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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_2.2; 3.2; 4.7-4,9________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ____Ensuring recovery of cells after nucleofection__________________________

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:
The overall goal of this procedure is to stably gene-modify primary human T cells with a non-viral transposon system (Intro).  First collect human blood, and then isolate the peripheral blood mononuclear cells (P1).  Proceed to nucleofect the PBMCs with the piggybac transposon system and a transgene of interest, like eGFP (P2).  Next, stimulate the T cells to proliferate in culture (P3). Then analyze the T cells for transgene expression (P4). Ultimately, flow cytometry analysis is used to show stable transgene expression in T cells modified with the piggyBac transposon system (P5).
P1: “Blood collection” with flask, then have the “PBMC prep” emerge from the flask and the flask disappears. Highlight the blue and orange cells with “peripheral blood mononuclear cells”.

P2: Take the highlighted cell layer (the PBMC cells) from prep tube into the cuvette (showing text below “Nucleo...”) then have the pipette add a drop of fluid into the cuvette and the circular plasmids go into the cuvette.
P3: Show plate + Text “stimluation...”

P4: P3+arrow to cells (show both text labels)

P5: LAB MEDIA: Figure 3
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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. Matt Wilson: Unlike plasmid transfection of human T cells, transposons have the advantage of stably integrating transgenes for long-term expression. The trick is to follow a very specific protocol in handling the PBMCs during isolation and after neucleofection.

1.2. Matt Wilson: We first implemented this method to make cultured human stable cell lines for expressing different genes. This approach helps to answer key questions in the immunology field, such as how can one modify T cells to make them function better.

1.3. ** Matt Wilson: Demonstrating the procedure will be Sunandan Saha, a graduate student from my laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student 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. Day 0: Isolation of PBMCs from human blood
2.1. Using venipuncture, collect 20mL of fresh human blood into Sodium-heparin vacutainer tubes. Mix the blood with Advanced RPMI 1640 media in a 1:1 ratio.

2.1.1. MED/CU: Using venipuncture, Talent collects 20mL of fresh human blood into Sodium-heparin vacutainer tubes (focus on blood filling in tube). 

2.1.2. ECU: Talent mixes the blood with Advanced RPMI 1640 media in a 1:1 ratio.

2.2. Then add 20 mL of lymphoprep medium to a 50ml centrifuge tube. Slowly layer 25 to 30 ml of the diluted blood on top of the lymphoprep, and centrifuge at 400 X g for 40 minutes without brakes.

2.2.1. MED: Talent adds 20 mL of lymphoprep medium to a 50ml centrifuge tube. 

2.2.2. CU/ECU: Talent slowly layers 25ml the diluted blood on top of the lymphoprep.

2.2.3. MED: Talent places samples in clinical entrifuge.

 Note from author: “Everything went well except for 2.3-2.5.  The isolation of the cell layer(s) with lymphoprep was not optimal.  Our plan is to do a new prep and take pictures for 2.3.1, 2.4.2, and 2.5.1.”
2.3. Transfer both the distinct and the fuzzy layers into 10 mL of room temperature PBS. Bring the total volume up to 50mL with PBS. Then harvest the cells by centrifugation at 450 X g for 10 minutes. 

2.3.1. LAB MEDIA: Talent displays 50ml centrifuge tube with distinct and fuzzy layer (Comment: photograph to be uploaded)

2.3.2. CU/ECU: Talent uses a disposable pipette to transfer both the distinct and the fuzzy layers into 10 mL of room temperature PBS. (Comment: use only close up)
2.3.3. MED: Talent brings the total volume up to 50mL with PBS. 

2.3.4. MED: Talent removes samples from centrifuge.

2.4. Aspirate the supernatant completely. Then wash the cells once with 20 mL of Advanced RPMI.

2.4.1. CU: Talent aspirates the last part of supernatant. 
2.4.2. LAB MEDIA: Show pellet (Comment: photograph to be uploaded)
2.4.3. MED: Talent resuspends pellet in 20 mL of Advanced RPMI.

2.5. After centrifugation, resuspend the cell pellet in 10 mL of complete T cell media supplemented with 5ng/mL recombinant human IL-15 [Text over video: prewarmed at 37°C]  

2.5.1. LAB MEDIA: Talent displays pellet (Comment: photograph to be uploaded)

2.5.2. CU: Talent resuspends the cell pellet in 10 mL of complete T cell media supplemented with 5ng/mL recombinant human IL-15
2.6. Enumerate the cells. Now, in a 24-well tissue culture coated plate, seed 2X106 cells per well. Then add sterile water to any surrounding wells. Incubate the PBMCs overnight in a humidified incubator at 37°C and 5%CO2.

2.6.1. MED: Talent counts cells in an automated counter
2.6.2. WIDE/MED: In a 24-well tissue culture coated plate, Talent seeds 2X106 cells per well. 

2.6.3. CU: Talent adds sterile water to any surrounding wells. 

2.6.4. MED: Talent placess the PBMCs in a humidified incubator at 37°C and 5%CO2.

3. Day 1: Coating plates with antiCD28 and antiCD3 antibody for stimulating T cells.

3.1. Dilute the anti-CD28 and anti-CD3 antibodies in sterile water to a concentration of 1(g/ml each. 

3.1.1. CU: Talent dilutes the anti-CD28 and anti-CD3 antibodies in sterile water.

3.2. Add 500 (l of each antibody solution to 5 marked wells of a non-coated 24-well tissue culture plate. 

3.2.1. ECU: Talent adds 500 (l of each antibody solution to 5 marked wells of a non-coated 24-well tissue culture plate.

3.3. Then add sterile water to the rest of the wells. Wrap the plate and place at 4°C.

3.3.1. CU: Talent adds sterile water to the rest of the wells. 

3.3.2. MED-over-the-shoulder: Talent wrap the platein shrink-wrap

3.3.3. MED: Talent places the plate  at 4°C.

4. Day 1: Nucleofection of Unstimulated T cells 
4.1. Prewarm the T cell media at 37°C and supplement with 5ng/ml of recombinanat human IL-15. Also prepare fresh complete nucleofector solution. 

4.1.1. MED: Talent removes the T cell media from 37°C 

4.1.2. CU: Talent adds 5ng/ml of recombinanat human IL-15. 

4.1.3. ECU: Talent adds 500 (l of Nucleofector Supplement 1 to 2.25 ml of Nucleofector solution (include shot of nuclefector reagent label).

4.2. Now aliquot 5(g each of transposon and transposase in a 1.5mL microfuge tube. 

4.2.1. CU: Talent adds plasmids to a 1.5mL microfuge tube (get shot of reagent labels: Zeo-pT-CMV-eGFP and pCMV-piggyBac).

4.3. Talent: It may be necessary to optimize the transposase and transposon DNA amount for optimal gene delivery and to minimize cellular toxicity. 

4.3.1. Interview style.

4.4. Harvest the PBMCs from the 24-well tissue culture plate into a 50 ml tube. After counting the cells, save 2X106 PBMCs for use as a control during flow cytometry.

4.4.1. MED/CU: Talent transfers the PBMCs from the 24-well tissue culture plate into a 50 ml tube. 

4.4.2. ECU: Talent transfers 2X106 PBMCs to a tube labeled “FACS control”.

4.5. Next, add between 7 and 10 million cells to a 15 ml tube and centrifuge at 400xg for 5 minutes. Aspirate the supernatant and finger-flick the pellet. 

4.5.1. MED/CU: Talent adds 10 million cells to a 15 ml tube 

4.5.2. MED: Talent places cells in a centrifuge. 

4.5.3. ECU: Talent aspirates the supernatant and finger-flicks the pellet.

4.6. Add 100 (L of T cell complete nucleofection solution to loosened cell pellet.  Now add the solution-cell mixture to the plasmids. Next, add the solution-cell-plasmid mixture to the bottom of the nucleofection cuvette.

4.6.1. ECU: Talent adds 100 (L of T cell complete nucleofection solution to loosened cell pellet.

4.6.2. ECU: Talent adds the solution-cell mixture to the plasmids.

4.6.3. ECU: Talent adds the solution-cell-plasmid mixture to the bottom of the nucleofection cuvette. 

4.7. Talent: Be careful not to introduce any bubbles!

4.7.1. Interview style.

4.8. Nucleofect the cells using program U-014 for unstimulated human T cells,  [Text over video: http://bio.lonza.com/resources/product-instructions/protocols/]

4.8.1. MED/CU: Talent starts program U-014 for unstimulated human T cells, (get shot of instrument).

4.9.  Immediately add 500 (l of prewarmed media containing rhIL-15. Then transfer the cells to a well containing 1.5 mL of prewarmed media plus rhIL15. Incubate the nucleofected, unstimulated T cells in a cell culture incubator for overnight.

4.9.1. ECU: Talent adds 500 (l of prewarmed media containing rhIL-15 and transfers the cells to a well of a 24 well plate containing 1.5 mL of prewarmed media plus rhIL15.

4.9.2. MED/CU: Talent places the nucleofected, unstimulated T cells in a cell culture incubator.

5. Day 2: Nonspecific stimulation of T cells
5.1. After harvesting the cells, determine the cell numbers. Set aside 0.5 x 106 of the non-transfected PBMCs as controls for the flow cytometry determination of the frequency of GFP-positive cells. 

5.1.1. Use shot 2.6.1
5.1.2. CU: Talent pipettes 0.5 x 106 of the non-transfected PBMCs into tube labeled: FACS control.

5.2. Then aspirate the CD3/28 antibody solution from the non tissue culture coated plate, and rinse each well with T cell media. 

5.2.1. ECU: Talent aspirates the CD3/28 antibody solution from the non tissue culture coated plate.

5.2.2. CU: Talent rinses a well with T cell media.

5.3. Resuspend the nucleofected cells at 0.5 x 106 cells per mL in complete CTL media supplemented with 5ng/ml rhIL-15. 

5.3.1. ECU: Talent resuspends the nucleofected cells at 0.5 x 106 cells per mL in complete CTL media supplemented with 5ng/ml rhIL-15.

5.4. Add 2.0 mL each of the nucleofected cells in 4 wells of the non tissue culture plate. Add 0.5 x 106 non-nucleofected cells to the 5th well. Incubate the plate for 3 days in a humidified incubator at 37°C and 5%CO2. 

5.4.1. CU/ECU: Talent adds 2.0 mL each of the nucleofected cells in 4 wells of the non tissue culture plate. 

5.4.2. ECU: Talent adds 0.5 x 106 non-nucleofected cells to the 5th well.

5.4.3. MED: Talent  places the plate in a humidified incubator at 37°C and 5%CO2.

5.5. On Day 5, harvest the stimulated T cells from the non-coated tissue culture plate. Then n a 24-well coated tissue culture plate, add  0.7 x 106 cells/ml in T cell media containing 5ng/ml IL-15. 

5.5.1. MED/CU: Talent harvests the stimulated T cells from the non-coated tissue culture plate. 

5.5.2. ECU: In a 24-well coated tissue culture plate, Talent adds  0.7 x 106 cells/ml in T cell media containing 5ng/ml IL-15.

6. Day 7: Analysis of gene expression
6.1. After harvesting the cells, immunostain for either CD8, CD3 or CD4.

6.1.1. MED/CU: Talent adds antibody to cells.

6.2. For %GFP expression, analyze the cell preparations with flow cytometry. 

6.2.1. WIDE/MED: Talent examines data at FACS (get shot of instrument).

6.3. If expansion of the T cells is required then on day 8 after transfection, plate cells at a density of 0.7 x 106 cells per well in T-cell media containing IL-15.

6.3.1. MED/CU: Talent plate cells at a density of 0.7 x 106 cells per well in T-cell media containing IL-15 (show culture label: Day 8).

7. Results: piggyBac-mediated gene modification of human T cells
7.1. For piggyBac mediated gene modification of human T cells, primary human cells are transfected with two plasmids. 

7.1.1. LAB MEDIA: Figure 1.

7.2. The transposase plasmid drives constitutive expression of piggybac protein under a CMV promoter.  The transposon plasmid contains the GFP reporter and the piggybac inverted repeats needed for gene transfer. 

7.2.1. LAB MEDIA: Figure 1, left plasmid: highlight “piggybac” and associated red arrow

7.2.2. LAB MEDIA: Figure 1, right plasmid: highlight GFP, PB5IVR and PB3IVR

7.3. Stable GFP transgene expression in T cells modified with the piggyBac transposon system can be studied FACs analysis. Here, cells were stained with APC-conjugated anti-CD8, and analyzed for eGFP and APC fluorescence. 

7.3.1. LAB MEDIA: Figure 3 

7.4. On Day 1, eGFP expression is detected in 76.4% of the CD8 positive cells. The decrease in eGFP expression between day 1 and day 7 is likely due to the fact that not all transfected cells undergo stable integration of transposon DNA.

7.4.1. LAB MEDIA: Figure 3 left two panels.

7.4.2. LAB MEDIA: Figure 3 bottom two panels.

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. Matt Wilson: You should now have a good understanding of how to isolate PBMCs and stably gene-modify them with the piggyBac transposon system. Don't forget to use sterile techinque when performing phlebotomy. Work quickly to preserve cell viaibility.

8.2. Matt Wilson: Following this procedure, other methods like a T cell cytotoxicity assay can be performed in order to determine antigen specificity of the T cells. Future experiments will explore the use of transposons for T-cell based immunotherapy for cancer in mice.

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.  Powerpoint figure have already been supplied.
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


