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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 

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

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

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: 08/31/2026


When you are ready to submit your video files, please contact Utkarsh Khare (utkarsh.khare@jove.com) 


Current Protocol Length

Number of Steps:  18
Number of Shots:  47


Introduction 

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Zixin Song: We model brain tumors in cerebral organoids to recapitulate tumor progression and microenvironmental interactions.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


Describe the research contexts or systems in which this protocol can be applied.
1.2. Zixin Song: This platform enables tumor microenvironment studies and evaluates therapeutic efficacy and safety.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Zixin Song: This protocol allows direct visualization of oncogene-driven hyperproliferation and enables systematic investigation of tumor invasion and microenvironmental crosstalk.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Describe the most important consideration or challenge when performing this protocol.
1.4. Zixin Song: Successful fusion between tumor and normal organoids is crucial for subsequent tumor progression.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Zixin Song: Future studies may incorporate vascular networks and co-culture brain organoids with immune cells to improve the model.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera



Protocol  
1. Generation and Maturation of hESC-Derived Cerebral Organoids
Demonstrators: Zixin Song and Kexin Zhou
2.1. To begin, obtain the pellet of viable human embryonic stem cells or hESCs (h-E-S-Cees) [1]. Resuspend the cell pellet in 1 milliliter of mTeSR1 (em-tee-ess-are-one) medium containing 100 micromolar ROCK (rock) inhibitor [2]. 

2.1.1. WIDE: Talent seated at the biosafety cabinet, holding the cell pellet, with all required reagents arranged on the sterile work surface also zoom in to show the cell pellet.
2.1.2. Talent resuspending the cell pellet in a tube using 1 mL mTeSR1 medium containing ROCK inhibitor.


2.2. Mix 6 microliters of the cell suspension with 6 microliters of trypan blue staining solution [1] and transfer the mixture to a cell counting chamber for counting [2].

2.2.1. Talent mixing 6 µL of cell suspension with 6 µL of trypan blue on a small surface.
2.2.2. Talent loading the mixture into a cell counting chamber.

2.3. Resuspend the cells at a density of 9000 cells per 150 microliters in mTeSR1 medium containing 100 micromolar ROCK inhibitor [1]. Plate the cells into a well of an ultra-low attachment 96-well U-bottom plate [2].

2.3.1. Talent adjusting cell suspension concentration in a tube.
2.3.2. Talent pipetting the cell suspension into the well of a 96-well U-bottom plate.

2.4. Centrifuge the plate at 100 g for 5 minutes at room temperature [1] and culture them in a 5 percent carbon dioxide incubator at 37 degrees Celsius [2].

2.4.1. Talent placing the 96-well plate into a centrifuge.
2.4.2. Talent placing the 96-well plate into an incubator.

2.5. On day 3, replace the medium with fresh mTeSR1 medium without ROCK inhibitor [1]. Then, on day 5, replace the medium with neural induction medium [2].

2.5.1. Talent aspirating old medium and adding fresh medium into the wells.
2.5.2. Talent replacing medium in the plate with neural induction medium.
Authors: For all the shots showing replacing medium in the script, aspirate out the old medium and add fresh medium with a pipette

2.6. Exchange the neural induction medium every other day for 6 days [1]. Observe the embryoid bodies under a microscope for brighter and smoother edges, indicating neuroepithelial expansion [2]. 
Authors: Please provide a microscope image or video for shot 2.6.2. Or please indicate if we can use Figure 2B (b) labelled as embryoid body(EB) to display here

2.6.1. Talent replacing medium in wells.
2.6.2. SCOPE: Show the embryoid bodies showing smooth and bright edges.

2.7. On day 11, thaw the basement membrane matrix on ice [1]. Transfer individual embryoid bodies to a parafilm [2] and remove excess medium [3].

2.7.1. Talent thawing a tube of matrix on ice and leaving it in ice.
2.7.2. Talent transferring EBs onto parafilm 
2.7.3. Talent removing excess medium.

2.8. Add one droplet of pre-thawed matrix to each aggregate [1] and position aggregates in the center of droplets using a pipette tip [2]. Place the paraffin film sheet in a 10-cm cell culture dish [3] and incubate the dish at 37 degrees Celsius for 30 minutes to allow polymerization [4].

2.8.1. Talent dispensing matrix droplets onto aggregates.
2.8.2. Talent adjusting aggregate position within droplets.
2.8.3. Talent placing the paraffin film sheet in a 10-cm cell culture dish.
2.8.4. Talent placing the cell culture into an incubator.

2.9. Next, add 20 milliliters of improved differentiation medium without Vitamin A [1] and detach the matrix droplets from the parafilm by gently agitating the dish [2].

2.9.1. Talent adding 20 mL of improved differentiation medium without Vitamin A  into a culture dish.
2.9.2. Talent gently agitating the dish to release droplets.


2.10. Culture the organoids in a 5 percent carbon dioxide incubator at 37 degrees Celsius without shaking from day 11 to day 21 [1]. Exchange 10 milliliters of the medium once on day 16 [2].

2.10.1. Talent placing culture dish into incubator.
2.10.2. Shot of the talent replacing old medium with 10 mL of the fresh medium in the dish on day 16.

2.11. On day 21, replace the medium with improved neural differentiation medium containing Vitamin A [1]. Culture organoids on an orbital shaker in a 5 percent carbon dioxide incubator set to 37 degrees Celsius [2]. Exchange the medium every 4 to 5 days until analysis [3].

2.11.1. Talent removing old medium and adding new medium with VitA to the culture.
2.11.2. Talent placing dish on an orbital shaker inside an incubator.
2.11.3. Talent performing routine medium exchange.

3. Fusion Culture and Fluorescence-Based Tracking of Tumor Growth in Cerebral Organoids


3.1. Obtain the pellets of the required viable cell lines [1-TXT]. Resuspend each pellet separately in 1 milliliter of mTeSR1 medium containing 100 micromolar ROCK inhibitor [2]. Count the cells using trypan blue stain as demonstrated previously [3]

3.1.1. Shot of the neatly labeled tubes having cell pellets. TXT: Wild-type hESCs, dTomato-labeled control cells, dTomato-labeled NES-P2A-MYC hESC
3.1.2. Talent resuspending different cell samples in labeled tubes.
3.1.3. Reuse 2.2.2

3.2. Seed each of the dTomato labeled cells at a density of 7900 cells per well in 100 microliters of the medium [1-TXT].  

3.2.1. Talent pipetting 100 μL cell suspension into each well of the microwell plate.  TXT: 96-well microwell plate with 79 microwells/well


3.3. Plate 9000 wild-type cells in 150 microliters of the medium into a well of an ultra-low attachment 96-well U-bottom plate [1]. Incubate the plates in a 5 percent carbon dioxide incubator at 37 degrees Celsius [2].

3.3.1. Talent adding 150 μL cell suspension into a U-bottom plate.
3.3.2. Talent placing plates in an incubator.

3.4. On day 3, replace the medium with fresh mTeSR1 medium without ROCK inhibitor [1]. Then, on day 5, transfer small embryoid bodies derived from dTomato labeled cells into a 6-centimeter dish using a P200-pipette [2-TXT]. Then, transfer one small embryoid body to each large cerebral organoid derived from the wild-type cells [3].

3.4.1. Talent aspirating the medium and adding fresh mTeSR1 medium without ROCK inhibitor. Authors: Is this replaced from both wild type and tomato organoids?
3.4.2. SCOPE: Talent transferring small embryoid bodies with a pipette. 
3.4.3. SCOPE: Talent placing one small embryoid body in the well along with the larger organoid. TXT: Either control or NES-P2A-MYC hESC line

3.5. Replace the medium with 150 microliters of neural induction medium [1]. Incubate the plate in a 5 percent carbon dioxide incubator at 37 degrees Celsius [2]. Replace the medium in the wells [3] as indicated and continue culturing the organoids as demonstrated earlier [4].

3.5.1. Talent replacing the medium with neural induction medium
3.5.2. Talent returning the plate to incubator.
3.5.3. Shot of the talent replacing the media with fresh media.
3.5.4. TEXT ON PLAIN BACKGROUND
· Exchange neural induction medium every other day for 6 days
· On Day 11, embed embryoid bodies in basement membrane matrix
· Culture in improved differentiation medium without VitA until Day 21
· On Day 21, switch to medium with VitA and culture on an orbital shaker 

3.6. To track the tumor growth, place the untreated organoids under a fluorescence microscope to set the baseline fluorescence [1]. Adjust exposure time and illumination intensity to minimize intrinsic fluorescence [2].

3.6.1. Shot of the talent placing the untreated organoid in the fluorescence microscope.
3.6.2. SCREEN: Display microscope settings while adjusting exposure and illumination to minimize intrinsic fluorescence.
Authors: Please create shot 20 second screen capture videos of the shots labeled as SCREEN, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21396103

3.7. Position treated organoids using a 1 milliliter pipette tip to align the red fluorescent area [1]. Capture fluorescence images using a fluorescence microscope [2]. Analyze images using Fiji to quantify dTomato intensity and measure dTomato-emitting areas [3]. Repeat the imaging step every 10 days from day 10 through day 70 post-fusion [4].

3.7.1. Talent positioning organoids under the fluorescence microscope using a pipette tip.
3.7.2. SCREEN: Talent acquiring fluorescence images through microscope interface.
3.7.3. SCREEN: Show ImageJ Fiji interface measuring intensity and dTomato emitting areas.
3.7.4. Reuse 3.7.1



Results

4. Results 
4.1. Immunofluorescence validation of the dTomato-labeled cell lines prior to organoid formation showed strong expression of the brain tumor marker CD99 in NES-P2A-MYC cells [1], as compared to the control cells [2].   
4.1.1. LAB MEDIA: Figure 4A. Video editor: Highlight the CD99 panel in bottom row labeled “NES-P2A--MYC” 
4.1.2. AB MEDIA: Figure 4A. Video editor: Highlight the CD99 panel in row labeled “control” 


4.2. Compared to the fused organoids derived from dTomato-labeled control organoids [1], the NES-P2A-MYC (N-E-S-P-2-A-Mik) tumorigenic organoids exhibited massive growth of dTomato-positive tumor cells along the organoid culture [2] 

4.2.1. LAB MEDIA: Figure 3. Video editor: Show the top row labeled “Control” across D10 to D70
4.2.2. LAB MEDIA: Figure 3. Video editor: Highlight the bottom row labeled “NES-P2A--MYC” across D10 to D70, and emphasize the large bright red areas that expand over time




NOTE to the Authors:

Uploading Separate Clips 
Please upload a separate video file for each SCREEN shot (tagged as SCREEN), naming the file according to the shot number (e.g., 2.4.3, 1.5.1, 3.2.1, 3.1.3, etc.).

- Each clip must be a maximum of 20 to 25 seconds to match the voice narration.
- If an action takes longer, provide only the best, most representative 20-25 second segment.
- Please do not provide longer clips as we won’t be able to use them.

Watch this video and apply the settings while capturing the screen to obtain high-quality videos: https://www.youtube.com/watch?v=Y67dM1kKcTE 
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