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AOP development:
after the heights of the mountains –
the hardship of the plains;
the example of liver fibrosis
"Die Mühen der Berge haben wir hinter uns,
vor uns liegen die Mühen der Ebenen."
B. Brecht
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SEURAT-1

"Safety Evaluation Ultimately Replacing Animal Testing"
The SEURAT vision is to fundamentally change the way we assess the
safety of chemicals, by superseding traditional animal experiments
with a predictive toxicology that is based on a comprehensive
understanding of how chemicals can cause adverse effects in humans.
The SEURAT strategy is to adopt a toxicological AOP framework
to describe how any substance may adversely affect human health,
and to use this knowledge to develop complementary theoretical,
computational and experimental (in vitro) models that predict
quantitative points of departure needed for safety assessment.

proof-of-concept on three levels
➠ Theoretical level: description of selected AOPs to a sufficient

extent so that they can be used as blueprints for system design

➠ Systems level: demonstration of integrated systems for
associating a chemical with an AOP category and for predicting
the points of departure of a pathway of toxicity
➠ Application level: use of the information derived from
predictive systems to support safety assessment and decisionmaking processes.

Liver - Fibrosis
The liver is the potential most affected organ by toxicants, due to
its role of xenobiotic biotransformation.
Hepatotoxicity in general therefore is of special interest for human
health risk assessment.
Liver fibrosis in particular is a typical result of chronic or repeateddose toxic injury and an important human health issue associated
with chemical exposure.
A sufficiently detailed description of the AOP to liver fibrosis might
support chemical risk assessment by indicating early (upstream)
markers for downstream events and facilitate a testing strategy
without the need for a sophisticated cell model.
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• Identification of Key Events
• Description of Key Event Relationships
• Graphic representation of the AOP
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Selection of the Molecular Initiating Event
AOPs are not chemical specific; chemicals are necessary to get
data and for understanding the patterns of response
The two SEURAT-1 reference chemicals ("Gold Compounds") for
liver fibrosis are allyl alcohol and carbon tetrachloride.
Their common MIE is protein alkylation
Chemical properties:
A compound or its metabolite that is capable of alkylating proteins.
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Identification of Key Events:
Literature study of relevant biology and physiology
A systematic literature search with emphasis on key studies and
review papers and consecutive analysis according to different
levels of biological organization.
Choice of the relevant level of detail
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Strength of Evidence

Liebler DC "Protein Damage by Reactive
Electrophiles: Targets and Consequences"
Chem. Res. Toxicol. 2008; 2221(1): 117-128

well established
A well-accepted toxic
mechanism for causing cell
injury.

Kehrer JP, Biswal S. "The Molecular Effects of
Acrolein" Toxicol. Sciences 57, 6-15 (2000)
Malhi H. et al. "Hepatocyte Death: A Clear and very strong
KE
Present Danger" Physiol. Rev. 90:1165-1194.
Emerging concepts
Hepatocyte
implicate apoptosis as a
Injury
and 2010
keystone in the genesis of
Apoptosis
Canbay A. et al. "Apoptosis: The Nexus of
hepatic inflammation and
Liver Injury and Fibrosis" Hepatology, Vol.
fibrogenesis.
39, No. 2, 2004
Orrenius S.et al. "Cell Death Mechanisms and
Their Implications in Toxicology" Toxicol.
Sciences 9(1);3-19(2011)
Jaeschke H. "Inflammation in Response to
Hepatocellular Apoptosis" Hepatology
2002;35:964–966
Kolios G. et al. "Role of Kupffer Cells in the
KE
Activation of Pathogenesis of Liver Disease" World J
Gastroenterol 2006 December 14; 12(46):
Hepatic
Macrophages 7413-7420

(Kupffer
cells)
KE
TGF-β1
Expression

Kisseleva T, Brenner D. "Mechanisms of
Fibrogenesis" Minireview Experimental
Biology and Medicine 2008,233:109-122
Liu X. et al. "Therapeutic Strategies Against
TGF-β Signaling Pathway in Hepatic Fibrosis"
Review Liv Int 2006:26: 8-22
Gressner et al. "Roles of TGF-β in Hepatic
Fibrosis" Front Biosci. 2002 Apr 1;7:d793-807

very strong
Kupffer cells are the main
source of TGF-β1 and a
major source of ROS and
inflammatory mediators.
Their activation is directly
related to hepatocyte injury
and apoptosis.
very strong
TGF-β1 is considered the
most potent profibrogenic
cytokine and several
reviews assign this cytokine
a central role in
fibrogenesis, especially in
stellate cell activation.

AOP WoE assessment
Subset of Evolved Bradford Hill Considerations
(Meek et al. 2014)

1. Biological plausibility – KERs
a) Biological concordance
b) Is there a mechanistic (i.e. structural or functional)
relationship between KEup and KEdown
2. Essentiality – KEs
3. Empirical support – KERs
Concordance of empirical observations: DR, temporality,
incidence, consistency
4. Inconsistencies and uncertainties - KERs
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Difficulties
MIE
MIE = a measureable change in biological state as result of a direct
interaction between a chemical and some biomolecule in an organism.
The target biomolecule may be specific, as a particular enzyme or receptor
or it may be non-specific, as is the case with many reactive mechanisms.
Non-specific MIEs can only be described more generally without
specifying distinct biomolecules that are involved.
Therefore it is difficult
• to establish a relationship between a distinct biomolecule and a
downstream event
• to define the chemical initiators
• to use the MIE for profiling and categorising of chemicals.

Difficulties
Linearity
AOPs are an artificially linear construct, defined as a linear, non-branching
and directed sequence of KEs, connecting a single MIE to an AO.
Linear AOPs are the basis for the WoE evaluation.
BUT: what about feed-back and feed-forward loops and inter-relations ?

Linearity:
Possible solution:

Difficulties
Taxonomy
The description of the taxonomic relevance of each KE, most
notably the conservation of the molecular target (MIE) across taxa
helps to understand the taxonomic relevance of the AOP as a
whole and how broadly the data represented by a key event
measurement may be extrapolated.
Data from humans, rodents,…..
how broad and deep to go?
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Open questions
 Is protein alkylation/binding to certain proteins required?
 Do particular proteins and various binding sites influence the further
downstream process?

 Hepatocyte injury/death - a converging KE – the one that really
initiates the pathway for fibrogenesis?
 Receptor-specific and non-specific MIEs – does it make a difference?

 Which cellular responses to stress/injury (apoptosis, necrosis,
senescence, transdifferentiation/transition, recovery) ultimately
progress liver fibrosis?
 Is hepatocyte insult/injury, rather than death, sufficient to trigger and
progress fibrosis?
 Threshold values: how many dead/injured hepatocytes over which time
frame are necessary to initiate the pathway (for activating a sufficient
amount of Kupffer cells)?

 Valid biomarkers for the fibrogenic process TGF –β1, HSC
activation, collagen deposition, or..?
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Future Plans
Further AOP development - applicability for risk assessment
WHAT:
chemical space: specific properties, other MIE's, common KEs
quantitative data: threshold values, dose response-relationships
temporal data: KE duration, rate
HOW:
Experiments with co-culture models (and HepaRGs)
Literature research for quantitative information
Mining of DBs with rodent data to evaluate the species concordance and
relevance for humans and to identify convergent biomarkers (rodentshumans) related to fibrosis using genomics.
WHO:

Collaborators
Scott Auerbach, Steve Ferguson, Alex Merrick, Michael Devito, Ray Tice (NIEHS)
Ed LeCluyse (The Hamner)
Pau Sancho, Leo van Grunsven, Sofia Batista Leite (SEURAT-1 partners)
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