Dear Editors,

We thank the reviewers for their time in reviewing our manuscript “Modeling Intestinal Development and Injury-Repair in Vitro using Mouse Colonic Stem Cell Monolayer Culture under Air-Liquid Interface”, and for their very helpful suggestions. We have responded to all of the requests for revision or clarification in the attached revised manuscript. We highlight our responses here in red and include significant changes to the revised manuscript in blue.

Reviewers' comments:
Reviewer #1: 

“-Line 102: perhaps helpful to point readers to clear resource on preparation of 50% L-WRN CM.”
In our submission the reference to the previously published protocol for L-WRN generation was included but not emphasized as the main reference. We have added an explicit sentence to clarify the reference that readers may use to find the published and validated protocol.
(Revised Lines 103-105): “Our laboratory has previously published a detailed protocol describing the generation of this conditioned media.20 Multiple independent laboratories have used this protocol to generate this media for growth of intestinal stem cells22, 25, 26.”

“-Line 110: how important is it that cells originate from 8-wk M C57 mice? Assuming not very, but it may be worth including brief discussion on author's experiences in any potential differences between animals, etc…”
We have not encountered significant differences in line generation between animals of different ages or genetic backgrounds but have added a comment of clarification.
(Revised NOTE under Step 1.1.1): “NOTE: We typically generate spheroid lines from male mice in this age range, but lines can be established from other genetic backgrounds, ages, or genders with identical procedures.”

“-Line 117: how do you assess whether crypts "fall out into the solution readily"? Visually? Under magnification? What may be indicators of too-short or too-long digestion?”
We have expanded our text to describe the visual inspection of the solution by microscopy to gauge adequacy of digestion.
(Revised NOTE under Step 1.1.6): “NOTE: Colonic tissue typically requires 30-40 min of total digestion. Adequacy of digestion can be assessed using a phase or dissection microscope. Digestion is complete when 50-80% of single epithelial units (crypts or pits) are free from the larger colonic tissue fragments.”

“-Line 135: any more quantitative guidance on assessing how many crypts per gel?”
We roughly target 1,000 to 3,000 epithelial units per well of a 24 well plate. Overcrowding is more of a problem than low input - even a very low starting number of epithelial units can be expanded over several passages to generate a robust number of cells. We have added a note clarifying an empiric approach and guidance.
(Revised NOTE under step 1.1.11): “NOTE: We recommend that approximately 1,000 to 3,000 epithelial units be dispersed to each well. This can be estimated by evaluating a droplet of the solution with a phase or dissection microscope. Empirically, if starting with 1 cm of mouse colon, the user could resuspend the crypt pellet in 60 µL of extracellular matrix to seed 4 wells and adjust future experiments based on yield.”

“-Line 139: would like to see the technique of inversion demonstrated”
We will demonstrate in the video protocol at step 1.2.9 and 1.2.10.

“-Line 182: guidance on when a passaging ratio of 1:5 versus 1:20 is preferred would be helpful”
Unfortunately this ratio is empiric for each researcher, and depends on adequacy of trypsinization and loss of cells in pipetting steps among other factors. We have expanded the note under step 1.2.8. Also, as the main point of this JoVE protocol is to describe the generation of the ALI culture, and we have previously published other papers explicitly detailed the spheroid culture component, we emphasize that readers should review those prior papers for full discussion and detail.
(Revised NOTE under Step 1.2.8): “NOTE: Typical passage ratios for mouse colon are 1:5 to 1:20. For example, if stem cells are collected from 4 wells of a 24 well plate in step 1.2.1 and a 1:10 passage ratio is desired, 600 µL of extracellular matrix would be added (4 wells x 1:10 passage ratio x 15 µL extracellular matrix per well). The ratio needs to be empirically adjusted for reach researcher, dependent on adequacy of trypsinization, pipetting losses, and other factors. New users should start with a ratio closer to 1:5 and increase dilution as skills increase. See also previous publications on spheroid culture for discussion and details20, 21.”

“-Line 225: how important is it that 70 pipettes are performed? Perhaps a range or a visual cue would be more instructive.”
The count of 70 is somewhat arbitrary but is chosen because it results in nearly complete single-cell suspension. We don’t recommend any visual analysis at this point because the single-cell suspensions are prone to cell death and speed is paramount. The visual analysis of suspension adequacy comes in step 2.13. We have expanded the Note under step 2.13 with suggested troubleshooting if the suspension is not sufficiently dispersed to single cells or hampered by excessive cell death. 
(REVISED additional text beginning on Line 380): “If the cells at this step are not sufficiently dissociated, increase the trypsinization time in Step 2.7 by 30 seconds and or increase the number of pipettes in step 2.8. Conversely, if there is a large amount of cell death, decrease the number of pipettes in step 2.8 by 10 and make sure that all steps are performed as quickly as possible.”

“-Line 271: guidance on what a successful culture looks like would be helpful here”
The membrane makes it hard to assess the cells by microscopy without fixation. We have added text about the emergence of a mucus layer which is a robust indicator of successful culture.
(Addition to Step 2.18): “A light brown apical mucus layer will become apparent around ALI day 7 and should be evenly distributed across the surface.” 

“-Line 422: Authors state in introduction the method can be applied to other GI tissues / organisms (line 87), though from discussion it sounds as though this has not been tested. Clarification here would be helpful.”
Thank you for this clarifying comment. In preliminary work from our lab we have been able to generate ALI monolayers from other regions of the mouse gut and from human spheroids with only minor modifications to the protocol. We are working to submit these studies for publication. We have revised the language in the introduction and the discussion to reflect that this is preliminary work so that there is no confusion.

(Revised Introduction, beginning at new line 90) “Spheroid stem cells can be grown from other regions of the gut and from other species including humans20–22, and we have preliminarily been able to generate ALI monolayers from these other sources with minor modifications to the protocol.”

(Revised Discussion, beginning at new line 576) “The presented protocol is for the two-dimensional culture of mouse colonic stem cells. Numerous protocols have been developed in the literature to grow spheroids and organoids from different intestinal regions and different animal hosts. Future directions would include extending these ALI methods to stem cells derived from other intestinal regions or host species, notably human. This would enable patient-specific studies of development and disease. In preliminary studies in our laboratory, we have been able to generate ALI cultures from human rectal stem cells with minor modifications to the protocol.”


Reviewer #2: 
Manuscript Summary:
“Current manuscript describes a novel 2D-culture model of colon epithelial cells. The manuscript is clearly written and easy to read. Most important points are included appropriately.

My only advice is to add some tips for visualization of whole-mount samples (as shown in Fig. 2), if there is any. Is it possible to acquire high-quality pictures through any kind of trans-well membrane, or is it specific for the one used in the present manuscript?”

We appreciate these clarifying comments. We have added a note after step 2.1 that clear or transparent membranes are recommended for any microscopic imaging. We have expanded the details in step 3.11 to explicitly describe orientation of the cells and detailed steps for whole mount microscopy.

(Revised NOTE after Step 2.1): “NOTE: If using a transwell product other than that listed in the Table of Materials, be sure to select a product with transparent or clear membranes if you will be performing microscopic imaging at later steps.”

(Revised text for Step 3.11): “Use an inverted confocal microscope to take whole mount images (Figure 2). Place the slide with the cell side facing the lens. Find the focal plane for the cells by using a 10x lens. Then use a 40x or 60x lens (use water or oil as needed) to capture images at the desired fluorescent channels. Z stacks of 20-30 um is recommended to capture the entire span of cell height.”

Reviewer #3: 

“In steps 1.1.1, 1.1.5, 1.1.6, it may help to suggest carrying out the initial tissue harvest on ice and continue working at 4°C in the centrifugation steps after incubation with the collagenase/dispase solution.”
Thank you for this helpful suggestion. We expanded the early steps of mouse tissue collection to make clearer which steps should be performed on ice and which can be performed at room temperature. The expanded steps are found in 1.1.1 to 1.1.5 of the revised protocol.

(Revised steps 1.1.1 to 1.1.5): 
“1.1.1. Briefly, dissect out a 1 cm segment of colonic tissue from a 8-10 week-old C57/BL6J mouse. Remove any fat or connective tissues with fine scissors. 

NOTE: We typically generate spheroid lines from male mice in this age range, but lines can be established from other genetic backgrounds, ages, or genders with identical procedures.

1.1.2. Flush the lumen with ice cold PBS using a 10 mL syringe fitted with a blunt 19 gauge needle, then open the colonic segment longitudinally with scissors. 

1.1.3. Transfer the tissue to a 90 mm petri dish containing ice cold PBS and swirl the tissue to rinse.

1.1.4. Transfer the tissue fragment to a 50 mL conical containing ice cold PBS. Wash by vigorous shaking.

1.1.5. Move the tissue fragment to a 40 mm Petri dish and transfer into the tissue culture hood. Mince the tissue with sterilized scissors in the petri dish until the tissue can be easily pipetted with a P1000. The pieces at this point will be <1 mm2. Add 1 mL of Collagenase solution to the minced tissue and mix the tissue homogenate by gently pipetting.”

We don’t perform centrifugation steps at 4°C. Not all labs have a refrigerated centrifuge with 15 mL or 50 mL conical capacity in the tissue culture space. Although we have never compared results between a room-temperature and refrigerated centrifuge, we have not encountered any problems generating spheroid cultures from mouse or human tissue in the room-temperature centrifuge. To make this explicit, we added the following in the revised protocol:
(Addition to Line 110): “All centrifugation steps can be performed at room temperature.”

“In step 1.1.2, there is no catalogue number provided for Dispase.”
We apologize for the typographic error. The solution is Collagenase Type 1 with no dispase. We have corrected this in the text, now step 1.1.5 as entered above. We have provided explicit directions for making and storing this solution in the Table of Materials.

“In step 1.1.4, is it necessary to coat tubes with BSA?”
We don’t coat the tubes with BSA, even when starting from small pieces of tissue. Even a small number of stem cells can be greatly expanded in 50% L-WRN media over one or two passages.

“In step 1.1.9, it is unclear how to proceed with the plate inversion step. Would inversion affect the position of the Matrigel droplet?”
Stem cells and spheroids can sink under the control of gravity and adhere to the plastic in upright plates. If this occurs, there is more heterogeneity in the culture. Inversion while the extracellular matrix is polymerizing keeps the spheroids from attaching to the plastic and preserves three-dimensional structure and proliferation. We demonstrate inversion in the video protocol in step 1.2.9 and 1.2.10. 

“In step 1.1.10, there is initial supplementation of 10 µM Y-27632. It may be helpful to describe for how many days the inhibitor should be kept in the medium at this step.”
We explicitly wrote which steps require Y-27632 supplementation. All other steps can be performed with 50% L-WRN without Y-27632. To make this clearer we added a NOTE after the first mention of Y-27632 (now 1.1.13)
[bookmark: _GoBack](Additional NOTE after Step 1.1.13): “NOTE: Y-27632 is an inhibitor of Rho-associated protein kinase (ROCK).  ROCK inhibition helps to prevent anoikis in isolated epithelial cells. For mouse culture, we supplement 50% L-WRN CM with Y-27632 when establishing stem cell lines and when spheroids are dissociated to single cell suspension (Step 2.12–2.15). Y-27632 is not required for media change for established murine spheroids on day 2 (Step 1.2.11) or for media change of ALI monolayers (Step 2.16).”

“In step 1.2.2, would it be better to carry the colonic spheroid collection on ice?”
“In steps 1.2.6-1.2.7, again here, it may be useful to recommend centrifugation at 4°C.”
As addressed above, we do not perform centrifugation steps at 4 °C. We perform all spheroid passage and expansion steps at room temperature except for the Matrigel suspension (now step 1.2.8). We have expanded the note at the beginning of Step 1.2 to make this clear.
(Revised Note at Line 231): “All steps are performed at room temperature unless otherwise noted.”

“In steps 2.2, it may be helpful to advise to be careful about not disrupting the membrane of the Transwell inserts during Matrigel coating.”
We have revised step 2.2 to incorporate this helpful suggestion.
(Revised Step 2.2): “Dispense solution gently to avoid damaging the membrane.”

“In steps 2.5, 2.10 and 2.11, should centrifugation be performed at 4°C.?”
As addressed previously, these centrifugations are performed at room temperature.

“In step 4.5, it is unclear how big the size of the agar droplet should be in the first step of membrane embedding.”
Thank you for pointing out this ambiguity. We have expanded the text including more specific reference to the representative Agar droplet in Figure 3B.
(Revised Step 4.5): “Use a transfer pipette to cover the top of the membrane with warm 2% agar from the solution kept in 60 °C water bath (“Agar 1” in Figure 3B). Wait until the agar solidifies.”


Editorial comments:

Please track the changes within the manuscript to identify all of the edits.
All modifications in the revised manuscript were made with Track Changes.

After revising and uploading your submission, please also upload a separate rebuttal document that addresses each of the editorial and peer review comments individually. Please submit each figure as a vector image file to ensure high resolution throughout production: (.psd, ai, .eps., .svg). Please ensure that the image is 1920 x 1080 pixels or 300 dpi. Additionally, please upload tables as .xlsx files.
We have uploaded all figures files in high resolution .eps format and the table in .xlsx format.

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.
We have proofread our manuscript and are not aware of any errors.

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. You may use the generic term followed by “(Table of Materials)” to draw the readers’ attention to specific commercial names. Examples of commercial sounding language in your manuscript are: Matrigel, Transwell, etc.
We have replaced all occurrences of Matrigel with ‘extracellular matrix’ and replaced capitalized occurrences of Transwell with ‘transwell’, ‘insert’, or ‘membrane’ as appropriate.

3. 1.1.1: Please describe how to dissect out the colon tissue from the mouse. Alternatively, cite a relevant reference here.
We expanded the mouse tissue dissection in steps 1.1.1 to 1.1.5. These steps are also described in our prior publications on spheroid culture, notable Miyoshi and Stappenbeck 2013.

4. Figure 3B: Please replace Transwell with a generic term.
We replaced the word Transwell with ‘Membrane’.

5. Table of Materials: Please ensure that it has information on all relevant supplies, reagents, equipment and software used, especially those mentioned in the Protocol. Please sort the materials alphabetically by material name.
We have made the requested modifications to the table.




