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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y
Can you record movies/images using your own microscope camera? Y

2. Does your protocol include software usage? 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.)
2.1.3
2.4.1
2.4.3
2.5
3.2.2
3.3.1
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.)
2.4.1
2.5

5. Will the filming need to take place in multiple locations? N


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. Rio Sugimura: We offer a robust platform to make blood cells from human pluripotent stem cells.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Ryo Ohta: The main advantage of this technique is that we get consistent and precise yields of hemogenic endothelial cells.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


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


1.3. Rio Sugimura: We expect that our platform will enable broad applications in disease modeling and screening for therapeutic compounds. This technique is particularly beneficial for hematology and immunology research. 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.4. Rio Sugimura: The method can be applied to genetic intervention or gene editing of human blood cells. It allows for easy induction of vectors in hemogenic endothelial cells.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.5. Ryo Ohta: The most crucial point is LM511-E8 coating for tiling PSC spheroids. We do not recommend skipping the coating or substituting with another matrix.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.6. Ryo Ohta: Visual demonstration is important because we want to show how to rinse the cells with dissociation buffer and how to coat plates with LM511-E8. 
1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.







































Section - Protocol
2. Pluripotent Stem Cell Colony Formation 
2.1. Grow human pluripotent stem cells, or hPSCs, to between 70 and 80% confluency on a LM511-E8-coated 6-well plate in mTeSR1 (pronounce Em-Tee-Zer) medium [1-TXT]. Four days prior to hemogenic induction, aspirate the medium and wash twice with PBS [2]. Rinse the cells with dissociation solution and incubate at 37 ºC for 15 minutes [3].
2.1.1. MED: Establishing shot: Talent placing cells inside incubator. TEXT: 37 ºC with 5% CO2
2.1.2. CU: Talent aspirating the medium then adding PBS.
2.1.3. MED: Talent placing cells in the incubator.
2.2. Resuspend the cells in PSC maintenance medium [1] and transfer the suspension to a 1.5-milliliter microcentrifuge tube [2]. Centrifuge the cells at 200 x g for 3 minutes [3]. Aspirate the supernatant and resuspend the cells in PSC plating medium [4].
2.2.1. MED: Talent adding medium to plate.
2.2.2. CU: Talent transferring cells.
2.2.3. WIDE: Talent putting tubes in centrifuge and starting the centrifuge.
2.2.4. CU: Talent aspirating the supernatant and then adding PSC plating medium.
2.3. Plate the PSC suspension according to manuscript directions [1-TXT] onto a microfabricated plastic vessel and incubate overnight [2].
2.3.1. CU: Talent plating cells. TEXT: 48,000 to 70,000 cells/cm2
2.3.2. MED: Talent placing cells in incubator.
2.4. Three days prior to hemogenic induction, gently pipette the PSC spheroids into a 15-milliliter conical tube [1] and leave them for 2 minutes at room temperature to precipitate by gravity [2]. Aspirate the supernatant and resuspend the spheroids in spheroid plating medium [3]. 
2.4.1. CU: Talent pipetting the PSC spheroids into the 15-milliliter tube.
2.4.2. ECU: Spheroids precipitating.
2.4.3. CU: Talent aspirating the supernatant and resuspending cells.
2.5. Distribute the suspension into a LM511-E8 coated 10-centimeter culture dish at a density of 4 spheroids per square centimeter [1-TXT] and incubate for 3 days [2].
2.5.1. MED: Talent dispensing cells. TEXT: Three wells of 96-well plate = One 10cm culture dish
2.5.2. MED: Cells being placed in incubator.


3. Hemogenic Induction and Isolation of Hemogenic Endothelium
3.1. After 3 days, aspirate the medium, add Day 0 differentiation medium, and culture the cells for 2 days in a hypoxic incubator [1-TXT]. Then, aspirate the Day 0 medium, add Day 2 Differentiation medium, and culture for another 2 days [2].
3.1.1. CU: Talent aspirating medium and adding Day 0 medium. TEXT: Culture at 37 oC with 5% O2 and 5% CO2
3.1.2. CU: Talent aspirating and then adding medium.
3.2. Two days later, aspirate the medium and wash the cells twice with PBS [1]. Rinse the cells with dissociation solution and incubate for 30 minutes at 37 ºC with 5% carbon dioxide [2].
3.2.1. MED: Talent aspirating the medium and starting to wash cells.
3.2.2. CU: Talent rinsing the cells.
3.3. After incubation, dissociate the cells by gently resuspending them in 1 millimolar EDTA. Transfer the suspension into a 50-milliliter conical tube [1] and centrifuge the cells at 200 x g for 3 minutes [2]. Aspirate the supernatant and resuspend the cell pellet with 300 microliters of magnetic separation buffer [3].
3.3.1. MED: Talent gently suspending cells in EDTA and transferring suspension to conical tube.
3.3.2. MED: Talent putting tubes in centrifuge and starting the centrifuge.
3.3.3. CU: Talent aspirating supernatant and adding magnetic separation buffer.
3.4. Add 100 microliters of CD34-positive microbeads to the cells and gently mix by pipetting. Incubate at room temperature for 30 minutes [1-TXT]. Then, use a 40-micrometer cell strainer to strain the suspension [2] and separate the CD34-positive cells using a magnetic separator [3].
3.4.1. CU: Talent adding microbeads and pipetting up and down. TEXT: Up to 20 million cells/100 μL beads
3.4.2. CU: Talent straining cells.
3.4.3. MED: Talent using the magnetic separator.
4. Induction of endothelial-to-hematopoietic transition (EHT)
4.1. Dispense 0.5 milliliters of 5 microgram per milliliter fibronectin-coating solution into each well of a 24-well culture plate [1] and incubate the plate at room temperature for 30 minutes [2].
4.1.1. CU: Talent dispensing solution into a few wells.
4.1.2. MED: Plate incubating.
4.2. Meanwhile, centrifuge the sorted CD34-positive cells at 200 x g for 3 minutes [1] and resuspend the pellet in 1 milliliter of EHT medium [2]. Determine the viable cell density with a cell counter and adjust the cell density to 200,000 cells per milliliter by adding EHT medium [3].
4.2.1. MED: Talent using centrifuge.
4.2.2. CU: Talent resuspending cells.
4.2.3. MED: Talent using cell counter.
4.3. Aspirate and discard the coating solution from the fibronectin-coated wells [1] and dispense 0.5 milliliters of CD34-positive cell suspension into each well. Incubate the cells in the hypoxic incubator for one week [2].
4.3.1. CU: Talent aspirating solution from well.
4.3.2. MED: Talent dispensing cells into a few wells.
5. Flow Cytometry Analysis of Hematopoietic Cells 
5.1. To collect the floating cells, transfer the culture medium to a 15-milliliter conical tube and centrifuge at 200 x g for 3 minutes [1]. Then aspirate the supernatant [2].
5.1.1. MED: Talent placing the conical tube in the centrifuge.
5.1.2. CU: Talent aspirating supernatant.
5.2. To collect the adherent cells, wash them twice with 0.5 milliliters of PBS and rinse them with dissociating buffer [1]. Aspirate the surplus liquid and incubate the plate at 37 oC for 5 minutes [2]. 
5.2.1. MED: Talent washing cells with PBS or dissociation buffer.
5.2.2. CU: Talent aspirating surplus liquid.
5.3. Resuspend the cells in 1 milliliter FACS (pronounce fax) buffer [1] and mix the floating and adherent cells [2].
5.3.1. CU: Talent resuspending cells in FACS buffer.
5.3.2. MED: Talent mixing floating and adherent cells.
5.4. Centrifuge the mixed cells at 200 x g for 3 minutes [1], then aspirate the supernatant and resuspend the cells in 50 microliters of FACS buffer [2]. Dilute anti-CD34 and anti-CD45 antibodies in 50 microliters of FACS buffer, add them to the cells, and incubate the cells for 1 hour at room temperature in the dark [3]. 
5.4.1. MED: Cells centrifuging.
5.4.2. CU: Talent aspirating and resuspending cells.
5.4.3. CU: Talent adding antibodies to cells.
5.5. Then, wash the cells twice with PBS, centrifuging at 200 x g for 3 minutes after each wash [1]. Aspirate the supernatant and resuspend cells in 0.5 milliliters of FACS buffer with 0.5 micrograms per milliliter DAPI [2]. Measure CD34 and CD45 expression by flow cytometry [3]. 
5.5.1. MED: Talent washing cells. 
5.5.2. CU: Talent aspirating the supernatant and then resuspending cells.
5.5.3. WIDE: Talent using the flow cytometer.
6. Colony Forming Unit Assay of Hematopoietic Cells
6.1. To collect the hematopoietic cells, transfer the culture medium to a 15-milliliter conical tube [1]. Collect remaining cells by gently rinsing the well twice with PBS [2]. Centrifuge the cells at 200 x g for 3 minutes, then aspirate the supernatant and resuspend in 1milliliter of EHT medium [3]. 
6.1.1. CU: Talent transferring culture medium.
6.1.2. CU: Talent rinsing well.
6.1.3. CU: Talent aspirating supernatant and adding EHT medium.
6.2. After counting the cells, add 10,000 cells to 3 milliliters of methylcellulose-based media supplemented with antibiotics [1] and use a 16-gauge syringe to mix 5 times [2-TXT]. Dispense the whole media suspension into each well of a 6-well plate [3]. 
6.2.1. MED Talent adding media. 
6.2.2. CU: Talent mixing cells into media. TEXT: Or 18G syringe
6.2.3. CU Talent dispensing media suspension into a few wells.
6.3. To keep the cells moist, add water or PBS to the empty wells on the plate. Incubate the cells for two weeks, making sure not to disturb the dish as colonies are motion-sensitive [1]. After two weeks count the colonies under a microscope [2]. 
6.3.1. MED: Talent putting plate into incubator.
6.3.2. WIDE: Talent at the microscope counting colonies.
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Section – Results
7. Results: Hemogenic Induction 
7.1. Cells morphologically change from endothelial to hematopoietic cells upon stimulation with the hematopoietic cocktail. Hematopoietic cell colonies emerge in the culture [1].
8.1.1 Video 180713-a_8.10x_Ph EHT movie compressed.avi
7.2. Hematopoietic progenitor cells express CD34 and CD45, so flow cytometry is used to confirm the presence of hematopoietic cell colonies by analyzing expression of CD34 and CD45 [1]. 
8.2.1. Figure 2B. Video editor: Emphasize the area labeled 59.4%
7.3. A colony forming unit assay demonstrated the generation of granulocytes or macrophage colonies from the CD34 positive and CD45 positive hematopoietic progenitor cells [1]. The colony number was estimated to be 38 colony forming units per 10,000 cells [2].
8.3.1. Figure 2C Video editor: Emphasize the black colony in the middle
8.3.2. Figure 2D. Video editor: Emphasize the top of the bar


Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Ryo Ohta: The most crucial steps are tiling PSC spheroids [1]. We found that the surface matrix is the most deterministic factor in efficiency of this protocol [2]. 
8.1.1. Use 2.4.1 and 2.5.1.
8.1.2. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
8.2. Rio Sugimura: This procedure can be followed by off-the-shelf production of immunological cells such as natural killer cells and macrophages.
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

8.3. Rio Sugimura: This platform allows researchers to explore key deterministic factors in human hematopoietic development. 
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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