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Author Questionnaire 

1. Microscopy: Does your protocol demonstrate 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. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N

Protocol Length
Number of Shots: 52


Introduction

1. Introductory Interview Statements	Comment by Bridget Colvin: Authors: Please indicate the full name of the author who will deliver each statement.

REQUIRED: 
1.1. Enter author name.: 3D organoid cultures of proximal and distal lung epithelia developed using this protocol are valuable tools for studying lung biology and host-pathogen interactions as an effective platform for drug discovery [1].

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

REQUIRED: 

1.2. Enter author name: This reliable technique can be used for the isolation of defined subpopulations of epithelial cells, including region-specific progenitor cells that can be cultured to yield specialized differentiated progeny representative of their region of origin [1].

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

Ethics Title Card

1.3. Human lung tissue was obtained from deceased tissue donors in compliance with consent by the International Institute for the Advancement of Medicine (IIAM) and approved by the Internal Review Board.





Protocol
2. Small Airway and Alveolar Epithelial Progenitor Cell Enrichment: Distal Lung Tissue Preparation
[bookmark: _g42us3ybvrgc]
2.1. Upon receipt of the lung tissue [1], separate the proximal trachea and bronchi [2] from the distal lung epithelium, which contains small airways of 2 millimeters in diameter or less and the surrounding parenchymal tissue [3].

2.1.1. WIDE: Talent entering lab with biohazard box to mock sample acquisition
2.1.2. LAB MEDIA: lung sample: 00:00-00:04 Video Editor: please emphasize trachea and accompanying peach tissue at top of sample
2.1.3. LAB MEDIA: lung sample: 00:04-00:07 Video Editor: please emphasize white pink tissue at bottom of sample
2.2. Place the samples in individual sterile 150- x 15-millimeter Petri dishes [1] and dice the distal tissue sample into approximately 1-centimeter-cubed pieces [2].
2.2.1. LAB MEDIA: dishes
2.2.2. Talent mock dicing tissue	
2.3. Place the pieces into a clean 50-millimeter tube [1] and wash the tissues three times with fresh, chilled, HBSS per wash [2-TXT].
2.3.1. Talent placing pieces into tube
2.3.2. [bookmark: _ym6bz7mu5f48]Talent washing pieces TEXT: HBSS: Hank’s buffered saline solution
2.4. After the last wash, transfer the tissues to a new Petri dish [1] and blot the pieces dry with sterile anti-lint wipes [2].
2.4.1. Talent adding tissues to dish
2.4.2. Tissues being blotted
2.5. Then use forceps and scissors to remove as much visceral pleura as possible [1] before mincing the tissues into approximately 2-millimeter-diameter fragments [2].
2.5.1. Pleura being removed
2.5.2. Tissues being minced
3. Distal Lung Tissue Enzyme Digestion
3.1. For tissue fragment digestion, add 50 micrograms/milliliter of Liberase and 25 micrograms/milliliter of DNase into 25 milliliters of sterile HBSS in a 50-milliliter conical tube [1-TXT] and add approximately 2-3-grams of the minced tissue to the tube [2].
3.1.1. WIDE: Talent adding liberase and/or dnase to tube, with liberase and dnase containers visible in frame TEXT: See text for all solution preparation details
3.1.2. [bookmark: _6zold7ehpkq3]Talent adding tissue to tube 
3.2. Then place the tissues at 37 degrees Celsius with continuous shaking at 900 revolutions per minute for 40-60 minutes [1], using a 30-milliliter syringe to triturate the digested tissue after 30 minutes to prevent clump formation [2].
3.2.1. Talent placing tissue onto shaker Videographer: Important step
3.2.2. [bookmark: _851jnm8jakq9]Slurry being triturated Videographer: Important step
4. Distal Lung Tissue Single Cell Isolation
4.1. At the end of the incubation, use a 30-milliliter syringe equipped with a 16-gauge needle to triturate the tissue 5 times [1] using a wide-bore pipette to pass the suspension through a series of cell strainers under vacuum pressure as indicated [2-TXT].
4.1.1. WIDE: Talent triturating tissue Videographer: Important/difficult step
4.1.2. Talent adding suspension to strainer, with additional strainers visible in frame Videographer: Important/difficult step TEXT: i.e., 500-, 300-, 100-, 70-, 40-micron strainers

4.2. After washing the last strainer with 20 milliliters of HBSS-plus to collect any remaining cells [1], centrifuge the filtrates to collect the isolated cells [2-TXT].

4.2.1. Talent adding HBSS+ to strainer, with HBSS+ container visible in frame
4.2.2. Talent adding tube(s) to centrifuge TEXT: 5 min, 500 x g, 4 °C

4.3. After discarding the supernatants, add 1 milliliter of red blood cell lysis buffer to the pellets with gentle pipetting [1] before incubating the cells for 1 minute on ice [2].

4.3.1. Talent pipetting buffer in tube, with buffer container visible in frame
4.3.2. Talent placing tube on ice

4.4. At the end of the incubation, add 10-20 milliliters of HBSS-plus buffer to neutralize the lysis [1] and collect the remaining cells by centrifugation [2-TXT].

4.4.1. Talent adding buffer to tube, with buffer container visible in frame
4.4.2. Talent adding cells to tube TEXT: See text for RBC ghost cell removal details as necessary

4.5. To deplete immune and endothelial cells, use CD31 (C-D-thirty-one)- and CD45-antibody-conjugated microbeads according to the manufacturer’s instructions [1-TXT] before resuspending the bead-enriched cells at a 1 x 107 cells/milliliter of HBSS-plus buffer concentration [2].

4.5.1. Talent adding cells to column on magnet, with bead containers visible in frame Videographer: Important step;Videographer/Video Editor: shot will be used again TEXT: CD31/CD45-depletion optional
4.5.2. Talent adding HBSS+ to tube, with HBSS+ and hemocytometer visible in frame Videographer: Important step

5. Distal Lung Cell Surface Staining for Fluorescence Associated Cell Sorting (FACS)

5.1. For cell surface staining for FACS (facks), add the appropriate primary antibodies of interest at the required concentration [1] and incubate the cells for 30 minutes at 4 degrees Celsius in the dark [2].

5.1.1. WIDE: Talent adding antibod(ies) to tube, with antibody containers visible in frame Videographer/Video Editor: shot will be used again
5.1.2. Talent placing tube at 4 °C

5.2. At the end of the incubation, wash the cells with 3 milliliters of HBSS-plus [1] and label the cells with the appropriate concentration of fluorophore-conjugated secondary antibody for a 30-minute incubation on ice as appropriate [2].

5.2.1. Talent placing tube(s) into centrifuge
5.2.2. Talent adding antibod(ies) to tube, with antibody containers visible in frame

5.3. At the end of the incubation, wash the cells with 3 milliliters of HBSS-plus [1] and resuspend the cells at a 1 x 107 cells/milliliter of HBSS-plus concentration [2] before filtering the cells into 5-milliliter polystyrene tubes through a strainer cap to ensure the formation of a single cell suspension [3].

5.3.1. Talent placing tube(s) into centrifuge
5.3.2. Shot of pellet if visible, then HBSS+ being added to cells, with HBSS+ container visible in frame
5.3.3. Talent filtering cells

5.4. [bookmark: _bkpf1m6j7on5]Then add 1 microgram/milliliter of DAPI (DAP-ee) to stain the permeable cells [1].

5.4.1. Talent adding DAPI to cells, with DAPI container visible in frame

6. Epithelial Progenitor Cell Enrichment from Tracheo-Bronchial Airways: Proximal Tissue Preparation

6.1. For proximal tissue epithelial progenitor cell enrichment, dissect out the proximal airways from the lungs [1] and use scissors to open the airways along their length to expose the lumen [2].

6.1.1. WIDE: Talent dissecting airways	Comment by Konda, Bindu M.: We will show this step on frozen trachea.	Comment by Bridget Colvin: Authors: That will be fine.
6.1.2. Airways being opened

6.2. Cover the tissues in 50 micrograms/milliliter of Liberase for a 20-minute incubation at 37 degrees Celsius with continuous shaking on a mixer [1]. 

6.2.1. Talent adding liberase to tissue, with liberase container visible in frame Videographer: Important step

6.3. At the end of the incubation, transfer the tissue to a sterile, 150- x 15-millimeter dish [1] and use a scalpel to gently scrape the airway surface to completely strip the luminal epithelial cells from the tissue [2].

6.3.1. Talent placing tissue into dish Videographer: Important step
6.3.2. Tissue being scraped Videographer: Important step

6.4. Next, wash the dish with 5 milliliters of sterile HBSS-plus buffer to collect all of the dislodged luminal epithelial cells [1] and transfer the cells to 50-milliliter conical centrifuge tube [2].

6.4.1. Talent adding buffer to dish, with buffer container visible in frame
6.4.2. Talent adding cells to tube

6.5. Successively triturate the suspension five times each through 16- and 18-gauge needles fitted to individual 10-milliliter syringes to obtain a single cell suspension [1] and collect the suspension by centrifugation [2-TXT].

6.5.1. Cells being triturated
6.5.2. Talent adding tube(s) to centrifuge TEXT: 5 min, 500 x g, 4 °C

6.6. Then resuspend the pellet in fresh HBSS-plus buffer on ice [1].

6.6.1. Shot of pellet if visible, then buffer being added to tube, with buffer container visible in frame

6.7. Use scissors to cut the remaining tracheobronchial tissue along its rings to generate small strips of tissue [1]. 

6.7.1. Tissue being cut

6.8. [bookmark: _mz8tc8mr29ek]In a new dish, use a single sided razor blade to mince the strips into smaller pieces [1] and transfer the tissues pieces into C tubes containing 2-milliliers of Liberase per tube [2].

6.8.1. Talent mincing strip(s) 
6.8.2. Talent placing pieces into tube(s), with Liberase container visible in frame

6.9. Then use Human Lung Protocol-2 on an automated dissociator to mechanically dissociate tissue further [1].

6.9.1. Tissue being dissociated Videographer: Important step

7. Proximal Lung Tissue Enzyme Digestion

7.1. At the end of the dissociation, transfer approximately 2 grams of minced proximal tissue 50-milliliter conical tubes containing 50 micrograms/milliliter of Liberase and 25 micrograms/milliliter of DNase solution [1].

7.1.1. WIDE: Talent adding tissue to tube(s)

7.2. At the end of a 45-minute incubation at 37 degrees Celsius with shaking, filter the tissue slurry through a series of strainers as demonstrated for the distal lung tissue [1] and add an equal volume of HBSS-plus buffer to the filtrate to stop the digestion [2].

7.2.1. Talent adding cells to strainer, with other tubes w/ strainers visible in frame
7.2.2. Talent adding buffer to tube, with buffer container visible in frame

7.3. Add the isolated luminal proximal airway cells to the tube [1] and collect the cells by centrifugation [2-TXT].

7.3.1. Talent adding cells to tube
7.3.2. Talent adding tube(s) to centrifuge TEXT: 10 min, 600 x g, RT

7.4. The cells can then be enriched by microbead isolation [1] and stained for cell surface markers of interest as demonstrated for the distal lung tissue cells [2].

7.4.1. Use 4.7.1. Talent adding cells to column
7.4.2. Use 5.1.1. Talent adding antibod(ies) to tube



Protocol Script Questions

A. Which steps from the protocol are the most important for viewers to see? 
3.2., 4.1., 4.5., 6.2., 6.3., 6.9.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.1.


Results
8. Results: Representative Human Lung Epithelial Progenitor Cell Enrichment and Organoid Culture

8.1. Proximal airways lined by a pseudostratified epithelium [1] include abundant basal progenitor cells that are immunoreactive for the membrane protein NGFR (N-G-F-R) [2-TXT].

8.1.1. LAB MEDIA: Figures 1B-1D Video Editor: please emphasize dark wine stained cells lining top of Figure 1B image
8.1.2. LAB MEDIA: Figures 1B-1D Video Editor: please emphasize red signal in Figure 1C image TEXT: NGFR: nerve growth factor receptor

8.2. In contrast, epithelial cells lining the alveoli [1] include a subset that shows apical membrane immunoreactivity with the HTII-280 (H-T-two-two-eighty) monoclonal antibody, suggestive of their alveolar type 2 cell identity [2].

8.2.1. LAB MEDIA: Figures 1B-1D Video Editor: please emphasize dark wine stained cells in bottom left of Figure 1B image
8.2.2. LAB MEDIA: Figures 1B-1D Video Editor: please emphasize green signal in Figure 1D image

8.3. Magnetic-bead depletion of contaminating red blood, immune, and endothelial cells [1] results in a significant enrichment of epithelial cell populations in both distal [2] and proximal tissue samples, with corresponding increases in FACS efficiency [3].

8.3.1. LAB MEDIA: Figures 2B and 3B Video Editor: please emphasize yellow cell populations in both graphs
8.3.2. LAB MEDIA: Figures 2F and 3F Video Editor: please emphasize blue cell population in Figure 2F
8.3.3. LAB MEDIA: Figures 2F and 3F Video Editor: please emphasize blue cell population in Figure 3F

8.4. Further FACS depletion [1] leads to highly enriched distal cell populations [2] that can be additionally fractionated [3] based on their NGFR or HTII-280 surface staining [4].

8.4.1. LAB MEDIA: Figures 2C and 3C Video Editor: please emphasize red cell populations in both graphs
8.4.2. LAB MEDIA: Figures 2G and 3G Video Editor: please emphasize red cell populations in both graphs
8.4.3. LAB MEDIA: Figures 2D and 3D Video Editor: please emphasize green cell populations in both graphs
8.4.4. LAB MEDIA: Figures 2H and 3H Video Editor: please emphasize green cell populations in both graphs
[bookmark: _30j0zll]
8.5. HTII-280-positive distal lung epithelial cell cultures [1] yield rapidly expanding organoids with an average colony-forming efficiency of 10% [2].

8.5.1. LAB MEDIA: Figures 4A and 4B Video Editor: please emphasize Figure 4A image
8.5.2. LAB MEDIA: Figures 4A and 4B Video Editor: please red data cluster

8.6. Immunofluorescence staining of day 30 cultures [1] reveals that the lumen-containing organoids are composed predominantly of HTII-280- [2] and SPC (S-P-C)-positive distal lung epithelial cells [3]. 

8.6.1. LAB MEDIA: Figures 4C and 4D 
8.6.2. LAB MEDIA: Figures 4C and 4D Video Editor: please emphasize green signal in Figures 4C’ and 4D’
8.6.3. LAB MEDIA: Figures 4C and 4D Video Editor: please red signal in Figures 4C’ and 4D’

8.7. Proximal lung epithelial organoids cultured from NGFR-positive cells results in the formation of lumen-containing organoids at day 30 of culture [1] with an average colony-forming efficiency of 7.8% [2].

8.7.1. LAB MEDIA: Figures 5D-5F Video Editor: please emphasize organoids in bottom row of images
8.7.2. LAB MEDIA: Figure 5C Video Editor: please red data cluster





Conclusion	Comment by Bridget Colvin: Authors: Please indicate the full name of the author who will deliver each statement.
9. [bookmark: _Hlk27388131]Conclusion Interview Statements

9.1. Enter author name: Optimal enzymatic and mechanical tissue digestion is critical to ensuring the preservation of surface epitopes, the enrichment of isolated cells, and the successful generation of region-specific organoid cultures [1].

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

9.2. Enter author name: This method can be similarly applied for the identification and enrichment of immune, vascular, stromal, and epithelial progenitor cells to develop co-culture models or regional lung epithelium-on-chip systems [1].

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

9.3. Enter author name We have recently described the use of alveolar organoids generated using this technique as a platform to study SARS-CoV-2 infection of the human lung epithelium and for COVID-19 drug validation [1-TXT].

9.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera TEXT: https://doi.org/10.1101/2020.06.29.174623 Videographer: please leave negative space for text over video 
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