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Animal experiments
[1Basic research 72 %

[C1 Drug and chemical
testing 13 %

] Education and nature
conservation 9 %

[] Routine production (blood
products, antibodies) 6 %
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dn vitromodels are experimental systems used to
study biological processes outside their natural
context, typically in a controlled laboratory
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In vitro model with cells and a cell culture fla8enerated with Al
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Cell andtissuemodels

Tissue explants
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Information

Immortalizedcelllines primary cells stem cells cell
models(2D and 3[zellmodels organoidsand
spheroids organon-chips) ex vivomodels micro-

organisms
Imagefrom Zeltner& Studer2015
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Why are cell and tissue models needed?

Food Tests Drug

¢ Basic researchstudying biological processes and and nutraceutics Discovery
mechanismseg.developmental biology
. . . Tissue
¢ Translationalresearch improved understanding of engineering “~__ Disease

diseases. Pathological conditions are modelled by Mogeis

recreating the disease in laboratory environment o
. Th YSOKFYAAYE 2NJ LINEINBE&A scene
¢ Testingsafety and efficacy of compoundsirugs,

Toxicity E
studies

In-vitro
models

chemicals, medical devices, foodmponents Regenerative Drug
Medicine _ Testing
¢ Regenerative medicineexpanding healthy cells in "eﬁ‘;';:g;ed
laboratory to replacelamagedissue(trangplantation, mage fromattl et . 2014. Design Cteiafor Generating Physiclgiclly
celldelivery)

¢ Reducing and replacing animal modefmal goal of the
Directive 2010/63/EU is to phase out animal experime
Gl a az22y Fa Al Aa aoOASyl
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https://dulemba.blogspot.fi/2017/01/coloringpage
tuesdaymice-and-men.html
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Advanced cell models can accelerate and improve dr
development

= |nactive
gr ey A Drugdevelopmenttakes10c
) ;ﬁec:;e Compound: Toxicity . 15 years
} ' Dose-Response . .
\ Lo I A 90 % failure rate for drug
Structure-Activity Relationships Ay ¥y candidates in phase | human
Pharmacokfnetlcs | y Clinical trial
Metabolism .
A Mean cost of developing a
Primary Screen Lead Optimization Animal and Human Trials new drug iS 17 27 M $ (at
- B %@%}? / 200(}2018)v .
| : . fj‘;' %r,ﬁl‘-;“r\ Patient-Derived |_|:) 7\ y O N\B I a S R Y z
k2 éi ﬂ{.;.;u?.i'.tgj Disease Model iPSC h f f I
| ; AN/ % | UBE‘; ﬁ?&.«g . e W en cost of fallures were
__a U N Y\ - included
2D Cell-based Assays 3D Cell-based 3DSpheroid 3D Organoid b w3a5 Ozadga A )
Cell Lines Assays Assays Assays
~ 11.9% to 17.7% from 2008 tp
2019
Image modified from Ranga et al 2014 Sertkaya et al. 2024AMANetw Open 7:€2415445.

doi: 10.1001/jamanetworkopen.2024.15445.
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From 2D cell culture to 3D tissue models

¢ Traditionally, cells are grown in plastic bottleA S mmcisy S NIPAYS
In planar 2D cultures s ISR
R . . . | -~ s > ¥ »
¢ conditions mimic human body with +82, 5% | . # | v
CQand 20% © .
conventional 2D growth on plastic dish 3D embedded growth using PEG hydrogel
¢ In the body, cells are in 3D environment, in
. OV-MZ-6 SKOV-3 OoV-MZ-6 SKOV-3
contact with other cell types, extracellular 5 URAETIGG SRR . R ol
matrix and interact with neurons and blood £ 5420 s
vessels o 5 =SSy o0
@ A .":‘:- .‘ " g
5 %

¢ When buildingn vitromodels, 3D tissue
spesific environment is nheeded

¢ With improvedphysiologicamimicry, we get
closerto the in vivosituationandcanreflect
the tissue functions with improved accuracy

¢ control, manipulation, monitoring

confocal
confocal

Cancercellline morphologyand proliferation are clearlydifferent betweenconventional2D
plasticculture and within syntheticPEGhydrogel( Actin filaments stainedwith rhodamine
phalloidin, nucleiwith DAPI)Rangaet al 2014



( TUNI Luottamuksellinen - Confidential (3Y)

Organon-Chip technology

Tampereen yliopisto
Tampere University

¢ Organon-Chip (OoC) = platform mimicking tissue
functions by ombiningcell biology with
microtechnology |

Microfluidic

- Organ-on-a-Chip

.

e
A chipplatform with fluidic flow y - 2\
A livingbiologicalentity y 4 %
A stimulationand control & } 9 cantinee

A analysis
¢ Qontrol of environmental properties

2D cell culture

Experimental controllability and reproducibility

(temperature pH, CQ O,) and biological == d' P
processes = o .
A Cellcell and celenvironment interactions SRR » e ;J\
A Realtime physiological responses and their monitoring i ==y
3D cell culture . Animal models

¢ Tissue interactions and even systemic effects by — —— >
. . r AN 4 siological relevance and complexit
combiningDoCs\ y | -06-/. R RIBJ e Pe

A vascularization, innervation, immune system

Imagefrom Ma et al. 20210rganon-a-Chip: A new paradigm for drug development
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Microvasculatureon-chip

> Front Bioeng Biotechnol. 2022 Feb 8:10:764237. doi: 10.3389/fbioe.2022.764237. eCollection 2022.

Vasculogenic Potency of Bone Marrow- and Adipose
Tissue-Derived Mesenchymal Stem/Stromal Cells

Results in Differing Vascular Network Phenotypes in
a Microfluidic Chip

Anastasiia Mykuliak ! 2, Alma Yrjandinen ! 2, Antti-Juhana Maki 3, Arjen Gebraad 1 2,

Ella Lampela 12 Minna Kagridinen ¢, Toni-Karri Pakarinen 2, Pasi Kallio 3, Susanna Miettinen ! 2
12

r

Hanna Vuorenpad

Fibrin Microfluidic chip

ECGASC

EGBMSC

Anastasiia Mykuliak,
Doctoral researcher

Alma Yrjanainen,
Doctoral reseacher

Susanna Miettinen,
Prof., Adult Stem
Cell Group leader

Hanna Vuorenpaa,
Postdoctoral researcher

3Y)
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Perfusablevascular network forms the basis for Orgam-Chip

Vasculanetwork with supportingstromalcells(BoneMarrow derivedStem StromalCellsstained
againstsmoothmuscleactin, red) andvesselforming, GFRaggedhumanumbilicalvein
endothelialcells(green showsperfusionat day 7. Mykuliak Yrjanaineret al. 2022
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Neuro-vasculametwork on-chip

> Cell Commun Signal. 2023 Jun 14;21(1):132. doi: 10.1186/512964-023-01159-4.

Lotta Isosaari, Hanna Vuorenpaa, Susanna Miettinen, Susanna Narkilahti,
Doctoral researcher Postdoctoral researcher Prof., Adult Stem Cell Neuro Group leader
Group leader

Simultaneous induction of vasculature and neuronal
network formation on a chip reveals a dynamic EC-BMSC-neuro multicultures
interrelationship between cell types g SN\

Lotta Isosaari | 2 3, Hanna Vuorenpaa 2 3, Alma Yrjanainen 2 2, Fikret Emre Kapucu ',

Minna Kelloniemi #, Toni-Karri Pakarinen 2, Susanna Miettinen ¢ 3, Susanna Narkilahti ©
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77 ' } Neurons (MAP-2 +thblll)
32-46 days 14 days Endothelial cells (CD31)
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Neuronsinteract with the vasculametwork and remain
functional
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Isosaaret al. 2023. CefLommunSignal.
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ABreast canceon-chip model with integrated endothelial
barrier
Abreast cancer cellentivirallytransduced to express GFP
Ahuman microvascular endothelial cells isolated from skin tissue e

. . E Endothelial F:
ACART cells (genetically engineered T cells to attack own cancer ol e .-c';;‘;";ﬁmm
cells) from donor blood mononuclear cells

: I Medium channel
A patient-derived organoids established from breast cancer. _ S o, | s A i&/ » 0:2mm
patients $ oD S R o e @ Tomow ' Tumour
-'?

aggregates chamber
AModel recapltulates the initial events in CARell

1 mm

{ﬁ\ur PDOs | 0.3 mm
F RYAYAAadNY GA 2 yTcelyperudion thréughi & M /! wmranbased “Tmm  Recried

the vasculature and extravasation towards the tumor R
Aa 2RSSt OF LJidzNBa (GKS LIKIFasSal 20SNJ GKS F2fft26Ay 3 6 S
cell infiltration and lysis of tumor cells + cytokine release

ATestingpharmacologisafetyswitchto control CART cells

duringthe therapy Tissueengineeredvasculamodelsare usedto providemechanistic
A : : i i insightinto tumor behaviour extravasatiorandtherapeuticdelivery
IntegratlonOf metastatlcbreastcancerpatlent organ0|dsto Maulana et al. 2024. Breast canamr-chip for patientspecific efficacy

demonstratetheir applicabilityin the modeland CAR cell  and safety testing of CARcells. Cell Stem Cell.
response doi: 10.1016/}.stem.2024.04.018.
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yEmesensionso  Global activities in implementing NAMs

A USA Food and Drugdminstration(FDA) Modernization Act 2.0
authorized the us®f NAMs to supporhew drug application and removed
the requirement to use animal studies (2022)

A In the longterm, FDA aims to make animal studies an exception rather
than norm in preclinical safety/toxicology testing

A European UnionEU Commission roadmap for phasing out animal

testing in chemical safety assessments 2.
A short- and longterm actions, including accelerating the development and E
regulatory acceptance of NAMs in chemical safety assessment ==

A the roadmap is planned to be published in tfiest quarter of 2026
A UK:plan to phase out animal experiments sets out specific
commitments

A To end regulatory testing on skin and eye irritation and skin sensitization
using animalby the end of 2026
A By 2027researchers are expected to end tests of the strengthaibx on

In Silico

New
Approach
Methodologi
es (NAMs)

In Vitro
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/
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Image fromKasoju& Kripasagar2024.

mice Animal Models In Research, ppcZB. New

A By 2030, reduce pharmacokinetic studies on dogs andmmnan

Approach Methodologies (NAMS): Rethinking
Preclinical Evaluation of Pharmaceuticals and

primates Medical Devices Beyond Animal Models
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swnun s wmmm  \NAustrialadaptionof NAMs

Interreg [ oo vnicn Objective
e i i Demonstrate stability, reproducibility and predictive value of OrgarChip
models to generate best practices for broader industry adoption.

STEP4ANAMSs

Innovation

<%,/ and resilience How?

Multi-site functional prevalidation of Orgafon-Chip models with industry
partners. SMEs with prior Orgam-Chip experience (as users or technology
providers) are invited for the study as well as pharma companies interested Iin
NAM validation.
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Approach Methodologies to jj-“
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J emeerenipse - Replacing animaderived reagents in NAMS
-example of antibodies

A Detection of target proteins relies heavily animak
derived antibodies although issues with reproducibility ar
specificity are widely acknowledged

A antibodies are collected from immunized animals

A Replacing animaderived antibodies with animédtee
antibodies inmmunocytochemicastainingof cells

AFB_PDGFRbeta_DIL1000_A2 20X (RGB)

A funding from Juliana von Wendt Foundation for pilot
project (6 months)

A aiming to replace the most commonly used antibodie
In IMmunocytochemicastaining of cells
A Lessons learned from the project
A completelyanimalfree antibodiesare difficult to find
A antibody users need to put pressure to the market

A Replacement is possible but laborious
Ananimaf NBS yGAo2Re ol 3IFAyad LIXFGSEtSG INRPGgGK FFEOG2NI NBOSLIi2NI i 0 gla (Sais
on adipose tissue stem cells with bovine serum albumin (A,B) and with an
animakree blocker(C,D). Photo Johanna Laakkonen/University of Tampere
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Where are we now with NAMS?

Shortcomings
A Lack of adequate physiological complexity

A Lack of organ interactions and systemic
effects

A Lack of immunological complexity
A Low throughput
A Lack of expertise (education and training)

A Lack of regulatory readiness (reproducibility,
realiability)

A Lack of industrial adoption

Benefits

A Mechanistic understanding of basic biology
and diseases

A Personalized medicine applications
A Control and manipulation

A Integration of technology (micro and
nanotechnology, sensors, Al)

A Human relevance leading to improved
treatmens

A Ethically more sustainable
A Faster deison making
A Reducing costs
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Future perspectives for New Approch Methods

A Complexity of NAMSs is increasing and biology
Is combined with egpatient SampIeS, 3D Chemical safety assessments under following legislation
Imaging and microtechnology are in scope of the Roadmap

A building confidence in the technology

A Al and big data analytics can help to store ar [EE—.-
FylrtelS £ NBS RFGlF &
likely bigger andjrowing rapidly .

A Requirements for personalized medicine are | EEE_—————————
NI ) Chamcal covere by e cceupllona afty dvecbues CAD and CMRD (ECHA

A Public pressure to replace animal testing is
shaping the (political) d@son-making

A EU and UK roadmaps tO phase OUt animal Imagefrom 2nd Conference Commission roadmap towards phasing out animal testing fol
experiments, US modernization act chemical safety assessments/25th October 2024

20.11.2025 |17
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Thank you Bjorn Ekwall
Memorial Foundation!

Contact information:
hanna.vuorenpaeae@ wbiiebingen.de

Photo: Jonne Renvall/Tampere University 20.11.2025 |18
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