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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
2. Does your protocol include software usage? (Y/N) N
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
[bookmark: OLE_LINK183][bookmark: OLE_LINK184]1.3. Isolation of PBMNCs
1.4. Expansion of MNCs
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK7][bookmark: OLE_LINK34]2.2. Reprogramming of PBMNCs to iNSCs by SeV Infection
[bookmark: OLE_LINK45]4.5 Conducting surgery to establish unilateral 6-OHDA-lesioned mouse models.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
I think the most difficult aspect of this procedure is reprogramming of PBMNCs to iNSCs by SeV infection and conducting surgery to establish unilateral 6-OHDA-leisioned mouse models. 
5. Will the filming need to take place in multiple locations? (Y/N) N



Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.1. Zhiguo Chen: This protocol describes a method to reprogram blood mononuclear cells to neural stem cells that can be used to treat neurodegenerative diseases, such as Parkinson’s disease [1].
1.1.1. Interview


1.2. Zhiguo Chen: It offers an autologous cell source to treat neurodegenerative diseases. Also, the time frame required for conversion to iNSCs and differentiation to desired cell types is shorter than for iPSCs. iNSCs possess a good proliferative capacity and can be scaled up before application [1]. 
1.2.1. Interview


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


1.3. Wei Zheng: Since the iNSCs can be specified into different region-specific neural cells, such as spinal cord neurons or motor neurons, this method may be extended for treatment of other neurological diseases [1].
1.3.1. Interview


1.4. Wei Zheng: The whole procedure takes a long time, with all steps related and critical. The visual demonstration gives an idea about how the cells look like and provides some tips to ensure a successful generation of the desired cells.
1.4.1. Interview










Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. [bookmark: OLE_LINK53]All procedures must follow the guidelines of institutional human research ethics committee. Informed consent must be obtained from patients or healthy volunteers before blood collection. This protocol was approved by the institution’s human research ethics committee and was performed according to the institution’s guidelines for care and use of animals. 

Section - Protocol
[bookmark: OLE_LINK55]Authors: This is a long protocol, so please make sure to prepare everything in advance. Since your cell culture goes over a period of multiple days, you can prepare multiple plates representing different days of cell culture, just like a cooking show, e.g. you will have a plate for day -14, day -11, day 0 etc...
2. Isolation of PBMNCs (Peripheral Blood Mononuclear Cells)
2.1. [bookmark: OLE_LINK84]To begin, transfer previously isolated peripheral venous blood into a 50 mL conical tube and dilute it with an equal volume of sterile Dulbecco’s PBS [1-TXT]. 
2.1.1. MED: Talent transferring blood into a tube and starts adding D-PBS. TEXT: UV-sterilized bench; 75% alcohol-sterilized surfaces and equipment; autoclaved tips. 
2.2. [bookmark: OLE_LINK35][bookmark: OLE_LINK36]In another 50 mL conical tube prepare 15 mL of sterilized density gradient medium [1]. Tilt the tube at a 45° angle and slowly and carefully lay 30 mL of diluted peripheral blood onto the density gradient medium [2].
2.2.1. CU: Talent preparing sterilized density gradient medium.
2.2.2. CU: Talent tilting the tube and slowly adding peripheral blood on the medium
2.3. Centrifuge the tube at 800 x g for 15 min at room temperature with the centrifuge brake set at “off” position [1]. Aspirate the yellow, upper plasma layer and discard it [2]. Use a 10 mL pipette to transfer the white cloudy thin film layer containing mononuclear cells to a new 50 mL conical tube [3-TXT].
2.3.1. MED: talent placing the tube in the centrifuge.
2.3.2. CU: Talent aspirating the upper layer.
2.3.3. CU: Talent transferring the white cloudy thin film layer to a new tube. TEXT: Mononuclear cells: MNCs
2.4. Add 30 mL of D-PBS to the tube with MNCs (M-N-sees)[1-TXT] and centrifuge at 600 x g for 10 min at 4 °C [2]. After discarding the supernatant add 45 mL of D-PBS and re-suspend the cells [3]. 
2.4.1. MED: Talent adding of D-PBS to the tube with MNCs. TEXT: Dulbecco’s PBS: D-PBS
2.4.2. MED: talent placing the tube in the centrifuge
2.4.3. CU: Talent adding D-PBS to the pellet and starts resuspending.
2.5. After centrifuging the tube at 400 x g for 10 min at 4 °C, discard the supernatant [1]. Re-suspend the cells with 5 mL of D-PBS, count the live cells with the trypan blue exclusion method, set aside the MNCs needed for expansion and freeze the remaining cells for future use [2].
2.5.1. MED: talent placing the tube in the centrifuge
2.5.2. CU: Talent adding D-PBS to the pellet and resuspending.

3. Expansion of MNCs
3.1. [bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK134]On day -14, seed MNCs at a density of 2−3 million cells per milliliter per well of a six-well plate with 1.5 mL of 37 °C-pre-warmed MNC medium [1]. Incubate at 37 °C, 5% CO2 for 2 days [2].
3.1.1. CU: Talent seeding MNCs
3.1.2. MED: Talent placing the plate for incubation.
3.2. [bookmark: OLE_LINK21][bookmark: OLE_LINK22]On day -11, use a sterilized pipette to collect the cells with the medium and transfer to a new 15 mL conical tube [1]. Centrifuge at 250 x g for 5 min at room temperature [2], discard the supernatant and re-suspend the cells in 1 mL of pre-warmed MNC medium [3].
3.2.1. CU: Talent starts collecting cells and transferring into a new tube
3.2.2. MED: talent placing the tube in the centrifuge. Videographer take multiple usable shots, it will be repeated. 
3.2.3. CU: Talent discarding supernatant and starts adding medium.
3.3. [bookmark: OLE_LINK3][bookmark: OLE_LINK4]After counting the viable cells with trypan blue, seed the MNCs at a density of 1,000,000 cells per milliliter in pre-warmed MNC medium in a 6-well plate [1]. Incubate at 37 °C, 5% CO2 for 3 days and repeat cell collecting, centrifuging and plating in MNC medium on days -8 and -4 [2].
3.3.1. CU: Talent seeding the cells. 
3.3.2. MED: Talent placing the plate for incubation

4. [bookmark: OLE_LINK37]Reprogramming of PBMNCs to iNSCs (Induced Neural Stem Cells) by SeV (Sendai Virus) Infection
4.1. Zhiguo Chen: Sendai virus in this procedure is hazardous. And all procedures involving Sendai virus must be performed in a safety cabinet, and all tips and tubes exposed to Sendai virus should be treated with ethanol or bleach before disposal. 
4.1.1. Interview
4.2. [bookmark: OLE_LINK92][bookmark: OLE_LINK93]On day 0, collect the cells in MNC medium and transfer to a 15 mL conical tube [1]. After centrifuging the cells at 200 x g for 5 min [2], aspirate the supernatant and re-suspend the cells with 1 mL of pre-warmed MNC medium [3]. 
4.2.1. MED: Talent collecting the cells and transferring them to a tube. 
4.2.2. Use 3.2.2.
4.2.3. CU: Talent starts adding medium and resuspending.
4.3. Count the viable cells with trypan blue and then re-suspend them with pre-warmed MNC medium [1] to a concentration of 200,000 cells per well in 24-well plates [2].
4.3.1. MED: Talent resuspending the cells in 15 mL tube.
4.3.2. CU: Talent starts plating the cells in a 24-well plate.
4.4. Thaw the tubes containing Sendai Virus removed from -80 °C storage in 37 °C water bath for 5 to 10 seconds, and then leave them to thaw at room temperature [1-TXT]. Once thawed, place them immediately on ice [2].
4.4.1. MED: Talent placing the tubes with SeV in 37 °C water bath and starting the timer. TEXT: SeV encoding human Klf4, Oct3/4, SOX2 and c-MyC
4.4.2. MED: Talent removing the tube from the bench at room temp. and placing them on ice.
4.5. Add the thawed Sendai Virus to the wells of the 24-well plate with MNCs at a multiplicity of infection of 10 [1]. To facilitate the attachment of cells, centrifuge the plates at 1,000 x g for 30 min [2] and after that place the plates in the incubator at 37 °C, 5% CO2 [3]. 
4.5.1. CU: Talent adding virus to the wells.
4.5.2. MED: talent centrifuging the plates.
4.5.3. MED: Talent placing the plates for incubation.
4.6. On day 1, transfer the cells with the medium to a 15 mL centrifuge tube [1]. To further detach the remaining cells, rinse the wells with 1 mL of MNC medium per well and add the cells with medium to the tube [2]. 
4.6.1. CU: Talent transferring cells from the plate to a tube.
4.6.2. MED: Talent rinsing one well and adding to the tube.
4.7. After centrifuging this cell suspension at 200 x g for 5 min, aspirate the supernatant [1], re-suspend the cells with 500 microliters of fresh pre-warmed MNC medium [2] and add to a well of a 24-well plate [3]. 
4.7.1. CU: Talent aspirating the supernatant
4.7.2. CU: Talent resuspending the pellet.
4.7.3. CU: Talent adding resuspended cells to a well.
4.8. On day 2, use 1 mL per well of previously diluted 50 micrograms per microliters poly-D-lysine in D-PBS to coat 6-well plates for at least 2 hours at room temperature [1].
4.8.1. CU: Talent coating one 6-well plate and then starts the timer.
4.9. Aspirate poly-D-lysine from the 6-well plates, and dry on the vertical clean bench for about 10 minutes [1]. Then add 1 mL per well of previously diluted 5 micrograms per milliliter laminin to the 6-well plates and incubate for 4−6 h at 37 °C to coat [2]. Wash the plates with D-PBS before use [3].
4.9.1. CU: Talent aspirating poly-D-lysine from the plate.
4.9.2. CU: Talent adding laminin to the plate.
4.9.3. MED: Talent starts washing the plate.
4.10. On day 3, plate all Sendai Virus-transduced MNCs in induced neural stem cell-medium on the poly-D-lysine-laminin-coated 6-well plates [1-TXT]. On days 5 and 7, gently add 1 mL of 37 °C-pre-warmed iNSC (I-N-S-C) medium to each well of the 6-well plates [2]. 
4.10.1. CU: Talent starts plating the cells on 6-well plate. TEXT: Induced neural stem cell: iNSC
4.10.2. MED: Talent starts adding the medium to the plate.
4.11. [bookmark: OLE_LINK88][bookmark: OLE_LINK94][bookmark: OLE_LINK95]From day 9 to day 28, replace the medium with fresh pre-warmed iNSC medium daily [1]. Monitor the emergence of iNSC colonies and in about 2−3 weeks pick colonies with appropriate morphology using burned glass pipettes [2] and transfer each colony to a separate well of a 6-well plate for expansion [3].
4.11.1. MED: Talent finishes removing the medium and starts adding fresh.
4.11.2. MED: Talent at the microscope starts picking colonies.
4.11.3. MED/SCOPE: Talent transferring colonies. Authors, per your suggestion, if you could provide already captured images/ video of colony transfer, it would be helpful. Thank you.
5. [bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK65]Establishment of Unilateral 6-Hyroxydopamine (6-OHDA)-Lesioned Parkinson’s Disease (PD) Mouse Models
5.1. [bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK39]To establish unilateral 6-hydroxydopamine-lesioned mouse models, shave the head of an anesthetized adult male SCID (S-C-I-D)-beige mouse [1] and apply erythromycin eye ointment [2].
5.1.1. CU: Talent shaving mouse head.
5.1.2. CU: Talent applying eye ointment.
5.2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Place the mouse on the stereotaxic apparatus and fix the mouse with incisor bars [1]. Insert the ear cups correctly to securely and appropriately position the mouse head [2].
5.2.1. CU: Talent placing the mouse on the stereotaxic apparatus and fixing incisor bars.
5.2.2. CU: Talent adjusting ear cups correctly.
5.3. Sterilize the head with povidone iodine and isopropyl alcohol [1] and then use a scalpel blade to make approximately 1.5 cm sagittal incision on the head skin exposing the skull [2]. Adjust the incisor bar and ear bars to reduce the height difference between bregma and lambda to less than 0.1 millimeters [3]. 
5.3.1. CU: Talent sterilizing the head
5.3.2. ECU: Talent making sagittal incision on the head skin exposing the skull
5.3.3. CU: Talent adjusting the incisor bar and ear bars
5.4. Slowly move and lower the tip of the microsyringe needle towards bregma and treat the bregma as a zero point [1]. Move the tip to a position with coordinates of anterior 0.5 millimeters and lateral 2.1 millimeters relative to bregma [2]. Retract the tip, mark the point with a mark pen [3] and with an electronic drill burr a little hole into the skull [4].
5.4.1. ECU: Talent lowering needle towards bregma. 
5.4.2. MED: Talent setting the coordinates.
5.4.3. ECU: Talent retracting the tip and marking the pint.
5.4.4. ECU: Talent burring a little hole into the skull.
5.5. Extract 2 microliters of 5 micrograms per milliliter 6-hydroxydopamine solution into the microsyringe [1]. Return the needle to the point marked [2] and insert the needle to dorsal-ventral 3.2 millimeters [3].
5.5.1. MED: Talent extracting 6-OHDA into microsyringe.
5.5.2. CU: Talent returning the needle to the pint marked.
5.5.3. MED: Talent setting how deep the needle will go.
5.6. Inject the 6-hydroxydopamine solution from the syringe at a rate of 1 microliter per minute, leave the injection needle in place for another 5 min [1] and then retract it slowly [2].
5.6.1. MED: Talent injecting 6-hydroxydopamine solution from the syringe at a slow rate about 1 microliter per minute, lasting 2 min. (Comment: The stereotaxic apparatus we used did not have the button for automatic injection.)Talent pressing the button for injection setting the speed.
5.6.2. CU: Needle retracting.
5.7. After closing the incision with sutures, apply erythromycin eye ointment on the eyes again [1]. Remove the mouse from stereotaxic apparatus and put it in the recovery cage and allow access to food and water until it regains consciousness [2]. 
5.7.1. CU: Talent applying ointment.
5.7.2. MED: Talent removing the mouse and placing it in the recovery cage.




Section – Results
6. Results: Induced Neural Stem Cells Differentiation Toward Dopaminergic Neuron Precursors and Treatment of Parkinson’s Disease Mouse Models
6.1. After PBMNCs were infected with SeV their morphology was changing [1] and cells underwent a drastic death until day 5 [2]. iNSC colonies emerged on day 12 [3]. 
6.1.1. Figure 2 B Video editor emphasize D1 through D5
6.1.2. Figure 2 B Video editor emphasize D5 here
6.1.3. Figure 2 B Video editor emphasize D12 here.
6.2. After picking and transferring iNSC clones for expansion for a number of passages, they showed a good morphology and could self-renew stably in iNSC medium, either in a monolayer form or as spheres [1].
6.2.1. Figure 2 C Video editor emphasize monolayer iNSCs when mentioned, and then sphere iNSCs when mentioned.
6.3. After 24 days of differentiation, iNSCs were identified as dopaminergic neurons, as a majority of them expressed tyrosine hydroxylase, forkhead box A2 and neuron-specific class III β-tubulin markers [1].
6.3.1. Figure 3 Video editor emphasize image representing TH when tyrosine hydroxylase is mentioned, then emphasize image representing FOXA2 when forkhead box A2 is mentioned and emphasize TUJ1 image when neuron-specific class III β-tubulin is mentioned.
6.4. After establishment of unilateral 6-hydroxydopamine-lesioned Parkinson’s disease mouse models, behavioral assessment was conducted to estimate Parkinson’s disease symptoms. The mice that had received cell transplantation showed significant improvement in motor function. 
6.4.1. Figure 4B Video editor emphasize the red curve when VO says “behavioral assessment was conducted to estimate Parkinson’s disease symptoms”. For the second sentence emphasize the blue curve.
6.5. [bookmark: OLE_LINK115][bookmark: OLE_LINK116]The extent of 6-hydroxydopamine-induced lesioning was verified by post-mortem immunofluorescent staining for TH at the striatum, medial forebrain bundle and Substantia nigra pars compacta [1]. The TH-positive signals in were greatly recovered in the striatum where cells were implanted and also mildly recovered at SN [2].
6.5.1. Figure 4C Video editor emphasize in the row under 6-OHDA figures representing striatum, MFB and SN when striatum, medial forebrain bundle and Substantia nigra are mentioned respectively.
6.5.2. Figure 4C Video editor emphasize in the row under 6-OHDA+cells figures representing striatum and SN when mentioned.
6.6. Three months after transplantation, among surviving cells about 13.84% were TH-positive dopaminergic neurons [1]. About 91.72% of the TH-positive cells expressed orphan nuclear receptor, about 86.76%  expressed FOXA2 (fox-A-2), and about 98.77% were co-labeled with G-protein-coupled inward rectifier potassium [2].
6.6.1. Figure 4D,E Video editor emphasize the last column on the graph on 4D.
6.6.2. [bookmark: OLE_LINK113][bookmark: OLE_LINK114]Figure 4D,E Video editor emphasize the column with NURR1 in D and image with NURR1 in E when orphan nuclear receptor is mentioned, and do the same for FOXA2 and G-protein-coupled inward rectifier potassium (GIRK2)




Section - Conclusion
7. [bookmark: _GoBack]Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

7.1. Zhiguo Chen: When laying 30 mL of diluted peripheral blood onto the density gradient medium [1], please do it slowly and carefully not to disturb the gradient interface [2]. Care should be taken to avoid repeated thawing and freezing of Sendai virus to ensure a high virus activity [2]. 
7.1.1. Use 2.2.2.
7.1.2. Interview
7.1.3. Use 4.4.1.
7.2. Zhiguo Chen: When reprogramming PBMNCs to iNSCs please closely observe the morphology of cells every day [1]. Also, 6-OHDA is light and temperature sensitive. Be careful to protect the solution from light and keep it on ice before use [2][3].
7.2.1. Use 4.11.2.
7.2.2. Use 5.5.1.
7.2.3. Interview
7.3. Zhiguo Chen: Following this procedure, one can continue to study the disease mechanisms by using familial PD patient-derived dopaminergic neurons in culture; one can also continue to investigate how the transplanted cells influence the damaged neuronal circuits [1]. 
7.3.1. Interview.

Thank you for following the instructions and addressing our questions. We will incorporate your answers/suggestions and send you the finalized script before your shoot. You will also receive detailed shoot preparation instructions in the email accompanying the finalized script.
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