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Current Protocol Length

Number of Steps:  19
Number of Shots:  55 

Introduction 

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Esra Erdal: This research aims to develop human-relevant in vitro liver models for accurate drug efficacy and safety testing, closely mimicking healthy and diseased liver tissues in preclinical studies.

1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.7.1.


What are the most recent developments in your field of research?
1.2. Esra Erdal: Recent advances include the development of multicellular liver organoids with vascularization and immune components, enhancing their use in disease modeling, drug screening, and regenerative therapy applications.
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.

What are the current experimental challenges?
1.3. Esra Erdal: Reproducing full liver complexity, achieving long-term functionality, standardizing protocols, and scaling organoid production for high-throughput applications remain major experimental challenges in liver organoid research.
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera.


What significant findings have you established in your field?
1.4. Esra Erdal: We recently modeled liver fibrosis progression from healthy eHEPOs and established rare disease models, including citrullinemia and pyruvate carboxylase deficiency, using patient-derived cells.
1.4.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: LAB MEDIA: Figure 4.



What advantage does your protocol offer compared to other techniques?
1.5. Esra Erdal: Unlike other methods, our protocol provides functional liver organoids quickly and at scale, supporting long-term culture and multiple assays from one consistent starting population.
1.5.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: LAB MEDIA: Figure 2.


Ethics Title Card
This research has been approved by the local Clinical Research Ethics Committee of Dokuz Eylul University Medical Faculty

Protocol  

2. Endoderm Differentiation Procedure
Demonstrator: Click here to enter name of demonstrator(s)	Comment by Debopriya Sadhukhan: Authors: Please add the name of the demonstrator here.

2.1. To begin, add 6 milliliters of cold DMEM/F-12 (D-M-E-M F-twelve) into a 15-milliliter conical tube [1]. Immediately add 80 microliters of thawed basement membrane matrix or BMM (B-M-M) to the tube and mix well [2]. Coat a tissue culture-treated well plate with the BMM solution and dispense the solution to cover the well plate surface [3].
2.1.1. [bookmark: _Hlk126314295]WIDE: Talent adding DMEM/F-12 into a 15-milliliter conical tube.
2.1.2. Talent adding BMM to the tube and mixing it.
2.1.3. Talent coating a tissue culture-treated well plate with the BMM solution and the solution being dispersed to cover the well plate surface.
2.2. [bookmark: _Hlk126314336]Incubate the plate in a 37 degrees Celsius incubator for at least 1 hour [1]. Take an inducible pluripotent stem cell or iPSC (I-P-S-C) plate and aspirate the iPSC-specific medium [2].
2.2.1. Talent placing the plate in an incubator.
2.2.2. A shot of the iPSC plate and then talent aspirating the iPSC-specific medium. 
2.3. Rinse the plate with DMEM/F-12 or D-PBS (D-P-B-S) [1] and add 1 milliliter of the specific enzyme to one well of a 6-well plate. After incubating for 1 minute [2], aspirate the enzyme [3], and incubate the plate at 37 degrees Celsius for 5 to 7 minutes [4].
2.3.1. Talent rinsing the plate with DMEM/F-12 or D-PBS.
2.3.2. Talent adding the specific enzyme to one well of a 6-well plate.
2.3.3. Talent aspirating the enzyme.
2.3.4. Talent placing the plate in an incubator.
2.4. Next, add 1 milliliter of pre-warmed iPSC medium to the plate [1] and gently tap the side to detach the undifferentiated colonies aggregates from the surface of the plate [2]. 
2.4.1. Talent adding iPSC medium to the plate.
2.4.2. Talent tapping the side of the plate.
2.5. Gently mix the suspension with a 5-milliliter serological pipette [1] and then seed the cell suspension at the desired density onto the BMM-coated well [2]. Incubate the cells at 37 degrees Celsius for 3 to 5 days to reach a confluency of 70% [3].
2.5.1. Talent mixing the suspension with a 5-milliliter serological pipette.
2.5.2. Talent seeding the cell suspension onto the BMM-coated well.
2.5.3. Talent placing the plate in an incubator.
2.6. Replace the iPSC medium with the endoderm medium before starting the differentiation [1]. The cells gain a spiky shape after the differentiation, indicating the cell-cell interaction [2-TXT].
2.6.1. Talent taking out the iPSC medium and adding the endoderm medium to the plate.
2.6.2. SCOPE: The spiky shape of the cells. TXT: Control the cell’s morphological changes during differentiation

3. Procedure for Performing eHEPO Establishment
Demonstrator: Click here to enter name of demonstrator(s)

3.1. Rinse the endoderm cells with PBS [1], add 300 microliters of trypsin [2], and incubate the cells for 5 minutes in the incubator [3]. Add 3 milliliters of cold DMEM-F12 to the cells [4], and pipet with 1,000-microliter filter tips to generate single cells [5].
3.1.1. Talent rinsing the endoderm cells with PBS.
3.1.2. Talent adding trypsin to the cells.
3.1.3. Talent placing the cells in an incubator.
3.1.4. Talent adding DMEM-F12 to the cells.
3.1.5. Talent pipetting the cells with 1,000-microliter filter tip.
3.2. Collect the cell suspension in a 15-milliliter conical tube [1] and centrifuge the cells at 300 g for 5 minutes at room temperature [2]. After discarding the supernatant, wash the pellet with 10 milliliters of FACS (Fax) buffer [3].
3.2.1. Talent collecting the cell suspension in a 15-milliliter conical tube.
3.2.2. Talent placing the tube in a centrifuge.
3.2.3. Talent washing the pellet with FACS buffer.
3.3. To make a single-cell suspension, filter the cells with a 100-micrometer mesh strainer [1] and then with a 40-micrometer mesh strainer before centrifuging the cell suspension for 5 minutes [2].
3.3.1. Talent filtering the cells with a 100-micrometer mesh strainer.
3.3.2. Talent filtering the cells with a 40-micrometer mesh strainer.
3.4. Resuspend 15 million cells with 105 microliters of FACS buffer [1], and add 45 microliters of FcR (F-C-R) and 15 microliters of EpCAM (Ep-Cam) to the suspension [2]. Incubate the cells for 10 minutes at 40 degrees Celsius, protecting the tube from light [3]. Then, add 500 microliters of FACS buffer to wash the cell suspension [4].
3.4.1. Talent suspending the cells with FACS buffer.
3.4.2. Talent adding FcR and EpCAM to the suspension.
3.4.3. Talent placing the solution in an incubator, protecting the tube from light.
3.4.4. Talent adding FACS buffer to wash the cell suspension.
3.5. After centrifuging the cells, resuspend the pellet in 500 microliters of FACS buffer [1] and add 0.5 micromolar per milliliter DAPI (Dapi) to the cell suspension to quantify the dead cells [2].
3.5.1. Talent suspending the pellet in FACS buffer.
3.5.2. Talent adding DAPI to the cell suspension.
3.6. After the cell sorting, centrifuge the cells at 300 g for 5 minutes [1], remove the supernatant [2], and resuspend 3,000 to 5,000 cells in 20 microliters of BMM [3].
3.6.1. Talent placing the cells in a centrifuge.
3.6.2. Talent removing the supernatant.
3.6.3. Talent suspending the cells in BMM.
3.7. Seed the cells by adding a droplet of BMM to the center of each 48-well plate [1] and incubate the cells for 2 minutes at 37 degrees Celsius [2] until the BMM is solidified [3-TXT]. Overlay the droplet with the expansion medium [4-TXT].
3.7.1. Talent adding a droplet of BMM to the center of a 48-well plate.
3.7.2. Talent placing the cells in an incubator.
3.7.3. The BMM is solidified. TXT: Incubate for another 10 min
3.7.4. Talent overlaying the droplet with the expansion medium. TXT: 250 µL per well for a 48-well plate

4. Procedure for Performing eHEPO Mechanical Dissociation and Differentiation
Demonstrator: Click here to enter name of demonstrator(s)

4.1. To split the organoid droplet, discard the organoid medium [1] and add 500 microliters of cold Ad-DMEM/F12 (A-D D-M-E-M F-twelve) to the well [2]. Use 1,000-microliter filter tips to pipette the BMM droplets vigorously [3]. 
4.1.1. Talent discarding the organoid medium.
4.1.2. Talent adding Ad-DMEM/F12 to the well.
4.1.3. Talent pipetting the BMM droplets vigorously with 1,000-microliter filter tips.
4.2. Collect a maximum of 10 BMM droplets into 15-milliliter conical tubes [1] and add 5 milliliters of cold Ad-DMEM/F12 [2]. Place the tube on ice for 3 to 5 minutes [3]. 
4.2.1. Talent collecting BMM droplets into 15-milliliter conical tubes.
4.2.2. Talent adding Ad-DMEM/F12 to the tube.
4.2.3. Talent placing the tube on ice.
4.3. Centrifuge the cells at 200 g for 5 minutes at 4 degrees Celsius [1] and discard the supernatant until 1 milliliter of the supernatant remains [2]. Vigorously pipet the cell pellet 30 to 40 times using 200-microliter filter tips [3].
4.3.1. Talent placing the cells in a centrifuge.
4.3.2. Talent discarding the supernatant until 1 milliliter of the supernatant remains.
4.3.3. Talent pipetting the cell pellet using 200-microliter filter tips.
4.4. After mechanical dissociation, add 5 milliliters of cold Ad-DMEM/F12 before centrifuging the cells for 5 minutes [1]. Discard the supernatant [2], and place the suspension on the ice [3].
4.4.1. Talent adding Ad-DMEM/F12 to the cells.
4.4.2. Talent discarding the supernatant.
4.4.3. Talent placing the suspension on ice.
4.5. Seed a 50-microliter BMM droplet [1-TXT], and add 25 nanograms per milliliter BMP7 (B-M-P-seven) to the expansion medium [2].
4.5.1. Talent seeding a 50-microliter BMM droplet. TXT: BMM droplet: 35 µL BMM + 15 µL cells and Ad-DMEM/F-12 per well for a 24-well plate 
4.5.2. Talent adding BMP7 to the expansion medium.
4.6. After culturing for 3 days, replace the medium with the differentiation medium [1] and culture the cells for at least 14 days [2-TXT].
4.6.1. Talent removing the medium and adding the differentiation medium to the cells.
4.6.2. Talent placing the cells in an incubator to culture the cells. TXT: Refresh the medium every 3 days 

Results

5. Representative Results 

5.1. An immunostaining analysis was performed to validate whether the organoids originating from the EpCAM+ (Ep-Cam positive) cells are committed toward the hepatic lineage [1].	Comment by Debopriya Sadhukhan: Authors: Is the pronunciation guide for EpCAM+ (written in red italics) correct? If not, please let us know.
5.1.1. LAB MEDIA: Figure 2.
5.2. [bookmark: _Hlk126314412]The presence of CK19+ (C-K-nineteen-positive) [1] and HNF4ɑ+ (H-N-F-four-alpha-positive) cells [2] indicates that hepatoblast and bile duct progenitor cells are present in the organoids [3].
5.2.1. LAB MEDIA: Figure 2. Video Editor: Emphasize A (both the top and bottom image). 
5.2.2. LAB MEDIA: Figure 2. Video Editor: Emphasize E (top image).
5.2.3. LAB MEDIA: Figure 2.
5.3. Additionally, organoids expressing epithelial tissue markers, such as [1] E-CAD+ (E C-A-D-positive) cells [2] and cubical or polyhedral epithelial cells expressing ZO-1 (Z-O-one) [3], indicate the presence of tight junctions between the cells [4].	Comment by Debopriya Sadhukhan: Authors: Is the pronunciation guide for E-CAD+ (written in red italics) correct? Please let us know if you want to pronounce it as “E Cad-positive” instead of “E C-A-D-positive”. 
5.3.1. LAB MEDIA: Figure 2.
5.3.2. LAB MEDIA: Figure 2. Video Editor: Emphasize D (both the top and bottom image).
5.3.3. LAB MEDIA: Figure 2. Video Editor: Emphasize B (both the top and bottom image). 	Comment by Debopriya Sadhukhan: Authors: Are the video editor’s instructions for 5.3.2 and 5.3.3 correct?
5.3.4. LAB MEDIA: Figure 2. 
5.4. Immunohistochemistry revealed that the E-CAD+ cells showed a polygonal epithelioid structure, reflecting a hepatocyte-like phenotype [1]. 
5.4.1. LAB MEDIA: Figure 3. Video Editor: Highlight B (Both the top and bottom image).
5.5. The Transmission electron microscopy images of eHEPOs (E-H-E-P-Os) are shown here [1]. The white circles indicate the intercellular junctional complexes [2], the black arrows show apical surface differentiation [3], and the red arrow shows a transverse section of microvilli [4].
5.5.1. LAB MEDIA: Figure 4.
5.5.2. LAB MEDIA: Figure 4. Video Editor: Highlight the white circles in A, B, and C.
5.5.3. LAB MEDIA: Figure 4. Video Editor: Highlight the black arrows in A, B, and C.
5.5.4. LAB MEDIA: Figure 4. Video Editor: Highlight the red arrow in B.

5.6. qPCR (Q-P-C-R) analysis showed that organoids gained mature hepatocyte markers such as ALB (A-L-B), A1AT (A-one-A-T), CYP3A4 (C-Y-P-three-A-four) and CYPA7 (C-Y-P-A-seven) [1]. Pink-stained area in PAS (P-A-S) staining indicates the gleycogene storage capacity of organoids [2]. 

5.6.1. LAB MEDIA: Figure 5A, 5B.
5.6.2. LAB MEDIA: Figure 5A, 5B. Video Editor: Highlight B.

5.7. Additionally, our analysıs showed the organoids ability to secrete ALB into the culture media, eliminate ammonia from culture media, CYP3A4 enzyme activity and bile acid trasnport capacity [1].
5.7.1. LAB MEDIA: Figure 5C-5G.
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