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February 22nd, 2021
Dear Dr. Bajaj, 

We thank you and the reviewers for the thorough and insightful comments about our manuscript ”3D Visualization of Immune Cell Populations in HIV-infected Tissues via Clearing, Immunostaining, Confocal, and Light Sheet Fluorescence Microscopy”. We appreciate the opportunity to submit a revised manuscript. As described below, we have addressed the reviewers’ and editorial concerns about the paper and our experiments. Reviewer comments are italicized, and author responses are highlighted in yellow in order facilitate reconciliation of responses to reviewers.
Reviewer #1 - General assessment, major, and minor comments:
In this manuscript, Zhang et al. describe the applicability of state-of-the-art 3D imaging methods to investigate host-pathogen interactions in HIV-infected tissues from different animal models and human clinical samples. They provide a good introduction as to why 3D imaging of HIV infection in tissues can provide important information on pathogenesis and spatial distribution.

Major Concerns:
none

We thank the reviewer for his/her appreciation of our studies. We wish to highlight that spatial information regarding the interface of pathogens and the immune system is limited and the utilization of 3D microscopy approaches to visualize the spatial heterogeneity that occurs within lymphoid tissues during an infection can provide important contextual information that is lost in cultured cells or individual IHC tissue slices.

Minor Concerns:
Overall, the protocol is well written and accessible for interested researches. However, considering that the protocol should also aimed at newcomers, the authors should consider some points to reduce ambiguity and increase intelligibility. Similarly, there are some instances in the manuscript that would benefit from further elaboration.

We attempted to make this manuscript accessible to a general audience and realize that some details or experimental contexts were omitted.  This re-submission attempts to make the manuscript more accessible to a general audience by clarifying areas of ambiguity and adding important contextual details that may have been admitted.  Below we address all of the reviewers comments.

Introduction
1. Line 46: I do not understand the use of "extracting" here. Do the authors mean something like "disturbing"?

The use of “extracting” is based on a technical term from electron microscopy where physical features of cells or tissues are disrupted due to the manipulation of the sample. We have changed the wording to “disrupting the biological features” in order to avoid using technical jargon.

2. Line 48: There has been a typo with the name - the German antomist's name is spelled „Spalteholz"

Thank you for catching this error! The misspelling of Spalteholz was corrected.

3. Line 56: Should this read that in cell culture cannot reproduce the more complex interactions? Otherwise this statement conflicts with the end of the paragraph.

The wording was altered to “cannot” in order to represent the desired meaning of the sentence.

Protocol
1. An explicit note stating the hazards (acrylamide, sodium azide, formaldehyde et cetera) and necessary precautions involved with the protocol should be included.

This is an important point. Cautionary notes for hazardous chemicals were inserted throughout the protocol.

2. Line 103 (step 3, fixation): Could the authors please include a minimum fixation time for lymphoid tissues such as lymph nodes. I believe this information can be very useful for researchers, who are less familiar with tissue imaging.

This information was clarified for individuals that may not have extensive experience working with tissues. The following note was added: “Fix samples overnight prior to beginning the clearing process to ensure full deactivation of virus.”

3. Line 137 (step 4, CLARITY): Please define "slowly", if possible.

This sentence was changed to clarify the information and make the entire step safer. “Take care to use a low flow rate that avoids splashing toxic unpolymerized acrylamide (~1-2 bubbles per second).”

4. Line 154 (step 9, CLARITY): Please indicate the concentration of sodium azide added to the PBS

This information was changed to “0.1M PBS (plus 0.01% volume/volume (V/V).”

5. I think that it may benefit the flow of reading and usability of the protocol to change the order of the protocol items, so that "Blocking and Immunostaining for CUBIC follows the respective tissue clearing section on CUBIC and vice versa for CLARITY.

We agree and changed the text so that all of the CLARITY steps and CUBIC steps can be followed in order.

6. Line 162 (step 2, immunostaining CUBIC): Please provide additional information on how the tissue was sectioned.

Text was changed to tissue was sectioned “using a using a tissue slicer and matrix”.

7. Line 165 (step 3, immunostaining CUBIC): Surplus "anti" before "anti-human"

The surplus “anti” was removed from the text.

8. Line 167 (step 4, immunostaining CUBIC): Please provide all centrifugation speeds in g as it is easily transferable to other centrifuges. Without specification of the rotor, rpm is not an unambiguous unit. Furthermore, please specify whether the diluted antibody solutions or the undiluted stock are to be centrifuged.

All centrifugation speeds in the manuscript were changed to g. The text referring to centrifuging antibody was changed to “(Optional: centrifuge the concentrated antibody stock at 2,300 g for 5 min before use to reduce the addition of aggregated antibody).”

9. Additional information on the acquisition of image stacks via CLSM/LSFM would be highly beneficial for the protocol (e.g., step sizes, configuration, multicolor setup et cetera).

We agree that detailed information about image acquisition was omitted. We attempted to remain general in our description of image acquisition due to the large number of imaging platforms available to researchers. Important details about image acquisition that apply broadly to numerous platforms concerning step sizes, configuration, and multicolor setup were added to the manuscript to clarify important parameters to be considered.

10. It is unclear whether either of protocols is particularly suited for a specific task/tissue/level of clarity/modality of labeling. If they are fully interchangeable, it begs the question why both of them are presented alongside each other. The authors should consider highlighting the particular areas the respective methods excel in and provide a comparison between the two either here or in the discussion.

We appreciate the reviewers concerns here. The two protocols can be essentially interchangeable and specific instances for when one protocol would be of greater value were not included. A specific rationale for choosing CLARITY versus CUBIC in certain circumstances was added to the discussion. 

Representative results:

1. Line 344: The authors state that the foci, which they highlight via LSFM, are "rare". In order to corroborate this claim, please include additional data on data highlighting this phenomenon or include relevant literature.

We agree that the term “rare” must be qualified here as it is a vague term. Although foci of infection are regularly discussed in HIV literature, quantification of this scenario has not been exhaustively discussed and is complicated based on time post infection, tissue type infected, and immune state of the host. For these reasons, the term “rare” was removed from the text. 

2. Line 326: It seems like this is the wrong figure reference. I believe it should read Figure 5E and F, instead of B and C.

Thank you for catching this error from a previous version of the manuscript. This error was changed in the text accordingly.

Figures:

Fig 5: Could the authors please elaborate why the merging of channels seems to affect the color of the DAPI signal? It actually seems like there is additional staining in the green channel of the merged image, as green structures are visible around the nuclei, which cannot be seen in the p24-only image (Fig. 5A). Likely, the contrast of the green channel in the merged image is different from the single-channel image, which should be corrected.

We appreciate the reviewer noticing this inconsistency in image processing and have corrected this problem in the updated figure.

Please define "mac" and "SHIV" in the figure legend.

These terms were defined in the figure legend.

In subfigure F, the green staining for p27 is barely visible due to its small size. Either a detail view or an inset would benefit readability.

Three zoomed regions from subfigure F were added to the figure in order to make the green p27 staining more visible to the reader.

Fig 6: It seems like there is more than a red (CD3) signal per cell, so how were CD3+ counted and how was the number of infected CD3+ cells calculated. Please provide additional information on the quantification pipeline so that interested researchers wishing to replicate the workflow can accurately determine ratios of infected cells in their samples.

The protocol for quantification pipeline was elaborated upon in the current version of the manuscript (protocol section Surface Reconstruction and Cell Quantification with Imaris image analysis software) in order to make quantification of cells more accessible to researchers that might have minimal experience with 3D segmentation and quantification.

Fig 7: The text suggests that B is a zoomed-in section of A. However, I am unable to determine the exact position. Could the authors please specify this?

A box was added to subfigure A indicating the approximate region zoomed for subfigure B. The area shown in B was rotated and changed to a nearby Z-slice in order to show a large number of p24 positive cells in one single Z-plane. In subfigure A, a different Z-slice was used in order to show a larger number of infected cells in different locations across the entire area imaged. The wording was changed in the figure legend in order to convey this information to the reader.

Furthermore, while the authors do specify that the tissue morphology is represented by tissue autofluorescence, they should highlight this already in subfigure A to prevent false interpretations in terms of the abundance of CD3+ cells. It may also be worthwhile to include a respective note in the figure itself.

We thank the reviewer for pointing out potential difficulties interpreting this figure. Larger volume LSFM autofluorescence can actually be beneficial in allowing visualization of both general tissue architecture and individual cell types within the same wavelength of light. We made several notes of this in the figure and legend in order to identify for readers which signal represents which biological feature.

Discussion:

1. It might be worthwhile for the authors to consider discussing overfixation by formaldehyde-based fixatives. Prolonged storage in formaldehyde, as they suggest for long-term storage of samples, can result in a variety of artifacts, most importantly antigen masking due to cross-linking. Similarly, long-term storage of endogenous fluorescent proteins like GFP will invariably degrade over-time in formaldehyde-based fixative, up to a point that GFP is only detectable any via additional immunostaining. The authors should reconsider their advice accordingly.

These are important points that were omitted from the original submission of the manuscript. We updated text in the discussion to state that long-term storage of samples can result in the introduction of artifacts due to over-fixation of samples and lead to antigen masking (appropriate references were included for this statement). Additionally, we updated the text to incorporate our experiences with endogenous fluorescent protein stability during longer-term storage in fixative (~6-12 months).

2. Line 434ff.: Please provide a reference for the statement that CLARITY and CUBIC preserve endogenous fluorescence.

These references were added to the manuscript.

3. Line 436ff.: It is not true that "many solvent tissue clearing methods are not fully compatible with immunostaining". Virtually all iterations of DISCO, PEGASOS, ECi-based clearing and also original BABB-based clearing are and have repeatedly been shown to be fully compatible with immunostaining. Please revise accordingly.

We appreciate that the reviewer brought this statement to our attention. The statement was intended to relay information that, in our hands, the hit rate of antibodies that work in aqueous clearing methods (~70%) is better than in organic clearing methods (less than 50%). We rearranged the text in the manuscript to better convey this information.

4. Line 453ff.: As before, many available antibodies can be "directly applied" and work out-of-the-box for organic solvent-based tissue clearing as well. Without a relevant reference supporting this claim, it is anecdotal at best.

The text was altered to present this information equally for both aqueous and organic clearing methods.

5. Line 474ff.: If so, please provide respective examples.

This information was mentioned in the protocol section, but the examples of “embedding the sample in agarose, suspending the sample from a hook or refractive index matched plastic line, using porcupine adapter, 3D printing a sample holder, or attaching the sample with adhesive to a plastic dish.” were added to the manuscript in the discussion section in order to provide the reader with a variety of options that can be used for imaging samples via LSFM.

Reviewer #2 General assessment, major, and minor comments:
Manuscript Summary:
This paper does a fantastic job of integrating tissue clearing, different light microscopy modalities and a timely as well as biomedically relevant protocol for imaging samples. Though concentrating on the extremely important HIV, their protocol is broadly relevant to any infectious disease whether viral or bacterial. Given the current interest in the SARS-Cov-2 virus and the papers use of mouse, NHP and human tissues, it could not be timelier. Since the authors are using LM to image viruses, I would suggest they add a sentence that though LM cannot resolve a single virus, immunofluorescence allows them to detect single viruses which really emphasizes the power of their technique as well as its sensitivity.

We appreciate the reviewers positive comments about this manuscript and the timeliness of this submission with the SARS-CoV-2 pandemic. Larger-volume tissue imaging can indeed tell us about many aspects of virus pathogenesis that can’t be recapitulated in vitro. We have added a sentence in the introduction that highlights the power of immunofluorescence for directly localizing virus and virus producing cells within complex tissue environments.

Major Concerns:
None

Minor Concerns:
I did have a question regarding HIV tissue reservoirs discussed on page 4. This is a fascinating question and an extremely important topic for imaging. What I wonder is if it is possible to label such cells with antibodies because they may not be expressing viruses? Do these latent reservoirs shed virus?

This is indeed a good question and a concept that the field wants to understand in greater detail. By definition, a latent cell remains in a quiescent state that will not produce any virus; however, it is likely that latently infected reservoir cells could become slightly transcriptionally active to release some amount of virus without being readily detectable. A large amount of effort has been put into looking for a protein marker that would indicate a cell as latently infected with HIV. Several have been proposed (e.g. CD2, CD30, CD20, CD32a, etc.), but none have withstood long-term scrutiny in numerous model systems and tissues. The important point is that these latently infected reservoir cells can become transcriptionally active to varying degrees at any time and begin producing infectious virus, likely in a stochastic way. And this does not even address the potential presence of tissue sanctuaries that allow virus replication without immune recognition. Indeed, infected cells can constitute a reservoir without being latent. These are all fascinating questions that can be directly addresses by tissue imaging. 

A question about the CLARITY hydrogel mentioned. Is this hydrogel formed from acrylamide?

Yes, the CLARITY hydrogel is formed from a polymerized acrylamide matrix cross-linked to the endogenous protein content retained within the fixed tissue sample.

Lines 246-247, I would recommend, instead of converting the file by opening it in Imaris directly, to use the separate Imaris file converter which uses less overhead. I have found that converting large files directly in Imaris can cause issues with the software. Also it think some newer light sheet microscopes can directly save their files to the Imaris file format.

These are good suggestions to enhance the general application of the protocol and the information was added to the manuscript.

I cannot see any letters in figure 6. Also, you may want to indicate the zoomed area of figure 7B in 7A.

Letters were added to figure 6 and as discussed for reviewer 1, the region for panel B was indicated in panel A with a white box.

Editorial comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
2. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).
3. Please include an ethics statement before the numbered protocol steps, indicating that the protocol follows the guidelines of your institution’s human research ethics committee.
4. Please include an ethics statement before your numbered protocol steps, indicating that the protocol follows the animal care guidelines of your institution.
5. Line 114/122/138/140: For time units, please use abbreviated forms for durations of less than one day when the unit is preceded by a numeral. Do not abbreviate day, week, month, and year. Examples: 5 h, 10 min, 100 s, 8 days, 10 weeks.
6. Line 118/124: Please specify the volume of CUBIC reagent 1/2 required for tissue immersion. Is there any specific proportion of volume required?
7. Line 137: Please mention at what rate is nitrogen bubbled into the acrylamide solution.
8. Line 169: Please convert centrifuge speeds to centrifugal force (x g) instead of revolutions per minute (rpm).
9. Line 171-172: Please add more details to your protocol steps. 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.
10. Please ensure that the volumes of reagents are mentioned throughout the protocol wherever necessary (Lines: 177,180, 183,185, etc.).
11. Please include a one-line space between each protocol step and 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.
12. 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. Please do not use the &-sign or the word “and” when listing authors and please title case and italicize journal titles and book titles. Do not use any abbreviations.

All editorial comments were addressed in the revised version of the manuscript in order to adhere to the editorial policies maintained by the journal.

Once again, we thank the reviewers and editor for their suggestions and comments, which we feel have greatly improved our manuscript. We hope it is now suitable for publication in JoVE.

Sincerely,
	
Collin D. Kieffer, Ph.D.
Assistant Professor of Microbiology
University of Illinois at Urbana-Champaign
collink@illinois.edu
Office Phone: 217-300-9652
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