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A.  Will you require JoVE to record video microscopy through a microscope? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document: 2.8.; 2.10.; 3.2.-3.4.; 3.6.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult part is the sphere formation itself and to ensure the success we will prepare several samples in different stages of the procedure to have enough samples to show

E. Will the filming need to take place in multiple locations? N
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative: LAB MEDIA: 52259_Lengerke_Procedural Animation
The overall goal of this procedure is to evaluate the stem cell properties of human ovarian carcinoma cells using multi and single cell-based spheres assays. (Intro) This is accomplished by first selecting SOX2 (Pronounce: socks-two) reporter RFP (Pronounce: R-F-P) lentivirus-transduced cells by puromycin treatment. (P1) In the second step, the RFP+ and RFP- cells are isolated and plated by FACS as single or multi cell colonies per well. (P2) Next, the primary sphere formation is analyzed microscopically, (P3) and then the primary sphere cultures are dissociated and replated for analysis of the secondary sphere formation. (P4) Ultimately, these sphere assays are used to calculate the proportion of putative ovarian cancer stem cells that display sphere-forming capacity. (P5)
From 52259_Lengerke_procedure.pptx

(P1) from slide 1, show petri dish of cells and have blue viruses enter some cells, then have yellow drops of puromycin enter dish (accompanied by “puromycin” text?) and make all non-virus containing cells die/disappear
(P2) if possible, show red (RFP+) and blue (RFP-) cells passing through flow cytometer schematic/graphic into wells of single or multi cells as in (P2) part of slide 1, with “RFP+” and “RFP-“ texts below the appropriate wells
(P3) zoom into single well of RFP+ cell and then show (P3) bright light and fluorescent images
(P4) zoom back out from images to petri dish, where single cells is now multi-cell sphere (like first petri dish in top row of (P4) graphics), then have individual cells leave multi-cell sphere dish and enter single wells as in rest of graphic
(P5) graphs from slide 2
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Hui Wang: This method can help answer key questions in the cancer stem cell field, such as, what are some potential cancer stem cell populations and what is their frequency within the whole tumor bulk?  

1.2. Anna Paczulla: Although this method can provide insight into ovarian cancer stem cell identification, it may also be applied for isolating cancer stem cells from other solid tumor entities, such as breast carcinoma.

Protocol (read by voice talent at JoVE):
2. Cell sorting and plating
2.1. Twenty-four hours after transducing human ovarian carcinoma cells with lentiviral particles, remove the viral supernatant and wash the cells in PBS.
2.1.1. WIDE: Talent approaching bench with culture (TEXT: See text for lentiviral generation references)
2.1.2. MED: Few seconds Talent aspirating supernatant
2.1.3. MED: Few seconds Talent washing culture with PBS
2.1.4. [added] Adding medium to cells 
2.2. Culture the cells in complete medium for 48 hours. Then change the medium and add 10 micrograms/ml of puromycin.
2.2.1. MED: Talent placing culture in incubator (TEXT: See text for all media/reagent preparation details) 
2.2.2. MED: Talent adding changing medium to culture
2.2.3. MED: Talent adding puromycin to culture, with puromycin container label visible in frame if possible
2.3. After 5 days, treat the cultures with Shield1 at a 1:1,000 dilution. 
2.3.1. CU: Shield1 being added to culture medium, with Shield1 container label visible in frame if possible

2.3.2. [added] Changing medium

2.4. The next day, wash the cells in PBS, and then detach them with 0.05% Trypsin-EDTA.
2.4.1. CU: Few seconds cells being washed in PBS
2.4.2. CU: Trypsin-EDTA being added to cells, with Trypsin-EDTA container label visible in frame
2.5. After 3 minutes, stop the reaction with complete medium, count the cells, and centrifuge them for 5 minutes at 300 x g and room temperature.
2.5.1. CU: Medium being added to cells, with medium container label visible in frame if possible
2.5.2. MED: Few seconds Talent at microscope container cells or similar
2.5.3. MED: Talent placing tube(s) into centrifuge
2.6. Resuspend the cells carefully in 0.5-1 ml of sterile PBS, and then strain the resulting cell suspension through a 40 micrometer filter.
2.6.1. CU: Shot of pellet if visible
2.6.2.  then few seconds pellet being resuspended in PBS
2.6.3. CU: Few seconds cells being filtered
2.7. Adjust the cells to a 5x106 cells/ml dilution, and then add 100 microliters of spheres medium to each well of an ultra low-attachment 96-well plate.
2.7.1. MED: Talent adding PBS/media to cells
2.7.2. MED: Talent adding medium to a few wells of 96 well plate, with medium container label visible in frame if possible
2.8. Next, for a single cell-based sphere assay, use the single cell mode to sort one cell into each well of the plate. Then microscopically score the cells to assess the plating efficiency.
2.8.1. MED: Few seconds cells being sorted into plate (TEXT: See text for multi cell-based spheres assay details) computer screen
2.8.2. [added] Sort in plate
2.8.3. [added] Computer screen again to show cell sort in the plate

2.8.4. LAB MEDIA: 52259_Lengerke_Figure1
2.9. Incubate the cells in fresh spheres medium at 37°C and 5% CO2, with daily basic fibroblast growth factor and epidermal growth factor supplementation.
2.9.1. MED: Talent adding medium to at least one well
2.9.2. CU: BFGF and/or EGF being added to at least one well, with container labels for both growth factors visible in frame if possible
2.10. After one week, determine the number of emerging tumor spheres by light microscopy and the presence of the fluorescence signal from the integrated reporter system by fluorescent microscopy. 
2.10.1. MED: Few seconds Talent at light microscope, looking at cells, with sphere visible on monitor if possible
2.10.2. MED: Few seconds Talent at fluorescent microscope, looking at cells, with sphere visible on monitor if possible
2.11. Count the spheres with a diameter exceeding 100 micrometers as “large” spheres and the spheres with a diameter of 50-100 micrometers as “small” spheres, taking care to count real spheres and not cell clusters. 
2.11.1. LAB MEDIA: 52259_Lengerke_Figure2 (Video Editor: with “Count … ‘large’ spheres” please highlight the left image; with “spheres with … ‘small’ spheres” please highlight the right image)
2.11.2. LAB MEDIA: 52259_Lengerke_Figure3 (Video Editor: please show with “not cell clusters”)
2.12. Then calculate the proportion of sphere-forming RFP+ or RFP- cells according to the formula:
2.12.1. BLACK TEXT ON WHITE BACKGROUND: Proportion of sphere forming cells (%) = (number of spheres) / (number of seeded cells) x 100 
LAB MEDIA: 52259_Lengerke_2.12.1 formula
3. Serial sphere passaging
3.1. To passage the spheres, begin by transferring the contents of each well into individual 1.5 ml microcentrifuge tubes. Then rinse each well 3-5 times with PBS to be sure to collect all of the spheres and spin down the cells for 10 minutes at 300 x g and room temperature.  
3.1.1. WIDE: Few seconds Talent transferring contents of at least one well into at least one 1.5 ml microcentrifuge tube
3.1.2. MED – over the shoulder: Few seconds Talent washing at least one well/row of wells with PBS
3.1.3. MED: Talent placing tube(s) into centrifuge
3.2. After centrifugation, remove the supernatant and resuspend the pellets in 200 microliters of 0.05% Trypsin-EDTA at 37°C in a soft shaker for 5 minutes.
3.2.1. CU: Few seconds supernatant being removed from at least one tube
3.2.2. CU: Few seconds at least one pellet being resuspended in Trypin-EDTA, with Trypsin-EDTA container label visible in frame if possible
3.2.3. CU: Few seconds tube(s) on shaker
3.3. If no large spheres are visible after 5 minutes, gently triturate the cell solution with a 100 microliter pipette tip and add 500 microliters of complete medium to inactivate the trypsin.
3.3.1. [3.3 and 3.4 combined] CU: Few seconds cells being triturated (TEXT: If large spheres still visible, trypsinize 3 more min)
3.3.2. CU: Medium being added to at least one tube, with medium container label visible in frame if possible
3.4. Spin down cells
3.4.1. CU: Tube(s) being placed in incubator centrifuge. (TEXT 10 min, 300 x g, RT)
3.5. Resuspend the pellets carefully in spheres medium and strain the resulting cell suspension through a 40 micrometer filter as just demonstrated.
3.5.1. CU: Few seconds pellets being resuspended
3.5.2. CU: Few seconds cells being filtered
3.6. Finally, for serial replating of the single cells, seed single cells from 1 primary sphere in 100 microliters of spheres medium per well in a new ultra low-attachment 96-well plate. 
3.6.1. MED: Few seconds Talent aspirating cell(s) from primary sphere culture
3.6.2. [combined with 3.6.1] MED: Few seconds Talent adding at least one cell to at least one well of 96 well plate
3.7. Then use the same formula as for the primary spheres assay to assess the proportion of sphere-forming cells in the secondary spheres assays.
3.7.1. MED – over the shoulder: Few seconds Talent at computer, performing calculation 
4. Results: Representative RFP+ and RFP- tumor sphere imaging
4.1. In multi cell-based spheres assays, nearly 40% of the RFP+ human ovarian carcinoma cells, compared to only 20% of the RFP- cells, give rise to an individual tumor sphere in the primary spheres assay. 
4.1.1. LAB MEDIA: 52259_Lengerke_Figure4 (Video Editor: with “nearly 40% of RFP+ human ovarian carcinoma cells” please highlight the “total” black data bar; with “only 20% of RFP- … assay” please highlight the “total” grey data bar)
4.2. Surprisingly, higher numbers of spheres are counted from lower numbers of plated cells in both MGEM and DMEM/F12-based media, demonstrating that the plating modalities highly bias the results in this assay. 
4.2.1. LAB MEDIA: 52259_Lengerke_Figure6 (Video Editor: with “higher … media” please highlight/indicate the 125, 62, and 31 cells data bars in both graphs)
4.3. In contrast, when cells are immobilized by the addition of 1% methylcellulose, the efficiency of the sphere formation is mostly independent of the cell density.
4.3.1. LAB MEDIA: 52259_Lengerke_Figure7 (Video Editor: with “the efficiency … density” please draw a horizontal line across the data bars at about the height of the bottom of the standard deviation marker for the 1000 cells data bar or similar animation to demonstrate all bars are about the same height)
4.4. In multi cell-based spheres cultures, approximately 35% of the cells from the RFP+ spheres lose their red fluorescence signal after seven days of culture, suggesting that these cells have undergone differentiation, while over 65% of the cells retain an RFP signal, suggesting a self-renewal capacity. 
4.4.1. LAB MEDIA: 52259_Lengerke_Figure9 (Video Editor: with “approximately … culture” please highlight the cells/area of graph below gate; with “while over … RFP signal” please highlight gate/cells w/in gate)
4.5. In contrast, cells from spheres generated from initially RFP- cells remain RFP negative, indicating that they cannot re-establish stem cell potential under these conditions.
4.5.1. LAB MEDIA: 52259_Lengerke_Figure10 (Video Editor: with “remain … negative” please highlight cells outside of/area below gate)
4.6. Fluorescence microscopy performed on spheres generated from single cells confirms these data, demonstrating that single spheres derived from RFP+ cells contain both RFP+ and RFP- cells, whereas spheres derived from RFP- cells retain their lack of red signal. 
4.6.1. LAB MEDIA: 52259_Lengerke_Figure11 (Video Editor: with “single spheres … both RFP+ and RFP- cells” please highlight the top row of images; with “whereas … red signal” please highlight the bottom row of images)
5. Conclusion (said by authors on camera)
5.1. Hui Wang: Following this procedure, other methods, like antibody staining or gene expression analysis via quantitative PCR, can be performed to further characterize the cells with sphere forming capacity.

5.2. Anna Paczulla: While attempting this procedure, it’s important to remember that in vivo xenotransplantation assays in immunosuppressed mice need to be performed to validate the tumor stem cell properties of the sphere-initiating cells.

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.  
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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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


