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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?  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?  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.

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: 12/16/2024

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:  28
Number of Shots:  58 

Interviews 
1. [bookmark: _Hlk138956231]Video 1: Author Spotlight: Title (Filled by scriptwriter during script finalization)

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 50 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. Hue Vy An Tran: Our research group uses Polyvinyl Alcohol (PVA) and Poly(ε-caprolactone) (PCL) nanofibrous membranes to develop a 3D coculture system. It aims to answer how these membranes support epithelial and fibroblast growth, mimic tissue environments, and facilitate the study of paracrine signaling and cellular interactions.

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 50 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 50 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 50 or fewer words.

What significant findings have you established in your field?
1.5. Hue Vy An Tran: We’ve shown that porous electrospun nanofibrous membranes allow epithelial cells to form epithelial tissue-like multi-layers and fibroblasts to grow in an interstitial matrix. These methods highlight how advanced 3D systems can provide real tissue environments compared to traditional 2D cultures.

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 50 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Thi Xuan Thuy Tran: We offer a coculture system by employing differentiated epithelial cells. Organoids using stem cells require complex procedures for differentiation, but our model has advantages in simplicity and time-saving in the development of a 3D coculture system.
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 50 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 50 or fewer words.
What research questions will your laboratory focus on in the future?
1.10. Thi Xuan Thuy Tran: We focus on overcoming the limitations of nanofibrous scaffold by the combination of nanofibrous membranes and over-layered hydrogels on the cocultures.



Protocol Videos 
Each video will include a section of your protocol and accompanying results, if applicable. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration. Professional voiceover artists will narrate the video. 
· Red and italics are pronunciation guides (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 from that step in advance.
Protocol:
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that you/your videographer will capture. 
Representative Results: 
· The three-digit numbers (e.g., 2.3.1., 2.3.2.) are the figures/tables from your manuscript. These will not be recorded by the videographer.
· Please review the result section to make sure it logically follows the video.
· Please note that the video cannot include voiceover without an accompanying visual.

2. Video 2: Fabrication of Water-Stable Polyvinyl Alcohol (PVA) and Poly(ε-caprolactone) (PCL) Nanofibers for 3D Co-culture
Demonstrator: Thi Xuan Thuy Tran
Protocol
2.1. To begin, add 0.02 grams of poly(acrylic acid) (Poly-acrylic acid) and 1 gram of PVA (P-V-A) to a clean glass bottle containing a magnetic bar [1]. Add 7.8 milliliters of distilled water to the bottle [2], then place the bottle on a plate stirrer [3-TXT]. 
2.1.1. WIDE: Talent adding the poly(acrylic acid) and polyvinyl alcohol into a glass bottle with a magnetic bar inside.  
2.1.2. Talent pouring 7.8 milliliters of distilled water into the bottle.  
2.1.3. Talent placing the bottle on a plate stirrer.  TXT: 84 °C, 500 rpm, 12 h

2.2. Once the bottle cools to room temperature, add 0.2 milliliters of glutaraldehyde to it [1]. Place the bottle back on the plate stirrer at 500 rpm, for 30 minutes at room temperature [2].
2.2.1. Talent adding 0.2 milliliters of glutaraldehyde into the bottle using a pipette.  
2.2.2. Talent placing the bottle on a plate stirrer.  

2.3. Use a 5-milliliter syringe for electrospinning, separate the plungers from the barrels [1], and clean small plastic debris inside the barrels and the tips of the plungers [2].
2.3.1. Talent disassembling the plungers from the barrels.  
2.3.2. Talent cleaning the interior of the barrels and the tips of the plungers to remove debris.  

2.4. Use needles to block the liquid flow [1], then pour the PVA solution into each syringe barrel [2]. Assemble the plungers into the barrels and remove the needles [3].
2.4.1. Talent attaching needles to block liquid flow in the syringes.  
2.4.2. Talent pouring polyvinyl alcohol solution into the syringe barrels.  
2.4.3. Talent assembling the plungers into the syringe barrels and removing the needles from the syringes.  

2.5. After assembling a new 27-gauge metal needle, place it into the electrospinning machine [1]. Wrap the collector tightly with aluminum foil [2].
2.5.1. Talent inserting the assembled needle into the electrospinning machine.  
2.5.2. Talent wrapping the collector with aluminum foil, ensuring full coverage.  

2.6. Once the injector panel returns to its original position, set the electrospinning machine to an injection volume of 2 ml (milliliters), injection rate of 6 μL/min (microliters per minute), roller speed of 100 rpm, and tip-to-collector distance of 14 cm (centimeters) [2]. Check the liquid flow for each pump [3].
2.6.1. Talent input the settings into the electrospinning machine: 2 milliliters injection volume, 6 microliters per minute injection rate, 100 revolutions per minute roller speed, and 14 centimeters tip-to-collector distance.  Authors: Please film this shot with the instrument screen visible while entering the parameters
2.6.2. Liquid flow being checked for each pump.


2.7. Then, run the electrospinning machine with an electrical potential of approximately 12 kV (kilovolts) [1-TXT]. 
2.7.1. Talent starting the electrospinning machine and setting it to 12 kilovolts.  TXT: Humidity: 40-50% (Beginning); 25-30% (End); Check the flow regularly

2.8. After the electrospinning process is complete, detach the foil containing the fiber mat from the collector [1]. Store the nanofiber mat in a desiccant under vacuum [2].
2.8.1. Talent carefully detaches the foil containing the fiber mat from the collector.  
2.8.2. Talent placing the nanofiber mat in a desiccant container under vacuum.

Fabrication of Poly(ε-caprolactone) (PCL) Nanofibers and Nanofiber Quality Assessment  	Comment by Pallavi  Sharma: Authors: I have shifted PCL nanofibers fabrication here, as it’s just a two-step process and its more meaningful to show the complete fabrication part together
2.9. Add 1.5 grams of PCL (P-C-L) and 8.5 milliliters of chloroform to a clean glass bottle [1]. Place the bottle on a plate stirrer and dissolve the PCL in chloroform for 12 hours at room temperature [3-TXt].
2.9.1. Talent adding 1.5 grams of polycaprolactone and 8.5 milliliters of chloroform into the bottle.  
2.9.2. WIDE: Talent placing the bottle on a plate stirrer. TXT: Fabrication: Injection rate: 8 μL/min; Voltage: 17.5 kV

2.10. Cut a small piece of the nanofiber membrane [1]. Coat the pieces with a thin gold layer using the auto-sputter process for 5 minutes [2-TXT].  
2.10.1. Talent cutting a small piece of the membrane.  
2.10.2. Auto-sputter coater applying a thin gold layer to the membrane for 5 minutes.  TXT: Capture scanning electron microscope images



3. Video 3: Treatment of a PVA Nanofibrous Membrane with Hydrochloric acid (HCl) Vapor and Assessment of Fiber Quality
Demonstrator: Hue Vy An Tran
Protocol

3.1. To begin, cut the fabricated PVA nanofiber mat into pieces of the desired size for the trans-well insert [1].
3.1.1. WIDE: Talent using scissors or a blade to cut the nanofiber mat into smaller, uniform pieces.  

3.2. Prepare a small dish containing 1.5 milliliters of pure hydrochloric acid [1]. Place the dish with hydrochloric acid and the nanofiber pieces inside a vacuum chamber and close the lid [2].
3.2.1. Talent measuring and pouring 1.5 milliliters of pure hydrochloric acid into a small dish.  
3.2.2. Talent placing the dish and nanofiber pieces inside the vacuum chamber and sealing the lid.  

3.3. Then, open the valve connected to the vacuum pump and wait for 10 seconds until hydrochloric acid fumes rise [1]. Close the valve and treat the membranes with hydrochloric acid fumes for 2 minutes [2].
3.3.1. Talent opening the valve and monitoring the rise of hydrochloric acid fumes.  
3.3.2. Talent closing the valve.  

3.4. After the hydrochloric acid treatment, add drops of distilled water to the membranes [1]. Place the membranes on a glass slide and remove them from the foil [2-TXT]. 
3.4.1. Talent carefully adding distilled water drops onto the treated membrane.  
3.4.2. Talent placing the membranes on a glass slide and detaching them from the foil.   TXT: After air drying for 20 min, the membranes naturally stick to the slide

3.5. Use an auto sputter coater to coat the membranes on carbon tape with a thin layer of gold [1-TXT]. 
3.5.1. Talent placing the membranes onto carbon tape inside the auto sputter coater.  TXT: Obtain scanning electron microscope images 

3.6. Wash the PVA nanomembranes crosslinked with hydrochloric acid three times with PBS [1]. After soaking the nanomembranes in culture media, check the pH (P-H) to confirm the absence of residual hydrochloric acid [2].
3.6.1. Talent placing the nanomembranes in PBS.  
3.6.2. Talent checking the pH using a pH meter.  


4. Video 4: Assembly of Polyvinyl Alcohol (PVA) and Poly(ε-caprolactone) (PCL) Nanofibers Membranes in a Trans-well for Epithelial Cells and Fibroblasts Culture
Demonstrator: Thi Xuan Thuy Tran
Protocol
4.1. To begin, cut the nanofiber mats into round pieces with a diameter of 10 millimeters for PVA nanomembranes and 13 millimeters for PCL nanomembranes [1].
4.1.1. WDIE: Talent using a circular cutter to cut nanofiber mats into pieces with the specified diameters.  

4.2. Mix Sylgard 184 (One-Eighty-Four) Base and Curing Agent in a 10 to 1 mass ratio in a plastic cup [1]. Use a clean glass slide to vigorously mix the polydimethylsiloxane or PDMS (P-D-M-S) solution for 2 to 3 minutes until bubbles form [2-TXT]. 
4.2.1. Talent mixing Sylgard 184 Base and Curing Agent in a plastic cup.  
4.2.2. Talent mixing the solution vigorously on a glass slide until bubbles form.  TXT: Allow the bubbles to rise and disappear for 10 min; Let the slide warm to 100 oC 

4.3. Spread the PDMS evenly on a glass slide [1]. Dip the bottom edge of the insert well slightly into the PDMS [2], then place the insert well upside down on the slide warmer for 10 to 15 minutes until the PDMS hardens [3]. Check the PDMS with a 200-microliter pipette tip to ensure it is no longer sticky [4-TXT].
4.3.1. Talent spreading PDMS evenly on a glass slide.  
4.3.2. Talent dipping the bottom edge of the insert well into the PDMS mixture.  
4.3.3. Insert well placed upside down on the slide warmer.  
4.3.4. Talent using a 200-microliter pipette tip to check for stickiness.  TXT: Treat the nanomembrane with HCl vapor

4.4. Gently press the insert well onto the PVA nanomembrane piece so that the bottom of the insert well faces the nanofiber side of the membrane [1]. Add a drop of distilled water to the center of the well and use forceps to carefully remove the foil [2]. Place the insert well into a new 24-well plate and allow the membrane to dry [3].
4.4.1. Talent aligning the insert well with the polyvinyl alcohol nanomembrane and pressing gently for attachment.  
4.4.2. Talent adds a drop of distilled water to the center of the insert well and peels off the foil.  
4.4.3. Insert well being placed into a new 24-well plate to dry.  

4.5. When attaching the nanomembrane piece, dip a 200-microliter pipette tip into the PDMS mixture and dot it precisely at the four corners and the center of the well [1]. Place the plate on the slide warmer and allow the PDMS to harden for 5 to 7 minutes [2].
4.5.1. Talent dipping the 200 microliter pipette tip into the polydimethylsiloxane and applying dots at specified positions.  
4.5.2. Talent places the plate on the slide warmer as the PDMS hardens.  

4.6. Place the PCL nanomembrane piece into the PDMS-containing well with the nanofiber side attached to the PDMS [1]. Use a small clean brush to press the foil side of the membrane slightly for complete attachment [2]. Then, add 0.2 milliliters of 70% ethanol to the well to facilitate foil removal [3].
4.6.1. Talent placing the polycaprolactone nanomembrane piece into the well, ensuring correct orientation.  
4.6.2. Talent using a clean brush to press the foil side of the membrane gently.  
4.6.3. Talent adding 0.2 milliliters of 70% ethanol to assist in foil removal.  

4.7. Sterilize the insert and bottom well in the trans-well setup under ultraviolet light overnight [1].
4.7.1. WIDE: Trans-well setup placed in a sterilization chamber under ultraviolet light.

4.8. On the next day, wash the insert and bottom well by adding 200 microliters of PBS to the insert and 500 microliters to the bottom well for 3 cycles of 10 minutes each [1]. 
4.8.1. Talent pipetting 200 microliters of PBS into the insert and 500 microliters into the bottom well. 
 
Cell seeding and assembly of two layers for the coculture model

4.9. Once the cells attain 70 to 80% confluency, wash them with 10 milliliters of PBS and trypsinize them [1-TXT]. Tap the dish gently to dislodge the cells from the bottom [2]. Add 8 milliliters of complete culture media to neutralize the trypsin enzyme, then transfer the cell suspension to a 50-milliliter centrifuge tube [3]. 
4.9.1. Talent washing the cells with 10 milliliters of PBS. TXT: MLE-12 and NIH3T3 cells are used
4.9.2. Talent gently tapping the dish.  
4.9.3. Talent adding 8 ml of complete culture media to the cells and transferring the cell suspension into a centrifuge tube.  

4.10. Centrifuge the tube at 400 g for 5 minutes [1]. After discarding the supernatant, resuspend the cell pellet in 5 milliliters of complete DMEM (D-M-E-M) with F12 (F-Twelve) media [2-TXT]. 
4.10.1. Talent places the tube in the centrifuge TXT: Stain the cells with Cell-Tracker to observe the distribution
4.10.2. Talent adding 5 milliliters of complete DMEM/F12 media to the centrifuge tube.  TXT: Adjust cells to 6 × 106 MLE-12 cells/mL and 8 × 105 NIH3T3 cells/mL

4.11. Fill the bottom well with 500 microliters of complete DMEM/F12 media [1]. Transfer the PVA nanofibrous membrane-attached insert to the trans-well [2] and add 50 microliters of MLE-12 (M-L-E-Twelve) cell suspension [3-TXT]. 
4.11.1. Talent pipetting 500 microliters of complete media into the bottom well.  
4.11.2. Talent transferring the polyvinyl alcohol nanofibrous membrane-attached insert to the trans-well. 
4.11.3. Talent adding 50 microliters of MLE-12 cell suspension into the insert. TXT: Incubation: 37 oC; 5% CO2

4.12. Fill the PCL nanofibrous membrane-attached bottom well with 500 microliters of NIH3T3 (N-I-H-Three-T-Three) cell suspension [1]. After incubating the cells for 2 hours, assemble the MLE-12 cell-containing insert and the NIH3T3 cell-containing bottom well in the trans-well setup [2].
4.12.1. Talent pipetting 500 microliters of NIH3T3 cell suspension into the bottom well.  
4.12.2. Talent assembling the MLE-12 cell-containing insert with the NIH3T3 cell-containing bottom well in the trans-well setup.

Representative Results
4.13. The spatial distribution of NIH3T3 cells and MLE-12 cells in the coculture system was clearly distinguishable, with green NIH3T3 cells dispersed at varying depths [1] and red MLE-12 cells forming layers [2].
4.13.1. LAB MEDIA: Figure 3. Video editor: Highlight the green NIH3T3 cells in the left panels.
4.13.2. LAB MEDIA: Figure 3. Video editor: Highlight the red MLE-12 cells in the right panels.

4.14. NIH3T3 cells infiltrate the PCL nanofibrous membrane and extend along the nanofiber axes [1], while MLE-12 cells adhere to the surface of the PVA nanofibrous membrane and exhibit an aggregation [2]. 
4.14.1. LAB MEDIA: Figure 4  Video editor: Highlight the  NIH3T3 cells in the left panel
4.14.2.  LAB MEDIA: Figure 4  Video editor: Highlight the MLE-12 cells in the right panel
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