Responses to Editorial and Peer Review Comments

We appreciate the thorough review of the manuscript and the feedback provided by the knowledgeable reviewers.  We believe that the revisions made to address their concerns have improved the quality of the manuscript.  Please note that in addition to the revisions outlined below, because the comet assay data for the test compound referred to in Study 3 and Figure 4 have not yet been released to the National Toxicology Program (NTP) public website, the name of the compound has been deleted from this manuscript and replaced with “test chemical”, as per NTP policy.

Editorial Comments
Changes to be made by the Author(s):
[bookmark: _GoBack]
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.  Response: The revised manuscript has been proofread.

2. Please revise the table of the essential supplies, reagents, and equipment. The table should include the name, company, and catalog number of all relevant materials in separate columns in an xls/xlsx file. Please sort the Materials Table alphabetically by the name of the material.  Response: All the requested information was provided in the original submission.  The table has now been sorted alphabetically.

3. Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add references to published material specifying how to perform the protocol action.  Response: Additional details to the protocol have been provided in the revised manuscript.

4. Please note that we need a specific example in order to film: What organ is used or will be featured in the video? How much of the organ is used?  Response: Our plan is to demonstrate: 1) mincing and flash freezing a piece of liver, 2) scraping and flash freezing stomach epithelium, 3) flash freezing cubes of liver, and 4) homogenizing a frozen cube of liver tissue.  These steps are rapid.  The final sizes of liver tissue to be used are specified in the protocol; following removal of a section of tissue for histopathological evaluation, the remaining glandular stomach will be used.

5. Please specify all volumes and concentrations throughout.  Response: All concentrations of reagents and volumes for sample preparation were provided in the original manuscript.  The volumes of buffer used at rinsing steps do not need to be precise.  Nevertheless, we added approximate volumes for rinsing steps to the revised manuscript.

6. 1.1: How much solution is used? What is the container size?  Response: The step was revised to indicate that a medium size weigh boat is used.  The catalog number is provided in the supplementary list of supplies, so the reader can obtain exact dimensions.  The volumes of buffer used at this step do not need to be precise.  However, we added an approximate volume to the revised manuscript.

7. 1.2: Section how? Process how? What are the sizes and section slices?  Response: The collection of tissue for possible future histopathological evaluation is highly recommended but is not integral to the procedural focus of this manuscript.  Each laboratory should have its own standard operating procedures for the collection and sizing of various tissues for routine histopathology.  Section 1.2 was revised to state that tissues should be fixed in 10% neutral buffered formalin, trimmed, and embedded according to each laboratory’s established methods.

8. 1.3: Cut how much? Rinse with how much solution?  Response: Although not a critical detail, approximate sizes of initial sections of tissue from which smaller pieces are cut have been provided in the revised manuscript.  The volumes of buffer used for rinsing and submerging tissue while maintained on ice also do not need to be precise.  Nevertheless, we added approximate volumes for these steps.

9. Please specify how much of each organ is prepared.  Response: Sizes of tissue pieces used for sample preparation have been more clearly defined in the revised manuscript.  Moreover, Fig.1 has been revised to include a photo showing an optimal size of cubed tissue next to a ruler and the tissue mincing device.  In addition, although not critical, approximate sizes of initial strips of tissue from which smaller pieces are cut have been provided.

10. Please discuss limitations of the protocol in the discussion.  Response: The sieve device may not be amenable to homogenization of fibrous muscle tissue.  The discussion was revised to include our recent experience using heart tissue, which would not pass through the sieve device to yield good recovery of cells.

11. Please do not abbreviate journal titles.  Response: Abbreviated journal titles have been replaced with full journal titles.


Reviewers' Comments

Reviewer #1:

A JoVE paper about the 'Use of Frozen Tissue in the Comet Assay for the Evaluation of DNA Damage' is really needed and it actually comes in the right time. However, the manuscript needs some changes before its publication.

1. In the introduction section, authors talk about the comets being formed by DNA fragments. However, the comets are not formed by fragments but by DNA loops that has been relaxed (and therefore, able to migrate) due to the presence of DNA breaks. Authors should really pay attention to it and change the text accordingly. For some information, authors can check the following paper (among others): Single-cell gel electrophoresis (the comet assay): loops or fragments? Shaposhnikov SA, Salenko VB, Brunborg G, Nygren J, Collins AR, Electrophoresis 2008, 29, 3005-3012.  Response: For greater accuracy, the wording in the introduction has been revised to mention migration of relaxed DNA loops.  However, reference to DNA fragments was also retained, which is consistent with the OECD 489 test guideline that states: “DNA fragments migrate away from the “head” into the “tail” based on their size…”

2. When presenting the data in the different figures, it is more relevant to use the mean and the standard deviation. The standard error of the mean, though it is used, is not a descriptive parameter and it can be misleading. The standard error of the mean is a parameter calculated for the analysis of the data (inferential statistics). In this context, it may be useful to have some statistical analysis of the data.  Response: The error bars in the figures have been changed to reflect standard deviation.  Results of statistical comparisons have been added to the figures and/or figure legends.

3. In the Discussion section, authors talk about the use of frozen cubes of brain tissues so it would be convenient to include this tissue in the Protocol section. Actually, it would be nice to show, at least, basal data (from non-treated animals) from fresh and frozen tissues, from all the tissues so the readers of the paper (and so the user of the protocol) can see the results that the authors have obtained (and therefore they know what to expect). Currently only results obtained in liver samples are shown.  Response: The Reviewer’s point is well taken.  However, to provide basal data is complicated by the fact that our data sets generated from frozen tissues span multiple tissue types from multiple strains of male and female mice and rats, harvested in our facility or harvested elsewhere and shipped to our site, prepared using multiple freezing procedures (i.e., frozen minced versus frozen cubed), and analyzed using different scoring approaches (i.e., excluding hedgehogs versus including hedgehogs that are scorable by the software).  We have already published a number of articles that provide examples of basal comet data generated in our laboratory from frozen minced and scraped epithelial tissue.  In fact, some examples of our data using frozen blood, frozen minced liver, duodenum, and brain, and frozen scraped epithelium from colon and stomach can be found in three of the cited references in this manuscript.  To provide some example basal data generated from frozen cubed tissue other than liver, we have taken the following approach. First, as suggested by the Reviewer, procedural details for freezing brain tissue have been added to the protocol.  Second, a figure (Fig. 5) has been added depicting baseline comet assay results, collated over several studies, for frozen minced and cubed tissues representing four different regions of the brain of male and female Sprague Dawley rats.  This new figure provides support for a sentence in the discussion section stating that, in our experience, the homogenization method has yielded high quality preparations for brain tissue.

4. Authors should clarify the inclusion/exclusion of the highly damaged comets ('hedgehog' comets) in the analysis; it is a very important issue. In the study 1 (Figure 2), 'hedgehog' cells were not included in the calculation of % tail DNA but the percentage of this type of comets were tabulated separately. Authors explained that in study number 2 (Figure 3) and 3 (Figure 4), only scorable 'hedgehog' comets by the image analysis system were included in the calculation of the % tail DNA. However, only in study 3 the percentage of 'hedgehog' comets (I guess scorable and non-scorable) were tabulated separately. Authors should clarify these differences in the way of scoring the results.  Response: The reviewer is quite correct that the issue of inclusion/exclusion of highly damaged comets resembling hedgehogs during scoring is an important issue. Although the OECD test guideline recommends collecting information on the frequency of hedgehog comets, classification of comets as hedgehogs is highly subjective and the interpretation of the biological relevance of hedgehog comets is still subject to debate.  It is well recognized that hedgehog comets can be indicative of cellular responses to excessive toxicity (i.e., apoptosis/necrosis) or mechanical damage.  The NTP has performed some side-by-side comparisons of data obtained by excluding and including hedgehog comets that were scorable by the automated software.  The overall observation was that comets with >60% tail DNA were generally missing from the datasets when hedgehog comets, as subjectively identified by scorers, were not scored.  This raises the concern that cells at the high end of the spectrum of chemical-induced DNA damage may be inappropriately missed during the assessment due to having been classified as hedgehogs.  The NTP chooses to take the approach that it is better to detect false positives than to potentially miss true positives.  Using this rationale, hedgehog comets scorable by the imaging software were included in the automated scoring of % tail DNA for the experiments depicted in Figs. 3 and 4.  Although this subject is important, we feel that this paper focused on sample preparation methodology is not the best forum to discuss this topic.  Therefore, we have added some additional explanation to the results and figure legends but prefer to defer tackling discussion of this topic to a future publication.

5. Comparing the results obtained in frozen minced samples in study 1 and 2, with the ones obtained in study 3, there is a high increase in DNA damage of liver tissues from untreated animals in the last study. Author should include an explanation for this (Inter-experimental variability?).  Response: Study 3 is a perfect case study to exemplify one of the problems outlined in the introduction and the utility of the procedure to circumvent this problem.  The results in Fig. 4 illustrate the poor quality of the minced samples (i.e., the high level of damage noted by the reviewer) generated by a remote laboratory (not our laboratory) inexperienced at preparing samples for the comet assay.  In contrast, that same laboratory prepared, in parallel to the poor-quality minced samples, frozen cubed tissues of very high quality.  Although the results for the minced tissues were not considered reliable (as stated in the results section), the results of the cubed tissues were clear (also stated in the results) such that the experiment was salvaged.  In an effort not to criticize the tissue preparation procedures used in the remote laboratory, our presentation of the study in the original version of this manuscript may have been unclear.  To address this issue, the results section and figure legend have been revised to more clearly explain this case study and its conclusions. 


Reviewer #2:

Manuscript Summary:  This is a well written, interesting, and important manuscript in which the authors report optimal methods for processing, and storage, of solid tissue for use in the comet assay. The studies appear thoroughly performed and, as a consequence, this reviewer has few major comments.

Major Concerns:  None

Minor Concerns:

1. l70. …in an alkaline…  Response: Corrected.

2. l126. Mincing solution or Merchant's?  Response: We use mincing solution for preparation of tissue samples in accordance with the protocol validated by JaCVAM.  Merchant’s solution might be an acceptable alternative, but we have not tested it for use in preparing minced tissues for the comet assay.  

3. l150. Here and elsewhere, min not minutes    Response: Corrected.

4. l157. Here and elsewhere, µL not µl   Response: Corrected.

5. l163. Here and elsewhere sec not seconds   Response: Corrected.

6. l167. "prepare comet slides" please clarify what is meant by this - pre-coating of the slides with agarose?  Response: The wording has been revised to clarify that the focus of this step is on using the tissue to make comet slides within 1 hour, not the actual preparation of comet slides which is covered in section 2.

7. L174. Here and elsewhere, insert a space between numbers and units e.g. -80 C   Response: Corrected.

8. L220. Please use S.I. units, instead of inches.  Response: Corrected.

9. L232. Please offer some guidance on the volumes of cell suspension to be combined with agarose for placing on slide. What cell density is optimal for subsequent scoring? Is there any way to estimate this, other than trial and error (e.g. based on starting weight of tissue)?  Response: Step 2.3 states the volumes of cell suspension and agarose solution we typically use.  Using the starting weight of tissue to adjust the dilution factor for each sample could be a useful approach for standardizing cell density among slides.  However, we do not weigh the tissue samples because to do so during necropsy would require use of a sensitive analytical balance and would substantially delay the processing and flash freezing of each tissue sample likely resulting in increased baseline DNA damage.  Advance optimization of the volume of buffer used for tissue pieces cut to very precise size dimensions to routinely achieve a desired cell density could be a useful approach.  The approximate tissue sizes and buffer volumes provided in the manuscript produce optimal cell density with reasonable reproducibility in our laboratory.  This is a step in the slide preparation protocol for which each laboratory will need to gain proficiency.

10. L245. What is the value of counting the number of hedgehog comets (note, not hedgehog cells, as written)? Is this considered a legitimate procedure by the comet assay community, and the OECD test guidelines? What do hedgehogs represent?  Response: Determining the frequency of hedgehogs is a recommendation of the OECD test guideline, even though the guideline does not specify how hedgehog frequencies should be used in data interpretation.  A brief description of what hedgehogs represent and a reference to the OECD test guideline was added to the results section at first mention of hedgehog comets.  The reason for including these data becomes particularly evident in Study 3 (Fig. 4).

11. L247. Why was the frozen tissue expected to possess higher levels of damage?  Response: The sentence was revised.  Although freezing may elevate baseline DNA damage, although not obscuring induced damage in genotoxicant-exposed cells, our previous publication demonstrated no effect of freezing on baseline damage in liver.

12. L265. In study 1, hedgehogs were counted, in study 2 hedgehogs are scored - why the different treatment?  Response: Based on data generated by the NTP, the decision was made subsequent to study 1 to score hedgehogs in accordance with the rationale described in our response to Reviewer 1 regarding this same topic.  As previously mentioned, we prefer not to include discussion of this topic in this paper, which is focused on sample preparation.

13. Include how many comets were scored per slide, treatment etc.?  Response: This information is provided in the results section for each experiment.

14. Fig 3. "Livers were harvested…"?  Response: Corrected.

15. Add a reference for the statement ending on line 341.  Response: This sentence is a conclusion from this body of work, not a published article.  A reference to Fig. 4 was added for clarity.

16. From where might storage-related artefactual induction of damage arise?  Response: Previously, we serially measured DNA damage in aliquots of frozen minced liver tissue obtained from 4 untreated male Sprague Dawley rats over time, for up to 1 year.  Overall (based on this small sample size), the integrity of the frozen samples appeared to decline after 4-6 months of storage in a -80 °C freezer, based on significant increases in the levels of DNA damage.  We also observed animal-to-animal variability in the impacts of freezing.  Without more information, we hesitate to speculate on the potential damaging effects of long-term freezer storage on single cell suspensions in mincing buffer.  In contrast, frozen cubed tissue appears to be more stable over time.

17. All figures - no significant differences are noted, is this correct?  Response: Results of statistical comparisons have now been included in the revised figures.  The statistical tests used are described in the figure legends.

18. Fig 2. What is the value of combining data for cohorts 1 and 2 (they represent storage for different periods of time, correct)?  Response: The reviewer raised a good point.  Since there is no information to be gained by combining the data for the two cohorts, given the substantial difference in timing with respect to their analysis, the combined data have been eliminated from the figure.

19. The number of hedgehogs parallels the %TD for each treatment, this might warrant some discussion.  Response: The results section was revised to mention this observation and point out that the values for the % hedgehog and % tail DNA endpoints in the fresh tissue provide a baseline against which the DNA damage artefactually introduced by the freezing methods can be gauged.

 
20. Fig 4. What point is being made by plotting results expressed as %TD and %hedgehogs?   Also, the data represent two different processes (minced vs. cubed) and two different storage times (frozen for 2 mo and 22 mo) - what point(s) is being made? (The y axis scale could benefit from being changed to better illustrate the difference between the blue and red bars, if that is an endpoint being studied.)  Response:  As mentioned above, the results section and figure legend have been revised to more clearly explain the point and conclusions of the results provided in this case study.  The % hedgehog data were included to illustrate the extent of damage artefactually introduced via poor sample preparation technique.  Unfortunately, use of error bars reflecting SD rather than SEM precludes changing the y-axis scale to better depict the difference between the blue and red columns.  However, the point of the example should now be obvious.

21. Becton not Bectin??  Response: Corrected.
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Reviewer #3:

Manuscript Summary:  The manuscript is the methodological description to perform comet assay on samples of frozen tissue.

Major Concerns:

1. These types of publications need to be sufficiently described in order to be reproduced.
It lacks extremely important details, such as the volumes used in each step.  Response: For minced tissue, step 1.7 mentions using 1 mL of mincing solution for a 3-4 mm section of tissue.  For preparation of frozen cubes of tissue, step 1.10 states to cut tissue pieces to ≤4 mm in diameter (changed from width) and ~6 mm in length; steps 2.2.2 - 2.2.5 describe homogenizing a cube of frozen tissue in 1 mL of Merchant’s or mincing solution.  Fig.1 has been revised to better illustrate the diameter of the sieve device and the size of cubed tissue suitable for use with the device.

2. There are no details of how the trial was conducted after having prepared the cell suspension.  Response: The focus of this article is the preparation of the tissue samples, not the comet assay per se.  Moreover, the constraints of the video length will not permit demonstration of the entire assay.  Preparation of comet slides and scoring have been described previously, including a previous JoVE video article.  A citation to that article has been added.

3. It is extremely important to indicate if the viability of cell suspensions was determined and the methodology used.  Response: The cell suspensions were prepared from tissue and frozen.  Cell viability is not relevant.  Of course, in a standard comet assay, a positive response should be interpreted within the context of any evidence of tissue cytotoxicity.  As discussed above, hedgehog frequency may provide some indication of confounding toxicity and/or mechanical damage but is difficult to interpret.  It is recommended that a positive in vivo comet assay result be interpreted in the context of histopathological findings.  However, that is out of the scope of the work presented in this methods paper.
