Submission ID #: 50070

Editor Name: Pallavi R. Devchand
Videographer name: Patric Sleightholm
Film Date: 29 August, 2012.

Authors and Affiliations: 1M Helen Huls, 1Matthew J Figliola, 1Margaret J Dawson, 1Simon Olivares, 2Partow Kebriaei, 2Elizabeth J Shpall, 2Richard E Champlin, 1Harjeet Singh, 1Laurence JN Cooper 

1Division of Pediatrics and 2Department of Stem Cell Transplantation and Cellular Therapy,

UT MD Anderson Cancer Center, Houston TX 77030
Title: Clinical application of Sleeping Beauty and artificial antigen presenting cells to genetically modify T cells from peripheral and umbilical cord blood

Corresponding Author: ljncooper@mdanderson.org
Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___N_____ If yes, please list make and model of your microscope: ______________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___N____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_3.1, 4.3, 4.6, 4.8, 7.1, 7.3___
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _Electroporation of T cells and co-culture with aAPC_
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:

This protocol genetically modifies T cells to introduce chimeric antigen receptors specific for tumor antigens, and then propogates clinically significant numbers on designer artificial antigen presenting cells (Intro). Begin with electro-transfer of the Sleeping Beauty transposon and transposase DNA plasmids into quiescent mononuclear cells isolated from peripheral or umbilical cord blood (P1). Then measure the transfection efficiency using flow cytometry (P2). Next, co-culture the transfected T cells over 7 days on K562-derived artificial antigen presenting cells, with the addition of exogenous cytokines in 4-week stimulation cycles of proliferation (P3). Proceed to analyze, cryopreserve, and release the electroporated and propagated CAR+ T cells for human application (P4).

P1: Show cells + plasmids (include text), then put both into tube, and then show Lonza nucleofector.

P2: Show figure and highlight “46.58%”
P3: Show co-culture, then add IL-21 and IL-2; then bring cells on right to the forefront. (include text)

P4: Show data set (highlight 93.35%), then zoom out and add arrows to texts
[image: image1.emf]
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Laurence Cooper: The Sleeping Beauty system offers an alternative to viral-based gene transfer and the low efficiency of stably expressing transgenes from naked DNA plasmids. Using this method, the non-viral DNA plasmids can be produced to clinical grade at approximately 1/10th the cost of recombinant GMP-grade virus.   

1.2. Helen Huls: Generally, individuals new to this method will initially have to overcome the efficiency of electroporating T cells and selective propagation of CAR+ T cells on aAPC. Both steps are challenging to master because of the need to co-culture genetically modified T cells on aAPC.   

1.3. Harjeet Singh: This method is useful in the field of adoptive immunotherapy, particularly in effective gene delivery and the manufacture of clinically significant numbers of T cells.  The broader applications extend toward therapy (or diagnosis) of cancer because T cells from the immune system can be modified to be tumor specific. 

1.4. ** Helen Huls: Demonstrating the procedure will be Margaret Dawson and Matthew Figliola technicians from my laboratory.  

1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Isolation of mononuclear cells from PB and UCB

2.1. First dilute the peripheral blood with equal volume PBS-EDTA, and umbilical cord blood with four volumes of PBS-EDTA.

2.1.1. MED: Tlaent dilutes the peripheral blood with equal volume PBS-EDTA

2.1.2. CU: Talent dilutes umbilical cord blood with four volumes of PBS-EDTA.

2.2. Slowly layer 25mL of diluted blood onto 12mL of Ficoll in a 50mL centrifuge tube. Centrifuge the ficoll gradient at 400 x g for 30  to 40 minutes with no brake.

2.2.1. ECU: Talent slowly layers 25mL of diluted blood onto 12mL of Ficoll in a 50mL centrifuge tube. 

2.2.2. MED: Talent places tubes in centrifuge (TEXT: 400 x g for 30 - 40 minutes with no brake).

2.3. Now transfer the mononuclear cell fraction to a fresh 50 mL centrifuge tube. With PBS-EDTA, bring up the volume to 50mL, and harvest the cells by centrifugation.

2.3.1. ECU: Talent uses a transfer pipette and transfers the mononuclear cell fraction to a fresh 50 mL centrifuge tube.

2.3.2. ECU: Talent adds PBS-EDTA to bring up the volume to 50m.

2.3.3. MED/CU: Talent starts centrifuge (TEXT: 450 x g for 10 minutes).

2.4. Gently wash the cells once in 50 mL of Complete Culture Media and centrifuge at 400 x g for 10 minutes. Then pool the cell pellets in CCM. Perform a cell count using the Trypan blue exclusion method.

2.4.1. ECU: Talent gently adds 50ml CCM to wash the cells (show pellet size)

2.4.2. MED: Talent places tubes in centrifuge.

2.4.3.  ECU: Talent pools the cell pellets in CCM. 

2.4.4. MED/CU: Talent performs a cell count using the PBMC program (show Cellometer).

2.5. Talent: The mononuclear cells can now be used for electroporation or cryopreserved for future use.

2.5.1. Interview style.

3. Preparation of T-cells for electroporation 
3.1. If using cryopreserved MNC, quickly thaw 2 x 108 cells for a full-scale electroporation. Gently transfer the cells to an appropriately sized centrifuge tube containing pre-warmed Complete Phenol-Free RPMI culture media, and pellet the cells by centrifugation.

3.1.1. MED/CU: Talent removes vial of thawed cells from 37(C water bath. 

3.1.2. ECU: Talent transfers the cells to an appropriately sized centrifuge tube containing pre-warmed Complete Phenol-Free RPMI culture media

3.1.3.  MED-over-the-shoulder: Talent starts centrifuge run (TEXT: 200 x g for 10 minutes).

3.2. Re-suspend the mononuclear cells in PF-RPMI, perform a cell count, and transfer the cells to an appropriately sized cell culture vessel at a concentration of 106 cells/mL. Equilibrate the cells in a humidified incubator [Text over video: 37(C/5% CO2] for 2 hours.

3.2.1. ECU: Talent re-suspends the mononuclear cells in PF-RPMI.

3.2.2. MED/CU: Talent perform a cell count using Cellometer.

3.2.3. ECU: Talent transfers the cells to an appropriately sized cell culture vessel (show label  “106 cells/mL”). 

3.2.4. MED/CU: Talent places cells in culture incubator. 

3.3. Harvest the MNC by centrifugation. Then gently re-suspend and combine the cell pellets in PF-RPMI and enumerate the cells.

3.3.1. MED/CU: Talent removes cells from centrifuge (TEXT; 200 x g for 5 minutes, no brakes).

3.3.2. ECU: Talent re-suspends and combines the cell pellets in PF-RPMI. 

3.3.3. CU: Talent counts cells using Cellometer.

3.4. Now transfer 2 x 108 MNC to a sterile 50 mL centrifuge tube and centrifuge at 200 x g for 10 minutes, without brakes. Aspirate the supernatant so that no residual media remains around the cell pellet.

3.4.1. CU: Talent transfers 2 x 108 MNC to a sterile 50 mL centrifuge tube

3.4.2. MED: Talent places cells in centrifuge and starts the run (TEXT: 200 x g for 10 minutes, no brake).

4. Electroporation of MNC 
4.1. Prepare a sterile 12-well plate with 10 wells containing 4mL of warm PF-RPMI, and equilibrate the plate in a humidified incubator at 37°C with 5% CO2. 

4.1.1. MED/CU: Talent adds 4mL of warm PF-RPMI to last two wells of 10 in a a sterile 12-well plate.

4.1.2. MED: Talent places plate in cell culture incubator.

4.2. Then reconstitute the Lonza Nucleofector Solution from the Human T-cell kit as per manufacturer’s instructions [Text over video: www.lonza.com] 

4.2.1. MED/CU: Talent reconstitutes the Lonza Nucleofector Solution (show Human T-cell kit in background).

4.3. For each reaction cuvette, prepare 100µL of DNA master mix containing supplemented Nucleofector solution, 15 (g of the transposon plasmid and 5 (g of the transposase plasmid.

4.3.1. ECU: To a tube labeled “DNA master mix”, Talent adds supplemented Nucleofector solution, 15 (g of transposon (show label: CD19RCD28/pSBSO) and 5 (g of transposase (show label: pCMV-SB11).

4.4. Next, disperse the pellet of T cells, and re-suspend in Nucleofection solution/DNA master mix at a final cell concentration of 2 x 107 cells per 100 (L. 

4.4.1. ECU: Talent disperses the pellet of T cells by gently tapping the side of the centrifuge tube, and re-suspends in Nucleofection solution/DNA master mix at a final cell concentration of 2 x 107 cells per 100 (L.

4.5. Carefully transfer 100 µL of the cell suspension to each of ten Lonza Nucleofection cuvettes, being careful to avoid bubbles.

4.5.1. ECU: Talent transfers 100 µL of the cell suspension to a two of ten Lonza Nucleofection cuvettes, being careful to avoid bubbles.

4.6. Now tap the cuvette once, and electroporate using the program U-014 for unstimulated T-cells.

4.6.1. MED/CU- multiple takes, different angles (shots used later): Talent taps a cuvette once, and electroporates using program U-014 for unstimulated T-cells.

4.7. Transfer the cuvettes and the equilibrated 12-well plate to the culture hood.

4.7.1. WIDE: Talent approaches culture hood with the cuvettes and the equilibrated 12-well plate.

4.8. Using an Amaxa fine tip transfer pipette, add 500 (L of the pre-warmed culture medium from the corresponding well to each cuvette. Transfer the electroporated cells to the plate, and allow the cells to recover in the cell culture incubator for 2 hours.

4.8.1. MED/CU: Using an Amaxa fine tip transfer pipette, Talent adds 500 (L of the pre-warmed culture medium from the corresponding well to two cuvettes. 

4.8.2. ECU: Talent transfers one batch of electroporated cells to the plate

4.8.3. (Reuse shot 4.1.2) MED/CU: Talent places the plate in the cell culture incubator.

4.9. Then transfer the cells from all wells to a sterile centrifuge tube, and pellet the cells after one wash.

4.9.1. ECU: Talent starts transfer of the cells from all wells to a sterile centrifuge tube

4.9.2. MED: Talent removes the cells from the centrifuge  (TEXT: 140 x g for 8 minutes, ambient temperature, no brake). (Reuse shot) Video Editor: The authors didn’t specify which shot to reuse, but try 3.4.2 if the time and speed settings don’t show. Otherwise, see if 2.2.2 or 2.4.2 or 3.3.1 will do)
4.10. Disperse the cell pellet gently and re-suspend in CCM to achieve a single cell suspension. After performing a cell count, adjust the cell concentration to 106 cells per mL in CCM. Then transfer the cell suspension to a culture flask, and place in the incubator overnight.

4.10.1. ECU: Talent gently taps the side of the centrifuge tube (focus on the cell pellet)

4.10.2. CU: Talent re-suspends the pellet in CCM to achieve a single cell suspension. 

4.10.3. MED: Talent adds CCM media to adjust the cell concentration.

4.10.4. CU: Talent transfers the cell suspension to cell culture flask

4.10.5. MED: Talent places flask in the incubator.

4.11. To generate EGFP-transfected cells, repeat the electroporation protocol using 5 x 106 cells per cuvette with 5 (g of Amaxa control EGFP plasmid.

4.11.1. Repeat 4.6.1.

5. FACS Analysis of CAR expression (Day 1) 
5.1. Harvest the electroporated cells. Then perform a cell count using the Trypan blue exclusion method.

5.1.1. MED/CU: Talent harvests the electroporated cells

5.1.2. MED: Talent counts cells a Hemocytometer.

5.2. Then stain 1 to 2 x 106 cells with antibody specific for CD3, CD4, CD8, and human IgG Fc( as a measurement of CAR expression.

5.2.1. CU/ECU: Talent adds an antibody to cells. (Show reagents in ice bucket: (-CD3, (-CD4, (-CD8, and (-human IgG Fc().

5.3. Acquire the cells on FACS Calibur. Analyze the data using FCS Express software to determine expression of CAR. Then calculate the CAR-positive cells in culture [Text over video: CAR+ cells = Total viable cells x % CAR+ cells].

5.3.1. MED: Talent starts a FACS run (show FACS instrument).

5.3.2. SCREEN: Talent uses FCS Express software to determine expression of CAR. 

5.3.3. SCREEN: Talent calculates the CAR-positive cells in culture.
6. Preparation of aAPC (clone #4) on Day 1.  
6.1. Talent: The aAPC (clone #4) were derived from K562 cells to co-express desired T-cell co-stimulatory molecules.

6.1.1. Interview style.

6.2. Thaw an aliquot of frozen irradiated aAPC [Text over video: 100 Gy] in a 37(C water bath.  Then wash the cells in CCM 

6.2.1. MED/CU Talent places an aliquot of frozen irradiated aAPC in a 37(C water bath.  

6.2.2. CU/ECU: Talent removes washed cells from centrifuge (show pellet size and media volume)

6.3. Enumerate the viable cells by Trypan blue exclusion (Cellometer) and calculate the number of viable aAPC required for stimulation [Text over video: 2x CAR+ cells].

6.3.1. CU: Talent counts cells on Cellometer. (Reuse shot)  Video Editor: The authors didn’t specify which shot to reuse, but try 2.4.4, 3.2.2  or 3.3.3)
6.3.2. MED: Talent calculates the number of viable aAPC required for stimulation.

7. aAPC-mediated stimulation of CAR+ T cells (Day 1) 
7.1. Mix the electroporated cells expressing CAR and the (-irradiated aAPC (clone #4) in a sterile container at a ratio of 1:2

7.1.1. ECU: Talent mixes the electroporated cells expressing CAR and the (-irradiated aAPC (clone #4) in a sterile container at a ratio of 1:2,

7.2. Talent:  Adjust the aAPC ratio for the expression of CAR, based on flow cytometry the day after electroporation.

7.2.1. Interview style.

7.3. Add 30 ng/mL of IL-21 to the cell suspension. Then aliquot 106 cells per mL in T-75 flasks or Vue Life Culture bags and return to the culture incubator.

7.3.1. ECU: Talent adds 30 ng/mL of IL-21 to the cell suspension. 
7.3.2. MED: Talent aliquots 106 cells per mL in T-75 flask 

7.3.3.  WIDE: Talent returns cells to the incubator.

Results: SB system coupled with co-culture on aAPC generates CD19-specific CAR+ T cells.
7.4. The electro-transfer of DNA plasmids and propagation of T cells on (-irradiated aAPC can be used to generate clinically-appealing numbers of T cells derived from PB and UCB for human applications. 

7.4.1. LAB MEDIA: 50070_Cooper_Figure 1.

7.5. In this characterization of genetically modified T cells from peripheral blood, expression of EGFP at Day 0 of first stimulation cycle controls for the efficiency of gene transfer. 

7.5.1. LAB MEDIA: 50070_Cooper_Figure 2A.

7.6. Expression of CD19-specific CAR is assessed by flow cytometry on CD3+, CD8+ and CD4+ T cells at approximately 24 hours after electroporation, and then 28 days after co-culture on aAPC.

7.6.1. LAB MEDIA: 50070_Cooper_Figure 2B and then add 2C.

7.7. Kinetics of CAR expression on T cells grown in a functionally closed system.

7.7.1. LAB MEDIA: 50070_Cooper_Figure 2D.

7.8. The propagation of PB-derived CAR-positive T cells over time can generate clinically-appealing numbers of T cells that stably express the CAR. After four weeks of co-culture on aAPC the average fold-expansion of CD3-positive T cells is about 19,800 with 90% CAR expression. 

7.8.1. LAB MEDIA: 50070_Cooper_Figure 3.

7.8.2. LAB MEDIA: 50070_Cooper_Figure 3, trace the CD3 line then put an arrow at end-point.

INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
8. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
8.1. Helen Huls: After watching this video, you should have a good understanding of how to electroporate and propagate T cells that express a desired CAR.

8.2. Harjeet Singh: Remember to monitor for the overgrowth of NK cells.

8.3. Helen Huls: The electroporation and propagation of T cells is typically accomplished over four 7-day stimulation cycles. 

8.4. Harjeet Singh: Further investigations, such as cytokine release and cytotoxicity assays can be performed to evaluate the redirected specificity of the genetically modified T cells.

8.5. Laurence Cooper: In the field of adoptive immunotherapy this technique helps to explore the therapeutic potential of CAR+ T cells in humans..

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, 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.

         50070_Cooper_Procedural Schematic.ai

7.4 – 50070_Cooper_Figure 1.ai- Flow diagram of steps outlining the process to generate CAR+ T cells

7.5 – 50070_Cooper_Figure 2A.ai- Dot plot showing EGFP expression at Day 1.

7.6 – 50070_Cooper_Figure 2B.ai- Dot plots showing CAR expression at Day 1 in CD3, CD4 and CD8 cells.

7.6 – 50070_Cooper_Figure 2C.ai- Dot plots showing CAR expression at Day 28 in CD3, CD4 and CD8 cells.

7.7 – 50070_Cooper_Figure 2D.ai- Graph showing CAR expression over time.

7.8 – 50070_Cooper_Figure 3.ai- Graph showing numeric expansion of CD3 and CAR cells over time.

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, as well as an introduction to your videographer, closer to your filming date.

( 2011, Journal of Visualized Experiments


