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Dear Dr. Steindel,
Dear Editor,
please find attached the revised version of our manuscript “3D spheroid model: leaving the 2D approach behind and following a more physiological system for CAF differentiation and invasion in vitro studies”.

We acknowledge the accurate and helpful peer review comments. All suggestions and comments of the reviewers have been addressed in the new version of our manuscript, which has improved thereby in its solidity and significance. All alterations in the text are highlighted in bold as well as the part of the protocol that is going to be included in the video.
Our point-to-point answers to all suggestions made by the reviewers are described below. We hope the manuscript is now suitable for publication in Journal of Visualized Experiments.

Yours sincerely,
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Ana C. M. Cavaco
Rebuttal letter

Editorial comments:

General:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
The text was proofread and we have hopefully corrected any spelling or grammar mistakes.


2. Please use American spellings (e.g., ‘tumor’, ‘favorable’).
The text was changed to American English.


3. Please ensure that the manuscript is formatted according to JoVE guidelines–letter (8.5” x 11”) page size, 1-inch margins, 12 pt Calibri font throughout, all text aligned to the left margin, single spacing within paragraphs, and spaces between all paragraphs and protocol steps/substeps.
The manuscript was formatted according to the required guidelines.


4. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please limit the use of commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents.
For example: Sigma-Aldrich, Thermo Fisher, Peproech, Falcon, RNeasy, Quantitect, Quantifast, Matrigel, etc.
All the references for commercial trademarks and company names were removed.


Protocol:

1. There is a 10 page limit for the Protocol, but there is a 2.75 page limit for filmable content. Please highlight 2.75 pages or less of the Protocol (including headers 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.
The protocol encompasses about 6 pages and the steps that should be part of the video were highlighted in bold, making up to approximately 2 pages.


2. For each protocol step, 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. If revisions cause a step to have more than 2-3 actions and 4 sentences per step, please split into separate steps or substeps.

Specific Protocol steps:
1. 2.2: What centrifuge speed (in x g)?
The relative centrifugal force (RCF) is 1000 × g. It was added to the text.

Figures, Tables, and Figure Legends:
1. Please remove the embedded figure from the manuscript. All figures should be uploaded separately to your Editorial Manager account.

The figure was removed from the manuscript.

2. Please remove the embedded table(s) from the manuscript. All tables should be uploaded separately to your Editorial Manager account in the form of an .xls or .xlsx file.
The table was removed from the manuscript.

3. Figure 1: What do the error bars and asterisk represent?

As explained in the legend of figure 1: * stands for p < 0.1. The error probability p fell under the significance level of 0.1 = 10 %, when the means ± SEM of three independent experiments were compared with the respective controls by t-test.

Table of Materials:

1. Please ensure the Table of Materials has information on all materials and equipment used, especially those mentioned in the Protocol.
All the materials were added to the table of materials.

Reviewers' comments:

Reviewer #1: 

Manuscript Summary:
The submitted article provides a description of a technique to create cancer spheroids with cancer-associated or normal fibroblasts. All the approaches to create 3D microenvironment as a cancer model are highly relevant nowadays, and so is the presented technique. However, there are some fundamental issues with how the manuscript was written and submitted. It is unclear of how the proposed technique is an advancement or improvement of already established cancer-fibroblasts models (including for example Khawar et al 2019 Neoplasia, Tsai et al 2018 BMC Cancer, Malik et al 2018 Matrix Biol).
Notwithstanding, the described technique is straightforward and relevant to different cancer subtypes. Authors focus on pancreatic cancer 3D spheroids, and also highlight specific molecular targets (laminin-332, alphaSMA or NG2) that can be studied using this model.
Throughout the text, some issues were identified that should be addressed to increase the quality of the paper and support the technique.
The reviewer correctly noted that different authors have similar 3D approaches for different kinds of studies. Here, we described not only the invasion assay using cancer cells and CAFs, but also the possibility to use the spheroids for immunofluorescence detection of extracellular matrix proteins, and for dissociation of spheroids, allowing further studies of flow cytometry and quantitative PCR.

Furthermore, the three papers mentioned by the reviewer do not give detailed protocols for generating spheroids and their subsequent analyses, e.g. by immunofluorescence microscopy. Nor do they discuss the particularities and cautions that must be taken if spheroids are handled. This is of extreme importance, if one wants to use such model.


Major Concerns:

1) Section, lines 68-75 is speculative and without references. How imaging of PAA is challenging? They are transparent and used highly specifically for imaging purposes
We agree with the reviewer, the PAA gels are transparent and allow imaging. However, when using them we faced a couple of difficulties: 1) we could not prepare the functionalized PAA gels in our lab, because activation of PAA gels with the cross-linker, Sulfo-NHS failed, likely because of the fact that a higher power UV light must be used with potential formation of radicals that affect cell behavior. For this reason, we used commercial PAA gels of defined strength. 2) The number of cells that adhere to the gels of lower stiffness is strongly reduced. The low number of adherent cells made it impossible for us to obtain sufficient cell numbers to perform studies such as quantitative PCR or flow cytometry. 3) The PAA gels poured into the 6 well-plates have a long optical path and are almost impossible to be analyzed in an inverted confocal microscope.

For these reasons, we found 3D spheroids a better method because they can easily be generated in the own lab, are less expensive, provide enough cells for downstream applications and are accessible for analysis by both inverted and non-inverted microscopes.
   
2) The introductory section should be focus more on the development of spheroid techniques and how they have been improved, and how the proposed technique is different to the published one, not on speculation whether CAFs grow differently on stiff or soft substrates, especially as the methodology of the article does not study the stiffness of the grown spheroids.
The reviewer is right. Therefore, we changed the introduction and put less emphasis on the stiffness. We thank the reviewer for the suggestion. 


3) Subsection in lines 88-93. It is not clear how the CAFs were validated to make sure the isolated cells were CAFS, have their phenotype changed over time, where they validated after immortalisation and how?
The CAFs were isolated from biopsies using dissociation with collagenase and cycles of trypsin detachment and attachment as well as cultivation in MEM medium. CAFs exhibit a very different cell morphology, compared to the pancreatic cancer cells, they are spindle shape, and a pure culture was obtained at the end of the isolation steps. The phenotype was also confirmed as activated fibroblasts with expression of (SMA and NG2, that are not expressed by normal fibroblasts. Stainings for these 2 markers were performed frequently, including before and after immortalization. Also the immortalized cells were compared to their non-immortalized counterparts for their expression of (SMA and NG2, and routinely verified to be CAFs during the course of the study 

4) Protocol: the submitted manuscript would benefit greatly from a detailed description of the derivation of CAFs from biopsies and their validation and comparison against the normal fibroblasts. This is essential part of this paper and should be included here
We agree with the reviewer that immortalization of CAFs and normal fibroblast had been a critical part of the original study. However, within this JoVE article, the main focus of our protocol is the generation of homo- and heterospheroids of these cells. Therefore, we prefer to concentrate on the spheroid technology and to make a reference to the original manuscript of ours, where we, together with our collaborators from the department of surgery, isolated and immortalized the CAFs from pancreatic cancer biopsies. 

5) Creating fibroblast homospheroids. It is unclear what is the relevance of creating fibroblast homospheroids. Is the proposed protocol supposed to replace the 2D culture of fibroblast to promote and support their phenotype? If so why the fibroblasts from the spheroids are not then used in the heterospheroids by mixing directly the 3D fibroblasts spheroids with cancer cells? are the fibroblast from 2D frozen cultures used to create 3D cancer-fibroblasts spheroids?
We apologize, if in the introduction was not clear enough, that the 3D spheroid model is meant to replace the 2D culture of normal fibroblasts in this experimental setting. We changed this in the revised manuscript to make this point even clearer. The goal was to keep fibroblasts in their non-differentiated state, so we could then stimulate the differentiation and study the effect of the laminin-332-integrin binding. We agree with the reviewer that this stimulation could have been performed using the co-culture system. However, we wanted to start this study with clearly defined populations of fibroblasts and cancer cells. These populations were verified with markers by PCR or flow cytometry. To this end, higher cell numbers were required and resourcing these primary cells from biopsies by FACS would not warrant the necessary provision of sufficient cell number, because of the low FACS yields. As a control, we stimulated fibroblast to differentiate into CAFs with TGF-(1, the main cytokine present in the tumor microenvironment and involved in CAF differentiation.

To meet the demand of well characterized cells in this study, we expanded both normal fibroblasts and CAFs first in 2D cell culture conditions and froze several vials. For each experiment, a new vial was used to directly prepare the spheroids. 

6) Discussion

a. Authors claim that the proposed method prevents spontaneous differentiation of fibroblasts. The spheroids were cultured only for 24hr therefore there is no evidence of the fibroblast differentiation or loss of phenotype in long term culture. Additionally, no evidence was presented from spontaneous differentiation in 2D in their cell lines
In fact, here, we used the spheroids for short term studies. In our previously performed stiffness studies we used mouse fibroblasts, but it was clear that stiffness increased the expression of (SMA expression, the marker for differentiation. In contrast, in the 3D spheroid culture conditions, even the more differentiation-prone mouse fibroblasts showed a decrease in the expression of (SMA, whereas stimulation with TGF-(1 increased expression of (SMA and promoted fibroblast differentiation. This was clarified in the manuscript. 

b. Authors compare their spheroids to spheroids based on human endothelial cells and mesenchymal cells. this direct comparison is not appropriate
We agree with the referee, that the stiffness of spheroids cannot be compared unless by physical measurements of the elasticity modulus. However, when we wrote “However, the stiffness of the spheroids composed of either a single population of fibroblasts/CAFs or a heterotypic population of CAFs and AsPC-I might possess different mechanical properties”, we did not intend to make a direct comparison. It is clear that different cell types might cause different stiffness values, depending on the intercellular junction, their force-exerting potential, their capacity to produce extracellular matrix, etc. Nevertheless, it is also accepted that a spheroid irrespective of the cell types will unlikely reach stiffness values as high as the one of the plastic of the cell culture flasks. We rephrased the respective sentences in the manuscript to avoid any inadvertent misunderstanding on this. 

c. discussion is largely based on speculations of role of stiffness in spheroids development. As in the protocol the stiffness measurements were not included and are unknown between normal fibroblast spheroids or cancer associated spheroids, this discussion does not have a link. The maintenance of fibroblasts in spheroids and their differentiation should be discussed, as that's the aim of this paper.
We followed the reviewer’s suggestions and changed the discussion in order to less emphasize the stiffness of the spheroids. According to the guidelines of JoVE, we put more focus on the method itself. The results were already published and discussed, and we referred the reader to the paper for complementary information.

d. If authors have access to equipment to measure stiffness of their spheroids that would add important information of the differences between normal and CAFs spheroids and would then contribute to the discussed knowledge.
We fully agree with the reviewer’s opinion. We discussed with biophysicists about ways to determine, or at least compare spheroids with respect to their stiffness in a way that can be performed in a biochemical lab without any highly sophisticated physical equipment for routine use. Together, we further pursue this point. Unfortunately, although it is indeed an important and interesting information, we have not yet established an easily applicable method nor set up a routine access to an equipment that measures stiffness. This would be far beyond the scope of this JoVE article.

e. No results were shown for the invasion assay while it has been discussed and speculated
We think that, the important point of the discussion section is that the reader understands how the analysis of this study is performed. The actual results were already published, and the reader should consult the paper. Since it can be confusing to the reader, paragraph 426-435 have been withdrawn.

Minor Concerns:

1) Line 40/41 and 47/48, when mentioning specific markers of pancreatic adenocarcinoma stroma (laminin-332) or CAFs markers (alphaSMA and NG2), the cited literature includes reviews papers (included self-cited review). Authors should also include the original research articles showing the role of those markers in pancreatic cancer or identifying CAFS.
The original research articles were included. We thank the reviewer for pointing it out.

2) In statement in lines 57-59 reference is missing
Following the reviewer’s suggestion, we focused less in the stiffness of the substrate and rephrased the text. Now the statement is in lines 61-63 corresponding to the reference 8, which is the review paper in which we included this result.

3) There is no data supporting 3D fibroblast spheroids for the integrin expression
In the present protocol we gave an example of an (3 integrin staining of fibroblasts homospheroids and CAF homospheroids. Complementary data of the flow cytometry analysis of (3 integrin was published in the original article.


4) Why are the fibroblast spheroids grown only for 24 hours. This is not enough culture time for the cells to produce and deposit the relevant matrix proteins (point 1.5 in protocol)
Our studies showed that after 24h it is possible to detect deposition of laminin-332 in the spheroids, by immunofluorescence staining. The gene expression of the 3 chains of laminin-332 in CAFs present in the spheroids was also up-regulated, as compared to the normal fibroblasts. The main reason why we used 24h formation was because we treated the cells with both TGF-(1 and BM2 or lebein1. We could see significant differences already at this time of treatment. To perform the experiment for longer time would require repetitive addition of these compounds. Due to the uneven access of these compounds to all cells in the spheroid (cf. rim and center zones of the spheroids), the treatment would not be the same for all cells. This would allow different populations to arise. 

To make the protocol more succinct, we don’t include the staining of intracellular antigen or for detecting cell-bound ligands in the flow cytometry protocol.

5) Point 1.2. where the cells thawed and places into methylcellulose solution without expanding in 2D? What was the passage of the frozen samples? What was the viability of the cells after thawing? Where the dead cells excluded from the thawed samples?
The cells were thawed, centrifuged and counted with trypan blue, taking into account only the viable cells. Mostly, alive cells actively cluster into spheroid. The formed spheroids were taken from the formation wells, and most of the dead cells were left behind. The cells used were passaged up to 25 times. 

6) Point 2.3. how were the spheroids washed? Mixed by pipetting or gently vortex or on a shaker
The spheroids were washed by adding the PBS to the reaction tube, and ressupending the spheroids in the solution. Neither pipetting nor vortexing were used so the spheroid structure was kept intact. 

7) Point 2.5 and other points - washing in explained in steps 2.2 and 2.3
Thank you for pointing it out, “… and 2.3.” was added.

8) Point 2.9 - dilution of the anti-alpha SMA antibody
The dilution of the antibody was the same as the NG2, 5 μg/mL, “… and…” was added to the phrase. We thank the reviewer for pointing it out.

9) Point 2.16 - what were the parameters of the microscope used, laser power, objective used, steps in the z-stack
The parameters of the microscope varied, depending on the staining and the amount of antigen present in the cell. The laser power will also depend on the laser of the microscope used by the reader. The number of z-stacks might also vary depending on the size of the spheroid, but we added in the text the average range of z-stacks used (15-20). We added the objective to the text, but the other microscopic parameters are subject to the microscopic equipment and will have to be optimized by the reader. Nevertheless, we included in the text that the negative control should be used for optimizing the sets of the microscope.

10) Point 2.17 - It would be beneficial to add more detailed explanation of the analysis, including for a example a diagram of the steps when using ImageJ software or images showing selection of ROIs
We are grateful for this advice and have added this information to the revised manuscript. 

11) Section 3. What was the control used for RT qPCR. Were the normal fibroblast spheroids used as the control baseline or 2D cultured cells?
All the cells used for the RT qPCR, both normal fibroblasts and CAFs, were kept as spheroids for 24h, dissociated and directly lysed and the RNA isolated. The RT qPCR values of the normal fibroblasts were taken as the reference value, unless otherwise stated in the figure legend.

12) Point 3.7 - source of the primers, where they designed in-house or pre-made, validation of the primers, primer efficiency?
The primers used were pre-designed and selected from already published data. The references are indicated after each primer.

13) Point 3.8 - is using only TOP-1 as a housekeeping gene enough. Why this house keeping gene was chosen?
This house keeping gene was not specifically chosen because of the spheroid culture condition or the cell type. It is an accepted standard housekeeping gene used in our and numerous other labs. We used only this one housekeeping gene in these experiments due to the limited amount of RNA isolated from the spheroids. 

14) Section 4. Was validation done to make sure you don't lose the expression of receptors upon disruption of the spheroids? For extracellular markers, was the analysis done on not-fixed samples? Was live/dead dye included? What was the viability of the fibroblast spheroid?
Cells expressing the integrins of interest in normal cell culture conditions were also assembled in spheroids. Afterwards, for analysis, they were dissociated, stained and characterized by flow cytometry. The cells used for these studies were not fixed, just kept on ice to avoid receptor internalization. Furthermore, we could confirm the up-regulation of integrin (3 in CAFs, compared to the normal fibroblasts. No live/dead dye was included in the spheroid formation step to avoid inadvertent effects on the spheroid behavior. However, for flow cytometric analysis, cells were gated for life cells and cell debris was excluded from analysis. 

15) Section 5. Why for the invasion study the homospheroid had 400 cells while for other experiments 750 cells?
Although the homospheroids were not compared to the heterospheroids we decided to use the same total amount of cells used in the heterospheroids, irrespective of cell type. We used an equal number of both cell type to form the 750 cells-spheroids.

16) It is unclear from all the text of what is the obtained size of the spheroids and how reproducible this is. This information should be included.
Thank you for pointing it out. We have added this important information to the discussion section of the revised manuscript.

17) Point 5.7 - imaging parameters should be included
As we have explained in point 9) above, these parameters depend on the microscope.

18) Point 5.8 - more details on the analysis steps
The imageJ steps to follow were added in work-flow chart.


Overall, the manuscript is lacking detailed descriptions of the techniques described, validation of the methodologies, and including representative results and analysis approaches, that are mentioned in the methodology protocols. Authors discuss various variables of the spheroids without having done that specific analysis, like spheroid stiffness or the matrix stiffness, or production of ECM.

We think that, as we have added additional information and details on experimental parameters, the revised protocol is succinct enough that readers can follow it to generate spheroids and to analyze them for the expression of proteins by immunofluorescence microscopy.
I would advice authors to focus on a specific part of the technique, like isolation, culture, and validation of CAFs vs normal fibroblasts, and the validation of fibroblast spheroid assay to show the improvements of that method of culturing and maintenance of fibroblasts phenotype over standard 2D or soft gel methods.
We trust that by revising the manuscript we have focused on one methodological work flow of spheroid formation and immunofluorescent analysis thereof. We have revised the introduction and the discussion sections in line with the reviewer’s suggestion and trust that it has improved according to the reviewer’s suggestions.

Reviewer #2:

Manuscript Summary:

The aim of this protocol is to develop a 3D in vitro model to study the effect of tumour microenvironment on physiological development of CAFs differentiation. Authors and colleagues have already published their research findings in regards to the role of laminin-332 and its receptor integrin α3β1 in this differentiation process of NF and CAFs. Here they are stating their systematic method of how they use the 3D mono and co-culture (homo or heterospheroids) approach to understand the biology.

Minor Concerns:
This is a relevant protocol to current research obstacle and understating of pancreatic cancer biology and treatment options. Pancreatic cancer is one of the deadliest type of cancer worldwide. Early detection and surgery is still the only suitable path for this cancer and even in a small subgroup of patients despite the surgery, disease comes back and the overall survival remains poor. Therefore understanding the tumors microenvironment of this cancer would lead to better understanding the biology and physiology to move toward better therapy and prolong patient's survival benefits.

As a methodological manuscript, I see a very strong relevance of title and the given methodology. Others have described the 3D spheroids platform in many different types of research oncology and in the most recent years for pancreatic models and CAFs (Mackenzie Lee Goodwin, Sumi Kanthraj Urs, Diane M. Simeone, 2019, Pancreatic Microtumors: A Novel 3D Ex Vivo Testing Platform).

Few points:

1. Authors should statue here, the reason why this method more applicable than already described methods by others.
We trust that the heterospheroid model of tumor cells and CAFs recapitulate the tumor mass much better than the 2D co-culture system. Taken alone the fact that mechanical stiffness of the substrate causes fibroblast differentiation into αSMA-expressing CAF-like fibroblasts, made us explore this heterospheroid model system. Its generation and its analysis by for instance immunofluorescence microscopy allowed us new insights into CAF-differentiation and the role of CAFs’ integrin (3(1 in tumor progression. Hence, this manuscript highlights the methodology that brought up these results.


2. There is no description or emphasis on imaging the spheroids before immunofluorescence stating as that is a very important part to make sure that the 3D spheroids keep their integrity. 24hrs of spheroids formation is very short to recapitulate the right 3D condition as cells have only been out of plastic for 24hrs which is not long enough to recapitulate the right physiological as well as environmental condition for the cells.
The period of time is relatively short, but fibroblasts form spheroids very fast and 24h are enough for production and deposition of laminin-332 and for differentiation of fibroblasts upon treatment with TGF-(1. Furthermore, to continue the treatment we performed would be necessary to add the compounds to the already formed spheroids. Diffusion of such compounds might not be the same. To keep the same characteristics of the formed spheroid and reproducible results we prepared the heterospheroids in the same way as the homospheroids. We also trust that the two cell types during the 72h have enough interaction to promote the invasion, as we could see in our results published in the original paper.  

3. I would suggest author to attach few images of the spheroids at 24hrs to show that the spheroids formation was completed and repetitive washing and staining procedure does not interrupt the integrity.
The image 1 is a representative image of spheroids that were formed in 24h. They were stained according to the described protocol, so that the integrity of the spheroids was not compromised.

4. The type of instrument for this model are not listed and only mentioned about the analysis on image J. it would be great if the authors would write the timing of how long it takes each images to be acquired and time needed for the analysis too.
Following the referee’s suggestions, we have added this information to the revised manuscript.

5. Figures and a list of table presented, however I could not find the figure 2. Figure 1 has not been explaining well specially figure 1c and more information needed.
Figure 2 was originally in the discussion section. We have replaced the former figure 2 by a flow Chart, in which the former figure 2 was included.


6. Overall, I will personally be more interested if there are more images available for the readers to visualise the results in specific invasion as that is a novelty of this methodology paper.
Representative images were added, including of the invasion assay and its quantification.
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