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Author Questionnaire 

1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  N

3. Interview statements: Considering the Covid-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until the videographer steps away (≥6 ft/2 m) and begins filming. The interviewee then removes the mask for line delivery only. When the shot is acquired, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

4. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N

Protocol Length
Number of Shots: 33


Introduction

1. Introductory Interview Statements

NOTE: All interviews slated verbally.
REQUIRED: 
1.1. Louisiane Perrin: This protocol can be used to study the mechanisms governing the invasion of cancer cells into the extracellular matrix in real-time [1].

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

REQUIRED: 

1.2. Louisiane Perrin: The main advantage of this technique is that it uses a simple spheroid imaging device, which makes the spheroid invasion assay easier to set up and improves its efficiency and cost [1].

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

OPTIONAL: 
1.3. Theodore Tucker: While we demonstrate using the spheroid invasion assay to model mammary carcinoma, this assay is an excellent model for the invasion of any solid tumor into the surrounding healthy tissue [1].

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




NOTE: files 6H0A1322 and 6H0A1323 are just shots of the 3d printer printing the plate, weren't in the protocol but authors suggested to shoot it. 

Protocol
2. Spheroid Imaging Device (SID) Fabrication
2.1. After 3D printing of the spacer [1-TXT], weigh out a 10:1 ratio of base polymer:crosslinker in a plastic cup [2] and use a disposable pipette to thoroughly mix the resulting PDMS (P-D-M-S) solution in the cup [3-TXT].
2.1.1. WIDE: Talent picking up spacer from printer TEXT: See text for spacer printing details
2.1.2. Talent adding polymer and/or crosslinker to cup, with polymer and crosslinker containers visible in frame if possible
2.1.3. Talent mixing PDMS, with PDMS container visible in frame TEXT: PDMS: polydimethylsiloxane 
2.2. Place the cup into a vacuum chamber [1] and quickly release the vacuum pressure to remove any air trapped at the surface of the mixture and to dissipate the remaining air bubbles [2].
2.2.1. Talent placing cup into chamber NOTE: take 2 has the suction turn on controller in the frame if you'd prefer
2.2.2. Talent releasing pressure
2.3. Incubate the 3D printed spacer at 100 degrees Celsius for 5 minutes to increase its flexibility [1] and clean two glass plates with 100% isopropanol [2-TXT].
2.3.1. Talent placing spacer at 100 °C
2.3.2. Talent cleaning plate(s), with isopropanol container visible in frame TEXT: Use razor to remove old PDMS as necessary NOTE: First take is without razor cleaning, second take is with razor cleaning
2.4. Place the spacer so that it is flush between the two cleaned plates [1] and place two large binder clips on the bottom edge [2] and one onto the top corner to seal the mold onto the outside edges of the plates [3].
2.4.1. Talent placing spacer Videographer: Important step
2.4.2. Talent placing clip(s) onto bottom edge Videographer: Important step
2.4.3. Talent placing clip onto top corner Videographer: Important step
2.5. Inspect the top part of the mold to ensure that the spacer is flush with the glass plates [1] and use a disposable pipette with approximately 2 centimeters cut from the tip to slowly but continuously add the PDMS mixture to the top left corner of the mold [2-TXT].
2.5.1. Talent checking top part of mold
2.5.2. PDMS being added to molder TEXT: Caution: Avoid air pocket creation Vid NOTE: there were three or four takes of this initially, but we did a later one out of sequence when the mold was closer to full to show that (after shot 2.18.2). It took a long time for the liquid to settle. that's why we did a later take. Take 5 and 6 of the mold filling shot (filling the last part of the mold with fluid)
2.6. When the entire mold has been filled [1], place the mold into the vacuum chamber to remove any air bubbles that have formed [2] before curing the PDMS for 1 hour at 100 degrees Celsius [3].
2.6.1. Shot of filled mold
2.6.2. Talent placing mold into chamber
2.6.3. Talent placing mold a 100 °C
2.7. At the end of the incubation, place the mold at room temperature [1]. When it is cool to the touch, remove the binder clips and glass plates from the spacer containing the cured PDMS [2] and use a razor blade to cut through the seal that was created on all four sides of the mold between the spacer and the glass plate [3].
2.7.1. Talent placing mold onto bench Vid NOTE: there's only one take, even though it has take 2 on the slate
2.7.2. Talent removing clips/plates
2.7.3. Seal being cut
2.8. Pull apart the mold to reveal the PDMS sheet in the spacer [1] and use tweezers to carefully peel the PDMS sheet off of the spacer [2].
2.8.1. Mold being pulled apart
2.8.2. Sheet being pulled
2.9. Place the sheet onto a cutting mat [1] and use a biopsy punch to punch out a 17.5-millimeter-diameter PDMS disk [2]. Then punch three, evenly distributed 5.5-millimeter holes into the disk [3].
2.9.1. Talent placing sheet onto mat Vid NOTE: the sheet was torn while he was taking it out of the mold, there was no other sheet so had to use this one
2.9.2. 17.5-mm hole(s) being punched Vid NOTE: did a later take where he did more than one punch, will note below
2.9.3. 5.5-mm hole(s) being punched
2.10. Use tape to remove any dust particles from each insert [1] and stick the cleaned inserts onto a piece of double-sided tape [2].
2.10.1. Dust being removed from insert
2.10.2. Insert being placed onto tape
2.11. Wrap the tape around the lid of a 10-centimeter Petri dish [1] and place the lid into a plasma machine along with open, 35-millimeter, glass bottom dishes [2]. 
2.11.1. Talent wrapping lid with tape
2.11.2. Talent placing lid into machine
2.12. Activate the inserts and glass with 1-minute of plasma treatment at 300 millitorrs [1] and use tweezers to quickly attach the treated side of each insert to the glass part of one treated glass bottom dish per insert [2].
2.12.1. Talent treating materials
2.12.2. Insert being attached to dish
2.13. When all of the inserts have been applied, use the pointer finger and thumb to apply even pressure to each insert while rotating the dish to securely attach the inserts to the dishes [1].
2.13.1. Insert being pressed/dish being rotated
2.14. When all of the inserts have been secured, incubate the resulting spheroid imaging devices for 20 minutes at 60 degrees Celsius [1] before performing a second round of plasma treatment as demonstrated [2].
2.14.1. Talent placing dish(es) at 60 °C
2.14.2. Talent treating dish(es)
2.15. After the second treatment, add 35 microliters of freshly prepared coating solution to each insert hole [1-TXT].
2.15.1. Coating solution being added, with coating solution container visible in frame TEXT: See text for all solution preparation details NOTE: two takes, one a medium shot and the second a close up shot to show detail
2.16. After 1 hour at room temperature, remove the coating solution [1] and rinse the device three times with distilled water [2].
2.16.1. Solution being aspirated
2.16.2. SID being rinsed
2.17. After the last wash, add 35 microliters of crosslinking solution to each hole for a 30-minute incubation at room temperature [1].
2.17.1. Talent adding crosslinking solution to hole(s), with s crosslinking solution container visible in frame
2.18. At the end of the incubation, rinse the device three times with distilled water as demonstrated [1] before filling each device with 70% ethanol for a 30-minute incubation under UV light [2].
2.18.1. Talent rinsing device
2.18.2. Talent finishing adding ethanol to device, then UV light being turned on over device Vid NOTE: was broken into two steps, take 1 (adding ethanol) and take 2 (putting under UV light) are the different steps Video Editor: can show just ethanol addition or just UV light being turned on for timing as necessary
2.19. At the end of the sterilization, rinse the devices three times with distilled water [1] and add 2.5 milliliters of storage solution to each device [2].
2.19.1. Talent rinsing device(s)
2.19.2. Talent adding storage solution to device, with storage solution container visible in frame Vid NOTE: the only take is take 2
3. Spheroid Collagen Embedding 
3.1. To embed the spheroids in collagen, wash the devices three times with 3 milliliters of PBS per wash [1]. 
3.1.1. WIDE: Talent washing device(s), with PBS container visible in frame
3.2. After the last wash, allow the devices to completely dry [1] before adding one spheroid in 30 microliters of freshly prepared collage one solution into one hole of the insert [3] and starting a timer [2].
3.2.1. Talent placing device(s) to dry Videographer: Important step
3.2.2. Talent starting timer NOTE: Switch order of 3.2.2 and 3.2.3. Videographer: Important step
3.2.3. Talent adding spheroid to hole, with collagen I container visible in frame Videographer: Important/difficult step
3.3. After confirming the presence of the spheroid in the hole [1], add spheroids to the other two holes as demonstrated [2].
3.3.1. ECU: Shot of spheroid in hole Vid NOTE: we did four takes, takes 2 - 4 are the best. The spheroid is the small speck you can see in the middle of the pink liquid Videographer: Important/difficult step
3.3.2. Spheroid being added to hole Videographer: Important/difficult step
3.4. Use a 10-microliter pipette tip to re-center any spheroids that are located close to the PDMS border or to separate the spheroids if multiple spheroids are dispensed [1] and stop the timer [2-TXT].
3.4.1. Spheroid being centered and/or separated Vid NOTE: the spheroid is very small in the liquid but you can see it moving around, this was shot in 4K so should be able to magnify in edit somewhat if that helps with better detail  Videographer: Important/difficult step
3.4.2. Talent stopping timer Vid NOTE: she stops the timer at the 2-minute mark so you know where to look for where she stops it Videographer: Important step TEXT: For optimal assay setup, dispense spheroids ≤2 min
3.5. To vertically center the spheroid in the collagen layer, after seeding, flip the device upside-down [1] and incubate the device at 37 degrees until the collagen polymerizes [2], reversing the device orientation every 30 minutes [3].
3.5.1. Talent flipping device
3.5.2. Talent placing device at 37 °C
3.5.3. Device in incubator being flipped right side up
3.6. Then add 2.5 milliliters of medium per device [1] and acquire an image of the spheroids at the 0-hour time point [2].
3.6.1. Talent adding medium to device, with medium container visible in frame Vid NOTE: use take 2.
3.6.2. Talent at microscope, acquiring image, with monitor visible in frame









Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
2.4., 3.2.-3.4.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.
3.2., 3.3. dispensing a single spheroid per hole is challenging. 
3.4. To ensure success, separate the multiple spheroids from each other, in case more than one was dispensed in each hole, and to separate spheroids from the edge of the PDMS.


Results
4. [bookmark: _Hlk27388131]Results: Representative Spheroid Imaging

4.1. Using a spheroid image device facilitates the efficient embedding and time-lapse recording of cancer cell invasion within the collagen [1] or via longitudinal imaging [2].

4.1.1. LAB MEDIA: Video 1
4.1.2. LAB MEDIA: Figure 3

4.2. While this spheroid was imaged longitudinally over the course of 6 days [1], requiring the stable expression of cytoplasmic and/or nuclear fluorescent proteins [2], similar longitudinal imaging can be performed over a shorter time period using dye labeling [3].

4.2.1. LAB MEDIA: Figure 3 Video Editor: please emphasize pink signal in spheroid image(s)
4.2.2. LAB MEDIA: Figure 3 Video Editor: please emphasize green signal in spheroid images
4.2.3. LAB MEDIA: Figure 3

4.3. For example, these spheroids [1] were immunolabeled for epithelial cadherin [2], cortactin [3], and F-actin [4]. 

4.3.1. LAB MEDIA: Figure 4
4.3.2. LAB MEDIA: Figure 4 Video Editor: please emphasize E-cadherin spheroid
4.3.3. LAB MEDIA: Figure 4 Video Editor: please emphasize cortactin spheroids
4.3.4. LAB MEDIA: Figure 4 Video Editor: please emphasize F-actin spheroids

4.4. In these images, a step-by-step illustration of the image processing procedure using the Fiji macro to measure the area of the spheroid over time can be observed [1].

4.4.1. LAB MEDIA: Figure 5A Video Editor: please sequentially add/emphasize 0, 20 h, and 40 h image columns




Conclusion
5. Conclusion Interview Statements
5.1. Louisiane Perrin: Be sure to dispense a single spheroid into each hole of the spheroid imaging device and to position the spheroid at the center of the hole in both the x-y and z directions [1].
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (2.8.-2.14.) 
5.2. Theodore Tucker: The device design can easily be modified by changing the size and arrangement of the holes, inserts, and glass-bottom dishes to accommodate a higher spheroid throughput [1].
5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
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