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Dear Dr. Bajaj,

After our revisions, we gladly resubmit our manuscript entitled: “Organoid-derived epithelial monolayer: a patient-relevant in vitro model for intestinal barrier function.” (reference JoVE62074).

We wish to thank the editor and reviewers for the critical review of our manuscript and providing their valuable suggestions, which have improved our manuscript considerably. We would also like to thank the editor for providing us with the opportunity to resubmit  a revised version of our manuscript. The manuscript has been revised according to the comments and suggestions put forward by the reviewers.
Unfortunately, due to the conflict of interest from our industrial partner, we had to remove data that was presented in the first submission under Figure 7. We believe the manuscript can stand as a method paper without this data, since the feasibility of barrier function experiments has been elaborated in the discussion section. 
In the rebuttal letter we have included our detailed reply, in which we have provided point by point responses. 

We hope our revisions will make the manuscript suitable for publication in your journal.

Yours sincerely, on behalf of all authors


Wies van Dooremalen 
Sylvia Boj, PhD
Farzin Pourfarzad, PhD


Editorial comments:	 
Changes to be made by the Author(s):	
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. Please define all abbreviations at first use.	

We have reviewed the manuscript and all spelling errors are corrected. Abbreviations are also defined in their first use.


2. 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 and Reagents.
For example: Mimetas OrganPlates; FluoroBlok; Accutase; REMS AutoSampler; EnzChek Lysozyme Assay Kit; CellTiter-glo 3D etc

All the trademarks, registered symbols and company names are removed and referred to in the Table of Materials.


3. Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.” However, notes should be concise and used sparingly. Please include all safety procedures and use of hoods, etc.	

We have revised the manuscript and imperative tense has being used along the text. We have also included sentences about the use of biosafety cabinets (line 115-116).

4. 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.	

We have included more details in some of the procedures to ensure proper understanding of the protocol.

5. 2.1.1: Please clarify what “a little frozen material” means to help readers replicate this step.

[bookmark: _Hlk60220703]We have replaced the sentence “a little frozen material” by “until only a sliver of ice remains”. 
 
6. Line 521: please remember to use period as decimal, not comma.

We have replaced all comma’s with periods in the decimals described in the manuscript.

7. 4.3.12: for staining procedures, please cite references even if you do not provide details for these techniques in this protocol.	

We have included several references in step 4.3.12.	

8. As we are a methods journal, please also include limitations of your method in the Discussion section.

We have addressed limitation points of our method in the Discussion section.

9. Please rename Table 2 as Table 1 and Table of Materials as Table of Materials.

We have renamed the Tables as requested.


Reviewers' comments:
Reviewer #1:	
Manuscript Summary:	
This is a very thorough protocol describing the thawing, passage, and establishing of monolayers from organoids as well as various assays that can be performed with these monolayers. It will be very helpful for beginners in the field.


Dear reviewer 1,
Thank you very much for your positive comments. We are very glad to hear that our manuscript will be helpful in the field. Below we will respond to your comments.	


Major Concerns:	
none

Minor Concerns:	
Minor clarity issues in the protocol:	
Protocol: EGF, hRspo3 ,iWP: please spell out the full names of these compounds at first mention to avoid confusion.

All compounds have now been spelled out completely at first mention.


Basement membrane matrix: There is many different kinds and manufacturers of BMM. The material section mentions Matrigel. Does the protocol work with all of them? If yes, please indicate. If not, please specify also in the text.

In the manuscript all experiments were performed with Matrigel, which is now referred to as Extracellular Matrix (ECM) in the text. The Matrigel specification is referred to in the Table of Materials. We have tested other ECMs such as Cultrex®  Basement Membrane Extract (BME) from Trevigen, but human healthy intestinal organoids did not grow neither behaved the same way as when using Matrigel, so we recommend users to use Matrigel as ECM.	


Section 2.2.6.+7 "Before removing the BM, check under the microscope whether all organoids are pelleted at the bottom of the 15 mL conical tube (Figure 1D). If there is no BMM or the BMM is either clean or contains just debris, single cells or very few organoids compared with the organoids pelleted, aspirate supernatant and pipet out the BMM overlaying the organoid pellet very carefully using a P200 pipette.	
If BMM contains organoids, spin the tube again at 450 x g for 5 min at 8 °C."	

This part of the instructions is very confusing for someone that didn't work with organoids before. Please attempt to explain that due to the low g spin in 2.2.5., organoids can get stuck in the matrix

Thank you for your critical read and reflection. This is now clarified in the text. 


Section 3.2.19. Count the live, not blue, cells (Figure 3C) and calculate the total number of live cells."
Please specify whether the cell clumps mentioned in 3.2.9. are being counted as one or individual cells

We have specified how to count clumps of cells in step 3.2.19.


Line 617: the abbreviation MG here probably means Matrigel? Specify

The reviewer is correct, and it has been replaced by ECM.	


4.3.3.4% paraformaldehyde and 4% formalin is not equivalent. I assume you mean 10% formalin. Maybe also point out that fixative is toxic and needs to go into special waste.

Thank you for the comment. The correction has been made and additional sentences for toxicity have been added. 	


Results and legends: I think the representative results section could possibly be integrated into the figure legends (especially as the figure legends don't contain descriptions of all panels.)

We would like to avoid describing figure results in the figure legend and therefore leave representative result section as it is. We have added descriptions to all figure panels in the figure legends.


Discussion: Why is Y27632 mentioned for the first time in the discussion and never in the methods? I assume in the rest of the text this is what is meant with RhoKi? Please unify.

Thank you for pointing out the discrepancy. This compound was used in step 2.1.7. but identified with another  name. We have included Y27632 in this step.	



Reviewer #2:	
Manuscript Summary:	
This manuscript describes a protocol to establish intestinal organoid epithelial monolayers. They also described some methods to characterize the epithelial functions such as epithelial barrier
integrity, permeability and secretion, as well as a method to perform histology. Organoid cultures are actually a very powerful tool and easily overpass regular cell lines. This method is certainly of interest as one of the challenges is indeed to use these cells in a 2D setup.	

The authors have done a very good job with the manuscript. Well written, with good image which are well annotated. I recommend only small modification.


Dear reviewer 2,
Many thanks for your interest, positive feedback, and comments. Below we have addressed your comments point by point.


Major Concerns:	
—Sections 4.4 and 4.5: These sections are not novel or of sufficient interest to be included in this protocol. Indeed, these sections only summarizes the protocol of commercial kits as we would do for any cell types. Only a small note suggesting the use of this kit may be included.

This point has been well taken. Unnecessary text has been removed and methods are referred to kit manufacturer instructions. Section 4.5 cell viability  has been completely removed since Figure 7 had to be removed in the final version of the manuscript due to restrictions from our industrial partner.


Minor Concerns:	
—Line 86: (Normal) should be removed

Instead of removing this word, we have chosen to remove the term ‘healthy’ from the text and replaced this with the term ‘normal’ everywhere. This choice was made because the normal tissue is taken from patients as the counterpart of tumor tissue and often, it is taken in close proximity from the tumor. From sequencing data we know that this tissue might contain some genomic alterations as well. The term normal is therefore more suitable than the term healthy. 

—Page 3: Not sure about the rationale to put a capital letter to organoids. It is also sometimes written without a capital letter.

We have changed “Organoids” to “organoids” in all instances.


—Line 231: Should we read this sentence : "If there is no BMM layer at the bottom or the BMM layer is either clean or contains..."? If not please add more precision.

Thank you for the comment. We have clarified the sentence.


—Lines 230-231: Should BM or BMM replace by another abbreviation? It is confusing at some moment. I suggest the use of the word "matrix" throughout the protocol.

We agree with the reviewers point. BMM has been changed to ECM (extracellular matrix) in all instances. 


—Line 444: Should it be repeated that the electrode should be kept in the hood for air dry and then in sterile BM?

We have added the extra instruction to step 4.1.1.1.


—Line 724: (Normal) should be removed	

As explained in the previous similar comment, we have changed all terms ‘healthy’ into ‘normal’. 

Reviewer #3: 	
Manuscript Summary:	
This manuscript provides very useful protocols for intestinal barrier function assessment using organoids grown as monolayers on transwells. Both TEER and permeability assay using fluorescent probes are described, including protocol for barrier disruption. Figures 1-5 are great for reference/visual aid, particularly for crucial organoid culture steps and transwell work. Some aspects of this manuscript however should be improved.	


Dear reviewer 3,
We would like to thank you for your positive feedback, comments, and critical read, which have helped us to improve the quality of our manuscript. Below we have responded to your comments point by point.


Major Concerns:	
1. Important information is missing, please include details on organoid media, supplements and antibodies used (manufacturer and product codes). Specify that BMM used is Matrigel (perhaps in line 157?)

Information about the reagents used has been carefully checked and reflected in the Table of Materials. BMM has been changed to ECM (extracellular matrix) in all instances and we have specified the use of Matrigel in the manuscript (line 165).  


2. Dynamic models with microfluidic flow and mechanic stretch that mimics peristalsis are a better approximation of in vivo situation than the static 2D model on transwells (although they all lack other components- for example immune cells). Please provide evidence to support the claim "organoid cultures are truly representing in vivo situation... and tissue complexity" in last sentence in abstract and in text later on.

We recognize the comment of the reviewer and references from previously published literature have been added to reflect these points. Additionally, the advantages of the microfluidic system have been added to the Discussion. In the abstract, we have specified that the statement about organoids representing the in vivo situation is regarding the epithelial compartment and when compared with the use of conventional 2D cell lines for monolayer preparation.


[bookmark: _Hlk57731700]3. Figure 6D should be improved:	
-all three conditions (IEM, eDM, cDM) have big differences in epithelium thickness and morphology within their group,	
-this model should demonstrate the presence of differentiated epithelial cells, hence a marker of differentiated enterocytes should be included as well as enteroendocrine (and Paneth) cells
-MUC2 and AB staining is limited to goblet cells in cDM group, whereas in eDM group it looks like the positive staining is limited to mucus layer caught in the invaginations, the staining is not clear
-images would be greatly improved if there was also a magnified region of interest shown
-include scale bar	

To improve Figure 6, some alternative images have been included for better representation of histological changes. 
We agree with the point of the reviewer, however, we thought that H&E stain showing a simple columnar epithelium in eDM condition compared with the simple cuboidal epithelium shown in IEM condition, would already indicate the enrichment for enterocytes in eDM condition. Due to the impossibility to perform an enterocyte-specific stain in monolayers, we have included a new panel in updated version of Figure  6 (Figure 6F) that shows RT-qPCR data for the enterocyte marker ALPI. 
Regarding the presence of specific cell types, such as Paneth cells, the images from panel D (panel E in new version of Figure 6) were generated from monolayers established from colon organoids, and as such Paneth cells are not present. In case of goblet cells, their differentiation requires inhibition of Notch  and Wnt signalling. In the eDM condition only Wnt signalling is inhibited. Since cDM condition contains the Notch inhibitor DAPT, MUC2 expression was detected in this specific condition. We have included RT-qPCR data (Figure 6 F) to support this observation. 
The images shown in Figure 6E are made using the highest magnification that our microscope with image software allowed. Therefore, it was not possible to show a magnified region of interest in the images.
A scale bar has also been included.



Minor Concerns:	
line 87 references quote cancer tissue derived organoids, please provide references to organoids derived from inflamed tissue

Two extra references (15. and 16.) have been included.


line 137 primocin at 100 ug/ml is recommended for working concentration (hence this reagent is not at 2x as the line 135 suggests). Media that is used to dilute the 2xIBM doesn't contain 1x primocin (line 144, 149/150,..), is this correct?

We appreciate your accuracy in reading the text. This is correct, we use half of the recommended concentration of Primocin for organoids. 


line 638 it would be very helpful to include the approximate numbers of BMM organoid domes needed to seed one 24 well transwell.

We have indicated the volume of organoid domes approximately needed for a full 24-well Transwell plate in line 636. 


line 654 include the size/molecular weight of lucifer yellow

We have indicated the molecular weight of Lucifer Yellow (0.45 KDa) in the requested section (line 653)

figure 7A this figure would be improved with a wider range of colours to make the distinction between results easier

Due to the conflict of interest from our industrial partner, we had to remove Figure 7 from the manuscript. Although the data in Figure 7 in the first submission would have added value to the manuscript, we believe the manuscript still contains relevant information for a method paper without this data. Nevertheless, feasibility of barrier function experiments has been elaborated in the discussion section. 





Reviewer #4:	
Manuscript Summary:	
The authors nicely describe techniques to generate and analyze primary organoid-derived Transwell-like models. This approach is of high interest in preclinical research and development e.g. in drug testings.	


Dear reviewer 4,
Thank you very much for your positive feedback. Below we have addressed your concerns. 


Major Concerns:	
Please mention in the method description and/or figure legend, why we see histomorphological differences in the epithelium in figure 6D. The H&E stainings mostly show a flat epithelium, wheras in the IHC stainings the epithelium appears with invagination (crypt-villus structures?), especially under eDM conditions. Please also provide some quantitative data, how the proportion of differentiated cells (i.e. Ki67+ and goblet cells, EEC?) change between the different medium conditions (eDM and cDM vs control).

We thank the reviewer for this comment since it is indeed very important to explain the observed differences. This point has been addressed in the representative results section (lines 659-664). 
Quantitative data has been provided in the form of RT-qPCR data: stem cell (LGR5), goblet cell (MUC2) and enterocyte (ALPI) marker gene expression in different medium conditions are added in Figure 6F. 


Minor Concerns:	
Please include the term BMM (matrigel?) in the materials table. Include the differentiation time point when the readouts in figure 6C-E were generated (4 days?).

The term ECM (Extracellular Matrix) has been used to replace the term BMM, and the specification for Matrigel has been included in the Table of Materials. 
Differentiation time points have been indicated in the legend of Figure 6.  
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