Request for endorsement by written procedure of four Adverse Outcome Pathways (AOPs) – sent to the WNT and WPHA with the deadline of 16 June 2021

Responses received from Germany on AOP 212


AOP 212

p. 4
overall assessment of the AOP
2-Methoxyacetic acid (MAA) –Abbreviation was not introduced yet
Abbreviation has been added in Abstract.

p. 8
· MAA induces decrease in deoxynucleotide pool, resulting in apoptosis
· Inhibition of 5,10-CH2-THF production by MAA may decreases deoxynucleotide pool in spermatocytes
· The present AOP can be used in risk assessment of several types of the molecules including HDAC inhibitors as the anti-cancer drugs, as well as another types of the chemicals, in terms of testicular toxicity
· This AOP elucidating the pathway from HDAC inhibition to testicular atrophy may provides important insights
· Thank you so much for the considerable proofreading. Grammatical errors including the comments above have been corrected. (p. 5-6/35 in AOP Snapshot 212-2021-07-02T02_03)

Considerations for Potential Applications of the AOP
· Applications are only discussed regarding the pharmaceutical sector, how will the AOP be useful risk assessment of chemicals, biocides or pesticides?
 Following sentences have been added in terms of the risk assessment of chemicals, biocides or pesticides in the Potential Applications of the AOP:
“The AOP may be useful for the risk assessment of chemicals, since possible applications of HDAC inhibitors include the enhancement of salinity tolerance to increase agricultural sustainability. Other potential applications of the AOP include the risk assessment of biocides or pesticides, considering that HDAC inhibitors are being investigated as insecticides or amoebicides [Bagnall et al., 2017; Lee et al., 2020].” (p. 6/35 in AOP Snapshot 212-2021-07-02T02_03)

References added: 
Bagnall, N. H., Hines, B. M., Lucke, A. J., Gupta, P. K., Reid, R. C., Fairlie, D. P., & Kotze, A. C. (2017). Insecticidal activities of histone deacetylase inhibitors against a dipteran parasite of sheep, Lucilia cuprina. International Journal for Parasitology: Drugs and Drug Resistance, 7(1), 51–60. https://doi.org/10.1016/j.ijpddr.2017.01.001
Lee H-A, Park S-M, Chu K-B, Quan F-S, Kurz T, Pflieger M, Moon E-K. 2020. Application of histone deacetylase inhibitors MPK472 and KSK64 as a potential treatment option for Acanthamoeba keratitis. Antimicrobial Agents and Chemotherapy 64:e01506-20. https://doi.org/10.1128/AAC.01506-20.

· Rocilinostat is mentioned here as HDAC inhibitor, should it also be included in the stressors list or included in the overview for the MIE?
· Rocilinostat has been added as a stressor as follows and the reference has been added (p. 2/35 in AOP Snapshot 212-2021-07-02T02_03):
Rocilinostat / Ricolinostat is the first oral selective HDAC6 inhibitor.
Ricolinostat plus lenalidomide, and dexamethasone in relapsed or refractory multiple myeloma: a multicentre phase 1b trial
By: Yee, Andrew J.; Bensinger, William I.; Supko, Jeffrey G.; Voorhees, Peter M.; Berdeja, Jesus G.; Richardson, Paul G.; Libby, Edward N.; Wallace, Ellen E.; Birrer, Nicole E.; Burke, Jill N.; et al
Lancet Oncology (2016), 17(11), 1569-1578 | Language: English, Database: CAplus and MEDLINE DOI: 10.1016/s1470-2045(16)30375-8


p. 12
Overview for Molecular Initiating Event
· Since TSA and butyrate competitively inhibit HDAC activity, do they both bind the same HDAC classes?
 Yes, they inhibit class I and II of HDACs. Following sentences have been added (p. 8/35 in AOP Snapshot 212-2021-07-02T02_03):
“TSA (Trichostatin A) inhibits class I and II of HDACs, while butyrate inhibits class I and IIa (HDACs 4, 5, 7, 9) of HDACs [Ooi et al., 2015; Park and Sohrabji, 2016; Wagner et al., 2015].”

References added:
Ooi, J.Y.Y. et al. (2015), “HDAC inhibition attenuates cardiac hypertrophy by acetylation and deacetylation of target genes”, Epigenetics 10:418-430
Park M.J. and Sohrabi F. (2016), “The histone deacetylase inhibitor, sodium butyrate, exhibits neuroprotective effects for ischemic stroke in middle-aged female rats”, J Neuroinflammation 13:300
Wagner F.F. et al. (2015), “Kinetically selective inhibitors of histone deacetylase 2 (HDAC2) as cognition enhances”, Chem Sci 6:804

· There are two sentences with regard to TSA targets, shouldn’t they be combined? E.g. TSA inhibits class I isoforms 1, 2, 3, and 8
 Thank you so much for this comment. The sentences have been combined as follows (p. 8/35 in AOP Snapshot 212-2021-07-02T02_03):
“TSA inhibits HDAC1, 2, and 3 [Damaskos et al., 2016], whereas MS-27-275 has an inhibitory effect for HDAC1 and HDAC3 (IC50 value of ~0.3 mM and ~8 mM, respectively), but no effect for HDAC8 (IC50 value >100 mM) [Hu et al., 2003].” 


p. 13
· The members of groups classes 1,2 and 4 are dependent on a zinc ion
· Several recent high resolution crystal structures
· They have been corrected as well. (p. 9/35 in AOP Snapshot 212-2021-07-02T02_03)

p. 14
in silico methods including molecular modelling, virtual screening and molecular dynamics are used to find the common HDAC inhibitor structures
This statement is not related to the measurement of the MIE and should be moved to the key event description
 The sentence has been moved to the key event description. (p. 9/35 in AOP Snapshot 212-2021-07-02T02_03)

p. 17
DNA in acetylated histones is more accessible for transcription factors, leading to increase in gene expression.
This sentence could be deleted, this is already mentioned at the beginning of the paragraph
 This sentence has been deleted. (p. 12/35 in AOP Snapshot 212-2021-07-02T02_03)

p. 21 
· however, the alternative pathway such as NF-kB signaling pathways may be involved in apoptosis of spermatocytes
· however, alternative pathways
· Corrected. (p. 15/35 in AOP Snapshot 212-2021-07-02T02_03)
· such as cell shrinkage and pyknosis, inclusion of cell fragments into apoptotic bodies
· such as cell shrinkage and pyknosis, cell fragments into apoptotic bodies – how is this quantified?
 The sentences have been revised as follows and the reference has been added (p. 15/35 in AOP Snapshot 212-2021-07-02T02_03):
“such as homogenous condensation of chromatin to one side or the periphery of the nuclei, membrane blebbing and formation of apoptotic bodies with fragmented nuclei, DNA fragmentation, enzymatic activation of pro-caspases, or phosphatidylserine translocation that can be measured using electron and cytochemical optical microscopy, proteomic and genomic methods, and spectroscopic techniques [Archana et al., 2013; Martinez et al., 2010; Taatjes et al., 2008; Yasuhara et al., 2003].” 

・DNA fragmentation can be quantified with comet assay using electrophoresis, where the tail length, head size, tail intensity, and head intensity of the comet are measured [Yasuhara et al., 2003].

Reference added:
Yasuhara, S. et al. (2003), “Comparison of comet assay, electron microscopy, and flow cytometry for detection of apoptosis”, J Histochem Cytochem 51:873-885


p. 23
In several steps of the spermatogonial differentiation, different molecular mechanism is activated in testis
· in each step of the spermatogonial differentiation, different molecular mechanisms are activated in testis
· Corrected. (p. 17/35 in AOP Snapshot 212-2021-07-02T02_03)

p. 25
Ethylene glycol monomethyl ether (EGME) – abbreviation was not yet introduced
· Abbreviation has been added. (p. 18/35 in AOP Snapshot 212-2021-07-02T02_03)

p. 26
· by one individual unaware of animal number or treatment – unclear what is meant here; since it describes an assay, it is suggested to delete this statement
 Deleted. (p. 19/35 in AOP Snapshot 212-2021-07-02T02_03)

· The testicular toxicity assessment is important for assessing the side effects of the medicines such as anti-cancer drugs, as well as hazard and risk of chemicals.
· Change testicular toxicity to testicular atrophy
· Changed. (p. 19/35 in AOP Snapshot 212-2021-07-02T02_03)
· Please specify how the AO is related to chemical risk assessment
· A following sentence has been added: “In terms of chemical risk assessment, the AO may be related to the health effects caused by the usage of pesticides or biocides.” (p. 19/35 in AOP Snapshot 212-2021-07-02T02_03)

p. 29
· The relationship between HDAC inhibition and hyperacetylation is likely well conserved between species from lower organisms to mammals – can examples for lower organisms be added? If not, the statement should be modified
 The statement has been modified as follows (p. 20/35 in AOP Snapshot 212-2021-07-02T02_03): “The relationship between HDAC inhibition and increase in histone acetylation is conceivably well conserved among various species including mammals.”
· Upon the inhibition of HDAC by HDIs, the acetylation of lysine in histone remains acetylated which and it leads to transcriptional activation or repression, changes in DNA replication and DNA damage repair. The treatment by HDIs increased histone acetylation
 Corrected. (p. 20-21/35 in AOP Snapshot 212-2021-07-02T02_03)
· For long time it is known that histones get acetylated and that this reaction is catalyzed by histone acetyl transferases (HAT) and whereas the acetyl groups are removed by histone deacetylases (HDAC)
 Corrected. (p. 21/35 in AOP Snapshot 212-2021-07-02T02_03)


p. 30
· The HDI selectivity exists, in which mMore acetylation sites on the histones H3 and H4 are responsive to SAHA than to MS-275 indicating that an HDI selectivity exists
 Corrected. (p. 21/35 in AOP Snapshot 212-2021-07-02T02_03)
· HDAC inhibition by HDIs hyperacetylates cellular proteins other than histones and exhibit additional biological effects
 Corrected. (p. 21/35 in AOP Snapshot 212-2021-07-02T02_03)
· SAHA and or MS-275 treatment leads to an increase in acetylation
 Corrected. (p. 21/35 in AOP Snapshot 212-2021-07-02T02_03)

p. 32
The relationship between increased histone acetylation and p21 expression increase is likely well conserved between species.
· It should be indicated here that the present KER focuses on p21 pathway leading to apoptosis
· Please add that p21 is a cell-cycle regulator
· Examples are only given for mammals which should be indicated here as well (also the statements on p. 39 and 41 should be changed)
· The statements have been revised as follows: “The relationship between increased histone acetylation and cell cycle disruption is likely well conserved between species. The present KER focuses on the pathway of p21, a cell-cycle regulator, leading to apoptosis. The examples are only given for mammals:” (p. 23/35 in AOP Snapshot 212-2021-07-02T02_03)


p. 33
· Acetylation of the promoter region of the coding genes have a close correlation – it is unclear what is meant here
 It has been revised as follows: “Upon histone acetylation increase, cell cycle regulation is disrupted, where acetylation in the promoter region of the coding genes has a close correlation.” (p. 23/35 in AOP Snapshot 212-2021-07-02T02_03)
· activation of down-stream molecules involving cell cycle regulation – are enzymes meant here (or gene expression)? Please specify and give examples
 It has been revised as follows: “Transient histone hyperacetylation was sufficient for the activation of molecules involving cell cycle regulation such as inducing p21 gene expression.” (p. 23/35 in AOP Snapshot 212-2021-07-02T02_03)

p. 35
· The relationship between disrupted cell cycle and apoptosis is likely well conserved between species – only examples from human and mouse are given
 The sentence has been added (p. 25/35 in AOP Snapshot 212-2021-07-02T02_03): “The examples are only given for mammals:”
· Cell cycle dysregulation may leads to apoptosis
 Corrected (p. 25/35 in AOP Snapshot 212-2021-07-02T02_03).
· microRNA-497, potentially targeting Bcl2 and Cyclin D2 (CCND2), induced apoptosis via the Bcl-2/Bax - caspase 9 - caspase 3 pathway and CCND2 protein in human umbilical vein endothelial cells (HUVECs) [Wu, 2016]. The microRNA-497 activated caspases 9 and 3, and decreased Bcl2 and CCND2 – these 2 sentences should be combined
 The sentence has been combined (p. 25/35 in AOP Snapshot 212-2021-07-02T02_03): “The microRNA-497, potentially targeting Bcl-2 and cyclin D2 (CCND2), activated caspases 9/3, and induced apoptosis via the Bcl-2/Bax - caspase 9 - caspase 3 pathway and CCND2 protein in human umbilical vein endothelial cells (HUVECs) [Wu, 2016]”.

p. 36
The decrease in total DNA was measured, the increase in cell death was observed – wasn’t it measured as LDH activity? Maybe this sentence can be deleted.
 Deleted. (p. 25/35 in AOP Snapshot 212-2021-07-02T02_03)

p. 41
· Spermatocyte depletion leads to testicular toxicity such as testicular atrophy with decrease in size
 Corrected. (p. 28/35 in AOP Snapshot 212-2021-07-02T02_03)
· There are different insults that can induce spermatocyte depletion and consequently testicular toxicity atrophy.
 Corrected. (p. 28/35 in AOP Snapshot 212-2021-07-02T02_03)

p. 42
· Spermatocyte depletion caused by apoptosis leads to the testicular toxicity atrophy
 Corrected. (p. 28/35 in AOP Snapshot 212-2021-07-02T02_03)
· Apoptosis is a basic biological phenomenon in which the cells are controlled in the atrophy of various tissues and organs through the deletion and turnover, as well as in tumor regression
· Apoptosis is a basic biological phenomenon in which the cells are controlled through deletion and turnover in the atrophy of various tissues and organs as well as in tumor regression
 Corrected. (p. 28/35 in AOP Snapshot 212-2021-07-02T02_03)
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