Rebuttal letter
Dear Editor,
This letter accompanies the submission of the revised manuscript entitled “A Reliable Procedure to Cultivate Three-dimensional Reconstructed Human Epidermis at Large Scale” as original manuscript to be published in JoVE.
We would like to thank the reviewers for their helpful comments and suggestions, which helped us to make the content clearer. We have provided answers (marked in green) to all the comments and also marked the changes in the manuscript in green. All the authors have reviewed the revisions and read the manuscript. 
Please do not hesitate to contact us if you have any questions or concerns regarding the responses to the reviewers or changes to the manuscript. 
We look forward to the manuscript being accepted and published in JoVE.
[bookmark: _GoBack]On behalf of all authors, we thank you for your consideration.
Marc Eeman, PhD
Research Scientist, Dow Silicones Belgium SRL

Editorial comments:
Please note that novelty is not a requirement for publication and reviewer comments questioning the novelty of the article can be disregarded.
You will find Editorial comments and Peer-Review comments listed below. Please read this entire email before making edits to your manuscript.
NOTE: Please include a line-by-line response to each of the editorial and reviewer comments in the form of a letter along with the resubmission. 

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

Protocol Detail: Please note that your protocol will be used to generate the script for the video, and must contain everything that you would like shown in the video. Please ensure that all specific details (e.g. button clicks for software actions, numerical values for settings, etc) have been added 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.
1) 3.6: Mention magnification.
The magnification is added in line 305. 
Protocol Highlight: Please highlight ~ 1.5-2.5 pages of text (which includes headings and spaces) in yellow, to identify which steps should be visualized to tell the most cohesive story of your protocol steps. 
1) Starting highlighting from section 4 will make the protocol portion of the video a bit abrupt. Please highlight some steps in section 3 while ensuring continuity.
2) The highlighting must include all relevant details that are required to perform the step. For example, if step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be included in the highlighting.
3) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow from one highlighted step to the next.
4) Please highlight complete sentences (not parts of sentences). Include sub-headings and spaces when calculating the final highlighted length.
5) Notes cannot be filmed and should be excluded from highlighting.
We thank the editor for this comment and have added highlights to section 2, 3, and 4.
Section 2.1, 2.2, 3.1-3.17, 4.4, 


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.

Figures:
1) Please replace “µl” with “µL”.
Thank you for noticing this typo, it has been adapted in line 530.

Figure/Table Legends: Mention statistical tests used.
‘’Figure 5: The cytotoxicity measured via lactate dehydrogenase (LDH) assay. The data is presented as relative values to CTRL; mean ± SEM, n=9 (TX-100), n=8 (LPS), n=3 (TNF-α). Significance was tested with one-way ANOVA, Dunnett’s multiple comparison test. Asterisk denotes statistically significant increase compared to CTRL, ****p < 0.0001).

Figure 6: Proinflammatory reactions in the reconstructed human epidermis. The concentration of IL-8 release of the RhE upon a 24-hour challenge with LPS (A) and TNF-α (B). Data is represented as mean ± SEM, n=8 (LPS), n=3 (TNF-α). (C) Data is represented as the mean of relative value compared to CTRL ± SEM, n=8 (LPS), n=3 (TNF-α). The concentration of IL-1α release of the RhE upon a 24-hour challenge with LPS (D) and TNF-α (E). Data is represented as mean ± SEM, n=8 (LPS), n=3 (TNF-α). (F) Data is represented as the mean of relative value compared to CTRL ± SEM, n=4 (LPS), n=3 (TNF-α). Significance was tested by an unpaired Student’s T-test. Asterisk denotes statistically significant decrease compared to CTRL, *p < 0.05, ****p < 0.0001).’’
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 EpiLife.
1) Please 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.
2) Please check all figures and numbered tables as well. 
Thank you for this comment. The word ‘EpiLife’ has been changed to ‘Keratinocyte growth medium’. This has also been changed in Figure 1 and Table 1. 
Table of Materials: Please sort in alphabetical order.

 	The Table of Materials have been updated and sorted in alphabetical order.
Comments from Peer-Reviewers: 

Reviewers' comments:
Reviewer #1: 
Manuscript Summary:
This manuscript presents the detailed protocol for production of reconstructed human epidermis. The description is precise, complete, and well explained.

Major Concerns:
None

Minor Concerns:
Several references are provided in multiple copies. The list of references should be deeply revised and checked for its accuracy, repetition, and completeness of information. 
Thank you for noticing the reference copies. The reference library was remade and all 	the references have been checked for accuracy and completeness of information.

Reviewer #2:
Manuscript Summary:
Very good overview of the production of the reconstructed human epidermal tissue. This protocol will be of a major interest for many tissue engineering groups and CROs that wish to use their own in house model
The group provided very detailed guidance that is supported by number of highly relevant references.

Major Concerns:
There is a lack of a classic barrier resistance test (i.e. exposure to the cytotoxic marker like 1% Triton or SDS). The absolute TEER value does not say much about the real barrier properties in the RhE tissues. I have seen very high TEER values, that dropped very quickly after exposure to the cytotoxic markers and in opposite, tissues with relatively low TEER resisted significantly better and produces higher ET-50 values. In addition, this test is one of the requirements of the OECD TG 431 and 439 that describes the use of the Reconstructed human Epidermis (RhE) for the skin irritation and corrosion testing. The group should produce data on at least 3 batches with Triton X-100 (1%) over the time-points of 4,6.8 and 10 hours. Typical dose is 100 microliters per 0.6 cm2 of the tissue. Only this test, in combination with the parameters already presented, will reveal the real characteristics of the tissues.
Along with this, please provide the information on the OD of the Negative controls from the MTT assay (1mg/mL) and ideally establish a range into which the produced lots typically fall in your lab. This is another specification requested by the guidelines that established RhE model for regulatory as well as non-regulatory work.

We thank the reviewer for this comment and fully agree with the fact that the ET-50 values should be presented to reveal the RhE barrier properties. Therefore, the ET-50 assay has been performed in triplicate and the results can be seen in Figure 4B. The OD of the negative controls was on average 1.71 ± 0.073 (mean ± SD, n=3). 
[bookmark: OLE_LINK2]‘’The barrier properties of the RhE model was investigated by assessing both the tissue viability upon topical treatment with a known barrier disruptor and the tissue integrity. The tissue integrity was determined after 15 days by measuring the TEER using a voltohmmeter. The 2567 ± 415 Ω.cm2 values recorded for the RhEs translate the formation of a continuous barrier (Figure 4A). Those values are in range with those reported for reconstituted human epidermal models1–4. Additionally, the required exposure time for a cytotoxic reference chemical (i.e., Triton X-100) to reduce the tissue viability by 50% (ET50) was determined with a thiazolyl blue tetrazolium bromide (MTT) assay. The ET50 value measured for the RhE was 2.1 hours. This value falls within the acceptance range of other 3D epidermal models that are qualified for reliable prediction of irritation classification (OECD Guideline 439)5.’’

Minor Concerns:
1. The authors should consider to use an abbreviation RhE instead of HEE. RhE is recognized and frequently used abbreviation for the type of the model that is described in this protocol and is even implemented in the OECD Test guidelines. 
The authors agree with the comment of Reviewer #2. The abbreviation ‘’HEE’’ has been changed to ‘’RhE’’ in the manuscript (title), figures, and figure and table legends.
2. Was the lipid profile investigated? If so, please add data on this. 
The SC lipid profile was not measured of this RhE. However, the authors agree that it would be highly interesting to investigate the SC lipid composition and organization, since a proper SC lipid profile is key for a strong barrier function of the skin. 
Reviewer #3: 
This protocol describe a method to cultivate human epidermal equivalents (HEE). The protocol is clearly written and instructions for the proposed work are properly described.

1. I however question the novelty as it describes a widely used model that is already described in detail by many groups. Besides the existing mechanistic studies, laboratory protocols with in detail description of how to generate HEE models have also been published based on similar protocol, generating similar models. Unfortunately these are not referenced in the manuscript. More specifically, the herein described culture format (24 wells), culture model (transwell plates with polycarbonate filter allowing air-liquid interface cultures), culture medium (Epilife) and duration (approximately two weeks) have already been established and published on by others.
Besides having referenced to several manuscripts of groups that are ahead in the field,  	the authors agree that several publications have been missing in this manuscript. The added references have been mentioned in the answers to question 3 and 4. 
2. The authors claim the main downsides of in-house HEEs being "the loss of standardization between research institutions and increased labor intensity and time consumption". The aim of the present paper according to the authors is to "address these drawbacks, setting the basis for production at a larger scale. In addition to the abovementioned advantages of in-house HEEs, the current protocol aims to "reduce the intra- and inter-variability among tissues, to reduce contamination risks, and to streamline the cultivation process." The current manuscript however does not provide any new solution to these issues considering that their method is identical to the current protocols used in the field, with equal throughput and cultivation time.
We agree with the reviewer, but since JoVE does not require novelty in the topic, the aim of this publication is to support the scientific community scientific community during the process of setting up the cultivation of RhEs in their laboratory. This publication would include the first movie of the full detailed laboratory procedure, which we consider highly valuable for and crucial to the reproduction of this method.
3. Instead there is a need for new models, with alternative cell sources (preferably not the foreskin keratinocytes as used here, but adult keratinocyte due to their differences in marker expression and response to external stimuli), higher throughput (48wells and up), automated production (bioprinting), lower scale (skin-on-chip) and shorter cultivation period (<7d). Unfortunately, the current paper does not apply to any of these unmet needs, nor does the discussion of the paper addresses any of these concerns.
The authors agree with the reviewer and have discussed several of these limitations as follows. 
‘’ There are several limitations of the RhE model that should be noted. In native human skin there is an equilibrium between the proliferation of keratinocytes in the basal layer and the detachment of corneocytes in the stratum corneum (i.e., desquamation)6. However, in vitro, desquamation does not take place. Therefore, the corneocytes remain attached to the RhE, and form a thick stratum corneum that is less physiologically relevant. Hence, there is a limited cultivation timespan of RhEs. Moreover, this RhE model is made simple and straightforward, since it consists of a singular cell type, i.e. the keratinocyte, which is the most abundant cell type of the epidermis. However, there are other cell types resident in the epidermis, such as melanocytes, dendritic cells (i.e., Langerhans cells), T cells (e.g., CD8+ cells), and Merkel cells7. To enhance the physiological relevance of the skin model, researchers have made skin models more complex by adding melanocytes8 , immune cells9, or patient-derived cells10. One should keep in mind that the barrier properties of human skin models are different compared to native human skin, due to notably a different SC lipid composition and a higher barrier permeability 11–15. However, several studies have reported on changes in barrier properties of human skin models by the cultivation under hypoxia16 or decreased relative humidity17, the modulation of the dermal matrix with Chitosan18, and alteration in the free fatty acids in the culture medium19. Moreover, in both simple and more complex RhEs, the culture conditions and medium composition can be modulated to mimic pathological features. By challenging the model with cytokines, an abnormal morphology20 and alterations in gene and protein expression levels can be established that are typically observed in common skin disorders, such as atopic dermatitis and psoriasis21–26. Silencing specific genes in NHEKs prior to seeding of the RhEs, is another approach used to mimic features of skin disorders and investigate new therapeutic solutions27, 28. Besides modeling an epidermal layer only, a dermal compartment can be included in the model (i.e., named human skin equivalents or full-thickness models) by embedding fibroblasts in a collagen matrix prior to RhE reconstruction, making it more physiologically relevant and suitable for aging and wound healing related studies29–31. Additionally, tumor spheroids have been added to human skin equivalents to study melanoma progression32, 33. The latest advances in the field of skin models are bio-printing and skin-on-a-chip. Multiple research groups have succeeded recently in the development of (perfusable) bio-printed skin equivalents34–36. The proposed protocol takes advantage of a 24-well format and a carrier plate, avoiding inserts to be handled individually. However, the study scale is still quite limited and lacks automation. By implementing the use of bio-printing or skin-on-a-chip, smaller skin models can be used with more automated processes and on a larger scale.’’
4. Furthermore, the citations of the paper are strongly focussed on toxicology research, citing papers of rather low impact compared to available literature in leading journals of the field. Although I am not at liberty to ask for citing specific work from specific research groups, the authors may want to consider any of the examples below of (recent) work that could be worth mentioning: 1. Consensus opinion on quality parameters for 3D skin models in skin barrier research. 2. Detailed laboratory protocols for construction of HEE cultures from primary and immortalized keratinocytes. 3. HEE models using primary (patient-derived) keratinocytes, including inflammatory/sensitization molecule stimulation and host responses. 4. Effects of culture conditions to HEE structure and functions.
The authors agree that several references to more recent work should be included in this manuscript, that are also focused on mechanistic research. Therefore, the following references have been added to the already existing references in the manuscript on this topic. Additionally, multiple references have been added in the paragraph of limitations, in the previous answer.
‘’In addition to commercially available 3D skin models multiple research groups have developed their own RhEs22, 37–41.’’

‘’There are also numerous other assays developed that utilize commercial RhE models, to evaluate phototoxicity42, to test drug formulations43, cosmetic formulations and active ingredients44, to study the skin barrier function45 and to test the biological response to environmental stressors46–49.’’
Additionally, several parameters of the characterization of our RhE model, have been compared with the parameters described in the publication of Van den Bogaard and colleagues in JID (2020). 
‘’ The barrier properties of the RhE model was investigated by assessing both the tissue viability upon topical treatment with a known barrier disruptor and the tissue integrity. The tissue integrity was determined after 15 days by measuring the TEER using a voltohmmeter. The 2567 ± 415 Ω.cm2 values recorded for the RhEs translate the formation of a continuous barrier (Figure 4A). Those values are in range with those reported for reconstituted human epidermal models1–4. Additionally, the required exposure time for a cytotoxic reference chemical (i.e., Triton X-100) to reduce the tissue viability by 50% (ET50) was determined with a thiazolyl blue tetrazolium bromide (MTT) assay. The ET50 value measured for the RhE was 2.1 hours. This value falls within the acceptance range of other 3D epidermal models that are qualified for reliable prediction of irritation classification (OECD Guideline 439)5.’’
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