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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? No  
Can you record movies/images using your own microscope camera? NA
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.

2. Does your protocol include software usage? No
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.

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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Step 2.5; 2.6; 3.8; 4.4; 4.5 and 4.6


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. (Please do not list entire sections.)
Step 2.5 and 4.4 
5. Will the filming need to take place in multiple locations? No
If yes, how far apart are the locations? 


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


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

1.1. Joseph Ray Cepeda: This protocol allows you to generate a large number of functional antigen specific T cells, which are a desired safe approach in treating autoimmune diseases. 

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

1.2. Joseph Ray Cepeda: The main advantage of this technique is that it provides you with a highly efficient transduction process and a large number of functional T cells.

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. Joseph Ray Cepeda: This technique can be extended to treat Type 1 Diabetes and other autoimmune diseases in which the antigens are known. Furthermore, CarT cells may be a promising treatment for certain types of cancer.

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

1.4. Joseph Ray Cepeda: This method can be used to generate immune cells expressing other CARs.

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



How would you expect an individual who has never performed this technique to struggle? 

Do you have any advice to offer to somebody who is trying this technique for the first time?

1.5. Joseph Ray Cepeda: It is important to have good aseptic technique, read the entire protocol, and plan the whole experiment in advance. 

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

1.6. Joseph Ray Cepeda: This 2 week long protocol includes many steps and success is dependent on proper performance of each step. Visual demonstration of this method is critical for learners to follow correctly.

1.6.1. 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)

1.7. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) of Baylor College of Medicine. 

Section - Protocol
2. Transfection of Viral Producer Cells 
2.1. Prepare Phoenix cells for transfection as described in the manuscript [1]. It is good practice to mark the sidewall where medium will be added and removed to minimize blowing off cells [3]. On Day 0, aspirate the supernatant from the cells and wash them with 5 milliliters of PBS [2]. 
2.1.1. WIDE: Establishing shot of talent walking to work station with cells in hand. 
2.1.2. Talent aspirating supernatant and washing cells.
2.1.3. Talent marking sidewall. Videographer NOTE: 2.1.2 and 2.1.3 switched order. 
2.2. Carefully add 7 milliliters of reduced serum medium dropwise to the sidewall of the plate [1] and transfer the cells back to the incubator [2].
2.2.1. Talent carefully adding medium to cells.
2.2.2. Talent putting cells in incubator.
2.3. Add 1.5 milliliters of reduced serum medium to two 14-milliliter round-bottom polypropylene tubes [1]. Add 40 microliters of transfection reagent to one of the tubes [2] and 15 micrograms of Ab-CAR (pronounce ‘antibody redirected CAR’) plasmid along with 5 micrograms of packaging plasmid to the other [3]. 
2.3.1. Talent adding serum to tubes. 
2.3.2. Talent adding transfection reagent to one tube. 
2.3.3. Talent adding plasmids to the other tube. Videographer NOTE: 2.3.2. and 2.3.3. filmed in one shot.
2.4. Incubate the tubes at room temperature for 5 minutes and then add transfection reagent to the plasmid tube [1-TXT]. Mix by gently pipetting the solution up and down 3 times and incubate it at room temperature for at least 20 minutes [2].
2.4.1. Talent adding transfection reagent to second tube. TEXT: Avoid touching tube sides!
2.4.2. Talent pipetting solution up and down to mix and leaving it to incubate.

2.5. Add 3 milliliters of the mixture to the Phoenix cells [1] and place them in a tissue culture incubator [2]. After 4 to 5 hours add 1 milliliter of FCS to the cells and culture them overnight at 37 C [3]. Videographer: This step is important!

2.5.1. Talent adding mixture to cells. 
2.5.2. Talent putting cells in tissue culture incubator. 
2.5.3. Talent adding FCS to cells.

2.6. On the next day, remove supernatant from cells and add 4 milliliters of fresh, pre-warmed culture medium [1]. Harvest the virus on Day 2 [2] by collecting the virus-containing medium from the Phoenix cells [3] and filtering it to remove residual cell debris [4-TXT]. Videographer: This step is important and difficult!

2.6.1. Talent removing supernatant from cells and adding fresh medium. Videographer: This shot will be reused, please obtain multiple reusable takes.
2.6.2. Talent taking cells out of incubator.  Videographer NOTE: Use 2.5.2
2.6.3. Talent aspirating medium from cells. Videographer NOTE: 2.6.3 and 2.6.4 combined 
2.6.4. Talent filtering medium. TEXT: Use 0.45µm filter Videographer: This shot will be reused, please obtain multiple reusable takes.

2.7. Add rhIL-2 (pronounce ‘Recombinant-Human-I-L-2’) stock to the virus for a final concentration of 200 international units per milliliter and use it immediately for transduction [1]. Add 4 milliliters of fresh medium to the Phoenix cells and place them in the incubator overnight [2]. Repeat virus collection on the next day [3] for second transduction and discard the cells [4]. 

2.7.1. Talent adding rhIL-2 to the virus. 
2.7.2. Use 2.5.1.
2.7.3. Use 2.5.4.
2.7.4. Talent discarding cells.
3. Primary CD8 T Cell Isolation and Activation
3.1. One day prior to seeding murine CD8 T cells, add 1 milliliter of a mixture of anti-mouse CD3 and CD28 antibodies to each well of a 24-well plate [1-TXT] and incubate the plate overnight at 4 C [2]. 
3.1.1. Talent adding antibody mix to plate. TEXT: Antibodies at 1µg/mL in PBS
3.1.2. Talent putting plate in fridge.
3.2. On day 0, harvest mouse spleens and put them on a cell strainer soaking in 10 milliliters of PBS in a cell culture dish on ice [1]. In a cell culture hood, cut each spleen into 3 to 5 pieces [2] and use a sterile plunger of a syringe to press the tissue through the wire mesh [3].
3.2.1. Talent putting spleens on strainer. Videographer NOTE: 3.2.1. – 3.2.3. combined
3.2.2. Talent cutting spleens. 
3.2.3. Talent pushing spleens through strainer. 
3.3. Gently remove red blood cells by resuspending splenocytes in 1:4 diluted red cell lysis buffer and incubating them at room temperature for 5 minutes [1-TXT]. Then, dilute 10 microliters of the cell suspension with trypan blue for cell counting [2] and pellet the rest of the cells by centrifuging at 350 x g for 7 minutes [3].
3.3.1. Talent resuspending splenocytes. TEXT: 1mL Lysis Buffer in 3 mL PBS per spleen
3.3.2. Talent mixing cell suspension with trypan blue. Videographer: Obtain multiple usable takes of this shot because it will be reused. 
3.3.3. Talent putting the cells in centrifuge and starting it.

3.4. Use a mouse CD8 T cell isolation kit to enrich CD8 T cells [1] and suspend the cell pellets in 400 microliters of buffer with 100 microliters of biotin-antibody cocktail per 1 X 108 cells. Mix the cell suspension well [2] and incubate it for 5 minutes at 4 C to allow for antibody binding [3].

3.4.1. Talent using isolation kit. Videographer NOTE: 3.4.1. – 3.4.3. combined
3.4.2. Talent suspending cells and mixing them. 
3.4.3. Talent putting cell suspension in fridge.

3.5. Then, add 300 microliters of labeling buffer and 200 microliters of anti-biotin micro-beads per 1 X 108 cells, mix well [1], and incubate for another 10 minutes at 4 C [2]. Meanwhile, set up a separation column on the separator [3] and wash it with 3 milliliters of labelling buffer [4].

3.5.1. Talent adding buffer and beads to cells and mixing. 
3.5.2. Talent putting the cells back in the fridge.
3.5.3. Talent setting up a separation column. Videographer NOTE: 3.5.3. – 3.5.4. combined
3.5.4. Talent washing column. 
 
3.6. Put a 40-micrometer cell strainer on the top of a column and pass 1 milliliter of the bead and cell mixture through the strainer [1] into the separation column [2]. Collect the flow through into a pre-chilled 15-milliliter tube [3] and wash the column according to manufacturer directions, collecting effluent into the same tube [4].

3.6.1. Talent straining cells. Videographer NOTE: 3.6.1. – 3.6.3. combined
3.6.2. Cells passing into the separation column.
3.6.3. Flow-through collecting in tube.
3.6.4. Talent washing column.

3.7. Count the cells and collect them by centrifugation at 350 x g for 5 minutes [1]. Wash them with 2 milliliters of T cell medium and centrifuge again [2]. Then, resuspend them in pre-warmed T cell medium at a concentration of 250,000 to 500,000 cells per milliliter [3].

3.7.1. Talent putting the cells in the centrifuge. 
3.7.2. Talent washing cells with medium. 
3.7.3. Talent resuspending the cells.

3.8. Wash the previously-prepared CD3 and CD28 antibody-coated plates with 1 milliliter of sterile PBS 3 times [1] and add 2 milliliters of the cell suspension to each well. Use a swirling motion to dispense cells evenly [2]. Videographer: This step is important!

3.8.1. Talent washing a plate with PBS. 
3.8.2. Talent adding cell suspension to a few wells. 

3.9. As a control, plate the same number of CD8 T cells into a single, non-coated well of the plate [1] and incubate the cells at 37 C in a 10% carbon dioxide gassed incubator for 48 hours [2].
 
3.9.1. Talent putting cells in uncoated well. 
3.9.2. Talent putting plate in incubator.
4. Transduction of Activated CD8 T Cells 
4.1. On day 1, prepare human fibronectin fragment coated plates by adding 0.5 milliliters of fibronectin to the wells of a 24-well plate [1] and incubating it overnight at 4 C [2]. On the next day, remove the fibronectin solution and add 1 milliliter of 2% BSA in PBS per well [3].  
4.1.1. Talent adding fibronectin to plate. 
4.1.2. Talent putting plate in the fridge. 
4.1.3. Talent removing fibronectin and adding BSA to a few wells.
4.2. Incubate the plate at room temperature for 30 minutes and wash the treated wells with 1 milliliter of sterile PBS [1]. The plate is ready to use after removing wash solution [2]. 
4.2.1. Talent adding PBS to plate. Videographer NOTE: 4.2.1. – 4.2.2. combined
4.2.2. Talent removing wash solution.

4.3. Count the activated CD8 T cells using trypan blue [1], collect them by centrifugation [2], and resuspend them at 5 million viable cells per milliliter for transduction [3].

4.3.1. Use 3.3.2.
4.3.2. Talent taking cells out of the centrifuge. 
4.3.3. Talent resuspending cells.

4.4. Add 100 microliters of the activated CD8 cell suspension to each well of the fibronectin-coated plate [1]. Then, add 1.5 to 2 milliliters of the previously prepared virus-containing medium and mix using a swirling motion to evenly dispense the cells [2]. Videographer: This step is important and difficult!

4.4.1. Talent adding cell suspension to a few wells. 
4.4.2. Talent adding medium to wells and then swirling plate. 

4.5. Seal the plate in a zip-lock bag and centrifuge it at 2000 x g for 90 minutes at 37 C [1]. Remove the plate from the centrifuge and take it to a biological safety cabinet [2]. Carefully remove the plastic bag and ensure the outside of the plate is not contaminated with medium [3]. Videographer: This step is important!

4.5.1. Talent putting plate in bag and putting it in centrifuge. 
Added shot: 4.5.1a
4.5.2. Talent bringing plate to biosafety cabinet. 
4.5.3. Talent carefully removing bag and inspecting the plate.    

4.6. Transfer the plate to a 37 C carbon dioxide incubator [1]. After 4 hours, remove 1 milliliter of medium from each well, replace it with 1 milliliter of pre-warmed complete T cell medium [2], and put the plate back in the incubator [3]. Videographer: This step is important!

4.6.1. Talent putting plate in incubator. Videographer NOTE: Multiple takes
4.6.2. Talent removing medium and adding complete T cell medium to a few wells.  
4.6.3. [bookmark: _GoBack]Talent putting plate back in incubator. Videographer NOTE: Use 4.6.1

4.7. Joseph Ray Cepeda:  The Critical Aspects of this protocol are a high titer virus, healthy activated T cells, and the appropriate transduction method.

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



Section – Results
5. Results: Analysis of Transduced CD8 CAR-T Cells 
5.1. Cells were co-stained with PE-Cy7 (pronounce ‘P-E-sigh-7’) conjugated anti-CD8, AF647 conjugated anti-CD3, and BV421 conjugated anti-CD28 for flow cytometric analysis [1]. Approximately 70% of the CD8 T cells co-expressed GFP, which indicates CAR (pronounce ‘car’) expression [2]. They also co-expressed CD28 and CD3 [3]. 
5.1.1. Figure 3. Video Editor: Label 3 A ‘Un-stained parental CD8 T cells’ and keep it labeled throughout entire step.
5.1.2. Figure 3. Video Editor: Emphasize 3 B. 
5.1.3. Figure 3. Video Editor: Emphasize 3 C.
5.2. Importantly, all of the test GFP-positive cells also co-stained with IAg7-B:R3 (pronounce ‘I A G 7 insulin B R 3’) tetramers, which indicates expression of CAR on cell surface, but not with the control tetramer [1].
5.2.1. Figure 4. Video Editor: Label 4 A ‘Test’ and 4 B ‘Control’. 
5.3. Furthermore, the sorted test and control CAR-T cells each secreted high levels of IFN-γ (pronounce ‘Interferon gamma’) only after co-culture with target cells expressing their cognate ligands, which confirms that the transduced cells have a CD8 effector T cell phenotype directed towards the target of the parent antibodies [1].
5.3.1. Figure 5. 


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

6.1. Nitin Sekhar: Viral producer cell transfection and primary CD8 T cell isolation and activation are the most important steps because having healthy activated T cells and transducing these T cells with appropriate reagents ensures favorable results.  

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.2. Nitin Sekhar: This method can be used to transduce other T cells, but it must be customized for the specific cell type.

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Nitin Sekhar: This protocol paves the way for prevention of type 1 diabetes with antigen-specific CAR T cell therapy.

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