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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
Authors: please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.6., 2.7.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.6., 2.7.
5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Dongrui Wang: This protocol provides a long-term, in vitro, functional method for the evaluation of chimeric antigen receptor, or CAR, T cells through repetitive tumor cell challenge [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Renate Starr: This technique is less time-consuming and labor-intensive than in vivo CAR T cell function evaluation while still achieving an accurate representation of the true antitumor efficacy [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Christine Brown: This technique enables the screening and differentiation of the effector potency of different CAR T cell products with a potential application for assessing clinical responses [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at City of Hope.


Section - Protocol
2. Tumor Cell:T Cell Co-Culture Setup and Tumor Cell Rechallenge

2.1. Begin by dissociating glioblastoma tumor spheres from a glioblastoma tumor sphere culture [1] with 1 milliliter of cold accutase and 30-60 seconds of pipetting [2].

2.1.1. WIDE: Talent adding accutase to culture, with accutase container visible in frame
2.1.2. CU: Cells being pipetted, with accutase container label visible in frame

2.2. When the tumor spheres have been disrupted, stop the reaction with 5 milliliters of warm co-culture medium [1-TXT] and pellet the tumor cell suspensions by centrifugation [2-TXT].

2.2.1. [bookmark: _GoBack]MED: Talent adding accutase that contains cells to a tube with a filter, followed by adding medium to cells, with medium container visible in frame TEXT: See text for all medium/reagent preparation details
2.2.2. MED: Talent placing tube(s) into centrifuge TEXT: 4 min, 300 x g, 4 °C

2.3. Resuspend the glioblastoma cells to a 1.6 x 105 tumor cells/milliliter of fresh co-culture medium concentration [1] and dilute T cells harvested from a CAR T cell culture to the appropriate percentage of CAR-positive T cells/milliliter of co-culture medium concentration [2-TXT].

2.3.1. MED: Talent adding cells to tube, with medium container and tumor culture container visible in frame
2.3.2. MED Talent adding medium to cells, with medium container and T cell culture container visible in frame TEXT: e.g., 50% CAR+ in 4 x 105 T cells/mL original concentration = 1 mL T cells + 4 mL medium dilution 
2.4. Next, add 100 microliters of the diluted tumor cells to each well of a 96-well flat-bottom tissue culture plate [1] and 100 microliters of diluted CAR T cells into each well of tumor cells with gentle mixing [2].
2.4.1. MED: Talent adding cells to well(s), with tumor cell container visible in frame
2.4.2. CU: T cells being added to well(s), with T cell container label visible in frame
2.5. Then place the plate in a 37-degree-Celsius, 5% carbon dioxide incubator [1].

2.5.1. MED: Talent placing plate into incubator

2.6. On days 2, 4, and 6 of culture, carefully remove 50 microliters of medium from each well [1] of the tumor cell-T cell co-culture plate slated for rechallenge according to the Table [2].

2.6.1. CU: Medium being removed from well(s)
2.6.2. LAB MEDIA: Table 1: JoVE Video Editor: please emphasize Rechallange on D2, Rechallange on D2, 4, and Rechallange on D2, 4, 6 texts

2.7. Then add 50 microliters of fresh glioblastoma cell suspension prepared as just demonstrated but with twice the cell number of the initial co-culture to each well with gentle mixing [1] and return the plate to the cell culture incubator [2].

2.7.1. CU: GBM being added to well(s), with GBM container label visible in frame
2.7.2. MED: Talent placing plate into incubator

3. Sample Harvest for Flow Cytometric Analysis

3.1. Days 1, 3, 5, and 7 of co-culture, transfer the supernatant from each well to be harvested into a new 96-well, round bottom plate according to the Table [1] and add 50 microliters of pre-warmed 0.5% trypsin-EDTA into each medium-depleted well [2].

3.1.1. LAB MEDIA: Table 1: JoVE Video Editor: please emphasize Analyze on D1, Analyze on D3, Analyze on D5, Analyze on D7 texts
3.1.2. WIDE: Talent adding trypsin-EDTA to well(s), with trypsin-EDTA container visible in frame

3.2. After 5 minutes at 37 degrees Celsius, confirm that the cells have detached from the bottom of each well by light microscopy [1] and gently pipette the enzyme solution around the bottom of each well to resuspend the cells [2] before transferring the detached cell suspension into the appropriate corresponding wells of the new 96-well plate [3].

3.2.1. MED: Talent at microscope, looking at well(s)
3.2.2. CU: Well(s) being pipetted
3.2.3. MED: Talent adding cell(s) to well(s)

3.3. Pellet the cells by centrifugation [1-TXT] and wash the cells with 200 microliters of fluorescence-activated cell sorting staining solution, or FSS (F-S-S), per well with a second centrifugation [2].

3.3.1. MED: Talent placing plate into centrifuge TEXT: 4 min, 300 x g, 4 °C
3.3.2. CU: FSS being added to well(s), with FSS container label visible in frame

3.4. Resuspend the pellets in 100 microliters of the antibody cocktail of interest in 100 microliters of FSS per well [1] for a 30-minute incubation at 4 degrees Celsius [2].

3.4.1. CU: Antibody cocktail being added to well(s), with antibody container labels visible in frame as possible
3.4.2. MED: Talent setting timer

3.5. At the end of the incubation, remove any unbound antibody by sequential 100- and 200-microliter FSS washes [1] and resuspend the cells in 100-200 microliters of DAPI (DAP-ee) nuclear stain in FSS [2].

3.5.1. MED: Talent placing plate into centrifuge
3.5.2. CU: DAPI being added to well(s), with DAPI container label visible in frame

3.6. Then analyze the cells according to standard flow cytometric analysis protocols [1].

3.6.1. MED: Talent loading 96-well round-bottom plate onto cytometer

4. Functional and Phenotypic Chimeric Antigen Receptor (CAR) T Cell Analysis 

4.1. For functional and phenotypic analysis of the CAR T cells after tumor cell co-culture [1], retrieve the data files from the flow cytometer and gate all of the live, DAPI-negative cells [2].

4.1.1. WIDE: Talent retrieving file(s), with monitor visible in frame as relevant
4.1.2. SCREEN: 4.1.2 Gating: DAPI- cells being gated for at least one data file

4.2. To quantify the tumor cells, gate the CD45 (C-D-forty-five)-negative population. To quantify the CAR T cells, gate the CD45-positive, CAR-positive population [1].

4.2.1. SCREEN: 4.2.1 Gating: CD45- population being gated, the CD45+, CAR+ population being gated

4.3. Then plot the tumor and CAR T cell numbers over the time course of the experiment, identifying T cell activation by the co-expression of 4-1BB (four-one-B-B) and CD69 (C-D-sixty-nine), T cell exhaustion by the expression of PD-1 (P-D-one), LAG-3 (lag-three), and TIM-3 (tim-three), and the T cell memory status by CD45RO (C-D-forty-five-R-O) and CD62L (C-D-sixty-two-ligand) expression.

4.3.1. SCREEN: 4.3.1 Gating: Tumor and T cell numbers before plotted, then shot of plot showing T cell activation (i.e., 4-1BB and CD69 expression), T cell exhaustion (i.e., PD-1, LAG-3, and TIM-3 expression), and T cell memory status (i.e., CD45RO and CD62L expression)



Section – Results
5. Results: Representative CD4+ and CD8+ CAR T Cell Phenotypes After Repetitive Challenge 

5.1. Both CD4-positive [1] and CD8-positive CAR T cells [2] become equally activated against glioblastoma cells that express the targeted antigen [3], as indicated by their CD107a and intracellular cytokine expression [4].

5.1.1. LAB MEDIA: Figure 2A: JoVE Video Editor: please emphasize CD4+ text
5.1.2. LAB MEDIA: Figure 2A: JoVE Video Editor: please emphasize CD8+ text
5.1.3. LAB MEDIA: Figure 2A: JoVE Video Editor: please emphasize CD107a graph
5.1.4. LAB MEDIA: Figure 2A: JoVE Video Editor: please emphasize IFN-gamma graph

5.2. However, as assessed by repetitive tumor challenge assay [1], CD4-positive but not CD8-positive CAR T cells are capable of multiple-round killing [2].

5.2.1. LAB MEDIA: Figure 2B: JoVE Video Editor: please emphasize CD4+ data line
5.2.2. LAB MEDIA: Figure 2B: JoVE Video Editor: please emphasize CD8+ data line

5.3. CD4-positive CAR T cells also achieve a more robust expansion [1].

5.3.1. LAB MEDIA: Figure 2C: JoVE Video Editor: please show only 1st and 2nd graphs and emphasize red CD4+ data lines

5.4. When CD4-positive and CD8-positive CAR T cells are mixed at a 1:1 ratio [1], this cell combination outperforms CD8-positive but not CD4-positive CAR T cells in terms of long-term cytotoxicity [2].

5.4.1. LAB MEDIA: Figure 2B
5.4.2. LAB MEDIA: Figure 2B: JoVE Video Editor: please emphasize Mix data line

5.5. In addition, the expansion of CD8-positive CAR T cells is induced by the addition of CD4-positive T cells [1], while CD4-positive CAR T cell expansion is inhibited in the presence of CD8-positive cells [2].

5.5.1. LAB MEDIA: Figure 2C: JoVE Video Editor: please show only 3rd and 4th graphs and emphasize purple data line
5.5.2. LAB MEDIA: Figure 2C: JoVE Video Editor: please show only 3rd and 4th graphs and emphasize pink data line

5.6. Twenty-four hours after the initial co-culture, both CD4-positive and CD8-positive CAR T cells are similarly activated [1].

5.6.1. LAB MEDIA: Figure 3A: JoVE Video Editor: please emphasize top right quadrant in both graphs

5.7. During the repetitive tumor challenge, both CD4-positive and CD8-positive CAR T cells demonstrate a transition from a CD45RO-positive, CD62L-positive central memory phenotype [1] to a CD45RO-positive, CD62L-negative effector memory phenotype [2].

5.7.1. LAB MEDIA: Figure 3B: JoVE Video Editor: please emphasize top right quadrant in both graphs in 1st and 2nd row
5.7.2. LAB MEDIA: Figure 3B: JoVE Video Editor: please emphasize bottom right quadrant in both graphs in 3rd row

5.8. CD8-positive CAR T cells are also more prone [1] to exhaustion compared to CD4-positive CAR T cells [2], as assessed by their PD-1, LAG-3, and TIM-3 expression after three days of co-culture [3].

5.8.1. LAB MEDIA: Figure 3C: JoVE Video Editor: please emphasize middle pie graph
5.8.2. LAB MEDIA: Figure 3C: JoVE Video Editor: please emphasize left pie graph
5.8.3. LAB MEDIA: Figure 3C: JoVE Video Editor: please emphasize PD1 vs TIM3, PD1 vs LAG3, and TIM3 vs LAG3 dot plots

5.9. Further, no difference is observed in CD8-positive CAR T cell exhaustion in the presence or absence of CD4-positive T cells [1], indicating that CD4-induced CD8-positive CAR T cell expansion is not associated with a better effector function [2].

5.9.1. LAB MEDIA: JoVE Video Editor: please emphasize right pie graph
5.9.2. LAB MEDIA: Figure 3C


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Dongrui Wang: This assay can also be coupled with sorting T cells from the co-culture to perform further analysis on transcriptomes, proteosomes or specific genes of interest [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.2. Christine Brown: The repetitive tumor challenge can also be used as a platform for investigating the biological events following CAR-mediated tumor recognition [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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