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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? No  
Can you record movies/images using your own microscope camera? NA
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? No
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.)

2. Preparation of agarose microplate molds
3. Seeding human pluripotent stem cells into agarose microwell plates
4.1 Preparation of poly 2-hydroxyethyl methacrylate (poly-HEMA) coated wells
4.2 Check hepatosphere formation 24 h post seeding and initiate hepatocyte differentiation. Carefully remove the mTeSR1 medium and replace it with 1 mL of fresh endoderm differentiation medium supplemented with 100 ng/mL activin A and 50 ng/mL Wnt3a. 
4.6 Transfer hepatospheres into the poly-HEMA coated wells.

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.)
 4.6 Transfer hepatospheres into the poly-HEMA coated wells. It is important to pipette gently at this stage in the procedure in order to avoid cell damage
4.8 Change the medium for fresh hepatocyte maintenance medium every 48 h (any media change listed from section 3.9). Media changes must be performed carefully to avoid shear stress and distortion of sphere structure could be applied to this is important

5. Will the filming need to take place in multiple locations? No
If yes, how far apart are the locations? 


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.


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

1.1. Baltasar Lucendo-Villarin: This method generates large quantities of 3D hepatospheres from human pluripotent stem cells using defined materials and cell self-assembly.

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


1.2. Lena Fischer: The main advance of this technique is that it allows controlling the size of the 3D liver spheres, limiting the formation of necrotic centers and loss of phenotype.

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


Introduction of Demonstrator: (Said by you on camera)

1.3. Baltasar Lucendo-Villarin: Demonstrating the procedure with me will be Yu Wang, a post-doc from our laboratory. 

1.3.1. Interview style: Author saying the above 
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.










Section - Protocol
2. Preparation of Agarose Microplate Molds 
2.1. Prepare 2% agarose molds by dissolving 2 grams of low melting temperature agarose in 100 milliliters of sterilized distilled water [1]. Carefully heat the mixture in the microwave with interval shaking to dissolve the agarose completely [2]. Videographer: This step is important!
2.1.1. WIDE: Establishing shot of talent at the lab bench adding agarose to a flask.
2.1.2. Talent heating agarose in the microwave and then taking it out to shake it.
2.2. Add 520 microliters of the melted agarose to a 256-well format mold and allow it to solidify [1]. Then, transfer each agarose microplate into a single well of a 12-well plate [2]. Add 1.5 milliliters of 1X DPBS with calcium and magnesium to each well [3]and pipette up and down to remove bubbles [4]. Videographer: This step is important!
2.2.1. Labelled as 2.2.1.1 Talent adding agarose to the mold.
Labelled as 2.2.1.2 added shot: CU from step above
2.2.2. Step order change: Talent adding the DPBS. 
2.2.3. Talent transferring a microplate to a well 
2.2.4. Added shot: pipetting up and down.
3. Seeding Human Pluripotent Stem Cells into Agarose Microwell Plates 
3.1. To prepare the cell suspension, start by aspirating the medium from an undifferentiated culture of human pluripotent stem cells, or hPSCs [1-TXT]. Rinse the cells by adding 5 milliliters of room temperature 1X DPBS without the calcium or magnesium and then removing the buffer [2].
3.1.1. Talent aspirating medium. TEXT: See manuscript for culture instructions . NOTE: Original 3.1.1 and original 3.1.2 shots done in one

3.2. Add 5 milliliters of 1X cell dissociation reagent [1] to the cells and incubate at 37 C for 6 to 8 minutes [2]. Observe cell detachment under a microscope and extend the incubation for an extra 1 or 2 minutes if required [3]. 
3.2.1. Talent adding 1X cell dissociation reagent
3.2.2.  and placing cells in the incubator. 
3.2.3. Added shot: Talent looking at the cells with a microscope.
3.3. Stop the reaction by removing the cell dissociation reagent and adding 5 milliliters of fresh mTeSR1 (pronounced as “m-t-ser1”) medium supplemented with 10 micromolar ROCK inhibitor Y27632 [1]. Pipette up and down several times to dissociate cells [2]. 
3.3.1. Talent removing dissociating reagent and adding medium. 
3.3.2. Talent pipetting up and down.

3.4. Count the viable cells with a hemocytometer [added shot] and trypan blue staining in order to calculate the total number of cells needed [1-TXT]. Transfer the desired number of cells to a sterile 15 or 50 milliliter centrifuge tube [2] and centrifuge at 200 x g for 5 minutes to pellet the cells [3].
3.4 added shot: talent adding cells to hemocytometer chamber
3.4.1. Talent counting the cells with a hemocytometer. TEXT: 3.84 X 105 cells per agarose microplate for 100 – 150μm spheroids
3.4.2. Talent transferring cells into tube. 
3.4.3. Talent placing tube into centrifuge and starting it.

3.5. Discard the supernatant [1] and resuspend the cells in mTeSR1 medium with 10 micromolar ROCK inhibitor Y27632 for a final concentration of 2.1 million cells per milliliter [2]. 

3.5.1. Talent aspirating supernatant.
3.5.2. Talent resuspending the cells.

3.6. Next, seed the cells by adding 190 microliters of the prepared cell suspension per agarose microwell [0 -1] and incubating the agarose microplates at 37 C and 5% carbon dioxide for 2 hours [2]. After the incubation, add 1 milliliter of fresh and warm mTeSR1 medium with ROCK to each well [3].
3.6.0 added shot: talent removing DPBS from microwell 
3.6.1. Talent adding cell suspension to a microwell. 
3.6.2. Talent transferring microplate to incubator. 
3.6.3. Talent adding medium to a well. 

3.7. Return the plates to the incubator and leave them there for 24 hours [1]. On the next day, examine the sphere formation [2]. 

3.7.1. Talent putting plate into the incubator. 
3.7.2. Talent at the microscope, examining spheres. 

4. Differentiating hPSCs to 3D Hepatospheres
4.1. Prepare poly-2-hydroxyethyl methacrylate, or poly-HEMA, coated wells by dissolving 2 grams of poly-HEMA in 100 milliliters of 95% ethanol [1] and stirring the solution overnight on a 55 C hotplate [2]. On the next day, add 250 microliters of the solution to each well of a 24-well plate [3] and dry the plate overnight in a 60 C oven [4]. Videographer: This step is important!
4.1.1. Talent dissolving poly-HEMA in ethanol 
4.1.2. Solution stirring on a hotplate. NOTE: 4.1.1. and 4.1.2. combined into one shot

4.1.3. Talent adding solution to well. 
4.1.4. Talent putting the plate to dry in the oven.

4.2. Initiate hepatocyte differentiation by carefully removing the mTeSR1 medium from the previously seeded cells [1] and replacing it with 1 milliliter of fresh endoderm differentiation medium [2-TXT]. For human embryonic stem cells, refresh medium every 24 hours for 3 days [3-TXT]. Videographer: This step is important!

4.2.1. Talent removing medium. 
Talent adding differentiation medium. NOTE: This shot and the original next one merged into one
4.2.2. Added shot: CU of talent adding medium TEXT: Supplemented with 100 ng/mL activin A and 50 ng/mL Wnt3a
4.2.3.  Talent adding fresh medium to cells. TEXT: See manuscript if working with hiSPCs  NOTE: this shot was not filmed and replaced by a CU

4.3. Lena Fischer:  It is important to initiate hepatocyte differentiation 24 hours post-seeding to avoid spontaneous cell differentiation.

4.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
4.4. After definitive endoderm induction, switch the medium to hepatoblast differentiation medium for 5 days [1]. Replace the medium every 2 days, performing the last change on the last day of hepatoblast specification [2]. 
4.4.1. Talent adding hepatoblast differentiation medium
4.4.2. Added shot:  and placing cells back into incubator. 
4.4.3. Talent replacing medium. (this shot was not filmed)

4.5. To transfer the hepatospheres into the prepared poly-HEMA coated wells, wash the cells with hepatocyte maturation medium [1] and then add 1 milliliter of the medium supplemented with 10 nanograms per milliliter HGF and 20 nanograms per milliliter OSM [1]. 

4.5.1. Talent washing the cells and adding medium to cells. NOTE: This shot and the original next shot merged into one

4.6. Pipette the solution up and down several times to lift the hepatospheres from the agarose microplate [1] and transfer them to a poly-HEMA coated well [2]. Wash the agarose microplate with 1 milliliter of the supplemented hepatocyte maturation medium and transfer the medium to the poly-HEMA coated well [3-TXT]. Videographer: This step is important and most difficult!

4.6.1. Talent pipetting the solution. 
4.6.2. ECU: Talent transferring hepatospheres to well.
4.6.3. Talent washing the microplate and transferring the medium to the well. TEXT: Repeat wash several times
4.7. Using a P100 pipette, carefully aspirate excess medium without removing hepatospheres until there is about 1 milliliter of medium left in the well [1]. Refresh the medium every 48 hours for 12 days [2]. 
4.7.1. Talent carefully aspirating medium.
4.7.2. Talent replacing medium. 

4.8. If working with embryonic stem cells, switch the medium to hepatocyte maintenance medium at day 20 by removing the maturation medium [1-TXT], washing the cells with maintenance medium [2], and then adding 1 milliliter of supplemented maintenance medium [3-TXT]. After this, refresh medium every 48 hours [4]. Videographer: This step is important and most difficult!

4.8.1. Talent removing maturation medium. TEXT: Day 22 if working with hiPSCs
4.8.2. Talent washing cells. 
4.8.3. Talent adding maintenance medium. TEXT: Supplemented with 10 ng/mL of HGF, EGF, FGF and VEGF
4.8.4. Talent replacing medium. 

4.9. Baltasar Lucendo-Villarin: Media changes must be performed carefully to avoid shear stress and distortion of the sphere structure.

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





Section – Results
5. Results: Hepatosphere Structure and Function  
5.1. Staining for hepatocyte and mesenchymal markers reveals that the hepatospheres formed using this technique are composed of hepatocyte-like cells [1] surrounding a core of mesenchymal cells [2]. Other proteins typically expressed in hepatocytes are also found on the outer layer of the spheres [3].
5.1.1. Figure 2 A and B. Video Editor: Emphasize the green dots.
5.1.2. Figure 2 A and B. Video Editor: Emphasize the red core. 
5.1.3. Figure 3. Video Editor: Emphasize the red/green spots in the images on the top row of both A and B.
5.2. Functional analysis of CYP enzymes in 30-day hepatosphere cultures shows that the 3D spheres display respectable levels of CYP activity compared with human primary hepatocytes [1]. Furthermore, it can be demonstrated that the hepatospheres secrete liver proteins such as albumin [2] and alpha-fetoprotein [3].
5.2.1. Figure 4. 
5.2.2. Figure 5. Video Editor: Emphasize the albumin bar in both graphs.
5.2.3. Figure 5. Video Editor: Emphasize the alpha-fetoprotein bar in both graphs.



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Baltasar Lucendo-Villarin: The most important thing to remember for this protocol [1] is to gently pipette up and down the solution containing 3D hepatospheres when transferring them into the poly-HEMA coated plate. This helps avoid damaging them.
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.1.2. Use 3.6.1 or 4.6.2.
6.2. Lena Fischer: Once mastered, this methodology allows the generation of 3D liver spheres that remain functional over a year in vitro with multiple applications in disease modelling and/or drug screening.
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Baltasar Lucendo-Villarin: Looking ahead, this technology could be employed as a platform to develop further endodermal and mesenchymal tissues with complex architectures.
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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