Answers to reviewers’ comments

We deeply appreciate the editor and reviewers for their thoughtful, critical, and constructive comments, which have undoubtedly provided us with valuable opportunities to improve our work. We meticulously reviewed comments and revised our paper accordingly to address the issues raised by the editor and reviewers.

Editorial comments:
Editorial Changes
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.

We appreciate the editor for the helpful and constructive comments. We have proofread the manuscript once more to assure the spelling and grammar issues.

2. Please remove the “(Instructions)” links in the section headers.

We removed every “(Instructions)” link in the section headers.

3. Please include the author list first, followed by their affiliations.

We realigned the author list first, followed by their affiliations.

4. Line 107: Please provide details about the age and sex of the mice used.

We provided details about the age and sex of the mice used.

5. Use “1 X 106” instead of “1 * 10^6”.

We corrected as described above.

6. 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.”

We revised the phrases written as “could be”, “should be”, and “would be” and wrote in the imperative tense.

7. 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. E.g. Zoletil, Rompun, etc.

We removed the registered symbols and company names.

8. Please highlight up to 3 pages 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. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.

We highlighted with yellow background color where it should be visualized 

9. Please add a scale bar to Figure 3A.

We added a scale bar to Figure 3A and also changed the 3D view of previous images in Figure 3C&D and Figure 7C&D.

10. 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. Do not abbreviate journal names. Do not use “&/and” in the author list of the references. Please include volume and issue numbers for all references.

We revised the reference as described above.

11. 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.

We have revised the names of the material as described above. Once again, we would like to appreciate the editor for the meticulous review.

____________________________________
Reviewers' comments:
Reviewer #1:
Manuscript Summary:
The manuscript by Park and coworkers describes a surgical procedure for creating a pancreatic imaging window (PIW) in mice. There have been growing interests in developing intravital imaging platforms for studying exocrine or endocrine cells of pancreas. Both abdominal imaging window (AIW) and exteriorized pancreas have been used in recent years. PIW is similar to AIW, yet providing potentially useful enhancements for stabilizing the pancreas by using a customized supporting base. The protocol described herein together with the accompanying video should help readers to adopt PIW for studying pancreas in vivo by intravital imaging.

Major Concerns:
As it currently stands, AIW and likely PIW as well, is limited by the short survival time post-surgery. Park and co-workerer were able to track pancreas and islets over a period of 3 weeks. It would be helpful to elaborate key issues or experimental details that are important for maintaining animal health and survival, both during the surgery and in the subsequent recovery period. What are the common causes(s) for the mouse death in this procedure? For people who are trying to adopt this procedure, what things they should watch out for to keep mice alive, and how should they trouble shoot when animals die?

We appreciate the reviewer for the critical comment. We revised our manuscript in the protocol and discussion section to address issues that reviewers have raised. In the discussion section, we have added key issues in the discussion part as below.

For long-term imaging over a period of three weeks, the most concerning issue was potential damage to the pancreatic imaging window. Unintended destruction of the cover glass in the pancreatic imaging window could occur during the long-term observation period. To prevent this, the mouse with the window must be housed separately, and hard objects with sharp edges should be removed from the cage. The euthanasia of mice should be considered should the cover glass break, if there are the severe signs of inflammation near the window, or if the animal appears to be in distress. In our experience, mice with the pancreatic imaging window were able to eat and exercise normally when the recovery after the surgery was appropriate and no other complication was developed.

Minor Concerns:
Some discussions on the pros and cons of PIW vs AIW would enhance the paper.

We appreciate the reviewer for the valuable comment. We have added our comments on the pros and cons of PIW and AIW in the discussion section below. 

In our previous experience with the abdominal imaging window, we failed to acquire high-quality cellular level imaging as well as longitudinal tracking of the same spots over multiple days. Compared to the abdominal imaging window which provides a diverse platform for various abdominal organs, the pancreatic imaging window is further specified for imaging the pancreas as well as other organs that are soft and easily influenced by movements such as mesentery, spleen, and small bowel. However, the liver and kidney might be unfeasible in the pancreatic imaging window because of the limited space.

Reviewer #2:
Manuscript Summary:
In this manuscript titled "Stabilized longitudinal in vivo cellular-level visualization of the pancreas in a murine model with a pancreatic intravital imaging window", Park and Kim describe a novel method to image pancreatic tissue in vivo and longitudinally (over a period of up to three weeks). Their method uses an abdominal window where the tissue is immobilized in a chamber using adhesives. The manuscript is clear and well presented, but would benefit from some clarifications and additional details.

Major Concerns:
* It's not clear whether this manuscript describes a novel technique altogether or whether it presents details from Reference 11 (by the same authors). This point should be clarified.

We appreciate the reviewer for the valuable comments.
In the Introduction section, we have added the comments in the introduction part as below

…involving the pancreas. In addition to a detailed description of the methodology in the previous study, the extended application of pancreatic imaging window for various diseases involving the pancreas will be addressed in this paper. In this protocol…

* The authors don't seem to have taken in consideration several parameters of their platform over the physiological response of the islets placed under the chamber. For instance, they need to clarify whether the mechanical stress on the tissue could affect the blood flow, whether the adhesive used here is inert… Anesthetics have also been well known to affect insulin secretion and insulin sensitivity (e.g. Golstein et al. doi:10.1371/journal.pone, Windelov, et al. doi:10.14814/phy2.12824 (2016) or Frikke-Schmidt, et al. doi.org/10.1038/s41598-020-79727-8). The impact of their anesthesia protocol should be mentioned and discussed in the manuscript.

We appreciate the reviewer for the critical comments. We have added the limitation paragraph in the discussion part as below.

There are a few limitations to be addressed in this study. First, even when we utilized the metal base for stabilization, we were unable to determine the mechanical stress induced on the tissue by the base and cover glass, which could affect blood flow. However, as depicted in the above figures, intravenous injection of a fluorescence-conjugated antibody (CD31) or dextran adequately labeled the vessel with no distinguishable non-perfused area, suggesting a minimal impact of mechanical stress on the normal blood flow inside the pancreatic tissue. Second, adverse reactions due to the adhesive could not be assessed in the pancreatic tissue. Nevertheless, we attempted to avoid touching pancreas with adhesives as carefully as possible to avoid any additional effects. Third, as discussed above, the unintended impact of anesthetic agents might affect insulin sensitivity and secretion, as described in the previous study. In our experience, a mixture of ketamine and xylazine induced hyperglycemia compared to the mixture of tiletamine, zolazepam, and xylazine. A further study investigating the effect of anesthesia on insulin secretion should be performed and proper anesthesia with minimal adverse effects should be selected according to each experiment. Fourth, imaging…

* There are also very few details on the microscopy parameters (magnification, resolution of the imaging, exposure time). In addition to additional details in point 3.8 of the protocol, it would also be important to discuss whether the imaging parameters used in this experimental setup could lead to photobleaching or tissue damage.

We appreciated the reviewer for the comments. We have added method parts (3.8) as below.

3.8.1.	For imaging of the pancreas, start with a low magnification objective lens (e.g. 4X) for scanning the whole view of the pancreas in the pancreatic imaging window (recommended field of view: 2500 X 2500 μm). 
3.8.2.	After determination of the region of interest, switch to higher magnification objective lens (20X or 40X) to perform the cellular level imaging (recommended field of view: 500 X 500 μm or 250 X 250 μm). In our experiments, the lateral and axial resolution was approximately 0.5 and 3 micrometers, respectively. 
3.8.3.	Upon the purpose of imaging, perform z-stack or time-lapse imaging to observe the 3D structure or cellular-level dynamics, such as cell migration.
3.8.4.	For imaging the fluorescent protein expressing cells of transgenic animals (MIP-GFP), 30 seconds of intermittent 488nm laser exposure with power up to 0.43mW was tolerable without noticeable photobleaching or tissue damage. For imaging the fluorescent proteins labeled with Alexa 647, the 640nm laser power up to 0.17mW was tolerable without noticeable photobleaching or tissue damage. Prolonged excitation laser exposure with a power above this setting may lead to photobleaching or tissue damage by phototoxicity. Adjust the adequate gain and power to appropriately image the region of interest.
NOTE: Detailed setting of parameters in intravital microscopy must be individualized for each intravital microscopy prepared in the institute.

* For longitudinal studies, the animals keep the imaging window affixed on their abdomen. The authors need to assess the impact it has on the animals, on stress, eating patterns and other factors that might contribute to an altered physiological response of the mice.

We appreciated the reviewer for the comments. We have added the additional comments of impact on the animal in the discussion part as below.

For long-term imaging over a period of three weeks, the most concerning issue was potential damage to the pancreatic imaging window. Unintended destruction of the cover glass in the pancreatic imaging window could occur during the long-term observation period. To prevent this, the mouse with the window must be housed separately, and hard objects with sharp edges should be removed from the cage. The euthanasia of mice should be considered should the cover glass break, if there are the severe signs of inflammation near the window, or if the animal appears to be in distress. In our experience, mice with the pancreatic imaging window were able to eat and exercise normally when the recovery after the surgery was appropriate and no other complication was developed.

Minor Concerns:
* The introduction would benefit from mentioning other approaches that have been used to study islets in vivo (anterior chamber of the eye, pancreatic slices, erization of the pancreas) and emphasize the advantages of the presented approach in comparison.

* It could be of value also to mention the different imaging methods used by other investigators a bit more in detail (see Holmberg et al. doi:10.1007/s00125-008-1140-7) in order to justify the method suggested here.

We appreciated the reviewer for the two beneficial comments. We have added the additional paragraph mentioning other approaches in vivo and different imaging methods in the introduction part as below.

In particular with the islets, nuclear imaging, bioluminescence imaging, and optical coherence tomography have been suggested as non-invasive islet imaging techniques. However, the resolution of these methods is substantially low, with typical values ranging from several tens to hundreds of micrometers, offering a limited capability to detect changes at the cellular level in the islets. On the other hand, previous high-resolution studies of islets were performed under ex vivo (slicing or digestion of the pancreas), non-physiologic (exteriorization of the pancreas), and heterotopic conditions (implantation under the kidney capsule, inside the liver, and in the anterior chamber of the eye) which restricts their interpretation and clinical implications. If in vivo, physiologic, and orthotopic model of high-resolution imaging could be established, it would be a critical platform for the investigation of pancreatic islets.

* The authors mention the use of analgesics (which can also have a physiological impact as emphasize for a related platform in Frikke-Schmidt, et al. doi.org/10.1038/s41598-020-79727-8), but didn't explain why it was administered at the end of the experiments instead of before the first incision.

We appreciated the reviewer for the critical comments. We have added the NOTE comments in 2.16 as below.

NOTE: Analgesia influences insulin secretion in response to glucose. The choice and timing of analgesia must be individualized for the experimental purpose.

* The imaging method presented here is restricted to a limited portion of the tail of the pancreas. It would be important to mention how much of it can be
imaged and to add a caveat emphasizing that this method cannot be used to image the head of the pancreas.

We appreciate the reviewer for the comment. We have added the description in the limitation paragraph in the discussion part as below.

… proper anesthesia of minimal adverse effect should be selected according to each experiment. Fourth, imaging of the pancreas is focused on the tail portion, and imaging of the head portion of the pancreas could be limited with our window.

* Similarly, it would be important to mention how many islets can be imaged at the time.

We appreciate the reviewer for the important comment. We have added the description in the limitation paragraph in the discussion part as below.

For imaging of the islets, a MIP-GFP mouse was utilized. Using the mosaic imaging method, a wide-field view with high-resolution imaging enabled the visualization of the islets with the adjacent vasculature (Figure 5). Approximately 40 – 50 islets were identified in the wide-field view. This stable imaging method could further facilitate the tracking of the islets for up to three weeks, as shown in a previous study (Figure 6).

* In the protocol, the point should be rephrased. The reporter is expressed under the control of the insulin promoter, not in the promoter.

We appreciate the reviewer for the delicate comment. We have revised the manuscript as the reviewer has suggested. 

Here, we utilized MIP-GFP, where green fluorescent protein was expressed under the control of the mouse insulin 1 gene promoter present in the beta cells of all islets in the mouse.

Once again, we would like to appreciate the critical and helpful comments.
