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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No 
2. Does your protocol include software usage? (Y/N) No
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
2.1 and 2.4
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. 
2.1 and 2.4
5. Will the filming need to take place in multiple locations? (Y/N) No


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. Saba Ghassemi: Creating a CAR-T cell product with functional competence that engrafts, proliferates and has cytolytic activity following infusion is a key component of adoptive immunotherapy. CAR-T cells can penetrate solid tumors, and receive optimal antigen stimulation; however, their overall engraftment and proliferation in vivo is impeded/impaired [1].

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

1.2. Saba Ghassemi: The main benefit of this technique/approach that you can retain the quality, differentiation, status, and functional competence of the cell without generating terminally differentiated or exhausted T cells which would have diminished proliferative capacity and poor effector function after infusion [1].

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

OPTIONAL Interview Statements: (Said by you on camera)

1.3. Saba Ghassemi: This method is specific to T cells that are activated through their T cell receptor, a protein found on the cell surface. This protein, of course, is only expressed on T cells. Cells of other lineage do not express this protein [1].

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

1.4. Saba Ghassemi: This technique can be difficult because T cells are very sensitive to their cell concentration and surface area of the vessel in which they are cultured, as well as metabolic needs. Essentially, the T cells need to be kept “happy” through this process [1].

1.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera. 

Ethics title card:

1.5. All animal studies are approved by the Institutional Animal Care and Use Committee of the University of Pennsylvania.
Section - Protocol
2. T Cell Activation, Transduction, and Expansion
2.1. To begin this procedure, set out 6-well culture dishes [1]. Activate fresh or cryopreserved primary human T cells by mixing them with anti CD3/CD28 magnetic beads at a ratio of 3 beads per T cell in the wells of the culture dishes [2].
Videographer: The authors have identified this step as one of the most important for viewers to see, as well as one of the most difficult in the protocol.
2.1.1. MED: Establishing shot of the talent approaching the work area with a 6-well culture dish in hand.
2.1.2. MED: Talent mixes the primary human T cells with anti CD3/CD28 magnetic beads in the wells of the culture dishes.
2.2. Culture the T cells in X-VIVO 15 medium, supplemented with normal human AB serum, L-glutamine, HEPES, and IL2 [1 2-TXT]. Maintain the T cells at a concentration of 10 million T cells per milliliter during expansion [2 1], and culture them at 37 degrees Celsius with 20 percent oxygen, 5 percent carbon dioxide, and 95 percent humidity [3].
2.2.2. MED: Talent checks/adjusts the cells concentration. Any action appropriate to these actions can be filmed for this shot. TEXT: Normal human AB serum: 5%; L-glutamine: 2 mM; HEPES: 20 mM; IL2 100 U/mL.
2.2.1. MED: Talent adds the medium to the wells of the culture dishes. TEXT: Normal human AB serum: 5%; L-glutamine: 2 mM; HEPES: 20 mM; IL2 100 U/mL.
2.2.2. MED: Talent checks/adjusts the cells concentration. Any action appropriate to these actions can be filmed for this shot. (Move above 2.2.1)
2.2.3. MED: Talent transfers the culture dishes to an incubator.
2.3. After overnight stimulation [1], calculate the volume of supernatant necessary to achieve a multiplicity of infection between 3 and 5 [3]. Add lentiviral supernatant to the activated T cells [2].
2.3.1. MED: Talent retrieves the dishes from the incubator. (Videographer Comment: Video File “MVI_1289” is a close up for shot 2.3.1)
2.3.2. MED: Talent adds lentiviral supernatant to the wells of the culture dishes. (Move below 2.3.3)
2.3.3. MED: Talent calculates the volume of supernatant necessary to achieve the desired multiplicity of infection. This calculation can be performed either in a laboratory notebook, or on a computer.
2.3.2. MED: Talent adds lentiviral supernatant to the wells of the culture dishes.
2.4. Continue culturing the cells using the same conditions [1]. On day 3, collect a representative aliquot of the cells of cryopreservation [2]. Prior to cryopreservation, remove the magnetic beads by gently pipetting and magnetic separation [3] [4].
Videographer: The authors have identified this step as one of the most important for viewers to see, as well as one of the most difficult in the protocol.
2.4.1. MED: Talent transfers the culture dishes to an incubator. Use 2.2.3
2.4.2. MED: Talent collects a representative aliquot of the cells. [Shots 2.4.2 – 2.4.4 combined] (Videographer Comment: The client wanted to shoot scenes 2.4.2 through 2.4.4 as one sequence. Files MVI_1296 through MVI 1299 are all close ups for the shot slate 2.4.2)
2.4.3. MED: Talent uses a pipette to remove some of the magnetic beads. Video Editor: Show 2.4.3 and 2.4.4 alongside each other, either sequentially or as a side-by-side, whichever looks best.
2.4.4.  MED: Talent uses magnetic separation to remove some of the magnetic beads.
2.5. Prepare the freezing medium, which contains PBS with 0.5 percent DMSO [1] and store it at 4 degrees Celsius until ready to use [2].
2.5.1. MED: Talent prepares the freezing medium.
2.5.2. MED: Talent places the freezing medium into a refrigerator.
2.6. Next, centrifuge the T cells at 300 x g for 5 minutes [1]. Discard the supernatant and add 5 milliliters of PBS [2]. Centrifuge the cells again at 300 x g for 5 minutes, and discard the PBS [3].
2.6.1. MED: Talent places the vessel of T cells into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
2.6.2. MED: Talent discards the supernatant and adds PBS.
2.6.3. MED: Talent places the vessel of T cells into a centrifuge, closes the centrifuge lid, and turns the centrifuge on. (Editor: It’s not clear from the notes, but it looks like this shot may not have been filmed, and instead the authors want 2.6.1 reused here)
2.7. [bookmark: _GoBack]Re-suspend the pellet in 1 milliliter of cold cryopreservation medium [1]. Freeze the T cells in a chilled freezing container [2] and store at -80 degrees Celsius for 48 hours [3]. After this, transfer the frozen cells to liquid nitrogen [4].
2.7.1. MED: Talent re-suspends the cell pellet in cold cryopreservation medium.
2.7.2. MED: Talent freezes the T cells in a chilled freezing container.
2.7.3. MED: Talent place the container into a freezer.
2.7.4. MED: Talent transfers the frozen cells to liquid nitrogen.
2.8. Wash the rest of the T cells once in 5 milliliters of PBS to eliminate any residual vector [1]. Centrifuge at 300 x g for 5 minutes [2]. Then, decant the PBS and re-suspend the cell pellet in T cell culture medium at a concentration of 500,000 cells per milliliter [3].
2.8.1. MED: Talent washes the T cells in PBS.
2.8.2. MED: Talent places the vessel of T cells into a centrifuge, closes the centrifuge lid, and turns the centrifuge on.
2.8.3. MED: Talent re-suspends the cell pellet in T cell culture medium. The PBS can be decanted prior to this shot.
2.9. Split the T cells into two cultures, designed for day 5 and day 9 [1]. Count the T cells by flow cytometry using counting beads and monoclonal antibodies to human CD4 and CD8, as well as a viability dye [2-TXT]. Refeed the cultures every other day to maintain them at a concentration of 500,000 cells per milliliter [3].
(Videographer Comment: The shots for 2.9 were filmed. However, the authors said that 2.10 and 2.11 were actions that had been filmed before and that new shots did not need to be filmed – and instead shots should be reused)
(Editor: The authors were not clear on which shots to reuse where here. I’ve made an educated guess on some shots, but wasn’t sure for others. For example, I’m not sure about 2.10.3 and 2.10.4. I suggest using whatever previous footage looks close to the description, and letting the authors decide if another shot should be used instead)
2.9.1. MED: Talent splits the cells into two cultures. Any action in this process can be filmed for this shot.
2.9.2. MED: Talent counts the cells by flow cytometry. Any action in this process can be filmed for this shot. TEXT: See text for details on counting T cells.
2.9.3. MED: Talent refeeds a culture. (Videographer Comment: The author said that there was no shot that could illustrate 2.9.3) (Editor: I’m not sure this is true, but that’s beside the point. I’m unsure if anything was filmed here and neither the videographer nor the authors made that clear. If nothing was filmed, we should strike the VO. Alternatively, if there are any shots of the talent adding medium to the cells, or if 2.9.2 is long enough, this VO could play over either of those)
2.10. On day 5, count and cryopreserve the day 5 cultures as previously described [1] [2]. On day 7, wash 500,000 cells in PBS [3] and re-suspend them in 100 microliters of fluorescence activated cell sorting buffer [4].
2.10.1. MED: Talent counts the cells by flow cytometry. Any action in this process can be filmed for this shot. Use 2.9.2. Video Editor: Show 2.10.1 and 2.10.2 alongside each other, either sequentially or as a side-by-side, whichever looks best.
2.10.2. MED: Talent freezes the T cells in a chilled freezing container. Use 2.7.2
2.10.3. MED: Talent washes the cells in PBS.
2.10.4. MED: Talent re-suspends the cells in fluorescence activated cell sorting buffer.
2.11. Then, detect CAR surface protein expression by immunostaining with a fluorescently-conjugated anti-CAR19 idiotype by flow cytometry [1]. On day 9, count and cryopreserve the day 9 cultures as previously described [2] [3].
2.11.1. MED: Talent, at the flow cytometer, detects the CAR surface protein expression. Any action in this process can be filmed for this shot.
2.11.2. MED: Talent counts the cells by flow cytometry. Any action in this process can be filmed for this shot. Use 2.9.2. Video Editor: Show 2.11.2 and 2.11.3 alongside each other, either sequentially or as a side-by-side, whichever looks best.
2.11.3. MED: Talent freezes the T cells in a chilled freezing container. Use 2.7.2






Section – Results
3. Results: Analysis of Manufactured Chimeric Antigen Receptor T cells
3.1. In this study, the function and efficacy of CAR T cells, that are harvested at varying intervals throughout ex vivo culture, are measured [1]. Using the methods described in this video, T cells are stimulated and expanded for either 3 or 9 days [2].
3.1.1. LAB MEDIA: Figure 1. Video Editor: Show only Figures 1A and 1B.
3.1.2. LAB MEDIA: Figure 1. Video Editor: Still show only Figures 1A and 1B.
3.2. The cells’ differentiation profile, as indicated by the gating strategy shown here, is analyzed by measuring the abundance of distinct glycoproteins expressed on the cell surface [1]	. A progressive shift towards effector differentiation is seen over time during ex vivo culture [2].
3.2.1. LAB MEDIA: Figure 1. Video Editor: Show only Figure 1C.
3.2.2. LAB MEDIA: Figure 1. Video Editor: Show only Figure 1D.
3.3. The effector function and proliferative capacity of CAR T cell in response to antigen is then assessed [1]. Cells that are expanded less are functionally superior [2] to those extensively cultured over a longer duration [3].
3.3.1. LAB MEDIA: Figure 2.
3.3.2. LAB MEDIA: Figure 2. Video Editor: In Figure 2B, emphasize the 3 data columns over the label “d3”.
3.3.3. LAB MEDIA: Figure 2. Video Editor: In Figure 2B, emphasize the 3 data columns over the label “d9”.
3.4. In a human xenograft mouse model of ALL, the potency of CAR T cells harvested at different time periods is compared [1]. The 9 day cells show a dose dependent anti leukemic response [2], with a complete response for high dose of 3 million [3], and a loss of efficacy for the low dose of 500,000 [4]. 
3.4.1. LAB MEDIA: Figure 3. Video Editor: Show only Figures 3B and 3C.
3.4.2. LAB MEDIA: Figure 3. Video Editor: Show only Figures 3B and 3C.
3.4.3. LAB MEDIA: Figure 3. Video Editor: Still show only Figures 3B and 3C. In Figure 3B, emphasize the red data points over the label “d9” in the grouping “3x10” (the red squares).
3.4.4. LAB MEDIA: Figure 3. Video Editor: Still show only Figures 3B and 3C. In Figure 3B, emphasize the red data points over the label “d9” in the grouping “5x10” (the red circles).
3.5. However, the day 3 cells showed persistent tumor control in both high and low doses [1].
3.5.1. LAB MEDIA: Figure 3. Video Editor: Still show only Figures 3B and 3C. In Figure 3B, emphasize all of the blue data points (those over “d3” in both groups).
3.6. This response is associated with the absolute count of CART19 in the peripheral blood of mice [1]. Overall, these results provide evidence that CAR T cells harvested earlier outperform those harvested later [2].
3.6.1. LAB MEDIA: Figure 3. Video Editor: Still show only Figures 3B and 3C. Emphasize Figure 3C.
3.6.2. LAB MEDIA: Figure 3.



Section - Conclusion
4. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
4.1. Saba Ghassemi: Following this procedure, additional functional assays, such as the Seahorse assay can be performed to measure their metabolic properties, such as oxygen consumption and spare reserve capacity. Several rounds of re-stimulation can also be performed to provide insight into differentiation and persistence [1].
4.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
4.2. Saba Ghassemi: Using this work as a foundation, other researchers are engaged in studies to abbreviate the culture process further. It can be extended to CAR approaches designed against other cancer antigens [1].
4.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
4.3. Saba Ghassemi: Care should be taken when working with lentivirus, even when the virus is replication incompetent [1].
4.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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