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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Filming location: Will the filming need to take place in multiple locations?   No


Introduction
1. Introductory Interview Statements
REQUIRED: 
1.1. Krista DiSano: Rapid isolation of CNS tissues, including the meninges, allows for a comprehensive analysis of immune cell phenotype, function, and localization in homeostatic and pathogenic conditions. 

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Krista DiSano: The two demonstrated methods allow for the quick extraction of CNS tissues with the meninges, ideal for downstream analysis using single-cell techniques and histological methods. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

OPTIONAL: 
1.3. Francesca Gilli: Although the representative results focus on the analysis of immune cells, these two methods can be used to analyze CNS resident cells including microglia, astrocytes, pericytes, endothelial cells, stromal cells, and neurons. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Introduction of Demonstrator on Camera

1.4. Francesca Gilli: Helping to demonstrate this procedure will be Nora Welsh and Michael Linzey, graduate students in our laboratory from Dartmouth College’s Program in Experimental and Molecular Medicine.   	Comment by Anastasia Gomez: No need to introduce Krista here, she will be introduced with a text overlay as she delivers her interview statements. 

1.4.1. INTERVIEW: Author saying the above. 
1.4.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

Ethics Title Card
1.5. Procedures involving animals use protocols reviewed and approved by the Institutional Animal Care and Use Committee (IACUC) at Geisel School of Medicine at Dartmouth.

Protocol	Comment by Anastasia Gomez: Authors: This is a long protocol, so careful preparation is essential. Please familiarize yourself with the script and make sure that all materials are ready to go so that filming each step takes no longer than 10 minutes. 

2. Processing Brain and Spinal Cord Samples
2.1. Begin by isolating brain and spinal cord samples from euthanized mice [1]. After removing the head, make a midline incision in the skin and flip it over the eyes to free the skull [2]. 
2.1.1. WIDE: Establishing shot of talent at the lab bench, working on the mouse. 
2.1.2. Talent making a midline incision and flipping the skin over the eyes. 
2.2. Cut at the nasal bone to release the mandible from the skull [1], then remove the mandible, tongue, and eyes [2]. Cut along the lateral aspects of the skull to release the tissue along the external auditory meatus and trim it [3]. Videographer: This step is important!
2.2.1. Talent cutting the nasal bone. 
2.2.2. Talent removing the mandible, tongue, and eyes. 
2.2.3. Talent releasing the tissue along the external auditory meatus and trimming it
2.3. To collect the spinal cord sample, separate the rib cage from the spinal column by cutting parallel to the spine with sharp scissors [1]. Make a small cut at the lower lumbar region to isolate the spinal column, then trim and remove any remaining muscle along the spine to expose the vertebrae [2]. Videographer: This step is important!
2.3.1. Talent separating the rib cage from the spinal column. 
2.3.2. Talent making a small cut at the lower lumbar region, then trimming and removing muscle along the spine.

2.4. When performing decalcification, check the bone daily to determine if it is soft and pliable [1]. Remove the tissue from the EDTA solution with forceps, place it on a Petri dish [2], and gently test the bone softness with a 25-gauge needle. If the needle easily penetrates the bone, the decalcification process is complete [3].
2.4.1. Talent bringing picking up the tube with the tissue and opening it. 
2.4.2. Talent transferring the tissue to a Petri dish. 
2.4.3. Talent poking the tissue with a needle and the needle easily penetrating the tissue. 

3. Preparation of the Meninges and CNS Tissues for Flow Cytometry Staining
3.1. To extract the skull cap and the brain, make a midline incision in the skin and flip the skin over the eyes [1]. Place the scissors within the foramen magna and begin cutting the skull laterally along the cortices towards the olfactory bulb, keeping the incisions above the external auditory meatus and mandible [2]. 
3.1.1. Talent making a midline incision in the skin and flipping over the eyes. 
3.1.2. Talent cutting along the cortices towards the olfactory bulb. 
3.2. Perform the same cuts on the opposite side, with cuts meeting at the olfactory bulb to free the skull cap from the brain [1]. Using forceps, peel back the skull cap and place it into a 15-milliliter conical tube containing 5 milliliters of cold RPMI medium supplemented with 25 millimolar HEPES [2-TXT]. 
3.2.1. Talent performing the same cut on the other side and meeting the first cut. 
3.2.2. Talent transferring the skull cap into a tube on ice. TEXT: Keep tube on ice!
3.3. Place curved forceps below the base of the brain and lift them to free the brain from the skull cap [1], then transfer it into a 15-milliliter conical tube with 5 milliliters of cold RPMI supplemented with 25 millimolar HEPES. Keep the tube on ice until further processing [2].  
3.3.1. Talent freeing the brain from the skull cap. 
3.3.2. Talent putting the brain in a 15mL tube on ice. 
3.4. Extract the vertebral column and spinal cord tissue by cutting parallel to the spine to separate the rib cage from the spinal column [1]. Then, make a small cut at the lower lumbar region to isolate the vertebral column [2] and trim and remove any remaining muscle along the spine to expose the vertebrae [3]. 
3.4.1. Talent making a cut parallel to the spine and separating the rib cage from the spinal column. 
3.4.2. Talent making a small cut at the lower lumbar region. 
3.4.3. Talent trimming muscle and exposing the vertebrae.
3.5. Next, place the extra fine surgical scissors within the vertebral column and cut along the lateral edge of the column [1]. Cut the opposite lateral edge completely to divide the vertebral column into an anterior and posterior portion [2]. Videographer: This step is difficult and important!
3.5.1. Talent cutting along the lateral edge of the column. 
3.5.2. Talent cutting the opposite lateral edge. 
3.6. Use forceps to slowly and carefully peel away the spinal cord from the vertebral column and place it in a 15-milliliter conical tube containing 5 milliliters of cold RPMI with 25 millimolar HEPES. Then, transfer the anterior and posterior portions of the spinal column to another tube [1]. Videographer: This step is difficult and important!
3.6.1. Talent peeling the spinal cord from the vertebral column and placing it in a 15mL tube, then transferring it to another 15mL tube.
3.7. To remove the meninges from the skull cap, take the skull cap out of the RPMI media [1] and use sharp forceps to score around the outer edge [2]. Peel the meninges away from the edge of the skull cap, scraping to remove the dural and arachnoid meninges [3], and place the meninges on a Petri dish [4].
3.7.1. Talent removing the skull cap from the media. 
3.7.2. Talent scoring around the edge of the skull cap. 
3.7.3. Talent peeling the meninges away from the skull cap. 
3.7.4. Talent placing the meninges in the Petri dish. 
3.8. To remove the meninges from the vertebral column, take the column out of the media [1] and score around the edges of the vertebral column with sharp forceps to free the meninges [2]. Use curved forceps to peel away the meninges from the edge of the vertebra [3] and place the meninges on a Petri dish [4]. 
3.8.1. Talent taking the vertebral column out of the tube. 
3.8.2. Talent scoring around the edges of the column with forceps. 
3.8.3. Talent peeling away the meninges from the vertebra. 
3.8.4. Talent placing the meninges on a Petri dish. 
3.9. Place a nylon mesh strainer in a 50-milliliter conical tube [1]. To create a cell suspension, move the meninges into the strainer and add 3 milliliters of HEPES-supplemented RPMI [2], then use a plunger from a 5-milliliter syringe to grind the tissue and media through the strainer [3].
3.9.1. Talent placing a filter on top of the tube. 
3.9.2. Talent putting the meninges on the strainer and adding media. 
3.9.3. Talent grinding the meninges through the strainer with a plunger. 

4. Preparation of Single-cell Suspensions of Brain and Spinal Cord Tissue 
4.1. Pour the brain or spinal cord tissue with the media into a 100-millilimeter Petri dish and use forceps to move the tissue to the bottom [1]. Mince the spinal cord with a sterile razor blade and gather the tissue at the bottom of the plate [2]. 
4.1.1. Talent pouring the tissue into the Petri dish and moving it to the bottom of the dish.  
4.1.2. Talent mincing the spinal cord and moving the tissue to the bottom of the dish. 
4.2. Add 3 milliliters of RPMI supplemented with 10% FCS to the Petri dish [1], then use a 10-milliliter serological pipette to resuspend the tissue in the media and transfer it to a 15-milliliter conical tube [2].
4.2.1. Talent adding media to the tissue. 
4.2.2. Talent pipetting the tissue up and down with the pipette and transferring it to a 15mL tube. 
4.3. Add collagenase type one and DNase one to the tissue [1-TXT] and incubate the tubes in a 37-degree Celsius water bath for 40 minutes [2]. Invert the tubes every 15 minutes to thoroughly mix the tissue with the enzymes [3].
4.3.1. Talent adding collagenase and DNase to the tissue, with the reagent tubes in the shot. TEXT: collagenase type I: desired concentration ; DNase I: 20 U/mL
4.3.2. Talent putting tubes with the tissue in the water bath. 
4.3.3. Talent inverting a tube. 
4.4. After incubation, add EDTA to each tube for a final concentration of 0.01 molar [1] and incubate the tubes for an additional 5 minutes to inactivate the collagenase [2]. Add 9 milliliters of RPMI supplemented with 10% FCS to each tube [3], then centrifuge the tubes at 450 x g for 5 minutes at 4 degrees Celsius [4].
4.4.1. Talent adding EDTA to a few tubes, with the EDTA container in the shot.  
4.4.2. Talent putting the tubes back in the water bath. 
4.4.3. Talent adding media to the tubes, with the media container in the shot. 
4.4.4. Talent putting the tubes in the centrifuge and closing the lid. Videographer: Obtain multiple usable takes of this shot because it will be reused in 4.8.4.
4.5. Use a Pasteur pipette with a vacuum to aspirate the supernatant, taking care to not touch the cell pellet [1]. Add 3 milliliters of 100% stock isotonic density gradient solution to the cell pellet [2], then add additional RPMI 10% FCS media to bring the final volume to 10 milliliters and resuspend the cell pellet [3].
4.5.1. Talent aspirating the supernatant. 
4.5.2. Talent adding the stock isotonic density gradient solution to the cell pellet, with the solution container in the shot. 
4.5.3. Talent adding media to the cell pellet and resuspending it. 
4.6. Invert and mix the tube well [1], then insert a serological pipette with 1 milliliter of 70% stock isotonic density gradient solution into the bottom of the tube. Slowly underlay the solution, being careful not to make bubbles [2]. Remove the serological pipette from the tube, making sure to not disturb the gradient [3]. Videographer: This step is important!
4.6.1. Talent inverting the tube. 
4.6.2. Talent inserting the serological into the bottom of the tube and slowly releasing the solution. 
4.6.3. Talent slowly removing the pipette.
4.7. Centrifuge the tube at 800 x g for 30 minutes at 4 degrees Celsius [1], then aspirate the supernatant, including the myelin debris layer, until 2 to 3 milliliters remain in the tube [2]. Videographer: This step is important!
4.7.1. Talent putting the tube in the centrifuge and starting it. 
4.7.2. Talent aspirating the supernatant. 
4.8. Use a 1-milliliter pipette to harvest the cell layer between the 30 and 70% density gradient [1] and transfer it to a new 15-mililiter tube [2]. Add RPMI 10% FCS media to bring the final volume to 15 milliliters [3], then centrifuge the cells at 450 x g for 5 minutes at 4 degrees Celsius [4]. 
4.8.1. Talent harvesting the cells. 
4.8.2. Talent putting the cells in a fresh tube. 
4.8.3. Talent adding media to the cells, with the media container in the shot. 
4.8.4. Use 4.4.4.





Results
5. Results: Immune Cells in CNS Tissues of TMEV-IDD Mice
5.1. This protocol was used to assess B and T cells in the meninges, brain, and spinal cord during progressive MS [1-TXT]. Gating was conducted to distinguish CD45-high peripherally derived infiltrating immune cells [2] from CD45-low microglia [3] and CD45-negative neurons, astrocytes, and oligodendrocytes [4]. 
5.1.1. LAB MEDIA: Figure 3. Video Editor: Show this text either below or above the figure: TMEV-IDD = murine progressive MS model 
5.1.2. LAB MEDIA: Figure 3 A. Video Editor: Zoom in on A and emphasize P1. 
5.1.3. LAB MEDIA: Figure 3 A. Video Editor: Emphasize P2. 
5.1.4. LAB MEDIA: Figure 3 A. Video Editor: Emphasize P3. 
5.2. Few CD45-high cells were present in the spinal cord and brain tissue of sham-treated mice [1]. The same gating cut-off for CD45-high expression was used in the meninges to identify CD45-high immune cells [2] and exclude nonimmune cells [3]. 
5.2.1. LAB MEDIA: Figure 3 C. 
5.2.2. LAB MEDIA: Figure 3 C. Video Editor: Emphasize P1. 
5.2.3. LAB MEDIA: Figure 3 C.
5.3. In all TMEV-IDD (pronounce ‘T-M-E-V-I-D-D’) CNS tissues, increased percentages of CD45-high immune cells were observed compared to sham-treated mice [1]. During chronic TMEV-IDD, the percentage of B cells among CD45-high immune cells in the brain and spinal cord was higher [2] compared to the meningeal compartment [3]. 
5.3.1. LAB MEDIA: Figure 4 A. Video Editor: Emphasize the TMEV-IDD bars. 
5.3.2. LAB MEDIA: Figure 4 B. Video Editor: Emphasize the brain and spinal cord bars. 
5.3.3. LAB MEDIA: Figure 4 B. Video Editor: Emphasize the meninges bar. 
5.4. Decalcified brains and spinal cords were imaged to identify the localization of B and T cells within the CNS compartment [1]. Conventional extraction of brain from the skull cap resulted in an intact pia layer, but the remaining meningeal layers were excluded [2]. In both decalcified brains and spinal cords, all meningeal layers were intact [3].
5.4.1. LAB MEDIA: Figure 5. 
5.4.2. LAB MEDIA: Figure 5 A.
5.4.3. LAB MEDIA: Figure 5 B.  
5.5. Isotype-switched B cells and T cells were localized with IgG and CD3 expression, respectively [1]. Co-staining IgG with ER-TR7 revealed that B cells were present in the CNS parenchyma and the meninges [2], while cellular aggregates within ER-TR7-positive meninges contained multiple IgG-positive B cells and CD3-positive T cells [3].  
5.5.1. LAB MEDIA: Figure 6. 
5.5.2. LAB MEDIA: Figure 6 A. 
5.5.3. LAB MEDIA: Figure 6 B. 







Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Krista DiSano: A critical step in these protocols is the careful extraction of the CNS tissues, essential for improving the purity of single-cell suspensions and for obtaining histology tissue with high quality morphology. 

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.6.1 or 3.5.1, 3.5.2. 

6.2. Krista DiSano: The described techniques allow for the comprehensive analysis of cells occupying the CNS compartment, ideal for examining cell phenotype, function, and localization under homeostasis and during disease pathogenesis. 

6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Videographer: This statement is optional. If you’re running out of time, don’t film it.
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