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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
Can you record movies/images using your own microscope camera? (Y/N) Y
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y/N) N
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Steps 2.3-2.8
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
Steps 2.7-2.8. To ensure the success of this protocol, one needs to obtain an even cell suspension in basement membrane matrix. This is achieved by keeping the matrix cold while mixing and being careful of not introducing bubbles. In addition, the plating of the cells suspension needs to be done as indicated in the protocol to allow even distribution of cells within each well.
5. Will the filming need to take place in multiple locations? (Y/N) N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

(Videographer Comment: The introduction of demonstrator was not filmed as Dr. Geles was unavailable to recite his introduction and conclusion lines) (Editor: It appears as though the only statement that was omitted was the introduction of demonstrator. I’m unsure of who delivered Dr. Geles other statements)

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

1.1. Kenneth Geles: Our culture system captures the phenotypic plasticity of lung squamous carcinoma cells (LUSC) in response to tumor-stromal interactions and how these interactions regulate tumor morphology during LUSC progression [1].
1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.2. Kenneth Geles: The main advantage of our system is its capacity to model LUSC biology in a 3D context while preserving the plasticity of malignant cells [1].
1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.


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

1.3. Shuang Chen: This 3D co-culture provides a unique platform for the investigation of tumor-stromal interactions and could be adapted for monitoring the response of LUSC cells and the CAFs to drug treatment [1].
1.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.


Introduction of Demonstrator: (Said by you on camera)

1.4. Kenneth Geles: Demonstrating the procedure will be Andreas Giannakou, who is a principal scientist and Shuang Chen, who is a senior scientist at the Pfizer oncology unit in Pearl River, NY. 

1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Section - Protocol
[bookmark: _GoBack](Videographer Comment: I filmed some B Roll shots at various points showcasing wide shots of talent at hood)
2. Plating TUM622 Cells in the Extracellular Matrix for 3D Culturing
2.1. To begin, thaw vials of basement membrane matrix in a 4-degree Celsius refrigerator overnight [1]. Cool down 2-milliliter plastic pipettes and tips at -20 degrees Celsius overnight [2]. 
2.1.1. Talent places vials into a refrigerator.
2.1.2. Talent places pipettes and tips into a freezer.
2.2. The next day, warm 3D culture medium, HEPES (pronounce as heeps) buffer, trypsin EDTA and trypsin neutralization buffer in a 37-degree Celsius water bath [1]. Take the thawed basement membrane matrix out of the refrigerator and put the vial on ice [2]. 
2.2.1. Talent places 4 solutions in a water bath.
2.2.2. Talent transfers the membrane matrix from the refrigerator to ice.
2.3. Cool down the tissue culture plates on a metal platform cooler placed on ice [1]. Place centrifuge tubes on a metal cooling rack on ice [2]. 
2.3.1. Talent places plates on ice. Important Step
2.3.2. Talent places the tubes on ice.
2.4. Calculate the amount of cells needed based on the number of wells and the concentration of cells in each well to be prepared [1]. Transfer TUM622 (pronounce as tuː.m-6-2-2) cell suspension into a cooled centrifuge tube [2] and spin down at 300 times g in a hanging bucket centrifuge at 4 degrees Celsius for 5 minutes [3]. 
2.4.1. Talent calculates on a paper.
2.4.2. CU: Talent adds cell suspension into a tube. Important Step
2.4.3. Talent places the tube into a centrifuge.
2.5. With an aspirating pipette attached to an unfiltered tip, aspirate the supernatant carefully, leaving approximately 100 microliters of the medium in the tube [1]. Gently tap on the side of the tube to dislodge and dissociate the pellet [2], and then return it to the cooling rack [3]. 
2.5.1. CU: Talent removes the supernatant, with view of the marking on the tube.
2.5.2. CU: Talent taps on the side. Important Step
2.5.3. Talent places the vial on a rack.
2.6. Using the 2-milliliter pre-cooled pipettes, gently mix the matrix on ice by pipetting up and down a few times. Pipette at an even and moderate speed so that no bubbles are introduced into the matrix during this procedure [1].
2.6.1. CU: Talent pipets up and down in the vial. Important Step
2.7. Transfer 1.1 milliliters of the matrix into each centrifuge tube [1]. Using pre-cooled tips, pipette the matrix in each tube up and down about 10 times to make a uniform cell suspension [2]. 
2.7.1. Talent transfers the mixture into a tube.
2.7.2. CU: Talent pipettes up and down in the tube. Important Step
2.8. Transfer 310 microliters of the cell matrix suspension into each well of a pre-cooled 24-well plate [1-TXT]. Place the pipette at a 90° angle to the plate surface and add the suspension to the center of the well. The suspension spreads and covers the entire well [2].
2.8.1. Talent transfers the mixture into wells. TEXT: 15,000–30,0000 cells per well
2.8.2. CU: Talent adds mixture into the center of the wells, and the suspension spreads. Important Step
2.9. To facilitate downstream immunofluorescence analysis, transfer 100 microliters of cell matrix suspension into the center of a well of 2-well chamber slide [1]. This allows the matrix to form a dome-like structure with much smaller volume [2].
2.9.1. Talent adds the mixture into 2-well chamber slides.
2.9.2. CU: Shot of the dome-like matrix solution.
2.10. Return the plate and the chamber slide back into a tissue culture incubator and incubate for 30 minutes [1] to allow the matrix to solidify. After that, examine the plate and slide under a light microscope [2] to ensure that single cells are evenly distributed within the matrix [3]. 
2.10.1. Talent places the plate and the chamber slide into an incubator.
2.10.2. Talent shows the matrix, and places it under a microscope.
2.10.3. SCOPE: Talent shows the evenly distributed cells.
2.11. Add 1 milliliter of pre-warmed 3D culture complete medium into each well of the plate [1] and 1.5 milliliters of 3D culture medium into each well of the chamber slide [2]. Then, return them to the incubator [3]. 
2.11.1. Talent adds medium into each well in a plate.
2.11.2. Talent adds medium into each well of the chamber slide.
2.11.3. Talent places the plate and the slide into the incubator. Videographer: Take multiple shots, as this will be used later.
3. 3D Coculturing of TUM622 Cells and CAFs (Cancer Associated Fibroblasts) in the Extracellular Matrix 
3.1. After preparing cell suspensions of TUM622 and CAFs (pronounce as C-A-Fs) as previously, count the CAF cell density by mixing 10 microliters of cell suspension with 10 microliters of trypan blue [1]. Add 10 microliters of the mixture to each of the two chambers on a hemacytometer to count and calculate cell density [2-TXT].
3.1.1. Talent mixes cell suspension with dye.
3.1.2. Talent operates on a hemocytometer. TEXT: An automatic cell counter may not accurately count CAFs. 
3.2. To co-embedding TUM622 cells and CAFs in basement membrane matrix, first calculate the desired number of cells used for plating based on the cell density information. CAFs are seeded at a 2:1 ratio of TUM622 cells [1-TXT].
3.2.1. Talent does the calculation on paper. TEXT: volume of cell suspension needed= total number of cells needed/ measured cell density
3.3. Transfer the calculated volume of TUM622 as well as CAFs cell suspension into the same centrifuge tube, spin down and aspirate all medium [1]. Resuspend in basement membrane matrix, and plate 310 microliters of the mixture into each well of a 24-well plate [2]. 
3.3.1. Talent adds two cell suspension into a tube.
3.3.2. Talent adds mixture into wells of a plate.
3.4. For immunofluorescence, transfer 60 microliters of TUM622 or CAFs mix to chamber slides as described previously [1].
3.4.1. Talent adds cell suspension into wells of a chamber slide.
3.5. To coculture TUM622 with overlaid CAFs in basement membrane matrix, first set up TUM622 mono-culture as previously [1]. Transfer twice the number of CAFs suspension into a centrifuge tube [2] and spin down at 300 times g for 5 minutes at room temperature [3]. 
3.5.1. Use 2.11.3.
3.5.2. Talent adds cell suspension into a tube.
3.5.3. Talent places the tube into a centrifuge.
3.6. Aspirate the supernatant and resuspend the CAFs in 1 milliliter of 3D culture medium [1]. Transfer the 1 milliliter CAFs suspension to the well containing the embedded TUM622 cells [2]. 
3.6.1. CU: Talent removes supernatant, and adds cell culture.
3.6.2. CU: Talent adds the cell suspension into a well.



Section – Results
4. Results: Growth and Morphology
4.1. Typical TUM622 cells in 2D culture are rounded with large nuclei [1], while CAFs are flat and elongated [2].
4.1.1. LAB MEDIA: Figure 1 – Video editor: emphasize the left image.
4.1.2. LAB MEDIA: Figure 1 – Video editor: emphasize the right image.
4.2. Seeded in 3D culture, single TUM622 cells were capable of forming organoids with acinar-like morphologies when embedded [1]. Between days 5 and 7, a lumen became apparent in the acinar-like structures and remained hollow thereafter [2]. 
4.2.1. LAB MEDIA: Figure 2 – Video editor: emphasize Figure 2A.
4.2.2. LAB MEDIA: Figure 2 – Video editor: emphasize Figure 2A, and emphasize days 5,7,10 one by one.
4.3. Each acinus, composed of a monolayer of cells surrounding the hollow lumen, displayed proper apical-basal polarity similar to that of lung epithelium in vivo [1].
4.3.1. LAB MEDIA: Figure 2 – Video editor: emphasize Figure 2B.
4.4. These acinar-like structures were hyperplastic and continued to grow until 24 days before the extracellular matrix completely disintegrated [1]. 
4.4.1. LAB MEDIA: Figure 2 – Video editor: emphasize Figure 2C.
4.5. In the TUM622-CAF cocultures, either overlaying or co-embedding [1], the presence of CAFs greatly enhanced the number and size of the spheroids formed [2]. Interestingly, when TUM622 acini came into close proximity with CAFs, they induced the acini to become invasive and migrate towards the CAFs, forming "tear-drop" like structures [3].
4.5.1. LAB MEDIA: Figure 3A
4.5.2. LAB MEDIA: Figure 3B
4.5.3. LAB MEDIA: Figure 3C





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

5.1. Andreas Giannakou: To ensure robust formation of acini-like structures, it is critical to maintain the basement membrane matrix remains in its liquid form throughout the protocol [1].
5.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
5.2. Andreas Giannakou: TUM622 organoids can be used for a variety of downstream analyses including but not limited to immunofluorescence, immunohistochemistry, flow cytometry, RNA/protein extraction and be adapted for drug screening [1].
5.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
5.3. [bookmark: _Hlk21087027]Andreas Giannakou: Using this system as a platform, one can investigate how tumor cell-intrinsic changes as well as cell-extrinsic changes in the tumor microenvironment influence tumor epithelial architecture and carcinoma formation [1].
5.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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