Point-by-point responses to Editor and referees

[bookmark: _GoBack]We would like to thank the Editor and the referees for their generally positive comments and suggestions to improve the quality of our manuscript. We have provided below detailed responses to these comments.

All changes in the manuscript are highlighted in bold red characters.

Editorial comments:
Changes to be made by the Author(s):
1. Please revise the protocol highlighting to be 3 pages or less. This must include a one line space between the protocol substeps.

Re. We have controlled the length of the protocol (highlighted in yellow) and it is within the 3-page range.

2. Please discuss limitations in the Discussion.

Re. We have now included several limitations at the end of the discussion (pg. 14, lines 531-543).

____________________________________
Reviewers' comments:
Reviewer #3:
Manuscript Summary:
This manuscript describes a protocol to develop 3D spheroids based on Caco-2 cells. The conventional 2D models have many limitations, and therefore many researchers are developing 3D models. Hence a detailed protocol to develop 3D models is interesting to readers.

Major Concerns:
A main concern is that the authors used Caco-2 cells. But Caco-2 cells are not homogenous, and could be changed after cultivation. Hence, what is the best passage for Caco-2 cells to develop 3D spheroids? Is there any thing special that researchers should pay attention to in order to develop reliable 3D models over time? Please specify.

Re. We have already commented on the choice and the use of Caco2 cells in the responses of the previous round of reviews. Briefly, depending on the time in 2D culture these cells have already been reported to differentiate1,2, indicating that at low confluency they have a stem/progenitor-like potential. This point was of particular interest for us. In addition, although this is not mentioned in the paper because it is beyond its scope, one strong point for the use of Caco2 cells is related to our interest in studying the function of the thyroid hormones and their nuclear receptor TRa1 in intestinal stem and progenitor biology. As such, Caco2 cells have been successful used in our previous study3, demonstrating that these cells have all the machinery necessary to integrate and respond to the signaling pathway we are interested in. Hence their use in this new protocol to produce spheroids.
Regarding their heterogeneity and possible changes during passage in culture, it is our general rule to avoid working with Caco2 cells older than passage 80, as it has been suggested in several studies1, 2, 4, 5. For this specific protocol, in order to ensure the repeatability of the experiments and the consistency of the results, we have used cells between passage 65 to 74. We applied the protocol several times for the current paper and we now use it routinely and constantly obtain spheroids with the same characteristics. We have not, however, used the protocol to analyze in detail up to which passage the phenotype is retained, because of the rule we mentioned above. 
Thanks to the comment of the referee and in order to clarify this point and better guide the readers, we have now indicated at pg. 4 line 131, the number of the passages of cells that we consider convenient for the protocol. In addition, we have added a sentence in the discussion regarding a potential limitation of the protocol depending on the number of passaging/aging of cells (pg. 14 line 531-534).

Minor Concerns:
Normally, the 3D spheroid models should be spherical or nearly spherical. But the models in this manuscript appear to be not very spherical. How the sizes were measured?

Re. Depending on the cell line, spheroids may have a more or less spherical form6. Regarding the Caco2 cells, we are aware of the irregular form of the spheroids and this is why we applied a formula to measure volumes based on 3 principal diameters. This is indicated on the different sections of the paper: pg. 6, 8, 13 and Figure 1B.


Reviewer #4: 
Manuscript Summary:
The authors describe a detailed method to reproducibly grow 3D spheroid cultures of Caco2 (human colon adenocarcinoma cell line). The method appears well described and should be easy to follow by other researchers. In the manuscript further characteristics of the Caco2 spheroids are outlined and demonstrate that this model can be used to study cancer stem cell biology in vitro.

Major Concerns:
none

Minor Concerns:
line 122: step 1.2.4-1.2.6
line 131: trypsin-EDTA
line 201; indicate the size of the pipette tip
line 324-Fig2D: also indicate size of scale bar in the figures

Re. These points have been corrected and/or indicated.

Line 345: would be useful and informative to show data of the differentiation markers chromogranin A, lysozyme or MUC 2 (perhaps as supplement)

Re. We thank the referee for this comment. Indeed, there was an error in the manuscript, as by immunolabeling we could not see any signal and this was also confirmed in preliminary RTqPCR tests indicating no amplification. We are sorry for the error that has now been corrected (pg.10, line 350). The observations were also in agreement with published studies, indicating a major potential of Caco2 cells to differentiate into enterocytes1, 2. 


Reviewer #5:
Minor Concerns:
*Authors followed the protocol of growing the spheroids in microwell plate for 2 days and then transferring them to agar coated well plate for long term culture. What was the advantage of this protocol over culturing the spheroids completely in agar coated plates?

Re. As mentioned in the introduction and also commented during the protocol, the major advantages of using microwells are the standardization of the method to generate spheroids, the shorter time to obtain them and their more homogeneous size compared with other methods such as the “hanging drops”. Because of the form of the microwells (inverted pyramids) the cells are retained at the apex of the pyramid in a small volume and upon proliferation the cells fuse and form an organized structure in a few days, in our case 48 hours. 

*Authors claimed that with the addition of 2.5% matrigel to the DMEM complete medium helped in uniform spheroid formation. Authors may compare the spheroid growth chart with and without matrigel composition.

Re. The results describe point-by-point steps we took in developing a well standardized protocol. Because each step gave specific indications, we did not systematically use the same conditions (number of cells to form spheroids) or collected and analyzed spheroids at same time points to advance in our protocol. The only common condition we can compare in terms of absence or presence of 2.5% Matrigel is 500 cells/microwell. Indeed, in the absence of Matrigel (Figure 1B) the size of the spheroids is more heterogeneous and it doubles from D3 to D7 but it then remains almost constant. In the case of Matrigel-added condition (Figure 2C), the size at each time point is more homogeneous and it increases more regularly with time in culture. We have now added a short comment on this point to the results section pg. 9, line 324-328.

*Figure 2D, images of the spheroids in second row were not labelled.

Re. The error has been now corrected.

*Figure 4 and 6, images were not properly aligned.

Re. We thank the referee for this comment. The images are not completely aligned essentially for two reasons: depending on the days in culture spheroids have very different sizes and, in the case of bigger spheroids, the selected images aim to better highlight the results and in some cases, this needs to include several spheroids. We have now reworked the images to have more homogeneous sizes and a better alignment. 


Reviewer #6:
Manuscript Summary:
The manuscript and hence the described protocol is well-written and easy-to-follow.

Major Concerns:
no major concerns.

Minor Concerns:
I would include in the abstract and introduction the fact that the authors opt to produce 3D spheroids homogenous in size. This is first mentioned in the optimization experiments and is an important feature of the spheroid protocol.

Re. We thank the referee for this comment. We have now added the suggested phrase in both the abstract and introduction. 
 
In fig. 9 the fluorescence experiment for the chemotherapeutic treatment show a strong decrease in spheroid diameter and cell morphology. Is this considered in the fluorescence intensity measurement? Are these data normalized to the number of cells? A fluorescence image would be useful.

Re. The analysis of fluorescence intensity was performed on intact spheroids, by using the CLARIOstar apparatus. Indeed, the dead cells within spheroids internalize the Sytox-green and the quantification of the fluorescence intensity was performed directly on the apparatus and in a black plate. The spheroids from the same experiment were then imaged by live inverted bright-field microscopy and the fluorescence intensity (cell death) quantified by the CLARIOstar. However, the referee is right in mentioning that we did not normalize the fluorescence intensity to the number of cells. As explained, the fluorescence was measured on intact spheroids and for each replicate we had 300 spheroids per agarose-coated well. Indeed, to be sure that in all replicates we analyzed a similar number of spheroids, at the moment of seeding we divided the total 1,200 spheroids from one well (each containing 1,200 microwells) into 4 agarose-coated wells. It is worth noting that the values in the replicates are very close, supporting our measurements even in the absence of normalization. Finally, because the whole experiment of spheroid formation, growth and treatment is lengthy and needs a great amount of materials for a consistent analysis, we specifically dedicated part of the spheroids to the quantification of the fluorescence intensity (CLARIOstar) instead of using them for imaging. 
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