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Mach 19, 2021

Vineeta Bajaj, Ph.D.
Review Editor 
JoVE


Dear Dr. Bajaj,


Re: Manuscript JoVE62519 "Fabrication of a crystalline nanocellulose embedded agarose substrate for bone marrow-derived mast cell culture”


We refer to your letter dated March 05, 2021 regarding the above mentioned manuscript. We thank you for the opportunity to address the reviewers’ comments and resubmit a revised version of our manuscript to the Journal of Visualized Experiments. We hereby present, for your consideration, our revised manuscript with all changes tracked to highlight the edits that we have implemented. Please note that we have revised the title of out manuscript as follows:
"Fabrication of a crystalline nanocellulose embedded agarose biomaterial ink for bone marrow-derived mast cell culture”.

[bookmark: _GoBack]We have accordingly substantially revised the manuscript to address the editorial comments and the comments of reviewers 1 and 3. These revisions and responses to the editorial and reviewers’ comments are documented on pages 2-5 of this letter.  In doing so, we believe that the manuscript is considerably strengthened and we hope that the reviewers and Editor will now deem this manuscript suitable for publication in the Journal of Visualized Experiments.

We confirm that the material presented in this manuscript is original and has not been published before nor is it being considered for publication elsewhere. We also confirm that the authors have no competing financial or other interests in relation to the work described in this manuscript. 

Thank you for reconsidering our manuscript, and we look forward to your decision.


Yours sincerely, 
[image: ]
Marianna Kulka, PhD
Senior Research Officer
National Research Council Canada 

Adjunct Professor
University of Alberta










Rebuttal Document

Re: Manuscript JoVE62519 "Fabrication of a crystalline nanocellulose embedded agarose substrate for bone marrow-derived mast cell culture”


Responses to Editorial Comments

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. Please define all abbreviations at first use.

Response: We have proofread the manuscript to ensure that there are no spelling or grammatical issues. All abbreviations have been defined at first use. 


2. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), registered symbols (®), and company names before an instrument or reagent. Please remove all commercial language from your manuscript and use generic terms instead. All commercial products should be sufficiently referenced in the Table of Materials and Reagents.
For example: (HyClone, GE Healthcare, USA); Gibco, Waltham Massachusetts, USA); Fisher Scientific, Hampton, New Hampshire, USA; Peprotech, Rocky Hill, New Jersey, USA; Thermo Fisher Scientific, Waltham, Massachusetts, USA; Calbiochem Omnipur BSA fraction V; Sarstedt, Lot no. 9023111, Ref 82.1582.001; Invitrogen P3566; CytoFlex flow cytometer (Beckman Coulter, USA); eBioscience, San Diego, California, USA; FlowJo 10.6.2 software (Becton, Dickinson and Company, USA); GraphPad Software, LLC; CELLINK Bioink (SKU: IK1020000); HeartWare 2.4.1 is available as a free software download for Windows OS from CELLINK DNA CLOUD (https://dna.cellink.com) [please add this information to the Table of Materials and rephrase this in the text to sound more  neutral]; Thermo Fisher Scientific, Cat. no. 930186; Roche Cell Proliferation Kit II (Cat. No. 11465015001); Corning Costar, Cat. no. 3370, etc. 

Response: We have removed all instances of commercial language in the manuscript, and have ensured that this information is reflected in the Table of Materials and Reagents as requested. 


3. Please ensure that the protocol section, only contains action items that direct the reader to do something in the imperative tense. Please move all the materials required to the table of Materials. 

Response: We have ensured that the protocol section only contains action items in the imperative tense, and have moved all materials required to the Table of Materials and Reagents as requested.


4. Being a video-based journal, JoVE authors must be very specific when it comes to the humane treatment of animals. Regarding animal treatment in the protocol, please add the following information to the text:
a) Please include an ethics statement before all of the numbered protocol steps indicating that the protocol follows the animal care guidelines of your institution.

Response: At the beginning of section “1. Generation of the BMMC culture“, we have inserted the following ethics statement; “Mice were euthanized by CO2 asphyxiation following isoflurane anesthesia. The tibia and femur were isolated and whole bone marrow was harvested. All animal studies were conducted in accordance with the Canadian Council on Animal Care Guidelines and Policies with approval from the Health Science Animal Care and Use Committee for the University of Alberta.”

b) Please specify the euthanasia method without highlighting it.

Response: The euthanasia method used is specified in the statement quoted above. 


5. 1.1: Please consider providing reaction set-ups and solution composition as Tables in separate .xls or .xlsx files uploaded to your Editorial Manager account. These tables can then be referenced in the protocol text.

Response: As requested for step 1.1, we have listed the complete RPMI media components as a Table in a separate .xlsx file entitled, “Table 1_Complete RPMI Media components” and referenced this file in at the relevant section in the manuscript. 



6. After including a one-line space between each protocol step, highlight up to 3 pages of protocol text for inclusion in the protocol section of the video. This will clarify what needs to be filmed.

Response: We have inserted a one-line space between each protocol step, and highlighted approximately 3 pages of the protocol text (Section 4.4 – 4.9) for inclusion in the protocol section of the video.


7. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., LastName, F.I. Article Title. Source (italics). Volume (bold) (Issue), FirstPage–LastPage (YEAR).] For more than 6 authors, list only the first author then et al. Please include volume and issue numbers for all references. Please do not abbreviate journal names, and use title case for journal names.

Response: We have ensured that the references conform to the above format as requested. 



Responses to Reviewers’ Comments

Reviewer #1: 
Major Concerns: Although the novelty is not a concern for publication, the reason for choosing this method for the purpose of evaluating bioink biocompatibility should be explained in more detail. Experimentally, cells are not bioprinted using this protocol as they were "only" seeded after printing a mold with a 3D-printer. It's not clear why this is a better approach compared to analyzing cell viability on 2D hydrogel discs. This seems to be a rather indirect method to assess cell viability upon contact with the bioink.

Response to Reviewer #1: We thank the reviewer for their insightful and helpful comments. 
In the introduction, we now make a clear distinction between ‘bioinks’ (cell-laden hydrogels) and ‘biomaterial inks’ (hydrogels devoid of cells), in which the former is 3D bioprinted with cells already embedded, whilst the latter has to be seeded with cells after 3D bioprinting.
We now explain in more detail the reason for choosing the method of seeding pre-printed 3D hydrogel scaffolds with mast cells as the method of evaluating the biocompatibility of biomaterial inks with these highly-sensitive immunological cells. We also provide a reason as to why this approach is better compared to analyzing the viability of cells incubated on 2D hydrogel discs. 

In the last four sentences of paragraph 1 of the introduction, we now say:
“Mast cells are derived from bone marrow progenitor cells that enter the circulation, and subsequently migrate peripherally to disperse ubiquitously in all human tissues12. Since mast cells function in a 3D tissue environment, they are an ideal immune cell candidate for studying immunological processes in in vitro 3D tissue models. However, to date, no viable in vitro 3D tissue model containing mast cells currently exist. Due to the highly sensitive nature of mast cells and their propensity to elicit pro-inflammatory responses to external stimuli, careful consideration into the 3D matrix constituents and the bioprinting method of introducing mast cells into the 3D scaffold is required, as discussed further.”

In the first three sentences of paragraph 2 of the introduction, we now say:
“Tissue constructs can be biofabricated from two broad categories of biomaterials i.e. bioinks and biomaterial inks. The distinction lies in the fact that bioinks are cell-laden hydrogel composites, whereas biomaterial inks are hydrogel composites that are devoid of cells, as defined by Groll et al13,14. Hence, 3D constructs printed with bioinks contain cells pre-embedded within the hydrogel matrix, whereas 3D constructs printed with biomaterial inks need to be seeded with cells post-printing.”

In the last six sentences of paragraph 2 of the introduction, we now say: 
“Once the 3D tissue model has been bioprinted, it is difficult to discriminate between the levels of cytotoxicity elicited by the hydrogel matrix itself and the extrusion and crosslinking processes, respectively. This is particularly challenging in the context of 3D scaffolds where the cells are pre-embedded within the hydrogel matrix, thus making it difficult to remove the cells for subsequent viability analyses, which would be detrimental to the viability of mast cells. 
A gentler approach to generating 3D tissue constructs containing mast cells involves seeding the cells into pre-printed, porous biomaterial ink 3D scaffolds from a cell culture suspension, which leverages the innate ability of mast cells to migrate from the circulation into peripheral tissues. The benefits of this cell seeding approach are two-fold; (i) the mast cells are not subjected to shear and chemical stresses from the extrusion and crosslinking processes, respectively, and (ii) the cells can be easily removed from the 3D scaffold after exposure by gentle washing for analysis without adversely affecting their viability. The additional benefit of seeding and analyzing the cell viability of mast cells on 3D bioprinted, porous hydrogel scaffolds as opposed to 2D hydrogel discs is that, the 3D bioprinted hydrogel scaffolds recapitulate microscale topographical features of in vivo tissues, which are not present in bulk, 2D planar hydrogel discs. This approach is a suitable, rapid and cost-effective approach to determine the potentially catastrophic cytotoxic effects of candidate bioink hydrogel matrices on mast cells, as well as other immunological cells, prior to investment in costly 3D tissue engineering experiments.”


Reviewer #2: 
The manuscript describes in detail, the hybrid gel-based matrix that can be used to obtain 3D cultures and its biocompatibility. All required details are provided in sufficient detail as can be recapitulated by others and the manuscript merits publication.

Response to Reviewer #2: We thank the reviewer for their positive review and comments. 


Reviewer #3: 
The authors present a screening protocol to assess the biocompatibility of bioinks using flow cytometry and other viability assays. The protocol is well-written and the methodology for each experiment is described in great detail. However, there are major concerns regarding the experimental design especially since the objective is to specifically assess the potential cytotoxicity of the bioinks used in 3D bioprinting. One of the major advantage of bioprinting as opposed to traditional 3D printing is its ability to incorporate living cells/biomolecules while printing. Hence the choice of bioink is crucial as it should elicit minimal toxicity when embedded with cells and the cells should withstand the shear stress exerted during the extrusion/printing process. But then, all the cytotoxicity experiments in this study were done simply by seeding cells on the surface of printed construct, which is similar to cells on 2D substrates and in no way mimic the cells that are three dimensionally embedded within the bioink. Nonetheless to say, the cell behavior is strikingly different in a 2D vs 3D environment and culturing directly on the construct (i.e 2D) cannot accurately predict the cytotoxicity of cells encapsulated within the construct (i.e 3D). Perhaps, screening the toxicity of cells within a bioprinted construct is of great interest in the Tissue Engineering & Regenerative Medicine community, given the growing prominence of bioprinting. Hence, it would have been much interesting and significant to the readership of JoVE, if the authors came up with a streamlined protocol to assess the viability of cells embedded within the bioink instead of the conventional culture involving the direct seeding on the construct which is similar to 2D culture on tissue culture plastic. As a side note, it is unclear why mast cells were chosen for the biocompatibility assessment.

Response to Reviewer #3: We thank the reviewer for their insightful and helpful comments.

In the introduction, we now make a clear distinction between ‘bioinks’ (cell-laden hydrogels) and ‘biomaterial inks’ (hydrogels devoid of cells), in which the former is 3D bioprinted with cells already embedded, whilst the latter has to be seeded with cells after 3D bioprinting.
We now explain in more detail the reason for choosing the method of seeding pre-printed 3D hydrogel scaffolds with mast cells as the method of evaluating the biocompatibility of biomaterial inks with these highly-sensitive immunological cells. We also provide a reason as to why this approach is better compared to analyzing the viability of cells incubated on 2D hydrogel discs. 

In the last four sentences of paragraph 1 of the introduction, we now say:
“Mast cells are derived from bone marrow progenitor cells that enter the circulation, and subsequently migrate peripherally to disperse ubiquitously in all human tissues12. Since mast cells function in a 3D tissue environment, they are an ideal immune cell candidate for studying immunological processes in in vitro 3D tissue models. However, to date, no viable in vitro 3D tissue model containing mast cells currently exist. Due to the highly sensitive nature of mast cells and their propensity to elicit pro-inflammatory responses to external stimuli, careful consideration into the 3D matrix constituents and the bioprinting method of introducing mast cells into the 3D scaffold is required, as discussed further.”

In the first three sentences of paragraph 2 of the introduction, we now say:
“Tissue constructs can be biofabricated from two broad categories of biomaterials i.e. bioinks and biomaterial inks. The distinction lies in the fact that bioinks are cell-laden hydrogel composites, whereas biomaterial inks are hydrogel composites that are devoid of cells, as defined by Groll et al13,14. Hence, 3D constructs printed with bioinks contain cells pre-embedded within the hydrogel matrix, whereas 3D constructs printed with biomaterial inks need to be seeded with cells post-printing.”

In the last six sentences of paragraph 2 of the introduction, we now say: 
“Once the 3D tissue model has been bioprinted, it is difficult to discriminate between the levels of cytotoxicity elicited by the hydrogel matrix itself and the extrusion and crosslinking processes, respectively. This is particularly challenging in the context of 3D scaffolds where the cells are pre-embedded within the hydrogel matrix, thus making it difficult to remove the cells for subsequent viability analyses, which would be detrimental to the viability of mast cells. 
A gentler approach to generating 3D tissue constructs containing mast cells involves seeding the cells into pre-printed, porous biomaterial ink 3D scaffolds from a cell culture suspension, which leverages the innate ability of mast cells to migrate from the circulation into peripheral tissues. The benefits of this cell seeding approach are two-fold; (i) the mast cells are not subjected to shear and chemical stresses from the extrusion and crosslinking processes, respectively, and (ii) the cells can be easily removed from the 3D scaffold after exposure by gentle washing for analysis without adversely affecting their viability. The additional benefit of seeding and analyzing the cell viability of mast cells on 3D bioprinted, porous hydrogel scaffolds as opposed to 2D hydrogel discs is that, the 3D bioprinted hydrogel scaffolds recapitulate microscale topographical features of in vivo tissues, which are not present in bulk, 2D planar hydrogel discs. This approach is a suitable, rapid and cost-effective approach to determine the potentially catastrophic cytotoxic effects of candidate bioink hydrogel matrices on mast cells, as well as other immunological cells, prior to investment in costly 3D tissue engineering experiments.”
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