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Terminology — Mutagenic Modes of Action
Adverse Outcome Pathways/Mode of Action
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AOP Wiki: Information Storage, Linkage and Evaluation

o  Captures and organizes all
information and supporting
documentation for AOP elements

o  Supported by extensive guidance,
tutorials and an online course

o  Designed to enable rigorous
evaluation and scientific review

o  Curated data source for Integrated
Approaches to Testing and
Assessment (IATA) and Mode of
Action (MOA)
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https://aopkb.oecd.org/ scientific evidence

* Supports OECD review of AOPs
* Default go-to module for all qualitative AOPs

* Main entry point for the AOP-KB

» Search engine for all AOPs

* Houses the status of all AOPs and
links to the official copies

+ Allows browsing of review reports
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» Captures quantitative information and models
» Provides standard visual representation of
AOPs and associated test methods
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AOP Wiki Content And Organization
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Weight of Evidence (WOE) for Pathway Descriptions

oBased on modified Bradford Hill (B/H)considerations

o Initially introduced to assess causality of associations observed in epidemiological studies
in humans

o later adapted to impacts on wildlife

oUtility broadly recognized by a range of communities
o E.g., human health/eco

olLongstanding
oConsiderable regulatory experience in their application

oSufficiently generic that with modification, they’re broadly applicable
o Selected subset send itself very well to MOA/AOP analysis
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Weight/Extent of the Evidence — Elements

: . - More
oBiological Plausibility — KERs important
o Extent of knowledge of the biology of the pathway
o Knowledge of the structural-functional relationships
o Consistency with prediction - experimental support from disrupting the pathway
oEssentiality — KEs
o Necessity of Key Events
o Experimental support normally from specialized studies to block or modify key
events, stop/recovery studies
oEmpirical Support — KERs
o Pattern of Quantitative Associations among Key Events
oDose Response/Temporality LeSS
imporfant




Empirical Support: Expected Patterns

KEup >[ KEdown ]

KE early KE late

* Temporal Association (Time)

* Early key events precede hypothesized late key events
* Dose-Response

* The “severity” of early KEs is less that that for late KEs

* Impact at increasing levels of biological organization to compromise normal function
* e.g., cells vs. organs

* Early key events occur at lower doses than late key events

* For a given dose, the incidence (relative abundance/proportion impacted) of early key events is greater
than or equal to that of later key events

e.g., reversible interaction with DNA B2 mutation =5 tumours
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Robust dose-response gentox data are critical to assess weight of evidence for
mutagenic modes of action



Interpreting “Patterns” of Gentox Data for Mutagenic
Modes of Action
Genetic Activity Profiles(GAP)
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LED — lowest effective dose; HID = highest ineffective dose



Is it Time to Go Beyond Yes or No?

Archives of Toxicology (2023) 97:2303-2328
https://doi.erg/10.1007/500204-023-03553-w
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Genotoxicity assessment: opportunities, challenges and perspectives
for quantitative evaluations of dose-response data
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International Symposium:

Risk Assessment of

Genotoxic Compounds

Challenges and Future Perspectives

26-28 February 2024, Berlin

V: BfR

Session I: Introduction (live stream available)
Session Chair: Benjamin Sachse, BfR, Berlin

09:15-09:45 "Classical approaches” in genotoxicity assessment

Diane Benford, Scientific Committee of the European Food Safety
Authority (EFSA), Italy

09:45-10:15 Quantitative interpretation of in vivo mutagenicity dose-response
data for risk assessment and regulatory decision-making

Paul White, Health Canada, Canada

Objectives:

» platform to discuss the current opportunities, challenges and
perspectives for a more quantitative approach to genotoxicity
assessment

» to foster collaboration and knowledge exchange, leading to
improved risk assessment strategies for genotoxic substances.”

Outcome:

» application of gentox dose—response data for prioritization in
margins of exposure promising for routine application, provided

that:
* agenerally high concordance between genotoxicity-based reference
points and reference points based on downstream apical endpoints are
highly concordant for a sufficiently large number of genotoxicants or,

* observed differences are at least of a constant nature
* (i.e., reference points based on earlier key events are protective)



* “Genotoxic and carcinogenic” (EFSA 2005 opinion)

Terminology
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imprecise (what is “genotoxic”?) . @

* one, several, many assays? (\ %‘ v —
implies separate assessments vV

* rather than being mechanism informed integration of cancer/gentox

* “DNA reactive”

implies (almost®) only the first key event in a mechanism informed pathway £ S

imprecise g ® @ |

* requires much qualification (i.e., specific DNA lesions; extent of reversibility, nature of repair) (\\ | J =
W ° 4

* Mutagenic mode of action _—

maximally mechanistically informed

involving interpretation of patterns of results of genotoxicity bioassays in the context of cancer

induction (meaningful integration) s

specifies the “tripping” (i.e., irreversible) key event in cancer
* fixed changes in nucleotide sequence

consistent with EFSA’s leading role/investment in the description and application of

mechanistic pathways

based on decades of experience in systematic consideration of the extent of the supporting
ev i d e n C e Archives of Toxicolegy (2020) 94:1787-1877

https://doi.org/10.1007/500204-020-02733-2

* more transparent/reproducible than “expert opinion” alone e AT

A helpful reference: Hartwig et al. (2020), 0.1007/500204-020-02733-2 Mode of action-based risk assessment of genotoxic carcinogens

Andrea Hartwig'® - Michael Arand? - Bernd Epe? - Sabine Guth® - Gunnar Jahnke' - Alfonso Lampen® -
Hans-Jérg Martus® - Bernhard Monien® - Ivonne M. C. M. Rietjens” - Simone Schmitz-Spanke® -
Gerlinde Schriever-Schwemmer' - Pablo Steinberg® - Gerhard Eisenbrand'®



Mutagenic Modes of Action — Draft Definition

“causing cancer via a mode for which mutation is a primary (early) key
event in cancer induction rather than being secondary to DNA
damage or toxicity”

* note: that this does not preclude contribution from several pathways

* but: there is one mode of action of induction of cancer for which late key
events converge

Key Events Shared by Multiple AOPs
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Key Characteristics

o Defined as “generalized categories or properties considered to be associated
with human disease outcome” (https://keycharacteristics.org/)

o Represent various combinations of one or more events at different levels of
biological organization
o Developed based on expert consultation
o E.g., workshops for each endpoint(e.g., cancer, reproductive, etc.)
o System for “identifying and organizing” (categorizing)scientific findings
relevant to mechanisms

o Considered helpful in streamlining (particularly in vitro) mechanistic data
into more systematic review process for chemical specific hazard
assessment

o Envisaged potentially to contribute to development of both AOPs and
Networks
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Where do KCs “fit" Relevant to AOPs¢
Cross-Mapping in the AOP Wiki

[ Molecular Data ] [ Regulatory Endpoints ]

e AOP
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KC: Reactive KC: "Alters cell
Electrophile proliferation
KC: "Alters DNA repair/causes N
.z . Society of Toxicological Sciences, 2023, 1-10
genomic instability” [ SOT ’ Toxiﬂogy - hnps://:l’ot:rgjlo.lgﬁ/wudl/kﬁdt)”
) ' Access Publication Date: April 19, 2023
Y LTI T} academic.oup.com/toxsci e e
KC: “Genotoxic” N=28

The need for good practice in the application of
Meek and Wikoff, https://doi.org/10.1093/toxsci/kfad039 mechanistic constructs in hazard and risk assessment
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Is Mutation Predictive of Cancer?

* very unlikely to have cancer bioassays in future (3Rs, cost, etc.)

e the importance of pathway approaches in identifying precursor key
events

e conducting a systematic (like) review on the quantitative correlation
of mutation (in vivo) and cancer,

e Considered in previous reviews e.g., (Hartwig et al., 2020)

o strongest correlation between the lowest BMD10 from the comet assay or rodent in vivo
transgenic data (i.e., lowest genotoxicity BMD10) and the tissue-matched tumour BMD10

onecessarily dependent on the sensitivity of the assays

* predictable quantitative relationship between mutation and cancer in
documented pathways for mutagenic modes of action
L n Ot 1 : 1 Archives of Toicology (2020)941787-1877

Fittps:/dol.org/10.1007/500204-020-02733-1

* the incidence of early key events > that of late key events i

Hartwig et al. (2020) Mode of action-hased risk assessment of genotoxic carcinogens
artwig et al. ]
0.1007/500204-020-02733-2  iusiiest sasaiics sk somssuone
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Implications of the Work of the MoE guidance revision for the
the update of the Gentox Guidance

* Terminology
* Mutagenic mode of action
* “DNA reactive” P
* “Genotoxic and carcinogenic” (& J e )

« The need for robust characterization of dose-response in gentox
assays

* Hazard characterization rather than hazard identification to support MOA
analysis
* and reliance on earlier key events (e.g., mutation) to protect for cancer
* For in vivo studies, smaller group sizes (n=5) with more dose levels

* Need to consider “mutagenic” vs. “non mutagenic” modes of action
for cancer



Mechanisms of Mutagenesis

Exogenous*:

Endogenous:

Errors in DNA Replication

Errors in DNA Repair Mechanisms
Spontaneous Base Deamination
Oxidative DNA Damage

Base Methylation

o
o
o
o
o
o Abasic Sites

*& exogenous DNA of viruses
integrated into host DNA (insertional
mutagenesis)

O

O

O

O

lonizing Radiation: Direct (DNA Strand Breaks)&
Indirect DNA Damage (ROS)

UV Radiation: Energy transfer distorting DNA helix

causing pyrimidine dimers

Alkylating Agents (Nitrogen Mustard Gas, MMS,
EMS, ENU, aflatoxin, nitrosamines): Affinity for
nitrogens on nucleotide bases (N3 of adenine and
N7 of guanine- »abasic sites)

Aromatic Amines (2-aminofluorene): lesions to the
C8 position of guanine—»substitution and
frameshift mutations

PAHSs, acridine dyes: intercalation into DNA to form
adducts *frameshift mutations

Cyclophosphamide, cisplatin and psoralens: DNA
interstrand crosslinking, blocking replication

Durlad and Ahmadian-Moghadam, 2022; www.ncbi.nlm.nih.gov/books/NBK560519/



	Slide 1
	Slide 2: Terminology – Mutagenic Modes of Action Adverse Outcome Pathways/Mode of Action 
	Slide 3: AOP Wiki: Information Storage, Linkage and Evaluation
	Slide 4: AOP Wiki Content And Organization
	Slide 5: Weight of Evidence (WOE) for Pathway Descriptions
	Slide 6: Weight/Extent of the Evidence –  Elements
	Slide 7: Empirical  Support: Expected Patterns 
	Slide 8: Interpreting “Patterns” of Gentox Data for Mutagenic Modes of Action  Genetic Activity Profiles(GAP)
	Slide 9
	Slide 10: Terminology
	Slide 11: Mutagenic Modes of Action – Draft Definition
	Slide 12: Key Characteristics  
	Slide 13
	Slide 14: Is Mutation Predictive of Cancer?
	Slide 15: Implications of the Work of the MoE guidance revision for the the update of the Gentox Guidance
	Slide 16: Mechanisms of Mutagenesis

