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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 your protocol will viewers benefit most from having filmed? 
2.8.-2.10., 3.6.-3.8.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Transferring spheroids from the growth plate to the center of the assay plate is critical for the success of the downstream metabolic assay. We ensure this by allowing enough time (8-10 seconds) for the spheroids to fall into the center of the assay plate by gravity. Failure to allow enough time can result in improper dislodging of the spheroid to other areas of the assay plate, which will result in re-positioning and a higher chance to adversely affect spheroid morphology.
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 methodology is to co-culture 3-dimensional tumor-stroma spheroids from pancreatic cancer cells and fibroblasts for their metabolic assessment using an extracellular flux analyzer. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Haiyong Han: This method can help answer key questions about the effects of the tumor microenvironment on cell metabolism and drug sensitivity. 
1.2. Haiyong Han: The main advantages of this technique are that it is fast, relatively easy, and highly reproducible, and that it can be easily adapted to other cancer cell lines.   

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!)
1.3. Haiyong Han: Demonstrating the procedure will be Pawan Noel and Ruben Muñoz. 
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.

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

Protocol: (read by voice talent at JoVE)
2. Pancreatic Cancer 3D Spheroid Magnetic Bioprinting
2.1. Using standard aseptic tissue culture technique, culture the cancer cells and fibroblasts of interest in T75 flasks in the appropriate growth medium [1-WIDE-TXT].
2.1.1. Few seconds Talent adding cells to flask (TEXT: e.g. Patu8902 and PS1)
2.2. When the cells reach 70-80% confluency, wash the cultures one time in 5 mL of PBS [1-MED] and detach the cells from the flask surfaces with 2 mL of 0.05% Trypsin-EDTA per flask for 5 minutes at 37 °C [2-CU].
2.2.1. Few seconds Talent washing culture with PBS, with PBS container visible in frame
2.2.2. Few seconds trypsin-EDTA being added to flask, with trypsin-EDTA container label visible in frame
2.3. After confirming detachment under a microscope, deactivate the trypsin with 8 mL of growth medium per flask [1-MED-TXT] and pipet the cells a few times to generate single cell suspensions for counting [2-CU].
2.3.1. Few seconds Talent adding medium to cells, with medium container visible in frame (TEXT: See text for all medium/reagent preparation details)
2.3.2. Few seconds cells being resuspended
2.4. Collect the cells by centrifugation [1-MED-TXT] and resuspend the pellets in 1 x 106 cells/mL concentrations in fresh growth medium [2-CU].
2.4.1. Talent adding tube(s) to centrifuge (TEXT: 3 min, 500 x g, at room temperature) 
2.4.2. Shot of pellet if visible, then few seconds cells being resuspended, with medium container label visible in frame 
2.5. To magnetize the cells, add 10 microliters of nanoshuttle in growth medium per 100 microliters of cells [1-MED-TXT] and agitate the solutions gently [2-CU].
2.5.1. Few seconds Talent adding nanoshuttle to cells, with nanoshuttle container visible in frame (TEXT: i.e. iron oxide + poly L-lysine + gold nanoparticles)
2.5.2. Few seconds solution being agitated
2.6. Gently invert the tubes a few times [1-MED] and transfer the cell-nanoshuttle mixes into individual wells of a 24-well plate [2-MED-over the shoulder].
2.6.1. Few seconds Talent inverting tube(s)
2.6.2. Few seconds Talent adding cells to well 
2.7. Incubate the cells at room temperature for 2 hours with gentle shaking to facilitate the nanoshuttle binding to the cell surface [1-CU].
2.7.1. Few seconds plate on shaker with cover visible in frame
2.8. At the end of the binding incubation, gently mix each magnetized cell suspension with pipetting [1-MED] and adjust the concentration to 1.5x104 magnetized cancer cells or fibroblasts/150 microliters of medium [2-MED].
2.8.1. Few seconds Talent mixing cells
2.8.2. Few seconds Talent adding medium to cells
2.9. Mix the fibroblast and cancer cells in a 2:1 ratio for a total of 150 microliters of seeded cells per well [1-CU-TXT].
2.9.1. Few seconds fibroblasts being added to cancer cells (TEXT: i.e. 1x104 fibroblasts + 5x103 cancer cells + 135 microliter medium/ well)
2.10. Place a cell-repellent, 96-well plate on top of a 96-well magnetic spheroid drive with thinner magnets [1-MED-over the shoulder-TXT] and seed 150 microliters of cell mixture into each well [2-CU-TXT].
2.10.1.  Plate being placed onto drive (TEXT: i.e. Do not use the holding drive) 
2.10.2.  Few seconds cells being added to at least one well (TEXT: Cells will collect in well center above magnet)
2.11. When all of the cells have been plated, incubate the plate overnight at 37 °C and 5% CO2 with the magnetic spheroid drive still attached [1-MED].
2.11.1.  Talent placing plate into incubator 
2.12. The next morning, remove the magnetic drive [1-CU] and return the cells to the incubator for up to 7 more days [2-MED-TXT].
2.12.1.  Few seconds drive being removed
2.12.2.  Talent placing plate into incubator (TEXT: Refresh medium every 3 d) 
3. 3D Pancreatic Tumor Spheroids Extracellular Flux Analysis
3.1. The day before the metabolic assay, hydrate the probe cartridge with 200 microliters of assay calibrant per well in the provided utility plate [1-WIDE-TXT] and incubate the utility plate overnight in a humidified, 37 °C, non-CO2 incubator [2-MED].
3.1.1. Few seconds Talent adding calibrant to at least one well (TEXT: Assay spheroids of approximately 500 micrometer diameter)
3.1.2. Talent placing plate into incubator
3.2. The next morning, observe the spheroids in the growth plate under a light microscope to check their morphology and overall uniformity [1-MED].
3.2.1. Talent at microscope, looking at plate 
3.3. Transfer the growth plate onto a magnetic holding drive [1-CU] and carefully aspirate approximately 120 microliters of growth medium per well [2-ECU].
3.3.1. Few seconds plate being placed into drive
3.3.2. Few seconds medium being aspirated from one well
3.4. Gently wash the spheroids with 120 microliters of warmed assay medium three times [1-MED-over the shoulder].
3.4.1. Few seconds Talent washing wells 
3.5. After the last wash, inspect the spheroids under the microscope again to confirm that the spheroids were not washed away [1-MED] and add 180 microliters of warm assay medium to each well [2-CU].
3.5.1. Talent placing plate onto microscope stage
3.5.2. Few seconds medium being added to at least one well
3.6. Use a wide bored tip to carefully aspirate a single, pre-washed spheroid from the cell repellent growth plate [1-CU] and gently transfer the spheroid directly into the center of one well of a spheroid assay plate, allowing the spheroid to fall into the central microchamber of the well by gravity [2-MED-over the shoulder-TXT].
3.6.1. Few seconds spheroid being aspirated
3.6.2. 8-10 seconds Talent adding spheroid to at least one well (TEXT: Do not remove pipette until spheroid has settled)
3.7. When all of the spheroids have been transferred, place the assay plate in the non-CO2, 37 °C humidified air incubator for one hour [1-MED-TXT].
3.7.1. Talent placing plate into incubator (TEXT: Confirm/adjust spheroid positions as necessary)
3.8. During the incubation, orient the sensor cartridge so that rows A-H are on the left side [1-CU] and place a loading guide on top of the cartridge such that the letter corresponding to the port to be loaded is in the upper left hand corner [2-CU].
3.8.1. Few seconds cartridge being oriented
3.8.2. Few seconds loading guide being placed at top of cartridge
3.9. If the plate has been evenly loaded, open the analysis software and click “Templates” [1-MED-over-the shoulder-TXT]. Editor: The authors have provided a SCREEN capture that covers shots 3.9.1. through 3.14.1. Note from the authors: The provided video is more detailed than the actual steps covered in the script and includes steps which are necessary to get to complete the entire process to make an experimental template using the software in question. Please let us know if you need us to provide you the time frames within the video corresponding to only the steps in the script.
3.9.1.  Talent opening software, clicking “Templates”, with monitor visible in frame (TEXT: Alternative: Choose from existing assay template) 
3.10. Double click on “Blank Template” and click “Generate Groups” [1-SCREEN-TXT].
3.10.1.  *To be provided by Authors: “Blank Template” and “Generate groups” being clicked (TEXT: See text for experimental group and condition definition details)
3.11. Under the “Plate Map” tab, assign groups to the assay plate corresponding to the experimental design and select the four corner wells as the background wells [1-SCREEN].
3.11.1.  *To be provided by Authors: Few seconds groups being assigned, then at least one corner being selected
3.12. Under the Instrument Protocol tab, check “Calibrate”, “Equilibrate” and “Baseline Measurement Cycle” [1-SCREEN].
3.12.1.  *To be provided by Authors: “Calibrate”, “Equilibrate” and “Baseline Measurement Cycle” being checked
3.13. Click “Injections” and define the compound for each port. Change the measurement cycles to 6 [1-SCREEN-TXT].
3.13.1.  *To be provided by Authors: Injections being clicked, then at least one compound being defined and measurement cycle being changed (TEXT: Keep default 3 min mix, 0 min wait, and 3 min measure times parameters) 
3.14. Review the Protocol and Group Summary. Then save the assay design template [1-SCREEN].
3.14.1.  *To be provided by Authors: Shot of protocol and group summary, then assay design template being saved 
3.15. Based on the assay design as a guide, use a multichannel pipette to dispense each reagent directly into the injection ports, holding the loading guides in place with fingertips [1-CU-TXT].
3.15.1.  Few seconds ports being loaded, with loading guide being held by fingers visible in frame (TEXT: Avoid air bubbles, but do not tap cartridge to remove bubbles)
3.16. When all the reagents have been loaded, remove the loading guide [1-CU] and hold the cartridge at eye level to visually inspect the injection ports for even loading [2-MED].
3.16.1.  Few seconds guide being removed
3.16.2.  Few seconds Talent lifting cartridge to eye level/looking at cartridge
3.17. Transfer the cartridge and the utility plate to the extracellular flux analyzer [1-MED] and initiate the pre-assay calibration [2-MED-over the shoulder].
3.17.1.  Few seconds Talent loading cartridge and/or plate onto analyzer 
3.17.2. Talent initiating calibration 
3.18. Once calibrated, replace the utility plate [1-CU] with the pre-warmed assay plate containing the 3D spheroids and begin the assay [2-MED].
3.18.1. Few seconds assay plate being placed into analyze
3.18.2.  Talent beginning assay
3.19. When the assay is finished, export the data into the appropriate data analysis software [1-MED].
3.19.1.  Few seconds Talent exporting data into analysis software, with monitor visible in frame
4. Results: Representative Spheroid Growth and Functionality Analyses

4.1. In a typical experiment, the diameter of the spheroids increases from around 400 micrometers on day 2 to almost 600 micrometers on day 7 post printing [1-LM], with no significant increase observed after day 7 [2-LM].

4.1.1. 56081_Han_Fig2A.ai: please sequentially add/indicate images above graph from day 2 image to day 4 image to day 7 image
4.1.2. 56081_Han_Fig2A.ai: please add/indicate day 9-10 image

4.2. All three types of spheroid cultures exhibit a biologically functional response to the glycolysis stress assay in response to an injection of a saturating concentration of glucose [1-LM], as evidenced by an increase in their extracellular acidification rates [2-LM].

4.2.1. 56081_Han_Fig3B.tiff: please trace/indicate vertical glucose line
4.2.2. 56081_Han_Fig3B.tiff: please trace/indicate all three data lines from glucose line to oligomycin line

4.3. In general, a higher extracellular acidification rate signal from tumor cell-derived spheroids [1-LM], compared to the signal from relatively smaller PS1 fibroblast-derived spheroids [2-LM], may be attributed to the inherent metabolic inclination towards glycolysis of the cancer cells [3-LM].

4.3.1. 56081_Han_Fig3C.tiff: please indicate blue data bars
4.3.2. 56081_Han_Fig3C.tiff: please indicate red data bars
4.3.3. 56081_Han_Fig3C.tiff: no animation

4.4. In this representative mitochondrial stress test of tumor-fibroblast spheroids, a decrease in mitochondrial respiration was observed in response to an inhibitor of ATP synthase [1-LM], correlating to the fraction of mitochondrial respiration used for cellular ATP production [2-LM].

4.4.1. 56081_Han_Fig4B.tiff: please add/trace/indicate vertical oligomycin line
4.4.2. 56081_Han_Fig4B.tiff: please trace/indicate data line from oligomycin line to FCCP line

4.5. A second injection with an uncoupling agent stimulated the maximal oxygen consumption of the spheroids [1-LM], with a corresponding increase in mitochondrial respiration [2-LM].

4.5.1. 56081_Han_Fig4B.tiff: please trace/indicate vertical FCCP line
4.5.2. 56081_Han_Fig4B.tiff: please trace/indicate date line from FCCP to rotenone & antimycin a line

4.6. A third injection of Electron Transport Chain Complex I and III inhibitors blocked mitochondrial respiration [1-LM], observed as a sharp decrease in the oxygen consumption rate [2-LM].

4.6.1. 56081_Han_Fig4B.tiff: please trace/indicate vertical rotenone & antimycin a line
4.6.2. 56081_Han_Fig4B.tiff: please trace/indicate data line from rotenone & antimycin a line to end of graph

4.7. These parameters and basal respiration rates can be used to calculate the proton leak [1-LM] and spare respiratory capacities of the spheroids [2-LM], providing a multi-parametric metabolic analysis of the magnetized spheroids [3-LM].

4.7.1. 56081_Han_FigCB.tiff: please indicate proton leak data bar
4.7.2. 56081_Han_FigCB.tiff: please indicate spare respiratory capacity data bar
4.7.3. 56081_Han_FigCB.tiff: no animation

5. [bookmark: _GoBack]Conclusion (said by authors on camera):
5.1. Pawan Noel: Once mastered, this technique can be completed in 3-4 hours if it is well planned.
5.2. Pawan Noel: While attempting this procedure, it’s important to remember to hydrate the probe cartridge in a 37 °C incubator 4-16 hours before performing the metabolic assay [1-MED].
5.2.1. Use 3.1.2. Talent placing cartridge into incubator for transition as necessary
5.3. Pawan Noel: Following the spheroid culturing procedure, other assays, like dose response experiments, can be performed to answer additional questions about drug efficacy, toxicity, penetrance and susceptibility.
5.4. Pawan Noel: After its development, this technique paved the way for researchers in the field of pancreatic cancer to explore the tumor-stroma interactions within the tumor microenvironment in a 3-dimensional model that mimics the in vivo tumor biology and characteristics [1-MED].
5.4.1. Use 3.10.1. Talent opening template for transition as necessary
5.5. Pawan Noel: After watching this video, you should have a good understanding of how to culture three-dimensional spheroids, starting from cultured pancreatic tumor and fibroblast cells to downstream analyses of cellular metabolic functions.
5.6. Pawan Noel: Don't forget that working with cancer cells can be extremely hazardous and that precautions, such as using sterile technique and the proper protective equipment, should always be taken while performing this procedure.   

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:

0123_ Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
0123_ 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.  

56081_Han_Fig2A.ai
56081_Han_Fig3C.tiff
56081_Han_Fig3D.tiff
56081_Han_Fig4C.tiff
56081_Han_Fig4D.tiff

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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