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Title: A modified hetrotopic swine hind limb transplant model for translational Vascularized Composite Allotransplantation (VCA) research
Authors, please fill out the brief questionnaire below.   
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)?  Leica Floor mounted F20 with rotating dual head optical microscope and video output 

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

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps______

1. Using near-infra red laser angiography, to identify perforators to the anteromedial thigh skin and to mark an area that will be later used as skin paddle for immune monitoring on the graft (2.3 and 2.4)

2. Isolating femoral vessels to the level of inguinal ligament and after dissecting the thigh muscles, division of femur at mid-shaft and tibia/fibula above the ankle joint to include sufficient vascularized bone marrow component. (2.6, 2.8 and 2.9)

3. In the recipient animal, making a groin incision to create a sub-cutaneous pocket extending to dorsolateral abdominal wall and expose and isolate femoral vessels. (3.3 and 3.4)

4. Performing the graft inset, positioning it in an inverted manner such that the femoral cut-end is facing caudally to allow anastamosis without any tension on the vessels. Performing end-to-end anastomosis of femoral veins using vascular coupling device and artery using conventional interrupted sutures (3.6 and 3.7)

D.  What is the single most difficult aspect of this procedure and what do you do to ensure its success?

Graft inset to exteriorize the skin paddle in dorsolateral position followed by microsurgical revascularization of the graft can be technically challenging. To perform the graft inset, position it in an inverted manner such that the femoral cut-end is facing caudally to allow anastamosis without any tension on the vessels and mobilize the skin paddle which carries its blood supply through the perforator branches. In addition, the graft muscles should be sutured to abdominal wall muscles rather than recipient’s thigh in order to avoid movement of graft during locomotion. 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Conceptual Narrative:
The overall goal of the following experiment is to establish a reliable and reproducible translational large animal model of hind limb transplantation containing an intact vascularized bone marrow for studying immunologic outcomes of clinically relevant immunomodulatory protocols.  (Intro).
This is achieved by first harvesting an osteomyocutaneous flap to study the unique immunologic features of the skin component of vascularized composite allotransplantation, or VCA, together with vascularized bone marrow (P1, Editor, with the animal figure on the left.  For harvesting, draw the two red lines, then lift the portion of the leg between them and transition it into the structure between the two blue arrows at the right). 
Next, the allograft is transplanted to a subcutaneous abdominal wall pocket, which makes it a technically feasible model without hindering the recipient’s locomotion. (P2, Editor, rotate the piece of the leg 90 degrees clockwise as shown then bring in the brown pig body at the right and insert the piece of leg into the body as shown - leave the white circle out of the figure here).   

Then, the skin component is exteriorized to the dorsolateral abdominal wall to monitor the graft by direct visual inspection of the animal in a standing position (P3, Editor, transition in the white oval on the surface of the pig as shown.).
The results show that this is a reliable and reproducible model for testing clinically relevant immunomodulatory protocols utilizing cell-based therapies and biologic agents. (P4, Editor, use figure 7, A-C here).
Paste a copy of your graphic overview here.  The original file should be adobe illustrator (preferred) or powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website.   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Author name Damon Cooney: The main advantage of this technique over existing models, like canine and non-human primate models of VCA, is that it is more cost-effective with the lowest risk of zoonotic infections. 

1.2) Author name Gerald Brandacher: This method can help answer key questions in the field of reconstructive transplantation surrounding the unique immune privileged feature of vascularized bone marrow and will pave the way the for development of a clinically relevant immunomodulatory protocol that minimizes immunosuppression.

1.3) Author name WP Andrew Lee: I/We first had the idea for this model, when I/We tested the immunogenicity of various components of VCA and demonstrated the phenomenon of ‘split tolerance’ more than a decade ago.

1.4) **Author name Gerald Brandacher: Demonstrating the procedure will be Zuhaib Ibrahim  from my laboratory. 

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Osteomyocutaneous Limb Allograft Harvest from Donor Pig
2.1. Prior to harvesting the allograft limb, the donor pig is sedated (TEXT: Telazol, Ketamine, and Xylazine cocktail i.m.) and hooked up to a ventilator to deliver isoflurane and oxygen throughout the procedure.

2.1.1. WIDE Sedated pigs lying on surgical tables (Alternatively, show the sedated donor pig with recipient in background)

2.1.2. MED Talent attaches ventilator to donor animal (Video Editor: This may not have been filmed, but the author’s note says “we took a similar shot during recipient 3.1.1.” However, unless the donor pig and recipient pig look the same, you can skip this shot.)
2.2. After shaving, washing and disinfecting the surgical site, place the donor animal in a supine position on the operating table and cover it in a sterile drape.  

2.2.1. MED/CU Talent shaves incision site with clipper 
2.2.2. MED/CU Talent disinfects with Duraprep 
2.2.3. MED Talent adjusts the position of the animal and then covers it in a sterile drape

2.3. Next, use near-infra red laser angiography to identify perforators to the anteromedial skin. Then inject Indocyanine green in saline (TEXT: ~0.06 mg/kg in 2-5mL normal saline) through the peripheral vascular access.
2.3.1. MED/CU Talent begins near infra-red laser angiography to identify perforators to the anteromedial skin 

2.3.2. SCREEN Talent identifies perforators to the anteromedial skin (Authors will provide footage)

2.3.3. CU Talent injects indocyanine green in saline through peripheral vascular access

2.4. Approximately 10 seconds later, perform 30 seconds to 2 minutes of near-infrared recordings.  Then, based on the identified perforators, mark an area of skin (TEXT: ~100 cm2) for a skin pedicle that will later be used for immune monitoring. 
2.4.1. MED/CU Talent performs near-infrared recordings
2.4.2. CU Talent marks an area of skin for pedicle 
2.5. After checking the animal’s depth of anesthesia through palpebral and toe pinch reflexes, use a scalpel to make a groin skin incision in continuity with the markings for a skin paddle. 
2.5.1. CU Talent checks palpebral reflex
2.5.2. MED/CU Talent checks toe reflex (the author’s note says “similar shots taken for recipient 3.2.2.” However, unless the donor pig and recipient pig look the same, just can skip this shot.)
2.5.3. CU Talent uses a scalpel to make a groin skin incision in continuity with the markings for skin paddle
2.7. Dissect the skin and subcutaneous tissue while preserving the area of the skin paddle. (Author note: This step comes before 2.6.)
2.7.1.  CU Talent dissects the skin and subcutaneous tissue while preserving the area of the skin paddle (Author note: This step comes before 2.6.)
2.6. Then, identify the femoral vessels and isolate them proximally to the level of inguinal ligament. Ligate the branches distally all the way to the level of skin paddle to get an optimal length of 4 cm.
2.6.1. CU Talent identifies the femoral vessels and isolates them proximally to the level of inguinal ligament and ligates branches distally all the way to the level of skin paddle to get optimal length (4 cm) Editor, point out the suprageniculate branches and inguinal ligament with the VO
2.7. Dissect the skin and subcutaneous tissue while preserving the area of the skin paddle.
2.7.1. CU Talent dissects the skin and subcutaneous tissue while preserving the area of the skin paddle
2.8. With a reciprocating saw, perform an osteotomy just above the ankle joint.  Then use electrocautery to divide the muscles in the proximal thigh.

2.8.1. MED/CU Talent uses reciprocating saw to perform osteotomy above ankle joint

2.8.2. CU Talent uses electrocautery to divide the muscles in the proximal thigh

2.9. Divide the donor’s femur at the level of the mid-shaft, leaving an osteomyocutaneous flap on a vascular pedicle. The flap contains the skin paddle, underlying thigh muscles, the lower femur and knee joint, the upper tibia and hence, an intact vascularized bone marrow with its unique immunologic features.
2.9.1. CU Talent divides the femur at the level of the mid-shaft - have talent point out the osteomyocutaneous flap on vascular pedicle, including the skin paddle, underlying thigh muscles, lower femur and knee joint, upper tibia - Editor, point out the osteomyocutaneous flap and (Video Editor: Note from author: “This step was performed after the recipient was ready (3.4),” so it looks like you’ll need to move this and 2.11 to follow 3.4.)
2.10. Using bone wax, create hemostasis in the marrow spaces.  Then use ronjours to smooth the bone edges.

2.10.1. CU Talent inserts bone wax into marrow spaces 

2.10.2. CU Talent smoothes bone edges with ronjours

2.11. Keep the donor graft perfused on its vascular pedicle until the recipient femoral vessels are ready (Figure 3).

2.11.1. CU Talent sets the graft to perfuse on vascular pedicle

3. Recipient Hind Limb Allotransplantation 
3.1. Immediately after the donor incision is initiated, hook the recipient pig up to a ventilator and begin isoflurane anesthesia as demonstrated with the donor pig. Insert a catheter for saline delivery, and administer pre-emptive Buperinorphine and prophylactic antibiotics.
3.1.1. MED/CU Talent attaches ventilator

3.1.2. MED/CU Talent inserts a catheter

3.1.3. CU Talent injects analgesics/antibiotics
3.2. Place the animal in a supine position with good exposure of the dorsolateral surface and check level of sedation.

3.2.1. MED Talent adjusts the animal into a supine position with operating side at 30 degree angle
3.2.2. MED Talent checks eye reflexes then performs toe pinch

3.3. Next, make a groin incision to expose the femoral vessels, and isolate them 3-4 cm distally and proximally to the level of the inguinal ligament.

3.3.1. CU Talent makes a groin incision to expose femoral vessels

3.3.2. CU Talent isolates the femoral vessels - Have talent point out the inguinal ligament – Video Editor, point out the inguinal ligament with the VO
3.4. Then create a subcutaneous pocket from the groin to the dorsolateral abdominal wall for the graft inset.

3.4.1. CU Talent creates a pocket for graft inset

Insert 2.9 and 2.11 from the Donor Pig section here
3.5. Now, ligate the donor vessels and use histodine-tryptophan-ketoglutarate, or HTK solution to flush the graft tissue.  If this is the final harvest from the donor, immediately euthanize the animal according to the text protocol.

3.5.1. CU Talent ligates the donor vessels 

3.5.2. CU Talent flushes graft tissue - have solution labeled - videographer continue with flushing through the instruction to euthanize

3.6. To perform the graft inset, position it in an inverted manner such that the femoral cut-end is facing caudally to allow anastamosis without any tension on the vessels.  Using a vascular coupling device if available, prepare a venuous anastamosis.  The device will significantly reduce ischemia time.

3.6.1. SCOPE/LAB MEDIA Talent inverts the graft and holds - have talent point out the femoral cut end as it faces caudally - Editor, point out the femoral cut end in the caudal position

3.6.2. SCOPE/LAB MEDIA Talent prepares venuous anastamosis with vascular coupling device (Microscope has video output) (Author’s note: “3.6 was done both with and without microscope.”) 
3.7. Then using 8-0 sutures and a conventional suture technique, perform an arterial anastomosis. 

3.7.1. SCOPE/LAB MEDIA Talent uses sutures to perform arterial anastomosis. 3.7 was done both with and without microscope)
3.8. After vascular patency is confirmed, use 3-0 PDS sutures to secure the graft in place by suturing the graft muscles to the recipient’s abdominal wall muscles.  
3.8.1. CU Talent sutures graft muscle to recipient’s abdominal wall muscles

3.9. For immune monitoring, exteriorize the skin paddle on the dorsolateral side. Then suture the deep layers using 3-0 Vicryl sutures and suture the tissue to the recipient’s skin using 4-0 monofilament absorbable interrupted skin sutures. 

3.9.1. CU Talent exteriorizes skin paddle (Video Editor: Author’s note: “3.9 and 3.10 were done simultaneously”)
3.9.2. CU Talent sutures the deep layers with 3-0 sutures

3.9.3. CU Talent sutures tissue to recipient’s skin with 4-0 sutures

3.10. Finally, close the groin skin in layers using 3-0 Vicryl subcutaneous sutures followed by 4-0 monofilament absorbable interrupted skin sutures.
3.10.1.  CU Talent closes the deep layer with 3-0 sutures

3.10.2.  CU Talent closes second layer with 4-0 sutures Video Editor: Author’s note: “3.9 and 3.10 were done simultaneously”)
3.11. For post-operative analgesia, apply a 50 mcg/hour Fentanyl patch on the animal.  Once it’s awake and breathing comfortably on its own, return the animal to its pen and allow it to eat and drink water ad libitum. Observe the animal for signs of pain or distress every four hours during first 24 hours and then twice daily. 
3.11.1. CU Talent applies Fentanyl patch on animal. Animal wakes up. Talent watches animal as it recovers from anesthesia. 
3.11.2. WIDE/MED Animal in pen moving around with access to food and water

3.11.3. WIDE/MED Talent at pen observing animal

4. Results: Vascularized Composite Allotransplantation  
4.1. Nineteen MHC-defined swine heterotropic hind limb transplants were performed using our modified technique. These transplants were performed with an aim to develop therapeutic strategies to induce immune tolerance in VCA. 
4.1.1. LAB MEDIA Table 1 

4.2. This model was successfully utilized in the development of novel therapeutic strategies for immune tolerance in VCA with long-term rejection-free survival.  Control groups demonstrated accelerated graft rejection upon cessation of conventional immunosuppression.

4.2.1. LAB MEDIA Table 1 and Figure 7, Editor, bring in Figure 7 underneath Table 1 - For ‘immune tolerance in VCA with long-term rejection-free survival, zoom in on 7A and 7B.  For ‘Control groups demonstrated…’, zoom in on 7C

INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete: http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj 

5. Conclusion (said by authors on camera)

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
5.1. Author name Steve Bonawitz: Once mastered, this technique can be done in 1-2 hours for each donor limb and 2-3 hour for each recipient procedure if it is performed properly.
5.2. Author name Jaimie Shores: While attempting this procedure, it’s important to remember that the donor’s contralateral limb is transplanted into the recipient’s abdominal wall pocket in a way that the right limb is transplanted in the left groin and vice versa.
5.3. Author name Justin Sacks: After its development, this technique paved the way for researchers in the field of reconstructive transplantation to explore novel immunomodulatory protocols that can minimize the requirement of life long immunosuppression and hence favor the risk benefit balance of this innovative modality. 
5.4. Author name Zuhaib Ibrahim: After watching this video, you should have a good understanding of the technical aspects of heterotopic hind limb transplant containing an intact vascularized bone marrow. Eric Wimmers: This reliable and reproducible model of limb transplantation will pave the way for developing novel immunomodulatory protocols for minimizing and potentially eliminating the need of chronic multi-drug immunosuppression.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

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.
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