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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 something similar?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

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 videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, 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?   No



Current Protocol Length

Number of Steps:  20
Number of Shots:  52

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Sandra Leibel: This protocol uses pluripotent stem cells to differentiate lung cells which can be used to model human lung development and disease. It is significant because it is difficult to obtain and culture primary human lung cells [1].
 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.4.1 for “pluripotent stem cells”.


1.2. Sandra Leibel: The main advantages of differentiating lung cells from pluripotent stem cells is having a constant supply of lung cells to study human lung development and disease, maintaining them in culture for long periods of time, cryopreserving them for future application, and genetically manipulating them to study genetic mutations at multiple time points in human lung development [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.5.2 for “from pluripotent stem cells” and 4.6.1 for “maintaining them in culture”.

 
Introduction of Demonstrator on Camera

1.3. Sandra Leibel: Demonstrating the procedure will be Rachael McVicar, a Ph.D. candidate from my laboratory. 
1.3.1. INTERVIEW: Author saying the above. 
1.3.2. The named demonstrator looks up from workbench or desk or microscope and acknowledges the camera.

Ethics Title Card
1.4. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) of UCSD's Human Research Protections Program.

Protocol
2. Definitive Endoderm Induction from Induced Pluripotent Stem Cells (Day 1-3)
2.1. Before starting the experiment, slowly thaw growth factor reduced, or GFR, basement membrane matrix medium on ice [1] and dilute it in an equal volume of cold DMEM-F12 [2]. Place P1000 tips in the freezer to chill prior to use [3]. 
2.1.1. Wide: Establishing shot of talent thawing medium on the ice. 
2.1.2. Talent Diluting GFR medium. Videographer: This step is important!
2.1.3. Talent placing tips in the freezer.

2.2. Next, coat each well of a 12-well plate with 500 microliters of the 50% GFR-basement membrane matrix medium [1] and remove any excess medium mixture and bubbles from the wells [2]. Videographer: This step is important!
2.2.1. Talent coating well plates.
2.2.2. Talent removing excess mixture.

2.3. Place the well plates on top of wet ice or in a refrigerator at 4 degrees Celsius to set for 20 minutes [1], then move the plate to the 37-degree Celsius incubator overnight [2].
2.3.1. Talent placing well plates on top of ice in ice bucket. Videographer: This step is important!
2.3.2. Talent placing plates in an incubator.

2.4. [bookmark: _Hlk67549637][bookmark: _Hlk67548853][bookmark: _Hlk67636300]When hiPSCs reach 70% confluency, add 10 micromolar Rock Inhibitor Y-27632 to human induced pluripotent stem cells and wait an hour prior to dissociation [1]. 
2.4.1. Talent adding inhibitor to hiPSCs then placing back in incubator for “one hour”

2.5. Aspirate the media [1] and wash the cells once with PBS [2]. Dissociate iPSCs (I-P-S-Cs) by adding 500 microliters of cell detachment medium per well [3] and incubate for 20 minutes at 37 degrees Celsius in a 5% carbon dioxide incubator [4]. 
2.5.1. Talent aspirating the media.
2.5.2. Talent washing with PBS.
2.5.3. Talent adding cell detachment medium to well. Videographer: This step is important!
2.5.4. Talent placing plates in carbon dioxide incubator.

2.6. After the incubation, add 500 microliters of stem cell passaging medium per well [1-TXT]. Gently pipette cells using a P1000 tip to obtain a single-cell suspension [2], then transfer the dissociated cells into a 15-milliliter tube and centrifuge for 5 minutes at 300 x g [3].
2.6.1. Talent adding medium to wells. TEXT: Refer to Table 1 for all media and supplementary additives
2.6.2. Talent pipetting cells.
2.6.3. Talent placing tubes in centrifuge and closing the lid.

2.7. Following centrifugation, aspirate the medium [1] and resuspend the cell pellet with 1 milliliter of mTeSR Plus (M teaser plus) media supplemented with 10 micromolar Rock inhibitor [2]. After counting the cells, add 2.0 x 105 iPSCs to each well of a 12-well GFR-medium coated plate and incubate overnight at 37 degrees Celsius [3]. 
2.7.1. Talent aspirating the medium.
2.7.2. Talent resuspending the pellet. 
2.7.3. Talent adding cells to plates.

2.8. On the next day, aspirate the mTeSR Plus (M teaser plus) before adding Definitive Endoderm, or DE, induction media [1-TXT]. On days 2 and 3, change to DE induction media [2].
2.8.1. Talent adding DE induction media to cells. TEXT: Day 1
2.8.2. Talent changing the media. 

3. [bookmark: _Hlk67566948]Anterior Foregut Endoderm (AFE) Induction and Lung Progenitor Cell (LPC) Differentiation
3.1. On day 4, begin AFE induction by replacing DE induction media with serum free basal medium. Change AFE media daily for 3 days before analyzing AFE efficiency at the end of day 6 [1].
3.1.1. Talent replacing media. 

3.2. On day 7, thaw GFR-basement membrane matrix medium on ice for later use [1]. Simultaneously, proceed with lung progenitor cell differentiation by aspirating the AFE media and washing the wells with PBS [2]. Add 1 milliliter of cell detachment solution to the well and incubate for 10 minutes at 37 degrees Celsius [3]. 
3.2.1. Talent thawing GFR matrix medium.
3.2.2. Talent aspirating the media. 
3.2.3. Talent adding detachment solution. Videographer: This step is important!

3.3. After incubation, add 1 milliliter of quenching medium to the wells containing cell detachment solution [1-TXT]. Keep cells as aggregates by gently pipetting up and down [2]. Make sure all cells are dislodged before transferring them into a 15-milliliter conical tube for centrifugation at 300 x g for 5 minutes [3].
3.3.1. Talent adding quenching medium to wells. TEXT: Quenching medium: (2% FBS in DMDM/F12)
3.3.2. Talent pipetting up and down. Videographer: This step is important!
3.3.3. Talent transferring cells to the tube.

3.4. Remove supernatant and resuspend the cell pellet in LPC induction media [1]. Count the cells, then add 2.5 x 105 cells to 100 microliters of cold GFR-basement membrane matrix medium and mix well [2]. Place a droplet into a well of a 12-well plate and incubate at 37 degrees Celsius for 30 to 60 minutes [3]. Videographer: This step is important!
3.4.1. Talent resuspending the pellet in induction media.
3.4.2. Talent adding cells to matrix medium.
3.4.3. Talent placing droplet into a well. 

3.5. Next, add 1 milliliter of LPC media per well, ensuring that the medium drop is fully submerged, and incubate overnight at 37 degrees Celsius [1]. On day 8, change LPC medium to remove Rock Inhibitor Y-27632. Keep changing the media every other day and analyze LPC efficiency at the end of day 16 [2-TXT]. 
3.5.1. Talent adding media to well.
3.5.2. Talent replacing the medium. TEXT: Refer to text for details

4. 3D lung Organoid Induction (Day 16–22)
4.1. On day 17, wash wells and add 500 microliters of 2-microgram per milliliter dispase [1]. Pipette the dispase mixture with a P1000 pipette and incubate for 15, then pipette the mixture and incubate for another 15 minutes [2]. 
4.1.1. Talent adding dispase to cells.
4.1.2. Talent pipetting the dsipase mixture.

4.2. Following incubation, add 1 milliliter of the quenching media to the dispase containing wells [1] and transfer the cells into conical tubes. Centrifuge [2] and resuspend the pellet in 1 milliliter of chilled PBS, then repeat the centrifugation [3]. Then, resuspend the pellet in 1 milliliter of cell detachment medium [4].
4.2.1. Talent adding quenching media to wells.
4.2.2. Talent placing tubes in the centrifuge. 
4.2.3. Talent resuspending pellet in PBS and placing tubes in centrifuge.
4.2.4. Talent resuspending pellet in detachment medium.

4.3. [bookmark: _Hlk67576119]Incubate the cells at 37 degrees Celsius for 12 minutes, then add an equal volume of quenching media and centrifuge again [1-TXT]. Resuspend the pellet in 1 milliliter quenching medium and 10 micromolar Rock Inhibitor Y-27632 [2-TXT]. 
4.3.1. Talent adding quenching media to the tubes. TEXT: Centrifuge 400 x g, 5 min 
4.3.2. Talent resuspending the pellet. TEXT: 1 ml cell suspension: 1µl ROCK inhibitor

4.4. Perform a cell count to calculate the volume needed to obtain 8.0 × 104 cells per well, then aliquot the required volume of LPC cell aggregates into 1.5-milliliter microcentrifuge tubes [1] and centrifuge for 5 minutes at 300 x g [2]. Remove excess supernatant without agitating the cell pellet, leaving 10 microliters of residual media [3].
4.4.1. Talent adding aliquot to microcentrifuge tubes.
4.4.2. Talent placing tubes in centrifuge and closing the lid.
4.4.3. Talent removing supernatant.

4.5. Resuspend the cell pellet in 200 microliters of cold GFR-basement membrane matrix medium [1] and transfer the cells to cell culture membrane inserts. Incubate at 37 degrees Celsius for 30 to 60 minutes [2-TXT].  Videographer: This step is important!
4.5.1. Talent resuspending cell pellet.
4.5.2. Talent adding cell culture to membrane inserts. TEXT: 6.5 mm diameter, 0.4 µm pore, polyester membrane

4.6. After incubation, add 1 milliliter of 3D organoid induction medium to the basolateral chamber of the insert and replace it with fresh medium every other day for 6 days [1].
4.6.1. Talent adding 3D organoid induction medium to the basolateral chamber.

5. 3D Lung Organoid Branching and Maturation
5.1. On day 23, switch the medium to 3D branching medium [1], then change the medium every other day for 6 days [2]. 
5.1.1. Talent adding medium to the inserts.
5.1.2. Talent placing the inserts in the incubator.

5.2. On day 29, change to 3D maturation medium [1] and continue replacing the medium every other day for the next 6 days [2].
5.2.1. Talent removing medium from the inserts.
5.2.2. Talent adding medium to the inserts. 


Results
6. [bookmark: _Hlk67662080]Results: Characterization of endoderm and 3D Whole Lung Organoids

6.1. On day 4 of DE induction, attached cells displayed a compact cobblestone morphology [1]. The definitive endoderm markers CXCR4 [2] and SOX17 [3] overlaid with nuclei was expressed [4], confirming endodermal differentiation [5].
6.1.1. LAB MEDIA: Figure 1 b. Video Editor: Emphasize first panel.
6.1.2. LAB MEDIA: Figure 2 a. Video Editor: Emphasize left panel. 
6.1.3. LAB MEDIA: Figure 2 a. Video Editor: Emphasize red cells.
6.1.4. LAB MEDIA: Figure 2 a. Video Editor: Emphasize blue spots.
6.1.5. LAB MEDIA: Figure 2 a. Video Editor: Emphasize right panel.

6.2. Anterior foregut induction was confirmed on day 7 with the morphology showing more tightly compacted cells [1] and the markers FOXA2 and SOX2 overlaid with nuclei [2].
6.2.1. LAB MEDIA: Figure 1 b. Video Editor: Emphasize middle panel.
6.2.2. LAB MEDIA: Figure 2 b. Video Editor: Emphasize on blue cells.

6.3. The generation of 3D lung progenitor cells was confirmed with 3D spheroids [1] and the endogenous expression of NKX2-1-GFP in a reporter cell line [2].
6.3.1. LAB MEDIA: Figure 1 b. Video Editor: Emphasize Lung Progenitor Cell panel
6.3.2. LAB MEDIA: Figure 2 c. Video Editor: Emphasize both panels

6.4. [bookmark: _Hlk67662155]After a 3-week differentiation into whole lung organoids, the lung markers were analyzed by immunocytochemistry [1]. Markers for branching morphogenesis, SOX2 [2] and SOX9 [3] overlaid by nuclei, were observed in the organoids [4]. 
6.4.1. LAB MEDIA: Figure 3 a.
6.4.2. LAB MEDIA: Figure 3 a. Video Editor: Emphasize on white cells, panel 1.
6.4.3. LAB MEDIA: Figure 3 a. Video Editor Emphasize on red cells, panel 1.
6.4.4. LAB MEDIA: Figure 3 a. Video Editor Emphasize on blue spots.

6.5. Proximal lung markers, P63 and KRT5, both markers of basal cells, were successfully detected [1] along with SCGB3A2, which is a marker for club cells [2].
6.5.1. LAB MEDIA: Figure 3 a. Video Editor: Emphasize on red cells from both images, panel 2 and 3.
6.5.2. LAB MEDIA: Figure 3 a. Video Editor: Emphasize on green cells, panel 4

6.6. Distal lung markers included pro-SPC [1] and SPB markers for alveolar type II (‘2’) cells [2] and HOPX markers of alveolar type I (‘1’) cells [3].  Additionally, NKX2-1 [4] and ZO1 were expressed, overlaid with nuclei [5].
6.6.1. LAB MEDIA: Figure 3 b. Video Editor: Emphasize on green cells from both images (panel 1 and 2)
6.6.2. LAB MEDIA: Figure 3 b. Video Editor: Emphasize on red cells, panel 2.
6.6.3. LAB MEDIA: Figure 3 b. Video Editor: Emphasize on red cells, panel 1.
6.6.4. LAB MEDIA: Figure 3 b. Video Editor: Emphasize on red cells, panel 3.
6.6.5. LAB MEDIA: Figure 3 b. Video Editor: Emphasize on red cells, panel 3.
6.6.6. LAB MEDIA: Figure 3 b. Video Editor: Emphasize on white lines, panel 3.

6.7. The mesenchymal lung cell markers, PDGFRα (P-D-G-F-R-alpha), a marker for fibroblasts [1], co-expressed with SOX9 represented distal mesenchyme [2]. Vimentin was also expressed and was dispersed throughout the lung [3].
6.7.1. LAB MEDIA: Figure 3 c. Video Editor: Emphasize on red cells, panel 1.
6.7.2. LAB MEDIA: Figure 3 c. Video Editor: Emphasize on white cells, panel 1.
6.7.3. LAB MEDIA: Figure 3 c. Video Editor: Emphasize on red cells, panel 2.

Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. [bookmark: _Hlk70184668]Sandra Leibel: Following this procedure, the lung organoids can be invested with iPSC derived endothelial and immune cells to mimic lung tissue. Lung development and disease occurs not only through signaling between epithelial and mesenchymal cells, but also from signals from endothelial cells and macrophages. A 3D lung tissue model system would be more clinically relevant in testing responses to disease and therapeutics [1].

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.3.2 for “derived endothelial and immune cells” and 5.2.2 for “3D lung tissue model’’.
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