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Dear Dr Nguyen,

RESPONSE TO REVIEWERS FOR MANUSCRIPT JoVE61141

Thank you for your considering our manuscript for publication in Journal of Visualized Experiments.    

Please find attached the authors response to the reviewer’s comments for the manuscript entitled ‘Advanced 3D Liver Models for Genotoxicity Testing In Vitro Following Long-Term Nanomaterial Exposure’ authored by Samantha V. Llewellyn, Gillian E. Conway, Ume-Kulsoom Shah, Stephen J. Evans, Gareth J. S. Jenkins, Martin J.D. Clift and Shareen H. Doak.

We wish to thank the reviewers for their time and constructive comments on our paper, which have helped to improve the clarity of the research undertaken. All of the reviewer’s comments have been copied into this letter and our response written in red font for ease of reading. We hope that these changes are deemed suitable and the manuscript is considered for publication in JoVE.       

Please contact us if there are queries or concerns. 

Kind Regards  
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[image: my signature]                                                   



Samantha V. Llewellyn                                                      Prof Shareen H. Doak
PATROLS Research Assistant                                          Professor of Genotoxicology and Cancer                                                                                                                                               
Swansea University, UK                                                    Swansea University, UK


Editorial comments to Authors:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.
2. Please sort the Materials Table alphabetically by the name of the material.
3. Figure 2: Please include a space between the number and the unit. Please capitalize the L in the microliter abbreviation.
4. Figure 3: Please label the panels as in Figure 2.
5. Please provide an email address for each author.
6. Step 1 of the protocol can be moved to the Introduction.
7. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents. For example: Virkon, Falcon, NanoGenoTox, etc. 
8. The Protocol should contain only action items that direct the reader to do something. Please move the discussion about the protocol to the Discussion. 
The authors would like to thank the editor for their valued contribution and confirm all the above comments advised by the editor have been resolved as suggested. 

Reviewers' comments to Authors:
Reviewer #1:
Manuscript Summary:
The authors described in detail on how to prepare a HepG2 spheroid and used it for genotoxicity studies. The method involves using a hanging drop approach to avoid cell attachment on plate surfaces and the formation of 3D spheroids as the cells grow. Then nanoparticles were used to treat the spheroid for short and long term up to 120 hours.

Major Concerns:
1. No description on the key point on spheroid formation, what does the hanging drop look like and what types of special plate were used?
The authors would like to thank the reviewer for highlighting this area of potential misunderstanding and confirm the text has been amended on page 6 to clarify that special plates are not required for the formation of the spheroids in this SOP and that the hanging drops are simply formed using the lid of a standard 96-well plate. Figure 2 illustrates the hanging drop technique; a concept which will be further demonstrated in the visualised experiment.  
2. There is no ENM treated spheroid data presented, which makes the title of the paper not appropriate. For ENMs, different from chemicals, there is a translocation issue for spheroid, for example, the cells on the spheroid surface will have different exposure scenario the cells inside the spheroid. Then the results will be heterogeneous, different ENMs will make a difference due to translocation ability. This has huge impact on interpretation of any results.
The authors would like to thank the reviewer for their valuable comment and based on the title of this publication agree some representative data using this model for the genotoxicity assessment following both acute or long-term ENM exposure is necessary. Thus, we have added Figure 7 (page 14) to illustrate this SOP has been successfully utilised for genotoxicity hazard assessment using the following 2 different types of ENMs; TiO2 and Ag. One, non-cytotoxic dose (5.00μg/mL) was selected, alongside both a negative media only and positive aflatoxin B1 control.  
Furthermore, the authors would like to thank the reviewer for highlighting the principle of ENM translocation, as we to believe that this is an important point to consider especially when assessing other biochemical endpoints. However, in terms of genotoxicity assessment utilising the micronucleus assay, we are targeting only the actively dividing cells found on the outer surface of the spheroid and previous work using electron microscopy illustrates the ENMs are able to pass and interact with the cells at the surface layer of the spheroid. Evidence for this translocation was not included, as it was deemed out of the scope of this methods based paper.
[bookmark: _GoBack]3. If the 3D is superior to 2D culture, then some data should be presented to show that after long term culture, albumin secretion or urea production or other functional markers are maintained better than 2D.
We agree it is important to demonstrate that the 3D model is superior to that of the 2D version, so to actively highlight this difference between the model types, we have added some 2D data for liver functionality and CYP450 activity into the text below Figure 6 (page 12) to allow easy comparisons with the 3D model to be made. Unfortunately, it was not possible to graph the 2D data directly alongside the 3D data due to the data points being significantly lower than the 3D output, so much so that the bars are not even visible on the graph. 
4. There are many different kinds of ENMs, e.g., metal, metal oxide, carbon nanotubes, graphene, graphene oxide, nanorods, fibers etc. The authors should show some representative ENMs in this 3D system and show the genotoxic results to demonstrate that it is a good system for genotoxicity research.
The authors agree with the reviewer and would like to thank them for this important comment, which has been addressed with the addition of Figure 7 (page 14) showing some representative micronucleus data including a variety of ENMs (a metal and metal oxide) to highlight the 3D HepG2 model described is a suitable in vitro test system for ENM genotoxicity hazard assessment. Further detail regarding this amendment can be found above in response to reviewer comment No.2. 
Minor Concerns:
1. The Figure 5 showed good and bad spheroids, however, most important information is the percentage of good.

The authors agree this information would be useful for the reader and have included (page 12) that typically 90-95% of the spheroids per plate will form correctly and be viable for experimental use. 


Reviewer #2:
Manuscript Summary:
This is a very interesting and important study. The manuscript introduces a 3D liver spheroid model for the testing of engineered nanoparticles with focus on the inclusion of the micronucleus assay.

Major Concerns:
'With the inevitable development of a necrotic core, a known limitation of 3D liver spheroid
cultures, the viability of this HepG2 based model had to be established to demonstrate it was able to sustain long-term (>5 days) exposure regimes whilst maintaining the proliferative capability required to support the micronucleus assay5. Indeed, this 3D liver spheroid model has been shown to retain >70% viability over 10 days in culture. Based on this and in conjunction with the sustained liver-like functionality observed over the ≥14 days culture period, this 3D liver spheroid model can thus support long-term, repeated ENM exposure regimes' [p. 13] I don't quite understand this. Is the culture now suggested for >5 but <10 days? Is 70% viability regarded as sufficient? Is the exposure of up to 14 days feasible and recommended?
The authors have amended the text above found on page 13 in an attempt to provide more clarity on this matter. The text has been altered to better explain that the HepG2 3D model is viable for up to 14 days in culture from the day of agarose transfer (three days post seeding) which is referred to as Day 1 in all figures. As a result, this limits long-term exposure regimes to a 10 day window as that’s when the spheroids retain >70% viability which is regarded as sufficient for ENM hazard assessment and the micronucleus assay specifically. A 14 day exposure is feasible, but not currently recommended as Figure 6 illustrates that <55% of the cells in the spheroids would be viable at this stage, so any results are unlikely to be a true representation of the healthy population.  
I agree that 70% viability is appropriate for micronucleus testing according to current TG and in relation to the proliferative aspect of the model I consider this as a strength. However, a 30% cytotoxicity could limit the relevance of other toxicity readouts. This could be better discussed as a limitation.
The authors would like to thank the reviewer for this comment and appreciate that 30% cytotoxicity could limit the relevance of other toxicity outputs, but the user would have to be aware of this restriction and apply the model accordingly to suit the timeframe and biochemical endpoint they desire. This is why we felt it was so important to fully describe the viability of the model over the 14-day period, to ensure future users were aware of the time-frame in which the models’ could be applied for various hazard endpoint analyses. As the focus of this protocol is the micronucleus assay, 70% viability is thus appropriate for this particular endpoint and additional description of the time-frame in which to apply the spheroid models has been more fully described on page 13, as explained above in response to Reviewer 2’s first comment. 

Minor Concerns:
The authors use a couple of abbreviations that should be introduced when used for the first time: SOP,
There's some variations between 'ml' and 'mL' and sometimes with space between number and unit and sometimes without space (e.g. p 5), same goes for '°C', or 'g' in context of centrifugation.
We would like the thank the reviewer for highlighting these inconsistencies, which have now been amended accordingly.
Introduction:
P2.
The authors could mention that ENM find also applications in the food sector.
What is mean't by natural exposure? I suggest the use of more specific wording like to better reflect physiology /morphology, etc.
p. 2 The manuscript has a strong focus on the investigation of genotoxicity. I recommend to include a sentence on why this is regarded as crucial endpoint in regulatory toxicology?
The authors are grateful for the valuable contribution from the reviewer and have added the above suggestions into the introduction, page 2. 
Protocol:
2. HepG2 cells, obtained from…….. were cultured…
The manuscript has several brand descriptions or lab-specific jargon for used equipment or chemicals, e.g. falcon tube (p. 4), Virkon (p. 5). Please use more general (neutral) terminology. The same applies to P-1000 for a 1000 µl pipette, and T-75 flask for a 75-cm2 disposable cell culture flask
Apparently "Virkon" is the preferred method to decominate biological waste in the protocol. Other labs use other methods and approaches that could be mentioned and this does not affect the validity of the described method.
Page 5 , 3.5 ..without air bubbles
Page 6. The Haemacytometer protocol requires further detail. The strategy of counting of cells that are only partly within the "squares" should be reported. Typically, the approach is to include cells on two out of the four "lines" e.g. bottom and left and exclude cells overlapping with both other lines. 
Page 8, 5.1 .. ENM are particulate, therefore it should be ENM suspension (not solution)
Safe handling issues are discussed for Trypan Blue Dye. What about Giemsa. Please also specify if the staining is Giemsa or MGG.
We thank you for these minor amendments, all have been revised as suggested in the appropriate sections. 
Discussion:
The applicability of the model for genotoxicity testing is a highlight and shown for the micronucleus assay. I wonder about the authors' opinion of the potential relevance of the model for other genotoxicity tests that evaluate fixed DNA damage (e.g. CA test) and if the model could also be used to specifically study effects of ENM on proliferation (flow cytometry based tests). 
We would like to thank the reviewer for this interesting comment and confirm we have now included additional discussion on page 15 to address these points further and speculate on other applications for the model. 
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