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A.  Will you require JoVE to record video microscopy? N

B.   Does your protocol include descriptions of 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? 2.1.-4.5.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  3.3.-3.11.

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 technique is to utilize endothelial cells as a novel type of planar antigen presenting cell model to investigate fundamental antigenic signaling processes.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Christopher V. Carman: This method can help answer key questions in the field of adaptive immunity, such as how are subcellular and molecular remodeling dynamics within the immunological synapse spatially and temporally coordinated?

1.2. Christopher V. Carman: The main advantage of this technique is that the endothelial cells facilitate the formation of an optimal spatiotemporal resolution in the context of a physiologically deformable surface.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Roberta Martinelli: Though this method focuses on CD4+ Th1 effector/memory cell activation, it can also be applied to the study of a variety of T cell types, antigens and signaling processes. 

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
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 of Beth Israel Deaconess Medical Center. 

Protocol (read by voice talent at JoVE):

2. Endothelia and lymphocyte preparation

2.1. Begin by co-transfecting primary human lung or dermal microvascular endothelial cells with membrane-YFP and soluble DsRed (Pronounce: D-S-red) via nucleofection [2.1.1.-WIDE-TXT] and plate the transfected cells onto live-cell imaging culture plates [2.1.2.-MED]. 
2.1.1. Talent placing cells into electroporator or other similar representative shot (TEXT: See text for nucleofection procedure details)  

2.1.2. Talent adding cells onto at least one culture plate
2.2. The next day, replace the cell culture medium with fresh medium supplemented with IFN-gamma to induce MHC-II expression on the endothelial cells [2.2.1.-MED-TXT], followed by stimulation of the cells with 20 ng/ml of TNF-alpha 24 hours later [2.2.2.-MED]. 

2.2.1. Talent adding medium to cells, with medium and/or cytokine container labels visible in frame if possible (TEXT: See text for all media/reagent preparation details)

2.2.2. Talent adding TNF-alpha to cells, with cytokine container label visible in frame if possible 

2.3.3. Extra shot to focus on label
2.3. On day 3, 30-60 minutes before starting the experiment, incubate the endothelium with 1 microgram/ml each of the bacterial superantigens staphylococcal enterotoxin B [2.3.1.-MED] and toxic shock syndrome toxin 1 at 37°C [2.3.2.-MED].
2.3.1. Talent adding SEB to cells, with SEB and TSST container labels visible in frame Extra shot to focus on label 

2.3.2. Talent placing cells at 37°C

2.4. During the incubation, count the number of viable cells from the lymphocyte culture of interest [2.4.1.-MED-TXT] and transfer 2x106 of the cells into a 15 ml conical tube [2.4.1.-MED].

2.4.1. Few seconds Talent at microscope counting cells (TEXT: See text for Th1 effector/memory cell culture isolation/preparation details)
2.4.2. Talent adding cells to tube 
2.5. Next, spin down the cells [2.5.1.-MED-TXT] and resuspend the pellet in 2 ml of freshly prepared Buffer A such that no cell clusters remain [2.5.2.-CU].

2.5.1. Talent adding tube(s) to centrifuge (TEXT: 5 min, 1200 x g, RT)

2.5.2. Shot of pellet if visible, then few seconds cells being suspended with Buffer A container label visible in frame if possible 

2.6. Then add 2 micromolar Fura-2 to the T cell sample [2.6.1.-CU], cap the tube [2.6.2.-CU], and immediately invert it to homogenously distribute the dye throughout the cell suspension [2.6.3.-CU].

2.6.1. [2.6.1 to 2.6.3 combined] Fura-2 being added to cells, with Fura-2 container label visible in frame if possible

2.6.2. *Film as written

2.6.3. *Film as written

2.7. After a 30 minute incubation at 37°C, spin down the labeled lymphocytes [2.7.1.-CU] and gently but thoroughly resuspend the cells in 20-40 microliters of fresh Buffer A [2.7.2.-CU].

2.7.1. Tube(s) being placed into centrifuge

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

3. Live-cell imaging setup 

3.1. To live image the cells, turn on the microscope system [3.1.1.-WIDE] and open the appropriate image capture software [3.1.2.-MED-over the shoulder].

3.1.1. Talent turning on microscope laser or similar (TEXT: e.g. PC/microscope/CCD camera/filter wheel/xenon lamp)

3.1.2. Talent at computer, opening software
3.2. Set the appropriate parameters for automated multichannel time-lapse imaging [3.2.1.-SCREEN], as well as the interval for acquisition for 10-30 seconds and a total duration of ~20-60 min [3.2.2.-SCREEN].  
3.2.1. *To be provided by Authors

3.2.2. *To be provided by Authors

3.3. Next, add fresh oil to the objective [3.3.1.-CU], mount a microscope dish containing 0.5 ml of Buffer-A onto the heating stage adaptor [3.3.2.-CU], and immediately switch on the adaptor, previously set to 37°C [3.3.3.-CU].

3.3.1. *Film as written

3.3.2. [combined with 3.3.1] *Film as written

3.3.3. Shot of adaptor being set to 37°C

3.4. After 2-3 minutes of equilibration, use a 20 microliter pipette to add the resting Fura2-loaded lymphocytes into the mounted microscope dish chamber [3.4.1.-CU] and turn on the bright field imaging [3.4.2.-MED].
3.4.1. Few seconds cells being loaded to chamber

3.4.2. *Film as written

3.5. Select the light path to the eyepieces [3.5.1.-MED] and use the coarse focus knob to bring the objective into contact with the bottom of the microscope dish [3.5.3.-MED].

3.5.1. *Film as written

3.5.2. Few seconds Talent using coarse focus

3.6. Then use the eyepiece and the fine focus knob to locate the T cells settled at the bottom of the dish [3.6.1.-SCREEN] and use the x-y stage controls to select a field containing at least 10 cells [3.6.2.-SCREEN-TXT].

3.6.1. *To be provided by Authors

3.6.2. *To be provided by Authors adjusted (TEXT: Avoid overcrowded fields/cell clumps)

3.7. When the appropriate cells have been located, switch from bright field to the fluorescent light source [3.7.1.-CU] and from eyepiece imaging to the CCD camera [3.7.2-MED].

3.7.1. Shot of light through stage of microscope being switched from bright field to fluorescent

3.7.2. Shot of Talent at microscope, with monitor in view/cells appearing on screen OR Talent switching from eyepiece to camera 

3.8. Optimize the acquisition parameters [3.8.1.-MED-over the shoulder-TXT] and then acquire resting Fura2-340 [3.8.2.-SCREEN] and Fura2-380 images [3.8.3.-SCREEN].
3.8.1. Few seconds Talent at computer adjusting parameters (TEXT: e.g. exposure time, detector gain and binning) 

3.8.2. *To be provided by Authors

3.8.3. *To be provided by Authors  

3.9. Talent: Calculate the Fura2-340-Fura2-380 ratio for each lymphocyte, obtaining repeated images of the cells at different Fura2-340 and Fura2-380 exposure times until the average ratio value is close to 1 as necessary [3.9.1.-SCREEN-TXT] OR “One of the key steps to generate successful results is careful optimization of the fluorescence acquisition parameters, ensuring that sufficient signal is collected and in the case of Fura-2, that the resting 340/380 ratio is close to 1.” [3.9.1.-MED-Spoken by Talent, interview style (looking just off camera)]
3.9.1. *To be provided by Authors (TEXT: See text for lymphocyte calcium flux calculation details) OR Roberta Martinelli Chris Carman speaking the above, interview style (TEXT: See text for lymphocyte calcium flux calculation details) (Authors: Please CHOOSE ONLY ONE shot for this step)

3.10. When the Fura2 exposure times have been set [3.10.1.-SCREEN], replace the dish of T cells with the microscope dish of endothelial cells [3.10.2.-MED].

3.10.1. *To be provided by Authors

3.10.2. Talent at least putting endothelial cells onto stage

3.11. Using a disposable transfer pipette, rapidly remove the media [3.11.1.-CU] and rinse the cells once with 1 ml of pre-warmed Buffer A [3.11.2.-CU].

3.11.1. Few seconds media being removed

3.11.2. Few seconds cells being washed with Buffer A 

3.12. Then replace the wash with 0.5 ml of fresh Buffer A [3.12.1.-CU].

3.12.1. 0.5 ml of Buffer A being added to plate

3.13. Using the objective [3.13.1.-MED], identify fields in which the brightly fluorescent endothelial cells appear healthy and with well-formed intercellular junctions [3.13.2.-SCREEN].

3.13.1. Shot of Talent at microscope

3.13.2. *To be provided by Authors (Video Editor: if possible/appropriate, identify at least one well-formed intercellular junction when mentioned)

3.14. Then adjust the acquisition parameters for membrane-YFP and DsRed as just demonstrated for Fura2 [3.14.1.-SCREEN], taking care that the mean fluorescence signal intensity in each channel falls between 25 and 75% of the dynamic range of the detector [3.14.2.-SCREEN]. 

4. Th1 effector/memory-endothelial cell immunological synapse (IS) initiation

4.1. Before conducting the live-cell imaging experiment [4.1.1.-WIDE], capture several intervals of images of the endothelial cells alone to establish a baseline with the automated software [4.1.2.-SCREEN].

4.1.1. Talent at computer, capturing at least one image

4.1.2. *To be provided by Authors

4.2. Then, inserting the tip of a small volume pipette into the media close to the center of the objective [4.2.1.-CU], slowly dispense 5 microliters of concentrated Fura-2-loaded lymphocytes to the center of the microscope dish imaging field [4.2.2.-ECU].

4.2.1. Combine 4.2.1. and 4.2.2. as one CU or ECU shot as appropriate

4.2.2. Combine 4.2.1. and 4.2.2. as one CU or ECU shot as appropriate

4.3. As the lymphocytes settle, make fine adjustments to the focus to ensure that the T cell-endothelial cell interfaces are maintained in the focal plane [4.3.1.-MED].  With the 40 and 63X objectives, 10-20 cells per field is optimal [4.3.2.-SCREEN-TXT]. 
4.3.1. Few seconds Talent adjusting focus

4.3.2. *To be provided by Authors (TEXT: If not enough cells visible, re-apply T cells).
4.4. After the desired observation interval, continue imaging [4.4.1.-SCREEN] and immediately pipette ionomycin directly into the miscoscope dish to a final concentration of 2 micromolar [4.4.2.-CU] to induce a maximal calcium flux-Fura-2 signal [4.4.3.-SCREEN].
4.4.1. *To be provided by Authors

4.4.2. *Film as written

4.4.3. *To be provided by Authors if appropriate/possible otherwise skip we will skip this step and merge screen shot 4.3.2 with 4.4.1.  
4.5. Talent “When applying treatments to the cells, take care to maintain a sharp focus on the apical mem-YFP-labelled surface of the endothelium for optimal resolution of the topological immune synapse remodeling.” [4.5.1.-MED-Spoken by Talent, interview style (looking just off camera)]
4.5.1. Christopher V. Carman, speaking the above, interview-style

5. Results: Representative Th1:Endothelial APC ISs
5.1. In the absence of superantigen on the endothelia, superantigen-specific CD4+ Th1 lymphocytes rapidly spread, polarize and laterally migrate over the endothelial cells [5.1.1.-LM]. 
5.1.1. Fig2A_finale_06_03_15.tif: please sequentially add/highlight/indicate first 4 columns of images (starting from left)
5.2. During this process the lymphocytes extend short-lived protrusions, or ILPs (Pronounce: I-L-P’s), into the endothelial surface, which are evident as rings of membrane-YFP fluorescence, analogous to footprints [5.2.1.-LM].
5.2.1. Fig2A_finale_06_03_15.tif: please add/indicate arrows in far right image
5.3. In the presence of superantigen, close cell to cell contacts driven by the ILPs are associated with the initiation of a calcium-flux [5.3.1.-LM], leading to an accumulation of stabilized ILPs within the immunological synapse [5.3.2.-LM]. 
5.3.1. Movie1_finale_02_18_15.mov
5.3.2. Authors: please provide images only from Figure 2B: please add/indicate blue arrows
5.4. Such ILP arrays [5.4.1.-LM] are coupled to sustained calcium signaling [5.4.2.-LM].  
5.4.1. Authors: please provide graph only from Figure 2B: please add/trace/indicate green and blue ILP vertical lines

5.4.2. Figure 2B graph: please add/trace/indicate red data line

5.5. The rings of membrane fluorescence that form during T cell-endothelial cell interactions correspond to the T cell protrusions, driving discrete invagination spots in endothelial cells [5.3.1.-LM], as confirmed by the demonstration that these rings correlate spatially and kinetically with the zones of displaced and excluded cytoplasm [5.3.2.-LM]
5.5.1. Authors: please provide far right image from Figure 2A: please add/indicate arrows
5.5.2. Movie2_finale_02_18_15.mov: please highlight/indicate 3rd/red movie
5.6. Within minutes of co-incubation of the endothelial and T cells in the presence of superantigen, adhesion [5.4.1.-LM] and signaling molecules associated with antigenic signaling are co-enriched within the podo-prints and ILPs of the immunological synapse [5.4.2.-LM]. 

5.6.1. Authors: please provide Figure 3Cvi as its own file: please indicate/highlight middle/4th image

5.6.2. Fig3D_finale_06_03_15.tif: please indicate/highlight middl/3rd image
5.7. Indeed, the T cell-endothelial immunological synapse exhibits a discrete 3-dimensional architecture [5.5.1.-LM] punctuated by T cell ILPs extending into the antigen presenting cell surface within which the antigen recognition molecular machinery is enriched [5.5.2.-LM].

5.7.1. Authors: please provide Figure 3Ci as its own file: please add/trace/indicate “gate”/box in top right image
5.7.2. Authors: please provide Figure 3Cii as its own file: “zoom” into gate from 5.5.1./Figure 3Ci and show Figure 3Cii
6. Conclusion (said by authors on camera)

6.1. Christopher V. Carman Roberta Martinelli: With this approach, key obstacles within existing APC models can be overcome, allowing observation of otherwise undetectable tridimensional subcellular architectures and the rapid remodeling of physiologic APC-T cell interfaces, offering the potential for a new understanding of antigenic signaling.
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.  

3.2. 3.2.1 and 3.2.2 One single screen shot showing software opening and setting parameters

3.6 3.6.1 and 3.6.2 One single screen shot

3.8 3.8.2 and 3.8.3 One single screen shot

3.10 3.10.1 Screen shot

3.13 3.13.2 Screen shot showing endothelial junction

3.14 Screen shot showing setting parameters

4.1 4.1.2 Screen shot of few frames

4.3 -4.4 4.3.1-4.4.1 One single Screen shot of few cells

5.3.- 5.3.2. Fig2B_09_09_15

5,4 – 5.4.1. Fig2B-graph_09-09-15

5.5- 5.5.1 Fig2A-09_09_15 (far right image only)

5.6- 5,6,1 Fig3Cvi_09_09_15

5.7- 5.7.1 Fig3Ci_09_09_15

5.7.2 Fig3Cii_09_09_15
Movie1_finale_02_18_15.mov
Movie2_finale_02_18_15.mov
Fig2A_finale_06_03_15.tif
Authors: please provide far right image only from Figure 2A
Authors: please provide images only from Figure 2B 

Authors: please provide graph only from Figure 2B 

Authors: please provide Figure 3Cvi as its own file
Fig3D_finale_06_03_15.tif

Authors: please provide Figure 3Cii as its own file
Authors: please provide Figure 3Cii as its own file

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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