[image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 60399
Scriptwriter Name: Bridget Colvin   Postshoot: Anastasia Gomez
Project Page Link: http://www.jove.com/files_upload.php?src=18421743

[bookmark: _Hlk10458447][bookmark: _GoBack]Title: Lab-on-a-CD Platform for Generating Multicellular Three-Dimensional Spheroids 

Authors and Affiliations: Daehan Kim1, Gi-Hun Lee1, Jung Chan Lee2, and Joong Yull Park1

1Department of Mechanical Engineering, Graduate School, Chung-Ang University, Seoul, Republic of Korea
2Department of Biomedical Engineering, College of Medicine, Seoul National University

Corresponding Author:
Joong Yull Park 	
jrpark@cau.ac.kr 

Email addresses for Co-authors: 
toto0825@cau.ac.kr
coppermine@me.com
ljch@snu.ac.kr 
 


Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
5.6., 5.7.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.5.
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. Daehan Kim: This technique can be used to generate cell spheroids from individual and multiple cell types using a lab-on-a-CD platform, a pioneer system for the rapid generation of spheroids [1].

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

1.2. Daehan Kim: The technique uses centrifugal force to deposit cells into designated microwells, allowing the sequential addition of multiple cell types for the production of diverse spheroids [1].

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





Section - Protocol
2. Centrifugal Microfluidic-Based Spheroid (CMS) Culture Chip Fabrication
2.1. For CMS (C-M-S) culture chip fabrication, first make polycarbonate molds for the top and bottom layers of the culture chip by computer numerical control machining [1-TXT].
2.1.1. WIDE: Talent at computer, designing molds, with monitor visible in frame TEXT: See text for detailed chip dimensions

2.2. Next, mix PDMS (P-D-M-S) base and PDMS curing agent at a 10:1 ratio for 5 minutes [1-TXT] before placing the mixture in a desiccator for 1 hour to remove air bubbles [2].

2.2.1. Talent mixing base with agent, with base and agent containers visible in frame TEXT: PDMS: polydimethylsiloxane
2.2.2. Talent placing mixture into desiccator

2.3. Pour the degassed PDMS mixture into the CMS culture chip molds [1] and place the molds into the desiccator for one more hour to remove any air bubbles [2].

2.3.1. Mixture being poured into mold(s)
2.3.2. Talent placing mold(s) into desiccator

2.4. At the end of the second degassing, cure the mixture in a heat chamber at 80 degrees Celsius for 2 hours [1] before placing the chips in a vacuumed plasma cleaner with the surfaces to be bonded facing up [2].

2.4.1. Talent placing mold(s) into heat chamber
2.4.2. Chip(s) being placed onto plasma cleaner

2.5. Expose the culture chips to air-assisted plasma at a power of 18 watts for 30 seconds [1] and bond the two layers of the chip in the heat chamber at 80 degrees Celsius for 30 minutes to increase the adhesion strength [2].

2.5.1. Chips being treated Videographer: Difficult step Author NOTE: Chips being treated was difficult to film, so the shot is of the chips that came out of treatment. 
2.5.2. Layers being placed onto each other for bonding Videographer: Difficult step

2.6. Then sterilize the CMS culture chip in an autoclave at 121 degrees Celsius for 15 minutes [1].

2.6.1. Talent placing chip into autoclave

3. Cell Preparation

3.1. To prepare the cells for spheroid formation, thaw a 1-milliliter vial containing 5-10 x 105 cells of interest in a 36.5-degree Celsius water bath for 2 minutes [1-TXT] before adding 1 milliliter of DMEM to the cells with gentle mixing [2-TXT].

3.1.1. WIDE: Talent placing tube into water bath TEXT: e.g. hASCs or MRC-5s
3.1.2. Talent mixing medium in vial, with medium container visible in frame TEXT: See text for all medium/solution preparation details

3.2. Next, add the cells to a 150-millimeter-diameter Petri dish containing 15-milliliters of 36.5-degree-Celsius medium [1] and place the dish in a cell culture incubator for 24 hours [2].

3.2.1. Talent adding cells to dish, with medium container visible in frame
3.2.2. Talent placing dish into incubator

3.3. The next day, replace the supernatant with 15 milliliters of fresh DMEM [1] and return the cells to the incubator [2-TXT].

3.3.1. Supernatant being aspirated, with medium container visible in frame
3.3.2. Dish being placed into incubator TEXT: Replace medium every 2-3 d

3.4. To detach the cells, treat the culture with 4 milliliters of trypsin for 4 minutes at 36.5 degrees Celsius and 5% carbon dioxide [1], stopping the reaction with fresh medium when the cells have lifted from the bottom of the dish [2].

3.4.1. Talent adding trypsin to plate, with trypsin container visible in frame
3.4.2. Talent adding medium to plate, with medium container visible in frame

4. Cell Staining  Author NOTE: The staining protocol needs to be conducted in a dark room, so lighting was reduced. 

4.1. To label the cells, warm an appropriate cell fluorescence dye to room temperature [1] before adding 20 microliters of anhydrous dimethylsulfoxide to the vial to obtain a 1-millimolar solution [2].

4.1.1. WIDE: Talent warming vial
4.1.2. Talent adding DMSO to vial, with DMSO container visible in frame

4.2. Dilute the fluorescence to a final working concentration of 1-micromolar in DMEM [1] and add the dye to the cell suspension of interest with gentle mixing [2].

4.2.1. Dye being added to medium, with medium container visible in frame
4.2.2. Dye being added to/mixed with cells

4.3. Then place the cells in the cell culture incubator for 20 minutes [1].

4.3.1. Talent placing cells into incubator

5. Monoculture Spheroid Formation

5.1. [bookmark: _Hlk17116947]For monoculture spheroid formation, first add 2.5 milliliters of 4% pluronic F-127 (F-one-twenty-seven) solution to the inlet hole of the CMS culture chip while rotating the chip at 500-1000 rotations per minute [1].

5.1.1. WIDE: Talent adding solution to inlet

5.2. When all of the solution has been added, rotate the chip at 4000 rotations per minute for 3 minutes using the CMS system [1].

5.2.1. Chip being rotated

5.3. At the end of the rotation, incubate the culture chip overnight at 36.5 degrees Celsius at 5% carbon dioxide [1].

5.3.1. Talent placing chip into incubator

5.4. The next morning, remove the pluronic solution [1] and wash the culture chip with DMEM [2].

5.4.1. Solution being removed
5.4.2. Medium being added to inlet

5.5. After drying the chip for 12 hours on a clean bench, add 2.5 milliliters of medium to the inlet port [1] and rotate the chip at 4000 rotations per minute for 3 minutes [2].

5.5.1. Medium being added to port, with medium container visible in frame
5.5.2. Chip being rotated

5.6. At the end of the rotation, replace 100 microliters of the medium in the inlet port [1] with 100 microliters of the prepared cell suspension while the chip rotates at 500-1000 rotations per minute [2-TXT].

5.6.1. Medium being aspirated Videographer: Important step
5.6.2. Cells being added to chip, with cell container visible in frame Videographer: Important step; Shot will be used again (also as WIDE shot) TEXT: 5 x 105 hASCs or 8 x 105 MRCs/100 microliters

5.7. Then rotate the chip at 3000 rotations per minute for 3 minutes to trap the cells in each microwell by centrifugal force [1] before placing the chip in the cell culture incubator for 3 days, refreshing the medium as demonstrated every day [2].

5.7.1. Chip rotating at 3000 rpm Videographer: Important step; Shot will be used again 
5.7.2. Talent placing chip into incubator Videographer: Important step Author NOTE: culture chip is cultured at the rotator, same as 6.3.1. 

6. Co-Culture Spheroid Formation: Concentric Spheroid Formation

6.1. For the generation of a concentric spheroid co-culture, add the first population of cells in 100 microliters of medium to the inlet port of the chip while the chip is rotating at 500-1000 rotations per minute followed by 3 minutes of rotation at 3000 rotations per minute [2] [1-TXT].

6.1.1. WIDE: Use 5.6.2. Talent adding cells to chip TEXT: e.g., 2.5 × 105 hASCs
6.1.2. Talent placing chip onto rotator Videographer: Important step Author NOTE: 6.1.2. should come before 6.1.1. 

6.2. At the end of the rotation, add 100 microliters of the second cell population while the chip is rotating at 500-1000 rotations per minute [2-TXT] and rotate the chip at 3000 rotations per minute for another 3 minutes [2].

6.2.1. Use 5.6.2. Cells being added to chip TEXT: e.g., 4 × 105 MRC-5s
6.2.2. Use 5.7.1. Chip rotating at 3000 rpm

6.3. When both volumes of cells have been injected, place the chip into the cell culture incubator at 1000-2000 rotations per minute for 24 hours [1-TXT].

6.3.1. Talent placing rotator that contains the chip in incubator Videographer: Shot will be used again TEXT: Change medium 1x/d for all long-term co-culture conditions

7. Co-Culture Spheroid Formation: Janus Spheroid Formation

7.1. For Janus spheroid formation, add 100 microliters of the first population of cells while the chip is rotating at 500-1000 rotations per minute [1-TXT] followed by 3 minutes at 3000 rotations per minute [2].

7.1.1. WIDE: Use 5.6.2. Talent adding cells to chip TEXT: e.g., 2.5 × 105 hASCs
7.1.2. Talent increasing rotation speed

7.2. At the end of the rotation, place the chip in the cell culture incubator for rotation at 1000-2000 rotations per minute for 3 hours [1].

7.2.1. Use 6.3.1. Talent placing chip onto rotator in incubator

7.3. At the end of the incubation, add 100 microliters of the second population of cells while the chip rotates at 500-1000 rotations per minute [1-TXT] before rotating the chip at 3000 rotations per minute for 3 minutes [2].

7.3.1. Use 5.6.2. Cells being added TEXT: e.g., 4 × 105 MRC-5s
7.3.2. Use 5.7.1. chip rotation at 3000 rpm

7.4. Then place the cells in the cell culture incubator at 1000-2000 rotations per minute for 24 hours [1].

7.4.1. Use 6.3.1. Talent placing chip onto rotator in incubator

8. Co-Culture Spheroid Formation: Sandwich Spheroid Formation

8.1. For sandwich spheroid formation, first add 100 microliters of the first cell population while the chip is rotating at 500-1000 rotations per minute [1-TXT] followed by 3 minutes of rotation at 3000 rotations per minute [2].

8.1.1. WIDE: Use 5.6.2. Talent adding cells to chip TEXT: e.g., 1.5 × 105 hASCs
8.1.2. Use 5.7.1. Chip rotating

8.2. At the end of the rotation, place the chip on a rotator in the cell culture incubator for 2 hours at 1000-2000 rotations per minute [1] before adding 100 microliters of the second population of cells while the chip is rotating at 500-1000 rotations per minute [2-TXT].

8.2.1. Use 6.3.1. Talent placing chip onto rotator in incubator
8.2.2. Use 5.6.2. Cells being added to chip TEXT: e.g., 3 × 105 MRC-5s

8.3. Rotate the chip at 3,000 rpm for 3 minutes [1] and place the chip back into the incubator for a 3-hour incubation with rotation [2].

8.3.1. Use 5.7.1. Chip being rotated
8.3.2. Use 6.3.1. Chip on rotator in incubator

8.4. Then add an additional 100 microliters of the first cell population while the chip rotates at 500-1000 rotations per minute [1-TXT] and rotate and culture the cells as just demonstrated for 12 hours [2].

8.4.1. Use 5.6.3. Cells being added to chip TEXT: e.g., 1.5 × 105 hASCs
8.4.2. Use 6.3.1. Talent placing chip onto rotator in incubator




Section – Results
9. Results: Representative CMS Culture Chip Spheroid Culture Analyses 

9.1. Following the protocol as demonstrated, a 6-centimeter-diameter CMS culture chip can be successfully fabricated [1].

9.1.1. LAB MEDIA: Figure 2A

9.2. The channel of the CMS culture chip comprises an inlet port [1] and central [2] … slide [3] … and microwell regions [4].

9.2.1. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize Inlet port region and/or add/emphasize Inlet port region text
9.2.2. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize Central region and/or add/emphasize Central region text
9.2.3. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize Slide region and/or add/emphasize Slide region text
9.2.4. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize Microwell region and/or add/emphasize Microwell region text

9.3. Time-lapse images of two types of cell culture taken at 2000 rotations per minute for the first 24 hours of culture within individual CMS chips as demonstrated show the successful formation of spheroids [1]. 

9.3.1. LAB MEDIA: Figure 5: JoVE Video Editor please sequentially emphasize image columns form 5 min to 24 h images

9.4. Imaging of the microwells after 3 days of culture show that the spheroids demonstrate an excellent uniformity and sphericity [1].

9.4.1. LAB MEDIA: Figure 8: JoVE Video Editor please emphasize dark spheroids OR no animation

9.5. Co-cultured spheroids with concentric [1] … Janus [2] … and sandwich structures can also be generated [3].

9.5.1. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize Concentric images
9.5.2. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize Janus images
9.5.3. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize Sandwich images

9.6. In addition, cell cultures exposed to high gravity for 7 days followed by live-dead staining demonstrate that most cells survive long-term culture within the chips [1].

9.6.1. LAB MEDIA: Figure 7: JoVE Video Editor please emphasizes Merged image/signals in Merged image

Section - Conclusion
10. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
10.1. Daehan Kim: The top and bottom layers of the CMS culture chip should be carefully aligned when they are bonded. Otherwise, the number of cells in each microwell may not be equal [1].
10.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step 2.5.)
10.2. Daehan Kim: This study can lower the entry barrier for co-culture spheroid research and can be widely used in co-culture studies, for example for screening new drugs of interest [1].
10.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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