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Author Questionnaire 
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  no  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  no

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

4. Filming location: Will the filming need to take place in multiple locations?   no

Current Protocol Length

Number of Steps:  24
Number of Shots:  41

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Benedetta Assetta: The protocols described here are expected to facilitate future studies on oligodendroglial defects in the pathogenesis of neurodegeneration.	Comment by Anastasia Gomez: Authors: Benedetta, Ryan, and Kevin will be introduced with a text overlay as their interview statements are delivered, so we don’t need to include an introduction of demonstrator statement.

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

1.2. Ryan O’Rourke: This is an improved method that can be used to generate functional human oligodendrocyte lineage cells in only three to four weeks and establish a co-culture system to model the neuron-oligodendrocyte connections.

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


OPTIONAL: 

1.3. Kevin Connolly: The protocol can be used to study not only Alzheimer’s disease, but any other disease associated aspect of the neuron-oligodendrocytes interactions. 

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


1.4. 

Protocol
2. Human Neuron Induction from Human Pluripotent Stem Cells
2.1. To begin, plate approximately 1 million HEK293T cells in each T75 flask to achieve 40% confluency [1], then transfect them with plasmids expressing tetracycline-inducible Ngn2 and puromycin-resistant Tetracycline transactivator gene along with the three helper plasmids. Use PEI for transfection [2-TXT]. Change the media after 16 hours [3]. 
2.1.1. WIDE: Establishing shot of talent plating cells. 
2.1.2. Talent adding transfection reagents to cells. TEXT: Helper plasmids: pRSV-REV, pMDLg/pRRE, and VSV-G
2.1.3. Talent changing media. 
2.2. Harvest released viral particles by collecting culture media every day and replacing it with fresh media for 3 days [1]. Pool the collected media for purification [2], then filter the virus through a 0.22-micrometer filter [3] and centrifuge at 49,000 x g for 90 minutes [4]. 
2.2.1. Talent collecting culture media. 
2.2.2. Talent adding culture media to a pool of previously collected media. 
2.2.3. Talent filtering the media. 
2.2.4. Talent putting the filtrate into the centrifuge and closing the lid.
2.3. After centrifugation, resuspend the pellet in the appropriate volume of PBS-glucose [1].
2.3.1. Talent resuspending the cells, with the PBS-glucose container in the shot. 
2.4. Use commercially available H1 human ES cells to perform neuron induction. Culture the cells on extracellular matrix solution-coated 6-well plates with ES cell maintenance medium [1] and incubate the plates at 37 degrees Celsius with 5% carbon dioxide [2].
2.4.1. Talent seeding cells into a few wells. 
2.4.2. Talent putting the plate in the incubator and closing the door.
2.5. Two days before induction of differentiation, detach ES cells by adding 1 milliliter of cell detachment solution and incubating at room temperature for 10 minutes [1]. Transfer the cells to a tube [2], then wash the well with 2 milliliters of media and add it to the same tube [3]. 
2.5.1. Talent adding detachment solution to the cells. 
2.5.2. Talent transferring cells to a tube. 
2.5.3. Talent washing a well with media.
2.6. Centrifuge the cells at 300 x g for 5 minutes [1], then resuspend the pellet in media [2] and plate the cells onto matrix coated 6-well plates at the seeding density of 1 x 105 cells per well [3].
2.6.1. Talent putting the tube in the centrifuge and closing the lid. 
2.6.2. Talent resuspending the cells in media. 
2.6.3. Talent adding cells to a few wells.
2.7. On the next day, add lentiviruses expressing Ngn2 plus PuroR (pronounce ‘pure-oh-R’) and Tetracycline transactivator together with polybrene in fresh ES cell maintenance medium [1]. 
2.7.1. Talent adding lentivirus to the cells. 
2.8. On Day 0, add 2 micrograms per milliliter Doxycycline in DMEM-F12 medium, supplemented with N2 and without morphogens [1].
2.8.1. Talent adding doxycycline to cells, with the doxycycline container in the shot.
2.9. On Day 1, add Puromycin in fresh DMEM-F12 plus N2 and doxycycline to the final concentration of 1 microgram per milliliter. Select the transduced cells in Puromycin for at least 24 hours [1].
2.9.1. Talent changing cell medium. 
2.10. On Day 2, detach differentiating neurons with cell detachment solution and re-plate them on 24-well plates coated with matrix solution [1-TXT]. Maintain them in NBA-B27 medium without doxycycline. Culture pure induced neurons on the plates coated with extracellular matrix-based solutions [2].
2.10.1. Talent plating cells onto the 24-well plate. TEXT: 80,000–200,000 cells/well
2.10.2. Talent putting the plate of cells in the incubator and closing the door.
3. Human Oligodendrocyte Precursor Cell (OPCs) Induction from Pluripotent Stem Cells and Oligodendrocyte Maturation
3.1. To perform neural progenitor cell generation, culture H1 human ES cells and trans-differentiate them into neural progenitor cells as described in the text manuscript [1].
3.1.1. Talent taking the ES cells out of the incubator.
3.2. On Day negative 1, seed 0.5 to 1 million cells in ES cell maintenance medium into each well of a 6-well plate coated with growth factor reduced matrix solution [1]. 
3.2.1. Talent adding cells to a few wells.
3.3. On Day 0, treat cells for 24 hours with ES cell maintenance medium supplemented with 2% DMSO [1].
3.3.1. Talent adding maintenance medium with DMSO to the cells, with the medium container labeled and in the shot.
3.4. On Days 1 through 6, change the full media with warm neural induction medium containing SMAD (pronounce ‘smad’) inhibitors from a commercial kit [1]. 
3.4.1. Talent adding fresh medium to the cells, with the medium container in the shot.
3.5. On Day 7, passage NPCs using cell detachment solution and plate them at a seeding density of 1 to 2 x 105 cells per well of a 24-well plate [1]. Assay the differentiation efficiency by immunohistochemical staining for absence of pluripotency marker and presence of NPC markers [2]. Videographer: This step is difficult!
3.5.1. Talent adding cells to a few wells.
3.5.2. Talent at the fluorescence microscope imaging cells.
3.6. To generate oligodendrocyte precursor cells, plate the NPCs in warm neural induction medium with SMAD inhibitors from a commercial kit [1]. 
3.6.1. Talent plating NPCs.
3.7. On Day 8, prepare a solution of 1% DMSO in the OPC differentiation medium [1] and treat the plated NPCs for 24 hours [2].
3.7.1. Talent preparing the 1% DMSO solution. 
3.7.2. Talent adding the DMSO solution to the cells.
3.8. On Day 9, replace the media with fresh OPC differentiation medium without DMSO, then feed the cells every other day until Day 15 [1]. If the cells reach confluence before Day 15, passage them to the seeding density of 1 to 2 x 105 cells per well [2].
3.8.1. Talent replacing media. 
3.8.2. Talent observing cells under the microscope.
3.9. On Day 14, plate OPCs in OPC differentiation medium at a density of 1 to 2 x 105 cells per well in a 24-well plate [1]. Test cells for the presence of OPC-specific markers by IHC staining or qPCR and for the absence of NPC markers [2]. 
3.9.1. Talent adding cells to a few wells. 
3.9.2. LAB MEDIA: Figure 2 B. 
3.10. On Day 15, replace media with OL maturation medium. Change the medium every other day or every day [1].
3.10.1. Talent adding OL maturation medium to the cells, with the medium container in the shot.
3.11. When cells reach 90% confluence, split them at a 1 to 3 ratio for up to 2 passages or until cell division slows down substantially [1]. If OPCs divide too fast and reach confluency in less than 3 days, add Ara-C (pronounce ‘ara-C’) at a concentration of 2 to 5 micromolar for 1 to 3 days [2]. 
3.11.1. Talent splitting cells. 
3.11.2. Talent adding Ara-C to the cells.

4. Co-culturing of human induced neurons (iNs) and oligodendrocyte precursor cells (iOPCs)
4.1. On Day 14, plate iOPCs at a density of 1 x 105 cells per well in a 24-well plate in OPC differentiation medium [1]. Videographer: This step is difficult!
4.1.1. Talent plating the cells. 
4.2. On the next day, detach the induced human neurons with cell detachment solution [1]. Add neurons onto the cultured OPCs, plating at the seeding density of 2 x 105 cells per well. Use co-culture medium containing Neurobasal-A medium, 2% B27 supplement, and 100 nanograms per milliliter T3 triiodothyronine [2]. Videographer: This step is difficult!
4.2.1. Talent adding detachment solution to neurons.
4.2.2. Talent adding neurons to OPCs.
4.3. Change the medium on the next day and then every other day. If OPCs proliferate too fast and reach confluency in less than 3 days, add 2 to 5 micromolar Ara-C [1].
4.3.1. Talent changing the medium. 




Results
5. Results: Direct Generation of Human Induced Neurons from Human Pluripotent Stem Cells 
5.1. It is important that the starting human pluripotent stem cells exhibit a high degree of pluripotency for successful generation of induced neurons or OPCs and oligodendrocytes [1]. Therefore, cells should be stained for specific markers, such as Oct4 (pronounce ‘oct-4’) and SOX2 (‘socks-2’), before starting either of the induction protocols [2].
5.1.1. LAB MEDIA: Figure 1 B, just the brightfield (black/white) image. 
5.1.2. LAB MEDIA: Figure 1 B, just the immunofluorescence images. 
5.2. Human H1 cells were used to obtain induced excitatory forebrain neurons [1]. Pure neurons in culture started expressing synapsin1 at Day 14 to 16 [2].
5.2.1. LAB MEDIA: Figure 1 C. 
5.2.2. LAB MEDIA: Figure 1 D. 
5.3. iOPCs were generated in 2 weeks and mature oligodendrocytes in 4 to 5 weeks [1]. DMSO treatment enriched the number of cells in the early G1 phase for better signaling integration [2]. Specific OPC markers were detected as early as 2 weeks after plating of ES H1 cells [3].
5.3.1. LAB MEDIA: Figure 2 A.
5.3.2. LAB MEDIA: Figure 2 A. Video Editor: Emphasize the DMSO treatments on the timeline. 
5.3.3. LAB MEDIA: Figure 2 B and E. Video Editor: Emphasize the OPC marker section of E. 
5.4. The iOPC population at 2 weeks was fairly homogenous, with over 95% of cells positive for O4 staining and a high level of immunoreactivity for other markers [1]. After initiation of oligodendrocyte maturation, specific oligodendrocyte markers were detected starting at Day 28 [2].
5.4.1. LAB MEDIA: Figure 2 B. 
5.4.2. LAB MEDIA: Figure 2 B and E. Video Editor: Emphasize the OL marker section of E.
5.5. The ideal plating densities for induced neurons and iOPCs need to be determined with a series of cell number titrations to achieve proper differentiation [1]. After 4 weeks in co-cultures, the iOPCs should be adequately differentiated into oligodendrocytes that are positive for specific markers such as MBP [2].
5.5.1. LAB MEDIA: Figure 3 A. 
5.5.2. LAB MEDIA: Figure 3 B. 
5.6. This co-culture system can robustly boost the number of synapses, indicating that the iOPCs provide a neuronal support through physical contact or release of trophic factors [1]. 
5.6.1. LAB MEDIA: Figure 3 C. 






Conclusion
6. [bookmark: _Hlk27388131]Conclusion Interview Statements

6.1. Benedetta Assetta: This described procedure can be further sophisticated by adding different brain cell types, for example, stem cell-derived human astrocytes, to model novel aspects of neuron-glial interactions in health and disease. 

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