Submission ID #: 55345
Editor Name: Bridget Colvin
Videographer name: Bruno Benham
Film Date: 10/11/2018

Authors and Affiliations: Guido H. Wabnitz, Henning Kirchgessner, and Yvonne Samstag

Institute of Immunology, Section Molecular Immunology, University of Heidelberg

Title:	Qualitative and Quantitative Analysis of the Immune Synapse in the Human System Using Imaging Flow Cytometry 

Corresponding Author: 
Guido H. Wabnitz
Institute of Immunology
Section Molecular Immunology
University of Heidelberg
Heidelberg, Germany
guido.wabnitz@immu.uni-heidelberg.de 

Co-authors: Henning.kirchgessner@immu.uni-heidelberg.de, yvonne.samstag@urz.uni-heidelberg.de 

A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? 
2.5, 2.6. 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.5., 2.6.
E.  Will the filming need to take place in multiple locations? Y, different rooms same floor 


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 workflow is to analyze the capacity of primary human T cells to develop mature immune synapses. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Guido H. Wabnitz: This method can help answer key questions in the human immunology field, such as how does the communication between leukocytes occur on the cellular and molecular levels? 
1.2. Guido H. Wabnitz: The main advantage of this technique is that unpurified human T cells can be analyzed ex vivo in a relatively short time period.   

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. Guido H. Wabnitz: Demonstrating the procedure will be Henning Kirchgessner, a technician from our laboratory. 
1.3.1. Interview style: Author saying the above 
1.3.2. The named 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 Institutional Review Board (IRB) at the University of Heidelberg.

Protocol (read by voice talent at JoVE):
2. Pan-Leukocyte Preparation and Immune Synapse Induction and Staining

2.1. Begin by mixing 1 mL of freshly-drawn human peripheral blood with 30 mL of ACK lysis buffer in a 50 mL conical tube [1-WIDE-TXT].

2.1.1. Talent add lysis buffer to blood, with lysis buffer container visible in frame (TEXT: See text for all medium/reagent preparation details).

2.2. After 8 minutes at room temperature, fill the tube with PBS for a centrifugation wash [1-MED-TXT] and resuspend the pellet in 2 mL of culture medium for a 60-minute incubation at 37 °C [2-CU].
2.2.1. Talent adding PBS to cells, with PBS container visible in frame (TEXT: 6 min, 300 x g, RT; 1 – 2 additional washes required)
2.2.2. Shot of white pellet if visible, then pellet being resuspended in medium, with medium container label visible in frame

2.3. At the end of the incubation, add 5 x 105 Staphylococcus aureus enterotoxin B, or SEB (Pronounce: S-E-B),-loaded or unloaded Raji cells in 500 microliters of culture medium into individual FACS tubes [1-MED-TXT], followed by 650 microliters of pan-leukocytes [2-MED].
2.4. 

2.4.1. Talent adding SEB to tubes, with SEB container and SEB-loaded and unloaded FACS tubes visible in frame (TEXT: See text for Raji cell-SEB loading details) (Author Comment: Loading of Raji in a small volume and wash should also be shown?) (Editor: I’m not sure if the authors provided the footage for what they’re asking. If they did, they may need to provide additional VO as well.)

2.4.2. Talent adding pan-leukocytes to at least one tube, with pan-leukocyte container visible in frame 

2.5. Spin down the co-cultures [1-MED-TXT] and resuspend the pellets in 150 microliters of fresh culture medium for a 45-minute incubation at 37 °C [2-MED].

2.5.1. Talent adding tube(s) to centrifuge (TEXT: 10 min, 300 x g, RT)
2.5.2. Talent adding medium to at least one tube, with medium container visible in frame

2.6. Then gently vortex the cells for 10 seconds at 100 rpm while adding 1.5 mL of 1.5% paraformaldehyde [1-CU].

2.6.1. At least one tube being vortexed while PFA is being added 

2.7. After 10 minutes at room temperature [1-MED], stop the fixation with 1 mL of PBS supplemented with 1% BSA [2-MED] and collect the cells by centrifugation [3-CU].

2.7.1. Talent placing tubes at RT 
2.7.2. Talent adding PBS+BSA to at least one tube, with PBS + BSA container visible in frame
2.7.3. Tubes being added to centrifuge bucked

2.8. Resuspend the pellets in 100 microliters of PBS plus BSA and 0.1% saponin [1-MED] and add the cell samples to two individual wells of a 96 well U-bottom plate [2-MED-over the shoulder].

2.8.1. Talent resuspending one pellet, with PBS + BSA container visible in frame
2.8.2. Talent adding cells to at least one well, with cell container(s) visible in frame

2.9. After 15 minutes at room temperature, centrifuge the plate [1-MED] and resuspend the pellets in 50 microliters of PBS plus BSA and saponin containing the fluorophore-conjugated antibodies or compounds of interest for a 30-minute incubation in the dark at room temperature [2-CU-TXT].

2.9.1. Talent placing plate into incubator (Author Comment: normally on a shaker)
2.9.2. Antibod(ies) being added to at least one well, with PBS + BSA+ saponin and antibody container label(s) visible in frame (TEXT: e.g. anti-CD3, Phalloidin-AF647, and/or DAPI) 

2.10. At the end of the incubation, wash the cells 3 times in 150 µL of PBS plus BSA and saponin [1-MED-TXT] and resuspend the pellets in 60 microliters of PBS [2-CU].

2.10.1. Talent placing tube(s) into centrifuge (TEXT: 10 min, 300 x g, RT, x3) (Author Comment: 1 min 300g) (Editor: It is not clear if the note the author made is about all of the centrifugation steps or just one of them)
2.10.2. Shot of pellet(s) if visible, then cells being resuspended in PBS, with PBS container label visible in frame 

3. Flow Cytometric Image Acquisition 

3.1. To image the cells by flow cytometry, open the analysis software [1-WIDE] check the liquid level [3.1.1A] and click Startup in the Instrument menu [2-SCREEN].

3.1.1. Talent at cytometer, opening software, with monitor visible in frame (Author Comment: Slated as 4.1.1 File #0037)
3.1.1A. [Added Shot]: Check Liquids ((Slated as 3.2.1)
3.1.2. *To be provided by Authors: Shot of open Instrument window and Startup being clicked

3.2. [2-SCREEN-TXT].

3.2.1. Beads being applied
3.2.2. *To be provided by Authors: Bead being calibrated (TEXT: See text for full bead calibration details)

3.3. Next, click Load [1-SCREEN] and load the samples into the port when prompted [2-CU].

3.3.1. *To be provided by Authors: Load being clicked
3.3.2. At least one sample being loaded

3.5. 	Under the Illumination tab, change the excitation laser power to the appropriate nanometer lengths [1-SCREEN].

3.5.1. *To be provided by Authors: Laser powers being adjusted

3.4. Then adjust the gates for channels 4 and 11 and adjust the area for channel 1 [1-SCREEN].

3.4.1. *To be provided by Authors: Gate being adjusted, then gate limits being adjusted

3.5.  [1-SCREEN].

3.5.1.  *To be provided by Authors: Laser powers being adjusted (Move above 3.4)


3.6. To evaluate the gating and laser power adjustments, switch the View menu to the respective gate and adjust the gates and laser powers until the cells and cell couples are visible [1-SCREEN].

3.6.1. *To be provided by Authors: View menu being switched to gate, then gate/laser powers being adjusted/cells and cell couples appearing in gate

3.7. Then, in the File Acquisition tab, define the sample name and the number of images to acquire and the appropriate gate for CD3 staining and click acquire to begin the acquisition [1-SCREEN].

3.7.1. *To be provided by Authors: Acquisition tab being clicked/opened, then sample name and/or image number being set, and Acquire being clicked

4. Data Analysis

4.1. To analyze the acquired cell images, open the appropriate analysis software [1-WIDE].

4.1.1. Talent opening at least one image file, with monitor visible in frame

4.2. Following the instructions in the Compensation dropdown, produce a compensation matrix and save the matrix as comp_Date.ctm (Pronounce: comp [rhymes with romp]-date-C-T-M) [2-SCREEN].

4.2.1. *To be provided by Authors: Compensation matrix being produced, then matrix being saved

4.3. Next, open a sample raw image file and apply the comp_Date.ctm in the window to generate the compensated image and default data analysis files [1-SCREEN].

4.3.1. *To be provided by Authors: Sample image file being opened, then compensated image and default data analysis files being generated

4.4. After opening the compensated image files convert, the images to color mode [1-SCREEN].

4.4.1. *To be provided by Authors: Compensated image file(s) being opened, then image(s) being converted to color mode

4.5. Adjust the lookup tables to obtain optimal visible colors in the Image Gallery Properties toolbar [1-SCREEN].

4.5.1. *To be provided by Authors: Lookup tables being adjusted, then Mask manager being opened

4.6. Open the Mask Manager in the Analysis menu and define the T cells, by selecting a 60% Threshold mask for Channel 5 and filling the mask to create the T cell mask [1-SCREEN].

4.6.1. *To be provided by Authors: 60% threshold mask being selected, then mask being filled

4.7. Next, select Valley mask for channel 2 with a width of 3 pixels to create the valley mask and combine the T cell and Valley Masks to create the T cell synapse mask [1-SCREEN].

4.7.1. *To be provided by Authors: Valley mask being selected/set to 3-pixel width, then T cell and valley masks being combined 
(Author Comment: 4.8.1 – 4.11.1 can be shown together in 1 screen, which is preferable. The new voiceover for this one screen would be “To calculate the total amount of F-actin and CD3 immune synapses and in T cells, create the features Intensity_T cell_synapse_Channel 5, Intensity_T cell_synapse_Channel 6, Intensity_T cells_Channel 5, Intensity_T cells_Channel 6”)

[bookmark: _GoBack](Editor: I’ve left the voiceover and the shots how they were originally written for the time being. Without reviewing the footage, I cannot be sure that all four screen captures could clearly be shown at once. If they can, then we can put together the shot they propose with the altered VO)

4.8. To calculate the total CD3 expression in T-cells, open the Feature Manager and create the feature Intensity_T cell_Channel 5 [1-SCREEN].

4.8.1. *To be provided by Authors: Feature manage being opened, then Intensity T cell Channel 5 being selected

4.9. To calculate the total amount of F-actin in the T cells, create the feature Intensity_T cells_Channel 6 [1-SCREEN].

4.9.1. *To be provided by Authors: Intensity T cells Channel 6 being selected 

4.10. To evaluate the CD3 amount in immune synapses, create the feature Intensity_T cell_synapse_Channel 5 [1-SCREEN].

4.10.1. *To be provided by Authors:  Intensity T cell synapse Channel 5 being selected

4.11. To determine the amount of F-actin in the immune synapse, create the feature Intensity_T cell_synapse_Channel 6 [1-SCREEN]. 

4.11.1. *To be provided by Authors: Intensity T cell synapse Channel 6 being selected

4.12. Finally, to define the F-actin and CD3 enrichment, calculate the ratios of F-actin or CD3 in the immune synapse and the total expression of the selected protein, respectively [1-SCREEN].

4.12.1. *To be provided by Authors: One protein ratio in immune synapse being calculated, then total protein expression being calculated
5. Results: Representative CD3 and F-actin Immune Synapse Enrichment Analysis

5.1. In these graphs, an overview of the critical gating strategy for quantifying the protein enrichment in the immune synapse between the surrogate antigen presenting cells, or APCs (Pronounce: A-P-Cs), and the T cells in unpurified pan-leukocytes taken from a low-volume human blood sample is shown [1-LM].

5.1.1. 55345_Wabnitz_Figure1.tif: please sequentially add/indicate graphs from top left to bottom right OR other appropriate animation OR no animation

5.2. Here representative images of T cell-APC conjugates with low levels of CD3 and F-actin within their immune synapses in the absence of SEB are shown [1-LM], whereas these T-cell-APC conjugates demonstrate a strong CD3 and F-actin enrichment in the presence of SEB [2-LM]. 

5.2.1. 55345_Wabnitz_Figure2A.tif.tiff: please highlight/indicate left images/left merge column of images
5.2.2. 55345_Wabnitz_Figure2A.tif: please highlight/indicate right images/right merge column of images

5.3. In the absence of superantigen, 15% percent of the T cells exhibit an enrichment of both CD3 and F-actin at the immune synapse [1-LM], whereas a 29% enrichment is observed in the presence of superantigen [2-LM].

5.3.1. 55345_Wabnitz_Figure2A.tif.tiff: please indicate cell cluster in top middle graph and/or trace/indicate top middle blue arrow
5.3.2. 55345_Wabnitz_Figure2A.tif.tiff: please indicate cell cluster in bottom middle graph and/or trace/indicate bottom middle blue arrow

5.4. Indeed, in the absence of superantigen, less than 20% of the total F-actin in the cells accumulates at the immune synapse [1-LM], with over 30% observed at the synapse in the presence of superantigen [2-LM].

5.4.1. 55345_Wabnitz_Figure2C.tif: please indicate white data bar
5.4.2. 55345_Wabnitz_Figure2C.tif: please indicate great data bar

5.5. Notably, CD3 accumulates at the immune synapse even in the absence of superantigen [1-LM], although this accumulation is also significantly increased by the addition of superantigen [2-LM], demonstrating the fitness of this method for quantifying protein accumulation at the T cell-APC immune synapse [3-LM]. 

5.5.1. 55345_Wabnitz_Figure2B.tif: please indicate white data bar
5.5.2. 55345_Wabnitz_Figure2B.tif: please indicate grey data bar
5.5.3. 55345_Wabnitz_Figure2B.tif: no animation

6. Conclusion (said by authors on camera)

6.1. Guido H. Wabnitz: Once mastered, this technique can be completed in 6-7 hours if it is performed properly.
6.2. Guido H. Wabnitz: While attempting this procedure, it’s important to remember to include all of the relevant controls, including samples without superantigen, as protein enrichment occurs even when APCs without SEB are used.
6.3. Guido H. Wabnitz: Following this procedure, other methods, like super-resolution microscopy, can be performed to answer additional questions about the fine structure and architecture of the immune synapse.
6.4. Guido H. Wabnitz: After its development, this technique paved the way for researchers in the field of cellular communication to explore immune synapses in humans for basic research, translational science and clinical studies.
6.5. Guido H. Wabnitz: After watching this video, you should have a good understanding of how to analyze the T cell/APC connective zone and immune synapses of human T cells ex vivo.
6.6. Guido H. Wabnitz: Don't forget that working with primary human material can be hazardous and that precautions such as wearing gloves and working under biosafety level 2 conditions 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, .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.  

55345_Wabnitz_Figure1.tif
55345_Wabnitz_Figure2A.tif.tiff
55345_Wabnitz_Figure2B.tif
55345_Wabnitz_Figure2C.tif

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.
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