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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
2. Does your protocol include software usage? (Y/N) N
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.) 2.2, 3.3, 3.4, 4.2.
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.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer. 5.3, 5.4
The most difficult aspect of this procedure is the identification of proper portal structures and bile ducts. To do this, it is important to have a well-defined wsCK stain. If the stain is very weak and close to background, it is recommended that a new section be stained until biliary cells are easily identifiable.

5. Will the filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? 5-10 min walk


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. Joshua Adams: This protocol enables the investigator to quantify the bile duct density in mouse models of liver disease. It also allows for evaluating the effects of genetic modifiers on bile duct development [1].
1.1.1. Interview


1.2. Joshua Adams: The advantage of this technique is that it is a straight-forward, quantitative and sensitive method for direct assessment of biliary development [1].
1.2.1. Interview












Ethics title card: (for human subjects or animal work, does not count toward word length total)
.

1.3. All animals were housed in a barrier animal facility at Baylor College of Medicine per Institutional Animal Care and Use Committee guidelines and under approved animal protocols. .


Section - Protocol
2. Mouse Liver Tissue Collection
2.1. To begin, use small scissors, with the skin held taut by forceps, to make a transverse incision approximately one inch below the rib cage of a euthanized mouse [1] and expose the entire ventral surface of the liver [2]. 
2.1.1. CU: Talent holding the skin with forceps and making a transverse incision below the rib cage.
2.1.2. CU: Talent exposing the entire ventral surface of the liver. These 2 shots combined – also word changed numbering after the authors returned the script, so EVERY SHOT started with 0, so 2.1.0, not sure how videographer marked it though, please pay attention. Thanks.
2.2. Use small scissors to carefully cut through the ligaments connecting the liver to other organs in the abdomen [1]. Then cut through the common bile duct to detach the liver from the intestine [2]. 
2.2.1. ECU: Talent cutting through the ligaments connecting the liver to other organs.
2.2.2. ECU: Talent cutting through the common bile duct. These 2 shots combined – also word changed numbering, so every shot started with 0, so 2.1.0, not sure how videographer marked it though, please pay attention. Thanks
2.3. Hold onto the gallbladder and carefully remove the liver [1]. Place it immediately in a 50 mL tube filled to three-quarters by 4% paraformaldehyde [2-TXT].
2.3.1. CU: Talent removing the liver while holding onto the gallbladder.
2.3.2. MED: Talent placing the liver in the tube with PFA. TEXT: PFA These 2 shots combined – also word changed numbering, so every shot started with 0, so 2.1.0, not sure how videographer marked it though, please pay attention. Thanks

3. Fixation, Paraffin Embedding and Liver Block Sectioning
3.1. To fix the liver tissue incubate it in 4% PFA at 4 °C for 48 h [1]. After series of ethanol washes, wash the liver with clearing agent 3 times for 30 minutes each at room temperature [2]. 
3.1.1. MED: Talent placing the tube with PFA and liver at 4 °C for incubation.
3.1.1a. Added shot: Talent washing the liver with ethanol once.
3.1.2. CU: Talent washing the liver with clearing agent once.
3.2. To begin embedding, wash a tissue cassette in a tissue mold 3 times 30 minutes in paraffin wax preheated to 60 °C [1]. Then fill the tissue mold with paraffin wax to three-quarters height and keep on a heating block at 60 °C [2]. 
3.2.1. MED: Talent washing a tissue cassette in a tissue mold in paraffin wax once.
3.2.2. CU: Talent fill the tissue mold with paraffin wax on the heating block.
3.3. Place the liver in the mold with the ventral side facing up [1]. After carefully removing the mold from the heating block place the top of the cassette on the mold [2], top off with hot liquid paraffin and allow it to cool to room temperature overnight [3].
3.3.1. CU: Talent placing the liver in the mold with the ventral side facing up.
3.3.2. CU: Talent placing the top of the cassette on the mold. These 2 shots combined
3.3.3. CU: Talent adding hot liquid paraffin to the top. These 2 shots combined
3.4. After removing the liver block from the mold, use a microtome to begin sectioning through the superficial, dorsal side of the liver [1], making 5-micrometer sections [2][3].
3.4.1. MED: Talent at the microtome sectioning.
3.4.2. CU: Talent taking one section and placing it on a slide.
3.4.3. Added shot: Talent taking sections cut deeper in liver and placing them on a slide.
3.5. Check the superficial sections under a dissection microscope to ensure sections are not sheared or folded [1].
3.5.1. MED: Talent at the microscope, checking one slide.

4. Immunohistochemistry for Wide-spectrum Cytokeratin (wsCK) and SMA 
4.1. To process slides for immunohistochemistry, select one slide per genotype to be analyzed [1] and wash it for 15 min in Xylene [2], 100% ethanol, 95% ethanol and finally 70% ethanol [3-TXT].
4.1.1. MED: Talent selecting slides. These 2 shots combined
4.1.2. CU: Talent placing slides in xylene.  These 2 shots combined
4.1.3. CU: Talent placing slides in 70% ethanol. TEXT: 3 x 5 min in each solution
4.2. After washing the slide in deionized water, immerse it in Tris-based, high pH antigen retrieval solution [1]. Then heat it under pressure in a pressure cooker for 3 min at 10 pounds per square inch [2]. 
4.2.1. CU: talent immersing slides in antigen retrieval solution.
4.2.2. MED: Talent placing slides in pressure cooker. These 2 shots combined
4.3. After letting the slide to cool to room temperature, use a Pap Pen to outline the sections on the slide [1]. After washing with PBS Tween [1a], block the tissue sections, by adding 100 microliters of blocking solution per section [2] and incubate covered at 4 °C for 1 hour [3].
4.3.1. CU: Talent outlining some sections on the slide.
4.3.1a. Added shot: Talent washing slides with PBS Tween 0.1% once.
4.3.2. CU: Talent starts adding blocking solution to sections.
4.3.3. Added shot: Talent incubating slides at 4 °C.
4.4. Apply 100 microliters of the diluted antibody solution containing all three primary antibodies to each section [1] and incubate them at 4 °C overnight [2]. 
4.4.1. CU: Talent starts adding antibodies to sections.
4.4.2. MED: Talent placing slides for incubation. Use 4.3.3.
4.5. [bookmark: _GoBack]After washing the slides [0], add 100 microliters of the secondary antibody solution containing both secondary antibodies to the slides, incubate at room temperature for 1 hour [1], mount and cover with a coverslip [2].
4.5.0- Added shot: Talent Washing slides with PBS Tween 0.1% once. 
4.5.1. CU: Talent adding secondary antibodies to sections.
4.5.2. Added shot: Talent mounting slides with mounting media and placing coverslips.
5. Imaging and Quantification of Bile Ducts (BDs)
5.1. Use a fluorescent microscope to take 20X images at 1X zoom of each section and ensure that every portal vessel across the liver is imaged [1-TXT]. 
5.1.1. SCREEN to be provided by the authors: Recorded by videographer: Talent setting the microscope to take 20X images at 1X zoom, ensuring that every portal vessel across the liver is imaged. TEXT: Include the left, medial, right and caudate lobes.
5.2. [bookmark: _Hlk536784952]Create a spreadsheet with the following columns: Animal/Sample Number, Image Number, Number of Portal Vessels and Number of Bile ducts [1].
5.2.1. SCREEN to be provided by the authors (JOVE Jafar-Nejad 5.2.0_Large.mp4): Talent creating a spreadsheet with Animal/Sample Number, Image Number, Number of Portal Vessels and Number of Bile ducts.
5.3. Identify and record the number of portal vessels per image for each image [1].
5.3.1. SCREEN to be provided by the authors (JOVE Jafar-Nejad 5.3.0_Large.mp4): Talent identifying and recording the number of portal vessels for one image.
5.4. Then identify patent bile ducts in each image by the presence of cholangiocytes (pronounce: Co-lan-geo-sites, with the stress on the second part, like collateral) surrounding a definable lumen [1]. These structures should be distinct and separated by mesenchyme from other wide-spectrum cytokeratin positive cells [2].
5.4.1. SCREEN to be provided by the authors (JOVE Jafar-Nejad 5.4.0_Large.mp4): Talent identifying bile ducts by the presence of cholangiocytes. Video editor show this text. When cholangiocytes are mentioned. TEXT: wsCK+
5.4.2. SCREEN to be provided by the authors (JOVE Jafar-Nejad 5.4.1_Large.mp4): Talent showing wsCK+ cells.
5.5. Joshua Adams: One main challenge is identifying patent ducts. Determining what is a patent duct requires analysis of both the shape of the duct and the cells surrounding the lumen [1].
5.5.1. Interview.
5.6. Count each patent bile duct and place in the same column as the image number and repeat for each portal vessel image [1].
5.6.1. SCREEN to be provided by the authors (JOVE Jafar-Nejad 5.6.0_Large.mp4): Talent counting patent bile ducts and adding the number in the spreadsheet.
5.7. Finally, calculate the sum of all portal vessels [1] and all bile ducts in the liver sample [2] and calculate the bile duct to portal vessel ratio for the liver sample [3-TXT].
5.7.1. SCREEN to be provided by the authors: Talent calculating the sum of all portal vessels in the liver sample. 3 shots combined: JOVE Jafar-Nejad 5.7.0-5.7.2_Large.mp4
5.7.2. SCREEN to be provided by the authors: Talent calculating the sum of all bile ducts in the liver sample.
5.7.3. SCREEN to be provided by the authors: Talent calculating bile duct to portal vessel ratio. TEXT: BD to PV ratio






Section – Results
6. Results: Determining BD to PV Ratio 
6.1. P30 (P-30) mouse livers were sectioned and co-stained for CK8 and CK19 along with the vascular marker SMA (alpha-S-M-A) to determine the BD to PV ratio [1]. 
6.1.1. Figure 2 Video editor emphasize letters “wsCK” when CK8 and CK19 are mentioned, and “SMA” when mentioned. 
6.2. When all the portal vessels in each liver lobe were imaged, portal veins were defined as SMA-stained vessels that have adjacent wide-spectrum cytokeratin staining [1]. The SMA-stained structures without wide-spectrum cytokeratin were central veins which were excluded from the analysis [2].
6.2.1. Figure 2A and A’ Video editor emphasize arrowheads and green staining where they are pointing at for the second part of this sentence after the comma.
6.2.2. Figure 2B and B’ Video editor emphasize arrows and where they are pointing at.
6.3. Patent ducts have a clearly definable lumen that is surrounded by wide-spectrum cytokeratin positive cholangiocytes and are usually separated from nearby ducts or cholangiocytes by mesenchyme [1]. Wide-spectrum cytokeratin positive cells that do not have a definable lumen are not counted toward the total number of bile ducts [2]. 
6.3.1. Figure 3 Video editor emphasize arrowhead and where it is pointing at for the second sentence. 
6.3.2. Figure 3 Video editor emphasize arrows and where they are pointing at.
6.4. Liver section from a wild-type animal shows a portal vein associated with a fully patent duct along with several unincorporated cells [1]. 
6.4.1. Figure 3A Video editor emphasize arrowhead and where it is pointing at.
6.5. Representative liver section from a Jag1(Jagged-1)-heterozygous animal shows that no patent bile ducts are present around the three portal veins. All wide-spectrum cytokeratin-positive cells here are unincorporated and therefore should not be counted [2].
6.5.1. Figure 3B Video editor emphasize arrows and where they are pointing at for the first sentence.
6.6. Analysis of the BD to PV ratios for 3 wild-type and 3 Jag1-heterozygous animals shows how the two genotypes can be readily distinguished based on bile duct counts [1]. 
6.6.1. Figure 4 Video editor emphasize blue dots when wild-type is mentioned, and red dots when Jag1-heterozygous is mentioned.







Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Joshua Adams: It is important to assess all portal vessels for bile ducts [1]. This is especially critical in calculating bile duct density if there is phenotypic variability across the liver [2].
7.1.1. Use 5.1
7.1.2. Interview
7.2. Joshua Adams: This technique was used to identify a genetic suppressor of biliary phenotype in a mouse model of Alagille syndrome. Therefore, it may be useful in assessing treatment modalities in animal studies of biliary diseases [1].
7.2.1. Interview

Thank you for following the instructions and addressing our questions. We will incorporate your answers/suggestions and send you the finalized script before your shoot. You will also receive detailed shoot preparation instructions in the email accompanying the finalized script.
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