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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
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

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:  28
Number of Shots:  62 

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.	Comment by Poornima  G: Authors: Please review the protocol section titles, narration in purple text and the shot descriptions entirely.	Comment by Poornima  G: Authors: Please check all the pronunciation guides written in red italics below and post a comment at the respective guide if any changes are required
· 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. Preparation and Sterilization of the Reservoir Cap
Demonstrator: Click here to enter name of demonstrator(s) 

2.1. To begin, remove the two short pieces of tubing from the double-bagged cartridge [1]. Attach the tubing to the hose barbs on the stainless-steel tubing of the reservoir cap [2].
2.1.1. WIDE: Talent removing the two short pieces of tubing from the double-bagged cartridge.  Videographer: Please obtain CU shot as well for this shot.
2.1.2. Talent attaching the tubing to the hose barbs on the stainless-steel tubing of the reservoir cap.

2.2. Wrap the short tubing and the exposed ends of the stainless-steel tubing with aluminum foil to maintain sterility after autoclaving [1]. Autoclave using a dry cycle at 121 degrees Celsius for 15 to 30 minutes. Allow the cap to cool to room temperature before use [2].
2.2.1. Talent wrapping the short tubing and the exposed ends of the stainless-steel tubing with aluminum foil.
2.2.2. Talent placing the autoclave bag into the autoclave.

2.3. Then, transfer 50 milliliters of phosphate-buffered saline from a 1-liter bottle into a 50-milliliter conical tube for later use [1].
2.3.1. Talent transferring phosphate-buffered saline from a 1-liter bottle into a 50-milliliter conical tube.
2.4. Remove the cap from the phosphate-buffered saline bottle and screw the reservoir cap in its place [1]. Remove the cartridge from the inner sterile bag [2].
2.4.1. Talent removing the cap from the phosphate-buffered saline bottle and screwing the reservoir cap onto the bottle.
2.4.2. Talent removing the cartridge from the inner sterile bag.
2.5. Remove the Luer cap from one long piece of cartridge tubing and attach it to the reservoir tubing on the reservoir cap [1]. Use a little backspin to prevent kinking [2-TXT]. Gently squeeze the brown pump tubing to drive phosphate-buffered saline through the system until all air bubbles are removed [3].
2.5.1. Talent removing the Luer cap from one long piece of cartridge tubing and attaching it to the reservoir tubing on the reservoir cap.
2.5.2. Talent using a little backspin to prevent kinking. TXT: Repeat the process for the second tubing connection 
2.5.3. Talent gently squeezing the brown pump tubing to drive phosphate-buffered saline through the system.


3. Filling the Extracapillary Space (ECS)
Demonstrator: Click here to enter name of demonstrator(s) 


3.1. Draw 20 milliliters of phosphate-buffered saline into a sterile syringe with a large-gauge blunt needle at least 1.5 inches in length [1]. Disinfect both side-port Luer fittings with alcohol and allow them to dry [2].
3.1.1. Talent drawing phosphate-buffered saline into a sterile syringe using a large-gauge needle.
3.1.2. Talent disinfecting both side-port Luer fittings with alcohol and allowing them to dry.
3.2. Attach the phosphate-buffered saline-filled syringe to one side port and attach an empty sterile syringe to the opposite port [1]. Close both end ports and open both side ports [2].
3.2.1. Talent attaching the phosphate-buffered saline-filled syringe to one side port and attaching an empty sterile syringe to the opposite port.
3.2.2. Talent closing both end ports and opening both side ports.

3.3. Slowly inject phosphate-buffered saline into the extra capillary space while holding the cartridge at a slight angle to minimize air bubbles [1]. If air is present in the extra capillary space, open the right end port and withdraw fluid into the empty syringe until the extra capillary space is filled with liquid [2].
3.3.1. Talent slowly injecting phosphate-buffered saline into the extra capillary space while holding the cartridge at a slight angle.
3.3.2. Talent opening the right end port and withdrawing fluid into the empty syringe.

3.4. Close both side-port slide clamps and open both end-port slide clamps [1]. Verify flow by gently compressing the pump tubing with fingers [2].
3.4.1. Talent closing both side-port slide clamps and opening both end-port slide clamps.
3.4.2. Talent gently compressing the pump tubing with fingers.

3.5. Leave the empty syringes attached to the side ports to serve as caps [1]. Replace the syringes with new ones every time they have been out of the laminar flow hood [2].
3.5.1. Talent leaving the empty syringes attached to the side ports.
3.5.2. Talent replacing the syringes with new syringes.



4. Fiber Coating and Cell Inoculation
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Withdraw 20 milliliters of cells or coating solution into a sterile syringe using a large-gauge needle [1-TXT]. Attach the syringe containing the solution to one side port and attach an empty sterile syringe to the other side port [2]. Close both end ports and open both side ports [3].
4.1.1. Talent withdrawing cells or coating solution into a sterile syringe using a large-gauge needle. TXT: 1 × 108 cells or 100 - 500 µg matrix protein in PBS
4.1.2. Talent attaching the syringe containing the solution to one side port and attaching an empty sterile syringe to the other side port.
4.1.3. Talent closing both end ports and opening both side ports.

4.2. Gently mix the solution by transferring fluid between the two syringes [1]. Leave HALF of the solution in each syringe [2]. Close both side ports [3].
4.2.1. Talent transferring fluid between the two syringes.
4.2.2. Shot of 1/2 of the solution remaining in each syringe.
4.2.3. Talent closing both side ports.

4.3. Open the right end port and loosen the reservoir cap 1/4 turn [1]. Inject the solution from one syringe into the extra capillary space and close the attached side port [2].
4.3.1. Talent opening the right end port and loosening the reservoir cap 1/4 turn.
4.3.2. Talent injecting the solution from one syringe into the extra capillary space and closing the attached side port.

4.4. Inject the solution from the other syringe and close the attached side port [1] and open both end ports [2].
4.4.1. Talent injecting the solution from the other syringe and closing the attached side port.
4.4.2. Talent opening both end ports.

4.5. If inoculating cells, leave the cartridge in a horizontal position for 30 minutes at room temperature [1]. Then, rotate it 180 degrees along the long axis and let it sit for an additional 30 minutes [2].
4.5.1. Talent placing the cartridge in a horizontal position at room temperature.
4.5.2. Talent rotating the cartridge 180 degrees along the long axis.

4.6. If coating the fibers with matrix protein, leave the cartridge overnight at room temperature [1]. Place the cartridge into the Duet pump system and initiate flow at 25 [2].
4.6.1. Talent placing the cartridge at room temperature.
4.6.2. Talent placing the cartridge into the Duet pump system and initiating flow at 25.





5. Harvest Preparation and Collection of Conditioned Medium
Demonstrator: Click here to enter name of demonstrator(s) 


5.1. Attach an empty sterile syringe with a 3-way stopcock and sterile filter to the right side port [1]. Set the 3-way stopcock to allow venting through the sterile filter and attach a second empty sterile syringe to the left side port [2].
5.1.1. Talent attaching an empty sterile syringe with a 3-way stopcock and sterile filter to the right side port.
5.1.2. Talent setting the 3-way stopcock to allow venting through the sterile filter and attaching a second empty sterile syringe to the left side port.

5.2. Open the right-side port and maintain sterile venting through the filter [1].
5.2.1. Talent opening the right-side port while maintaining sterile venting through the filter.

5.3. Tilt the right end of the cartridge upward and withdraw conditioned medium into the left syringe [1]. Completely drain the extra capillary space contents into the left syringe [2].
5.3.1. Talent tilting the right end of the cartridge upward and withdrawing conditioned medium into the left syringe.
5.3.2. Shot of the extra capillary space contents draining completely into the left syringe.

5.4. Close the right-side port [1]. Close the left side port, remove the syringe, and collect the harvest into a 50-milliliter conical tube [2].
5.4.1. Talent closing the right-side port.
5.4.2. Talent closing the left side port, removing the syringe, and collecting the harvest into a 50-milliliter conical tube.

5.5. Replace the syringe on the left side port and open the left side port [1]. Then, open the right end port and unscrew the reservoir cap 1/4 turn [2].
5.5.1. Talent replacing the syringe on the left side port and opening the left side port.
5.5.2. Talent opening the right end port and unscrewing the reservoir cap 1/4 turn.

5.6. Tilt the left end of the cartridge upward and fill the extra capillary space by withdrawing on the syringe connected to the left side port [1]. Fill the extra capillary space completely until the liquid meniscus is in the middle of the side port tubing [2].
5.6.1. Talent tilting the left end of the cartridge upward and withdrawing on the syringe connected to the left side port.
5.6.2. Shot of the liquid meniscus in the middle of the side port tubing.

5.7. Close the right end port [1]. Open the right-side port and set the 3-way stopcock to vent through the filter [2]. Open the left side port and tilt the cartridge to the right [3]. Drain the extra capillary space completely into the left syringe [4].
5.7.1. Talent closing the right end port.
5.7.2. Talent opening the right-side port and setting the 3-way stopcock to vent through the filter.
5.7.3. Talent opening the left side port and tilting the cartridge to the right.
5.7.4. Talent draining the extra capillary space completely into the left syringe.

5.8. Close the left side port, remove the syringe, and collect the harvested extra capillary space contents into the 50-milliliter conical tube [1]. Replace the syringe into the left side port, close the right-side port, and open the right-end port [2].
5.8.1. Talent closing the left side port, removing the syringe, and collecting the harvested extra capillary space contents into the 50-milliliter conical tube.
5.8.2. Talent replacing the syringe into the left side port, closing the right-side port, and opening the right-end port.

5.9. Tilt the left side of the cartridge upward and fill the extra capillary space by withdrawing on the left syringe [1]. Fill the extra capillary space completely until the liquid meniscus is in the middle of the side port tubing [2].
5.9.1. Talent tilting the left side of the cartridge upward and withdrawing on the left syringe.
5.9.2. Shot of the liquid meniscus in the middle of the side port tubing.

5.10. Close the left side port, open the left end port, and tighten the reservoir cap [1]. Confirm system flow by manually compressing the pump tubing before returning the cartridge to the Duet pump [2].
5.10.1. Talent closing the left side port, opening the left end port, and tightening the reservoir cap.
5.10.2. Talent manually compressing the pump tubing and returning the cartridge to the Duet pump.

6. Installation of the Bioreactor and Glucose Monitoring
Demonstrator: Click here to enter name of demonstrator(s) 


6.1. Set the pump flow rate to 25 on the control box and keep the pump running to make the cartridge easier to install [1]. Grasp the right edge of the flow path stand and slide the pump tubing into the pump tubing [2].
6.1.1. Talent setting the pump flow rate to 25 on the control box while the pump is running.
6.1.2. Talent grasping the right edge of the flow path stand and sliding the pump tubing into the pump tubing.

6.2. Slide the base of the flow path into the slot on the pump base [1]. Ensure that the rectangular register snaps into the cut-out on the flow path stand [2]. Place the reservoir bottle in the indentation on the side of the pump base [3].
6.2.1. Talent sliding the base of the flow path into the slot on the pump base.
6.2.2. Shot of the rectangular register snapping into the cut-out on the flow path stand.
6.2.3. Talent placing the reservoir bottle in the indentation on the side of the pump base.

6.3. Fit the thin power cord between the gasket on the incubator and attach the control box to the side of the incubator using the magnet [1]. Using a 1-milliliter pipette, remove a 1-milliliter sample of medium from the reservoir bottle [2]. Measure glucose concentration using a compatible glucose meter by placing a small drop of sampled medium onto the meter test strip [4].
6.3.1. Talent fitting the thin power cord between the gasket on the incubator and attaching the control box to the side of the incubator using the magnet.
6.3.2. Talent removing a 1-milliliter sample of medium from the reservoir bottle using a 1-milliliter pipette.
6.3.3. Talent placing a small drop of sampled medium onto the glucose meter test strip to measure glucose concentration.

6.3.4. 

Results
Please review this section to make sure that it accurately reflects your findings.	Comment by Poornima  G: Authors: Please check if the narration is correct and if the figures and areas being highlighted match with the narration
· 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: XXX.
· Please note that the video cannot include voiceover without an accompanying visual.

7. Results 

7.1. Mesenchymal stem cells, Human Amniotic Fluid Stem Cells, cardiac progenitors, and some other cell types formed spheroids when seeded into the cartridge in sufficient numbers [1].
7.1.1. LAB MEDIA: Figure 3. Video editor: Highlight the rounded cell clusters visible among the hollow fibers inside the cartridge. 

7.2. Extracellular vesicle concentration reached a maximum after 24 hours [1], making 24 hour intervals between harvests optimal [2].
7.2.1. LAB MEDIA: Figure 4. Video editor: Highlight the green bar labelled '24' on the x-axis.
7.2.2. LAB MEDIA: Figure 4. Video editor: Highlight the x-axis label '24' and the corresponding green bar showing the highest value. 

7.3. Typical exosome concentrations in harvested medium ranged from 1–5 × 10¹² particles per millilitre [1], depending upon cell type, cell seeding numbers, and other factors.
7.3.1. LAB MEDIA: Figure 5. Video editor: Highlight the visible pellet collected at the bottom of the centrifuge tube.

7.4. Extracellular vesicle production correlated with metabolic activity as measured by glucose consumption [1].
7.4.1. LAB MEDIA: Figure 4. Video editor: Highlight the bars representing extracellular vesicle yield at the different harvest time points.

7.5. Daily harvesting at 24 hour intervals maximized extracellular vesicle concentration while maintaining culture stability [1].
7.5.1. LAB MEDIA: Figure 4. Video editor: Highlight the green bar labelled '24' on the x-axis. 
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