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Dear Prof. Malaguarnera, 
We are pleased to resubmit a revised version of our manuscript entitled “Generation of a simplified 3D skin-on-a-chip model in a micromachined microfluidic platform”. We are grateful to the reviewers for their time and constructive comments. We have considered their comments and have modified the manuscript accordingly.
On the following pages of this letter, you will find a detailed point-by-point response to the reviewer comments. In the revised manuscript, the changes introduced to address these comments are highlighted in red, blue and green.
We trust you will find this version of the manuscript to be a major improvement on our original submission, and that you will therefore be able to consider it suitable for publication in JoVE.
Yours sincerely, 
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Diego Velasco Bayón







Editorial comments:

The authors thank the editor for the comments on our manuscript, which have made us produce a revised version which, we believe, improves its quality. The modifications to the original manuscript are highlighted in RED.


1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.

Answer: Following the editorial’s advice, we have sought help to improve grammar and have made a significant effort to improve the presentation of the information. However, the results or discussion have not been altered in the manuscript. 

2. Please consider revising the title to “Generation of 3D organ-on-a-chip in a micromachined microfluidic platform”. We cannot have punctuations in the title.

Answer: Following the editorial and reviewer 1 comments, we propose to change the title to “Generation of a simplified 3D skin-on-a-chip model in a micromachined microfluidic platform”

3. Please revise the following lines to avoid previously published work: 57-58, 59-61, 61-62, 64-66, 68-71, 72-74.

Answer: We apologize for that mistake. These sentences have been modified in order to avoid plagiarism with previously published works. 

4. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" etc.).

Answer: We have rewritten an important part of the introduction and results in order to avoid personal pronouns. 

5. Please define all abbreviations before use (PDMS, etc.).

Answer: All abbreviations have been correctly defined before the first use in the main text.

6. Line 104: Please elaborate on the micro machining steps. A citation would suffice.

Answer: More details have been added to section “1. Chip design and micromachining parameters “ elaborating on the micromachining process. Details on the software used for creating the plotter files and the procedure to introduce the vinyl into the edge plotter are now provided. Additional pictures of the design, cutting process and assembly have been added to the manuscript to enhance reader comprehension (Figure 1).

7. Line 116/146/253/257: For time units, please use abbreviated forms for durations of less than one day when the unit is preceded by a numeral. Do not abbreviate day, week, month, and year. Examples: 5 h, 10 min, 100 s, 8 days, 10 weeks.

Answer: Time units abbreviations have been properly written in the revised manuscript.

8. Line 120: Please mention if there is any specific dimension for the holes made.

Answer: There are not specific dimensions for the holes made in the PDMS layer. They are made using a syringe needle with the same diameter (18G) as the connectors latter used with the tubes.  This method enhances the anchoring of the tubes to the chip. We have highlighted this in the text.

9. Line 165: Please mention how were the keratinocytes modified? Please elaborate on the steps. Please cite a reference, if necessary.

Answer: Keratinocytes were not modified in our laboratory, they were kindly donated by Dr. Marta García. She was the person who performed the modification following protocol described by Kanda et al. (Ref1).
This point has been clarified explaining the origin and modification of the cells with a proper reference. 

References:

Ref1: W. G. Kanda T, Sullivan KF, “Histone-GFP fusion protein enables sensitive analysis of chromosome dynamics in living mammalian cells,” Curr Biol., vol. 8, no. 7, pp. 377–85, 1998.

10. Line 168: Please mention how were the fibroblasts modified? Please elaborate on the transformation steps. Please cite a reference, if necessary.

Answer: Primary fibroblasts were not modified in our laboratory, they were kindly donated by Dr. Marta García. She was the person who performed the modification following protocol described by Holguín et al. (Ref1)
This point has been clarified explaining the origin and modification of the cells with a proper reference. 

References:

Ref1: A. Holguín et al., “Assessment of Optimal Virus-Mediated Growth Factor Gene Delivery for Human Cutaneous Wound Healing Enhancement,” J. Invest. Dermatol., vol. 128, no. 6, pp. 1565–1575, 2008.

11. Line 202: Please ensure that the units specified for the rate of flow is correct.

Answer: Flow rate units have been fixed.

12. Line 206: For SI units, please use standard abbreviations when the unit is preceded by a numeral. Abbreviate liters to L to avoid confusion. Examples: 10 mL, 8 µL, 7 cm2.

Answer: Liter units have been changed from l to L.

13. Line 225-229: Please ensure that all text in the protocol section is written in the imperative tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.” However, notes should be concise and used sparingly. Please include all safety procedures and use of hoods, etc.

Answer: Non-imperative sentences have been changed and a note about fibrinogen gel preparation has been added in the point 6.2. of the protocol. A new point (5.1.) about cell culture hood has been included in the cell culture section.

14. Please highlight up to 3 pages 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. Remember that non-highlighted Protocol steps will remain in the manuscript, and therefore will still be available to the reader.

Answer: The key steps of the protocol have been highlighted in yellow for the video.

15. Please remove the Figure Legends from the Protocol and the Representative results section. After the Representative Results please add a separate Figure and Legends section. The information provided in the Figure Legends after the Representative Results is sufficient. Each Figure Legend should include a title and a short description of the data presented in the Figure and relevant symbols. The Discussion of the Figures should be placed in the Representative Results. Details of the methodology should not be in the Figure Legends, but rather the Protocol.

	Answer: We have added a separate section to include figure legends and kept the location of the figures in the main text.

16. Please do not use any abbreviations for journal titles and book titles. Article titles should start with a capital letter and end with a period and should appear exactly as they were published in the original work, without any abbreviations or truncations.

	Answer:  We have changed the bibliography style so they match JoVE specifications.

17. Figure 5: Please revise that the units mentioned in the X and Y-axis using standard abbreviations (Replace “µl” with “µL”).

	Answer: Units in X and Y-axis in figure 5 have been modified.
18. Figure 7: Please include scale bars for both the images of the panel.

	Answer: Scale bars have been added to both images in Figure 7.


Reviewer #1:

The authors thank the referee for the comments on our manuscript, which have made us produce a revised version which, we believe, improves its quality. The modifications to the original manuscript are highlighted in BLUE.


Manuscript Summary:

1.In general, the paper presents a brief protocol. The reader may find it hard to get how the device looks like or works and how the in vitro model within it is constructed, functioning and beneficial.

Answer:The referee is right and we have worked on the protocol to provide a more detailed step-by-step procedure. The order of the figures have been changed for a better understanding of the microfluidic chip. In addition, a new figure was included to illustrate the fabrication method (Figure 1). We have highlighted the advantages of this microfluidic device in the Discussion section.

2.Title: I would recommend changing the title and not using the word "new". For example, A "micromachined microfluidic device for generation of 3D organ-on-a-chip: Application to skin in vitro model"

Answer: Following the recommendation, the title has been proposed  to be “Generation of a simplified 3D skin-on-a-chip model in a micromachined microfluidic platform”.

3. Abstract: the abstract, the authors do not explain how the developed microfluidic device overcomes the drawback of PDMS-based devices.

Answer: We thank the reviewer to point this out and we have modified the abstract so the advantages of this device compared to traditional PDMS-based chips are highlighted. One of the main advantages here is the possibility of changing the design for free by changing dimensions and geometries in the CAD design. On the contrary, photolithography would imply the production of a new silicon wafer each time the design changes. Cut and assembly adhesive vinyl layers do not require specific skills and expensive facilities  or equipment, such as clean room, spin-coater, plasma-bonding. 

Introduction: 

Line 57: "leads to economic problems" is a very wide expression. The authors may use more relevant words such as drug/product failure, adverse effect in human, etc.

Answer: According to the reviewer comment, the expression has been changed to clarify side effects apart from those economical. Drug failure and adverse effects have been added as additional problems to different drug responses in animals.

Line 68: Are commercially available may sound better. Authors may name few examples of commercially available skin equivalents such as EpiDerm, Episkin, Stratatest, etc.

Answer: Regarding the reviewer suggestion the expression has been changed and examples of both commercially available epidermal and dermo-epidermal equivalents have been added.

Lines (74-76): "However, these models are cultured under static conditions which makes them unable to accurately represent human physiological conditions." But these models can be maintained in microfluidic dynamic environment. The authors may provide some evidence that the full thickness that they are reporting is better than these commercially available skin equivalents.

Answer: The work presented in this article is at an early development stage and it is more focused on the development of a platform that allows the generation of a skin three-dimensional structure than on the tissue itself. Our work is based on the evidence reported that microfluidic cultures on a chip mimic the cell microenvironment in a more reliable manner (Ref1). As the reviewer suggests, this kind of static cultures can be maintained in a dynamic environment but our main goal is to develop a functional skin directly inside the microfluidic device.
For this first approach we wanted to show the procedure in order to obtain the three dimensional construct by means of microfluidics. We are aware that further studies should be done to develop a fully differentiated skin. Indeed, this type of work is currently ongoing. As is explained in the revised version of the manuscript, our long-term aim is to apply this technique to a fully developed skin tissue, properly characterized it and demonstrate its viability and function.

References:

Ref1: Sung JH, Esch MB, Prot JM, Long CJ, Smith A, Hickman JJ, Shuler ML. Microfabricated mammalian organ systems and their integration into models of whole animals and humans. Lab Chip. 2013 Apr 7;13(7):1201-12. 

Line 79: What authors mean by "as they are classically defined in the field"?

Answer: We apologize that the expression cannot be clearly understood. For that reason we have introduced new references and a better explanation of organ-on-a-chip definition.
Although works regarding organ-on-a-chip are diverse and model tissue in different manners, the vast majority do not adjust to the classical definition of organ-on-a-chip. Donald Ingber, who can be considered as the father of the organ-on-a-chip, and Sangeeta Bhatia define this technologies in the journal Nature Biotechnology as “microfluidic devices for culturing living cells in continuously perfused, micrometer-sized chambers in order to model physiological functions of tissues and organs” (Ref1). Most of the so-called skin-on-a-chip devices in literature do not fulfil this definition; they use microfluidic channels for nurturing cells and place human skin equivalents on top of them, but the tissue is not inside these channels. Regarding this definition, they could be considered as artificially perfused tissues, but not organ-on-a-chip. This requirement for the organs-on-a-chip has been added to the text: “Ingber’s definition for organs-on-a-chip states that the organ must be placed inside the microfluidic channels, which is a condition that only a few devices fulfil”.  Ingber review has been also added to that line as a reference.

References:

Ref1: Bhatia SN, Ingber DE. Microfluidic organs-on-chips. Nat Biotechnol. 2014;32(8):760-772

Line 81-83: "To our knowledge, there is currently no literature showing a microfluidic chip system capable of producing a multilayered skin in situ, including both epithelial and a stromal components." Authors may look at literature carefully. See for example, Sriram et al. Materials Today, Volume 21, Number 4, 2018, 327-340.

Answer: Indeed, there are currently on the literature, several microfluidic devices used for modelling skin (as the one mentioned by the reviewer and others such as Kim et al. Int J Mol Sci. 2020;21(11):1- 15) that subject the 3D culture to dynamic conditions. However,  these systems cannot be considered stricto sensu as microfluidic organ-on-chips regarding Ingber’s definition ((Bhatia SN, Ingber DE. Microfluidic organs-on-chips. Nat Biotechnol. 2014;32(8):760-772. doi:10.1038/nbt.2989). Although it is true that keratinocytes are perfused through a microfluidic channel on top of the dermal compartment in Sriram publication, the dermal compartment is actually pipetted by hand in the chip in a well-like structure between the bottom and the top channel, before closing the device. 
We have included these two references in the manuscript and the sentence has been modified to avoid concept misunderstanding. 

Major Concerns:

Line 97-107: 1. Chips design and micromachining parameters. This section doesn't show how the chip looks like, fabricated or works. The authors need to describe in detail the fabrication process and provide a descriptive figure of the fabrication process, such as a cross-sectional view of every step.
What is the function of the vinyl part and PDMS part?

Answer: Regarding this statement we have extended the section where the micromachining process is described with a deeper explanation of each step. Also, an extra figure showing this procedure has been included in the manuscript as Figure 1. 
The microfluidic channels are found in the vinyl part, which is the physical support of the device. PDMS layer is only used as a top lid that assures correct anchorage of tubing. We have included this explanation in the revised manuscript. 

Line 135: Why ten vinyl layers?

Answer: According to the literature review, we found that the skin thickness can vary depending on the part of the body where it is found. The thinnest epidermis is found at the eyelid and the thickest at the sole of the feet, varying from 0.1 to 1.5 mm respectively (Ref1). On the contrary, the dermis can be 30-40 times thicker than the epidermis (Ref2). Since we wanted to miniaturize the organ, we decided to generate a dermal compartment of 500 μm. To do that, we defined an upper chamber of 950 μm high that would allow the epidermis differentiation and cornification through air pumping. This upper space would also permit drug or cosmetics perfusion for testing purposes.

References:

Ref1: Kolarsick PAJ, Kolarsick MA, Goodwin C. Anatomy and Physiology of the Skin. J Dermatol Nurses Assoc. 2011;3(4):203-213. doi:10.1097/JDN.0b013e3182274a98 

Ref2: de-Souza IMF, Vitral GLN, Reis ZSN. Skin thickness dimensions in histological section measurement during late-fetal and neonatal developmental period: A systematic review. Ski Res Technol. 2019;25(6):793-800. doi:10.1111/srt.12719 

The chip structure is NOT CLEAR at all. The authors need to re-write the protocol properly assisted with drawing. Chip images need also to be provided.

Answer: We have included new pictures of the chip and modified figures in the manuscript to enhance the comprehension of the chip structure, fabrication, assembly and functioning. The protocol has been extended to include more steps in the fabrication process.


The authors claim that their device would overcome the drawback of PDMS, but they are using PDMS too.

Answer:  It is true that we are still using PDMS but the main structure of the chip, holding the microfluidic channels, is on the vinyl part. PDMS at the topmost of the chip is used to better anchor the tubing. However, it could be replaced by vinyl layers that would provide the same functionality.  We have extended the PDMS drawbacks in the introduction and the advantages of using vinyl over PDMS as the main structure of the chip.
	

Figure 1 highlight the pumps (which is not necessary) but show no details of the chip. The figure needs to be reproduced to show the chip structure including a cross-sectional view.

Answer:  Figure 1 (now Figure 3) has been modified in order to provide a better understanding of the chip, its geometry and structure. We think new figures 1 and 2 will also help to better visualize the chip and its structure. 


How the fibroblasts were embedded in the gel? What ration is used? Number of cells?The authors need to explain the concept of parallel flow and its advantage before jumping to experimental description.
 
Answer: Fibroblasts are embedded in the gel by directly introducing them in the pre-gel prior to gelification. Once the hydrogel is crosslinked, fibroblasts anchor to the matrix fibers developing three dimensional spindle shape as found in real human skin. Fibroblasts are added to a final concentration of 50,000 cells/mL  according to the literature (Ref1). 

We apologize for the lack of explanation about the parallel flow method used. We now include in the Introduction a brief description of the concept of what a parallel flow is and the conditions to obtain it in a microfluidic channel.

References:

Ref1: F. Larcher et al., “Large surface of cultured human epithelium obtained on a dermal matrix based on live fibroblast-containing fibrin gels” Burns, vol. 24, no. 7, pp. 621–630, 2002


In Fig.2, what is the optimum flow rate of PBS and Pre-gel+FB? Despite they are mentioned in the Results section, but the optimization of the flow rate need to be presented in the experimental section in more detail.

Answer: The solution provides infinite combinations of flow rates between the two fluids depending on the desired hydrogel height but, there are some aspects that must be taken into consideration when designing the experimental set-up. If the flow rate of the pre-gel is too high, the shear stresses will increase and cells can be damaged. If the flow rate of the pre-gel is too low, shear thinning behavior is not reached and cross-linking can take place during pumping. This would block the tubing and parallel flow will not be developed. Taking these two concepts into consideration, we set the flow rate limits (below and over) for establishing the parallel flow; these flow limits are described in the Results section. We have rheological studies previously performed in our facilities characterizing the shear thinning behavior of these fibrinogen pre-gels. Besides, we also developed a mathematical model that allowed us to relate the desired height of the hydrogel with the flow rates. These two studies are under revision in another publication. For this reason we could not cite nor include it in this protocol.


Fig. 4 should be placed in the very beginning of the paper.

Answer: We appreciate this comment and realized that the order of the figures may difficult the correct comprehension of the device and how it works. Figure 4 has already been moved to the beginning of the manuscript and modified (now Figure 2).

How Fig. 5 was obtained? What are the boundary conditions? What the colour gradient means? What x and y represent? The figure quality is very low and need to be enhanced. A cross-sectional view of the channel (with parallel flow) need to be added to indicate where is the fluid flow take place in the simulated model.

Answer: As mentioned before, we developed the mathematical solution for the parallel flow developed in the microfluidic channel. It is now under revision for publication.

Parallel flows are found in several engineering applications, primarily in heat exchangers, oil-water flows in petroleum industry or steam-water flows in nuclear reactors. Phase holdup of two-fluids occurs at low flow rates in horizontal channels where a fraction of the channel is occupied by a fluid phase. They have a well-defined interface and their viscosities largely affect the velocity. In our case, two-phase flow is developed between the fibrin pre-gel (fluid 2) and a sacrificial fluid (PBS, fluid 1). In order to solve this problem, we used Navier-Stokes equations and the continuity equation with their corresponding boundary conditions. 

[image: ]
[image: ]
The main difficulty in the solution of the Navier Stokes equations arises from their nonlinearity but, applying some assumptions such as stationary state, convection term neglect or considering just transversal velocity; vanish nonlinear terms.            
The flow rates obtained by solving these equations are:
[image: ]
Where A1, A2, B1 and B2 are the integration constants and w is the width of the channel.
These are subjected to boundary conditions:
1. No-slip conditions at the walls:
0. At  
0. At  
1. At the interface () we impose:
1. Continuity of velocity:   
1. Continuity of shear stress: 
By imposing boundary conditions and the desired height of the hydrogel the equations can be solved providing a set of solutions or a possible combination of flow rates that lead to that height.
Shading in the image corresponds to the “surface of solutions” for the dermal compartment height that the different flow rates of both, pre-gel and sacrificial fluid, provide. When imposing the desired height (reddish plane at h= 500 μm) one can obtain the black dashed line observed in the figure below. In the manuscript it is shown as a top view with three different imposed heights (h= 300, 500 and 700  μm).
Here we show a three dimensional view of the solution with one cutting height. 
 [image: ]
We apologize for the quality of the figures. We realized that the quality of the figures when converted to a PDF file was strongly decreased. However, we now uploaded them at a higher resolution.

In general, there are no sufficient description of the results. Figure captions are not enough. More description MUST be provided.

Answer: According to the journal guidelines for the Representative Results section we tried to be very concise just providing an overview of the success of the protocol. We also included some suboptimal experiments to demonstrate the range of outcomes possible,  as nonconfluent epidermal layer on top of the dermal compartment or fibroblasts that sediment to the lower part of the hydrogel (figures 8 and 10 of the revised version of the manuscript). 

Regarding figure captions, JoVE specified that they should not be very large and include results discussion or methods: ”Each figure or table, including supplemental figures/tables, must have an accompanying legend consisting of a short title and a short description of each panel or a general description. The Discussion of the Figures should be placed in the Representative Results. Details of the methodology should not be in the Figure Legends, but rather the Protocol.”. 

HaCaT cell will not grow as multilayers epidermis. There will not be any Stratum Coronium layer for example. Therefore, the model won't represent a full thickness even though a dermis layer is included.

Answer: According to the literature, HaCaT cells can develop a well differentiated epidermis with a functional stratum corneum and basal lamina.  We recommend the reviewer these two articles where HaCaT functionality has been deeply analysed (Ref1 and Ref2). For this reason, we believe that a preliminary assessment of the microfluidic device can be carried out using this cell line. However, we believe that a fully functional skin equivalent for testing purposes should be done with primary keratinocytes which is the final objective of our research line. 

References: 

Ref1: Veronika M. Schoop, Norbert E. Fusenig, Nicolae Mirancea, Epidermal Organization and Differentiation of HaCaT Keratinocytes in Organotypic Coculture with Human Dermal Fibroblasts, Journal of Investigative Dermatology, Volume 112, Issue 3,1999.

Ref2: Dirk Breitkreutz, Veronika M. Schoop, Nicolae Mirancea, Markus Baur, Hans-Jürgen Stark, Norbert E. Fusenig, Epidermal differentiation and basement membrane formation by HaCaT cells in surface transplants, European Journal of Cell Biology, Volume 75, Issue 3, 1998.

In general, the manuscript is very brief, and reader may not find the necessary information to follow despite the fact that it will be accompanied with a video (which is not available yet). However, I feel more information and details are required.

Answer: We have included more pictures and a more detailed description of the processes hoping to improve the quality and comprehension of the protocol and results for the reader. 

We expect that the video (when available) will complement this work for a better understanding.



Minor Concerns:

1. Line 104: 1.3. Vinyl sheets are micromachined with an edge plotter. Why Vinyl is selected? What is the advantage as a material? What are the attractive properties?

Answer: We appreciate the reviewer's question and we have included in the Discussion section the reason for the selection of this material, its properties, and advantages over PDMS.

Monomeric Polyvinyl Chloride (PVC) is an economical material and it has been widely used in biomedical applications due to its biocompatibility (Ref1). Besides, many suppliers can be found in the market. 

Adhesive sheets are very attractive for microfluidic purposes (Ref2, Ref3) because they do not require additional treatments for its assembly, as it has been reported in previous questions.

References:

Ref1: Lungu, Maria & Moldovan, Lucia & Craciunescu, Oana & Doicin, Cristian. (2010). Biocompatible Blends Based on Polyvinyl Chloride and Natural Polymers for Medical Device Fabrication. Materiale Plastice. 47. 278-281. 

Ref2: S. R.A. Kratz, C. Eilenberger, P. Schuller, B. Bachmann, S. Spitz, P. Ertl & M. Rothbauer. Characterization of four functional biocompatible pressure-sensitive adhesives for rapid prototyping of  cell-based lab-on-a-chip and organ-on-a-chip systems. Scientific Reports (2019) 9:9287.

Ref3: Sanjin Hosic, Adam Bindas, Marissa Puzan, Will Lake, Jonathan Robert Soucy,
Fanny Zhou, Ryan Alan Koppes, David Breault, Shashi Murthy, and Abigail N Koppes. Rapid prototyping of multilayer microphysiological systems. ACS Biomater. Sci. Eng.(2020)


1. Through the protocol, the description is written in instruction language using (e.g. add, pour, cure,..). Please check the style of writing the protocol in JoVE if this suitable.

Answer: JoVE asks for the authors to include the protocol section as a list of steps, writing them in an imperative language. Some of the protocol items were not written in this style and the editor asked us to modify them.


1. Cell Culture: Which cell lines (keratinocytes and Fibroblasts) were used? From which supplier or source?

Answer: Keratinocytes are an immortalized cell line called HaCaT while human fibroblasts are primary cells. The name of the HaCaT cell line has been added to the protocol in 5.2.  Both cells are modified to express green fluorescence and were kindly donated by Dr. Marta García. HaCaT cells are commercial and were bought to ATCC. Primary fibroblasts come from healthy donors and were obtained from the collection of biological samples  of human origin registered in “Registro Nacional de Biobancos para Investigación Biomédica del Instituto de Salud Carlos III’. We have added the origin of the cells as a NOTE in the cell culture section of the protocol.

1. Line 171: "5.3. Cells are cultured in DMEM 1x supplemented with 10% of FBS and 1% of Antibiotic/Antimycotic." Which cells? Need to be mentioned even though they are mentioned in the table in the end of the paper.

Answer: Both keratinocytes and fibroblasts are cultured using the same culture medium. This specification has been added to the cell culture section.

1. Line 242: What authors mean by "hKCs and hFBs must not be fluorescent"?

Answer: An explanation of why hKCs and hFBs must not be fluorescent has been added as a note in “9. Cell viability assay”. Live/dead cell kit uses green/red fluorescence as marker for live and dead cells respectively. For avoiding confusions between fluorescent cells and the used kit, cells used for this specific experiment must not be fluorescent.

The authors need to mention the source of materials such as the Vinyl sheets, Live/dead assay reagents, etc. Need to be mentioned in the text even though they are mentioned in the table in the end of the paper.

Answer: Following JoVE’s author guidelines: “Avoid the use of commercial language, including ™/®/© symbols or company brand names before/after an instrument or reagent. Cite these in the Table of Materials instead.” We just include the source of materials in the table at the end of the document.



Reviewer #2: 
The authors thank the referee for the positive comments on our manuscript, which have made us produce a revised version which, we believe, improve its quality. The modifications to the original manuscript are highlighted in GREEN.

This is an excellent initiative-and the authors lauded for their efforts.

Major Concerns:
1. Unclear how troubleshooting of problems encountered was done--will be good to have a table with issues encountered and solutions.

Answer: We thank the reviewer for this pertinent point, and we have included a table summarizing troubleshooting of problems as suggested in the Results section of the revised manuscript. 

	Troubles
	Solutions

	Introducing a 3D hydrogel in the upper chamber leaving a free space above to seed keratinocytes on top of it after dermal generation
	Apply a parallel flow of two fluids (PBS and pre-gel) with different viscosities to create a dermal compartment with a controlled height.


	Channel misalignment during vinyl sheet stacking
	Use of a custom-made aligner to pile up all the sheets in the correct place

	Achieve a confluent keratinocyte monolayer on top of the fibrin gel to simulate the epidermis
	Allow cell attachment to the gel prior removing the tubes from the chip, avoiding air bubbles to enter the channel and displace the cells.

	Hydrogel height loss along the channel due to pre-gel leaking to the lower channel during parallel flow protocol through the porous membrane.
	Pump PBS through the lower channel during parallel flow establishment.

	Fibroblasts sedimentation inside the gel
	Thrombin concentration was slightly increased to accelerate fibrin gelation




2. How are results presented?

Answer: The results section comprises a brief description of the microfluidic device and its suitability for skin-on-a-chip applications. The use of adhesive vinyl layers is one of the main novelties in this article which turns to be an economical and easy-to-use material for microfluidic platforms, compared to traditionally used materials as PDMS. We have added new figures and modified previous ones to clarify the chip fabrication protocol, and to give a better understanding of how it is and works.
We also included confocal images to visualize the spatial distribution of the cells inside the dermal and epidermal compartments. Cells seeded as epidermis allowed us also to confirm that the selected height for the dermal compartment applied in the mathematical model was obtained experimentally.  

Results are presented providing an overview of the success of the protocol proposed by the authors. Besides, we included some suboptimal experiments to demonstrate the range of outcomes possible and how we solved them (Figures 8 and 10 of the revised manuscript). 


3. What is the interpretation of the data?

Answer: We present a new methodology based on the parallel flow of two fluids that allows the in-situ generation of a bilayered skin construct with a lower dermal compartment containing human primary fibroblasts and an upper epidermal compartment composed of a single layer of HaCaT human epidermal cells. 

The chip is composed of two chambers: the upper one contains the skin construct and leaves free space to allow HaCaT differentiation and stratification and/or perfuse culture medium, air or even drugs in the future. The lower chamber is continuously perfused with a culture medium simulating a blood vessel. 

Parallel flow method provides two main advantages: firstly the use of a single channel for the whole tissue construct and secondly the capability to regulate the height of the gel according to the design of the experiment. Although we have established a standard protocol for h = 500 μm the method enables us to modify it at will. 

Life/Dead assay confirmed that the microfluidic vinyl chip is biocompatible and suitable for cell culture.  The seeding process using syringe pumps, tubing and needles is not harmful for the cells.  It also allows us to introduce a fibroblast containing hydrogel in the channel and a later seeding of a confluent keratinocytes monolayer on top.

Non-satisfactory results were successfully addressed and overcome improving the reproducibility of the experiments. This troubleshooting has been added in a table to the Results section as the reviewer suggested.


4. How can the results be presented with extrapolation?

Answer: The work presented in this article is at an early development stage and it is more focused on the procedure of fabricating the three-dimensional structure of the skin than in the tissue itself. Our work is based on the evidence reported that microfluidic cultures on a chip mimik the cell microenvironment in a more reliable manner. 
For this first approach we wanted to show the procedure in order to obtain the three dimensional construct by means of microfluidics. We are aware that further studies should be done to develop a fully differentiated skin. Indeed, this type of work is currently being done. As is explained in the revised version of the manuscript, our long-term aim is to apply this technique to fully developed skin tissue, properly characterized it and demonstrate its 

These chips can be used to model skin and also they could be suitable for incorporating biosensors for high throughput drug and cosmetic testing (Ref1 and Ref2).

This method could be used, not only to model skin tissue, but to any other complex and multilayered tissue with a similar three-dimensional structure such as cornea or intestine.
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