Authors Response to Editor and Reviewers

We would like to thank the Editor and Reviewers for their time to go through the manuscript and suggesting the needful corrections. Kindly find below point wise response to the comments of the Editor and Reviewers.

Editorial Comments:

• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical errors.

Response to the Editor: We have proofread the manuscript and have ensured that there are no spellings and grammatical errors in our revised manuscript. 

• 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.

Response to the Editor: The Discussion has been restructured as suggested by the editor in our revised manuscript.

• 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 geltrex, cryovial, StemFit, accutase, 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.

Response to the Editor: All Commercial sounding language has been replaced by their generic names that are not company-specific and have been referenced in the table of materials/reagents.

• Table of Materials: Sort the list alphabetically.

 Response to the Editor: We have sorted the Table of Materials alphabetically as suggested by the editor in our revised manuscript.

• 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 anemail/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]."

Response to the Editor: All the figures and tables included in our manuscript are original and have not been published previously.


Comments from Peer-Reviewers:

Reviewer #1:

Major Concerns:
The protocol is disorder. I think it is too difficult to understand the protocol. (especially "4.")
But this is a key point of this paper. Could you please think the way to organize explanation it?

Response to the Reviewer: We have reorganized the protocol in our revised manuscript.

I do not know why 10kDa dextran uptake represent of glucose uptake. Could you please refer the publication.

Response to the Reviewer: We wanted to evaluate the endocytic function of the proximal tubule by dextran uptake, which is a polymer of glucose. Now, the term “glucose uptake” has been removed from our manuscript to eliminate any confusion. Takasato et al, Nature, 2015 have used this technique to show the endocytic property of proximal tubules in their organoids.

What is a meaning of asynchronous mixing. Could you please define two group situation individually?

Response to the Reviewer: Asynchronous mixing here refers to the mixing of the two progenitor populations when they are at their different stages of differentiation. One population consists of the epithelializing kidney progenitors while the other population consists of the newly differentiated kidney progenitors. We established such culture conditions in-vitro to mimic the conditions occurring during kidney development because, during kidney development, several stages of differentiating cells coexist within the embryonic kidney, and their differentiation fate and spatial patterning along the nephron depends on the timing of their recruitment; this phenomenon is referred to as Time–dependent Cell-fate Acquisition (TCA). The term asynchronous mixing has now been clearly defined in the Introduction section of our revised manuscript.

Minor Concerns:

Why is isopore membranes with floated on medium in dishes? Can it maintain the air-liquid border?

Response to the Reviewer: The isopore membranes are hydrophilic polycarbonate membranes with pore sizes of 0.1 µm and are floated on the medium in the dishes to maintain the air-liquid interface. Yes, it maintains an air-liquid border and allows the diffusion of medium throughout the organoid that is necessary for its continuous growth. 

At 2.8 section, it also used accutase?

Response to the Reviewer: Accutase is the cell-detachment solution with proteolytic and collagenolytic enzyme activity, often used in cell-cultures to disaggregate the cell colonies into single cells. However, the word Accutase has been replaced with its generic term in our revised manuscript so that it can be easily understood by our readers.

For dissociation of pellets, authors always used "triturate". Is it OK?

Response to the Reviewer: Trituration is a widely used term to break up cell clumps by gentle pipetting up and down. It is often done to resuspend cell pellets in the medium.

Why were cells spotted on membrane? Were they fused during cultivation?

Response to the Reviewer: Cells were not fused during cultivation. They were spotted on the isopore membrane as cellular aggregates to generate kidney organoids. The cells were spotted by pipetting a small volume (2µl) of the dense slurry of cells into a droplet (2.5x105 cells/µl) on the isopore membrane which aggregates as small cell clusters over the course of time. Spotting cells puts the nephron progenitor cells into close 3D proximity to each other that results in more successful kidney tissue formation.


Reviewer #2:

Minor Concerns:
1. As this is meant as a resource, a table that identifies the various renal compartments in the organoids as well as suggested antibodies to stain for these compartments would add significantly to the manuscript.

Response to the Reviewer: As suggested by the reviewer, we have now incorporated the table summarizing the various renal compartments and the antibodies used to stain them in our revised manuscript. Thank you for this useful suggestion.


Reviewer #3:

Minor Concerns:
From the abstract and introduction, it was clear that "asynchronous mixing" is an important part of this protocol, and the methods went into how to do it, but still before there was any explanation of what it actually meant. I strongly advise that an extra paragraph be added to the end of the introduction to explain what this 'asynchronous mixing' means, so that a reader  has a clear idea of what is intended to be achieved before reading the methods. I find the use of the word 'asynchronous' somewhat bizarre when you just mean you add extra progenitors at one later time-point, but I guess your earlier Communications paper has locked you into it.

Response to the Reviewer: We have now added an extra paragraph in the Introduction section of our revised manuscript describing the term ‘asynchronous mixing’ so that readers have a clear idea of what is intended to be done in the methodology.

Also in the introduction, there is a claim of the PTs being "more mature and functional". More than what? (the assays have been used for others for their systems and also show 'function'). It is important that the comparison is made clear here.

Response to the Reviewer: The term ‘more’ has been removed from the text in the manuscript because we did not directly compare organoids generated at the air-liquid interface with the submerged cultured condition.

There is yellow highlighter from line 133 onwards for a couple of pages. I don't know why. It should probably be removed.

Response to the Reviewer: JOVE has instructed to highlighted protocol in yellow, to derive a script for video production. 

Line 264 - please refer ahead when mentioning 'wholemount staining technique' to assure/ warn the reader that you have a specific technique in mind and it will be explained later.

Response to the Reviewer: We have corrected sentence in the revised manuscript as suggested by the Reviewer. 

Line 270 - do you mean 'to' a 96-well plate?

Response to the Reviewer: Yes, we meant to transfer each organoid to a well of U bottom of a 96-well-plate. This has been corrected in our revised manuscript.

Line 300 - insert 'a' before 'previously'. It would also be helpful in this sentence to have a citation to this previously published method and to mention the name of the first author (since everyone thinks of these by names like 'the Takasato protocol', 'the Taguchi protocol' etc.).

Response to the Reviewer: We have now inserted ‘a’ before ‘previously’ and added a citation. 

Line 306 needs a citation (Saxen/ Grobstein probably).

Response to the Reviewer: We have now cited the literature by Saxen et al. (1986) and Lindstrom et al. (2018). 

Line 307 - Ref 10 seems an odd one for this statement. Lauri Saxen refers to it in his 1986 book and I am fairly sure that Edith Potter does in her 1972 book (but I cannot get to my office under lockdown to check). If you mean something otherthan that there is a gradual recruitment from the pretubular aggregate to the already epithelializing clump, please explain more fully what you mean. In fact, these 2 sentences are at the heart of the decision to use an 'asynchronous' protocol and I really think you need to expand them. Not every reader of this JOVE paper will have read your Communications paper (and itcan come across as arrogant to appear to assume that they have).

Response to the Reviewer: Thank you for this thoughtful suggestion. We have replaced reference 10 by Lindstrom et al (2018) in our revised manuscript. As suggested by the reviewer, we have elaborated the reason behind choosing the syntax ‘asychronous mixing’ for making kidney organoids. By doing so, we aim to make it clearer to the readers that we established such culture conditions in-vitro to mimic what happens in-vivo during kidney development, where several stages of differentiating cells coexist within the embryonic kidney, and their differentiation fate and spatial patterning along the nephron depends on the timings of their recruitment. 

Line 311 - why? (what happens if you use a different stage? Knowing this may help users debug a protocol that is not working for them).

Response to the Reviewer: For a successful directed differentiation, it is critical to start differentiation at ~50% confluence of hESCs. We observed extensive cell death when we started differentiation at less than 50% confluence and differentiating cells became over confluent if we started differentiation at more than 50% confluence. We have now explained, “why we started differentiation at ~50% confluence” in the revised manuscript.

Line 313 - tenses are wandering between present and past. By the way, I think this descriptive passage is really useful!

Response to the Reviewer: We have corrected the tenses in our revised manuscript. Thank you, we appreciate that!


Line 342 - this is not 'reabsorption' as there was no prior absorption to justify the 're'. I understand that the term has come from in vivo physiology but it does not make sense here. If you want to make the link to in vivo, use 'absorption' for what you see, then suggest this represents the activity responsible for 'reabsorption' in vivo.

Response to the Reviewer: Thank you for pointing out this mistake. We have corrected this mistake in the revised manuscript.

Throughout: in most places that the word 'media' is used, the sentence is actually only about one medium, not several, so 'medium' should be used.

Response to the Reviewer: Thank you for pointing out this mistake. We have replaced the term ‘media’ with ‘medium’ throughout our revised manuscript.

There is one last thing - I would have liked to see staining for the irrelevant cell types that plague users of the Takasato protocol (and about which the Little group have written). But I guess that was more to ask for in the Communications paper, and I would not hold this JOVE one back for it.

Response to the Reviewer: We agree with the reviewer about the value of showing staining for the irrelevant cell types.  In this current methods manuscript, our aim was to characterize kidney specific cell types.  Unfortunately, we cannot provide the suggested data at this time.  

Reviewer #4:

Major Concerns:
There are no major concerns, although I would have liked to see the lack of endothelial-podocyte interaction ('capillary loops'), normally a classical feature in glomeruli, mentioned already in the results section. At the moment it is only mentioned in the figure legend and the discussion.

Response to the Reviewer: We have now mentioned the ‘lack of capillary loops’ in the result section of our revised manuscript.  

Minor Concerns:
There are a number of corrections I would like to suggest, some concern grammar and writing style, and some are regarding the clarity of the protocol.
1. For all aspects throughout the methods, I recommend that instead of '1st plate' and '2nd plate', the authors refer to 'Plate 1' and 'Plate 2'. This helps to avoid confusion, also when it comes to point 6.3, where the 24-well plate with the isopore membrane is suddenly also called '1st plate'.

Response to the Reviewer: As suggested by the reviewer, we have replaced the word ‘1st plate’ and ‘2nd plate’ with ‘Plate 1’ and ‘Plate 2’ respectively throughout our revised manuscript. In point 6.3, the word ‘1st plate’ has now been replaced with the word ‘24-well-plate’. 

2. line 46: repeat 'increase', 'increases'

Response to the Reviewer: We have corrected this line in our revised manuscript. 

3. line 99 / protocol 1.1: include a sentence to refer to the table with all the detailed products and materials.

Response to the Reviewer: We have included a sentence in the protocol’s step 1.1, to refer to the table that summarizes the list of materials utilized in the manuscript. 

4. line 116 / protocol 2.4 and further down: clarify more specifically which media are referred to. The term 'media' is confusing if it is not clearly specified which medium it is, possibly already in the name.

Response to the Reviewer: We have clarified the media being used in protocol step 2.4, which is the same as that prepared in step 1.3 previously. This has now been clearly specified. 

5. line 128 / protocol 2.8: it is expected that the hESCs reach 70% confluency at around 48 hours after seeding?

Response to the Reviewer: No, it does not mean that hESCs will reach 70% confluence after 48 hours of seeding. Cultures usually take 120 to 144 hours after seeding.

6. line 130 / protocol 2.9: do you mean to say: 'distribute cells from 1 well into 10 wells of 6-well-plates'?

Response to the Reviewer: Yes, that is what we meant to say. This has been corrected.

7. line 135 / protocol 3.1: do you mean to say: 'into 3 wells each of two 6-well-plates'?

Response to the Reviewer: Yes, that is what we meant to say. This has also been corrected.

8. line 142 / protocol 3.4: there is no DPBS wash step before adding accutase?

Response to the Reviewer: Thank you for catching this. We missed to mention the wash step, with DPBS, before adding accutase in the protocol’s step 3.4. This has been incorporated into the revised manuscript. 

9. line 155 / protocol 3.10: order of words: '1.7 x 10^5 hESCs / well'?

Response to the Reviewer: We replaced the words ‘1.7x105 cells/well’ with ‘1.7x105 hESCs/well’ in step 3.10 of the protocol. 

10. line 173-174 / protocol 4: refer Figure 1A and time line.

Response to the Reviewer: Our revised manuscript now mentions to refer Figure 1A in section 4 of the protocol. 

11. line 180 / protocol 4.2: refer to 'day 0 of differentiation for Plate 1'.

Response to the Reviewer: We have now mentioned ‘day 0 of differentiation for Plate 1’ in step 4.2 of the protocol. 
12. line 205 / protocol 5.1.1: is '1.5% PFHM' the same as '1.5% PHFM II' mentioned in line 224 / protocol 5.7?

Response to the Reviewer: It should be ‘1.5% PFHM II’. We have corrected this in our revised manuscript.

13. line 241 / protocol 6.4: 'mix fragments from 1 cell aggregate...'

Response to the Reviewer: We have now included the phrase ‘mix fragments from 1 cell aggregate’ in step 6.4 of the protocol. 

14. line 244-245 / protocol 6.5: is this conflicting with information of 6.4, as there it mentions to make 2 cell aggregates on the isopore membrane...?

Response to the Reviewer: Using a 1:1 ratio of small fragments and fresh kidney progenitors, 6-8 cell aggregates/isopore membrane can be spotted. In our revised manuscript the sentence in step 6.5 has been restructured to eliminate potential confusion.

15. line 256 / protocol 7.1: here you mention day 17, but in 6.8 you mention day 18. this needs clarification? why not do the dextran uptake experiment on day 18?

Response to the Reviewer: Thank you for catching this oversight. We performed dextran uptake experiment on day 18. This mistake has been corrected in our revised manuscript.

16. line 256-257 / protocol 7.1: 'transfer kidney organoids such that 1 organoid is placed in each well of...'

Response to the Reviewer: We have now corrected Step 7.1 in the revised manuscript. 

17. line 287 / protocol 8.8: are these repeated DPBS changes? (also for 8.10?)

Response to the Reviewer: Yes, a DPBS change is required to wash both primary and secondary antibodies. 

18. line 300: there is an article missing: 'We followed a previously published protocol...'

Response to the Reviewer: We have now included a citation in this sentence. 

19. line 330: it should be Figure 3A

Response to the Reviewer: We corrected ‘Figure 3I’ to ‘Figure 3A’. 

20. line 337-338: as mentioned above, the question here is: do the endothelial cells directly align with podocytes to form a structure resembling the glomerular filtration structure? From the images it looks like CD31+ cells are arranged *around* the podocyte clusters, and fail to directly engage with them? This needs to be more clearly described here.

Response to the Reviewer: Yes, CD31+ cells were arranged around the podocyte clusters, but were not directly engaged with them and capillary loops were absent. Now, absence of capillary loops in the organoid has been described in this section of the revised manuscript.

21. lines 347-350: this sentence needs some work re grammar and articles. Should it be 'fewer LTL+ proximal tubules,...'?

Response to the Reviewer: Thank you, we have now reframed this paragraph.

22. line 376: '(C)' should be moved to the end of the sentence as the yellow stars and yellow arrow heads both are shown in (C).

Response to the Reviewer: ‘(C)’ has been removed from the middle of the sentence and is written as ‘(B, C)’ in our revised manuscript. 

23. line 378: podocytes without capital P

Response to the Reviewer: The letter ‘p’ in the word ‘Podocytes’ has now been changed to lowercase in our revised manuscript. 

24. line 384: word missing: '...were detected / observed around ...'

Response to the Reviewer: This sentence has been corrected in our revised manuscript. 

25. line 384: either 'a capillary loop' or in plural form.

Response to the Reviewer: This sentence has been corrected in our revised manuscript.

26. lines 391-392: can the authors comment on whether the dextran incubation had any negative effects on integrity of tubules / proximal tubules? The structures shown in Figure 4B are not as clear as those shown in Figure 4A or Figure 3H?

Response to the Reviewer: We did not observe any negative effect on integrity of the tubules/proximal tubules. We took ‘high magnification images’ to show dextran vesicles in the proximal tubules. It may be a reason for the difference in the images. 
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27. line 401: 'fewer' instead of 'few'?

Response to the Reviewer: This sentence has been corrected in our revised manuscript.

28. line 402: awkward: 'Furthermore, an endothelial network....'?

Response to the Reviewer: This sentence has been corrected in our revised manuscript.

29. line 428: article missing 'for *the* next...'

Response to the Reviewer: This sentence of the discussion section has been corrected in the revised manuscript.

30. line 446: word choice: 'protocol to *achieve* more...'?

Response to the Reviewer: This sentence of the discussion section has been corrected in the revised manuscript.
