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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
☐ Correct 
☐ Incorrect 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
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.

[bookmark: Text5]4. 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

DO NOT use this draft script for filming. Please wait until your script is finalized to begin the filming process. 
When you are ready to submit your video files, please contact our China Location Producer, Yuan Yue.

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length

Number of Steps:  25
Number of Shots:  56 

Introduction 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer up to 2 introduction and up to 3 conclusion questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Answer in full sentences, the questions will not be displayed in the video. 
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

INTRODUCTION:

What is the scope of your research? What questions are you trying to 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 20 or fewer words.

What are the most recent developments in your field of research?
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 20 or fewer words.
What technologies are currently used to advance research in your field?
1.3. 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 20 or fewer words.
What are the current experimental challenges?
1.4. 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 20 or fewer words.

CONCLUSION:

What significant findings have you established in your field?
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 20 or fewer words.

What research gap are you addressing with your protocol?
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 20 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. 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 20 or fewer words.
How will your findings advance research in your field?
1.8. 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 20 or fewer words.
What new scientific questions have your results paved the way for?
1.9. 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 20 or fewer words.
What questions will future research focus on?
1.10. 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 20 or fewer words.



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that you/your videographer will capture. 

2. Feeder-Free Pluripotent Stem Cells Culture
Demonstrator: Click here to enter name of demonstrator(s)

2.1. To begin, dilute the thawed Matrigel in pre-cooled DMEM-F12 according to the manufacturer’s instructions [1]. Coat each well of a 6-well culture plate with 1 milliliter of diluted Matrigel [2] and incubate the plate at 4 degrees Celsius overnight [3].
2.1.1. WIDE: Talent pipetting pre-cooled Dulbecco's Modified Eagle Medium F12 to dilute the thawed Matrigel.
2.1.2. Talent adding Matrigel to each well of a 6-well plate.
2.1.3. Talent placing the plate into a refrigerator set at 4 degrees Celsius.

2.2. Maintain feeder-free H9 human embryonic stem cells on the Matrigel-coated plate with 2 milliliters of mTeSR1 (m-Tea-S-R-1) medium per well in a 5 percent carbon dioxide incubator at 37 degrees Celsius [1-TXT]. 
2.2.1. Talent placing Matrigel-coated plates into a carbon dioxide incubator set at 37 degrees Celsius. TXT: Replace with fresh medium daily until the cells reach 80% confluency

2.3. To passage the human embryonic stem cells, aspirate the culture supernatant [1] and add 1 milliliter of 0.5 millimolar EDTA to each well [2]. Incubate the cells at 37 degrees Celsius for 4 minutes [3], then remove the EDTA solution [4]. 
2.3.1. Talent aspirating the culture medium from the cell culture plate.
2.3.2. Talent pipetting 1 milliliter of 0.5 millimolar EDTA solution into each well.
2.3.3. Talent placing the plate inside an incubator set to 37 degrees Celsius.
2.3.4. Talent removing the EDTA solution from the wells.

2.4. Add fresh mTeSR1 medium to dislodge the cells from the plate [1], and gently pipette them up and down to form clusters of approximately 20 to 50 cells each [2]. Plate the suitable cell clusters, splitting at a ratio of 1 to 5 or 1 to 10, into new Matrigel-coated wells containing 2 milliliters of fresh mTeSR1 medium and incubate [3-TXT].
2.4.1. Talent applying fresh mTeSR1 medium to dislodge the cells from the plate.
2.4.2. Talent pipetting the cells up and down gently to form small clusters.
2.4.3. Talent adding the cell clusters into new Matrigel-coated wells with mTeSR1 medium. TXT: 5% CO2; 37 °C


3. Generation and Culture of Cerebral Organoids
Demonstrator: Click here to enter name of demonstrator(s)

3.1. After the human embryonic stem cells reach 80% confluency, discard the medium and incubate the cells with 1 milliliter of 0.5 millimolar EDTA solution at 37 degrees Celsius for 4 minutes [1]. Remove the EDTA solution [2], then add 500 microliters of cell detachment solution and incubate again at 37 degrees Celsius for 4 minutes [3]. 
3.1.1. Talent placing the sample in the incubator.
3.1.2. Talent removing the EDTA solution after incubation.
3.1.3. Talent adding cell detachment solution.

3.2. Add 500 microliters of mTeSR1 culture medium to the cells and gently pipette to obtain a single-cell suspension [1].
3.2.1. Talent adding mTeSR1 medium into the same wells and pipetting up and down.

3.3. Next, centrifuge the cells at 200 g for 2 minutes at room temperature [1]. After aspirating the supernatant, resuspend the cell pellet in 1 milliliter of mTeSR1 medium containing 10 micromolar ROCK (rock) inhibitor [2-TXT].
3.3.1. Talent loading the tubes into the centrifuge.
3.3.2. Talent resuspending the cell pellet in mTeSR1 medium with ROCK inhibitor. TXT: Count the cells using trypan blue staining

3.4. Resuspend the cells in mTeSR1 medium with 100 micromolar ROCK inhibitor at a concentration of 9000 live cells per 150 microliters [1]. Plate 150 microliters into each well of a 96-well ultra-low attachment U-bottom plate [2], and incubate the plate in a 5 percent carbon dioxide incubator at 37 degrees Celsius [3].
3.4.1. Talent preparing cell suspension with ROCK inhibitor.
3.4.2. Talent pipetting cell suspension into a 96-well plate.
3.4.3. Talent placing the plate into the incubator.

3.5. Replace the spent medium with fresh ones on days 3, 5 and 6 [1-TXT].
3.5.1. TEXT ON PLAIN BACKGROUND:
· Day 3: 150 μL fresh mTeSR1 medium (without RI)
· Day 5 or 6: mTeSR1 with 150 μL NI medium for neuroepithelial cell expansion
· Every 2 days (for 6 days): Exchange with fresh NI medium

3.6. On Day 11 or 12, transfer aggregates onto dimpled Parafilm and remove excess medium [1]. Resuspend each aggregate in approximately 20 microliters of pre-thawed Matrigel [2] and using a pipette tip, position each aggregate at the center of the droplet [3].
3.6.1. Talent transferring aggregates onto dimpled Parafilm and removing medium.
3.6.2. Talent pipetting Matrigel droplets over each aggregate.
3.6.3. Talent using a pipette tip to center aggregates within droplets.

3.7.  Place the Parafilm sheet in a 10-centimeter dish and incubate at 37 degrees Celsius for 30 minutes for Matrigel polymerization [1]. After polymerization, add improved differentiation medium without Vitamin A and gently agitate the dish until the Matrigel droplets detach [2].
3.7.1. Talent placing the Parafilm sheet in a 10-centimeter dish for incubation.
3.7.2. Talent adding improved differentiation medium without Vitamin A and gently swirling the dish to detach the droplets.

3.8. Now, culture aggregates in a 5 percent carbon dioxide incubator at 37 degrees Celsius without shaking [1]. Replace the medium with fresh improved differentiation medium without Vitamin A on Day 16 [2].
3.8.1. Talent placing culture dish into the incubator.
3.8.2. Talent aspirating medium and adding fresh medium on Day 16.

3.9. On Day 21, replace the medium with 10 milliliters of improved neural differentiation medium containing Vitamin A [1] and place the culture dish on an orbital shaker set at 60 revolutions per minute inside the incubator [2-TXT].
3.9.1. Talent pipetting new Vitamin A-containing differentiation medium into the culture dish.
3.9.2. Talent placing the dish on an orbital shaker inside the incubator. TXT: change the medium every 4 to 5 days




4. Genetic Engineering of Organoids via Nucleofection
Demonstrator: Click here to enter name of demonstrator(s)
4.1. Collect 10 to 15 aggregates from the end of neural induction into a 1.5 milliliter Eppendorf tube [1-TXT]. After removing the culture medium, wash the aggregates once with DPBS [2], and resuspend them in 200 microliters of the prepared plasmid cocktail [3-TXT]. Transfer the mixture into the rectangular chamber in the Petri dish containing the platinum electrode and electroporate [4-TXT].
4.1.1. Talent using a pipette to collect 10 to 15 neural aggregates into a 1.5 milliliter Eppendorf tube.
4.1.2. Talent adding the aggregates with Dulbecco’s PBS.
4.1.3. Talent resuspending aggregates in 200 microliters of plasmid cocktail by pipetting up and down. TXT: Plasmid cocktail: 1 µg pCAG-SB100X transposase vector; 2 µg of each transposon donor vector; 2 µg of CRISPR-Cas9 vectors with 200 μL DPBS (without Ca²⁺ and Mg²⁺)
4.1.4. Talent transferring the resuspended aggregates into the rectangular chamber equipped with platinum electrodes. TXT: Electroporation: 2 pulses; 85 V; 50 ms duration; 1 s interval

4.2. After electroporation, gently add 1 milliliter of neural induction medium to the aggregates within the nucleofection chamber [1]. Resuspend the aggregates carefully and transfer the suspension into a 6-centimeter culture dish containing fresh neural induction medium [2]. Incubate the dish overnight at 37 degrees Celsius in a 5 percent carbon dioxide incubator [3].
4.2.1. Talent pipetting neural induction medium into the electroporation chamber.
4.2.2. Talent transferring the aggregate suspension into a 6-centimeter culture dish containing fresh medium.
4.2.3. Talent placing the dish inside a carbon dioxide incubator set to 37 degrees Celsius.
4.3. Embed the aggregates into Matrigel and maintain them under standard organoid culture conditions [1] and Monitor the expansion of GFP+ cells in cerebral organoids during culturing [2].
4.3.1. Talent embedding aggregates into Matrigel droplets. TXT: 
4.3.2. TEXT ON PLAIN BACKGROUND:
· Zeroing: Use an untreated organoid to set baseline fluorescence
· Locate GFP: Reposition treated organoids with a pipette tip to find green fluorescence
· Image: Capture under fluorescence microscope
· Analyze: Quantify GFP intensity and area using ImageJ/Fiji
· Repeat: At 1 day, 1 week, 2 weeks, 1 month, 2 months, and 4 months post-electroporation

 


5. Immunofluorescence Staining
Demonstrator: Click here to enter name of demonstrator(s)

5.1. After cryosectioning the organoids, allow the sections to air-dry at room temperature for 10 to 15 minutes [1]. Place a beaker containing antigen retrieval solution into a microwave and heat for 5 minutes until it reaches approximately 95 degrees Celsius [2-TXT].
5.1.1. Talent placing cryosection slides on a bench to air-dry.
5.1.2. Talent heating a beaker of antigen retrieval solution in a microwave while monitoring temperature. TXT: 1 millimolar EDTA and 5 millimolar Tris, pH 8.0

5.2. Position the dried sections on a slide rack and immerse them into the preheated antigen retrieval buffer for 10 minutes of thermal treatment [1]. Then, cool the sections in the same buffer placed on ice for 20 minutes [2].
5.2.1. Talent submerging slide rack with tissue sections into the heated antigen retrieval buffer.
5.2.2. Talent transferring the rack to an ice container with buffer for cooling the sections.

5.3. Now, air-dry the sections and draw a hydrophobic barrier around the target tissue area using a liquid blocker pen [1]. Permeabilize and block the sections with 200 microliters of 0.25 percent Triton X-100 and 4 percent bovine serum albumin in PBS within a humidified chamber at room temperature for 1 hour [2].
5.3.1. Talent outlining the tissue sections with a hydrophobic barrier pen.
5.3.2. Talent pipetting blocking solution onto the marked tissue area inside a humidified chamber.

5.4. After discarding the blocking solution, incubate the sections with appropriately diluted primary antibodies, prepared in 200 microliters of 0.1 percent Triton X-100 and 4 percent BSA in PBS [1]. Keep the slides in a humidified chamber at 4 degrees Celsius overnight [2].
5.4.1. Talent pipetting primary antibody solution onto each section in the humidified chamber.
5.4.2. Talent placing the chamber in a cold storage unit set at 4 degrees Celsius for overnight incubation.

5.5. Transfer the immunostained sections to a slide chamber [1] and wash them three times with PBS, each wash lasting 10 minutes, while gently agitating on an orbital shaker [2].
5.5.1. Talent transferring slides into a slide chamber and adding PBS for washing.
5.5.2. Talent placing the chamber onto an orbital shaker and starting gentle agitation for washing cycles.

5.6. Incubate the sections with the secondary antibody in 200 microliters of 0.1 percent Triton X-100 and 4 percent BSA in PBS within a humidified chamber at room temperature for 1 to 2 hours [1]. Replace the secondary antibody solution with 1 microgram per milliliter of DAPI in PBS and incubate at room temperature for 15 minutes for nuclear staining [2].
5.6.1. Talent pipetting secondary antibody solution onto the tissue sections in the humidified chamber.
5.6.2. Talent placing the slides aside on the bench setting a timer for incubation.

5.7. Next, transfer the stained sections to a slide chamber and wash them again three times with PBS for 10 minutes each on the orbital shaker [1].
5.7.1. Talent pouring buffer on the slide.

5.8. Apply approximately 100 microliters of antifade mounting medium to the stained sections [1]. Carefully lower a coverslip from one side to fully cover the sample without trapping air bubbles [2].
5.8.1. Talent applying antifade mounting medium evenly over the sections.
5.8.2. Talent lowering the coverslip at an angle to prevent bubble formation.

5.9. Finally, capture immunofluorescence images of the organoid sections using a laser scanning confocal microscope [1] and perform quantitative analysis of neoplastic cerebral organoid images using ImageJ or Fiji software [2].
5.9.1. Talent working at the confocal microscope imaging system.
5.9.2. Display ImageJ/Fiji interface with quantified fluorescence intensity and measurement overlays for neoplastic regions.




Results
Please review this section to make sure that it accurately reflects your findings.
· You/Your videographer does not have to record this section. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 160.
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. Nucleofection of the pCAG-eGFP (P-C-A-G-E-G-F-P) plasmid specifically targeted neural stem cells. 100% of GFP-positive cells were positive for SOX1+ (socks-1), N-CADHERIN (N-cadherin), and NESTIN (Nest-in) [1], with no GFP-positive cells detected in BRACHYURY (brac-uri) or FOXF1 (fox-F-1) positive mesodermal lineages [2] or SOX17 (SOCKS-17) and CD-31 positive endodermal populations [3].
6.1.1. LAB MEDIA: Figure 2B. Video editor: Highlight the panels SOX1, N-CAD, and NES.
6.1.2. LAB MEDIA: Figure 2B. Video editor: Highlight the panels BRA, FOXF1
6.1.3. LAB MEDIA: Figure 2B. Video editor: Highlight the panels SOX17, and CD31.

6.2. One month and four months after tumor initiation, both MYCOE (M-Y-C-O-E)  overexpression and GBM-1 organoids displayed massive overgrowth of GFP-positive tumor cells compared to the control group [1].
6.2.1. LAB MEDIA: Figure 3. Video editor: Show the GFP fluorescence images at the 1-month and 4-month images for MYCOE and GBM-1 panels.
6.2.2. LAB MEDIA: Figure 3. Video editor: Show the GFP fluorescence images at the 1-month and - month images for CTRL.

6.3. In control organoids, GFP-positive cells primarily co-localized with neuronal marker HuC/D (H-U-C-D), and showed minimal co-staining with SOX2, Ki67, S100β, or CD99 [1].
6.3.1. LAB MEDIA: Figure 4A. Video editor: Highlight the CTRL row panels for red “HuC/D” column.
6.3.2. LAB MEDIA: Figure 4A. Video editor: Indicate the CTRL images for SOX2, Ki67, S100β, and CD99 columns.

6.4. In GBM-1 organoids, GFP-positive cells predominantly co-localized with glial marker S100β, proliferation marker Ki67, and stem marker SOX2 [1], while CD99 signal was widespread in GFP-positive regions [2].
6.4.1. LAB MEDIA: Figure 4A. Video editor: Focus on GBM-1 row, highlighting images in columns S100β, Ki67, and SOX2.
6.4.2. LAB MEDIA: Figure 4A. Video editor: Highlight the CD99 column image for GBM-1 panel.

6.5. In MYCOE organoids, GFP-positive cells largely expressed SOX2 [1] with rare co-localization with S100β or HuC/D [2], and showed high Ki67 and CD99 expression consistent with central nervous system primitive neuroectodermal tumor characteristics [3].
6.5.1. LAB MEDIA: Figure 4A. Video editor: Highlight the MYCOE row panels, focusing on the SOX2 column.
6.5.2. LAB MEDIA: Figure 4A. Video editor: Indicate the images in S100β and HuC/D panels for MYCOE.
6.5.3. LAB MEDIA: Figure 4A. Video editor: Highlight the Ki67 and CD99 images for MYCOE panel.
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