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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of your protocol will viewers benefit most from having filmed? 
2.7., 2.11., 3.7., 3.9.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.7. Underlay the medium gently and do not disrupt the gradient with any sudden moves

E. Will the filming need to take place in multiple locations? Y, 2 rooms same floor
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 assess the various markers expressed by macrophage sub-populations within the central nervous system, or CNS. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Cécile Delarasse: This method can help answer key questions in the neuroimmunology field, such as, do peripheral macrophages infiltrate the CNS during disease and what are the phenotypes of CNS-infiltrating macrophages? 
1.2. Mohamed El-Behi: The main advantages of this technique are that it allows the isolation of a large number of highly-purified macrophage sub-populations as well as the quantification of macrophage sub-population cell markers.   (slated 6.2 , check the file name)
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Cécile Delarasse: Demonstrating all of the procedures will be Elodie Martin, a post doc from my laboratory who set up the protocol with us.
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 Animal Care and Use Committee (IACUC) at ICM institute and the French Ethics Animal Committee.
Protocol: (read by voice talent at JoVE)
2. Perfusion and Brain and Spinal Cord Dissection
2.1. Begin by use fine scissors to cut the ventral skin just below the xiphoid process to expose the thoracic cavity [1-WIDE-TXT].
2.1.1. Few seconds Talent making incision (Videographer: More Talent than mouse in shot) (TEXT: Euthanasia: pentobarbital overdose)
2.2. Make an incision in the diaphragm [1-ECU] and cut the lateral aspects of the rib cage in a caudal to rostral direction to expose the heart [2-CU-TXT].

2.2.1. Diaphragm being incised

2.2.2. Few seconds rib cage being cut (TEXT: Caution: Avoid cutting other organs)
2.3. After identifying the left ventricle and the right atrium, insert a butterfly catheter with a 25 gauge needle into the left ventricle [1-CU].
2.3.1. Shot of left ventricle and right atrium, then few seconds catheter being inserted (Videographer: Split action into separate steps as appropriate) (Video Editor: please indicate left ventricle and right atrium when mentioned as possible/appropriate) 
2.4. Make an incision on the right atrium [1-ECU] and begin perfusing 20 mL of PBS through the catheter at a rate of 10 mL/min as soon as the blood begins to flow [2-CU].
2.4.1. Few seconds incision being made (take 1: ECU, take 3 : CU)
2.4.2. Few seconds PBS being perfused  (with 2.4.1)
2.5. A successful perfusion will be indicated by a blanching of the lungs and the liver as the blood is displaced [1-CU].
2.5.1. Shot of blanched lungs and live (Video Editor: please indicate lungs and live when mentioned as possible/appropriate) (2.4.1: take 2)
2.6. Next, use fine scissors to dissect the spinal column, excising the abdominal wall musculature on the ventral side of the spinal column [1-ECU-TXT] and cutting the vertebral column at the base of the tail to remove the spine as it is harvested [2-ECU].
2.6.1. Few seconds spine being dissected/musculature being excised (TEXT: Decapitate w/ medium scissors)

2.6.2. Few seconds vertebral column being cut
2.7. Insert a 10 mL syringe of PBS equipped with a modified 200 microliter pipette tip into the lumbar side of the spinal column [1-CU] and flush the spinal cord on the cervical side [2-CU-TXT].

2.7.1. Few seconds syringe being injected (TEXT: See text for pipette modification details) (Videographer: Combine 2.7.1. and 2.7.2. as appropriate)

2.7.2. Few seconds cord being flushed (Videographer: Combine 2.7.1. and 2.7.2. as appropriate) (with 2.7.1, take 2 or 3)
2.8. Remove the skin above the skull [1-CU] and insert one tip of the scissors at the base of the skull [2-ECU].

2.8.1. Few seconds skin being removed

2.8.2. Few seconds scissors being inserted

2.9. Cut the cranium following the sagittal suture [1-ECU].
2.9.1. Few seconds cranium being cut (with 2.8.2)
2.10. Then insert small forceps into the cut [1-CU] and gently remove the top of the skull [2-CU].
2.10.1.  Forceps being inserted (Videographer: Combine 2.10.1. and 2.10.2. as appropriate)
2.10.2.  Top of skull being removed (Videographer: Combine 2.10.1. and 2.10.2. as appropriate)
2.11. Dissect the brain from the mouse head [1-CU] and remove the olfactory bulb and cerebellum [2-ECU].
2.11.1.  Brain being removed

2.11.2.  Few seconds bulb being dissected
2.12. Then place the brain and spinal cord in a 1.5 mL tube containing 1.128 mL of digestion cocktail [1-MED-TXT].

2.12.1.  Talent placing brain and spinal cord in tube, with digestion cocktail container visible in frame as possible (TEXT: See text for all medium/reagent preparation details) (CU at the end)
3. Cell Dissociation and Density Gradient Separation
3.1. To dissociate the cells, use small scissors to finely cut the brain and spinal cord into 1-2 mm3 pieces [1-WIDE] and place the pieces at 37 °C and 5% CO2 for 30 minutes [2-MED].
3.1.1. Few seconds Talent cutting tissues in tube into pieces

3.1.2. Talent placing tube into incubator

3.2. At the end of the incubation, stop the digestion with 20 microliters of 0.5 M EDTA (Pronounce: E-D-T-A) [1-MED] followed by gentle trituration with a 5 mL pipette [2-CU].
3.2.1. Few seconds Talent adding EDTA to tube, with EDTA container visible in frame if possible (CU at the end)
3.2.2. Few seconds pieces being triturated
3.3. Filter the resulting cell suspension through a 70 micron nylon mesh strainer into a 50 conical mL tube [1-MED-over the shoulder], using the plunger of a 10 mL syringe to gently macerate any remaining brain or spinal cord tissue [2-CU].
3.3.1. Few seconds Talent adding pieces to top of filter

3.3.2. Few seconds tissues being macerated
3.4. Rinse the strainer with 20 mL of 5% FBS in PBS [1-CU] and collect the filtered cells by centrifugation [2-MED-TXT].

3.4.1. Few seconds strainer being rinsed, with PBS + FBS container label visible in frame as possible

3.4.2. Talent placing tube(s) into centrifuge (TEXT: 7 min, 300 x g, 18 °C)
3.5. Then carefully aspirate the supernatant without disturbing the pellet [1-ECU].

3.5.1. Few seconds supernatant being aspirated
3.6. For density gradient separation of the cells, resuspend the pellet with 4 mL of 30% density gradient medium [1-CU] and transfer the cells into a 15 mL conical tube [2-MED].

3.6.1. Few seconds 30% density gradient being added to cells, with 30% density gradient container label visible in frame

3.6.2. Few seconds Talent adding cells to tube

3.7. Gently underlay 4 mL of 37% density gradient medium [1-CU], followed by 4 mL of 70% density gradient medium under the 37% density gradient medium [2-CU].
3.7.1. Few seconds 37% density gradient being added under 30% density gradient medium, with 37% density gradient container label visible in frame

3.7.2. Few seconds 70% density gradient being added under 37% density gradient medium, with 70% density gradient container label visible in frame
3.8. Transfer the tube to a benchtop centrifuge to separate the cells [1-MED-TXT]. The microglia and macrophage cells will be at the interface of the 70 and 37% density gradient layers [2-CU-TXT].
3.8.1. Talent placing tube(s) into centrifuge (TEXT: 40 min, 800 x g, 18 °C, no brake)
3.8.2. Shot of layers (Video Editor: please indicate microglia/macrophage interface (between 70 and 37% layers) when mentioned (TEXT: Upper layers container debris and myelin)
3.9. After carefully removing the upper layer of myelin [1-CU], transfer 3-4 mL of the microglia-macrophage interphase layer into a new 15 mL tube [2-CU].
3.9.1.  Few seconds myelin being removed

3.9.2.  Few seconds microglia-macrophages being removed
3.10. Then wash the immune cells with three centrifuges in 15 mL of PBS [1-MED-TXT], resuspending the pellet in 1 mL of PBS after the final wash [2-CU].
3.10.1.  Talent placing tube(s) into centrifuge (TEXT: 7 min, 500 x g, 4 °C)
3.10.2.  Shot of pellet if visible, then few seconds pellet being resuspended in PBS, with PBS container label visible in frame (take 2)
4. Cell Labeling for Flow Cytometry

4.1. To assess the macrophage sub-population marker expression, transfer the cells into a 5 mL flow cytometry analysis tube [1-WIDE] followed by the addition of 1 microliter of fixable dead cell stain reagent [2-MED-over the shoulder].
4.1.1. Few seconds Talent adding cells to tube

4.1.2. Few seconds Talent adding dead cell stain reagent to tube, with dead stain reagent container visible in frame
4.2. After 30 minutes on ice protected from light, wash the samples in 2 mL of PBS [1-MED-TXT] and resuspend the pellet in 400 microliters of FACS buffer per experimental analysis tube [2-CU].

4.2.1. Few seconds Talent tube(s) to centrifuge (TETX: 5 min, 300 x g, 4 °C)

4.2.2. Shot of pellet, then few seconds buffer being added to cells, with buffer container label visible in frame (take 4)
4.3. Split the cells into the appropriate number of 5 mL flow cytometry analysis tubes [1-MED].
4.3.1. Few seconds Talent adding cells to tube(s)

4.4. Then block the non-specific Fc receptor binding with 1 microgram of CD16-CD32 blocking antibody cocktail [1-CU] per 100 microliters of cells for a 10-15 minute incubation on ice protected from light [2-MED].

4.4.1. Few seconds CD16/32 being added to at least one tube, with CD16/32 container label visible in frame

4.4.2. Few seconds Talent covering tube(s)/protecting tubes from light

4.5. Next, label the cells with 100 microliters of the appropriate primary antibodies for a 30 minute incubation on ice protected from light [1-CU-TXT].

4.5.1. Few seconds antibody being added to tube, with Ab container label(s) visible in frame (TEXT: See text for all Ab suggestion details)

4.6. At the end of the incubation, wash the cells in 2 mL of PBS four times [1-MED].

4.6.1. Few seconds Talent adding PBS to at least one tube, with PBS container visible in frame

4.7. Then add 100 microliters of the appropriate secondary antibodies for 30 minutes on ice protected from light [1-CU] followed by 4 washes in PBS as just demonstrated [2-MED].
4.7.1. Few seconds secondary
4.7.2. Talent placing tube(s) into centrifuge 

4.8. After the last wash, gently resuspend the pellets in 100 microliters of 1% paraformaldehyde for 15 minutes at room temperature protected from light [1-CU].
4.8.1. Few seconds PFA being added to at least one tube, with PFA container label visible in frame 
4.9. Then wash the cells 4 times in PBS [1-MED], resuspend the final pellets in 200 microliters of fresh PBS [2-CU], and analyze the cells by flow cytometry [3-MED].
4.9.1. Few seconds Talent tubes to centrifuge bucket
4.9.2. Shot of pellet(s) if visible, then few seconds cells being resuspended in PBS, with PBS container label visible in frame
4.9.3. Talent approaching cytometer with tubes/loading tube onto cytometer or similar representative action
5. Results: Representative Brain and Spinal Cord Macrophage Subpopulation Analysis
5.1. Brain- and spinal cord-derived microglia [1-LM] and monocyte-derived macrophages are identified based on their CD11b and CD45 expression [2-LM].

5.1.1. 5.1-55781_Delarasse_Figure1.TIF: please indicate CD11b+CD45med text and red oval gate and red cells within red oval gate
5.1.2. 5.1-55781_Delarasse_Figure1.TIF: please indicate CD11b+CD45high text and blue circle gate and blue cells within blue circle gate
5.2. The expression of CX3CR1 (Pronounce: C-X-three-C-R-one) [1-LM] and Tmem119 (Pronounce: T-mem-one-nineteen) by the CD11b+CD45med (Pronounce: C-D-eleven-B-positive C-D-forty-five-medium) microglial cells [2-LM] allows this cell population to be further distinguished from the CD11c+CD45high monocyte-derived macrophages, which do not express either of these markers [3-LM], but do express CCR2 [4-LM].
5.2.1. 5.2-55781_Delarasse_Figure2.TIF: please indicate red CX3CR1 peak
5.2.2. 5.2-55781_Delarasse_Figure2.TIF: please indicate red Tmem119 peak
5.2.3. 5.2-55781_Delarasse_Figure2.TIF: please indicate blue CX3CR1 and Tmem199 peaks
5.2.4. 5.2-55781_Delarasse_Figure2.TIF: please indicate blue CCR2 peak
5.3. After density gradient separation, 85-95% of the cells are still viable [1-LM].

5.3.1. 5.3-55781_Delarasse_Figure3.TIF: please indicate Live cells peak
5.4. In the absence of density gradient isolation, the macrophage sub-populations are not identifiable in a forward by side scatter plot because of the presence of non-macrophage cells and myelin debris [1-LM]. 
5.4.1. 5.4-55781_Delarasse_Figure4.TIF: no animation
5.5. As the epitope recognized by the anti-Tmem119 antibody is intracellular, permeabilization is required for labeling of this important microglial cell marker [1-LM].

5.5.1. 5.5-55781_Delarasse_Figure5.TIF: please indicate purple peaks in brain & spinal cord, brain, and spinal cord graphs
5.6. Note that permeabilization induces cell shrinkage, however, causing the macrophage subpopulations to appear smaller by forward vs side scatter analysis [1-LM].
5.6.1. 5.6-55781_Delarasse_Figure6.TIF: please outline/indicate oval gate in right graph and/or cells in oval gate in right graph
6. Conclusion (said by authors on camera):
6.1. Elodie Martin: Once mastered, this technique can be completed in 5 hours if it is performed properly.

6.2. Cécile Delarasse: While attempting this procedure, it’s important to remember to set up the density gradients very carefully.
6.3. Mohamed El-Behi: Following this procedure, other methods, like quantitative RT-PCR, can be performed to answer additional questions about macrophage sub-population signaling pathways.
6.4. Elodie Martin: After its development, this technique paved the way for researchers in the neuroscience field to explore the activation of macrophage sub-populations in mouse models of neurologic disease.
6.5. Cécile Delarasse: After watching this video, you should have a good understanding of how to study CNS macrophage sub-populations by flow cytometry.
6.6. Mohamed El-Behi: Don't forget that working with paraformaldehyde can be extremely hazardous and that precautions, such as using a fume hood, should always be taken while performing this procedure.   

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.  
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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.
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