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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Yes
Can you record movies/images using your own microscope camera? No
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.
Leica DMIL LED FLUO
2. Does your protocol include software usage? 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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
3.3.4 The cells must be stimulated for the transduction to be successful. The appearance of stimulated cells is an important visual.
3.6 Adding the cells to the virus coated plates
4.3 Filling the GREX well
4.4 Collecting cells from the GREX well
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.)
The most difficult aspect of the protocol for the novice is visual monitoring of the cells. At thaw (step 2.3), they should look healthy and have high viability. At the time of transduction (step 3.3.4), they must be activated (visually clumped) and highly viable. We take great care in collection, transport and storage of the cells to ensure viability.  Cells with low viability and/or poor activation, are unlikely to be successfully transduced. 
5. Will the filming need to take place in multiple locations? No


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. Pam Skinner: This protocol outlines the production of immunotherapeutic rhesus T cells that express two proteins, an antiviral-chimeric antigen receptor and the chemokine receptor CXCR5, which targets cells to lymphoid follicles.  

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

1.2. Pam Skinner: This relatively rapid nine-day procedure produces T cells with a less differentiated central memory phenotype with the potential to lead to long-term persistence after infusion into animals.

1.1.1. 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. Mary Pampusch:  Adapting this method to human cells will produce immunotherapeutic T cells with the potential induce durable remission of HIV without the need for administration of antiretroviral drugs.

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

1.4. Mary Pampusch: This method can be used broadly to produce rhesus T cells expressing other proteins of interest and, with minor modifications, to generate transduced T cells in other species including humans.

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


1.5. Mary Pampusch: The success of the transduction depends on healthy, stimulated PBMCs. Care must be taken in collection, transport and storage. Before transduction, it’s important to visually assess stimulation of the cells. 

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





[bookmark: _gjdgxs]

Section - Protocol
2. Stimulating Rhesus PBMCs with Plate-bound Anti-CD3 and Soluble Anti-CD28
2.1. Start by thawing primary rhesus PBMCs [1-TXT]. Incubate the cells in a 37 °C water bath with gentle agitation until only a small amount of ice remains [2]. Gently pipette the cells into a conical tube [3], then rinse the vial with 1 milliliter of basic medium and slowly add it to the cells [4].  
2.1.1. WIDE: Establishing shot of talent walking to the freezer to get the cells. TEXT: PBMC = peripheral blood mononuclear cell
2.1.2. Talent putting the cell vial into the water bath. 
2.1.3. Talent transferring the cells into a conical tube. 
2.1.4. Talent rinsing the vial, then adding the medium to the conical tube. 

2.2. Slowly add an additional 9 milliliters of warm basic medium to the cells [1], place the tube in the aerosol-resistant canister [2], and centrifuge it at 600 x g for 5 minutes at 22 °C [2]. Aspirate the supernatant [3] and resuspend the pellet in a small amount of growth medium [4]. 

2.2.1. Talent slowly adding medium to the cells. 
2.2.2. Talent placing the tube in the aerosol-resistant canister.
2.2.3. Talent putting the tube in the centrifuge, closing the lid, and starting it. 
2.2.4. Talent aspirating the supernatant. 
2.2.5. Talent resuspending the cells. 
2.3. To count the cells, add 10 microliters of cells to 10 microliters of trypan blue [1], load the chamber slide [2], and insert it into the counter [3]. Push the “capture” button to count the cells [4].  Videographer: This step is difficult!
2.3.1. Talent mixing cells with trypan blue. 
2.3.2. Talent loading the chamber slide. 
2.3.3. Talent inserting slide into the counter. Videographer: Obtain multiple, reusable takes of this shot because it will be reused. 
2.3.4. Talent pushing “capture” button. 

2.4. Calculate the total number of cells by multiplying cell concentration by volume [1] and dilute them to 2 million cells per milliliter in growth medium [2]. 

2.4.1. Talent performing calculation on paper. 
2.4.2. Talent diluting cells. 

2.5. Add anti-CD28 for a final concentration of 5 micrograms per milliliter [1], then pipette 3 to 6 million cells per well into anti-CD3 coated plates [2]. Incubate the plates for 2 days at 37 °C and 5% carbon dioxide [3]. 

2.5.1. Talent adding anti-CD28 to cells. 
2.5.2. Talent adding cells to a few wells. 
2.5.3. Talent putting plates in the incubator and closing the door. 

3. Transduction of Activated Rhesus PBMCs 
3.1. Warm a centrifuge to 32 °C by running it at 2000 x g for about 30 minutes [1]. Meanwhile, warm both serum free and growth media in a 37 °C water bath [2] and thaw the virus with gentle swirling in a 37 °C water bath, then place it on ice [3-TXT]. Then, dilute the virus to a predetermined optimal multiplicity of infection in serum free medium [4]. 
3.1.1. Talent starting the centrifuge. 
3.1.2. Talent putting media into the water bath.
3.1.3. Talent thawing the virus and placing on ice. TEXT: Do NOT allow virus to warm up
3.1.4. Talent diluting the virus.  

3.2. Add 2 milliliters of the diluted retrovirus to each well of the fibronectin-coated plate, using media alone for the negative control cells [1]. Place the plates in the pre-warmed centrifuge in microplate carriers [2] and centrifuge them at 2000 x g for 2 hours [3]. 

3.2.1. Talent adding virus to a few wells. 
3.2.2. Talent loading the microplate carriers.
3.2.3. Talent putting the plate in the centrifuge, closing lid, and starting it. Videographer: Obtain multiple, reusable takes of this shot because it will be reused.
3.3. If using immediately, aspirate the virus preparation from the wells [1] and add 2 milliliters of growth medium [2-TXT]. Check the stimulated PBMCs under an inverted microscope [3]. The cells should be round, bright, and they should refract light. They should also have a clumped appearance, indicating stimulation [4]. Videographer: This step is important! 
3.3.1. Talent aspirating the virus preparation from the wells. 
3.3.2. Talent adding medium to a few wells. TEXT: Keep wells from drying
3.3.3. Talent putting cells under the microscope. 
3.3.4. SCOPE: Healthy, stimulated cells. 

3.4. Collect the target cells and transfer them to a 50-milliliter conical tube [1]. Rinse each well once with 1 milliliter of growth medium and add that to the tube [2], then count the cells as previously demonstrated [3].    

3.4.1. Talent transferring cells into tube. 
3.4.2. Talent rinsing a well. 
3.4.3. Use 2.3.3.

3.5. Pellet the cells by centrifuging them at 600 x g for 5 minutes at 32 °C [1]. Aspirate the media from the pellet [2] and resuspend the cells in growth medium at a concentration of 1.5 million cells per milliliter [3]. 

3.5.1. Talent putting the tube in the centrifuge and closing the lid. Videographer: Obtain multiple, reusable takes of this shot because it will be reused.
3.5.2. Talent aspirating media. Videographer: Obtain multiple, reusable takes of this shot because it will be reused.
3.5.3. Talent resuspending the cells. Videographer: Obtain multiple, reusable takes of this shot because it will be reused.

3.6. Add 1 milliliter of the cell suspension to each virus-coated well and add mock-transduced cells to fibronectin-coated wells that did not receive virus [1]. Centrifuge the plates at 1000 x g for 10 minutes at 32 °C [2] and incubate them at 37 °C and 5% carbon dioxide for 48 hours [3]. Videographer: This step is important!

3.6.1. Talent adding cells to a few wells.
3.6.2. Use 3.2.2.
3.6.3. Talent putting the plates in the incubator and closing the door. 
3.7. Mary Pampusch:  Working with rhesus cells and gammaretroviruses requires personal protective equipment including lab coats and gloves and should be performed in a biosafety hood. All pipettes and solutions must be decontaminated. 

3.7.1. INTERVIEW: Named talent says the statement above in an interview-style shot. Videographer: Have talent look more directly at the camera compared to other interview shots because this is a warning statement. 

4. Expansion of the Transduced Cells
4.1. Pipette the contents of each well up and down with a 5-milliliter pipet to resuspend the cells [1] and transfer them to a 50-milliliter conical tube [2]. Add 1 milliliter of growth medium to each well and pipette up and down to remove adherent cells [3], then count the cells as previously described [4]. 
4.1.1. Talent pipetting the contents of a well up and down. 
4.1.2. Talent adding the cells to the conical tube. 
4.1.3. Talent adding the medium to a well and pipetting up and down. 
4.1.4. Use 2.3.3.
4.2. Centrifuge the cells at 600 x g for 10 minutes at 25 °C [1], then aspirate the media [2] and resuspend the cells in expansion media to a concentration of 1 million cells per milliliter [3]. 
4.2.1. Use 3.5.1.
4.2.2. Use 3.5.2.
4.2.3. Use 3.5.3. 
4.3. Seed 5 milliliters of cells into each gas-permeable well of a 6-well plate [1] and carefully layer an additional 25 milliliters of expansion media per well [2]. Then, incubate the cells undisturbed at 37 °C and 5% carbon dioxide for 4 days [3]. Videographer: This step is important!
4.3.1. Talent seeding cells into a few wells. 
4.3.2. Talent adding media to a few wells. 
4.3.3. Talent putting plate in the incubator and closing the door. 

4.4. To collect the cells from the wells, remove and discard 20 milliliters of the media, taking care to not disturb the cells [1]. Pipette the remaining media up and down to dislodge the cells [2]. Videographer: This step is important!

4.4.1. Talent carefully aspirating media from a well. 
4.4.2. Talent pipetting media up and down.

4.5. Use a sterile transfer pipette to rinse each well with 3 milliliters of media and collect the residual cells [1]. Then, count them to check for cell number and viability [2]. 

4.5.1. Talent rinsing a well, then aspirating the remaining cells. 
4.5.2. Use 2.3.3.



Section – Results
5. Results: Analysis of Transduced and Expanded Cells 
5.1. This protocol was used for transduction and expansion of cells from 6 different animals [1]. Gas permeable wells were seeded at a starting density of 5 million cells and after 4 days of growth, a median density of 55.6 million cells per well was achieved [2]. 
5.1.1. Figure 1. 
5.1.2. Figure 1 A. 
5.2. The viability of the cells, monitored by Trypan Blue exclusion, was maintained at 83 to 95% throughout the protocol [1]. 
5.2.1. Figure 1 B. 
5.3. Flow cytometry was used to observe co-expression of the transduced genes [1]. On day 5, a median of 42.8% of the cells were transduced with both CD4-MBL CAR and CXCR5 while on day 9, median expression was 47.6% with a single round of transduction [2].
5.3.1. Figure 2 A. 
5.3.2. Figure 2 B. 
5.4. Flow cytometry was also used to monitor memory phenotype. Prior to transduction and expansion, naïve, central memory and effector memory populations were identified. The naïve population was lost with culturing and the cells were primarily central memory cells by day 5 and day 9 [1].
5.4.1. Figure 3. Video Editor: Emphasize A when VO says ‘day 5’ and B when VO says ‘day 9’. 




. 

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

6.1. [bookmark: _GoBack]Mary Pampusch: Success in the transduction depends on the use of high quality reagents, highly viable cells, and titrated virus as well as on consistently following the timing of the protocol.

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.2.1.
6.2. Pamela Skinner: The cells can be used in functional assays such as migration and viral suppression assays, and for infusion into animals for preclinical studies to determine the efficacy of the immunotherapy.

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Pamela Skinner: We have moved forward with preclinical testing of CAR/CXCR5 T cells in animal studies, and soon hope to test this immunotherapy in HIV infected individuals. 

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