[bookmark: _Hlk161771130][image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 68032
Scriptwriter Name: Poornima G
Project Page Link: https://review.jove.com/account/file-uploader?src=20749808 

Title: Chemogenetic Regulation in Reprogrammed Stem Cell-Derived Precursor Cells in Treating Neurodegenerative Diseases

Authors and Affiliations: 
Deqiang Han1, Xueyao Wang1, Na Pan2, Shuili Jing1, Zhiguo Chen1

1Cell Therapy Center, Beijing Municipal Geriatric Medical Research Center, Xuanwu Hospital Capital Medical University, National Clinical Research Center for Geriatric Diseases, and Key Laboratory of Neurodegenerative Diseases, Ministry of Education
2The Department of Neurology, Xuanwu Hospital Capital Medical University




Corresponding Authors: 
[bookmark: _Hlk25233958]Deqiang Han						handq@xwhosp.org 
Zhiguo Chen						chenzhiguo@gmail.com 


Email Addresses for All Authors: 
Xueyao Wang						wangxueyao935@sina.com
Na Pan							panna@xwhosp.org
Shuili Jing						shirleymiao.whu@gmail.com
Deqiang Han						handq@xwhosp.org 
Zhiguo Chen						chenzhiguo@gmail.com 



[bookmark: OLE_LINK2]
	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?  Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations? No

Current Protocol Length
Number of Steps:  24
Number of Shots:  52 (9 SC) 

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 


REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Deqiang Han: Our research focuses on elucidating the pathogenic mechanisms underlying neurodegenerative diseases, while integrating advanced technologies to develop effective cell therapy techniques for clinical applications. 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.3.1

What are the most recent developments in your field of research?
1.2. Deqiang Han: Our recent work transplanted chemogenetically-modified stem cells in Parkinson’s disease mouse models. We modulate neuronal activity of grated cells with designer drugs through electrophysiologic monitoring and behavioral evaluation. 
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.5.1

What technologies are currently used to advance research in your field?
1.3. Deqiang Han: We primarily utilize CRISPR for genetic engineering, electrophysiology to monitor neural activity, and behavioral assays to evaluate functional recovery in Parkinson’s disease models. 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.6.2

What are the current experimental challenges?
1.4. Deqiang Han: The efficacy of graft cells relies on proper integration, survival, and functional contribution to host tissues in Stem cell-based therapy treating neurodegenerative diseases. Uncontrolled cellular activity can lead to negative consequences, including tumorigenesis. 
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.1.1



What advantage does your protocol offer compared to other techniques?
1.5. Shuili Jing: Leveraging DREADD technology in human reprogrammed stem cells and derived neurons provides a means to precisely control neuronal activity via the administration of the designer drug CNO.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 5.3.1




Videographer: Obtain headshots for all authors available at the filming location.


Ethics Title Card
This research has been approved by the Laboratory Animal Ethics Committee at the Xuanwu Hospital Capital Medical University 
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2. Construction of Non-Fusion Designer Receptors Exclusively Activated by Designer Drugs (DREADD) Stem-Based Cell Lines
Demonstrator: Deqiang Han 

2.1. To begin, gently mix 50 to 100 nanograms of the linearized vector, Fragment I (1), and Fragment II (2) in a 1 to 3 to 3 molar ratio along with 2X Cloning Mix [1]. Incubate the mixture at 55 degrees Celsius for 1 hour to facilitate homologous recombination using Gibson Assembly [2].  
2.1.1. WIDE: Talent pipetting linearized vector, Fragment I, Fragment II, and 2X Cloning Mix into a tube.  
2.1.2. Talent placing the tube into a heat block or incubator set to 55 degrees Celsius.  

2.2. Insert the guide RNA targeting the AAVS1 site into the BbsI (B-B-S-1) site of the pX458 (p-X-four fifty-eight) vector [1].  
2.2.1. Talent pipetting guide RNA and pX458 vector into a reaction tube for ligation.  

2.3. Maintain the reprogrammed stem cells in culture media aiming for a cell density between 2 to 5 million cells per milliliter [1].  
2.3.1. Talent placing the sample in the incubator.  

2.4. Now, mix 2 to 5 million cells, 2 micrograms of each donor plasmid, and 2 micrograms of gRNA plasmid in 100 microliters of electroporation buffer [1-TXT]. Transfer the cell and plasmid mixture into a cuvette [2] to perform electroporation [3].  
2.4.1. Talent pipetting the cells and plasmids into an electroporation buffer tube.  TXT: Donor plasmid: hM4Di-T2A-ZsGreen or hM3Dq-T2A-ZsGreen
2.4.2. Talent transferring the mixture into a cuvette.
2.4.3. Talent placing the cuvette in electroporator.
`
2.5. Next, transfer the electroporated cells into six-well plates that have been coated with poly-D-lysine and laminin [1]. Distribute approximately 500,000 cells per well in 2 milliliters of culture medium [2].  
2.5.1. Talent pipetting the electroporated cells into six-well plates.  
2.5.2. Talent adding culture medium into each well.  

2.6. After 72 hours of electroporation, use a flow cytometer to sort fluorescent positive cells [1]. Configure the sorter with the FITC channel for ZsGreen (Zees-Green) detection [2]. Include untreated induced neural stem cells as negative controls to define the baseline fluorescence [3].  
2.6.1. Talent placing cell samples into the flow cytometer.  
2.6.2. SCREEN: Select FITC channel to detect ZsGreen fluorescence. 
2.6.3. SCREEN: Display untreated control fluorescence and set gating threshold.  

[bookmark: _Hlk162020732][bookmark: _Hlk162020892][bookmark: _Hlk193835555][bookmark: _Hlk194653731]Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible (download the guidelines from the link given in the email): https://review.jove.com/account/file-uploader?src=20749808 

2.7. Plate single ZsGreen-positive cells into 96-well plates precoated with poly-D-lysine and laminin [1] and add 200 microliters of culture medium per well [2]. Maintain the culture for 7 to 14 days [3].  
2.7.1. Talent seeding individual cells into 96-well plate wells.  
2.7.2. Talent pipetting culture medium into the wells.
2.7.3. Talent placing the plate in an incubator.  

2.8. Isolate single clones exhibiting fluorescence using an inverted fluorescence microscope equipped with a green fluorescent protein filter set [1].  
2.8.1. Talent viewing the sample under a fluorescent microscope.   

2.9. After expanding the positive cells on coated 48-well plates [1], split them into two parts: one for continued culture and the other for genotyping [2].  
2.9.1. Talent removing the 48-well plate from the incubator.  
2.9.2. Talent dividing cells into two sets for different downstream processes.  

2.10. Extract genomic DNA from the candidate clones [1]. Prepare PCR mix using two primer pairs: one to confirm insertion of the gene of interest and another to distinguish between homozygous and heterozygous clones [2].  
2.10.1. Talent using extraction kit or reagents to isolate genomic DNA.  
2.10.2. Talent pipetting primers and DNA into PCR tubes.  

2.11. Digest the cells, wash them in PBS [1] and centrifuge at 250 g for 3 minutes [2].  
2.11.1. Talent pipetting PBS into the tube.
2.11.2. Talent placing tube in a centrifuge and setting speed and time.  

3. Transplanting DREADD Stem Cell-Derived Precursor Cells into Parkinson's Disease (PD) Model Mice
Demonstrator: Shuili Jing 
3.1. Conduct unilateral stereotaxic injections of 3 microliters of 6-hydroxydopamine at a concentration of 5 micrograms per microliter on the anesthetized animal [1-TXT]. Target the right corpus striatum using the correct coordinates [2-TXT].  
3.1.1. Talent loading stereotaxic syringe with 6-hydroxydopamine.  TXT: Anesthesia: 2% Isoflurane
3.1.2. Talent positioning the syringe and injecting into the specified brain region. TXT: Coordinates: Anteroposterior = 0.5 mm; Lateral = 2.1 mm; Vertical = –3.2 mm

3.2. Administer an intraperitoneal injection of apomorphine at 1 milligram per kilogram using a 0.5 milligram per milliliter solution dissolved in saline, 4 weeks after the surgery to validate the lesions [1]. Select lesioned mice that exhibit more than 100 contralateral rotations within a 30-minute observation period for inclusion in subsequent experiments [2].  
3.2.1. Talent injecting apomorphine intraperitoneally into the mouse using a syringe.  
3.2.2. Talent observing and recording rotational behavior of lesioned mice.
[bookmark: OLE_LINK14](Jove68032_Labmedia_Step3.2.2.RotationBehavior)  

3.3. Administer a stereotaxic injection of 4 microliters of the prepared cell suspension into the Parkinson’s disease mouse model [1-TXT].  
3.3.1. Talent performing stereotaxic injection with mounted syringe into the mouse.  TXT: Refer to the text manuscript for cell suspension preparation

3.4. [bookmark: OLE_LINK5]Perform the cylinder test at multiple time points following cell transplantation [1]. Place a glass beaker with 20-centimeter diameter and 30-centimeter height on a flat, non-reflective surface [2]. Then, position a top-view camera above the cylinder to capture the full diameter [3].  
3.4.1. Talent gathering a glass beaker and camera.  
3.4.2. Talent aligning the beaker centrally on the flat surface.  
3.4.3. Talent positioning the camera directly above the beaker setup.  

3.5. Place each mouse in the center of the cylinder [1] and initiate simultaneous video recording for 3 minutes per session [2]. After the session, return the mouse to its home cage [3].  
3.5.1. [bookmark: _Hlk164193060][bookmark: _Hlk159527170]Talent gently placing a mouse into the cylinder.  Videographer: Please obtain multiple reusable shots for this step. It will be used again in 3.7.2
3.5.2. Talent starting the camera.
3.5.3. Talent placing the mouse in its cage.  

3.6. Assess upper limb movement of the mice during the 3-minute session [1]. Calculate the number of wall contacts made by the impaired forelimb relative to the total contacts made by both forelimbs [2].  
3.6.1. SCREEN: Playback video recording while annotating wall contacts for each forelimb.  
3.6.2. SCREEN: Spreadsheet displaying contact count and calculated ratios.  

3.7. Administer either saline or clozapine-N-oxide at a dosage of 1.2 milligrams per kilogram via intraperitoneal injection [1]. Conduct the cylinder test again to assess behavioral modulation in the Parkinson’s disease mouse model following clozapine-N-oxide administration [2].  
3.7.1. Talent performing the injection with labeled syringe.  
3.7.2. Reuse 3.5.1  

4. [bookmark: OLE_LINK18]In Vivo Electrophysiological Profiling of Chemogenetically Modulated Cells 

Demonstrator: Na Pan 
4.1. After extracting the brain from the anesthetized animal [1] and immediately place it in ice-cold sucrose-based artificial cerebrospinal fluid to preserve cellular integrity [2]. Using a vibratome, slice the brain into sections of 300 to 400 micrometers thickness [3].  
4.1.1. Talent holding the dissected brain. Authors, please do not show the anesthetized mouse or the dissection procedure here. Let us only show the isolated brain for this step.  
4.1.2. Talent placing the brain in artificial CSF.
4.1.3. Talent slicing brain using a vibratome.  

4.2. Adjust gas input settings to equilibrate with 95 percent oxygen and 5 percent carbon dioxide at 34 degrees Celsius [2]. Transfer the brain slices to a chamber filled with artificial cerebrospinal fluid [1] equilibrated with 95 percent oxygen and 5 percent carbon dioxide at 34 degrees Celsius [2].  
4.2.2 [bookmark: OLE_LINK12]Talent adjusting gas input settings. (move from below) 

4.2.1. Talent gently placing slices into the pre-warmed chamber.
4.2.2. Talent adjusting gas input settings.  

4.3. Load glass pipettes with iced intracellular solution, ensuring electrode resistance is between 7 to 10 megaohms [1]. Mount slices in a submerged recording chamber superfused at 2 milliliters per minute with oxygenated artificial cerebrospinal fluid at 34 degrees Celsius [2].  
4.3.1. Talent filling pipettes with intracellular solution and checking resistance.  
4.3.2. Talent mounting the slices and adjusting superfusion setup.  

4.4. Position pipettes using motorized micromanipulators under infrared differential interference contrast microscopy [1]. Establish whole-cell configuration using gentle suction to patched neurons with resistance greater than 1 gigaohm [2]. Clamp the cells at minus 70 millivolts using a patch-clamp amplifier [3] and acquire baseline spontaneous excitatory postsynaptic currents for 8 minutes at 10 kilohertz sampling rate [4].  
4.4.1. Talent using micromanipulators to bring pipette into contact with neurons.  
4.4.2. SCREEN: establishing whole cell configuration..  
4.4.3. SCREEN: Clamping the cells at minus 70 millivolts using a patch-clamp amplifier.
4.4.4. SCREEN: Display of baseline sEPSCs trace and voltage clamp settings.  

4.5. Add 50 micromolar clozapine-N-oxide to the recording chamber immediately after the baseline measurement [1]. Continue recording data for 16 minutes and monitor changes in spontaneous excitatory postsynaptic current frequency or amplitude [2].  
4.5.1. Talent injecting clozapine-N-oxide solution into the chamber.  
4.5.2. SCREEN: Live trace showing alterations in sEPSC profile over time.  

4.6. Finally, perform a washout procedure by replacing the clozapine-N-oxide solution with fresh artificial cerebrospinal fluid [1] and continue recording to evaluate recovery in synaptic activity [2].  
4.6.1. Talent flushing the chamber with fresh ACSF using perfusion system.  
4.6.2. SCREEN: Time-lapse recording showing return to baseline synaptic activity.

[bookmark: OLE_LINK6]Results
5. Representative Results 

5.1. Chemogenetic modulation using clozapine N-oxide reduced contralateral forelimb movement in hM4Di-transplanted mice [1] and increased it in hM3Dq-transplanted mice compared to saline treatment, demonstrating bidirectional behavioral control [2].
5.1.1. LAB MEDIA: Figure 3A. Video editor: Highlight the bar for the hM4Di group under CNO treatment 
5.1.2. LAB MEDIA: Figure 3A. Video editor: Highlight the bar for hM3Dq group under CNO.

5.2. Electrophysiological recordings revealed that hM4Di-transplanted cells had longer intervals and smaller peak amplitudes in spontaneous excitatory postsynaptic currents [1], while hM3Dq-transplanted cells had shorter intervals and larger amplitudes, indicating respective suppression and enhancement of synaptic activity [2].
5.2.1. LAB MEDIA: Figure 3B-D. Video editor: Highlight the graphs showing hM4Di group under “CNO” .
5.2.2. LAB MEDIA: Figure 3B-D. Video editor: Highlight the graphs for hM3Dq group under CNO.

5.3. Immunofluorescence analysis confirmed the in vivo expression of tyrosine hydroxylase and ZsGreen in the transplanted hM4Di and hM3Dq cells, supporting successful graft integration [1].
5.3.1. LAB MEDIA: Figure 3E-F. 
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