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	Comments, from Germany
	Authors’ reply

	AOP 154
Abstract
	· CNIs might affect kinds of several T-cell derived immune functions
· Among the affected immune functions., T-cell dependent antibody response (TDAR) is the an important factor
· CN activity is inhibited when stressors of CNIs bind to CN with their respective immunophilins
· Since CN expresses in cells among vast variety of species -> Since CN is produced in a vast variety of species
	According to the reviewer’s comment, we amended as follows:
· The words “kinds of” were changed to “several”.
· A period was changed to comma, and the word “the” was changed to “an”.
· The words “of CNIs” were deleted.
· The sentence of “Since CN expresses in cells among vast variety of species” was changed to “Since CN is produced in a vast variety of species”.

	Background
	· Although there are other stressors that inhibit CN activity
· Shouldn’t Cyclosporin A be mentioned here as well?
	According to the reviewer’s comment, we amended as follows:
· The word “other” was added.
· The sentence “Although there are stressors that inhibit CN activity, this AOP is mainly based on an understanding of immunosuppression caused by FK506 and FKBP12 complexes, on which a significant body of scientific literature has been published” was changed to “Although there are stressors that inhibit CN activity, this AOP is mainly based on an understanding of immunosuppression caused by the complex of FK506 and FKBP12 and cyclophilin and CsA, on which a significant body of scientific literature has been published”.

	Summary of the AOP
Table stressors
	Tacrolimus (also FK506)
	According to the reviewer’s comment, we added the description about FK506.

	Overall assessment of the AOP
	· Since CN/NFAT system expresses in cells among vast variety of species -> Since the CN/NFAT system is conserved among vast variety of species
· For the chemicals such as pesticide, the TDAR assay is also recommended
· Immunophilins seem to be mentioned here for the first time and should be introduced (e.g. Immunophilins consist of a family of highly conserved proteins which possess binding abilities to immunosuppressive drugs).
	According to the reviewer’s comment, we amended as follows:
· The phrase “expresses in cells” was changed to “is conserved”.
· In the Domain of Applicability, the word “TDAR” was changed to “the TDAR assay”.
· The sentence “CN phosphatase activity is inhibited when stressors bind to Calcineurin-A (CnA) with immunophilins, which interferes with the nuclear localization of NFAT, a substrate of CN” was changed to “When stressors bind to calcineurin-A (CnA) with immunophilin, CN phosphatase activity is inhibited. Immunophilins are composed of a family of highly conserved proteins that have the ability to bind immunosuppressive drugs. This interfere with the nuclear localization of NFAT, the substrate for CN”.

	Table Essentiality of the Key Events
	deficiency affects only on T cell-dependent antibody response
	According to the reviewer’s comment, we amended as follows:
· The word “on” was deleted.

	biological plausibility
	· but there is no commonality similarity between amino-acid sequences
· is well understood based on the pharmacology of some CNI drugs (mostly FK506 and Cs A)
	According to the reviewer’s comment, we amended as follows:
· The word “commonality” was changed to “similarity”.
· The phrase “(mostly FK506 and Cs A)” was added.

	KER table (p. 8 ff)
	General remark: please check for missing spaces
	According to the reviewer’s comment, we amended for missing spaces.

	KER 2
	· prevents nuclear localization export
· NFAT has NLS and NES domains among and adjacent to the N-terminal region
· and once the SP region is dephosphorylated, the NLS domain is exposed whereas and the NES domain is covered
	According to the reviewer’s comment, we amended as follows:
· The word “localization” was changed to “export”.
· The word “domains” was added.
· The word “domain” was added, and the word “and” was changed to “whereas”.

	KER 3
	production of cytokines from in T cells
	According to the reviewer’s comment, we amended as follows:
· The word “from” was changed to “in”.

	KER 4
	· CsA is known to be one of the calcineurin inhibitiors
· CsA-treatment is reported to suppresses the productions of IL-2 and IL-4 and result in the reduction of the reduced productions 
· Th2 cell produces -> Th2 cells produce 
· production of IL-4 and IL-5 from in Th2 cells
· IL-2 binds to IL-2 receptor (IL-2R) and acts on T cells. CD25 is one of the IL-2R.
	According to the reviewer’s comment, we amended as follows:
· The word “to be” was added.
· The words “suppresses” and “the reduction of the” were changed to “suppress” and “reduced”.
· The phrase “Th2 cell produces” was changed to “Th2 cells produce”.
· The word “from” was changed to “in”.
· The word “T cell” was changed to “T cells”, and the word “the” was added.

	Table empirical support
	CN phosphatase activity is inhibited by CNI of FK506 with IC50 values
	According to the reviewer’s comment, we amended as follows:
· The phrase “by CNI of FK506” was deleted.

	KER 1 / KER 2
	· Concentration-dependent reduction of in vitro nuclear localization of NFAT was evident at the concentrations from 0.1 nM (Jurkat T cells) or 10 nM
· The experiment of gGel mobility shift assays using
· functional NFAT/AP-1 complexes necessary to binding at the site of IL-2 promoters
· gel mobility shift assays – please correct throughout the document
	According to the reviewer’s comment, we amended as follows:
· The word “the concentration” was changed to “concentrations”.
· The word “The experiment of” was deleted.
· The phrase “binding at the site of” was changed to “bind”.
· The phrase “gel mobility shift assay” was changed to “gel mobility shift assays” throughout the document.


	KER 3
	· In purified T cells from male C57BL/6J mice
· in a dose-dependent (10 nM) manner; shouldn’t a range be given here?
· A Time lag is found
	According to the reviewer’s comment, we amended as follows:
· The word “cell” was changed to “cells”.
· The phrase “in a dose-dependent (10 nM) manner” was changed to “at 10 nM”.
· The word “A” was added.

	KER 4
	· In male CD-1 mice, chronic psychosocial stress (types of social outcome occurred: residents becoming subordinates) for 21 days reduced IL-2 release in response to KLH (keyhole limpet hemocyanine)
· after which antigen-specific plaque- forming splenocytes was reduced at the dose levels of
	According to the reviewer’s comment, we amended as follows:
· The word “(keyhole limpet hemocyanine)” was added.
· The word “were” was added, and the word “the” was deleted.

	Quantitative Consideration
KER1
	There have been no literature available to show clear quantitative relationship -> No literature is available showing a clear quantitative relationship
	According to the reviewer’s comment, we amended as follows:
The sentence “There have been no literature available to show clear quantitative relationship” was changed to “No literature is available showing a clear quantitative relationship”.

	KER4
	IgE production with a dose- dependent manner -> in a dose-dependent manner
	According to the reviewer’s comment, we amended as follows:
· The word “with” was changed to “in”.

	[bookmark: _Hlk75189275]Considerations for Potential Applications of the AOP (optional)
	· such as dendritic cells are involved in inducing and developing of TDAR
· TDAR is considered to be the an important endpoint of immunotoxicity
· the ICH S8 immunotoxicity testing guideline recommends that TDAR be evaluated ->  that TDAR is evaluated
· recommends TDAR assay. Because TDAR -> recommends a TDAR assay because
· For the assessment for pesticides -> For the assessment of pesticides
· The TDAR assays recommended by the ICH and FDA should be described in more detail, e.g. for FDA “The TDAR assay has been successfully used in mouse, rat, dog, minipig and cynomolgus monkey, using Keyhole Limpet Hemocyanin (KLH) as the test antigen.” And for ICH “The TDAR should be performed using a recognized T-cell dependent antigen (e.g. sheep red blood  cells  (SRBC)  or  keyhole  limpet  hemocyanin  (KLH))  that  results  in  a  robust  antibody response. “
· The last sentence of this chapter (page 18) is misleading since an AOP cannot replace an assay. Does it mean that the AOP is used as a waiver for testing?
· It should be discussed in more detail, what KEs of this and other AOPs (e.g. IL-1ß and IL-8) should be addressed in an IATA and what the appropriate assay type would be.
	According to reviewer’s comments, we made a major revision to the “Considerations for Potential Applications of the AOP” as follows:
The ICH S8 guideline, which covers immunosuppression of small molecule drugs, determines the need for immunotoxicity studies by comprehensively evaluating the findings of pharmacology, changes in the immune system in repeated-dose toxicity studies, and other factors using a Weight of Evidence approach. If there is concern about immunotoxicity, the presence or absence of immunotoxicity should be determined using an in vivo test system capable of assessing the functional changes of predicted immunotoxic target cells. If immunotoxicity is observed, additional studies including in vitro assays or clinical evaluation should be considered to assess the risk of immunotoxicity in humans. Because TDAR involves many immune cell populations, including T cells, B cells, and antigen-presenting cells, evaluation of TDAR is recommended when there is concern about immunotoxicity but the immunotoxic target cells are unclear. The S8 guidelines list KLH, SRBC, and tetanus toxin as antigens for TDAR.
The draft FDA immunotoxicity testing guidance (2020) covers immunosuppressive and immunostimulatory drugs and biologics; evaluating immunosuppressive drugs in the draft FDA guidance is similar to that in the S8 guideline, with in vivo TDAR assays recommended when toxic target cells are unknown. The draft guidance states that TDAR assays using KLH as an antigen have been established in mice, rats, dogs, minipigs, and cynomolgus monkeys, but the use of SRBC and tetanus toxin as antigens is also acceptable.
For the assessment for pesticides, US EPA OPPTS 870.7800 immunotoxicity testing guideline recommends TDAR using SRBC. The REACH guideline does not provide for immunotoxicity testing, but it provides triggers for conducting immunotoxicity testing.
The WHO/IPSS Immunotoxicity Risk assessment Guidance (2012) describes a strategy for assessing five categories of immunotoxicity risks, including immunosuppression. For risk assessment of immunosuppression, it calls for identification of immunosuppression risks, prediction of pathogenesis that may occur, and consideration of safety margins based on the WoE approach from human findings, infection resistance tests, immune function tests, general immune system assays, histopathological findings and organ weights in general toxicity studies, and hematological data.
The evaluation of immunotoxicity in F1 animals in the OECD Guidelines for Extended First Generation Reproductive and Developmental Toxicity Studies (TG443) requires that PFC and ELSA assays to measure primary IgM antibody production by TDAR using T-cell dependent antigens (SRBC, KLH, etc.) be performed. Furthermore, if changes are observed, the significance of the changes should be examined by comprehensively evaluating other data.
The outcomes of immunosuppression are susceptibility to infection and tumorigenesis, and the FDA guidance requires that immunosuppressive drugs be evaluated for carcinogenic risk using WoE approach based on the results of carcinogenicity and immunotoxicity studies. Meanwhile, the ICH S1B(R1) Draft Step 2 Guidelines for Carcinogenicity Testing calls for evaluation of carcinogenicity by WoE approach instead of rat carcinogenicity testing, because rodent carcinogenicity test models are less capable of detecting carcinogenicity. On the other hand, it is difficult to define susceptibility to infection as a measurable AO with a clear mechanism, because immune responses vary among pathogens. In fact, many immunotoxicity guidelines require that the risk of immunotoxicity be identified and assessed by evaluating immune functions.
[bookmark: _GoBack]In AOP154, it was difficult to define susceptibility to infection as an AO for the AOP154, so TDAR, which is recommended as an indicator of immunosuppresoin in many guidelines, was used as an AO. It is expected that several AOPs with TDARs as AOs will be developed, and based on these AOPs, it may be possible to develop an IATA to assess the risk of immunotoxicity characterized by TDARs.

	Appendix 1
Event: 980: Inhibition, Calcineurin Activity
	· calculation of Ki inhibition of CN -> calculation of the CN inhibition constant Ki
· gossypol or dibefurin can also be determined in the similar manner -> in a similar manner
	According to the reviewer’s comment, we amended as follows:
· The phrase “Ki inhibition of CN” was changed to “the CN inhibition constant Ki”.
· The word “the” was changed to “a”.

	Event: 979: Interference, nuclear localization of NFAT
	· leading to dephosphorylation of NFAT followed by nuclear ocalization thereby promoting nuclear localization of NFAT
· was evident at the concentrations from 0.1 nM
	According to the reviewer’s comment, we amended as follows:
· The phrase “followed by nuclear localization” was changed to “thereby promoting nuclear localization of NFAT”.
· The word “the concentration” was changed to “concentrations”.

	Event: 981: Reduction, NFAT/AP-1 complex formation
	· NFAT is known to bind cooperatively at the promoters of Interleukin-4 (IL-4) and other T-cell cytokines as well as that of IL-2 -> Besides IL-2, NFAT is known to bind cooperatively at the promoters of other T-cell cytokines, such as IL-4.
	According to the reviewer’s comment, we amended as follows:
· The sentence “NFAT is known to bind cooperatively at the promoters of Interleukin-4 (IL-4) and other T-cell cytokines as well as that of IL-2” was changed to “Besides IL-2, NFAT is known to bind cooperatively at the promoters of other T-cell cytokines, such as Interleukin-4 (IL-4)”.

	Event: 1202: Suppression, IL-2 and IL-4 production
	Only IL-2 is mentioned in the table, IL-4 should be included as well.
	Although we reviewed descriptions, we judged that no modification was necessary because tables other than "Key Event Components" were summarized as tables for IL-2 and IL-4.

	Life Stage Applicability
	The text provided here is linked to domain of applicability and should be moved accordingly
	Although we reviewed descriptions, we judged that no modification was necessary because they were described in the same manner as other KEs.

	Key Event Description
	· Activated NFAT/AP-1 complex that binds at the site of the IL-2 and IL-4 promoters, thereby induces transcription of IL-2 and IL-4
· IL-2 binds to IL-2 receptor (IL-2R) and acts on T cells
· as well as inhibited expression of IL-2, IL-4, and IFN-γ mRNA in a dose-dependent (10 nM) manner –shouldn’t a range be given here?
	According to the reviewer’s comment, we amended as follows:
· The word “and IL-4” was added.
· The word “cell” was changed to “cells”.
· The phrase “in a dose-dependent (10 nM) manner” was changed to “at 10 nM”.


	Regulatory Significance of the AO
	It should be explained in more detail which assays are recommended by ICH and FDA and under which conditions in vitro and in vivo assays can be used. Moreover, the role of a TDAR assay in an IATA could be discussed. Even if focusing on US EPA, a regulatory significance for EU area should be mentioned as well (Background: testing for immunotoxicity is not a core, but an additional data set for REACH, pesticides and biocides in EU. TDAR assay is until now not recommended by these specific regulations or regulatory guidance).
	According to the reviewer’s comments, we made a major revision to the “Regulatory Significance of the AO” as follows:
The ICH S8 guideline, which covers immunosuppression of small molecule drugs, determines the need for immunotoxicity studies by comprehensively evaluating the findings of pharmacology, changes in the immune system in repeated-dose toxicity studies, and other factors using a Weight of Evidence approach. If there is concern about immunotoxicity, the presence or absence of immunotoxicity should be determined using an in vivo test system capable of assessing the functional changes of predicted immunotoxic target cells. If immunotoxicity is observed, additional studies including in vitro assays or clinical evaluation should be considered to assess the risk of immunotoxicity in humans. Because TDAR involves many immune cell populations, including T cells, B cells, and antigen-presenting cells, evaluation of TDAR is recommended when there is concern about immunotoxicity but the immunotoxic target cells are unclear. The S8 guidelines list KLH, SRBC, and tetanus toxin as antigens for TDAR.
The draft FDA immunotoxicity testing guidance (2020) covers immunosuppressive and immunostimulatory drugs and biologics; evaluating immunosuppressive drugs in the draft FDA guidance is similar to that in the S8 guideline, with in vivo TDAR assays recommended when toxic target cells are unknown. The draft guidance states that TDAR assays using KLH as an antigen have been established in mice, rats, dogs, minipigs, and cynomolgus monkeys, but the use of SRBC and tetanus toxin as antigens is also acceptable.
For the assessment for pesticides, US EPA OPPTS 870.7800 immunotoxicity testing guideline recommends TDAR using SRBC. The REACH guideline does not provide for immunotoxicity testing, but it provides triggers for conducting immunotoxicity testing.
The WHO/IPSS Immunotoxicity Risk assessment Guidance (2012) describes a strategy for assessing five categories of immunotoxicity risks, including immunosuppression. For risk assessment of immunosuppression, it calls for identification of immunosuppression risks, prediction of pathogenesis that may occur, and consideration of safety margins based on the WoE approach from human findings, infection resistance tests, immune function tests, general immune system assays, histopathological findings and organ weights in general toxicity studies, and hematological data.
The evaluation of immunotoxicity in F1 animals in the OECD Guidelines for Extended First Generation Reproductive and Developmental Toxicity Studies (TG443) requires that PFC and ELSA assays to measure primary IgM antibody production by TDAR using T-cell dependent antigens (SRBC, KLH, etc.) be performed. Furthermore, if changes are observed, the significance of the changes should be examined by comprehensively evaluating other data.
The outcomes of immunosuppression are susceptibility to infection and tumorigenesis, and the FDA guidance requires that immunosuppressive drugs be evaluated for carcinogenic risk using WoE approach based on the results of carcinogenicity and immunotoxicity studies. Meanwhile, the ICH S1B(R1) Draft Step 2 Guidelines for Carcinogenicity Testing calls for evaluation of carcinogenicity by WoE approach instead of rat carcinogenicity testing, because rodent carcinogenicity test models are less capable of detecting carcinogenicity. On the other hand, it is difficult to define susceptibility to infection as a measurable AO with a clear mechanism, because immune responses vary among pathogens. In fact, many immunotoxicity guidelines require that the risk of immunotoxicity be identified and assessed by evaluating immune functions.
In AOP154, it was difficult to define susceptibility to infection as an AO for the AOP154, so TDAR, which is recommended as an indicator of immunosuppresoin in many guidelines, was used as an AO. It is expected that several AOPs with TDARs as AOs will be developed, and based on these AOPs, it may be possible to develop an IATA to assess the risk of immunotoxicity characterized by TDARs.

	Relationship: 1508:
	· Cyclophilins have been found in mammals, plants, insects, fungi and bacteria. They are structurally conserved throughout evolution and all have PPIase activity (Wang P et al. 2005). They form binary complexes with their ligand cyclosporine A.
· FKBP12 is a 12-kDa protein localized in cytoplasm and has been isolated from Jurkat T-cells as a receptor that binds with the FK506 -> binds to FK506
· but the PPlase activity and the inhibition of activity that they indicate are unrelated to CN regulation -> but inhibition of PPIase activity is not related  to CN regulation
· In that process, . dephosphorylated SP motifs exposes the nuclear localization signal (NLS) and covers nuclear export signal (NES),
· dephosphorylation does not occur in NFAT, thereby interfering with nuclear localization -> thereby resulting in nuclear export
· The molecular structures and functions of CN and NFAT are evident based on sufficient scientific evidence findings
· but modification of these functions is unrelated to inhibition of CN activity and thus thought to arise in the molecular structure of the complexes. -> but the isomerase activity per se is not relevant for CN activity indicating that the latter is affected by the molecular structure of the complex.
· using imaging flowcytometer -> using imaging flowcytometry
· There have been no literature available to compare directly the dose response of inhibition of CN phosphatase activity with that of nuclear translocation of NFAT -> So far, there is no evidence available that the dose response of inhibition of CN phosphatase activity is correlated with nuclear translocation of NFAT
	According to the reviewer’s comment, we amended as follows:
· The sentence “They form binary complexes with their ligand cyclosporine A.” was added.
· The word “with the” was changed to “to”.
· The phrase “but the PPlase activity and the inhibition of activity that they indicate are unrelated to CN regulation” was changed to “but inhibition of PPIase activity is not related  to CN regulation”.
· The phrase “. dephosphorylated SP motifs exposes nuclear localization signal (NLS) and covers nuclear export signal (NES)” was changed to “dephosphorylated SP motifs expose the nuclear localization signal (NLS) and cover nuclear export signal (NES)”.
· The phrase “thereby interfering with nuclear localization” was changed to “thereby resulting in nuclear export”.
· The word “evident” was deleted, and the word “findings” was changed to “evidence”.
· The sentence “but modification of these functions is unrelated to inhibition of CN activity and thus thought to arise in the molecular structure of the complexes” was changed to “but the isomerase activity per se is not relevant for CN activity indicating that the latter is affected by the molecular structure of the complex”.
· The word “flowcytometer” was changed to “flowcytometry”.
· The sentence “There have been no literature available to compare directly the dose response of inhibition of CN phosphatase activity with that of nuclear translocation of NFAT” was changed to “So far, there is no evidence available that the dose response of inhibition of CN phosphatase activity is correlated with nuclear translocation of NFAT”.

	Relationship: 1017
	· Nuclear localization of NFAT results in the NFAT binding with AP 1 at the IL-2 promoter region -> In the nucleus NFAT binds with AP 1 at the IL-2 promoter region
· NFAT has NLS and NES domains among and adjacent to the N-terminal region
· and once the SP region is dephosphorylated, the NLS domain is exposed whereas and the NES domain is covered
· The relationship of the interference of nuclear localization of NFAT leading to reduced NFAT/AP-1 complex formation
· The experiment of gGel mobility shift assays using Ar-5 human T cells stimulated with cross-linked anti-CD3 antibody 
· complex formation was shown to be inhibited with by FK506 at the concentrations within the concentration range of FK506 for the inhibition of nuclear translocation of NFAT
	According to the reviewer’s comment, we amended as follows:
· The phrase “Nuclear localization of NFAT results in the NFAT binding with AP 1 at the IL-2 promoter region” was changed to “In the nucleus NFAT binds with AP 1 at the IL-2 promoter region”.
· The word “domains” was added.
· The word “domains” was added, and the word “and” was changed to “whereas”.
· The phrase “of the interference” was deleted.
· The phrase “The experiment of gel mobility shift assays” was changed to “Gel mobility shift assays” was deleted.
· The phrase “inhibited with FK506 at the concentrations within the concentration range of FK506 for the inhibition of nuclear translocation of NFAT” was changed to “inhibited by FK506 at concentrations within the range of FK506 for the inhibition of nuclear translocation of NFAT”.

	Relationship: 1509:
	· binds to form complexes -> forms complexes
· cooperation interaction of NFAT with AP-1 is required
· Decreased formation of NFAT/AP-1 complex at the promoter region of IL-2 genes in the nucleus of T cells following lowed nuclear localization of NFAT by calcineurin inhibitor (CNI) treatment reduces the transcription of IL-2 -> lowered nuclear localization of NFAT by calcineurin inhibitor (CNI) results in decreased formation of NFAT/AP-1 complex at the promoter region of IL-2 genes in the nucleus of T cells thereby reducing the transcription of IL-2.
· which leads to inhibit translocation of NFAT to the nucleus -> which inhibits
	According to the reviewer’s comment, we amended as follows:
· The phrase “binds to form complexes” was changed to “forms complexes”.
· The word “cooperation” was changed to “interaction”.
· The sentence “Decreased formation of NFAT/AP-1 complex at the promoter region of IL-2 genes in the nucleus of T cells following lowed nuclear localization of NFAT by calcineurin inhibitor (CNI) treatment reduces the transcription of IL-2” was changed to “Lowered nuclear localization of NFAT by calcineurin inhibitor (CNI) results in decreased formation of NFAT/AP-1 complex at the promoter region of IL-2 genes in the nucleus of T cells thereby reducing the transcription of IL-2”.
· The phrase “which leads to inhibit translocation of NFAT to the nucleus” was changed to “which inhibits”.

	Relationship: 1510
	· CsA is known to be one of the calcineurin inhibitiors
· CsA-treatment is reported to suppresses the productions
	According to the reviewer’s comment, we amended as follows:
· The word “to be” was added.
· The word “suppresses” was changed to “suppress”.



