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A.  Will you require JoVE to record video microscopy? 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? 2.5., 2.6., 3.3., 3.4., 4.1.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.5., 2.6.: (“remove viable cells at the interface”) – for successful removal of cells, we often check the interface using a window or other light source to ensure that we collected all of the viable cells present in the tube. 
4.6.: (“set the lower threshold”) – we test many thresholds across multiple images to ensure that we choose the most representative threshold

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 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 conceptual method is to determine whether pharmacological treatments for experimental autoimmune encephalomyelitis demonstrate their central nervous system protection during the onslaught of immune cell infiltration, or as a consequence of immune cell infiltration suppression. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Tara DeSilva: This method can help answer key questions in the neuroimmunological field, such as how does manipulating EAE treatment times differentiate the effects on immune cell infiltration versus protection?
1.2. Tara DeSilva: The implications of this technique also extend toward the therapy of multiple sclerosis, because there are currently no neuroprotective treatments for this disease.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Kirsten Evonuk: We first had the idea for this method when we discovered that treating EAE mice with an inhibitor of the system xc-transporter was both neuroprotective and immunomodulatory.
1.4. Carson Moseley: Though this method can be used to study drug treatments, it can also be applied to studies using genetic knockout mice subjected to EAE or other manipulations.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Alabama at Birmingham.
Protocol (read by voice talent at JoVE):

2. Brain and spinal cord immune cell isolation
2.1. Begin by using sterile scissors to mince the brains and spinal cords from individual animals into small pieces [1-WIDE-TXT].

2.1.1. Few seconds Talent cutting brain or spinal cord tissue (TEXT: See text for all tissue harvesting details)
2.2. Then use one 3 ml syringe plunger per tissue to mash each sample over individual 70 micron cell strainers [1-CU] into individual 50 ml conical tubes while rinsing the strainers with medium [2-CU-TXT].

2.2.1. Few seconds brain being mashed over strainer, with spine tissue in separate strainer visible in frame if possible

2.2.2. Few seconds one strainer being rinsed with medium, with medium container label visible in frame if possible (TEXT: See text for all medium/reagent preparation details)
2.3. When all of the pieces have been macerated, bring the final volume in the tubes up to 50 ml with fresh medium [1-MED] and centrifuge the cell suspensions [2-MED-TXT].

2.3.1. Few seconds Talent adding medium to at least one tube, with other tubes and medium container visible in frame

2.3.2. Talent placing tube(s) into centrifuge (TEXT: 5 min, 453 x g, 4 °C)
2.4. Resuspend each pellet in 4 ml of 40% density gradient solution [1-CU]. Then carefully layer the cells slowly down the walls of individual 15 ml conical tubes on top of 2 ml of 70% density gradient solution per tube [2-CU].

2.4.1. Shot of pellet(s) if visible, then few seconds one pellet being resuspended in density gradient solution, with gradient solution container label visible in frame if possible

2.4.2. Few seconds cells being added down side of one tube

2.5. Separate the cells by centrifugation [1-MED-TXT] and use 1 ml transfer pipettes to carefully discard the upper myelin layers [2-CU].

2.5.1. Talent placing tube(s) into centrifuge (TEXT: 20 min, 796 x g, RT, no brake)

2.5.2. Shot of at least one tube with layers, then few seconds myelin layer being removed

2.6. Next, transfer the viable cells from the sample interfaces into new 15 ml conical tubes [1-CU], and wash the cells in a final volume of 15 ml of fresh medium per tube [2-MED-TXT].

2.6.1. Few seconds cells being collected
2.6.2. Talent adding tube(s) to centrifuge (TEXT: 10 min, 448 x g, 4 °C)
2.7. Resuspend the pellets in 200 microliters of fresh medium [1-CU], and transfer the cell suspensions into individual wells of a 96 well round-bottom plate [2-CU-TXT].

2.7.1. Shot of pellet(s) if visible, then few seconds one pellet being resuspended, with medium container label visible in frame

2.7.2. Few seconds at least one sample being added to at least one well, with sample container labels visible in frame (TEXT: One sample/well)
2.8. Centrifuge the plate [1-CU-TXT] and flick off the supernatants [2-CU].
2.8.1. Plate being placed into centrifuge bucket (TEXT: All washes/centrifugations: 5 min, 410 x g, 4°C)

2.8.2. Supernatant being flicked

2.9. Then, resuspend the pellets in 200 microliters of re-stimulation medium [1-MED-over the shoulder], and incubate the cells at 37°C for 4 hours [2-MED].
2.9.1. Few second Talent resuspending at least one well, with medium container visible in frame

2.9.2. Talent placing plate into incubator

3. Central nervous system (CNS) CD4+ T cell phenotype assessment

3.1. At the end of the incubation, centrifuge the plate again [1-WIDE], and remove the supernatants [2-MED].

3.1.1. Talent placing plate into centrifuge

3.1.2. Few seconds Talent discarding supernatant

3.2. Then, wash the cells in 200 microliters of PBS supplemented with 2% FCS [1-MED], and resuspend the cells in 200 microliters of PBS supplemented with 2% FCS and Fc block for 10-15 minutes on ice [2-CU].

3.2.1. Few seconds Talent adding PBS + FCS to plate, with PBS + FCS container visible in frame
3.2.2. Few seconds PBS + FCS being added to at least one well, with Fc block container label visible in frame

3.3. At the end of the incubation, wash the cells as just demonstrated [1-MED], and resuspend the pellets in 50 microliters of cell surface stain cocktail for 15 minutes on ice [2-CU-TXT].

3.3.1. Talent placing plate into centrifuge

3.3.2. Few seconds antibod(ies) being added to at least one well, with antibody and viability dye container visible in frame (TEXT: e.g., anti-CD4, anti-TCR beta and viability dye)

3.4. Then spin down the cells [1-MED], and wash the samples two times in 200 microliters of PBS [2-CU].

3.4.1. Talent placing plate into centrifuge incubator
3.4.2. Few seconds PBS being added to at least one well, with PBS container label visible in frame 

3.5. Next, resuspend the cells in Foxp3 transcription factor staining reagents, according to the manufacturer’s instructions, for 30 minutes to overnight at 4°C [1-MED].

3.5.1. Few seconds Talent adding stain to at least one well, with reagents/kit visible in frame

3.6. At the end of the incubation, wash the cells in 150 microliters of permeabilization buffer [1-MED-over the shoulder].
3.6.1. Few seconds Talent adding buffer to at least one well, with buffer container visible in frame 
3.7. Then centrifuge the cells [1-MED], and resuspend the pellets in the intracellular antibodies of interest in 50 microliters of permeabilization buffer on ice [2-MED-TXT].
3.7.1. Talent placing plate(s) into centrifuge

3.7.2. Few seconds Talent adding antibod(ies) to at least one well, with antibody containers visible in frame (TEXT: e.g., anti-IL17A, anti-IFNgamma, anti-Foxp3)
3.8. After 30 minutes, spin down the cells [1-MED], followed by three washes in 200 microliters of permeabilization buffer [2-MED].

3.8.1. Talent placing plate into centrifuge

3.8.2. Few seconds Talent adding buffer to at least one well, with buffer container label visible in frame

3.9. After the last wash, resuspend the pellets in 200 microliters of PBS [1-CU], and analyze the samples by flow cytometry, gating on the live CD4+TCRbeta+ cells [2-MED-TXT].

3.9.1. Few seconds at least one pellet being resuspended in PBS, with PBS container label visible in frame 

3.9.2. Talent loading sample onto flow cytometer (TEXT: See text for flow cytometric analysis/gating details)
3.10. Carson Moseley: “It is also important to assess the peripheral T cell proliferation, because changes in the periphery may affect the immune cell infiltration into the CNS.” [1-LM-TXT]
3.10.1. Carson Moseley, speaking the above, interview style (looking just off-camera) (TEXT: See text for T cell proliferation/activation analysis details)
4. Quantification of reactive gliosis using mean fraction area and myelin using optical density
4.1. To quantify the number of astrocytes and glial cells present in the spinal cord tissue samples after EAE induction [1-WIDE-TXT], obtain images of each section at a 4X magnification, and save the images as .tiff files [2-SCREEN].
4.1.1. Few seconds Talent at computer, imaging spinal cord tissue sample (TEXT: See text for immunohistochemical tissue preparation/staining details)
4.1.2. *To be provided by Authors: Few seconds one image being saved
4.2. Next, in Image J, select the image of interest [1-LM], and use the “Polygons selections” tool to trace the entire spinal tissue section [2-LM].

4.2.1. 54348_DeSilva_Video1.mp4: Image being opened/selected: 00:06-00:012
4.2.2. 54348_DeSilva_Video1.mp4: Few seconds tissue being traced: 00:17-01:05 as needed 
4.3. Under the Image menu, select “Type” and “16-bit” to convert the image to 16-bit [1-LM].
4.3.1. 54348_DeSilva_Video2.mp4: 00:03-00:09
4.4. Then, open the “Process” menu, and select “Subject Background” [1-LM] to set the “Rolling ball radius” to at least the size of the largest object that is not part of the background [2-SCREEN].
4.4.1. 54348_DeSilva_Video2.mp4: 00:11-00:15
4.4.2. 54348_DeSilva_Video2.mp4: 00:15-00:25 as needed
4.5. Check the “Sliding parabloid” and click “OK” [1-LM].
4.5.1. 54348_DeSilva_Video3.mp4: 00:00-00:07

4.6. Then under “Image” select “Adjust” and “Threshold” [1-LM], and use the sliding bars to set the lower threshold level [2-LM].
4.6.1. 54348_DeSilva_Video4.mp4: 00:03-00:08/9
4.6.2. 54348_DeSilva_Video4.mp4: 00:13-00:23 as needed
4.7. To obtain the percent of the thresholded area within the selected region, under “Analyze” and “Set Measurements” [1-LM], select “Area fraction” [2-LM].

4.7.1. 54348_DeSilva_Video5.mp4: 00:00-00:06

4.7.2. 54348_DeSilva_Video5.mp4: 00:07-00:12 as needed

4.8. Ensure that the “Limit to threshold” is unchecked [1-LM] and that “Display label” is checked [2-LM], and click “OK” [3-LM].
4.8.1. 54348_DeSilva_Video5.mp4: 00:12 (Video Editor: please highlight/indicate unchecked Limit to threshold box)
4.8.2. 54348_DeSilva_Video5.mp4: 00:12 (Video Editor: please highlight/indicate checked Display label box)

4.8.3. 54348_DeSilva_Video5.mp4: 00:018-00:23 as needed

4.9. To obtain the measurements, under “Analyze,” select “Measure” [1-LM].

4.9.1. 54348_DeSilva_Video6.mp4: 00:01-00:06

4.10. A “Results” popup box will appear [1-LM]. Save this data [2-LM], and compare the “Area fraction” values between the treatment groups [3-SCREEN].
4.10.1. 54348_DeSilva_Video6.mp4: 00:06-00:08

4.10.2. 54348_DeSilva_Video6.mp4: 00:10-00:19 as needed

4.10.3. *To be provided by Authors: Shot of area fraction values (Video Editor: please highlight/indicate Area fraction values as appropriate)

4.11. To quantify the myelin basic staining by optical density, open the image of interest [1-MED-over the shoulder], and use the “Polygon sections” tool to draw a region of interest within the sample [2-SCREEN].

4.11.1. Few seconds Talent at computer, opening image of interest with monitor visible in frame

4.11.2. 54348_DeSilva_Video7.mp4: at least 00:35-00:45 of inside region being selected
4.12. Under “Analyze” and “Set Measurements”, select “Mean gray value” [1-LM], and confirm that “Limit to threshold” is unchecked, and that “Display label” is checked [2-LM].
4.12.1. 54348_DeSilva_Video8.mp4: 00:06-00:16
4.12.2. 54348_DeSilva_Video8.mp4: 00:16 (Video Editor: please highlight/indicate unchecked Limit to threshold box)

4.12.3. 54348_DeSilva_Video8.mp4: 00:16 (Video Editor: please highlight/indicate checked Display label box)
4.13. Click “Ok” [1-LM]. Then under the “Analyze” menu, select “Measure” [2-SCREEN].
4.13.1. 54348_DeSilva_Video8.mp4: 00:23-00:27
4.13.2. 54348_DeSilva_Video9.mp4: 00:00-00:05
4.14. A new “Results” popup box will appear with the myelin basic protein mean grey value data [1-LM-TXT]. 
4.14.1. 54348_DeSilva_Video9.mp4: 00:06-00:10 [TEXT: Conversion to OD = log10(255/mean gray value)]
5. Results: System Xc-transporter inhibition attenuates T cell CNS infiltration and myelin destruction 
5.1. Spinal cord removal and flow cytometric analysis allows the assessment of central nervous system immune cell infiltration [1-LM], where immune cell infiltration is maximum at the peak of disease [2-LM].

5.1.1. Authors: please provide Figure 1A as its own .ai, .tif or .psd file without the “A” label: please add/trace/otherwise indicate data line

5.1.2. Figure 1A: please outline/indicate peak of disease at day 18 data line dip from a little before day 20 until a little before day 30
5.2. Statistical analysis of the CD4+, IFN-γ+, IL-17+, and Foxp3+ cell numbers can reveal the significance of changes observed in the CD4+ infiltrating T cell numbers in drug-treated animals [1-LM] versus control animals [2-LM], with in-depth co-expression analysis essential for ruling out skewing as a confounding factor in the overall reduction of CD4+ infiltrating T cell number [3-LM].
5.2.1. Authors: please provide Figure 4B as its own .ai, .tif or .psd file without the “B” label or asterisks: please add asterisks above black data bars as in Fig.4.tif
5.2.2. Figure 4B: please indicate white data bars

5.2.3. Authors: please provide Figure 4C as its own .ai, .tif or .psd file without the “C” label: no animation OR consecutive addition of one graph at a time OR other animation to emphasize same percentages for each T cell subset analyzed
5.3. To eliminate the possibility that a reduction in central nervous system-infiltrating T cells is a consequence of inhibiting proliferation, activation, and differentiation in the periphery, the number of actively proliferating T cells [1-LM] and the proportion of T cell subtypes can be evaluated [2-LM].
5.3.1. Authors: please provide Figure 5B as its own .ai, .tif or .psd file without the “B” label or the asterisks and significance bars: please add asterisks and significance bars as in Fig.5.tif
5.3.2. Authors: please provide Figure 5A as its own .ai, .tif or .psd file without the “A” label: no animation OR consecutive addition of one graph at a time OR other animation to emphasize same percentages for each T cell subset analyzed
5.4. For quantitative evaluation of the myelin integrity, statistical analysis of the optical density of myelin basic protein-staining can be performed [1-LM], revealing a significant demyelination of the spinal cord tissue in unspecified genetic knockout animals [2-LM] compared to wild-type littermates, for example [3-LM].

5.4.1. Authors: please provide Figure 7B as its own .ai, .tif or .psd file without the “B” label or the asterisk: please add asterisk as in Fig 7rev 3-17-2016.tif

5.4.2. Authors: please provide Figure 7A as its own .ai, .tif or .psd file without the “A” label or the bracket: please highlight/indicate left image and add bracket

5.4.3. Figure 7A: please highlight/indicate right image

5.5. To further substantiate that neuroinflammation is sustained or decreased by therapeutic interventions, reactive gliosis can also be assessed by measuring the mean fraction area for reactive gliosis as just demonstrated [1-LM]. 
5.5.1. Authors: please provide Figure 3B as its own .ai, .tif or .psd file without the “B” label or the asterisks and significance bars: please add asterisks and significance bars as in Fig3rev 3-15-2016.tif
6. Conclusion (said by authors on camera)
6.1. Carson Moseley: Once mastered, the flow cytometric technique can be completed in 2 days if it is performed properly, while quantification of the tissue staining can be performed in about 2 hours per stain.
6.2. Carson Moseley: The immunomodulation can be assessed by introducing the treatments before the immune cell infiltration to quantify the migratory and proliferative changes in the T cells.

6.3. Kirsten Evonuk: The CNS protection can be assessed by introducing the treatments during the peak of disease, when the immune cells have already infiltrated the CNS.
6.4. Kirsten Evonuk: While attempting this procedure, it’s important to remember to evaluate the optimum threshold settings in ImageJ for the specific highlighting of the cellular staining only.

6.5. Tara DeSilva: After watching this video, you should have a good understanding of how to assess the effects of specific treatments on central nervous system T cell proliferation and migration responses by altering the treatment times before and after immune cell infiltration. 
Provided Media

Authors: Please list all images, movie files, or 3-D rendered animations to be included in the video. 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 and 5.2 - 54348_DeSilva_Video1.mp4

5.3 - 54348_DeSilva_Video2.mp4

5.4 - 54348_DeSilva_Video3.mp4

5.5 - 54348_DeSilva_Video4.mp4

5.6 - 54348_DeSilva_Video5.mp4

5.7 and 5.8 - 54348_DeSilva_Video6.mp4

5.9 - 54348_DeSilva_Video7.mp4

5.10 - 54348_DeSilva_Video8.mp4

5.11 and 5.12 - 54348_DeSilva_Video9.mp4
4.1.2 - 54348_DeSilva_Video 4.1.2

4.10.3 - 54348_DeSilva_Video 4.10.3

5.1.1 - 54348_DeSilva_Fig 1A 5-1-1

5.2.1 - 54348_DeSilva_Fig 4B 5-2-1

5.2.3 - 54348_DeSilva_Fig 4C 5-2-3

5.3.1 - 54348_DeSilva_Fig 5B 5-3-1

5.3.2 - 54348_DeSilva_Fig 5A 5-3-2

5.4.1 - 54348_DeSilva_Fig 7C 5-4-1

5.4.2 - 54348_DeSilva_Fig 7AB 5-4-2

5.5.1 - 54348_DeSilva_Fig 3B 5-5-1

Authors: please upload the media files through the submission link as indicated in the text
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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