JoVE Video Script, Page 7 of 11

Submission ID #: 51632

Editor: Steven Nilsen
Videographer: Scott Peters
Film Date: Februay 10, 2014
Authors and Affiliations: 

Yong-Ung Lee1, Tai Yi1, Shuhei Tara1, Avione Y. Lee1, Narutoshi Hibino1, Toshiharu Shinoka1,2 and Christopher K. Breuer1,3
1. Tissue Engineering Program and Surgical Research

2. Cardiothoracic Surgery

3. Pediatric Surgery

Nationwide Children’s Hospital 

Columbus, OH, USA 

Corresponding author:  
Yong-Ung Lee, Ph.D.
Tissue Engineering Program and Surgical Research

Nationwide Children’s Hospital

575 Children’s Cross Roads, WB4155

Columbus, OH 43215, USA 
YongUng.Lee@nationwidechildrens.org

Phone: 614 – 355 – 5794

Title: Implantation of Inferior Vena Cava Interposition Graft in Mouse Model

A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  

Yes. 4.4), 4.5), 4.6), 4.7), 4.8) of origin script, and 6.6 to 6.13 of this script. 

Leica M80 connected to a computer 

B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? 

No.

C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) 
Section 3, Graft manufacturing and Section 6, Implanting the graft.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  
The most difficult procedure is graft anastomosis to inferior vena cava (IVC). When the graft is sutured, the first two sutures on both sides are the most important steps of the entire process. When they are not placed carefully, it is difficult to separate the front and back layers of the IVC. If the layers are not clearly identified, there is a higher chance to accidentally suture them together.
E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations) 
Yes. Manufacturing and cell seeding are on the 4th floor and graft implantation is in the vivarium, which is located in the basement of the same building. The total travel time between locations is approximately 5 min. 
Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to investigate the cellular and molecular mechanisms of neotissue formation and stenosis development in tissue engineered vascular grafts. (Intro)  First, biodegradable tubular scaffolds are assembled by coating polyglycolic acid nonwoven-felt mesh with an epsilon-caprolactone and L-lactide copolymer. (P1)  The next steps are to harvest bone marrow and isolate the mononuclear cells by density gradient centrifugation. (P2)  Then, approximately one million cells are seeded on the scaffold and they are incubated overnight. (P3)  The final step is to implant the seeded scaffold as an inferior vena cava interposition graft. (P4)  Ultimately, results can show cell infiltration and extracellular matrix deposition in the tissue engineered vascular graft through immunohistochemistry. (P5)

Authors, I removed the ultrasound from the last statement, because there’s no image presented in this video to associate with the concept. 

Video editor:

P1 – show the hollow cylinder.  “Biodegradable scaffold”

P2 – Show the mouse, arrow and centrifuge tube, with labels.

P3 – show the hollow cylinder again, with the centrifuge tube, then have the dark pink over MNC layer of color become disappear and make the MNC layer sort of leave the tube and cover the hollow cylinder.  Then, fade the hollow cylinder with the blue spots.

P4 – Fade out everything else but the blue spot cylinder.   Add the “Graft Recipient” mouse and shrink, move and fade the blue spot cylinder to the mouse’s chest area.

P5 – Fade between Fig 5a, 5d, 5f.
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  
1.1. Christopher Breuer: The implications of this technique extend toward therapy of preventing stenosis development in pediatric patients with tissue engineered vascular grafts because from our clinical study, 6 out of 25 pediatric patients presented with stenosis and our aim is to bring that number to zero.  

1.2. Toshiharu Shinoka (or Shuhei Tara): Though this method can provide insight into the treatment for congenital heart disease, it can also be applied elsewhere, such as to conduits for coronary artery bypass surgery or making an arteriovenous fistular.

1.3. Yong-Ung Lee: Generally, individuals new to this method will struggle because of the fine microsurgery techniques required during the vein anastomosis.

1.4. Tai Yi: We first had the idea for this method, when we were looking for a better way to characterize the neotissue formation and ways to prevent stenosis development in tissue engineered vascular grafts used in our human clinical trial.

Protocol Chapters (read by a voice talent at JoVE):

1.5. EXTRA TITLE CARD (before the Graft Manufacturing title card): All animal procedures were approved by the Nationwide Children’s Hospital Institutional Animal Care and Use Committee.  

2. Graft Manufacturing 
2.1. First, start mixing up the epsilon-caprolactone and L-lactide copolymer.  This takes 60 to 90 minutes to fully dissolve.
2.1.1. WID: talent making mix of coplymers into solution
2.1.2. CU: finishing off adding last ingredient to solution, which is all dissolving, under constant stirring
2.2. Meanwhile, take a sheet of polyglycolic acid from the freezer and cut several five by eight millimeter sections from it.  
2.2.1. WID: removing sheet of PGA from freezer
2.2.2. CU: making 5 x 8 mm sections of PGA
2.3. Next, cut the filter off a 100 µL pipette tip and insert a 19 Gauge needle into its’ distal end.    
2.3.1. CU: cutting filter off 100 µL pipette tip
2.3.2. CU: inserting needle into cut tip
2.4. Using forceps, wrap a piece of polyglycolic acid felt around the needle.
2.4.1. CU: wraps PGA around needle, securing it to pipette tip
2.5. Then, using a blunted 18 Gauge needle, carefully push the felt into the distal end of the pipette tip around the 19 Gauge needle.
2.5.1. CU: pushing felt into the pipette tip with slightly larger needle
2.5.2. ECU: fit of the felt when all tucked in
2.6. When the copolymer solution is ready, load 40 µL into the top of the pipette tip to saturate the polyglycolic acid felt with solution.
2.6.1. MED: taking aliquot of copolymer solution (from 2.1)
2.6.2. ECU: adding aliquot to the felt, show how the felt absorbs the solution
2.7. Push out the air bubbles with a pipettor until all the air bubbles are removed. 
2.7.1. ECU: pushing air out of pipettor, air bubbles are seen being removed
2.8. Transfer all the prepared grafts to a 50 ml tube, with the needle heads down, and put them at -80 ºC for 20 minutes.
2.8.1. MED: loading several of these assemblies (from 2.2 – 2.7) into single 50-ml tube, needle head down
2.8.2. WID: loading 50-ml tube into -80 ºC freezer
2.9. Then, lyophilize the grafts under vacuum for 24 hours, with the tube’s lid open.
2.9.1. MED: loading open 50-ml tube into lyophilizer, starting vacuum and process
2.10. The next day, isolate the grafts from the needles.  Cut both ends of the graft for a clean 4-5 mm section.  Then, slip those grafts back around their needles so they retain their shape.  
2.10.1. WID: talent appears as though a day has passed, arrive to lyophilizer and unloads the tube
2.10.2. CU: at bench, cutting ends off a graft for clean 4-5 mm section
2.10.3. ECU: slipping section(s) back onto needle(s)
2.11. Store the grafts in a dessicator, and the night before they are seeded with cells, store them under UV light in a bio-safety hood.
2.11.1. MED: loading the grafts into the storage container
2.11.2. WID: setting container into hood, and turning on UV light in hood, room lights down (so UV color is seen)
3. Bone marrow mononuclear cell harvesting and isolation
3.1. From a euthanized mouse, (TEXT: Ket/Xlz overdose) collect all the femurs and tibias into a dish with 10 ml of RPMI. 
3.1.1. WID: talent removing femurs and tibias from mouse
3.1.2. CU: placing last bone into a dish of solution, so there should be several bones therein
3.2. Cut both ends off each bone and, in a second dish, flush out the marrow by injecting RPMI from a 25 Gauge needle through all the bones.  Use a total of 3 ml of RPMI.
3.2.1. ECU: trimming ends off a bone
3.2.2. CU: syringe injecting trimmed bones with solution, flushing marrow out into a clean dish with injected solution
3.3. Collect all the bone marrow in RPMI into a single 15-ml tube, and rinse the dish clean with an additional 2 milliliters of RPMI to make a total volume of 5 ml.  Count the cells in this collection. 
3.3.1. MED: transferring solution of marrow and RPMI from dish to 15-ml tube, rinsing dish with 2 ml more RPMI to collect residual marrow.

3.3.2. CU: side view of tube as second addition of RPMI is added, making 5 ml of total volume – show the volume markers on tube
3.4. Next, load 5 ml of Ficoll into a 15 ml centrifuge tube and slowly fill it with 5 ml of bone marrow with RPMI.  Then spin the tube for 30 minute at 528 G with the brake off and at 24 ºC.
3.4.1. MED: loading clean 15-ml tube with Ficoll

3.4.2. CU: adding RPMI/marrow to the Ficoll slowly

3.4.3. MED: loading tube into centrifuge and starting spin cycle
3.5. Collect the middle layer from the tube; it contains the mono nuclear cells.  Dilute this layer one-to-one in PBS.
3.5.1. ECU/CU: side view of centrifuged 15-ml tube showing layers – pipette enters to remove the MNC layer

3.5.2. MED: ejecting MNC layer from pipette into new tube containing PBS
3.6. Spin down the cell solution (TEXT: 528 x g, 10 min, 24 ºC; Wash 2X) and resuspend the pellet in 5 ml of PBS.  Then repeat the spin.
3.6.1. MED: loading new tube into centrifuge, programming and starting spin
3.6.2. MED: aspirating supernatant, to waste, then resuspending pellet in PBS and loading tube back into the centrifuge
3.7. Dilute the cell pellet in about 200 µL of RPMI and count the cells twice.  Use the average value to concentrate them to one million cells per 10 microliters of RPMI.  (TEXT: 108 ​cells / µL RPMI)
3.7.1. ECU: side view of pellet in tube, 200 µL of solution are added and pellet resuspended into solution

3.7.2. MED: talent takes aliquot of cells to cell counter device (e.g. hemocytometer slide)
4. Cell seeding
This section could not be filmed, unfortunately.  Length limits were hit and no shot instructions were provided.  If the videographer found the time and took footage for these narrative parts, then it was ad lib.  Use such footage.  If the footage isn’t good enough or there simply isn’t any, then at the beginning of section 5 there is text to add that will solve any confusion.  
4.1. First, wet the graft by loading it with 5 µL of RPMI using a micropipette.  Wait five minutes and, then, remove the RPMI. 

4.2. Next, add 10 microliters of the cells in RPMI to the graft and wait ten minutes.

4.3. While waiting, cut a one-centimeter length from a 19 Gauge needle.  

4.4. After waiting ten minutes, slip the needle into the graft to maintain its shape.  

4.5. Then, transfer the graft to a well of a 24-well plate and load a milliliter of RPMI into the well.   Allow it to incubate overnight at 37 ºC.
5. Implanting the Graft
5.1. (TEXT: See the text protocol on seeding the cells to the graft.)  For the graft, use a six to eight week old C57-black-6 female.  Weigh the mouse and apply Ketoprofen (TEXT: Ketoporfen, 100mg/kg 100 mg Ketoporfen / kg) as a pre-anesthesia analgesic.  Then, anesthetize it with a lower quadrant injection.  (TEXT: Ketamine, 100mg/kg and xylazine 10mg/kg). 

5.1.1. WID: talent sets mouse up for the surgery, first weighing it, then loading syringes with analgesic and anesthetic 

5.1.2. MED: injecting the mouse with the anesthetic (avoid showing mouse’s face, pick tactical camera angle)

5.2. After confirming the anesthesia with a toe pinch, clip the abdominal hair, lubricate the eyes, and position the mouse for surgery on a pad wrapped with a sterile polylined towel.
5.2.1. CU: talent clipping mouse’s hair (avoid showing mouse’s face, use drape over head if needed)

5.2.2. CU: mouse placed over heat pad under the microscope and positioned for surgery

5.3. Wipe down the surgical area with three alternating scrubs of betadine and alcohol.  Then, drape the mouse, leaving only the abdomen exposed.

5.3.1. ECU: scrubbing skin, alternating betadine with alcohol a few times

5.3.2. CU: apply drape over all but surgical site

5.4. Begin the surgery with a midline laparotomy.  Make an incision from below the xyphoid to the suprapubic region.

5.4.1. SCOPE/ECU: first incision(s), exposes intestines

5.5. Next, displace and wrap the intestines with a saline-moistened gauze.

5.5.1. ECU: wrapping intestines in moist gauze moving them aside

5.6. Then, perform a blunt dissection of the clear tissue from the infernal aorta and vena cava.

5.6.1. SCOPE: cleaning out clear tissue from aorta and vena cava, both vessels should be easy to see

5.7. Clamp the distal sides and the proximal sides of the aorta and vena cava.  Once clamped, bluntly separate the two vessels.  Now, proceed with the implantation.

5.7.1. SCOPE: placing clamps on two vessels, then separating them

5.9 [moved] Now, transect the vena cava and, if needed, ligate the abdominal aortic branches with 10-0 monofilament suture on tapered needles prior to the transect.

5.9.1
SCOPE: transecting the vena cava and ligating aortic branches

5.8. Throughout the implantation, frequently flush the graft with heparin solution to prevent thrombosis. 

5.8.1. SCOPE: flushing surgical site with heparin Flushing the graft with heparin
5.8.2. CU: as above, wider angle
5.9. [moved] Now, transect the vena cava and, if needed, ligate the abdominal aortic branches with 10-0 monofilament suture on tapered needles prior to the transect.

SCOPE: transecting the vena cava and ligating aortic branches

5.10. Next, perform a proximal to distal anastomoses of the graft into the vena cava, using 10-0 suture.  

SCOPE: the anastomoses – joining graft to recipient’s tissues with suture
5.11. Yong-Ung Lee or Tai Yi: The first two sutures on both sides of the graft are the most important steps of the entire process. When they are not placed carefully, it is difficult to separate the front and back layers of the IVC. If the layers are not clearly identified, there is a higher chance of accidentally suturing them together.
5.11.1. MED/WID: interview with talent at surgical site
5.12. Trim off the extra graft material and secure the graft with stitches at both ends.  Add four or five stitches using 10-0 suture along the front side of the graft, flip it over and do the same along the back-side.  

5.12.1. SCOPE: trimming graft material, securing graft with added stitches on front and back side

5.13. With the implantation complete, remove the proximal clamp and control the hemorrhaging with an absorbable hemostat agent.   When the hemorrhage is completely finished, remove the distal clamp and repeat the hemorrhage control.

5.13.1. SCOPE: removing clamps – soaking up blood as clamps removed

5.14. Make certain that blood is flowing through the graft before closing up the animal.  Using 6-0 black, polyamide, monofilament sutures, close the skin in two layers.


5.14.1. SCOPE: evidence of blood flow through the graft

5.14.2. SCOPE: replacing intestines to gut and sewing up the surgical site

5.15. Now, inject a half-milliliter of saline, subcutaneously, to prevent dehydration.  Then, transfer the mouse to a recovery cage with a warm pad.  When ambulatory, transfer the mouse to its home cage and provide it Ibuprofen for 48 hours.  (TEXT: 30 mg Ibuprofen / kg, in H​2O, 48 hr)

5.15.1. MED: loading syringe with saline, giving injection to mouse

5.15.2. MED: moving mouse to cage with warm pad

5.15.3. WID: mouse active, in cage with warm pad – mouse is moved to home cage
6. Graft Characterization
6.1. An SEM of the scaffold shows that the internal diameter is about 1 mm and the wall thickness is about 0.17 mm.  The porosity of the scaffold was 78.5% with a mean pore size of about 45 microns.
6.1.1. LAB MEDIA: Figure 2
6.2. Right after implantation, the tissue-engineered vascular graft was viewed under a microscope.
6.2.1. LAB MEDIA: Figure 3a
6.3. Two weeks later, it was viewed again.  It still held its form.
6.3.1. LAB MEDIA: Figure 3b
6.4. It is clear that the graft was degrading and gradually replaced with new tissue during the two weeks.  Cell seeding, in fact, improved graft patency by 25%.
6.4.1. LAB MEDIA: Figure 3c
6.5. The graft was removed for histological analysis. H and E staining revealed neotissue throughout the scaffold.
6.5.1. LAB MEDIA: Figure 5a
6.6. A stain with Harts and Masson’s trichrome, showed Elastin in the intimal layers…
6.6.1. LAB MEDIA: Figure 5b
6.7. ... and showed collagen in the medial layers.
6.7.1. LAB MEDIA: Figure 5c
6.8. CD31 staining revealed an endothelial cell lining in the intimal layer.
6.8.1. LAB MEDIA: Figure 5d
6.9. Alpha-SMA staining showed that the graft was also populated with confluent, smooth muscle.
6.9.1. LAB MEDIA: Figure 5e
6.10. Even macrophage infiltration was evident, as seen by F4/80 staining.
6.10.1. LAB MEDIA: Figure 5f
7. Conclusion Interview (spoken by you on camera)

7.1. Christopher Breuer: After watching this video, you should have a good understanding of how to manufacture small-scale biodegradable vascular grafts, bone marrow derived mononuclear cell harvesting and cell seeding, and graft implantation in a mouse model.

7.2. Tai Yi: Once mastered, this technique can be done in 30 to 45 minutes.  Other methods, like aortic interposition graft implantation, can be performed afterwards to investigate the development of tissue engineered vascular grafts for coronary artery bypass surgery.

7.3. Yong-Ung Lee: While attempting this procedure, it’s important to remember to keep the surgical area moisturized and flush the graft frequently to prevent acute thrombosis.

7.4. Shuhei Tara: After its development, this technique paved the way for researchers in the field of tissue engineering to explore formation of neotissue and prevention of stenosis in tissue engineered vascular grafts.

List of Provided Media Filenames and Descriptions (fill this in)

Graphical overview_51632_Breuer.ppt – graphical overview
6.1.1_51632_Breuer_Figure2.tif –SEM image of scaffold

6.2.1_51632_Breuer_Figure3a.tif –microscope image of TEVG right after implantation @7.5x

6.3.1_51632_Breuer_Figure3b.tif – microscope image of TEVG right after implantation @7.5x

6.4.1_51632_Breuer_Figure3c.tif –microscope image of native IVC @7.5x

6.5.1_51632_Breuer_Figure5a.tif – HE staining of TEVG after 2weeks @200x

6.6.1_51632_Breuer_Figure5b.tif – Hart’s staining of TEVG after 2weeks @200x

6.7.1_51632_Breuer_Figure5c.tif – Masson’s trichome staining of TEVG after 2weeks @200x

6.8.1_51632_Breuer_Figure5d.tif - CD31 staining of TEVG after 2weeks @200x

6.9.1_51632_Breuer_Figure5e.tif - Alpha-SMA staining of TEVG after 2weeks @200x

6.10.1_51632_Breuer_Figure5f.tif - F4/80 staining of TEVG after 2weeks @200x
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

( 2014, Journal of Visualized Experiments


