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A.  Will you require JoVE to record video microscopy through a microscope, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Y 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: the final washes and measurement of fluorescence (steps 5 & 6)

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Optimal labeling with CFSE and a uniform distribution of cells into each treatment condition and adhesion well; to ensure success we count the cells immediately prior to CFSE labeling at an optimized concentration and duration before washing and resuspending the labeled cells at the appropriate density to be used in the adhesion assay
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to quantify cellular adhesion. (Intro) This is accomplished by first coating a 96-well microplate with adhesion molecules. (P1) In the second step, primary human T-cells are isolated from the blood and labeled with CFSE. (P2) Next, the T-cells are stimulated with treatments to affect their adhesiveness. (P3) In the final step, the treated cells are added to the microplate and adhesion is allowed to occur. (P4) Ultimately, the amount of fluorescence per well can be measured to determine the percentage of adherent cells per treatment condition. (P5)
(P1) 2.2.2. adhesion solution being added to plate
(P2) From schematic overview.v1.pptx, show human blood pak, then have cells or “blood” move from pak into centrifuge tube, then have tube spin and end up separated into layers like in graphic, then have cells or middle “pink” layer move into microcentrifuge tube and have the pink layer or cells turn bright green (like in graphic)
(P3) have green microcentrifuge tubes split out into the 6 tubes with different labels as in graphic
(P4) with “the T cells … treatments” please show 3.7.1. cells being added to plate; with “affect their adhesiveness” please show 3.7.2. plate being incubated
(P5) with “the amount … measured” 4.8.1. plate being loaded OR 4.8.2. “run” being clicked; with “determine … condition” please show Fig.2.R1.pdf   

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Adam Mor: The main advantage of this technique over existing methods, like T cell adhesion to a model endothelium, is that with this technique, co-culture of the T cells and endothelial cells is not required.   

1.2. Marianne Strazza: This method can help answer key questions in the immunology field, such as how do specific drugs affect lymphocyte adhesion?  

1.3. Inbar Azoulay-Alfaguter: Though this method can provide insight into lymphocyte biology, it can also be applied to other hematopoietic cells, such as neutrophils.

1.4. Ariel Pedoeem:  Visual demonstration of this method is critical, as the steps are difficult to master and require precision and skill. 

Protocol (read by voice talent at JoVE):
2. Microplate and T cell preparation
2.1. To coat a microplate with the adhesion molecules, begin by washing 24 wells of a 96-well plate with 50 (l of wash solution. Then incubate each well except the uncoated control wells with 50 (l of coating solution for 1 hour at 37(C.
2.1.1. WIDE: Few seconds Talent adding wash solution being added to at least a few wells of 96 well plate (Videographer: If possible, show wash solution container with label visible in frame)
2.1.2. MED – over the shoulder: Few seconds Talent adding coating solution to at least a few wells (Videographer: If possible, show coating solution container with label visible in frame)
2.2. Next, gently aspirate the coating solution without allowing the pipette tip to touch the bottom of the wells. Then, after washing the wells with 50 more (l of wash solution, incubate the microplate with 50 (l of adhesion solution per well again at 37°C.
2.2.1. CU: Coating solution being aspirated from at least one well
2.2.2. CU: Few seconds adhesion solution being added to a few wells (Videographer: If possible, show adhesion solution container with label visible in frame)
2.3. After one hour, gently aspirate the adhesion solution and wash the wells once more with 50 (l of wash solution. 
2.3.1. CU: Adhesion solution being aspirated from at least one well
2.3.2. MED: Talent adding wash solution to at least one well (Videographer: If possible, show wash solution container with label visible in frame)
2.4. To isolate the T-cells, first thoroughly mix 50 (l of human T-cell enrichment cocktail per each ml of whole blood, and then incubate the treated blood for 20 minutes at room temperature. 
2.4.1. MED: Talent adding enrichment cocktail to tube of blood (Videographer: If possible, get human T cell enrichment cocktail container with label visible in frame)
2.4.2. MED: Talent placing tube at RT
2.5. Next add 6 ml of the treated blood and an equal volume of calcium- and magnesium-free PBS enriched with 1% D-glucose to a 50 ml conical tube at room temperature and mix the solution gently with a Pasteur pipette.
2.5.1. CU: 6 ml of treated blood being added to 50 ml tube
2.5.2. CU: 6 ml of PBS being added to tube, then solution being gently mixed (Videographer: If possible, get PBS + glucose container with label visible in frame; split action into separate shots as necessary)
2.6. Then add 6 ml of Lymphoprep to a fresh 15 ml conical tube and carefully layer the diluted blood sample onto the lymphocyte isolation medium. 
2.6.1. CU: Shot of Ficoll-Paque Lymphoprep being added to new tube (Videographer: If possible, get human Ficoll Paque PLUS Lymphoprep container with label visible in frame)
2.6.2. CU: Few seconds blood being layered into Ficoll-Paque
2.7. Separate the cell layers for 20 minutes at 400 x g and 20°C with the brake off.
2.7.1. MED: Talent placing tube(s) into centrifuge
2.8. Then use a fresh Pasteur pipette to remove the upper layer, leaving the lymphocyte layer undisturbed at the interface. Transfer the lymphocyte layer to a fresh conical tube with a new Pasteur pipette. 
2.8.1. CU: Shot of layers, then few seconds pipette aspirating upper layer (Video Editor: with “lymphocyte … interface” if possible, add arrow pointing to/circle around lymphocyte layer at interface)
2.8.2. MED: Talent adding lymphocyte layer to new tube
2.9. Add 9 ml of PBS to the lymphocytes and then evenly distribute the cells throughout the suspension by gently drawing them in and out of the Pasteur pipette.
2.9.1. MED: Talent adding PBS to lymphocytes
2.9.2. CU: Few seconds of cells being pipetted up and down
2.10. Spin down the cells, and then resuspend the pellet in media. 
2.10.1. CU: Shot of tube(s) being placed into centrifuge (TEXT: 5 min, 400 x g, 20°C)
2.10.2. CU: Shot of pellet if visible, them media being added to pellet
2.11. Then dispense the cells into a T-75 culture flask in 20 ml of culture media. 
2.11.1. MED: Few seconds Talent adding media to culture flask (TEXT: See text for all media/reagent preparation details)
3. Cell stimulation
3.1. To stimulate the cells, after the appropriate culture period, first add serum-free media to 2.4x106 T-cells and then serum starve the cells in a 37(C incubator.  
3.1.1. WIDE: Few seconds Talent add serum-free media to cells (Videographer: If possible, get serum free media container with label visible in frame)

3.1.2. MED: Talent adding culture to incubator
3.2. After 2 hours, spin down the cells and re-suspend the pellet in 1 ml of PBS. 
3.2.1. MED: Talent adding tube(s) to centrifuge (TEXT: 5 min, 400 x g, 20°C) 
3.2.2. CU: Shot of pellet if visible, then adding PBS to pellet
3.3. Label the cells with a fluorescent marker in the dark for 8 minutes at room temperature and then stop the reaction by adding 10 ml of 37(C PBS. 
3.3.1. MED: Talent adding fluorescence to cells (Videographer: If possible, get CFSE container with label visible in frame)  (TEXT: e.g., 5 mM CFSE at 1:1000 dilution) 
3.3.2. MED: Few seconds Talent covering tube/placing tube in dark

3.3.3. MED: Talent adding PBS to tube (Videographer: If possible, get PBS container with label visible in frame)
3.4. Then, after spinning down the cells, re-suspend the pellet in 1.2 ml of pre-warmed adhesion solution.
3.4.1. CU: Shot of pellet if visible, the adhesion solution being added to tube (Videographer: If possible, get adhesion solution container with label visible in frame)
3.5. Warm the coated microplate to 37(C. Then split the cells into eight 150 (l aliquots in 1.5 ml tubes. 
3.5.1. MED: Talent placing plate at 37°C
3.5.2. CU: Shot of 8 tubes (with labels visible if possible), then few seconds cells being aliquoted to at least 1-2 tubes
3.6. Stimulate one tube with PMA at 10 ng/ml to serve as the positive control; leave three tubes untreated to serve as the control for stimulation, the unwashed loading control, and the control for ICAM-1 coating; and stimulate four tubes with different concentrations of anti-CD3 antibodies. 
3.6.1. CU: Shot of PMA being added to PMA- or positive control-labeled tube (Videographer: Can pan across shot of tubes on rack or similar instead of 3.6.1. – 3.6.3. or do shots individually as appropriate)
3.6.2. CU: Shot of three tubes labeled “no stimulation”, “no wash”, and “uncoated” or other appropriate labels (Videographer: Can pan across shot of tubes on rack or similar instead of 3.6.1. – 3.6.3. or do shots individually as appropriate)
3.6.3. CU: Few seconds of anti-CD3 being added to at least one of 4 tubes, labeled “0.1”, “1”, “5”, and “10” μg/ml or similar (Videographer: Can pan across shot of tubes on rack or similar instead of 3.6.3. – 3.6.5. or do shots individually as appropriate) 
3.7. Then immediately aliquot 50 (l of 1x105 cells/well of the stimulated cell mixtures into the appropriate wells in the microplate and incubate the plate at 37°C for 15 minutes.
3.7.1. MED – over the shoulder: Few seconds cells being added to at least a few wells
3.7.2. CU: Shot of plate being placed into incubator
4. Percent adherent cells analysis
4.1. To determine the percent of adherent cells, first wash each well with 150 (l of warm adhesion solution. 
4.1.1. WIDE: Few seconds Talent adding wash to at least a few wells (Videographer: If possible, get wash solution container with label visible in frame)
4.2. Shake the plate gently for a few seconds and then carefully aspirate the medium from each well without touching the bottom of the wells with the pipette tips.
4.2.1. MED: Few seconds Talent shaking plate
4.2.2. CU: Shot of media being aspirated from at least one well
4.3. Repeat the wash three times, changing the angle of the pipette with each aspiration.
4.3.1. CU: Wash solution being added to at least one well  (Videographer: If possible, get wash solution container with label visible in frame)
4.3.2. CU: Shot of pipette angle being changed during aspiration
4.4. Then turn on the plate reader and open the plate reading software. Under the “Task” menu click “New” to set up a new protocol. 
4.4.1. MED: Talent turning on plate reader
4.4.2. MED – over the shoulder: Talent at computer, with monitor in frame and few seconds software opening on computer
4.4.3. SCREEN: Shot of Task menu, then “new” being clicked
4.5. Then, under the “Actions” menu, select the “Read” option. Click on “Fluorescent intensity” and click “Ok”.
4.5.1. SCREEN: Shot of Actions menu, then “read” being selected
4.5.2. SCREEN: “Fluorescent intensity” being clicked then “Ok” being clicked
4.6. Enter the Excitation wavelength as 485 and the Emission wavelength as 528 and click “Ok”. 
4.6.1. SCREEN: Shot of drop down menu, then “Excitation wavelength 485” and “Emission wavelength 528” being selected Manually entered wavelengths then “Ok” being clicked
4.7. Then under the “Optic” option menu, select “Bottom” and click “Ok”. Then go back to the “Actions” menu and set the temperature to 37(C and click “Ok”. 
4.7.1. SCREEN: Shot of Optic menu, the “bottom” being selected and “Ok” being clicked
4.7.2. SCREEN: Shot of Actions menu, then temperature being set to 37° and “Ok” being clicked
4.8. Finally, load the microplate and click “Run”. 
4.8.1. MED: Talent loading microplate
4.8.2. CU/SCREEN: “Run” being clicked
4.9. After exporting the results into a spreadsheet, use the formula to calculate the percentage of adherent cells.
4.9.1. LAB MEDIA: Percentage of adherent cells.pdf
5. Results: Representative stimulated T cell data
5.1. In these images, an example of an adhesion assay using primary T-cells stimulated with various concentrations of anti-CD3 antibodies is shown. The unstimulated cells serve as the negative control; the PMA-treated cells serve as the positive control for the anti-CD3 antibodies. 
5.1.1. LAB MEDIA: Fig.1.R1.pdf 
(Video Editor: with “primary … is shown” please highlight the four Anti-CD3 images; 

with “The untimulated … negative control” please highlight the “Unstimulated” image; 

with “the PMA-treated … positive control” please highlight the PMA image)
5.2. The table displays the relative fluorescence intensities of CFSE-labeled primary T-cells stimulated with different doses of soluble anti-CD3 antibodies and plated on ICAM-1 coated wells. For every condition, the average intensity of the triplicate wells can be calculated and converted into the relative percentage out of the total cells loaded.
5.2.1. LAB MEDIA: Table.1.R1.dox (Authors: Please upload Table 1 as an .ai, .psd, or .tif file without the D-H rows and 9-12 columns) [Video Editor: with “different doses … are shown” please highlight the Anti-CD3 cells (0.1 (g/ml, 1 (g/ml, 5 (g/ml, 10 (g/ml); with “triplicate wells” please highlight the 3 data cells in each Anti-CD3 column)
5.3. In a typical experiment, the percentage of adherent PMA-treated cells is between 40-50%, while the percentage of unstimulated cells is between 5-10%. Note that the percentage of the adherent cells increases as the concentration of anti-CD3 antibodies used for stimulation increases. 
5.3.1. LAB MEDIA: Fig.2.R1.pdf 
(Video Editor: with “the percentage of adherent PMA-treated cells is between 40-50%” please highlight/indicate the PMA data bar; 

with “perecentage of unstimulated cells is between 5-10%” please highlight/indicate the unstimulated data bar; 

with “percentage of the adherent cells increase” please stretch an arrow diagonally from the end of the 0.1 (g/m data bar to the end of the 10 (g/ml data bar OR consecutively stretch arrows across each anti-CD3 data bar consecutively OR other animation to suggest the adherence is increasing [e.g. consecutively adding the data bars starting at 0.1 up to 10?]; 

with “concentration … increases” please stretch an arrow from the 0.1 (g/ml text on the y-axis up to the 10 (g/ml text on the y-axis)
6. Conclusion (said by authors on camera)
6.1. Adam Mor: Once mastered, this technique can be completed in under 3 hours if it is performed properly.

6.2. Marianne Strazza: While attempting this procedure, it’s important to remember to measure the fluorescence of an unwashed well to determine the fluorescence input, a critical value in data analysis.

6.3. Inbar Azoulay-Alfaguter: After watching this video, you should have a good understanding of how to quantify the static cellular adhesion. 
6.4. Ariel Pedoeem: Don't forget that working with human blood samples can be extremely hazardous, and precautions, such as wearing a lab coat and gloves, should always be taken while performing this procedure. 

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.  

schematic overview.v1.pptx

Fig.1.R1.pdf

Authors: please submit Table 1 as an .ai, .psd, or .tif file
Fig.2.R1.pdf
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


