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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.3., 3.4., 3.5.	Comment by Bridget Colvin: Authors: You do not need to include steps that will be submitted as lab media.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
5.5. Separation of the trachea from the recurrent laryngeal nerves. It is important to carry-out this step bluntly to avoid rupturing the nerves.
5.8., 5.10.: Proximal and distal anastomoses. To ensure accurate positioning of the graft and to check for leakages, check at a higher magnification.
5. Will the filming need to take place in multiple locations? Y, two locations 14 miles apart


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. Tendy Chiang: This protocol facilitates the study of the cellular and molecular mechanisms involved in neotissue formation within a tissue engineered tracheal graft [1]. 

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

1.2. Tendy Chiang: One of the biggest advantages of this model is the wide variety of investigative techniques that can be applied to the model to study different mechanisms [1]. 

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

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

1.3. Sayali Dharmadhikari: This technique allows the implementation of therapeutic options aimed at improving tissue engineered tracheal graft performance, with the hope of developing similar grafts for use in human patients [1]. 

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

1.4. Sayali Dharmadhikari: The most difficult part of this procedure is performing the microsurgery. It just takes time and practice to improve your technique [1]. 

1.4.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

1.5. Sayali Dharmadhikari: Visual demonstration of this method is important, as it is a very technical procedure that is best represented through live video footage [1]. 

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

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

1.6. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Nationwide Children’s Hospital.


Section - Protocol
2. Scaffold Manufacturing
2.1. Begin by dissolving 8 weight percent polyethylene terephthalate, or PET (P-E-T), in hexafluoroisopropanol [1] and heating the resulting solution to 60 degrees Celsius [2].
2.1.1. WIDE: Talent adding PET to hexafluoroisopropanol, with PET and hexafluoroisopropanol containers visible in frame
2.1.2. MED: Talent placing solution at 60 °C

2.2. While the solution is being warmed, dissolve 3 weight percent polyurethane, or PU (P-U), in hexafluoroisopropanol [1], combining the solutions once the PET solution has cooled [2].

2.2.1. MED: Talent adding PU to hexafluoroisopropanol, with PU and hexafluoroisopropanol containers visible in solution
2.2.2. MED: Talent adding PU solution to PET solution

2.3. Load a 60-milliliter syringe equipped with a 20-gauge blunt-tip needle with the polymer mixture [1] and use the syringe and a high-voltage DC power supply set to +14 kilovolts on the needle [2], another high-voltage DC power supply set to -3 kilovolts [3], a 5 milliliter/hour flow rate [4], and a 20-centimeter tip-to-substrate distance to electrospin the polymer onto a 1-millimeter-diameter stainless steel rod being turned at 350 rotations per minute  [5].

2.3.1. MED: Talent loading syringe
2.3.2. MED: Talent turning on needle power supply
2.3.3. MED: Talent turning on second power supply
2.3.4. CU: Flow rate being set
2.3.5. CU: Polymer being electrospun onto rod

2.4. Continue electrospinning until a 300-micrometer scaffold wall thickness is achieved [1].

2.4.1. CU: Shot of 300-micrometer-thick scaffold wall

2.5. Then slide the scaffold off the rod [1], place the scaffold under vacuum overnight to remove any residual solvent [2], and sterilize the scaffold with an ultraviolet light dosage of 350 millijoules/centimeter-squared for about 15 minutes [3].

2.5.1. CU: Scaffold being removed
2.5.2. CU: Scaffold being placed under vacuum
2.5.3. CU: Shot of scaffold, then UV light being turned on

3. Bone Marrow Mononuclear Cell (BM-MNC) Harvest

3.1. For bone marrow mononuclear cell harvest, remove the skin from the hindlimbs of a 6-8-week-old, female, C57BL/6 (C-fifty-seven-black-six) mouse with fine scissors and micro-Adson forceps [1-TXT] and use Dumont #5 forceps and Dumont #5-45 forceps to remove the fascia and the tendons [2].

3.1.1. WIDE: Talent removing skin Videographer: More Talent than mouse in shot TEXT: Euthanasia: Anesthesia overdose

3.2. Separate the bones to allow each of them to be cut on both ends [1] and use a 5-milliliter syringe equipped with a 25-gauge needle to flush the bone marrow into a Petri dish containing 30-milliliters of RPMI medium [2-TXT].

3.2.1. CU: Shot of separated bones, then one bone end being cut
3.2.2. CU: Bone marrow being flushed into dish, with medium container label visible in frame TEXT: See text for all medium/reagent preparation details

3.3. When all of the bones have been flushed, filter the bone marrow through a 70-micrometer nylon cell strainer into a 50-millilter conical tube [1] and transfer the tube to a biosafety cabinet [2].

3.3.1. CU: Bone marrow suspension being added to filter
3.3.2. MED: Talent placing tube into hood

3.4. Gently add the filtered mononuclear cell solution down the side of a 15-milliliter tube [1] containing 5-milliliters of polysurcrose and sodium diatrizoate without mixing the layers [2] and separate the plasma from the white and red blood cells by density gradient separation [3-TXT].

3.4.1. CU: Cells being added down side of tube
3.4.2. CU: Shot of unmixed layers
3.4.3. MED: Talent placing tubes into centrifuge TEXT: 30 min, 461 x g, 24 °C, no/low brake

3.5. At the end of the centrifugation, collect the middle, clear layer consisting of the bone marrow mononuclear cells [1] and wash the bone marrow mononuclear cells at a 1:1 ratio in PBS by centrifugation [2-TXT].

3.5.1. CU: Shot of layers, then middle layer being collected
3.5.2. MED: Talent adding tube(s) to centrifuge TEXT: 10 min, 461 x g, 24 °C
 
3.6. Resuspend the pellet in 5 milliliters of PBS for a second wash [1] followed by resuspension in 10 milliliters of fresh RPMI medium for counting [2].

3.6.1. CU: Shot of pellet if visible, then PBS being added to tube, with PBS container label visible in frame. 3.6.1. and 3.6.2. combined.
3.6.2. MED: Talent adding medium to tube, with medium container visible in frame

3.7. Then collect the cells with an additional centrifugation [1] and dilute the cells to a 1x107 cells/5 microliters of fresh RPMI concentration [2].

3.7.1. MED: Talent adding tube(s) to centrifuge
3.7.2. CU: PBS being added to tube, with RPMI container label visible in frame

4. Cell Seeding 

4.1. Before seeding the scaffold, cut the polymer to a 5-millimeter length as necessary [1] and wet the scaffold with 5 microliters of RPMI medium for 5 minutes [2].

4.1.1. WIDE: Talent cutting polymer
4.1.2. MED: Talent adding RPMI to polymer, with RPMI container visible in frame

4.2. At the end of the incubation, remove the excess medium [1] and load the scaffold lumen with 5 microliters of the bone marrow mononuclear cell solution for 10 minutes [2].

4.2.1. CU: RPMI being removed
4.2.2. CU: Lumen being loaded

4.3. Then insert a 21-gauge needle through the lumen of the scaffold [1] and place the graft in 1 milliliter of RPMI medium overnight in a 37-degree Celsius incubator [2].

4.3.1. CU: Needle being inserted into lumen
4.3.2. MED: Talent placing graft into medium, with medium container visible in frame

5. Graft Implantation

5.1. On the day of the implantation, confirm a lack of response to toe pinch in the recipient animal [1-TXT] and apply ointment to the animal’s eyes [2].

5.1.1. WIDE: Talent pinching toe TEXT: Anesthesia: ketamine 100 mg/kg + xylazine 10 mg/kg + ketoprofen 5 mg/kg i.p.
5.1.2. ECU: Ointment being applied

5.2. Clip the hair on the surgical site from chin to clavicles [1] and place the animal on a surgical pad in a dorsal recumbent position [2].

5.2.1. CU: Hair being clipped
5.2.2. MED: Talent placing mouse into surgical pad Videographer: More Talent than mouse in shot

5.3. Using aseptic technique, disinfect the surgical site with a sequential povidone-iodine-, 70% ethanol-, povidone-iodine-wipe series [1] and move the mouse under a dissecting microscope with the head at 12 o’clock [2].

5.3.1. CU: Skin being wiped, with povidone-iodine and ethanol pads visible in frame
5.3.2. MED: Talent placing mouse under microscope Videographer: More Talent than mouse in shot

5.4. Use fine scissors and micro-Adson forceps to make a midline incision from the clavicles to the hyoid bone [1] and use Dumont #5 and #7 fine forceps and a sterile cotton swab to clean to clean the fascia [2] before inserting a self-retaining Colibri retractor into the incision [3].

5.4.1. LAB MEDIA: To be provided by Authors: Incision being made
5.4.2. LAB MEDIA: To be provided by Authors: Fascia being cleaned
5.4.3. LAB MEDIA: To be provided by Authors: Retractor being inserted

5.5. [bookmark: _GoBack]Use the forceps to open the strap muscles to expose the thyroid cartilage, cricoid cartilage, and trachea [1] and bluntly separate the trachea from the recurrent laryngeal nerves running parallel on either side of the tissue [2], followed by circumferential separation of the trachea from the esophagus [3].

5.5.1. LAB MEDIA: To be provided by Authors: Muscles being opened
5.5.2. LAB MEDIA: To be provided by Authors: Trachea being separated from nerves
5.5.3. LAB MEDIA: To be provided by Authors: Trachea being separated from esophagus

5.6. Using a 20-gauge needle and surgical marker, stain the anterior portion of the trachea [1] and make an incision below the third tracheal cartilage ring [2], using a pair of Vannas-Tubingen spring scissors and a pair of Dumont #7 fine forceps to resect a three-ring section of trachea [3].

5.6.1. LAB MEDIA: To be provided by Authors: Trachea being stained
5.6.2. LAB MEDIA: To be provided by Authors: Incision being made
5.6.3. LAB MEDIA: To be provided by Authors: Trachea being resected

5.7. Holding the trachea with the fine curved forceps, use a sterile 9-0 nylon suture to ligate the distal end of the tissue to the sternum to create a temporary tracheostomy [1] and use the 20-gauge needle and surgical marker to stain the anterior portion of the graft [2].

5.7.1. LAB MEDIA: To be provided by Authors: Trachea being grasped, then suture being placed
5.7.2. LAB MEDIA: To be provided by Authors: Trachea being stained

5.8. To implant the graft, use a 9-0 sterile nylon suture, Dumont #7 fine forceps, and a needle holder to insert the proximal-posterior, proximal-lateral, and proximal-anterior stitches [1] and turn the animal 180 degrees [2].

5.8.1. LAB MEDIA: To be provided by Authors: Graft being implanted, then suture(s) being placed
5.8.2. MED: Talent turning mouse Videographer: More Talent than mouse in shot

5.9. When the mouse is in position, release the temporary tracheostomy [1] and make a lateral incision 5 millimeters away from the anterior portion of the graft to facilitate the distal anastomosis [2].

5.9.1. LAB MEDIA: To be provided by Authors: Tracheostomy being released
5.9.2. LAB MEDIA: To be provided by Authors: Incision being made

5.10. To complete the distal anastomosis, place the sutures in a similar fashion to the proximal anastomosis [1] and re-approximate the graft position and strap muscles [2].

5.10.1. LAB MEDIA: To be provided by Authors: Suture(s) being placed
5.10.2. LAB MEDIA: To be provided by Authors: Graft position and/or muscles being re-positioned

5.11. Then close the incision with 9-0 sterile nylon sutures in a running pattern [1] and place the animal alone in a recovery cage placed on a heating pad with monitoring until full recovery [2-TXT].

5.11.1. CU: Suture(s) being placed
5.11.2. MED: Talent placing mouse into cage Videographer: More Talent than mouse in shot TEXT: See text for full post-surgical care details


Section – Results
6. Results: Representative Basal Epithelial Cell and Stenotic Graft Region Analyses 

6.1. Two weeks after implantation, a few basal epithelial cells can be observed by basal cell keratin 5 and 14 staining [1] in tissue-engineered tracheal graft tissue sections [2]. 

6.1.1. LAB MEDIA: JoVE Production Figure 4: JoVE Video Editor: please emphasize red signal in Figure 4A as indicated in the original Figure 4A image
6.1.2. LAB MEDIA: Figure 4: JoVE Video Editor: please emphasize green signal in Figure 4B as indicated in the original Figure 4B image

6.2. Basal cells are also detected on the luminal surface of the graft at 7 days after implantation [1].

6.2.1. LAB MEDIA: JoVE Production Figure 4: JoVE Video Editor: please emphasize purple signal in Figure 4C as indicated in the original Figure 4C image

6.3. Upon explantation and histological analysis, graft stenosis has been identified as the main contributing factor [1] in graft-implanted mice demonstrating signs of respiratory distress and stridor [2].

6.3.1. LAB MEDIA: JoVE Production Figure 5: Figure 5A: JoVE Video Editor: please emphasize Stenotic Portion text and bracket
6.3.2. LAB MEDIA: Figure 5B

6.4. Note that telescoping of the graft and native trachea is a common finding as a result of the surgical technique [1].

6.4.1. LAB MEDIA: Figure 5A

6.5. Staining for F4/80 reveals host macrophages within the stenotic region of the graft [1] in conjunction with the presence of the basal epithelial cells [2].

6.5.1.  LAB MEDIA: Figure 5C: JoVE Video Editor: please emphasize red signal
6.5.2. LAB MEDIA: Figure 5D and 5E: JoVE Video Editor: please emphasize red signal in Figure 5D and green staining in Figure 5E


Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Sayali Dharmadhikari: (5.5, 5.8, 5.10) Avoid damage to the recurrent laryngeal nerves and ensure that the proximal and distal sutures are in place to allow sealing of the anastomotic areas and to prevent air leaks [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Sayali Dharmadhikari: As this protocol deals with bone marrow mononuclear cells derived from biosafety level-1 agent-mice, it is important to wear the appropriate personal protective equipment to avoid contamination [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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