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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) ____N_____ 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)____N____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps____4.2, 4.4, 5.2, 5.4, 5.5______________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ______________________________


1. Introduction (Schematic Overview and Interview)

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

Procedural Narrative:

Video editor: this is going to be sent to the JoVE bio-illustrator.  Photos provided by author can be used as a reference.

The overall goal of this procedure is to measure neutrophil firm adhesion using a flow chamber assay that allows for human neutrophil adhesion in the presence of sheer stress. (Intro)

This is accomplished by first preparing a substrate of purified adhesion molecules (Video editor: show a circular dish with a circle outlined in the center.  A drop of liquid is pipetted onto the center of the circle and then the pipette tip is used to spread the liquid over the area of the circle) or an endothelial cell surface such as human umbilical vein endothelial cells, or HUVECs. (Video editor: show another circular dish – without a circle in the middle – and a pink cell suspension being pipetted into the plate) (P1)

The second step is to separate neutrophils from human peripheral blood using a two-layer ficoll centrifugation method. (Video editor: show a 50-ml tube containing a 2-layer ficoll, and the human blood being carefully pipetted onto the top of the 2-later ficoll.  After the tube is centrifuged, the contents of the tube should look as follows: a dark red pellet at the bottom, a bottom layer of heavy ficoll, a pale pink thin layer, and a top layer of light ficoll.  Use arrows to point to the pale pink layer as ‘neutrophils’ and the red pellet as the ‘human peripheral blood’) (P2)

Next, the flow chamber system is assembled (Video editor: animate flow chamber assembly using cartoon from ‘51410fig1.jpg’ provided by author) to allow for the injection of the isolated human neutrophils under sheer stress onto the substrate of either adhesion ligands or HUVECs. (Video editor: animate neutrophils flowing into the assembled flow chamber via a tube connected to the PMN input)(P3)

The final step is to record neutrophil adhesion events in the flow chamber, followed by careful quantitation of firm adhesion. (Video editor: show a cartoon of a side view of a flow chamber with the bottom coated with adhesion ligands or HUVECs and the neutrophils above the substrate) (P4)

Ultimately, the flow chamber assay is used to show firm adhesion of neutrophils toward purified adhesion molecules and a HUVEC surface. (Video editor: show ‘51410fig3.jpg’) (P5)



[image: ]

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

1.1. Yebin Zhou: This method can help answer key questions in the autoimmune field, such as the functional importance of genetic variants in adhesion molecules that are known to be associated with the development of autoimmunity. 
 
1.2. Jeffrey Edberg: We first had the idea for this method after the publication of genetic studies that demonstrated strong association of coding region SNP variants in a beta-2 integrin with development of the autoimmune disease systemic lupus erythematous.

1.3. Jeffrey Edberg: While these findings suggested a significant role for integrins in this autoimmune disease, they did not provide functional insights into how coding region SNP variants might alter integrin function.  Accordingly, we developed this assay system to assess the functional consequences of genetic variation in the beta-2 integrin Mac-1 on firm adhesion.
Dialog changed during filming






Protocol (read by voice talent at JoVE):

2. HUVEC Layer Preparation

2.1. To prepare the culture dishes for use in the flow chamber, add 1 ml of a fibronectin and gelatin solution [TEXT: 10 g/ml fibronectin + 0.05% (w/v) gelatin] to each 35-mm tissue culture dish and pipette several times to make sure the entire plate surface is coated.

Shots:
2.1.1. MED: Talent setting out three 35-mm tissue culture dishes.
2.1.2. CU: 1 ml of fibronectin and gelatin solution being pipetted into a tissue culture dish to cover the whole plate surface.
(Do not use take 1)

2.2. Remove the excess fibronectin and gelatin solution and air-dry the plates for at least 30 minutes to optimize the protein matrix formation. 

Shots:
2.2.1. MCU: Fibronectin and gelatin solution being removed from a dish.
2.2.2. MED: Talent setting aside the 3 dishes to air-dry.

2.3. Harvest human umbilical vein endothelial cells, or HUVECs, that have been cultured to 80-90% confluence, using Trypsin-EDTA. (TEXT: Refer to accompanying manuscript for HUVEC culture and harvesting protocols)

Shots:
2.3.1. MED: Talent working in hood: adding Trypsin-EDTA solution to a culture flask of HUVECs. (after PBS rinse has been removed)

2.4. Seed 500,000 cells into each coated tissue culture dish. Add 2 ml of growth medium to each dish and incubate at 37oC/5% CO2.

Shots:
2.4.1. MED: Talent transferring HUVEC cell suspension from a 15-ml centrifuge tube (diluted to correct concentration) to a coated tissue culture dish.
2.4.2. CU: 2 ml of growth medium being added to the dish.
2.4.3. MED: Talent putting the 3 dishes into the incubator.

2.5. Cells should be visually inspected daily with medium changes every two days.

Shots:
2.5.1. MED: Talent checking a dish under the microscope.

2.6. Allow cells to grow to 80-90% confluence.

Shots:
2.6.1. LAB MEDIA: panel A of ‘51410fig3.jpg’



3. Purified Ligand Coating

3.1. To begin this procedure, use a marker or pen to draw a circle of 0.5-cm diameter at the center of a 35-mm tissue culture dish.

Shots:
3.1.1. MED: Talent setting out three 35-mm tissue culture dishes.
3.1.2. CU: Talent drawing a 0.5-cm diameter circle at the center of a 35-mm tissue culture dish.

3.2. Plate 20 l of a 20 g/ml protein A solution in the marked area. Use the pipette tip to spread the protein A solution to cover the whole area within the 0.5-cm diameter circle.  It is important to not touch or scratch the surface of the dish.

Shots:
3.2.1. MED: Talent pipetting 20 l of protein A solution onto the marked area of the dish.
3.2.2. CU: Match action above: 20 l of protein A solution being pipetted onto the marked area and then pipette tip is used to spread the solution to cover the whole area within the circle.

3.3. Incubate the tissue culture dishes at 37 °C for 1 hour. (TEXT: 37°C; 1 hr)

Shots:
3.3.1. MED: Talent putting the 3 dishes into the 37 °C incubator.

3.4. Next wash each protein A-coated plate 3 times with 1 ml of PBS. (TEXT: Wash 3X with PBS, pH 8.0)

Shots:
3.4.1. MED: Talent aspirating protein A solution and then adding 1 ml PBS to a dish.
3.4.2. CU: Multiple takes from different angles of PBS being aspirated and fresh PBS added to the dish.  Shot will be repeated later.

3.5. After removing the PBS from the 3rd wash, plate 50 l of 1% BSA in the marked area to block non-specific binding on the plate. Incubate at 4 °C for 2 hours. (TEXT: 4°C; 2 hr)

Shots:
3.5.1. MED: Talent removing PBS and then adding 50 l of 1% BSA in the marked area.
(Use 3.4.2)
3.5.2. MED: Multiple takes from different angles of talent putting the 3 dishes into the fridge/cold room. Shot will be repeated later.

3.6. After 2 hours, wash the blocked plate 3 times with 1 ml of PBS. (TEXT: Wash 3X with PBS)

Shots:
3.6.1. MED: Talent removing BSA solution from a dish and then adding 1 ml PBS.
3.6.2. Use shot from 3.4.2.

3.7. Prepare the Fc-adhesion receptor ligand chimeric protein solutions for coating. In this experiment, an ICAM-1/Fc chimera at 25 g/ml and a P-Selectin/Fc chimera at 0.5 g/ml will be used. (TEXT: Substrate = 25 g/ml ICAM-1/Fc chimera + 0.5 g/ml P-Selectin/Fc chimera in PBS, pH 8.0)

Shots:
3.7.1. MED: General shot of talent making a mixture of the two protein solutions at the right concentrations.
3.7.2. CU: The tube of mixed protein solutions being set down.

3.8. Coat the marked area with 50 l of the substrate.

Shots:
3.8.1. CU: 50 l of the substrate (made in 3.7) being pipetted onto the marked area of a dish.

3.9. Incubate the tissue culture dishes overnight at 4°C. The dishes should be used within two days and the coated area should not be allowed to dry out.  If necessary, add PBS to maintain the 50 l of solution on the plate.

Shots:
3.9.1. Use shot from 3.5.2.
3.9.2. CU: PBS being added to a dish to maintain the 50 l of solution on the plate.

4. Neutrophil Separation

4.1. Neutrophils for this study are isolated from the blood of participants who have given written informed consent. After collecting blood by phlebotomy into an anticoagulant blood collection tube or vacutainer, dilute the blood 1:1 with PBS.  Perform all steps in this procedure at room temperature. 

Shots:
4.1.1. MED: Talent diluting a blood sample that had been collected.

4.2. Prepare a two-layer ficoll for separating peripheral blood mononuclear cells, or PBMCs, and neutrophils in 50-ml centrifuge tubes: First add 15 ml of heavy ficoll, and then carefully layer 10 ml of light ficoll on top of the heavy ficoll. There should be a sharp border between the light ficoll and heavy ficoll layers. Finally, carefully layer 25 ml of the diluted blood sample on top of the light ficoll without disturbing the ficoll layer.

Shots:
4.2.1. MED: Talent setting out two 50-ml centrifuge tubes and the heavy and light ficolls.
4.2.2. CU: 15 ml of heavy ficoll being added to one of the 50-ml centrifuge tubes.
4.2.3. CU: 10 ml of the light ficoll being carefully added on top of the heavy ficoll. (Videographer: please capture the sharp border between the light ficoll and heavy ficoll layers)
(unslated continuation, note change at 15 ml line)
4.2.4. CU: 25 ml of the diluted blood sample being carefully layered on top of the light ficoll without disturbing the ficoll layer.

4.3. Centrifuge the tubes at 750 x g for 30 minutes at room temperature. (TEXT: 750 x g; 30 min; room temperature)

Shots:
4.3.1. MED: Talent putting the two 50-ml centrifuge tubes into the centrifuge and starting the spin.  

4.4. After centrifugation, multiple layers should be present. The neutrophil layer with few red blood cells is between the light and heavy ficoll.

Shots:
4.4.1. CU/ECU: A shot of a tube after centrifugation to show the multiple layers. (Video editor: maybe you could add an arrow to point to the neutrophil layer between the light and heavy ficoll)

4.5. Using a transfer pipette, harvest and transfer the neutrophil layer into a new 50-ml tube, and add PBS to a final volume of 50 ml. Centrifuge at 225 x g for 10 minutes at room temperature. (TEXT: 225 x g; 10 min; room temperature)

Shots:
4.5.1. CU: A transfer pipette being used to harvest and transfer the neutrophil layer into a new 50-ml tube.
4.5.2. CU: PBS being added to the 50-ml tube to a final volume of 50 ml. 
(mis-slated as 4.5.3 take 2)
4.5.3. MED: talent putting the two 50-ml centrifuge tubes into the centrifuge and starting the spin.

4.6. After centrifugation, there may still be red blood cells mixed with the neutrophils. Aspirate the supernatant down to the 10 ml mark. Resuspend the neutrophil-red blood cell pellet by briefly vortexing at low speed, and then wash again with 50 ml of PBS. 

Shots:
4.6.1. CU: Supernatant from a tube being aspirated down to the 10 ml mark.
4.6.2. MED: Talent briefly vortexing the tube and then adding PBS to the tube.
4.6.3. MED: Centrifuge, do not use 4.5.3.

4.7. Aspirate the supernatant. To remove the contaminating red blood cells, resuspend the pelleted cells in the residual PBS by a brief low speed vortex.  Add 25 ml of H2O, and gently vortex for 10 seconds to lyse the red blood cells.

Shots:
4.7.1. MED: Talent aspirating the supernatant and then briefly vortexing the tube.
4.7.2. MED: Talent adding 25 ml H2O and then vortexing the tube gently.

4.8. Add 25 ml of 1.8% NaCl and immediately mix by centrifugation at 225 x g for 10 minutes. (TEXT: 225 x g; 10 min; room temperature) The contaminating red blood cells should now be lysed, leaving a white neutrophil cell pellet.

Shots:
4.8.1. CU: 25 ml of 1.8% NaCl being added to the tube.
4.8.2. MED: Centrifuge, do not use 4.5.3.
4.8.3. ECU: A shot of the white pellet at the bottom of the tube after centrifugation.

4.9. Wash the neutrophil cell pellet with PBS. 

Shots:
4.9.1. MED: Talent adding PBS to the tube and resuspending the pellet.
4.9.2. MED: Centrifuge, do not use 4.5.3.

4.10. Discard the supernatant and resuspend the isolated neutrophils in RPMI medium with 10% FBS.

Shots:
4.10.1. MED: Talent removing supernatant and then adding medium and resuspending the isolated neutrophils.

4.11. After determining the cell concentration under a light microscope with a hemocytometer, adjust the cell density to 500,000 cells/ml with complete RPMI-10% FBS medium. (TEXT: 500,000 cells/ml)

Shots:
4.11.1. MED: A shot of the talent counting cells under the microscope.
4.11.2. MED: Talent diluting cells to the correct density with medium.

5. Flow Chamber Adhesion Assay

5.1. Prior to starting the flow chamber adhesion assay, prime the HUVECs with 20 ng/ml of human TNF-for 4 to 6 hours to upregulate and stimulate adhesion molecule expression.  (TEXT: 20 ng/ml human TNF-hr; 37oC; 5% CO2) 

Shots:
5.1.1. MED: Talent adding human TNF-to a dish of HUVECs.
5.1.2. Use 2.4.3.

5.2. When the HUVECs are ready, assemble the flow chamber. Place the 35-mm dish containing the confluent HUVECs on the microscope table. For the purposes of this video, only neutrophil adhesion to HUVECs will be examined, but the same procedure applies to studying neutrophil adhesion to purified adhesion molecules. Connect the parallel plate flow chamber with the syringe pump and vacuum system and leave one line open for the neutrophil input. Insert the flow chamber on top of the plate and fasten the flow chamber assembly. 

Shots:
5.2.1. MED: Talent placing the dish containing the confluent HUVECs on the microscope table.
5.2.2. MED: Talent connecting the parallel plate flow chamber with the syringe pump and vacuum system, leaving one line open for the neutrophil input.
5.2.3. CU: Flow chamber being inserted on top of the plate and flow chamber assembly is assembled.

5.3. Start the video recording program on the computer connected to the microscope. Adjust the field and focus of the microscope until a clear field with fully grown HUVECs is visible. 

Shots:
5.3.1. MED/over the shoulder: multiple takes from different angles of talent at the computer starting the video recording program.  
5.3.2. SCREEN: field and focus of the microscope being adjusted until a clear field with fully grown HUVECs is visible.

5.4. Using the syringe pump, rinse the flow chamber with RPMI medium. Make sure there are no air bubbles within the chamber or the neutrophil input line.

Shots:
5.4.1. MED/CU: Talent starting the syringe pump to rinse the flow chamber with medium.
5.4.2. CU/ECU: A shot to show the absence of bubbles within the chamber after a few bubbles are removed and the neutrophil input line.

5.5. Use the syringe pump to inject the neutrophils into the flow chamber at defined speeds. Record the video. Because neutrophil adhesion can occur rapidly, a 4-5 minute video is usually sufficient to quantitate adhesion events for analysis.

Shots:
5.5.1. CU: Syringe pump being used to pull the neutrophils into the flow chamber.
5.5.2. [bookmark: _GoBack]MED: talent set up program at computer.

6. Results: the flow chamber assay enables analyses of adhesive properties of human peripheral blood neutrophils to HUVECs and purified ligand substrates

6.1. This video clip shows an example of neutrophils binding to a HUVEC-coated flow chamber. An adherent cell is defined as a cell that moves less than one-cell diameter within 5 seconds on the HUVEC-coated surface.

Shots:
6.1.1. LAB MEDIA: an example movie clip of neutrophils binding to a HUVEC-coated flow chamber.

6.2. (Figure 2 and Figure 3) Shown here are screen shots at different time points from sample videos of neutrophils adhering to an ICAM-1/P-Selectin-coated surface (Video editor: highlight Figure 2) or a HUVEC-coated surface. (Video editor: highlight Figure 3) In both experiments, the neutrophil flow speed is 350 l/min with a neutrophil density of 500,000 cells/ml.

Shots:
6.2.1. LAB MEDIA: 51410fig2.jpg
6.2.2. LAB MEDIA: 51410fig3.jpg

6.3. (show Figures 2 and 3 side by side) Under typical conditions, it was observed that 50-70 human neutrophils firmly adhered to the ligand- or HUVEC-coated surface during a four-minute recording period. However, allelic variants of neutrophil adhesion molecules, or allelic variants in the substrate, could substantially alter quantitative neutrophil adhesion. By recording similar length videos with different donors’ neutrophil, the number of adherent cells per minute can be calculated to compare the adhesion properties between different donors.

Shots:
6.3.1. LAB MEDIA: 51410fig2.jpg
6.3.2. LAB MEDIA: 51410fig3.jpg

7. Conclusion (said by authors on camera)

7.1. Yebin Zhou: While attempting this procedure, it’s important to remember to visually check the neutrophils for cell clumping caused by isolation induced cell activation.  In addition, parallel flow cytometric assessment of cell activation can be performed to ensure that the activation state of the cells is matched between donors and between experiments.

7.2. Jeffrey Edberg: After its development, this technique paved the way for researchers in the field of autoimmunity to explore cell adhesion in primary human cells from genotyped donors that have different coding region alleles of the CD11b chain of the beta-2 integrin Mac-1.  These studies have allowed for a careful and quantitative assessment of the functional impact of these allelic variants in the human system.
(Dialog changes during filming)
       

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. Schematic overview graphics (to be sent to bio-illustrator)
2.6. panel A of ‘51410fig3.jpg’
5.3. Screen capture file of field and focus of the microscope being adjusted until a clear field with fully grown HUVECs is visible (to be provided by author)
6.1. an example movie clip of neutrophils binding to a HUVEC-coated flow chamber (to be provided by author)
6.2 - 6.3. 51410fig2.jpg; 51410fig3.jpg


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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