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A.  Will you require JoVE to record video microscopy? Yes: Olympus IX50
B.   Does your protocol include descriptions of software usage? N

C.  Which steps of your protocol will viewers benefit most from having filmed? 

2.2., 2.3, 3.9., 3.14., 3.16., 4.5. 

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

3.17/3.18, as well as 3.20. Success is ensured by quantitatively collecting remnant buffer from the lid and adding it back into the vial. This is essential to avoid loss of sample and even more important to quantitatively remove contaminating T cells from the successive positive fraction.  

E.  Will the filming need to take place in multiple locations? N 
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. Experimental Goal (read by voice talent at JoVE):

The overall goal of this experimental procedure is to quantitatively isolate and obtain a highly purified population of the scarce CD4+ Vdelta1 gamma delta T cell entity, as has been shown for alpha betaT-cell progenitors. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Karin Schilbach: This method can help answer key questions in the field of extrathymic T cell development about what initiates, drives and modulates the induction of adaptive immune responses.
1.2. Christian Welker: The main advantage of this technique is that it facilitates the rapid and efficient enrichment of a rare cell entity while maintaining the viability, functionality and sterility of the cells.    
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Author Name
: Demonstrating the procedure will be ______, 
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.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving human subjects have been approved by the Ethics committee of the Medical Faculty of the University of Tuebingen at the Eberhard-Karls University of Tübingen, Germany.
Protocol (read by voice talent at JoVE):

2. Peripheral Blood Mononuclear Cell (PBMC) isolation
2.1. To isolate the PBMC, begin by diluting 50-100 ml of a freshly obtained human blood sample to a 1:2 ratio with PBS [2.1.1.-WIDE].

2.1.1. Few seconds Talent adding PBS to blood

2.2. Next, carefully layer 35 ml of the diluted blood onto 15 ml of cell separation gradient in a 50 ml conical tube [2.2.1.-CU/WIDE-TXT] and separate the cells by centrifugation [2.2.2.-MED-TXT]. 

2.2.1. Few seconds blood being layered onto solution (Videographer: Multiple takes, shot will be used again) (TEXT: See text for a media/reagent preparation details)

2.2.2. Talent placing tube(s) into centrifuge bucket(s) (TEXT: 15 min, 800 x g, RT, no brake)

2.3. After collecting the lymphocyte layer [2.3.1.-CU], lyse the remaining erythrocytes in 1-5 ml of a hypotonic buffer solution [2.3.2.-CU], stopping the lysis after 2-4 minutes with 10 times the volume of PBS [2.3.3.-CU].
2.3.1. Few seconds lymphocytes being collected

2.3.2. Few seconds buffer being added, with buffer container label visible in frame if possible

2.3.3. Few seconds PBS being added to tube, with PBS container label visible in frame if possible 

2.4. Then pellet the cells [2.4.1.-MED-TXT] and wash them in 10 ml of fresh PBS [2.4.2.-CU-TXT]. 

2.4.1. Talent adding tube(s) to centrifuge (TEXT: 12 min, 250 x g, RT)

2.4.2. Shot of pellet if visible, then few seconds pellet being resuspended in PBS, with PBS container label visible in frame if possible (TEXT: 12 min, 300 x g, RT)
3. Vdelta1 T cell isolation

3.1. Before beginning the Vdelta1 T cell isolation, use a 1x106 aliquot of the PBMC [3.1.1.-WIDE] to assess the frequency of Vdelta1 CD4+ T cells in the donor sample by flow cytometry [3.1.2.-LM-TXT].

3.1.1. Talent adding cells to at least one FACS tube

3.1.2. Authors: please provide Figure 1B as its own .ai, .tif, or .psd without the “B” label: please add/highlight red bracket and/or highlight red cluster of cells (TEXT: See text for flow cytometry assessment details)
3.2. Then spin down the rest of the lymphocytes [3.2.1.-CU-TXT] and resuspend the pellet in 60 microliters of MACS-buffer per 1x107 cells [3.2.2.-CU].

3.2.1. Tube(s) being added to centrifuge bucket (TEXT: 12 min, 300 x g, RT) 

3.2.2. Shot of pellet if visible, then few seconds buffer being added to cells, with buffer container label visible in frame if possible 

3.3. Next, block the cells in 20 microliters of Fc-Blocking Reagent per 1x107 cells [3.3.1.-MED], followed by the addition of 10 microliters of FITC-conjugated anti-human Vdelta1 antibody per 1x107 cells for 12 minutes at 4°C in the dark [3.3.2.-CU].
3.3.1. Fc block being added to cells, with Fc block container label visible in frame

3.3.2. Antibody being added to cells, with antibody container label visible in frame

3.4. At the end of the incubation, wash the cells in 14 ml of MACS-buffer [3.4.1.-MED-TXT], resuspend the pellet in 80 microliters of MACS buffer per 1x107 cells [3.4.2.-CU], and add 20 microliters of anti-FITC microbeads per 1x107 cells with mixing [3.4.3.-CU].

3.4.1. Talent adding buffer to cells, with buffer container label visible in frame if possible buffer (TEXT: 12 min, 300 x g, 8°C)
3.4.2. Shot of pellet if visible, then few seconds cells being resuspended in buffer with buffer container visible in frame

3.4.3. Beads being mixed in tube, with bead container label visible in frame 

3.5. After 15 minutes in the dark at 4°C [3.5.1.-MED], wash the cells in 10 ml of fresh MACS buffer [3.5.2.-MED].

3.5.1. Talent placing cells in dark/covering cells

3.5.2. Talent adding buffer to cells, with buffer container label visible in frame

3.6. During the centrifugation, equilibrate a pre-cooled magnetic column with 500 microliters of MACS buffer [3.6.1.-MED].
3.6.1. Talent iadd buffer to column 

3.7. Then resuspend the cells in 500 microliters of MACS buffer [3.7.1.-MED] and add them carefully to the top of the column [3.7.2.-CU]. 

3.7.1. Few seconds Talent resuspending cells in buffer

3.7.2. Cells being added to top of column (TEXT: Collect Vdetla1 negative eluate)

3.8. Rinse the column with three 500 microliter MACS buffer washes [3.8.1.-MED-TXT].

3.8.1. Talent adding wash to column (TEXT: Wait until empty before applying next wash)

3.9. Then remove the column from the magnet [3.9.1.-CU] and use a plunger to quickly flush the Vdelta1+ cells with 1 ml of MACS buffer into a 15 ml conical tube [3.9.2.-CU].

3.9.1. *Film as written

3.9.2. Column/cells being plunged into tube

3.10. After running the cells through a second column [3.10.1.-LM], vortex 25 microliters of CD4 beads for 30 seconds [3.10.2.-MED]. 
3.10.1. Authors: please provide Figure 1C as its own .ai, .tif, or .psd without the “C” label: pleasehighlight/outline bottom right cell cluster and add “2nd column >98% purity” text

3.10.2. Few seconds Talent vortexing tube

3.11. Then transfer the beads into a 1.5 ml reaction tube containing 1 ml of MACS buffer [3.11.1.-MED] and place the tube on a magnet [3.11.2.-MED].
3.11.1. *Film as written

3.11.2. *Film as written
3.12. After 1 minute, use a 200 microliter pipette to carefully aspirate the supernatant [3.12.1.-CU] and resuspend the beads in 25 microliters of MACS buffer [3.12.2.-CU].

3.12.1. Few seconds supernatant being aspirated

3.12.2. Few seconds beads being resuspended

3.13. Next, spin down the isolated Vdelta1 positive cells [3.13.1.-MED] and resuspend the pellet in 500 microliters of MACS buffer [3.13.2.-CU].

3.13.1. Talent placing tube(s) into centrifuge

3.13.2. Shot of pellet if visible, then few seconds cells being resuspended in buffer, with buffer container label visible in frame

3.14. Mix the cells vigorously with the beads [3.14.1.-CU]. Then, after 20 minutes at 4°C with constant tilting [3.14.2.-CU], place the tube back onto the magnet [3.14.3.-MED]. 

3.14.1. Few seconds cells being mixed into beads

3.14.2. Few seconds beads/cells on rotator

3.14.3. *Film as written
3.15. Karin Schilbach “To avoid losing any sample volume and to minimize the presence of contaminating CD4 negative T cells, it is essential to pipette any remaining buffer from the inside of the lid back into the vial.” [3.15.1.-MED-Spoken by Talent, interview style (looking just off camera)]
3.15.1. Karin Schilbach, speaking the above, interview style

3.16. After 2 minutes, use a 200 microliter pipette to transfer the CD4- Vdelta1+ cell-containing supernatant into a fresh tube [3.16.1.-MED].

3.16.1. Few seconds Talent adding supernatant to tube labeled “CD4-“ or similar

3.17. Then remove the CD4+ cells from the magnet [3.17.1.-MED] and resuspend them in 500 microliters of MACS buffer [3.17.2.-MED].

3.17.1. *Film as written

3.17.2. *Film as written

3.18. After removing the CD4 negative cells two more times as just demonstrated [3.18.1.-MED], incubate the CD4+ cells in 100 microliters of culture medium [3.18.2.-MED] and 10 microliters of bead-detaching solution at room temperature for 45 minutes with constant tilting [3.18.3.-CU].
3.18.1. Talent adding supernatant to CD4- tube
3.18.2. Talent adding medium to CD4+ cells
3.18.3. Bead-detaching solution being added to cells, with solution container label visible in frame if possible
3.19. At the end of the incubation, return the cells to the magnet for 1 minute [3.19.1.-MED] and use a 200 microliter pipette to transfer the bead-free Vdelta1+CD4+ cell-containing supernatant into a new tube [3.19.2.-CU].

3.19.1. Talent placing tube onto magnet

3.19.2. Few seconds supernatant being aspirated

3.20. After removing any remaining beads 2 more times as just demonstrated [3.20.1.-CU], spin down the cells [3.20.2.-MED].

3.20.1. Cells being added to “CD4+” labeled tube or similar

3.20.2. Talent placing tube(s) into centrifuge bucket

3.21. Then resuspend the Vdelta1+CD4+ cells in fresh, pre-warmed medium for counting [3.21.1.-CU].  
4. Limited dilution single cell cloning
4.1. To single cell clone the cells by limited dilution, isolate PBMC from a different donor as just demonstrated [4.1.1.-WIDE]. Then gamma irradiate 2.5x107 of these allogeneic PBMC with 80 grays in 25 ml of culture media [4.1.2.-MED].

4.1.1. Use 2.2.1. blood being layered onto gradient

4.1.2. Talent adding cells to irradiator

4.2. Next, add IL2, IL7 and PHA (Pronounce: P-H-A) to the irradiated feeder cells [4.2.1.-MED-TXT] and seed 5x104 cells per 50 microliters of medium per well into 96-well U-form plates [4.2.2.-MED-over the shoulder].

4.2.1. Talent adding at least one stimulus to cells, with all 3 containers visible in frame (TEXT: PHA = phytohaemagglutinin)
4.2.2. Few seconds Talent adding cells to at least one well/row
4.3. Dilute the isolated Vdelta1+CD4+ cells to a concentration of 0.3 cells per 50 microliters [4.3.1.-MED] and dispense 50 microliters of cells to each well of feeder cells and cytokines [4.3.2.-CU].
4.3.1. Talent adding medium to cells

4.3.2. Cells being added to at least one well/row 
4.4. Then place the plates in a 37°C, 5% CO2 humidified atmosphere [4.4.1.-MED], exchanging half of the medium in each well of the co-cultures with 50 microliters of fresh cytokines and medium every 3-4 days [4.4.2.-MED-TXT]. 

4.4.1. Talent placing plate into incubator

4.4.2. Talent removing medium from at least one well/row with medium and cytokine containers visible in frame (TEXT: Add 5x104 irradiated feeder cells/well every other round of feeding)

4.5. The first clones will become visible within 3-4 weeks, with culture medium color changing as the cells metabolize and form colonies [4.5.1.-SCOPE].
4.5.1. Shot of clones
5. Results: Representative Vdelta1+CD4+ gamma delta T cell expansion
5.1. Here a typical distribution of Vdelta1+ cells in a CD3+ peripheral blood lymphocyte sample is shown [5.1.1.-LM].
5.1.1. Authors: please provide Figure 1A as its own .ai, .tif, or .psd file without the “A” label: please highlight/indicate gate in left dot plot and/or green are in gate in middle dot plot
5.2. In this donor, the frequency of Vdelta1+ cells is 2.3% of the total lymphocyte count [5.2.1.-LM], 2.6% of which are CD4+ [5.2.2.-LM], with the target population for isolation representing 0.06% of total lymphocytes [5.2.3.-LM]. 
5.2.1. Figure 1A: please add/highlight 2.3 text in middle dot plot
5.2.2. Figure 1A: please add/highlight 2.6 text in right dot plot
5.2.3. Figure 1A: please highlight/add/indicate oval in bottom right quadrant of right dot plot and/or cells in oval in right dot plot
5.3. It is important to note, as can be observed in this dot plot from a typical isolation experiment, that no alpha beta T cells remain in the enriched T cell pool after the first positive isolation step for the enrichment of Vdelta1+ cells. 
5.3.1. Figure 1C: please highlight/outline/otherwise indicate top to quadrants of right dot plot

5.4. Here the typical phenotype of an emerging CD3+ [5.4.1.-LM] CD4+ [5.4.2.-LM] clone expressing a T cell receptor composed of a Vdelta1 [5.4.3.-LM] and a Vgamma9 chain is presented [5.4.4.-LM]. 
5.4.1. Authors: please provide Figure 3A as its own .ai, .tif, or .psd without the “A” label: please highlight/indicate cells in top right quadrant of right density plot
5.4.2. Figure 3A: please highlight/indicate cells in top right quadrant of left density plot

5.4.3. Figure 3A: please indicate cells in top right quadrant of middle dot plot and text on x-axis

5.4.4. Figure 3: please indicate cells in top right quadrant of middle dot plot and text on y-axis

5.5. In these density plots of a single clone isolated by this technique, the transdifferentiation process, during which the Vdelta1-chain is downregulated and an alpha-beta T cell receptor is upregulated, is shown [5.5.1.-LM], a process which results in a transient double-positive T cell receptor phenotype for the clone [5.5.2.-LM].
5.5.1. Authors: please provide Figure 3B as its own .ai, .tif, or .psd without the “B” label: please sequentially add plots from left to middle to right
5.5.2. Figure 3B: please highlight/indicate right density plot and/or cell cluster in right density plot
5.6. A CD4+CD8+ double positive phenotype also may be exhibited by some clones [5.6.1-LM].
5.6.1. Authors: please provide Figure 3B as its own .ai, .tif, or .psd without the “B” label: please highlight/indicate density plot in top and bottom right quadrants of right density plot
6. Conclusion (said by authors on camera)
6.1. Christian Welker: Once mastered, this technique can be completed in 5 hours if it is performed properly.

6.2. Christian Welker: While attempting this procedure, it’s important to remember to work quickly without stopping and to use sterile reagents, cold buffers, and isolation kits not past their date of expiration!
6.3. Christian Welker: Following this procedure, other rare cell types can be targeted, such as stem cells or subtypes of T, NK or iNKT cell compartments.
6.4. Karin Schilbach: This technique paved the way for researchers in the field of immunology to explore the molecular triggers and drivers of the extrathymic developmental pathway of this newly identified human alpha beta T cell progenitor in in vitro model systems.

6.5. Karin Schilbach: You should now have a good understanding of how to isolate scarce cell entities from human cell sources like bone marrow, cord and peripheral blood, ascites or synovial fluid, quickly and quantitatively, while maintaining the functionality and sterility of the cells.
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.  

Authors: please provide Figure 1A as its own .ai, .tif, or .psd file without the “A” label

Authors: please provide Figure 1B as its own .ai, .tif, or .psd file without the “B” label

Authors: please provide Figure 1C as its own .ai, .tif, or .psd file without the “C” label

Authors: please provide Figure 3A as its own .ai, .tif, or .psd file without the “A” label

Authors: please provide Figure 3B as its own .ai, .tif, or .psd file without the “B” label
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.

�Authors: who will be speaking this statement?


�Authors: what is the name of the graudate student who will be performing the procedure?


�Authors: your protocol was over length by ~10-12 shots, so the flow cytometry assessment was removed to leave time for the more unique parts of your procedure
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