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What about precision/personalized medicine?

Personalized medicine is the use of information from a patient's genotype to:
Initiate a preventative measure against the development of a disease or condition, or
select the most appropriate therapy for a disease or condition that is particularly suited to a patient.

Current Medicine
One Treatment Fits All

drug performance/ effectivity analysis

| /_-‘ ANTI-DEPRESSANTS  38%
SSRIs

ASTHMA DRUGS 40%

: DIABETES DRUGS 437%
l:

ARTHRITIS DRUGS 50%

No effect

ALZHEIMER’S DRUGS 70%
Cancer patients with { \ b_
e.g. colon cancer CANCER DRUGS 75%

Adverse effects




Personalized DNA diagnostics — does it work?
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Other problems with genetic profiling

1 type of cancer

, _ : Multiple types of cancer
Different genetic mutations (e ® @)

1 common genetic mutation (e)

.

Test drug 1 Test drug 3
Test drug 2 Test drug

What about multi-factorial diseases ?



2/| Companion diagnostics in precision medicine

One-size-fits-all e . .. ..
Stratified medicine Precision medicine
medicine
s * @

Biomarkers being used across diseases — but
most frequent application in cancer

Rhe

Stratification www Personalisation il )

= Ne gy A
Patients are grouped Patients individual: e
by: Disease o =2  Preferences, 38%
Subtype www Clinical features s
Demographics Medication history
Clinical features s ® @ Environment
Biomarkers fﬂ]ww Behaviours & habits

Biomarker

I
5
Jiseases 2
%,
*FDA approvals with biomarker infor mation in the approved label
Source: US. FDA, "Paving the Way for Personalized Medicine,” Oct 2013
. Robne Joh asbonast ahomm e moalnncsan o adisin s In dausinnmant.

Companion diagnhostics are necessary tests that select patients before a medicine is given.
They may:

= show who is likely to respond to the medicine (‘responders’ and ‘non-responders’);
= |dentify patients at high risk for adverse reactions;
= and help the doctor to select an appropriate dose that is both safe and effective.
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How good are precision medicine approaches?

g

An advantage of developing targeted medicines is the
increase in the efficiency of clinical trials.

Fewer new medicines should fail at each stage of the
development process if they are targeted at a known
cause of the disease.

The use of biomarkers will be central to personalised
medicine.

Validation of unique and predictive biomarkers
measuring treatment outcomes will need to be in place
before medicines developed in this way can be
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E.’:Z So what’s next?

Future personalized medicine is based on information from a patient's own cells:
Initiate a preventative measure against the development of a disease or condition, or
select the most appropriate therapy for a disease or condition that is particularly suited to that patient.
Future of companion diagnostics is based on miniaturized, automated and integrated analysis tools:
Rapid, reliable and portable point-of-care devices that perform data transfer and telemedicine

'

digited electrodes

Microfluidics
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ASIC(Application specific
integrated circuit)

Data transfer
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Organ-on-a-Chip technology

Combination of complex biology with microchip technology

Top 10 Emerging
Technologies of 2016

b

Organs-on-chips
Using chips instead of organs for
medical testing purposes

'S »

Advantages of Organ Chips:

« Biomimetic tissue architecture
» Perfusion simulates vascular system (dynamic culture)
Cellular . .,
Dynamics * Preservation of cell phenotype and genotype in vitro
International « Heterotypic cell-cell, cell-matrix interactions
o o - Engineering of biochemical and biophysical microenvironments
Nobel Prize in Medicine (2012) . Increased predictive capabilities (screening tool)



What about Organ-on-a-Chip???

Scaling laws
« Smallest functional unit of a tissue structure
= ¢ gg .

g - 1/100.000

Multi Organ-on-a-Chip ”

g—

Mijttelhim Gelenkskapsel Blutgefille

Plazenta ‘

adMSC/hydrogel (channel 3)

culture medium (channel 4)



Who needs advanced biochip technology?

POTENTIAL STAKEHOLDERS OF ORGAN-ON-CHIP TECHNOLOGY

Patient groups

Medical centers

Health foundations
Insurance companies
Pharmaceutical companies
Biotechnology companies

High-tech companies
Agrifood companies
Cosmetics companies
Environmental institutes
Regulatory agencies
Advocacy groups

RRR

POTENTIAL APPLICATIONS OF ORGAN-ON-CHIP MODELS

Mechanistic insights
Drug development

(target discovery & screening)

Drug toxicity
m Personalized medicine

m Exploring technology for regenerative
medicine

m Personalized food

m Environmental contaminant screening

m Cosmetic safety testing

=  39% fundamental research
=  28% pharmaceutical R&D

*  10% toxicity testing

*  10% quality control

3% education and training
others

mmmmm)  Approx. 10 million animal test per year

N
In vivo preciinical High risk of
trials adverse effects

Bottleneck , Animal Testing

HighThroughput 10's of thousands of

Screening (HTS) candidates
Combinatorial 10 million compounds

Chemistry library




Trends towards better in vitro models

Model systems
in life sciences

Human-on-a-
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B4~ Biology-on-chip needs technology

Microvalves
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TU Vienna Technology platforms

« Lab-on-a-chip Technologies in BioSciences — devices and applications

4 )
1. “Hydrogel Condensation Guide und Hydrogel Stopper on Chip ” EP 20173705.3 filed May 2020

o Reliable and reproduceable establishment of 3D biological structures (joint-on-a-chip)

“Microfluidic device-midbrain” EP 20173702.0 filed May 2020
o  Biochip for long-term cultivation and maturation of human midbrain organoids (Parkinson’s-on-a-Chip)

2
\_ J
K “Microfluidic device for applying pressure to a cell assembly” EP18183978.8 was filed July, 2018 and \
EP16165229.2 was filed April 2016

o Method and device to induce mechanical injuries and stimuli on 2D and 3D cell cultures (wound healing chip)

2. “Microfluidic device comprising electrodes” EP Nr. 19168889.4 was filed Nov 2019
o Method for multi-parametric and multi-cell barrier integrity analysis using membrane-embedded electric microarrays

(TEER-ECIS chip) )
N

.m\f

“Tensile and shear strength measurement” PCT appl Nr. PCT/AT2019/060362 was filed Oct, 2020;
o Methods and adapter to test tensile and shear strength by applying pressure for microfluidic composite manufacturing
process Technologies (QC tool) )

-

s. ,Self-powered microfluidic sensor system* EP 20189436.7 filed August 2020
o Fast, reliable and portable detection of viral infections (<5 min) using an embedded nanosensor array (Sars-
Cov-2 detection system)




TU Vienna Technology platforms

NextGen cell-based analsys systems — automation, miniaturization and integration

upumps Applications:
O - quality control of stem cells
O Integration - pharmaceutical screening
Miniaturisation - - lead optimization studies
= actuator ,
O Automation ;t@/ H - toxicology tests (REACH)
r‘ - replacing animal testing
Next generation — e - cell-based therapies
cell;?aayssed & . usensors - personalized diagnostics
\ N T . . .
".', ¥ [ - functionality studies
.
- - cell-based biosensors

- biocompatibility
- investigating drug mechanisms



TUEA From idea to functional prototype

Long and expensive development of industrial-relevant prototypes and small scale production

5-step process to develop microfluidic devices

! /> 1. 2. 3, a. 5 >

\\
Design Mastering Replication Back end processing | Quality control
g N .
feasibility 3D printing :
CAD design lith h PDMS cutting bonding processes
ID[A : : rthograpny H-mashining | | drilling and sealing optical inspection
simulation electroplating casting assembly and packaging functional test
askipac by D treepsn corn finalization milling hot embossing metallization
U'i”j?Cti°” surface rendering
molding biofunctionalization

sensor integration

1 to 5 iterations to a functional prototype

Up to 12 iterations to go from functional prototype to industrial pilot plant production




Requirements for new methods of
rapid prototyping for organ-on-a-chip systems

— resolution in micro structuring
— optical transparency «

— oxygen permeability

— vapor permeability

— biocompatibility

— bonding strength



B QC tool for microfluidics AT patent T A S0995/2018

PCT appl Nr. PCT/AT2019/060362

Method and adapter to test tensile and shear strength by applying pressure for
microfluidic composite manufacturing process Technolodgies

Standardized sample layout Sample set up

Common materials:

Common bonding protocolls: _ _ _ _ _ _
— thiol-ene-epoxy, glass, biocompatible adhesive, polydimethylsiloxane (PDMS)

— Adhesive, plasma, solvent, silanization and polymers ( PC, PMMA, COC/COP, PET)



E‘:E Chip-based personalized arthritis model

* Musculoskeletal disorder

* Progressive joint destruction Inflammatory arthritis affects 325 million people

* Joint pain = limitations in movement and daily activities worldwide and costs the US alone $185 billion annually.
* Over 100 different types of arthritis — 2 very common types:

» Osteoarthritis « Rheumatoid Arthritis

> =D

* Degenerative joint disease affecting articular cartilage * Chronic systemic auto-immune disease
* One of the most frequent disorders and associated with ageing * Inflammatory, targets the synovium
* Prevalence* (worldwide, age over 60) * Deformity of joint (more common in women)

* 10 % men & 18 % women * Prevalence 0.3 % - 1 % (worldwide)



EP 201/3705.3

condensation
guide

BONE EROSION

SWOLLEN
INFLAMMED
SYNOVIAL
MEMBRANE

stopper

e Two different cell cultures

» Chondrocytes — cartilage (3D human chondrocytes)
» Fibroblast like synoviocytes — synovium patient biopsies

Personalized medicine!!!
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Parkinson’s-on-a-Chip: -
Unravelling the Complexity of Neurodegenerative
Diseases Using a Chip-based Midbrain Organoid Model

*  Motor symptoms
bradykinesia, akinesia,
tremor, rigidity..

«  Non-motor symptoms 2 B
depression, 7 _ER faad dma~ N ¢

hallucinations, .. -

Annual health care costs associated with Parkinson’s are estimated to be EUR 13.9 billion in Europe alone and
includes recurrent direct costs per patient for symptomatic treatments summing ‘up to 2,500 or 13,000 EUR per

three months, depending on the disease stage of the patient .
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-2/ | Organoid maturation-on-chip £P 201737020

Neuromelanin production
detected after 30 days in

culture

Intra- and extracellular

neuromelanin deposition
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Ty Cell migration market and wound healing assays

Region/Country 2013 2014 2015 2016 2017 2018 2019 2020 % CAGR

us 786.8 9176 1,1069 1,3565 1,669.0 12,0343 24426 2,878.1 204
Japan 181.3 213.1 255.1 308.4 374.2 449.6 533.0 621.4 19.2
Europe 883.8 1,0573 1,3058 16555 2,120.8 2,689.9 3,381.9 4,1922 249
Rest of World 35.3 39.7 46.2 54.4 64.4 75.6 87.7 100.1 16.1
Total 1,887.2 2,227.7 2,7140 3,373.8 4,2284 52494 64452 7,791.8 22.5

Market groth rate of almost 25%

Oncology/Cancer
Immunology/Inflammatory disease/ (| I

Autoimmune
Cardiovascular disease

Neurology/CNS/Neurodegeneration/Pain
Toxicology
Metabolic disease/Diabetes

Infectious diseases

Bone and skeletal disease
NOT applying to any specific
disease or research area
Drug metabolism studies

Respiratory/Pulmonary disease

0% 10% 20% 30% 40% 50% 60% 70%



Y Main limitations of existing cell migration assay products

Gradients are not linear, well-established, or controlled

Quantification of migratory cells based
on endpoint measurement alone

Requires many controls in order to generate
robust and interpretable resules

Real-time imaging of the cells while
they are migrating is not possible

Lack of repreducibility of data

Mo accepted standardised tools or assay formats

Mot automation fri

Setting up a scratch assay — conu
experimental scratches might not be equiv

Manual removal of stoppers/inserts used i
migration without damaging the cells or su

Method avoids actual cell and matrix da

Pre-labelling of cells with fluorescent

MEAN RATING SCA

Capable of outputting parameters such as
cell velocity, directionality and migration index

Distinguishes between chemotaxis
and random movement

Simple one (or few) step protocol

Kit can be used with or without
fluorescent labelling of cells

High throughput/automation friendly

Ability to generate a linear
concentration gradient

P Y )

402
3.7
347 |
334
100 150 200 250 300 350 400 450 500 550

6.00

MEAN RANKED ORDER | to 6, | = least desired (not wanted), and 6 = most desired (most wanted)
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Ty Membrane-integrated bioimpedance sensor
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pical channel

N

Interdigitated electrode array 0,0

Device and method for multi-parametric, multi

IDES sensors to detect barrier integrity (100 pu
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Normalized Impedance/Resistance

EP Nr. 19168889.4

-cell barrier integrity analysis
using a different-sized (e.g 10 um and 100 pm pitch) membrane-integrated
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—a— ECIS
—e— TEER

surface coverage (10 pm)

Bewo B30 cultured on membrane
based interdigitated electrode
sensor for 4 days. Starvation starts
around 2.5 days
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Normalized Impedance/Resistance
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Chlorpromazine

Bewo B30, addition of 1mM
Chlorpromazine at Day 2, cells respond
within 1.2 hours
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on porous membrane surface : 0o o5 | 10 15

t [days]
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m Self-powered biosensor chip EP 20189436.7

DETECTION AREA
ANALYTE I/l

DETECTION AREA
CONTROL

ABSORPTION PAD

« Rapid ID of pathogens in min

APPLICATION .
‘ READ OUT _ * No false negative results
LEDs - ' \

l /ﬁ/ “‘H'Wh - Portable and on-site sensing

o » Self-powered
INTERDIGITATE .
D » Integrated readout unit
ELECTRODES

« Data storage & verification
MICROBATTERIES I X R % « Multiplexed

MIXING UNIT

STORAG
E UNIT

Self-powered lab-on-a-chip containing integrated microbatteries, nanosensor array and read out unit
with ultra-low detection limit based on nano-labelled immunoassays and silver enhancement chemistry



NOV
NOV
Jop
Swab Samplg Chip'loading Read-out
preparation
2 min > 3 min > 5 min > <10 min

Device specifications and development targets:

Ease of sample loading

Integrated sample treatment and handling (automation of fluid handling and assay steps)

Ultralow detection limit

Elimination of false negative results (high specificity) — 3 readings per sample

Quantitative results in less than 5 min (calibration against virus particle count)

On-chip power supply (microbatteries and RFID chip) and read out (display unit and wireless data transfer)

High throughput to be able detect a large number of samples in a short time while obtaining accurate information

NouhkwhE



NanoBioAssay Concept

TV R

Qo Immobilization reagent

\"W Capture biorecognition
element l l

% Antigen (e.g. SARS-

Ag+ AQg+
J Ag+ g
gg}gi)anopalticle labeled Ag + Ag +
antibody Nanogold- Silver
labelled Ab enhancement

Step 1. Step 2: Step 3:

MRS N ¥ N

VIRUS CAPTURE VIRUS LABELLING SIGNAL GENERATION

C) B)]
&~ I , |

BioSensing principle: formation of conduction silver nanobridges

A)




Proof-of-Concept

Assay time optimization

:: 1_// iy

Current (mA)

Acourmation of s for
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0 1 2 3 4 5 6 7 8 9 10 11 12
A) Conductive AFM image of the separated interdigitated electrode structures by 5 um gaps. B) Conductive AFM image in Time (Min)

Curment (b

the presence of numerous silver bridges formed after immune capture of 10 ug/mL IgG, nanogold labeling and 5 min
silver enhancement chemistry.
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IglG concantration in Bulferipg/mi)
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IgG concantration in Plasma{pg/ml)

detection of interleukin 6 cytokine in less
than 5 min with ultra low detection limit

50 fold improvement of standard ELISA
assay
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