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TPO 42: Inhibition of Thyroperoxidase and Subsequent Adverse Neurodevelopmental Outcomes in Mammals 

Response to Reviewers Comments

15 April 2017


First, we would like to thank the Reviewers for their careful and critical review of the original version of this AOP.  In response to their comments we have made drastic alterations to this AOP. 

We agree with the comments made by all three reviewers on the specificity of our first version inappropriately linking chemical induced thyroid effects in the downstream KEs.  Based on their comments, and our careful reading of the AOP Handbook, have led to an drastically changed AOP.  One main improvement was that we have redefined our KEs and KERs accordingly. We have formatted each KE and KER as “stand alone” events to make them equally relevant to other AOPs or AOP networks. As detailed by the Reviewers, we believe this more generic structure will facilitate construction of AOP networks that integrate diverse MIEs that ultimately converge on common key events downstream. 
As a full overhaul of all KEs and KERs are evident in this version of the AOP, it is not practical to respond to all the comments made on the previous version. Instead, we provide a section below that provides a brief description of how major revisions to the AOP made in light of the Reviewers’ comments. In addition, given the major re-write and re-focus of this version of the AOP it does not seem useful to address the all of the specific comments from the reviewers on a point-by-point basis.  Rather we addressed many of the more pertinent and specific comments from the Reviewers that we believe are most relevant to this highly revised document. 
OVERVIEW OF THE MAIN CHANGES INCORPORATED INTO THIS REVISION:
1. We have narrowed the scope of the AOP from an AO of ‘neurodevelopmental disruption’ to alteration cognitive function controlled by one specific brain region, the hippocampus. This brain region is the most widely studied region with respect to cognition, in particular spatial learning and memory.

2. We have included a figure to show the biochemical pathway and TPO's role in TH synthesis as suggested.

3. In each KE we describe the biological background of what the KE followed by a section on how it is measured as laid out in the Handbook.    

4. In each KER we provide brief statements of kind of information that have been used to link the two KEs. This includes models such as genetic mutations and manipulations, chemical induced changes, and quantitative models when available. Next, we briefly review studies that provide support for direct links, i.e., link KE-upstream to KE-downstream in the KER.  Thus, distinct from our past effort, in the revised AOP the KER descriptions draw upon a broad range of scientific that support the direct links between KE.  In the cases where there is an enormous literature available, we do not review all of it, but rather state where appropriate what are the basic scientific tenets (e.g., development of hippocampal anatomy is dependent on the transcription of genes). 

5. We added three additional KER for indirect links to ensure the separation of indirect from direct evidence. We did this to make it clear that both direct and indirect links support this AOP. 
SPECIFIC COMMENTS ON THE KE and KER SECTIONS:
1. Molecular Initiating Event. Consider discussing the relevance of this MIE across developmental stages? Is there any evidence for differential expression/response during different developmental windows? Differential role of TPO in regulating fetal and maternal thyroid hormone concentrations at different stages of development? 
Response:  This is an important comment from the Reviewers.  To address it, we have added information on the developmental ontogeny of this MIE, as well as other KE when appropriate. 
2. The neuroanatomy key event is too specific to thyroid-related effects. AOPs should facilitate identification of points where these diverse mechanisms can converge. In addition to describing species differences, the discussion of biological context would be a good opportunity to describe how each key event is influenced by developmental context (are there specific windows of susceptibility?) or sex differences.  
Response: Agreed!  We have completely rewritten the AOP to make the KEs and KERs more independent.  In addition, we have included sections with empirical support for both dose and temporal  sensitivity in each KER description.  We have also added a statement in the overall summary on lack of supporting sex-dependent difference in the early KEs. For the latter KEs there is a lack of data on this issue.  

3. Thyroid hormone responsive genes: Consider discussing thyroid hormone receptor interaction with retinoic acid? Crosstalk with steroids? (eg. Duarte-Guterman 2014). 
Response: While we agree with the Reviewer that this is an important topic, we do not address it in the revised AOP.  While potentially important, there is little data in mammalian hippocampus concerning the interaction of thyroid and retinoic acid receptors.  In the spirit of AOP we invite other experts in the field to contribute to this issue. This may be a region that could be addressed more directly in the TPO Amphibian Metamorphosis AOP under development.

4. Thyroid hormone responsive genes: Are there developmental phases during which thyroid signaling is especially important (and lack of signal/excess signal could perturb development).
Response: We have addressed this generically in that the critical windows for all of the KEs is developmental. We also note that there is insufficient data on thyroid hormone responsive genes in the developing hippocampus to delineate specific developmental phases and link them to downstream consequences. 

5. Altered neuroanatomy leads to altered neurophysiology interdependence.
Response: As suggested by the reviewer we have included a description of the T3-stimulation of GABAergic synapses the interdependence of activity/anatomy in the developing of cortical networks. We briefly discuss the hypothesis that synaptic connections in development are reinforced by positive feedback suggesting a reciprocal relationship between: neurophysiology and neuroanatomy; and neuroanatomy and neurophysiology. In addition, as recommended by the AOP Handbook, we added a brief discussion of feedback between KEs in the Uncertainty sections of the KERs where appropriate.    

6. Are there any endpoints (gene expression patterns/biological pathways/processes) not previously described in other KEs that are associated with perturbation of cognitive function that might ultimately be measured in vitro to anticipate the adverse outcome? 
[bookmark: _GoBack]Response: There is insufficient data at this time to tie specific genes or patterns of gene expression /biological processes altered by thyroid hormone to identify in vitro measures that might predict cognitive impairments. We address this issue directly in the Uncertainty Sections of the KERs where appropriate.

7. The discussion of regulatory relevance could be developed further.
Response. In the optional section entitled “Considerations for Potential Applications of the AOP” we have added information on potential regulatory applications.

8. Overall Assessment of the AOP: I would be more clear that it is probably not necessary to quantify all of the intermediate KEs defined in an AOP pathway for computational modeling to proceed to a quantitative model that would translate in vitro TPO data to anticipate cognitive outcomes. Mapping out the complexity of brain development should not be a limiting factor in the utility of the AOP- particularly when the overall evidence for the association between decreased circulating thyroid levels and downstream neurodevelopmental outcomes is so strong.
Response: This is important and we agree. We have incorporated these thoughts into the conclusions in the overall evaluation of the AOP. We believe computational models under development describing relationships between serum and brain TH as the critical intermediate events will be most useful. With an additional metric of TH action in brain, this may be sufficient for computational prediction useful in the regulatory arena. We have added a short discussion of this issue in the Uncertainty section of the AOP Summary.

9. Discussions of context/applicability for key events would be a good opportunity to identify developmental phases of susceptibility for that specific event (ie  phases when TPO expression is higher/lower in the mother/developing fetus? Phases when local transport or deiodination in the brain are more or less active? Any gender differences observed?
Response: We agree.  We have described transporters and deiodinases expression patterns, both temporal and spatial, as uncertainties that require more research.  There is some limited information on the spatial and temporal specificity of deiodinases, peaking in different brain regions at different times in fetal and neonatal life. And this has been included in the appropriate KEs and KERs. We are not aware of literature on differential expression of TPO in maternal vs fetal/neonatal thyroid glands. Certainly the gland is smaller and the demands for thyroid hormone are higher in the immature organism due to the rapid pace of somatic development in the fetus/neonate. TPO is not active until late in gestation in the rodent when the gland becomes functional. These points have been made in the revised text.  Gender-specific differences have not been addressed. There appears little literature on this topic.
