. Mathur, P. Loskill, et al. Sci. Rep. (2015)

B Separation of transport processes
(diffusive vs convective)

B Aligned human iPS-Cardiomyocytes

B Physiological effect of exposure to
drug compounds: Increase in
contraction force and beating rate

EBERHARD KARLS

~ Fraunhofer « _ KLINIKUM UNIVERSITAT
IGB 4 _ 45
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New opportunities provided by Organ-on-a-Chip

2.8 bn euro

Compounds

Compounds

Drug Clinical Clinical Clinical

Preclinical phase

Discovery phase | phase 2 phase 3

3-6 years 4-5 years 2 years

M Organ-on-a-Chip as enabling technology for the transition of compounds from the
preclinical phase into the clinical phases.

> Increase in predictivity = Safer, faster and more economical drug development
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New opportunities provided by Organ-on-a-Chip

Patient

Organ-on-a-chip systems

.

IPS cells

—

Future applications

Drug development

Toxicity screening

_.C%—.

Disease modeling

Mechanistic studies

1
[
T [

Personalized medicine

Microbiome research

= More than just a drug screening tool
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Thank you for your
attention!

Jun.-Prof. Dr. Peter Loskill,
peter.loskill@uni-tuebingen.de / peter.loskill@igb.fraunhofer.de
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