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Dear Dr. Krishnan:

Thank you for giving us the chance to revise and resubmit our manuscript entitled "Mammary Epithelial and Endothelial Cell Spheroids as a Potential Functional In Vitro Model for Breast Cancer Research" for consideration for publication in JoVE. In the revised manuscript, we have fully addressed the issues raised by the editor and the four reviewers (See point by point response to the editorial and reviewers comments). 

In the revised manuscript, the sections highlighted with YELLOW indicate material for constructing the Video. Whereas, underlined sections of the script indicate the changes made in response to the comments of reviewers and editor.  The revised manuscript has been prepared as per the guidelines for publication in JoVE. All authors have read and approved the submission of the manuscript. It has not been published, nor is being considered for publication elsewhere, in whole or in part, in any language, except as an abstract. We hope that you will find our revisions adequate and are looking forward to your comments and final decision.
Thanking you.

Yours Sincerely
Raghvendra K. Dubey, Ph.D
Response to Editorial Comments:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

Response: We have gone through the manuscript to make sure there are no spelling or grammar issue.
2. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).

Response: We have made these corrections throughout the manuscript.
3. 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.

For example: GlutaMAX, PhotoshopCS2, Cell Tracker, Leica, Quick-RNA MiniPrep, Nunclon Sphera, etc.

Response: As requested, we have checked the manuscript and removed - trademark symbols, registered symbols, commercial language and company names from the manuscript. Moreover, all commercial products have been sufficiently referenced in the Table of Materials.
4. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using bullets or dashes.

Response: As requested, we have made the required changes.
5. 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 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. Please add more specific details (e.g., button clicks for software actions, numerical values for settings, etc.) to your protocol steps. There should be enough detail in each step to supplement the actions seen in the video so that viewers can easily replicate the protocol.

Response: As requested we have made the adequate changes in the protocols to provide more details. (Section 3 lines 246-266, Sections 4.2.7.1. and 4.2.7.2. lines 311-336 )
6. Line 134: Please specify the concentration of collagen used.

Response: In the revised manuscript, we now provide the concentration of collagen used (Line 147).

7. Line 205-206/284-285/294: Please specify the settings (magnification) for taking the images.

Response: In the revised manuscript, we provide the settings (magnification) for the images (Lines 221,243, 346, 479, 494, 502). 
8. 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. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.

Response: We have formatted and marked the revised manuscript as requested. 
9. For in-text formatting, corresponding reference numbers should appear as numbered superscripts after the appropriate statement(s).

Response: We have reformatted the references in the script to the journal style.
10. Please do not use the &-sign or the word “and” when listing authors in the references. Authors should be listed as last name author 1, initials author 1, last name author 2, initials author 2, etc. Title case and italicize journal titles and book titles. Do not use any abbreviations. Article titles should start with a capital letter and end with a period and should appear exactly as they were published in the original work, without any abbreviations or truncations.

Response: We have reformatted the references in the script to the journal style.

11. Figure 1: Please ensure that the Figure or the figure legends do not contain any commercial term (Nunclon Sphera). Please use generic terms instead.

Response: We have checked the figures and figure legends to make sure they do not have any commercial term (Line 470 in Figure1).
12. Figure2: Please maintain a single space between the number and the unit. Revise the labels in Figure 2D to “24 h”, 48 h”, etc. instead of “24h”, “48h”, etc. Please define the scale bars of Panel A, B, C in the figure legends.

Response: As requested, changes have been made in Figure2 and the article: Line 478.

13. Figure 3: Please define the scale bars and the magnification used to capture images in the figure legends.

Response: Since we have added a new Figure to the revised manuscript, the original Figure 3 is now the Figure 4. Also, changes have been made in legends of Figures 2 (Line 480), 4 (Line 495), 5 (Line 503).
14. Figure 4: Please maintain a unit spacing between the number and the unit (“1 h” instead of “1h”). 

Response: As requested, we have made the required changes in the Figure.
Response to Reviewer #1:

Manuscript Summary:

Use of organoids as a model to mimic and study in-vivo pathophysiological conditions is of considerable relevance. Although single cell based organoids have been widely used, very little is known about two or multi-cell organoids. Here the authors demonstrate, in depth, the feasibility of forming breast cancer cell (MCF-7) organoids together with vascular and/or lymphatic endothelial cells. The authors hypothesize that cell-cell interaction between epithelial and endothelial cells may provide a better model to investigate the mechanisms regulating breast cancer and tumor growth. Importantly, this model could also be useful for testing anti-tumor therapeutic agents.

Overall, this methodology based article provides detailed information on how to culture/form epithelial plus endothelial cell organoids. The procedure provides all the important details and highlights critical steps where one has to pay attention. Monitoring and evaluating growth of an organoid is key to assessing tumor growth over time, and the authors describe this in detail and is simple to follow. Performing immunostaining helps in assessing cell growth, apoptosis and signaling mechanisms, and the authors describe the procedure for fixing the organoids for sectioning. They also provide evidence that transfection of cells using Lipofectamine, a commonly used delivery system, does not interfere with organoid formation and could be used for silencing or other cell transfection based studies.

The paper is well written, easy to follow and the methods described in great detail and with all relevant information to make organoids. I have some minor comments that may further help the article and make it more informative.

Major Concerns:

No

Minor Concerns:

1. Did the authors observe growth of organoids beyond 96 hours? Could the organoids be cultured for a longer time? The authors should provide some information on this issue as some experiments might require long-term treatments.

Response: We did conduct experiments to monitor the growth of spheroids for longer term (168 hours). As shown in the new figure 3 of the revised manuscript, MCF and MCF+HUVEC spheroids are more viable at 96 hours, as compared to 168 hours. Moreover, spheroids of MCF-7 cells alone have more dead cells at 168 hours, as compared to MCF-7 + HUVEC spheroids. We have included this data in the revised manuscript (Lines 399-402) and Figure 3 was added (Legend: lines 485-489).
2. Some comments and helpful pointers on the issue of organoid viability in short term versus longer term cultures should be added.

Response: As mentioned in our response to comment 1 (above), we provide new data (Figure 3) showing the viability of cells in spheroids at 96 and 168 hours. We also discuss these changes in the revised article (lines 399-402 and figure 3- Legend in article lines 485-489).
3. Authors mention the use of Lymphatic endothelial cells to make organoids with MCF-7 cells, but they do not provide any photomicrographs. They should show an organoid formed with MCF-7 + Lymphatic ECs. 
Response: We thank the reviewer for pointing out this deficiency. In the revised manuscript we now provide a representative photomicrograph of a MCF-7 plus Lymphatic EC spheroid. See Figure 2 panel D and text in lines 391-392 and line 477 (legend to figure 2) of the revised manuscript.

4. The authors have used live labelling to show presence of endothelial and epithelial cells in an organoid, however, the distribution of epithelial and/or endothelial cells should also be shown in organoid sections.

Response: We thank the reviewer for this constructive comment. In the revised manuscript we now show relative distribution of these cells (See figure 5G, legend to figure lines 507-508 and text on lines 429-438) 

5. Are the lymphatic endothelial cells capable of forming organoids alone or similar to HUVECs they form monolayers? A statement in this context would be helpful.

Response: The lymphatic endothelial cells behave like HUVECs and form monolayers when in monocultures. They do not form spheroids by themselves, but do so in presence of MCF-7 cells. We added a statement in this context in the text (Line 389).

6. During co-culturing of MCF-7 together with vascular and/or lymphatic endothelial cells to form organoids, it is of fundamental importance to know the proportion of MCF-7 to the endothelial cells. In other words, MCF-7 are cancer cells and I can imagine that they proliferate much faster than the endothelial cells; Do the authors have an idea how many percent of the organoids cells are MCF-7 and how many percent endothelial cells (e.g., after 96 h co-culturing?). This could probably explain the absent of the vessel structures.

Response: We agree and as mentioned in our response to comment 4 (above), we have included a new image (figure 5 panel G) in the revised manuscript, moreover, the calculation of cell % (data shown in (lines 437-438) was performed using the protocol section “Cell quantification 4.7.2.2.” 
.
7. The isolation of RNA or DNA of a mixture of different cells for performing microarray analysis brings some information's useful for the model. However, to identify some key mechanisms of the effects of the one cell type for the other one (by analyzing the transcriptome), organoid cells should be separated for separate RNA isolation and microarray analysis. This can be done by FACS analysis and by using antibiotics resistance cell lines (e.g., using EGFP and/or puromycin resistance cell lines). This point should be discussed too.

Response: We agree and thank the reviewer for this constructive suggestion. In the revised manuscript we discuss these possibilities. (See lines -457 – 464).
Response to Reviewer #2:

Manuscript Summary:

The study by Azzarito et al, provides essential and in-depth information on generating multi-cellular organoids combining breast cancer and endothelial cells. The authors propose a method to create a useful cell culture system to study tumor growth in vitro in a system that mimics the real tumor setting. To that regard, taking into account the fact that endothelial cells from both blood vessels and lymphatic system, play a key role in cancer development, they introduce a model system by which cancer cells are mixed with endothelial cells to form tumor organoids with both cell-cell and cell-matrix interactions in all three dimensions.

This is an interesting study which will be quite useful for the study of cancer cell behavior, metastasis and the molecular mechanisms involved using in vitro systems. The paper is well-written and easy to follow, the figures are nicely designed, the aims are clear and the methodology is described in sufficient detail. It is definitely worth publishing as it will greatly enhance cancer research.

Major Concerns:

None

Minor Concerns:

However, there are a few comments that need to be addressed:

1. The authors claim to have used both human umbilical vein (HUVECs) and lymphatic endothelial cells (LECs) to make organoids with MCF-7 cells. However, they provide pictures only of organoids formed with MCF-7 plus HUVECs. It would be useful and interesting to also provide a representative photomicrograph of an organoid formed using MCF-7 plus LECs. 

Response: We agree and as mentioned in our response to reviewer 1, comment 3, in the revised manuscript we have included a photomicrograph of a  spheroid composed of MCF-7 plus Lymphatic ECs. See Figure 2 panel D.

2. The authors show the sections of organoids that have been stained to assess cell growth and apoptosis etc. It would also be more informative if the authors can also include representative sections showing the presence of epithelial cells and endothelial cells within an organoid.

Response:  We agree and as also mentioned in our response to Reviewer 1, we have included a new photomicrograph (figure 5 panel G) in the revised manuscript showing the presence of the two cell types in a spheroid. 

3. For consistency, the authors should use "breast-cancer" throughout the manuscript.

Response: Since we largely used the term “breast cancer” in the manuscript, for consistency, we have changed the term “breast-cancer” used only in the abstract to “breast cancer”.  
Response to Reviewer #3:

Manuscript Summary:

This is a very well written and presented protocol for the preparation of in vitro organoids suitable for cancer research. The protocol is comprehensive and reads well. I appreciate the limitations and possible troubleshooting advice, since this type of information is usually missing in these types or manuscripts.

Major Concerns:

None

Minor Concerns:

A small section of what experiments can be done with the resulting organoids (exposure to a certain substance, analysis of a specific pathway) would be welcome. 

Response: We thank the reviewer for the helpful suggestion. In the revised manuscript, we elaborate on the potential use of these organoids for experiments to elucidate growth rate in response to mitogens, inhibitors, and autocrine/paracrine factors, study cell-cell interaction in tumour pathophysiology, molecular (microarray) screening of proteins and genes, test development of new anti-cancer agents, and use gene manipulation of specific cells to regulate tumour growth. This is described on lines 461-464 and 582-585 of the revised manuscript.   

Response to Reviewer #4:

Manuscript Summary:

In the manuscript by Azzarito et al. entitled „Mammary Epithelial and Endothelial Cell Organoids as a Potential Functional Ex vivo Model for Breast Cancer Research" the authors describe a model for production, culture, and agarose embedding of spheroids-aggregates, composed of two cell types: MCF7 breast cancer cells and HUVEC endothelial cells. This manuscript describes a method, which is not novel, but useful to researchers in the breast cancer field who are interested in breast cancer-endothelial cell crosstalk.

Major Concerns:

1. This reviewer has a strong objection against the incorrect use of the terms "organoid" and "ex vivo" in this manuscript, including the misleading title. The cellular structures that the authors produce are not organoids at all. Organoids are cellular structures, which resemble organs in their architecture and function, formed from stem cells or isolated from primary tissue (primary organoids), and cultured in extracellular matrix (ECM), characteristics of which are essential for organoid formation, further development, and function of the organoid. The structures described in this manuscripts are spheroids/aggregates formed from cell lines by aggregation of cells by hanging drop method or in aggregation plates. The cells do not organize properly, which also the authors admit in the discussion - that the HUVEC cells do not form capillary-like structures in the spheroids. Therefore, all misuse of the word "organoid" in this manuscript must be corrected. 
Response: We fully agree and thank the reviewer for correcting us. As correctly pointed out by the reviewer, we have replaced the use of the term “organoid” with “spheroid” throughout the manuscript, including the title.
2. Another term which is abused in this manuscript is "ex vivo". None of the cells, which are part of the aggregates, come from in vivo - all are established cells lines. Ex vivo can be correctly used only for primary tissues and cells, which have been extracted from in vivo - i.e. fresh patient sample or animal donor organism. Therefore, the "ex vivo" in the title needs to be corrected to "in vitro".

Response: We fully agree and thank the reviewer for correcting us. As correctly pointed out by the reviewer, we have replaced the use of the term “ex vivo” with “in vitro” throughout the manuscript, including the title.

Further major concerns include:

3. In the introduction, the authors discuss the limitations and ethical issues of the use of animal models with the focus to highlight the 3D cell cultures. While this is all well, at the same time they shall discuss the limitations of the 3D cell cultures, which do not offer systemic influence and represent a reductionist approach in comparison to the animal models.

Response: We agree and as suggested by the reviewer we have added a statement stating the limitations of 3D cell cultures and the fact that they do not replace studies in animal models. A statement in this regard is included on lines 89-95 of the revised manuscript.  

4. Line 93-94: The authors completely ignore the presence of fibroblasts (cancer-associated fibroblasts) in breast tumors, despite they form up to 80% of the tumor mass!

Response: We agree with the reviewer. This was an oversight on our part as we were focused on spheroids made form epithelial and endothelial cells. As the reviewer correctly pointed out, we have revised our statement, to correctly state, the presence of fibroblasts in breast tumors. (See lines 100/112 and 581-585 of the revised manuscript).
5. Lines 94-97: the authors describe some of the useful features of the breast 3D cultures, but miss important characteristics such as expression of female hormone receptors (progesterone/estrogen receptors), ability to conserve the patient tumor histological status, faithfully mimic response to therapy etc.
Response: We thank the reviewer for pointing out our mistake. As we were using ER-positive cells, we did not think about providing details. As pointed out by the reviewer, we have incorporated the importance of other features like expression of female hormone receptors (progesterone/estrogen receptors), ability to conserve the patient tumor histological status, faithfully mimic response to therapy etc., in the revised text. (See lines 100-103) 

6. The protocol/method section is written quite redundantly. Several parts are unnecessarily repeated. For example, the part "2. Organoid formation" (which should be correctly named Spheroid formation) contains subpart 1 on spheroid formation in U-bottom plates and part 2 on spheroid formation using the hanging drop method. The procedure of cell trypsinization and counting is identical and the difference is only in how much volume of cell suspension is pipetted in the wells of 96-well plate or in drops on the lid. Therefore, these two subsections shall be merged in one with two alternative endings. 

Response: We fully agree with the reviewers comment. As suggested by the reviewer, we have revised part 2 to avoid redundancy and streamlined the protocol. See lines 181-237 of the Spheroid formation section.  

Furthermore, the authors should write in this section already, how fast the spheroids form, how big, how many per well/drop etc. 

Response: We agree and have revised this section. See changes made on Lines 224 and 235 (NOTE sections). 

Another concern is that the authors should write already in this section on spheroid formation, how to prepare spheroids of cells stained with two different colors - because it is relevant here, during spheroid formation, not after when it is formed - which is relevant for the live/dead staining only in this protocol.

Response: We agree and have revised this section to include steps to prepare spheroids using cells stained with live cells tracker dyes. See lines 185-188 (2.3 Optional step) and lines 222-223 (2.7.1.4. Optional step) of the revised manuscript. 

7. Another major concern is the trypsinization of the spheroids for bulk RNA and protein isolation. This is both unnecessary and incorrect - trypsinization changes expression profile of the cells and destroys some of the proteins of the samples. No trypsinization is needed to isolate quality RNA/proteins from spheroids, the authors need to include proper homogenization step instead.

Response: We agree with the reviewer. Since this procedure was being used to improve RNA recovery from spheroids grown on matrix, we just continued to use the same approach. Since the trypsin treatment lasts for less than 1 minute and we do not see any adverse effects we continued to use. However, the reviewers point is well taken and we have added a note in this section of the revised manuscript stating that pelleted spheroids can be directly lysed by adding lysis buffer and trituration. See lines 365-369 of the revised manuscript.
Minor Concerns:

1. The authors use inconsistently abbreviations, such as FBS/FCS. 

Response: We agree and thank the reviewer for pointing this mistake. In the revised manuscript we have corrected this error for consistency. 

2. The authors incorrectly use on many occasions "media". "Media" is plural of "medium".

Response: We agree and thank the reviewer for correcting us. In the revised manuscript we have corrected the spelling mistake for the term “medium”.

3. Line 135: "…let the collagen polymerize". This is incorrect. The collagen is polymerized by that time already - it polymerizes by 37°C.

Response: We agree, and have corrected this error. See changes made on line 149.

4. The HUVEC medium is missing information on how much LSGS is supplemented.

Response: We agree, and have updated this information. See lines 152-154 (HUVEC subculture section 1.1.2.).
5. Why HBSS is used to wash the plates/dishes, why not PBS (a cheaper option)?

Response: We agree with the reviewer and have added a note in the methods that HBSS could be replaced with PBS. See lines 159 / 176 of the revised manuscript. 

6. Why do authors insist on collecting cells (after trypsinization) into round-bottom tubes? Conical 15 ml falcon centrifuge tubes would work just fine, too.

Response: We fully agree with the reviewer. 

Since round-bottom tubes were readily available in the lab, we decided to use them. However,15 ml conical tubes would also work well for this step. This option is stated in a note on lines 356.of the revised manuscript. However, we would like to point out that in practical terms a disadvantage of the conical 15 ml tube is that we can miss some organoids in the very bottom of the conical tube when picking them with a P1000 pipette. 

7. Define what "10% FBS medium" is.

Response: We are sorry for not clearly defining the medium and in the revised manuscript, we provide this information. See line Line162 of the revised manuscript.
8. For the spheroid formation, information is missing in what medium the cells should be resuspended after trypsinization - only "medium" is written on lines 170 and 190. 

Response: We are sorry for this error and provide the missing information in the revised manuscript. See lines 196-198 for the revised manuscript. 

However, when the cells are stained with CellTrackers, HUVEC medium is specified for the spheroid formation. So which is it and why?

Response: MCF-7 cells are stained with CellTracker green CMFDA diluted in MCF-7 growth medium (DMEM/F12 medium supplemented with 1x Glutamax, 1x antibiotic-antimycotic solution and 10% FCS), whereas HUVEC are stained with HOECHST diluted in HUVEC growth medium (EBM-2, 1% Glutamax, 1% antibiotic-antimycotic solution, LSGS and 10% FCS). Since the HUVEC require EBM-2 medium and MCF-7 DMEM/F12 we used them accordingly to label the cells. In the revised manuscript, we provide this information for clarity (See lines 186-188). 
9. The authors use incorrectly throughout the manuscript "disc" instead of "dish".

Response: We thank the reviewer and have corrected this mistake in the revised manuscript. 

10. Lines 142-143: This reviewer believes that the efficiency of trypsinization shall be checked also visually under the microscope and after adding 10% FBS medium, the suspension shall be pipetted several times to ensure single celled suspension.

Response: Yes the efficiency of trypsinization is monitored microscopically (See lines 160 and 173).

Following, addition of 10% FCS medium to neutralize the trypsin the cells are centrifuged and the pellet is re-suspended in growth medium, single cells monitored and subsequently counted using Coulter counter. Additionally, the step of pipetting several times to ensure single cells in suspension is done after centrifugation of cells when growth medium is added (Step 1.1.6. and 1.2.4.)
11. Line 170: What "medium" shall be used to resuspend the cells? Define!

Response: To re-suspend the cells we used – “Steroid free medium” (lines 196-197 step 2.6.); because we were investigating the effect of the growth stimulator. However, the medium we used in our experiments (to assess spheroid growth) can be substituted with normal growth medium (See note line 198).  
12. Lines 171-173: Describe in more detail, how the cells are counted using the Isoton II Diluent and what other, alternative methods can be used if the reader do not have Coulter Z1 Cell Counter.

Response: We agree and in the revised manuscript we provide details for cell counting using Isoton II Diluent. Additionally we provide information on alternative methods that can be used, if a Coulter counter is not available. See lines 203-212 of the revised manuscript.
13. Information on the statistical methods used is missing.

Response: We agree and have added this section in the revised manuscript. See line 483 of the revised manuscript.
14. Figure 2E: It is unclear what the "treatment" of the cells was. While the authors do not have to disclose the exact character of the compound, it is confusing to the reader that in the result section they use the terms "growth stimulator" and "growth hormone" interchangeably. And growth hormone is actually a name of a hormone… So is this really growth hormone they used? This needs to be clarified.

Response: We fully agree with the reviewer. To avoid confusion now use the term “growth stimulator”. See lines 381 / 397 / 398 of the revised manuscript.
15. The authors show figure on spheroid destruction by freezing (Figure 6), though this protocol does not include any procedure for spheroid freezing nor proper discussion on how to avoid spheroid damage by freezing. Therefore, this Figure is unnecessary and out of line, no use to the reader. Moreover, the Figure 6B is rather theatrical - the magnification in the right panel is inefficient and unnecessary to present in this way - the authors should present only the magnified photo.

Response: We agree with the reviewer’s opinion. We have removed all panels of this figure, except the magnified photo, which we have moved to Figure 6 - Panel D. Since we are still working on the freezing protocol, we could only state that the freezing protocol for single cells does not work for spheroids.  

16. Figure 5 legend: It is not clear what is the difference between panels A and B. Please clarify.

Response: We agree and have rewritten this section for clarity. See revised legend to Figure 6 (originally figure 5).  Panel A depicts cells immediately/shortly after seeding, whereas, Panel B depicts stained cells within a spheroid formed 48 hours after seeding. 

17. Language must be improved and several typos need to be corrected.


Response: We agree and have revised the manuscript to correct all typos as well as spelling and grammatical mistakes.

We thank the reviewer for the constructive comments and for pointing out critical errors.  




