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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most visually important? 
n/a
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
n/a
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. Zhao-Jun Liu: We have developed a novel 3D spheroid model based on the heterotypic interactions of tumor cells and stromal fibroblasts to study tumor-stroma interactions and to test cancer therapeutics [1].

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

1.2. Zhao-Jun Liu: This model can be used to elucidate stromal fibroblast regulation of cancer stem and initiating cells and to explore the involvement of stromal interactions in cancer drug sensitivity and resistance [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. Mecker Moller: This 3D system combines cancer cells and stromal fibroblasts to better mimic genuine tumor conditions and can therefore be a very powerful tool for drug discovery [1].

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


Introduction of Demonstrator (Said by you on camera):

1.4. Zhao-Jun Liu: Demonstrating the procedure will be Hongwei Shao, a senior scientist from my laboratory [1][2]. 

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Miami. 

Section - Protocol
2. Melanoma Cell and Skin Fibroblast Culture
2.1. For human melanoma cell culture, grow the cells under conventional adherent cell culture conditions in complete W489 (W-four-eighty-nine) medium at 37 degrees Celsius and 5% carbon dioxide [1-TXT].
2.1.1. WIDE: Talent adding cells to culture dish TEXT: e.g., C8161 cells; See text for all medium and solution preparation details
2.2. When the cells reach 90% confluency, split the cells at a 1:5 ratio [1].
2.2.1. Talent adding cell dissociation reagent to culture, with reagent container visible in frame
2.3. For mouse skin fibroblast culture, wash the harvested tissue pellets in PBS [1-TXT] before culturing the specimens in DMEM (D-M-E-M) supplemented with 10% fetal bovine serum and 1% penicillin-streptomycin in the cell culture incubator [2-TXT].
2.3.1. Pellets being washed TEXT: See text for skin tissue harvest details
2.3.2. Talent adding medium to samples TEXT: DMEM: Dulbecco’s modified eagle medium

2.4. Split the cells at a 1:2 ratio when they reach a 90% confluency [1].
2.4.1.  Talent adding cell dissociation reagent to culture, with reagent container visible in frame
3. Melanoma Cell and Fibroblast Fluorescent Lentivirus Transfection
3.1. Before setting up the co-cultures, seed fibroblasts onto a 100-millimeter dish at a concentration such that the cell confluency will reach approximately 60% the next day [1].
3.1.1. WIDE: Talent adding fibroblasts to dish
3.2. The next morning, replace the supernatant [1] with a 1:3-1:5 concentration of GFP (G-F-P) to lentivirus diluted from stock in regular culture medium supplemented with 4 micrograms/milliliter of polybrene [2-TXT].
3.2.1. Supernatant being aspirated
3.2.2. Lentivirus being added to dish, with lentivirus container visible in frame TEXT: GFP: green fluorescent protein
3.2.3. Talent placing plate into incubator
3.3. Place the cells into the cell culture incubator for 6 hours [1] before replacing the supernatant with fresh culture medium [2].
3.3.1. Talent aspirate medium. 
3.3.2. Talent adding new medium.
3.4. After 2 days, observe the GFP signal from the cells on a fluorescence microscope [1-TXT].
3.4.1. Talent at microscope, viewing cells TEXT: Transduce C8161 cells w/ DsRed/lentivirus under similar conditions
4. Melanoma Cell:Fibroblast Co-Culture and Melanoma Cell Solo Culture

4.1. When both cell cultures have been stably transfected, detach both cell cultures from 0.25% trypsin-EDTA (E-D-T-A) [1] and collect the single cell suspensions by centrifugation [2-TXT].

4.1.1. WIDE: Talent adding trypsin-EDTA to plate, with trypsin-EDTA container visible in frame
4.1.2. Talent adding tube(s) to centrifuge TEXT: 5 min, 250 x g, RT

4.2. Resuspend the cells at a 2 x 104 cells/milliliter of co-culture medium concentration [1] and mix the melanoma cells and fibroblasts at a 1:1 ratio [2].

4.2.1. Shot of pellets if visible, then medium being added to one tube, with medium container visible in frame
4.2.2. Talent adding cells to tube of cells

4.3. Then seed 2 milliliters of cells to each well of a 24-well plate in triplicate for each condition [1] and place the plate in the cell culture incubator for 4 hours to allow the cells to attach to the plate bottom [2].

4.3.1. Talent adding cells to well(s)
4.3.2. Talent placing plate into incubator

4.4. For melanoma cell solo culture to evaluate 2D cell cluster formation, seed 2 x 104 melanoma cells into each well of a 24-well plate [1] and culture the cells for 7-10 days in the cell culture incubator [2].

4.4.1. Talent adding cells to well(s)
4.4.2. Talent placing plate into incubator

4.5. Then photograph the cells on an inverted fluorescence microscope according to standard fluorescent microscopy protocols [1].

4.5.1. Talent at microscope, viewing cells

5. Live Cell Time-Lapse Imaging

5.1. If the time-lapse imaging system is off. Turn it on at least one hour before the imaging [1].

5.1.1. [bookmark: _GoBack]WIDE: Talent turning on imaging system

5.2. When the system is ready, carefully transfer the culture plate onto the stage of the microscope inside the incubator [1] and securely lock the door [2].

5.2.1. Talent placing plate onto stage
5.2.2. Talent locking door

5.3. Open the software of time-lapse imaging system [1] and click Add Vessel to select the plate type and the manufacturer so the microscope can locate the scanning area accurately [2].

5.3.1. Talent opening software
5.3.2. SCREEN: screenshot_1: 00:30-00:40

5.4. Select a 10x objective lens [1] and the wells of interest [2] and set the parameters for the scanning area, the interval time between the scans, and a starting and ending time [2].

5.4.1. SCREEN: screenshot_1: 00:45-00:47
5.4.2. SCREEN: screenshot_1: 01:05-01:13
5.4.3. SCREEN: screenshot_1: 01:29-01:33

5.5. Then record time-lapse imaging from 4-52 hours [1].

5.5.1. SCREEN: screenshot_1: 04:29-04:37

5.6. At the end of image recording, use the time-lapse imaging system software to retrieve the data and to export the collected videos or image sets [1].

5.6.1. Talent exporting data, with monitor visible in frame

6. Confocal Microscopic 3D Movie Generation

6.1. For confocal microscopy imaging of the co-cultures, place the plate onto the stage of an inverted fluorescence microscope [1] and select the red and green laser beams [2].

6.1.1. WIDE: Talent placing plate onto stage
6.1.2. Talent selecting lasers

6.2. Observe the cells under a 5- or 10x objective [1] and select a spheroid to start scanning [2].

6.2.1. Talent at microscope, selecting cell
6.2.2. SCREEN: screenshot_2: 00:00-00:08

6.3. Using a 1-micron z-step, scan from the bottom to top of the spheroid [1]. 

6.3.1. SCREEN: screenshot_3 Video Editor: please speed up

6.4. Then process the data using the appropriate image processing software to reconstruct a 3D image that can be further rotated and saved as a 3D movie [1].

6.4.1. LAB MEDIA: Video 3


Section – Results
7. Results: Representative 3D Tumor Spheroid Formation and Analysis

7.1. Here images of multicellular 3D spheroids formed by cocultured melanoma cells and fibroblasts are shown [1].

7.1.1. LAB MEDIA: Figure 1 Video Editor: please emphasize Fibroblast + C8161 images

7.2. Melanoma cells cultured in the absence of fibroblasts do not form typical 3D spheroids, although some melanoma cells form 2D clusters with extended culture [1]. 

7.2.1. LAB MEDIA: Figure 1 Video Editor: please emphasize C8161 alone images

7.3. Using time-lapse imaging, fibroblasts and tumor cells can be observed interacting in co-culture, starting to form 3D spheroids at around 36 hours [1].

7.3.1. LAB MEDIA: Video 1 Video Editor: please emphasize spheroid in left side of frame

7.4. In this movie, the dynamic process of single-cultured melanoma cell aggregate formation from 4-52 hours of culture can be observed [1].

7.4.1. LAB MEDIA: Video 2 Video Editor: please emphasize cell clusters in bottom left and top right center of frame

7.5. Here a 3D spheroid structure can be observed by confocal microscopy after 7 days of culture [1], while in this movie, a 2D tumor cell cluster can be visualized [2].

7.5.1. LAB MEDIA: Video 3
7.5.2. LAB MEDIA: Video 4

7.6. Three-D spheroids remain suspended in culture medium and are mobile [1], while 2D tumor cell clusters tend to attach to the culture plate and are immobile [2].

7.6.1. LAB MEDIA: Video 5
7.6.2. LAB MEDIA: Video 6

7.7. This 3D model serves as a unique platform for studying tumor-stroma interactions [1], for example for elucidating how intracellular Notch-1 signaling pathway activity in cancer-associated fibroblasts regulate cancer stem and initiating cell and spheroid formation [2]. 

7.7.1. LAB MEDIA: Figure 2 Video Editor: please emphasize right column of images
7.7.2. LAB MEDIA: Figure 2 Video Editor: please emphasize black data bars

7.8. In addition, this model can be used to test the drug responses of cancer stem and initiating cells [1].

7.8.1. LAB MEDIA: Figure 3 Video Editor: please emphasize 1-25 data bars (or lack of data bars) in both graphs


Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Hongwei Shao: Although this method is simple and straightforward, take care to use the correct cell density and cell ratio and to use the appropriate culture plates as demonstrated [1].  
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 4.2.)
8.2. Zhao-Jun Liu: This 3D model also provides a unique platform for studying tumor-stroma interactions and elucidating crucial intracellular signaling pathway activities for determining the phenotype of cancer stem cells [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.3. Zhao-Jun Liu: We are currently employing this model to screen small molecule compounds to which cancer stem cells are highly sensitive [1].
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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