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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? 2.1.-2.5. on careful layering of blood samples on density gradient to ensure high purity isolation of mononuclear cells

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  A) Step 2.2. (highlighted): layering of blood samples on the density gradient within the 50ml centrifuge tube 

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 experiment is to assess the immunomodulatory properties of human mesenchymal stem cells, or MSCs (Pronounce: M-S-C’s). (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. B. Linju Yen: This method can help elucidate the mechanisms involved in human mesenchymal stem cell immunomodulation, a property that may have therapeutic relevance. 

1.2. B. Linju Yen: The main advantage of this technique is that both the occurrence of effector leukocyte proliferation and the number of cell divisions can be assessed. 

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. B. Linju Yen: Demonstrating the procedure will be Pei-Ju Hsu, a technician from my laboratory.  

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)
Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at the National Health Research Institutes (NHRI).
Protocol (read by voice talent at JoVE):
2. Peripheral blood mononuclear cell (PBMC) isolation

2.1. To isolate PBMCs, begin by diluting 25 ml of a heparinized whole blood sample with 25 ml of PBS in a 50 ml conical tube [2.1.1.-WIDE].
2.1.1. Few seconds Talent diluting blood with PBS, with PBS container visible in frame if possible
2.2. Next, add 15 ml of Ficoll-Paque density gradient to a new 50 ml tube [2.2.1.-MED-TXT]. Then, holding the tube at an angle, slowly layer the diluted cell suspension over the density gradient, taking care that there is no mixing of the layers [2.2.2.-CU].
2.2.1. Few seconds Talent adding Ficoll-Paque to 50 ml tube, with Ficoll-Paque container visible in frame if possible
2.2.2. Shot of tube held at angle, then few seconds cells being layered over density gradient
2.3. B. Linju Yen “One of the most critical steps in this experiment is the layering of the blood without disturbing the density gradient. This is essential for ensuring a high purity, low red blood cell contamination of the isolated PBMCs.” [2.3.1.-MED-interview style].

2.3.1. B. Linju Yen speaking the above, interview style [looking off camera] 

2.4. Now separate the cells by centrifugation [2.4.1.-MED-TXT]. Three distinct layers should be apparent [2.4.2.-CU]: the upper, plasma layer [2.4.3.-CU], the bottom, Ficoll-Paque density gradient layer [2.4.4.-CU], and a thin, middle PBMC layer [2.4.5.-CU].
2.4.1. Talent placing tube(s) into centrifuge (TEXT: 30-40 min, 400 × g, 20°C, no brake)
2.4.2. Shot of layers in tube (Shot will be used again)
2.4.3. Use 2.4.2. (Video Editor: please indicate upper diluted plasma layer which also includes the added PBS)
2.4.4. Use 2.4.2. (Video Editor: please indicate bottom density gradient layer)
2.4.5. Use 2.4.2. (Video Editor: please indicate middle PBMC layer)
2.5. Using a Pasteur pipette, remove the upper layer, taking care not to aspirate the interphase layer [2.5.1.-CU].
2.5.1. Few seconds upper layer being removed 
2.6. Then use a 10 ml pipette to carefully transfer the PBMCs to a 50 ml conical tube [2.6.1.-CU].
2.6.1. Few seconds interface being collected
2.7. Mix the cells with 20 ml of PBS [2.7.1.-CU] and then spin them down to remove any traces of density gradient [2.7.1.-CU-TXT].
2.7.1. Few seconds cells being mixed with PBS, with PBS container label visible in frame
2.7.2. Tube(s) being placed into centrifuge bucket(s) (TEXT: 10 min, 300 x g, 20°C)
2.8. Then wash the pellet in another 20 ml of PBS to remove the platelets [2.8.1.-CU-TXT], resuspending the second pellet in complete leukocyte medium at a 1x107 cells/ml concentration [2.8.2.-CU].
2.8.1. Shot of pellet if visible, then few seconds PBS being added to cells, with PBS container label visible in frame (TEXT: 10-15 min, 200, x g, 20°C)

2.8.2. Shot of pellet if visible, then few seconds medium being added to cells, with medium container label visible in frame
3. MSC: leukocyte co-culture and leukocyte activation 
3.1. To set up an MSC-leukocyte co-culture, pre-warm complete MSC medium to 37°C for no more than 30 minutes [3.1.1.-WIDE].
3.1.1. Talent placing medium at 37°C
3.2. Then seed 5x104 MSC/1 ml of complete MSC medium per well in 24-well plates [3.2.1.-MED-over the shoulder-TXT/WIDE] for overnight attachment at 37°C, allowing the cells to reach 80% confluence [3.2.2.-MED].
3.2.1. Talent adding cells to at least one well, with MSC medium container visible in frame (Videographer: Multiple takes; shot will be used again) (Video Editor: use MED for this step) (TEXT: 25,000 MSC/cm2) 
3.2.2.  Talent placing plate in incubator
3.3. The next morning, aspirate the medium [3.3.1.-CU] and add the appropriate number of CFSE-labeled PBMCs to the MSC in 1 ml of complete leukocyte medium at a 1:10 MSC to PBMC ratio [3.3.2.-CU-TXT].
3.3.1. Few seconds medium being aspirated from at least one well
3.3.2. PBMC being added to one/a few wells, with PBMC container label visible in frame (TEXT: See text for PBMC CFSE-labeling details)  
3.4. Activate the cells with 10 micrograms of PHA (Pronounce: P-H-A)/ml of complete leukocyte medium [3.4.1.-CU-TXT].
3.4.1. PHA being added to at least one well, with PHA container label visible in frame (TEXT: PHA = phytohemagglutinin)
3.5. Then, on days 3 and 5 of co-culture, transfer the appropriate number of co-cultures to round-bottom FACS tubes [3.5.1.-MED] and assess the proliferation of the CFSE-labeled leukocytes by flow cytometric analysis [3.5.2.-MED-TXT].
3.5.1. Talent adding cells to at least one tube, with FACS tubes and plate both visible in frame
3.5.2. Talent loading tube onto flow cytometer OR Talent carrying rack of FACS tubes out of lab or similar (TEXT: Negative control: PBMC alone; Positive control: PBMC + PHA) (Shot will be used again)
4. Variation: Effector suppression assay 
4.1. To perform an effector suppression assay, begin by setting up an MSC-PBMC co-culture as just demonstrated with 2.5 x 106 PBMCs cocultured with 250,000 MSCs to ensure enough MSC-cocultured PBMCs for subpopulation selection [4.1.1.-WIDE].

4.1.1. Use 3.2.1. Talent adding MSC to plate

4.2. After 48-72 hours at 37°C, select the MSC-induced, immunomodulatory leukocytes of interest with the appropriate magnetic beads [4.2.1.-CU].

4.2.1. Beads being added to tube, with bead container label visible in frame
4.3. Then add CFSE-labeled allogeneic CD4+ T cells in 1 ml of complete leukocyte medium per well at various experimental ratios [4.3.1.-CU-TXT].
4.3.1. T cells being added to at least one well, with T cell container label visible in frame (TEXT: See text for CD4+ T cell generation/CFSE-labeling details)

4.4. Next, add anti-CD3-28-conjugated microbeads at a 1:1 bead-to-cell ratio to stimulate the CD4+ T cells [4.4.1.-CU-TXT].

4.4.1. Beads being added to at least one well (TEXT: Negative control: CD4+ T cells only; Positive control: CD4+ T cells + anti-CD3/28-conjugated microbeads)

4.5. On the 3rd day of co-culture, assess the proliferation of the CFSE-labeled CD4+ T cells by flow cytometry [4.5.1.-MED].

4.5.1. Use 3.5.2. Tube being loaded onto cytometer/Talent carrying rack of tubes out of room
5. Results: Representative suppressive effects of MSC on leukocyte proliferation
5.1. MSCs are adherent cells with a fibroblastic, spindle-shaped morphology [5.1.1.-LM] and PBMCs and leukocytes are small, round, non-adherent cells [5.1.2.-LM], which allows the clear distinction of these two cell populations in a co-culture [5.1.3.-LM].

5.1.1. Fig 2 R4 300dpi.jpg: please highlight/indicate MSCs only image

5.1.2. Fig 2 R4 300dpi.jpg: please highlight/indicate Leukocytes only image

5.1.3. Fig 2 R4 300dpi.jpg: please highlight/indicate Co-culture images

5.2. When there is no proliferation, CFSE-labeled cells are observed as one highly positive and sharply fluorescent peak [5.2.1.-LM]; when the cells have been activated, proliferation manifests as multiple smaller peaks with a loss and left-shift of the fluorescence intensity [5.2.2.-LM]. 
5.2.1. 5.2.1-Fig 3 A & C only_CFSE positive & negative control.psd: please highlight/indicate left graph OR add histogram to left graph

5.2.2. 5.2.1-Fig 3 A & C only_CFSE positive & negative control.psd: please highlight/indicate right graph OR add histogram to right graph
5.3. When proliferation suppression has occurred, for example, in an MSC co-culture, the multiple smaller peaks decrease in number with a concomitant increase in fluorescent intensity [5.3.1.-LM], as evidenced by the shifting of the peaks to the right [5.3.2.-LM] and increases in the sharpness of the right-most peak, which represents the non-dividing cells [5.3.3.-LM].
5.3.1. 5.3.1-Fig 3 B & D only CFSE with MSC co-culture.psd
: please highlight right graph

5.3.2. 5.3.1-Fig 3 B & D only CFSE with MSC co-culture.psd: please outline/circle smaller left peaks in right graph

5.3.3. 5.3.1-Fig 3 B & D only CFSE with MSC co-culture.psd: please outline/indicate taller right peak in right graph

5.4. In an effector suppression assay, the suppressive effect of the MSC on CD4+ T cell proliferation can be further assessed in a dose-dependent manner [5.4.1.-LM].

5.4.1. 5.4.1-Fig 5 histograms only-CFSE dose dep.psd
: please highlight/indicate S-CD4+ + M-CD14+ histograms (e.g., 1:1 – 1:10)

6. Conclusion (said by authors on camera)
6.1. B. Linju Yen: Once mastered, this the co-culture can be completed over 3-5 days and the subsequent flow cytometric analyses can be completed in 4-6 hours if everything is performed properly.
6.2. B. Linju Yen: While attempting this procedure, it’s important to remember to use MSC that have not been overly expanded, since functional parameters, including immunomodulatory effects, can be detrimentally affected when the cells have become senescent and growth restricted.
6.3. B. Linju Yen: Following this procedure, other methods like FACS-sorting of MSC-expanded leukocyte populations, can be performed to answer additional questions about the functional characteristics of these expanded leukocytes.
6.4. B. Linju Yen: After its development, the CFSE staining technique paved the way for researchers in the field of immunology to explore leukocyte effector function in vitro in a robust, rapid and non-radioactive fashion.
6.5. B. Linju Yen: After watching this video, you should have a good understanding of how to assess mesenchymal stem cell immunomodulation, through the analysis of activated leukocyte suppression and through measurement of the changes in the percentages of specific leukocyte populations.
6.6. B. Linju Yen: Don't forget that working with human cells can be hazardous and that precautions, such as working in a Class II biosafety cabinet, 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.  

Fig 2 R4 300dpi.jpg
5.1.1-Fig 2 R4 300dpi_phase contrast of MSCs & leukocytes.jpg

5.2.1-Fig 3 A & C only_CFSE positive & negative control.psd

5.3.1-Fig 3 B & D only CFSE with MSC co-culture.psd

5.4.1-Fig 5 histograms only-CFSE dose dep. psd
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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