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A. Microscopy: Does your protocol involve 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 from the protocol section below will viewers benefit most from having filmed? 
3.2., 3.5., 3.7., 4.1., 4.7.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.4 If the naïve T cell purity is low, it will affect the differentiation in later steps. You can add a purity checking step to ensure that above 90% of sorted naïve T cell are CD4+CD25-CD44loCD62Lhi. 
5.5 If the cells are not thoroughly fixed or permeabilized, the intracellular staining may not work well. To ensure the fixation and permeabilization is well done, you can extend the incubation time up to 60 min and check whether the cell pellet become loose after spinning down, which means successful fixation and permeabilization.
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.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Yongliang Zhang: This method can help answer key questions in the immunology field about which subset of T helper cells is the major source of GM-CSF in the pathogenesis of inflammatory diseases.
1.2. Yongliang Zhang: The main advantage of this technique is that it provides an essential cellular source for the investigation of the regulation and function of the novel T helper GM-CSF cell subset.   

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

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Yongliang Zhang: Demonstrating the procedure will be Yi Lu, a grad student 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.
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) of National University of Singapore.
Protocol: (read by voice talent at JoVE)
2. Murine Splenocyte Preparation
2.1. Begin by using for forceps to lift the skin over the abdomen of a 6-8-week-old mouse [1-WIDE-TXT] and making an about 4-cm incision below the rib cage on the left side of the animal [2-CU].
2.1.1. Talent lifting skin (Videographer: More Talent than mouse in shot) (TEXT: Euthanasia: According to institutional guidelines)

2.1.2. Incision being made

2.2. Open the peritoneal sac to expose the spleen [1-ECU] and use sterile forceps to transfer the spleen onto a 70-micrometer strainer pre-wet with 2 mL of cell isolation buffer [2-MED].
2.2.1. Peritoneum being opened

2.2.2. Talent placing forceps onto strainer, with buffer container visible in frame 
2.3. When 2-3 spleens have been collected, use the end of a 5-mL syringe to macerate the spleen tissue [1-CU] and rinse the strainer several times with 1-2 mL of cell isolation buffer until all of the cells have been flushed into the tube [2-CU].
2.3.1. Spleens being mashed

2.3.2. Strainer being rinsed

2.4. Collect the cells by centrifugation [1-MED-TXT] and resuspend the pellet in 5 mL of 4 °C-ammonium-chloride-potassium lysis buffer [2-CU].

2.4.1. Talent placing tube(s) into centrifuge (TEXT: 5 min, 350 x g, 4 °C)

2.4.2. Shot of pellet if visible, then buffer being added to cells, with ACK buffer container label visible in frame

2.5. After 2 minutes of gentle mixing [1-MED], stop the lysis with 10 mL of complete RPMI medium [2-CU] and immediately centrifuge the cells [3-MED-over the shoulder].
2.5.1. Talent mixing cells

2.5.2. Medium being added to cells, with medium container label visible in frame

2.5.3. Talent placing tube(s) into centrifuge
3. CD4+ T Cell Magnetic Bead Separation
3.1. To isolate the CD4+ T cells, resuspend the white blood cell pellet in 5 mL of cell isolation buffer [1-WIDE] and filter the cell suspension through a 30-micrometer strainer into a new 15-mL tube to remove any debris [2-MED].
3.1.1. Talent resuspending pellet, with buffer container visible in frame

3.1.2. Talent adding cells to strainer
3.2. After counting, resuspend the cells at a 1 x 107 cells/90 microliters of buffer concentration [1-CU] and add 10 microliters of anti-CD4-conjugated magnetic beads per 1 x 107 cells [2-MED] for a 15-minute incubation at 4 °C with mixing every 5 minutes [3-CU].
3.2.1. Shot of pellet if visible, then buffer being added to cells, with buffer container label visible in frame

3.2.2. Talent adding beads to cells, with bead container visible in frame

3.2.3. Bead suspension being mixed
3.3. While the cells are incubating, place a separation column onto a magnetic stand [1-MED] and pre-wet the column with 2 mL of buffer [2-CU].
3.3.1. Talent adding column to stand

3.3.2. Buffer being added to column
3.4. Then wash the cells with 5 mL of buffer [1-MED] and resuspend the pellet in 1 mL of buffer [2-CU].
3.4.1. Talent adding buffer to cells, with buffer container and centrifuge visible in frame if possible

3.4.2. Shot of pellet if visible, then pellet being resuspended in 1 mL of buffer, with buffer container label visible in frame

3.5. Load the sample onto the column [1-MED] and collect the CD4- fraction in a 15-mL conical tube [2-CU].

3.5.1. Talent adding cells to column

3.5.2. Few drops dripping into tube

3.6. When all of the cells have passed through the column, wash the reservoir three times with 1 mL of buffer per wash before it dries [1-MED].

3.6.1. Talent adding buffer to column, with buffer container visible in frame

3.7. After the last wash, transfer the column to a new 15-mL conical tube [1-MED] and plunge the column with 2 mL of cell isolation buffer to expel the positive bead fraction [2-CU].
3.7.1. Talent placing column into tube

3.7.2. Column being plunged

3.8. Then collect the CD4+ cells by centrifugation [1-MED].

3.8.1. Talent adding tube(s) to centrifuge

4. Naïve (CD25-CD44loCD62Lhi) CD4+ T Cell Fluorescence-Activated Cell Sorting (FACS) and Granulocyte Macrophage-Colony-Stimulating Factor (GM-CSF) T Helper (THGM) Cell Differentiation

4.1. For fluorescence-activated cell sorting of the naïve T cells, resuspend the bead-sorted CD4+ cell pellet in 500 microliters of buffer [1-WIDE] and mix the cells with an appropriate fluorescence-conjugated antibody cocktail [2-MED-TXT].

4.1.1. Talent adding buffer to pellet, with buffer container visible in frame

4.1.2. Talent adding antibod(ies) to cells, with antibody containers visible in frame (TEXT: e.g., anti-CD4, anti-CD44, anti-CD25, and anti-CD62L) 
4.2. After 20-30 minutes on ice protected from light [1-CU], wash the cells in 5 mL of fresh buffer [2-MED] and resuspend the pellet in 500 microliters of fresh buffer [3-CU].
4.2.1. Tube(s) being placed onto ice/being covered

4.2.2. Talent adding buffer to cells, with buffer container visible in frame

4.2.3. Shot of pellet if visible, then buffer being added to cells, with buffer container visible in frame

4.3. Filter the cells through a nylon mesh [1-MED] and transfer the cells to a FACS tube pre-coated with 500 microliters of buffer [2-CU].

4.3.1. Talent adding cells to strainer

4.3.2. Cells being added to tube

4.4. Gate to select the CD4+CD25- (C-D-four-positive-C-D-twenty-five-negative) [1-MED-over the shoulder] and CD44loCD62Lhi (C-D-forty-four-low-C-D-sixty-two-ligand-high) cell populations [2-SCREEN].
4.4.1. Talent gating on CD4+CD25- negative cells, with monitor visible in frame

4.4.2. *To be provided by Authors: CD44loCD62Lhi cells being gated
4.5. Then sort the naïve CD4+CD25-CD44loCD62Lhi T cell fractions into a new 15-mL centrifuge tube [1-CU] and pellet the isolated naïve CD4+ T cells by centrifugation [2-MED].

4.5.1. Cells being sorted into tube

4.5.2. Talent placing tube(s) into centrifuge

4.6. For granulocyte-macrophage-colony stimulating factor, or GM-CSF, T helper cell differentiation, resuspend the sorted T cells at a 1 x 106 cells/mL concentration in complete RPMI medium containing 50 micromolar beta-mercaptoethanol [1-CU] and aspirate the anti-CD3epsilon antibody from each well of a precoated 48-well plate [2-MED-TXT].
4.6.1. Shot of pellet if visible, then medium being added to cells, with medium container label visible in frame

4.6.2. Talent aspirating antibody from well(s) (TEXT: See text for anti-CD3epsilon antibody plate coating details)

4.7. Then seed 2.5 x 105 cells into each well along with IL-7, anti-CD28, and anti-IFNgamma [1-MED-over the shoulder] and incubate the cells at 37 °C and 5% CO2 for 3 days [2-MED-TXT].
4.7.1. Talent adding cells to well(s), with cytokine containers visible in frame
4.7.2. Talent placing plate into incubator (TEXT: Do not change medium during incubation)

5. Mouse THGM Cell Analysis 

5.1. On the third day of culture, use a microscope to check the cell differentiation [1-WIDE-TXT] and harvest the cells for centrifugation [2-MED].
5.1.1. Talent at microscope, looking at cells (TEXT: Differentiated cells are larger than naïve CD4+ T cells)

5.1.2. Talent adding cells to tube, with plate visible in frame

5.2. Resuspend the pellet in fresh complete RPMI medium for two washes [1-CU], resuspending the cells in 1 mL of fresh complete medium after the second wash for counting [2-MED].
5.2.1. Shot of pellet if visible, then pellet being resuspended in RPMI medium, with medium container label visible in frame

5.2.2. Talent adding medium to cells, with hemocytometer visible in frame
5.3. Split the cells into three equal volumes [1-CU] and re-stimulate the first aliquot of cells with PMA and ionomycin in the presence of a protein transport inhibitor for 4-6 hours [2-CU]. 
5.3.1. Cells being added to three tubes labelled “Intracellular staining”, “qPCR”, and “Cytokine secretion”

5.3.2. PMA and/ionomycin being added to intracellular staining tube, with PMA, ionomycin, protein transport inhibitor containers visible in frame
5.4. At the end of the stimulation, harvest the cells [1-MED] for staining with anti-CD4 antibody [2-CU].
5.4.1. Talent adding cells to FACS tube(s)

5.4.2. Antibody being added to tube(s), with antibody container label visible in frame
5.5. After 30 minutes, fix the cells with 200 microliters of fixation buffer for 20-60 minutes [1-MED] followed by two washes in 1 mL of permeabilization buffer per wash [2-MED-over the shoulder].
5.5.1. Talent adding fixation buffer to tube(s)

5.5.2. Talent placing tube(s) into centrifuge
5.6. Then stain for intracellular cytokine expression for 30 minutes in the dark [1-MED-TXT].

5.6.1. Talent adding antibod(ies) to tube(s), with antibody containers visible in frame (TEXT: e.g., GM-CSF, IL-17A, IL-4, IFNgamma)

5.7. For quantitative PCR analysis of the differentiated cell cytokine gene expression, activate the cells with plate-bound anti-CD3epsilon for three hours [1-MED-over the shoulder]. 
5.7.1. Talent adding cells to well(s)

5.8. Then use a phenol RNA extraction reagent to isolate the total RNA to allow cDNA preparation for quantitative PCR [1-CU-TXT].
5.8.1. Extraction reagent being added to cells, with extraction reagent container label visible in frame (TEXT: See text for primer and qPCR program details)
5.9. To assess the cytokine protein secretion by the differentiated cells, re-stimulate the cells with plate-bound anti-CD3epsilon for 24 hours [1-MED] and analyze the culture supernatants for IL-17 and GM-CSF by ELISA [2-CU].
5.9.1. Talent adding cells to well(s)

5.9.2. ELISA kit for IL-17 or GM-CSF being opened next to plate of stimulated cells 
6. Results: THGM Cytokine Profile Analysis
6.1. About 55% of cells cultured under GM-CSF T helper cell differentiation conditions express GM-CSF [1-LM], whereas only about 2% of cells differentiated under T helper-17 conditions express this cytokine [2-LM].
6.1.1. Figure 1A.psd: Video Editor: please emphasize bottom right quadrant of both THGM graphs

6.1.2. Figure 1A.psd: Video Editor: please emphasize bottom right quadrant of both TH17 graphs

6.2. Compared to T helper-17 differentiation conditions that result in IL-17 production by about 8% of cells [1-LM], GM-CSF T helper cell differentiation conditions induce IL-17 expression in only about 1% of cells [2-LM].

6.2.1. Figure 1A.psd: Video Editor: please emphasize top left quadrant of TH17 IL-17 graph
6.2.2. Figure 1A.psd: Video Editor: please emphasize top left quadrant of THGM IL-17 graph

6.3. Notably, only a fraction of cells expresses [1-LM] IFNgamma or IL-4 under either culture condition [2-LM]. 
6.3.1. Figure 1B.psd: Video Editor: please emphasize bottom right quadrant of both graphs
6.3.2. Figure 1B.psd: Video Editor: please emphasize top left quadrant of both graphs
6.4. GM-CSF T helper-differentiated cells demonstrate a significantly higher expression of Csf2 mRNA [1-LM] but a much lower expression of Il17 compared to the T helper 17 cells [2-LM].

6.4.1. Figure 2A.psd: Video Editor: please add bracket and asterisks to Csf2 graph as in original Figure 2A

6.4.2. Figure 2A.psd: Video Editor: please add bracket and asterisks to IL17 graph as in original Figure 2A

6.5. This correlates with the GM-CSF protein expression observed in culture supernatants from T helper GM-CSF and T helper 17 cells [1-LM], with three times the concentration of the cytokine detected in T helper GM-CSF cell cultures [2-LM] and no measurable IL-17 at all [3-LM].
6.5.1. Figure 2B.psd: Video Editor: please emphasize both data bars in GM-CSF graph

6.5.2. Figure 2B.psd: Video Editor: please add bracket and asterisks to GM-CSF graph as in original Figure 2B
6.5.3. Figure 2B.psd: Video Editor: please add bracket and asterisks to TH17 graph as in original Figure 2B

6.6. T helper GM-CSF cells also exhibit a significantly lower expression of Rorc [1-LM] a higher Stat5 expression [2-LM], and a slightly lower expression of Stat3 than T helper 17 cells [3-LM], indicating that although T helper cell GM-CSF and IL-17 differentiation are governed by different transcriptional factors, they may share some common features [4-LM].
6.6.1. Figure 3.psd: Video Editor: please add bracket and asterisk to Rorc graph as in original Figure 3

6.6.2. Figure 3.psd: Video Editor: please add bracket and asterisks to Stat5 graph as in original Figure 3

6.6.3. Figure 3.psd: Video Editor: please add bracket and NS to Stat3 graph as in original Figure 3

6.6.4. Figure 3.psd: no animation
7. Conclusion (said by authors on camera):
7.1. Yi Lu: While attempting this procedure, it’s important to remember to perform all of the steps in biological safety cabinet to keep the cells and the reagents sterile [1-MED].
7.1.1. Can use 3.1.2. Talent filtering cells at BSC
7.2. Yi Lu: Following this procedure, other methods, like transcriptome analysis, can be performed to answer additional questions such as, what are the important genes expressed by THGM cells?
7.3. Yi Lu: After its development, this technique paved the way for researchers in the field of immunology to explore how T cell-derived GM-CSF contributes to inflammation in rodents.

7.4. Yi Lu: Don't forget that working with beta-mercaptoethanol and phenol RNA extraction reagents can be extremely hazardous and that precautions, such as using fume hood, should always be taken while using these reagents.   

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
Insert the filenames of all the media to be included into the video here.
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 in the email accompanying the finalized script.
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