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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?  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.

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: 09/30/2026


When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 

Current Protocol Length

Number of Steps:  30
Number of Shots:  51



Interviews 

Authors: Some statements have been edited for length and clarity. 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. Angeliki Daiou: Our research develops human neuromyocardial organoids to investigate cardiac–neural co-development, hypoxia/reoxygenation injury, and post-injury metabolic recovery in vitro.
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. Angeliki Daiou: This protocol supports studies of human development, cardiac–neural interactions, hypoxia/reoxygenation injury, and metabolic recovery, as well as drug discovery and cardiotoxicity testing.
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. WhatAngeliki Daiou: The protocol allows researchers to study multilineage differentiation and injury-induced cell death and measure mitochondrial respiration and metabolic recovery in real time in the same organoids.
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. Angeliki Daiou: The key challenge is controlling spheroid size and cell density while precisely timing differentiation medium changes to ensure reproducible organoids.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 


Are there any additional methods or analyses that can be performed following this procedure?
1.5. Angeliki Daiou: Organoids can be immune-stained for lineage markers, profiled with a mitochondrial stress test, or used for compound and cardiotoxicity testing.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 





Protocol  
2. Passaging the Three-Dimensional hiPSCs
Demonstrator: Angeliki Daiou

2.1. Begin by retrieving the 6-well plate from the incubator on the third day after seeding, once the hiPSC (h-i-p-s-c) spheroids have reached a mean diameter of 280–300 micrometers [1]. Transfer the spheroids from the 6-well plate to a 15-milliliter conical tube using a P1000 (p-one thousand) pipette prewetted with Dulbecco’s phosphate-buffered saline, or dPBS; do not use a smaller pipette, to avoid mechanical stress [2]. 	Comment by Ruchira  Mukherji: Dear Authors: In accordance with our scriptwriting guidelines, scripts should open with an instruction that starts with “Begin.”  The sentence has been rephrased accordingly.
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. Centrifuge the spheroids at 200 g for 1 minute [1]. Carefully discard the supernatant and add 500 microliters of cell detachment solution [2].	Comment by Ruchira  Mukherji: Dear Authors: In accordance with our scriptwriting guidelines, we use “200 g” in the script rather than “200 times g.”
2.2.1. WIDE: Talent placing the tube in the centrifuge to collect the spheroids.
2.2.2. CU: Talent carefully discarding the supernatant 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, and pipette gently to completely dissociate any remaining clumps [2].
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 and gently pipetting 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 2 micromolar Thiazovivin and 2 microliters of the 1000X (one thousand ex) three-dimensional suspension supplement, for a final concentration of 1X  (one ex) [1]. Incubate the plate at 37 degrees Celsius and 5% carbon dioxide on a carbon-dioxide-resistant orbital shaker with a 19-millimeter orbit, set to 65 rpm [2].
2.6.1. CU: Talent adding Thiazovivin and the three-dimensional suspension supplement to the well.
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

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 and add 3 milliliters of dPBS to dilute the maintenance medium [1]. Centrifuge the suspension at 200 times g for 3 minutes [2].
3.2.1. CU: Talent transferring cells to a new 15-milliliter conical tube and adding dPBS to dilute the maintenance medium.
3.2.2. WIDE: Talent placing the tube in the centrifuge.

3.3. Discard the supernatant [1] and resuspend the cell pellet in 10 milliliters of differentiation medium I (one) supplemented with 2 micromolar Thiazovivin and 1X three-dimensional suspension supplement, to obtain thirty thousand hiPSCs per milliliter [2]. 
3.3.1. CU: Talent discarding the supernatant after centrifugation.
3.3.2. CU: Talent resuspending the cell pellet in supplemented differentiation medium one.

3.4. Seed 100 microliters of the suspension, corresponding to three thousand cells, 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; the seeding day is day 0 of differentiation [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. Talent placing the plate in the 37 degrees Celsius incubator without shaking.

3.5. On day 2, prepare differentiation medium II (two) by diluting the differentiation medium II supplement 1 to 1 with its diluent [1]. 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.
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 the 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], wash the cells with dPBS, and add 100 microliters of basal maintenance medium [2]. Thereafter, replace the basal maintenance medium every 3 days, performing every medium change within the same time window of the day as the initial seeding [3].
3.8.1. CU: Talent discarding the 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

4.1. Use spontaneously beating neuromyocardial organoids that have been cultured for at least 30 days for the hypoxia–reoxygenation injury workflow [1]. 
4.1.1. CU: Talent inspecting spontaneously beating neuromyocardial organoids cultured 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 the 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, subject them to the same washes and medium changes, and keep them under atmospheric oxygen throughout [1]. 
4.4.1. WIDE: Talent maintaining the control plate under atmospheric oxygen alongside the hypoxia-reoxygenation workflow. (representative shot)

5. Live Cell-Death Analysis

5.1. To evaluate cell death before and after hypoxia–reoxygenation injury, prepare single-use 1 milligram per milliliter aliquots of Hoechst 33342 (thirty-three-three-forty-two)  and propidium iodide by diluting 40 microliters of the 25 milligram per milliliter stocks in 960 microliters of sterile ultra-pure water [1].
5.1.1. WIDE: Talent preparing the 1 milligram per milliliter Hoechst 33342 and propidium iodide aliquots using sterile ultra-pure water.

5.2. Immediately before staining, prepare a 2X (two ex) Hoechst and propidium iodide working cocktail by adding 5 microliters of each stock to 990 microliters of basal maintenance medium, giving 5 micrograms per milliliter of each dye [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, add 50 microliters of the 2X working cocktail to obtain 2.5 micrograms per milliliter of each dye [2], and 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, adding 50 microliters of staining cocktail.
5.3.3. Talent returning the 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
6. Results 
6.1. Successful differentiation yielded compact spheroids that elongated and polarized [1], with spontaneous beating beginning on day 6 and present in all organoids by day 7 [2]. Day-13 organoids contained NKX2-5 (n-k-x-two-five) positive cardiomyocytes, TUJ1 (t-u-j-one) positive neural cells, CD31 (c-d thirty-one) positive endothelial cells, and SM22α (s-m-twenty-two alpha) positive smooth muscle cells [3].
6.1.1. LAB MEDIA: Figure 1B. Video Editor: Show the brightfield time course and emphasize the two regions shown in the lower-right day-6 panel with blue arrows.
6.1.2. LAB MEDIA: Figure 1C. Video Editor: In the graph in Panel C, highlight the rise to 100% beating organoids by day 7.
6.1.3. LAB MEDIA: Figure 1D–F. Video Editor: Sequentially highlight the NKX2-5, TUJ1, CD31, and SM22α images in panels D, E and F.

6.2. During 3D (three-D) hiPSC maintenance, oversized spheroids with dark cores or irregular morphology indicated spontaneous differentiation or necrosis and were unsuitable for differentiation [1]. 
6.2.1. 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.

6.3. On day 2, wells with extensive cell death or multiple aggregates indicated inaccurate counting or incomplete single-cell dissociation [1].
6.3.1. LAB MEDIA: Figure 2B. Video Editor: In Panel B, highlight the extensive cell debris around the aggregate in the left image, then the multiple aggregated spheroids indicated by the blue arrow in the right image.
 
6.4. Organoids that failed to elongate and polarize by day 7, remained small, or shed cells did not beat by day 9 and were considered failed differentiations, usually due to mistimed medium changes or incorrect cell numbers [1].
6.4.1. LAB MEDIA: Figure 2C. Video Editor: In Panel C, contrast the successfully differentiated, beating day-9 organoid (top) with the failed organoid that did not elongate or polarize (bottom).

6.5. Spontaneously beating organoids cultured for at least 30 days were exposed to hypoxia followed by reoxygenation, or H/R [1]. H/R-injured organoids showed substantially more propidium iodide staining than time-matched non-injured organoids, indicating increased cell death [2]. Quantification of the PI (p-i)-positive area confirmed a significant increase in cell death after H/R injury [3].
6.5.1. 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. 
6.5.2. LAB MEDIA: Figure 3B. Video Editor: In Panel B, highlight the extensive red propidium iodide signal in the H/R-injured organoid (right image) compared with the non-injured organoid (left image).
6.5.3. LAB MEDIA: Figure 3C. Video Editor: In Panel C, highlight the higher bar for the H/R-injured organoids and the significance asterisk.

6.6. Real-time OCR (o-c-r) monitoring showed a fall to about 55 percent of baseline after hypoxia, followed by progressive recovery during reoxygenation [1].
6.6.1. LAB MEDIA: Figure 4B–C. Video Editor: In Panel B, highlight the drop in the OCR trace after hypoxia (purple arrow) and its recovery over days 1–7 (till end of the graph) of reoxygenation, then the bar chart in panel C.
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