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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?
 2.3., 3.3., 4.1., 4.2., 5.8.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
n/a
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. Nataliya Razumilava: This murine extrahepatic bile duct organoid system can address the limited access to preclinical cholangiopathies models and the limitations of pluripotent stem cell- and liver-derived cholangiocyte organoid models [1].

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

1.2. Nataliya Razumilava: Our model is adult tissue-specific, reductionist, reproducible, and time- and cost-efficient. It would be of special benefit to laboratories that do not have access to human tissues [1].

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

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

1.3. Junya Shiota: Our technique allows the culturing of an almost unlimited number of extrahepatic bile duct cholangiocytes to study tissue regeneration and cell-to-cell interactions [1].

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

Introduction of Demonstrator (Said by you on camera):

1.4. Nataliya Razumilava: Demonstrating the procedure will be Junya Shiota, a post doc from my laboratory [1][2].  

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Ethics title card: 

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Michigan.
Section - Protocol
2. Extrahepatic Bile Duct (EHBD) Isolation 
2.1. For extrahepatic bile duct isolation, place the adult mouse in a supine position [1-TXT] and open the abdominal cavity along the midline [2].
2.1.1. WIDE: Talent placing mouse into supine position Videographer: More Talent than mouse in shot TEXT: Euthanasia: According to institutional guidelines
2.1.2. CU: Incision being made
2.2. Retract the liver to rest on the diaphragm [1] and use a hemostat to gently pull the proximal duodenum to reveal the common bile duct immediately below the liver hilum [2].
2.2.1. CU: Liver being retracted/placed onto diaphragm
2.2.2. CU: Duodenum being pulled/common bile duct being revealed Video Editor: please emphasize common bile duct when mentioned as possible/necessary
2.3. Use a scalpel to separate the extrahepatic bile duct from the surrounding tissues [1].
2.3.1. CU: EHBD being separated
2.4. Holding the proximal end of the common bile duct with forceps, dissect the duct distally just above its juncture with the duodenum [1] before dissecting the proximal end of the duct from the liver [2].
2.4.1. CU: Proximal end being grasped, then duct being dissected just about juncture with duodenum
2.4.2. CU: Proximal end being dissected
2.5. Immediately place the isolated extrahepatic bile duct into a glass plate containing cold washing buffer on ice [1-TXT] and use a sterile scalpel blade to mince the tissue into 0.5-millimeter sections [2].
2.5.1. MED: Talent placing tissue into buffer, with buffer container visible in frame TEXT: See text for all reagent/medium preparation details
2.5.2. CU: Tissue being minced

2.6. [bookmark: _Hlk529449208]When all the tissue has been minced, transfer the sections into a tube containing 500 microliters of dissociation buffer for a 20-minute incubation at 37 degrees Celsius [1].

2.6.1. MED: Talent adding sections to tube, with dissociation buffer container visible in frame

2.7. At the end of the dissociation, neutralize the buffer with 500 microliters of ice-cold cell culture medium [1] and triturate the tissue suspension 20 times through an 18-gauge needle [2] and 20 times through a 20-gauge needle [3].

2.7.1. CU: Medium being added to tube, with medium container label visible in frame
2.7.2. CU: Tissues being triturated w/ 18G needle
2.7.3. CU: Tissues being triturate w/ 20G needle

2.8. Then filter the resulting cell suspension through a 70-micrometer cell strainer into a 50-milliliter tube [1].

2.8.1. MED: Talent adding suspension to filter/tube

3. Biliary Organoid Culture 

3.1. To establish a biliary organoid culture, collect the cells by centrifugation [1-TXT] and carefully remove the supernatant [2].

3.1.1. WIDE: Talent placing tube(s) into centrifuge TEXT: 5 min, 300 x g, 4 °C
3.1.2. CU: Shot of pellet if visible, then supernatant being removed

3.2. Resuspend the pellet in 1 milliliter of ice-cold sterile PBS [1] and transfer the cells to a 1.5-milliliter tube for a second centrifugation [2].

3.2.1. CU: Pellet being resuspended in PBS, with PBS container label visible in frame
3.2.2. MED: Talent adding cells to tube

3.3. Resuspend the washed pellet in 120 microliters of liquefied ice-cold basement matrix [1] and plate 40 microliters of cells into the center of each of three wells of a 37-degree Celsius-warmed, 24-well plate [2].

3.3.1. MED: Talent adding basement matrix to tube, with basement matrix container visible in frame
3.3.2. CU: Cells being added to one well

3.4. Then place the plate in a 37-degree Celsius tissue culture incubator for about 15 minutes [1].

3.4.1. MED: Talent placing plate into incubator

3.5. When the basement matrix has solidified [1], add 600 microliters of 37-degree Celsius seeding medium to each well before returning the plate to the incubator [2].

3.5.1. CU: Shot of solidified matrix
3.5.2. MED: Talent adding medium to well(s), with medium container visible in frame

3.6. After three days and every three days thereafter, replace the seeding medium with 600 microliters of fresh organoid culture medium [1], monitoring the organoid growth regularly with an inverted microscope [2].

3.6.1. CU: Medium being added to well(s), with medium container label visible in frame
3.6.2. LAB MEDIA: Figure 2A

4. EHBD Organoid Passage and Storage

4.1. To passage the extrahepatic bile duct cultures, pipet the organoids in each well with 400 microliters of ice-cold PBS 10 times per well [1] before transferring the well contents to individual 1.5-milliliter tubes [2].

4.1.1. WIDE: Talent washing one well, with PBS container visible in frame TEXT: 
4.1.2. MED: Talent adding EHBD to tube(s)

4.2. Passage each mixture through a 25-gauge needle four times to dissociate the organoids [1] and collect the cells by centrifugation [2-TXT].

4.2.1. CU: One tube being mixed
4.2.2. MED: Talent adding tube(s) to centrifuge TEXT: 4 min, 400 x g, 4 °C

4.3. Then resuspend the cells in basement matrix at the appropriate ratio for re-plating [1-TXT].

4.3.1. CU: Shot of pellet if visible, then basement matrix being added to tube, with matrix container visible in frame TEXT: Passage EHBD organoids 1:3-1:4 every 7-9 d

4.4. For long term extrahepatic bile duct organoid storage, wash each well of organoids with room temperature PBS without disturbing the basement matrix drops [1] and add 500 microliters of ice-cold freezing medium to each well [2].

4.4.1. CU: Shot of PBS in well, then PBS being removed
4.4.2. CU: Freezing medium being added to well, with freezing medium container label visible in frame as possible

4.5. Gently resuspend the organoids in liquefied basement matrix and cell freezing medium [1] and transfer mixture into individual cryogenic vials [2].

4.5.1. MED: Talent adding cell freezing medium to well(s), with cell freezing medium container visible in frame (Editor: The authors did not film this shot as it duplicated 4.4.2. However, they left the VO. I’m not sure if the VO needs to be changed, or if this entire VO should play over 4.5.2)
4.5.2. CU: Mixture being added to vial(s)

4.6. Then place the vials at minus 80 degrees Celsius for 48 hours [1] before transferring the organoids to a nitrogen tank for long term storage in a vapor phase [2].

4.6.1. MED: Talent placing vial(s) at -80 °C
4.6.2. MED: Talent placing vial(s) into tank

5. EHBD Organoid Processing for Paraffin Embedding

5.1. To prepare the organoids for paraffin embedding, replace the medium with 500 microliters of 4-degree Celsius PBS [1] and transfer the suspension from each well into individual 1.5-milliter tubes containing liquefied basement matrix [2].

5.1.1. WIDE: Talent pipetting one well a few times, with PBS container visible in frame
5.1.2. MED: Talent adding suspension to tube (Author Comment: Please note the edited 5.1. section – PBS is added directly to well with organoids in basement matrix. The suspension then transferred to the tube for further processing.)

5.2. Collect the organoids by centrifugation [1-TXT] and use a modified P1000 pipette tip to carefully remove the supernatants without disturbing the pellets [2].

5.2.1. MED: Talent placing tube(s) into centrifuge TEXT: 5 min, 350 x g, RT
5.2.2. CU: Supernatant being removed, with cut pipette tip visible in frame

5.3. Then add 1 milliliter of ice-cold 4% paraformaldehyde to the organoids for an overnight incubation at 4 degrees Celsius [1].

5.3.1. MED: Talent adding PFA to tube(s), with PFA container visible in frame

5.4. The next morning, replace the fixative with 1 milliliter of room temperature PBS for a 5-minute incubation at room temperature [1] and wash the organoids by centrifugation three times [2-TXT].

5.4.1. CU: PBS being added to tube, with PBS container label visible in frame
5.4.2. MED: Talent placing tube(s) into centrifuge TEXT: 1 mL fresh PBS/wash

5.5. After the last wash, resuspend the organoids in 1 milliliter of 30% ethanol for a 5-minute incubation at room temperature [1] followed by a 5-minute incubation in 1 milliliter of 70% ethanol at room temperature [2].

5.5.1. CU: Shot of pellet if visible, then 30% ethanol being added to tube, with 30% ethanol container label visible in frame
5.5.2. MED: Talent adding 70% ethanol to tube, with 70% ethanol container visible in frame

5.6. At the end of the 70% ethanol incubation, collect the organoids by centrifugation [1] and resuspend the organoids in 1 milliliter of 100% ethanol for 5-minute at room temperature [2].

5.6.1. MED: Talent placing tube(s) into centrifuge
5.6.2. CU: Shot of pellet if visible, then 100% ethanol being added to tube, with 100% ethanol container label visible in frame

5.7. At the end of the 100% ethanol incubation, heat specimen processing gel in a microwave for 20 seconds or until liquefied [1] and add 50 microliters of the liquified gel to each tube of organoids [2].

5.7.1. MED: Talent placing gel into microwave
5.7.2. CU: Gel being added to tube(s)

5.8. Place the tubes on ice until the specimen processing gel is solidified [1] and transfer the drop of organoids from each tube to between the blue sponge pads in a cassette for further processing in the paraffin embedder [2]. 

5.8.1. MED: Talent placing tube(s) onto ice
5.8.2. [bookmark: _GoBack]CU: Drop being placed between pads (Author Comment: Please note that the Step 5.8. was recorded twice. Please use the latest version in which the drop was placed between blue pads on a bench.)

5.9. Place the cassette into a tissue processor programmed for 15 minutes per step. [1] 

5.9.1. MED: Talent loading cassette onto processor

5.10. Then section the paraffin-embedded organoids in specimen processing gel at 4 micrometers per section for immunohistochemical staining and analysis according to standard protocols [1].

5.10.1. CU: Shot of paraffin embedded sample(s)



Section – Results
6. Results: Representative EBHD Characterization and Analysis 

6.1. Extrahepatic bile duct organoid plating efficiency is approximately 2% when isolated from either neonatal or adult mice [1].

6.1.1. LAB MEDIA: Figure 2B: JoVE Video Editor please emphasize p0 data bars

6.2. After passage 2, the plating efficiency of extrahepatic bile duct organoids derived from adult mice increases to 11% and remains stable [1].

6.2.1. LAB MEDIA: Figure 2B: JoVE Video Editor please emphasize p2 and p3 data bars

6.3. The majority of organoids demonstrate a cystic morphology throughout all of the passages [1] with rare “irregular” organoids [2].

6.3.1. LAB MEDIA: Figures 2C and 2D: JoVE Video Editor please emphasize cystic organoid image
6.3.2. LAB MEDIA: Figures 2C and 2D: JoVE Video Editor please emphasize irregular organoid image

6.4. The organoids reach a growth peak at 5-7 days, after which they begin accumulating intraluminal debris and deteriorate [1]. Therefore, for maintenance of the organoid culture, the organoids should be split every 7-10 days [2].

6.4.1. LAB MEDIA: Figure 2A: JoVE Video Editor please emphasize images D5 and D7
6.4.2. LAB MEDIA: Figure 2B: JoVE Video Editor please add/emphasize dotted line between D7 and D10 image

6.5. When analyzed with immunofluorescence, extrahepatic bile duct organoids consist of a pure population of epithelial cells marked by E-cadherin [1].

6.5.1. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize red signal in E-cadherin image

6.6. Organoid cells also demonstrate markers of biliary progenitor cells [1] as well as markers of biliary differentiation [2].

6.6.1. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize green signal in PDX1 image
6.6.2. LAB MEDIA: Figures 3B and 3C: JoVE Video Editor please emphasize green signal in CK19 and SOX9 images

6.7. Importantly, a high percentage of organoid cells possess a primary cilium marked by acetylated alpha-tubulin [1], which is a feature of normal cholangiocytes, and suggests an appropriate organoid cell polarization [2].

6.7.1. LAB MEDIA: Figure 3C: JoVE Video Editor please emphasize red signal in a-AT image
6.7.2. LAB MEDIA: Figure 3C



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Junya Shiota: Close adherence to the described temperature conditions is required. Meticulous bile duct dissection prevents pancreas cell contamination. The loss of cellular material can be avoided by careful manipulation after centrifugation (Steps: 2.3., 3.1.) [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Nataliya Razumilava: These organoids can be used as preclinical models, genetically and pharmacologically manipulated, or used to test drugs and the effects of infectious agents [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.3. Nataliya Razumilava: This method can be used by labs that want to take advantage of genetically modified mouse models to further study the mechanisms of cholangiocyte biology [1].
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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