AOP 220 on Cyp2E1 Activation Leading to Liver Cancer
Verification of AOP readiness for WNT and WPHA submission
A few EAGMST members, mainly from the EAGMST subgroup on the AOP external review, have volunteered to conduct the verification that the AOPs which have previously been through external review, have been adequately revised by their authors and are ready for WNT and WPHA submission.
A teleconference was organised on 17 September 2020 to discuss the outcomes of the verification and finalise the recommendation to EAGMST. 
Participant in the TC:
	External review subgroup(including ad hoc participants)
	AOP 220 authors

	Rex FitzGerald
Mirjam Luijten
Julija Filipovska
Vinita Chauhan
Kristie Sullivan
Shihori Tanabe
Tracy Chen
Sheen Yhun
Takao Ashikaga
	Authors of AOP 220 were not present at the TC but responded in written to the comments. 




Outcome of AOP verification for AOP 220
	Verification conducted by
	Comment
	Associated document

	Mirjam Luijten
	The comments made by the review committee have been taken at heart and the authors have modified the AOP accordingly. So, from my perspective this AOP is ready for WNT/WPHA submission.
	 - 

	
Rex FitzGerald
	In "AOP220 external review_final.pdf", the section "Annex 3: Written response from the authors after the end of review Teleconference" was checked using comparison of AOP220 January 29, 2019 10:40 versus July 21, 2020 13:41 (Link),

Authors have 
· added the references suggested by R1 (Meek et al 2003 in ‘Overall Assessment of the AOP’) and R4 (recent articles) to emphasize chronic activation of CYP2E1.
· added reference against K3 [=KE1394] essentiality (Melnick and Huff 1993)
· added human data references suggested by R2, R1 and R3
· renamed KE1394 ("KE4") to “induction, persistent proliferation/sustained proliferation” based on extensive discussion and poll of reviewers
· included a reference to the ubiquitin-proteasome pathway and the involvement of hsp-based chaperone mechanism ("(Morishima et al. 2005); however, this mechanism of regulation is not discussed further herein")
· clarified that KE1393 ("KE2") hepatotoxicity includes DAMP-induced inflammation (necroptosis)
· revised WOE calls, considering reviewers' comments (e.g. strong to moderate)
· revised text associated with inflammation to make its critical role clear, in response to Reviewer 1 suggestion for more detailed information on how inflammation relates to oxidative stress and the carcinogenesis process. Authors "hope that future work will bridge this AOP with inflammatory KEs. The same holds true for the role of mutagenicity in this pathway (parallel AOPs that are in development will be networked in)."

Based on the above, AOP220 appears to have been adequately revised and to be ready for WNT and WPHA submission.
	 - 

	Julija Filipovska
	See associated comments in the annex
	The authors responded to the comments (see annex) and incorporated some changes in a revised version of the AOP. Comments that were not in line with the panel recommendation were not implemented but responses were provided in the annex. 


Overall recommendation: The AOP is ready for WNT/WPHA submission for endorsement. The additional comments available in the annex are intended to further improve the AOP, but not to delay submission to WNT/WPHA.

Annex – Additional comments and responses from authors
Summary of planned revisions AOP220 with comments from Julija Filipovska on action taken
	Planed Revision
	Comment from reviewer on action items (in black)
Response from author (in red)

	Does the AOP incorporate the appropriate scientific literature?

	 Include in biological plausibility (and/or to the paragraph on domain of applicability) in the section ‘Overall Assessment of the AOP’ the publication by Meek et al (2003) on the WHO/IPCS framework, which includes a case study on chloroform for the AOP under study.
	Included

RESPONSE FROM AUTHORS:
No action needed

	 Review recent articles and incorporate them within the AOP. The authors will include the additional relevant references suggested by the reviewers and will use them to enhance aspects related to human response and search the recent relevant literature. Authors also asked reviewers to provide any additional relevant references human responses.
	Additional references included in the Overall Assessment and MIE section. 
Particularly in the Overall Assessment the evidence on Ethanol is added in the essentiality of KEs section but it is not mentioned (and thus not clear) which species the evidence refers to. It may be obvious when read in the context of the review and sometimes only if one goes through the references, but it is not obvious reading the text which should provide informative summary of the added evidence. 

Note in general beyond AOP220: not only in this AOP: authors often omit to identify the species or model system as it may be obvious to them as experts and knowing the other colleague authors research and references. However, in the context of the AOP intended for wider audience it is important to always define well the model system in which the evidence was generated, not just what evidence found/shows/suggests. It may be a useful point to make in training.

RESPONSE FROM AUTHORS:
We agree that it’s important to stipulate the modes used. We have reviewed and found few instances where the models were not specified and thus added where appropriate (for now the new text is coloured in orange – add additions in Overall Assessment). No changes have been made in the MIE, which includes a general description of how cyp2E1 is activated). We know that this is conserved across species (indicated in taxonomic applicability). The methods, when they cannot be applied to multiple species, clearly indicate in which model they should be used. Thus, we’re not sure where we would further specify the model. Note that changes were made in text, not in tables (not sufficient space and details are found in text).
[bookmark: _GoBack]


	Does the scientific content of the AOP reflect current scientific knowledge on this specific topic?

	 Change the name of the KE “Regenerative proliferation”. Several names were proposed during the discussion such as “frustrated repair” or “sustained proliferation”. The authors and review team finally agreed on “induction, persistent proliferation/sustained proliferation” (See § 5 – Further discussion). This change is mandatory to better reflect the pathological, chronic and abnormal state leading to cancer. The authors appreciated the comments and discussion about the best name for this KE, that is broadly recognizable to the general toxicology community and reflects the effect being measured.

	The title was changed (note typo in the Wiki in KE title: persistent) (REVISED) as agreed after apparently robust discussion. However, I am not sure if the link between the new title of the KE and the text throughout the AOP (which talks about regenerative proliferation almost exclusively) is always clear.

Maybe authors need to revisit the entire AOP and consider whether the link is clear and flows well. Example: the text for the KE itself starts with explanation about “regeneration”, and continues to explain two models of regeneration, one of which is regeneration via proliferation of particular cell type in the liver. Then the process of regenerative proliferation is elaborated at the molecular level as markers of the cellular event.

RESPONSE FROM AUTHORS:
We have modified the text in the KE so that it’s aligned with the new title. We have reviewed and made sure that reference to the old KE name is changed for each of the relevant KER. New text is in orange.



Could it help if the KE description is revised to put more emphasis on the importance of the feedback regulation of the “normal” restorative process?  The revision may also help action another planed revision to “revisit the text associated with inflammation. (see below). Particularly as some of the processes described in the ontology terms table for this KE are in fact aspects of the inflammatory process and are already described in the paragraph starting with “..causal network for regenerative proliferation in liver..”. (note typo in regenerative). (REVISED TYPO) However revising just this KE in respect to the use of regenerative proliferation in the text does not solve the problem of the rest of the AOP where the same term is used.

Alternatively: Could the name Altered (or Dysregulated) Regenerative Proliferation allow for better link to the existing text of the KE and the entire AO?. In that case the ontology term for action would be Altered (instead of Increased, Decreased; the process term would be proliferation or regenerative proliferation; the object term: the specific cell type(s) that proliferate and are subject of this KE. This also places clearly this this KE at the cellular level as intended. Molecular markers of the proliferation would still be good targets to measure this event. 

“Altered” may not be an existing ontology term (at least I cannot find it) but there are numerous KEs in Wiki using this term in KE titles and we will have to deal with it. (e.g. published AOP21 and AOP150 AOPs have KEs containing “Altered” in their titles and use “abnormal” as action ontology term). AOP107, currently undergoing the same process as AOP220 also uses Altered in the KE title of KE1 and abnormal as a process ontology term.

General side note: Adding new ontology terms was raised as an issue in the review in 2007/18 cycle (example AOP150, unrelated to altered/abnormal). Since then the need for consolidating ontology in the AOP framework has been raised continuously. Maybe it would be useful to have a special sub-group or in fact SAAOP to deal with ontology issues in terms of process of adding, analysing existing ontology terms. For now, checking the use of available ontology terms is a consideration of the coaching, but it is unclear what happens if there is no suitable term, how to adopt or initiate the process for adding new terms.

RESPONSE FROM AUTHORS:
We struggled with the name of this KE as well and agree that what the reviewer proposes above would have been good and more aligned with our intentions when we created this KE. However, we have not made this modification because the title selected for the KE was agreed upon after extensive discussions with a group of external expert reviewers in this field. This KE name was their recommendation. However, we think the additional text added to address the name change may help here.


	Rely on networks of AOPs rather than developing new KEs: during the reviewer teleconference,
the review group discussed several additional KE(R) that could be involved in this AOP. The
authors indicated that there are indeed several AOPs in mature stages of development that will be
able to be networked with this AOP to more fully explain the biology of how CYP2E1 activation (sustained) leads to liver cancer. The authors will thus not be building in these additional KEs at present into this AOP and instead will be networking in these AOPs when the timing is right.
Regarding the need for sustained or chronic Cyp2E1 activation – this was originally in the title of
the KE and was then shifted to the KER, based on EAGMST recommendations. Authors will make the point on the fact that it is the chronic nature of the induction of CYP2E1 that is meaningful to this AOP in all of the relevant KERs and in the overall AOP section

	As agreed, prolonged, persistent, sustained are added in the Abstract and background of the AOP main page and KE1391 (text). 

This point was already a part of the KER: MIE to KE1.

RESPONSE FROM AUTHORS:
No action needed.


	Revisit the text associated with inflammation to make its critical role clearer, hoping that future work will bridge this AOP with inflammatory KEs.
	I am not sure if this was actioned. I do not see any additional clarifications or emphasis on the link to inflammation, which I agree is quite important.

Authors may wish to pint out if and where this emphasis was done. Would it be helpful to add a sentence referring users to look at other specific AOPs that would be relevant and are under development at this stage?

Reviewers may have better idea as to where they see the biggest impact of adding such clarification. 

Potentially consider my comment under “change name” revision above.

REVIEWER RESPONSE: the original comments was ‘Is it appropriate/necessary to place additional KEs between the current KERs? For example: Inflammation between hepatotoxicity and liver cancer (KER 1517), […]’. We discussed this with the external reviewers and pointed out that inflammation is described in KER#1517. After discussion it was felt that it should stay there and the KE could be bridged with the inflammation network in the future if it is deemed necessary. We feel the AOP, in this simplistic form (as per AOP guidance) is most useful for regulatory application.




	Are the weight-of-evidence judgement/scoring calls provided by AOP developers for KEs, KERs and the overall AOP justified ?

	
 Revise the WoE calls: The authors appreciate the feedback on their WoE calls. They will revisit and use the reviewers’ comments in making the final decision for calls on WoE. They will also add the additional references and ideas from the reviewers above.
	Table 1:  support for the possibility:

The review report indicates that rating for non-adjacent KER KE1-->AO: Oxidative stress leading to liver cancer, was changed to moderate, but I am not sure what was changed. Call is “moderate” in both snapshots (pre- and post-review) and the justification/rationale is the same. Authors to check if they intended to change and possibly revise the rationale?
Response: We confirm that we are satisfied with the current call as written.

KE2-->AO: Hepatotoxicity leading to liver cancer: Call was upgraded from week to moderate. Rationale unchanged.
Response: The upgrade was requested by reviewers based on the rationale provided. Specifically, the reviewers felt the rationales we had given were more consistent with the calls they wanted us to make. So we changed the calls as directed.

KE3-->AO: Sustained proliferation leading to liver cancer: Call upgraded from Moderate to Strong. Rationale unchanged.
Response: as above



	
	Table 2: Support for essentiality of KEs

KE3: name change not reflected, KE still goes under Regenerative Proliferation.
Response: Thanks for pointing that out. Revised as requested.

Call upgraded from week to moderate.

Additional evidence cited and in the justification summary also refers to regenerative proliferation. The newly added paragraph is in fact a coped comment from the review which might have been clear in its context. Here it is not quite clear. Consider summarising in one sentence what the conflicting evidence is (last sentence evidence from Melnick and Huff (1993). How does it conflict what is described in the previous paragraphs.

After looking at the abstract of the reference itself I would propose the following for consideration: “ However, there is evidence  suggesting that enhanced/sustained regenerative proliferation is not the only mechanism by which preneoplastic cells gain selective growth advantage in the liver. Inhibition of cell loss/(death?), or inhibition of the growth rate of normal cells can also contribute to alteration of the cellular homeostasis in the liver  Melnick and Huff (1993). 
Response: this has been added as requested.


	
	

	
	

	
	Table 3: Empirical support for KERs

KE3-->AO: Sustained proliferation leading to liver cancer: KER downgraded from strong to moderate. 
Justification unchanged. Text in justification refers both to increase in cell proliferation and then regenerative proliferation. Would it be acceptable to say that, for example:
Defining question 1: There is extensive evidence that an increase in cellular proliferation precedes tumour formation. Defining question 2: Not all cases of increased cellular proliferation produce tumours. Some simply regenerate the liver to its healthy form (regenerative proliferation), Therefore, it is evident that malignant transformation is accompanied by perturbations in the cellular signaling that ultimately impairs tissue homeostasis and normal regenerative process. 

RESPONSE: Revised as suggested.

In any case I am not sure if the downgrade is justified, particularly given the upgrade of both, the Essentiality of this KE from week to moderate (Table2), and plausibility from moderate to strong (Table1). Maybe EAGMSTG can discuss this further. If we accept that in this AOP we talk about altered regenerative proliferation and not “normal” regenerative proliferation, then the plausibility is strong and therefore the overall call could well be justified as strong.

In the review report I note that the panel discussed the downgrade of the empirical evidence based on 1) that some proliferative events are not followed by liver cancer; and 2) some liver carcinogenesis occurs with unchanged proliferation but impaired apoptosis.

I believe point 1 is covered well in the justification. Point 2 may not be explicitly covered, but I am not sure that this (some inconsistences or data gaps) strongly justifies downgrade, this would require review of the literature on apoptosis linkages to carcinogenicity.
 
Authors may want to consider clarifying the essentiality justification and make a better point about the role of apoptosis (or the conflicting evidence?) to better explain the (only) moderate call and point users to relevant aspects for consideration/data gap analysis ets. I do not want to review the AOP or the literature now, but given this issue and the lack of clarity of the revised justification of the KE3 essentiality I could look only at the abstract of Melnick and Huff (1993) that is used to illustrate the ‘inconsistences’. The authors appear to make a point about the role of inhibition of “cell loss” (I assume this includes apoptosis) in contrast to proliferation, in providing growth advantage to preneoplastic cells that would result in liver cancer. Indeed the dysregulation of apoptosis in hepatocellular carcinoma has also been reviewed more recently (e.g. Fabregat, 2009). However, the role of apoptosis in inducing regenerative proliferation and/or carcinogenesis appears to be very complex and overall a result of complex interplay balancing the proapoptotic and antiapoptotic signals/processes (e.g. Wang and Lin, 2013). Therefore, while extremely important and interesting, I doubt that the reference really provides string “conflicting” evidence to justify the downgrade.  I guess something to discuss with the wider EAGMSTG group.

RESPONSE FROM AUTHORS:
The WoE calls were based on the current test provided in the AOP, and were the result of extensive discussions with the external expert reviewers. As noted by the reviewer, it is challenging to make these calls and 




Additional minor comments:
Graphical representation (two links from KE3 to AO) and both are non-adjacent. Not sure what the issue is here.
Response: we only see one? Also, we can not seem to revise to ‘adjacent’ (it’s greyed out in the wiki).
Text below the graphical representation states: “…this AOP to lead to liver cancer”. I guess it should be either “…this AOP to progress to liver cancer” or  “this KE (or MIE) to lead to liver cancer…” 
Response: revised to ‘trigger’ and new version uploaded.
Editorial: See the text which repeats in the 4th paragraph of KE1394: “Activation of Wnt signaling (14) inhibits GSK3 phosphorylation activity which then ….”
Response: Thanks for catching that. Revised.
Other typos are indicated in the table above.

References: (Provided just for illustrating my argument, not for inclusion in the AOP. The intention is not to re-review the AOP. I appreciate the authors may have had a lot of it).
Isabel Fabregat (2009) Dysregulation of apoptosis in hepatocellular carcinoma cells. World J Gastroenterol.  Feb 7; 15(5): 513–520. Published online 2009 Feb 7. doi: 10.3748/wjg.15.513

Kewei Wang, Bingliang Lin (2013) Pathophysiological Significance of Hepatic Apoptosis, Iternational Scholarly Research Notices, Article ID 740149, 14 pages, 


