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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique?  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? 5.2.-5.5., 5.7., 5.10.

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

5.4., 5.5.: You need to practice and work calmly to expose mesenteric vessels and immobilize intestine properly 
E.  Will the filming need to take place in multiple locations?  Y, same building different rooms. Also note: surgery is done in the microscope room (poor lighting).

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 intravital confocal microscopy procedure is to monitor the dynamics of neutrophils and monocytes in mesenteric veins under steady state and inflammatory conditions in mice. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Yalin Emre: This method can help answer key questions in the immunology field, such as what are the molecular bases of leukocyte migration, recruitment and interaction with the vascular endothelium?
1.2. Yalin Emre: The main advantages of this technique are the ability to track and analyze the patrolling Ly6Clow monocytes under steady state conditions and to follow the recruitment of both monocytes and neutrophils to the same vessel after local inflammatory stimuli.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Yalin Emre: Demonstrating the procedure will be Stephane Jemelin, a technician from the laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving animal subjects have been approved by the Institutional Ethical Committee of Animal Care in Geneva, Switzerland and the Cantonal Veterinary Office.
Protocol (read by voice talent at JoVE):

2. Bone marrow single cell suspension preparation

2.1. To prepare a single cell preparation from bone marrow, sterilize the hind legs of an 8-12 week old mouse with 70% ethanol [2.1.1.-WIDE-TXT] and then use a scalpel to harvest the femurs and tibias [2.1.2.-CU].

2.1.1. Few seconds Talent applying ethanol to mouse (TEXT: Euthanasia: Cervical dislocation)

2.1.2. Few seconds one bone being harvested

2.2. When all of the bones have been disconnected, rinse the legs with 90% ethanol [2.2.1.-CU] and transfer the bones into a culture dish filled with PBS [2.2.2.-CU].

2.2.1. Few seconds legs being rinsed with ethanol, with ethanol container label visible in frame if possible. At least one bone being placed into dish

2.3. Then, in a culture hood, use the scalpel to clean the femurs and tibias [2.3.1.-CU] and to separate them at the knee joint [2.3.2.-CU].

2.3.1. Few seconds one bone being cleaned with scalpel

2.3.2. One knee joint being severed

2.4. Next, cut off the ends of the bones [2.4.1.-CU] and use a 1 ml syringe [2.4.2.-CU-TXT] filled with preparation medium equipped with a 23 gauge needle [2.4.3.-CU-TXT] to flush the marrow from each bone into a 50 ml conical tube [2.4.4.-CU].

2.4.1. At least one end of one bone being cut off

2.4.2. Needle being attached to syringe filled with medium (TEXT: See text for all media/reagent preparation details) 
2.4.3. Inserting needle in bone
2.4.4. Few seconds one bone being flushed, with marrow entering tube visible if possible

2.5. Disrupt the cell aggregates by passing them back through the needle tip [2.5.1.-CU] and then bring the total volume of the cell suspension up to 25 ml with fresh preparation medium [2.5.2.-CU].

2.5.1. Few seconds cell clump being passed through needle tip

2.5.2. Few seconds medium being added up to 25 ml, with 25 ml gradation visible on tube

2.6. Spin down the cells [2.6.1.-MED-TXT]. Then resuspend the pellet in 1 ml [2.6.2.-CU] of red blood cell lysis buffer [2.6.3.-CU] and transfer the cells to a 15 ml conical tube on ice [2.6.4.-CU].

2.6.1. Talent placing tube(s) into centrifuge bucket (TEXT: 5 min, 250 x g, 4°C)

2.6.2. Shot of pellet if visible 
2.6.3. Few seconds lysis buffer being added, with lysis buffer container label visible in frame if possible

2.6.4. Tube put on ice

2.7. After 30 seconds, stop the lysis with 10 ml of preparation medium [2.7.1.-MED], spin down the cells again [2.7.2.-MED-TXT] and resuspend the pellet [2.7.3.-CU] in 2 more ml of preparation medium [2.7.4.-CU].

2.7.1. Talent adding medium to tube, with medium container label visible in frame if possible

2.7.2. Talent placing centrifuge bucket of tube(s) into centrifuge 

2.7.3. Shot of pellet if visible

2.7.4. Few seconds medium being added to cells

3. Neutrophil enrichment 

3.1. To enrich the neutrophils by negative selection, first incubate the bone marrow cells with 150 microliters of mouse neutrophil enrichment cocktail [3.1.1.-WIDE] on ice for 10 minutes [3.1.2.-MED].

3.1.1. Talent adding cocktail to tube

3.1.2. Talent placing tube in ice

3.2. At the end of the incubation, add 10 ml of phenol red free DMEM [3.2.1.-MED], invert the tube one time [3.2.2.-CU] and spin down the cells [3.2.3.-CU-TXT].

3.2.1. Talent adding medium to cells, with DMEM container label visible in frame if possible

3.2.2. Shot of tube being inverted

3.2.3. Tube being placed into centrifuge bucket (TEXT: 3 min, 250 x g, 4°C) 

3.3. Resuspend the pellet [3.3.1.-CU] in 1.75 ml of preparation medium [3.3.2.-CU] and transfer the cells into a 5 ml polystyrene round bottom tube [3.3.3.-CU].

3.3.1. Shot of pellet if visible
3.3.2. Few seconds pellet being resuspended, with medium container label visible in frame if possible

3.3.3. Few seconds cells being added to 5 ml tube 

3.4. Then incubate the cells with 250 microliters of Biotin Selection Cocktail [3.4.1.-CU] on ice for 10 minutes [3.4.2.-CU].

3.4.1. Cocktail being added to cells in tube with cocktail container label visible in frame if possible
3.4.2. Talent placing tube in ice
3.5. At the end of the incubation, resuspend the magnetic particles from the cell isolation kit with 30 seconds of vortexing [3.5.1.-CU]. Then incubate the cells with 500 microliters of the particles on ice for 10 minutes [3.5.2.-CU].

3.5.1. Few seconds tube containing particles being vortexed
3.5.2. Particles added to cells in tube
3.5.3. Talent placing tube in ice
3.6. At the end of the incubation, place the tube into the magnet [3.6.1.-MED]. After 3 minutes, invert the magnet onto a new 5 ml polystyrene round bottom tube to collect the unlabeled cells [3.6.2.-CU-TXT]. 

3.6.1. Talent placing tube on magnet

3.6.2. Magnet/tube being inverted onto new tube, then few seconds cells being collected (TEXT: Do not take last drop hanging in tube)

3.7. Place the tube of unlabeled cells into the magnet [3.7.1.-CU]. After 3 minutes, invert the magnet onto a 15 ml conical tube to transfer the unlabeled cells, leaving the last drop in the tube [3.7.2.-CU].

3.7.1. *Film as written

3.7.2. Magnet/tube being inverted onto 15 ml tube, then few seconds cells being collected 

3.8. Then bring the volume up to 5 ml with fresh phenol red free DMEM [3.8.1.-CU].

3.8.1. Few seconds DMEM being added up to 5 ml line, with 5 ml gradation visible

4. Neutrophil labeling

4.1. Now add 0.5 microliters of the appropriate cytoplasmic dye, such as the Cell Tracker Orange used here, to the cells at 37°C [4.1.1.-WIDE].

4.1.1. Talent adding dye to cells

4.2. After 2 minutes at 37°C [4.2.1.-WIDE], wash the cells with 2.5 ml of preparation medium [4.2.2.-MED-TXT] and resuspend the pellet [4.2.3.-CU] in 1 ml of preparation medium in a 1.5 ml tube [4.2.4.-CU].

4.2.1. Talent placing tube to the incubator

4.2.2. Talent adding medium to cells (TEXT: 5 min, 250 x g, 4°C) 

4.2.3. Shot of pellet if visible

4.2.4. Few seconds medium being added to tube 

4.3. Count the cells [4.3.1.-MED] and then incubate them for 5 minutes at 37°C [4.3.2.-MED].

4.3.1. Few seconds Talent at microscope counting cells

4.3.2. Talent placing tube at 37°C  

4.4. After spinning down the cells, resuspend the pellet [4.4.1.-CU] in 1 ml of PBS [4.4.2.-CU], followed by another centrifugation [4.4.3.-CU].

4.4.1. Shot of pellet if visible, 
4.4.2. Few seconds pellet being suspended in PBS, with PBS container label visible in frame if possible

4.4.3. Centrifuge bucket being placed into centrifuge

4.5. While the cells are spinning, use oil to attach a 35 mm glass coverslip to a 10 cm tissue culture dish with a 30 mm diameter hole [4.5.1.-CU].

4.5.1. *Film as written

4.6. Then resuspend the pellet at 1x107 cells/100 microliters of PBS [4.6.1.-CU] and place the cells on ice [4.6.2.-CU].

4.6.1. Shot of pellet if visible, then few seconds pellet being suspended in PBS, with PBS container label visible in frame if possible

4.6.2. Tube being placed on ice

5. In vivo measurement of neutrophil and monocyte behavior
5.1. As soon after labeling as possible, inject the labeled neutrophil cells intravenously into an anesthetized 8-12 week old CX3CR1gfp (Pronounce: C-X-three-C-R-one-G-F-P) mouse [5.1.1.-WIDE-TXT] and place the mouse on a heating pad [5.1.2.-MED].

5.1.1. Few seconds Talent injecting mouse (Videographer: More Talent than mouse in shot as possible) (TEXT: Anesthesia: ketamine 60 mg/kg + xylazine 4.5 mg/kg + acepromazone 1.75 mg/kg i.p.) 

5.1.2. Talent placing mouse on heating pad (Videographer: More Talent than mouse in shot) 

5.2. Then immediately apply ointment to the animal’s eyes [5.2.1.-ECU-TXT] and use scissors to open the abdominal skin, exposing the peritoneum [5.2.2.-CU].

5.2.1. Ointment being applied to one eye (TEXT: Confirm sedation by toe pinch)
5.2.2. Few seconds middle to end of incision, so that peritoneum can be seen 

5.3. Incise the peritoneum with the scissors to expose the intestine [5.3.1.-CU].

5.3.1. Few seconds incision being made, with shot of intestines if possible

5.4. Then administer 200 microliters of 37°C PBS to the peritoneal cavity [5.4.1.-CU] and turn the mouse face down over the tissue culture dish [5.4.2.-CU] to remove the intestines from the peritoneal cavity with gentle pressure [5.4.3.-CU].

5.4.1. Few seconds PBS being added to cavity

5.4.2. Mouse being placed face down over culture dish

5.4.3. If possible, side shot of intestines entering dish

5.5. Then, using sterile cotton buds, carefully de-roll the intestines onto the coverslip to expose the mesenteric vessels [5.5.1.-CU] and immobilize the tissue with pieces of tissue paper wet with 37°C PBS to decrease the movements resulting from peristalsis [5.5.2.-CU].

5.5.1. Few seconds intestines being de-rolled onto coverslip

5.5.2. Few seconds tissue paper being placed to immobilize tissue 

5.6. Yalin Emre: “It is very important to take your time to carefully immobilize the intestine with PBS-wetted tissues. Otherwise movements resulting from peristalsis during image acquisition will ruin the experiment.” [5.6.1.-MED]
5.6.1. Yalin Emre, speaking the above, interview style, looking directly at the camera

5.7. Next, transfer the tissue culture dish and mouse into a 37°C thermostated chamber on a custom-made tray stage of an inverted microscope [5.7.1.-MED] and administer a second round of anesthetics subcutaneously to the hind leg [5.7.2.-CU-TXT].

5.7.1. Few seconds Talent placing mouse into tray stage (Videographer: More Talent than mouse as possible)

5.7.2. Few seconds anesthetics being injected (TEXT: Confirm sedation by toe pinch)
5.8. Now set the appropriate lasers to the lowest power necessary to avoid laser-induced phototoxicity [5.8.1.-MED] and allow the mouse to rest for 30 minutes [5.8.2.-CU].
5.8.1. Talent setting at least one laser 
5.8.2. Timer being set for 30 min

5.9. When the animal is recovered, record the first movie for 30 minutes under steady state conditions [5.9.1.-SCREEN-TXT].

5.9.1. *To be submitted by Authors (TEXT: 1 image every 20s w/ 20x dry objective)

5.10. Then, to initiate the blood vessel inflammation, dispense a 20 microliter drop of PBS containing 100 micrograms of the TLR2/TLR1 (Pronounce: T-L-R-two-T-L-R-one) agonist Pam3CSK4 (Pronounce: Pam-three-C-S-K-four) directly onto the imaged vessels [5.10.1.-CU].

5.10.1. *Film as written 

5.11. Finally, acquire a second movie, taking care to control the focus after addition of the agonist, as the inflammation induces changes in the endothelium width, altering the focus of the z-axis [5.11.1.-SCREEN-TXT]. 

5.11.1. *To be submitted by Authors (TEXT: Euthanasia: cervical dislocation).

6. Results: Representative intravital neutrophil and monocyte imaging
6.1. Here the different steps of image processing for the first time point of a movie acquired under steady state conditions as just demonstrated are shown [6.1.1.-LM].

6.1.1. fig3.pptx: please add/highlight images one column at a time (i.e. left column, then middle column, then right column), then add/highlight last single image OR merge top row with bottom row and show last single image

6.2. In this movie, the patrolling of green Ly6Clow monocytes under steady state conditions can be visualized, with red neutrophils observed circulating in the bloodstream [6.2.1.-LM].

6.2.1. Movie1.avi: no additions

6.3. Here the same field of interest is shown 90 minutes after the addition of Pam3CSK4, resulting in the massive recruitment of neutrophils and monocytes to the endothelial wall, which the monocytes scan meticulously [6.3.1.-LM]. 

6.3.1. Movie2.avi: no additions

6.4. Using the appropriate software, the exact paths of the monocytes [6.4.1.-LM] and neutrophils [6.4.2.-LM] patrolling the endothelium can be tracked before and after the initiation of the inflammation [6.4.3.-LM]. 

6.4.1. fig4.pptx: please highlight the left image

6.4.2. fig4.pptx: please highlight the right image
6.4.3. fig4.pptx: no animation
6.5. It is important to note that a loss of focus on the z-axis or an x-y displacement can occur as a consequence of intestinal movements, ruining the experiment [6.5.1.-LM].

6.5.1. Movie3.avi: no additions 

7. Conclusion (said by authors on camera)

7.1. Yalin Emre: This technique can be further modified by using different genetically modified mice models or injecting blocking antibodies or pharmacological drugs to determine the role of specific molecules of interest in leukocyte behavior.

7.2. Yalin Emre: After watching this video, you should have a good understanding of how to monitor the dynamics of circulating leukocytes in mesenteric veins.

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.  

6.1 – Fig3.pptx - Image processing with ImageJ software

6.2 – Movie1.avi - Leukocytes scanning the endothelial wall at the steady state
6.3 – Movie2.avi - Leukocytes scanning the endothelial wall after TLR2-mediated inflammation
6.4 -  Fig4.pptx - Individual leukocyte tracks with Imaris software

6.5 – Movie3.avi - Results obtained from incorrect mouse preparation
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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