March 8, 2021
Dear Dr. Nguyen,
Thank you for your valuable feedback on our JoVE methods manuscript. The reviewers’ comments help clarify our protocol and improve the manuscript. We have revised the manuscript accordingly, and address each point below.
Editorial comments:
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
We thoroughly proofread the manuscript.

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. E.g.: Matrigel, Eppendorf, Kim Wipe, Qiagen 
All commercial language has been removed. 

3. Line 56: “type-I/ type-II..” instead of “type I/ type II”.
Conventional nomenclature in the field references ‘type I/type II’ cells without the hyphen, thus we prefer to use this format to be consistent with the accepted format.

4. Line 112-113: Please do not highlight euthanasia steps for filming. Also specify what “approved secondary method” means.
We removed highlighting of the euthanasia steps for filming. We also specified secondary methods approved by the University of Colorado IACUC: Bilateral thoracotomy, cervical dislocation, decapitation or exsanguination.https://research.cuanschutz.edu/docs/librariesprovider148/orcs_documents/policy---co2-euthanasia-02-10-2020.pdf?sfvrsn=eb1636b9_0

5. Abbreviate liters to L to avoid confusion. E.g.: 10 mL, 8 µL
This has been corrected throughout the manuscript.

6. Italicize g in centrifugation speeds. E.g.: 1,000 x g
This has been corrected throughout the manuscript.
7. Please do not use “&” in the references. Ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage (YEAR).] For more than 6 authors, list only the first author then et al.
The format of the reference list is now compliant.

8. Please sort the Materials Table alphabetically by the name of the material.
We sorted the Materials Table alphabetically by the name of the material within each section. If preferred, we can remove the sections and order all materials alphabetically.
Reviewers' comments:
Reviewer #1:
Manuscript summary:
In their manuscript, Shechtman et al. describe a protocol for the generation and culture of murine epithelial organoids derived from Lgr5+ taste bud stem cells. The authors first describe a procedure to isolate and dissociate circumvallate taste papilla (CVP) epithelium. The resulting single-cell preparation was then flow sorted to purify Lgr5+ cells that were embedded in Matrigel and provided with growth medium. Within 12 days, generated organoids can be harvested and used for analysis via quantitative PCR (qPCR) and immunohistochemistry.

Major concerns:
- Introduction: Please provide a rationale for the growth medium components used, in particular the niche factors (i.e. growth factors/cytokines). 
The main components used in the lingual organoid growth medium (Wnt3a, EGF, Noggin and R-spondin) are adapted from conventional culture media of intestinal organoids. Although previous publications using the lingual organoid model system consistently used these four components, other media components and their proportions within the media varied (presented in new Supplementary Figure). When we modeled our medium based on the four consistent ingredients (WENR media), organoid growth was minimal (new Figure 5, WENR condition). Thus, we adapted this protocol by adding drugs A8301, and SB202190, which resulted in robust organoid growth (Figure 5, WENRAS condition). We have clarified our rationale for adding A8301 and SB202190 to our media with the addition of a new Figure 5 and within the representative results section. Within the introduction and the representative results section, we also cite the intestinal organoid papers in which the main factors, as well as A8301 and SB202190, were first used (and are listed below). 

Sato, T. and H. Clevers, Primary mouse small intestinal epithelial cell cultures. Methods Mol Biol, 2013. 945: p. 319-28.
Sato, T. et al. Long-term expansion of epithelial organoids from human colon, adenoma, adenocarcinoma, and Barrett's epithelium. Gastroenterology 141, 1762-1772, doi:10.1053/j.gastro.2011.07.050 (2011).
- Protocol: Did the authors test Matrigel-alternatives such as Basement Membrane Extract (BME) or Geltrex Matrix? If so, please comment on whether these alternatives give similar results. 
As indicated in the materials list, we use Reduced Growth Factor Basement Membrane Extract (RGF BME), Type 2, Pathclear (R&D Systems) as a less expensive substitute for Matrigel. We have not tested more Matrigel alternatives. In the discussion we now acknowledge this limitation and suggest future testing of these alternative culture matrices.
Can organoids also be generated without prior flow sorting of Lgr5+ cells by simply embedding the single-cell preparation harvested from the digestion of the CVP epithelium? Or does this increase the chance of having contamination with non-taste bud epithelial cells? Please comment. 
Lingual organoids can be generated without prior flow sorting of Lgr5+ cells. This has previously been shown in the reference below. In our hands however, this yields a smaller proportion of organoids with taste bud cells, as suggested by the reviewer. Flow sorting for Lgr5-GFP+ cells enriches for progenitors that are taste competent. We have added this point to the discussion.

Aihara, E. et al. Characterization of stem/progenitor cell cycle using murine circumvallate papilla taste bud organoid. Sci Rep 5, 17185, doi:10.1038/srep17185 (2015)
- Step 1.1: Please give possible examples for secondary methods. 
We added examples of secondary methods approved by the University of Colorado IACUC.  
Step 2.1: Please specify the type of collagenase used here. 
The enzyme used is type-I collagenase from Clostridium histolyticum and is intended for general use. We clarified this in the materials section.

- Part 5: Please provide sufficient details for the qPCR procedure, including assay kits and primers used. I would suggest to expand the protocol on this here after step 5.4. 
We added the qPCR procedure following step 5.4 as suggested. Primer sequences were added in Table 1. 

- Steps 6.1.2 and 6.2.2.: Please define "low speed". 
We acknowledge that “low speed” is not specific. However, the manufacturer of the rocker we use does not provide a specific speed. Thus, we changed all “low speed” descriptions to “rock gently” to avoid confusion. 
- Representative Results: Could the authors please provide some bright-field images of the organoids during different lengths in culture (e.g. showing the growth progression from single cells to fully grown organoids)? 
Bright field images of lingual organoids have been published by the reference below. In addition to citing this paper, we have added a new Figure 5 comprising lingual organoids imaged at progressive days during culture.  

Ren, W. et al. Single Lgr5- or Lgr6-expressing taste stem/progenitor cells generate taste bud cells ex vivo. Proc Natl Acad Sci U S A 111, 16401-16406, doi:10.1073/pnas.1409064111 (2014)

- Figure 3: Ideally, the number of analysed cells purified from wild-type mice should be similar to those purified from Lgr5-EGFP-IRES-CreERT2 mice. Could the authors please amend the provided data accordingly? Is the EGFP brightness relevant for the organoid-forming efficiency? This is because the GFP gate in panel B seems to also contain cells with medium brightness for EGFP. Please indicate percentages for the cells/events recorded in the gates (preferably with ranges and error bars obtained by biological replication). 
Epithelial cells from wild type (WT) mice are used only to set the baseline fluorescence above which Lgr5-GFP+ cells are subsequently gated and thereby collected. WT cells are not collected nor cultured, and this small set of cells serves only as a gating control. We have clarified this distinction in the text of the representative results section.
We have also considered the hypothesis that Lgr5-GFP brightness may affect organoid potential but have yet to test it. We mention this now in the discussion.
We have amended Figure 3 as requested to include percentages for the cells/events recorded. 
- Figure 5: Quantitative PCR (qPCR) data graphically presented are usually transformed as 2-deltaCt (see PMID: 18546601). Could the authors please amend the graphics accordingly? 
While the 2-DeltaDeltaCt method is generally used to compare the relative expression of a gene of interest between conditions, the goal of Figure 5 (now Figure 6) is to show the absolute level of amplification for each of the represented genes. Per the reviewer’s suggestion, we now include the relative expression of non-taste marker Krt13 and general taste bud marker Kcnq1 in the text of the representative results section, by calculating the fold change between Krt13 and Kcnq1 expression using the Livak and Schmittgen 2-DeltaDeltaCt method (Doi: 10.1006/meth.2001.1262), to support the hypothesis that organoids are predominantly composed of non-taste epithelium. 
A control showing the gene expression typical for CVP epithelium is missing here. Could the author please perform qPCR for these markers on RNA isolated from CVP epithelium here?
Multiple housekeeping genes have previously been tested in our lab to attempt to compare organoids and CVP tissue. However, all genes tested while consistent within a tissue type, were highly variable between CVP tissue and organoids (>2Ct). Therefore, gene expression between CVP and organoids cannot be reliably compared in this manuscript (e.g. 10.1023/b:bile.0000019559.84305.47).
Krt13 expression is very minimal suggesting that the organoids are predominantly composed of taste bud cells. Could the authors please emphasize this observation more in their revised manuscript?
A low deltaCt value reflects high gene expression levels, which is supported by the fold change between Krt13 and Kcnq1 expression calculated with the 2-DeltaDeltaCt method (See above). Higher expression of Krt13 vs. Kcnq1 suggests that organoids are predominantly composed of non-taste epithelium. We emphasize this observation in the representative results.
Does each biological replicate represent one mouse? Or if pooled from several mice, was the entire experiment including CVP isolation and digestion independently repeated for each biological replicate?
Each organoid experiment comprises pooled FACS sorted cells from 3 Lgr5-GFP+ mice which are then plated at 200 cells/well into 48 well plates. For PCR, each biological replicate represents organoids from three pooled wells. 
Minor concerns:
- Please correct "LGR5-EGFP" to "Lgr5-EGFP" (Lgr5 as gene name in italics), as this is not a fusion protein of LGR5 and EGFP but EGFP expression is controlled by the Lgr5 promotor. 
This has been corrected.
- Please provide a reference for the (validation of) WRN conditioned. 
WRN conditioned medium from L-WRN cells has been shown to support 3D culture of intestinal stem cells and spheroids by the following reference: 
Miyoshi H, Stappenbeck TS. In vitro expansion and genetic modification of gastrointestinal stem cells in spheroid culture. Nat Protoc. 2013 Dec;8(12):2471-82. doi: 10.1038/nprot.2013.153. Epub 2013 Nov 14. PMID: 24232249; PMCID: PMC3969856.
We provided this reference in the Note section, under the Maintenance section of the protocol.


Reviewer #2:
Manuscript Summary:
This manuscript addresses an important technical issue in the culture methods for production of lingual organoids for adult mice. The detailed description of the method for producing organoids in this manuscript seems to contribute to the development of cell biology research of taste bud cell in the future. Could you please answer several questions about technical problems.

Minor Concerns:
Line 135: Are there any problems in the step of dissociation of CVP epithelium using Eppendorf tube "pre-coat with FBS" Because my laboratory use FBS as inhibitor of trypsin-EDTA. 
We do not notice an issue using FBS coated tubes, as most of the FBS is removed prior to adding anything to the tube. The film of FBS coating the tubes is enough to prevent sticking of cells to the sides of the Eppendorf tube, but not enough to inhibit trypsin-EDTA. We now address this concern in the “Isolation of CVP epithelium and Lgr5-EGFP progenitors” section of the discussion.

Line 141: In this manuscript describes Collagenase, Elastase and Dispase as "Dissociation enzyme cocktail", is it a mistake of 0.25% Typsin-EDTA?
The dissociation enzyme cocktail containing Collagenase, Elastase and Dispase is used to first treat the peeled CVP epithelium (step 2.1). After this initial digestion, 0.25% Trypsin-EDTA is added to continue digestion of the remaining CVP tissue into single cells (step 2.3). We have made this distinction clearer in the manuscript.

Line 202: Could you please describe the purpose of adding the drugs (A8301 and SB202190) to the culture medium. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Adding the drugs A8301 and SB202190 to the culture medium promotes growth, as discussed in (Sato, T. et al. Long-term expansion of epithelial organoids from human colon, adenoma, adenocarcinoma, and Barrett's epithelium. Gastroenterology 141, 1762-1772, doi:10.1053/j.gastro.2011.07.050 (2011)). To further address this question, our new figure 5 shows the growth of organoids tracked from day 2 to day 12 of culture. We show that organoids grown in conventional organoid medium (WENR) for 12 days grow much less efficiently, but with addition of A8301 and SB202190 (WENRAS), larger organoids result. Additionally, qPCR data show that organoids grown in WENRAS (day 0-12) have lower expression of the taste cell marker Kcnq1. Previous work from the Jiang lab showed that markers of taste cell differentiation are detected in organoids beginning at ~day 8 of culture (Ren, W. et al. Transcriptome analyses of taste organoids reveal multiple pathways involved in taste cell generation. Sci Rep 7, 4004, doi:10.1038/s41598-017-04099-5 (2017)), and thus we reasoned that WENRAS promotion of growth may repress taste cell differentiation. Thus, we used WENRAS during the growth phase (day 0-6) and then switched to WENR during the differentiation phase (day 6-12). Consistent with our hypothesis, organoids grown in WENRAS (day 0-6), then switched WENR (day 6-12) express Kcnq1 at a significantly higher level. This rationale has now been clarified in the text.

Line 372: Your description looks like that only one CVP epithelium from LGR5 mice could obtain 50 wells in a 48-well plate. Is it correct? Because in our laboratory three CVP use for 1well in a 24-well plate using wild-type mice.
Epithelial cells from three Lgr5-GFP+ CVPs are processed and sorted together, and the pooled sample is used to fill a 48-well plate at 200 cells/well. We have clarified this in the manuscript as well as in the “note” in the “Isolation of CVP epithelium” section of the protocol and at the end of the FACS paragraph of representative results.  






Reviewer #3:
Manuscript Summary:
Shechtman and Piarowski et al. attempted to adapt previous published protocol (Ren et al. PNAS 2014) and presented a standardized method for generating taste organoid from taste progenitor cells isolated from CVP of adult mice that carried LRG5EGFP-IRES-CREERT2 allele.

Major Concerns:
However, by referring to study by Ren et al., I cannot see any difference between the studies, in terms of the protocol used to generate the taste bud organoid. The author should clarify clearly what have been adapted to ease the reader who wish to establish the taste bud organoid from this study. Apart from that, what is the difference between this current study compared to Aihara et al. (Sci Rep 2015), that characterize progenitor cell cycle using murine CVP taste bud organoid.
To address this concern in the revised manuscript, we clarified that, to date, each cited taste organoid publication used different culture conditions. To illustrate some of the differences, we included a new supplementary table comparing the culture media used in those studies and ours. In addition, we added a more detailed description of the changes we made to the culture media and culture protocol (e.g WENR vs WENRAS), supported with a rationale and representative data.
It seems like the protocol to generate the taste bud organoid is not uncommon. 
The goal of method articles in JoVE is to provide written step-by-step instructions along with a video tutorial for a technique of interest that has already been published or is original. This format provides more accurate descriptions of the procedures than a standard publication format and maximizes reproducibility. This manuscript follows JoVE editorial policies: “JoVE does publish methods and techniques that have been used to generate data previously published in results-driven journals. In all cases, JoVE requires original manuscript text that does not overlap with any other article, either previously published or at any stage in the publication process. If an author uses representative results or figures from a prior publication, the author must obtain permission from the original publisher and include appropriate citation. JoVE encourages authors to publish the most recent version of their method, especially if the method has been improved upon following original use.” (https://www.jove.com/authors/editorial-policies#step-3).
Plus, the authors also indicate the potential application of taste bud organoid as a platform for drug screening tool. However, there is no evidence from this paper that this generated organoid can be facilitated as a platform for drug screening. It would be great if the authors can demonstrate the ability of the established organoid by screening for some potential drugs to address this basic application of the organoid.
Here we provide a detailed, step-by-step, protocol for consistently generating organoids from adult mouse lingual stem cells. Developing this approach for drug screening is a future application of this technology, but beyond the scope of this JoVE article. The advantages of organoid cultures, including quick generation in multi-well plates, as well as references to other organoid models are described in the manuscript to support the perspective of using taste organoids as a drug screening tool.

Minor Concerns:
Overall, the authors have carefully described the protocol step by step however, I still have few comments which needs to be addressed.
Comments:
1) The authors failed to tell the reader which protocol has been modified. Optimizing the culture media component is not sufficient to claim the protocol as modified. 
When a reagent, here culture media, is altered, the protocol is inherently different because the experimental outcome may be changed. As described in the manuscript, the change in media composition after 6 days is done to promote differentiation following optimal growth (Please see new figures 4 and 5). In addition, culture media is not the only difference compared to previously published procedures (e.g. cell dissociation, plating density, etc.). Also, please refer to editorial policies cited above and at https://www.jove.com/authors/editorial-policies.

2) It is unclear how the authors prevent contamination from the tongue that existed from the mouse even though the culture media consist of primocin and other antibacterial/fungus agents. Did the authors sterilize the tongue by dipping in ethanol or did they use sterile PBS? 
In order to prevent contamination, we use sterile PBS to collect the tongues. We amended the line to say we collect in ice-cold sterile dPBS with Ca+ and Mg+.

3) The description of the entire part of the qPCR technique in this protocol is missing. 
We added the qPCR procedure following step 5.4 as suggested. 
4) Under section 4. , Maintenance. The author should remove the EGF from the 50% conditioned media derived from CRL3276 as it only consists of Wnt3a, R-spondin and Noggin. 
The reviewer is correct that EGF is not in the media derived from CRL3276 cells. To avoid confusion, the wording of this section was changed to make clear that WENR and WENRAS media comprise 50% conditioned media plus recombinant EGF added prior to culture.
5) The mounting of organoid for inverted confocal microscope is always challenging. It would be great if the author can show the similar pattern as depicted in figure 1 for these steps especially how the authors create a 1mm thick 22x22 mm square perimeter of non-toxic modeling clay in the microscopic slide. 
We agree that properly mounting the organoids for inverted confocal microscopy is challenging yet important for capturing high quality images. In order to help the reader visualize the method developed by our lab, we added a new figure 7 as requested showing progressive steps in the slide mounting process. 

6) Which in vivo study is being referred in line 321-324 to serve as the evidence for showing the discrepancies between organoid and taste epithelium in this study? Regardless of the findings, the authors have no backup to claim that the discrepancy is due to lack of interaction between organoids and the taste bud microenvironment. 
We are simply speculating on this possibility, as taste cells have been shown to interact with the lamina propria and gustatory nerves in vivo. We cited specific studies that show the importance of these interactions. Additionally, we moved this speculation to the discussion section.

7) Please tidy up the arrangement of the table of materials as the last few pages is not aligned with the first page. 
Done.

Given these extensive revisions and improvements, including new figures and a carefully edited text, we hope that our manuscript now is acceptable for publication at JoVE.
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Linda A. Barlow, PhD 					Dany Gaillard, PhD
Professor 						Instructor
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