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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 Content Manager, Utkarsh Khare. 


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:  34
Number of Shots:  55 

Introduction 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer the 1st REQUIRED question and at least 2 other questions (1.2 – 1.10) below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud.
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: 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 30 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 30 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 30 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 30 or fewer words.

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 30 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 30 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 30 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 30 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 30 or fewer words.
What research questions will your laboratory focus on in the future?
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 30 or fewer words.



Ethics Title Card
This research has been approved by the University of Chicago Ethnics Committee



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. Organoid Formation from Stem Cells in 3D Culture
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. To begin, thaw the stem cells at room temperature [1-TXT].
2.1.1. WIDE: Talent thawing the stem cells. TXT: The stem cells were stored in liquid nitrogen
2.2. Add 5 milliliters of the attachment factor protein to the 75 square centimeter culture flasks to prepare the precoating [1]. Incubate the flasks at 37 degrees Celsius for at least 4 hours [2]. Then, discard the excess attachment factor protein from each flask [3].
2.2.1. Talent pipetting 5 milliliters of attachment factor protein into the flask.
2.2.2. Talent placing the flask in an incubator.
2.2.3. Talent tilting flask to discard excess liquid into a waste container.
2.3. Culture the stem cells in the precoated flasks with 10 milliliters of the culture medium containing DMEM and F12 supplemented with 12 percent FBS [1-TXT]. Incubate the flask inside a hypoxia incubator set to 37 degrees Celsius with 2 percent oxygen concentration [2] until the cells reach 90 percent confluence [3].
2.3.1. Talent adding 10 milliliters of culture medium into precoated flasks containing the stem cells. TXT: DMEM: Dulbecco’s Modified Eagle’s Medium; FBS: Fetal Bovine Serum
2.3.2. Talent placing the flask into a hypoxia incubator.
2.3.3. A shot of the 90% confluent cells.
2.4. Now, use a 25 percent trypsin and 0.1 percent EDTA solution in HBSS (H-B-S-S) without calcium or magnesium to detach the cells [1]. Once the cells start detaching, add medium containing serum to stop the trypsin activity [2]. After transferring the resulting cell solution to a 15-milliliter tube, centrifuge it at 500 g for 5 minutes at room temperature [3].
2.4.1. Talent adding trypsin-EDTA solution to the flask.
2.4.2. Talent pipetting medium with serum into the flask after cell detachment.
2.4.3. Talent placing the 15 milliliter tube containing the solution in the centrifuge and closing the lid.
2.5. Carefully discard the supernatant while leaving the pellet intact [1]. Then, resuspend the pellet in 1 milliliter of serum-free stem cells proliferating medium [2].
2.5.1. Talent pipetting the supernatant without disturbing the cell pellet.
2.5.2. Talent pipetting 1 milliliter of medium into the tube and resuspending the pellet.
2.6. Perform cell quantification using a hemocytometer [1].
2.6.1. Talent loading a hemocytometer with cell suspension.
2.7. Now, mix approximately 10,000 cells with 2 microliters of collagen-containing hydrogels and 98 microliters of serum-free stem cells proliferating medium to achieve a total volume of 100 microliters per well [1].
2.7.1. Talent mixing the cell suspension, collagen hydrogels, and medium using a pipette.
2.8. Pipette 100 microliters of this cell mixture into each well of a low-attachment V-bottom 96-well plate [1]. Centrifuge the plate at room temperature for 5 minutes at 100 g [2].
2.8.1. Talent pipetting cell mixture into the wells of a V-bottom plate.
2.8.2. Talent placing the plate into a centrifuge.
2.9. Then, place the centrifuged plate in an incubator set to 37 degrees Celsius with 5 percent carbon dioxide and incubate for 30 minutes [1].
2.9.1. Talent placing the 96-well plate into the carbon dioxide incubator.
2.10. Add an additional 100 microliters of serum-free stem cells proliferating medium without collagen hydrogels to each well to support the growth of organoids [1-TXT].
2.10.1. Talent pipetting additional medium into each well of the plate. TXT: If excessive evaporation occurs, add 10 - 20 μL of the medium per well to compensate; Culture the cells for 7 d for full organoid development


3. Frozen Sectioning and Mounting the Organoids for Immunofluorescence Staining

Demonstrator: Click here to enter name of demonstrator(s)

3.1. Collect the cells from the 96-well plate into a 1.5-milliliter microcentrifuge tube [1].
3.1.1. Talent aspirating cells from a 96-well plate and dispensing them into a 1.5-milliliter microcentrifuge tube.
3.2. For cryosectioning, wash the organoids twice with PBS [1]. Then, add 500 microliters of PBS to the organoids before centrifuging and discarding the supernatant [2].
3.2.1. Talent pipetting PBS into the tube and washing the organoids.
3.2.2. Talent adding 500 microliters of PBS to the organoids.
3.3. Fix the organoids with 500 microliters of 4 percent paraformaldehyde [1] at 4 degrees Celsius for 60 minutes [2].
3.3.1. Talent adding paraformaldehyde solution to the tube.
3.3.2. Talent placing the tube in a 4 degrees Celsius refrigerator.
3.4. After washing the organoids with PBS, resuspend them in 100 microliters of 2 percent methylene blue to stain for 20 minutes [1]. Wash the stained organoids with PBS [2] and suspend them in 500 microliters of 30 percent sucrose before incubating overnight for cryoprotection [3].
3.4.1. Talent adding methylene blue to the organoid suspension.
3.4.2. Talent washing stained organoids with PBS.
3.4.3. Talent pipetting sucrose solution into the tube.
3.5. The following day, after removing the sucrose by centrifugation, embed the organoids in an Optimal Cutting Temperature compound or OCT (O-C-T) [1-TXT].
3.5.1. Talent embedding organoids in OCT. TXT: Flash-freeze at −80 °C
3.6. Section the embedded organoids using a cryostat to a depth of 10 micrometers [1]. Immediately place each section on a separate slide [2-TXT].
3.6.1. Talent operating the cryostat to produce thin sections of organoid tissue.
3.6.2. Talent transferring one tissue section onto each microscope slide. TXT: Store the slides at 4 °C
3.7. Wash the slide three times with 100 microliters of PBS [1]. Then, add 100 microliters of 0.1 percent Triton in PBS and incubate for 15 minutes at room temperature [2].
3.7.1. Talent washing the slide with PBS.
3.7.2. Talent adding Triton solution.
3.8. Block the organoids using 5 percent BSA in PBS for 60 minutes [1]. Add primary antibodies against Sox-2 and alpha-smooth muscle actin to the organoids and incubate overnight [2-TXT].
3.8.1. Talent adding BSA in PBS to the slide.
3.8.2. Talent adding primary antibodies to the slide. TXT: Primary antibody dilution for Sox-2: 1:500; α-SMA final concentration: 1 µg/mL Video Editor: 1:500 is a ratio.
3.9. After washing the organoids with PBS three times, add Alexa Fluor-labeled secondary antibodies diluted at 1:1000 (one to thousand) [1] and incubate for 1 hour in the dark [2].
3.9.1. Talent adding Alexa Fluor-labeled secondary antibodies to the washed organoids.
3.9.2. Talent placing the slides in a dark storage.
3.10. After washing them again with PBS, mount the organoids using antifade mounting medium supplemented with 1 nanogram per milliliter DAPI (Dapi) [2].
3.10.1. Talent applying mounting medium with DAPI and placing a coverslip on the slide.
3.11. Acquire images using a fluorescence microscope set to 20x (twenty-ex) magnification before analysing them using a bioimaging software [1].
3.11.1. LAB MEDIA: Figure 3A. Authors: Do you want to show Figure 3A during this shot?


4. Whole-Mount Organoids Immunofluorescence Staining

Demonstrator: Click here to enter name of demonstrator(s)

4.1. After transferring the organoids from the medium to a microcentrifuge tube, wash them twice with 500 microliters of PBS [1].
4.1.1. Talent washing the organoids in a microcentrifuge with PBS.
4.2. Fix the organoids with 500 microliters of 4 percent paraformaldehyde at room temperature for 60 minutes [1]. Discard the paraformaldehyde and wash the organoids three times with 500 microliters of PBS [2].
4.2.1. Talent adding paraformaldehyde to the tube.
4.2.2. Talent discarding the fixative and washing the organoids with fresh PBS.
4.3. Then, permeabilize the fixed organoids using 0.5 milliliters of blocking buffer [1] overnight at 4 degrees Celsius [2].
4.3.1. Talent pipetting blocking buffer into the tube.
4.3.2. Talent placing the tube in a refrigerator.
4.4. The next day, after removing the blocking buffer, add 300 to 500 microliters of primary antibody solution containing Collagen III (three) at 1:500 (one to five hundred) dilution and AHR antibody at 1:1000 (one to one thousand) dilution before incubating the samples again at 4 degrees Celsius overnight [1].
4.4.1. Talent pipetting in primary antibody solution containing Collagen III and AHR antibody to the sample.
4.5. After incubating and washing the organoids with PBS, add secondary antibodies to the samples [1].
4.5.1. Talent adding secondary antibody mixture to the organoids. TXT: Incubate at 4 °C overnight in the dark
4.6. The next day, add 300 to 500 microliters of PBS containing 5 micrograms per milliliter of DAPI to each sample and incubate at room temperature for 20 minutes [1-TXT].
4.6.1. Talent adding DAPI solution to the organoids. TXT: Wash the organoids with 500 µL of PBS 3x before this step
4.7. After washing the organoids with PBS, image them using a confocal microscope [1].
4.7.1. SCOPE: Display of organoids under the confocal microscope.


5. Organoid Dissociation

Demonstrator: Click here to enter name of demonstrator(s)

5.1. Reconstitute 100 milligrams of papain in filter-sterilized activation solution to a final stock concentration of 250 units per milliliter [1]. Incubate the solution at 37 degrees Celsius for 30 minutes to activate the enzyme [2].
5.1.1. A shot of the prepared papain solution.
5.1.2. Talent placing the tube in a 37 degrees Celsius incubator.
5.2. Prepare a dissociation solution with 30 units per milliliter of papain and 125 units per milliliter of DNase I (D-N-ase one) in HBSS [1].
5.2.1. Talent mixing papain and DNase I with HBSS in a clean tube.
5.3. After transferring the organoids to 24-well plates, add 500 microliters of the prepared dissociation solution to each well [1].
5.3.1. Talent adding dissociation solution to the wells.
5.4. Incubate the plate at 37 degrees Celsius on an orbital shaker set to 90 rpm for 30 to 60 minutes [1-TXT].
5.4.1. Talent placing the 24-well plate on the orbital shaker. TXT: Triturate intermittently 5 – 6x with a 1 mL pipette at RT to obtain a single-cell suspension
5.5. Transfer the cell suspension to a 15-milliliter centrifuge tube containing 1 milliliter of 10 milligrams per milliliter protease inhibitor solution [1]. Centrifuge at 300 g for 5 minutes [2].
5.5.1. Talent adding the cell suspension to a centrifuge tube containing the inhibitor.
5.5.2. Talent placing the tube in a centrifuge.
5.6. After discarding the supernatant, resuspend the cell pellet in an appropriate buffer [1] to obtain a single-cell suspension [2].
5.6.1. Talent adding buffer to the cell pellet (after discarding the supernatant).
5.6.2. A shot of the resulting single-cell suspension.


















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: 085.
· Please note that the video cannot include voiceover without an accompanying visual.

6. Results 

6.1. The stem cells seeded at a density of 10,000 cells in a collagen-containing hydrogel scaffold [1] self-aggregated to form spherical organoids within 7 days of culture in an ultralow attachment 96-well plate [2].
6.1.1. LAB MEDIA: Figure 2C.
6.1.2. LAB MEDIA: Figure 2C. Video editor: Highlight the black arrows.
6.2. The time-lapse microscope images confirmed progressive self-organization and expansion of the organoids over time [1], culminating in a denser, central mass [2].
6.2.1. LAB MEDIA: Figure 2D.
6.2.2. LAB MEDIA: Figure 2E.
6.3. Phase-contrast microscopy also captured the development of stem cell-derived organoids over time in vitro [1].
6.3.1. LAB MEDIA: Figure 2H.
6.4. Following dissociation, organoids were visualized under a light microscope, confirming a dispersed arrangement of individual cells [1].
6.4.1. LAB MEDIA: Figure 2I.
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