Response to reviewer comments JoVE61782
Instructional guide to accurate follicle enumeration in mouse ovaries

Editorial Comments:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical errors.
Response: We have thoroughly proofread the manuscript.

Protocol Language
2. Please ensure that ALL text in the protocol section is written in the imperative voice/tense as if you are telling someone how to do the technique (i.e. “Do this”, “Measure that” etc.) Any text that cannot be written in the imperative tense may be added as a “Note”, however, notes should be used sparingly and actions should be described in the imperative tense wherever possible. Some examples NOT in the imperative: 1.1- 1.5, 2.1-2.3. 
Response: We have ensured all text is imperative tense. 

Protocol Detail
3. Please note that your protocol will be used to generate the script for the video, and must contain everything that you would like shown in the video. Please add more specific details (e.g. button clicks for software actions, numerical values for settings, etc) to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol. Please ensure that all specific details (e.g. button clicks for software actions, numerical values for settings, etc) have been added to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.
Response: We have amended the protocol to include more sufficient detail.

Protocol Numbering:
4. Please add a one-line space after each protocol step.
Response: We have amended the text spacing. 

Protocol Highlight:
5. Ensure that the highlighting is under 2.75 pages.
Response: Highlighting is under 2.75 pages. 

6. The highlighted steps should form a cohesive narrative, that is, there must be a logical flow from one highlighted step to the next.
Response: A more cohesive narrative has been written. 

7. Please highlight complete sentences (not parts of sentences). Include sub-headings and spaces when calculating the final highlighted length.
Response: Complete sentences and headings are highlighted. 

8. Notes cannot be filmed and should be excluded from highlighting.
Response: Notes are no longer highlighted. 

Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. 
9. [bookmark: _Hlk46845213]Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing methods, 4) future applications and 5) critical steps within the protocol.
Response: The discussion has been amended to cover these topics.  

[bookmark: _GoBack]References: 
10. Please spell out journal names.
Response: References have been amended. 

Tables:
11. Please remove the embedded Table from the manuscript. All tables should be uploaded to the Editorial Manager site in the form of Excel files. A description of the table should be included with the Figure legends.
Response: The table is now in an Excel file. 

Commercial Language:
12. JoVE is unable to publish manuscripts containing commercial sounding language, including trademark or registered trademark symbols (TM/R) and the mention of company brand names before an instrument or reagent. Examples of commercial sounding language in your manuscript are Stereo Investigator,
1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language in your manuscript with generic names that are not company-specific. All commercial products should be sufficiently referenced in the table of materials/reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names.
Response: All commercial language has been removed from the manuscript text.

13. If your figures and tables are original and not published previously or you have already obtained figure permissions, please ignore this comment. If you are re-using figures from a previous publication, you must obtain explicit permission to re-use the figure from the previous publisher (this can be in the form of a letter from an editor or a link to the editorial policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may be copied and pasted from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from [citation]."
Response: The table and figure are original.







Reviewer #1:
Nothing to address. 


Reviewer #2:
14. Page 1: the authors should consider including a paragraph on the issue of counting one representative slide vs. counting longitudinal sections within an entire ovary. As they well know, the majority of publications on follicle counts as endpoints in the literature are based on taking sections from the central portion of the ovary as a representative sample. Since this is clearly entrenched in current practice, some mention of its inaccuracy is warranted here.
Response: This is a good suggestion and we have added this to the Discussion. Please see page 7. 

15. Page 1: While the ability to analyze follicle counts in whole human ovaries is indeed very difficult, it nonetheless can be done when specimens are available. Likewise, obtaining ovaries from domestic animals or other non-rodent species is less problematic, thus follicle counts from whole ovarian specimens can also be accomplished. This reviewer realizes this manuscript is focused on the mouse ovary, but a brief paragraph on how accurate follicle counts would also be useful for many aspects of ovarian biology in many species would be a nice addition to the Introduction as well as mentioned in the Discussion.
Response: We have now acknowledged the mouse is only one model species, but a commonly used one. We have added references to other animal species in the Discussion section.  

16. [bookmark: _Hlk46848351]Page 1: There are a number of publications for unbiased determination of primordial follicle numbers in primate (macaque and human) ovaries based on combining random sampling, use of a physical dissector and fractionator techniques that allows for estimation of the variance of the overall estimate. This system has been used as the basis for primordial follicle counts according to various stages leading to menopause in women. This reviewer wonders if the authors would or have considered using this method to compare to the data in the present manuscript. To be clear, the present manuscript does not need these data to be complete, just something to think about in the future because the reality of most researchers is that they will most likely never use the GMA-stereology method.
See the following publications, some of these should be included as references when discussion human ovaries: Miller PB Biol Reprod 56:909-915, 1997; Miller PB Biol Reprod 61:553-556, 1999; Charleston JS, Hum Reprod 22:2103-2110, 2007; Hansen KR Hum Reprod 23:699-708, 2008; Hansen KR Menopause 19:164-171, 2012
Response: Thank you for this comment. We have amended the Discussion section to include these seminal contributions to the ovarian biology field, using gold standard stereological techniques. We have not previously used a physical dissector in our studies, but agree that a comparative methods study for follicle enumeration would be interesting and useful in the future.

17. Page 7, lines 332-334: as mentioned above, most researchers are not going to embed their precious ovarian samples in GMA for stereology because the sections in between those counted for follicle numbers cannot be used for immunohistochemical or other analyses. So, while stereology may be the most accurate, how much accuracy is needed at the cost of getting so much more information out of ovarian tissue? Perhaps a compromise could be the combined physical dissector/fractionator method which could be mentioned here, and that comparisons could be done to see whether this has similar accuracy to stereology as described within this manuscript.
Response: While beyond the scope of this instructional guide, we agree with this reviewer on this important point and are currently working on a comparative methods study. 

18. Page 10, Table 1: Please add in the Strengths for Direct Counts "retention of ovarian sections that can be used for immunohistochemical or other analyses."
Response: This has been added to Table 1. 

19. Page 2, lines 107-108: How was the well-established depletion of primordial follicles determined as referenced in this sentence since the standard image method in this manuscript shows no differences in follicle number? By the stereology method?
Response: Yes, the well-established depletion model has been determined using stereology and we have clarified this in the text.

20. Page 3, lines 162-163: this reviewer suggests deleting "should either not be counted" and leave "counted separately." If the authors' message is accurate counting, then both classes of primordial follicles should be included in counts so as not to bias results because counts of just healthy follicles do not represent total number of follicles. Or, make some distinction here about the accuracy of total vs. healthy vs. atretic follicles.
Response: A line about the distinction between healthy and atretic follicles has been added to this section.

21. Do the authors have any data on counting primordial follicles in young vs. old mice comparing the two methods?
Response: This is an interesting question but we have not done this analysis.

Reviewer #3:
22. The authors state the importance of stereology for cell counting but the manuscript does not explain how the optical or physical dissector methods work. These are crucial aspects of unbiased sampling in the stereological method.
Response: This is a good suggestion and more detail about the optical dissector/fractionator method has been added to the introduction. We have not added further information about physical dissectors, as we did not use this type of probe in this instructional guide. 

23. Lines 236, 237 and 449 refer to sampling 10 µm of the 20 µm section. In supplementary fig 2 the optical dissector is set to 18 µm. 
Response: This error has been corrected.

24. There is no instruction given for accounting for the oversampling of the optical sections. The diameter of the primordial follicle oocyte nucleus shown in Figure 2a is 11 µm. The optical section width used by the authors appears to be 10 µm. Therefore, if it is possible to see an oocyte nucleus in which say, the bottom 1 µm just intersects with the top of the optical section (and this thus counted), then 10 µm-worth of nuclear volume extends above the optical section. The same principle applies to oocyte nuclei that intersect with the bottom of the optical section. In this example the nuclei being counted can extend up to 10 µm above and below the optical section and thus the objects being counted theoretically extend over a 30 µm section depth, not a 10 µm depth. This will lead to oversampling and overestimation of primordial follicle numbers. Potential solutions to this problem include not counting objects that are in focus at the top of the optical section (but still counting objects that intersect at the bottom of the optical slice) or applying an Abercrombie correction to account for the oversampling.
Response: Every 3rd 20 µm section is sampled, consecutive sections are never counted and only the middle 10 µm of that 20 µm section is evaluated. Thus, the same primordial follicle could not be counted twice. However, this reviewer is correct that if 1µm of the nucleus is detected in the optical section, then it should be counted, as described by the protocol. In practice, this is likely to be a rare event and it is difficult to confidently identify a structure as a primordial follicle when only 1 µm of the nucleus in seen (even if a little bit more is visible above this). Thus, overall, the risk of significant oversampling is probably very low.

25. The "direct follicle counts" section does not employ the physical dissector stereology method (see Myers et al. 2004 in the manuscript reference list). Failing to use this leads to oversampling caused by biased counting in the z-axis of the sectioning plane and does not meet the high technical standards required by the journal. The appropriate method should be described and the advantages/disadvantages section updated accordingly.
Response: The purpose of this instructional guide is to provide step by step instructions for how to perform primordial follicle counts using stereology and the most commonly used method in the literature, which is by direct counts. We are not advocating that direct counts is an ideal method and agree that it does have sampling flaws. We do urge that caution must be applied when using direct counts and indicate that stereology is preferred. Whilst we use optical dissector/fractionator stereology ourselves, we have found that direct counts can provide acceptable results in some contexts and are currently working on a study to address this issue in detail.

26. The paraffin-embedded tissue in figure 2 appears damaged and the histology quality is poor. The same authors recently published an article with high quality thin-section ovary histology (https://academic.oup.com/humrep/article/doi/10.1093/humrep/deaa128/5865163). The experiments used for this manuscript should be of the same quality. The low quality of the histology raises concerns about the accuracy of the cell counts.
Response: This manuscript is an instructional guide for stereology. One of the issues with the commonly used paraffin-embedded, direct counting technique is that formalin fixed, paraffin embedded tissue can vary during the histological processes. The figure here shows that tissue can be variable, and how to recognise the structure of different follicles in this. 
27. Were the primordial follicle counts significantly different between the optical dissector counts and direct follicle counts in the control animals? The study is sufficiently powered to detect a difference of this size but the main concern is whether the sample size is large enough to rule out the possibility of type 1 error. The mean of the optical dissector control group is influenced by one large value and the mean of the direct follicle counts are influenced by two points at the lower end. Is it possible that the differences in means arises from random variation? Are the rank orders for each animal the same in the optical dissector counts and direct follicle counts or do they fluctuate?
Response: There was no significant difference in the counts for control animals using optical dissector counts and direct follicle counts. We have not assessed the rank orders as there were no significant differences.   

28. Line 436 - Why does the figure legend and supplementary figure refer to the caudate putamen, a structure in the brain, instead of the ovary?
Response: This error has been corrected and this term removed from the figure and figure legend.

29. The terminology used in the x-axis in figure 3 is not consistent with the text.
Response: This has been fixed.

30. What is the numerical aperture of the 100x objective lens?
Response: The numerical aperture is 1.3. We have clarified this in the table of equipment and reagents. 

31. Please define what is meant by "stepper area".
Response: The stepper area refers to the area encompassing each step (i.e. 100 µm2). This has now been more clearly outlined within the stereology equation (lines 280-289).

Reviewer #4:
32. Protocol 1.5: I am concerned that an adult ovary counted at only every 9th section is missing a lot of primordial follicles (reflected by your control group in Fig 3). If this manuscript is to put forward a standardised method can you provide firmer definitions around sectioning intervals for staining?
[bookmark: _Hlk47467424]Response: The 20 µm glycolmethacrylate resin sections are counted at every 3rd section, with 10 µm of each section sampled, whereas every 9th 5 µm paraffin section is counted. This interval was chosen to maintain consistency between the sampling fraction applied between the two techniques, and has been clarified within the protocol. Additionally, within the literature, sampling fractions commonly used range from every 3rd to every 10th 5 µm paraffin section. Given these sections are so thin, counting every 9th section helps to prevent oversampling and needless counting. We have commented on this in the manuscript.

33. Protocol 3.16: F1 value is poorly explained. Although you are taking 20uM sections, the size of your entire ovary may not fit within size range (i.e. divisible by 20). How do you account for the start and end sections?
Response: The sampling designs were all performed in a systematic, uniform manner from a random start. This means that regardless of how the ovary is organised within its embedding material, the sections were chosen as every 3rd one from the first cut of the ovary and continued through the entire structure. A line has been added to the description in the manuscript to explain this.

34. Protocol 3.16 F3: How do you determine what fraction of the whole section has been analysed? This is not clear from the previous steps. Clear explanation of these numerical details is critical in ensuring a standard approach.
Response: The F3 value of 20/10 is obtained since 10 µm of the 20 µm section is sampled. This has now been clarified within the introduction. 

35. A limitation that is noted by the authors is that the "Stereo Investigator software" is one of many additional stereology software packages. Hence the detailed protocol can only be applied to this software. Is there further justification for selecting this software package over others or an option to provide additional generalised methods for stereology follicle assessment?
Response: Stereo Investigator software is widely cited for a variety of organs/tissues and is a user-friendly software. We are unable to mention ‘commercial sounding language’ or registered trademarks in the manuscript, so any mention of Stereo Investigator software has been removed and referred to in Supplementary Table 1. For this reason, we are unable to provide justification within the manuscript, however a line was added to the protocol to clarify that other softwares are available and that the principles applied during stereological analysis of ovarian follicles remain the same regardless of the software used to set up the parameters.

36. Results Figure 3 are in opposition to your direct count method. A conserved method of depletion should demonstrate a significant depletion in follicle number. The current result suggests that this method is inaccurate and unsuitable. You have successfully captured the depletion of your treatment groups. However, as pointed out, the control ovary counts are highly variable and trending lower in you direct counts (do you have stats for variation across methods?). The justifications in your discussion for variability (strain age etc) have been controlled for in this study. I am concerned that the variation is a result of insufficient sampling (see point 1 above).
Response: This is a how-to guide comparing the gold standard technique for quantifying the ovarian reserve in mice (stereology), with the most widely used, but less accurate technique (direct counts). The follicle depletion model employed in this study overall highlights the accurate and sensitive nature of the stereology protocol, whilst also demonstrating that the widely reported direct counts method is unable to detect a known significant primordial follicle depletion. Though not published, we have in the past, increased section frequency in our lab, but found no benefit (the results for counting every 6th section were no different to when every 9th were counted). Nonetheless, as now described in our discussion, researchers have the option of increasing section frequency.

37. Figure 3: How reflective are your total counts to those previous published for this mouse strain/model?
Response: Variability in primordial follicle counts amongst the literature is likely due to a number of factors including not only the counting methods employed, but additional factors such as differences between animal strain and age; as well as treatment regimens, such as dose and timing. These factors must all be considered when comparing data from different studies.

Using the direct counts method, previous data from out lab in the same animal strain has shown a significant depletion of the ovarian reserve 28 days after single dose cyclophosphamide treatment at the same dose of 75 mg/kg/body weight (Saline 731 ± 101 (SEM) versus cyclophosphamide 365 ± 73, p=0.0193).1 However, the data presented for direct counts in Figure 3 of this study in mouse ovaries collected 48h after a single dose of 75mg/kg cyclophosphamide, or saline vehicle control (Saline 752 ± 139 versus cyclophosphamide 490 ± 40, p=0.1063). Reports from other research groups using the direct counts method have been performed, but not in the same mouse strain. Female 8-9 week-old Balb/c mice were treated with a single dose of 75 mg/kg/body weight cyclophosphamide (Saline 673 ± 286 (SD) versus cyclophosphamide 307 ± 85, p<0.004).2 

Stereological counts were performed in Figure 3 of this study in mouse ovaries collected 48h after a single dose of 75mg/kg cyclophosphamide, or saline (Saline 1043 ± 149 versus cyclophosphamide 387 ± 11 follicles, p=0.0024). In comparison, stereological counts have only been performed on C57BL6 mouse ovaries following a much higher dose of cyclophosphamide (300mg/kg/body weight) and collected either 5 d after treatment (saline 6852 ± 510 versus cyclophosphamide 720 ± 141, p<0.0001)3, or 24 h, with 33% of primordial follicles remaining (p<0.01).4

Based on the many discrepancies in follicle counting technique, animal strain, age and time of tissue collection in the available literature, the comparison of two different counting methods using both ovaries from the same animal, as performed in this study is the most accurate means of comparison.

38. Title: This manuscript describes primordial follicle enumeration in adult mouse ovaries only.
Response: We have modified the title.

39. Introduction: "Tissues should be preserved in a specialized Bouin's fixative," Can you explain why Bouin's fixative is necessary for stereology preparation?
Response: Fixing in Bouin’s fixative and embedding in glycolmethacrylate resin allows for the best preservation of the three-dimensional morphological structure of the ovary and follicles. A line has been added to the introduction to clarify this. 

40. This manuscript self-cites previously published literature. It may be of value in developing the necessity of these methods to incorporate a more expansive cohort of supporting literature.
Response: We have referenced a broader range literature. 

41. Protocol 3.9 - what dictates the "region of interest"?
Response: The “region of interest” is a term used within the Stereo Investigator software and in this case was intended to refer to the ovarian section. This phrase has been removed and replaced with “trace around the entire ovarian section” within the protocol to avoid ambiguity. 

42. Protocol 3.13 - how and why were those "sampling parameters" selected? For a standard protocol more information should be defined here.
Response: These sampling parameters were selected to allow for a minimum of approximately 100 primordial follicles to be counted per ovary in control animals (i.e. adult wild-type C57BL6J mice) and were determined previously by conducting a pilot study. The requirement for 100 objects to be counted in intrinsic to the stereological method and applies to any object being counted (i.e. is not particular to the ovary or follicles). A note has been added to the protocol to clarify this. 

43. It would be helpful to advise on average how many primordial follicles can be counted in a single section using both approaches. I appreciate this is variable but perhaps you could include the raw data for your control sections.
Response: As this is primarily a how to guide, we have only included minimal data. The range for the number of primordial follicles counted using stereology (raw numbers) is between 34-105. The range for the number of primordial follicles counted using direct counts (raw numbers) is between 41-121. 

44. In the PDF manuscript provided to reviewers, supp Figures 1 and 2 are blurred and cannot be read.
Response: All figures have now been saved as vector files to rectify this. 

45. Were L and R ovaries randomly or consistently assigned to assessment groups?
Response: Left and right ovaries were randomly assigned to assessment groups. A line has been added to the Representative Results section to clarify this. 

46. Discussion: "volume changes induced by histological processing" can you explain why this is problematic is obtaining accurate primordial follicle counts.
Response: Volume changes induced by histological processing, namely by fixing in formalin and embedding in paraffin wax, are known to impact the three-dimensional structure of the ovary. This can lead to follicle morphology being disrupted and making identification and counting of follicles difficult. A line has been added to the introduction and discussion to clarify this.  

47. Discussion: "follicle density" could this technique be elucidated or referenced?
Response: We have expanded this paragraph in the discussion to provide more detail about follicle density, please see page 8.  
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