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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope?
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
2.4., 3.1., 3.2., 4.2., 5.2.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.4., 2.5.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Mafalda Laranjo: This protocol allows the identification and isolation of cancer stem cells in a robust manner using functional assays and phenotypic characterization [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Maria João Carvalho: The functional characterization of the sphere-forming capacity, self-renewal, and projection area of the cancer stem cells allows a comparison of their distinct lineage and tissue of origin [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Maria Filomena Botelho: Cancer stem cell isolation from a tumor sample could be a platform for guiding the clinical application of specific therapies to individual tumors, predicting resistance and consequent recurring disease [1]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Artur Paiva: Besides cancer stem cell enrichment via the sphere-forming protocol, we recommend a further assessment of their stemness using complementary methods such as flow cytometry [1]. 

1.4.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera


Section - Protocol
2. Sphere Formation and Derived Adherent Population Generation
2.1. To prepare non-adherent suspension cultures, first coat the cell culture containers with 50 microliters/centimeters-squared of 15 milligrams/milliliter of poly-HEMA (hee-ma) [1-TXT] and place the containers in a 37-degree Celsius drying oven for at least two days [2].
2.1.1. WIDE: Talent coating plate, with poly-HEMA container visible in frame TEXT: See text for all medium/solution preparation details	Comment by Bridget Colvin: Authors: We leave all medium and solution preparation details for the text only portion of the paper unless there is a step that needs to be visualized.

2.1.2. Talent placing plate into incubator
2.2. When the containers are fully dry, wash an 80-90% confluent cancer cell line culture with PBS [1] and detach the cells with 1-2 milliliters of trypsin-EDTA [2].
2.2.1. Talent washing flask, with PBS container visible in frame
2.2.2. Trypsin-EDTA being added to flask, with trypsin-EDTA container visible in frame
2.3. After 5 minutes at 37 degrees Celsius, arrest the reaction with 2-4 milliliters of fresh cell culture medium [1] and wash the dissociated cells by centrifugation [2-TXT].
2.3.1. Talent adding medium to flask, with medium container visible in frame 
2.3.2. Talent placing tube(s) into centrifuge TEXT: 5 min, 200 x g, RT

2.4. Resuspend the pellet in fresh cultured medium for counting [1] and dilute the cells in fresh sphere culturing medium containing 2% methycellulose at a 500-2000 cells/centimeters-squared per culture dish concentration [2].

2.4.1. Shot of pellet if visible, with medium container and hemocytometer visible in frame Videographer: Important/difficult step
2.4.2. Talent adding medium to tube, with medium container visible in frame Videographer: Important/difficult step
2.5. Maria João Carvalho: To minimize the possibility of aggregation that occurs in suspension cultures, it is paramount to seed single-cell suspensions in a high viscosity medium to ensure a monoclonal tumor-sphere origin [1].    
      
2.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

2.6. Then seed the cells onto the poly-HEMA-coated plates for a 5-day incubation at 37 degrees Celsius and 5% carbon dioxide [1], adding 10 nanograms/milliliter of epidermal growth factor and 10 nanograms/milliliter of basic fibroblast growth factor to the cell culture medium every two days [2].

2.6.1. Cells being added to dish Videographer: Difficult step
2.6.2. [bookmark: _GoBack]Growth factor(s) being added to dish, with growth factor containers visible in frame Videographer: Difficult step

2.7. Three to twelve days after plating, three-dimensional, ball-shaped cell colonies should be observed by light microscopy [1].

2.7.1. LAB MEDIA: Figure 2A middle group of images

2.8. To obtain derived adherent populations, transfer the spheres to a new culture dish under the appropriate culture conditions for the original cancer cell line [1]. 

2.8.1. Talent adding cells to dish, with medium container visible in frame

2.9. After 1-2 days of culture, a cell monolayer should be observed growing around the adherent spheres with a morphology similar to that of the cell line of origin [1].

2.9.1. LAB MEDIA: Figure 2A right group of images

3. Sphere-Forming Capacity Determination

3.1. To determine the sphere-forming capacity of the cancer cell line of interest, after completion of the sphere-forming protocol [1], collect the spheres by centrifugation [2-TXT].

3.1.1. WIDE: Talent adding sphere(s) to tube Videographer: Important step
3.1.2. Talent adding tube(s) to centrifuge Videographer: Important step TEXT: 5 min, 125 x g, RT

3.2. Gently resuspend the sphere pellet in fresh medium [1] and use a hemocytometer to count the number of spheres with a greater than 40-micrometer diameter [2].

3.2.1. Shot of pellet, then medium being added to spheres, with medium container visible in frame Videographer: Important step
3.2.2. Talent loading spheres onto hemocytometer Videographer: Important step

3.3. Then calculate the percentage ratio of spheres obtained vs. the number of cells initially plated [1].

3.3.1. LAB MEDIA: LAB MEDIA 3.3.1: JoVE Video Editor please emphasize formula OR no animation

4. Self-Renewal Determination 

4.1. To determine the self-renewal ability of the cell line of interest, collect the spheres by centrifugation [1] and gently resuspend the sphere pellet in trypsin-EDTA for a 5-minute incubation at 37 degrees Celsius [2].

4.1.1. WIDE: Talent adding tube(s) to centrifuge
4.1.2. Shot of pellet if visible, then trypsin-EDTA being added to tube, with trypsin-EDTA container visible in frame

4.2. At the end of the incubation, add enzyme inactivation medium to the tube [1] and pipette the solution to obtain a single cell suspension [2].

4.2.1. Talent adding medium to tube, with medium container visible in frame Videographer: Important step
4.2.2. Solution being pipetted Videographer: Important step

4.3. Using a hemocytometer and the trypan blue exclusion method, count the viable cells in the suspension [1] and plate the cells in poly-HEMA coated plates for a sphere-forming assay as just demonstrated [2].

4.3.1. Trypan blue being added to hemocytometer, with tube of sphere cells visible in frame
4.3.2. Talent adding cells to coated plate

4.4. After 8 days, use a hemocytometer to count the number of spheres with a more than 40-micrometer diameter [1] and calculate the percentage ratio of spheres obtained vs. the number of cells initially plated [2].

4.4.1. Talent adding cells to hemocytometer
4.4.2. LAB MEDIA: LAB MEDIA 4.4.2.: JoVE Video Editor: please emphasize formula OR no animation

5. Sphere Projection Area Determination

5.1. To evaluate the area occupied by the spheres, place the culture dish onto the stage of an inverted microscope equipped with an image acquisition module [1] and select a 100-400X magnification [2].

5.1.1. WIDE: Talent placing dish onto microscope stage
5.1.2. Talent selecting objecting

5.2. Obtain images of at least 10 random fields per condition [1] and use an appropriate image analysis software program to draw regions of interest around the spheres [2].

5.2.1. Talent at microscope, imaging spheres Videographer: Important step
5.2.2. Talent at computer, drawing ROI(s), with monitor visible Videographer: Important step

5.3. Then measure the area of each region of interest in pixels [1] and calculate the sphere projection area as the mean area of the pixels measured [2].

5.3.1. SCREEN: 5.3.1: 00:35-00:45
5.3.2. LAB MEDIA: Figure 2D 



Section – Results
6. Results: Representative Endometrial and Breast Cancer Cell Sphere and Derived Adherent Population Analyses 

6.1. The sphere-forming protocol allows spherical colonies to be obtained in suspension from several endometrial and breast cancer cell lines [1] or after gentle enzymatic digestion of tissues from human tumor samples [2].

6.1.1. LAB MEDIA: Figure 2A: JoVE Video Editor please sequentially add/emphasize groups of cells from left to right
6.1.2. LAB MEDIA: Figure 2A: JoVE Video Editor please add Figure 2E

6.2. Both endometrial and breast cancer spheres give rise to a cell monolayer with similar morphologies to their cell line of origin 1-2 days after plating [1].

6.2.1. LAB MEDIA: Figure 2A: JoVE Video Editor please emphasize right group of Figure 2A images

6.3. In these representative experiments, the hormonal receptor-positive breast cancer MCF7 (M-C-F-seven) cell line cells demonstrated a higher sphere-forming capacity [1], self-renewal ability [2], and projection area [3] than the triple negative HCC1806 (H-C-C-one-eight-oh-six) breast cancer cell line cells [4].

6.3.1. LAB MEDIA: Figures 2B, 2C, and 2D: JoVE Video Editor please emphasize white data bar in Figure 2B
6.3.2. LAB MEDIA: Figures 2B, 2C, and 2D: JoVE Video Editor please emphasize white data bar in Figure 2C
6.3.3. LAB MEDIA: Figures 2B, 2C, and 2D: JoVE Video Editor please emphasize white data bar in Figure 2D
6.3.4. LAB MEDIA: Figures 2B, 2C, and 2D: JoVE Video Editor please emphasize black data bars in all graphs

6.4. In this representative analysis of spheres obtained from endometrial cell lines, four populations of cells expressing cancer cell markers were identified in each cell line by flow cytometry [1].

6.4.1. LAB MEDIA: Figure 3A: JoVE Video Editor

6.5. Western blot analysis after gentle sphere harvesting also revealed a cancer stem cell phenotype for the in vitro-generated spheres [1].

6.5.1. LAB MEDIA: Figure 3C


Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Mafalda Laranjo: (Step: 2.1., 2.4.) To ensure sphere monoclonality, seed each cell line at a low density in an anchorage-free environment [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Maria Filomena Botelho: Evaluation of the tumour-spheres by other molecular biology techniques can be confirmatory of stemness, heterogeneity, and plasticity of the cancer stem cells and facilitate the development of targeted therapies [1]. 
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.3. Maria João Carvalho: This isolation protocol contributes to our understanding of cancer stem cell significance, which clinically translates to understanding relapse, metastasis, and treatment resistance [1].
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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