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Societal need:
~50% of Americans and 
~60% of Europeans 
object to animal testing

Pressure is 
mounting

2002 EU cosmetics ban
2006 Goal of EU REACH
2016 Goal for US TSCA
2019 Deadline 2035 by US EPA
2021 Deadline 2027 by EFSA
2021 EMA measures to reduce animal 

testing
2022 FDA Modernization Act



Exposure

The primary societal need of biomedicine  
– understand, prevent and cure disease

We are not 70kg rats!

We need human models 



Traditional 
Toxicology

Tox uses only 10% 
of all animals, 
but here 90% of 
work on alternatives



The limitations of animal tests can now 
objectively be shown

Toxicology should be better than other areas: 
Standardized tests (OECD TG), GLP, skilled performers, 
maximum tolerated doses, no disease models on top 
of substance effects



Reproducibility
Six most frequent toxicity tests 
Consuming 57% of animals in tox

350-750 chemicals with repeat tests 
(n = 2,839, up to ~100 repeats

81% reproducible
69% reproducible for toxic chemicals

Mice and rat predict 
each other ~60% 
for systemic tox

Luechtefeld et al., ToxSci 2018

https://share.getcloudapp.com/v1ujQYBN
https://share.getcloudapp.com/Z4urDK25


Irreprodu-cell-bility

• Ca. 25% of cell lines 
misidentified

• 15-25% mycoplasma 
infected

• Genetic instability 
• Culture artifacts 



Human cell and tissue culture

Primary cells of 
limited access, 
quality, and 
quantity

Tumor cell lines

Stem cells 
& 
Bioengineering

Microphysiological
Systems



Evolution of Cell Culture  -
high-tech & business opportunity

Marx et al., Biology-inspired 
micro-physiological system 
approaches to solve the 
prediction dilemma of 
substance testing using 
animals. ALTEX 2016, 
33:272-321.

Marx et al., Biology-inspired 
microphysiological systems 
to advance medicines for 
patient benefit and animal 
welfare. ALTEX 2020, 
37:365-394.

https://share.getcloudapp.com/yAu0Qrgv
https://share.getcloudapp.com/WnukDx5q


Evolution of Cell Culture  -
high-tech & business opportunity (continued)

Science 16 Sep 2021

https://share.getcloudapp.com/jkuEWPjp


MPS World Summit

New Orleans 30 May-3 Jun ’22 
Hosts:  Suzie Fitzpatrick, FDA 
Thomas Hartung, Hopkins
Don Ingber, Harvard

https://mpsworldsummit.com

52 organizations
34 Scientific Advisory Board
665 Registered (215 Online, 65 FDA)
26 Countries
142 speakers, 189 posters

$450k from NCATS 
Forming the International MPS 
Society and Conference Series

https://mpsworldsummit.com/


2nd MPS World Summit 
Berlin, June 26-30th 2023

Berlin 26-30 June‘23
Hosts:  Uwe Marx, Tissuse
Marcel Leist, Univ Konstanz
Peter Loskill, EUROoCS

https://mpsworldsummit.com

60 organizations
29 Scientific Advisory Board
1200+ Registered 
(recorded, not online)
200+ speakers, 700+ posters

https://mpsworldsummit.com/


Quality

ALTEX 2022, 39:30-70

•Quality of cell model 
(GCCP)
•Quality of reporting 

(GIVReSt)
•Quality of results 

(validation)

https://share.getcloudapp.com/GGuEplLb


BRAIN ORGANOIDS

STANDARDIZED
HUMAN 3D 

DEVELOPMENT 
FROM IPSC

GLIA CELLS, 
MYELINATION 

+ADDED MICRO-GLIA

INFECTION 
CANCER GRAFTS 

TOXICITY
DNT 

NEURODEGENERATION

GENETIC 
BACKGROUNDS, 
+ RISK GENES, REPAIR 
+ REPORTER GENES

GENE X ENVIRONMENT 
MIXTURES

FUNCTIONAL 
ASSAYS: NEURITES,
SYNAPSES, 3D EEG

ORGANOID 
INTELLIGENCE (O.I.)

Lena Smirnova



AI & in vitro
Organoid Intelligence 
(O.I.) • Physiology of learning

• Tox & Drug Development
• Biological Computing

Human brain organoid  
caged in shell electrodes

https://share.getcloudapp.com/kpuWkdyd


Articles and papers on Organoid Intelligence

600+ press hits

Forming a community
- 1st workshop report
- New journal Frontiers in OI

US White House Bold 
Biotechnology Goal

National Science Foundation 
Program

https://www.frontiersin.org/journals/science/article-hubs/organoid-intelligence-a-new-biocomputing-frontier
https://www.frontiersin.org/journals/science/articles/10.3389/fsci.2023.1017235/full


AI, Data, and Computing Power Data: +60% per year 
= 90% in last three years

Computer: +40% per year 
(Moore’s law)

AI: +700% per year since 2010

Together increase 
>1 billion-fold 
over last 60 years



Disruptive Technology



Replacing Animals with A I

WIPO: U.S. and China Lead the World in AI Innovation
https://www.sfmagazine.com/technotes/2019/february/wipo-us-
and-china-lead-the-world-in-ai-innovation

2018: 
9 most common toxicity tests
190,000 chemical’s hazard 
cross-validation: 

87% correct
2020: Better than animals for human skin allergy
2022: Mass prediction for 4,700 food chemicals, 

83% correct 
~38,000 animal studies at $250+ million

2023: Cancer 75% correct, reproductive tox 82% 
correct

https://www.sfmagazine.com/technotes/2019/february/wipo-us-and-china-lead-the-world-in-ai-innovation
https://www.sfmagazine.com/technotes/2019/february/wipo-us-and-china-lead-the-world-in-ai-innovation
https://share.getcloudapp.com/Z4urDK25


Animal Replacement



Green toxicology 
– the toxicology aspects of green chemistry

Alex Maertens

Another use of 
alternatives methods

https://share.getcloudapp.com/9ZuRgdnd


The Future of Toxicology

Co-Chairs
Ana Navas-Acien, Weihsueh A. Chiu & 

Thomas Hartung



Call for a Human Exposome Project

1. Exposure-driven
2. Technology-enabled
3. Evidence-integrated

ALTEX 2023

https://share.getcloudapp.com/eDuEAjQz
https://share.getcloudapp.com/geuO1lz1


Etiology of Diseases



Exposome Collaborative

ALTEX 2020, 37, 3-23 “Progress is impossible without change, and those 
who cannot change their minds cannot change anything.”

George Bernard Shaw (1856-1950)

“If you change the way you look 
at things, the things you look at change.”

Wayne Dyer (1940-2015)

Fenna Sillé

Exposome 
& A.I. 
= E.I.
(Exposome 
Intelligence)

https://share.getcloudapp.com/P8u7EY9w


The challenge

https://www.loopclosed.com.au/program_services/data_inte
gration_and_analysis.html

Similar for
- Systematic reviews
- Risk assessments
- Integrated Testing Strategies https://phd.dia.uniroma3.it/multi-source-

data-integration-with-humans-in-the-loop/

https://www.loopclosed.com.au/program_services/data_integration_and_analysis.html
https://phd.dia.uniroma3.it/multi-source-data-integration-with-humans-in-the-loop/


In vivitrosi

Arch Toxicol 2022

Aka Integrated 
Testing Strategies, 
IATA, Defined 
Approaches…

https://share.getcloudapp.com/5zurWNpY


EVIDENCE INTEGRATION: Evidence-based Toxicology 
2006 Article 

2007 Conference

2009 Chair Hopkins

2011 Organization
www.ebtox.org

https://share.getcloudapp.com/qGuRx5WA
http://www.ebtox.org/


The explosion of systematic reviews
Estimated No. of Environmental Health SRs Published 1995-2020

Huge progress in 20 years

Explosion in publications
Katya Tsaioun

• ~1000 people engaged with 
EBTC in 12 years

• Stakeholders at every level, 
everywhere

• EBT journal from 2023
• EBT association forming



Science



Conclusion

• AI
• Microphysiological Systems
• Green Toxicology
• Integrated Testing
• Evidence-based approaches

The Smart Path Forward
• Open access publishing and 

FAIR data
• Explainable AI
• Mechanistic Validation
• Human Exposome

Generated with DALL-E and LeiaPix
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