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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
Can you record movies/images using your own microscope camera? (Y/N) N/A
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y/N) N
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
1. 3.2.
2. 4.4.
3. 5.1.
4. 5.2.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
5.2.
The traditional 2D PCL nanofiber mats should be fabricated under optimized conditions with well-controlled environment (e.g., temperature and humidity) to ensure the success of expansion. 
5. Will the filming need to take place in multiple locations? (Y/N) N
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Emily Keit: This protocol reported the transformation of traditional electrospun nanofiber membranes from 2D to 3D via depressurization of subcritical CO2 fluid, which was not realized previously [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


1.2. Emily Keit: This method eliminates many issues associated with previous approaches, including the use of aqueous solutions and chemical reactions, multiple-step processes, loss-of-activity of the encapsulated biological molecules, and limitation to hydrophobic polymers [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Introduction of Demonstrator: (Said by you on camera)

1.3. Emily Keit: Demonstrating the procedure will be Shixuan Chen, a postdoc from my laboratory [1]/[2].  

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.  

1.3.2. Shixuan Chen looks up from workbench or desk and acknowledges the camera.


Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at University of Nebraska Medical Center [1].

1.4.1. Title Card
	


Section - Protocol
2. [bookmark: _Hlk526901866]Prepare the Solutions for Standard Electrospinning and Set Up the Electrospinning Apparatus
2.1. In a 20 milliliter glass tube, dissolve 2 grams of PCL in a solvent mixture of dichloromethane and DMF with a 4 to 1 ratio at a concentration of 10% [1-TXT]. 
2.1.1. MED: Talent dissolves 2 grams of PCL in a solvent mixture of dichloromethane and DMF with a 4 to 1 ratio at a concentration of 10%.  Use labeled containers.  TEXT: PCL = poly(ε-caprolactone), DMF = N,N-dimethylformamide
2.2. Place the glass tube into a lab rotator until the solution becomes clear.  The solution may mix overnight [1].
2.2.1. CU: Solution mixing on the rotator. 
2.3. If intending to embed bioactive materials such as peptides or drugs into the scaffold, create a separate solution and store at the 4 degrees Celsius until ready to use [1].  Prepare a 50 microgram per milliliter fluorescent dye solution using 20 milliliters of PCL solution [2].
2.3.1. [bookmark: _GoBack]MED: Talent places a prepared separate peptide or drug solution into the refrigerator. {Comment: This shot was not filmed}
2.3.2. CU: Tube as talent adds coumarin 6 fluorescent dye to 20 mL of PCL.  Use labeled containers. {Comment: This shot was not filmed}
2.4. To set up the electrospinning apparatus, first add the PCL solution to a 20 milliliter syringe with a 21 gauge blunt needle attached [1].  Ensure that there is no air in the syringe and associated tubing [2].  Place a rotating steel drum with the ground collector 12 centimeters from the needle tip [3].
2.4.1. CU: 20 mL syringe with a 21 gauge blunt needle attached as talent adds the PCL solution.
2.4.2. MED: Talent checks for air in the syringe and tubing.
2.4.3. CU: Needle tip/rotating steel drum with ground collector as talent places the drum 12 cm from the needle tip.
2.5. Using alligator clips, connect the Direct Current High Voltage power supply to the needle and ensure that the collector is grounded [1].
2.5.1. CU: Apparatus as talent uses alligator clips to connect the Direct Current High Voltage power supply to the needle and ensures that the collector is grounded.
3. Electrospinning
3.1. For the 20 milliliters of PCL solution, set the parameters of the syringe pump using a diameter of 20.27 millimeters and a flow rate of 0.5 milliliters per hour [1].  Check if the droplets are forming at the tip of the needle [2].
3.1.1. MED-over the shoulder: Talent sets the parameters of the syringe pump using a diameter of 20.27 mL and a flow rate of 0.5 mL/h.
3.1.2. ECU: Tip of the needle as a droplet forms.
3.2. If the incorporation of bioactive molecules is desired, set up the apparatus to allow for co-axial electrospinning, creating a customized coaxial nozzle using hypodermic needles [1].
3.2.1. CU: Apparatus as talent attaches the customized coaxial nozzle using hypodermic needles. {Comment: This shot was not filmed}
3.3. Add 3 milliliters of a 1% Coumarin 6 fluorescent dye to a small syringe [1].  Connect the syringe to the same coaxial nozzle as the PCL solution [2].  Once again, ensure that there are no air bubbles [3].
3.3.1. MED: Talent adds 3 mL of a 1% Coumarin 6 fluorescent dye to a small syringe.  Use labeled containers. {Comment: This shot was not filmed}
3.3.2. CU: Syringe as talent connects it to the coaxial nozzle. {Comment: This shot was not filmed}
3.3.3. CU: Syringe/tubing as talent inspects for air bubbles. {Comment: This shot was not filmed}
3.4. For this 3 milliliter solution, set the parameters of the syringe pump to a diameter of 9.49 millimeters and a flow rate of 0.02 milliliters per hour before checking for droplets forming at the tip of the needle [1]. 
3.4.1. MED-over the shoulder: Talent sets the parameters of the syringe pump to a diameter of 9.49 mL and a flow rate of 0.02 mL/h. {Comment: This shot was not filmed}
3.5. Apply an electric potential of 20 kiloVolts between the spinneret and a ground collector located 20 centimeters away from the spinneret [1]. Collect the aligned nanofiber mats in a drum rotating at 2000 rpm [2].
3.5.1. MED-over the shoulder: Talent applies an electric potential of 20 kiloVolts between the spinneret and a ground collector.
3.5.2. CU: Rotating drum as the nanofiber mats are collected there.  
3.6. Collect the PCL nanofiber mats once they reach a thickness of approximately 1 millimeter [1].
3.6.1. CU: PCL nanofiber mats as talent collects them. 
4. Generation of PCL Nanofiber Mats with Arrayed Holes
4.1. To fabricate PCL nanofiber mats, first dissolve PCL beads in a solvent mixture consisting of DCM and DMF with a ratio of 4 to 1 at a concentration of 10% PCL [1].
4.1.1. MED: Talent dissolves PCL beads in a solvent mixture consisting of DCM and DMF with a ratio of 4 to 1 at a concentration of 10% PCL.  Use labeled containers. {Comment: This shot was not filmed}
4.2. Pump the PCL solution at a flow rate of 0.7 milliliters per hour using a syringe pump while a potential of 20 kiloVolts is applied between the spinneret and a grounded collector located 12 centimeters apart from the spinneret [1].
4.2.1. CU: Apparatus as talent starts the flow rate of 0.7 mL/h while a potential of 20 kV is applied. {Comment: This shot was not filmed}
4.3. Collect the nanofiber membrane using a rotating drum with a rotating speed larger than 500 rpm [1].
4.3.1. CU: Rotating drum as the nanofiber membrane is collected there.  {Comment: This shot was not filmed}
4.4. Immerse the PCL nanofiber mats in liquid Nitrogen for 5 minutes [1].  Keep the PCL nanofiber mats in liquid Nitrogen and punch PCL nanofiber mats with a 0.5 millimeter diameter punch [2].
4.4.1. MED: Talent immerses the PCL nanofiber mats in liquid Nitrogen.
4.4.2. CU or ECU: PCL nanofiber mats in liquid nitrogen as talent punches them with 1 0.5 mm diameter punch.
5. Expansion of 2D Nanofiber Mats with/without Arrayed Holes via Subcritical CO2 Liquid
5.1. Place the PCL nanofiber mats into liquid nitrogen for 5 minutes [1].  Cut the mats into 1 centimeter by 1 centimeter squares using sharp surgical scissors while submerged in liquid nitrogen to avoid deformation of the edges [2].
5.1.1. MED: Talent places the PCL nanofiber mats into liquid nitrogen.
5.1.2. ECU: PCL nanofiber mats as talent cuts them into 1 cm x 1cm squares using sharp surgical scissors while submerged in liquid nitrogen.
5.2. Place the cut mat in a 30 milliliter centrifuge tube with approximately 1 gram of dry ice [1].  Tightly cap the lid and allow for the dry ice to change into liquid carbon dioxide [2].  Once liquid has formed in the tube, quickly release the pressure by opening the cap [3].
5.2.1. CU: Cut mat as talent places it into a 30 mL centrifuge tube.
5.2.2. MED: Talent tightly caps the lid.
5.2.3. CU: Centrifuge tube showing liquid has formed as talent quickly releases the pressure. 
5.3. Remove and observe the puffed scaffold from the tube [1].  Place the scaffold in a new centrifuge tube with dry ice and repeat until the desired thickness is achieved [2].  Sterilize the expanded nanofiber scaffolds in ethylene oxide prior to incubation with cells [3].
5.3.1. ECU: Puffed scaffold as talent removes it from the tube.
5.3.2. MED: Talent transfers the puffed scaffold to a new centrifuge with dry ice and tightens cap. 
5.3.3. CU: Expanded nanofiber scaffolds as talent sterilizes in ethylene oxide.  Use labeled containers.
6. Characterization of Expanded Nanofiber Scaffolds 
6.1. Characterize the morphology and structure of the expanded nanofiber scaffolds using scanning electron microscopy, or SEM, by first placing the samples with double-sided conductive tape onto the metallic stud [1].
6.1.1. CU: Metallic stud as talent places the samples there with double-sided conductive tape. {Comment: This shot was not filmed}
6.2. Coat the samples with platinum for 40 seconds using a sputter coater at 40 milliAmps [1].
6.2.1. MED: Talent places the sample into the sputter coater and turns on. {Comment: This shot was not filmed}
6.3. Examine the fibers using SEM according to previous studies, collecting the images at an accelerating voltage of 15 kiloVolts [1-TXT].
6.3.1. MED: Talent reviews SEM images on analysis computer.  TEXT: See text for reference{Comment: This shot was not filmed}
6.4. To characterize in vitro release profiles and bioactivity of released peptides, weigh 10 milligrams of nanofiber membranes before and after the expansion in Carbon dioxide [1].
6.4.1. MED: Talent weighs the samples. {Comment: This shot was not filmed}
6.5. Immerse the samples in PBS buffer and collect 10 microliters of supernatant at different time points [1-TXT].   Then, use an Enzyme-Linked Immuno Sorbent Assay kit to quantify the LL-37 peptide concentration in the collected supernatant [2]. 
6.5.1. CU: Sample as talent immerses it in PBS buffer.  TEXT: 0-28 days{Comment: This shot was not filmed}
6.5.2. MED: Talent works with an ELISA kit to perform a step in the assay on the supernatant. {Comment: This shot was not filmed}
6.6. To examine cellular infiltration in vivo and host response, perform anesthetization of 9-week old Sprague-Dawley rats as described in the text protocol, and confirm the animal is unresponsive with a toe pinch [1].  
6.6.1. CU: Rat’s lower half as talent shows the animal is unresponsive to a toe pinch. {Comment: This shot was not filmed} 
6.7. Shave the hair of rat’s backs by an animal’s shaver [1].  After sterilizing the shaved site with iodine and alcohol skin scrub, create subcutaneous pockets via 1.5 centimeter incisions at supraspinal sites on the dorsum using a scalpel [2]. 
6.7.1. CU: Rat’s bac as talent shaves with an animal’s shaver. {Comment: This shot was not filmed}
6.7.2. ECU: Shaved and sterilized site as talent creates subcutaneous pockets via 1.5 centimeter incisions at supraspinal sites on the dorsum using a scalpel. {Comment: This shot was not filmed}
6.8. Use tweezers to insert one expanded, 1.5 millimeter-thick nanofiber scaffold into the subcutaneous pocket for each incision [1].  Close the incision using a stapler [2].  
6.8.1. ECU: Incision as talent inserts the nanofiber scaffold there. {Comment: This shot was not filmed}
6.8.2. CU: Incision as talent closes it with a stapler. {Comment: This shot was not filmed}
6.9. Following rat euthanasia at 1, 2, and 4 weeks as described in the text protocol, gently dissect the explant and the surrounding tissue using surgical scissors [1]. 
6.9.1. CU: Site on scaffold insertion as talent gently dissects the explant and the surrounding tissue using surgical scissors. {Comment: This shot was not filmed}
6.10. Prior to histological analysis, immerse the tissue in formalin for at least 3 days, and then embed with paraffin [1].  Section the tissue with a microtome [2].
6.10.1. MED: Talent immerses the tissue in a labeled container of formalin.  Embedding with paraffin does not need to be filmed. {Comment: This shot was not filmed}
6.10.2. CU: Paraffin embedded tissue as it is sectioned with a microtome. {Comment: This shot was not filmed}
6.11. Finally, perform hematoxylin and eosin staining, as well as Masson’s trichrome staining, to examine cellular infiltration in vivo and host response [1].
6.11.1. MED: Talent works to perform staining of sectioned tissue. {Comment: This shot was not filmed}







Section – Results
7. Results: Visualization and In vivo Responses of PCL Nanofiber Scaffolds With and Without Expansion via Subcritical CO2 
7.1. The effectiveness of expanding traditional 2D electrospun nanofiber mats into 3D scaffolds via depressurization of subcritical CO2 fluid is shown on the left after the 2nd treatment [1].
7.1.1. LAB MEDIA: Figure 3b.tif
7.2. The thickness of the scaffolds increased from 1 millimeter when untreated… [1] to 2.5 millimeters with one CO2 treatment… [2] to 19.2 millimeters with two CO2 treatments [3].
7.2.1. LAB MEDIA: Figure 3c.tif - Video editors, please emphasize the bar labeled “Raw”.  
7.2.2. LAB MEDIA: Figure 3c.tif - Video editors, please emphasize the bar labeled “1st”.
7.2.3. LAB MEDIA: Figure 3c.tif - Video editors, please emphasize the bar labeled “2nd”.
7.3. The porosity of the scaffolds increased from 79.5% for the untreated mats… [1] to 92.1% after the first treatment… [2] to 99.0% after the second treatment [3].  This is significant because the degree of cell penetration into a scaffold, and thus its efficacy to induce regeneration, is largely dependent on the porosity [4].
7.3.1. LAB MEDIA: Figure 3d.tif - Video editors, please emphasize the bar labeled “Raw”.
7.3.2. LAB MEDIA: Figure 3d.tif - Video editors, please emphasize the bar labeled “1st”.
7.3.3. LAB MEDIA: Figure 3d.tif - Video editors, please emphasize the bar labeled “2nd”.
7.3.4. LAB MEDIA: Figure 3d.tif
7.4. SEM images reveal that the densely packed, fibrillar structure of untreated 2D mats… [1] were transformed into ordered, layered structures with aligned nanofibers after expansion with CO2 [2]. 
7.4.1. LAB MEDIA: Figure 3e.tif and Figure 3g.tif - Video editors, please show these two figures together as this part of the sentence is narrated.
7.4.2. LAB MEDIA: Figure 3f and Figure 3h.tif - Video editors, please show these two figures together as this part of the sentence is narrated.
7.5. In vivo studies were carried out by subcutaneous implantation of CO2-expanded nanofiber scaffolds with square-arrayed holes to rats.  This allows for cellular migration and proliferation within the holes as well as further infiltration within the nanofiber layers that were created during expansion [1].
7.5.1. LAB MEDIA: Figure 6c.tif and Figure 6d.tif - Video editors, please show these two figures together as this sentence is narrated.
7.6. From week 1 to 4 post implantation, the expanded scaffold showed [1] a significant increase in the number of blood vessels formed… [2] and multinucleated giant cells [3] when compared to a traditional nanofiber mat [4].
7.6.1. LAB MEDIA: Figure 6e.tif and Figure 6f.tif - Video editors, please show these two figures together.
7.6.2. LAB MEDIA: Figure 6e.tif and Figure 6f.tif - Video editors, please emphasize the bars with black and white boxes (labeled as Expanded and punched nanofiber scaffold in the legend) in 6e.
7.6.3. LAB MEDIA: Figure 6e.tif and Figure 6f.tif - Video editors, please emphasize the bars with black and white boxes (labeled as “Expanded and punched nanofiber scaffold” in the legend) in 6f.
7.6.4. LAB MEDIA: Figure 6e.tif and Figure 6f.tif - Video editors, please emphasize the bars with black dots (labeled as “Traditional nanofiber mat” in the legend) in 6f.



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Emily Keit: Following this procedure, different molecules including growth factors, immunomodulating compounds, hemostatic agents, and antimicrobial agents can be incorporated to the nanofiber mats and expanded in subcritical CO2 fluid [1].

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
8.2. Emily Keit: Such functionalized, expanded nanofiber scaffolds could be used to explore new questions in other scientific fields, such as hemostasis, prevention and treatment of infection, immunology, and tissue regeneration and repair [1]. 

8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
8.3. Emily Keit: Organic solvents are toxic and should be handled in the chemical hood.  Furthermore, a container that can endure the high-pressure of the subcritical CO2 fluid should be used for the expansion [1].

8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. 
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