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Authors, please check the answers to the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__YES_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _ Olympus Stereoscope SZX10___
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__YES___(Steps 5.7., 5.8., 5.9)___ 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.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. 2.1.- 2.6., 3.1.- 3.5., 4.1.- 4.3, all of section 5.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. Section 2
E.  Will the filming need to take place in multiple locations? (Y/N) __No_____ If yes, how far apart are the locations? ___________________________________________________


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 progenitor cells, or NPCs, from human induced pluripotent stem cells, or hiPSCs, as a platform to study the cellular and molecular mechanisms contributing to neurological diseases. (Intro)

This is accomplished by first differentiating hiPSCs, using dual SMAD inhibitors, into neural rosettes. (P1) (Video editor: ‘52495_Schematic illustration.pdf’ - show plate of induced pluripotent stem cells and then the cartoon of the neural rosettes)

The second step is to harvest these neural rosettes and allow them to grow into expandable NPC populations. (P2) (Video editor: ‘52495_graphics of harvesting rosettes.pdf’ - animate the Pipetman transferring the rosettes to the tube, and then show the cartoon of the NPCs after re-plating) 

Next, lentiviral transduction, with a spinfection step to improve efficiency, is used to manipulate gene expression. (P3) (Video editor: ‘52495_Schematic illustration.pdf’ - show the brown NPCs turning green after viral transduction)

The final step is to grow the NPCs in suspension, so that they spontaneously form neurospheres. (P4) (Video editor: ‘52495_Schematic illustration.pdf’- animate the NPCs becoming neurospheres)

Ultimately, this platform can be used to assay a variety of cellular phenotypes, for example, measuring the effect of genetic manipulation on neural migration. (P5) (Video editor: show panels A and B from ‘52495fig5highres.jpg’) 


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Aaron Topol: Though this method can provide insight into cellular mechanisms such as migration, it can also be applied to study other biological processes, such as replication, apoptosis, oxidative stress and neurite outgrowth.







Protocol (read by voice talent at JoVE):

2. Harvest of neural rosettes

2.1. Differentiation of human induced pluripotent stem cells, or hiPSCs, leads to the formation of visible neural rosettes, which are characterized as round clusters of neuroepithelial cells with apico-basal polarity. (TEXT: Procedures for hiPSC differentiation to NPCs are in the accompanying protocol text)

Shots:
2.1.1. MED: Talent checking a plate of cells under a brightfield microscope.
2.1.2. LAB MEDIA: panel C only from ‘52496fig1highres.jpg’

2.2. For the enzymatic selection of neural rosettes at day 14, aspirate media from the adhered “embryoid bodies,” or EBs, and add 1 ml of neural rosette selection reagent per well of a 6-well plate. Incubate at 37C for 1 hour. (TEXT: 37C; 1 h)

Shots:
2.2.1. MED: Talent aspirating media from a 6-well plate of cells.
2.2.2. CU: Match action above: media being aspirated from each well.
2.2.3. CU: 1 ml of neural rosette selection reagent being added to each well.
2.2.4. MED: Multiple takes from different angles of talent putting the 6-well-plate into the incubator. Shot will be repeated later.

2.3. After one hour, use a P1000 Pipetman to gently remove the enzyme from each well, and add 1 ml of DMEM/F12 per well to wash the rosettes.

Shots:
2.3.1. MED: Talent using P1000 to gently remove reagent from each well.
2.3.2. CU: 1 ml of DMEM/F12 being added to each well.

2.4. Collect the 1 ml of DMEM/F12 and quickly expel it back into the well, thus detaching the rosettes from the plate. Collect the rosettes into a Falcon tube.

Shots:
2.4.1. CU: A P1000 being used to collect the 1 ml of DMEM/F12 from a well and then the DMEM/F12 is quickly expelled back into the well.
2.4.2. ECU: A shot of the detached rosettes.
2.4.3. MED: Talent transferring the contents of a well to a Falcon tube.

2.5. Pipet another 1 ml of DMEM/F12 and quickly expel it into the same well to detach the remaining rosettes. Do not triturate and try not to break up the rosette aggregates. Collect the neural rosettes into the same Falcon tube. More of the enzyme can be added and this procedure repeated if the rosettes do not detach readily.

Shots:
2.5.1. CU: Multiple takes from different angles of another 1 ml of DMEM/F12 being added to the well.  Shot will be repeated later.
2.5.2. MED: 1 ml of DMEM/F12 being collected and transferred to the same Falcon tube.
2.5.3. Use shot from 2.5.1.

2.6. When all the neural rosettes have been collected, spin the Falcon tube at 300 g for 3 minutes. (TEXT: 300 g; 3 min) Aspirate the wash, and re-suspend the rosettes in 2 ml of neural progenitor cell media. Transfer the cells into a Poly-L-Ornithine/Laminin coated 6-well plate and incubate at 37C for one week.

Shots:
2.6.1. MED: Talent putting the Falcon tube into the centrifuge and starting the spin.
2.6.2. CU: Supernatant (wash) being aspirated and then 2 ml of neural progenitor cell media added to the rosettes to resuspend the rosettes.
2.6.3. CU: Cells being transferred to a 6-well plate.
2.6.4. Use shot from 2.2.4.

3. Expansion of neural progenitor cells

3.1. In this laboratory, neural progenitor cells, or NPCs, are grown on Matrigel-plates, fed every second day, and maintained at a very high density. 

Shots:
3.1.1. MED: talent taking a plate(s) of cells to tissue culture hood.

3.2. To split the NPCs, first aspirate the media and then add 1 ml of warm Accutase per well of a 6-well plate. Incubate at 37C for 10-15 minutes. (TEXT: 37C; 10-15 min)

Shots:
3.2.1. MED: Talent aspirating media from a plate.
3.2.2. CU: 1 ml of warm Accutase being added per well.
3.2.3. MED: Talent putting the plate into the incubator.

3.3. Gently transfer the detached cells into a 15-ml tube containing DMEM/F12 with as little mechanical stress as possible. Do not triturate the cells while in the enzyme. Pellet the cells by spinning at 1,000 g for 5 minutes. (TEXT: 1,000 g; 5 min)

Shots:
3.3.1. MED: Talent gently transferring detached cells into a 15-ml tube containing DMEM/F12.
3.3.2. CU: Match action above: cells being gently placed into 15-ml tube without trituration.
3.3.3. MED: Talent putting the 15-ml tube into the centrifuge and starting the spin.

3.4. After centrifugation, aspirate the supernatant, and re-suspend the NPCs in ~1 ml of NPC media per original well of a 6-well plate. 5-10 million cells are expected per confluent well of a 6-well plate. (TEXT: 5-10 million cells/well) 

Shots:
3.4.1. CU: Supernatant being aspirated from the 15-ml tube.
3.4.2. CU: NPC media being added to the tube and cells re-suspended.

3.5. Following re-suspension and cell counting, re-plate the NPCs. Plate approximately 1-2 million cells per well of a 6-well plate to maintain the NPCs. 

Shots:
3.5.1. MED: Talent plating the cell suspension to a new 6-well plate.
3.5.2. Talent – interview style to camera: “The efficiency of neurosphere formation can vary between experiments and cell lines, but generally occurs best if between 200,000 and 1,000,000 cells are seeded per well of a non-adherent 6-well plate. If clumping of the neurospheres occurs, reduce the number of cells seeded.”

4. NPC transduction

4.1. Ideally, within 1-2 days of splitting, the NPCs should be transduced with lentiviral or retroviral vectors. To increase the percentage of transfected cells, use spinfection.

Shots:
4.1.1. MED: General shot of talent setting up for spinfection.

4.2. [bookmark: _GoBack]Aspirate the media from each well and replace with the relevant overexpression or control lentiviruses or retroviruses, titered to the desired multiplicity of infection diluted in NPC media. Use 1.5 ml per well of a 6-well plate. (TEXT: typical MOI: 1-10)

Shots:
4.2.1. MED: Talent aspirating media from each well of a plate.
4.2.2. CU: Virus diluted in media being added to each well.

4.3. Spin at 1,000 g and room temperature for 1 hour in a plate centrifuge. (TEXT: 1,000 g; room temperature; 1 h) After the spin, place the plate back in the incubator.  

Shots:
4.3.1. MED: Talent putting the plate(s) into the centrifuge and starting the spin.
4.3.2. MED: Talent putting the plate(s) into the incubator.

4.4. To reduce cellular death, replace the media within 8 hours of spinfection.

Shots:
4.4.1. MED: General shot of talent replacing media of the cells.

5. Neurosphere migration assay

5.1. Begin this procedure by washing the NPC-derived neurospheres once in NPC media to remove cellular debris. Tilt the plate at a 45 angle and allow the neurospheres to settle, and then remove as much media as possible without aspirating the neurospheres.  Replace with fresh media. 

Shots:
5.1.1. MED: Talent getting ready to wash the neurospheres.
5.1.2. CU: Plate being tilted at a 45 angle to allow the neurospheres to settle.
5.1.3. CU: Media being aspirated from the plate without aspirating the neurospheres, and then fresh media added.

5.2. Next, manually pick the NPC-derived neurospheres under a microscope, using a P200 Pipette. Transfer one neurosphere to each well of a Matrigel-coated 96-well plate. It is important to pick neurospheres of similar sizes, in order to reduce variability in the results.  

Shots:
5.2.1. MED: Talent at the microscope, picking neurospheres.
5.2.2. SCOPE: A neurosphere being selected using a P200 Pipetman. 
5.2.3. SCOPE/ECU: A neurosphere being transferred to a well of a 96-well plate.
5.2.4. ECU: A shot of a few wells to show that the neurospheres are of similar size. 

5.3. Add an additional 0.5 mg of Matrigel, diluted in cold NPC media, to the neurospheres in each 96-well plate.

Shots:
5.3.1. CU: Additional Matrigel being added to the neurospheres in each 96-well plate.

5.4. Using a pipet tip, manually center each individual neurosphere in the middle of the well.  Allow neurosphere migration to occur for 48 hours. (TEXT: 37C; 48 h)

Shots:
5.4.1. SCOPE: A neurosphere being centered in the middle of the well with a pipet tip.
5.4.2. MED: Talent putting the 96-well plate into the incubator.

5.5. After fixing and staining the cells with the desired immunohistochemical markers, photograph the neurospheres in their entirety using a 4x microscope objective.  

Shots:
5.5.1. MED: General shot of talent taking photos of the neurospheres.

5.6. To measure radial migration, use ImageJ software.

Shots:
5.6.1. MED: talent at computer starting up Image J.

5.7. Use the freehand selection tool to manually trace the edge of the furthest migrating cells.  Make sure that Area is checked in the Set Measurements window found under the Analyze tab, and then use the Measure function to calculate the area of the resulting shape. Use the value of the area measurement and the equation for the area of a circle (TEXT: A= πr2) to determine the outer radius.

Shots:
5.7.1. SCREEN: freehand selection tool being used to manually trace the edge of the furthest migrating cells.  
5.7.2. SCREEN: Area being checked in Set Measurements window, and then Ctrl+M used to calculate the area.
5.7.3. SCREEN: Outer radius being calculated.

5.8. In the same manner, trace the edge of the original neurosphere, measure the area, and calculate the inner radius.

Shots:
5.8.1. SCREEN: freehand selection tool being used to manually trace the edge of the original neurosphere.
5.8.2. SCREEN: Area being checked in Set Measurements window, and then Ctrl+M used to calculate the area.
5.8.3. SCREEN: Inner radius being calculated.

5.9. Calculate the total radial migration as the difference between the outer and inner radii.

Shots:
5.9.1. MED/over the shoulder: Talent using Excel to calculate the total radial migration.
5.9.2. SCREEN: Example of a calculation in Excel.


6. Results: patient-specific hiPSCs can be differentiated into healthy NPCs  and neurons

6.1. These images show the stages of hiPSC neural differentiation, from hiPSCs (Video editor: show panel A only) to embryoid bodies (Video editor: add panel B), neural rosettes (Video editor: add panel C), NPCs (Video editor: add panel D), and neurons. (Video editor: add panel E)

Shots:
6.1.1. LAB MEDIA: panels A-E of ‘52495fig1highres.jpg’

6.2. Validated NPCs express the NPC marker NESTIN and the neural stem cell transcription factor SOX2 in most cells. III-TUBULIN staining is also visible in all NPC populations.

Shots:
6.2.1. LAB MEDIA: panels F and G of ‘52495fig1highres.jpg’

6.3. NPCs also express the neural stem cell transcription factor PAX6 and the forebrain progenitor marker TBR2, but not midbrain markers such as LMX1A and FOXA2.

Shots:
6.3.1. LAB MEDIA: add panels H and I of ‘52495fig1highres.jpg’

6.4. NPCs can differentiate to 70-80% III-TUBULIN-positive neurons, shown in green, and 20-30% glial fibrillary acidic protein-positive astrocytes, shown in red.  

Shots:
6.4.1. LAB MEDIA: panel J of ‘52495fig1highres.jpg’

6.5. High quality hiPSC NPCs (Video editor: show top left panel only) express NESTIN and SOX2 in most cells, whereas low quality NPCs (Video editor: add bottom left panel) have patches of SOX2-negative and NESTIN-negative cells. Only the 4-week-old neurons differentiated from high quality NPCs express MAP2AB and III-TUBULIN. (Video editor: add top right and bottom right panels)

Shots:
6.5.1. LAB MEDIA: ‘52495fig2highres.jpg’

6.6. Following successful transduction with a high-titer lentiviral or retroviral vector, greater than 80% of cells are labeled by the fluorescent reporter included in the vector.

Shots:
6.6.1. LAB MEDIA: ‘52495fig3highres.jpg’

6.7. Neurosphere generation yields a population of neurospheres of relatively homogenous size, which can remain healthy in culture for approximately one week with regular feeding.

Shots:
6.7.1. LAB MEDIA: ‘52495fig4highres.jpg’

6.8. Neurosphere migration occurs robustly in healthy neurospheres, as illustrated by these brightfield images before (Video editor: panel A) and after (Video editor: panel B) 48 hours of migration in Matrigel.

Shots:
6.8.1. LAB MEDIA: panels A and B from ‘52495fig5highres.jpg’


7. Conclusion (said by authors on camera)
7.1. Aaron Topol: After its development, this technique paved the way for researchers in the field of schizophrenia to explore neural migration in human induced pluripotent stem cell derived NPCs.
7.2. Kristen Brennand: Don't forget that working with retroviruses is potentially hazardous and all cellular manipulations should be completed in BL2+ conditions while live virus might be present.   


       
Provided Media
1A.  ‘52495_Schematic illustration.pdf’; ‘52495_graphics of harvesting rosettes.pdf’; panels A and B from ‘52495fig5highres.jpg’
2.1. panel C only from ‘52496fig1highres.jpg’
6.1. panels A-E of ‘52495fig1highres.jpg’
6.2.- 6.3. panels F-I of ‘52495fig1highres.jpg’
6.4. panel J of ‘52495fig1highres.jpg’
6.5. 52495fig2highres.jpg
6.6. 52495fig3highres.jpg
6.7. 52495fig4highres.jpg
6.8. panels A and B from ‘52495fig5highres.jpg’

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.
 2014, Journal of Visualized Experiments

