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The “Big Bang” of the chemical universe

Cherkasov Nat Chem Bio 2023
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1 new drug 
every 10 years!

1 new chemical 
every 4 hours!

Too many chemicals, too few drugs!
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Systems toxicology

Traditional Toxicology

Traditional toxicology
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Current paradigms in Toxicology

Traditional toxicology Systems toxicology
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Internal/external stimuli

Multi-scale (cells, tissues, organs, etc)

Instability (fast on - easy off)
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Predicting the future vs retrospective analysis
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Acute vs long-term effects

Time

Toxicology Epidemiology
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Multiple overlapping signatures
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Initial steady state
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Earlier exposure
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Response to earlier exposure



Finnish Hub for Development and Validation of Integrated Approaches

New steady state
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Later exposure
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Response to later exposure
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New steady state
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One chemical - one signature
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One exposure - one signature paradigm
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One exposure - one signature paradigm
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Gene lists will remain gene lists
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Interactions imply emerging complexity
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Interactions imply emerging complexity
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Interactions imply emerging complexity
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Focus on the fabric of life!
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Molecular networks are  
highly conserved in the evolution
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Response to nanomaterials in multiple species

Over 150 NM exposures across multiple biological systems
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First One Health model of nano-bio interactions

del Giudice et al., Nature Nanotech 2023
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Data can be connected  
to form large networks
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Knowledge Graph as learning platform

AI-based prediction of: 
•Node properties 
•New connections

AFFECTED BY

ALTERED IN

ALTERED INTREATS

EXPRESSED IN

DERIVED FROM

EXPRESSED IN

AI

UKS at FHAIVE: 
• Over 70M data points

• Over 50 curated databases

• Over 80 curated datasets



Finnish Hub for Development and Validation of Integrated Approaches

Knowledge Graph for COVID-19

Pavel & del Giudice et al. Brief. Bioinfo. 2021
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Multiscale modeling in spacetime
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Spacetime travel
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Multiscale chemical-biological interactions
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Spacetime in toxicology

Spacetimems - nm m/h - um d/w - cm w/mo- m

MOLECULES CELLS TISSUES / ORGANS PERSONS
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AOP / TOP as mechanistic models in biomedicine

ADVERSE OUTCOME PATHWAYS 
(AOP)

• Multi-scale cause-effect models in biomedicine         
(chemicals, drugs, diseases)


• Chains of related key events

• OECD regulatory acceptance
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COVID-19 and lung fibrosis

Kinaret et al. Nano Today 2020
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AOP-based NM grouping

Torres Maia et al., Nano Today, 2025
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Can we replace animal experiments 
with in vitro models?

=
?

• More affordable

• Faster

• More ethical
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AOP 
fingerprint

MWCNTs

KEs AOPs
Enrichment analysis

AOP fingerprint for MWCNT exposure in vitro and in vivo
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in vitro in vivo

Beta−2 adrenergic agonist activity leading to mesovarian leiomyomas in the rat and mouse − Aop:164
Stimulation of TLR7/8 in dendric cells leading to Psoriatic skin disease − Aop:313

Disruption of VEGFR Signaling Leading to Developmental Defects − Aop:43
Helicobacter pylori to gastric ulcer − Aop:229

NSAID induced PTGS1 inactivation to gastric ulcer − Aop:227
Chronic reactive oxygen species leading to human treatment−resistant gastric cancer − Aop:298

Uncoupling of oxidative phosphotylation leading to reduced growth (1) − Aop:263
Anticoagulant rodenticide inhibition of vitamin K epoxide reductase resulting coagulopathy and hemorrhage − Aop:187

Inhibition of IL−1 binding to IL−1 receptor leading to increased susceptibility to infection − Aop:277
Cytotoxicity leading to bronchioloalveolar adenomas and carcinomas (in mouse) − Aop:109

L−type calcium channel blockade leading to heart failure via decrease in cardiac contractility − Aop:261
Early−life estrogen receptor activity leading to endometrial carcinoma in the mouse. − Aop:167

ACE2 inhibition leading to lung fibrosis − Aop:319
Cytotoxicity leading to renal tubular adenomas and carcinomas (in male rat)  − Aop:116

Toll−like receptor 4 activation and peroxisome proliferator−activated receptor gamma activation leading to pulmonary fibrosis − Aop:347
PPARgamma activation leading to sarcomas in rats, mice, and hamsters − Aop:163

Alpha2u−microglobulin cytotoxicity leading to renal tubular adenomas and carcinomas (in male rat) − Aop:105
Protein Alkylation leading to Liver Fibrosis − Aop:38

Trypsin inhibition leading to pancreatic acinar cell tumors − Aop:316
Inhibition of iodide pump activity leading to follicular cell adenomas and carcinomas (in rat and mouse) − Aop:110

Gastric ulcer formation − Aop:217
Increased reactive oxygen and nitrogen species (RONS) leading to increased risk of breast cancer − Aop:294

Increased DNA damage leading to increased risk of breast cancer − Aop:293
Binding of viral S−glycoprotein to ACE2 receptor  leading to acute respiratory distress associated mortality − Aop:320

Immune mediated hepatitis − Aop:362
Glucocorticoid Receptor Activation Leading to Increased Disease Susceptibility − Aop:14

Latent Transforming Growth Factor beta1 activation leads to pulmonary fibrosis − Aop:241
Angiotensin II type 1 receptor (AT1R) agonism leading to lung fibrosis − Aop:382

Estrogen receptor activation leading to breast cancer   − Aop:200
Frustrated phagocytosis−induced lung cancer − Aop:303

HPPD inhibition leading to corneal papillomas and carcinomas (in rat) − Aop:114
Epithelial cytotoxicity leading to forestomach tumors (in mouse and rat) − Aop:115

Peroxisome proliferator−activated receptors .. inactivation leading to lung fibrosis − Aop:206
Chronic cytotoxicity of the serous membrane leading to pleural/peritoneal mesotheliomas in the rat. − Aop:171

Substance interaction with the lung resident cell membrane components leading to lung fibrosis − Aop:173
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Saarimäki et al. Adv. Sci. 2023

Human relevant AOPs from AOP-Wiki

MIE KE KE AOKE

Gene sets: Pathways, 
GO terms, phenotypes, 

genes

Annotation based on natural 
language processing and 

manual curation
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AOP-based applicability domain of TGx experiments

del Giudice et al., Advanced Science 2024
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Spacetime in SSbD

Spacetimems - nm m/h - um d/w - cm w/mo- m mo/y- km y/gen- km3

MOLECULES CELLS TISSUES / ORGANS PERSONS COMMUNITIES ENVIRONMENT
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Linking IOP to the chemical life cycle

Raw Material 
Extraction

Processing & 
Manufacturing

Distribution Use stage End-of-Life

IO

MIE KE KE AO

MIE KE KE AO

Ultrafine 
particles

Leakage of 
chemical X

KE KE AO

“Decreased 
biodiversity”

“Sensitisation” “Asthma”

“Lower SES”

KE

IE

KE IO

“Lung cancer”“Increased inflammation”

KE

IO

Mod. Factor

Health

Environmental

Economic

Social



Multi-scale integrated assessment

Processing & 
Manufacturing

Define inventory 
of chemicals

Data evaluation
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Example for health
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PFOS

11

PFOA
PFOS molecular weight = 500.13 PFOA molecular weight = 414.07

Serra et al., in prep.
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13

PFOS-PFOA Common KE subnetwork

Serra et al., in prep.
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toxicoEPIgenomics for one health models and SSbD

Saarimäki et al. Front. Tox. 2024
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