To Editor-in-Chief, 
Journal of Visualized Experiments

Thank you for providing such helpful comments for improving our manuscript. We have revised the paper in accordance with your comments. We would like to resubmit the revised manuscript “Microscopic observation of lymphocyte dynamics in rat Peyer’s patches” by Shirakabe et al. for publication in the Journal of Visualized Experiments. Our specific responses to the Reviewers’ comments are included below.

Editorial comments:

Changes to be made by the Author(s) regarding the written manuscript:
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.

Thank you for your comments. We reviewed spelling and grammar issues for all manuscripts.

2. 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.

Thank you for your comments. We revised the table of the Material Table.

Reviewers' comments:

Reviewer #1:

Minor Concerns:
Page 1, line 26: A few hours is imprecise

Thank you for your comment. We corrected ‘a few’ to ‘3’ hours to be more precisely.


Page 1, line 26, 27: What is time-lapse photography?

Thank you for comment. Time-lapse photography is a technique whereby the frequency at which film frames are captured (the frame rate) is much more spread out than the frequency used to view the sequence. We added some sentences explaining “time-lapse photography”. We added the following sentences to the Summary.

Here we describe a precise method for collecting thoracic duct lymphocytes and observing the migration of gut-tropic lymphocyte in rat Peyer’s patches for 3 hours using time-lapse photography. Time-lapse photography, a technique whereby the frequency at which film frames are captured is very low compared with the frequency to view the sequence, can clarify how the dynamics of lymphocytes are affected under inflammatory conditions.


Page 1, line 83: For many hours: also very vague.

Thank you for your comment. We corrected ‘for many’ to ‘3’ hours to be more precisely too.


Figure 4: How is this identified as a Peyer´s patch?

Thank you for your comment. When observing the rat intestine from the serosa side, the Peyer's patches can be visually confirmed as white round particles (about 1~2 mm in diameter). Aiming at that point and adjusting the depth of focus with a microscope, you can find a cluster of spherical blood cells in vessels as shown in Figure 4.


Additional comment: It would be interesting to sort the isolated lymphocytes to be able to study the dynamics of specific types of lymphocytes.

Thank you for your comment. We added description to the Discussion reflecting your suggestions.

The merit and key of our method is that it involves separating lymphocytes from recipient animals, incubating them using any kind of compounds in vitro, and observing them after their injection into recipient animals. This makes it possible to elucidate the effects of lymphocytes alone. On the contrary, if we want to elucidate the effects of any kind of compounds on cells other than lymphocytes, such as the vascular endothelium, we can treat recipient animals with any kind of compounds and observe them after the injection of control lymphocytes. If we want to elucidate the same things using mice, we must create conditional genetically manipulated animals one by one. In addition, sorting the isolated lymphocytes by using specific surface marker would make it possible to study the dynamics of specific types of lymphocytes.


Reviewer #2:

Major Concerns:
Introduction:
1/ The introduction contains a lot of approximations. Almost not a single sentence is correct. Just as a few examples: a/Numbers of PPs given by the authors are for humans. It is much less for rodents; b/ Parafollicular regions are termed interfollicular regions in PP; c/ The germinal center is located in the lower part of the follicle; d/Spleen and lymph have nothing to do with lymph nodes and PP; e/ As it is written, one could understand that M cells are captured by DCs; etc…

Thank you for your comments. We revised necessary parts of the introduction as shown below. As you pointed out, we have shown the number of follicles in the Peyer's patches in the human case. In addition, description about the spleen and lymph was deleted. Description about M cells was changed. 

In humans, Peyer’s patches (PPs) consist of hundreds of lymphoid follicles in the lamina propria of the small intestine. PPs are divided into follicles, the interfollicular region, and germinal centers located in the lower part of the follicles, where lymphocytes are stimulated by antigen presentation. There are no afferent lymphatic vessels, and the antigens invade the lamina propria from the intestinal lumen via the epithelial cell layer. The epithelial region covering lymphoid follicles is called the follicle-associated epithelium, within which specialized interspersed M cells uptake mucosal antigens. M cells take in antigens from the luminal side and antigens are then captured by dendritic cells and presented toward naïve lymphocytes that flow into PPs through the endothelium of high endothelial venules (HEVs)1. PPs play an important role in intestinal immunity and are related with the early stage of inflammation. Many molecular interactions involve the entrance of lymphocytes to secondary lymphoid organs (SLOs), including adhesion molecules, chemokines2, 3, and sphingosine-1-phosphate4; thus, there are many expected therapeutic targets. Therefore, observing the lymphocyte dynamics within PPs enables us to catch a glimpse of the very early stage of inflammation and examine the usefulness of several promising drugs.


2/ Location of HEV, B and T cells inside the tissue should be specified especially since authors study lymphocyte migration;

Thank you for your comment. We are afraid that our change is what the reviewer intended to point out. Because we did not separated lymphocytes into T / B, we could not show difference in distribution of T / B. However, it is very easy to do that by using our system and the reviewer ‘s comment highlighted it clearly. If we stained T / B by different fluorescent, we can observe dynamics of T / B simultaneously. We added it in the discussion. 

[bookmark: _Hlk41668113]The merit and key of our method is that it involves separating lymphocytes from recipient animals, incubating them using any kind of compounds in vitro, and observing them after their injection into recipient animals. This makes it possible to elucidate the effects of lymphocytes alone. On the contrary, if we want to elucidate the effects of any kind of compounds on cells other than lymphocytes, such as the vascular endothelium, we can treat recipient animals with any kind of compounds and observe them after the injection of control lymphocytes. If we want to elucidate the same things using mice, we must create conditional genetically manipulated animals one by one. In addition, sorting the isolated lymphocytes by using specific surface marker would make it possible to study the dynamics of specific types of lymphocytes.


3/ Previous works using the same type of approaches are still not well referenced. (e.g. "Some methods that were previously developed to observe lymphocyte migration have some advantages and disadvantages" with no references and no explanation of what could be these advantages and disadvantages).
As well, authors should reference works that have used photoconvertible transgenic animals to study lymphocyte egress from PP.

Thank you for your comments. The points you pointed out were rewritten as follows.

[bookmark: _Hlk41558830]In previous reports, it was difficult to understand the three-dimensional changes over time, such as the intravenous injection of India ink to stain the vascular structure of Peyer's patches6, or the microscope being monofocal7. In recent years, an observational method using some photoconvertible fluorescence protein transgenic animals such as Kaede mice have clarified systematic cellular movements in vivo8. The other study clarified CD69 independent shutdown of lymphocyte egress from Peyer’s patches9. We used confocal laser scanning microscopy (CLSM) because of its high analytical capability. Now we can easily obtain high-resolution images and use them to analyze lymphocyte dynamics.

6 Gastroenterology. 1981 Sep;81(3):481-91.
7 Gastroenterology. 1995 Oct;109(4):1113-23.
9 Mucosal Immunol. 2014 Jul; 7(4): 892–904.


4/l.80 to l.86 should be completely rewritten. Authors describe a method, they do not demonstrate a series of methods, etc…

Thank you for your comment. We already demonstrated a series of methods in the Protocol section, so we dare avoid mentioning it in the Introduction.


5/ Authors claimed that "they quantified the cellular movements of lymphocyte migration" but there is nothing related to quantification in their manuscript.

Thank you for your comment. As you pointed out, we added some sentences in the Protocol to quantify lymphocyte dynamics as below.

4.3) (Optional) To quantify lymphocyte dynamics, define lymphocytes adhering to HEVs more than 30 seconds as “adhesive lymphocytes” and Lymphocytes emigrating from HEVs to stroma as ‘‘migrating lymphocytes”. Then you can calculate the average percentage of migration (migrating lymphocytes / adhesive lymphocytes + migrating lymphocytes) per field of vision (approximately 0.3 mm2).


Results:
1/ The authors still do not provide sufficient information on what they can get as results from their approach. This strongly limits potential interest of readers for their method.

Thank you for your comments. Regarding the merit of the experimental method obtained by this research, we added some descriptions to the Results as below.

Collecting lymphocytes from lymph
To prepare the rat for thoracic duct cannulation, make an incision in the tense thoracic duct as shown in Figure 1 and then maintain the rat in a Bollman’s cage as shown in Figure 2. 

When the lymphocytes are well collected, we can obtain 30–40 mL/12 h lymph fluid containing about 5 × 106/mL lymphocytes. This effluence rate lasts about 2 days. Of the TDLs, 70% express CD4, among which about 90% cells express CD62L, meaning the main composition of TDLs (>60%) consists of naïve gut-tropic lymphocytes. Since the lymphocytes collected here are cells that specifically migrate to the intestinal tract, they are suitable for evaluating the state of migration in Peyer's patches.

Microscopic observation
After injecting an adequate dose of fluorescent lymphocytes, mount the recipient rat’s intestine on a glass slide as shown in Figure 3. A microscopic image of PPs in the physiological condition is shown in Figure 4. 

For the micro-observation, rats can be stably anesthetized under laparotomy for about 3 hours. Lymphocytes adhere to HEVs, roll, and migrate to the surrounding stroma, and then migrate to lymph capillaries. We quantified and evaluated the percentage of lymphocytes that migrated in the stroma within the observation period.

After the injection of an adequate dose of fluorescent lymphocytes, gut-tropic lymphocytes begin to adhere to HEVs and migrate across the endothelium into the stroma in about 1 hour. Most move within the stroma, while others migrate to lymph capillaries in about 2–3 hours. The well-developed fluorescence labeling method ex vivo in this study resulted high intensity and it enables us to observe lymphocyte dynamics of very deep area. In addition, by using different kind of fluorescence labelling, we can easily observe dynamics of different kind of lymphocyte simultaneously. This gut-tropic lymphocyte migration can be visually clarified for suppression by some immunomodulators such as FTY720 as shown in our previous report.

[bookmark: _Hlk41981014]Observation of the microcirculatory system itself is extremely difficult, and it is desirable to establish an easy evaluating method. This study has also made it possible to find out where the action site of the drug is in the Peyer's patches. In particular, the ex vivo administration of FTY720 to lymphocyte made it possible to limit the site of action only to lymphocytes but not to endothelium. Combined with the sorting of specific lymphocyte, more detailed results would be obtained.


2/ Langerhans cells have nothing to do with PPs. Why are authors suddenly mentioning these typically skin-related phagocytes?

Thank you for your comment. As you pointed out, I deleted it and replaced it with the following text.

After the injection of an adequate dose of fluorescent lymphocytes, gut-tropic lymphocytes begin to adhere to HEVs and migrate across the endothelium into the stroma in about 1 hour. Most move within the stroma, while others migrate to lymph capillaries in about 2–3 hours. This gut-tropic lymphocyte migration can be visually clarified for suppression by some immunomodulators such as FTY720 as shown in our previous report.


Minor Concerns:
Protocol:
Although much well detailed, the protocol is still poorly written and difficult to follow. What is mcg?

Thank you for your comment. We corrected it because it is a typographical error of ‘μm’ instead of ‘mcg’ as below.

4.1) TDLs can be continuously monitored in the microvasculature of PPs using CLSM and recorded on a computer for 3 hours using time-lapse photography at 30-sec intervals. The depth from the serosa to the HEV of PPs is about 25 μm, enabling the observation of the stroma and capillary lymph vessels to a depth of 30 μm.


We would be grateful if this manuscript could be reviewed as an original article for publication in the Journal of Visualized Experiments.

     Thank you again for considering our manuscript.
With my best regards,


Kazuhiko Shirakabe, M.D.
Department of Internal Medicine
National Defense Medical College
