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Dear Editor-in-chief,

On behalf of my co-authors, I am pleased to submit the revision of our manuscript, “An automated counterflow centrifugal system for small scale downstream process” for publication in the Journal of Visualized Experiments. 
We thank the editors and reviewers for their insights and the opportunity to respond to their comments. We appreciate the time taken to collectively improve this manuscript. We have addressed each concern as detailed in our response below. 

Editorial Comments:

• Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammatical errors.
This manuscript has been subjected to more proof reading and all grammatical and syntax errors have been corrected.
• Protocol Numbering: All steps should be lined up at the left margin with no indentations. There must also be a one-line space between each protocol step.
One-line space has now been added between each protocol step.
• Protocol Highlight: Please highlight ~2.5 pages or less 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) 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.
Filming protocol has been highlighted, including the sub-steps and excluding notes
2) Some of your shorter protocol steps can be combined so that individual steps contain 2-3 actions and maximum of 4 sentences per step.
A few short protocol steps has been combined.
3) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow from one highlighted step to the next.
The highlighted steps follow the operational order of the protocol. 
4) Please highlight complete sentences (not parts of sentences). Include sub-headings and spaces when calculating the final highlighted length.
The total length of the highlight is around 1.5 pages.
5) Notes cannot be filmed and should be excluded from highlighting.
No notes were highlighted.
• 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.
The modifications and troubleshooting are discussed in 2 paragraphs, lines 260-276. Limitations of the technique are listed in line 302-306. Significance with respect to existing methods is discussed in lines 288-300. Future applications in lines 308-311. Critical steps within the protocol is lines 278-286. 
• Figure/Table Legends: Define error bars in all figures.
All error bars are now defined.
• References: Please spell out journal names.
The spelling of journal names has been checked.
• 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 Rotea™
1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial sounding language in your manuscript with generic names that are not company-specific. All commercial products should be sufficiently referenced in the table of materials/reagents. You may use the generic term followed by “(see table of materials)” to draw the readers’ attention to specific commercial names.
The commercial name of the product has been removed. The Rotea is now referred to as the ‘CFC device’. 
2) Please remove the name ROTEA from fig 1
The Rotea name in figure 1B has been removed.  
• Please define all abbreviations at first use.
All abbreviations have been checked and defined.
• If your figures and tables are original and not published previously or you have already obtained figure permissions, please ignore this comment. If you are re-using figures from a previous publication, you must obtain explicit permission to re-use the figure from the previous publisher (this can be in the form of a letter from an editor or a link to the editorial policies that allows you to re-publish the figure). Please upload the text of the re-print permission (may be copied and pasted from an email/website) as a Word document to the Editorial Manager site in the "Supplemental files (as requested by JoVE)" section. Please also cite the figure appropriately in the figure legend, i.e. "This figure has been modified from [citation]."
 

Comments from Peer-Reviewers: 

Reviewer #1:
Manuscript Summary:
The authors described the use of a counterflow centrifugal cell processing device for automating the buffer exchange and cell concentration steps for small-scale bioprocessing. The protocol is useful and could be used for small-scale processes in a closed manner, compatible with GMP guidelines. My only concern is about the COG. Since the system is single-use, the COG will not be lower than the traditional method used (centrifugation), especially in a small-scale scenario. Please try to focus in the fact that the system is closed and automated, not of being cost-effective.
The benefit of automation in the introduction has been revised in Line 78-89, which includes improved sterility and scalability and minimisation of operator variation. Cost-effectiveness is discussed but is not the focus of the manuscript, as suggested by Reviewer 1. 
Minor Concerns:
-Page 3, line 80: "A recent cost analysis report identified labour as the main cost in GCT, accounting for almost 50% of the cost of goods (CoG)"
Is this for autologous or allogeneic product? Which process are you referring? Please provide more details for this important information.
The cost analysis study was in reference to an autologous product and refers to the entire manufacturing process. Details have been added to the manuscript (lines 85-86). 

-Page 3, line 90: The authors state that automated platforms commercially available for cell manufacturing include Cocoon and CliniMACS Prodigy that is not suitable for adherent cell cultures. However, the Quantum system (Terumo BCT) provides protocols for adherent or suspension cells in a fully automated system. Please revise.
We thank Reviewer 1 for pointing this out and we have now revised our manuscript to include the Quantum system (lines 95-103).

Cell viability after the process is the most important information. The results is presented in the table 2. How the authors measured the cell viability? Flow cytometry? Please add this information.
Cell viability was measured by trypan blue exclusion and an automated cell counter. This information has been added to the figure legend, lines 441-442.

As already mentioned, the authors describe that implementing automation, the COG can be reduced. However I am not sure if in this case, the costs will be truly reduced especially due to the fact that the method proposed is intended for small-scale. Could authors estimate the costs of the traditional method (centrifugation, etc.) and Rotea including labour, time, consumables, reagents? Just to justify and extol the work.
Reviewer 1 raises a valid point and in staying true to our claims, the emphasis of our protocol has been refocussed to closed and automated process.  

Reviewer #2:
Manuscript Summary:
It appears sufficient work has been done to optimize the process. It may be useful to provide data demonstrating the observations noted in the discussion, such as minimum cell numbers, flow rates, pump speeds, and presence of serum. For example, a graph showing recovery across multiple centrifuge and pump speed configurations.
We agree with Reviewer 2 that adding observations noted in the discussion would be useful. To this end, we have added cell recovery data from runs with a suboptimal number of cells and in the absence of serum (Figure 4b). Additionally, we have also added a new figure demonstrating the percentage cell loss across different flow rate (Figure 6).
Major Concerns:
The addition of at least one functional characterization assay to complement the viability and recovery data per cell type would be suggested.
We agree with Reviewer 2 that adding functional characterisation assays would complement our viability and recovery data. Accordingly, we have added the measurement of cytokine/enzyme production from each cell type as an additional assay to complement the protocol. The data have been provided in Figure 5. 

More focus on both the advantages and limitations of the Rotea could be outlined in the discussion, in addition to suggested use cases.
We agree with Reviewer 2 that this would benefit the quality of our paper and have this included the advantages of Rotea in lines 299-304 and 306-309.

Lines 86-95: The highlighting of fully-automated platforms appears here, but the capabilities of these two options doesn't match with the function of the Rotea. Instead, the mention of more similar CFC processing technology was listed in lines 254-268 in the discussion. Comparison of these offerings is more pertinent to match the Rotea's functionality as demonstrated in this manuscript. Pros and cons of the device could be placed either completely in the introduction or discussion for comparison to other platforms.
The fully automated platforms discussed in the introduction part (line 90-101) was intended to inform the reader of the different ways of implementing automation, in particular, highlighting the need of the modular-based approach. However, we understand the concerns of Reviewer 2, and as such the wording in this paragraph has been updated to clarify our intention. Additionally, the significance of the protocol is discussed in the discussion in comparison to current existing technology (lines 292-298), in accordance to requirements of the journal. 

Line 100-107: A figure or schematic illustrating the centrifugal force, opposite fluid flow, flow gradient, and separation of live cells and debris would be helpful here. This could also be supported by the current Figure 1, where an additional device schematic could show these concepts.
We have now included a schematic illustration is added in Figure 1 to describe all the forces. 

Minor Concerns:
Line 90: Further elaborate on the types of operating protocol limitations here.
We have elaborated on the operating protocol limitations in lines 98-103 to describe how a fully integrated system may be restricted by its the culturing capacity.
Line 92: It would be useful here to identify examples of "typical adherent mammalian cell cultures" that are being used/investigated as cell therapies.
In our response to Reviewer 1, we have added Quantum (Terumo BCT) system to this paragraph and as such we have removed the statement in line 92. 
Line 107-111: This use case of CFC seems to diverge from the focus of the paper. Specific cell population isolation isn't investigated for the protocol.
We have removed the statement around use of the CFC device for cell population isolation.
Line 132: It is unclear from the protocol only if the cultured cells were grown in flasks or culture bags. This would be important to identify at which step the open versus closed system processes take place for this protocol.
Thank you for pointing this out. Our protocol used cells cultured in flasks, and we have now clarified this in protocol step 1.2. line 142-149
Figure 4: Further elaboration in the figure caption would be recommended to accurately label what constitutes as the "cell bed" as described in the manuscript.
We have now updated this (now Figure 2) to include a dotted line to outline the area that is occupied by the ‘cell bed’.

We thank the editor and reviewers again for taking time to review this re-submission and look forward to hearing from you in due course.

Kind regards,
[image: ]

A/Prof Rebecca Lim
Research Group Head
The Ritchie Centre
Hudson Institute of Medical Research
27-31 Wright St, Clayton VIC 3168
Email: Rebecca.Lim@hudson.org.au
Tel: +613 8572 2794
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