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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__Y______  

Can you record movies/images using your own microscope camera? (Y/N)____Y_____  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 3.5. – 3.7, 4.1., 4.2., 4.9.
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 4.5 – 4.7 Assembling of flow chamber into microscope holder, connection of tubing: we use the pipettes to fill the tubing with liquid (assay buffer) to avoid air bubbles (that would congest the system). The 1 mL P1000 tips have exactly the combination of a narrow bore and the volume to conveniently fill the tubing.
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

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 experiment is to investigate the mechanisms behind the interactions of leukocytes to adherent vascular cells or platelets under flow conditions. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Rory Koenen: This method can help answer key questions in the immunology field, such as how leukocytes are recruited to the sites of inflammation [1-MED].
1.1.1. Rory speaks towards the camera, interview style. 
1.2. Rory Koenen: The main advantage of this technique is that it is user-friendly, cost effective and allows the investigation of a large variety of experimental conditions [1-MED].
1.2.1. Rory speaks towards the camera, interview style.   
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Rory Koenen: Though this method can provide insight into leukocyte adhesion, it can also be applied to other systems, such as adhesion of tumor cells to immobilized cells or substrates under flow conditions [1-MED].
1.3.1. Rory speaks towards the camera, interview style.

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Rory Koenen: Demonstrating the procedure will be Ms. Annemiek Dickhout , a PhD student from my laboratory [1-MED].  

1.4.1. Rory speaks towards the camera, interview style.
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

*Note to the Authors: Goal and interview statements will be edited to conform to the specified number and length restrictions. I am happy to help if you have any questions.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Maastricht University.
AND 
1.10. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Maastricht University.
Protocol: (read by voice talent at JoVE)
2. Flow-based Assay with Human Cells
2.1. After obtaining blood samples, add 1/15th volume of Acid Citrate Dextrose to the blood [2-CU-TXT]. Next, centrifuge the blood sample by setting the brakes off at 350 x g for 15 minutes to obtain platelet rich plasma [3-MED over the shoulder].
2.1.1. Talent draws blood from human subjects.

2.1.2. Talent adds acid citrate dextrose to the blood. Tube label should be in the shot, if possible. Text Overlay: Acid Citrate Dextrose: 80 mM trisodium citrate, 52 mM citric acid, 183 mM glucose

2.1.3. Talent leaves the tube in the centrifuge machine and starts the run. Centrifuge settings should be in the shot, if possible.

2.2. Then, transfer the supernatant obtained to a 15-milliliter conical tube, [1-CU] and add 1/10th volume of Acid Citrate Dextrose to it [2-CU]. Again, centrifuge the suspension by setting the brakes off at 1,120 x g for 15 minutes to obtain platelet poor plasma [3-MED over the shoulder].
2.2.1. Talent transfers the supernatant to a conical tube.

2.2.2.  Talent adds acid citrate dextrose in the tube.
2.2.3. Talent leaves the tube in the centrifuge machine and starts the run. Centrifuge settings should be in the shot, if possible.

2.3. Next, discard the supernatant [1-CU]. Next, carefully resuspend the platelet pellet in platelet buffer maintained at pH 6.6, using a pasteur pipette with a wide bore. [3-CU-TXT]. 
2.3.1. Talent expels the supernatant.

2.3.2. Talent cuts the tip of a P1000.

2.3.3. Talent dissolves the pellet in the buffer. Tube label should be in the shot, if possible. Text Overlay: See the text for platelet buffer composition.
2.4. Then, add 1/10th volume of Acid Citrate Dextrose to it and gently mix it [1-CU]. Next, centrifuge the platelets at 1120 x g for 15 minutes to form the pellet [2]. After the centrifugation is over, discard the supernatant [3] and resuspend the platelets in 1 milliliter of platelet buffer maintained at pH 7.5 [4-CU].
2.4.1. Talent adds acid citrate dextrose to the dissolved pellet and pipettes it several times.

2.4.2. *Use shot 2.2.3.

2.4.3. *Use shot 2.3.1.

2.4.4. Talent dissolves the pellet in the buffer. Tube label should be in the shot, if possible.

2.5. Then, use an automated hematology analyzer to measure the platelet concentration in 1/10 dilution [1-MED over the shoulder]. Finally, adjust the cell count with platelet buffer maintained at pH 7.5 [2-CU-TXT]. 
2.5.1. Talent uses automated hematology analyzer to count cells.

2.5.2. Talent adds buffer to the cell. Tube label should be in the shot, if possible. Text Overlay: cell count: 2 x 107 /mL

3. Preparation of Adherent Platelet and Vascular Cell Monolayers
3.1. To secure the adherent platelets, immerse the glass coverslip in 1.2 molar 50 percent volume by volume of hydrochloric acid ethanol mixture [1-CU]. After immersing, wash the coverslip twice with ultrapure water [2-CU]. Then, use nitrogen to dry the coverslip [3-MED].
3.1.1. Talent immerses the glass coverslip in an acid-alcohol mixture. Tube label should be in the shot, if possible.
3.1.2. Talent washes the coverslip with water. Tube/bottle label should be in the shot, if possible.
3.1.3. Talent dries the coverslip using nitrogen.

3.2. Next, use 100 microliters of 30 micrograms per milliliter of rat collagen Type I to pre-coat the glass cover slip [1-CU]. After coating the glass coverslip, incubate the coverslips at room temperature for 30 minutes [2-MED]. Then, expel the collagen solution and wash the coverslip with phosphate buffered saline thrice  [3-CU].
3.2.1. Talent starts coating the cover slip with rat collagen. Text Overlay: Coat the coverslips in accordance with the position of the perfusion chamber channel. 
3.2.2. Talent leaves the coverslip in a special rack on the lab bench and starts the timer. Timer should be in the shot, if possible.

3.2.3. Talent discards the collagen and washes the coverslip with buffer.  Tube label should be in the shot, if possible. 

3.2.4. Talent washes the coverslip with buffer.  Tube label should be in the shot, if possible. 
3.3. Next, use 1 percent bovine serum albumin in HEPES buffer to block the collagen coated coverslips for 30 minutes at room temperature [1-CU-TXT]. After 30 minutes, wash the coverslips [2] and then dry them [3] to mount in the perfusion chamber. After mounting the coverslips, keep the platelets ready [4-CU or MED over the shoulder].
3.3.1. Talent adds HEPES buffer on the coverslip and starts the timer. Timer should be in the shot, if possible. Text Overlay: For all reagents and chemicals see the Table of Materials
3.3.2. *Use shot 3.2.4.
3.3.3. *Use shot 3.1.3.
3.3.4. Talent mounts the coverslip in the perfusion chamber.
3.4. To immobilize the platelets, transfer 70 microliters of platelet suspension to a channel [1-CU-TXT] and incubate for 1.5 hours at 37 degrees Celsius and 5 percent carbon dioxide [2-MED over the shoulder]. Then, replace the non-adherent platelets with blocking buffer for 30 minutes at room temperature [3-MED over the shoulder-TXT].
3.4.1. Talent pipettes platelet in the channel. Text Overlay: Platelet count: 2 x 107 cells/mL
3.4.2. Talent leaves the channel in the incubator and starts the timer. Timer should be in the shot, if possible.

3.4.3. Talent adds buffer to the channel and starts the timer. Timer should be in the shot, if possible. Text Overlay: Blocking buffer: 5% BSA in HEPES  

4. Fluorescent labeling and Perfusion of Leukocytes  

4.1. Use 1 micromolar of cell-permeant green fluorescent nucleic acid stain to fluorescently label the leukocytes [1-MED over the shoulder-TXT]. After labeling, incubate the leukocytes for 30 minutes at 37 degrees Celsius [2-MED over the shoulder]. Then, centrifuge the cells at 300 x g for 5 minutes to pellet the cells [3-MED over the shoulder]. Resuspend in phosphate buffered saline to wash the cells [2b-MED over the shoulder]. Then, centrifuge the cells at 300 x g for 5 minutes. [3-MED over the shoulder]. Based on the flow rate, suspend 5 milliliters of the cells in assay buffer [4-CU-TXT].
4.1.1. Talent stains the cells with a staining reagent. Text Overlay: Leukocyte count: 1 x 106 cells/mL

4.1.2. Talent leaves the stained cells in the water bath and starts the timer. Timer should be in the shot, if possible.
4.1.3. Talent leaves the tube in the centrifuge machine and starts the run. Centrifuge settings should be in the shot, if possible. 

Added shot: 4.1.2b. Talent resupends the cells in PBS

Added shot: 4.1.2c. *use shot 4.1.3
4.1.4. Talent resuspends the cells in the buffer. Text Overlay: Leukocyte count: 0.5 x 106 cells/mL
4.2. Then, heat a water-bath to maintain 37 degrees Celsius [1-MED]. Next, set aside a 50 milliliter perfusion syringe and install it on the syringe holder [2-CU]. Then, set the pump on withdraw mode with the pump volume at 0 milliliter and diameter at 26.70 millimeter [3-CU or MED over the shoulder].

4.2.1. Talent sets the temperature of a water-bath.

4.2.2. Talent installs a perfusion syringe in the syringe holder.

4.2.3. Talent sets the mode of the pump.

4.3. Next, attach a luer lock coupler to the syringe and connect the tubing with the elbow luer connector to the luer lock coupler [2-ECU]. Then, attach the free end of the tubing to the flow chamber [3-CU]. To adhere the leukocytes to the immobilized platelets, connect the microslide with the syringe [4-CU]. 
4.3.1. Talent attaches the tubing with the elbow luer connector.

4.3.2. Talent tightens a luer lock coupler to the syringe. Talent connects the tubing with the luer connector to the luer lock coupler.

4.3.3. Talent attaches the free end of the tubing to the chamber.

4.3.4. Talent connects the microslide with the syringe.
4.4. To perfuse the leukocytes and then adhere to a bed of vascular or platelet monolayer, attach a second tubing to a 50 milliliter conical tube containing the assay buffer [1-CU] and then fill the tubing using a 1 milliliter pipet. Once the tubing is filled, squeeze it and connect it to the flow chamber [2-CU].
4.4.1. Talent attaches a second tubing to a conical tube.
4.4.2. Talent uses a P1000 tip to fill the tubing with buffer. Talent squeezes the tubing and connects it to the flow chamber.

4.5. Before perfusing the leukocytes, add 3 millimolar of calcium chloride and 2 millimolar of magnesium chloride to the cell suspension [1-CU]. Then, incubate the cells at 37 degrees Celsius for 5 minutes [2-MED over the shoulder]. To remove possible air stuck in the chamber and in the tubing, perfuse with assay buffer before perfusing the cells [3-MED over the shoulder].
4.5.1. Talent adds calcium chloride and magnesium chloride to the cells. Tube labels should be in the shot, if possible.
4.5.2. Talent leaves the cells in the water bath and starts the timer. Timer should be in the shot, if possible.

4.5.3. Talent perfuses the chamber and the tubing with assay buffer.

4.6. Next, squeeze the tubes to close the end [1-CU] and switch the tubing from the assay buffer to the cell suspension, thereby preventing any trapped air bubbles within. For the first cells to arrive, perfuse the cells at appropriate flow rate and sheer stress. Keep perfusing the cells, maintaining the flow rate and sheer stress for 2 minutes [3-CU].
4.6.1. Talent closes one end of the tube by squeezing and shifts the tubing to the cell suspension
4.6.2. Talent shifts the tubing to the cell suspension.

4.6.3. Talent starts perfusing the cells and starts the timer. Timer should be in the shot, if possible. 

4.7. Then, capture 6 images of the rolling and adherent cells between 2-6 minutes using a fluorescence microscope with 10X magnification connected to a digital camera [1-MED over the shoulder].

4.7.1. Talent observes under a fluorescence microscope.

5. Results: Use of Laminar Flow-based Assay to Investigate the Interactions of Leukocytes with Their Cellular Partners
5.1. In this assay, adhesion of green fluorescently labeled THP-1 cells with the endothelial cells was analyzed in the presence or absence of tumor necrosis factor alpha stimulation. The graph and the fluorescence images obtained show significant increase in THP-1 cell arrest upon stimulating the endothelial cells with tumor necrosis factor alpha in comparison to the control [1-LM]. 
LABMEDIA: 57009_Figure1A: Editors, first show both the graphical presentation and the fluorescence images. Then, point an arrow on the black bar corresponding to TNFα and simultaneously highlight the fluorescence image corresponding to TNFα when the VO mentions, “show a…alpha”. Then, point an arrow on the grey bar corresponding to ctrl and simultaneously highlight the fluorescence image corresponding to ctrl when the VO mentions, “in comparison…control”.
5.1.1. Transmigration of primary monocytes_Movie_Koenen.mp4: (00:00-00:05): The animation shows crawling of the monocytes across the endothelial monolayer [1-LM].
5.2. Next, adhesion of fluorescently labeled neutrophils with immobilized platelet monolayer in a flow chamber was analyzed in the presence or absence of TRAP-6 stimulation. The plot obtained shows a sharp increase in the adhesion of neutrophils to the TRAP-6 stimulated platelets in comparison to the control [1-LM].
LABMEDIA: 57009_Figure1B: Editors, please point an arrow on the black bar corresponding to TRAP-6 when the VO mentions, “sharp increase…platelets” and then point an arrow on the grey bar when the VO mentions, “comparison…control”.

5.3. Next, platelets were obtained from JAM-A deficient mice to study its adhesion with RAW264.7 mouse monocyte in the presence of surface receptor inhibitors. The graph and the fluorescence images obtained show significant decrease in the adhesion of the mouse monocytes with the platelets when compared to the  control [1-LM-TXT]. 
5.3.1. Text Overlay: JAM-A: junctional adhesion molecule A

5.3.2. Text Overlay: anti-GPIbα antibody.

LABMEDIA: 57009_Figure 2A and B: Editors, please point an arrow to show the middle black bar in the plot and then zoom in to the image in the lower panel corresponding to trJAM-A -/-  under α-GPIbα when the VO mentions, “significant…platelets” and then point an arrow to show the first black bar and the fluorescence image in the lower panel corresponding to trJAM-A -/- under isotype when the VO mentions, “when…control”.

5.4. Further, to study the adhesion of RAW264.7 cells with platelets, JAM-A positive and deficient mice were exposed to incremental increase of sheer stress. From the graph it’s clear that the adhesion of RAW264.7 cells with platelets obtained from JAM-A deficient mice are more resistant to sheer stress than JAM-A positive platelets [1-LM-TXT].
5.6.1. Text Overlay: Sheer stress: 0–20 dynes per cm2
LABMEDIA: 57009_Figure 2C: Editors, box the dashed plot when the VO mentions, “the adhesion…sheer stress” and then box the straight-line plot when the VO mentions, “than…platelets”.
6. Conclusion

6.1. Annemiek Dickhout: Once mastered, this technique can be done in one day if it is performed properly [1-MED].
6.1.1. Annemiek speaks towards the camera, interview style. (Forgot to slate)
6.2. Annemiek Dickhout: While attempting this procedure, it’s important to remember to gently wash platelets during isolation to prevent platelet activation and aggregation. Avoiding air bubbles in the flow system is also crucial so that the system does not get congested and the flow has an even and stable shear stress [1-MED].

6.2.1. Annemiek speaks towards the camera, interview style.

6.3. Annemiek Dickhout: Following this procedure, other underlying mechanisms of leukocyte recruitment during vascular inflammation can be investigated [1-MED].
6.3.1. Annemiek speaks towards the camera, interview style.

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.  

5.1 -  57009_Koenen_Figure1A
5.1 -  Transmigration of primary monocytes_Movie_Koenen.mp4
5.2 -  57009_Koenen_Figure1B
5.3 -  57009_Koenen_Figure 2A and B
5.4 -  57009_Koenen_Figure 2C
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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