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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.5., 2.6., 2.9., 2.10.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 

2.6. Use forceps to carefully remove the inguinal lymph node from the fat tissue 
E.  Will the filming need to take place in multiple locations? Y, 200 meters apart 
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 the experimental autoimmune encephalomyelitis or EAE (Pronounce: E-A-E), model is to facilitate the study of the potential molecular mechanisms underlying the development of multiple sclerosis. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Susanne Schiffmann: This method can help answer key questions in the multiple sclerosis field, such as at what stage of the disease do immune cells infiltrate the central nervous system?  

1.2. Susanne Schiffmann: The main advantage of this technique is that the EAE model mimics many of the main characteristics of multiple sclerosis, such as demyelination and immune cell infiltration.   

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

1.3. Jennifer Kurz: The implications of this technique extend toward the therapy of multiple sclerosis, because the drugs tested with this method have already been approved for this disease.
1.4. Nadja Tafferner: Generally, individuals new to this method will struggle because the mice must be kept in a stress free environment and the pertussis toxin should be freshly prepared.
1.5. Natasja deBruin: Visual demonstration of this method is critical, as the isolation of the lymph nodes and the extraction of the spinal cord are difficult to learn by description alone.

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)
1.6. Procedures involving animal subjects have been approved by the State Authority at the Regierungspräsidium Darmstadt.
Protocol (read by voice talent at JoVE):

2. Experimental autoimmune encephalitis (EAE) induction and flow cytometric immune cell analysis
2.1. Begin by subcutaneously injecting 10-13 week old female mice with 200 micrograms of myelin oligodendrocyte glycoprotein [2.1.1.-WIDE-TXT] emulsified in 200 microliters of complete Freund’s adjuvant containing 400 micrograms of Mycobacterium tuberculosis [2.1.2.-CU-TXT].
2.1.1. Few seconds Talent injecting mouse (TEXT: i.e. 129S4/SvJae×C57BL/6 mice) 

2.1.2. Syringe being put down next to Mtb and Freund’s adjuvant containers with labels visible [TEXT: encephalitogenic MOG35-55 (myelin) peptide]
2.2. Immediately and 24 hours later, intraperitoneally inject the mice with 0.2 micrograms of pertussis toxin in 200 microliters of PBS [2.2.1.-CU-TXT].
2.2.1. Few seconds mouse being injected ip, with pertussis toxin container label visible in frame if possible (TEXT: Control mice: incomplete CFA + Mtb and PBS alone).

2.3. Nadja Tafferner “It is essential that the mice have been adapted to both handling and the experimental environment before the EAE induction to avoid inducing stress during the experiment, which can prevent the development of clinical symptoms.” [2.3.1.-MED-interview style]
2.3.1. Nadja Tafferner, speaking the above interview style (looking just off-camera)
2.4. One week after the injection, examine the mice daily for clinical symptoms as described in the table [2.4.1.-LM].

2.4.1. Table - Listing the symptoms of the EAE model.pptx
2.5. To evaluate the EAE-induced lymph node immune cell population, at the appropriate time point post induction, wet the incision area with 80% isopropanol [2.5.1.-MED-TXT] and carefully remove the skin over the hip region [2.5.2.-CU-TXT].

2.5.1. Few seconds Talent spraying/wetting skin (Videographer: More Talent than mouse in shot) (TEXT: e.g. 10 dpi: pre-clinical EAE; 14 dpi: acute EAE)
2.5.2. Few seconds skin being removed (TEXT: Euthanasia: CO2 inhalation + exsanguination)
2.6. Using forceps, carefully remove the inguinal lymph node from the fat tissue [2.6.1.-ECU].

2.6.1. Few seconds lymph node being removed

2.7. Then weigh the node [2.7.1.-MED] and place the sample in PBS on ice [2.7.2.-MED-TXT].

2.7.1. Talent placing weigh boat onto scale

2.7.2. Talent placing sample on ice (TEXT: See text for LN immunostaining details)

2.8. To analyze the spinal cord cells, wet the back of the animal with isopropanol [2.8.1.-MED] and use a scalpel to make a longitudinal cut down the spine [2.8.2.-CU].

2.8.1. Few seconds Talent spraying/wetting mouse (Videographer: More Talent than mouse in shot)

2.8.2. Few seconds incision being made

2.9. Then remove the skin [2.9.1.-CU] and dissect out the lumbar portion of the spine innervating the hind limbs [2.9.2.-CU].

2.9.1. Few seconds skin being removed

2.9.2. Few seconds spine being dissected

2.10. Flush the spine with a PBS-filled syringe to extract the spinal cord [2.10.1.-CU].
2.10.1. Last few seconds spine being flushed until spinal cord is expelled

2.11. After removing approximately 1/3 of the lumbar cord [2.11.1.-CU], weigh the spinal fragment [2.11.2.-CU] and store the tissue in PBS on ice [2.11.3.-CU-TXT]. 
2.11.1. Few seconds cord being cut/piece being removed

2.11.2. Cord being placed into weight boat on scale

2.11.3. Sample being placed on ice (TEXT: See text for spinal cord immunostaining details)
2.12. To analyze the splenic immune cell population, [2.12.1.-MED] and open the tissue to get access to the lower part of the abdomen [2.12.2.-CU].
2.12.1. Few seconds Talent wetting mouse abdomen (Videographer: More Talent than mouse in shot)
2.12.2. Few seconds incision being made (combined with 2.13.1)
2.13. Next, remove the spleen [2.13.1.-CU] and cut off approximately 1/8 of the tissue [2.13.2.-CU].
2.13.1. Spleen being lifted out of incision

2.13.2. Few seconds piece of spleen being cut
2.14. Weigh the spleen fragment [2.14.1.-CU] and store the tissue in PBS on ice [2.14.2.-CU].
2.14.1. Spleen piece being placed into weigh boat on scale
2.14.2. Sample being placed onto ice
2.15. Then use the plunger from a 2 ml syringe to macerate the rest of the tissue through a 70 micron mesh sieve on a 50 ml tube [2.15.1.-CU], followed by a 5 ml PBS wash of the strainer [2.15.2.-CU].
2.15.1. Few seconds tissue being mashed

2.15.2. Few seconds filter being washed

2.16. Centrifuge the filtered cells [2.16.1.-MED-TXT], resuspend the pellet in 500 microliters of cell lysis buffer [2.16.2.-CU] and transfer the cells into a 1.5 ml tube.

2.16.1. Talent placing tube(s) into centrifuge (TEXT: 3 min, 1800 x g, RT)
2.16.2. Shot of pellet, then few seconds pellet being resuspended in lysis buffer, with lysis buffer container label visible in frame if possible

2.16.3. Few seconds transfer the cells into a 1.5 ml tube. (this part was added)
2.17. After 10 minutes at room temperature, wash the cells two times in 500 microliters of PBS [2.17.1.-CU-TXT].

2.17.1. Tube(s) being placed into centrifuge bucket, with PBS container label visible in frame if possible (TEXT: 6 min, 650 x g, RT, x2)

2.18. After the second wash, resuspend the pellet in 100 microliters of 0.2% BSA in PBS [2.18.1.-CU] and add 2 microliters of Fc receptor-1 blocking buffer to the cells [2.18.2.-CU].

2.18.1. Shot of pellet, then few seconds PBS-BSA being added to pellet, with PBS-BSA container label visible in frame

2.18.2. Fc block being added to cells, with Fc block buffer container label visible in frame

2.19. After 15 minutes in the dark at room temperature, [2.19.1.-MED] label the cells with 13 microliters of antibody cocktail for another 15 minutes at room temperature in the dark [2.19.2.-MED-TXT].

2.19.1. Talent adding PBS to cells, with PBS container visible in frame

2.19.2. Talent adding at least one antibody to cells, with antibody/ies container(s) visible in frame (TEXT: See text for suggested Ab cocktail details)

2.19.3 Talent put the tube into the dark. (this part was added)
2.20. At the end of the incubation, wash the cells at least two times in 500 microliters of PBS [2.20.1.-MED] and resuspend the final pellet in 500 microliters of fresh PBS [2.20.2.-CU].

2.20.1. Talent placing centrifuge buckets into centrifuge

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

2.21. Then transfer the cells into a flow cytometry tube on ice [2.21.1.-CU].

2.21.1. Cells being added to tube

2.22. Finally, to analyze the samples by flow cytometry, directly before the flow cytometry measurement [2.22.1.-MED], add 30 microliters of flow cytometric absolute count standard to the cells for determining the absolute cell counts [2.22.2-CU].
2.22.1. Talent bringing sample(s) to flow cytometer
2.22.2. Count standard being added to cells, with count standard container label visible in frame 
2.23. Then analyze the samples on the flow cytometer [2.23.1.-MED-TXT].
2.23.1. Talent loading tube onto flow cytometer (TEXT: spleen, LN, blood: 100,000 events; spinal cord: 500,000 events).
3. Results: Representative EAE-induced spleen, blood, LN and spinal cord immune cell and cytokine mRNA expression analyses
3.1. As this figure illustrates, a transient increase in all of the immune cell populations within the lymph nodes is observed during the acute phase of EAE induction [3.1.1.-LM]. In the spleen, however, only macrophages, B cells, T cells and neutrophils demonstrate an increased infiltration [3.1.2.-LM].
3.1.1. fig2 lymph node.tif: please circle/indicate all data line peaks from 10-14 days
3.1.2. fig2 spleen.tif: please circle/indicate grey, red, green and purple data line peaks/increases from 10-14 days
3.2. In the blood, all of the immune cell populations demonstrate a transient increase in their peripheral circulation during the preclinical phase [3.2.1.-LM-TXT] that corresponds to a similar disease-dependent increase in the lumbar spinal cord during the acute phase of the disease [3.2.2.-LM], excluding the monocyte population [3.2.3.-LM], which presumably differentiates into macrophages after entrance into the spinal cord [3.2.4.-LM].
3.2.1. fig2 blood.tif: please circle/indicate all data line peaks from days 2-10 (TEXT: See text for blood cell collection details)
3.2.2. fig2 spinal cord.tif: please circle/indicate all data line peaks except blue data line from 10-14 days
3.2.3. fig2 spinal cord.tif: please trace/indicate blue data line from 10-14 days
3.2.4. fig2 spinal cord.tif: please trace/indicate grey data line from 10-14 days
3.3. Here the gating-strategy for the evaluation of the different cell populations is shown [3.3.1.-LM]. The numbers of cells are related to the amount of tissue or blood volume analyzed, reflecting the absolute cell count [3.3.2.-LM].

3.3.1. fig4 wolabels.tif: please add/indicate bubbles with cell names (i.e. T cells, neutrophils, B cells, etc)

3.3.2. fig4 wolabels.tif: no animation

3.4. In the lymph nodes, IL-23 mRNA expression is increased during the preclinical phase [3.4.1.-LM], while the expression of IL-6 increases in a disease-dependent manner [3.4.2.-LM].
3.4.1. fig5 lymph node.tif: please circle/indicate blue data line from 4-10 days
3.4.2. fig5 lymph node.tif: please trace/indicate green data line
3.5. In the spleen, IL-6 and IL-23 expression increase in the preclinical phase [3.5.1.-LM], whereas IL-1beta mRNA expression is not affected until the onset of the disease [3.5.2.-LM].
3.5.1. fig5 spleen.tif: please circle/indicate blue and green data lines from 0-4 days
3.5.2. fig5 spleen.tif: please circle/indicate red data line from 6-10 days
3.6. In the blood, the expression of only TNFalpha mRNA is upregulated and in a disease-dependent manner [3.6.1.-LM]. 
3.6.1. fig5 blood.tif: please trace/indicate grey data line
3.7. In the lumbar spinal cord, TNFalpha, IL-1beta and IFNgamma (Pronounce: interferon-gamma) are induced during the acute phase [3.7.1.-LM], whereas IL-6 is upregulated during the onset phase of the disease only [3.7.2.-LM].

3.7.1. fig5 spinal cord.tif: please circle/indicate purple, red and grey data lines from 10-14 days
3.7.2. fig5 spinal cord.tif: please circle/indicate green data line from 6-12 days
4. Conclusion (said by authors on camera)
4.1. Nadja Tafferner: Once mastered, the EAE model, subsequent cell isolation and FACS analysis can be completed in 8 hours for 10 mice if they are performed properly.

4.2. Jennifer Kurz: Following this procedure, other methods like western blot or ELISA, can be performed to confirm the results of the mRNA expression analyses.
4.3. Jennifer Kurz: After its development, this technique paved the way for researchers in the field of multiple sclerosis to explore the mechanisms of demyelination in the central nervous system.
4.4. Susanne Schiffmann: After watching this video, you should have a good understanding of how to induce the EAE model and how to isolate immune cells for reproducible flow cytometry results.
4.5. Natasja deBruin: Don't forget that working with Complete Freund’s Adjuvant can be extremely hazardous and that precautions, such as lifting the skin of the mouse and ensuring the complete skin penetration by the syringe, 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.  

2.3.1 – table Listing the symptoms of the EAE model.pptx – table listing the clinical symptoms

3.1.1 – fig2 lymph node.tif – color graph of immune cell distribution

3.1.2 – fig2 spleen.tif – color graph of immune cell distribution

3.2.1 – fig2 blood.tif – color graph of immune cell distribution

3.2.2 – fig2 spinal cord.tif – color graph of immune cell distribution

3.3.1 – fig4 wolabels.tif – color imaging of FACS analysis

3.4.1 – fig5 lymph node.tif – color graph of mRNA expression

3.5.1 – fig5 spleen.tif – color graph of mRNA expression

3.6.1 – fig5 blood.tif – color graph of mRNA expression

3.7.1 – fig5 spinal cord.tif – color graph of mRNA expression

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.

( 2013, Journal of Visualized Experiments


