	We thank the reviewers for their helpful reviews of our manuscript “Efficient generation of pancreas/duodenum homeobox protein 1+ posterior foregut/pancreatic progenitors from human pluripotent stem cells in adhesion cultures” (JoVE57641). We are pleased that there is considerable interest in our work in this important area of investigation. In order to address the questions raised in the reviews, we performed additional experiments and revised the manuscript as requested. Our point-by-point responses are outlined below.

Response to Reviews
Editorial comments:
Point 1. 
Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
We revised the entire manuscript and had it read by a native English speaker.

Point 2.
Though there may be a limited number of ways to describe a technique, please use original language throughout the manuscript. Please see lines 59-64, 66-68, 69-71, 90-91, 117, 140, 158-159, 168, 174, 182, 197.
We apologize for the improper writing and corrected the sentences in the revised manuscript including lines 59-78, 96-98, 143-144, 169, 194-196, 207-208, 217-218, 228-231 and 254-255.

Point 3.
Please avoid using any abbreviation in the title.
We revised the manuscript title.

Point 4.
Please provide an email address for each author on the first page
We added the email addresses on the first page.

Point 5.
Please use SI units, e.g. please use “mL” instead of “ml”, “h” instead of “hour”, “min” instead of “minute” etc. Please leave a white space between the values and the units.
We revised the entire manuscript in accordance with SI units.

Point 6.
Please define all abbreviations before use.
We have defined all abbreviations the first time they are called in the revised manuscript.

Point 7.
Please remove all commercial language from your manuscript and use generic terms instead.
We have removed all commercial language as requested.

Point 8.
Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique…Please include all safety procedures and use of hoods, etc.
We revised the entire protocol section accordingly.

Point 9.
The Protocol steps should contain only 2-3 actions per step and a maximum of 4 sentences per step.
We revised the protocol section accordingly.

Point 10.
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.
We have added several new references in the revised manuscript (lines 150-152, 244-250, 309 and 342).

Point 11.
For steps that involve software or analyzing tools, please make sure to provide all the details such as “click this”, “select that”, “observe this”, etc.
We used software to operate analytical equipment according to the manufacturer’s instruction. We did not use any special software for the analyses. 

Point 12.
Please leave a blank line between all protocol steps as well as Notes.
We have added blank lines as requested.

Point 13.
Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors.
We have revised the numbering accordingly.

Point 14. 
Protocol: 1.1: Please use imperative tense for all the sentences of the protocol steps. Please use sub-steps like 1.1.1, 1.1.2 etc. Please include all the instruments and containers used.
We have revised Protocol: 1.1 as requested.

Point 15. 
Protocol: 1.2, 1.3: Please clearly describe the actiosn in the imperative tense.
We have revised Protocol: 1.2, 1.3 as requested.

Point 16.
Protocol: 2, Note: Please avoid using any commercial language, please use a generic term instead.
We removed commercial language in the revised manuscript (lines 144, 148, 150-152, 169 and 191).

Point 17.
Protocol: 2.1.1: “Mix” where? Please include the container and the pipette size.
We include the requested information and provide more detail about the mix in the revised manuscript (lines 150-152).

Point 18. 
Protocol: 2.1.2: How is that done?
We explain in the revised manuscript (lines 154-156).

Point 19. 
Protocol: 2.1.3: How?
We relocated the step in 2.1.3 to 2.2.9 with the requested information in the revised manuscript (lines 191-192).

Point 20. 
Protocol: 2.2.5.2: How is that done?
We provide the requested information in the revised manuscript (lines 176-177).

Point 21. 
Protocol: 2.3.1, 2.3.3: “rinse” how? With how much solution?
We provide the requested information in the revised manuscript (lines 207-208 and 217-218).

Point 22. 
Protocol: 2.3.2, 2.3.4, 2.5.2: Incubate at which temperature?
We added the conditions of the incubator in the revised manuscript (lines 214, 224 and 242).

Point 23. 
Protocol: 2.5.1: How? How much solution is needed to rinse?
We provide the requested information in the revised manuscript (line 238-239).

Point 24.
Protocol: 3.16: What is the filter size?
We added the filter size in the revised manuscript (line 307).

Point 25. 
Protocol: 3.17, 4.9: Please include an appropriate reference.
We added the appropriate references in the revised manuscript (lines 317 and 342).

Point 26. 
After formatting, please ensure that the highlight 2.75 pages or less of the Protocol (including headings 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. The highlighted steps should form a cohesive narrative with a logical flow from one highlighted step to the next. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.
We revised the highlighted steps in the revised manuscript.

Point 27. 
Please avoid numbering Figures inside them, e.g., please remove “Figure 1” from Figure 1.
We removed numbering from the Figures.

Point 28. 
Figure 2: Please define the colors.
We apologize for the imprecise writing. We defined the colors in the revised manuscript (lines 391-395). 

Point 29. 
If you are reusing 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).
We did not reuse figures.

Point 30. 
Please revise the table of the essential supplies, reagents, and equipment. The table should include the name, company, and catalog number of all relevant materials in separate columns in an xls/xlsx file. Please list all the materials, equipment, instrument, and software used in your work.
We revised the tables and added information about the instruments.

Point 31. 
Please remove trademark (™) and registered (®) symbols from the Table of Equipment and Materials.
We removed those superscripts.


Reviewer 1:



Point 1.
General comments:
However, this article cannot be recommended for publication as is. The protocol for producing PDX1+ cells has been well understood for over a decade. The changes the authors have made to this protocol appear superficial. The authors claim this protocol reduces cellular heterogeneity and make cell lines difficult to differentiate more efficient, however they provide no evidence of this. These weaknesses make this article not useful and with zero general impact, which are key review criteria for JoVE as per the website.

(1) The protocol for robustly generating PDX1+ cells was first published in 2006 (D'Amour et al Nat Biotech) and has been reproduced with minor variation in the decade since by a large number of groups. Producing PDX1+ cells is very well understood in the field, with this method published several times in the field. It is even available as a kit from Stem Cell Technologies (STEMdiff™ Pancreatic Progenitor Kit).

As the reviewer commented, the protocol for producing PDX1+ cells has been established for over a decade. At the same time, there are reports that failed to reproduce the differentiation at high efficiency (Gage BK, 2013) as the references and the suggested report (Millman JR, 2016). The purpose of this manuscript is to provide a detailed protocol and a couple of troubleshoots. The manuscript is basically in line with the concept that the journal does not require novelty. With regard to the reduced heterogeneity by our protocol, the reviewer is correct that we do not provide evidence. We corrected the description in the revised manuscript (lines 42, 43, 86, 88, 437 and 479-480). We thank the reviewer for the comment. 

Point 2.
(2) The authors claim their protocol reduces heterogeneity and allows efficient differentiation of lines found "resistant" to differentiation. There is no evidence to back up these claims. In particular, does heterogeneity exist that affects pancreatic differentiation? If yes, does their method reduce this? It seems unlikely their method would reduce this since the cells are grown as colonies before the dispersion, so the heterogeneous cellular state would be maintained. Where is the data that cell lines are resistant to different and that this method overcomes that?

We thank the reviewer for the comment. Many research groups reported no difference in the differentiation efficiency of different iPSC lines, including Millman JR (2016), which the reviewer cites in the next comment. At the same time, many reports have found differences in the differentiation efficiency along with the transcriptome and epigenome states among iPSC lines (Kilpinen H, 2017; Carcamo-Orive I, 2017). The reason for the discrepancy is unknown, but differences in protocols for the cell reprograming and maintenance culture might be factors. In addition, single cell analysis revealed transcriptional heterogeneity in mouse and human PSCs (Cahan P, 2013; Nguyen QH, 2018). It was also reported that the outer edges of human ESC colonies have distinct transcriptional profiles (Narsinh KH, 2011), mechanical properties and differentiation potential (Rosowski KA, 2015). In addition, PSCs are highly proliferative and heterogeneous in terms of their cell cycle, with about 40, 35 and 15% being G1, S and G2 phase cells, respectively, and these cells have different differentiation tendency (Sela Y, 2012). Since dissociation into single cells modifies cell-to-cell interactions, the signals derived from these interactions are likely to change. In fact, increasing the number of cells at the edge of colonies by plating small colonies improves epidermal differentiation efficiency (Rosowski KA, 2015). Noting all these studies, we hypothesize that there exists heterogeneity in cell lines and intra-colony cells and that dissociation modifies cell-to-cell interaction signaling. Admittedly though, we do not have data showing that some cell lines are resistant to differentiation. We have therefore revised our description (lines 86-88, 437 and 479-480) and added references (line 439) in the revised manuscript. We thank the reviewer for pointing out this important issue. 

References. 
Millman JR, Xie C, Van Dervort A, Gürtler M, Pagliuca FW, Melton DA. Generation of stem cell-derived β-cells from patients with type 1 diabetes. Nat Commun. 2016 May 10;7:11463. 

Gage BK, Webber TD, Kieffer TJ. Initial cell seeding density influences pancreatic endocrine development during in vitro differentiation of human embryonic stem cells. PLoS One. 2013 Dec 4;8(12):e82076.

Kilpinen H, Goncalves A, Leha A, Afzal V, Alasoo K, Ashford S, Bala S, Bensaddek D, Casale FP, Culley OJ, Danecek P, Faulconbridge A, Harrison PW, Kathuria A, McCarthy D, McCarthy SA, Meleckyte R, Memari Y, Moens N, Soares F, Mann A, Streeter I, Agu CA, Alderton A, Nelson R, Harper S, Patel M, White A, Patel SR, Clarke L, Halai R, Kirton CM, Kolb-Kokocinski A, Beales P, Birney E, Danovi D, Lamond AI, Ouwehand WH, Vallier L, Watt FM, Durbin R, Stegle O, Gaffney DJ. Common genetic variation drives molecular heterogeneity in human iPSCs. Nature. 2017 Jun 15;546(7658):370-375.

Carcamo-Orive I, Hoffman GE, Cundiff P, Beckmann ND, D'Souza SL, Knowles JW, Patel A, Papatsenko D, Abbasi F, Reaven GM, Whalen S, Lee P, Shahbazi M, Henrion MYR, Zhu K, Wang S, Roussos P, Schadt EE, Pandey G, Chang R, Quertermous T, Lemischka I. Analysis of Transcriptional Variability in a Large Human iPSC Library Reveals Genetic and Non-genetic Determinants of Heterogeneity. Cell Stem Cell. 2017 Apr 6;20(4):518-532.e9.

Cahan P, Daley GQ. Origins and implications of pluripotent stem cell variability and heterogeneity. Nat Rev Mol Cell Biol. 2013 Jun;14(6):357-68.

Nguyen QH, Lukowski SW, Chiu HS, Senabouth A, Bruxner TJC, Christ AN, Palpant NJ, Powell JE. Single-cell RNA-seq of human induced pluripotent stem cells reveals cellular heterogeneity and cell state transitions between subpopulations. Genome Res. 2018 Jul;28(7):1053-1066.

Narsinh KH, Sun N, Sanchez-Freire V, Lee AS, Almeida P, Hu S, Jan T, Wilson KD, Leong D, Rosenberg J, Yao M, Robbins RC, Wu JC. Single cell transcriptional profiling reveals heterogeneity of human induced pluripotent stem cells. J Clin Invest. 2011 Mar;121(3):1217-21.

Rosowski KA, Mertz AF, Norcross S, Dufresne ER, Horsley V. Edges of human embryonic stem cell colonies display distinct mechanical properties and differentiation potential. Sci Rep. 2015 Sep 22;5:14218. 

Sela Y, Molotski N, Golan S, Itskovitz-Eldor J, Soen Y. Human embryonic stem cells exhibit increased propensity to differentiate during the G1 phase prior to phosphorylation of retinoblastoma protein. Stem Cells. 2012 Jun;30(6):1097-108. 

Point 3.
(3) Millman et al. Nature Communications 2016 is an extremely relevant reference that has been left off. It shows differentiation of 6 different human induced pluripotent stem cell (hiPSC) lines to generate between 85%-97% PDX1+ cells with a planar protocol very similar to that described by Toyoda et al. This data contradicts the authors' claims on cell lines resistant to differentiation and issues with cell heterogeneity. Furthermore, this reference is the first publication where actual beta-like cells are generated from patient hiPSC, as opposed to off target polyhormonal cells are known to be fated to the alpha cell fate.

We thank the reviewer for the thoughtful comment. We cite this paper in the revised manuscript (lines 53-55). The paper reported the generation and analysis of patient hiPSC-derived pancreatic beta cells and showed high efficiency and little variation in the PDX1+ cell generation. However, there are many research groups that have difficulty in generating definitive endoderm and PDX1+ cells at high efficiency or little variation. Why Millman has had greater success than other studies may be due to the protocols for reprograming and maintenance culture of iPSCs or the differentiation protocol, as we explain in our response to the previous comment. On the other hand, the main purpose of the submitted manuscript is to provide a solution to readers who have difficulty in generating PDX1+ cells with high efficiency.

Point 4.
(4) How is it known that these PDX1+ cells have pancreatic fate potential and fate potential to become beta cells? PDX1+ cells can be fate restricted to intestinal cells or to pancreatic exocrine. 

We thank the reviewer for the comment. This point was also raised by Reviewer 3, Comment 2. We performed additional experiments to further induce the differentiation of PDX1+ cells toward pancreatic endoderm and examined the marker expression by qPCR and immunostaining. We detected the expressions of NKX6.1, INSULIN and GLUCAGON by both analyses. These data suggest the generated PDX1+ cells have potential to differentiate into beta cells. We added the data in Figure 5. Accordingly, we also revised the Methods (lines 244-250) and Results (lines 366-372) sections. In addition, we revised the description of PDX1+ cells to clearly state that PDX1+ cells are progenitors of pancreas, gastric antrum, duodenum, extrahepatic bile duct and a part of the intestine (lines 75-78 and 366-368). 

Point 5.
(5) Minor concern with use of human and mouse gene name conventions. This is a human paper, so the human convention (all caps) should be used, except in specific instances referring mouse genes.

We apologize for the imprecise writing. We correctly describe gene names in the revised manuscript. 

Point 6.
(6) Liens 96-97, what determines the concentration of CHIR99021?

We apologize for the imprecise writing. The concentration of CHIR99021 should be decreased at this step to less than 1 μM. We have modified the protocol (line 109-112) and Figure 1 in the revised manuscript accordingly. 

Point 7.
(7) Lines 68, 349-350, should say exocrine and endocrine or acinar, endocrine, and duct, not exocrine, endocrine, and duct.

Again, we apologize for the imprecise writing. We corrected the sentence in the revised manuscript (lines 72 and 464). 


Reviewer 2:

Point 1.
Is this method more broadly applicable to multiple different human ES cell lines and iPS cell lines? The authors appear to use the 585A1 human iPS cell line in the results described in Fig 1. It would be valuable to see data, or there to be a description, of outcomes with other human iPSC or hESC lines. Additional information with regard to how the 585A1 human iPSC line was derived would also be of value to the reader. There are many different methods published for derivation of pancreatic lineage cells including islet-like clusters from human pluripotent stem cells. This method is different and straightforward, however, it is essential to know whether this method is applicable to cell lines other than the one described in Fig 1. 

We performed additional experiments to examine the protocol with another iPSC line (1231A) and ESC line (Kh-ES3). FCM analysis showed that >90% of cells were PDX1+ with both cell lines. We added the data in Figure 4 and a description in the Results section (lines 360-362) in the revised manuscript. 

585A1 was generated from T lymphocytes of a healthy donor by the introduction of OCT4, SOX2, KLF4, L-MYC, LIN28, and p53-shRNA at our institute (Okita K, 2011; Kajiwara M, 2012). 1231A3 was generated from the peripheral blood cells of a healthy donor by the introduction of OCT4, SOX2, KLF4, L-MYC, LIN28, and dominant negative form of p53 again at our institute (Kikuchi T, 2017). Kh-ES3 was generated from surplus frozen embryos at Kyoto University (Suemori H, 2011). We cited the following reports on the derivation of the cell lines used in this manuscript (lines 346 and 361) of the revised manuscript. 
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Point 2.
Definitive endoderm expression is typically characterized by co-expression of FOXA2 and SOX17. The authors show flow cytometry data for SOX17 only. It would be of value to the reader to understand what percentage of the highly enriched SOX17+ population co-expresses FOXA2. One would expect this to be a high frequency of expression, but information regarding such co-expression is not presented but would be of interest.

We performed additional experiments to examine the expression of FOXA2 in the SOX17+ cell population. Although the separation of FOXA2 staining was not clear when double staining with SOX17, the majority of cells co-expressed FOXA2 as expected. The result suggests that the enriched SOX17+ population was definitive endoderm. We added the data in Figure 2A and a description in the Results section (line 356) in the revised manuscript.


Point 3.
The authors nicely demonstrate the correlation of seeding density with SOX17 expression showing that 1 x 105 cells/cm2 is a near ideal seeding density for achieving SOX17+ cells. However, they do not show how the seeding density impacts the PDX1+ population frequency at Day 11. Since this is the ultimate outcome, it would be recommended to demonstrate how seeding density impacts the frequency of PDX1+ cells.

We thank the reviewer for the thoughtful comment. We performed additional experiments to examine whether the seeding density impacts the proportion of PDX1+ cells on day 11 (Stage 3) as well as the proportion of SOX17+ cells on day 4 (Stage 1B). As a result, the initial seeding density impacted the proportion of PDX1+ cells, and the induction of PDX1+ cells indicated an optimal density. We revised the data in Figure 3 and added a description in the Discussion section (lines 449-451) in the revised manuscript. 


Point 4.
PDX1 is expressed in the foregut endoderm and also in pancreatic progenitor cells that also express NKX6.1. The ratio of PDX1+ that are also expressing NKX6.1 would be essential to enumerate since this is believed to be the true pancreatic progenitor population. If the cells do not highly express NKX6.1 then they may be considered a mixed population of PDX1+NKX6.1+ pancreatic progenitors. Methods are widely available to identify this PDX1 and NKX6.1 co-expressing population. 

We thank the reviewer for the comment. The PDX1+ cells that we presented were posterior foregut endoderm cells which can differentiate into NKX6.1+ pancreatic endoderm. The cells did not express NKX6.1 on day 11 (Stage 3), but began to express NKX6.1 with further differentiation, suggesting that the PDX1+ cells are progenitors of PDX1+NKX6.1+ pancreatic endoderm. We added the data in Figures 5A and B. We also added descriptions in the Methods (lines 244-250) and Results (lines 366-372) sections in the revised manuscript. 



Reviewer 3:

Point 1.
The authors present flow cytometry and imaging data to support their conclusions. Inclusion of gene expression (e.g. qPCR ) data is necessary to further strengthen.

We performed additional experiments to demonstrate the mRNA expression of representative markers at each differentiation step. Consistent with the immunostaining data, the mRNA expression of SOX2 was decreased by the initiation of differentiation, and SOX17 expression was elevated on day 4 (Stage 1B). The expressions of HNF1β and HNF4α were elevated on day 8 (Stage 2). PDX1 expression was scarcely detected on day 8 (Stage 2), but was increased by >20-fold on day 11 (Stage 3). These data support our conclusion. We added the data in Figure 5. We also added descriptions in the Methods (lines 244-250) and Results (lines 362-372) sections in the revised manuscript.


Point 2.
It should be clear in the text that PDX1+ is also a duodenum marker and it is not exclusively expressed in pan-pancreatic progenitors. Addition of downstream differentiation data (e.g. immunostaining and qPCR for pancreatic endocrine markers) is necessary to support the latter statement.

We apologize for the imprecise writing. This point was also raised by Reviewer 1, Comment 4. We revised the description of PDX1+ cells in the Introduction section (lines 75-78). In addition, we further induced the PDX1+ cells to differentiate toward pancreatic endoderm and examined the marker expression by qPCR and immunostaining, as both reviewers suggested. We detected the expressions of NKX6.1, INSULIN and GLUCAGON by both analyses. These data support our statement. We added the data in Figure 5. We also added descriptions in the Methods (lines 244-250) and Results (lines 366-372) sections in the revised manuscript.


Point 3.
It is not clear whether these experiments have been performed only with one line (585A1 hiPSCs) or multiple lines.

We apologize for the imprecise writing. The data in the previous manuscript were obtained from only one line (585A1). Reviewer 2 (Comment 1) also asked to see the protocol applied to more lines. Accordingly, we tested the protocol on an hiPSC line (1231A) and hESC line (Kh-ES3). FCM analysis showed that >90% of cells were PDX1+ with both cell lines. We added the data in Figure 4 and a description in the Results section (lines 360-362) in the revised manuscript.


Point 4.
Although the main differentiation stages will be the same for different hPSC lines, timing may change. I suggest that the authors change the names of the various differentiation media to indicate the stage rather than the days in the differentiation.

We thank the reviewer for the suggestion. We revised the name of the media to indicate the stage (lines 104, 109, 116 and 121). Accordingly, we added description of the differentiation stages in the entire manuscript. 


Point 5.
There are no controls for flow cytometry (isotype or FMO controls).

We thank the reviewer for the comment, however, we think the samples before and after differentiation is the best control. As the Reviewer suggested, staining with isotype IgG or fluorescence minus one (FMO) can be used as controls in some cases. On the other hand, while many parameters, such as affinity, concentration and solvent, must be titrated and qualified for each antibody, the appropriate isotype control is not available for some antibodies. For FMO, antibodies bind non-specifically at some concentrations, which shift the entire population even if they are negative. As far as we tested, FMO cannot be used as the control of the antibodies used in the manuscript. 


Point 6.
Line 106: Perm/Wash buffer is not defined.

We apologize for the imprecise writing. This buffer is included in “Cytofix/Cytoperm Kit.” We added the description of the buffer in Table 1 of the revised manuscript. 
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Point 7.
Lines 119-122: Since one may want to use more than 3 Matrigel-coated wells for the experiment, it is better to give a diluted Matrigel concentration rather than a specific media volume in 2.1.1.

We added the description of the final concentration of diluted Matrigel in the revised manuscript (lines 150-152).


Point 8.
3) I suggest that the authors substitute "micrographs" for "images" (e.g. Line 293).

We use “micrographs” instead of “images” in the revised manuscript. 


Point 9.
I suggest that the authors use "0 h" instead of "Before" in their figures (e.g. Figure 1B).

We thank the reviewer for the thoughtful comments. The data were obtained from undifferentiated cells before the initiation of differentiation. To avoid misleading readers, we revised the description to “Stage 0” in the revised manuscript. 


Point 10.
In the materials table, the name of the company "nacalai tesque" has been misspelled "nacali tesque".

We apologize for the misspelling. We write “nacalai tesque” in Table 1 of the revised manuscript. 
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