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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) _____No___ 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)____No __ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps________4.4-4.9________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
This would be step 4.5, since one should avoid air-bubble formation inside the tubing. To ensure success we both pinch- and clamp-off the tubing (containing the flow medium) when connecting the slide containing the cells. 


1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Video editor: graphics are in ‘procedural narrative.ai’

Procedural Narrative:

The overall goal of this procedure is to follow the distribution of endogenous junctional VE-cadherin and PECAM-1 during leukocyte transendothelial migration under physiological flow conditions. (Intro)

This is accomplished by first isolating polymorphonuclear leukocytes, or PMNs, from whole blood of healthy volunteers, using a percoll gradient.  (Video editor: show cartoon of tube and highlight the PMNs fraction) (P1)

The second step is to add fluorescently labeled antibodies to a TNF-stimulated Human Umbilical Vein Endothelial Cell monolayer cultured in flow slides, 30 minutes prior to starting the flow experiment. This will enable visualization of junctional dynamics of endothelial cells during neutrophil transmigration under physiological flow conditions. (Video editor: show the cartoon of the flow slide first, and then the pipette dip dispensing the green antibody drops) (P2)

Next, the flow slide containing the fluorescently labeled TNF-stimulated Human Umbilical Vein Endothelial Cells is connected to the flow system (Video editor: show only the slide first, then add the tube and the syringe pump, followed by the tube and the reservoir with the blue liquid) and placed on the microscope stage. (Video editor: add the oil-objective under the slide) The pump will pull the flow-buffer from the reservoir through the flow chamber, into the syringe. (Video editor: animate the blue liquid moving up the tubing from the reservoir, and eventually going into the syringe) (P3)

The final step is to inject the PMNs slowly into the flow-system via the injection port. (Video editor: animate the needle tip injecting the PMNs into the injection port) (P4)

Ultimately, the PMNs are visualized using a confocal laser scanning microscope. After a few minutes, leukocytes appear, adhere and transmigrate. The experiment can be stopped at any desired moment. (Video editor: show Figure 3) (P5) Author: what can we show here?  Figure 3?  Or maybe the images you’ll provide for step 4.10?


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Jeffrey Kroon: The main advantage of this technique over existing methods, like static transmigration assays, is that adhesion and transmigration of any desired cell type can be studied in real time under physiological flow conditions.
1.2. Jeffrey Kroon:  This will help us understand why leukocytes choose one route over another, i.e., paracellular versus transcellular, by visualizing the cell-cell junctions with fluorescently labeled antibodies.



Protocol (read by voice talent at JoVE):

2. Plating and Maintenance of Human Umbilical Vein Endothelial Cells

2.1. The Human Umbilical Vein Endothelial Cells, or HUVECs, for this experiment are cultured according to the manufacturer’s instructions on fibronectin-coated dishes using media supplemented with Endothelial Growth Medium. The cell culture is used between 4 to 8 passages.

Shots:
2.1.1. WIDE: talent taking the dishes of cells out of the incubator and taking them to the hood.

2.2. When cells reach 80-90 % confluence, carefully wash them with room temperature PBS at pH 7.4 and then trypsinize the cells.

Shots:
2.2.1. MED: Talent at the hood removing medium from a dish and adding PBS to wash cells.
2.2.2. CU: Trypsin being added to a dish (after PBS wash).

2.3. After trypsinization and centrifugation, resuspend at 800,000 cells/ml using media. 

Shots:
2.3.1. MED: Talent returning to hood with tube of cells after centrifugation.
2.3.2. CU: Supernatant being discarded and cells are resuspended in appropriate volume of media.

2.4. The experiment uses flow-chambers that have been coated with fibronectin (TEXT: 10 μg fibronectin per ml PBS) on the previous day. Plate 80,000 cells in every single channel of the fibronectin-coated flow-chambers and gently pipet the cell suspension up and down. 

	Shots:
2.4.1. MED: talent setting out a FN-coated flow-chamber.
2.4.2. CU: Cells being plated in the channel of the flow chamber and cell suspension is pipetted up and down.

2.5. Culture overnight in an incubator at 37°C and 5% CO2. (TEXT: 37°C; 5% CO2; overnight)

Shots:
2.5.1. MED: Multiple takes from different angles of talent putting the flow chamber into the incubator.  Shot will be repeated many times later.

2.6. On the following day, refresh the media in the flow-chamber slide by gently tilting the slide at a 45° angle. It is recommended to only remove the media in the reservoirs and not in the channel itself. Removal of the media in the channels may result in endothelial cell loss and death due to the dragging force of the media caused by pipetting. 

Shots:
2.6.1. MED: Talent at hood, getting ready to replace the media in the flow chamber.
2.6.2. [combined with 2.6.1] CU: Slide being tilted, media in reservoirs removed, and fresh media added.

2.7. Check by phase contrast microscopy if the endothelial cells have formed a monolayer. If the cells are not 100% confluent, change the media two times a day until they reach 100% confluence. 

Shots:
2.7.1. MED: Talent at the phase contrast microscopy checking cells.
2.7.2. LAB MEDIA: 51766_vanBuul_Figure_extra1.tif

2.8. Once the cells have reached 100% confluency, stimulate the cells with media containing the inflammatory mediator TNFα. (TEXT: 10 ng/ml TNFα)

Shots:
2.8.1. CU: TNFα being added to every channel.

2.9. Stimulating HUVECs overnight with TNFα results in an inflammatory phenotype of the endothelium, i.e., up-regulation of cell adhesion molecules such as ICAM-1 and VCAM-1. 

Shots:
2.9.1. Use shot from 2.5.1.




3. Polymorphonuclear Leukocyte Isolation Using Percoll Gradients 

3.1. Prior to isolating Polymorphonuclear Leukocytes, or PMNs, prepare a flow-buffer for washing isolated PMNs and for use as buffer in the flow assay. To 100 ml of a previously prepared stock solution, add 100 μl of fresh 1 M CaCl2, 2.5 ml of human albumin from a 200 g/l stock concentration and 0.1 g of glucose. (TEXT: Refer to protocol text for flow-buffer recipe) Filter the flow-buffer using a 0.45 μm filter.

Shots:
3.1.1. MED: talent setting out previously prepared stock solution and transferring 100 ml to a flask/beaker.
3.1.2. MED: Talent adding 100 μl 1 M CaCl2, 2.5 ml human albumin and 0.1 g glucose to the 100 ml of stock solution.
3.1.3. MED: Talent filtering the flow-buffer.

3.2. A 10% tri-sodium citrate, or TNC, solution in PBS at pH 7.4 is also prepared prior to isolation of PMNs. 

Shots:
3.2.1. [3.2.1+3.3.1+3.3.3 shot together] MED: talent setting out previously prepared TNC solution

3.3. PMNs will be isolated from 20 ml of whole blood collected in a sodium heparin vacuette from a healthy volunteer. First dilute the whole blood 1:1 with 10% PBS/TNC in a 50-ml tube.  Next use a Pipetboy at the slowest setting to carefully pipette 20 ml of diluted blood carefully onto 12.5 ml of Percoll colloidal solution in water with a density of 1.130 g/ml in a new 50-ml tube. The Percoll-containing tube should be tilted at a 45° angle during the addition of the blood.  

Shots:
3.3.1. CU: Talent setting out vacuette containing the blood.
3.3.2. MED: Talent diluting whole blood 1:1 with 10% PBS/TNC in a 50-ml tube. 
3.3.3. CU: Percoll-containing tube being tilted as diluted blood is carefully pipetted onto Percoll using a Pipetboy.

3.4. Carefully place the tubes in the centrifuge and spin at room temperature for 20 minutes at 800 x g with low acceleration and with the brakes disabled.

Shots:
3.4.1. MED: Multiple takes from different angles of talent putting two 50-ml tubes into the centrifuge and starting the spin.  Shot will be repeated later.

3.5. When centrifugation is complete, remove all the liquid and fill each tube with ice-cold erythrocyte lysis-buffer to lyse the erythrocytes. Leave the tubes on ice, occasionally inverting them, until the suspension turns dark red. 

Shots:
3.5.1. CU: Supernatant being removed from one of the 50-ml tubes and ice-cold erythrocyte lysis-buffer added.
3.5.2. CU: Both tubes being placed on ice.
3.5.3. MED: Talent inverting the tubes.
3.5.4. CU: A shot of a tube to show that the suspension is now dark red in color.

3.6. Centrifuge at 500 x g for 5 minutes at 4°C with the brakes enabled. 

Shots:
3.6.1. Use shot from 3.4.1.

3.7. The resulting pellet fraction contains the PMNs together with the erythrocytes. Remove the supernatant and wash the pellet twice in ice-cold lysis buffer at 500 x g for 5 minutes at 4°C. (TEXT: Wash 2x with ice-cold lysis-buffer)

Shots:
3.7.1. CU/ECU: A shot of the resulting pellet fraction (after centrifugation).
3.7.2. [combined with 3.7.1] MED: Talent removing supernatant from a tube and then adding ice-cold lysis-buffer.
3.7.3. Use shot from 3.4.1.

3.8. After removal of the supernatant from the second wash, resuspend the pellet with flow-buffer at room temperature and determine the PMNs concentration using an automated cell counter. 

Shots:
3.8.1. MED: Talent resuspending pellet with flow-buffer.
3.8.2. MED: General shot of talent at the automated cell counter.

3.9. Lastly, suspend the PMNs in flow-buffer at 1x106 cells/ml (TEXT: 1x106 cells/ml) and keep at room temperature. 

Shots:
3.9.1. MED: Talent diluting the PMNs to 1x106 cells/ml with flow-buffer and sets the cell suspensions aside at RT.

4. Labelling of Endothelial Junctional VE-cadherin and PECAM-1 and performing the PMN TEM assay under flow

4.1. To label Endothelial Junctional VE-cadherin and PECAM-1, add the PECAM Alexa Fluor 647 antibody at a 1:100 dilution and the calcium-independent VE-cadherin-FITC antibody at a 1:50 dilution to HUVEC culture medium in the flow chamber (from 2.9), and incubate at 37°C for 30 minutes. 

      Shots:
4.1.1. MED: Talent adding antibodies to the culture medium in the flow chamber.
4.1.2. Use shot from 2.5.1.

4.2. To prepare the PMNs for the assay, place them into a water bath for 15 minutes at 37°C prior to injecting them into the flow-system.

Shots:
4.2.1. MED: Talent placing the tubes of PMNs into a water bath.

4.3. Connect tubing to an empty flow-chamber and fill with warm flow-buffer to prevent formation of air-bubbles when setting up the flow system.

Shots:
4.3.1. CU: Talent connecting tubing to an empty flow-chamber.
4.3.2. MED: Talent filling up flow chamber with warm flow-buffer.
[VO can be included with shots 4.4.1 and 4.4.2]

4.4. Using silicone tubing, connect one side of the empty flow-chamber to the syringe pump flow system containing a 20-ml syringe.  Place the flow-chamber on the microscope stage. The assay will be performed using a confocal laser scanning microscope equipped with a 63x oil-objective and a climate chamber set at 37°C and 5% CO2.

Shots:
4.4.1. CU: one side of the empty flow-chamber being connected to the syringe pump flow system with tubing.
4.4.2. MED:   Talent placing the flow-chamber on the microscope stage. (Videographer: please include footage of the microscope system)

4.5. Connect the other side of the empty flow-chamber to the reservoir flask filled with 37°C flow-buffer and start the syringe pump in order to fill all the tubing with flow-buffer. The pump will pull the flow-buffer from the reservoir through the flow-chamber, into the syringe. This tubing also contains an in-line luer injection port, which allows PMNs to be injected with a needle into a running experiment without stopping the flow and creating air bubbles.

Shots:
4.5.1. MED: Talent connecting the other side of the empty flow-chamber to the reservoir flask and then starting the syringe pump.
4.5.2. CU: A shot of the flow-buffer flowing from the reservoir through the flow-chamber into the syringe.
4.5.3. CU: Talent indicating the in-line luer injection port.

4.6. Next replace the empty flow-chamber with the flow-chamber containing TNFα-treated HUVECs. Pinch off the tubes before disconnecting and reconnecting them to the chamber containing the HUVECs. Place the flow-chamber on the microscope stage.

Shots:
4.6.1. CU: Talent pinching [4.6.2B]
and clamping off tubes, [4.6.2A]
disconnecting the empty flow chamber, and then reconnecting the chamber containing the HUVECs. [4.6.2B]
4.6.2. Talent – interview style to camera: “It is critical to pinch and clamp off the tubing when connecting the slide containing the cells to avoid the formation of air bubbles inside the tubing and/or flow-chamber.”
4.6.3. CU: Flow chamber being placed on the microscope stage.

4.7. Adjust the flow speed to 1 dyn/cm2, in accordance with the physiological flow speed in post capillary venules, which is 1–5 dyn/cm2. (TEXT: Adjust flow speed to 1 dyn/cm2)

Shots:
4.7.1. MED: Talent adjusting the flow speed.

4.8. Record Differential Interference Contrast (DIC), FITC and Alexa Fluor 647 simultaneously.

Shots:
4.8.1. MED/over the shoulder: talent starting the imaging. [Shot should be stopped when or before green screen appears on computer.]

4.9. Using a 1-ml syringe, inject the PMNs slowly into the flow-system via the in-line luer injection port. 

Shots:
4.9.1. CU: PMNs being slowly injected into the flow-system via the in-line luer injection port.

4.10. After a few minutes, leukocytes appear, adhere and transmigrate. 

Shots:
4.10.1. LAB MEDIA: to be provided by author.

4.11. Stop the experiment at any desired moment by disconnecting the tubing from the flow-chamber and pipetting a fixative into the flow-chamber. 

Shots:
4.11.1. MED: Talent disconnecting the tubing from the flow-chamber.
4.11.2. CU: A fixative being pipetted into the flow-chamber

5. Results: visualization of the dynamics of VE-cadherin and PECAM-1 during neutrophil TEM 

5.1. (Figure 2A) The resistance of endothelial monolayers was measured to test whether the antibodies interfered with the barrier function of the endothelium. No change in resistance was observed when either the VE-cadherin antibody clone 55-7H1 (Video editor: highlight blue line) or the isotype control (Video editor: highlight red line) was added to the cells. In contrast, the VE-cadherin blocking antibody cl75 (Video editor: highlight black line) reduced the resistance dramatically.

Shots:
5.1.1. LAB MEDIA: 51766_vanBuul_Figure2A.tif
 
5.2. (Figure 2B) FRAP analysis revealed no change in fluorescence recovery in the presence or absence of the VE-cadherin 55-7H1 antibody, indicating that the antibody did not alter the dynamics of VE-cadherin. 

Shots:
5.2.1. LAB MEDIA: 51766_vanBuul_Figure2B.tif

5.3. (Figure 3) VE-cadherin and PECAM-1 distribution during neutrophil transendothelial migration, or TEM, in real-time was analyzed. (Video editor: zoom in to Figure 3A) The top panel shows a neutrophil, outlined in white, adhering on the endothelium and crossing the cell-cell junction without harming the distribution of VE-cadherin and PECAM-1.

Shots:
5.3.1. LAB MEDIA: 51766_vanBuul_Figure3A.tif

5.4. (Video editor: zoom in to Figure 3B) During diapedesis, a local dispersion of VE-cadherin and PECAM-1 can be observed when a neutrophil protrudes through the cell-cell junctions. Outlined in white is a neutrophil on top of the endothelium. The yellow outline shows neutrophil membrane that is already underneath the endothelium. 

Shots:
5.4.1. LAB MEDIA: 51766_vanBuul_Figure3B.tif

5.5. (Video editor: zoom in to Figure 3C) After completion of diapedesis, the junctions close and VE-cadherin and PECAM-1 are relocated at the sites of diapedesis. The borders of the transmigrated neutrophil are outlined in yellow.

Shots:
5.5.1. LAB MEDIA: 51766_vanBuul_Figure3C.tif

6. Conclusion (said by authors on camera)
6.1. Jeffrey Kroon: Following this procedure, leukocyte transendothelial migration can be performed in order to answer additional questions such as whether leukocytes cross the endothelium using the para- or trans-cellular route.

       












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.  

1A. procedural narrative.ai
2.7 – 51766 vanBuul_Figure_extra1.tif – DIC Image of requested monolayer at 100% confluency.
4.10. Images of leukocytes appearing, adhering, and transmigrating. (to be provided by author)
5.1. 51766_vanBuul_Figure2A.tif
5.2. 51766_vanBuul_Figure2B.tif
5.3. 51766_vanBuul_Figure3A.tif
5.4. 51766_vanBuul_Figure3B.tif
5.5. 51766_vanBuul_Figure3C.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, as well as an introduction to your videographer, closer to your filming date.
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