REPLY TO THE EDITORS

Editorial comments:

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 performed an accurate proofreading of the text.

2. Please revise the following lines to avoid previously published work: 40-43, 55-65, 67-70.
We revised the text and we checked the citations.

3. Please ensure that abbreviations are defined at first usage.
We performed an accurate proofreading of the text.

4. 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. Please sort the Materials Table alphabetically by the name of the material.
All commercial languages are removed from our manuscript and referenced in the Table of Materials.

5. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text between sections. The individual steps should contain only 2-3 actions per step and a maximum of 4 sentences per step.
We adjusted the protocol section.

6. The Protocol should contain only action items that direct the reader to do something. Please move the discussion about the protocol to the Discussion. Accordingly, Step1 can be moved to the Discussion section.
We thank the editor for this suggestion. We moved Step 1 to the discussion accordingly.

7. Please note that your protocol will be used to generate the script for the video and must contain everything that you would like shown in the video. 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. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.
We accurately checked this point. 

8. Please add more details to your protocol steps.

Step 1: Please specify the age/gender/strain of the mouse used.
Step 2.1.3: The term Milli-Q water can be changed to a generic one, deionized water.
Step 2.2.5: Please use “cervical dislocation” instead of “capital dislocation”. After this, decapitation was performed? Please clarify. Also, specify how the method was performed.
Step 2.2.6: Please specify how much the chest should be opened. What equipment was used to cut the aorta?
Step 2.2.7: Please specify the depth for the cannula to be inserted.
Step 2.2.8: Please elaborate on the perfusion process.
Step 2.3.3: Please elaborate on the de-gassing process.
Step 2.3.4: Please specify how to check proper polymerization. Also mention for clarification, should the heart be kept at 4 °C?
Step 2.4.1: How to make sure that the clarification process is complete?
Step 2.4.2: What was the final concentration of the fluorophore used??
Step 2.4.6: What is meant by increasing concentrations?
Step 2.5.1: Is this a glass cuvette?
Step 7: What was the excitation light source used here?
Step 2.5.8: Which software was used? In the software, please ensure that all button clicks and user inputs are provided throughout. Also please ensure that the button clicks are bolded.

All the requested information has been added.

9. Please include a one-line space between each protocol step and then 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. Also, the highlighted part must be in line with the title of the manuscript. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.

10. Please rewrite the Results section to include all the observations and conclusions that can be derived from the Figures.
We expanded this section.

11. As we are a methods journal, please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs with citations:
a) Critical steps within the protocol
b) Any modifications and troubleshooting of the technique
c) Any limitations of the technique
d) The significance with respect to existing methods
e) Any future applications of the technique
We expanded this section covering the suggested topics.

12. Figure 1: Please label all the components of the setup.
We modified the figure, we thank the editor for the suggestion.

13. Please combine the two Tables of Materials (1 and 2) in a single one.
We generated a new unique table.

14. Please spell out journal titles in all the references. Also include volume and issue numbers for all References.
We accurately checked the references.



REPLY TO REVIEWERS: 

Reviewer #1: 

Manuscript Summary: 
This paper presents a protocol that combines tissue clearing (a modified CLARITY) and optical imaging (light-sheet microscopy) for whole mouse heart imaging. To demonstrate the efficacy of the protocol, a reconstructed optical image of a sagittal plane from the mouse heart is presented. In my opinion, if the following issues can be addressed, this paper can be considered for publication. 

Major Concerns: 

1.The authors claim that they can achieve optical imaging at micron resolution (3.25 × 3.25 × 3.12 μm3) as well as sub-cellular resolution. But I cannot agree with it lying on the reason that presented result only show the individual cardiomyocytes but not organelles. To be more specific, to visualize sub-cellular cardiac structures, it require the imaging capacity of submicron voxel resolution. 

We thank the reviewer for the comment. We have changed the resolution definition in “micrometric resolution”. 

2.To our best knowledge, some modified CLARITY protocols for mouse heart clearing have been reported before [1, 2]. The authors should list them in the introduction and clearify the difference and advantage of the presented protocol. 

We added the two references and explained the advantages of our approach in the text. 

3.In tissue clearing, non-linear expansion of the tissue is inevitable. It is an important indicator for evaluating transparent protocol. But the authors did not give a quantitative assessment, which should be added. 

As reported in Costantini et al., 2015, Scientific Reports, we found that the tissue expansion in CLARITY-cleared tissues can be isotropically reverted by the incubation of the specimen in TDE as Ri matching medium. We thank the reviewer for the suggestion and we added an explanatory sentence in the results section. 

4.On line 250, the authors mentioned that "The developed protocol allows to obtain a cleared heart in about 3 months". Does this mean that the clearing protocol can only be applied to heart samples within a specific size, i.e., 10 x 6 x 6 mm3? If so, it should be pointed out in the article. 

This point has been mentioned on the revised manuscript.

5.In the Discussion, the authors mentioned that "the microscope allowed the reconstruction of the entire organ in a single imaging session, with a near-isotropic voxel size and a sufficient signal-to-background ratio to resolve single cells across the whole organ." But lack of representative results to prove it, which should be added. 

With this sentence we mean that the optical system is potentially able to reach that result in terms of resolution and sensitivity, but of course a perfectly cleared and stained sample is necessary. We modified the sentence to highlight the points and, more importantly, we added a transverse plane of the representative reconstruction of the cleared heart to show the resolution capacity in the three axes.


Minor Concerns:

 1.On line 283, typo "Tehe" should be "The".

Typo has been fixed. 


Reviewer #2:

Manuscript Summary:

Authors describe a new method to clarify, image and reconstruct whole mouse heart. They have developed a modified version of CLARITY to render the heart transparent. In addition, they have setup a lighsheet mesoscope based on the mesoSPIM to image rapidly with a cellular spatial resolution the whole heart of mice. I think that the paper is very well written, clear and provides enough technical information to allow other research groups to us ethis new approach. I just have few minor comments.

Major Concerns:

No Major concerns

Minor Concerns:

-There are some sentences in the manuscript where Authors used qualifying adjectives where they should provide some numbers (e.g. line 55: "massive" or line 73 "Big specimen", l74 "thin lighsheet" or line 75 "limits the FOV", l98 "decreasing the timing ")
The manuscript has been improved with more quantitative statements.

-Concerning the multiple chambers approach for clarification, could Authors precise whether there is a temperature gradient across the different chambers and if this may be an issue or not ?
-line 165: DO Authors really mean "100% oxygen" ?
-line 166: Do the Authors refer to "cervical discolation" instead of "capital dislocation"?

We made the proper corrections suggested. 


-points 2.2.7 to point 2.2.10: could the Authors mention the maximum time it should take to do these steps ?

To avoid tissue degradation, steps 2.6-2.13 have to be performed in the shortest time possible. The manuscript has been revised highlighting this important aspect.

- point 2.4.6: Could Authors precise how excately should be processed the heart with increasing concentrations of TDE ? How many steps, for how long ? Also, could Authors mention whether reaching a 68 % TDE in PBS is necessary to reach a certain RI and if this percentage can be adjusted to adjust the refractive index of the tissue?

We elaborated on this step. The percentage of TDE in PBS can be adjusted to tune the RI of the medium; however, since the delipidated tissue has a RI = 1.46, the 68% TDE in PBS is the suitable percentage, because it provides  the same RI. 

-point 2.5.1 Could Authors mention if it is an option to fill the external cuvette with Cargill oil that a lot of researchers in the field are using ?
We don’t have any experience with the Cargill oil, but theoretically it is possible to use it if it ensures the right refractive index. We added a sentence about that possibility. 

-point 2.5.3: COuld Authors precise how the heart in held in place inside the cuvette, during imaging ?
We elaborated this point in 5.3 and 5.4. We thank the reviewer for the suggestion.


-Imaging part: Could Authors shows a horizontal reslice of the dataset to illustrate that the axial resolution is enough and homogenous?
We added the requested images. 

-line 283: typo error The instead of Tehe
-line 287 whole instead of wall

Typos have been fixed. 

-line 295: I am confused here. Do the clarification process take 3 or 5 months (3 months indicated on line 251)

The CLARITY protocol performed using the standard passive clearing approach requires about 5 months to reach the complete transparency of a whole heart. The approach that we are proposing, thanks to the clearing solution recirculation, allows us to reduce the timings to about 3 months. 


-line 300: Authors mention that they use a fluorescent lectin to label "cardiac cellular membranes". What are eaxctely these cells ? Cardiomyocites?
In additon, lectins are often used to label endothelial cells of blood vessels. Are authors labelling blood vessels or specific cells here ? Could Authors make this point more clear ?

Wheat Germ Agglutinin (WGA) is a lectin that binds glycoproteins; for this reason, it binds the cellular membranes of both cardiac cells and endothelium. This point has been clarified in the revised version of the manuscript.

-line 310 typo mistake remove "resulted"
References 4 and 15 are not correctly formatted.
Table of materials 2: typo error External

We corrected the mistakes. 

Reviewer #3:

Manuscript Summary:
This is an interesting and well planned methodology paper.

No major concern

Specific comments:

1. What is the mesoscopic stands for in your paper, please explain, such as resolution, etc. 
A quantitative statement of mesoscopic imaging has been provided in the revised manuscript.

2. Please provide the strain, age, and gender and number of the mice used
3. Authors should provide a statement of ethical approval for the study

Both points 2 and 3 have been elaborated and corrected in the text.
 
4. Why animal need to wait for 30 min after Heparin is injected. Based on this reviewer experience, 5 min is longer enough for preventing blood clots in the heart.

In our experience, we have observed that waiting for a longer time allows for the animals to return to a quiet and calm state after the injection.

5. It would be better to show some lightsheet images
We included a new figure (Fig. 4) to fill this gap. It includes a characterization of the lightsheet in the field of view in both camera configurations (internal trigger and synchronous rolling shutter trigger) and the estimation of the light-sheet thickness.
