Dear Editor’s and Reviewers,
 
Thank you for taking your time to review our recent submission (JoVE62299-Production of human CRISPR-engineered CAR-T cells). We appreciate all the constructive feedback and criticism raised by the editors and reviewers to make this a stronger manuscript. Please find the comments on how we addressed each comment/concern below:

Editor comments:
1.Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues.
The authors have proofread the manuscript to the best of their ability to ensure that there are no spelling or grammar issues.
2. Please provide an institutional email address for each author.
Email addresses for each author have been added to the title page of the manuscript.
3. JoVE cannot publish manuscripts containing commercial language. 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: e.g., Lipofectamine 2000, Opti-MEM, Benchling, Miltenyi, SPY Fi Cas9, P3 primary Cell 4-D Kit, Desktop Genetics, Maxcyte, etc. We must maintain our scientific integrity and prevent the subsequent video from becoming a commercial advertisement.
Commercial language has been removed from the manuscript and replaced by generic terms.
4. Line 104/151: 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.
Line 104/151: “minutes” has been replaced by “min”. 
5. Line 105: Please include the details of volume of the media used for washing.
Volume for wash has been added to the manuscript.
6. Line 107-109: Please add more details to your protocol steps. Please ensure you answer the “how” question, i.e., how is the step performed? Please mention how much of the transfection reagent is added. What is the composition of R10 media? If it is commercial product, please provide the details of it in the Table of Materials and use generic terms to describe the product ion the protocol.
Composition of R10 media has been described in 1.1 and name reference has been added in parentheses.  More details have been added to this step of the protocol and the volume of the transfection mix has been specified.
7. Line 117: Please define the abbreviations before use (O/N).
Definition has been added.
8. Line 125-126: Please elaborate on the calculation of viral titer.
Formula for calculation of viral titer and more elaborate description has been added to the protocol.
9. Line 144-146: Please include an ethics statement before the numbered protocol steps, indicating that the protocol follows the guidelines of your institution’s human research ethics committee.
Ethics statement has been added.
10. Line 149: Please use the standard abbreviations when the unit is preceded by a numeral. Abbreviate liters to L to avoid confusion. Examples: 10 mL, 8 µL, 7 cm2.
Abbreviations have been corrected.
11. Line 206: Please include more details of genomic DNA extraction.
A brief description regarding genomic DNA extraction has been added. Detailed step-to-step instructions depend on the vendor used for the extraction columns.
12. Please include a one line space between each protocol step and 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.
One line space between protocol step has been added and highlights for video production have been added.
13. Figure 2: Please define what the numbers (-3, -2, 0, 1, 7, 14) represent (Figure 2A). Please revise “ml” to “mL”. Please remove the commercial label “Dyna Beads” (Figure 2A). Please define the terms used in the figure in the Figure Legends (Figure 2B, 2C).
The numbers represent days and have been added to the figure, other details have also been edited.
14. Figure 3: Please mention what the numbers 48.9 (Figure 3A) and 98.7, 1.33 (Figure 3B) represent. Do these numbers indicate the percentage of expression?
Yes, the numbers represent CAR and CD3 expression and has been added in the figure legend.

Reviewer #1:
The manuscript is scientific, interesting and well written
Thank you for the kind words. We are glad you find the manuscript interesting and well written.

Reviewer #2:
Manuscript Summary:
Authors provide the protocols for CRISPR edited CAR T cells. It will be of interest for other researches in the field.

Minor Concerns:
1. In 1.1, Please indicate the total volume of medium in T150 culture vessels
The total volume of medium (30 mL) has been added to step 1.1
2. In 1.2.2 and 1.3, is R10 medium the standard media in 1.1?
Yes, R10 is the standard medium used for most steps in the entire protocol. We apologize if that was not clear. To clarify that, it has now been specified in 1.1 that the standard media is called R10 throughout the manuscript.
3. For 2.2.1, what is the T cell culture medium? Is there IL-2 added in the medium in T cell culture medium?
The T-cell culture medium is also R10. This has now been specified in in step 2.2.1. For this protocol, we only add IL7 and IL15, not IL-2.
4. In 4.2, please describe the detailed design procedures for the sequencing primers. It is important that the readers can understand and follow.
The procedure of designing sequencing primers has been edited to contain more detail. We hope that this will make the design procedure more understandable.

Reviewer #3:
Manuscript Summary:
Wellhausen et al. describe a technique for CRISPR/Cas9 editing of T cells followed by transduction and expansion of the edited CAR-T cells. This is an important methodology as it can be used in the development of allogeneic CAR-T cells with improved characteristics, such as reducing the capacity for graft versus host disease to produce allogeneic CAR-T cells.

Major Concerns:
In general the manuscript seems somewhat incomplete and is lacking in experimental detail throughout. Many of these lacking details are alluded to in minor concerns below. Although each of these individually are quite minor, in the aggregate they are a major concern.
I think it is perfectly acceptable for the scope of this manuscript to illustrate the data with a single donor. However given effect of donor-to-donor variability on the outcomes of every step of the methodology (editing efficiency, transduction efficiency, expansion capacity, etc.) it would be hugely beneficial to the reader if the authors were to provide a range and average of these outcomes based on their experiences with multiple donors.
I believe that the discussion needs to be rewritten to better summarize the expected outcomes (ie on average, how many edited CART cells can one expect at the end of this process?) and place the methodology into context.

Experimental details have been carefully added in the methodology and results section. Additionally, data from 3 donors has been added to reflect the variability in expansion capacity, transduction efficiency and also editing efficiency. Moreover, editing efficiency for two different targets has been included to show the consistency in the knockout with the described protocol. The discussion has been edited to give an idea of the number of cells that should be expected and also includes other expected outcomes.

Minor Concerns:
Line 55 - Can the authors please clarify what is meant by "poor quality"?
Poor quality here refers to the fact that given patients have been through multiple rounds of chemotherapy and radiotherapy, and also have high tumor burden,  they are immunosuppressive and hence the quality of CAR T cells will be better when manufactured with healthy donors, which can be done using CRISPR technology to manufacture off-the-shelf CAR-T cells.
Lines 37-38 in the Abstract the authors mention the demonstration of multiplex editing, however no mention is made in the protocol of how multiple loci could be targeted. Either this should be removed from the abstract or an explanation of how one might multiplex this procedure should be included.
A note at step 2.2.3 has been added to the manuscript to perform multiplex gene editing.
Line 109 - R10 was not defined within the text up to now (assume it is RPMI with FBS etc.).
R10 has now been defined in step 1.1 according to a previous reviewer comment.
Line 111 In step 1.3 - Please include how fast you centrifuge to pellet out cellular debris.
Centrifuge speed has been added. Thank you for pointing this out.
Line 116 - Steps 1.4-1.5. At what temperature is the 24 hour virus pellet stored until pooling with the 48 hour virus?
The 24 h virus pellet should be stored at 4C while pooling the 48 h virus. This has been added to the manuscript.
Line 125 - Step 1.7 needs to be described in more detail or needs to make reference to a paper that describes this step in more detail.
Step 1.7 has been described in more detail according to a previous reviewer comment. We have added the procedure for titering the virus and how to stain for the CAR after transduction. A formula to calculate transducing units/mL has also been added.
Line 168 - It would be useful to have the "Note: For screening sgRNA's, lentiviral transduction of the CAR construct is not necessary" immediately following the title of this section rather than repeating the note throughout the previous steps and subsequent.
The note has been removed from line 168 and added at the beginning of section 3 with reference to the specific step that can be left out for screening gRNA’s.
Line 170 - Step 3.1 the authors indicate that a number of dead cells will be observed, an estimate of viability (average and range) based on the authors' experiences with multiple donors would be useful for the reader.
Thank you very much for pointing this out. An estimate and range of viability post-electroporation has been added to step 3.1.
Step 3.2 - a more detailed explanation of the transduction procedure should be provided (spinoculation? Polybrene or protamine sulfate?, etc.) or reference to a paper with a more detailed protocol should be provided.
The virus pellet resuspended in R10 is simply added on top of the cells according to the cell concentration, viral titer, and desired MOI.
Step 3.3 - I am confused - is 3 mL always added regardless of the cell number/culture volume?
We add 50% of the current culture volume R10 with IL7/15 (i.e. if the culture volume is 6 mL, we add 3mL). This has now been corrected in the manuscript. Thank you for pointing that out.
Step 3.4 and 3.5 - an indication of relative cell numbers based on the authors' experiences at these stages would be useful for the reader (average and range).
Thank you for bringing that to our attention.  Relative cell numbers have been added to step 3.4 and 3.5 and expected doubling time has been added. 
Step 3.6 - Again, for the CAR expression and TCR KO alluded to in Figure 3, an average of %CAR positive and range across multiple donors would be useful for the reader.
Figure 3A shows %CAR positive for three different healthy donors and using an MOI of 3 CAR expression averages at 60% as shown in the figure. Data from three donors for PD1 and TCR KO has been included in figure 3.
For Steps 4.1, 4.2, etc. - more detailed explanation of TIDE primer design should be included OR the authors should make reference to a published protocol (for example as described in Hultquist JF et al. Nat Protoc. 2019 Jan;14(1):1-27). 
A more detailed explanation for both PCR and sequencing primer design in steps 4.1 and 4.2 has been provided and the suggested published protocol has been referenced.
Moreover - the authors bring up in the discussion the difficulties in optimization of primers, sequencing, etc. I believe that this does not belong in the discussion, but instead should be fleshed out more fully in the body of the methods.
Great point. We have mentioned the troubleshooting for each step in the notes section in the body of the methods.
Section 5 appears incomplete - or the sentence contained within it is difficult to understand, so should be reworded
The application of the technique has been described briefly for clarity and the link to the pipeline and publication has been added for reference.
Figure 2A - discrepancy between the figure and the text - the text says 1e6 cells/mL, the figure says 0.8e6 cells/mL.
During expansion, the cells are fed to a concentration of 0.8e6/mL and this has been corrected in Step 3.4. 
Figure 2B Legend - more explanatory details please. What does each panel represent, what is UTD, etc.
Details have been added and UTD represents untransduced cells.
Figure 3A Legend - more details needed. How is the CAR detected? How is CD3 detected? Do the plots on the bottom represent CAR+ cells only or all cells? Etc.
The CAR is detected using anti-idiotype antibody conjugated to a fluorophore and CD3 expression is detected using a CD3 antibody conjugated to a fluorophore. The plots for CD3 expression are gated on lymphocytes/Singlets/Live cells. This has been added to the figure legends.
Representative results section lacks detail and a lot of context - For example, what is the T7E1 assay? (was never mentioned until this point). Why is CD3 detection used to detect TRAC knockout?, etc.
T7E1 Assay is similar to surveyor assay where a nuclease cleaves at a mismatch between the parent and the daughter strand in the dsDNA and hence allows detection and quantification of frequency of the indels in target of interest. This has been removed to avoid any confusion since we do not show any data related to the assay. 
TCRa and TCR b chains pair together to be expressed on the surface. While the gRNA targets only the TCRa chain but its knockout disables TCR pairing on the surface. Hence, CD3 antibody can be used for detection. 

Reviewer #4:
Manuscript Summary:
This scientific article written by Wellhausen et al. proposes a clear methodology for CAR-T cell improvement using CRISPR/Cas9 technology. The protocol is detailed and provides good information to reproduce it as well as valuable advice to design a valid strategy for CRISPR/CAR T-cell manufacturing. The schemes are clear and self-explicative. However, more effort should have been made in showing suitable data supporting the efficiency of the proposed methodology. Several important issues (see major comments) have to be amended to accurately justify the effectiveness of the protocol and therefore my general recommendation would be to thoroughly improve the manuscript before publication.

Major Concerns:
1. The following experimental order is proposed in Figure 2A: first nucleofection (CRISPR editing), next CD3/CD28 stimulation, and then CAR transduction. In some references mentioned in the text, such as Ren et al, 2017 (PMID: 27815355), the protocol starts with CD3/CD28 stimulation, then CAR transduction and finally CRISPR editing. The authors should discuss the different chronological sequences. Why to do first CRISPR editing and afterwards CAR transduction or the other way around?
There are different variation to the protocol wherein CRISPR editing could be performed before or after CAR transduction. Ren et al described one such variation where cells are edited after bead stimulation and CAR transduction. The advantage of CRISPR editing before bead stimulation is lower cell quantities need to be edited since the T cells haven’t proliferated yet, making the procedure more cost-efficient. Additionally, performing the editing upfront is directly translatable to the clinic. In fact, many steps in this protocol have been informed by what can be adopted in the clinic which increases the consistency of the KO efficiency when moving from bench to bedside. This has been added to the discussion.

2. More data supporting the high efficiency of the proposed protocol has to be provided. Flow cytometry data is available for TRAC knockout but no replicates are shown. Moreover, the 6-10 different in silico designed sgRNAs (section 2.1.2) are not shown nor compared in terms of efficiency or specificity (a similar structure to Kararoudi et al., 2018, PMID: 29985369 can be followed)
The data from multiple donors for TRAC knockout has been added to Figure 3B and another target PD-1 has also been added to Figure 3A. PD-1 and CD3 lead sgRNA were obtained from Ren et al, 2017 where they screened for sgRNA with highest efficiency.
3. It is mentioned in the introduction that the proposed protocol leads to low off-target effects (line 76). There is no data or any reference supporting this; moreover, the off-target effects will vary from one sgRNA to another and from one donor to another donor, even when using the same protocol or the same sgRNA.
We edited line 76 since the off-target effects can vary from sgRNA to another as you mention.
The off-target effects for the sgRNA targeting the TRAC locus have been shown in Stadtmauer et al, 2020. The off-target effects vary from one sgRNA to another but are investigated in detail for sgRNA showing highest on-target effects. The off-target effects can be significantly reduced by using the Aldeveron Spy-fi Cas9 which is what was used here and is known to show high fidelity. The reference has been added to the paper. 
4. In the abstract, it is mentioned that strategies to achieve highly efficient multiplex editing will be discussed (line 37), which are actually not shown nor discussed in this article.
Protocol to perform multiplex editing has been added to step 2.2.3 and has been shown in Stadtmauer et al, 2020.
5. In Figure 2B/C, it has to be specified which gene is being targeted in the analysis (TRAC?). Moreover, it is needed to specify if the replicates presented in the graphs are biological (different donors) or technical replicates (same donor). Since a "general" protocol for the production of CRISPR/CAR T-cells is proposed by the authors, biological replicates have to be presented to see the variation between different donors.
In Figure 2, PD-1 KO is being performed. Each data point is a different donor and hence the error bars depict the variation between different donors. This has been added to the figure legends. Thank you for pointing this out.
6. Fig. 2 B/C: how were population doublings and cell size determined? Why is "cell size" data needed for the manufacturing?
Both cell numbers and size were determined using Coulter Counter. Cell size is important to keep track if the cells were properly activated during CD3/28 beads stimulation and also to track when they have rested down i.e. cell size below 350um3 to complete the expansion and freeze the product for future use.
7. In Figure 3A, a flow chart showing T cells with no CAR transduction (control) could be presented as done in Fig. 3B. Moreover, it has to be mentioned which gene is targeted in 3A (graph on the right).
The graph for control of CAR transduction has been added to Figure 3A.
8. In Figure 3B, a graph summarizing the efficiency of CRISPR knock-outs should be presented, similarly as shown in 3A with the percentages of CAR expression.
This figure has been added to show CD3 KO efficiency in different donors.
9. Line 57: there are other interesting reviews summarizing CRISPR improvements for CAR T-cell production (Ureña-Bailén et al., 2019, PMID: 31844895 and Chenggong et al. 2020, PMID: 31950135) that can be included as additional references.
[bookmark: _GoBack]References have been added.

Minor Concerns:
1. CD4 and CD8 selection kits are from StemCell Technologies (table) whereas in the text (line 147) Miltenyi was indicated.
Thank you for pointing out the discrepancy. We removed the brand name from the text. We have used both StemCell technologies and Miltenyi.
2. Line 116: a longer centrifugation time and higher speed of ultracentrifugation increases the yield of lentiviral particles.
We perform ultracentrifugation at 25,000 x g for 2.5 h or 8000 x g overnight (O/N). 
3. In line 150, please add a reference supporting the promotion of T-cells with central memory phenotype.
References have been added.
4. In line 156, the amounts of Cas9 and sgRNA can be expressed as a molecular or molar ratio.
The molar ratio of Cas9 to sgRNA is 1:2.4. This has been added to the manuscript.
5. In the part of monitoring off-targets, in line 239, the sentence is incomplete.
This has been edited and more details have been added.
6. In line 297, Aldevron in capital letter.
Commercial language has been removed from manuscript.
7. In line 301, Neon system (ThermoFisher) can be added to the discussion as it is also extensively employed in small-scale CRISPR experiments. Similarly, CliniMACS Prodigy (Miltenyi Biotec) can be added in line 306 as it offers GMP-compatible large-scale productions for clinical applications.
Great points, but according to the editors commercial language should not be used in the manuscript and has been removed from elsewhere as well.
8. In the legend of Figure 1 and Figure 2A, it's needed to mention "CAR".
Thank you. This has been added to the figure legends.
9. In Figure 1, there is a spelling mistake in "cryopreservation".
This has been edited, thank you for pointing that out.
10. In Figure 2B/C legend, the abbreviations in the graph have to be specified for a better understanding, e.g. UTD (untransduced?)
Thank you. Abbreviations have now been defined in figure legends.
11. The antibody for CD19 CAR detection and CD3 flow cytometry analysis should be specified in the table summarizing materials.
These details have been added to the table.
12. The table of materials has one empty column ("comments (clone?)") without giving additional information.
This has been removed from the table of materials. It was a remnant from the template provided by the journal.


We hope that the revised manuscript sufficiently addresses the concerns raised by the editors and reviewers .
 
Best,

