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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) N 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 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.

C & D. Authors did not indicate any steps that were critical for filming.
E.  Will the filming need to take place in multiple locations? (Y/N) N 

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to generate erythroid and myeloid blood cells from human pluripotent stem cells by forced expression of transcription factors.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Irina Elcheva: This method is applicable for the generation of hemogenic endothelium and blood cells for studies of endothelial to hematopoietic transition, and transcriptional regulation of hematopoietic development and specification.
1.1.1. Interview style - author facing the camera.

1.2. Irina Elcheva: The main advantage of this technique is that the method provides an efficient and rapid means of hemogenic endothelium induction from hPSCs and allows for the observation of the endothelial-hematopoietic transition in a culture dish
1.2.1. Interview style, author facing the camera. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Irina Elcheva: Production of highly infectious, concentrated viral medium and its precise titration are required prior to transduction experiments. 

1.3.1. Interview style, author facing the camera.

1.4. Irina Elcheva: Fast and efficient conversion of pluripotent stem cells into blood is expected when the right combination of transcription factors and virus are used for differentiation. 

1.4.1. Interview style, author facing the camera.

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. **Irina Elcheva: Dr. Brok-Volchanskaya, a research assistant in Dr. Slukvin’s laboratory laboratory will demonstrate the procedure. 
1.5.1. Interview style: Author saying the above 

1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):
2. Induction of Hematoendothelial Precursors from Human Pluripotent Stem Cells
2.1. Before beginning, pre-coat 6 well plates with an extracellular matrix such as Matrigel [2.1.1-WIDE] by diluting it according to the manufacturer’s instructions and pouring it into the wells. [2.1.2-MED] Incubate the plates for 30 to 60 minutes at 37 °C. [2.1.3-MED]

2.1.1. Talent brings matrix and plate into the hood and starts working.

2.1.2. Talent pours matrix into a plate

2.1.3. *Film as written

2.2. For the transduction medium, first prepare lentiviral aliquots for each transduction set such that the estimated Multiplicity of Infection, or MOI, of virus to cells is 1 virus per cell [2.2.1-CU-TXT], and keep them at 4 °C. [2.2.2-MED-TXT].

2.2.1.  Show talent adding lentivirus into tubes inside the hood. TEXT: See text protocol for MOI details. Take 2 best
2.2.2.  *Film as written 

2.3. Next, combine complete serum-free medium for hPSCs, viruses, polybrene to a final concentration of 6 micrograms/ml, and ROCK Inhibitor Y27632 (Pronounced: Y-2-7-6-3-2) to a final concentration of 10 micromolar in a total volume of 1.3 ml for each transduction set [2.3.1-CU]… and set the mixes on ice. [2.3.2-MED]

This sentence was difficult to make sense of…something was off but I couldn’t tell what it was trying to say in order to make an adjustment.
2.3.1. Talent combines the reagents in a microfuge tube. 

2.3.2.  Show setting one tube on ice among other labeled tubes.
2.4. To prepare the cells, start with a healthy batch of pluripotent stem cells at 70% confluence, about 4 days after the last passage. [2.4.1-MED] [2.4.2-LM]

2.4.1. Talent brings cells to the appropriate working surface
2.4.2.  *To be provided by the Authors - microscopic view of healthy 70% confluent IPS cells.
2.5. Irina Elcheva: If hPSCs were maintained on MEFs, they must be transferred to feeder-free conditions 2 to 3 passages prior to transduction experiments and represent healthy pluripotent stem cell cultures, free of spontaneous differentiation. 

2.5.1. Interview Style. Author saying the above.

2.6. Aspirate the hPSC medium and add 2 ml of cell detachment solution such as Accutase per well of a 6 well plate, [2.6.1-CU] incubating the plate at 37 °C and 5% CO2 for 5 to 7 minutes. [2.6.2-MED]

2.6.1.  Show aspiration of medium, and adding of solution.

2.6.2.  Talent places the flask in the incubator.

2.7. Then, add 2 ml of complete medium with 10 micromolar ROCK inhibitor and collect the detached cells. [2.7.1- CU]

2.7.1. Show the container of medium with 10 M ROCK inhibitor near the flask and talent collecting the cells from flask to another tube.
2.8. After preparing a homogenous cell suspension, [2.8.1-CU] take a small aliquot and count the viable cells by the Trypan Blue exclusion method. [2.8.2-MED-TXT].

2.8.1. Talent pipetting to mix cell suspension. Take 4 best; use the second portion of this take
2.8.2. Talent places hemocytometer on microscope, get multiple usable takes as shot will be repeated later. TEXT: Critical: Cell viability should be greater than 90%.
2.9. Next, centrifuge the cells at 200 times g for 5 minutes [2.9.1-MED] and resuspend the pellet in complete medium with 10 micromolar ROCK inhibitor at a final concentration of 3.4 times 106 live cells per ml. [2.9.2-CU] 

2.9.1. *Film as written

2.9.2. *Film as written
2.10. Then, add 200 microliters of cell suspension containing 0.68 times 106 cells to each of the 1.3 ml transduction medium prepared earlier. [2.10.1-CU]

2.10.1. Show talent mixing in one tube
2.11. Remove the matrix-coated 6 well plate from 37 °C. [2.11.1-MED]

2.11.1. *Film as written
2.12. Next, aspirate the matrix solution [2.12.1-CU], and transfer each of the transduction mixes into a well [2.12.2-CU] and swirl the plate to distribute the cells evenly in the well. [2.12.3-MED-TXT]

2.12.1. *Film as written

2.12.2. *Film as written 
2.12.3. *Film as written; TEXT: Incubate 24 hr, 37 °C, 5% CO2.

3. Induction of hematoendothelial precursors from hPSCs (day 1-7) 
3.1. 24 hours after transduction, visualize the wells under the microscope to make sure that at least 80% of the cells are adhered. [3.1.1-MED]. Discard the virus solution and wash the attached cells with incomplete medium without any growth factors. [3.1.2-MED-TXT]
3.1.1. Talent observes the plate under the microscope.
3.1.2. Show talent washing and then discarding the spent medium from one well into a labeled biohazard container. TEXT: Caution: Discard all virus-containing medium into biohazardous waste.
3.2. Next add 3 ml of the medium supplemented with cytokines, referred to as 3-F medium, to the cells. [3.2.1-MED- over the shoulder-TXT] Incubate the cells overnight. [3.2.2-MED]

3.2.1. Talent aspirates and adds medium to one of the wells. Please get multiple usable takes for this shot, as it will be used later. TEXT: See text protocol for concentration of cytokines; store cytokines at -80 °C.
3.2.2. *Film as written

3.3. On the following day, change the medium with fresh 3F medium containing 1 microgram per ml of Puromycin to eliminate the residual non-transduced cells. [3.3.1-CU] Replace this medium every 24 hours to remove the dead cells. [3.4.1-MED]
3.3.1. Add medium labeled with Puromycin
3.3.2. Show talent placing cells back in the incubator. Use one of the takes from 3.2.2
3.4. After 48 hours of the treatment, discontinue Puromycin and use only fresh 3F medium. [3.4.1]
3.4.1. Use shot 3.2.1.

3.5. On day 4 after transduction, observe the cells under the microscope [3.5.1-MED-over the shoulder] for the appearance of clustered cells with endothelial morphology. [3.5.2-LM].
3.5.1. Show talent focusing microscope on cells.

3.5.2. Figure 2.pdf Show (Video Editor: Figure 2A alone, only the first two photomicrographs of Day 2 and Day 4. Remove label “A” but leave other text. Include text below the figure: “Induction with ETV2/GATA2.”)
3.6. To determine the stage of differentiation from endothelial cells to blood cells, first dissociate the cells between days 3 or 4 from the culture dish with the cell detachment solution. [3.6.1-MED-TXT]. 

3.6.1. Talent adding solution to flask. TEXT: Incubate at 37 0C, 5-10 min.
3.7. Collect the detached cells in complete media [3.7.1-MED] and centrifuge them [3.7.2-MED/CU]. Resuspend the cells in MACS Buffer at room temperature [3.7.3-CU] and count the cells in a hemocytometer. [3.7.4]
3.7.1. *Film as written

3.7.2. Capture centrifuge settings if possible.

3.7.3. *Film as written

3.7.4. Use 2.8.2.
3.8. Then, incubate 1 times 105 cells per staining reaction with suitable antibodies for the detection of VE-cadherin, CD226, CD73 and CD43 cell surface markers. [3.8.1-CU-TXT]. Perform flow cytometry as described in the text protocol. [3.8.2-MED] 

3.8.1. Talent adds antibody mixture to one tube containing cells. TEXT: See text protocol for description of cell markers.
3.8.2. Talent inserting tube in flow cytometer.
3.9. From day 4 after transduction, continue differentiation of cells by replacing half of the medium from each well every 48 hours. [3.9.1-MED/CU]. Between 5 to 7 days, round blood cells will appear loosely aggregated and refractile above the endothelial cell layer. [3.9.2-LM].
3.9.1. Show aspiration and adding medium to one well.
3.9.2. Figure 2.pdf (Video editor: show Figure 2 A, 3rd and 4th photomicrographs of Day 6 and 8 only. Remove panel label “A”.  Include text below of “Induction with ETV2/GATA2”.)
3.10. Maintain the cultures for up to 14 days, during which time the floating cells should expand significantly. [3.10.1-MED]. 

3.10.1. Talent looking at flask through microscope.

4. Results: Differentiation of blood cells from endothelial cells
4.1. Flow cytometric analysis of ETV2/GATA1 (Pronounced as E-T-V2/gata-1) and ETV2/GATA2 transduced cells shows induction of CD43-expressing blood cells at day 7 after transduction. [4.1.1-LM]
4.1.1. Figure2.pdf: Show only Figure 2C, without the panel label “C”.

4.2. Flow cytometric analysis of GATA2/TAL1-induced (Pronounced as gata-2/Tal-1) cells on day 3 after transduction shows the formation of hemogenic endothelium [4.2.1-LM], which can be identified by the expression of CD226 and lack of CD73-expression in the subpopulation of VE-cadherin positive cells. [4.2.2-LM]
4.2.1. Figure3.pdf: Show only Figure 3B, without the panel label “B”.
4.2.2. Figure3.pdf: Highlight the lower right quadrant.
4.3. At 14 days after transduction, GATA2/TAL1/LMO2 (Pronounced as gata-2/Tal-1/L-M-O2) transduced cells cultured in the presence of SCF, TPO, EPO and bFGF co-expressed high levels of CD43, CD235a and CD41a. [4.3.1-LM]
4.3.1. Figure3.pdf: Show only Figure 3D without the panel label “D”.

4.4. Wright-stained cytospin preparations of GATA2/TAL1/LMO2-induced hematopoietic cells [4.4.1-LM] showed Erythroid, Macrophage and Megakaryocytic cell morphologies in colony forming cell assays. [4.4.2-LM]
4.4.1. Figure3.pdf: Show only Figure 3E, without the panel label “E”. Label the panels: E= “Erythroid”, M= “Macrophage”, Mk= “Megakaryocyte”, and remove the letters E, M and Mk from the figures. 
4.4.2. Figure3.pdf, 3E again: Introduce highlights on the Erythroid panels, both up and down, the Macrophage panel, and the Megakaryocyte marked panels with narration cues “Erythroid”, “Macrophages” and “Megakaryocytic morphologies.”)

5. Conclusion (said by authors on camera)
5.1. Irina Elcheva:  The transduction of hPSCs can be done in less than an hour.

5.2. Irina Elcheva: While performing the transduction procedure, it’s important to consider stem cell viability, always to include ROCK inhibitor in the reaction mixture, and to use an optimal amount of virus per cell. 

5.3. Irina Elcheva: Following the first 3 days post transduction, other methods like immunostaining, colony forming cell assays and flow cytometry can be performed in order to answer questions about the efficiency of differentiation and the type of hematopoiesis induced. 

5.4. Irina Elcheva: After watching this video, you should have a good understanding of how to singularize and infect hPSCs, and what to expect in differentiating cultures within the first 7 to 10 days. 

5.5. Irina Elcheva: After transcription factors are successfully delivered into hPSCs, stem cells lose their pluripotency and gradually commit to a hematopoietic cell fate.  Thus, researchers will have a convenient in vitro model to study molecular mechanisms of the endothelial to hematopoietic transition. 

5.6. Irina Elcheva: Don't forget that working with lenti-virus-containing reagents can be extremely hazardous and precautions such as wearing personal protection equipment, and proper disposal of reagents containing viruses should always be taken while performing this procedure. 

Authors: Please memorize your lines prior to filming.

*Note to the Authors: Interview statements were edited to conform to the length restrictions.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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