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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N__  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__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? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___2.1, 2.2, _2.7____

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __?.
E.  Will the filming need to take place in multiple locations? (Y/N) __N___ If yes, how far apart are the locations? ___________________________________________________

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 method is to identify, characterize and isolate cells from a multicellular spheroid with respect to their cell cycle status and position within the spheroid.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Nikolas Haass: Compared to 2D culture, the 3D spheroid model recapitulates more faithfully the biology of cancer in vivo, as it mimics the architecture of the tumor and tumor microenvironment.

1.2. Kim Beaumont: By pairing spheroids with imaging techniques and flow-cytometry, this method helps answer key questions in the cancer field, like how the tumor microenvironment alters drug sensitivity, cell motility, or proliferation.

1.3. Nikolas Haass: The main advantage of this method is that it enables the real-time visualization of the cell cycle, and allows for the purification of live cells from a specific spheroid region.

Note to the Authors: Please memorize all statements in advance of filming. Also, statements were lightly edited to meet length restrictions.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Nikolas Haass: Demonstrating the procedure will be Danae Sharp, a research assistant from our laboratory.
1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):
2. 3D Spheriod Formation
2.1. Begin preparing for 3D spheroid formation by microwaving 1.5% agarose in 100 ml of Hank’s balanced salt solution, or HBSS, for 3 to 5 minutes [2.1.1-WIDE]. Intermittently swirl the flask to ensure that the agarose is fully dissolved [2.1.2-MED/CU].

2.1.1. Establishing shot of talent walking over to microwave with agarose solution/flask, and microwaving agarose solution

2.1.2. Show “1.5% Agarose” label on flask in frame, if possible

2.2. Then, immediately pipette 100 μl of the agarose solution into each well of a flat-bottomed 96-well tissue culture plate [2.2.1-CU]. Incubate the plate at room temperature for 1 hr to allow the agarose to solidify [2.2.2-MED/CU].

2.2.1. Show agarose being pipetted into one well of a 96-well plate, with flask labeled as “1.5% Agarose” in frame

2.2.2. Show talent placing corresponding lid on 96-well plate, placing plate off to the side to dry, and then setting a timer for 1 hour
2.3. Next, remove an 80% confluent cell culture of melanoma cells expressing the FUCCI (Pronounced: Foo-Chi) constructs from the cell culture incubator [2.3.1-MED-over the shoulder-TXT]. Wash the cells with 10 ml of HBSS [2.3.2-MED/CU]…add 1.5 ml of 0.05% Trypsin/EDTA [2.3.3-MED/CU], and then incubate the cells at 37 oC for approximately 2 min [2.3.4-WIDE].
2.3.1. *Film as written; TEXT: FUCCI: Fluorescence Ubiquitination Cell Cycle Indicator

2.3.2. Show “HBSS” or “Hank’s Buffered Saline Solution” label in frame, if possible.

2.3.3. Show “0.05% Trypsin/EDTA” label in frame, if possible

2.3.4. Show talent walking over to incubator with flask of cells, placing flask in incubator
2.4. Once the cells have detached, resuspend them in 10 ml of cell culture medium [2.4.1-CU-TXT]. Manually count the cells using a hemocytometer and inverted microscope [2.4.2-MED-over the shoulder], and dilute them to 25,000 cells per ml in cell culture medium [2.4.3-MED-TXT].

2.4.1. Show talent introducing media into conical tube with cell pellet, resuspending cells; TEXT: Medium: 4:1 mix of MCDB153 and L15, supplemented with: 2 mmol/L Ca2+, 4% heat-inactivated FBS, 5 (g/ml insulin
2.4.2. Show talent placing hemocytomer (containing Trypan blue-stained cells) onto stage of inverted microscope

2.4.3. *Film as written; TEXT: 25,000 cells/ml

2.5. Then, pipette 200 μl of the cell suspension to overlay each well of the 96-well agarose plate [2.5.1-CU-TXT]. Incubate the plate at 37 oC and 5% CO2 for approximately 3 days to form cell spheroids [2.5.2-WIDE].

2.5.1. *Film as written; TEXT: 5,000 cells per well

2.5.2. Show talent walking over to incubator, placing 96-well plate (with cells/media) in it

2.6. Following incubation, image the spheroids on an inverted microscope using a 4X objective and a phase contrast filter [2.6.2-MED-TXT]. Spheroids should appear as compact, roughly spherical cell aggregates [2.6.2-LM].
2.6.1. Show talent placing 96-well plate (with cells/culture media) onto stage of inverted scope, then working with microscope; TEXT: NOTE: One spheroid should be seen per well
2.6.2. Figure1_R2.pdf: Show complete image, but remove “C8161 spheroid” text.
2.7. To prepare the cell spheroids for sectioning and imaging, use a 1 ml pipette to move them to a falcon tube [2.7.1-MED]. Then, allow the spheroids to settle at the bottom of the conical [2.7.2-CU/ECU].

2.7.1. *Film as written

2.7.2. Show tube sitting in a rack (lacking sides/so bottom of tube is visible), opaque spheroid pellet forming in the bottom of the tube.

2.8. Next, remove the medium by suction [2.8.1-CU]…and then fix the spheroids by incubating them in 10% neutral buffered formalin for at least 2 hr at room temperature [2.8.2-CU-TXT]. Spheroids may then be stored in HBSS at 4 oC for several days [2.8.3-MED-over the shoulder-TXT].

2.8.1. *Film as written

2.8.2. Show “10% Formalin” label in frame if possible; TEXT: CAUTION: Use formalin in a fume hood
2.8.3. Show talent placing falcon tube with spheroids/HBSS into refrigerator; TEXT: Alternative: Perform flow cytometry as described in the text protocol.
3. Image Analysis of FUCCI Spheroid Sections
3.1. Following sectioning and imaging of the cell spheroids, open the image analysis software and choose the quantitation only configuration [3.1.1-MED-over the shoulder-TXT]. Then, create a new library and import the spheroid confocal image file by dragging the raw data file into the library [3.1.2-SCREEN].
3.1.1. Show talent opening appropriate software on computer screen; TEXT: See text protocol for sectioning and imaging procedures
3.1.2. *To be submitted by Author
3.2. Next, go to the Measurements tab to build an image analysis protocol by dragging and dropping commands in the correct order in the protocol window. To find objects in the green channel, drag and drop the Find Objects command from the Finding section into the protocol window and select the appropriate channel [3.2.1-SCREEN].

3.2.1. *To be submitted by Author

3.3. Add an Open command, found under Processing, and then add a Separate Touching Objects command to separate the cells. Finally, from the Filtering section, add an Exclude Objects By Size command for objects less than 50 μm to exclude small non-cellular objects [3.3.1-SCREEN-TXT].
3.3.1. *To be submitted by Author; Text: All variables require manual optimization

3.4. Next, drag and drop a new Find Objects command into the protocol window [3.4.1-Screen]. Following the same steps, select the red channel and apply all subsequent commands [3.4.2-MED-over the shoulder].
3.4.1. *To be submitted by Author

3.4.2. Show talent in front of computer, performing actions in appropriate software
3.5. Once objects have been found, use the Hide Channel or Show Channel commands to visually ensure that Red and Green Objects correspond to red and green nuclei. If necessary, click on Measurements and then Feedback options to modify the appearance of the object masks [3.5.1-SCREEN].
3.5.1. *To be submitted by Author
3.6. Now, to find Yellow Objects that correspond to early S phase cells, use the Intersect command found in the Combining section and choose Intersect Red Objects…with Green Objects. Again, Exclude Objects By Size less that 50 μm [3.6.1-SCREEN].
3.6.1. *To be submitted by Author
3.7. To identify G1 phase cells, use the Subtract command found in the Combining section and choose Subtract Yellow Object…from Red Objects to find exclusively red objects [3.7.1-SCREEN].
3.7.1. *To be submitted by Author
3.8. Similarly, Subtract: Yellow Objects… From: Green Objects, in order to identify exclusively green objects that correlate to S, G2, and M phase cells [3.8.1-MED-over the shoulder].
3.8.1. Show talent sitting in front of computer screen, performing actions as written in appropriate program
3.9. For both the exclusively red and exclusively green objects, remove non-cellular objects as necessary by applying a Filter Population command from the Filtering section with a shape factor greater than 0.25 [3.9.1-SCREEN].
3.9.1. *To be submitted by Author
3.10. Then, find the spheroid outline using a Find Objects command from the Finding section in either the green or red channel. Use a Close command from the Processing section to join the individual cells into one object, then add a Fill holes in objects command to fill in holes in the spheroid [3.10.1-SCREEN-TXT].
3.10.1. *To be submitted by Author; TEXT: To ensure an entire spheroid is outlined, a lower threshold may need to be manually chosen. (Video Editor: Have text appear with the first sentence.)
3.11. Next, use a Fine Filter to remove noise from the spheroid object. Finish finding the spheroid outline by choosing Exclude Objects By Size to remove objects smaller than 30,000 μm [3.11.1-SCREEN-TXT].
3.11.1. *To be submitted by Author; TEXT: Manually optimize steps to accurately outline each spheroid.
3.12. Once all objects have been defined, add Measure Distances from the Relating section to determine the distance from each centroid to the edge of the Spheroid outline [3.12.1-SCREEN]. Do this in each of the yellow, exclusively red, and exclusively green populations [3.12.2-MED-over the shoulder].
3.12.1. *To be provided by Author

3.12.2. Show talent at the computer performing appropriate actions in the software for one of the populations (e.g., green).
3.13. To visualize the minimum distances from the cell to the nearest spheroid edge, open the Measurements tab and select Feedback options followed by Relationships. Then choose Show Distances. Finally, save the protocol [3.13.1-SCREEN].

3.13.1. *To be submitted by Author
3.14. To save data created by the protocol, choose the Make Measurement Item from the Measurements section. Then, to interpret the data, select the measurement item, go to the Analysis tab in the Measurements section, and choose Analyze under the Analysis menu [3.14.1-SCREEN]. 

3.14.1. *To be submitted by Author
3.15. To count the cells found at a certain distance from the spheroid edge, create a filter by selecting Filter from the Analysis tab. For example, Show only data where Distance from Spheroid Edge is less than 100 microns [3.15.1-SCREEN].

3.15.1. *To be submitted by Author

3.16. To export the raw data, select Export from the File tab, and then save the data as Comma Separated or Tab Delimited Text [3.16.1-SCREEN]. This data may be opened in a spreadsheet program for further analysis [3.16.2-MED-over the shoulder].

3.16.1. *To be submitted by Author

3.16.2. Show talent sitting in front of computer screen, opening appropriate software Not sure if Danae was shown opening Excel, but if she didn’t it should be no problem for me to provide a screen shot of that or something if you need. Let me know.
4. Results: Quantification of G1 Arrested and Proliferating Cells in Cancer Cell Spheroids 
4.1. Cell spheroids generated from C8161 human melanoma cells that had been transduced with the FUCCI system were fixed and sectioned [4.1.1-LM]. Confocal imaging for Azami Green, which marks cells in the G1/S/M phase of the cell cycle [4.1.2-LM]… and Kusabira Orange, which marks cells in the G1 phase, was performed [4.1.3-LM].

4.1.1. Figure1_R2.pdf: Show image, and keep “C8161 spheroid” text.

4.1.2. Figure2_R2.pdf: Show panel A, but remove the “A” text label (scale bar and “Azami Green (S/G2/M) text can remain in panel). As cued by narration, highlight “S/G2/M” text.

4.1.3. Figure2_R2.pdf: Show panel B, but remove the “B” text label (scale bar and “Kusabira Orange (G1) text can remain in panel). As cued by narration, highlight “G1” text in the panel.

4.2. When these images are overlain, key features, such as a necrotic core, can be observed [4.2.1-LM]. As expected, red G1 arrested cells predominate closer to this necrotic core [4.2.2-LM], while red and green proliferating cells increase in a gradient manner towards the outer edge of the spheroid, where access to oxygen and nutrients is greatest [4.2.3-LM].
4.2.1. Figure2_R2.pdf: Show panel C, but remove “C” and “FUCCI” text labels. As cued by narration, highlight the central black space in the image (the lima bean-shaped black region in the center of the screen, enclosed by the red dots). 

4.2.2. Figure2_R2.pdf: Show panel C (without “C” label). Highlight the inner rim of red cells (that directly encircling the black space). 

4.2.3. Figure2_R2.pdf: Show panel C (without “C” label). Highlight the outer rim of green cells (which will also include some red cells) encircling the black empty space.
4.3. Following semi-automated image analysis, the FUCCI cell masks and spheroid outline can be defined [4.3.1-LM]. Imaging software was used to quantitate red and green cells in the inner… or outer region of the spheroid [4.3.2-LM]. This analysis showed that G1 phase arrested cells are enriched in the inner region [4.3.3-LM], while proliferating cells predominate closer to the spheroid edge [4.3.4-LM].

4.3.1. Figure2_R2.pdf: Show panels C and D as a split screen (remove “C” and “D” text labels, and the blue bar, arrow and “80 (m” text from panel D).

4.3.2. Figure2_R2.pdf: Show panel E, but remove the “E” text label. As cued by narration, highlight the “Inner (>80(m)” text on the X-axis. Then, highlight the “Outer (<80(m)” text on the X-axis, as cued by narration.
4.3.3. Figure2_R2.pdf: Show panel E without with “E” text label. Highlight the red portion of the bar on the left of the screen. 

4.3.4. Figure2_R2.pdf: Show panel E without with “E” text label. Highlight the green portion of the bar on the right of the screen. 
5. Conclusion (said by authors on camera)
5.1. Danae Sharp: Once mastered, this technique can be done in 1 to 2 weeks—a timeframe that includes growing the spheroids, and their imaging and analysis.

5.2. Kim Beaumont: Following this procedure, spheroids can be implanted into collagen matrices, imaged via time-lapse microscopy, and subjected to protein or RNA analysis, in order to answer questions like whether position in the spheroid(and oxygen and nutrient accessibility(can alter cancer cell phenotype.
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.  

Insert your media filenames here.
4.1 – 01_KimBeaumont_Figure1 – phase contrast image of spheroid

4.1 – 02_KimBeaumont_Figure2A – single colour imaging of Azami Green 

4.1 – 03_KimBeaumont_Figure2B – single colour imaging of Kusabira Orange

4.2 and 4.3 – 04_KimBeaumont_Figure2C – overlay of Azami Green and Kusabira Orange

4.3 – 05_KimBeaumont_Figure2D – masks of Azami Green and Kusabira Orange cells no blue bar

4.3 – 06_KimBeaumont_Figure2D – masks of Azami Green and Kusabira Orange cells plus blue bar

4.3 – 07_KimBeaumont_Figure2E – graph of red and green % cells in inner and outer spheroid regions

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 are included in the email accompanying the finalized script.
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