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April 6, 2020	Alisha DSouza, Ph.D.
	Senior Review Editor
	Journal of Visualized Experiments (JoVE)
	1 Alewife Center, Ste, 200
                                               Cambride, MA 02140
	United States of America


Re: revised-manuscript submission 



To: Alisha DSouza, Ph.D.

Dear Dr. DSouza,

We thank you and the reviewers for considering and evaluating our manuscript for publication in JoVE as an original article. Based on the editor/reviewers’ comments, we are pleased to submit a revised version entitled, “A reproducible method to generate and quantitatively characterize functional and polarized biliary epithelial cysts”.

We appreciate your suggestions to make our manuscript more comprehensive and have considered all the comments and modified the manuscript accordingly. All the modifications have been highlighted in blue in the revised manuscript. Below we are addressing in blue point-by-point your concerns. 


Answers to the editorial comments

• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical error. The manuscript has been carefully revised and proofread and all our changes are underlined in blue.

• Protocol Detail: 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 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.
1) 1.2.1: what is the composition of complete medium? The composition of the complete NRC medium is detailed in the Table of Materials.

We have added more specific details to the protocol to ensure its replicability, such as button clicks for software actions and numerical values used for contrast enhancement of processed images (see the section “2. Cyst quantification” from lines 206-321.

• Protocol Highlight: After you have made all of the recommended changes to your protocol (listed above), please re-evaluate the length of your protocol section. There is a 10-page limit for the protocol text, and a 3-page limit for filmable content. If your protocol is longer than 3 pages, please highlight ~2.5 pages or less of text (which includes headings and spaces) in yellow, to identify which steps should be visualized to tell the most cohesive story of your protocol steps. I suggest including some quantitative analysis steps.

1) Ensure that the highlighting best represents the title, I suggest highlighting some quantitative analysis as well.

The new highlighted part best represents the title of our manuscript and includes quantitative analysis. 

2) The highlighting must include all relevant details that are required to perform the step. For example, if step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be included in the highlighting.

We have taken care of this in the new version.

3) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow from one highlighted step to the next.

We took this instruction into account to select highlights representing a cohesive narrative scenario for the movie.

• Discussion: JoVE articles are focused on the methods and the protocol, thus the discussion should be similarly focused. Please ensure that the discussion covers the following in detail and in paragraph form (3-6 paragraphs): 1) modifications and troubleshooting, 2) limitations of the technique, 3) significance with respect to existing methods, 4) future applications and 5) critical steps within the protocol.

We thank the editor for drawing our attention on these elements. In the revised manuscript, we paid attention at covering all the significance, critical steps, troubleshooting, and future applications of our protocol.

• Commercial Language: JoVE is unable to publish manuscripts containing commercial sounding language, including trademark or registered trademark symbols (TM/R) and the mention of company brand names before an instrument or reagent. Examples of commercial sounding language in your manuscript are Matrigel, a Nikon Eclipse, NIS Elements,
1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language in your manuscript with generic names that are not company-specific. All commercial products should be sufficiently referenced in the table of materials/reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names.

We removed all commercial names from our manuscript and included them in the Table of Materials.

• Table of Materials: Sort by alphabetical order.

As suggested, we sorted the Table of Materials by alphabetical order.

• If your figures and tables are original and not published previously or you have already obtained figure permissions, please ignore this comment. If you are re-using figures from a previous publication, you must obtain explicit permission to re-use the figure from the previous publisher (this can be in the form of a letter from an editor or a link to the editorial policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may be copied and pasted from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from [citation]."

N/A


Answers to the reviewers’ comments

Reviewer #1: 
Manuscript Summary:
The authors present a protocol to generate cholangiocyte cysts in a 3D hydrogel, and a methodology to quantify and characterize the cysts throughout the thickness of the gel (not restricted to a single plane), which would lead to a more objective and quantitative analysis of the characteristics of the cyst population. This would also allow to conduct comparative quantitative assays of cyst formation, varying hydrogel composition, factors, inhibitors etc. to evaluate their effect on organogenesis.

Major Concerns:
* A major concern is the instructions for the image processing methodology. (2.2 & 2.3) These are not clear enough to guide the reader/viewer and some steps can be subject to biais, in particular in identifying the real cysts from "non cysts", and all measurements are manual, not automated.
In the revised protocol we clarified many points of doubt for the quantification method and for the corresponding figures. Below, we addressed point-by-point each one of your questions/suggestions. Our changes are underlined in blue.

Please find in the Following some detailed questions and concerns for the substeps of this section.

2.2.2 Please indicate which thresholding algorithm should be used.
In the revised manuscript, we clarified the image processing method and incorporated the different algorithms used for intensity projection and background subtraction. In particular, lines 271-283 more precisely step 2.2.3., that we used a minimum intensity projection, step 2.2.4. we specify the size of the rolling ball radius used for the background subtraction (500 pixels) and we also provide step 2.2.5. contrast enhancement parameters associated to the final projection obtained and used for cyst counting.

2.2.3 It is unclear what exactly is being "substracted to the z-stack". The sentence seems to indicate that you are substracting the binary mask (made of 0 or 1) from each (grayscale) image from the Z stack. Or are you using the mask to cut each image and keep only the "black" regions on each image to recalculate a projection? Then what background are you substracting? and what is the purpose of this background substraction as no quantification of the greyscale image is carried out in the next steps.
In the image processing method presented (Figure 3A), the background subtraction is operated on the minimum intensity projection of the Z-stack and the final cyst counting/cyst size measurements are done on this corrected projection. The purpose of the background subtraction is to segment cyst objects, more contrasted at the level of their cell shell than the hydrogel considered as background. 

2.3.1 "Mean diameter" of the cyst appears to be drawn manually as a line. 
Yes, the “mean size” of each cyst is estimated manually since our resulting projections are still very noisy and it would have been difficult to automatize the detection and counting process without inducing errors.
It is difficult to entirely segment cyst objects from the background (hydrogel). Even after background subtraction, we clearly see that not all the cysts have a constant gray level intensity along their shell. Thus, applying a threshold to binarize cysts would have resulted in partial cyst detection, thus ultimately leading to inaccurate size estimation.
Additionally, as cyst shells, single cells and aggregates might have the same gray levels and intensity variations, automatizing the detection process (threshold) would have resulted in error detection. However, this process is not necessary for other types of hydrogels, which do not generate such background as BME like hydrogels. Therefore, the protocol described here could be simplified and prone to automation of cyst detection.

Wouldn't it be better to fit a circle to the object? 
We think that fitting a circle to the object would not be appropriate since some cysts are not completely circular. Alternatively, we think that estimating the mean size by a straight line is more adapted and more convenient when identifying around 200 cysts over the whole set of projections analyzed. Based on our calculations, the error estimation of fitting a line on a rounded cyst instead of a circle is less than 5%.

Mean diameter should be the result of a calculation over a set of values. Instead of "mean", maybe the term "approximate" diameter should be used.
We totally agree with this and therefore, we replaced the term “mean” in the manuscript by “approximate” (see line 290).

In this section, the criteria used to determine which objects are cysts should be explicited.
These criteria are given in the legend of figure 3 but these appear insufficient to determine the nature of all the objects seen in figure 3: in this respect, do you suggest that there are only 2 cysts on the projection image in A? I would suggest to add either blue or red arrows to ALL the objects of this image to guide the viewer as to which objects should be measured or not.
We modified Figure 3 in order to show without ambiguity which objects are considered as cysts (blue lines), and which ones are not considered cysts (red arrows).

Along the same reasoning, in figure 5B, the red arrow is pointing to a necrotic cyst, but according to your definition of a cyst in Figure 3, this object shouldn't be identified as a cyst.
To avoid any ambiguity we removed the phase contrast image of Figure 5B.

* Section 2.4 needs clarification
2.4.1 Line 258: "#cysts" is present on both side of the formula but mean two different things! Add a ¯ to indicate "average" over "number of cysts" and write the formula the other way round: ¯ (number of cysts)/image = number of cysts/number of images
In the new version of the manuscript, we rephrased the mathematical magnitudes and the formula to better explain how the cyst formation efficiency is calculated (see sub-sections 2.4.1 and 2.4.2 from lines 314-322).

As the same cyst is present on many successive images from the stack, it isn't clear what this "mean number of cysts per image" is supposed to represent.
We thank the reviewer for this observation. This was an error in selecting the images for the stack. So we corrected the figures 1 and 3 accordingly. The “mean number of cysts” is obtained by averaging the number of cysts on different projections for each time point.

2.4.2 How is the mean number of cells/image calculated? From the day 0 stack? It seems that cells have already aggregated at day 0. This should be clarified.
The number is calculated from the initial conditions i.e. the number of seeded cells and the volume of the hydrogel; the number of cells/image is inferred from the height of the stack and the corresponding hydrogel volume. The images made at D0 allow to check that cell distribution is uniform throughout the hydrogel volume.

* Generally speaking, I think it would make more sense to say that all stacks from day 0,1,..10 must contain the same number of images taken with the same z interval (therefore from an identical volume), and this z interval should be smaller than the size of a single cell (otherwise the final efficiency will be biased).
We have clarified this point by adding various notes in the section 2.1 Cyst imaging, lines 214-216
In our conditions, and according to this magnification, the depth of view allows to detect small cell aggregates and differentiate them from cysts with a Z-step of 20 µm., lines 238-241

Then the efficiency can be calculated directly from a given number of n projection images (i.e. stacks) for each timepoint. For robust quantification, a significant number of objects should be counted. This significant number should be discussed.
To be in line with this comment, we added a note in the section 2.1, where we precise the number of cysts counted for each time point, lines 250-253 Thus, we are in the  5% error bar for the mean cyst formation efficiency calculated each day.

Efficiency = number of cysts counted in n stack projections from day10/number of cells in n stack projections from day 0 (or x1000 if you want to represent efficiency over a 1000 cells)
We really appreciate the reviewer’s help to clarify our manuscript. We hope that based on his/her suggestions, all ambiguities have been solved.

Minor Concerns:
* I would recommend changing the title of the article to better guide the reader/viewer on what they can learn in this protocol.
The title currently reads: "A QUANTITATIVE (and..) method to GENERATE (..) cysts", whereas the article explains how to QUANTIFY cyst formation EFFICIENCY
I would also add "cholangiocyte" or "biliary" to the title as the article focuses only on this example (starting off from the first sentences of the abstract) and secretion analysis is also specific to this cell model.
For example: A Reproducible method to generate and quantitatively characterize functional and polarized biliary epithelial cysts.
We changed the title of our manuscript accordingly as it best illustrates the purpose of our study.

* Multiple times (lines 39-42; 83-87; 390-392; 516-518) authors mention the lack of quantitative characterization of cyst samples in current publications. But no references are provided.
We took these remarks in consideration adding corresponding references to support our ideas.

* Lines 36-37 - what is a "growth hydrogel"? This term is unfamiliar and therefore needs to be defined.
We have removed the term “growth hydrogel” leaving it just as “hydrogel”.

* In lines 46-48 it is stated that the method allows quantify cyst distribution along the vertical axis, but at the same time in chapters 2.3/2.4 it is stated that cysts' quantification is performed using Z-stack projections which excludes the possibility to follow the distribution in the various planes.
Indeed using Z-stack projections excludes the possibility to probe cyst distribution across the planes. However, to ensure the applicability of the method, we took Z-stacks in the inner part of the gel where cysts are more homogenously distributed than on the edges where hydrogel polymerization heterogeneities are too high. 

* Line 74. Instead of "non-cyst", maybe use "aggregate" or object with no lumen?
We replaced the term “non-cyst” by “aggregate” in the revised manuscript.

* Lines 184-188: unclear
"the culture medium will change color from red-orange to yellow every day after 2 days of incubation…. change medium every 2 days"
So does the medium change color every day or every other day? (even days: red-orange, odd days: yellow)
This line was removed from the manuscript to avoid any ambiguity. Medium changing is done to preserve cell viability throughout the cell culture process.

* Lines 398+: explicit what values are given in the parenthesis, apparently first and third quartile.
The values corresponding to each mathematical magnitude were specified in the revised version (see the Representative results section from line 461.

Reviewer #2:
Manuscript Summary:
In this manuscript, the authors describe a method for 3D characterisation and quantification of biliary cysts.

Major Concerns:
A key aim of this protocol is to enable quantification of cyst generation. While this is performed for cyst number and size, critical endpoints such as cyst viability, function or polarity have not been quantified. These could, in principle, be performed using the same images processed in ImageJ. A potential application of this protocol is comparison of cyst formation in two different hydrogels (eg, Matrigel v a GMP-compatible hydrogel). The ability to quantify viability and function would significant add to the applications of this protocol.
This manuscript aims at showing a protocol to apply a consistent method for quantifying mathematical magnitudes over 3D cell objects in hydrogel. As examples, we provide two mathematical magnitudes with the cyst formation efficiency and cyst size measurements. This manuscript exemplifies the method used in another study, which compares the self-organization potential of NRC cysts in both natural versus synthetic hydrogels. In this study, cyst viability and cyst functionality were quantified using the method exposed in our manuscript. Thus, as those quantification results were already published, we invite the reviewer to see the work of (Funfak et al., 2019).

Minor Concerns:
It is not clear from the manuscript how many replicates the data relate to. 
How reproducible is the protocol and what are the failure rates? 
We thank the reviewer for his/her remarks. Indeed, this information was missing in the previous version of the manuscript but added in the revised version. The reproducibility of the protocol is appreciated thanks to the number of cysts counted on the projections at each time point. In our case, counting a minimum of 200 cysts for the set of projections per day allows to consider that cyst generation has succeeded. To this aim, we added a note from lines 250-253 With this minimum number of cysts counted, we are in a reasonable efficiency error range of ±5% compared to the average. Outside this range, we consider that the protocol failed. However, this estimation about the number of cysts may vary depending on the cell line and the hydrogel type.

How many sets of experiments were performed? 
Three independent experiments were performed to characterize biliary cyst formation efficiency and cyst size distribution. This information was provided in the updated version of the legend of figure 4 from lines 543 and 546

Reviewer #3:
Manuscript Summary:
Bouzhir L. and colleague aim at describe a quantitative and reproducible method enabling the generation of 3D epithelial spheroids using biliary epithelial cells as model.

Major Concerns:
Line 252: Section "Quantification of cyst formation efficiency" is difficult to follow and must be better detailed since is the main aim of the manuscript.
In the revised version, we propose a clarified method to explain how we estimate cyst formation efficiency, lines 312-321 

The "#cell" in Line 260, refers to the number of cells FDA positive at Day 1 of culture or the number of cells seeded?
The number of cells refers to the number of cells seeded and inferred from the hydrogel volume. This section was clarified from lines 317-319.

What is the rationale behind multiply the "#cysts/cell" for 1000? Are 1000 cells an explicative number or is the number of cells that have been seeded? If so, why they suggest to seed 2.5x105 cells?
We thank the reviewer for noticing this ambiguity. The fact to express the ratio number of cysts/number of cells is just a reference to express the efficiency, which could also be in %.

Line 293/423: How the authors quantify the fluorescence intake and blockage after VP treatment, in correlation with the number of cysts, should be offered.
These quantifications were made in the paper we recently published (Funfak et al., 2019). The same method as the one exposed in the manuscript was used but with an adjustment of the image processing method for fluorescence images. Because of space limitations, we did not detail the procedure in this protocol.

Minor Concerns:
Line 114: spell out "NRCs"
We thank the reviewer for this remark. In the revised version of the manuscript, we defined the acronym earlier in the text when it is first cited on lines 121-122.

*There are no reference of "figure 4A and 4B" in the described section of the manuscript.
The references to the figures 4A and 4B are provided in the section “Formation and characterization of cysts” in the section “REPRESENTATIVE RESULTS” lines 463-468.

*Does the NRCs biliary spheroids maintain the same profile of 2D monolayer culture in term of specific cholangiocytes markers? and in comparison with other 3D hydrogel matrix?
We thank the reviewer for his/her very interesting question. Comparing the setup of the epithelial polarity between 2D and 3D cultures performed in the laboratory, we observed that the cholangiocyte phenotype is further developed in cysts formed in Matrigel compared to 2D cell cultures and other natural and synthetic hydrogels. Early polarity markers such as actin and E-cadherin can be therefore used for the establishment of epithelial polarity in both systems.

We hope you will find this revised version to be suitable for publication in JoVE and would be pleased to provide you with any further information if needed.


Sincerely, 


Pascale Dupuis-Williams, Ph.D.
Assistant Professor 
pascale.dupuis-williams@universite-paris-saclay.fr
 UMR-S 1193 INSERM
 Physiopathogénèse et traitement des maladies du foie
 Bureau 29 - Bat 443 – Rue des Adèles
[bookmark: _GoBack] Université Paris Saclay, 91405 France
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