                                                        Rebuttal Letter


Reviewer #1: 

Response:  We sincerely thank the reviewer for valuable comments and suggestions, which were of great help in revising the manuscript. 

Major Concerns: 
* Title, abstracts, introduction and elsewhere: I am not entirely convinced that generation of 3D melanoma spheroids by co-culturing melanoma cells and stromal fibroblasts is novel. It should be discussed in detail what is new/novel/different with this approach and the existing literature should be referenced appropriately. For instance, there are 44 papers in JoVE alone on spheroids, two of which are on melanoma spheroids (Beaumont et al. 2015, J Vis Exp 106: e53486; Müller & Kulms, J Vis Exp 135: e57500). In general, the role of 3D spheroid models in melanoma research has been discussed extensively recently (e.g. Smalley et al. 2008, Expert Opin Drug Discov 3: 1-10; Santiago-Walker et al. 2009, Skin Pharmacol Physiol 22: 114-121; Beaumont et al. 2014, Healthcare (Basel) 2: 27-46).
Response: Although there are numerous 3D tumor spheroid models, each individual model has its unique condition and design, therefore, is useful for certain applications, yet not universally applicable to all different types of cancers and not for all intents and purposes.  Needless to say that each model has some limitations. This is the reason why there are 44 papers in JoVE alone on spheroids. Take the two 3D models that the reviewer mentioned for example: (1) a 3D spheroid model created by Beaumont et al (2015, J Vis Exp 106: e53486), which requires agarose gel and lacks stromal cells, represents an excellent system for imaging and flow study of melanoma spheroids, but not an ideal system for study interaction of stromal cells-melanoma cells; (2) a 3D organotypic melanoma spheroid skin model established by Müller & Kulms et al (J Vis Exp 135: e57500), which relies on hanging drop method and requires microporous membrane inserts and gel, is a very complicated system and not convenient for high-throughput study.  The model is actually an organotypic skin melanoma model in which pre-formed melanoma spheroids are embedded. Formation of melanoma spheroids is not fibroblasts-dependent.  Whereas our model is different from above-mentioned two models. Our 3D spheroid model is fibroblast-dependent, it is very useful for study of cell-cell interaction between fibroblasts and melanoma cells, study of melanoma stem cells and for drug discovery. We have discussed unique feature of our model and its potential applications in the revised manuscript.  

* Lines 83/84: "In vitro 3D tumor spheroid models have been developed and used in cancer research as an intermediate model between in vitro cancer cell cultures and in vivo tumor models." No reference. As stated above, the role of 3D spheroid models and skin reconstructs in melanoma research has been discussed extensively recently (e.g. Smalley et al. 2008, Expert Opin Drug Discov 3: 1-10; Santiago-Walker et al. 2009, Skin Pharmacol Physiol 22: 114-121; Beaumont et al. 2014, Healthcare (Basel) 2: 27-46).
Response: We have added a few references related to 3D tumor spheroids as review suggested. However, we think that skin reconstruct models are different from 3D spheroid models, so that we did not add references related to skin reconstructs. 

* Lines 87-88 and lines 429 ff: "Many of existing 3D tumor spheroid models are solely constituted by tumor cells and lack the participation of tumor stromal cells." See "Fibroblasts Contribute to Melanoma Tumor Growth and Drug Resistance" (Flach et al. 2011, Mol. Pharmaceutics 8: 2039−2049).
Response: The model developed by Flach et al is different from our 3D model. In Flach’s model, melanoma spheroids are pre-formed. In other words, formation of melanoma spheroids are not dependent on fibroblasts, whereas our 3D spheroid model is fibroblasts-dependent.  Flach’s model is to study how melanoma cells affect fibroblasts, while our model is to study how fibroblasts affect melanoma cells and melanoma stem cells. 

* Lines 130 ff and 451 ff: Why were mouse fibroblasts used, rather than human fibroblasts? "We expect that human fibroblasts can also regulate human melanoma cells to form 3D spheroids." Again, see Flach et al. 2011, Mol. Pharmaceutics 8: 2039−2049.
Response: The reason why we use human melanoma cells and mouse fibroblasts cell co-culture model for the formation of 3D spheroids is that it is much easy to create GOF or LOF cells in mouse fibroblasts for study of role of a molecule or signaling pathway in regulating tumor spheroid formation. The capability for human melanoma cells and mouse fibroblasts to form spheroids indicates that molecules required for cell–cell communications work cross-species.  We have recently  tested co-culture of human fibroblasts with human melanoma cells and found that human fibroblasts can also regulate human melanoma cells to form 3D spheroids.  We have updated this information in revised manuscript (see line 466-468).

* Lines 171-173: "Mix C8161 with fibroblasts at 1:1 ratio and add 2 ml cell mixtures to each well of 24-well plate (Non-tissue culture treated plate, 24-well, flat bottom with low evaporation lid, Corning Inc. Cat#351147)." There are 44 papers in JoVE alone on spheroids, two of which are on melanoma spheroids (Beaumont et al. 2015, J Vis Exp 106: e53486; Müller & Kulms, J Vis Exp 135: e57500). A discussion of differences in the described models would be of interest.
Response: The difference between our model and other models have been explained above. Our model is unique and has its standing for study how fibroblasts affect melanoma cells and melanoma stem cells as well as drug discovery.  

* Lines 223-224: "During the enlargement of the spheroids, cells in the center usually died due to insufficient nutrition supply and/or toxic microenvironment." More than two subpopulations in 3D melanoma spheroids have been described: (1) invasion zone (of embedded spheroids), (2) outer proliferative zone, (3) inner G1-arrested zone, (4) necrotic core (Haass et al. 2014, Pigment Cell Melanoma Res 27: 764-776; Spoerri et al. 2017, Methods Mol Biol 1612: 401-416).
Response: Again, our 3D spheroid model is different from other spheroid models mentioned by the reviewer. In our model, spheroids are suspending in the medium, rather than are embedded in gel, therefore, there is no “invasion zone”. In terms of cell proliferative ability, it is obvious that cells at outer layer of spheroids are more proliferative, while cells presented between outer layer and necrotic core are less proliferative. 

* Lines 280 ff: With what rationale is the drug response quantified by counting spheroids? Why aren't live/dead assays used, as performed in the literature (see list of publications below)?
Response: As we mentioned, drug response tested by 3D spheroid model is more related to response of melanoma stem cells, rather than regular melanoma cells,  to drug treatment.  It is not necessary to employ 3D spheroid model to test drug response of regular melanoma cells, instead, 2D cell culture models are more popular, as spheroid is a feature of tumor stem cells. 

* Lines 311-312: "Melanoma cells cultured in the absence of fibroblasts don't form typical 3D spheroids, although some melanoma cells form 2D clusters/aggregates with the extended culture." This is surprising as there is a large body of literature demonstrating that C8161 cells form solid spheroids without fibroblasts (Smalley et al. 2006, Mol Cancer Ther 5: 1136-1144; Smalley et al. 2008, Expert Opin Drug Discov 3: 1-10; Haass et al. 2008, Clin Cancer Res 14: 230-239; Tsai et al. 2008, Proc Natl Acad Sci U S A. 105: 3041-3046; Lee et al 2010, Pigment Cell Melanoma Res 23: 820-827; Lucas et al. 2012, Clin Cancer Res 18: 783-795; Stehn et al. 2013, Cancer Res 73: 5169-5182; Haass et al. 2014, Pigment Cell Melanoma Res 27: 764-776; Wang et al. 2014, Int J Cancer 135: 1060-1071; Beaumont et al. 2015, J Vis Exp 106: e53486; Beaumont et al. 2016, J Invest Dermatol 136: 1479-1489 ; Spoerri et al. Methods Mol Biol 1612: 401-416; Kienzle et al. 2017, Adv Healthc Mater 6: 1700012; Guo et al. 2019, Int J Cancer 144: 3070-3085).
Response: It is not surprising, because formation of 3D spheroids in vitro is condition-dependent.  Under serum-free culture condition we used and detailed in the protocol, melanoma cells we tested in this study are unable to form 3D spheroids by solo-culture. 3D spheroids can only be formed in cell co-culture as we described in the manuscript.  

* Lines 462-463: "our findings indicated that formation of 3D spheroids is not limited to a melanoma cell line and may neither depends upon a specific cancer cell line" Spheroids have been successfully used in a multitude of cancer cell lines. There are 44 papers in JoVE alone on spheroids (see above).
Response: This description is specific to our 3D model, cannot be extended to other models.  As we explained above, our 3D spheroid model is unique and different from other models. 



Minor Concerns: 
* Line 126: C8161 has been characterized and is an unusual melanoma line: NRAS-WT, BRAF-WT at codon 600, but BRAF-G464E (Davies et al. 2009, Clin Cancer Res 15:7538-46; see supplemental material) and therefore does not respond to PLX4032 (Lee et al. 2010, Pigment Cell Melanoma Res 23:820-7).
Response: As we described in the manuscript, we have tested three human metastatic melanoma cell lines: C8161, MeWo and 1205Lu. These three melanoma cells carry different oncogenic mutations. Although C8161 does not have BRAFV600E  mutation,  1205Lu carries BRAFV600E  mutation.  All three melanoma cells are able to form 3D spheroids in cell co-culture with fibroblasts. We used C8161 as a representative for testing and developing our 3D spheroid model. 

* Figure 2: No time-lapse imaging in my files.
* Figure 3: No 3D-rendering in my files.
* Figure 4: No time-lapse imaging in my files.
* Figure 5: No time-lapse imaging in my files.
Response: We apologize for the inconvenience. Because JoVE has the maximum upload limit in its online submission website, and the size of our original submission package is too big to be uploaded, after consulting with editor of JoVE, we uploaded pdf version of our figures. It causes no time-lapse imaging and no 3D-rendering visible by the review. We have talked with the editorial office about this problem. It should be resolved in the re-submission. We suggest the review to contact with the editorial office if the problems remain.

* The entire manuscript needs to be edited for correct English language and grammar.
Response: The revised manuscript has been edited by a native English speaker.  
[bookmark: _GoBack]


 
