7 Slides available

N

JOHNS HOPKINS IR RCH

AN Saving Mare” /. '

BLOOMBERG SCHOOL
of PUBLIC HEALTH :

D
| 4

rtung & team

Toxicolog
215t Century 2.0

Some pictures removed for copyright reasons

Hunting for risks

Our BfR2GO cover story on 20 years of risk assessment

BfR Science Magazine BfR2GO r?( Bf R

222222222222



Thanking our spo

Current

S NZA ESTEE Phllantroplc Bernice Barbour & Tk
& N [AUDER SR
@CORTEVA . i
ke | DANONE Wimmef st
.'... BuEhnnger ﬂ{i?{ U FOUNDATION
Il Ingelheim = "OEMEEET L. and individuals

Recent
LOREAL T m ) NOVARTIS

"7\9@ BDF 9900
Abbott %  Beiersdorf ‘= ALLERGAN



\3
INTEREST

. Field Chief Editor
frontiers
in Artificial Intelligence

Chief Editor

Medicine & Public Health

? frontiers
in Big Data

AstraZeneca -

MPS
@sphero
= 2 AxoSim

ATCC Ve shorcholder

o S Apellis

@
e ,
‘ 3 BIOMERIEUX

A

A.l.
[

@ Consultant

Green Chemistry

AYe ) AN E




KURZMITTEILUNG

§n"%@
By—
Der lange Weg zur validierten Ersatzmethode

Thomas Hartung® und Horst Spielmann**

ated way to a
ethod”.... Set
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Rabbit pyrogen test

Fever signals
of the body

Whole Blood

Entwicklung und Evaluierung eines
Pyrogentests mit menschlichem Blut

Thomas Hartung, Stefan Fennrich, Matthias Fischer®, Thomas Montag-Lessing® und Albrecht Wendel
Universitit Konstanz, Biochemische Pharmakologie, D-Konstanz, *Paul-Ehrlich-Institut, D-Langen

Dieses Projekt wurde gefordert durch ZEBET, D-Berlin,
BMBF, D-Bonn und set, D-Mainz.

ALTEX 1998, 15:9-10.




JIM

Journal of
Immunological Methods

&
Eoisil
ELSEVIER Journal of Immunological Methods 298 (2005) 161173

www.elsevier.com/locate/jim

Research paper

International validation of novel pyrogen tests
based on human monocytoid cells

Sebastian Hoffmann®"™!, Anja Peterbauer®!?, Stefanie Schindler®!, Stefan Fennrich?,
Stephen Poole®, Yogesh Mistry®, Thomas Montag-Lessing®, Ingo Spreitzer®,
Bettina Loschner®, Mirjam van Aalderen®, Rogier Bos®, Martin Gommer?,

Ria Nibbelingd, Gabriele Werner-Felmayer®, Petra Loitzl®, Thomas Jungif,
Marija Breic!, Peter Briigger®, Esther Frey*, Gerard Bowe", Juan Casa_doh,
Sandra Coecke", Jan de'Langeh, Bente Mogster', Lisbeth M. Neess',
Ingeborg S. Aaberge’, Albrecht Wendel®, Thomas Hartung™"™*

RIVM NIBSC
Paul-Ehrlich- (NL) (UK)
Institut (G)

NIPH

() 4 out of 6 tests
w1 validated:
S (Cryo-) Whole blood,

white blood cells,
(a leukemia cell line)

University
of Bern (CH)

University of
Innsbruck (A)
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: 30,912 phase out rabbits within 5a!



the art of decelerating progress

Illustration deceleration

)r repeated low dose...

~ 1.5 million rabbits saved
~ 100 million € saved

Illustration deceleration trauma
Man riding turtle




Europe

Thanks to REACH, the door for
New Approach Methods is wide
open....

Desperate man in front of
House with door on second floor

Arcing,

Still struggling to implement 20+

years old methods



~50% of Americans
~60% of Europeans
object to animal tes

lllustration Public Opinion

Politician interviewed by journalists

2006 Goal of EU REACH

2016 Goal for US TSCA

2019 Deadline 2035 by US EPA
2021 Deadline 2027 by EFSA
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The evolution
of toxicology:
patchwork

es one patch. No revolution
e 50-80 years old. . -
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Fig. 1: Kuhn’s
Scientific
Revolution Cycle
Normal (adapted from

Science Kerry et al., 2008)
and where

/ the authors
Immature saw the state . o . ° o
scence oy |t is time for a scientific

N\ Lharung, 2008 | == revolution in toxicology!

—o

This study

THOMAS S. KUHN
IEIE
HQLL[LHPUF
Food for Thought ... ALTEX 2021 :.' .ty Sk_‘"IENTIFI
The State of the Scientific Revolution in Toxicology . ::"- = HE\ k ]_L [ I 1{\ WNH

Thomas Hartung!2 and Aristides M. Tsatsakis3




ghput

350,000 chemicals
registered in 19 countries

I,

Toward a Global Understanding of Chemical Pollution: A First
Comprehensive Analysis of National and Regional Chemical
Inventories

Zhanyun Wang,* Glen W. Walker, Derek C. G. Muir, and Kakuko Nagatani-Yoshida

Cartoon showing many untested chemicals




My Shopping List
Skin Irritation 1.200 €
Skin Sensitization (LLNA)

4.700
Oral Acute Toxicity 4.500

Inhalation Acute Toxicity
3.900
Dermal Acute 1.500
Repeated Dose 28d
46.500
Repeated Dose 90d
106,000
Mutagenicity 62.500

My Shopping List
Carcinogenicity 700.000 €
Developmental Tox

63 -112.000

ReproTox 1gen rat

77.700

ReproTox 1gen rabbit

126.000

ReproTox 2gen rat

328.000

ReproTox 2gen rabbit

481.000
Long-term fish 8.600

ALTEX 2018, 35:275-305

Costs
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Food for Thought ... ALTEX 2018, 35:275-305

Animal Testing and its Alternatives - the Most
Important Omics is Economics

Lucy Meigs 1.2, Lena Smirnova 2, Costanza Rovida 3, Marcel Leist3 and Thomas Hartung 3

Symbols of economy

They promote and hinder
implementation of NAM




Mice and rat predlct
. o each other ~60% & Tl
Ve R[] toxicity tests for systemic tox  wecs

)f animals in tox

s with repeat tests

100 repeats)

Picture of rat




While Europe is slowly

progressing....

comes from the US,

who were trailing behind

"Uh, yeah, you go ahead. We'll
catch up with the wagon train later." for so long

www.shutterstock.com - 85849963




- almost 16,000 active learners
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Evidence-based
Toxicology

lohns Hopkins University

Toxicology 21:
Scientific Applications

Johns Hopkins University

7000+ enrolled learners

aQursera

8500+ enrolled learners




Watershed mo

2007 NRC report

Toxicity testing in the 21st century: progress in the past decade
and future perspectives

A rC h TO X i C 0 I 2 0 1 9 .:ETOXJ”"V ;ES“NG IN THE 21ST Toxlcr;v ';'ES'HNG IN THE 21ST

RY: A VISION AND STRATEGY CENTURY: A VISION AND STRATEGY

D. Krewski'%*. M. E. Andersen3 . M. G. Tyshenko®* . K. Krishnan? . T. Hartung®'3 . K. Boekelheide’ -
J.F.Wambaugh®. D. Jones® - M. Whelan'® - R. Thomas® - C. Yauk'" - T. Barton-Maclaren' - I. Cote'?

TOXICITY TESTING IN THE 21ST TOXICITY TESTING IN THE 21ST
CENTURY: A VISION AND STRATEGY »

;.'-".V l ] i |
TOXICITY TESTING IN THE 21ST 4 e | | L w i |
CENTURY: A VISION AND STRATEGY _ : Podi Do



Symbol Disruptive Technologies

Visualization of acceleration

Acceleration




Call for a Human Exposome
Project, in press

Future Directions Workshop:
Advancing the Next Scientific Revolution in Toxicology

April 28-29, 2022

Arlington, VA




s of Human Genome:
nt of 560 diseases
netic component

i etal., 2019)




that can help us?
Selerilii= 0l (high throughput and
Dosomics, remote sensing,

. )

Technologies cs, high-throughput, MPS, A.l.)

AVl e=r [1{== =1« (Evidence-based Tox, IATA, Green Tox



“Progress is impossible without change, and those
A LT E X 2 O 2 O ) 3 7 ) 3 - 2 3 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)

Food for Thought ...

The Exposome - a New Approach
for Risk Assessment

Fenna Sillé!, Spyros Karakitsios?, Andre Kleensang!, Kirsten Koehler!, Alexandra Maertens!,
Gary W. Miller3, Carsten Prassel, Lesliam Quiros-Alcalal, Gurumurthy Ramachandran!, Stephen M. Rappaport?,

Ana M. Rule!l, Denis Sarigiannis?>, Lena Smirnova! and Thomas Hartung!.¢

Exposome
& A.l




that can help us?
S Lol =1« = (high throughput and
Dosomics, remote sensing,

. )

Technologies cs, high-throughput, MPS, A.l.)

AVl e=r [1{== =1« (Evidence-based Tox, IATA, Green Tox



Computing

Deep and steep

Al - 2x every
Computing power used in training Al systems
Days spent calculating at one petaflop per second*, log scale 3 mo nt h S

2 3.4-month 100
doubling 10

By fundamentals AlphaGo Zero becomes its own
P her of th G
O Language @ Speech @ Vision teacher of the game Go

@Games  ®Other 1

0.1

AlexNet, image classification with
deep convolutional neural networks —@
0.01

\'a\N o e 0.001

= 0.0001

0.00001
-> Modern era 0000001

-
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s
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-
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< Firstera=>

eptron, a simple artificial neural network 0.0000001
| I | 1 I

I
70 80 90 2000 10 20
Source: OpenAl *1 petaflop=10"* calculations
he Economist




ng big sense of




Data produced

«  5000% between 2010 and 2020
(Source: Forbes)

181

84% of data in the
world were created
in the last 6 years

150

etabytes

v 100

ata volume in z

created, captured
copied, and
consumed

50

worldwide from
2010 to 2025 (in
zettabytes)




Robotized

H testlng

M ~omics
I:I“ technologies

,M..) sensors
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ology

Many (pathologists) see tc
the pathology caused by c

Image analysis
High-content imaging

< <4

[ J
<

Cartoon of traditional vs. modern pathologist



GPT-3 trained on the entire internet -
175 billion parameters

1000

GPT-3 (175B)

3
% Megatron-Turing NLG (530B)
€
o
@

a -

= Turing- NLG (17.2B)
n

c

2

3

=

Symbol NLP z
a
K]

3
s BERT-Large (340M)

ELMo (94M)

Data extraction from
literature, reports &
databases

Picture reading robot



Picture robot with tools

Al works through

Big data

Deep learning gets much
better with more data
Handles data gaps and
redundancies

Network effects
Transfer learning

Data curation not
important

Humans in the loop
(supervised and
reinforcement learning)
Increasingly explainable



ACCEPTED MANUSCRIPT

Machine learning of toxicological big data enables
read-across structure activity relationships
(RASAR) outperforming animal test reproducibility
3

Thomas Luechtefeld, Dan Marsh, Craig Rowlands, Thomas Hartung &

Toxicological Sciences, kfy152, https:{/dol.org/10.1093/toxsc/kfy152
Published: 11 July 2018

wipo-u-s-and-

Tom Luechtefeld

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

87% correct

SCICTION tome mews Joursals Topics Earmes

—— Science, 12 Feb 2016
A crystal ball for chemical safety

By comparing new chemicals to known compounds, toxicologists seek early hazard wamnings

namre

B
P

[

T

TN

L . iy J
T h

namne = . -,II. I
iz A mihan ratbity
¥iridar chemasl 52

Legal tussie delays taunch of huge toodcity
database
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Software heats animal tests at predicting toxicity

Mew digital chemical screening tool
of chemicals

could help eliminate animal testing
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evelopments

) accuracy in predicting
LN ES T S P41 (Golden et al., ALTEX, 2020)

Accepted for Australian Industrial
al., 2022) Chemical Legislation 2020

l., in preparation):

Reproductive Tox

Carcinogenicity ' lllustration limit is the sky
Androgen

Estrogen

liver, kidney and developing brain

sky-limit.html



logy

of green chemistry

—~—y

Alex Maertens

Another use of
alternatives methods

TOXICOLOGICAL SCIENCES, 161(2), 2018, 285-289

. - ,ci doi: 10.1093/toxsci/kfx243
G re e n C h e t11 I S t r y S e r l e S Advance Access Publication Date: December 18, 2017
?ea/w Editorial

Green Toxicology
Making Chemicals Benign by Design ly About and Avoid Toxic

Alexandra Maertens ngtl



Finding alternative
Chemicals

Example
Dichloromethane




Investigative (Drug) Toxicology

Prospective (risk anticipation)

Target and Chemical Regulatory Toxicology
Class Evaluation Green Toxicology Safety Pharmacology

Targeted Molecular — Chemical Drug Lead - Firstin Clinical Market &
Disease target space Screening Optimization Man Trials surveillance

T e From destructive
Retrospective (derisking) t o C o n St r u Ct ive

t4 Workshop Report
Optimizing Drug Discovery by Investigative
Toxicology: Current and Future Trends

Mario Beilmann®.s, Harrie Boonen2.$, Andreas Czich33, Gordon Dear 4.5, Philip Hewitt>.$, Tomas Mow?5.5, Peter
Newham?’.$, Teija Qinonens$, Francois Pognan?.$, Adrian Roth!0.8, Jean-Pierre Valentin!2.3, Freddy Van Goethem 3.3,

Richard J. Weaver!4.$, Barbara Birk!3, Scott Boyeris, Francesca Calonil?, Alice E. Chen8, Raffaella Corvil?, A LT E X 2 0 1 9 3 6 . 2 8 9 3 1 3
Mark T. D. Cronin20, Mardas Daneshian?!, Lorna C. Ewart’, Rex E. FitzGerald?2, Geraldine A. Hamilton23, Thomas ) ] =
Hartung?1.24, Joshua D. Kangas?3, Nynke I. Kramer?6, Marcel Leist?!, Uwe Marx?7, Sebastian Polak?8.29,
Costanza Rovida?!, Emanuela Testai’0, Bob van de Water 3!, Paul Vulto 32 and Thomas Steger-Hartmann!1.§



an cell and tissue culture
yrodu-cell-bility

Prima
limite
qualit
quant
Tumo

Symbol game changer

25% of cell lines misidentified
5% mycoplasma infected



ell Culture
siness opportunity

Microfluidic systems can
ect multiple types of human
t ssues and mimic aspects

of hum phy ology toi mp rove Human-on-a' ° . .
ool g resporses chip Marx et al., Biology-inspired

2 micro-physiological system
approaches to solve the
prediction dilemma of
substance testing using
animals. ALTEX 2016,
33:272-321. [a]

INSIGHTS

Marx et al., Biology-inspired
microphysiological systems

Science 16 Sep 2021

: N [=] Pt [m]
Human microphysiological
systems for drug development -

Organs-on-chips could be used to assess drug efficacy E
and support personalized medicine

Current Opinion in Biotechnology



MPS WORLD SUMMIT

CONNECT, EXCHANGE, EDUCATE

Jun ‘22
52 organizations

34 Scientific Advisory Board

665 Registered (215 Online, 65 FDA)
26 Countries

4 0

Suzie Fitzpatrick
Thomas Hartung, Hopk
Don Ingber, Harvard

S450k from NCATS

Forming the International MPS
Society and Conference Series



rld Summit: June 26-30t" 2023



* Quality of cell
model (GCCP)

lllustration quality > quantity

* Quality of
(GIVReSt)

(validation)




lllustration “finally”

Guidance Document on Good Cell and Tissue Culture
Practice 2.0

(GCCP 2.0) ALTEX 2022, 39:30-70

David Pamies’, Marcel Leist?3, Sandra Coecke*, Gerard Bowe*?, Dave Allen®, Gerhard
Gstraunthaler®, Anna Bal-Price?, Francesca Pistollato?, Rob deVries”8, Helena T.
Hogberg®, Thomas Hartung?°® and Glyn Stacey’%1.12
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DEVELOPMENTAL
EUROTOXICITY
VOLVED?

Autism Prevalence
United States 1970s - 2021

Embryo with chemical in brain

1lin110
1in 125

1in150

Food for Thought ...
v Developmental Neurotoxicity - Challenges
e in the 215t Century and In Vitro Opportunities

1970s 1995 1999 2000 2004 2006 2008 Lena Smirnova’, Helena T. Hogberg!, Marcel Leist®, and Thomas Hartung 2

1in500




DNT in human
brain organoids

[=]

Sirontiers Front Cell Neurosci 2020

Contents lists available at ScienceDirect

Tox Appl-Pharmacol 2018

Toxicology and Applied Pharmacology

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

Antidepressant Paroxetine exerts
developmental neurotoxicity in an
iPSC-derived 3D human brain model

Xiali lhong” 2, Georgina Harris', Lena Smirnuva', Valentin qufereys, Rita Sa‘, Fabiele Baldino

Rotenone exerts developmental neurotoxicity in a human brain spheroid M)
model =
David Pamies®, Katharina Block®, Pierre Lau®, Laura Gribaldo®, Carlos A. Pardo®, Paula Barreras®,

it 2 I3 ays - ad : e T o - ae
Lena Smirnova®, Daphne Wiersma®, Liang Zhao™“, Georgina Harris®, Thomas Hartung™®,
Helena T. Hogberg®

Russn5, Patricia C, Baleeiro Beltrao Bragas, Megan Chesnut', Marie-Gabrielle Zurichs, Helena
Hogberg', Thomas Hartung®”, David Pamies™ "

Archives of Toxicology h ° I
hittps://doi.org/1 01007 /<00204-020-02903-2 Arc TOXI CO 202 1

ORGAN TOXICITY AND MECHANISMS

Organophosphorus flame retardants are developmental e !6! NTP

National Toxicology Program

neurotoxicants in a rat primary brainsphere in vitro model — LSpwemn s pm s
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Published September 08, 2022

Bloomberg School Researchers
Awarded $117 Million Five-Year ™"
NIH Grant to Build and Lead

Autism Center of Excellence
Network

Network will aggregate global research projects studying gene-environment interaction to understand

autism’s causes and to improve quality of life among autistic individuals

Functional and Molecular

A i 0 ZOMM (
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Discovery Grant JOHNS HOPKINS

INTVERSITY

noid
n Ce (O n I 1 ) Huang et al, Sci Adv.2022

SRR S
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Human brain organoid
F caged in shell electrodes

Workshop 2022

Baltimore Declaration Toward Ol



that can help us?
S Lol =1« = (high throughput and
Dosomics, remote sensing,

. )

Technologies cs, high-throughput, MPS, A.l.)

Al (=pe=r =2 - (Evidence-based Tox, IATA, Green Tox



The challenge

lllustration data integration

ices/data_inte

Si m i I a r fo r lllustration putting puzzle together
- Systematic reviews

- Risk assessments
- Integrated Testing Strategies



Replacement of animal testing by integrated approaches to testing
and assessment (IATA): a call for in vivitrosi

. Arch Toxicol 2022

Francesca Caloni' @ - Isabella De Angelis? - Thomas Hartung®



EGRATION: Evidence-based
stematic reviews, risk assessment...

2006 Article -

Toward an evidence-based toxicology

S Hoffm nd T Hartun

European Commission, JRC — Joir I( ntre, Institute for Health & Co r Protection, ECVAM —
Europea (rm[ “the Validatio jm ative Methods, 21020 Ispra (H)nl

| 2007 Conference

% 1st International Forum towards |
EB I .: Evidence-Based Toxicology (EBT)
Pl .. October 15-18, 2007, Camo Italy |




f systematic reviews

Estimated No. of Environmental Health SRs Published 1995-2020

«  Huge progress in 20 years ebtc

. Explosion in publications |

Katya Tsaioun
' * ~1000 people engaged with
EEREE =2l | |

EBTC in 12 years

Number of SRs published
=
N
o
o
N
N
N
-
w
=
(9]
N
o
N
N
N
w
w
(9]
~
(e}
=
(o]
(o)}
——
——
0 — P
7 — 8
D ——
N
[e)]
w
G ————
iy
3 —————
o
G ——
-
o
~
(9]
O



“Probability is the very quide of life.”

ALTEX 2022 Cicero (106 — 43 B.C.)

Food for Thought ...
Probabilistic Risk Assessment — the Keystone for
the Future of Toxicology

Alexandra Maertens’, Emily Golden’, Thomas H. Luechtefeld"?, Sebastian Hoffmann'?,
Katya Tsaioun’ and Thomas Hartung’*

AR Capstone

ep‘ma Sk MANAGEMENT N transatlantic

M(RA - g;vcs)tggg ST [ a think tank for ( 4 AT
toxicology

‘ RISK ASSESSMENT

EXPOSURE




Chemicals
Mixtures /products Exposomics, El
Metabolites Exposure science, HT exposure

— Prob Exposure

Humans . "Prove harm"

Animals /
Ecosystems Y

health effects
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precautions __--"""
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"Prove safety"
Industries
= legislations A —
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in the new ideas,
the old ones.
John Maynard Keyne

(1883 - 1946)
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Picture breaking out of flat world




