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A. Microscopy: Does your protocol require JoVE to film through your microscope? 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 from the protocol section below will viewers benefit most from having filmed? 
2.14., 3.1.

D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.4. the number of starting tumor cells is crucial.
4.4 to 4.6, the analysis requires time and rigor to obtain the best ratio between sensitivity and specificity.
E. Will the filming need to take place in multiple locations? N
VO REFERENCE:

CAR is pronounced like “car” the thing you drive. 

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the significance of your method to the viewer. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Sébastien Wälchli/Hakan Köksal: This method can help answer key questions in the immunotherapy field about the assessment of immune cell cytotoxicity against 3D-structured tumor cells.
1.2. Else-Marit Inderberg/Pierre Dillard: The main advantages of this technique are that it is straight-forward and that it combines advanced imaging techniques with a sensitive immunological assay.    
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol: (read by voice talent at JoVE)
2. Colorectal Cancer Cell Line Spheroid Generation
2.1. Begin by washing the colorectal cancer cell line of interest with 5 mL of PBS [1-WIDE-TXT] and removing the cells from the flask bottom with 0.5 mL of trypsin for 5 minutes at 37 °C [2-MED-TXT].

2.1.1. Talent adding PBS to 25 cm2 flask, with PBS container visible in frame (TEXT: e.g. HCT 116 cells stably-transduced for CD19 and GFP expression)

2.1.2. Talent adding trypsin to flask, with trypsin container visible in frame (TEXT: See text for 75 cm2 flask culture manipulation details)

2.2. After confirm detachment under a microscope [1-MED], neutralize the cell dissociation enzyme with 10 mL of complete medium [2-CU-TXT] and collect the cells by centrifugation [3-MED-TXT].
2.2.1. Talent at microscope, looking at flask
2.2.2. Medium being added to cells, with medium container label visible in frame (TEXT: See text for all medium/reagent preparation details)
2.2.3. Talent adding tube(s) to centrifuge (TEXT: 5 min, 500 x g, RT)
2.3. Resuspend the pellet in 5 mL of fresh complete medium for counting [1-CU] add resuspend the cells at a 1.5 x 103 cells/mL concentration [3-MED].
2.3.1. Shot of pellet if visible, then medium being added to cells, with medium container label visible in frame 
2.3.2. Talent adding medium to cells, with medium container label visible in frame
2.4. Then seed 200 microliters of cells into each well of a 96-well round bottom plate [1-MED-over the shoulder] and place the plate in an automated imaging apparatus inside a 37 °C-incubator with 5% CO2 and a 95% humidity [2-MED].
2.4.1. Talent adding cells to well(s), with cell container visible in frame

2.4.2. Talent placing plate into imager
2.5. Log into the acquisition software of the apparatus [1-MED-over the shoulder] and select “Schedule To Acquire”, “Launch Add Vessel”, “Scan On Schedule”, and “Create Vessel – New” [2-SCREEN]. 
2.5.1. Talent logging into software, with monitor visible in frame

2.5.2. *To be provided by Authors: Schedule To Acquire, Launch Add Vessel, Scan On Schedule, and Create Vessel – New being selected
2.6. Next, select “Scan Type – Spheroid” and select the appropriate brightfield and fluorescence channels of interest [1-SCREEN].

2.6.1. 2-6 to 2-10.mp4: Scan Type – Spheroid being selected, then at least on channel being selected
2.7. Set the magnification to 10x and select the plate model and its position within the imaging apparatus drawer [1-SCREEN]. 
2.7.1. 2-6 to 2-10.mp4: Magnification being set, then plate model and position being selected

2.8. Select the position of the wells to be imaged and enter the description of the experiment, including the name, type of cells, number of cells [1-SCREEN].
2.8.1. 2-6 to 2-10.mp4: Well position(s) being selected, then description being entered 

2.9. For the analysis setup, select “Defer Analysis Until Later”, right click on the timeline and select “Set Selected Scan Group Interval” and set “Add scans every” to 4 hours and “For a total of” to 24 hours [1-SCREEN].
2.9.1. 2-6 to 2-10.mp4: Defer Analysis Until Later being selected, Set Selected Scan Group Interval being selected, then Add scans every being set to 4 hours and For a total of being set to 24 hours

2.10. Then set the starting time to at least 1 hour after the incubation in the automated imaging apparatus [1-SCREEN].
2.10.1. 2-6 to 2-10.mp4: Starting time being set
2.11. To check the spheroid growth progress, every two days, log into the imaging software [1-MED-over the shoulder] and select “View Recent Scans” [2-SCREEN].
2.11.1.  Talent at computer, logging into software, with monitor visible in frame

2.11.2.  *To be provided by Authors: View Recent Scans being selected
2.12. Double-click on the experiment of interest and select “Brightfield” in the image channels panel [1-SCREEN].

2.12.1. 2-12 to 2-14.mp4: Experiment being double-clicked, then Brightfield being selected

2.13. Then use the “Measure image features” tool to measure the diameter of the spheroids [1-SCREEN-TXT], adding 50 microliters of complete medium per well at day 4 to limit any medium evaporation effects [2-CU].
2.13.1. 2-12 to 2-14.mp4: Spheroid(s) being measured (TEXT: 0.5-mm spheroids form ≥6 d)
2.13.2. Medium being added to well(s), with medium container label visible in frame

3. 3D Tumor Spheroid Killing Assay

3.1. When the spheroids reach the appropriate experimental size, carefully angle the plate [1-WIDE] and use a multichannel pipette to gently remove 150 microliters of complete medium from each well without disturbing the spheroids [2-CU].
3.1.1. Talent angling plate Videographer note: 3.1.1 and 3.1.2 are combined. 
3.1.2. Medium being removed

3.2. Next, replace the discarded medium with 50 microliters of a 1:200 solution of Annexin V red [1-MED] and place the plate in a cell culture incubator for 15 minutes [2-CU].

3.2.1. Talent adding dye to well(s), with stock dye container visible in frame Videographer note: Wrong slating. Slated as 3.1.2.
3.2.2. Plate being placed into incubator

3.3. Centrifuge transduced CAR (car) CD19 T cells in a 15-mL conical tube [1-MED-TXT] and resuspend the pellet in 2 mL of complete medium [2-CU].
3.3.1. Talent adding tube(s) to centrifuge (TEXT: See text for CAR CD19 T cell preparation details)

3.3.2. Shot of pellet if visible, then cells being resuspended in medium, with medium container label visible in frame
3.4. After counting, dilute the cells to a 2x105 cells/mL of complete medium concentration [1-MED].
3.4.1. Talent adding medium to tube, with medium container visible in frame

3.4.2. Cells being added to reservoir

3.5. Then add 100 microliters of CAR CD19 T cells to each spheroid-containing well [1-MED-over the shoulder] and return the plate to the automated imaging apparatus [2-CU].

3.5.1. Talent adding T cells to well(s) Videographer note: Mistaken slating. Slated as 3.4.2.
3.5.2. Plate being placed into apparatus

3.6. In the acquisition software, select “Schedule To Acquire” and right click on the “Scan” time line [1-SCREEN].
3.6.1. 3-6 to 3-9.mp4: Schedule to Acquire being selected, the Scan being clicked
3.7. Select “Edit Timeline” and right-click on the scan group to delete it [1-SCREEN].
3.7.1. 3-6 to 3-9.mp4: Edit Timeline being selected, then scan group being right clicked and deleted
3.8. Right-click on the timeline again and select “Set Selected Scan Group Interval” and set “Add scans every” to 1.5 hours and “For a total of” to 24 hours [1-SCREEN].
3.8.1. 3-6 to 3-9.mp4: Timeline being right clicked, then Set Selected Scan Group Interval being selected, then Add scans every being set to 1.5 hours and “For a total of” being set to 24 hours
3.9. Then set the imaging start time to at least 1 hour after the start of the incubation in the automated imaging apparatus and select “Save schedule scans” [1-SCREEN].
3.9.1. 3-6 to 3-9.mp4: Starting time being set, then Save schedule scans being selected
4. Automated Image Analysis

4.1. For automated image analysis, in the scan software [1-WIDE], select “View Recent Scans” and “Launch Analysis” [2-SCREEN].
4.1.1. Talent at computer, selecting View Recent Scans, with monitor visible in frame

4.1.2. 4-1 to 4-3.mp4: View Recent Scans and Launch Analysis being selected
4.2. Select “Create New Analysis Definition” and “Analysis Type – Spheroid” and set the Image channels to be analyze [1-SCREEN].
4.2.1. 4-1 to 4-3.mp4: Create New Analysis Definition, Analysis Type – Spheroid, and Image channel(s) being set
4.3. Select at least 10 representative images and preview the default analyze procedure on the entire image stack [1-SCREEN-TXT].

4.3.1. 4-1 to 4-3.mp4: Image(s) being selected (TEXT: 1 image/condition + ≥3 time points)
4.4. Modify the parameters for the brightfield mask and preview the image stack, confirming that the selected parameters detect the spheroids accurately [1-SCREEN-TXT].

4.4.1. 4-4.mp4: Parameter(s) being set, then stack being previewed (TEXT: See text for all suggested image stack parameter setting details)
4.5. Modify the parameters for green mask and preview the image stack to confirm that the selected parameters detect the spheroids accurately [1-SCREEN].
4.5.1. 4-5.mp4: Parameter(s) being set, then stack being previewed
4.6. Modify the parameters for red mask and preview the image stack to confirm that the selected parameters detect the spheroids accurately [1-SCREEN].
4.6.1. 4-6.mp4: Parameter(s) being set, then stack being previewed

4.7. Pierre Dillard: “Take care to achieve the best possible signal over noise and sensitivity over specificity ratios, keeping in mind that you will not be able to identify a set of parameters that can capture every event at every timepoint.” [1-MED-interivew style] 
4.7.1. Pierre Dillard, speaking the above interview style (looking just off-camera)
4.8. Then launch the analyzer [1-SCREEN].
4.8.1. 4-7.mp4: Analysis being launched 

4.9. When the analysis is complete, extract the measurement of interest and select the analyzed file and the “Graph Metrics” option [1-SCREEN].
4.9.1. 4-8 to 4-10.mp4: Measurement being extracted, file being selected, then Graph Metrics being selected

4.10. Select the metrics of interest, the scan and the well [1-SCREEN].
4.10.1. 4-8 to 4-10.mp4: Metrics of interest, scan, and well being selected

4.11. Click “Export Data” to extract the selected metrics in several file formats [1-SCREEN].

4.11.1. 4-8 to 4-10.mp4: Export Data being selected, metrics being extracted

4.12. Then, to extract the images, select the analyzed file and select “Export Images and Movies” [1-SCREEN-TXT].

4.12.1. 4-11.mp4: Analyzed file being selected and Export Images and Movies being selected (TEXT: Optional: Retrieve images “As Displayed” or “As Stored”)
5. Results: Representative Spheroid Killing Analysis
5.1. CD19 CAR expression on transduced T cells [1-LM] and CD19 expression on transduced colorectal cancer cells can be confirmed by flow cytometry [2-LM].

5.1.1. Figure 1.psd: Video Editor: please emphasize peach peak in histogram

5.1.2. Figure 1.psd: Video Editor: please emphasize cells in top right quadrant of right dot plot

5.2. Here the outcome of a typical spheroid experiment can be observed [1-LM].
5.2.1. Figure 2v2.png: no animation

5.3. Unlike Mock T cells, CD19 CAR T cells [1-LM] are able to specifically kill the colorectal cancer cell line-derived spheroids, greatly diminishing the number of live tumor cells [2-LM].
5.3.1. Figure 2.psd: Video Editor: please emphasize Mock Composite images row
5.3.2. Figure 2.psd: Video Editor: please emphasize CD19 CAR Composite images row

5.4. Tracking of the evolution of the total green and red signals within the spheroid boundaries over time reveals that shortly after CD19 CAR T cell injection [1-LM], the size of the spheroids shrinks quickly [2-LM] as the apoptosis signal increases quickly [3-LM].
5.4.1. Figure 3.png: no animation
5.4.2. Figure 3.png: Video Editor: please emphasize green circle data line from dotted vertical line to end of graph
5.4.3. Figure 3.png: Video Editor: please emphasize red circle data line from dotted vertical ine to end of graph
6. Conclusion (said by authors on camera):
6.1. Hakan Köksal: Following this procedure, other methods like toxicity assays, cell migration assays, or spheroid structure measurements, can be performed to answer additional questions about drug screening, T-cell motility, or spheroid formation, respectively.  
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. 
Figure 1.psd
Figure 2v2.png

Figurer 2.psd

Figure 3.png

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.

�Authors: You do not need to include steps that will be screen captured.
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