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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. 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. Please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.3., 2.8., 3.1., 3.2.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
The pH of the collagen solution is critical not only for gelation but also for cell viability. If collagen is not neutralized before mixing with cells, the cell viability will be low. In step 3.2., it is recommended to add the NaOH solution to the collagen solution gradually, checking the pH readings of the medium using phenol red indicator or using pH testing tapes.
5. Will the filming need to take place in multiple locations? Y, different floors same building


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. Tae-Yun Kang: Differences in simplified 2D in vitro cultures vs. 3D tissue-like environments have increased the interest in 3D systems that represent the spatial and chemical complexity of living tissues [1].

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

1.2. Tae-Yun Kang: The fabrication process does not require a cleanroom facility or photolithography techniques. However, the 3D PDMS device includes the necessary factors for 3D physiological environment applications [1].

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



Section - Protocol
[bookmark: _GoBack](Editor: The authors noted that the videographer notes were important. However, we have not received them yet, so I am uploading what has been provided so far)
2. Mesofluidic Device Fabrication
2.1. For mesofluidic device preparation, use an appropriate three-dimensional computer-aided design software program to design the mask of the mold for the polydimethylsiloxane, or PDMS (P-D-M-S), device [1] and print the mold using stereolithography equipment with a thermal resistant resin [2].
2.1.1. WIDE: Talent at computer, designing mask
2.1.2. CU: Shot of mold

2.2. When the mold is ready, thoroughly mix 3 milliliters of PDMS monomer solution per mold with the curing agent at a 10:1 ratio [1] and use a vacuum to degas the mixture in a vacuum desiccator for 1 hour [2].

2.2.1. MED: Talent mixing solution, with PDMS monomer solution and curing agent containers visible in frame
2.2.2. MED: Talent placing mixture into desiccator

2.3. At the end of the desiccation, use a piece of adhesive tape to remove any dust from the surface of the mold [1] and carefully fill the mold with the degassed PDMS solution [2].

2.3.1. CU: Dust being removed
2.3.2. CU: Mold being filled TEXT: Repeat degassing if bubbles form/remove bubbles w/ sharp needle

2.4. Next, cure the PDMS at 80 degrees Celsius for 2 hours [1] before allowing the mold to cool at room temperature [1].

2.4.1. MED: Talent placing mold at 80 °C
2.4.2. CU: Mold being placed at RT

2.5. When the mold is cool to the touch, use a blade to cut the boundary between the mold and the PDMS [1] and carefully peel the PDMS from the mold [2].

2.5.1. CU: Blade being inserted
2.5.2. CU: PDMS being removed from mold

2.6. Trim the PDMS to fit a 22- x 22-millimeter coverslip [1] and punch a hole at the inlet [2].

2.6.1. CU: PDMS being trimmed
2.6.2. CU: Hole being punched 

2.7. Using low-lint tissues and 70% ethanol, wipe the device and coverslip [1] and dab the device with a new piece of adhesive tape to remove any large dust particles [2].

2.7.1. CU: Device and/or coverslip being wiped
2.7.2. CU: Device being dabbed

2.8. Then autoclave the PDMS device and coverslip at 121 degrees Celsius for 8 minutes wet and 15 minutes dry [1-TXT] and treat the bottom surface of the PDMS part and cover slip with a corona discharge gun for 5 minutes in a tissue culture hood [2] before bonding the pieces together [3]. 

2.8.1. MED: Talent placing coverslip/device into autoclave TEXT: Alternative: Expose to UV light for 1 h
2.8.2. CU: One piece being treated, with already treated piece visible in frame
2.8.3. CU: Pieces being bonded

3. Collagen Injection and 3D Imaging and Quantification

3.1. To load the device, first resuspend the cells of interest in an appropriate volume of growth medium supplemented with 1% penicillin and streptomycin and 1% insulin-transferrin-selenium-X [1].

3.1.1. WIDE: Talent adding medium, with antibiotics and insulin-transferrin-selenium-X containers visible in frame

3.2. Next, mix 50 microliters of the mammary gland cell suspension with 425 microliters of freshly-prepared neutralized collagen solution [1] and fill a 200-microliter pipet with the collagen-cell suspension [2].

3.2.1. MED: Talent mixing cells with collagen, with tube of cells visible in frame
3.2.2. MED: Talent filling pipet with cells/collagen

3.3. Inject the suspension through the inlet into the PDMS device until the entire chamber is filled [1] and place the device in the incubator at 37 degrees with 5% carbon dioxide for 1 hour to induce gelation [2] before filling the reservoirs on both sides with growth medium [3].

3.3.1. CU: Solution being injected TEXT: Remove excess collagen w/ sharp surgical blade after gelation as necessary
3.3.2. MED: Talent placing device into incubator
3.3.3. CU: Reservoir(s) being filled

3.4. Then return the device to the incubator until confocal imaging [1].

3.4.1. CU: Device being placed into incubator

3.5. For 3D imaging and quantification, install a live-cell imaging culture chamber onto a confocal microscope [1] and pre-set the temperature and carbon dioxide to 37 degrees Celsius and 5%, respectively [2].

3.5.1. MED: Talent installing chamber
3.5.2. MED: Talent setting temperature and/or gas

3.6. Add water to the imaging chamber reservoir to humidify the chamber [1], placing wet wipes into the chamber as necessary [2], and place the PDMS device into the chamber [3].

3.6.1. CU: Water being added
3.6.2. CU: Wipes being placed into chamber
3.6.3. CU: Device being placed into chamber

3.7. Add epidermal growth factor to one of the reservoirs as a ‘source’ of the factor in the gradient formation [1], leaving the other reservoir to serve as a ‘sink’ for the development of the spatially graded epidermal growth factor distribution [2].

3.7.1. CU: Shot of reservoirs, then EGF being added to reservoir
3.7.2. CU: Shot of reservoirs Video Editor: please indicate reservoir that was not treated with EGF

3.8. Then set the range of Z-stack covering the volume [1] of organoids of interest and start the imaging [2].

3.8.1. MED-over the shoulder: Talent setting range
3.8.2. SCREEN: To be provided by Authors: Imaging being started (Author Comment: The monitor was filmed instead of using screen capturing software. Any software installation in a computer hooked up with Confocal microscope is not allowed)

3.9. At the end of the experiment, use an appropriate image analysis program to measure the length and angle of the branches extending from the organoids or the migration of individual cells [1]. 

3.9.1. SCREEN: To be provided by Authors: Length and angle of branches being measured



Section – Results
4. Results: Representative Ligand Gradient Evaluation and Cellular Gradient Reponses

4.1. Both in silico and in vitro tests reveal the formation [1] of a stable linear epidermal growth factor gradient across the cell culture area that lasts for approximately two days without replenishment of the ‘source’ or ‘sink’ reservoirs [2], suggesting that epidermal growth factor, a 6.4 kilodalton protein, can form a stable diffusion-based gradient within a collagen gel prepared as demonstrated over a relatively short period of time [3].

4.1.1. LAB MEDIA: Figure 2: JoVE Video Editor: please emphasize Figures 2 A, B, and C
4.1.2. LAB MEDIA: Figure 2: JoVE Video Editor: please emphasize Figures 2 D, E, and F
4.1.3. LAB MEDIA: Figure 2

4.2. Mammary organoids form multiple branches in the presence of spatially uniform 2.5 nanomolar epidermal growth factor with no directional bias over 3 days [1].

4.2.1. LAB MEDIA: Figure 3: JoVE Video Editor: please emphasize Figures 3A and 3D

4.3. If epidermal growth factor is added in a linear gradient of 0.5 nanomolar/millimeter, however, the branch formation displays a significant directional bias [2].

4.3.1. LAB MEDIA: Figure 3: JoVE Video Editor: please emphasize Figures 3B and 3E
 
4.4. Of note, the addition of gap junction inhibitors suppresses the ability of the organoids to respond to the gradient [1].

4.4.1. LAB MEDIA: Figure 3: JoVE Video Editor: please emphasize Figures 3C and 3F




Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

5.1. Tae-Yun Kang: (Step: 3.2.) The pH of the collagen solution is critical for the gelation and cell viability. If the collagen is not neutralized before mixing, the cell viability will be low [1].
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
5.2. Tae-Yun Kang: This method can be extended to accommodate more realistic tissue modeling and could accommodate vascular network formation from individual cells within the gel [1].
5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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