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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include 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? 
3.4, 3.11; 3.12, 3.13
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.4.: Removing solutions from the insert without touching the membrane.
E.  Will the filming need to take place in multiple locations? Y, in different labs within the same building




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 transmigration assay is to investigate lymphocyte extravasation into the central nervous system in vitro. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Tilman Schneider-Hohendorf: This method can help in furthering our understanding of inflammatory diseases of the central nervous system and in the development of new therapeutic approaches.
1.2. Andreas Schulte-Mecklenbeck: Some advantages of this technique are that it is easily accessible and that it allows the analysis of rare lymphocyte populations on a single-cell level.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Tilman Schneider-Hohendorf: This method can provide insight into lymphocyte transmigration across the blood-brain barrier and can be applied to the study of transmigration via the blood-cerebral spinal fluid barrier.
1.4. Andreas Schulte-Mecklenbeck: In addition, Evans blue permeation analysis can be performed to assess the integrity of the blood-brain barrier model.
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 human subjects have been approved by the Ethik-Kommission der Ärztekammer Westfalen-Lippe and the Ethik-Kommission der Medizinischen Fakultät der Westfälischen Wilhelms-Universität Münster.

Protocol (read by voice talent at JoVE):

2. Human Brain Microvascular Endothelial Cell (HBMEC) Culture

2.1. Begin by covering the bottom of a T25 cell culture flask with 2 mL of freshly-prepared fibronectin solution [1-WIDE-TXT] for an at least 3 hour incubation in a cell culture incubator at 37 °C and 5 % CO2 [2-MED-TXT].

2.1.1. Few seconds Talent adding solution to flask, with fibronectin container visible in frame (TEXT: See text for all medium/reagent preparation details)
2.1.2. Talent placing flask into incubator (TEXT: Optional: Store fibronectin-coated ≤2 wks @ 37 °C, 5% CO2)
2.2. At the end of the incubation, replace the fibronectin solution with 7.2 x 104 human brain microvascular endothelial cells, or HBMEC (Pronounce: H-B-meck) in 6 mL of complete ECM-b (Pronounce: E-C-M-B) medium [1-MED-TXT] and return the flask to the incubator [2-CU-TXT].

2.2.1. Few seconds Talent adding cells to flask, with medium container visible in frame (TEXT: ECM-b: endothelial cell medium-basal)
2.2.2. Flask being placed into incubator (TEXT: Change medium every 3 d)

2.3. When the HBMEC reach an 80% confluency, transfer the supernatant to a 15 mL conical tube [1-MED] and wash the adherent cells three times with 5 mL of PBS [2-CU-TXT].

2.3.1. Few seconds Talent adding supernatant to tube, with flask visible in frame (TEXT: Check cell growth daily by microscope)
2.3.2. Few seconds cells being washed with PBS, with PBS container label visible in frame  

2.4. After the third wash, add 2 mL of pre-warmed accutase solution to the cells for 2 minutes at 37 °C [1-MED]. Then firmly tap the flask several times [2-CU], confirming the cell detachment by light microscopy [3-MED].

2.4.1. Few seconds Talent adding accutase to flask, with accutase container visible in frame
2.4.2. Few seconds flask being tapped
2.4.3. Few  seconds Talent placing flask onto microscope/checking flask

2.5. When the cells begin to lift from the bottom of the flask, use the harvested supernatant to rinse the flask repeatedly until most of the HBMEC are re-suspended [1-CU].

2.5.1. Few seconds cells being washed, with supernatant tube visible in frame if possible 

2.6. Then transfer the cell suspension to a 15 mL conical tube for centrifugation [1-MED-TXT] and resuspend the pellet in 1 mL of fresh ECM-b medium for counting [2-CU].

2.6.1. Few seconds Talent adding cells to tube (TEXT: 10 min, 300 x g, room temperature) 
2.6.2. Shot of pellet if visible, then few seconds cells being resuspended, with medium container label visible in frame 
3. Transmigration Assay 

3.1. To prepare the cell culture inserts for a transmigration assay, first add 100 microliters of fibronectin solution to each insert [1-WIDE-TXT] and to one well of a 96 well flat-bottom plate [2-MED-over the shoulder-TXT].

3.1.1. Few seconds Talent adding fibronectin to at least one insert, with fibronectin container visible in frame (TEXT: Do not touch cell culture insert membrane)
3.1.2. Few seconds Talent adding fibronectin to well 	(TEXT: i.e. optical control well)

3.2. After 3 hours at 37 °C, replace the fibronectin solution with 100 microliters of HBMEC [1-CU-TXT] and add 600 microliters of fresh ECM-b medium to the lower compartments of the cell culture inserts [2-CU].

3.2.1. Few seconds HBMEC being added to one insert, with HBMEC container visible in frame if possible (TEXT: 3 x 105 HBMEC/mL)
3.2.2. Few seconds medium being added to lower compartment, with medium container label visible in frame if possible
 
3.3. Then return the plates to the cell culture incubator for 3-4 days [1-MED].

3.3.1. Talent placing plate into incubator

3.4. To test whether barrier integrity has been reached, aspirate the medium from the lower and upper compartments of one cell culture insert [1-MED-over the shoulder-TXT] and add 100 microliters of freshly-prepared Evans blue solution to the insert [2-CU].

3.4.1. Few seconds Talent aspirating medium from at least one insert (TEXT: Confirm growth by microscope evaluation of optical control well)
3.4.2. Few seconds Evans blue being added to insert

3.5. Add 600 microliters of PBS supplemented with B27 (Pronounce: B-twenty-seven) to the lower compartment [1-CU] and return the plate to the incubator [2-MED].

3.5.1. PBS being added to well, with PBS + B27 container label visible in frame if possible slated as 3.5.2
3.5.2. Talent placing plate into incubator slated as 3.5.2 take 2

3.6. “To prevent dissolution of the endothelial cell monolayer from the porous membrane, it is important to always aspirate the old medium before adding the new medium.” [1-MED-interview style]

3.6.1. Andreas Schulte-Mecklenbeck, speaking the above interview style (looking just off-camera)

3.7. After one hour, use forceps to carefully remove the insert [1-MED] and transfer 100 microliters of PBS-B27 from the lower compartment into two individual wells of a black polystyrol 96 well flat-bottom plate [2-MED].

3.7.1. Few seconds insert being removed
3.7.2. Few seconds Talent adding PBS+B27 to at least one well, with PBS+B27 container label visible in frame
 
3.8. Then load the plate into a multimode microplate reader [1-MED] and determine the optimal z-position [2-MED-over the shoulder].

3.8.1. Few seconds Talent loading plate onto reader
3.8.2. Few seconds Talent at computer, determining optimal z-position, with monitor visible in frame

3.9. To determine the HBMEC barrier function, measure the excitation of the Evans blue dye solution using the appropriate settings [1-SCREEN-TXT] and compare the acquired data to a standard curve depicting Evans blue permeation across the HBMEC at different time points after seeding [2-SCREEN].

3.9.1. *To be provided by Authors: Few seconds Evans blue dye excitation being measured (TEXT: See text for Evans blue excitation measurement parameter details) Author note: “I would suggest to just show the settings screenshot, the video does not provide any useful information”
3.9.2. *To be provided by Authors: Shot of acquired data against standard curve of Evans blue permeation  Author note: Use Figure 1B

3.10. After confirming the formation of the cell monolayer, resuspend the peripheral blood mononuclear cell, or PBMC (Pronounce: P-B-M-C), sample to a 5 x 106 cells/mL concentration in RPMI medium supplemented with B27 [1-MED].

3.10.1. Few seconds Talent adding medium to cells, with medium and B27 containers visible in frame

3.11. Next, aspirate the medium from the lower and upper compartments of the appropriate number of cell culture inserts containing the confluent HBMEC monolayers [1-CU] and add 100 microliters of PBMC per donor to the cell culture inserts [2-CU] and to one well of a 24 well plate per in vitro control [3-CU].

3.11.1. Few seconds medium being aspirated from bottom compartment, with empty upper compartment visible in frame
3.11.2. Few seconds cells being added to insert
3.11.3. Few seconds cells being added to 24 well plate well

3.12. Add 600 microliters of RPMI plus B27 to the lower compartments of the cell culture inserts [1-CU] and 500 microliters to the in vitro control wells [2-CU] and return the plates to the cell culture incubator for 6 hours [3-MED].

3.12.1. Few seconds medium being added to lower compartment
3.12.2. Few seconds medium being added to control well
3.12.3. Talent placing plate(s) in incubator

3.13. At the end of the incubation, use forceps to remove the cell culture inserts [1-MED], carefully rinsing the bottoms with 400 microliters of PBS without touching the membranes [2-CU].

3.13.1. Few seconds Talent removing at least one insert combined with 3.13.2
3.13.2. Few seconds one insert being washed with PBS included in 3.13.1

3.14. [bookmark: _GoBack]Then thoroughly mix 20 microliters of flow-count fluorospheres with the cells in the experimental and in vitro control wells [1-MED-over the shoulder] and transfer 1 mL of the resulting PBMC suspensions to the appropriate corresponding flow cytometry tubes [2-MED].

3.14.1. Few seconds Talent mixing fluorospheres into at least one well, with fluorosphere container visible in frame
3.14.2. Few seconds Talent adding cells to at least one tube

3.15. Collect the cells by centrifugation [1-MED-TXT] and add the fluorochrome-conjugated antibodies of interest in 100 microliters of flow cytometry buffer to each sample [2-CU-TXT].

3.15.1. Talent adding tube(s) to centrifuge (TEXT: 5 min, 300 x g, room temperature) 
3.15.2. Few seconds antibod(ies) being added to at least one tube (TEXT: e.g. anti-CD4, -CD3, -CD56, -CD8, -CD16)

3.16. After 30 minutes at 4 °C, wash the cells with 250 microliters of fresh flow cytometry buffer [1-MED] and resuspend the pellets in the appropriate volume of flow cytometry buffer for analysis [2-CU].

3.16.1. Few seconds Talent adding tube(s) to centrifuge bucket, with buffer container visible in frame
3.16.2. Shot of pellet(s) if visible, then few seconds cells being resuspended

4. Flow Cytometry Data Analysis

4.1. When all of the data have been acquired, open the appropriate flow cytometry analysis software [1-WIDE].

4.1.1. Few seconds Talent at computer, opening software, with monitor visible in frame

4.2. To analyze the NK cell subset transmigration, first select the lymphocytes in a side versus forward scatter channel plot [1-LM] and display the cells in a CD3 versus CD56 dot plot [2-LM]. 

4.2.1. Figure 1C FSC vs SSC.ai: please add/outline/indicate oval gate
4.2.2. Figure 1C CD56 vs CD3.ai: no animation

4.3. Then select the CD56+CD3- NK cells. 

4.3.1. Figure 1C CD56 vs CD3.ai: please add/outline/indicate rectangle gate

4.4. To distinguish between the transmigrated NK cell subsets, display the cells in a CD56 versus CD16 plot [1-LM] and gate for the CD56brightCD16dim/- [2-LM] and CD56dimCD16+ cells [3-LM].

4.4.1. Figure 1C CD56 vs CD16.ai: no animation
4.4.2. Figure 1C CD56 vs CD16.ai: please add/outline/indicate top left bigger gate
4.4.3. Figure 1C CD56 vs CD16.ai: please add/outline/indicate bottom right bigger gate

4.5. Then select the flow-count fluorospheres from a forward versus side scatter plot [1-SCREEN]. 

4.5.1. *To be provided by Authors: Shot of fwd vs side scatter plot, then flourospheres being gated

4.6. To determine the bead number, display the selected data in a plot of a channel covering an emission wave length between 525 and 700 nm versus time [1-LM-TEXT].

4.6.1. Figure 1C FL3 vs time.ai: TEXT: See text for total cell number calculation details

4.7. Finally, determine the percentage of migrated NK cells as the ratio between the total number of migrated cells and the total number of cells in the in vitro control [1-LM].

4.7.1. Authors: please submit the NK cells graph from figure 1D as its own .ai, .tif or .psd file though the submission link: please indicate red data bar in left/NK cells graph

5. Results: Differential NK Cell Subset Migration Across Inflamed and Control HBMEC Monolayers

5.1. Following 3-4 days of culture, the HBMEC express the tight junction molecule zona occludens-1 [1-LM] and grow in monolayers that exhibit transendothelial electrical resistance [2-LM] and a reduced Evans blue dye permeation [3-LM].

5.1.1. Authors: please submit the ZO-1 image from figure 1B as its own .ai, .tif or .psd file though the submission link: please outline/indicate at least one red line
5.1.2. Figure 1B TEER.ai: please add/trace/indicate data line OR no animation
5.1.3. Figure 1B Evans Blue.ai: please encircle/indicate data from 24-96 hours (please do not include arrow) 

5.2. Stimulation of the endothelial cell monolayer with IFNgamma and TNFalpha for 24 hours prior to a whole PBMC transmigration assay results in an increased migration of all of the analyzed lymphocyte populations [1-LM].

5.2.1. Figure 1D+E.ai: please add asterisks over all red data bars

5.3. Interestingly, CD56brightCD16dim/- NK cells exhibit a higher migratory capacity [1-LM] than CD56dimCD16+ NK across both unstimulated and cytokine-activated HBMEC [2-LM], although the relative increase of transmigration through an inflamed cell monolayer is higher for the CD56dim cells overall [3-LM], mimicking the in vivo observations that CD56brightCD16dim/- NK cells are enriched in the intrathecal compartment [4-LM].

5.3.1. Figure 1D.ai: please indicate middle graph
5.3.2. Figure 1D.ai: please indicate right graph
5.3.3. Figure 1D.ai: please indicate red data bar in right graph
5.3.4. Figure 1D.ai: no animation

6. Conclusion (said by authors on camera)
6.1. Andreas Schulte-Mecklenbeck: Once mastered, this technique can be completed within 10 hours.
6.2. Andreas Schulte-Mecklenbeck: Pre-treatment of the in vitro transmigration setup with IFNgamma and TNFalpha enables the study of lymphocyte migration under inflammatory conditions.
6.3. Tilman Schneider-Hohendorf: Our protocol may be modified by applying shear forces or by co-cultivation with other cells of the blood-brain barrier, like astrocytes, to provide a refined model for lymphocyte transmigration into the central nervous system.
6.4. Tilman Schneider-Hohendorf: After watching this video, you should have a good understanding of how to investigate lymphocyte transmigration using an in vitro model of the human blood-brain barrier.

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.  

Authors: Please provide the ZO-1 image from Figure 1B as its own .ai, .tif or .psd file through the submission link
Figure 1B Evans Blue.ai
Figure 1B TEER.ai
Figure 1C CD56 vs CD3.ai
Figure 1C CD56 vs CD16.ai
Figure 1C FSC vs SSC.ai
Authors: please submit the NK cells graph from figure 1D as its own .ai, .tif or .psd file though the submission link
Figure 1D.ai
Figure 1D+E.ai

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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