Point-by-point response to the editorial and reviewers comments

Editorial comments:

Changes to be made by the author(s) regarding the manuscript:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
We are grateful for this advice and the revised version of the manuscript has been proofread by a native 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].”
[bookmark: _GoBack]A link to the editorial policy stating the permission to reprint has been added to the Editorial Manager. In the revised version we have included the citation in the figure legends.

3. Please upload each Figure individually to your Editorial Manager account as a .png, .tiff, .pdf, .svg, .eps, .psd, or .ai file.
In the revised version Figures are uploaded as ai. Files.

4. Please provide an email address for each author.
Email for all authors is provided in the JOVE submission website. Do we need to provide all emails in the manuscript as well? If so, where should it be placed?

5. Please use SI abbreviations for all units: L, mL, µL, h, min, s, etc.
Correct abbreviations are used in the revised version.

6. Please include a space between all numerical values and their corresponding units: 15 mL, 37 °C, 60 s; etc.
In the revised version we included a space between all numerical values and the units.

7. Please use the period symbol (.) for the decimal separator (i.e., 1.5 instead of 1,5).
In the revised version we used a period symbol for decimal separator.

8. 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. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names. Examples of commercial sounding language in your manuscript are: Gelfoam, Pfizer, Hamilton, etc.
In the revised manuscript we have removed commercial terms and substituted them by generic terms.

9. 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, dashes, or indentations.
In the revised version we have adjusted the numbering in the Protocol.

10. Please add more details 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 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. See examples below.
In the revised version we provide additional details on the protocol steps as required in the comments below.

11. Lines 84-87: Please specify the age, gender and strain of mouse. Please mention how to confirm that the mouse is sedated. Please specify the concentration of isoflurane used for anesthesia.
In the revised version we included this information.

12. Line 92: Please specify the surgical marks and surgical equipment used.
In the revised version we indicate the area of the head that was shaved.

13. Line 97: What is used to glue skin edges to the skull?
In the revised version we specify the glue used to glue the skin edges to the skull.

14. Line 111: How about some guidance on what "desired amount" is?
In the revised manuscript, we specify the amount and type of tumor cells that was used in the experiments described in this protocol.

15. Lines 155 and 161: Please specify the concentration of isoflurane used for anesthesia.
In the revised manuscript we specify the amount of isoflurane used for the procedure.

16. Line 176: Please specify the positions that are selected in this step.
In the revised manuscript we explain how to choose positions of interest.

17. Lines 237-244: Software steps must be more explicitly explained ('click', 'select', etc.). Please add more specific details (e.g. button clicks for software actions, numerical values for settings, etc.).
In the revised manuscript we have included a detailed explanation of image processing and analysis.

18. Please include single-line spaces between all paragraphs, headings, steps, etc.
In the revised manuscript we have included single –line spaces.

19. 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.
In the revised manuscript we have highlighted the parts of the Protocol that should be included in the video.

20. 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. Please do not highlight any steps describing anesthetization and euthanasia.
In the revised manuscript we have highlighted the parts of the Protocol following these instructions.

21. 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.
In the revised manuscript we have highlighted the parts of the Protocol following these instructions.

22. References: Please do not abbreviate journal titles.
For the first version the JOVE format of referencing was used, by default it abbreviates the journal titles. Could you please indicate which would be the correct format to use?

23. Table of Materials: Please remove trademark (™) and registered (®) symbols. Please sort the items in alphabetical order according to the name of material/equipment.
In the revised manuscript we have removed the above cited symbols and sorted items according to the name of the material.

Reviewers' comments:

Reviewer #1:
 
The manuscript by Alieva and Rios is a method for high resolution time-lapse multiphoton imaging of brain tumor cells before and after invasive surgical intervention (such as biopsy) within the same living animal.

This protocol expands upon another protocol already published in JoVE by Mostaney et al. (https://www.jove.com/video/680/a-craniotomy-surgery-procedure-for-chronic-brain-imaging). New in this manuscript is a protocol for injecting tumor cells in the brain during window implantation, a new preparation suitable for use on inverted microscopes, and a protocol for removing the coverslip after initial implantation so as to allow brain biopsies to be acquired.

In all, the protocol describes the window implantation technique accurately and well, but there are a number of deficiencies in the rest of the manuscript that need to be addressed before the protocol is ready for publication. The most serious of these is that the description for how data is acquired and analyzed, that is, how fields of view are chosen and the method of quantification is missing from the figure legends. This makes the plots difficult to understand, or in cases incorrectly labeled.

Finally, the manuscript would benefit from proofreading by a native English speaker as there are numerous grammatical errors throughout.

In summary, I can recommend this manuscript for publications after revision of the detailed issues listed below.

Answer: 
We thank the reviewer for his/her positive comments and support of our manuscript. Below we addressed and clarified the constructive remarks of the reviewer.

Comment 1
-Line 88: Should monitor the mouse vitals with a pulse oxymeter such as Kent Scientific MouseStat, here and during imaging.
We thank the reviewer for this comment and have now added this as an optional step in our protocol. However, our extensive experience with this technique has shown that mouse vitals remain stable over the procedure and we have not suffered from loss of mice during the process.

Comment 2
-Line 97: Need to specify what glue to use (part number and manufacturer).
We thank the reviewer for this comment and have included the type of glue to use in the revised manuscript.
	
Comment 3
-Line 100: Need to describe how to tell how deep to drill. This is a critical step and needs to be described much more fully.
In the revised version we explain in more detail how to perform the drilling.

Comment 4
-Line 130: Using a #0 coverslip will introduce a large amount of spherical aberration if this objective lens is not designed for it. (See the point about the objective lens). Need to mention that the correction collar must be set correctly for this cover slip thickness, and how to do that.
EMS offers 5mm and 8mm 1.5 coverslips which would be better suited for this objective lens. P/N 72296-05.
Please see below comment 8. The objective used for this experiments is collar corrected preventing spherical aberrations. 

Comment 5
-Line 134: Please include a mechanical design drawing of the ring and the magnetic holder. This is crucial for people who have an inverted scope.
We thank the reviewer for this comment and have included a drawing of the ring and the holder in Figure 1 in the revised manuscript.

Comment 6
-Line 143: Inject how? Subcutaneously? Where?
We thank the reviewer for the comment and in the revised version we indicate that the buprenorphine was given subcutaneously.

Comment 7
-Line 155: It is critical to monitor the vital signs of a mouse under anesthesia, and required by many IACUC boards. Should include a couple of lines about heating the mouse and monitor the vitals here (see comment for line 88).
We thank the reviewer for the comment. Our experience shows that monitoring breathing visually was sufficient, since the dose of anesthesia used for intravital imaging is quite low. While in the first experiments we monitored body temperature with a probe, we found that the temperature was very stable over the experiment and did not use the probe in subsequent experiments. However, in the revised version we now include this as an optional step.
Comment 8
-Line 165: Please include a part number for the objective lens. The listed lens does not appear to be listed in Leica's catalog. The closest is a HCX IRAPO NA1.0 WD 2.6mm lens. This will also determine what is the correct cover slip to use.
The number of the provided objective is correct. Please find it in this brochure of Leica: https://www.leicamicrosystems.com/fileadmin/downloads/Leica%20TCS%20SP8/Brochures/Leica%20IR%20Objective-Flyer_EN.pdf

Comment 9
-Line 189: Need to add a discussion of the appropriate choice for zoom factor and laser power. Need to describe how laser induced tissue damage is evaluated and avoided.
In the revised version we have specified that higher wavelengths are desired to avoid photodamage. Also, the choice of the zoom factor should be made as a compromise between cell resolution and scanning area and we explain this in the revised manuscript.

Comment 10
-Line 216: It seems like this procedure may lead to acetone wicking under the coverslip and touching the brain tissue. Describe how it is possible this or why it is not a problem.
We found that by applying the acetone by means of a cotton swab we could prevent the acetone from leaking under the coverslip. The small amount of acetone is sufficient to soften the glue and the glass can be removed by the help of thin point forceps. To avoid misunderstanding we have rephrased this step of the procedure in the revised version of the manuscript.

Comment 11
-Line 218: It seems that breaking the coverglass could lead to shards of glass damaging the brain tissue. Need to describe how this is avoided.
Typically the coverglass breaks in two or three pieces that stay on top of the brain and do not damage it. In our manuscript we explain that the pieces are collected with forceps.

Comment 12
-Line 224: Include a part number and manufacturer for the beads in the materials list and here. Include details on the bead injection. How are the beads prepared, how are they injected and how much should be injected? This step should be recorded to show the procedure and the result as seen through the microscope shown. Given that the main novelty of this protocol over prior JoVE publications is imaging the response of damage, relocalization is a critical step.
In the experiments described in this protocol we did not use relocalization, but instead representative positions of the tumor were imaged before and after biopsy. We provide the use of beads as an optional step if there is a need for relocalizing the biopsy site. While the relocalization step may be of added value, it is not a critical step since our experiments show that by imaging different areas of the tumor change in tumor cell behavior can already accurately be detected. Therefore, we shortly describe bead-mediated relocalization of the biopsy site as an optional step in the revised version and indicate the amount of solution that is recommended to inject.

Comment 13
-Line 226: Missing a part number for the silicone oil from the materials list. Also Aldrich is spelled wrong.

We thank the reviewer for this remark and the revised manuscript we corrected the typo and provided the number of the silicone oil.
Comment 14
-Line 229: Need a description of how fields of view are chosen. Are the exact same fields chosen for imaging both before and after biopsy? If so, how are they identified? If not, then how are new fields chosen after biopsy? How close to the biopsy site? Are fields both close and far from the biopsy compared? How far is close and far? These questions will determine if the effect is one of local damage, or of distant and systemic damage.
In the revised manuscript we have explained in more detail how positions are selected. In fact this is independent of the biopsy location (unless desired in the optional step where the biopsy site is located by fluorescent beads). Several positions that are representative for the whole tumor are selected. Note that the tumor at this stage is not large, therefore all positions are relatively close to biopsy sites.

Comment 15
-Line 231: This line is poorly worded, please check.
We have rephrased this sentence in the revised manuscript.

Comment 16
-Line 231: "trace" is the wrong word for this procedure. "Relocalize" is a better word.
We have used “relocalize” for this procedure.

Comment 17
-Line 231: As mentioned before, it is not clear if the same exact regions are being compared before and after biopsy.
In the revised version of the manuscript we have explained in more detail how regions were chosen in the second imaging session.

Comment 18
-Line 239: It would be useful to include their registration software as registration software for correction of z-shift is lacking from ImageJ and Imaris is very expensive.
In the revised version we explain in more detail how the correction was made using the custom-made correction software.

Comment 19
-Line 281: What were the conditions for photoconversion? Laser power at sample? Scan speed? Zoom factor? Number of scans?
As indicated in the manuscript this step is an optional step and explaining it in detail would make the manuscript too long. Moreover, we refer to another JOVE paper describing in detail how photoconversion is done (Gligorijevic B et al).

Comment 20
-Line 283: "Retraced" is not the correct word. Use "Re-localized" here.
We have used “relocalize” for this procedure.

Comment 23
-Line 308: The description of the plot is not clear. What is the vertical axis? Is this just the ratio of the numbers of cells?
It is indeed a ratio of the number of cells after intervention normalized to before intervention. In the revised manuscript we specify it in the legend.

Comment 24
-Line 332: "retraced" is the wrong word for this procedure. "Relocalize" is a better word.
We have used “relocalize” for this procedure.

Comment 25
-Line 333: It looks like channel subtraction was used here to remove the green signal from the photoconverted cells so that they appear more clearly converted and pure red. Image manipulations like this must be described in the -legend.
In the revised version we have explained that images were corrected using channel subtraction.

Comment 26
-Line 340: Why does the discussion come after the figure legends?
This follows the format provided by JOVE.

Comment 27
-Line 353: How can you tell if there has been infection? Need to describe this determination.
In the revised manuscript we specify how infection can be identified.

Comment 28
-Line 359: It is not accurate to call this a non-anatomical position. Perhaps say, "when the animal is in the supine position."
In the revised version we have rephrased this sentence.

Comment 29
-Line 359: It is not clear that the deformation that is observed is not due to bending of the coverslip. If there is a reference indicating that this is due to positioning of the animal, the authors should cite it here.
The visualization of the raw data shows that the deformation is due to tissue deformation. Since we take more z steps then just the tumor volume we can clearly see where the tumor tissue starts. This position does not vary overtime (something that you would expect with coverslip bending). However, overtime we can see that the tissue is expanding in the xy plane, indicating a deformation of the tissue due to tissue compression. A bended coverslip would lead to optical aberrations, something that we do not observe in our imaging data.

Comment 30
-Line 365: This is misleading as imaging to 1.6 mm requires specialized equipment like OPOs. The depth of imaging attainable by ordinary equipment should be listed and if desired, the 1.6mm depth mentioned in conjunction with the need for an OPO.
We have included this specification in the revised manuscript.

Comment 31
-Figure legends: The plots need to be better described. For example, in Figure 1D, the vertical axis seems to be mislabeled. It says % of migratory cells implying that the number of migratory cells is the denominator, but that is most likely not correct. This appears to be % of tumor cells that are migratory which is the number of migratory cells divided by the total number of tumor cells. Also, is this from a single field of view, or from multiple? These questions apply to just about every plot in the manuscript. Much more detail on how each plot was calculated needs to be included. This includes what the error bars signify in each plot (SD or SEM).
The plot represents the % of migratory cells in the tumor of individual mice, meaning how many tumor cells were migratory. Since we do not track other cells then tumor cells in this experiment, it is clear that we refer to tumor migratory cells. This is calculated based on all the tracked cells in all the positions. As indicated in the legend the values are mean ± SEM. We clarified it in the revised manuscript.

Comment 32
-Figure 2B&D & Figure 3: It is not clearly described why the control group has a mean that is statistically different from 1. This seems to imply that the window implantation technique induced tumor cell motility and division that is in the process of recovery. This should be described in the manuscript and discussed as a source of error. Alternatively, the authors should have waited longer before imaging. There should be discussion of this in the manuscript.
Indeed, in the control group the % of migratory cells decreases overtime, however this is not due to the imaging window implantation (which was done at the same time as the cell implantation). This is just a consequence of how the analysis is done. Since the measure that we are presenting (fraction of the cells that are motile) is a relative value (to the total amount of cells) it is affected by the total amount of cells varying overtime. The tumor is growing over time  meaning that after sham intervention there are more cells in the tumor. Therefore, the proportion of migratory cells over the total amount doesn’t stay stable over time, which explains the percentage of migratory cells decreasing.

Comment 33
-Figure 2C: The presentation of so many lines in the plot is confusing and obscures the message of the data. The data for each category should be averaged and presented as a single line with error bars. Also, if there were four animals in each category, as the legend states, why are there five lines in the biopsy group?
In figure 2C we aimed to show tumors that were imaged over several consecutive sessions. However not all the mice were imaged during the same amount of time or on the same days, thus averaging is not an option. We find that even though there are many lines in the plot the result can easily be interpreted since the mice belonging to each group (biopsy and control) nicely cluster together.
Related to the reviewers question on the amount of mice and lines. The legend indicates: n >= 4. This means that each group had 4 mice or more, with 4 mice in the control group and 5 mice in the biopsy group.

Reviewer #2:
Manuscript Summary:
The manuscript (and protocol) is important for preclinical studies of the effect of tumor biopsy (and resection) on tumor cell migration in the (tumor) microenvironnement. Intravital microscopy is the only way, to have access to the microscopic level in vivo.

Answer:
We are grateful for the reviewer’s time to evaluate our manuscript and for the acknowledgement of the relevance of our protocol for preclinical studies. Please see below how we have addressed the raised issues.

Major Concerns:
No major concerns

Minor Concerns:
Comment 1
-Line 92 : Put (e.g. Vannas Tübingen Spring Scissors) right behind: Use sharp scissors ().
We thank the reviewer for the comment and in the revised version we have moved this term.

Comment 2
-Line 97: Which glue?
In the revised version, we have indicated that cyanoacrylate glue was used.

Comment 3
-Line 122-123: Apply a drop of cortex buffer in the small space created in the brain before injection the cell suspension?
The cortex buffer is applied after the start of the cell injection. To clarify this point we moved this protocol step to a separate sentence in the revised manuscript.

Comment 4
-Line 175 and hereafter: information is missing on the laser? Please indicate the type of
laser, excitation wavelength is 940 nm for dendra2 (is before photoswitch?), what is the laser power density at the entrance of the mouse cortex in mW/cm2?
We have now indicated the type of laser used in these experiments. The excitation is only indicated before photoswitching, since photoswitching is an optional step. The laser power would vary over days and sets of experiments, since it depends on the size of the tumor and how deep it was located.

Comment 5
-Line 280: what is the exact wavelength for photoswitch of dendra2?
For the photoswitched Dendra2 a 1020nm wavelengths can be used. All the steps referring to Dendra2 photoswitching experiments can be found in a previous paper that extensively explains the procedure (cited in the manuscript).

Comment 6
-Line 365: Two-photon excitation until a depth of 1.6 mm in a mouse brain is exaggerated. In optimal excitation condition the maximum excitation depth is in between 0.8 and 1 mm depending on the age of the animal: how younger how deeper.
While we agree with the reviewer that most optimal imaging is done at some superficial areas, it is possible to image up to a depth of 1.6mm, as indicated in the referenced paper. We feel it would be misleading to ignore this data.

Comment 7
-Fig 2B is not clear. First, the fold change in migratory cells for the control group is less than 1, this means a decrease of the migration velocity (µm/h)? In comparison to the biopsy group, you expect cell migration in the control group as well? Figure 2B is at what time after intervention?
The decrease in fold change means that there is a decrease in proportion of cells that are migratory over a time of two days (mice were imaged at day 1 and 3). This is just a consequence of how the analysis is performed. Since the measure that we are presenting (fraction of the cells that is motile) is a relative value (to the total amount of cells) it is affected by the total amount of cells varying over time. The tumor is growing over time, meaning that after sham intervention there are more cells in the tumor. Therefore, we detect that the percentage of migratory cells decreases as a proportion of the increasing number of total cells over time. It is important to note that in the experiments presented here we used a glioma cell line that is very migratory, so in the control group there are also migratory cells. What our results showed was that biopsy increased even further the proportion of migratory cells. In figure 2B we show the values one day after intervention.

Comment 8
-Why does biopsy increase migration? Biopsy disrupt the reactive gliosis around the tumor normally limits tumor cell migration? Please comment.
In our previously published paper (Alieva et al., Scientific Reports, 2017), we found that biopsy triggers monocyte recruitment to the site of biopsy, which in turn differentiate into macrophages. Macrophages are known to induce tumor cell migration and proliferation through chemokine and MMP secretion. Indeed, our results show that monocyte depletion could prevent biopsy-induced migration.
