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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?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
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.

2. 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
Authors: These files are necessary for finalizing your script, please create screen capture videos for the shots labeled as SCREEN, create a screenshot summary, and upload all the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=22437678

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

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: 29  
Number of Shots: 56

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

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 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.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

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. 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.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
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.
Describe the research contexts or systems in which this protocol can be applied.
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.
CONCLUSION:
What does this protocol allow researchers to study or measure?
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.

Describe the most important consideration or challenge when performing this protocol.
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.

Are there any additional methods or analyses that can be performed following this procedure?
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.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
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.


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





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.) with purple font 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 the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Passaging the Three-Dimensional hiPSCs
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. Begin by retrieving the 6-well plate containing hiPSC (h‑i‑p‑s‑c) from the incubator [1]. Transfer the hiPSC spheroids from the 6-well plate to a 15-milliliter conical tube using a P1000 pipette prewetted with Dulbecco’s PBS or dPBS  [2]. 
2.1.1. WIDE: Talent retrieving the plate containing spheroids from the incubator.
2.1.2. CU: Talent transferring hiPSC spheroids from the 6-well plate to a 15-milliliter conical tube using a P1000 pipette.

2.2. Allow the spheroids to settle at the bottom of the tube or centrifuge at 200 g for 1 minute [1]. Carefully discard the supernatant [2] and add 500 microliters of cell detachment solution [3].
Authors: Could you please clarify what you would like to show during the filming of Step 2: the spheroids settling by gravity or being collected by centrifugation?
2.2.1. WIDE: Talent allowing the spheroids to settle at the bottom of the tube or placing the tube in the centrifuge.
2.2.2. CU: Talent carefully discarding the supernatant.
2.2.3. Talent and adding 500 microliters of cell detachment solution.

2.3. Immediately incubate the tube in a 37 degrees Celsius water bath for approximately 5 minutes, flicking the tube every 2 minutes before returning it to the water bath [1]. When no clumps remain, add 2 milliliters of three-dimensional maintenance medium to inactivate the detachment solution [2]. Pipette gently to completely dissociate any remaining clumps [3].
2.3.1. WIDE: Talent incubating the tube in a 37 degrees Celsius water bath, briefly flicking it during incubation.
2.3.2. CU: Talent adding 2 milliliters of three-dimensional maintenance medium to the dissociated cells.
2.3.3. CU: Talent gently pipetting the suspension until no clumps remain.

2.4. Centrifuge the cell suspension at 200 g for 3 minutes [1]. Discard the supernatant and resuspend the hiPSC pellet in 2 milliliters of three-dimensional maintenance medium supplemented with 2 micromolar Thiazovivin [2]. Determine the cell concentration using a hemocytometer [3].
2.4.1. WIDE: Talent placing the conical tube in the centrifuge to pellet the cells.
2.4.2. CU: Talent discarding the supernatant and resuspending the hiPSC pellet in supplemented maintenance medium.
2.4.3. WIDE: Talent at the microscope, determining cell concentration using a hemocytometer.

2.5. Seed two hundred thousand hiPSCs per milliliter in a new well of a standard tissue-culture-treated 6-well plate, in a final volume of 2 milliliters of three-dimensional maintenance medium [1]. 
2.5.1. CU: Talent seeding the hiPSCs into a new well of a tissue-culture-treated 6-well plate.

2.6. Add Thiazovivin and the concentrated three-dimensional suspension supplement at their final working concentrations [1-TXT]. Incubate the plate at 37 degrees Celsius and 5% carbon dioxide on a carbon-dioxide-resistant orbital shaker set to 65 rpm [2].
2.6.1. CU: Talent adding Thiazovivin and the three-dimensional suspension supplement to the well. TXT: See text protocol for concentration details
2.6.2. WIDE: Talent placing the 6-well plate on the orbital shaker in the 37 degrees Celsius incubator.

3. Differentiation of 3D hiPSCs into Neuromyocardial Organoids
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Using the previously demonstrated passaging workflow, dissociate the three-dimensional hiPSC spheroids into a single-cell suspension [1]. 
3.1.1. WIDE: Talent dissociating the three-dimensional hiPSC spheroids into a single-cell suspension. (representative shot)

3.2. For a full 96-well differentiation plate, transfer three hundred thousand cells to a new 15-milliliter conical tube [1] and add 3 milliliters of dPBS to dilute the maintenance medium [2]. Centrifuge the suspension at 200 g for 3 minutes [3].
3.2.1. CU: Talent transferring cells to a new 15-milliliter conical tube 
3.2.2. Talent adding dPBS to dilute the maintenance medium.
3.2.3. WIDE: Talent placing the tube in the centrifuge.

3.3. Discard the supernatant and resuspend the cell pellet in 10 milliliters of supplemented differentiation medium I (one) to obtain thirty thousand hiPSCs per milliliter [1-TXT]. 
3.3.1. CU: Talent resuspending the cell pellet in supplemented differentiation medium one. TXT: See text protocol for medium supplementation details

3.4. Seed 100 microliters of the suspension into each well of a U-bottom, non-tissue-culture-treated 96-well plate [1]. Centrifuge the plate at 200 g for 3 minutes [2], then incubate the plate at 37 degrees Celsius and 5% carbon dioxide without shaking [3].
3.4.1. CU: Talent seeding 100 microliters of cell suspension into each well of the U-bottom 96-well plate.
3.4.2. WIDE: Talent placing the 96-well plate in the centrifuge.
3.4.3. WIDE: Talent placing the plate in the 37 degrees Celsius incubator without shaking.

3.5. On day 2, prepare differentiation medium II (two) [1-TXT]. Remove the medium from each well [2] wash with dPBS [3] and add 100 microliters of differentiation medium II [4].
3.5.1. WIDE: Talent preparing differentiation medium II by combining the supplement and diluent. TXT: See text protocol for medium preparation details
3.5.2. CU: Talent removing the medium from the plate wells. 
3.5.3. CU: Talent washing the organoids with dPBS. 
3.5.4. CU: Talent adding 100 microliters of differentiation medium II to the wells.

3.6. On day 3, remove 50 microliters of medium from each well and add 50 microliters of fresh differentiation medium II supplement [1].
3.6.1. CU: Talent removing 50 microliters of medium before adding 50 microliters of fresh differentiation medium II supplement to each well.

3.7. On day 4, remove the medium from each well [1]. Wash with cells with dPBS and add 100 microliters of differentiation medium III (three)  [2]. On day 7, perform a complete medium change with differentiation medium III [3].
3.7.1. CU: Talent discarding the old medium from each well.
3.7.2. CU: Talent washing the day-4 organoids with dPBS and adding differentiation medium III.
3.7.3. CU: Talent performing a complete differentiation medium III change.

3.8. On day 9, remove the medium from each well [1], and add 100 microliters of basal maintenance medium, after washing the cells [2]. Thereafter, replace the basal maintenance medium every 3 days [3].
3.8.1. CU: CU: Talent discarding old medium from each well.
3.8.2. CU: Talent adding basal maintenance medium to the day-9 organoids after washing them with dPBS.
3.8.3. CU: Talent replacing the basal maintenance medium in the organoid plate. (representative shot)

4. Hypoxia-Reoxygenation Injury
Demonstrator: Click here to enter name of demonstrator(s) 
4.1. Once the neuromyocardial organoids begin beating spontaneously and have matured for at least 30 days, proceed with the hypoxia–reoxygenation injury workflow [1]. 
4.1.1. CU: Talent inspecting spontaneously beating neuromyocardial organoids matured for at least 30 days.

4.2. Wash the organoids with dPBS [1] and add 100 microliters of basal maintenance medium per well [2]. Incubate the 96-well plate for 18 hours at 37 degrees Celsius and 5% carbon dioxide and 1% oxygen, balanced with nitrogen [3].
4.2.1. CU: Talent washing the organoids with dPBS. 
4.2.2. CU: Talent adding basal maintenance medium per well of the plate.
4.2.3. WIDE: Talent setting the oxygen controller to 1% oxygen and placing the plate in the 37 degrees Celsius incubator.

4.3. Immediately after hypoxia, wash the injured organoids with dPBS [1] and add 100 microliters of basal maintenance medium [2]. Return the plate to 37 degrees Celsius incubator with 5% carbon dioxide under atmospheric oxygen and refresh the medium daily [3].
4.3.1. CU: Talent washing the injured organoids with dPBS.
4.3.2. CU: Talent adding 100 microliters of basal maintenance medium.
4.3.3. WIDE: Talent returning the plate to atmospheric oxygen conditions in the incubator.

4.4. For each experiment, include time-matched, non-injured control organoids from the same differentiation and subject them to the same washes and medium changes [1-TXT]. 
4.4.1. WIDE: Talent maintaining the control plate under atmospheric oxygen alongside the hypoxia-reoxygenation workflow. (representative shot)
TXT: See text protocol for experimental control details

5. Live Cell-Death Analysis
Demonstrator: Click here to enter name of demonstrator(s) 
5.1. To evaluate cell death before and after hypoxia–reoxygenation injury, prepare aliquots of Hoechst 33342 and propidium iodide at the appropriate concentrations [1-TXT].
5.1.1. WIDE: Talent preparing the Hoechst 33342 and propidium iodide intermediate stocks using cell-culture-grade water. TXT: See text protocol for dye stock solution concentration details

5.2. Immediately before staining, prepare a 2X (two ex) Hoechst and propidium iodide working cocktail in basal maintenance medium [1]. 
5.2.1. WIDE: Talent preparing the 2X Hoechst and propidium iodide working cocktail in basal maintenance medium.

5.3. Remove the 96-well plate containing beating organoids from the incubator [1]. Discard 50 microliters from the 100 microliters of medium in each well, then add 50 microliters of the 2X working cocktail to obtain 2.5 micrograms per milliliter of each dye [2]. Return the plate to the incubator for 30 minutes [3].
5.3.1. WIDE: Talent retrieving the 96-well plate containing beating organoids from the incubator.
5.3.2. CU: Talent removing 50 microliters of medium from each well and adding 50 microliters of staining cocktail.
5.3.3. WIDE: Talent returning the stained organoid plate to the incubator for 30 minutes.

5.4. After incubation, remove all medium from each well and wash once with dPBS [1]. Add 100 microliters of fresh basal maintenance medium per well and proceed immediately to imaging [2].
5.4.1. CU: Talent removing the staining medium and washing each well once with dPBS.
5.4.2. CU: Talent adding 100 microliters of fresh basal maintenance medium to each well before imaging.

5.5. Perform live fluorescence imaging [1] using the DAPI channel for Hoechst and the Texas Red or TRITC (trit‑c) channel for propidium iodide [2]. Acquire a brightfield image of each organoid at the same position to record its outline [3].
5.5.1. WIDE: Talent positioning the 96-well plate on the fluorescence microscope for live imaging.
5.5.2. SCREEN: Appropriate imaging channel being set for the corresponding dye.
5.5.3. SCREEN: Hoechst, propidium iodide, and corresponding brightfield images being acquired at the same organoid position.

Authors: Please create screen capture videos for the shots labeled as SCREEN, create a screenshot summary, and upload all the files to your project page as soon as possible: https://review.jove.com/files_upload.php?src=22437678

5.6. After imaging, return the plate to the incubator and repeat staining with Hoechst and propidium iodide on the same organoids at subsequent time points, including before hypoxia, immediately after reoxygenation, and daily thereafter [1]. 
5.6.1. WIDE: Talent returning the imaged plate to the incubator for repeated staining at subsequent time points.

5.7. Import the TIFF (tiff) files into the image analysis software [1] and outline each organoid using the brightfield or Hoechst image [2]. Apply the same intensity threshold to the propidium iodide channel for all samples [3] and report the propidium-iodide-positive area as a percentage of the total organoid area or the Hoechst-positive area [4].
5.7.1. SCREEN: The TIFF files  being imported into the image analysis software.
5.7.2. SCREEN:  Each organoid being outlined from the brightfield or Hoechst image.
5.7.3. SCREEN: The same propidium iodide intensity threshold being applied to all samples.
5.7.4. SCREEN: The propidium-iodide-positive area as a percentage of the selected reference area being calculated.




Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. 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: 113
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. During 3D hiPSC maintenance, oversized spheroids with dark cores or irregular morphology indicated spontaneous differentiation or necrosis and were unsuitable for differentiation [1]. 
6.1.1. LAB MEDIA: Figure 2A. Video Editor: In Panel A at the top, highlight the enlarged spheroid indicated by the blue arrow and emphasize its dark central region.
6.2. At the early differentiation stage, extensive cell death and aggregates with ragged outlines indicated inadequate single-cell dissociation or inaccurate cell seeding [1].
6.2.1. LAB MEDIA: Figure 2B. Video Editor: In Panel B, highlight the extensive surrounding cell debris in the left image. Then highlight the irregular, ragged aggregate boundary indicated by the blue arrow in the right image.
 
6.3. During subsequent differentiation, organoids that remained rounded, developed abnormal morphology, or shed cells failed to elongate and polarize appropriately and were unlikely to develop spontaneous beating [1].
6.3.1. LAB MEDIA: Figure 2C. Video Editor: In Panel C, highlight the abnormal organoid morphology and the organoid that failed to elongate and polarize in the left and right images, respectively.

6.4. Mature, spontaneously beating neuromyocardial organoids were exposed to hypoxia followed by reoxygenation and recovery [1]. H/R-injured organoids showed substantially greater propidium iodide staining than time-matched non-injured organoids, indicating increased cell death [2]. Quantification of the PI (p-i)-positive area confirmed that H/R injury significantly increased cell death [3].
6.4.1. LAB MEDIA: Figure 3A. Video Editor: In Panel A at the top, please highlight the blue hypoxia phase followed by the green reoxygenation and recovery phase. 
6.4.2. LAB MEDIA: Figure 3B. Video Editor: In Panel B at the lower-left, please highlight the extensive red/magenta propidium iodide signal in the H/R-injured organoid.
6.4.3. LAB MEDIA: Figure 3C. Video Editor: In Panel C at the lower-right, highlight the higher black bar for the H/R-injured organoids.
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