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TissUse at a Glance

e Spin-off from Technical University of Berlin, founded in 2010
* Solid 3" party funding, revenue-based financial independence

20 employees + 30 associated researchers

e 8 patent families, 96 patents
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Traditional Drug Testing Still Leads to
Dramatic Failure Rates in Clinical Studies

85 % failure rates of NCE

from pre-clinic into clinic
(46 % due to toxicity, 35 % due to lack of efficacy)

USS 223 m* and 25-100 million
precious time lost vertebrate animals
(*per failed NCE) per year used (USA)

Translation Animal model: systemic Predict substance
animal model to but NOT human; performance by targeted
human only 8 % 2D & 3D cell culture: Multl-Orfant-.Chm (MOC)

(oncology) human but NOT systemic esting
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Our Solution Approach:
Testing the Patient Without the Patient

We develop automated on-chip testing of human organ models
to achieve highly relevant and accurate results:

e Equip chips with indication-relevant organ models to measure
safety/efficacy on whole organism before exposure

* Eventually, equip chip with subunits of patient’s own relevant
diseased organs to predict personalized treatment outcome

Multi-Organ-
(Human)-on-a-Chip:
human AND systemic
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The Multi-Organ-Chip (MOC)

Features:

Lids (PC)
Pump connectors (PU) J

* Size of a standard microscope \ & & ?ptioTnal With|(|::" I\;:Ifill_tur|<|e®I)nserts
] e.g. Transwell®, Millice
slide 111 (PS, PE, PC)
Adapter plate
/ (PC)

PDMS layer with microfluidic
& channels
(PDMS)
Glass slide
(standard microscopic slide)

* Compatible with life tissue
imaging

*  On-chip micro-pump enabling
pulsatile flow

* Long term cultivation of iPSCs,
primary cells, 3D tissues and
cell lines

Support with temperature
control
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2-Organ-Chip

On-chip micro-pump ///

Microfluidic channels Possible culture
compartments

e

COMSOL
Multiphysics® 5.2.

Standard cell
culture inserts -
(96-/12-/24-well format) &'

r - -
L, - - N

* Plug-in option for insert- |
based barrier models ‘ |

TXSSUSE * |
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The 4-Organ-ADMET-Chip

PBPK — compliant ADME profiling
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An autologous 4-Organ-ADMET-Chip

physiology-based pharmacokinetic model PBPK-compliant Chip Design
ADMET - Absorption — Distribution — Metabolism — Excretion — Toxicity
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Mixing
chamber 2
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Human-on-a-chip (HOC)

Musculoskeletal, Circulatory system, Nervous system,
Integumentary system, Immune system

Respiratory system, Digestive system, Urinary system,

Reproductive system, Endocrine system
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Video Human-on-a-chip (HOC)
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The HOC concept

T

heart

kidney

muscle

endothelia

liver

connective tissue

smooth muscle
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[ois

intestine

neuronal ganglion and cortex
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Human-on-a-Chip

urine
skin

small intestine W -
. < — adipose tissue

bone-marrow

g kidney
liver
pancreas
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Examples of Established Multi-Organ-Chip Assays

% ' Skin — Liver % “
Wagner et al. (2013)

Maschmeyer et al. (2015)

Intestine — Liver &
=1 g a

Maschmeyer et al. (2015)
%“ Liver — Neuro a
' Materne et al. (2015) % '¢
’ Liver — Pancreas
' Bauer et al. (2017)
// Immunocompetent Skin
0 (biopsies) and hair follicles
Atac et al. (2013) i
' “ Liver — Lung
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Skin — 3D Tumor
Hiibner et al. (2018)

Bone marrow
Sieber etal. (2017)

Intestine — Liver — Skin — Kidney
Maschmeyer et al. (2015)

Intestine — Liver — Neuro — Kidney
Ramme et al. (2018)
(in review)

Optional: add vasculature
Schimek et al. (2013)
Hasenberg et al. (2015)
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Examples of Industrial Adoption

Industry Partner
Pharmasafety  Astrazeneca
Consumer
products industry
Biotech
Chemicals
& cosmetics Beiersdorf
Pharma safety
Pharma efficacy AstraZenec
A
Pharma “safficacy” @
R
Pharma efficacy transgene
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Organ model

==

Bone-marrow

ne

Lung — Liver

SN

Intestine — Muscle

N2

Skin — Liver

S

Intestine — Liver

e

Liver — Pancreas

¥ 60

Skin — Tumor

Pancreas — Vasculature
- Tumor

Assay format

8 weeks
repeated exposure

5 days
single exposure

12 days
repeated exposure

5-14 days
repeated exposure

14 days
repeated exposure

14 days
repeated exposure

5 days
repeated exposure

10 days
repeated exposure

Context of use

Lineage specific
bone marrow toxicity

Hazard potential

Feed additives

i.v. versus topical
MOoA risk assessment

Oral absorption
and liver metabolism

Diabetes drugs

Anti-tumor drugs

Anti-tumor drugs



TissUse bone marrow on-a-chip

’

/| C
hMSC - human 7d static Human B // ;
mesenchymal Bone marrow Micro pump ;

preculture — 1 .
stromal cells CD34+ cells Microfluidic channel p

vin mm/s

Hl CD34+CD49f+

[ CD34+CD90+

B CD34+CD133+
Other CD34+

éé
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Experimental setup of the liver-islet co-culture

40
Liver spheroids
HepaRG cells + stellate cells
(24.000: 1.000) ! 10
Soheroid i Pancreatic islets
3 days P i ! InSphero 3D InSight™ Human
formation . .
B Islet Microtissues
1 day Low-attachment i | Islets arrive | 2-5days
plate culture !
7 i v
Preincubation in chip i Preincubation in chip
2h . ! . 2h
culture medium : culture medium

Sy

S O

Albumin Cyp3A4 DAPI
Idva uoSean|o ujnsu|

Bauer et al. (2017) Sci Rep.

Tissue
r extraction

11 2 L2 L 2 X B L R Y

do di d3 ds d7 d9 dil  d13 di15
AR Wy VWY oy
GTT GTT GTT

TX S S U S E GTT=glucose tolerance test
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On-chip cross-talk between pancreatic islet microtissues

and liver spheroids

Fede oA

' ' , 600- o
—— Liver-Islets 600- - 204 —= Liver-slets = = :_Ire;r ISITtS
137 ™ Islets only = ' ' e+ |slet only o B Islets only
13 -x- Liver only Q .5 Y ol
= : _ -
E = 4004 = z I I
- E T = | =
3 o 104 L £
o : 2  200-
b © 200 @ 2 T
8 o 54 O
E 9 >
(U} a . |
0 T 0 N
0.00 T T T \é}@ &‘\ &\\ 0 8 24 48 \Q\G o(\
0 8 24 48 ‘\o, \‘_90 v}o . p -
. R @ = ime [h] & ¢
Time [h] N @ N R <

Dotted lines indicate
physiological

postprandial glucose
range (3.9-7.8 mM)

Bauer et al. (2017) Sci Rep.

v" Liver-Islet crosstalk can be shown by an insulin mediated glucose

utilization and a glucose level dependent insulin secretion.
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Vascularizing Two-Organ-Chips

[lf

Calcium AM live imaging of human dermal
microvascular endothelial cells (HDMEC's) along
the entire two-organ circuit

von Willebrand factor

66h time lapse,

HDMEC '
coverage at

pulsatile flow

ST
[
- -y R

L f L G |

TXSSUSE Schimek et al. (2013) LabChip
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Outlook: Our Upcoming MOC-Robot Will Further Increase
Efficiency and Cost-Effectiveness of Our End-to-End-Solution

L]

Automated chip operation (24 chips per robot)

Integrated cold storage for different liquids

Automatic media exchange, liquid sampling, microscopy, etc.

Robot facility with costumized number of robots from 2019
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