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Inhalation of particles cause 
several severe diseases
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• 8827 miners
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follow-up 
(1969/71-2007)

• 67% dead (cause 
of death known) 
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Inhalation of nanomaterials has 
been linked to cancer, 
cardiovascular disease, and fibrosis



• An adverse outcome pathway (AOP) is structured representation of biological 
events leading to adverse effects and is considered relevant to risk assessment

• The AOP links in a linear way existing knowledge along one or more series of 
causally connected key events (KE) between two points — a molecular initiating 
event (MIE) and an adverse outcome (AO) that occur at a level of biological 
organization relevant to risk assessment. The linkage between the events is 
described by key event relationships (KER) that describe the causal relationships 
between the key events. 

Adverse Outcome Pathways as a tool to understand nanomaterial-
induced toxicity

https://aopwiki.org/

https://en.wikipedia.org/wiki/Adverse_effect
https://en.wikipedia.org/wiki/Risk_assessment
https://en.wikipedia.org/wiki/Risk_assessment


AOPs are useful in nanotoxicology

• Can be used to identify new, relevant AOs based on MIE or KE

• Identify and provide evidence for causal relationships 
between agent and disease for classification and labelling 
(regulation)

• Understanding of the underlying mechanism of action guides 
preventive measures in the working environment

• Understanding which physico-chemical properties that drive 
the toxic response guide safe-by-design approaches in 
innovation of new nanomaterials



KE AOMIE

Five Nano-relevant AOPs developed in the EU H2020 project SmartNanoTox 
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Fibrosis AOP 273 (devloped by Sabina Halappanavar) 

Copied from:
Nikota J, Banville A, Goodwin LR, Wu D, Williams A, Yauk CL, Wallin H, Vogel U, Halappanavar S. Stat-6 signaling pathway and not Interleukin-1 mediates multi-
walled carbon nanotube-induced lung fibrosis in mice: insights from an adverse outcome pathway framework. Part Fibre Toxicol. 2017 Sep 13;14(1):37.

Sabina Halappanavar and Barbara 
Rothen-Rutishauser will discuss
this AOP in their  next talks today

https://www-1ncbi-1nlm-1nih-1gov-10012f5md0965.emedia1.bsb-muenchen.de/pubmed/28903780
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We propose that the presence of asbestos -like fibers causes damage to epithelial cells and 
macrophages in the lung (MIE) and, if the fibers persist, will cause a persistent TFF2 release 
(KE1) that in turn will cause the release of IL-33 (KE2) that will generate a Th2 type of 
milieu (KE3). Both the Th2 milieu and TFF2 will directly induce proliferation of fibroblast 
and myofibroblast and regeneration of epithelial cells (KE 4). Extracellular matrix is 
subsequently produced (KE5) leading to the AO of fibrosis. In addition to fibrosis, as this 
pathway includes regenerative events, we believe it is likely it is involved in carcinogenesis.

Interactions with lung tissues leading to lung fibrosis 
via a pathway involving Trefoil Factor 2



AOP 303: Frustrated phagocytosis-induced lung cancer
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AOP237: Pulmonary acute phase response leading to CHD
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Open access: PMID: 32227434 



Associated assays 

for KE detection:
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AOP302: Disruption of lung surfactant function – acute inhalation 
toxicity 

Jorid Sørli, Janez Štrancar , Jesus Perez-Gil, Otmar Schmid, Ulla Vogel



MIE KE AO

The AOPs are heavily interconnected and share KEs

Halappanavar et al 2020 PF&T



Summary

• SmartNanoTox has contributed to the development of five AOPs for 
nanomaterial-induced fibrosis, lung cancer, cardiovascular disase and 
acute lung toxicity

• 4 of the AOPs can be found at https://aopwiki.org/

• Further descriptions and discussions of the AOPs can be found in the 
open access review: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7249325/pdf/12989_202
0_Article_344.pdf

https://aopwiki.org/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7249325/pdf/12989_2020_Article_344.pdf


Thank you for your attention!


