Editorial comments:
Changes to be made by the author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the submitted revision may be present in the published version.
done

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. You may use the generic term followed by “(Table of Materials)” to draw the readers’ attention to specific commercial names. Examples of commercial sounding language in your manuscript are: Matrigel, StemFit, GlutaMAX, Reprocell, etc.
done

3. Please combine some of the shorter Protocol steps so that individual steps contain 2-3 actions and maximum of 4 sentences per step.
done

4. After you have made all the recommended changes to your protocol, please highlight 2.75 pages or less 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.
done

5. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part of the step includes at least one action that is written in imperative tense. Notes cannot usually be filmed and should be excluded from the highlighting.
done

6. Please include all relevant details that are required to perform the step in the highlighting. 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 highlighted.
[bookmark: _GoBack]done

7. Discussion: As we are a methods journal, please also discuss critical steps within the protocol, any modifications and troubleshooting of the technique, and any limitations of the technique.
Limitations have been added to the discussion.  Critical steps, modifications, and have been addressed in the protocol itself, as we feel this is most useful for the reader.

8. References: Please do not abbreviate journal titles.
Formatted for JoVE style.

9. Table of Materials: Please sort the items in alphabetical order according to the name of material/equipment.
done

Reviewers' comments:

Reviewer #1:
Manuscript Summary:
The manuscript by Good et al. (Jove59997) describes a protocol to use iPSC technology and generate a potentially "rejuvenated" antigen-specific population of T cells from patient-derived TIL. The protocol is clear and concise.

Major Concerns:
none

Minor Concerns:
Authors should consider adding the following:
In critical places, a more explicit description of what needs to be observed to move the protocol forward. As a couple of examples: in section 2.5, is passage tied to a confluency state? In 3.7, harvest of progenitors, is there a quality attribute from the visual inspection that would indicate a failed process?

Thank you for the advice. 
2.5: Yes, passage is tied to confluency state, which has been added to section 2.5 and is detailed in the following NOTE.   
3.7: Visual inspection on day 13 can give some indication to the successful production of hematopoietic precursors. The presence of well-organized 3D structures with dark centers and surrounding dome-like structures (hematopoietic zones) are indicative of hematopoietic precursor cell (HPC) production (Timmermans et al., 2009).  In our experience, it is the presence of the dome-like structures which indicates a successful process even in the absence of dark centers.  The inability to produce HPCs may be due to poor quality of OP9/DLL1, the quality of FBS lot, confluency of iPSC clumps seeded onto OP9/DLL1 (350 – 600 clumps is optimal), and/or variations in potency of iPSC lines to produce hematopoietic precursors. The text has been modified to include these details. 

1.2.1: Authors should include references or provide information about the derivation of the hiPSC

MART-1 iPSC were previously derived from long-term cultured TIL which specifically recognize a complex of the MART-1 peptide (Vizcardo et al., 2013). This has been added to the text.

2.2 Is Trypsin EDTA prewarmed?

In our experience, it is not necessary to prewarm Trypsin EDTA.

4.1: critical details about the peptide loading process, or reference to a publication is needed

This has been added to the text. 

Figures 2 and 3: Are these data generated using TIL derived iPSC? If so, why is the entirety of the iPSC-derived population specific for MART-1?

[bookmark: _Hlk6405656]These data were generated using MART-1 iPSC, which were derived from JKF6 cells as previously described by Vizcardo et al.  JKF6 cells, which are long-term cultured TIL from a melanoma patient, specifically recognize MART-1 peptide in the context of HLA-A*02:01 (Vizcardo et al., 2013).  As published, MART-1 specific TCRab recombination was inherited in this cell line.  In our experience, hiPSC-derived DP cells start to appear in day 30-35.  Sequential physiological secondary TCRa rearrangement occurs in DP thymocytes until these cells either undergo successful positive selection or cell death occurs (Huang and Kanagawa, 2001).  However, these newly generated MART-1 iPSC-derived DP cells in day 30-35 have not yet undergone secondary TCRα rearrangement. Therefore, at this time we still observe high tetramer specificity (Figure 2). After prolonged culture, the specificity decreases as shown by Minagawa et. al (Minagawa et al., 2018). The text has been updated to include this information. 

Reviewer #2: 
Manuscript Summary:
The paper by Good et al. describes protocol for generation of rejuvenated T cells from reprogrammed melanoma antigen-specific T cells. This protocol provides all details related to T cell differentiation and materials and equipment required for the procedure. The protocol and rationale are well-written.

Major Concerns:
1. 3.10 proposes enrichment of CD8+CD4+ double positive population using MACS sorting with CD4 antibody. However, rationale for this strategy is unclear. Fig.2B shows large number of CD4+CD8- cells in the differentiation cultures. It is expected that CD4 sorting picks up CD4+CD8- cells along with CD4+CD8+ cells. Authors should explain why CD4+ selection preferentially enriches CD4+CD8+ cells and add figure demonstrating that this enrichment strategy is working or not.

Thank you for this important point, which is now included in the protocol.  The rationale for using CD4 magnetic bead enrichment is to remove CD4-CD8- DN cells from the culture, as these have been demonstrated to cause direct killing of CD4+CD8+ DP cells after stimulation (Maeda et al., 2016).  It is correct to expect that this strategy will pick up immature CD4+ single positive (ISP) cells, characterized by CD4+CD8-, along with DP cells.  It is known that during human T cell development, DN cells will first gain CD4 to become ISP and subsequently gain CD8 to become DP cells (Brauer et al., 2016). Using CD4 magnetic beads will enrich for both DP and ISP cells, which we have shown to have no negative effects (Maeda et al., 2016).  Furthermore, although flow cytometric-based sorting can be performed to isolate DP cells, magnetic bead separation avoids the mechanical stress induced by such purification.  

2. It would be helpful to explain what are CD4+CD8- cells? Single positive T cells or macrophages?

CD4+CD8- cells are ISP, an intermediate T cell lineage between DN and DP state as described above.  ISP will subsequently gain CD8 to become CD4+CD8+ DP and then undergo positive and negative selection before reaching the CD4 or CD8 SP stage (Brauer et al., 2016). Since we are not using lymphoid markers such as CD45, there is a possibility of inclusion of other lineages that express CD4. However, there are no reports to suggest that non-lymphoid CD4+ cells negatively affect in vitro T cell differentiation.   

3. Anticipated results are reasonable and useful for readers. However, additional information regarding expected numbers of total rejuvenated T cells produced in this system from 1 million of T-iPSCs should be provided. It will help readers to set up appropriate number of differentiation cultures to get desired quantities of T cells for functional analysis.

We agree with this constructive comment and have revised our protocol to include this information.  In our experience, 600 clumps of cut colonies (see step 1.2.4) represents approximately 1.0 x 106 MART-1 iPSC and after differentiation will yield 0.5 - 1.0 x 106 DP cells on day 35. However, expected numbers will vary depending on the potency of the starting cell line and culture conditions. 

Minor Concerns:
1. "Culturing human iPSC" part should describe iPSCs that can be used for this protocol and provide appropriate reference, i.e. iPSC generated through reprogramming of tumor-specific T cells described in …?

In this protocol, we use MART-1 iPSC which were previously derived from long-term cultured TIL that specifically recognize a complex of the MART-1 peptide (Vizcardo et al., 2013).  This method can also be employed for any human pluripotent stem cells (Maeda et al., 2016; Vizcardo et al., 2013).  The text has been updated to reflect this point. 

2. Abstract should add "human" to iPSCs definition.

Thank you, this has been added. 

Reviewer #3:
Manuscript Summary:
The paper by Good et. Al. demonstrates the method of differentiation of iPS cells into CD8+ T cells that resemble physiological conventional CD8+ T cells in vitro by using of murine feeder cell line, that might be useful for adoptive immunotherapy. They showed in vitro IFN-g production potential of iPS-derived CD8+ T cells in recognizing the cognate cancer antigens. The authors explains that the resulting human regenerated T cells in the method represent equivalent to functionally premature T cells, as they previously showed that it needed thymus-like 3D organoid for final maturation to functionally mature T cells.

Major Concerns:
Recent paper reported by Minagawa et al.(Cell Stem Cell 2018) demonstrated elevation of RAG1 and RAG2 gene during in vitro maturation process of iPSC to CD8ab T cells, especially at CD4 and CD8ab double positive (DP) stage, that resulted in an additional TRA gene rearrangement-related antigen specificity loss by using of CDR3 sequencing in multiple T-iPSC lines. In the manuscript by Good et al., however, almost 100% of DP cells were positive for MART1 tetramer (Fig 2).It would be necessary to explain how the method by Good et al. is robust about RAG gene suppression or antigen-specificity by mentioning their result from multiple T-iPS cell line. Actually it is known that some tetramer have centricity to TCRa- or TCRb-chain for binding to peptide-HLA complex, which may cause maintenance of antigen-specificity in some TCRb-centric tetramers and loss of antigen-specificity in some TCRa-centric tetramers, even after additional TRA gene rearrangement at DP stage.

We thank the reviewer for this constructive criticism and the text has been modified accordingly.  Please see the above response to Reviewer #1. In our experience, MART-1 tetramer specificity of DP cells decreases expectedly after prolonged culture (Minagawa et al., 2018), indicating that the high tetramer binding in day 35 is not due to centricity. 

Minor Concerns:
About introduction and discussion, it would be better to cite recent publications about iPSC-derived T cells, such as
Minagawa A. et al. Cell Stem Cell 2018; about TCR stability of human iPS-T
Montel-Hagen A. et al Cell Stem Cell 2019; about artificial thymic organoid-based differentiation of human iPS-T

We agree with this comment and have included the above citations in the updated manuscript. 
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