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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? Y
C. Which steps of your protocol will viewers benefit most from having filmed? 
2.5., 2.6., 2.7.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 3.12. Use a pseudocolor density plot to ensure accurate gating of the mixed common myeloid progenitors and mixed granulocyte-monocyte progenitors
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 protocol is to identify and isolate major subsets of myeloid progenitors from mouse bone marrow. (Intro)
B. Required Interview Statements: (Said by you on camera. Don’t forget to smile!) 
1.1. Helen Goodridge: This method could be helpful for hematologists and immunologists studying the production and function of myeloid cells, including neutrophils, monocytes, and dendritic cells. 
1.2. Alberto Yanez: The main advantage of this technique is that it enables a more precise identification of myeloid progenitor subsets than previous strategies.  
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!)
E. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Cedars-Sinai Medical Center.
Protocol: (read by voice talent at JoVE)
2. Magnetic-Activated Cell Sorting (MACS) for Progenitor Enrichment

2.1. To enrich bone marrow cells for progenitors by magnetic-activated cell sorting, or MACS (macks), pellet the cells by centrifugation [1-WIDE-TXT] and resuspend the pellet in 40 microliters of MACS staining buffer per 1x107 bone marrow cells [2-CU-TXT].

2.1.1. Talent adding tube(s) to centrifuge (TEXT: 5 min, 280 x g, 4 °C)
2.1.2. Shot of pellet if visible, then cells being resuspended in buffer, with buffer container label visible in frame (TEXT: See text for all medium/reagent preparation details)

2.2. To deplete differentiated lineage-positive cells, add 10 microliters of biotin-antibody cocktail per 1x107 cells [1-MED] and mix by pipetting for a 10-minute incubation at 4 °C [2-CU].
2.2.1. Talent adding antibody to cells, with antibody cocktail container visible in frame

2.2.2. Cells being mixed and placed in the refrigerator
2.3. At the end of the incubation, add 30 microliters of staining buffer per 1 x 107 cells with mixing [1-MED] followed by 20 microliters of anti-biotin microbeads per 1x107 cells [2-CU-TXT].
2.3.1. Talent adding buffer to cells, with buffer container visible in frame

2.3.2. Microbeads being added to cells, with microbead container label visible in frame (TEXT: Vortex beads to achieve homogenous distribution before addition)
2.4. After 15 minutes at 4 °C, wash the cells with 1 mL of staining buffer per 1x107 cells [1-MED] and resuspend the pellet in 500 microliters of fresh staining buffer for up to 1x108 cells [2-CU-TXT].

2.4.1. Talent adding tube(s) to centrifuge

2.4.2. Shot of pellet if visible, then cells being resuspended in buffer, with buffer container label visible in frame (TEXT: See text for volumes >1x108 cells)

2.5. Next, set up the automated magnetic separator according to the manufacturer’s instructions [1-MED] and place the tube of labeled cells into the separator [2-CU].

2.5.1. Talent setting up separator

2.5.2. Tube being placed into separator

2.6. Begin the negative selection program [1-CU] to collect the negative fraction, which contains the progenitor-enriched lineage-negative cells [2-CU-TXT].
2.6.1. Negative selection program being selected/started

2.6.2. Cells being collected into tube, with “Lin-“ label visible on tube as possible (TEXT: Discard positive fraction/magnetically-labeled Lin+ cells)
2.7. Pellet the lineage-negative cells by centrifugation [1-MED] and resuspend the pellet, which is now white, in 2 mL of staining buffer per mouse for counting [2-CU-TXT].

2.7.1. Talent placing tube(s) into centrifuge

2.7.2. Shot of pellet if visible (TEXT: e.g., 4 mL for bone marrow pooled from 2 mice), with hemocytometer visible in frame if possible
3. Fluorescence-Activated Cell Sorting (FACS) for Myeloid Progenitor Identification and Isolation
3.1. To isolate the myeloid progenitor cells by FACS (facks), add 1x105 lineage-negative cells to each of 8 control microcentrifuge tubes for voltage selection and color compensation [1-WIDE-TXT] and add the rest of the cell sample to a ninth microcentrifuge tube for staining with all seven of the surface marker antibodies of interest for progenitor identification and sorting [2-MED].
3.1.1. Talent adding cells to tube(s) [TEXT: i.e. unstained cells and single-stained anti-FcgammaR (CD16/32), anti-c-Kit, anti-Sca-1, anti-CD34, anti-Flt3 (CD135), anti-Ly6C, anti-CD115]

3.1.2. Talent adding cells to last tube
3.2. Pellet the cells by centrifugation [1-MED-TXT] and resuspend the control pellets in 100 microliters of FACS staining buffer [2-CU] and the experimental sample pellet in 100 microliters of staining buffer per 5 x 106 cells [3-MED].
3.2.1. Talent adding tube(s) to centrifuge bucket (TEXT: 5 min, 1500 x g, 4 °C)
3.2.2. Buffer being added to tube(s), with all 8 tubes visible in frame

3.2.3. Talent adding buffer to 9th tube, with buffer container visible in frame
3.3. Next, add anti-CD16CD32 antibody to the FcgammaR (F-C-gamma-receptor) single stain tube and the sample tube [1-CU-TXT]. 
3.3.1. Anti-CD16CD32 being added to FcgammaR and sample tubes, with both tubes visible in frame (TEXT: See text for all Ab fluorophore conjugate and concentration details)
3.4. Vortex gently [1-CU] …and incubate the samples for 10 minutes at 4°C [2-MED].
3.4.1. Tube being vortexed

3.4.2. Talent placing tube at 4 °C

3.5. At the end of the incubation, add the other antibodies to the appropriate corresponding single stain tubes and to the sample tube [1-MED] and, after gentle vortexing, incubate the samples for 15 minutes at 4°C [2-CU].
3.5.1. Talent adding antibody to at least one tube, with other tubes and all 6 antibody containers visible in frame as possible

3.5.2. Tube(s) being placed at 4 °C
3.6. At the end of the incubation, add 900 microliters of staining buffer to the control tubes [1-MED] and 1 mL of staining buffer per 1x107 cells to the sample tube for centrifugation [2-CU].
3.6.1. Talent adding buffer to tube(s), with buffer container visible in frame

3.6.2. Tube(s) being placed into centrifuge bucket

3.7. Resuspend the control pellets in 200 microliters of fresh staining buffer per tube and the experimental pellet in 500 microliters per 2.5 x 107 cells [1-MED] and transfer the labeled cells to individual, corresponding 5-mL FACS tubes [2-CU].
3.7.1. Talent adding buffer to tube(s), with buffer container visible in frame

3.7.2. Cells being added to tube(s)

3.8. Then set up the flow cytometer according to standard protocols [1-MED-over the shoulder] and use the unstained and single-stained controls to set the voltages and the color compensations [2-CU].
3.8.1. Talent at flow cytometer, setting parameters, with monitor visible in frame

3.8.2. Unstained tube being loaded onto cytometer
3.9. To identify and isolate the myeloid progenitor cells, load the experimental cell sample onto the cytometer [1-MED] and create a forward scatter area vs side scatter area plot, gating to exclude the debris and dead cells [2-SCREEN].
3.9.1. Talent loading experimental tube

3.9.2. *To be provided by Authors: FSC-A vs SSC-A plot with live cells gated
3.10. Create a forward scatter height vs forward scatter width plot of the live cells and gate to exclude the doublets [1-SCREEN]. Repeat this process with a side scatter height vs side scatter width plot of the forward scatter singlets and gate to exclude the doublets [2-SCREEN].
3.10.1. *To be provided by Authors: FSC-H vs FSC-W plot with singlets gated
3.10.2.  Added shot *To be provided by Authors: SSC-H vs SSC-W plot with singlets gated

3.11. Create a Sca-1 (ska-one) vs c-Kit (C-kit) plot and gate to select the c-Kit+Sca-1– progenitors [1-SCREEN].

3.11.1.  *To be provided by Authors: Sca-1 vs c-Kit plot with c-Kit+Sca-1– progenitors gated
3.12. Then create a CD34 vs FcgammaR plot and gate to select the mixed common myeloid progenitor [1-SCREEN] and mixed granulocyte-monocyte progenitor populations [2-SCREEN].

3.12.1.  *To be provided by Authors: CD34 vs FcgammaR plot with mixed common myeloid progenitors gated

3.12.2. *To be provided by Authors: CD34 vs FcgammaR plot with mixed granulocyte-monocyte progenitor populations being gated

3.13. Helen Goodridge: “It’s important to gate the mixed common myeloid progenitor and mixed granulocyte-monocyte progenitor populations as precisely as possible. It can be helpful to use a pseudocolor density plot or a contour plot for more accurate gating.” [1-MED-interivew style]
3.13.1.  Helen Goodridge, speaking the above interview style (looking just off-camera)
3.13.2. Added shot: *To be provided by Authors: Contour plot showing more clearly where to set the mixed common myeloid progenitor and mixed granulocyte-monocyte progenitor gates.
3.14. Use the cells in the mixed common myeloid progenitor gate to create a CD115 vs and Flt3 (flit-three) plot and gate to select the common myeloid progenitor Flt3+CD115lo cells [1-SCREEN], the common myeloid progenitor Flt3-CD115lo cells [2-SCREEN], and the Flt3+ CD115hi monocyte-dendritic cell progenitors [3-SCREEN].
3.14.1.  *To be provided by Authors: CD115 vs Flt3 gate plot with common myeloid progenitor Flt3+CD115lo cells gated
3.14.2. *To be provided by Authors: CD115 vs Flt3 gate plot with the common myeloid progenitor Flt3-CD115lo cells gated

3.14.3. *To be provided by Authors: CD115 vs Flt3 gate plot with the Flt3+ CD115hi monocyte-dendritic cell progenitors gated

3.15. Use the cells in the mixed granulocyte-monocyte progenitor gate to create a Ly6C (lie-six-C) vs FcgammaR plot and gate to select the Ly6C- cells [1-SCREEN], and the Ly6C+ cells [2-SCREEN].
3.15.1.  *To be provided by Authors: Ly6C vs FcgammaR plot with the Ly6C- cells gated
3.15.2. Added shot: *To be provided by Authors: Ly6C vs FcgammaR plot with the Ly6C+ cells gated
3.16. Then create a CD115 vs Flt3 plot for each gated mixed granulocyte-monocyte progenitor cell subpopulation and gate the Ly6c-Flt3-CD115lo granulocyte-monocyte progenitors [1-SCREEN-TXT], the Ly6c+Flt3-CD115lo granulocyte progenitors [2-SCREEN-TXT], and the Ly6c+Flt3-CD115hi monocyte progenitors [3-SCREEN-TXT].
3.16.1. *To be provided by Authors: CD115 vs FLt3 plot with the Ly6c-Flt3-CD115lo granulocyte-monocyte progenitors gated 
3.16.2. *To be provided by Authors: CD115 vs Flt3 plot with the Ly6c+Flt3-CD115lo granulocyte progenitors gated
3.16.3. *To be provided by Authors: CD115 vs Flt3 plot with the Ly6c+Flt3-CD115hi monocyte progenitors gated (TEXT: Sort gated populations according to standard FACS protocols as experimentally appropriate)
4. Results: Representative Progenitor Yields and Purities 
4.1. MACS lineage depletion is efficient at depleting differentiated cells [1-LM] and for enriching for the c-Kit+ progenitor cells [2-LM]. 
4.1.1. 58061_Figure3A.pdf: showing top two plots only, emphasize grey gates/cells in grey gates in both graphs 
4.1.2. 58061_Figure3A.pdf: showing middle two plots only, emphasize grey gates/cells in grey gates in both graphs 
4.2. The lineage-negative fraction does still contain some c-Kit- cells, but these cells will be eliminated in subsequent flow cytometry gating steps [1-LM].
4.2.1. 58061_Figure3A.pdf: showing bottom two plots only, emphasize grey gate/cells in grey gate in right graph 
4.3. Progenitor yields after FACS sorting can vary depending on the sorter settings used, but it should be possible to obtain between 1-4x104 cells per fraction from each mouse [1-LM], with a post-sort purity of greater than 95% for each fraction [2-LM].
4.3.1. 58061_Figure3B.pdf: emphasize both red dotted lines
4.3.2. 58061_Figure3C.pdf: please add/emphasize red arrows
5. Conclusion (said by authors on camera):
5.1. Alberto Yanez: Good staining is critical for a clean separation of the populations. If necessary, you may need to titrate the antibodies or to choose different fluorophores to ensure an optimal separation.
5.2. Helen Goodridge: This protocol can be used to identify progenitor cells for assessing differences in bone marrow composition between samples, to isolate progenitors for molecular analyses, or to assess their ability to produce myeloid cells.
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. 
58061_Figure3A.pdf – 3 versions of Figure 3A highlighting: i) depletion of differentiated cells, ii) enrichment of c-Kit+ progenitors, and ii) remaining c-Kit- cells

58061_Figure3B.pdf – bar chart showing cell yields
58061_Figure3C.pdf – post-sort analysis demonstrating >95% purity of sorted cells.

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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