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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.2., 2.3., 3.3., 3.4.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.4. Injecting cells into the ECM pocket is the most difficult procedure. To ensure the procedure, medium is removed as much as possible after centrifuge and small pipette tip should be used for injection.
5. Will the filming need to take place in multiple locations? 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. Masaya Hagiwara: This protocol uses a simple method for enhancing the reliability of a 3D cell culture model without the use of any special equipment [1].

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

1.2. Masaya Hagiwara: The main advantage of this technique is that we can conduct repeatable 3D cell culture experiments by controlling the initial culture conditions within a cubic device [1].

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





Section - Protocol
2. Hybrid Gel Cube (HGC) Device Fabrication
2.1. After preparing a 5- x 5-millimeter polycarbonate cubic frame, place the frame on a pre-cooled slide in an ice box [1] and use a pipette to add 12 microliters of pre-heated 1.5% agarose from the top face of the cubic frame to the bottom surface [2].
2.1.1. WIDE: Talent placing frame into ice box
2.1.2. CU: Agarose being added to frame
2.2.  Spread the agarose to obtain a flat surface [1] and allow the polymer to cure [2].
2.2.1. CU: Agarose being spread
2.2.2. ECU: Shot of cured agarose

2.3. Use tweezers to slide the frame to the edge of the glass [1] and rotate the frame so that the open side is facing down [2] before placing the frame back onto the slide [3]. 

2.3.1. CU: Frame being slide to edge of glass
2.3.2. CU: Frame being rotated
2.3.3. CU: Frame being placed back onto slide

2.4. After filling the next two surfaces of the frame with more agarose as just demonstrated [1], drop the agarose into a container from an open face to form an agarose wall on the 4th and 5th sides [2].

2.4.1. CU: New frame side being filled
2.4.2. CU: Frame being dropped into agarose

3. Hydrogel Initial Cell Cluster Shape Management

3.1. To set up an initial cell cluster shape, inject an appropriate extracellular matrix [1-TXT] for the cell culture of interest into the hybrid gel cube culture space [2] and set a fabricated micromold onto the cube [3].

3.1.1. WIDE: Talent loading pipette/syringe with ECM TEXT: e.g., collagen and artificial basement membrane
3.1.2. CU: ECM being injected into culture space
3.1.3. CU: Micromold being placed onto cube

3.2. Then place the cube in a carbon dioxide incubator for 25 minutes at 37 degrees Celsius [1].

3.2.1. MED: Talent placing cube into incubator

3.3. When the extracellular matrix has cured [1], carefully lift out the micromold so that the matrix does not deteriorate [2]. A pocket in the desired mold shape will be fabricated in the extracellular matrix [3].

3.3.1. ECU: Shot of cured ECM
3.3.2. CU: Mold being removed
3.3.3. ECU: Shot of pocket

3.4. To load the cells, concentrate the experimental cell suspension after centrifugation in the appropriate experimental cell culture medium [1] and inject the cells into the pocket within the extracellular matrix [2-TXT].

3.4.1. MED: Talent removing medium from tube after centrifuge, with cell culture container and trypsin and medium containers visible in frame
3.4.2. CU: Cells being injected into pocket TEXT: Remove excess medium/cells w/ pipette

3.5. Place the cube into the carbon dioxide incubator for 20 minutes at 37 degrees Celsius to allow the cells to fall into the extracellular matrix pocket, filling the space created by the micromold [1].

3.5.1. MED: Talent placing cube into incubator 

3.6. At the end of the incubation, place the cube into one well of a 24-well plate [1] and add 100 microliters of the appropriate cell culture medium to the well [2].

3.6.1. MED: Talent placing cube into well
3.6.2. CU: Medium being added to cube, with medium container label visible in frame

3.7. Inject additional extracellular matrix to close the pocket [1] and return the cube to the incubator for 25 minutes [2].

3.7.1. CU: ECM being injected into pocket
3.7.2. MED: Talent placing cube into incubator

3.8. When the extracellular matrix has cured, drop approximately 10 microliters of twenty-degree Celsius agarose onto the top surface to the cube to close the surface [1] and cure the drop for 10 - 20 minutes at 37 degrees Celsius [2].

3.8.1. CU: Drop being added to cube
3.8.2. MED: Talent placing cube into incubator

3.9. Then cover the entire cube with fresh medium to promote osmotic pressure for facilitating the transfer of nutrition to the cells within the cube [1].

3.9.1. CU: Medium being added to well, with medium container label visible in frame

4. Multi-Directional Imaging

4.1. For non-invasive 3D shape recognition by multi-directional observation, place the plate onto a microscope stage [1] and obtain images of each side of the cube by brightfield or phase contrast microscopy [2], using tweezers to rotate the cube surface to be imaged between captures [3].

4.1.1. WIDE: Talent placing plate onto stage
4.1.2. MED: Talent at microscope, imaging well
4.1.3. CU: Cube being rotated

4.2. For immuno-fluorescent imaging by multi-directional observation, first aspirate the supernatant from the well containing the cube [1] and fix the cube in 4% paraformaldehyde for 20 minutes at room temperature [2].

4.2.1. MED: Talent removing supernatant
4.2.2. CU: PFA being added to well, with PFA container label visible in frame

4.3. At the end of the fixation, wash the cube two times with PBS for 10 minutes per wash [1] and permeabilize the cube with 0.5% Triton X-100 in PBS for 10 minutes at 4 degrees Celsius [2].

4.3.1. CU: PBS being added to cube
4.3.2. CU: Triton X-100 being added to cube, with Trion X-100 container label visible in frame

4.4. Next, wash the cube three times in PBS for 10 minutes per wash [1] before blocking any non-specific binding with goat serum in immuno-fluorescence buffer for 60 minutes at room temperature [2-TXT].

4.4.1. MED: Talent adding PBS to well, with PBS container visible in frame
4.4.2. CU: Blocking buffer being added to tube, with buffer container label visible in frame TEXT: See text for IF-buffer preparation details

4.5. Then stain the cells with the appropriate primary antibody of interest according to standard antibody staining protocols [1] and image all six sides of the cube on a laser or fluorescent microscope as just demonstrated [2].

4.5.1. CU: Antibody being added to cube, with antibody container label visible in frame
4.5.2. MED: Talent at microscope, imaging cube



Section – Results
5. Results: Representative Multi-Dimensional Scanning of HGC-Cultured Cells 

5.1. In this representative experiment, multi-directional imaging of hybrid gel cubes cultured with normal human bronchial epithelial cells [1] demonstrates the generation of an initial cylindrical or prism-shaped cell culture by phase contrast [2] and immunofluorescent imaging of the cultures [3].

5.1.1. LAB MEDIA: Figure 4 images only (no graphics)
5.1.2. LAB MEDIA: Figure 4 images only (no graphics): JoVE Video Editor: please emphasize Figures A and B
5.1.3. LAB MEDIA: Figure 4 only (no graphics): JoVE Video Editor: please emphasize Figures C and D

5.2. Here immunostaining of normal human bronchial epithelial cells initially controlled to a cylindrical shape in the hybrid gel cube after generation of the bronchial tree is shown [1]. The branches demonstrate the perpendicular to the cylindrical axis, as revealed by multi-directional imaging. [2].

5.2.1. LAB MEDIA: Figure 5
5.2.2. LAB MEDIAL Figure 5: JoVE Video Editor: please emphasize branches visible in bottom left image



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Masaya Hagiwara: It is important to inject a high density of cells into the extracellular matrix pocket, as a low density may result in deterioration of the cell culture quality after incubation (Step: 3.4) [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.2. Masaya Hagiwara: This method facilitates the repeatable formation of a 3D cellular pattern for the quantitative measurement of the developed pattern by multi-directional imaging to study the mechanisms of tissue development [1]. 
6.2.1. [bookmark: _GoBack]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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