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Author Questionnaire 
1. Microscopy: Does your protocol demonstrate the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar?    YES or NO
[bookmark: Text3]If you require a microscope but need a scope kit in order to be able to film with your own camera, please list the make and model of your microscope so that JoVE can send you a scope kit: Enter Make and Model

[bookmark: Text2]2. Software: Does the part of your protocol being filmed demonstrate software usage? YES or NO
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. As these files are necessary for finalizing your script, please upload all screen captured video files to your project page by your script return date or as soon thereafter as possible.

3. Interview statements: Please select one.
☐ 	Interviewees self-record interview statements. 

☐ 	Interview Statements are read by JoVE’s voiceover talent. 


[bookmark: Text5]3. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: MM/DD/YYYY
When you are ready to submit your video files, please contact our Content Engineer, Devon Halley. 

· To ensure that your video paper meets our publication requirements, the protocol is restricted to 25 steps and/or 55 shots. 

Protocol Length
Number of Steps: 17
Number of Shots: 39

 

Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which will be incorporated into the script. Authors will memorize the statements and then deliver them on camera.
· Enter the full name of the author who will deliver the statement on camera.
· Each author should deliver no more than two statements.
· Fill out both required statements. Additional optional statements may also be selected.
· Please answer in full sentences in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

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

REQUIRED: What is the main advantage of this technique?

1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

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

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?

1.4. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

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

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?

1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

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

OPTIONAL: Why is visual demonstration of this method critical?

1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

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


Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.7. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.[1][2].

1.7.1. INTERVIEW: Author saying the above
1.7.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera

1.8. 

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear as a title onscreen.
· The two-digit numbers (e.g., 2.1., 2.2.) represent steps of your protocol. The text will be recorded by JoVE’s voiceover talent. 
· The three-digit numbers (e.g., 2.1.1., 2.2.2.) represent the shots that your videographer will capture in your lab. 

Please use this draft script to help you prepare for filming day.
· If a step will take more than 10 minutes, we recommend preparing the product for that step in advance.
2. Differentiation and expansion of vmNPCs

2.1. Begin by removing the cell culture medium from the human-induced pluripotent stem cells or hips [1] and wash three times in DMEM and F-12 with glutamax [2]. Replace the media with 2 milliliters of vmNPC induction media [3].

2.1.1. WIDE: Talent removing the cell culture medium.
2.1.2. Talent washing the cells.
2.1.3. Talent replacing the medium.

2.2. Feed the cells with a half media change after 24 hours on alternate days [1] and a full media change at 48 hours [2]. Add a 1x cell supplement such as Revitacell to vmNPCs 1 hour before passaging [3] and prepare 1x basement membrane matrix coated tissue culture plastic [4].

2.2.1. Talent performing a half media change.
2.2.2. Talent performing a full media change.
2.2.3. Talent adding cell supplement to the vmNPCs.
2.2.4. Talent preparing the basement membrane matrix coated tissue culture plastic.

2.3. Remove the media from vmNPCs and wash them two times with Dulbecco’s PBS [1]. Add 1 milliliter of pre-warmed cell detachment solution such as Accutase, per 10-centimeter square culture area [2-TXT]. Place the cells at 37 degrees Celsius for 1 minute [3] and then examine vmNPCs using a phase contrast microscope [4].



2.3.1. Talent washing the cells with Dulbecco’s PBS.
2.3.2. Talent adding the pre-warmed cell detachment solution. TEXT: 1 mL per well of a 6-well plate
2.3.3. Talent incubating the cells at 37 degrees Celsius.
2.3.4. Talent examining the cells using a phase-contrast microscope.

2.4. When the vmNPCs start rounding up, and their processes re-tract and gaps appear in the cell layer, add 100 microliters of cell detachment solution onto the layer of vmNPCs [1]. If vmNPCs readily detach, then gently remove the cell detachment solution [2] 

2.4.1. Talent adding the cell detachment solution.
2.4.2. Talent removing the cell detachment solution.

2.5. Wash the vmNPCs two times with N2B27, adding it down the side of the well or culture vessel and gently swirling to wash, ensuring that the vmNPCs do not detach [1]. Finally, remove the vmNPCs using a pipette by vigorously ejecting vmNPC induction media containing the 1x cell supplement directly onto the cell layer [2].

2.5.1. Talent washing the vmNPCs using N2B27.
2.5.2. Talent vigorously ejecting vmNPC induction media directly onto the cell layer.

2.6. Transfer the detached vmNPCs into a 15-milliliter centrifuge tube [1]. Place the tube in the incubator at 37 degrees Celsius with 5 percent CO2. The vmNPCs should begin to attach to the matrix-coated surface after 20 to 30 minutes [2]. 

2.6.1. Talent transferring the vmNPCs into the centrifuge tube.
2.6.2. Talent placing the tube into the incubator.

2.7. Replace half of the media after 24 hours with fresh vmNPC induction media without cell supplement and continue the feeding schedule as earlier. Continue the regime of feeding and passaging for 10 days [1].

2.7.1. Talent replacing half of the media.

3. Preparing Basement Membrane Matrix and Coating Tissue Culture Plastic

3.1. Remove the basement membrane matrix stock from a -80 degrees Celsius freezer [1] and place it in a 4 degrees Celsius fridge overnight to thaw [2]. Dilute 1 to 10 with ice-cold DMEM and F12 with glutamax [3], aliquot, and store at -80 degrees Celsius as a 10x stock [4].

3.1.1. Talent removing the basement membrane matrix stock from a -80 degrees Celsius freezer.
3.1.2. Talent placing the stock in a 4 degrees Celsius fridge.
3.1.3. Talent diluting the basement membrane matrix stock.
3.1.4. Talent aliquoting the 10x stock.

3.2. When coating plasticware dilute this 10x stock with ice-cold DMEM and F12 with glutamax to 1x for vmNPCs or 0.25x for vmAPCs or vmAstros [1]. Immediately add the stock to the tissue culture plastic at 1 milliliter per 10-centimeter square or 1 milliliter per well of a 6-well plate [2].

3.2.1. Talent diluting the 10x stock.
3.2.2. Talent adding the diluted stock to the tissue culture plastic.

3.3. Place the tissue culture plastic at 37 degrees Celsius for 1 hour [1]. The basement membrane matrix solution should not be removed from plasticware until it is time to add media/cells to ensure the coated plasticware does not dry out [2-TXT]. 

3.3.1. Talent placing the tissue culture plastic for incubation.
3.3.2. A shot of the tissue culture plastic during incubation. TEXT: Washing not required before adding cells


4. Expansion of vmNPCs

4.1. On day 10 of the protocol, replace the induction media with vmNPC expansion media [1]. Feed the cells on alternate days with a half media change after 24 hours and a full media change at 48 hours [2]. Add 1x cell supplement to the vmNPCs 1 hour before passaging and prepare the 1x matrix coated plates or flasks in advance [3].

4.1.1. Talent replacing the induction media with vmNPC expansion media.
4.1.2. Talent performing a half media change.
4.1.3. Talent adding the cell supplement to the vmNPCs.

4.2. Passage the vmNPCs as previously demonstrated, replacing induction media with expansion media. Continue the regime of feeding and passaging for 10 days. The vmNPCs can be expanded up to day 50 [1].

4.2.1. A shot of the tissue culture flasks in the incubator.




5. Differentiation and Expansion of vmAPCs

5.1. Take a confluent vmNPC culture and wash vmNPCs three times in advanced DMEM and F12 to remove traces of the components of vmNPC expansion media [1]. Replace the media with vmAPC expansion media [2].

5.1.1. Talent washing the vmNPC culture.
5.1.2. Talent replacing the media with vmAPC expansion media.

5.2. After 72 hours passage, the vmNPC culture is at a high ratio of 1 to 7.5. Passage the culture using cell detachment solution as described earlier for vmNPC [1]. Resuspend vmNPCs in an appropriate volume of vmAPC expansion media [2-TXT]. Perform media changes every 3 days, or as the cells require [3].

5.2.1. Talent adding the cell detachment solution.
5.2.2. Talent resuspending the vmNPCs in the vmAPCs expansion media. TEXT: 7.5–15 mL media per 75 cm2 flask
5.2.3. Talent changing the media. 

5.3. Expand vmAPCs until they reach day 90 from the hiPSC stage, cryopreserving the vmAPCs at various points in their expansion [1].

5.3.1. A shot of the vmAPC culture flask in the incubator.


6. Generation of Mature vmAstros from vmAPCs

6.1. When vmAPCs reach 80 percent confluency, wash the cells three times with ASTRO media [1] and replace it with vmAstros maturation media. Carry out a complete media change every 3 days, or as the cells require, for 10 days [2]. 

6.1.1. Talent washing the vmAPCs with ASTRO media.
6.1.2. Talent replacing the ASTRO media with vmAstros maturation media.

6.2. vmAstros can now be re-plated for experimental assays, for example, onto coverslips for immunocytochemistry or cryopreserved for future applications [1].

6.2.1. A shot of the vmAPC culture flasks.




Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 247. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 
· Notes in blue italics are for JoVE’s video editor.

7. Results: Generation of Human Ventral Midbrain Astrocytes from Human-Induced Pluripotent Stem Cells
7.1. The ventral midbrain identity of the vmNPCs was confirmed by co-expression of the neural progenitor marker Musashi1 or MSI1 and the ventral midbrain transcription factor FOXA2 [1]. The vmNPCs readily generated midbrain dopamine neurons, which co-expressed FOXA2 and dopaminergic marker tyrosine hydroxylase, or TH [2].

7.1.1. LAB MEDIA: Figure 2A.
7.1.2. LAB MEDIA: Figure 2B.

7.2. Expansion of vmNPCs in the presence of EGF and LIF led to the appearance of vmAPCs [1]. From day 90 onwards of the protocol, vmAPCs were exposed to BMP4 in combination with LIF to induce maturation into vmAstros [2]. 

7.2.1. LAB MEDIA: Figure 2C.
7.2.2. LAB MEDIA: Figure 2D.

7.3. The co-expression of ventral midbrain transcription factors LMX1A [1], LMX1B [2], and FOXA2 with the astrocyte marker S100b was confirmed by immunohistochemistry [3].

7.3.1. LAB MEDIA: Figure 2E.
7.3.2. LAB MEDIA: Figure 2F.
7.3.3. LAB MEDIA: Figure 2G.


7.4. The vmAstros also showed expression of the mature astrocyte marker GFAP [1] and the novel marker CD49f, which has been shown to be specific to mature, functional astrocytes [2].

7.4.1. LAB MEDIA: Figure 2H.
7.4.2. LAB MEDIA: Figure 2I.

7.5. These results confirmed that treatment with BMP4 and LIF induces a mature astrocyte identity [1] and that mature vmAstros maintain the regional ventral midbrain identity acquired in the primary stages of the differentiation protocol [2].

7.5.1. LAB MEDIA: Figure 2E,2F.
7.5.2. LAB MEDIA: Figure 2H, 2I.

7.6. Exposure of vmAstros to the cytokine IL-1a for 24 hours resulted in morphological changes similar to those demonstrated by ex vivo reactive mouse astrocytes, with a large proportion of the vmAstros demonstrating a smaller, rounded cell body with multiple projections [1]. 

7.6.1. LAB MEDIA: Figure 2J, 2K.

7.7. Measurement of IL-6 levels after 24-hour treatment with IL-1a confirmed a large and significant increase in secreted IL-6, thus confirming the vmAstros were demonstrating a reactive phenotype [1].

7.7.1. LAB MEDIA: Figure 2L.







Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Please answer one or two of the statements.
· Each statement is limited to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will give each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
8.1. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Enter step numbers referred to.) 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
8.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words. [1].

8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
8.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words. [1].

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

Thank you for addressing our questions. We will incorporate your answers and suggestions and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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