
Submission ID #: 58509
Editor Name: Bridget Colvin
Videographer Name: Thierry Samuel GERMAIN 
Film Date: 10/10/18
Submission Link: http://www.jove.com/files_upload.php?src=17845293
Authors & Affiliations: Patricia Ropraz1, Beat A Imhof2, Thomas Matthes1, Bernhard Wehrle-Haller3, and Adama Sidibé3
1Hematology service, Centre Médical Universitaire (CMU), Medical faculty, University of Geneva

2Department of Pathology and Immunology, Centre Médical Universitaire (CMU), Medical faculty, University of Geneva 
3Department of Cell Physiology and Metabolism, Centre Médical Universitaire (CMU), Medical faculty, University of Geneva
Title: Simultaneous Study of the Recruitment of Monocyte Subpopulations Under Flow In Vitro

Corresponding Author:
Adama Sidibé, PhD 

adama.sidibe@unige.ch 
Co-authors: Patricia.Ropraz@unige.ch, Beat.Imhof@unige.ch, Thomas.Matthes@unige.ch, Bernhard.Wehrle-Haller@unige.ch 
A. Microscopy: Does your protocol require JoVE to film through your microscope? 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 from the protocol section below will viewers benefit most from having filmed?
2.1.1., 2.5.1., 3.3.2., 3.7.3., 4.6.1.

D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.6. Monocyte isolation quality is critical for the assay. Thus, one should strictly follow the manufacturer instructions
3.7. To avoid any air bubble, one should ensure the correct clamping of the tubing before connection of luer’s to reservoirs
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 significance of your method to the viewer. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Adama Sidibé: This method can help answer key questions in the field of inflammation and immunology. For example, what are the molecular mechanisms of leukocyte adhesion and trans-endothelial migration? 

1.2. Adama Sidibé: The main advantage of this technique is that it allows an unambiguous discrimination between the transmigration and strong adhesion of monocytes to the endothelial monolayer.   

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

1.3. Bernhard Wehrle-Haller: Although this method provides insight into the monocyte recruitment cascade under flow, it can be applied to other leukocytes, such as neutrophils, T cells, and B cells, and their subpopulations.
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. 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 local ethics and human experimentation committees at the University of Geneva.
Protocol: (read by voice talent at JoVE)
2. Human Umbilical Vein Endothelial Cell (HUVEC) Staining and Human Pan Monocyte Isolation 
2.1. After washing, label the human umbilical vein endothelial cells, or HUVECs (hue-vecks), with 30 microliters of 37 °C-M199 (M-one-nine-nine) medium [1-WIDE-TXT] supplemented with 1 micromolar CMFDA for 10 minutes at 37 °C and 5% CO2 [2-MED-TXT]. 
2.1.1. Talent adding CMFDA to cells, with stock CMFDA container visible in frame (TEXT: See text for HUVEC culture/preparation details)

2.1.2. Talent placing plate into incubator (TEXT: See text for all medium/reagent preparation details)
2.2. At the end of the incubation, wash the cells with 150 microliters of complete M199 medium [1-CU] and incubate the culture in 150 microliters of fresh complete M199 medium for another 30 minutes [2-MED]. 
2.2.1. Cells being washed, with medium container label visible in frame

2.2.2. Talent placing plate into incubator

2.3. Then replace the supernatant with 150 microliters of complete M199 medium containing the appropriate experimental supplements [1-CU-TXT] and return the slide chamber culture to the incubator for 6 hours [2-MED].

2.3.1. Medium being added to cells, with TNF-alpha and VEGFA container labels visible in frame (TEXT: e.g. TNF-alpha 500 U/mL or TNF-alpha 500 U/mL + VEGFA 1 microgram/mL)

2.3.2. Talent placing plate into incubator

2.4. For human pan monocyte isolation, dilute a freshly-collected blood sample in PBS supplemented with 1 millimolar EDTA at a 1:1 ratio [1-MED] and carefully layer 20 mL of the blood solution onto 20 mL of density gradient medium [2-CU] for density gradient separation by centrifugation [3-MED-over the shoulder-TXT].
2.4.1. Talent adding PBS-EDTA to blood, with PBS-EDTA container visible in frame

2.4.2. Blood being layered onto density gradient medium with density gradient medium container label visible in frame

2.4.3. Talent placing tube(s) into centrifuge (TEXT: 30 min, 400 x g, RT, slow acceleration, no brake)

2.5. Collect the middle peripheral blood mononuclear cell-platelet layer [1-CU] into a new 50-mL tube containing 40 mL of PBS supplemented with 1 millimolar EDTA [2-MED] and bring the final volume to 50 mL with additional PBS-EDTA [3-CU-TXT].
2.5.1. Shot of layers, then PBMC being harvested [Shots 2.5.1 and 2.5.2 combined]
2.5.2. Talent adding PBMC to tube, with PBS-EDTA container visible in frame

2.5.3. PBS-EDTA being added to tube, with PBS-EDTA container label visible in frame (TEXT: Centrifuge wash x2)

2.6. After counting, isolate the monocytes with a pan monocyte isolation kit according to the manufacturer’s instructions [1-MED] and wash the cells three times in M199 medium supplemented with 0.5% bovine serum albumin, or BSA, to eliminate any traces of EDTA [2-MED-over the shoulder].
2.6.1. Talent adding cells to separation column

2.6.2. Talent adding tube(s) to centrifuge

2.7. Adama Sidibé: “The quality of the monocyte isolation is critical for ensuring a robust adhesion and transmigration result. Thus, it is important to strictly follow the manufacturer’s recommendations for the isolation.” [1-MED-interivew style] 
2.7.1. Adama Sidibé, speaking the above interview style (looking just off-camera)
2.8. Resuspend the pellet at a 6 x 106 monocytes/mL concentration in fresh M199 medium supplemented with 0.5% BSA [1-CU] and divide the cells into one 200-microliter aliquot per microcentrifuge tube per recruitment assay [2-MED].

2.8.1. Shot of pellet if visible, then medium being added to cells, with medium container label visible in frame

2.8.2. Talent adding cells to tube(s)
2.9. Then place the cells at 37 °C for 20 minutes before their injection into the flow chamber [1-MED].

2.9.1. Talent placing cells at 37 °C

3. Fluidic System Preparation
3.1. To prepare the fluidic system for the analysis, first insert a male Luer connector into one end of an 8-cm long, 3-mm thick piece of silicone tubing [1-WIDE] and connect the other end to an in-line Luer injection set [2-MED].
3.1.1. Talent inserting male connector into tubing

3.1.2. Talent connecting tubing to injection set

3.2. Then connect the Luer connector to one end of a 40-cm long, 3-mm thick piece of silicone tubing [1-CU].
3.2.1. Connectors being inserted into tubing
3.3. Next, connect a 20-mL syringe to one end of a 1-m long, 3-mm thick piece of silicone tubing [1-MED] and insert a male Luer connector to the other end [2-CU].
3.3.1. Talent connecting syringe to tubing

3.3.2. Connector being inserted into tubing

3.4. Then insert both male Luer connectors into a female Luer lock coupler [1-CU] and place the free end of the silicone tubing into a reservoir of 37 °C M199 medium supplemented with 0.5% BSA [2-MED].
3.4.1. One connector being connected, with other connector connected visible in frame

3.4.2. Talent placing tubing into reservoir
3.5. Retract the plunger to fill the tubing with flow buffer [1-CU] and secure the syringe on the syringe pump [2-MED].

3.5.1. Plunger being retracted

3.5.2. Talent securing syringe on pump 

3.6. Then set the pump to the withdraw mode and specify the flow rate [1-MED].
3.6.1. Talent setting pump/specifying flow rate (Videographer: Can split action into separate shots as necessary)

3.7. To connect the slide chamber, clamp the silicone tubing around the female Luer Lock Coupler [1-CU] and disconnect the two Luer connector males from the coupler [2-CU] to allow them to be connected to the reservoirs of the slide [3-MED-TXT].

3.7.1. Tubing being clamped

3.7.2. Connector(s) being disconnected [Shots 3.7.2 and 3.7.3 combined]
3.7.3. Talent connecting connector to reservoir (TEXT: Caution: Avoid air bubbles)
3.8. Adama Sidibé: “Air bubbles not only disrupt the image quality but also induce capillary shear stress to the cells, leading to cell death. To avoid air bubbles, confirm a correct clamping of the tubing before inserting the Luers into the reservoirs.” [1-MED-interivew style]
3.9. Adama Sidibé, speaking the above interview style (looking just off-camera)
3.10. Then remove the clamps to confirm that the connection is not leaking [1-CU and place the slide under the microscope [2-MED].
3.10.1.  Clamp being remove
3.10.2.  Talent placing slide onto microscope stage

4. Time-Lapse Imaging of Monocyte Recruitment Under Flow and Image Analysis
4.1. For imaging of the monocyte recruitment under flow, add 5 microliters of fluorescence-conjugated anti-CD16 antibody [1-WIDE] and an appropriate nuclear dye to each aliquot of monocytes for a 10-minute incubation at room temperature [2-MED] and collect the cells with a brief centrifugation [3-MED-over the shoulder-TXT].

4.1.1. Talent adding antibody to tube(s), with antibody container visible in frame

4.1.2. Talent adding dye to tube(s), with dye container visible in frame

4.1.3. Talent adding tube(s) to centrifuge (TEXT: 30 s, 400 x g)
4.2. Resuspend the pellets in 250 microliters of flow buffer [1-MED] and start the syringe pump [2-CU].

4.2.1. Talent adding buffer to tube, with buffer container visible in frame

4.2.2. Flow starting in chamber 

4.3. Add 30 microliters of one monocyte suspension to one chamber of the slide [1-MED] and select the 40X objective on the confocal microscope [2-CU].

4.3.1. Talent adding cells to chamber

4.3.2. Objective being selected

4.4. Activate the appropriate fluorescence lasers [1-MED] and use the chamber with the labeled monocytes to set the acquisition parameters of the confocal microscope [2-MED-over the shoulder].
4.4.1. Talent selecting laser(s)

4.4.2. Talent at computer, setting parameters, with monitor visible in frame

4.5. Next, select three fields of view within a half-centimeter radius for multi-position confocal imaging and set a z-stack to the 10-12 micrometer range and the time-lapse acquisition to run every 1 minute [1-SCREEN].
4.5.1. *To be provided by Authors: At least one FOV being selected, then Z-stack being set, then time-lapse being set
4.6. After 3 minutes of imaging, inject 200 microliters of monocytes through the in-line Luer injection port [1-CU] and begin imaging the cellular interactions [2-SCREEN-TXT].
4.6.1. Cells being injected

4.6.2. *To be provided by Authors: Cells being imaged (TEXT: Monocytes will rapidly appear/adhere/begin transmigration)  
4.7. After at least 30 minutes, stop the imaging and the flow [1-SCREEN] and clamp the tubing to allow it to be disconnected from the slide [2-CU].

4.7.1. *To be provided by Authors: Imaging being stopped

4.7.2. Tubing being clamped
4.8. To determine the transmigration rate of the cells through the stimulated HUVECs, open ImageJ [1-MED-over the shoulder] and count the total number of adherent monocytes in each field to determine the cell count per mm2 [2-SCREEN].
4.8.1. Talent at computer, opening ImageJ, with monitor visible in frame

4.8.2. *To be provided by Authors: Image of adherent monocytes in ImageJ (Video Editor: please emphasize at least one adherent monocyte)
4.9. Then count the number of transmigrated monocytes that are present in the basal plane underneath the endothelial cells as identified by the presence of a black hole zone around the nucleus [1-SCREEN-TXT].

4.9.1. Use 4.8.2. Image of adherent monocytes in ImageJ (Video Editor: please emphasize at least one transmigrated monocyte/black hole) (TEXT: Transmigration rate = transmigrated leukocytes/total number of adherent leukocytes, i.e. % adherent monocytes)
5. Results: Representative Monocyte Transmigration Analysis 
5.1. A simple way to check the activation status of the HUVECs after stimulation is through visualization of their elongation under inflammatory stress [1-LM].
5.1.1. Fig3_EC shape.eps: Video Editor: please trace/emphasize at least one elongated TNF-alpha and one elongated TNF-alpha + VEGFA cell

5.2. Time-lapse confocal imaging allows visualization of the monocytes at the apical plane, where their phenotype can be assessed [1-LM].

5.2.1. Movie1_Apical_.avi: Video Editor: please emphasize at least one blue cell

5.3. Migrating cells undergoing transmigration move to the intercellular, cell-to-cell junctions before they disappear from the apical plane and reappear in the basal plane [1-LM].
5.3.1. Movie3_Whole_MAX.avi: no animation
5.4. Quantitation of the monocyte recruitment over time confirms that monocyte adhesion [1-LM] is followed by transmigration [2-LM].

5.4.1. 5.4.1_Fig4_without_DE.eps: Video Editor: please emphasize Adherent graph
5.4.2. 5.4.1_Fig4_without_DE.eps: Video Editor: please emphasize Transmigration graph

5.5. The transmigration rate of CD16+ monocytes is low when the endothelial cells are stimulated with TNF-alpha only [1-LM] but increases when the endothelial cells are stimulated with both TNF-alpha and vascular endothelial growth factor, or VEGF (vedge-F)-A [2-LM].

5.5.1. Movie4_Apical_TNF_PMo.avi: no animation OR Video Editor: please emphasize blue/pink cell(s)

5.5.2. Movie4_Basal_TNF_PMo.avi: no animation OR Video Editor: please emphasize blue/pink cell(s)
5.6. HUVEC stimulation with TNF-alpha and TNF-alpha + VEGFA induces an increase in the adherence of CD14- T, B and NK cells compared to CD14+ monocytes [1-LM]. 
5.6.1. 5.6.1_Fig6_PBMC_CD14vsCD14neg.eps: Video Editor: please emphasize CD14- Adherent PBMC data bars

5.7. In addition, HUVEC stimulation induces transmigration of the monocyte population only [1-LM], as T, B and NK cells do not transmigrate under either TNF-alpha- [2-LM] or TNF-alpha + VEGFA-stimulatory conditions [3-LM].
5.7.1. 5.6.1_Fig6_PBMC_CD14vsCD14neg.eps: Video Editor: please emphasize CD14+ Transmigration rate data bars
5.7.2. 5.6.1_Fig6_PBMC_CD14vsCD14neg.eps: Video Editor: please emphasize CD14- TNF-alpha Transmigration rate data bar

5.7.3. 5.6.1_Fig6_PBMC_CD14vsCD14neg.eps: Video Editor: please emphasize CD14- TNF-alpha + VEGFA Transmigration rate data bar
6. Conclusion (said by authors on camera):
6.1. Bernhard Wehrle-Haller: While attempting this procedure, it’s important to collect the blood and to isolate the monocytes on the day of the assay and to warm the microscope stage and the incubation box to 37 °C for an optimal monocyte recruitment assay.
6.2. Adama Sidibé: Following this procedure, other methods, like the profiling of HUVEC cytokine and chemokine expression as well as chemotaxis studies, can be performed to answer additional questions about the molecular mechanisms that sustain the adhesion and transmigration of specific monocyte subpopulations.
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
4.5.1 FOV screen capture

4.6.2 Cell being imaged

4.7.1 Imaging being stopped

4.8.2 Shot of one screen image

5.4.1_Fig4_without_DE.eps

5.6.1_Fig6_PBMC_CD14vsCD14neg.eps

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 in the email accompanying the finalized script.

( 2018, Journal of Visualized Experiments


