Review comments on AOP 363
(Manuscript, snapshot, WoE table)

The presented manuscript is a description of the AOP 363 of the AOP wiki, linking TPO inhibition, via altered thyroid levels to effects on retina development causing impaired vision in lower vertebrates leading to increased mortality. The AOP is mainly built on evidence from zebrafish. Although all reviewers agreed that the biological scenario described in this AOP is reasonable and the package is of good quality, several questions were raised. Please see our comments divided into two parts. Part one covers general conceptual questions we have and part two covers questions specific to the submitted documents.
Part 1 Conceptual comments
One of the aims stated for development of this AOP is to break down walls between human health and environmental risk assessment.  It may be worth noting in this context that thyroid disruption also alters retinal development and retinal electrophysiology in mammalian experimental models, and hypothyroid children are reported to have visual deficits including impairments in contrast sensitivity.
Is the suggested AOP relevant for fish in general?
Title and throughout text: The use of the word “fish” in general. There are over 28,000 species of teleosts that have adapted to a wide diversity of niches including freshwater (eg. Zebrafish), saltwater (the highest proportion of teleost fish – 70% of the Earth's surface) and brackish water. In the absence of evidence that the effects AOP linked to TPO modifications are phenocopied in other species a word of caution should be added. It seems not helpful to make generalized statements about “fish”.  Although it may be acceptable to keep the general term ‘fish’ or ‘teleost fish’ in the title to facilitate expansion of the AOP in the future to other types of fish, please elaborate and specify in more detail in the text the actual taxonomic applicability based on the available evidence. 
Applicability of AOP (developmental stages)
Could the authors clarify if this AOP is valid only for embryonic stages or is also relevant for adults? It appears that the left part of the AOP is embryo specific whereas the right part (Adverse outcome) refers more to adult stages. This should be clarified better.
General thyroid concept
We are concerned about the over generalized description of the thyroid system in vertebrates. The general framework of the thyroid system is conserved but at the gene/molecular and functional level conservation is less so. This should be reflected in the preliminary introduction. This may explain divergences in response between teleost fish and between vertebrates. Some of the nuances should be considered as currently the first introductory paragraph is too general and lacks crucial information. For example, in Rodent TPO/Neurodevelopment AOP, the primary KE is decreases in T4, as T4 is the hormone transported via placenta to fetus and to brain by transporters. In fish eye, is it T4 or T3 that is the critical analyte? Does the conversion from T4 to T3 by DIO occur within the retina itself or is it only T3 that is transported into the eye? If conversion from T4 to T3 in serum is the sequence of events, what controls that? Presumably peripheral DIOs but that seems like a KE that is distinct from TPO inhibition. Please improve the description of the Thyroid system relevant for this AOP. If such a description can’t be made with the current available knowledge, we suggest fuse the KEs T4 decrease and T3 decrease as it is done in other AOPs. Tissue concentrations of hormone seems to be a missing KE in this AOP, see also later comment.
TPO expression in the eye relevance for this AOP? 
As this is mentioned several times in the text. What is the relevance of TPO expression in the eyes for this AOP? Is it suggested that THs are produced in the eyes? 


Are THs relevant for eye development?
Line 82/83 “Although the exact mechanisms need further investigation, studies show that THs are indeed required for healthy eye development in different vertebrates like zebrafish (Bertrand et al., 2007),” The cited literature Bertrand et al. does not show that THs are required for healthy eye development. There is a tendency throughout the manuscript to talk about TH importance in the retina development without direct evidence existing in the literature that is cited. The presence of a receptor gene transcript is not synonymous with TH presence or action. The beauty of the thyroid axis and signaling pathways is that absence of ligand and presence of ligand can have an effect and so finding the receptor transcript/protein does not mean the hormone is required for transcription factor action. This concept is nicely presented in the articles published by Darras and team in relation to their D3 KD studies in developing zfish (Type 3 iodothyronine deiodinase (D3) is the prime TH-inactivating enzyme, and its expression is highest in the early stages of vertebrate development, implying that it may be necessary to shield developing tissues from overexposure to THs....). Please elaborate or update sections accordingly.
Similar for Line 140 We would like to see more evidence for the statement that eye development is regulated by TH, especially by T3 levels. 
Relevance of TPO during early development?
We have concerns about the developmental time frame of the onset of thyroid production in zebrafish (72h) and dependence on maternal hormone (a TPO-independent stage) and the timeframe of retina development. Considering the ontogeny of thyroid follicle development and hormone production in the zebrafish, it seems unlikely that TPO inhibition in early stages (up until at least 72 hpf when onset of T4 production starts), will be important as the maternal supply of hormone supports embryonic and early larval stages. See Porrazi et al., 2009 (Thyroid Gland Development and Function in the Zebrafish Model. Molecular and Cellular Endocrinology, Elsevier, 2009, 312 (1-2), pp.14. Ff10.1016/j.mce.2009.05.011). 
In addition, TPO inhibition can lead to decreases in T4 and T3, but they are not necessarily sequential as indicated in the box graphic of this AOP
T4/ T3 serum levels
We don’t think there is enough evidence that whole body concentrations of T4 or T3 are representative of serum concentrations. We recognize the limitations of the technology such that serum levels are not measurable, and are comfortable accepting the assumption that changes in serum T4 (or T3) would track changes with whole body measurements, as long as it is described as an assumption in the text and wiki.  How might the reduction in gland concentrations of T4 compare with gland vs serum TH with TPO inhibition in mammals where some data are available? How moderate or severe are the zebrafish TH-levels reported here as it is critical to dissociate direct thyroid mediated effects on retinal development from secondary effects of hypothyroidism.  
Altered TH levels in tissue
When looking at other related AOPs the KE thyroid level decrease in tissue of interest is a critical KE in the pathway and its absence from this AOP is surprising. Although we understand that direct measures of thyroid hormone in the eye/retina are not possible, it is assumed that thyroid hormone insufficiency in the eye is responsible for the altered retinal structure and is a necessary link even if it cannot be measured directly. 


Part 2 General comments on the manuscript 
Line 26 remove “can disrupt this process and”
Line 48 the use of “highly conserved across vertebrates” is imprecise – Please improve precision. There is divergence at the hypothalamic-hypophyseal level. Moreover, the gene/molecular functional level shows significant divergence. Please qualify the statement. We believe that this publication will have a broad audience and so it is essential to be rigorous or this will lead to future misinterpretation and misunderstanding.
Line 60 add references for the statement
Line 77 change “healthy zebrafish retina” to “healthy adult zebrafish retina”
Line 86 Raine & Hawryshyn, 2009, is missing in the bibliography.
Line 99 “The structure and organization of the retina in fish has been shown to be affected after exposure to various THSDCs.” Some indication of the level of severity of the thyroid insult would be helpful here. Eye size and shape for example can change if body size and shape change so may not be specific effect of THSDC on retinal or eye development.
Line 102 “For example, treatment with propylthiouracil (PTU), a model compound inhibiting TH synthesis, reduced pigmentation in zebrafish eyes at 30 hpf (Macaulay et al., 2015) and retinal pigment epithelial (RPE) layer diameter in the eye of 5 days post fertilization (dpf) zebrafish larvae (Baumann et al., 2016). “Some more indication of the concentration range of the tested compounds would be helpful here. In addition, it should be mentioned that PTU also induces other toxicities like liver toxicity to help put findings in perspective. 
Line 107 Please add the dose range for MMI used in the presented studies. 
Line 109 We suggest including descriptions of the mode of action of THSDCs included in this section, eg. IOP inhibits TH release from thyroid gland and interferes with T4 to T3 conversion in the periphery.
Line 126 “A: Control; B: Exposure to 1.5 mg/L PCL” We struggle with the rather high concentrations used. Could the authors add what the mortality rate was at that level and if other effects were observed. What was the ‘no effect’ concentration? What is the link of the reported effects to the proposed TPO mechanism and if there is a quantitative link (refers also to comment on Line 109)?
Figure 2 We suggest also adding a control zoom in picture for the IPL as comparison. Add also a scale bar. Please highlight the reduced pigmentation.
Line 148 “Therefore, altered visual function is linked to increased mortality (AO1, Event #351) and eventually to a decreased population trajectory (AO2, Event #360). “We struggle a bit with this conclusion. For example, it could be argued that the pluripotency of THs in early development does not mean that mortality is not necessarily a direct consequence of loss of visual acuity? It could be also said that the maternal supply of THs would sustain the embryo and developing larvae during the first 48 hrs at least. But on another point, are TH deficient fish, not likely to be small and weak overall and impaired in many critical functions and might die due to non-visual problems? We know that this would be difficult to assess. Therefore we suggest that the authors revise the evidence and uncertainty level of this part and discuss this issue in the manuscript.  
Line 158 “We chose to specify the central KE as ‘retinal layer structure altered’, instead of lumping different effects on the eyes such as reduced eye size and altered photoreceptor patterning, since distinct methods are available to measure these different events.” The meaning of this sentence is not clear. We suggest to replace 'instead of lumping different effects on the eyes' by 'separate from other effects on the eyes'. To what degree do these other effects on the eye influence retinal structure?
Line 173 Evidence is lacking to support that this statement is valid for “all vertebrate taxa”.
Line 187 Did the search terms cover both spellings of behaviour/behavior?
Line 194 Does the term thyroid ablation mean chemical thyroid ablation e.g. with PTU, MMI?
Line 202 An intensive, specific final literature search was done to collect evidence for this AOP. Please specify this final search. 
Line 235 The authors seem to have overlooked that the TH follicles can also excrete T3 at least this is not discussed in the manuscript. Also, in what tissue (e.g. blood) are the reduced TH levels seen/expected?
Line 237 besides the DIO activity, there is also a big reservoir bound to thyroid hormone distributer proteins (THDPs) please add this, including relevant literature. 
Line 244 the paper cited by Z. Li et al., 2012 suggests that PTU effects on eye size are not assocaited with thyroid hormone effects. Please elaborate. 
Line 273 We don’t think that there are sufficient studies measuring T4 or T3 in the developing fish eye, given that whole body measurements of hormone are scarce. Therefore, we find that the statement of decreasing T3 levels cannot be made in relation to zebrafish or other teleosts.

Line 285 Based on the article cited, the results are ambiguous as there is some inhibition at very high doses of MBT, the TH results are ambiguous and the synchrony between TPO transcript abundance and TH levels are not compelling. Furthermore, fish recover their TH production despite treatments. The sentence should be adapted accordingly. 

Line 293 Please confirm if Stinckens et al. (2020) did indeed measure T3 levels.
Line 294 We don’t understand the use of the term “on the other hand” when the second sentence seems to confirm the first. Are the first mentioned studies in adults?
Line 298 It should be always be specified in what tissues T4 or T3 was measured.
Line 314 We suggest to start a new paragraph when moving to a new KER.
Line 324 In zebrafish continuously exposed to MBT up to 32 days of age, T3 levels were not significantly altered while T4 levels were reduced (Stinckens et al., 2016). Could the conversion not also be happening in tissue so it would not be reflected in serum? High doses reducing synthesis by a great deal are likely to reduce T4 and T3 in the gland, with more of a reduction seen on T4 than T3, so serum would likely experience a greater/earlier loss in T4.
Line 335 “retinal pigment epithelium decreased pigmentation”, there seems to be a word missing.
Line 339 We don’t understand why the effects in the presented study diminished with a longer exposure? How does this fit in this AOP?
Line 347 Sentence should be changed to: Treatment of metamorphosing convict surgeonfish with NH3, a THR antagonist decreased bipolar cell density in the retina (Besson et al., 2020).
Line 376 “Besson et al. (2020) provided evidence of dose, time and incidence concordance in surgeonfish exposed to chlorpyrifos or increased temperature (Table S1).” The significance of this to the thyroid needs to be clarified. 
Figure 3 There are discrepancies between the text and Figure 3.  The text (section 4. Summary of Scientific Evidence) lists weight of evidence as “High” for KERs #2375 and #2013, whereas Figure 3 labels those KERS as “Moderate”.   KER #2374 is labeled as “High” in Figure 3, but “Moderate” in the text section on Empirical evidence of KERs”.
Line 392 Did the knockouts not show a difference in movement relative to the controls or did they not move et all? 
Line 398 “The measurements showed that untreated fish could perceive prey with greater contrast.” To us this sounds like a conjecture unless prey perception was actually assessed. 
Line 401 “Both treatment with T3 and T4 altered the swimming response upon a transition from light to dark at 3, 4 and 5 dpf. ” Were there also effects on movement in general or only after stimulus change?
Line 402 “ Avallone et al. (2015) reported altered structure of the retina as well as increased light sensitivity (increased avoidance of bright light) after exposure of adult zebrafish to cadmium.” The significance of this observation is not clear to us. Downstream KERs can be dissociated from TH response, but in this case, the visual behavior is distinct from what is previously described and is followed by statements on TH and visual system.
Line 412 Chlorpyrifos is also a powerful inhibitor of acetylcholinesterase and therefore maybe not a good example of a thyroid-mediated effect. 

Line 513 These seem like very high doses, some context would be helpful here. What is no fold change and RPE diameter i.e., control RPE – we assume it is ~7.5 but that would suggest that 6.5 FC in TPO has no effect on RPE diameter? Adding confidence levels would maybe help interpretation of these data.

Line 518 “reduced numbers of cones in 2-month-old DIO3 knockout mice” Are these the same changes observed with the retinal layer alterations described earlier?
Line 522 “KER 2373 linking reduced T3 to altered retinal structure is followed by statement “altered eye structure”.  Do the authors mean the same thing by altered retinal structure and altered eye structure?
The authors should consult the literature on teleosts in general by selecting zebrafish within the search term they have eliminated a rich literature looking at TH in "fish" supporting in some cases aspects that are less convincing in zebrafish. It is unclear why the search terms were limited to zebrafish.
Line 535 The concentration range used in the Baumann et al. (2016) study was 50 to 250 mg/L PTU at which strong effects on eye development were observed. As previously mentioned, can the authors exclude secondary effects by altered somatic growth or general systemic toxicity affecting the eye?  
Line 560 We suggest clarifying if, based on the timing of retinal development, this process relies on active thyroid biosynthesis or is dependent on maternal T4/T3?
Line 568 “This leads to the hypothesis that TPO inhibition has limited impact on processes occurring before 72 hpf”. Could it also be TH in general?
Line 571 “Additionally, however, local expression of TPO has been reported in the mouse retina (Z. Li et al., 2012) suggesting an additional target for TPO inhibition locally in the eyes. Komoike et al. (2013) already observed effects of TPO inhibition (induced by MMI) on the retinal structure at 48 and 72 hpf. This suggests that local TPO activity in the eyes indeed plays a role in retinal development.” We think that this is a relevant statement. What is the role of TPO in the retina and how might the retinal TPO effects influence eye development and be distinguished from TPO inhibition in the follicle and thyroid hormone production? This is an important to discuss and adds uncertainty to the selectivity of this AOP to thyroid hormone production.
Line 575 ‘On the other hand, THSDCs often act via multiple mechanisms simultaneously and additional mechanisms (e.g., DIO inhibition) could also contribute to these early effects. The process of differentiation and maturation of the retinal layers continues until well after the onset of thyroidal TH synthesis.’ We find this statement confusing. How does this link to TPO inhibition in the gland or the eye? There are many means where thyroid hormone action can be disrupted. Is DIO inhibition highlighted here because of the known effects of PTU on DIO1 inhibition? This needs to be clarified in the text.

AOP363 WoE evaluation table
KE 279 (MIE): Thyroperoxidase, inhibition Please explain how the gene expression in the fish eye in sensory perception pathways fit under this KE? These observations do not address the MIE of TPO inhibition

KE 277: Thyroid hormone synthesis, decreased Are adult rats not also adult mammals as mentioned in the following sentence referring to Hill et al. 

KE 1003: Decreased triiodothyronine (T3) in serum 
In Houbrechts et al 2016 is T4 also decreased? 
Bhumika et al. 2014 please try to put the concentrations in context (high, low) and describe if other effects were observed (general toxicity).

KE 1877: Altered, Retinal layer structure 
Do these KD models have severe phenotypic response in other organs that could influence eye development e.g.  severity of the insult should be considered as the effect observed could be secondary to TH reduction. 
Is there any data from TPO inhibition/reduced serum TH on retinal structure in fish or other organisms? DIO can have varying effects on hormones at the organ level so it is unclear if this would lead to the same pattern of hormone change in retina as would interference with TPO. Altered swimming behaviour in the response to light could be visually-mediated or it could be mediated by other effects in DIO KD models - motor function, behavioural state. Please elaborate on this. Why aren't the other studies listed in the manuscript for this KE cited here?

KE 1643: Altered, Visual function We believe there are studies showing altered visual function - ERGs, OMRs, OKRs, etc. - when retinal structure is altered.  

Relationship 2038: Reduction of T4 and reduction of T3 link. The large reservoir of T4 in tissue (e.g. Muscle) and bound to thyroid hormone distribution proteins (THDP), means there is a capacity to buffer reduced T4 production. 

Relationship 2373: We think this evidence is poor, there is no direct evidence in the zebrafish. 
Snapshot 363 

Key Event Description (page 31): The role of TRbeta2 in cone development could be mentioned here.

References (page 39) A single reference seems insufficient – please add additional citations. The description of the AOP WIKI For “Visual Function, altered” (KE 1643) is missing several entries in the reference list that were cited in the text (including Segura et al 2018).

Method on the KE #1643 there are substantial differences between what is written and what was reported in Baumann et al, 2016. The KE #1643-page states that “the main disadvantage of optokinetic tracking is that it is a subjective method in which the decision about whether the animal is performing the optokinetic tracking or not is made by an experimenter (Segura et al., 2018).”  In contrast, the data reported in Baumann et al were recorded by an infrared camera and scored objectively by a computer algorithm as reported in Huber-Reggi et al., 2014.


