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.
>>>We carefully proofread the manuscript.

2. Please format the manuscript as: paragraph Indentation: 0 for both left and right and special: none, Line spacings: single. Please include a single line space between each step, substep and note in the protocol section. Please use Calibri 12 points
>>>The manuscript was formatted according to the guidelines.

3. Please provide at least 6 keywords or phrases.
>>> “Microfabrication” was added to the list.

4. Please ensure all abbreviations are defined during the first time use.
>>>The authors ensured that all abbreviations are defined during the first time use.

5. Please rephrase the Short Abstract/Summary to clearly describe the protocol and its applications in complete sentences between 10-50 words: “Presented here is a protocol …”
>>>We rephrased the short abstract to 40 words: “Presented here is a protocol for the fabrication of a spheroid imaging device. This device enables dynamic or longitudinal fluorescence imaging of cancer cell spheroids. The protocol also offers a simple image processing procedure for analysis of cancer cell invasion.”

6. For in-text formatting, corresponding reference numbers should appear as numbered superscripts after the appropriate statement(s) without brackets.
>>>The references in the manuscript were formatted according to the guidelines.

7. JoVE cannot publish manuscripts containing commercial language. 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: MatTek, Nutragen, etc.
>>>We removed all commercial language from the manuscript and used generic terms instead. All commercial products are referenced in the table of materials.

8. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using bullets, alphabets, or dashes. We also cannot have non-numbered steps in the protocol section.
>>> The manuscript was formatted according to the guidelines.

9. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (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.”
10. The Protocol should contain only action items that direct the reader to do something
11. Please ensure that individual steps of the protocol should only contain 2-3 actions sentences per step.
12. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections.
13. Please ensure you answer the “how” question, i.e., how is the step performed?
>>>We ensured that the protocol is in the imperative tense with only 2-3 actions per step and that the “how” question was answered for every step of the protocols in the manuscript.

14. There is a 10-page limit for the Protocol, but there is a 3-page limit for filmable content. Please highlight 3 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.
>>>The protocol is below the 10-page limit. The 3-page limit for filmable content was highlighted in yellow.

15. Please expand the Representative Results in the context of the technique you have described, e.g., how do these results show the technique, suggestions about how to analyze the outcome, etc. The paragraph text should refer to all of the figures. Data from both successful and sub-optimal experiments can be included.
>>>We expanded the Representative Results section including sub-optimal experiments.

16. 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].”
>>>All figures in the manuscript are original.

17. Each Figure Legend should include a title and a short description of the data presented in the Figure and relevant symbols. The Discussion of the Figures should be placed in the Representative Results. Details of the methodology should not be in the Figure Legends, but rather the Protocol.
>>>Figures legends were updated to include a title and short description.

18. As we are a methods journal, please ensure that the Discussion explicitly cover the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique
>>> We updated the Discussion to cover the listed points.

19. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage, (YEAR).] For more than 6 authors, list only the first author then et al.
>>>The references in the manuscript were formatted according to the guidelines.

20. Please sort the materials table in alphabetical order.
>>>The materials table was modified.

































____________________________________


Reviewers' comments:
Reviewer #1:
Manuscript Summary:
this manuscript by Perrin et al. describes a protocol to generate and visualise 3D cancer cell spheroids, with fixed and live cell imaging. Despite this being a well-used technique, a simple and detailed protocol for labelling and imaging is missing. Therefore, this will represent a valuable resource for researchers interested in cancer cell invasion in 3D systems. The methods are clearly described and easy to follow

Major Concerns:
none

Minor Concerns:
It would be beneficial to provide more details about the imaging part (for instance providing acquisition settings for some of the systems that the group used before), highlighting whether different colour cell trackers make any difference (why do they recommend the red one?). Moreover, the cell tracker red is not listed in the material list
>>>We thank the reviewer for pointing out the lack of details regarding the imaging part. A note containing the detailed imaging parameters was added (see protocol step 3.1.6. for the updates as well as the table of materials). The red cell tracker was added to the list of materials. We did not try using different color for the cell tracker. However, we expect any other available color to be suitable (see protocol step 3.1.2. for the updates).

Reviewer #2:
Manuscript Summary:
The manuscript describes a method for time-lapse spheroid imaging embedded in a collagen matrix, using fluorescence confocal microscopy. Some sections of the manuscripts are more or less novel and interesting. The first section on making the PDMS mould for holding the spheroids is of potential interest for the community. The spheroid formation and labelling is much more classical and has previously been reported extensively. The image analysis section is very limited given the data collected, the users will be able to do much more than measuring the spheroid area. One do not need every 10 min time lapse with a complex experimental set-up for such a crude and basic image analysis analysis.

Major Concerns:
1. As being submitted to Jove, I expected a video showing how to make the PDMS mould (SID) and eventually how to place the spheroids inside the Collagen I and inside the SID. I don't think anyone could reproduce it it from the text provided. It seems very fiddly and complicated and having a video showing the protocol and steps would be helpful. I single picture of the finished product (Figure 1) is definitively not enough. I thought that the supporting video was part of Jove requirements, and that I missed the video, but could not find it anywhere and was very disappointed. A video is needed to illustrate all steps to make the SID.
>>>We thank the reviewer for addressing the lack of supporting video. According to Jove Author Guidelines, the video production may begin upon manuscript acceptance, and the video will be available to the community together with the revised manuscript. We also thank the reviewer for pointing out the lack of information in Figure 1. We added 2 panels in Figure 1 to better illustrate the fabrication of the SIDs.

2. The image analysis guide provided is too superficial. As mentioned above, if one do time-lapse microscopy every 10 min at single cell level, they can extract much more information than the spheroid area (this could be obtained by 1 image/day, no time-lapse). The authors should make a strong emphasis on using a nuclear label for time-lapse experiments and cell tracking, which enable single cell tracking (no overlap of nuclei). This is not even discussed in the discussion and must be included. With the video they show, they cannot easily track single cells, but with stable lines labelled with a Histone H2B-fluorescent protein, they could then track single cell velocity, direction, displacement etc by using Trackmate-Fiji. This would need to be included, as otherwise the complex method of sample preparation is not really useful.
>>>We thank the reviewer for pointing out the superficial imaging processing part. We expanded this section and added the potential use of a nuclear dye to track individual cancer cells and extract motility parameters (see the note following the step 3.1.2. and the last paragraph of the Discussion for the updates).

Minor Concerns:
There are so many details missing everywhere, which makes it impossible to reproduce the technique proposed. It is hard to list them all. Some examples are:

STEP 1
1. provide the exact model/shape/dimensions for the spacer to be 3D printed. 1mm is not enough
>>>We thank the reviewer for addressing the missing dimensions of the 3D printed spacer.  The dimensions have been added to the protocol as well as a picture of the spacer in figure 1. In addition, we are providing the 3D drawing of the spacer as the Supplemental file 1.

2. What is the base polymer-crosslinker? Where do you purchase it? which volume do you prepare?
>>>We thank the reviewer for pointing out the missing details concerning the base polymer/crosslinker in the protocol. The active chemicals and measured weights have been added to the point 1.2 of the protocol, while the commercial information regarding the product used has been made available on the materials list.

3. "Remove any PDMS residues with a razor blade and wipe clean with 100% isopropanol." where are these PDMS residue coming from? Are you not taking new dishes? The razor blade would scratch the glass, could you explain (and show with a video), what you are doing?
>>>We thank the reviewer for addressing the language used in this step of the protocol. This step (1.6) of the protocol has been updated to describe the origin of the PDMS residues. In addition, during the video production, we will make sure to clearly illustrate this step.

4. point 6-14 are not clear and should be shown. Also Provide detailed pictures to show the steps.
>>>We thank the reviewer for addressing the steps written in points 1.6-1.14. The steps have been reviewed and edited accordingly to create a smoother protocol for the reader. In addition, pictures were added to Figure 1 to illustrate these steps.

STEP 2
5. "7. Collect all spheroids in 20 μL of medium, using a P200 pipette, and add to the collagen 1 solution." Volume of Collagen solution?
>>>We thank the reviewer for pointing out the confusion. We added an exemplary calculation for the preparation of the 5 mg/mL collagen  solution (see steps 2.6 and 2.7).

6. "10. Start a timer and dispense 30 μL of the collagen 1 solution containing one spheroid into each hole" How do you control how many spheroids you pipet? You mention to collect all spheroids and suddenly you are supposed to be able to pipet only 1 of them?
>>>We thank the reviewer for pointing out the confusion. The experimenter visually ensures that only one spheroid is pipetted with the 30 µl. If multiple spheroids are accidentally collected and dispensed in a hole, a 10 µL pipette tip is used to separate the spheroids from each other (see added step 2.12).

7. "Repeat twice to fill one SID and stop the timer." So you end up with 3 spheroids in each hole??? This does not make sense at hole, why repeating it twice?
8. What do you mean by flipping frequency? This comes out of the blue with no introduction
9. Step 11-12 seem very fiddly
>>>We thank the reviewer for pointing out the confusions. The steps have been reviewed and edited accordingly to create a smoother protocol for the reader. In addition, during the video production, we will make sure to clearly illustrate this step.

10. How do you control the thickness of the collagen layer? Does it affect imaging?
>>>We thank the reviewer for pointing out these aspects. The effect of collagen thickness on the imaging are discussed in the representative results part, in the second paragraph.

STEP 3
11. No indication of type of objective, do you need a specific working distance?
>>>We thank the reviewer for pointing out the lack of details regarding the type of objective. The information was added to the protocol, as a Note following point 3.1.6, and included in the Materials list.



STEP 4
12. As mentioned above, step 4 is far too superficial. A much deeper image analysis is required for such imaging conditions and set-up.
>>>We thank the reviewer for pointing out the superficial imaging processing part. We expanded this section and added the potential use of a nuclear dye to track individual cancer cells and extract motility parameters (see note following step 3.1.2. and the last paragraph of the Discussion).

Figure legends
13. Indicate which objectives were used. For the movie, how long was the time-lapse?
>>>We thank the reviewer for pointing out the lack of information and adjusted the legends accordingly.

Reviewer #3:
Manuscript Summary:
the authors present a clear and useful protocol for the easy controlled embedding of cancer spheroid in a minimal amount of collagen for cell /migration invasion assays. Moreover, the authors provide staining strategies for both live and fixed specimens. Finally, a straightforward ImageJ image processing pipeline for the calculation of the spheroid's projected area is described. This contribution is a valid aid for researchers starting to perform assays based on cellular spheroids.

Major Concerns:
I have no major concerns.

Minor Concerns:
* "The spacer can be 3D printed using the length and width of the glass plates": which type of filament/resin is suggested? What type of 3D-printer? - this information is key in order to properly reproduce the protocol. Any biocompatibility/cytotoxicity issues? The authors should briefly comment on this point.
>>>We thank the reviewer for addressing the lack of details in regard to the 3D printed spacer. The information was added to the protocol and the Materials list. PDMS is widely used for its biocompatibility; we now pointed that out in the first sentence of the results section.

* The authors should provide in the main text a figure showing the CAD-drawing of the spacer, so that the reader can grasp at a glance the general idea without needing to open the source file with a specialized CAD-software.
>>>We thank the reviewer for pointing out the need for a figure displaying the 3D printed spacer.  Figure 1 has been updated accordingly to present a general idea of the spacer and the mold being used so readers do not need to open a specialized software.




* "Clean the two glass plates": which cleaning procedure, which solvent is used?
>>>We thank the reviewer for addressing the absence of the used solvent in the protocol.  The protocol has been updated to include the 100% isopropanol cleaning step that was previously absent.

* "Perform a second round of plasma treatment on the SIDs": is there any alternative to plasma etching? - Not every group has this device available, therefore a suggestion for an alternative etching method (e.g. chemical) would be helpful.
>>>We thank the reviewer for pointing out the need for an alternative etching method. We are pointing out that a hand-held plasma wand, which is more affordable, can be used.

* "After the final wash, resuspend spheroids in the cell tracker solution and incubate at room temperature for 20 min, protected from light.": by using this procedure, not all the cell in the inner layer of the spheroid will be stained. Could the authors elaborate on this point?
>>>We thank the reviewer for pointing out the need to elaborate on the labeling of cancer cells inside the spheroid. In the Note following 3.1.3, as well as in the Discussion, we describe the possible modifications to the approach, including extended incubation, creation of smaller spheroids, and cryosectioning, to ensure complete labeling and visibility of all the cells throughout the spheroid.
