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PROTOCOL: 
All steps require aseptic technique, sterile materials, and reagents, and are performed in a biosafety cabinet to reduce exposure of personnel to biohazardous material and contamination of cultures. The reagents and the equipment used are listed in the Table of Materials.

1. Establishing and characterizing the maturation of a 3D alveolar epithelial-fibroblast organoid model

2.1. Prepare a 2:3 mixture of basement matrix and advanced DMEM. Add 300 μL of this solution to each well of a 24-well plate, ensuring the bottom of each well is evenly coated. Incubate the plate at 37 °C in a humidified incubator for 1 h to allow the matrix to solidify.

2.2. Prepare a 5% basement matrix solution in complete DMEM, which will be the culture medium for the organoids. For each well, make 1.2 mL of this solution by diluting 60 μL of basement matrix in 1,140 μL of complete DMEM.

2.3. During the time that the basement matrix mixture is solidifying, mix 300,000 A549 cells with 30,000 MRC-5 cells in 200 μL of the 5% basement matrix solution made in complete DMEM. 

2.4. Once the solution has solidified, pipette 200 μL of the A549/MRC-5 mixture onto the gelled matrix, then return the 24-well plate to incubate at 37 °C, 5% CO₂ for 21 days to allow for growth and differentiation of the alveolar organoids.

2.5. Visualize the cultures under a light microscope for the next 48 h. Cells should be aggregating within this time period.

2.6. Replace the 5% basement matrix/DMEM solution every 48 h with 200 μL of fresh 5% Matrigel medium. To avoid disturbing the organoids embedded in the hydrogel, gently tilt the plate so the old solution collects along the well wall before aspiration.

2.7. At days 3, 9, and 21 of maturation, image the organoids at 10x objective magnification and take four representative images. Representative images of early organoid morphology at days 3, 9, and 21 are shown in Figure 1.

2. Harvesting 3D alveolar epithelial-fibroblast organoids 

3.1. After 21 days of maturation, aspirate the supernatant and wash gently with approximately 1–2 mL of ice-cold PBS. 

3.2. Add 1–2 mL of cold organoid harvesting solution and incubate the plate at 2–8 °C for 30–90 min with moderate shaking. 

3.3. Monitor the dissociation using brightfield microscopy. Dissociation is considered complete once the basement matrix at the bottom of the well is no longer visible and the organoids are in suspension. A cell scraper can be used to gently dislodge the organoid–basement matrix hydrogel to accelerate the process.

3.4. Pool the contents of all wells into a 50 mL conical tube on ice.

3.5. Centrifuge at 500 × g for 5 min at 2–8 °C. Aspirate the supernatant, wash the organoid pellet with 1–2 mL of ice-cold PBS, then centrifuge again to obtain a pellet. Aspirate the PBS.

3. Establishing 3D collagen-embedded alveolar-fibroblast organoids and mechanical strain application 

4.1. Prepare a working solution of 2 mg/mL collagen I gel. The solution should contain 1× PBS, 11.4 mM NaOH, and 2 mg/mL collagen I, with the final volume adjusted using sterile water. Prepare 2 mL of this collagen I solution per well of the circular foam 6-well plate.

4.2. Add 1 mL of the 2 mg/mL collagen I solution to the foam anchors on the periphery of the plate, ensuring complete saturation.

NOTE: The foam anchors must be thoroughly saturated with collagen I solution to ensure proper adhesion. Incomplete saturation can result in detachment of the collagen gel during mechanical strain application, leading to a reduced effective strain compared to the intended target.

4.3. Resuspend the organoid pellet in 6 mL of 2 mg/mL of rat tail collagen and pipette 1 mL of the suspension into the middle of a 6-well circular foam plate, ensuring the organoid-infused collagen mixture mixes with the initial organoid-free collagen added to the circular foam anchors.

NOTE: Avoid generating bubbles when adding the organoid suspension into each well.

4.4. Polymerize the collagen-I for 1 h by leaving the plates in an incubator (37 °C, 5% CO2). After polymerization, the gel should appear cloudy.

4.5. Add 2 mL of complete DMEM on top of 3D-collagen-embedded A549/MRC5 organoids and return the plate to the incubator for 24 h.

4.6. Replace the culture medium with DMEM + 1% FBS and incubate overnight prior to mechanical strain exposure.

4. Cell stretching bioreactor setup and exposure to mechanical strain

5.1. Insert loading stations into each well of the baseplate. These contain six 25 mm diameter loading posts, which allow for the flexible membrane of the Tissue Train plates to deform around them and expose the 3D culture to equibiaxial strain. 

5.2. Apply a thin layer of silicone grease to the top of the loading posts.

5.3. Place red gaskets onto the bottom of each 6-well plate.

5.4. Insert the prepared plates into the baseplate on top of the loading posts. 

5.5. Cover with a Plexiglas sheet and add ~5–10 lbs of weight to ensure a tight seal. 

5.6. Move this apparatus into a 37 °C, humidified incubator with 5% CO2 and connect the quick-disconnect fittings to the baseplate. Repeat steps 1 to 6, but omitting the connections to create a non-strained control. 

5.7. Turn on the air compressor and open the outflow valve from the air compressor.

5.8. Turn on the vacuum pressure pump and open the pressure reservoir valve connected to the vacuum tank outflow. Ensure that the vacuum pressure is around 90 kPa. 

5.9. Open the inflow valve from the air compressor located near the bioreactor controller. Adjust the pressure so it is no more than 15 PSI at the vent port. 

5.10. Launch the onboard software and set up the desired cyclic mechanical strain parameters. For this study, a regimen of 18% strain amplitude at 0.4 Hz for 24 h was used. To configure this, create a new regimen, set the minimum elongation to 0%, the maximum elongation to 18%, and start the protocol.

5.11. Observe the plate and the membrane to ensure that movement is visible throughout the strain session. The membrane should be deforming around the loading posts. 

5.12. Check the water trap for moisture periodically, and observe the computer screen for run time, progress, and appropriate morphology of the strain regimen. 

5.13. Disconnect the baseplate assembly upon completion of the strain regimen, and return the strained cultures to incubation for 24 h prior to downstream characterization analyses.

5.14. Power down and disassemble the system in reverse order of startup: close or turn off the air compressor inflow valve, then the pressure reservoir valve, the vacuum pressure pump, the air compressor outflow valve, and finally the air compressor, in that order. 

5.15. Collect the supernatant after 24 h of incubation following exposure to mechanical strain. Store at -80 °C until use. 

