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General Comments
The authors present a simplified version of the upstream network for reduced androgen receptor signaling. Two MIEs (AR antagonism & Inhibition of 5α-reductase), three downstream KEs and the associated KERs for the upstream network (figure 1) for reduced androgen signaling (i.e., altered transcription of AR responsive genes). The authors contend that the events and the upstream network are well characterized and canonical with empirical data across vertebrate taxa. While these are canonical KEs that should be represented in the AOP-wiki, the review team had several significant concerns with the submission. As noted by the authors, it should not be the goal to capture all existing information. However, the authors should endeavor to apply the AOP handbook standards, gather broadly relevant information to support the relationship, and provide specific and reliable information on methods of measurement for the KEs.  
A0. We thank the reviewers for their extensive feedback. Detailed responses to all comments are provided below. 
1. The authors contend that the events and the upstream network are well characterized and canonical with empirical data across vertebrate taxa. This raises the question, if the basic steps in the upstream network are canonical is there a need to publish the highly simplified upstream network? The overall utility of this upstream network and importance of the contribution are not entirely clear. The development and validation of AOPs, qMIES and qKEs would enable risk assessors to identify PODs from the qMIEs or qKEs (NAMs) avoiding the necessity of doing the full, larger, long term Test Guideline animal study.  Such NAMs could be in vitro or short-term in vivo assays using a limited number of animals.  AOPs that are specific to an AO in a given tissue and species are also useful to scientists to organize the MIE and KE information and to plan research studies and present the results in a comprehensible fashion.  For example, if a chemical disrupts a specific MIE in the AR signaling pathway than one might expect disruption of specific KEs AOs and target the research to include assessment of these effects.  The approach presented in the submitted information presents a generic network of the upstream events in several AOPs, without detailing the AOs or causally linking them to the AOs.  This seems less detailed than several published AOP networks of this signaling pathway.  
A1. We appreciate the reviewers’ comments and can see that the utility of (and future plans for) the presented upstream network were not clearly conveyed. We fully agree that the usefulness of the AOP framework for risk assessment purposes lies in full AOPs, if not qAOPNs. The rationale for completing this upstream network independent of specified AOs is two-fold. 
· Firstly, the specific network will indeed be linked to several AOPs that are under development by us (some of which are mentioned in the submission) and they are all using the same upstream network but branch out to different AOPs from the KE describing disrupted AR gene regulation. I.e. we contend that it will speed up the process of subsequent reviews and developments of numerous AOPs on the OECD AOP Development program. These AOPs also involve different life stages, ranging from fetal to perinatal and adult, as well as both sexes. 

· Secondly, we are making an honest effort in populating the AOP-wiki with usable information as we find the persistent paucity here frustrating from a regulatory point of view. In this regard, we are trying to showcase the ‘pragmatic approach’ to development proposed in Svingen et al 2021 manuscript, as cited in the submission. I.e. the upstream network can serve well as a ‘building block’ for numerous AOPs in both sexes at various life stages. 
Thus, the connection of the upstream network to downstream AOs and creating full AOP reports for each AO will provide the specificity and details that the reviewer team requests. However, this is precisely NOT the point with this upstream network, which needs to be simple and general enough to be useful for a broad range of downstream AOs. 
2. In general, the review team did not support the general approach encapsulated by Events 1614 and 286, which were both very broadly defined and arguably are synonymous.
A2. The authors acknowledge that these two KEs may immediately seem overlapping and have provided additional information below on why we argue that both KEs should be included, under the specific comments to the KEs in question. 
3. The authors indicate that the intent of this submission is to serve as a foundational element for developing numerous AOPs.  However, the content of the KEs and KERs does not meet this intent.  There is a great imbalance in where authors elaborate and provide details and where they do not.  For example, the Authors should take greater care to represent relevance to human health and the environment equally in the descriptions, ensure the biology that is characterized aligns with the sex/species and life stage relevance of the KEs/KERs they are submitting.  If the authors want these KEs and KERs to be foundational, greater effort should be made to ensure that the details provided in the KE/KERs is capturing foundational knowledge.  
A3. Again, we agree with the general comment that for KEs and KERs to be foundational, they need to be representative for what they aim to capture. This was also our intent, but we concede that our descriptions were biased towards mammalian systems. Indeed, our current activities (and projects) are geared towards developing AOPs for mammalian reproductive toxicity. Our reason for also including other taxa was because we recognize the regulatory need of developing full AOPs and AOPNs where this upstream network is involved. Based on the reviewers’ feedback, however, we instead propose to continue our endeavor but restricted to mammals. As AOPs are ‘living entities’ this does not restrict the inclusion of other vertebrate taxa in the future by experts in their respective fields. 

4. The authors should more clearly identify in their manuscript what KEs/KERs they are submitting as NEW versus those in the wiki that they are adapting or ‘merging’ with. For those they are adapting or merging, the authors need to transparently indicate what changes they have made. The novel aspects of the current contribution relative to previous contributions by other AOP-Wiki authors should be clarified.  The novelty can be uncovered with some careful evaluation of existing AOP-Wiki content, however the manuscript should be clear to this end (consolidating existing KE? contributing new KERs? etc).  
A4. We apologize for this oversight, which was the result of us developing the majority of the KE/KERs included in the upstream network. Please also refer to our recent publication where we indeed have mapped the entire AOP-wiki for relevant units and listed all KE/KER/AOs developed by us and others, with references to overlapping/redundant units (Zilliacus et al, doi: 10.3389/ftox.2024.1357717). 
5. For all KEs/KERS the authors should follow and meet the standards as described in the AOP Developers’ Handbook, particularly for KE naming. As these are canonical KE/KERs authors should take care to cite and reference KEY sources of information.
A5. To our knowledge, we have done this by following instructions in the updated AOP Developer’s Handbook carefully, especially regarding KE naming. According to the handbook (as per 11/1-2024), the KE title should “describe a discrete biological change that can be measured. It should generally define the biological object or process being measured and whether it is increased, decreased, or otherwise definably altered relative to a control state. We believe all KEs included in the network fulfill these requirements e.g. KE1690: “decrease, testosterone level”. If the reviewers, or editor, have specific suggestions where they believe we are in the wrong and instead should amend the title, we are more than happy to discuss and amend accordingly.
6. Because this network focuses on canonical AR signaling, the greatest value added by inclusion of these KEs in the AOP-Wiki is directing users to assays for measurement.  The authors should improve the linkage to relevant assays for all their KE descriptions. 
A6. We do agree that any KE where assays are available for measurements are of the utmost importance (irrespective of being canonical or not). We are also aware of the current work by SAAOP aimed at strengthening this section of the AOP-KB. We have thus made efforts to improve the KE descriptions where we think there has been missing information. 
On a separate note, and as described above under general comments, the future intent is for this upstream network to be linked to several AOs (including both sexes and different species), hence we disagree with the premise of the question that the greatest value for including this information on AOPwiki lies only in directing users to assays for measurements. 
7. Another significant issue is the taxonomic applicability domain. The authors wish to include all vertebrates accepting that the two major functions served by AR across all vertebrates include masculinisation and spermatogenesis. However, this is not the case in all fish species (e.g., medaka, a fish species used widely in regulatory toxicology, Evolutionary differentiation of androgen receptor is responsible for sexual characteristic development in a teleost fish | Nature Communications). As such the authors should either limit the applicability domain to mammals or provide additional information regarding the duality of both receptors and ligands in fish along with a huge diversity in reproductive strategies in other vertebrate classes.  The fish literature cited is inadequate, as milestone references are missing whilst others are not relevant to the point. For example, within the domain of applicability section it is stated that: ‘’another main androgen in teleost fishes is 11-ketotestosterone” and a reference (Schuppe et al, 2020, which appears to be missing from the citations but may be: Sex differences in neuromuscular androgen receptor expression and sociosexual behavior in a sex changing fish | PLOS ONE) is provided. We suggest that the authors, either remove fish from the taxonomic applicability domain or cite more relevant papers. As an example the excellent review on androgen and teleost fish by Bertil Borg (Androgens in teleost fishes - ScienceDirect). 

A6. We thank the reviewers for this comment and can see the importance of being more thorough with these aspects. Although we don’t fully see how the known diversity in reproductive strategies in fish is relevant for the upstream network, we do fully agree that the various specificities and functions of the AR receptor across taxa is of outmost importance for applicability domain relative to KE/KER content. 
However, as per our response to point 1 above, we have now restricted our applicability domain to well characterized mammalian species. 
As a sidenote, and in line with our thinking of this upstream network having a broader taxonomical applicability than downstream linked AOs, AR structure and function as a transcription factor are relatively well conserved over evolutionary distances. To a large degree, it is the effect downstream of AR activation that is increasingly specific to species and tissues. E.g. the AR response element used in assay for TG 445 is shared by multiple nuclear receptors and animals (Please see additional discussions/details on this relative to RADAR assay below.

8. There are also issues related to the life stage applicability domain. With most AOs associated with developmental exposures relevant for mammals only (hypospadias, cryptorchidism, anogenital distance and nipple retention), one wonders why the domain is wider and includes later stages for the same adverse outcomes. 
A8. We disagree with this comment. These exemplified AOs (short AGD, NR etc) are related to developmental exposure, but androgen signalling is essential for processes throughout life, in both sexes.  We also specifically mention AOP-345 which includes a postnatal female AO, and there will be AOPs developed for e.g. disrupted spermatogenesis in postnatal/adult males. The rationale for developing a broadly applicable upstream network is thus supported by the fact that it can be applied to a broad range of AOs across species, life stage, and sexes. We see no reason to restrict this upstream network to developmental exposure. Indeed, AOP development will be very tedious and slow if having to develop the same upstream networks again and again for each AO. 
9. Many of the Events are too general and should be subdivided into different MIEs that disrupt the same downstream KEs resulting in similar AOs via common MOAs. For example, there are multiple MIEs that result in androgen receptor (AR) antagonism.  Not all of these MIEs can be quantified with the same in vitro assay or short-term in vivo assay NAM). Similarly, there are multiple steps in sterol and steroid hormone synthesis pathways that can be disrupted by drugs, toxicants, reducing androgen synthesis along with inducing a variety of other KE-specific phenotypic abnormalities. 
A9. We are a bit perplexed by this comment. AR antagonism is, by definition, an MIE: A ligand or chemical/drug that binds to the receptor and blocks its activation/activity. We assume that perhaps the reviewers are referring to anti-androgenicity as a mode-of-action? If so, this is exactly what we have done with the upstream network: showing the elicitation of an androgen mode of action through different MIEs. As for instance, disrupted steroidogenesis is not an MIE for AR antagonism, it is an entirely separate mechanism for inducing e.g. an anti-androgenic effect.      
10. Some of the chemicals cited are not well studied and the potential to disrupt this signaling pathway leading to AOs appears to be minimal, at best.  They should be replaced with chemicals that disrupt this pathway where there is a larger, high quality database from multiple laboratories. 
A10. We believe the reviewers may be referring to the section ‘stressors’, which is no longer a part of the AOPwiki. The included chemicals in the ‘stressors’ section in the PDF snapshots are remnants of previous work that should not be reviewed as part of this upstream network (the authors did not amend the PDF-snapshots from the wiki to not include this section as to not meddle with the data in any way). On the other hand, we would argue that the chemicals we have included in each KE/KER as ‘prototypic stressors’ (as per updated AOP version 2.6, released April 29, 2023) are well-studied model compounds such as flutamide and finasteride.  We also opine that pharmaceuticals can serve as excellent model compounds for KE/KER development as they often are more potent and specific than industrial chemicals. 

Specific Comments on AOP-Wiki Pages
1. Event 26. Antagonism, AR
a. Not clear who described this event and when as its identical with KE 27 which was most likely first described in AOP 19. Clear duplication of KEs which could be cleaned up to improve the network (editors note – AOP-Wiki gardeners can assist with this).
1a. Based on this submission, and separate work where we have mapped the entire AOP-KB for reproductive toxicity relevant AOPs (Zilliacus et al, doi: 10.3389/ftox.2024.1357717), we have compiled a list of redundant and overlapping KE/KERs that we intend to submit to the AOP-wiki gardeners. As regards KE27, this is yet another (of aggravatingly many) KEs that have been entered into the AOP-wiki with a title only, without any accompanying information. Apart from the title, this KE was/is empty and should be deleted. This was also the case for KE26, which we have now developed under this project.  
b. Stated that most AR antagonism is through a direct interaction. Has there been any work done to assess relative potency thresholds against a well characterized and potent antagonist to help inform biological plausibility for environmentally relevant chemicals? Potency thresholds have recently been developed for ER and AR binding by Health Canada. This threshold is used by Health Canada to help inform hazard and risk assessments.

1b. This is a good point, and we are currently involved with work in providing quantitative understanding of AR activation/potency relative to downstream effects (both experimentally and by systematic literature searches). Notably, however, our understanding is that such information is described in KERs and not KEs. 

c. There is no mention of assessing potential interference of translocation of the AR homodimer to the nucleus.
1c. Thanks for highlighting this. We have added ‘translocation assays’ to the methods. 
d. Should a gel-shift assay also be added as an additional method that provides increased mechanistic understanding by helping to assess changes in the ability for AR homodimers to bind AREs? 
1d. DNA binding assay such as gel shift assay could in principle be suitable here, but since there are no such validated or well-established assays, we have opted not to include them. 
e. Suggest to revise “antagonism in vivo in fish” to “antagonism in a transgenic fish embryo assay.” At OECD, this assay is classified as a NAM – embryos are considered non-animals until they are free feeding. It appears based on the limitations of the RADAR assay it may not be appropriate assay to recommend assessing AR antagonism. See paragraph 9 of the OECD TG where it is stated that the TG does not distinguish between different modes of action but provides information on whether a chemical acts as a global activator or inhibitor of the androgen axis in medaka embryos. Chemicals affecting AR signaling through alternative signaling pathways that do not lead to alterations in the interactions between AR and DNA are not expected to be detected by the RADAR assay. 
1e. Thank you for this correction and suggestion. Based on the reviewers’ comment, we would suggest adding the RADAR as a methodology under KE1614 instead (provided we succeed in convincing reviewers and editor to maintain this KE – but this is additional support for why it should be maintained and not merged with KE286). 
f. It is not clear why the authors do not mention the utility of the competitive of AR-binding assay to help assess KE 26? Indeed, an AR binding assay cannot differentiate between agonists and antagonists, however, secondary assays can be performed to characterize the type of antagonism (i.e., competitive vs non-competitive), provide measures of relative potency, help to determine if the assay has been confounded (e.g., effect on pH, ionic strength, etc). See Laws et al. 2006, Tox Sci 94).   
1f. We appreciate the suggestion and agree that it can provide additional information. In fact, this was something we discussed at length amongst the authors before deciding on excluding it. In retrospection, and based on reviewers’ comment, we have now added this measurement to the methods section. 
2. Event 286 Altered, trans of genes by AR-Recommend deletion of KE. 
a. Recommend deletion of KE. Conversely the Authors could modify the KE to a discrete biological change that can be measured, in which case, all sections of the KE description should be modified accordingly.  
2a. We respectfully disagree (see also response to next point). The main two reasons for keeping this KE is that A) it acts as a solid ‘nodal KE’ that will link to a large number of AOs, several that are under development by us and others and B) it will currently serve as an ‘umbrella KE’ for different organs and tissues, but with the intent to develop an alternative assay that will be able to capture shared transcriptomic events. 
b. The reviewers can appreciate the generalization of this KE as there are numerous KE that could be identified to characterize AR gene targets as they vary by life stage and tissue etc. However, the AOP developers handbook indicates the KE title should describe a discrete biological change that can be measured and should define what is being measured and whether it is increased or decreased.  We have concerns regarding how non-specified KEs (such as this one) will hinder application of associated AOPs and even lead to misapplication as other authors rely on this KE. While there are a large number of AR-regulated genes, the KE should identify more specifically what will be measured. One or more genes or proteins that are most commonly measured should be selected if this KE were to be retained.
2b. We respectfully disagree with the reviewers on this point. If indeed specific genes (or a very small number, or pathway) were to indicate an effect (as in a biomarker), this should be described as a separate KE. Conversely, we would argue that the most likely scenario is overall ‘patterns of effects at transcript level’ that will be able to catch these effects; both in vivo and in future NAMs. To this, the AOP framework has ongoing projects on incorporating OMICS approaches for AOP development and interpretation, as do we, specifically targeting AR downstream effects. As the reviewers correctly point out, AR regulate many genes that differ between tissues and life stages and as for ‘directionality’ of the KE, this cannot be either reduced or increased, since the AR act both as activator and suppressor of gene transcription. Our goal here is to capture ‘patterns of effects at transcriptome level’ that may hopefully be captured in NAMs-based assays where some patterns are shared between tissues and life stages. 
c. If authors intend to modify the KE to a discrete biological change that can be measured all sections of the KE description should be modified accordingly.  It is likely that modifying specificity of genes will change sex/life stage applicability considerations. Authors should take care to properly characterize these and avoid contradictions within the description.  E.g., the biological domain of applicability is meant to provide an understanding of how broadly the data represented by a KE measurement may be applied.  The current “KE description” text reads “The transcriptional targets vary between cells and tissues, as well as with developmental stages and is also dependent on available co-regulators (Bevan and Parker 1999; Heemers and Tindall 2007).” However the domain of applicability reads “ This KE is considered broadly applicable across vertebrate taxa, sex and developmental stages, as all vertebrate animals express the AR in numerous cells and tissues where it regulates gene transcription required for developmental processes and function.”  Authors should take care to consider how improving KE specificity to capture a discrete biological change that can be measured will narrow the sex and life stage applicability.
2c. Our rationale for these seemingly contradictory statements is that a) if blocking AR activity, gene transcription will most likely be affected in tissues where it was supposed to act at the time of ‘stressor event’ but that b) the effect will be different depending on tissue and stage. This, we would argue is reasonable, provided the KE stays as an ‘umbrella KE’.  
d. If the event is retained, the authors should be more specific regarding the direction-i.e., reduction of AR-mediated gene transcription. Perhaps a better term would be reduction of AR-mediated transcription. Only AOP 495 is using an increased AR for prostate cancer; all other associated AOPs are referring to reduction and come from the same group in Denmark. 
2d. We disagree with the premise of this argument. Just because the downstream events (e.g. reduced AGD) is directional (i.e. reduced), it does not hold that gene regulation follow the same pattern of effect. These can be in either direction and cause reduced/decreased downstream effect. And most likely with respect to AR gene regulation, numerous gene transcripts will move in either direction causing an overall patterning effect. 
3. KE 1613: Decreases DHT levels
a. This is an example of where the Authors should take greater care in ensuring the breadth and detail in the biology that is characterized aligns with the sex/species and life stage relevance of the KE and is capturing foundational knowledge.  For example, the biology description describes just humans and rodents, however the taxonomic applicability is vertebrates. 
3a. We agree with the reviewers that we have been biased towards mammals, which for the most part is restricted to humans, mice and rats. As we agree with the comment, we have restricted the applicability domain to these species, and amended the text accordingly. 
b. In the context of this work, the KE could refer to all relevant androgens, not just DHT; omitting 11KT from an AOP that includes non-mammalian vertebrates is problematic. 
3b. We don’t quite follow the argument by the reviewers in this instance. Firstly, we would like to keep the KE as specific for DHT, as the function is clearly different from other androgens as regards mammalian development and function. Secondly, if for instance 11KT was to be included, it should be added to the network (and AOPwiki) as an independent KE. The objective of this work is not to develop full AOPs, but an upstream network on which others can build upon. 
c. please provide more information on in vitro test methods. For example, how the H295R line (OECD 456; ToxCast methodology) has been used for these investigations and MA-10 cells to assess upstream effects e.g., progesterone and pregnenolone levels, etc.).
3c. We have amended the content to also better describe the use of H295R in measuring effects on DHT synthesis. With regard to the use of MA-10 cells to inform on effects on progesterone and pregnenolone, we have not included it for this specific KE, since this KE deals with measuring effects on DHT levels only. However, we fully agree that the MA-10 assay is relevant and it will be included in future AOPs we are developing for additional steroidogenesis KE/KERs. But as also stated in TG 456, it does not measure DHT. 

4. Event 1614 Decreased AR activation-recommend deletion of KE
a. The review team found this KE to be highly problematic.
4a. We do not, for reasons argued below. 
b. This KE is unnecessary in the context of the network and it is foreseen that inclusion of a KE that aggregates more specific KEs that already exist is counterproductive to the advancement of the information in the AOP-wiki. The reviewers do not find the rationale for Event 1614 to be convincing. The authors have characterized this KE as ‘distinct’ from KEs describing either the blocking of AR or decreased androgen synthesis’. However, based on the KE description text, this KE is actually an aggregate of more specific KEs already present in the wiki (i.e., closer to the concept of an “umbrella KE”, which has been discussed but not implemented in the AOP-Wiki, to date). 
4b. In a way, it is an aggregate but still, it is more than that. The main rationale for this KE is that AR activation in vivo can occur by many different MIEs and as such cannot simply be replaced by any individual MIE/KE, nor will it suffice to combine information from single MIE/KEs when constructing quantitative AOPs that leads to downstream AOs. To fully appreciate the quantitative relationship between combined stressor events (MIE) to AOs, such ‘nodal KEs’ will provide a powerful way of predicting more complex in vivo effect patterns with greatly improved predictive power from non-animal test method data. An additional argument for keeping this KE is, as the reviewers themselves argue under “Event 26”, the RADAR assay cannot distinguish between ‘MoA’ leading to inactivation of AR (on DNA), only that activity is affected. This KE is thus well suited for such measurements and what it was meant to describe in the first place (AR activation in vivo by way of various upstream MIEs). 
c. Unclear if there is merit in including two potentially synonymous KEs, namely reduced AR activation (proposed KE 1614) and Altered, Transcription of genes by the androgen receptor (existing KE 286 but with no direction, as reduction in 1614). The AOP developers’ handbook indicates the KE title should describe a discrete biological change that can be measured and should define what is being measured and whether it is increased or decreased.  As such recommendation is to revert to the individual KEs.  In the context of this network, KE 1614 can be eliminated, with the key network connectivity point to the actual measured downstream event of KE 286, altered transcription of genes by AR (noting the above mentioned changes to KE 286).
4c. These are not synonymous KEs, as one is about AR activation and the other is ‘actual transcripts being regulated’. KE286 is, in our view, the only true placeholder (or umbrella) KE of our upstream network. For further arguments on why KE286 is distinct from 1614, see our response above (under Event 286).  
d. In addition, the example of RADAR is not valid as the assays is directly relevant to KE286 and not the proposed KE1614. This following text comes from TG251 (included here to qualify the above point). 
i. ‘’ The assay measures the ability of a chemical to activate or inhibit transcription of the spg1-gfp genetic construct, whether directly through binding to AR or modifying the binding of androgens to the AR, or indirectly by modifying the amount of androgen available to activate the AR and thereby transcription of the spg1-gfp construct. To date the RADAR assay has been shown to detect chemicals acting through various mechanisms of action including: AR agonists (e.g., 17MT, 17α-methyl-5α-dihydrotestosterone [mDHT]); antagonists of the AR (e.g., flutamide, linuron, fenitrothion); modulators of androgen clearance including aromatase enzyme inhibitors (e.g., anastrozole and fadrozole), aromatase transcriptional modulators (e.g., prochloraz) and the inhibitory action of estrogens on the androgen axis (e.g., via induction of aromatase expression or antagonism of AR by estrogens); modulators of androgen metabolism, including 5αreductase inhibitors (e.g., dutasteride) and chemicals requiring metabolic activation (e.g., vinclozolin, M1 and M2 metabolites are AR antagonists) (OECD, TBD; Sébillot et al., 2014). In addition, it is possible that modulators of androgen transport via interaction with plasma binding proteins could contribute to the overall results of the RADAR assay. The RADAR assay does not distinguish between the different modes of action but provides information on whether a chemical acts as a global activator or inhibitor of the androgen axis in the O. latipes eleutheroembryos. As the transcription of the spg1-gfp construct requires the direct action of AR on the spiggin 1 promotor, chemicals affecting AR signalling through alternative signalling pathways that do not lead to an alteration in the interaction between AR and DNA (i.e., “non-genomic actions”) are not expected to be detected by the RADAR assay’’
4d. We maintain that RADAR is best placed under this KE (1614), as argued under points for why KE286 is about specific ‘transcriptional pattern’ and not about AR activation (on DNA). We content that the argument for this is given in the cited text by the reviewers (AR inactivation through different MoAs). 
We would also add that, in contrast to the ER that has a specific genomic binding site, the AR shares its response elements with multiple other nuclear receptors. Therefore, it is very challenging to create androgen specific reporter genes. However, there are some responses that are strictly androgen-specific in fish, which is the foundation for the RADAR assay (as also explained by the reviewer). The spiggin gene promoters have been characterized in silico using human AR binding sites (AREs) as consensus element and shown to contain multiple AREs. Thereafter, the constructed reporter genes have been extensively characterized for their response to known human androgens (DHT, T) and antiandrogens (flutamide). In analogy to the ER gene models based on frog sequences, the spiggin-based AR gene in the RADAR assay is responsive to human androgens and antiandrogens and reflects the activation of the AR (DOIs: 10.1021/es5030977; 10.1210/er.2015-1034). Thus, we find the inclusion of RADAR in this KE valuable even with restricted applicability domain and that it will not detect inhibition of non-genomic AR actions. 
e. If the authors were to retain a KE relevant to decreased AR activation as KE1614, it should include regulatory elements of the androgen signalling cascade, including gene and protein expression and degradation, binding, translocation, transactivation, etc.  The knowledge presented here is almost too basic to be considered in an AOP context. This paper alone has already said everything (and more) mentioned in this work.  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5401775/
4e. We respectfully disagree, not least since the reviewers here argue against themselves otherwise stipulating that KEs should be specific and not ‘too general to be unusable’. However, in the future, specific upstream KEs/MIEs on for example degradation etc. could be added as separate KEs to the network. 
f. No mention of decreased AR activation by potential loss of co-activator recruitment (e.g., SRC-1). Co-activators mentioned on line 270 and should it be mentioned in BOX 2 as another method providing increased mechanistic understanding?
4f. We agree on this valid point and have added additional words to this under KER1614 and statement in the manuscript. We would also like to  stress that the ‘network’ is not purporting to cover all potential MIE of AR regulation, but rather establish a core set of KE/KERs that can be used to establish a suit of relevant AOPs. Following the intention of the AOP-wiki concept, this network can be expanded in the future.  

5. Event 1617: Inhibition of 5alpha-reductase
a. This KE description is an example of where the authors did not take the time to characterize well what is known. Overall improvement in quality and characterization of the information on this KE is needed.
5a. We hope our responses to detailed comments below is in line with what the reviewers were thinking. 
b. The measurement/detection methods require improvement. The measurement methods provided measure DHT levels (KE 1613), and therefore are not direct means for measuring this KE but instead provide an indirect assessment of an effect on 5-alpha reductase inhibition. This should be indicated. Interestingly, these methods are not included as ways to measure KE 1613, decreases in DHT levels
5b. Thank you for correcting our failure to include this information under KE 1613. Also, on the point of specifying this as an indirect measurement, as this is important information for data interpretation. We have updated the KE as suggested. 
c. Known inhibitors of 5α-reductase are pharmaceuticals designed to block the production of DHT, however, there is less evidence for environmentally relevant chemicals acting as strong inhibitors of 5α-reductase. This raises the question, has there been any work done to assess relative potency thresholds against a well characterized and potent inhibitor (e.g., finasteride and dutasteride) to help inform biological plausibility for environmentally relevant chemicals? 
5c. We think the fact that there are few, if any, environmental chemicals acting as inhibitors to 5α-reductase is irrelevant to AOP development, as there are well proven pharmaceuticals that can do so. AOP-KB is not restricted to the assessment of environmental chemicals, albeit this was the original intent. 

d. To measure inhibition of 5α-reductase is there a citation available? How available is the 5α-reductase construct to researchers? Is there a stable cell line expressing the construct to improve the quality of the assay? It should be made clear to readers that it is not an easy task to show specificity for inhibition of 5α-reductase as the MIE. A significantly broader analysis of the diverse mechanisms that could impact steroidogenesis upstream of inhibition of 5α-reductase would be warranted to demonstrate the specificity of MIE 1617. 

5d. We have added some more information as suggested. We are aware of the challenges in measuring 5α-reductase activity. For the second point: the upstream events in steroidogenesis are most certainly relevant and of interest, but we would contend that this information does not belong in this KE that is specific for 5α-reductase inhibition. 

6. Event 1690: Decreased, T levels
a. There are a number of KEs in the wiki associated with reduced testosterone.  Recommendation is to rely on existing KE in wiki and improve content. Of note, KE #413-reduction, testosterone synthesis in Leydig cells; KE description for 1690 is very similar to the wiki text for this KE?  May want to consider consolidation, with the assistance of the AOP-Wiki gardeners.
6a. Thank you for pointing this out. We are indeed aware of all the redundant KEs for this event and have prepared a document for the ‘AOP gardeners’ to consider consolidating several of them. From our own mapping exercise, the wiki contains three additional ‘general decreased T’ KEs: Nos 446, 808, and 1612. 
No 808 is empty (only title), whereas no 1612 is very incomplete. No 446 is developed, but in our view No 1690 is currently stronger in content. However, these two (446 + 1690) should be consolidated, whereas we would suggest deleting No 808 and 1612. 
Then there are two cell-specific KEs, Nos 413 (for Leydig cells) and 274 (for theca cells; already endorsed). We would suggest that both these to be kept as specific KEs, but separate from the generic ‘antiandrogenic upstream network’ (they could potentially be included). The argument for keeping a generic KE for reduced testosterone is the fact that indeed several cells and tissues can synthesize T whereas we often measure T in vivo from e.g. serum. And there is an added complication that fetal Leydig cells in fact may not be able to synthesize T but need Sertoli cells also, with two-cell systems also likely differing between mice, rats, and humans (e.g. doi: 10.3389/fendo.2022.898876).  
We have not yet submitted our consolidation suggestions to AOP gardeners as we thought the best approach would be to do so after thorough peer-review. We would also be interested in hearing editors view on this, if the process should start before or after. 
b. OECD TG 456 should be indicated as an indirect measure of this KE.  This assay provides a measure of an impact on steroidogenesis. While T is a measurement output, this method is not one for measuring a direct reduction of T itself but instead serves to indicate if a stressor can impact any of the KEs along the intracellular biochemical pathway beginning with the sequence of reactions from cholesterol to T.  
6b. Thank you for pointing this out. We have added relevant information.
c. Please provide more information on in vitro test methods. For example, how the H295R line (OECD 456; ToxCast methodology) has been used for these investigations and MA-10 cells to assess upstream effects e.g., progesterone and pregnenolone levels, etc.
6c. As stipulated above (in response to 3c), we have not included information on MA-10 cells. 

7. Relationship 1880: (Inhibition, 5α-reductase (MIE 1617)  ↓DHT (KE 1613))
a. Biological plausibility and empirical evidence is high but is this relevant for realistic environmental exposures?
7a. To our knowledge, the AOP-KB is not limited to pathways only relevant for environmental chemicals. Pharmaceuticals is just as valid. Indeed, there are AOPs for radiation, viruses etc being developed, so we do not see an issue with this KE being included.
b. Examples cited do not refer to actual measurement of DHT levels either in vivo or in vitro. Perhaps a better reference should be this: 5-Alpha-Reductase Inhibitors - StatPearls - NCBI Bookshelf (nih.gov) 
7b. We are again uncertain what is suggested here, as indeed we have listed e.g. Finasteride dose concordance etc. in Table 1. 
8. Relationship 1935: Decreased DHT level leads to Decrease, AR activation
a. Should be removed if Event 1614 is eliminated, as recommended. 
8a. We have kept it in, based on our arguments for keeping KE-1614. 
b. For empirical evidence, the information provided is not aligned with the intent of the different considerations, e.g. under dose concordance.  
8b. We apologize, but don’t quite understand what the reviewers refer are asking for here.
c. The third bullet “specific events of masculinization” is not providing any direct support of a relationship between AR and DHT and should be removed. Information on 5-alpha reductase may provide indirect evidence to support this KER and should be noted as such. 
8c. We agree, but still would like to maintain description as indirect (supporting) evidence for this relationship. 
d. Information under the known/feedback loops could be improved.  
8d. To our knowledge, there are no relevant feedback loops other than what has been mentioned, as for instance hpg axis feedback would be covered by other KERs. 
e. The information provided in the quantitative section should be deleted as it is qualitative. 
8e. We do not agree with this as we find it relevant to indicate the time-scale at which receptor activation occurs and also to state that there is currently not enough evidence to define a proper quantitative linkage. 
f. [bookmark: _Hlk155597882]As this is a ‘text book’ relationship, time may be better spent ensuring broad and general characterization of the biological plausibility rather than providing support for the other causal considerations (e.g. empirical evidence)
8f. We are unsure exactly what the reviewers are asking for here. 
9. Relationship 2124: Decrease AR activation leads to altered transcription of genes by the AR.  
a. Delete or modify according to previous comments regarding Events 286 and 1614.
9a. Again, we prefer to keep as is, based on arguments provided under relevant sections. 
10. Relationship 2130: recommendation is to delete.  
a. This KER is essentially describing two sides of the same coin.  How will one measure decreased AR Activation? By measuring decreased gene transcription. Based on recommendation above to delete KE 1614, this KER should be eliminated.
10a. As argued above also, we disagree with this. One argument is provided by the reviewers with e.g. RADAR assay, which does this. Additional arguments have also been provided above, for why KE 286 is about actual cell/tissue transcriptome and not AR activation per se. These two events are not the same thing nor two sides of the same coin. 
11. Relationship 2131: Decrease, testosterone levels leads to Decrease, AR activation-Delete.
a. See previous comments regarding KE 1614
11a. See previous responses regarding KE 1614. 

Specific Comments on the Manuscript
1. [bookmark: _Hlk155872502]Title: Agree with using the term “network” to capture multiple pathways, however, consider changing “disrupted gene transcription in target tissues” to capture the title of the final KE in the network to have a more descriptive title.  In the submitted form this would be a change to, e.g.  “altered gene expression of AR responsive genes in target tissues” consistent with the wording used for KE 286 (note the above recommendation to improve specificity of KE 286 ).
A1. Amended as suggested. 
2. Abstract lines 38 to 41:  Suggest changing the wording in the first sentence to be consistent with the well-accepted definition of an AOP. “An Adverse Outcome Pathway (AOP) is a conceptual framework that portrays existing knowledge concerning the linkage between a direct molecular initiating event and an adverse outcome, at a level of biological organization relevant to risk assessment.” (Ankley et al. 2010, Environ. Toxicol. Chem., 29(3): 730-741.). Minimally, would like to see “chemical disruption” changed to “chemical activity” or “chemical interaction” or “chemical induced initiating event” in the original sentence. There comment is related to a difference between endocrine active compounds and endocrine disruptors. 
A2. We have changed the wording accordingly to use “chemical activity” instead of “chemical disruption”. 
3. Line 43: Suggest broadening the statement “for hazard identification” to help inform hazard identification” since a WoE of should be used for hazard identification.
A3. We have amended the sentence as suggested: “…facilitate increased uptake of alternative methods and new approach methodologies (NAMs) to help inform hazard identification.”
4. The introduction of the manuscript emphasizes the value of these AOPs in identifying EDCs.  For these KE/KERs to be useful in this regard requires fit for purpose test methods.  The submitted KE/KERs are very sparse in the inclusion of useful methods.  The Authors should improve the quality of the methods section of the submission and discuss this methodology limitations in more detail and consistently throughout the manuscript.
A4. Both yes and no. Of course, we agree that the value lies in the test methods, but still the fact remains that there are few validated tests covering various MIE/KEs. We have in instances added non-validated tests which of course hold value for hazard identification, yet these should be added, used and interpreted with caution. Which leads to a second point, which is that the development of AOPs including KEs with limited capacity for testing instead can encourage (and facilitate) additional development of test methods (which we do in, for instance, the EU funded PARC project).  
5. It is recommended that the following KEs/KERs be deleted and the manuscript adjusted accordingly (see comments on AOP-Wiki pages above). 
· Relationship 2124: Decrease AR activation leads to altered transcription of genes by the AR.  Delete or modify according to previous comments regarding KE 286.
· Relationship 2131: Decrease, testosterone levels leads to Decrease, AR activation-Delete. See previous comments regarding KE 1614
A5. See previous comments.
6. Paragraph starting at line 84-the relevance of this section of the manuscript is unclear.  If the intent of this is effort is to provide foundational elements for developing numerous AOPs, the value of these specific KERs, and the novelty of this specific contribution should be elaborated (e.g. as mentioned before to identify EDCs requires fit for purpose test methods). 
A6. As the reviewers rightly suggest, the intent of this effort is to provide foundational elements for developing numerous AOPs. The authors do not pretend to present novel information, as the reviewers rightly point out the androgen signaling pathway is well known. Nonetheless, none of the KERs and KEs (bar one) have yet been developed in the AOP wiki or been OECD endorsed, which is the purpose of this work alongside showcasing a more ‘pragmatic approach’ to AOP development and endorsement. 
7. Line 91 and 92: Something is missing in this sentence. The sentence should be revised to clearly communicate that the EFSA/ECHA guidance for BPs/PPPs follows the well-established WHO/IPCS 2002 definition, which requires a causal linkage between an endocrine mechanism and an adverse effect in an intact animal. It is correctly stated that under CLP, in addition to human and animal data, non-animal data can be used to inform classification providing it has an equivalent predictive capacity. It is great that the authors included the qualifier in lines 96 to 99 – stating that “Providing this ‘predictive equivalent capacity’, however, can be challenging”. Agree that AOPs will inform IATAs, but the authors probably should add a sentence to explain at least some of the primary challenges for achieving ‘predictive equivalent capacity’ with non-animal methods for the purpose of hazard identification.
A7. We have amended the Introductory text as suggested. 
8. Suggest adding the reference for the 2017 ECHA EFSA ED guidance after first mentioned.
A8. We do not mention the guidance in present text, but instead refer to the legal text containing the criteria, of which reference has been added. 
9. The authors should consider adding wording to address why AOPs for endocrine effects also have value for regulatory agencies beyond the EU e.g., USEPA’s EDSP, MoE Japan Extend programs. 
A9. This information has been added. 
10. Line 99: The authors should consider modifying “future testing strategies” to “future testing and assessment strategies” since the AOP also informs WoE assessment.
A10. We appreciate the comment and have modified the text as suggested. 
11. Line 101: Is it true statement that androgen signaling effects have frequently been shown to cause reproductive effects in humans? Challenging the term “frequently”. Do the citations support this statement? Suggest using the second sentence of this paragraph as the topic sentence for the paragraph, which provides a good lead in for the paragraph. 
A11. We appreciate the suggestion and have modified the paragraph accordingly, starting out with establishing the essential role of androgen signalling and ending with disruption. We have removed the word ‘frequently’ as per suggestion. 
12. Line 143-144-“We envision downstream events to be more specific to both animal taxa and sex”. Please add ‘life stage’ to this statement.  Some events that are androgen mediated are life stage specific (e.g. exposure to androgen antagonists during development will lead to hypospadias; this AO can only occur during a given life stage).  Some MIEs will be life stage specific as well, The sentence should read, ”We envision downstream events to be more specific to animal taxa, sex and life stage”
A12. We agree and have included ‘life stage’. The sentence now reads: “We envision downstream events to be more specific to animal taxa, life stage, and sex.”
13. Line 145-147-please note the status of the AOPs at the time of this manuscript for the referenced AOPs, e.g. if they are under development, endorsed etc.
A13. All mentioned AOPs are currently under development (by us) and we have indicated this in the text in brackets as suggested. 
14. 147-150: Trying to make it relevant to fish by saying for example, but it doesn’t go beyond any other example in fish.  If this AOP cluster wanted to incorporate fish in the taxonomic applicability, it should have undertaken a relevant review of the literature, focusing on inhibition of enzymes that are responsible for the synthesis of fish specific androgens, such as 11KT. It fails to do so by large and is clearly unaware of the vast fish literature. With this in mind, perhaps the authors should limit their scope to mammals, and define the current domain(s) of applicability accordingly. 
A14. We acknowledge that there is a vast amount of literature relevant to fish. In response to the reviewer’s suggestion above, we have instead limited the application domain to mammals. As AOPs are ‘open source, living documents’, experts on other taxa may add such information later. 
15. Figure 1 includes inhibition of steroidogenesis as a place holder MIE. The authors concede that steroidogenesis can be modulated by various and diverse mechanisms, with decreased T only being one of many. The authors acknowledge that a separate steroidogenesis pathway is planned for development. Because steroidogenesis is such a complex network and there are many events that can modulate steroidogenesis, and are not discussed in the paper, it is recommended to remove this placeholder MIE from figure 1 along with KE1690 and KERs 216 and 2131. Further, with the relationship between reduced T and reduced DHT (KER 2126) is not always possible to deduce if the reduction in DHT is a direct consequence of reduced T or due to other mechanisms such as interference with 5α-reductase.
A15. It is simply added to the figure to illustrate where T comes from, and that the upstream network is complex. It is NOT included in AOP-wiki nor in any KE descriptions of our submission. For illustrative purposes, we suggest to keep it as is. 
16. Lines: 179-181: Is this (KER 2126) necessary? 
A16. This is a reasonable question. The simple argument is that, if you don’t have T you don’t get DHT. But of course, this is not entirely true either, as there are alternative steroidogenic pathways for DHT synthesis, for instance backdoor pathway in humans and marsupials. We don’t think it would diminish the anti-androgen network to keep it in but have removed it as indirectly suggested by the reviewers. 
17. Lines 189-191: The mentioned NAM does measure transcription of AR-regulated genes (spiggin in this instance), which is already a key event, not the expression of AR itself. It’s a clear duplication of KE and needs attention.  
A17. As argued above, we have maintained RADAR in KER1614. 
18. Lines 191-226: It is a crowded space with 19 AOPs that were relevant for upstream anti-androgen signaling with redundant Kes and KERs. The authors have merged redundant KEs and KERs for this work and to be support AOP development. It is a good idea to clean up the AOP-wiki, however, and merging redundant KEs and KERs is probably the best solution. Again, this raises the question, is the simplified canonical aspect of AR antagonism  AR activation  altered trans of AR genes already adequately covered? If so, is there a way to distinguish this work by providing a more focused and detailed presentation of a pathway vs a network? 
A18. We were also surprised to find that this canonical pathway was not already covered by the AOP framework. In our view, this highlights the importance of completing it for full integration in AOP-wiki. After nearly 15 years in existence, there is still no endorsed KE/KERs for these highly relevant events. This is, in our view, one of the cardinal challenges of AOPwiki ever becoming usable for regulatory purposes; the paucity in development and endorsement coming from high workload with little reward for developers.   
19. Line 195- just a general point.  The limitation noted here is of importance. However just because a  method has a limitation does not immediately exclude its relevance.  A key part of assessing causality data is coherence.  If a chemistry was operating via a mechanism involving 5-alpha reductase inhibition and came up negative in this assay that would still be useful information.  capturing the assays that can measure KEs AND the limitations of these assays is therefore important.
A19. We completely agree with the reviewer and have improved the descriptions of measurement methods in the individual KEs. 
20. Line 195-199: The assumption that many users of the AOP might think that in vitro AR reporter assays address all the relevant mechanisms associated with disruption of AR signaling is likely not true, or at least is far from universal. Many are aware that both the receptor and the ligand are important in the signaling pathways. This potentially erroneous assumption led to the development of this work and a number of the choices made. Alternatively, what could have been more useful here is to provide an account on how the ligand affect the receptor expression with species, tissue and life stage examples.  This is key as both upregulation and downregulation have been reported. A real need that this work fails to meet. 
A20. We disagree with the premise of the reviewers’ comment. We simply describe here the rationale for the KEs 1614 and 2130, which also the reviewers disagreed with were of AOP relevance. We hope our previous arguments have convinced the reviewers of the added value of these for AOP utility, especially for qAOPNs. 
21. Line 217: The authors report that a prime focus of the development of the upstream network is for regulatory use. There is an ongoing discussion at OECD whether methods that are part of AOPs/IATAs should be validated and then are candidates to become part of the OECD TG program. Curious what the authors thoughts are on this point in the context of IATAs. 
A21. We might have opinions on this but find it irrelevant as regards this manuscript. 
22. Lines 219 – 226: This section of the manuscript identifies redundancy issues between KE/KERs already in the wiki and those being proposed herein and states the identified redundancies were merged for the purpose of this work.  The manuscript does not provide any detail on which KEs were merged.  It is requested that the authors include the details of the efforts undertaken to merge KEs in the manuscript.  Please provide transparent information regarding what KE/KERs were merged and details as to why/how.
A22. Transparency of this work is now available in Zilliacus et al 2024, and this reference has been added to the manuscript. 
23. Line 221: It would be good if the titles or a summary of MoA was given here for these AOPs.
A23. We are reluctant to follow this suggestion as we worry that it would be a bit overwhelming, irrelevant, and confusing to include titles and MoA for 19 AOPs. 
24. Line 227, Box 2 (and Appendix):  It should be mentioned that the Rapid Androgen Disruption Activity Reporter (RADAR) assay included in OECD test guideline no. 251 detects AR antagonism in vivo in fish (OECD 2022). This is not true-the assay detects many different MoAs that affect AR signalling, not just AR antagonism. Please correct. 
A24. We apologize for this erroneous statement and have amended the manuscript, box 2 and KEs accordingly. 
25. Box 2-This has the most potential to bring value into the AOP-Wiki for such well known KEs/KERs. In its current state it is narrow in scope, and lacks references.  This is an area that benefit from greater effort to improve characterization of methods and the limitations. 
A25. We agree, but are unsure exactly what the reviewers are asking for here. In response to previous comments, we have now included more information in the actual KE descriptions. This is also, as far as we know, in line with how to construct AOP reports for journal publications, where general information and rational are given in the manuscript text and all details found in AOPwiki descriptions. 
26. Starting line 230: In general, the ‘scientific assessment of the AOP upstream network” is of low quality.  It is unclear what relationships are being evaluated as causal. The section is written in a highly subjective manner without references. .  It is possible that the greatest evidence to support causality is simply in the biological plausibility.  These are well known pathways.  However, that section is also underwhelming its ability to succinctly capture and reference the base knowledge literature.  As well, for the empirical evidence, data from canonical stressors to this pathway should be briefly summarized and referenced.  
A26. We deliberately kept these sections succinct since, as reviewers also point out, these assessment are mostly applied to complete AOPs. Nevertheless, we thought some assessments were appropriate to include, even though we would consider this smaller network to contain canonical knowledge. We have amended the section to highlight prototypic stressors for anti-androgenicity. However, we have not embellished on adverse effect outcomes as these assessments will be performed for specific AOs.
27. Line 251- Essentiality assessments are best made for an entire AOP but they can also very well be made for KERs.  Effort should be made to evaluate essentially for the KERs.  Alternatively, as these are ‘text book’ relationships, time may be better spent ensuring broad and general characterization of the biological plausibility rather than providing support for the other causal considerations.   
A27. We agree with the sentiment that time is best spent on broad characterization of biological plausibility, as these relationships are textbook knowledge. See A26. We think the short paragraph as written hold some value for the overall manuscript, but if reviewers/editor insist, it could also be deleted. 
28. Line 268: Activity or activation? 
A28. Activation. This KE is primarily describing ligand activation of the receptor. Activity could be interpreted as actual DNA binding and transcriptional regulation, which is the following KE. These are separate events.   
29. Lines 270-272: This is where the misconception is-it is synonymous (the same key event), not a causal effect, there is no step in between. 
A29. We disagree, as we have argued above. 
30. Line 285 indicates appendix 1 demonstrates the KE upstream occurs at the same or lower doses of a chemical stressor then the KE downstream.  However, this is not necessarily what is shown in the appendix. For example, in the appendix it might be shown the AR activation is dose responsive to testosterone, however this is not the same as showing that a stressor that decreases testosterone does so at a dose that is lower than at which the same stressor reduces AR activation.  The latter of these two is what is required to demonstrate dose concordance in support of a KER.
A30. We completely agree with the reviewer on this. Unfortunately for many of the KERs the concordance will thus be based on indirect information. Please refer to amended KERs. 
31. Lines 300-306. The uncertainties section should be greatly improved. Why are these particular uncertainties pointed out and not others?  Why is the quantitative understanding between T and DHT important when performing essentiality assessments for complete AOPs.
A31. This KER has been removed from the network.
32. Line 308: Taxonomic is missing from applicability section.
A32. We think the reviewers are referring to previous comments about biased focus on mammalian literature but including all taxa as domain of applicability? In any case, we have now added a sentence to this section also specifying that the current KE/KERs are restricted to mammals, but could be expanded to include other vertebrates. 
33. Lines 308-334. Similar to above, the known chemical stressors and applicability domain sections are poorly characterized if indeed these KE/KERs are meant to be foundational.
A33. In the updated AOP Handbook and wiki interface, chemical stressors are no longer required, nor encouraged, so we are not completely understanding of this criticism. As for applicability domain, this has now been restricted.
34. Line 322: Figure 1 doesn’t display any information on steroidogenesis-it only has a greyed box called steroidogenesis. This is potentially misleading. See above comment to remove this placeholder from the manuscript.
A34. Respectfully disagree. 
35. Lines 339-358: This is questionable. If the upstream network was complete, along with missing assessments including major steps for androgen sysnthesis in the steroidogenic, not just 5a reduction, as well as receptor regulation studies and additional mechanisms such as epigenetic modifications, then yes, it would have utility for an IATA development particularly. But as an AOP network it fails to deliver any new information that isn’t either implicit or already present in the AOP-Wiki. 
A35. We strongly disagree with this assertion. As already pointed out, this information IS NOT present in the AOP wiki, which is why we have developed it. 
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