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Masaryk University, Faculty of Medicine, Department of Histology and Embryology 
Kamenice 3, 625 00 Brno 
Phone: +420776226448, E-mail: zholub@med.muni.cz
										


       April 30, 2019



Dear Editor, Dr. Xioyan Cao,

[bookmark: _Hlk517803797]On behalf of my co-authors, I thank you for the opportunity to revise and resubmit our manuscript entitled “Human egg maturity assessment and its clinical application” for publication in JoVE.

Thank you for the thorough review and the detailed comments provided by you and the selected peer reviewers. We have incorporated the suggested changes into the manuscript, which has benefited from these insightful revision suggestions.

Please find our specific answers to each of your questions and comments in italics below the corresponding comment.

Sincerely,
Dr. Zuzana Holubcová



Editorial comments:
Changes to be made by the author(s):
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.
The revised manuscript has been proofread by several readers including a native (U.S.) speaker. 

2. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
Explicit copyright permission is being submitted along with the revised manuscript. It contains both the letter from the editor and the link to the editorial policy statement regarding previously published article. The Figure legend for the Figure 3 has been amended in compliance to editor´s request.

3. Please revise lines 76-77 to avoid previously published text.
The sentence has been rephrased. 
4. Please use the micro symbol µ instead of u.
5. Please abbreviate liters to L (L, mL, µL) to avoid confusion.
6. Please use subscripts in chemical formulae to indicate the number of atoms, e.g., H2O, 
7. Please revise the Protocol text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
8. Please revise the Protocol to contain only action items that direct the reader to do something (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “NOTE.”
- 4-8: requested corrections have been made.

9. Please provide the composition of handling medium/cultivation medium, etc. If it is purchased, please cite the Table of Materials.
Both media are commercially supplied. The 'cultivation medium' has been renamed 'culture medium' as requested by Reviewer #3.  Citation of the Table of Material has been added at the point of the first use of the term. 

10. 2.2: Please break into sup-steps.
Step 2.2 represents one action – preparation of ICSI dish - which is necessary to be performed in one go. Small droplets must be covered by oil immediately to avoid evaporation. Splitting the text into several sub-steps would increase the risk of undesirable delay and would be in conflict with standard laboratory practice in IVF settings. The authors would prefer to keep step 2.2 in one paragraph.

11. 3.4, 3.8: Please write the text in the imperative tense or include it as “NOTE”.
Amendments have been made.

12. Please remove the embedded figure between lines 162 and 167 from the manuscript and upload it separately to your Editorial Manager account.
Figure submitted separately (“desktop layout.jpg“). 

13. Please combine some of the shorter Protocol steps so that individual steps contain 2-3 actions and maximum of 4 sentences per step.
Short steps described in 2.4.2. to 2.4.7 were combined in 2.4.2 to 2.4.4 

14. Please apply single line spacing throughout the manuscript, and include single-line spaces between all paragraphs, headings, steps, etc.
Amendments have been made.

15. After you have made all the recommended changes to your protocol (listed above), please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol.
16. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part of the step includes at least one action that is written in imperative tense. Notes cannot usually be filmed and should be excluded from the highlighting.
17. Please include all relevant details that are required to perform the step in the highlighting. For example: If step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted.
Critical steps of the protocol have been highlighted.

18. Figure 4: Please include a scale bar. Please describe panels A-F in the figure legend.
The missing scale bar has been added and figure legend extended.

19. Please describe Figure 4 and Figure 5 in the representative results section.
Figure 4 and Figure 5 are referenced in Discussion section as they are related to assessment interpretation and troubleshooting. 

20. JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. Please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs with citations:
The discussion has been restructured based on editors and reviewer #2 comments. It consists of 6 paragraphs covering:  
a) Critical steps within the protocol – paragraphs 1 and 2
b) Any modifications and troubleshooting of the technique – paragraphs 2 and 3 
c) Any limitations of the technique – paragraph 6
d) The significance with respect to existing methods – paragraphs 4 and 5
e) Any future applications of the technique – paragraph 4

21. References: Please do not abbreviate journal titles.
Full names of journals are shown.



Reviewers' comments:

Reviewer #1: 
The manuscript "Human egg maturity assessment and its clinical application" by Holubcová et al., aims at describing a standard protocol to perform human egg maturity assessment in a clinical laboratory by noninvasive spindle imaging using polarized light microscopy that allows quick and easy inspection of whether the PB-displaying oocyte actually reassembled a meiotic spindle prior to ICSI.
The manuscript is very well set up and illustrates in detail and effectively, step by step, the procedures for the characterization of the meiotic spindle in the mature oocyte. This procedure has important practical implications since it addresses one of the delicate aspects in the selection and manipulation procedures of oocytes subjected to IVF cycles. This aspect reflects on the effectiveness of assisted reproduction techniques and, above all, on the health of patients who are subjected to hormonal treatments at each IVF cycle.

Title and abstract are appropriate. The authors discuss the potential application of this approach and the procedures described guarantee the achievement of the indicated results.
The procedure is clearly explained, and the critical steps are highlighted with insights when appropriate.

Minor
Since these procedures must be conducted by highly experienced personnel, it is recommended to indicate reference to IVF standard laboratory procedures, manuals and guidelines. The inclusion of these additional information would be useful.
The reference to standard IVF protocols has been provided in the original manuscript (reference 3 and 27).  In the revised version, we have added additional information at the very beginning of the protocol section including relevant citations of current clinical guidelines and routine IVF protocols.  


Reviewer #2:
Manuscript Summary:
The manuscript JoVE60058 describes the protocol for microscopy of oocytes to check their maturity. The authors used the old technique of polarized light microscopy for observation of oocyte's meiotic spindle. In their previous study, they have shown that the extrusion of polar body in human oocytes is not a reliable indicator of oocyte's maturity. Many such oocytes have not completed the assembly of second meiotic spindle yet and are frequently prematurely injected with a sperm. In this and their previous study the authors tried to determine the optimal time of sperm injection into the oocyte with respect to the meiotic spindle assembly.

Although the authors' previous study has already described the technique, this video paper could clarify some technical details that are important to use the technique successfully in routine practice.


[bookmark: _GoBack]
Major Concerns:
Page 2, line 113: Write the COCs incubation time from OPU to cumulus cells removal. It seems this was done soon after OPU.
The revised version of the manuscripts states the time between OPU and oocyte denudation in step 1.2 of the protocol (10-15 minutes). 

Page 2, line 128: Why were COCs denuded 3-4 hours before ICSI? In ESHRE guidelines for good practice in IVF laboratories (2015) it is writen: Since denuded oocytes are more vulnerable to pH changes, the timing of denudation should be kept close to the timing of injection. The authors should explain why did they use different timing.
The authors are aware of the recommendation of ESHRE 2015 guidelines. However, we would like to point out that the timing of denudation/ICSI remains a subject of controversy in the ART field. There is currently no general consensus between IVF clinics on optimal time of cumulus cells removal and ICSI. Multiple studies attempted to address the impact of timing of these key procedures but the data reported in the literature is conflicting. Some studies reported the beneficial effects of preincubation of intact COCs (e.g. Hassan 2001, Zhang et al 2012, Mizuno et al, 2018)  while others found no influence of the timing of oocyte denudation on ICSI cycle outcome  (e.g. Van de Velde et al., 1998; Yanakida et al 1998, Barcena et al 2016, Naji et al., 2018). Some clinics favour keeping oocytes in COCs until the time of ICSI in the belief that the oocyte can take advantage of the interaction with the somatic cell compartment. However, the role of the cumulus-corona in the final stage of oocyte maturation is uncertain, since gap-junctions, ensuring communication between the developing oocyte and its surrounding cells, are already closed when meiosis is resumed. The necessity of cumulus cells in maintaining the right pH is also questionable since MOPS/HEPES buffered media has been evidenced to maintain a stable pH that is optimal for oocyte in vitro culture. On the contrary, results of murine studies suggest that the presence of cumulus cells could induce apoptotic changes and accelerate oocyte aging in vitro (Kong et al 2018, Zhu et al 2015, Miao et al 2005). Hence, more well-controlled studies are needed before a generally accepted conclusion on this issue can be drawn.
Based on our experience, the early oocyte denudation does not compromise the success rates of fertility treatment. In our previously published study (Holubcova et al 2019), oocyte denudation undertaken shortly after OPU allowed us to distinguish between 1) in vivo matured MII oocytes and 2) MI oocytes which extruded PB in vitro (MI/MII) shortly before ICSI. Our data confirmed previous findings that the two subpopulations differ in the incidence of PLM-detectable MII spindle and their developmental potential (Rienzi et al., 2003).  In case the denudation is performed just before ICSI, MII and MI/MII oocytes are indistinguishable based on PB appearance. The information about the number of in vivo matured (MII) oocytes is pivotal for making the decision whether to perform PLM examination or not. For instance, if there are 8 MII oocytes available at the time of retrieval, in our opinion, the PLM examination is not necessary. But if only (up to) 5 out of 8 oocytes exhibit a PB and some oocytes extrude PB in vitro it is likely that the whole pool of oocytes is delayed in maturation. Particularly the patients with a low number of in vivo matured oocytes available for ICSI can benefit from for egg maturity assessment the most. Our approach is explained in the second paragraph of the results section (lines 295-302) as well as in discussion section (paragraphs 4 and 5, lines 429-448) Nevertheless, in principle, the egg maturity assessment described here could be carried out even upon late denudation.    

Page 5, line 242: The authors should comment and cite the following studies:
Mizuno et al. (2018). The timing of cumulus cell removal for intracytoplasmic sperm injection influences the capability of embryonic development. Reprod Med Biol. Nov 20;18(1):111-117.
Pujol et al. (2018). Is there a relation between the time to ICSI and the reproductive outcomes? Hum Reprod May 1;33(5):797-806.

Mizuno et al (2018) reported significantly higher developmental competence of oocytes which were kept in intact follicles during the preincubation period when compared to oocytes denuded soon after OPU. However, this is a small prospective study, comparing only 21 vs. 33 IVF treatment cycles.  Moreover, there are two recent large-scale studies (Barcena et al 2016, Naji et al 2018) which found no effect of denudation to ICSI timing on IVF outcomes. Both latter studies used a large data set (3986 and 2051 cycles, respectively) collected using operator-independent, automated, tracking and evaluated the data with advanced statistical methods with respect to confounding factors.    
The study by Pujol and colleagues suggests limiting the time of incubation of mature oocytes to avoid the detrimental effect of oocyte aging in vitro (reference 34 in the first version of manuscript, 36 in revised version). However, the linear regression presented in this paper shows that the likelihood of achieving the pregnancy/live birth declines only after an extended cultivation period (~9 hours). These results are representative for the unselected IVF population, while we are specifically focusing on slow/poor responders with a low number of in vivo matured eggs and a large proportion of late-maturing oocytes. Here, postponement of ICSI is beneficial allowing oocytes to complete maturation as demonstrated in our previous study.  
The current manuscript does not provide a complete overview of the studies addressing the denudation/ICSI timing. A separate review paper would be appropriate to cover this hotly-debated topic. Following editorial instruction, we have designed this manuscript as purely methodological, focusing on the technique of non-invasive spindle imaging and optimizing the time of ICSI with respect to the developmental stage of the oocyte. 
Minor Concerns:
Page 2, line 108: The authors should write at what follicle size was the ovulation triggered and what was the dose of hCG?
      Information added in step 1.1 of the protocol. 

Page 3, line 135: To get the right pH, the Petri dish with culture medium and oil should be preincubated for 5-6 hours. Two hours is not enough.
We thank the reviewer for this critical note. We fully agree that incubating in a CO2 atmosphere for only two hours only would not be sufficient to achieve the optimal pH. In the revised manuscript (step 2.1), it has not been emphasized that both mineral oil and culture medium have to be prequilibrated in CO2 incubator overnight.  In addition, the prepared culture dish should be kept in the CO2 incubator for an additional 2 hours to ensure that the temperature and pH are in an optimal range. 

Page 4, line 188 and page 6, line 297: Zona Pellucida should be written with small letters.
Corrections have been made throughout the manuscript. 
Page 5, line 222: Insert a special warning that the drop in the temperature during manipulation of oocytes outside incubator can cause a depolarization of microtubules and meiotic spindle disassembly.
The importance of temperature and pH control during oocyte micromanipulation has been highlighted as a critical step of the protocol. Not only transient cooling (Wang et al 2001) but also overheating (Sun et al 2004) causes disruption to the meiotic spindle in human oocytes. We have added the latter reference and further emphasized the importance of optimizing temperature and pH control during oocyte micromanipulation in the first paragraph of discussion and in step 2.4.1 of the protocol.    

Reviewer #3: 
Manuscript Summary:
In the manuscript entitled "Human egg maturity assessment and its clinical application", Holubcová et al describe in detail a protocol for assessing the presence of a meiotic spindle in human oocytes retrieved for assisted reproduction using polarized light microscopy. They provide examples of oocytes where the spindle cannot be seen, and also of others that contain an abnormal spindle. They also propose the steps to follow for thorough determination of oocyte quality, including utilizing oocytes that are delayed in meiotic maturation at the time of retrieval.


Major Concerns:
I do not have any major concern.

Minor Concerns:
· The metaphase II egg is actually not haploid. It will be haploid only after completing meiosis II. So, I suggest removing the terms haploid and diploid from line 50.
By definition, the haploid cell contains a single set of chromosomes. In meiosis I, one set of homologous chromosomes of the diploid MI oocyte is eliminated into a polar body. Hence, MII oocyte bearing a single set of chromosomes fulfills the definition of a haploid cell. Each of its 23 chromosomes (haploid set in humans) is composed of two chromatids which are being segregated only when meiosis II is resumed by activating factors delivered by the sperm.  Similarly, a normal somatic cell is still called diploid even if each of its 46 chromosomes is composed of two chromatids in G2 stage of the cell cycle. According to multiple sources (e.g. Junqueira´s Basic Histology 15th Ed (2018) or    https://www.nature.com/scitable/definition/haploid-309 ), the term haploid is commonly used for an unfertilized egg.  
· Please provide information about the polarized microscope used in your studies.
The authors followed the editorial instructions for the authors requesting to avoid company brand names in the manuscript text.  Instead, the type of spindle imaging system, as well as type of inverted microscope, have been stated in Table of Materials. Besides, the type of polarized light microscopy system in now stated in the note immediately at the end of the protocol part (line 275).
·  What is the difference between Figs 3 and 4?
Figure 3 illustrates MI to MII transition. Bright field/ PLM/immunofluorescence images of the same oocyte, each representing different timepoint of the final stage of oocyte maturation, are shown.

Figure 4 is shown to remind the reader about limitations of spindle imaging which are discussed in the text e.g. presence of the spindle but severe chromosome misalignment (A ,B) or loose spindle poles (C), actual spindle/chromatin configuration in oocytes with no  PLM-detectable spindle (D-F). A detailed description of examples patterns in Figure 4 has been added to the figure legend. 

· Please clarify what is green and what is red in the polarized microscopy images.
The explanation that green is the background and red represents the birefringence signal has been included into steps 2.5.4 and 3.4 of the protocol.
· The full name of metaphase II should be indicated in line 36, which is the first time the MII abbreviation is used.
Line 93: PLM-navigated: I'd change it to PLM-aided
Please replace cultivation with culture in several parts of the manuscript.
Line 139: sperm, not sperms  
Line 185: rephrase to "using the microscope's light intensity knob."
Last word of line 229: than (not then)
Line 276: translucent apolar MII spindle.
All requested corrections have been made. We thank the reviewer for critical reading. 
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