Dear Editor,

We thank you and the reviewers for the time and effort that they have spent on our manuscript. We found the comments and suggestions very helpful and have revised the manuscript accordingly. Please, find our responses to each comment below.

Editorial comments:
Changes to be made by the author(s) regarding the manuscript:
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.
[bookmark: _Hlk4144931]Done

2. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”
The figure is based on an article that is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium. We added a citation to source in the figure legend. 
3. Figure 2: Please change the time unit “hr” to “h”.
Done
4. Title: Please avoid the use of abbreviations.
We changed the title from 
“Standardized method to study 3D angiogenic sprouting of perfused hiPSC-derived endothelial microvessels in vitro”
 to 
“Standardized and scalable assay to study perfused 3D angiogenic sprouting of iPSC-derived endothelial cells in vitro”, 
as the abbreviation iPSC-derived endothelial cells is, in our opinion, unambiguous in the field of biomedical research.
5. Affiliations: Please provide an email address for each author.
See email addressed below. How will this be published in the article as there is usually only a single corresponding author?
vvanduinen@lumc.nl w.stam@lumc.nl, viola.borgdorff@ncardia.com, arie.reijerkerk@ncardia.com, v.orlova@lumc.nl, p.vulto@mimetas.com, hankermeier@lacdr.leidenuniv.nl, a.j.van_zonneveld@lumc.nl
6. Summary: Please shorten it to no more than 50 words.
Done
7. Please define all abbreviations before use.
Done
8. Please add more details 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. 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. See examples below.
We added more details throughout the protocol.
9. Please reference Figure 1 in relevant steps so the readers know where to add different solutions/media.
10. 1.1: How many wells are in the plate?
Added in the figure caption and in the text
11. 1.2: How many observation wells?
Added in the figure caption and in the text
12. 1.3: Is the plate kept in a sterile cell culture cabinet? For how long?
We added the following note:
“Note: the protocol can be paused here for up to 24 h. Leave the plate in the sterile culture cabinet at room temperature”. 
13. 2.1: Please describe how to mix well, pipetting or vortexing?
2.1 changed to 2.2: Added ‘mix by pipetting’ in this step
14. 2.3: What volume of coating solution is needed? What is dPBS?
Added step 2.1 in which the readers prepares the FN-stock solution first, as this needs to be placed in a water bath. 
“2.1	Prepare 2.5 mL of a 10 µg/mL fibronectin (FN) coating solution. Dilute 25 µL a 1 mg/mL fibronectin stock solution in 2.5 mL dulbecco’s PBS (dPBS, calcium and magnesium free). Place in the waterbath at 37 ℃ till use.”
15. 2.4: The top channel inlet and outlet of what? Please clarify. Referencing Figure 1 here may be helpful.
Added references to the corresponding well numbers shown in figure 1.
16. 2.5: What device?
Changed to ‘plate’, as we refer to the microfluidic microtiterplate in this case. 
17. 3.8: Please specify the incubation temperature.
Added (37 ℃, 5% CO2) to all the incubation steps done in the incubator
18. 3.9: What volume of medium is added? Please specify.
Added
19. 3.10: What are the temperature and rocking speed?
Added
20. 3.11: What is used to image?
Added the type of microscope and imaging settings 
21. 4.5: How to refresh the growth factors?
 Added the following sentence:  “by aspirating all culture media from the wells and adding fresh medium including growth factors.”
22. 5.1: How to test the permeability?
Removed this step (as this is just a repetition of the title of this part), and start with the first step to perform this part of the experiment. 
23. Please remove all commercial language from your manuscript and use generic terms instead: Repeater, Ncardia,
Changed 
24. Representative Results: The paragraph text should refer to all of the figures. However for figures showing the experimental set-up, please reference them in the Protocol.
Done
25. Please reference all the figures in the manuscript text.
Done
26. References: Please do not abbreviate journal titles.
Changed references to Jove style format without abbreviations
27. Table of Materials: Please use SI abbreviations for all units (L, mL, µL). Please remove trademark (™) and registered (®) symbols. Please use the period symbol (.) for the decimal separator. Please sort the items in alphabetical order according to the name of material/equipment.
Done
28. Please remain neutral in tone when discussing commercial products. The accompanying video cannot become an advertisement. 
We are aware of this, and we do discuss the limitations of the products in the discussion section. We hope this is sufficient to give the reader and viewer a unbiased impression of the method and we
would like to stress that the aim of this work is the fact that we see this work as a unique combination of using a standardized cell source in a standardized cell culture platform, without focusing on the commercial availability. To avoid any confusion, we changed the following sentences:
 “Both the platform as well as the endothelial cells differentiated from human induced pluripotent stem cells are commercially available, which enables the adoption across research groups and accelerates its implementation within drug research.”
To:
“The possibility to use iPSC-ECs in a standardized microfluidic cell culture platform will enable the adoption across research groups and accelerates its implementation within drug research.”
Reviewers' comments:

Reviewer #1:

Standardized method to study 3D angiogenic sprouting of perfused hiPSC-derived endothelial microvessels in vitro

Van Duinen et al. present a protocol for high-throughput monitoring of angiogenesis from hiPSC-EC derived microvessels into a collagen 1 matrix triggered by a cocktail of angiogenic factors. The protocol is described in the appropriate depth to execute the experiments. Although, the described system is directed into a more physiological setting than other systems, it is still far away from processes occurring in the body. The system is mainly challenged by the bi-directional flow and the absence of other cell types e.g. pericytes in the culture. The authors mention these limitations in the discussion, but should therefore also phrase their statements in the summary more carefully. Moreover, the intervention with an inhibitor of angiogenesis as a proof of concept study would add more meaning to the presented protocol.
We appreciate the reviewer’s very important comment about the limitations of this system. In comparison with other widely used angiogenic sprouting models in vitro (e.g. fibrin bead assay, tube formation assay), we conclude that this model offer increased physiological relevance by the integration of gradients and flow. Nonetheless, like any in vitro system, this is of course an simplification of processes that occur in vivo. We understand that the summary might give the impression that this system is used to study the effect of flow, while this is not the case. Thus, we changed “under physiological relevant culture conditions including the presence of gradients of growth factors and application of perfusion flow”, to  “gradient-driven angiogenic sprouting in 3D, including anastomosis and stabilization of the angiogenic sprouts”, as this, in our opinion, better reflects the unique advantages of this assay compared to other in vitro assays. 
Points which need to be addressed are the following:

Title:
Actually, the connection between hiPSC-derived endothelial cells that then give raise to microvessels is a bit unclear in the title and needs clarification.
We thank the reviewer for this suggestion and changed ‘microvessels’ to ‘endothelial cells’, thus the title now is: “Standardized and scalable assay to study perfused 3D angiogenic sprouting of iPSC-derived endothelial cells in vitro”

Introduction
Page2, line 88: The authors have to add here, that the iPSC-derived EC also have drawbacks (reproducibility of differentiation from iPSC; iPSC-EC have an endothelial phenotype, but it is not known how comparable this is to native endothelial cells and to which type of).
We agree that this are the current questions that need to be answered with regards to using cells that are derived from iPSCs. We feel that only the rationale to use iPSC-ECs should be mentioned in the introduction, while the issues and drawbacks should be discussed in the discussion section of the paper. Thus, we added a paragraph of iPSC-EC to discuss these limitations. Although we think that this method will aid a better understanding of iPSC-ECs, the scope of this method is the generation of angiogenic sprouts from iPSC-ECs.
The section we added in the discussion: 
“The possibility to differentiate ECs from iPSCs in nearly limitless quantities, these cells will be a valuable addition to study angiogenesis in a standardized platform using a standardized cell source. However, as the possibility to differentiate cells from iPSC is a relatively new discovery, it is still unclear to what extent these cells reflect primary ECs. For example, do iPSC-ECs still exhibit the plasticity that is typical for endothelial cells? And to what degree do iPSC-derived cells respond and interact to their cellular microenvironment? This platform could be used to answer some of those remaining questions in order to further validate the usage of iPSC-derived ECs in such in vitro models”
Protocol
2.4: Please label top channel inlet and outlet in the corresponding figure.
We have added the well nomenclature as described in Fig 1b throughout the protocol to help the readers well we refer to. (Well ‘A1, C1, etc. etc.) 
3.4: Please explain what means 2E7 cells/mL.
We changed this to 2×107  (scientific notation)
3.6: Please label top channel inlet and outlet in the corresponding figure.
We have added this to Fig 1b 
3.9: TI and TO are introduced, but are not shown in the figure. Is it the same as top channel inlet? Please clarify.
We understand that TI-TO could cause confusion (as Top in this case refers to a channel that is adjacent, not above the gel channel), thus we removed the TI-TO references and changed this to refer to the well positions. (Well ‘A1, C1, etc. etc.)
3.10: The rocker platform is set to which speed? Please add.
Added to the description
4.1: Please introduce the abbreviations PMA and S1P.
Included
5.4: The additional information can be put in a normal sentence without brackets.
Done
6.3: Please introduce the abbreviation HBSS.
Done

Representative Results
First of all, it would be necessary to show the reproducibility of the method also by measurements of cord number, number of sprouts, and thickness of the sprouts throughout several experiments on one plate.
We agree with the referee that the reproducibility of this assay is important. However, we feel that quantification of the sprouting is outside of the scope of this manuscript, and we have described this in our previously published manuscript for the readers interested in the quantification. Furthermore, we demonstrate a low variability between different wells within the plate (Fig 2b).

What it actually the final thickness of the gel? How 3D is the setup? As no side views or stacks are presented, an estimation of the final height is not possible. Please add this information. Moreover, it is not really explained how the Phaseguides work, what is quite important to understand the system. You can find the information on the homepage of the company but for better understanding this information needs to be added. It is also not clear, if the system is open on top or if there is a cover in the area of the channels? Please add the information.
We understand the reviewers concerns regarding the lack of information about the geometry and design, and agree that phaseguides are an important and unique part of the system. We included more details about the height and system in Figure 1b and would like to include an 3D animation in our final video to clearly illustrate the geometry of the device. Also, we have added a figure 2a to illustrate how phaseguides assist in gel stabilization/patterning and show examples of correct and incorrect gel loading  
Page 6, line 208: How fast is the reduction of sprouts? How does the vessel system look like at a later time point? Please provide pictures!
We included more pictures and timepoints to illustrate the retraction of the vessels in Figure 3. 

Figure 1
page 6, line 211: Must read hiPSC-EC-derived microvessels
page 6, line 212: Must read: …..cell culture device is shown displaying…..
b: The picture with the wells is a bit confusing. Should this show that the microfluidic device is just in the bottom of the plate? Please clarify!
Indeed this part of the illustration is to show that the microfluidics is integrated underneath the 384-wells plate and we added this to the caption for Fig 1a: “The bottom of the microfluidic cell culture device is shown displaying the 40 microfluidic units that are integrated underneath the 384-well plate”
c: subfigure 3: Shouldn't the ECs cover the whole vessel as in subfigure 4? Or should this demonstrate the growth phase of the ECs? Please clarify.
This indeed demonstrates the growth phase of ECs, as they attach to the bottom first, before they grow at the sides/top of the channel to form a complete microvessel. We added an explanation of this growth phase in the representative results 
Figure 2
a: Add scale bar information even when it is depicted in the picture. In the picture, it is hard to read.
b: Page 6, line 222:"….first lumen are visible…." How can you see this from 2D pictures? Please explain. In addition, it would be better to add a frame to each of the 15 pictures for better orientation.
We have added a border to the montage of 15 images to help the reader in discriminating the different images. In our experience, lumen formation is observed as two close straight parallel lines (cell borders). Without a lumen, the cell bodies are visible as a single straight lines. We have added arrows to show an example of these lumen. 
c: Scale bar information missing. Please add.
Added

Figure 3
a: PMA missing in the angiogenic cocktail? Please check. 
We are aware that the growth factor combination is different than the data in the previously shown pictures. PMA is included in the protocol as this promotes the lumen formation of primary ECs, but we have found that this is not required for the sprouting of iPSC-EC. However, our previous work with primary ECs did require PMA for robust sprouting, so for compatibility reasons, we included PMA in the protocol. We have updated the figure legend to avoid confusion. 
b, d: I assume that i and ii represent 0 and 10 min. Please add this information.
We have included information about these time points in the figure
d: Scale bar not visible. Please add.
We have included the scale bar in the figure
As the images are acquired by confocal microscopy it should be possible to provide stacks to demonstrate the presence of TRITC-albumin in the lumen, also with a co-staining for ECs. Please provide this information.
Yes, it is indeed possible to acquire Z-stacks, but we preferred not to do this due to phototoxicity issues. Thus, the images shown are wide-field images. We also changed the protocol accordingly, as any widefield fluorescent microscope with automated stage is sufficient for imaging.  

The authors mentioned that the vessel system starts to retract in prolonged cultures. Is 7 days (c) such a long culture already? Please explain.
In this case, prolonged refers to additional culture time after the onset of angiogenesis. While 4 days is sufficient to study angiogenesis, the culture time extended to study the effect of perfusion on the capillary network. We rephrased this to extended culture. 

Critical steps
Cell Seeding
Page 3 line 287: How long can the culture of ECs be extended in the microfluidic device without stimulus? Please add.

The amount of growth culture media present in the wells in sufficient to culture the cells for up to 3 days without media refreshment. Generally, 2 days is already sufficient for a confluent monolayer against the gel, but thus the culture time can be extended for another 24 h if not.  We specified this 24 h period in the text. 


Reviewer #2:

Using the commercially available MIMETAS product and combining iPSC cells from NCardia, the authors developed a high-throughput angiogenic sprouting experimental platform. Since this paper is very similar in scope and content to a recently published paper in Angiogenesis, it will need major revisions to makes sure it is significantly different from previously published work.
[bookmark: _GoBack]We thank the reviewer for his/her helpful considerations and comments about our manuscript. We are aware that this paper is similar to our previously published work. However, as the scope of Jove is detailed videos of already published methods, we disagree with the reviewer that we need to change the manuscript in order to make this significantly different from previously published work.
* It would be helpful to have the total amount of time needed to obtain the vessels including loading the gel-waiting and loading iPSCs.
We have included a time schedule in figure 1
* The vessels seem rather large with diameters close to or larger than 100 um, which do not seem to qualify as microvessels.
In this case, the term ‘microvessels’ refers to sub-millimeter vasculature. The smaller microvessels that form by angiogenic sprouting, we refer to as ‘capillaries’ or ‘angiogenic sprouts’. 
* The factors used, S1P and PMA are potent angiogenesis inducing factors and are not very physiological-need explanation for using these at the concentrations indicated. The effect of each factors separately at different concentrations would be helpful for the readers who want to replicate the experiment and so they can expect different morphology-yield-diameter of the vessel and etc.
We agree that PMA is not very physiologically relevant, and as mentioned before. We used this platform to optimize the growth factor combinations, and concluded that in the case of iPSC-EC sprouting, PMA is not required per-se. However, our previous work did require this, so for compatibility reasons, we included PMA in the protocol. We did not go into detail in the effect of different growth factors, as this is, in our opinion, beyond the scope of this manuscript. 
S1P, on the other hand is a physiological relevant angiogenic inducing factor. In vivo studies of angiogenic sprouting in the mouse cornea showed that S1P inhibition prevents angiogenesis. Also, S1P is produced and present in all sorts of angiogenic sprouting, including wound healing where S1P is released by platelets. 
* A confocal micrograph that show the lumen in 3D would be helpful.
We have shown this in our previously published work that the capillaries form lumen. We have added a cross-sectional view of a single capillary (Figure 5g)

* What is the limit of imaging the vessels and cells in this device? The channels are 200 um thick and it could be imaged at low magnification only.
As the bottom glass has a thickness of ±170 µm, we regularly use 10x and 20x lenses, which have a sufficient working distance for imaging these cultures, and these lenses have an sufficient field of view to image the complete gel region with sprouts using 2 or 4 sites. The thickness of the glass also enables the use of 60x lenses, but the very limited working distance has limited use in these devices.
* When working with microfluidic devices, bubbles are big problems for practical implementation, the author has mentioned at the end of the article how it could be removed manually. More detailed explanations and or experimental suggestions to remove them would be very helpful.
Indeed, bubble formation is an issue in many microfluidic devices, but this can be prevented with a right operating procedure. We have added an illustration in how to correctly fill the wells to prevent bubble formation and an illustration of the filling order that reduces the risk of air bubble trapping.
Also,  we modified the protocol for cell seeding to prevent evaporation when seeding cells to also prevent evaporation of the low volumes of cell medium. The old protocol used 2 µL of cell suspension, which showed clear signs of evaporation after 1 hr. However, with the use of the passive pumping method, there is always a surplus of ±25 µL of medium present, which prevents evaporation issues. 
* Could you visualize how long the gradient of angiogenic factor was maintained? More data is needed.
Yes, using fluorescently labeled dextrans this is possible. We have added this to figure 3 to demonstrate the gradient stability over time. 
* Necessary to consider whether cell seeding is properly uniform. Is there any variations in seeding uniformity depending on the users and positions?
There are variations in cell density, especially without using passive pumping method to seed the cells. Using passive pumping solves this issue, as the cells seeding is more reliable and less dependent on pipette position and displacement volume. We do not see a clear effect on the position in the plate itself (e.g. no edge effects in the plate) 

* Rocker protocol does not specify the orientation of the plate placement (it would be helpful to describe the rocker settings, i.e. cycle angle, time, etc).
We have added this information in the protocol
* The vascular sprouts in figure 2b seems to have similar length but having different density. Please explain reason for this and provide some strategies to generate constant morphology of vascular sprouts
Density differences are mainly caused by two factors: 1. either regression just started to occur as some sprouts have anastomosed with the opposite channel or 2. Seeding densities are different in the start, leading to different sprout densities later on. This is solved by using the passive pumping method for cell seeding. We added these explanations in the “Critical steps and troubleshooting” parts of the manuscript.

* In figure 3(c), did the ECs escape from the collagen matrix to bottom channel? Could you provide day by day images since ECs reach to the opposite end of collagen to make permeable vessel?
Yes, ECs did escape from the collagen. We have added more day by day images to clearly illustrate this.

* Figure 2b, additional explanation is needed
* Figure 2c, adjust image size
* Figure 3b, difficult to tell. Additional information need (e.g., time scale…)
Added

* Typos:
line 129, 133 (etc…) Pen/Step  Pen/Strep for penicillin streptomycin
line 60 pre-clinal  pre-clinical
line 32 amendable  amenable
Fixed

