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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  NO  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  NO

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? 

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 


4. Filming location: Will the filming need to take place in multiple locations?   NO

Current Protocol Length
Number of Steps:  14
Number of Shots:  29 

Introduction

1. Introductory Interview Statements

1.1. Qi Zhou: Human embryonic stem cell-derived hepatocyte-like-cells are useful in disease modeling and drug screening [1].

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

1.2. Qi Zhou: This is an efficient and reproducible method for effectively inducing the differentiation of human embryonic stem cells into functional hepatocyte-like cells [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.4.1., 4.2.1., 4.5.1.

1.3. Qi Zhou: An undifferentiated status and appropriate confluency of human embryonic stem cells are critical for a successful differentiation to hepatocyte like cells [1]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.2.2.


















Protocol

2. Stem Cell Maintenance

2.1. For stem cell maintenance, coat sterile, six-well tissue culture-treated plates with 1 milliliter of 1x human embryonic stem cell qualified Matrigel per well [1] and store them at 4 degrees Celsius overnight [2]. Leave the plates at room temperature for 30 minutes before use [3].
2.1.1. WIDE: Establishing shot of talent coating plates.
2.1.2. Talent putting plates in a cold room/refrigerator
2.1.3. Talent transferring plates to room temperature

2.2. Thaw the cryopreserved hESCs (H-E-S-C-S) in a 37-degree Celsius water bath for 3 minutes without shaking [1]. Then, immediately transfer the stem cells by pipetting them into a 15-milliliter centrifuge tube containing 4 milliliters of prewarmed 37-degree Celsius mTesR (m-Tease-R) medium [2].
2.2.1. Talent placing the cryopreserved tube in the water bath
2.2.2. Talent transferring the cells into a 15 mL tube

2.3. Centrifuge the hESCs [1-TXT] and aspirate the supernatant [2], then gently resuspend the cells in 1 milliliter of mTesR medium [3].
2.3.1. Talent placing the tubes into centrifuge TEXT: 2 min, 200 x g 
2.3.2. Talent removing the supernatant
2.3.3. Talent resuspending the cells in medium

2.4. Aspirate the DMEM/F12 (DMEM-F-Twelve) medium from the plate [1]. Seed the cells into a 6-well plate at a density of 1 x 105 cells in 2 milliliters of mTesR [2] and incubate in a 5% CO2 incubator [3]. 
2.4.1. Talent removing the medium from the plate
2.4.2. Talent seeding the cells into a plate
2.4.3. Talent incubating plates

2.5. Maintain the cells by replacing the medium with preheated mTesR medium daily [1]. Passage the cells at roughly 70 to 80% confluence or when the cell colonies begin to make contact [2].
2.5.1. Talent replenishing the medium
2.5.2. Talent observing the cells for confluency 


3. Stem Cell Passage and Differentiation and Definitive Endoderm Formation

3.1. For cells passaging, aspirate the medium and incubate the cells with 1 milliliter per well of enzyme solution for 5 minutes at 37 degrees Celsius [1]. Transfer the cells by pipetting them into a 15-milliliter centrifuge tube containing 4 milliliters of DMEM/F12 prewarmed to 37 degrees Celsius [2].
3.1.1. Talent adding enzyme solution to cells
3.1.2. Talent transferring the cells to a 15 mL tube

3.2. Prepare 24-well plates by coating them with 250 microliters of 1x hESC-qualified Matrigel medium [1]. Seed hESCs at a density of 1 to 1.5 x 105 cells per well in 500 microliters of mTesR medium [2]. Videographer: This step is important!
3.2.1. Prepared 24-well plate kept in a biosafety cabinet
3.2.2. Talent seeding the cells to a plate

3.3. Add both Activin A to a final concentration of 100 nanograms per milliliter and CHIR99021 (CHIR-nine-nine-zero-two-one) to a final concentration of 3 micromolar in an appropriate volume of preheated Stage I (‘one’) differentiation basic medium [1-TXT]. Videographer: This step is important!
3.3.1. Talent adding Activin A and CHIR99021 to Stage I medium TEXT: Refer to text for differentiation basic medium preparation 

3.4. After three days of differentiation, differentiated cells should express markers of definitive endoderm cells, such as FOXA2 (FOX-A-Two), SOX17 (SOX-Seventeen), GATA4 (GATA-Four), CXCR4 (C-X-C-R-Four), and FOXA1 (FOX-A-One) [1-TXT]. Videographer: This step is important!
3.4.1. Talent at the microscope checking for markers of endoderm cells TEXT: Minimum 80% of SOX17 is needed for proceeding

4. Differentiation of Hepatic Progenitor Cells and Hepatocyte Differentiation

4.1. On day 3 of differentiation, aspirate the medium [1], replace it with Stage II (‘two’) medium [2-TXT], and incubate for 24 hours [3]. Change the medium every other day on days four through eight [4]. Videographer: This step is important!
4.1.1. Talent removing the medium
4.1.2. Talent adding Stage II medium to the plate TEXT: 0.5 mL per well of a 24 well plate
4.1.3. Talent putting the plate in the incubator
4.1.4. Talent changing the medium 

4.2. After eight days of differentiation, differentiated cells should express appropriate markers of hepatic progenitor cells, such as HNF4α (H-N-F-Four-Alpha), AFP, TBX3 (T-B-X-Three), TTR, ALB, NTCP, CEBPA [1-TXT]. Videographer: This step is important!
4.2.1. Talent taking the cells out of the incubator TEXT: Minimum 80% of HNF4α needed for proceeding

4.3. On Day 8, aspirate the Stage II medium from the cells [1] and replace it with Stage III (‘three’) medium [2-TXT]. Videographer: This step is important!
4.3.1. Talent removing the Stage II medium
4.3.2. Talent adding Stage III medium to the cells TEXT: 1 mL per well of a 24 well plate

4.4. Allow cells to incubate for ten days at 37 degrees Celsius in a CO2 incubator [1] and change the media every other day with freshly added differentiation factors [2-TXT]. 
4.4.1. Talent placing the cells in the incubator
4.4.2. Talent changing the medium TEXT: Days 8-18

4.5. After 18 days of differentiation, differentiated cells should express characteristic markers of hepatocytes, such as AAT, ALB, TTR, HNF4α, NTCP, ASGR1 (A-S-G-R-One), CYP3A4 (C-Y-P-Three-A-Four) [1]. 
4.5.1. Talent checking for hepatocytes markers



Results

5. Results: Directed Hepatocyte-like Cell Induction from Human Embryonic Stem Cells

5.1. [bookmark: _Hlk70346214]The schematic diagram of hepatocyte-like cells from hESCs [1] and bright-field images of each differentiation stage are shown [2].
5.1.1. LAB MEDIA: Figure 1A Video Editor: please emphasize on each day image separately
5.1.2. LAB MEDIA: Figure 1B Video Editor: please emphasize on each day image separately 

5.2. In Stage I, Activin A and CHIR99021 were added for three days to induce stem cells to form endoderm cells [1]. In Stage II, the endoderm cells differentiated into hepatic progenitor cells after being treated with a differentiation medium for five days [2].
5.2.1. LAB MEDIA: Figure 1B Video Editor: please emphasize the image of Day 0 and Day 3
5.2.2. LAB MEDIA: Figure 1B Video Editor: please emphasize on Day 8 image 

5.3. In Stage III, after ten days, early hepatocytes had matured and differentiated into hepatocyte-like cells in hepatocyte growth factor and oncostatin [1]. In the final stage of differentiation, cells showed a typical hepatocyte phenotype [2].
5.3.1. LAB MEDIA: Figure 1A Video Editor: please emphasize Stage III image
5.3.2. LAB MEDIA: Figure 1B Video Editor: please emphasize on day 18 image

5.4. RT-PCR [1], immunofluorescence staining [2], and western blotting were used to detect markers of endoderm cells, hepatic precursor cells, and mature hepatocytes [3].
5.4.1. LAB MEDIA: Figure 2A
5.4.2. LAB MEDIA: Figure 2B
5.4.3. LAB MEDIA: Figure 2C

5.5. The differentiated cells showed high expression levels of differentiation-related genes and proteins in each stage, such as endoderm markers SOX17at Day 3 [1], hepatic precursor marker HNF4α at Day 8 [2], AFP at Day 14 [3], and mature hepatocyte marker ALB at Day 18 [4]. 
5.5.1. LAB MEDIA: Figure 2B Video Editor: please emphasize on Day 3 SOX17 merge image
5.5.2. LAB MEDIA: Figure 2B Video Editor: please emphasize on Day 8 HNF4α merge image
5.5.3. LAB MEDIA: Figure 2B Video Editor: please emphasize on Day 14 AFP merge image
5.5.4. Lab MEDIA: Figure 2B Video Editor: please emphasize on Day 18 ALB merge image 

5.6. The HLCs exhibited green staining [1] and extensive cytoplasmic acid-Schiff staining [2].
5.6.1. LAB MEDIA: Figure 3A
5.6.2. LAB MEDIA: Figure 3B

5.7. The hepatocytes showed typical binucleated morphology [1]. The enzymatic activity of CYP3A4, the essential metabolic CYP in the liver in HLCs, was confirmed with an enzyme assay [2].
5.7.1. LAB MEDIA: Figure 3C Video Editor: please emphasize on Red squares marked with red arrows for binucleated morphology
5.7.2. LAB MEDIA: Figure 3D Video Editor: please emphasize on the bar marked with HLC



Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Xiaoling Xie: Seeding of hESCs at an appropriate density and starting differentiation on the following day are critical. In stage I, change the medium gently because the cells are prone to float up [1].   

6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.2.1., 3.2.2., 3.3.1., 3.4.1.  

6.2. Xiaoling Xie: The combination of Activin A and other small molecules may further improve the differentiation efficiency and produce more mature hepatocyte-like cells than this procedure [1].  

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

6.3. Xiaoling Xie: This technique can provide a platform to explore hepatocyte transplantation, liver tissue engineering, bioartificial livers, and disease modeling [1].

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