EAGMST approval request
AOP 263: Uncoupling of oxidative phosphorylation leading to growth inhibition via decreased cell proliferation
Deadline for comments: 22 October 2021
One set of comments was received, from Tim Gant, UK

I am content to support AOP263 which I consider an important addition to the AOP library with one comment for consideration by the authors and one general comment for EAGMST.
There is a quantitative section in this submission (263) which states:
'It has also been suggested that a threshold of ATP depletion (85-90% reduction compared to normal status) may exist to determine whether proliferation arrest (<85-90%) or cell death (>85-90%) will be triggered in mammals (Nieminen 1994).' 
This statement (with only one reference) links the KE1 to the Adverse Outcome in a quantitative manner but no linkage is provided to the MIE. Furthermore it is not clear if the ATP depletion (which could occur by events other than uncoupling) is a quantitative biomarker of the AOP. 
So if possible what I would like to see here is a quantitative linkage of the first initiating KE (in this case decreased ATP) with the MIE - that is a delineation of KER1.
This would then lead to the understanding of key quantitative biomarkers of the AOP which is an area clearly missing in the description. It would be useful if some commentary could be added.
One general comment related to the above. I would like to see a specific section in the submissions which deals with biomarkers of the AOPs. 

Developers’ responses: We appreciate the positive feedback from Prof. Gant. Regarding the comment on quantitative understanding of the AOP, we assume that Prof. Gant was referring to our statement in the AOP report (now published in ET&C). In this case, we would like to clarify that the statements on evidence support for the AOP were intentionally simplified in the report (compared to the AOP-Wiki) to meet the requirements of the journal. We have only listed a few examples in the report, but would rather like to redirect the readers to the AOPWiki-AOP263 pages for more details. Please find below a table listing evidence support for the quantitative relationships of all key event relationships in this AOP.  The table is captured from the AOP263 wiki page on quantitative understanding (https://aopwiki.org/aops/263#quan_considerations). As in the table below, there are multiple lines of evidence supporting the quantitative relationships of MIEKE1, KE1KE2 and KE2AO. The quantitative relationship between MIE (uncoupling of OXPHOS) and KE1 (reduced ATP) has been well characterized both theoretically and empirically, albeit the actual quantitative model may differ across species (which we have been working on through our research project RiskAOP, https://www.niva.no/en/projectweb/riskaop).     


	Relationship 2203:
(Decrease, Coupling of OXPHOS leads to Decrease, ATP pool)
	Quantitative understanding of Relationship 2203 is high.
Rationale: The theoretical quantitative relationship between OXPHOS and ATP yield has been well established. There are also published computational/mathematical models in which modulating factors known to affect OXPHOS and ATP synthesis are considered.
Evidence:
· A biophysical computational model developed for mitochondrial respiration and OXPHOS (Beard 2005).
· Continuous development of the mitochondrial energy transduction models since 1967 (Schmitz 2011).
· A comprehensive mathematical model developed for OXPHOS and ATP production under different physiological and pathological conditions (Heiske 2017).
· A comprehensive analysis of the quantitative relationships between protonmotive force, ATP synthase rotation, ATP synthesis and hydrolysis (Kubo 2020).
· A regression based response-response relationship for uncoupling of OXPHOS and ATP depletion (Song 2020).

	Relationship 2204:
(Decrease, ATP pool leads to Decrease, Cell proliferation)
	Quantitative understanding of Relationship 2204 is moderate.
Rationale: The total ATP level has been used as an indicator of cell proliferation. Several studies have reported the quantitative relationships between the two events, as well as a threshold value for KE1 to trigger KE2. However, not all modulating factors have been accounted and no well-established computational/mathematical models are found.
Evidence:
· Quantitative understanding of ATP level, cell viability and colony growth (Ahmann 1987).
· Quantitative relationship between ATP level and cell proliferation (Crouch 1993).
· Thresholds for ATP depletion (85-90% reduction) to determine cell cycle arrest (<85-90%) or cell death (>85-90%) (Nieminen 1994).

	Relationship 2205:
(Decrease, Cell proliferation leads to Decrease, Growth)
	Quantitative understanding of Relationship 2205 is moderate.
Rationale: Multiple mathematical models describing the quantitative relationships between cell proliferation and tissue growth exist for both animals (Binder 2008) and plants (Mosca 2018). There are also numerous models that are specifically developed for predicting tumor growth based on the proliferation rate (Jarrett 2018). However, there is currently a lack of quantitative model to link cell proliferation and individual growth in the presence of uncouplers.
Evidence:
· A mathematical model developed for describing the quantitative relationship between cell proliferation and tissue growth (Binder 2008).
· A mathematical model developed for cell division and plant tissue growth (Mosca 2018).
· Multiple mathematical models developed for cell proliferation and tumor growth (Jarrett 2018).



Regarding the biomarkers, we think that the key events by definition originate from the biomarker research. Most of the key events can therefore be considered as biomarkers. However, in this AOP, we do not think that KE1 (ATP pool) alone can be used as a robust biomarker to indicate uncoupling of OXPHOS or growth inhibition, as many other biological processes may also affect the ATP pool and reduced ATP can lead to various downstream consequences. The biomarker is not sufficiently specific. But we do believe that the four key events in AOP 263 as a suite can be considered as a new tiered testing strategy for screening and assessment of mitochondrial uncouplers and eukaryotic growth regulators (discussed in the last section in the AOP report and AOP-Wiki). The assays for quantifying these key events (or biomarkers) have been listed in Box 2 in the AOP report (please see below) and in different key event pages in the AOP-Wiki. We nevertheless fully agree with Prof. Gant that some discussions/statements on the use of key events as potential biomarkers should be included for the AOP. We have therefore added a few sentences to the last section (i.e., “Considerations for Potential Applications of the AOP”) of the AOP263 wiki page to elaborate on this.BOX 2: List of assays associated with the AOP

· [bookmark: _Hlk74591642]MIE: Uncoupling of oxidative phosphorylation can be indicated by a decrease in mitochondrial membrane potential, an increase in proton leak, and/or an increase in oxygen consumption rate. Widely accepted high-throughput methods for determination of mitochondrial membrane potential in isolated mitochondria, cells or tissue are mainly based on commercially available fluorescent probes, such as TMRM (tetramethylrhodamine methyl ester), TMRE (tetramethylrhodamine ethyl ester) and JC-1. Oxygen consumption rate can be measured using a high-resolution respirometer or equivalent such as a Seahorse XF Analyzer. It is highly recommended to combine different types of measurements to verify if a chemical has uncoupling mode of action. Standardized ToxCast high-throughput screening bioassays, such as “APR_HepG2_MitoMembPot”, “APR_Hepat_MitoFxnI”, and “APR_Mitochondrial_membrane_potential”, and the Tox21 high-throughput screening assay “tox21-mitotox-p1” can be used to measure this MIE.
· [bookmark: _Hlk74592048]KE1: The ATP pool in cells or tissue sampled can be measured using commercially available ATP bioluminescence assay kits. Standardized ToxCast high-throughput screening bioassays, such as “NCCT_HEK293T_CellTiterGLO” and “NIS_HEK293T_CTG_Cytotoxicity” can be used to measure this KE.
· KE2: Cell proliferation can be measured using commercially available kits such as 5-bromo-2’-deoxyuridine (BrdU) assay and 5-ethynyl-2´-deoxyuridine (EdU) assays. Standardized ToxCast high-throughput screening bioassays such as “BSK_3C_Proliferation”, “BSK_CASM3C_Proliferation” and “BSK_SAg_Proliferation” can be used to measure this KE.
· [bookmark: _Hlk74591373]AO: Growth can be indicated by measuring the weight and/or length of an organ or a whole organism in animals and plants. For algae, total cell number or total cell volume can be used to indicate growth. Standardized OECD test guidelines (TGs), such as TG206, 208, 201, 210, 211, 212, ,215, 221, 228 and 241 can be used to measure this AO in different species.


Revisions to the AOPWiki (revised text underlined): 
Considerations for Potential Applications of the AOP (optional)	
The present AOP has several potential applications. First, the AOP anchors a recognized endpoint of regulatory concern (i.e., growth), at least in OECD member countries, and is directly relevant for a number of OECD test guidelines (e.g., TG206, 208, 201, 210, 211, 212, ,215, 221, 228 and 241). These guidelines cover a diversity of taxonomic groups including birds, fish, amphibians, terrestrial plants, aquatic plants and algae, and various invertebrates. Second, the AOP anchors an important molecular initiating event (e.g., uncoupling of oxidative phosphorylation) and can be used to support several initiatives (e.g., Tox21 and ToxCast) for identification of mitochondrial toxicants. The present AOP helps establish the utility of such assays for identifying chemicals with potential to cause growth impacts. Third, three out of four key events in this AOP can be measured using high-throughput in vitro assays, hence offering a tiered testing strategy (i.e., in silico→in vitro→in vivo) or integrated approaches to testing and assessment (IATA) for efficient screening, classification and assessment of potential mitochondrial uncouplers and growth-regulating chemicals. The key events can be considered as useful biomarkers in (eco)toxicological studies. However, it is not recommended to use a single key event (e.g., ATP level alone) as a biomarker for classification and hazard assessment of chemicals, as key events such as decreased ATP pool and cell proliferation can also be the consequences of other biological processes.  A combined measurement of 2-3 key events can normally yield more reliable results.  Finally, the quantitative relationships of the key events in this AOP have been relatively well defined, allowing it to be further developed into quantitative prediction models for higher tier assessments. This is a range of potential applications that were conceived during the development of the present AOP. However, it is neither an exhaustive list of potential applications, nor can explicit examples of these applications in practice be cited at this time. 

We sincerely hope our responses and revisions are acceptable to Prof. Gant.

You Song and Daniel Villeneuve
27.10.2021
[bookmark: _Hlk86233856][bookmark: _GoBack]  


Response from Tim Gant on 28 October 2021: Thanks to the authors for considering the comments. I am content with the responses and endorse the changes made.
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