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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? Yes
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
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. 
2.1, 2.3, 2.8, 3.2, 3.3, 5.1, 5.2, 5.3, and 5.6 
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. 
2.8, 3.3, and 4.3
5. Will the filming need to take place in multiple locations? No


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.	Comment by Anastasia Gomez: Authors: These statements were edited for length. Journal guidelines dictate that each interview statement should be around 30 words. 

1.1. Kilsoo Jeon: hESCs can be induced to differentiate into neural progenitor cells, and subsequently into neurons, astrocytes, and oligodendrocytes. However, current colony type culture methods for hESCs and their differentiation into NPCs are rather inefficient and often involve coculture, embryoid body, and rosette formation. Here we present an improved and robust culture system that is easily scalable, using high density single cell type culture of hESCs.

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


1.2. David Scoville: Single cell type culture of hESCs provides a rapid and efficient system to study the molecular mechanisms that regulate the multi-step differentiation along various distinct differentiated lineages, including NPCs and their subsequent differentiation into additional neural lineages.

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










Section - Protocol
2. Adaptation of Colony Type hESCs to Single-cell hESC Culture
2.1. Begin by preparing hESC-qualified (pronounce hESC ‘human embryonic stem cell’) basement membrane matrix-coated plates [1-TXT]. Slowly thaw the basement membrane matrix solution at 4 °C for at least 2 to 3 hours or overnight [2]. Videographer: This step is important!
2.1.1. WIDE: Establishing shot of talent walking to the freezer to get the solution. TEXT: hESC = human embryonic stem cells
2.1.2. Talent putting the solution to thaw at 4 °C.
2.2. When thawed, dilute the matrix in cold DMEM-F12 to 2%, mix well [1], and coat each well of a 6 well plate with 1 milliliter of the diluted solution [2]. Incubate the coated plates at room temperature for at least 3 hours or at 4 °C overnight [3]. 
2.2.1. Talent diluting the matrix and mixing it. 
2.2.2. Talent adding the solution to a few wells. 
2.2.3. Plate incubating at room temperature.  
2.3. To passage the feeder-free cultures of colony-type H9 hESCs (pronounce hESCs ‘human embryonic stem cells’) grown on basement membrane matrix, aspirate the medium from the wells [1] and wash once with 1 milliliter of DPBS [2]. Videographer: This step is important!
2.3.1. Talent aspirating medium from a few wells. 
2.3.2. Talent adding DPBS to a few wells.

2.4. Add 1 milliliter of dispase solution to each well [1] and incubate the plate at 37 °C for 20 minutes [2]. Remove the dispase [3] and gently wash the cells once with 2 milliliters of DMEM-F12 [4]. 

2.4.1. Talent adding dispase to a few wells. 
2.4.2. Talent putting the plate in the incubator and closing the door. 
2.4.3. Talent removing the dispase. 
2.4.4. Talent washing the plate with DMEM/F12.

2.5. After the wash, remove the medium and add 2 milliliters of DMEM-F12 to each well [1]. Gently detach the colonies by pipetting up and down [2] and transfer them to a 15-milliliter tube [3]. 

2.5.1. Talent removing the medium and adding fresh medium. 
2.5.2. Talent pipetting up and down. 
2.5.3. Talent transferring cells to a tube. 

2.6. Centrifuge the tube at 370 x g for 2 minutes [1] and aspirate the medium [2], then dissociate the cell pellets into single cells by adding 2 milliliters of cell detachment solution [3] and incubating them at 37 °C for 10 minutes [4]. 

2.6.1. Talent putting the tube in the centrifuge, closing the lid, and starting the centrifuge. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
2.6.2. Talent aspirating the medium. 
2.6.3. Talent adding detachment solution to the tube. 
2.6.4. Talent putting the tube in the incubator and closing the door. 

2.7. Repeat the centrifugation [1] and remove the detachment solution [2]. Resuspend the cells in mTeSR1 (pronounce ‘em-tee-zer-one’) human ESC medium by gently pipetting up and down [3]. 

2.7.1. Use 2.6.1.  
2.7.2. Talent aspirating the detachment solution. 
2.7.3. Talent resuspending the cells.

2.8. [bookmark: _GoBack]To adapt the colony-type hESCs (pronounce hESCs ‘human embryonic stem cells’) to a single-cell type culture, plate approximately 1.5 to 2 million cells into each well of the basement membrane matrix-coated plate in 2 milliliters of mTeSR1 containing 10 micromolar ROCK inhibitor [1]. Videographer: This step is difficult and important!

2.8.1. Talent plating the cells. 

2.9. After 24 hours, replace the medium with fresh mTeSR1 without ROCK inhibitor [1] and allow the cells to grow as a single-cell type for 3 days, changing the medium daily [2]. On the 4th day, dissociate the cells in detachment solution and replate them as previously described [3]. 

2.9.1. Talent adding new medium to the plate. 
2.9.2. Talent putting the plate in the incubator. 
2.9.3. Talent adding dissociation solution to the plate. 

3. Embryoid Body Formation and Differentiation
3.1. After resuspending and incubating the cells according to manuscript directions, transfer the small embryonic bodies to a 15-milliliter tube [1], let them settle to the bottom [2], and gently remove the medium with a pipette [3]. Transfer them into EB medium [4] and allow them to expand in low attachment dishes for 7 days [5-TXT].
3.1.1. Talent transferring the EBs to the tube. 
3.1.2. Tube with the EBs settled at the bottom. 
3.1.3. Talent removing medium from the tube. 
3.1.4. Talent adding fresh EB medium to the EBs. 
3.1.5. Talent transferring the EBs into a low attachment dish.  TEXT: Change medium every other day 
3.2. To induce neural progenitor cell, or NPC, differentiation, dissociate the single-cell type hESCs with 1 milliliter of detachment solution [1] and incubate them at 37 °C for 10 minutes [2]. Centrifuge the cells for 2 minutes at 370 x g [3] and remove the detachment solution supernatant [4], then resuspend the cells in DMEM-F12 [5]. Videographer: This step is important!
3.2.1. Talent adding detachment solution to the cells. 
3.2.2. Talent putting the cells in the incubator and closing the door. 
3.2.3. Use 2.6.1. 
3.2.4. Talent removing the detachment solution. 
3.2.5. Talent resuspending the cells. 
3.3. Plate the cells on a basement membrane matrix-coated 6 well plate at a density of 2 x 105 cells per well in 2 milliliters of mTeSR1 (pronounce ‘em-tee-zer-one’) with 10 micromolar ROCK inhibitor [1]. After 24 hours, replace the culture medium with neural induction medium supplemented with 1 micromolar dorsomorphin and 5 micromolar SB431542 [2]. Videographer: This step is difficult and important!
3.3.1. Talent plating the cells. 
3.3.2. Talent replacing the medium. 

3.4. Change the medium every other day during the first 4 days of neural induction, then every day until confluence is reached at day 7 [1]. 

3.4.1. Talent removing medium from cells and adding fresh medium. 

4. NPC Expansion and Cryopreservation 

4.1. After 7 days of neural induction, dissociate the cells by adding 1 milliliter of detachment solution [1] and incubating them for 10 minutes at 37 °C [2]. Centrifuge the cells at 370 x g [3] and remove the detachment solution supernatant [4]. 
4.1.1. Talent adding detachment solution to cells. 
4.1.2. Talent putting the cells in the incubator and closing the door. 
4.1.3. Centrifuge running. 
4.1.4. Talent removing the detachment solution. 

4.2. Add 1 milliliter of NPC expansion medium and gently pipette the cells up and down to resuspend [1]. Then, plate 1 x 105 cells per well in 2 milliliters of NPC expansion medium on the basement membrane matrix-coated 6 well plates [2]. 

4.2.1. Talent pipetting the cells up and down to resuspend. 
4.2.2. Talent adding cells to a few wells. 
4.3. Passage the cells as necessary when cultures reach 90% confluency, adding 10 micromolar ROCK inhibitor during the first 3 to 4 passages [1], and change the medium every other day during expansion [2]. Videographer: This step is difficult!
4.3.1. Talent taking the cells out of the incubator and inspecting them. 
4.3.2. Talent adding fresh medium to flask.

5. Differentiation of NPCs into Dopaminergic Neurons and Astrocytes 

5.1. To prepare PLO-laminin coated plates, dilute the PLO stock solution in PBS or water to a final concentration of 10 micrograms per milliliter [1], mix well [2], then coat each well of a 6 well plate with 1 milliliter of the solution [3]. Incubate the plates for at least 2 hours at 37 °C or overnight at 4 °C [4]. Videographer: This step is important!

5.1.1. Talent diluting PLO solution. 
5.1.2. Talent mixing the solution. 
5.1.3. Talent adding the solution to a few wells. 
5.1.4. Talent putting the plates in the incubator or fridge. 

5.2. Next, wash each well with PBS [1], and immediately after coat each well with 1 milliliter of laminin solution prepared according to manuscript directions [2]. Keep the plates at 4 °C for up to a week [3]. Videographer: This step is important!

5.2.1. Talent washing the wells with PBS. 
5.2.2. Talent adding laminin solution to a few wells. 
5.2.3. Talent putting plates in the fridge. 

5.3. To differentiate NPCs into dopaminergic neurons, plate the cells in the PLO-laminin coated dishes in NPC expansion medium at a density of approximately 50% [1]. After 24 hours, change the medium to DA1, and change the medium every other day thereafter [2]. Videographer: This step is important!

5.3.1. Talent adding cells to wells. Videographer: Obtain multiple reusable takes of this shot because it will be reused. 
5.3.2. Talent changing the medium. Videographer: Obtain multiple reusable takes of this shot because it will be reused.

5.4. To passage cultures when they reach confluency, dissociate the cells with 1 milliliter of detachment solution [1] and incubate them for 10 minutes at 37 °C [2]. Then, centrifuge them at 370 x g [3] and remove the detachment solution supernatant [4]. 

5.4.1. Talent adding detachment solution to cells. 
5.4.2. Talent putting the cells in the incubator. 
5.4.3. Use 2.6.1. 
5.4.4. Talent aspirating the supernatant. 

5.5. Resuspend the cells in 1 milliliter of DA1 medium [1] and plate 1 x 105 cells in 2 milliliters of medium on the PLO-laminin coated 6 well plates [2]. 

5.5.1. Talent resuspending the cells. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
5.5.2. Talent adding cells to plate. 

5.6. To differentiate the NPCs into astrocytes, plate the cells on the PLO-laminin plates in NPC expansion medium at a density of 50% [1], change the medium to astrocyte medium after 24 hours [2], and passage the cells as previously described [3]. Videographer: This step is important!

5.6.1. Use 5.3.1.
5.6.2. Use 5.3.2. 
5.6.3. Use 5.5.1. 





Section – Results
6. Results: In vitro differentiation of adapted single-cell type hESCs 
6.1. When colony type hESCs (pronounce hESCs ‘human embryonic stem cells’) were adapted to the single-cell type culture, it was found that the cells were able to be maintained at high density [1], then easily and efficiently subcultured when confluency was reached [2]. 
6.1.1. Figure 1 A. Video Editor: Scroll through the images from top to bottom as VO speaks. 
6.1.2. Figure 1 B. 
6.2. These cells retained the cell cycle characteristics typical of colony type hESCs, such as a short G1 phase and a high proportion of cells in S phase [1]. Quantitative PCR analysis also confirmed that they expressed ESC markers at levels comparable to those of colony type cells [2].
6.2.1. Figure 1 C and D. Video Editor: Show the two plots side by side. 
6.2.2. Figure 7. 

6.3. Moreover, it was shown that single-cell hESCs (pronounce hESCs ‘human embryonic stem cells’) were able to form embryoid bodies containing cells from all three germ layers [1]: endoderm [2], mesoderm [3], and ectoderm [4].

6.3.1. Figure 2. 
6.3.2. Figure 2. Video Editor: Emphasize the endoderm image.
6.3.3. Figure 2. Video Editor: Emphasize the mesoderm image.
6.3.4. Figure 2. Video Editor: Emphasize the ectoderm image.
6.4. It was then demonstrated that single-cell type hESCs efficiently differentiated into NPCs, as indicated by the loss of typical hESC (pronounce hESC ‘human embryonic stem cell’) morphology and appearance of NPC morphology [1]. 
6.4.1. Figure 3 B. 

6.5. Differentiation was supported by the increased expression of signature NPC markers [1] and confirmed by immunostaining and FACS analysis [2]. The same analysis also showed that more than 90% of the cells stained positive for SOX1 (pronounce ‘socks-one’), PAX6 (pronounce ‘packs-six’), and NCAM (pronounce ‘N-cam’) proteins [3]. 

6.5.1. Figure 5 A. 
6.5.2. Figure 5 C. 
6.5.3. Figure 5 C and B. Video Editor: Show the images and graph side by side. 

6.6. Furthermore, the derived NPCs were able to differentiate into dopaminergic neurons and astrocytes [1], as indicated by the appearance of characteristic morphologies and expression of lineage-specific markers [2]. 

6.6.1. Figure 6. Video Editor: Emphasize A when VO says ‘dopaminergic neurons’ and B when VO says ‘astrocytes’. 
6.6.2. Figure 6. 



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

7.1. David Scoville: When attempting this procedure, it is essential to plate the human ES cells at high density in order to maintain a healthy undifferentiated human embryonic stem cell culture.

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.8.1. 
7.2. Kilsoo Jeon: These protocols provide a platform for simple, robust, and scalable production of progenitor and differentiated cells that will be suitable for basic studies, drug screening, and applications in neurodevelopment and the study of neurodegenerative disorders.

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