Dear Dr. Steindel,

We thank you and the reviewers for the thorough review and many helpful suggestions for our study. In the revised manuscript, we have carefully addressed all the concerns raised by the reviewers. As detailed in the rebuttal, we have addressed all reviewers’ comments point-by-point and described additional experimental result that strengthen our methodology.

In the revised manuscript, new data were incorporated in the Main Figures, and the text has been revised and clarified for better description and discussion. We wish that you and reviewers would be satisfied with our revised version. Should you need additional information, please let us know.

Thank you again for your kind consideration of our manuscript.

Sincerely,
Hoon-Ki Sung


















Reviewer #1 
GENERAL COMMENTS
In this manuscript Sung and collaborators describe a protocol for 3D analysis of adipose tissue and an original tissue clearing technique. The technique has some interest considering that it allows for tridimensional examination of adipose tissue architecture. One advantage is the fact that with appropriate fixation, the immunofluorescence signals do not overlap in the visualization of blood vessels. The technique has the potential to be applied for many other outcome measurements in adipose tissue. Specific comments are provided below.

We thank the reviewer for the valuable comments. 

1. On lines 288-291 the Authors imply that the whole-mount technique preserves the morphology of adipocytes better than methods involving multiple processing steps. This is repeated in the discussion. However, the study does not include formal proof that this is the case. A representative image is hardly sufficient to ascertain that this is the case. 
We thank the reviewers for pointing out the repetition of our statements within the manuscript. We realize our previous image of cryosection in Figure 1A is not intuitive enough to show the limitations of conventional tissue process and imaging techniques due to the differences in magnification and antibody staining between the two images. Hence, we’ve changed Figure 1A to include an image of immunostaining of PECAM (1:1000) and perilipin (1:1000) on a cryosection of IWAT with comparable magnification (100x) and antibody staining (PECAM and LipidTox) to Figure 1B, which depicts the whole mount stained sample imaged with confocal microscopy. As shown in the revised Figure 1A (new data), structure of the blood vessels on frozen sections are not as intact as the case in whole mount staining of Figure 1B. In addition, the adipocyte structure is distorted during sectioning, whereas in whole mount staining, the structure of the adipocytes remains its original shape, due to the minimum tissue processing procedure. In addition, because whole mount staining does not require sectioning of the tissue, fibrous and connective structures such as blood vessels remain intact for observation. We understand that these conventional methods are still widely used for adipose biology, and the method works for the effects they desire. We would like to emphasize that different techniques can be exploited for different study purposes. While traditional histology and cryosection methods with immunolabeling provide valuable information about intracellular study, whole mount staining would be better for observing intercellular interactions within adipose tissue such as communication between adipocytes, the vascular system, neural projections and macrophages. We’ve replaced the repetition in discussion with the above reasoning, in order to provide the readers clear instructions about when to use whole mount staining.

2.The time needed for the tissue clearing technique and immunolabeling using iDISCO+ is apparently quite long (17 days as estimated from the protocol). Duration must be stated formally and perhaps addressed as a limitation in the discussion.
We thank the reviewer for the important comment about the limitation of tissue clearing. In our revised version, we stated this limitation of iDISCO+ in the introduction after mentioning the advantages of this method. We’ve also included shorter versions of iDISCO+ that have been previously proposed in other studies 1,2. As well, future studies are needed for optimizing the length of time required to complete tissue clearing. 

2. Some parts of the protocol are needlessly specific and detailed while others would require more description. For example, the description of the adipose tissue sampling technique is highly detailed but is likely to vary as a function of the species examined (e.g. humans), or operating procedures in any given research center. How these details affect the outcome of the protocol is uncertain (e.g. cardiac perfusion). On the other hand, some parts of the protocol would benefit from more details including shaker and centrifugation speed, for example

We thank the reviewers for commenting on the detail handling in our protocol. In our revised version, we agree with this comment about adipose tissue sampling techniques being highly detailed and may vary between research facilities and types of model organisms used. Since sampling techniques are not the focus in our paper, we’ve shortened this section in the revised version, and provided a reference regarding adipose tissue sampling techniques in mice. Cardiac perfusion was mentioned in many tissue clearing protocols1,2, however it is not an absolutely required step for us. We’ve done tissue clearing without perfusion and still achieved high quality images without high autofluorescence(Figure 7B). In case of any confusion that may arise, we decide to remove cardiac perfusion step, but performing this step may help to further reduce autofluorescence in the samples. We also added more information about the shaker speed during incubation in our revised protocol as a suggestion. However, the desired speed might vary depending on different machines. Thus, the user’s choice can be flexible regarding the shaker speed. 

4. In the discussion section (lines 393-394 and 416), the description of the tissue sampling technique is unclear. What is referred to when mentioning the 'tip' of perigonadal adipose tissue? It is expected that adipose tissue from other compartments will have a different morphological aspect and no tip. How critical is the selection of this particular region of this fat depot in terms of success of the method?

We thank the reviewer for raising the important questions regarding our sampling techniques. The ‘tip’ of perigonadal adipose tissue (PWAT) refers to the distal portion of PWAT3. This region is used in whole mount staining for the following reasons: 1). The ‘tip’ of PWAT is the thinnest region to ensure proper fixation and easy antibody penetration; 2). The morphology of this region is better preserved without physical disturbance by surgical tools during dissection. 3). Since this region is considered as active adipogenic niche, it provides significant biological and cellular information3. Other parts of the adipose tissue can be used for whole mount staining as well, but because those regions are more lipid and connective tissue dense region, structures can be hidden in different depth of the tissues, which posed a challenge for fair comparison of structures within same depth captured. To avoid unfair comparison, we choose the distal portion of PWAT throughout our experiments. As a suggestion, we believe this may be helpful for the readers to successfully replicate our methodology. Lipid and connective tissue dense region can be better visualized through tissue clearing technique. 

5.The numbering of the protocol sections is somewhat misleading. The reader at first may assume that the step numbers are in chronological order. However, section 5 may be performed after section 2 as an optional step.
	
We thank the reviewer for the important comment. Section 5 was moved to section 3, as suggested by the reviewer. Please note that we were not able to arrange all the sections in chronological order, since some sections are independent with each other, therefore other people can skip the sections that are not needed for their own experimental procedures. For example, section 1 to 2 should be in chronological order of whole mount staining procedure. Section 3 tissue clearing with immunolabeling can be performed as an additional step if specific structures are in interests1,2. After section 2, section 4 can also be performed as an additional step for analyzing parameters associated with adipose biology. Understanding that this order can be potentially misleading, we added a note in the beginning of our protocol to denote how we organize the protocol. 

6- Only one application of the tissue clearing technique is shown. Other applications could have been interesting.

We thank the reviewer for this important comment. We have added a brief introduction regarding other applications of tissue clearing, specifically for iDISCO+ tissue clearing technique. We talked about iDISCO+ being compatible with various antibodies and even some of the fluorescent reporter systems. Moreover, iDISCO+ can be used in a wide variety of organs, making it a useful tool to gain a deep understanding of intracellular activities within organs. Fat tissue is the major focus in our lab, therefore we mainly focused on white adipose tissue clearing and staining. Describing other applications of tissue clearing technique is beyond our scope, and future studies are needed to demonstrate other interesting applications of tissue clearing. 

7- In the reference section, please make sure that the websites are cited according to Journal policies.    

We thank the reviewer for this comment about our website reference style. We have contacted journal editor and confirmed that we are following the right format. 

Reviewer #2:
Manuscript Summary:
This manuscript provided a detailed description of the procedure for the newly developed whole-mount staining of white adipose tissues. The authors demonstrated the procedure using a few examples, e.g. blood vessel staining and nerve staining. They also compared it with cryosections and paraffin sections. The protocols were well written to demonstrate the strength of the staining and imaging method. Troubleshootings and cautions were also raised and discussed in the description. Overall, publication of this manuscript will benefit the community studying adipose tissue biology.

We thank the reviewer for the valuable comments. 


Minor Concerns:
More recently, imaging of blood vessels in white adipose tissues using antibodies against PECAM and other makers was reported (Cao, Molecular Metabolism, Volume 14, Aug 2018), so the introduction part is suggested to reflect the recent progress.
We thank the reviewer for this important suggestion. We’ve included a short description regarding the recent progress of iDISCO+ and volume imaging on vasculature in the introduction. We agree with the reviewer that adding this information will give readers more information regarding iDISCO+ application. 


Reviewer #3: 
Manuscript Summary:
The authors describe how to whole-mount stain and image adipose tissue in mice and how to improve this protocol by a step of tissue clearing.

We thank the reviewer for the valuable comments. 


Major Concerns:
1- The manuscript will be strongly improved if the final aim was more precisely defined. It is not clear whether the manuscript focus on whole-mount staining protocol or on the combination of whole-mount staining with tissue clearing techniques. In the abstract, the authors mention the limit of whole-mount staining to provide accurate information for the deeper parts of adipose tissue and propose to combine it with i) tissue clearing techniques and ii) light sheet fluorescent microscopy. The advantage of combining tissue clearing and whole-mount staining is not enough demonstrated and the protocol of adipose tissue imaging does not mentioned light sheet microscope which is yet used in figure 7... There is no discussion about confocal vs light sheet microscopy.

We thank the reviewer for their valuable suggestion. Indeed, our manuscript lacked clear direction as to our main focus, which is the combination of whole mount staining with tissue clearing techniques. Based on this comment, we have removed unnecessary details in our protocol (such as dissection procedure) that do not focus on the two techniques and provided additional information of the advantages of combining tissue clearing with whole mount staining in the discussion. With regards to lack of mention of light sheet fluorescent microscopy (LSFM) procedure in the manuscript, we would like to emphasize that we focus on whole mount staining and tissue clearing procedures, not on the imaging techniques. Hence, considering the limitation of the manuscript length, LSFM use is not the main objective of the manuscript and readers should look into other references to learn LSFM procedure4. As such, we have also removed unnecessary details within our protocol regarding confocal microscopy to keep the aim of the manuscript clear. We apologize that there is no discussion of the pros and cons of both confocal and light sheet microscopy and appreciate the reviewer for pointing this out. Our revision has included a short comparison in the discussion between both microscopic techniques to improve the quality of the manuscript. 

2- Two different protocols of adipose tissue have been used (1% PFA, 1 hour at room temperature vs 4% PFA, overnight at 4°C) without explanation. Did the authors try more than two fixation protocols (3 days vs 1 hour in figure 2)? 1 hour fixation seems very short for a tissue even cut into cubes. Did the authors verify that there was no fixation gradient within their samples? Finally, in the discussion section, the authors say that "it is recommended to leave the tissues in fixative for only 1 hour in room temperature", without any references citation.

We thank the reviewer for their insightful comment. Indeed, 1% PFA in room temperature is used solely for whole mount staining, whereas 4% PFA in 4oC overnight is used for the combination of immunolabelling with tissue clearing. There are a number of reasons for the different fixation procedures. For one, our lab and other previous publications have used 1% PFA in 1 hour at room temperature and have received optimal imaging results (no background autofluorescence), compared to when 4% PFA is used which induced background autofluoresence. Fixation at room temperature occurs at a faster rate than at 4 oC, hence a shorter incubation time, 1 hour, is used for whole mount staining3. 4% PFA at 4oC is the standard fixation condition for tissue clearing as reported by multiple articles on various tissue clearing techniques1,2,4. In addition, the reason for using a higher percentage of fixative solution, compared to whole mount staining is, to preserve the tissue structure better in order to withstand harsh clearing conditions5, whereas little disturbance of the tissue occurs with whole mount staining other than antibody incubation. With regards to figure 2, we believe the reviewer may have misunderstood the purpose of these images. Figure 2A and 2B are not depicting two different fixation protocols. Rather, Figure 2A demonstrates that high autofluorescence occurs with accidental overfixation of the sample with 3 days of incubation in PFA, whereas Figure 2B shows an optimal imaging result with no autofluorescence when proper fixation is conducted (1% PFA for 1 hour at room temperature), thus confirming the importance of following the proper fixation protocol.

3- Concerning figure 7: to better appreciate the gain of tissue clearing technique, authors should show disappearance of TH labelling in the depth of the tissue when only whole-mount staining is applied. Why magnification is different between figures 7A and 7B? The thickness of the Z-stack should be mentioned for the two images. This immunostaining is done on iWAT that presents a clear regionalization of sympathetic innervation (Chi J et al. 2018). Authors should thus specify where images have been acquired within the inguinal fat pad.

We thank the reviewer for raising these critical points. we would like to first address the reason as to why different magnifications were used in the images for figure 7. In addition, we apologize for the lack of certain details in our figures such as the Z-stack and region of the tissue imaged and have revised according to the reviewer’s comments. Figure 7A was taken by Nikon A1R confocal microscopy which has the minimal magnification of 100X (objectivezoom). However, the maximum magnification of the light-sheet microscope (LaVision BioTec, Ultramicroscope I) is 12.6 (objectivezoom). Figure 7B was captured at magnification of 1.6 (objectivezoom) to gain an appreciation of whole volume imaging of fat tissue. Understanding that it is not fair to compare the two images at different magnifications, we cropped LSFM image to make a comparable magnification to that of Figure 7A in Figure 7B. With these images, now we provide more convincing evidence that iDISCO+ and LSFM is an excellent method to visualize deep structure within white adipose tissue. We also appreciate the reviewer for suggesting our paper to specify the region of fat pad we used for the figure. For Figure 7A of whole mount staining experiment, the inguinal region of subcutaneous white adipose tissue was used, which has been reported to exhibit higher neurite density1. Figure 7B is a representative result from iDISCO+ and light-sheet imaging, which shows much higher TH density than 7A from conventional whole mount staining. Notably, the region used for 7B is dorsolumbar region from subcutaneous fat pad, which has been reported to have less neurite density compared to that of inguinal region. Even with the consideration of regional difference, tissue clearing still offers apparent advantages, and if we had used the inguinal region for both experiments, we might expect higher significance in terms of neurite density resulted from tissue clearing. 

Minor Concerns:
1- Figure 1: Scale bars are missing in figure 1A. Does the figure 1B result from a Z-stack? In this case, the size of the Z-stack of this image should be mentioned.

We thank reviewer for raising this important point to us. We’ve added scale bar to Figure 1A, and addressed the Z-stack information in Figure legend for Figure 1B. 

2- In figure 3 (right panel), orthogonal views (X-Z and Y-Z) and higher magnification should be helpful to discriminate Ng2-positive cells (green labelled) and Ng2-negative cells (red labelled). Indeed, some vessels appeared double labelled which may be due to pericytes (i.e. Ng2 positive cells). Authors should also illustrate that TH fibers or immune cells are not green labelled. 

We thank the reviewer for this comment. We understand that with the higher magnification, it should be more obvious that it is not double labelling, but rather overlap of the Ng2+ (green labelled) and Ng2- (red labelled) signals. 
[bookmark: _GoBack]Although, we appreciate this comment, we do not believe it is necessary to illustrate that TH fibers or immune cells are not green labelled. The purpose of this figure is to solely demonstrate the application of lineage tracing with whole mount staining, not to demonstrate experimental results of Ng2 expression in the white adipose tissue.

3- Figure 4B: It is the size of lipid droplet which is quantified, not the size of adipocyte.

We thank the reviewer for this critical comment. In our experiments, we have used perilipin antibody and LipidTox to stain for lipid droplet, which outlines the membrane of adipocytes. Since we mentioned whole mount staining retains the original shape of the adipocytes, it provides accurate measurement of the size of the lipid droplet as well. The two terms can be used interchangeable and we have revised Figure 4B according to this comment. 

4- Does the GFP fluorescence of mT/mG mice is maintained after clearing procedure? It would be important to verify this point in order to apply whole-mount adipose tissue clearing and imaging, to reporter mice.

We thank reviewers for this important comment about the compatibility of fluorescent reporter mice system with our tissue clearing procedure. Previous organic solvent based tissue clearing procedures rapidly reduce signal from fluorescent proteins and fluorescent reporters5. Therefore, IDISCO+ protocol 4 was specifically designed to address this limitation and is compatible with immunolabeling. Although we haven’t tried this method on reporter mice, it has been reported by several studies4,6 that endogenous fluorescent reporters such as GFP and tdTomato can be visualized with immunolabeling of a secondary antibody. Without immunolabeling on the reporters, endogenous fluorescent signal may fade, but exactly how long can the signal be maintained is currently beyond our scope to answer. 
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