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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_No________  
Can you record movies/images using your own microscope camera? (Y/N)_Yes________  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: 
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__No______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) _____2.3, 3.2, 3.3, 3.7
D.  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. (Please do not list entire sections.) ___2.3, 3.2, 3.3, 3.7
E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Gray Kueberuwa: This method can help answer key questions in the CAR T-cell and immune therapy field, such as the evaluation of further genetic modifications of T-cells and combinations with other therapies [1-INT].
1.1.1. Gray Kueberuwa says the above statement in an interview-style shot, looking slightly off-camera.
1.2. Gray Kueberuwa: The main advantage of this technique is that it allows comparisons in both lymphoreplete and depleted settings that can answer key questions about the role of endogenous immune cells in disease progression, as well as their interaction with therapeutic CAR T-cells [1-INT].
1.2.1. Gray Kueberuwa says the above statement in an interview-style shot, looking slightly off-camera.   

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Weiming Zheng: The implications of this technique extend toward therapy or diagnosis of solid tumours, because lessons learned in this model can be directly translated to CAR T-cells with other targets, such as carcinoembryonic antigen [1-INT].
1.3.1. Weiming Zheng says the above statement in an interview-style shot, looking slightly off-camera

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

1.9. All animal experiments were conducted under the auspices of the Animals (Scientific Procedures) Act 1986 and under UK Coordinating Committee for Cancer Research guidelines. All animal studies were conducted at the CRUK-Manchester institute and approved by the local animal welfare and ethics review body (CRUK-MI AWERB).

Protocol: (read by voice talent at JoVE) 

2. Days 1 & 2: Preparation and Transfection of Plat-E Retroviral Packaging Cell Line
2.1. To begin this procedure, first prepare all needed media and cells as outlined in the text protocol [1-MED/WIDE].
2.1.1. Establishing shot of the talent approaching the lab bench, and begins to set out the needed media. Alternatively, any action taken while preparing a needed medium or cell line can be filmed here.
2.2. On day 1, add complete DMEM to 15 cm2 culture dishes [1-MED-TXT]. Seed 7.5 million Platinum-E cells in these dishes [2-MED], and incubate overnight at 37 °C with 5% CO2 [3-MED].
2.2.1. Talent adds DMEM to a few culture dishes. TEXT: Day 1
2.2.2. Talent seeds cells onto one of the culture dishes.
2.2.3. Talent transfers the dishes to an incubator.
2.3. The next day, remove the medium from the dishes and replace it with 12 mL of transfection solution 1 [1-MED-TXT]. Prepare 3 mL of transfection solution 2 for each dish, as outlined in the text protocol [2-MED]. 
2.3.1. Talent removes the medium from a dish, and adds the transfection solution. TEXT: Day 2; Prepare transfection solutions immediately before use Editor: Keep the second sentence of text overlay (“Prepare transfection solutions immediately before use”) up for 2.3.2 as well.
2.3.2. Talent mixes the components to prepare transfection solution 2. Any step in this preparation can be filmed here. Alternatively, a CU shot can be filmed of the talent setting down a clearly labeled, previously prepared vessel of the solution.
2.4. Vortex this solution for 10 seconds [1-MED], and then let it rest for 5 minutes [2-MED]. Add 3 mL of transfection solution 2 drop-wise to each plate, making sure to perform the addition evenly across the plate [3-CU].
2.4.1. Talent vortexes the solution.
2.4.2. Talent sets the solutions aside on the bench, and sets a timer for 5 minutes.
2.4.3. Close up shot of the talent adding the transfection solution drop-wise and evenly to the plate.
2.5. Rock the plates gently with a side-to-side motion for 10 seconds [1-CU]. Then, incubate them overnight at 37 °C with 5% CO2 [2-MED].
2.5.1. Talent rocks a plate gently with a side-to-side motion.
2.5.2. Talent transfers the plates to an incubator.
3. Day 3: Preparation of Virus-Containing Supernatant for Transduction and Isolation and in vitro Activation of Mouse Splenic T Cells
3.1. The next day, replace the medium with 18 mL of complete TCM and return them to incubator [1-MED].
3.1.1. Talent removes the medium and replaces it with complete TCM. Alternatively, just show the TCM being added and the medium can be removed prior to this shot.
3.2. Using tweezers, transfer a mouse spleen to a 1.5 mL microcentrifuge tube [1-MED-TXT]. Use a pestle with minimal force to homogenize the spleen [2-MED].
3.2.1. Talent, using tweezers, transfers a mouse spleen into a microcentrifuge tube. TEXT: See text for details on preparing mouse spleens
3.2.2. Talent, using a pestle, homogenizes the spleen. Alternatively, film this as a CU on the tube if the action can be captured clearly.
3.3. Next, affix a 100 μm pore cell strainer to a 50 mL tube containing 5 μL of PBS [1-MED/CU]. Using a 1000 μL pipette and approximately 800 μL of PBS, transfer the homogenate to the pore cell strainer to attain a single cell suspension. Repeat this process – from homogenization to cell straining – for each additional spleen [2-MED-TXT].
3.3.1. Talent affixes a 100 μm pore cell strainer to a 50 mL tube containing 5 μL of PBS. Film this as close up to the action as possible.
3.3.2. Talent transfers the homogenate to the pore strainer. Film the entire action, including attaining the single cell suspension, to ensure that the shot is long enough to cover the voiceover narration. TEXT: Do not exceed 3 spleens per tube.
3.3.3. Added shot: Talent mashes remaining spleen pieces with the plunger of a syringe
3.4. Then, top up each suspension to 20 mL with PBS [1-MED]. Layer the 20 mL cell suspension over 20 mL of density gradient media in a 50 mL tube [2-CU/ECU]. Centrifuge the resultant overlaid suspension at 800 x g for 20 minutes with no brake applied [3-MED].
3.4.1. Talent tops up the suspension with PBS.
3.4.2. Close up shot of a 50 mL tube as the 20 mL cell suspension is layered over 20 mL of density gradient media
3.4.3. Talent transfers the 50 mL tubes to a centrifuge, and then turns the centrifuge on.
3.5. Using a sterile Pasteur pipette, harvest the cells from the interface layer and transfer them to a fresh 50 mL tube [1-MED]. Add PBS until the total volume reaches 50 mL [2-MED].
3.5.1. Talent transfers the cells from the interface layer in the tube that was just centrifuged to a fresh 50 mL tube.
3.5.2. Talent adds PBS to this tube until the total volume reaches 50 mL. Alternatively, this can be filmed as a CU shot.
3.6. Centrifuge at 800 x g for 10 minutes to wash [1-MED]. After this, discard the supernatant and re-suspend the cells in complete TCM [2-MED].
3.6.1. Talent transfers the tube to a centrifuge and then turns the centrifuge on.
3.6.2. Talent re-suspends the cells in complete TCM. The supernatant can be removed prior to this shot.
3.7. Culture the cells at a density of 5 million cells per mL in complete TCM with anti-CD3ε (pronounce “anti-C-D-three-epsilon”) antibody, anti-CD28 (pronounce “anti-C-D-twenty-eight”) antibody, recombinant human interleukin two, and recombinant murine interleukin seven [1-MED-TXT]. Incubate overnight 37 °C at 5% CO2 [2-MED].
3.7.1. Talent adds additional TCM – with the mentioned antibodies and proteins – to the cells. Make sure the shot is long enough to cover the voiceover narration. Make sure there is enough room in the shot for the large text overlay. TEXT: Anti-CD3ε antibody: 30 ng/mL; Anti-CD28 antibody: 30 ng/mL; Recombinant hIL-2: 100 U/mL; Recombinant mIL-7: 2 ng/mL
3.7.2. Talent transfers the cultured cells to an incubator.
3.8. Meanwhile, coat non-tissue-culture 6-well plates with 2 mL of recombinant human fibronectin fragment at a concentration of 10 μg/mL [1-MED]. Incubate overnight at 4 °C [2-MED].
3.8.1. Talent coats a non-tissue-culture 6-well plate with recombinant human fibronectin fragment.
3.8.2. Talent transfers the non-tissue-culture 6-well plates to an incubator.
4. Day 4: Transduction of Mouse T Cells
4.1. The next day, transfer the recombinant human fibronectin fragment from the coated plates to fresh non-tissue-culture 6-well plates [1-MED]. Incubate the new plates overnight at 4 °C for round two of transduction [2-MED].
4.1.1. Talent transfers the recombinant human fibronectin fragment from the coated plates to fresh plates.
4.1.2. Talent transfers the new plates to an incubator.
4.2. Add 2 mL of TCM to each well of the original coated plates [1-MED], and let them rest for 30 minutes at room temperature to block non-specific binding [2-MED].
4.2.1. Talent adds TCM to the wells of the original plates.
4.2.2. Talent sets the plates aside on the bench, and then sets a timer for 30 minutes.
4.3. Next, harvest the retrovirus-containing supernatant from the culture tissues containing Plat-E cells [1-MED], and replace it with 18 mL of complete TCM [2-MED.
4.3.1. Talent harvests the supernatant from the culture tissues containing Plat-E cells
4.3.2. Talent adds complete TCM to the culture tissues containing Plat-E cells
4.4. Filter the retrovirus-containing supernatant through a 0.45 μm filter to remove the cell debris [1-MED]. Remove the TCM from the original coated plates [2-CU], and add 2.5 mL of the filtered retrovirus-containing supernatant to each well [2-MED-TXT].
4.4.1. Talent filters the retrovirus-containing supernatant through a 0.45 μm filter.
4.4.2. Talent removes the TCM from the original coated plates.
4.4.3. Talent adds the filtered retrovirus-containing supernatant to each well of the original coated plates.  TEXT: Use TCM for mock transfections
4.5. Centrifuge the plates at 1,200 x g for 30 minutes at room temperature [1-MED]. While the plates are spinning, collect the activated T cells and count them with a hemocytometer [2-MED].
4.5.1. Talent transfers the plates to a centrifuge, and then turns the centrifuge on.
4.5.2. Talent, at a microscope, counts cells using a hemocytometer. 
4.6. Transfer approximately 5 million splenocytes to a separate tube for each experimental well [1-MED]. Centrifuge at 500 x g for 5 minutes to pellet the cells [2-MED].
4.6.1. Talent transfers splenocytes to several tubes.
4.6.2. Talent places the tubes into a centrifuge, and then turns the centrifuge on.
4.7. Next, re-suspend the splenocytes in filtered retrovirus-containing supernatant at a density of 5 million cells per 2.5 mL [1-MED-TXT]. Add human interleukin two and mouse interleukin seven to final concentrations of 200 IU/mL and 4 ng/mL, respectively.
4.7.1. Talent re-suspends the splenocytes in filtered retrovirus-containing supernatant. TEXT: Use TCM instead of supernatant for the control.
4.7.2. Talent adds hIL-2 and mIL-7 to the re-suspended splenocytes.
4.8. After this, collect the 6-well plates from the centrifuge [1-MED]. Add 2.5 mL of the re-suspended splenocytes to each well, to make a final volume of 5 mL per well [2-MED].
4.8.1. Talent collects the 6-well plates from the centrifuge
4.8.2. Talent adds the re-suspended splenocytes to each well of the 6-well plates.
4.9. Centrifuge the plates at 1,200 x g for 90 minutes at room temperature [1-MED]. Then, incubate overnight at 37 °C with 5% CO2 [2-MED].
4.9.1. Talent transfers the plates to a centrifuge, and then turns the centrifuge on.
4.9.2. Talent transfers the plates to an incubator.
5. Day 5: Round 2 of Transduction
5.1. The next day, collect the recombinant human fibronectin fragment from the plates [1-MED]. Treat the plates as outlined in the text protocol [2-MED].
5.1.1. Talent collects the recombinant human fibronectin fragment from the plates.
5.1.2. Talent adds TCM to the plates, and then sets them aside to rest on the bench at room temperature. Alternatively, any action taken during this process (4.1.2 – 4.5.1) can be shown here.
5.1.3. Added shot: Steps of repetition of day 2 should be here: Video editor: The authors seem like they want some representation of steps 4.4.1, 4.4.2, 4.4.3, and 4.5.1 here. The video, however, is already over the limit for number of steps. 
5.2. [bookmark: _GoBack]While the plates are spinning, use a Pasteur pipette to re-suspend the cells in the plates used during the first round of transduction [1-MED]. Collect each group in a separate tube [2-MED]. Wash each well with 2 mL of PBS – making sure to swirl the solution – and collect any remaining cells [3-CU].
5.2.1. Talent, using a Pasteur pipette, re-suspends the cells in the plates used during the first round of transduction.
5.2.2. Talent transfers the cells from the plate to a tube. Repeat this action as needed to cover the length of the voiceover narration, showing that each well is transferred to a separate tube.
5.2.3. Close up shot of a well being washed by having the PBS added and swirled.
5.3. Centrifuge these tubes at 500 x g for 5 minutes [1-MED]. Then, re-suspend the cells in 2.5 mL of retrovirus containing supernatant per well of transduction, adding human interleukin two and mouse interleukin seven to final concentrations of 200 IU/mL and 4 ng/mL, respectively [2-MED].
5.3.1. Talent transfers the tubes to a centrifuge, and then turns the centrifuge on.
5.3.2. Talent re-suspends the cells in a tube as described. Repeat this action for the other tubes as necessary to cover the length of the voiceover narration.
5.4. Collect the plates from the centrifuge and treat them as outlined in the text protocol [1-MED]. Next, remove the tubes from the centrifuge and incubate for 4 hours at 37 °C with 5% CO2 [2-MED]. Collect transduced cells as previously described [3-MED].
5.4.1. Talent collects the plates from the centrifuge. Alternatively, any action in this process (4.8 – 4.9) can be shown here.
5.4.2. Talent transfers the tubes into an incubator.
5.4.3. Talent rinses each well of the plates (collected from the centrifuge in 5.4.1) with PBS. Alternatively, any action in this process (5.2 – 5.3) can be shown here.
5.5. After this, count the cells using a hemocytometer [1-MED]. Centrifuge them at 500 x g for 5 minutes [2-MED]. Re-suspend the pellet in TCM at a density of 1 million cells per mL [3-MED-TXT].
5.5.1. Talent, at the microscope, uses a hemocytometer to count cells.
5.5.2. Talent transfers the collected cells to a centrifuge, and then turns the centrifuge on.
5.5.3. Talent re-suspends a cell pellet in TCM. TEXT: See text for media composition
5.6. Transfer the re-suspended cells to a suitably sized culture flask [1-MED]. Then, incubate at 37 °C with 5% CO2 [2-MED] – adding fresh media every 2 days and to maintain a cell density of 1 million cells per milliliter [3-MED].
5.6.1. Talent transfers the re-suspended cells into a suitably sized culture flask.
5.6.2. Talent transfers the culture flask to an incubator.
5.6.3. Talent removes the culture flash from the incubator and added media to it.
6. In vitro Validation of CAR T cell Activity 
6.1. First, seed 10,000 syngeneic target CD19+ (pronounce “C-D-nineteen-positive) tumor cells – with or without luciferase expression – in 100 μL of TCM into each well of a 96-well U-bottom tissue culture plate [1-MED/CU].
6.1.1. Talent seeds cells into the wells of a 96-well U-bottom tissue culture plate. Have the talent repeat this action for several of the wells to cover the length of the voiceover medium. Film this as close up to the plate as possible while still capturing the full action clearly.
6.2. Add 10,000 CD19 CAR T (pronounce “C-D-ninetheen-car-T) cells in 100 μL of TCM to each well [1-MED]. Set up the controls as outlined in the text protocol [2-MED]. Co-culture the cells at 37 °C with 5% CO2 for 16 –24 hours [3-MED].
6.2.1. Talent adds CD19 CAR T cells to each well.
6.2.2. Talent adds controls to the plate.
6.2.3. Talent transfers the plate to an incubator.
6.3. After this, centrifuge the plate at 500 x g for 5 minutes [1-MED]. Collect the supernatant for further interferon gamma and interleukin-12p70 (pronounce “twelve-P-seventy”) ELISA analysis [2-MED].
6.3.1. Talent transfers the plate to a centrifuge and then turns the centrifuge on.
6.3.2. Talent collects the supernatant from the plate.
6.4. Re-suspend the cell pellets in 100 μL of PBS containing luciferin [1-MED-TXT], and incubate at 37 °C for 10 minutes [2-MED]. Then, use a luminometer to measure the luminescence from each well [3-MED/WIDE].
6.4.1. Talent re-suspends a cell pellet with PBS (containing luciferin) TEXT: Luciferin final concentration: 1.5 mg/mL
6.4.2. Talent transfers the plate to an incubator.
6.4.3. Talent approaches a luminometer with the plate in hand, and begins to load the plate. Alternatively, the talent can be shown measuring the luminescence on the luminometer, or can be shown reviewing previously acquired data.

7. Results:  Pre-Clinical Evaluation of CD19 CAR T Cells
7.1. Fluorescence microscopy images confirm the Plat-E cell line is successfully transfected with the pCL-Eco producer plasmid and pMP71 retrovirus plasmid. This successful transfection gives rise to the secretion of retroviral particles into the cell supernatant [1-LM].
7.1.1. LAB MEDIA: Figure 1 mcherry microscopy cd3z.ai
7.2. Virus-containing supernatant is then used to transduce T cells via 2 rounds of spin-fection on fibronectin fragment-coated plates, and transduction efficiency is determined via flow cytometry [1-LM].
7.2.1. LAB MEDIA: Figure 2 Transduction efficiencies.ai – Only show Figure 5C.
7.3. Luciferase assays are performed, using target cell lines modified to express luciferase, to test the degree of cell-kill by CAR T cells directly [1-LM]. CAR T cell cytotoxicity is also determined by the release of effector cytokines from CAR T cells upon co-culture with target cells [2-LM].
7.3.1. LAB MEDIA: Figure 3 cell kill and ELISA.ai – Only show Figure 3A.
7.3.2. LAB MEDIA: Figure 3 cell kill and ELISA.ai – Only show Figures 3B and 3C.
7.4. Next, A20 lymphoma is established in lymphoreplete mice to evaluate the CAR T cells [1-LM]. CAR T cells modified to express IL-12 are seen to be capable of eradicating systemic lymphoma– leading to disease free survival in approximately 25% of mice [2-LM].
7.4.1. LAB MEDIA: Figure 5 bruker imaging.ai – Show only Figure 5D.
7.4.2. LAB MEDIA: Figure 5 bruker imaging.ai – Still show only Figure 5D. Visually emphasize the red dotted line and the green dotted line, which represent cells modified to express IL-12.
7.5. Lymphodepleting pre-conditioning is seen to significantly improve engraftment [1-LM], and first generation CAR T cells in this model are capable of eradicating systematic A20 lymphoma and can typically induce disease-free survival in 100% of mice [2-LM].
7.5.1. LAB MEDIA: figure 6 TBI engraftment and survival.ai
7.5.2. LAB MEDIA: figure 7 imaging and survival.ai – Show only Figure 7C. Visually emphasize the dash/dot line at 100% (which represents the mice that have disease-free survival) during “…can typically induce disease-free survival in 100% of mice”

8. Conclusion (said by authors on camera)
8.1. Gray Kueberuwa: Accurately adjust the pH of transfection media [8.1.2], work swiftly when homogenizing spleens, avoiding clump formations [8.1.3].
8.1.1. Gray Kueberuwa says the above statement in an interview-style shot, looking slightly off-camera.
8.1.2. Use any shot from 2.3, whichever looks best for this statement.
8.1.3. Use any shot from 3.2 – 3.3, whichever looks best for this statement.
8.2. Gray Kueberuwa: This technique allowed researchers in the field of CAR T-cell therapy to explore the effects of IL12 secretion for within CAR T-cells, showing that it can overcome the need for lymphodepleting pre-conditioning for therapeutic activity [1-INT].
8.2.1. Gray Kueberuwa says the above statement in an interview-style shot, looking slightly off-camera.
8.3. Gray Kueberuwa: This procedure can be used to assess the in vivo anti cancer activity of additional CAR T-cell genetic modifications, other than IL-12 secretion [1-INT].
8.3.1. Gray Kueberuwa says the above statement in an interview-style shot, looking slightly off-camera.
8.4. Gray Kueberuwa: Following this procedure, other methods like combining CAR T-cell therapy with other cancer therapies can be performed to determine if therapeutic effects are additional or synergistic [1-INT].
8.4.1. Gray Kueberuwa says the above statement in an interview-style shot, looking slightly off-camer


Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.
7.1 	Figure 1 mcherry microscopy cd3z.tif
7.2 	Figure 2 transduction efficiencies.tif
7.3 	Figure 3 cell kill and ELISA.tif
7.4 	Figure 4 100mgkg cyclo blood counts and tumour.tif
7.4 	Figure 5 bruker imaging.tif
7.5 	Figure 6 TBI engraftment and survival.tif
7.5 	Figure 7 imaging and survival.tif

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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