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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__ If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N___ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 2, 3.1, 4, 6
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _Replating the cells at d11. Ensure high cell density within the droplet and careful handling of the droplets
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of this procedure is to generate neural crest progenitor cells from human pluripotent stem cells in a short, reproducible and defined protocol. These cells can then be used for either the study of neural crest related diseases in vitro or the continued differentiation of these cells into progeny cells. (Intro)
This is accomplished by first plating a high density of human pluripotent stem cells in a monolayer on matrigel. (P1: Show the first plate on the left side of the screen with a “hPSC colonies” label underneath then have an arrow appear to the right of the plate and the words “replated at high density” above the arrow and then to the right of the arrow have the P1 plate appear and the label “hPSCs on matrigel” below the plate.)
The second step is to differentiate the cells into neuroepithelial cells using a defined sequence and combination of small molecules that affect key signaling pathways. (P2: Have the schematic shown in P1 shift off the screen to the left but have the P1 plate with label stay on the left side of the screen. Then have an arrow appear to the right of the P1 plate and the words “add LDN193189 and SB431542” above the arrow when the words “and combination of small molecules” is read. Then have the P2 plate appear to the right of the arrow with the label “Neuroepithelial Cells” below the plate.)
Next, the neuroepithelial cells are replated and further differentiated into neural crest progenitor cells. (P3: Show a clip of shot 4.7.1. and then have the P3 plate appear on the left side of the screen with the label “Neural Rosettes with Emerging Neural Crest Cells” below the plate when the words “differentiated into neural…” is read.)
The final step is to isolate the neural crest cells using fluorescence activated cell sorting. (P4: Show P4 graph and highlight the upper right quadrant of the graph when the words “isolate the neural crest cells” are read.)
Ultimately, immunofluorescence and functional assays, such as the cell’s ability to migrate, are used to show that proper neural crest cells were generated. (P5: Show the two images on the left side of P5 with the label immunofluorescence first and then have the two images on the right side with the migration assay label appear when the words “cell’s ability to migrate” are read.)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Nadja Zeltner: The main advantage of this technique over existing protocols for the generation of neural crest cells from human pluripotent stem cells is that this protocol is shorter (only 18 days), it is more defined (due to the lack of MS5-feeder cells), and it can be scaled-up easily and is highly reproducible across hPSC lines.  

1.2. Faranak Fattahi: The implications of this technique extend toward studies of the mechanisms of human diseases related to the neural crest lineage and show potential for improving detailed in vitro modeling and drug screenings of these diseases.
Protocol (read by voice talent at JoVE):
2. Plating of Human Pluripotent Stem Cells for Differentiation
2.1. Prior to starting this protocol, ensure that the colonies of human pluripotent stem cells are large enough to be seen by eye and still have sharp edges with few differentiating cells at their borders. 
2.1.1. WIDE: Talent holds a plate of hPSCs and checks to see if the colonies are large enough to be seen by eye.
2.1.2. ECU: Plate of colonies of hPSCs that are large enough to be seen by eye. (Videoeditors: Show Figure 1B on the right side of the screen during this shot and have a box appear around the Oct4 positive cells with a label “undifferentiated cells.”) 
2.2. Then, when the hPSCs are ready to be split, aspirate the medium, wash once with 5ml of 1x PBS and add 4 mL of 0.05% trypsin-EDTA to the cells. 
2.2.1. MED: Talent aspirates medium from cells, adds 5ml of 1x PBS, aspirates PBS and adds 4 mL of 0.05% trypsin-EDTA.
2.3. Next, vigorously shake the dish horizontally for 2 minutes until the mouse embryonic fibroblasts are seen under the microscope lifting off the plate as single cells. The hPSC colonies will remain attached to the dish as colonies.

2.3.1. MED: Talent vigorously shakes dish horizontally.
2.3.2. CU/ECU: Focus on the cells in the plate to show that some are lifting off the plate and others are still attached. 
2.4. Then, immediately and thoroughly aspirate the trypsin and leave the plate at room temperature for 2 to 4 minutes. 

2.4.1. MED: Talent aspirates the trypsin from the plate and leaves the plate at room temperature and starts a timer that reads 2 minutes.

2.5. Add 2 mL of HES medium to the plate and use a p1000 pipet to detach the cells. If the cells do not lift off easily, then incubate the plate for an additional 2 to 3 minutes at room temperature. 

2.5.1. MED: Talent adds 2 mL of HES medium to the plate and uses a p1000 to detach the cells.
2.5.2. CU: Talent uses p1000 to detach the cells from the plate.

2.6. Transfer the cell suspension to a 15 mL conical tube containing 8 mL of HES medium supplemented with 10 μM Y-27632 dihydrochloride.
2.6.1. MED: Talent transfers cell suspension to a 15 mL conical tube containing 8 mL of HES medium supplemented with 10 μM Y-27632 dihydrochloride.

2.7. Then, aspirate the matrigel from a previously treated 10 cm dish and plate the cells at a 1:1 or 1:2 ratio onto the matrigel-treated plate. Incubate the cells overnight at 37°C in a 5% CO2 incubator. (TEXT: Approximately 100,000 cells/cm2)

2.7.1. MED: Talent aspirate matrigel from a 10cm dish and transfers the cell suspension to the plate.

2.7.2. WIDE: Talent places plate in a 5% CO2 incubator.

3. Induction of Differentiation of Neural Crest Cells
3.1. Feed the cells daily with HES medium until they are ready for differentiation. Then, begin the neural differentiation when the cells are 90% to 100% confluent. This is day 0.

3.1.1. MED: Talent feeds cells with HES medium.

3.1.2. (Videoeditors: Display Figure 1C for the second sentence.)  
3.2. Feed the cells daily from day 0 to day 3 with 10 mL of KSR-differentiation medium containing 0.1 μM LDN193189 and 10 μM SB431542.
3.2.1. MED over the shoulder: Talent feeds cells with KSR-differentiation medium containing 0.1 μM LDN193189 and 10 μM SB431542. 
3.3. Then, on day 4 and 5 feed the cells with 10 mL of media containing 75% KSR-differentiation medium, 25% N2-differentiation medium, 0.1 μM LDN193189 and 10 μM SB431542.
3.3.1. CU: Talent feeds cells with 10 mL of media containing 75% KSR-differentiation medium, 25% N2-differentiation medium, 0.1 μM LDN193189 and 10 μM SB431542.
3.4. On day 6 and 7 feed the cells with media adjusted to contain 50% KSR-differentiation medium and 50% N2-differentiation medium, in addition to being supplemented with 0.1 μM LDN193189 and 10 μM SB431542.
3.4.1. MED: Talent feeds cells with 50% KSR-differentiation medium and 50% N2-differentiation medium supplemented with 0.1 μM LDN193189 and 10 μM SB431542.
3.5. For day 8 and 9 feed the cells with 25% KSR-differentiation medium and 75% N2-differentiation medium both containing 0.1 μM LDN193189 and 10 μM SB431542.
3.5.1. MED over the shoulder: Talent feeds cells with 25% KSR-differentiation medium and 75% N2-differentiation medium both containing 0.1 μM LDN193189 and 10 μM SB431542.
3.6. Then, on day 9 and 10 prepare culture dishes with poly-L-ornithin, Laminin-I, and fibronectin as described in the text protocol which will be used for replating the cells on day 11.

3.6.1. MED/MED over the shoulder: Multiple takes from different angles of talent preparing culture dishes with poly-L-ornithin, Laminin-I, and fibronectin to be used again later. Was filmed in two steps.
3.7. Feed the cells with N2-differentiation medium supplemented with 0.1 μM LDN193189 and 10 μM SB431542 on day 10.
3.7.1. CU: Talent feeds cells with N2-differentiation medium supplemented with 0.1 μM LDN193189 and 10 μM SB431542. 
4. Replating of Neural Crest Cells for Specification
4.1. On day 11 aspirate the Laminin-I and fibronectin solution from the previously prepared culture dishes and let them dry at room temperature in a tissue culture hood for 20 to 30 minutes.

4.1.1. MED: Talent aspirates the Laminin-I and fibronectin solution from the prepared culture dishes and places dishes at room temperature in tissue culture hood and presses start on a timer reading 20 minutes.
4.2. Next, remove the medium from the differentiating cells and wash the cells once with 1X PBS. Then, add 8 mL of accutase to each 10 cm plate and incubate the plates for 20 minutes at 37°C.
4.2.1. MED: Talent removes medium from the differentiating cells, washes the cells with 1X PBS, and adds 8 mL of accutase to the plate.

4.2.2. WIDE: Talent places plate in a 37°C incubator and pushes start on a timer set for 20 minutes.
4.3. After the incubation, use a cell lifter to detach the cells and then resuspend the cells in the accutase solution with a 5 mL pipette. Transfer the cell suspension to a 15 mL conical tube.
4.3.1. WIDE: Talent removes plate from incubator.

4.3.2. CU: Talents uses a cell lifter to detach the cells. 

4.3.3. MED: Talent resuspends cells in accutase solution with a 5 mL pipette and transfers cell suspension to a 15 mL conical tube. 
4.4. Next, add 5 mL of 1X PBS to the tube and spin the cells for 5 minutes at 115 x g. 
4.4.1. MED: Talent adds 5 mL of 1X PBS to the tube.

4.4.2. WIDE: Talent places tube in centrifuge and presses start.

4.5. Discard the supernatant and resuspend the cell pellet in 10 mL of 1X PBS. Then, filter the cell suspension through a 40 μm cell strainer to ensure a single cell suspension. Count the cells using a hemocytometer.
4.5.1. MED: Talent discards supernatant and resuspends cell pellet in 10 mL of 1X PBS.
4.5.2. CU: Talent filters the cell suspension through a 40 μm cell strainer.
4.5.3. WIDE: Talent counts cells on a hemocytometer.
4.6. Spin the cells down again for 5 minutes at 115 x g and resuspend the cells to a concentration of 100,000 to 150,000 cells per 10 μL of supplemented N2-differentiation medium.
4.6.1. WIDE: Talent places tube in centrifuge and pushes start.
4.6.2. MED: Talent resuspends cell pellet in supplemented N2-differentiation medium. (TEXT: N2-differentiation medium contains 200 μM Ascorbic Acid, 20 ng/ml brain-derived neurotrophic factor, 100 ng/ml fibroblast growth factor 8, 20 ng/ml sonic hedgehog, and 10 μM Y-27632 dihydrochloride.)
4.7. Use a repeater pipette to plate 10 μL droplets of the cell suspension onto 15 cm culture dishes that have been pretreated with poly-L-ornithin, Laminin-I, and fibronectin.
4.7.1. CU: Talent uses a repeater (multichannel was the wrong word, should also be changed in the text?) pipette to plate 10 μL droplets of the cell suspension onto 15 cm culture dishes.
4.8. Allow the droplets to stand at room temperature for 15 to 20 minutes, then very carefully add 30 mL of the supplemented N2-differentiation medium to the plate without disturbing the droplets. Incubate the cells overnight at 37°C in a 5% CO2 incubator. 
4.8.1. MED: Talent allows droplets to sit at room temperature and presses start on a timer set for 15 minutes.

4.8.2. CU: Talent carefully adds 30 mL of the supplemented N2-differentiation medium to the plate

4.8.3. WIDE: Talent places plate in a 5% CO2 incubator at 37°C.

4.9. On day 12 carefully feed the cells with 20 mL of N2-differentiation medium containing 200 μM Ascorbic Acid, 20 ng/ml of brain-derived neurotrophic factor (BDNF), 100 ng/ml of fibroblast growth factor 8 (FGF8) and 20 ng/ml of sonic hedgehog (SHH) per 15 cm dish.

4.9.1. MED: Talent feeds cells with 20 mL of N2-differentiation medium containing 200 μM Ascorbic Acid, 20 ng/ml BDNF, 100 ng/ml FGF8 and 20 ng/ml SHH.
4.10. Then, from day 14 to day 17 feed the cells every 2 to 3 days with N2- differentiation medium containing only 200 μM Ascorbic Acid, 20 ng/ml of brain-derived neurotrophic factor (BDNF) and 100 ng/ml of fibroblast growth factor 8 (FGF8).
4.10.1. MED over the shoulder: Talent feeds cells with N2- differentiation medium containing 200 μM Ascorbic Acid, 20 ng/ml of brain-derived neurotrophic factor (BDNF) and 100 ng/ml of fibroblast growth factor 8 (FGF8).
4.11. Prepare plates with poly-L-ornithin, Laminin-I, and fibronectin on day 16 and 17 to be used for replating of the neural crest cells after FACS (say fax not F-A-C-S) analysis on day 18.
4.11.1. Use shot 3.6.1.

5. Replating of FACS Sorted Cells
5.1. After the cells have been sorted by fluorescence activated cell sorting, count the neural crest cells and then spin them down at 115 x g for 5 minutes. 
5.1.1. WIDE: Talent counts the neural crest cells.
5.1.2. MED: Talent places tube in centrifuge and pushes start.

5.2. Resuspend the cell pellet in N2-differentiation medium supplemented with 10 ng/mL FGF2, 20 ng/mL EGF, and 10 μM Y-27632 dihydrochloride at a concentration of 30,000 cells per 10 μL. 
5.2.1. MED: Talent resuspends cell pellet in N2-differentiation medium supplemented with 10 ng/mL FGF2, 20 ng/mL EGF, and 10 μM Y-27632 dihydrochloride.
5.3. Thoroughly dry culture dishes that were previously prepared with poly-L-ornithin, Laminin-I, and fibronectin. Then plate approximately 50 to 70 droplets of the cell suspension per 10 cm dish. Incubate the cells at room temperature for 15 to 20 minutes. 

5.3.1. MED: Talent dries culture dishes that were previously prepared with poly-L-ornithin, Laminin-I, and fibronectin.

5.3.2. CU: Talent plates approximately 50 to 70 droplets of the cell suspension per 10 cm dish.

5.4. Add 20 mL of N2-differentiation medium supplemented with 10 ng/mL FGF2, 20 ng/mL EGF, and 10 μM Y-27632 dihydrochloride to each 10 cm dish without disturbing the droplets. Then, incubate the cells overnight at 37°C in a 5% CO2 incubator.
5.4.1. CU: Talent adds 20 mL of N2-differentiation medium supplemented with 10 ng/mL FGF2, 20 ng/mL EGF, and 10 μM Y-27632 dihydrochloride to each 10 cm dish without disturbing the droplets.
5.4.2. WIDE: Talent places plate in a 5% CO2 incubator at 37°C.
5.5. Following the incubation, maintain and passage the neural crest cells according to the accompanying text protocol.
5.5.1. MED: Talent passages neural crest cells. It was just a shot of the plate, where you can see the droplets. Reason: Passaging NC cells is a multistep process, that would require 10 or more shots and it is almost identical to the procedure done in 5.
6. Results: Derivation of Neural Crest Cells from hPSCs using a Feeder Free Protocol
6.1. Neural crest cells were derived from human pluripotent stem cells in 18 days using this new feeder free in vitro differentiation protocol. The FACS analysis on day 18 identified cells that were positive for both HNK-1 and p75, which confirmed the presence of neural crest cells.
6.1.1. LABMEDIA: Figure 1D (51609_NZeltner_Figure 1D.ai) and 1F (51609_NZeltner_Figure 1F.ai)  (Videoeditors: Display Figure 1D first and highlight HNK1 and have arrows pointing to the areas of the image that stained green with a label “Neural Crest Cells” and then highlight Pax6 and have arrows points to the areas of the image that stained red with a label “Neural Rosettes. Then when the second sentence starts show figure 1F and highlight the top right quadrant of the graph when the words “positive for both HNK-1 and p75” are read.)
6.2. In both the feeder free differentiation protocol and feeder cell dependent protocol the neural crest cells pass through a neural rosette stage. In addition, the FACS sorted cells have identical morphology and express the neural crest markers HNK-1 and AP2.
6.2.1. LABMEDIA: Figure 2 (51609_NZeltner_Figure 2.ai) (Videoeditors: Highlight the top image on the right when “Feeder free differentiation protocol” is read and then highlight the top image on the left when “Feeder cell dependent protocol” is read. Then highlight the two images next to “sorted NC” when “the FACS sorted cells” is read and highlight the images next to HNK1 when “HNK-1” is read and high the images to the right of AP2 when “AP2” is read.)
6.3. Comparison of the global gene expression of neural crest cells derived from these two differentiation protocols found that both sets of cells cluster closely together. 
6.3.1. LABMEDIA: Figure 3A (51609_NZeltner_Figure 3A.ai) (Video editors: Place a box around the area of the image labeled with “MS5-NC” first and put a label on top with “Feed Cell Dependent Protocol” then have the box and label disappear and have a new box appear around the area of the image labeled with “R-NC” and have a label on top with “Feeder Free Differentiation Protocol.”)
6.4. Analysis of the migration capacity of the neural crest cells derived using the feeder free protocol showed the cells migrated successfully into the scratch after 48 hours. These cells also have the potential to be differentiated into cells from the autonomic nervous system as confirmed by positive staining for Mash1 and Tuj1 after an additional 4 days of differentiation.

6.4.1. LABMEDIA: Figure 3B (51609_NZeltner_Figure 3B.ai) and 3C (51609_NZeltner_Figure 3C.ai) (Video editors: Display Figure 3B first and have a label appear on the screen that says “Migration Assay.” Place a circle around the cells in the 48h image that are located in the same position as the black area in the 0 h image and have this circle appear when the words “showed the cells migrated” is read. Then for the second sentence have Figure 3C displayed and place white arrows on the image pointing to some of the red stained areas when “Mash1” is read and have labels “Mash1” and then have the arrows move to the green stained areas with a label “Tuj1” when “Tuj1” is read.)
7. Conclusion (said by authors on camera)
7.1. Nadja Zeltner: After watching this video, you should have a good understanding of how to neuralize human pluripotent stem cells and derive neural crest progenitor cells in vitro. 
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.
6.1 – 51609_NZeltner_Figure 1D.ai – dual color image of d18 neural crest cells at 200 μm
6.1 – 51609_NZeltner_Figure 1F.ai – FACS plot of neural crest cells double-stained for HNK-1 and p75

6.2 – 51609_NZeltner_Figure 2.ai – bright field images of neural rosettes and sorted neural crest cells and dual color images of sorted neural crest cells stained for HNK-1, AP2, nestin and DAPI at 200 μm

6.3 - 51609_NZeltner_Figure 3A.ai – microarray global gene expression analysis of neural crest and control samples
6.4 - 51609_NZeltner_Figure 3B.ai – migration assay using neural crest cells at 200 μm

6.4 - 51609_NZeltner_Figure 3C.ai - dual color image of spontaneously differentiated neural crest cells stained with Mash1, Tuj1 and DAPI at 500 μm

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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


