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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
2.3., 3.2., 3.3., 3.8.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.3. is sensitive as the perfusion must be complete to get good hepatocytes.  There is a lot of experience and feel in this step
E. Will the filming need to take place in multiple locations? Y, same floor different rooms
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
Video editor: See notes from videographer. This was a difficult shoot. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Joseph B. Lillegard: This method can help answer key questions in cell and gene therapy about feasible biomasses of cells that can be autotransplanted to cure a multitude of diseases. The main advantage of this technique is that it uses autologous cells, obviating the need for immunosuppression after transplantation.   
1.2. Joseph B. Lillegard: The main advantage of this technique is that it uses autologous cells, obviating the need for immunosuppression after transplantation.   
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Robert A. Kaiser: Though this method can provide insight into Hereditary Tyrosinemia Type I, it can also serve as a platform for addressing other liver diseases.
1.4. Kari Allen: Visual demonstration of this method is critical, as there is some subjectivity in gauging the efficiency of the perfusion, an essential step for collecting viable hepatocytes for the transplant.   
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.5. Joseph B. Lillegard: Demonstrating the procedure with me will be technologists Kari Allen and Bruce Amiot, Assistant Professor Zeji Du, Research Fellow Robert Kaiser, Post Graduate Caitlin VanLith, and Animal Technician Lori Hillin. 
1.5.1. Interview style: Author saying the above 

1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
D. 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 the Mayo Clinic.
Protocol: (read by voice talent at JoVE)
2. Laparoscopic Partial Hepatectomy
2.1. To perform the initial port site entry, perform an open Hassen technique cephalad to the umbilicus of an anesthetized, up to 3-month-old, large, white farm pig [1-WIDE-TXT], introducing a 12-mm trocar into the abdominal cavity when the peritoneum is visible [2-CU].
2.1.1. Talent making incision (TEXT: See text for full anesthesia/surgical preparation details)
2.1.2. Shot of peritoneum, then trocar being introduced
2.2. When the trocar is in place, pass a 5-mm, 30° scope through the entry port [1-ECU] and insufflate the abdomen with carbon dioxide to 15 millimeters of mercury [2-CU].
2.2.1. Scope being inserted

2.2.2. Abdomen being insufflated

2.3. Under direct visualization with the laparoscopic camera, place two additional 5-mm ports triangulating on the left lateral lobe of the liver [1-LM] and place the laparoscope in one of the new ports [2-CU].
2.3.1. *To be provided by Authors: one port being placed

2.3.2. Laparoscope being placed into port 

2.4. Identify the left lateral segment of the liver at the point of the major fissure of the left lobe that separates the medical and left lateral segments [1-LM] and use a surgical stapler to secure the portal structures and the hepatic vein along this fissure [2-LM].
2.4.1. *To be provided by Authors: Shot of left lateral segment of liver

2.4.2. *To be provided by Authors: Structures/vein being secured

2.5. Transect the parenchyma through this fissure using sequential firings and 60-, 45-, or 30-mm long vascular loads [1-LM].
2.5.1. *To be provided by Authors: Parenchyma being transected 

2.6. When the resection is complete, assess the remnant liver to ensure an adequate hemostasis [1-LM] and use endoscopic graspers and an endoscopic tissue retrieval bag to retrieve the liver section [2-CU].

2.6.1. *To be provided by Authors: Shot of completed resection/remnant liver

2.6.2. Liver being retrieved

2.7. Now remove the ports [1-CU] … and use an interrupted size 0 suture for the midline fascia [2-CU], a running 2-0 suture for the deep dermal layer [3-CU], and a running 4-0 suture for the subcuticular layer to close the 12-mm port incision in three layers [4-CU].
2.7.1. Port being removed/shot of removed port 

2.7.2. Midline fascia being sutured

2.7.3. Deep dermal layer being sutured

2.7.4. Subcuticular layer being sutured

2.8. Then close the 5-mm ports in one layer with 2-0 sutures [1-MED-over the shoulder] and place a sterile dressing on the incisions [2-CU-TXT].

2.8.1. Talent suturing port (Videographer: Minimal pig in shot as possible) 
2.8.2. Dressing being placed onto incision (TEXT: Maintain general anesthesia until autotransplantation)

3. Hepatocyte Isolation and Transplantation
3.1. For hepatocyte isolation, first connect a peristaltic pump set to deliver 43 °C-dispersion solutions to the catheters to be placed in the large exposed vessels of the liver section [1-WIDE-TXT].
3.1.1. Talent connecting pump to catheter(s) (TEXT: Maintain all tubing/equipment/solutions under sterile conditions)

3.2. Prime the pump and tubing with the Perfusion two solution up to a stopcock positioned to switch between the Perfusion one and Perfusion two solution delivery to the tissue [1-CU-TXT] and switch the stopcock to the Perfusion one position [2-CU].
3.2.1. Pump being primed/solution moving up to stopcock (TEXT: See text for all solution/medium preparation details)

3.2.2. Stopcock being switched
3.3. Then prime the rest of the tubing set, completely filling an in-line bubble trap to prevent introducing air bubbles into the tissue [2-MED].
3.3.1. Talent priming tubing
3.4. Next, make a clean transverse incision perpendicular to the hepatic circulation to reveal cross sections of the portal vein branches and the hepatic veins for catheterization [1-CU] and use a snug-fitting catheter to catheterize the available exposed veins [2-ECU-TXT].

3.4.1. Cut being made

3.4.2. Shot of exposed vein(s), then catheter being inserted (TEXT: Cannulate at least one portal and one hepatic vein)

3.5. When the catheters are in place, perfuse the resected liver tissue with warm Perfusion one solution at a 100 mL/min flow rate [1-CU], moving the outlet tube from vein to vein every 30-60 seconds [2-CU] and using an evacuation tube to empty the procedure into a waste container under vacuum [3-MED].
3.5.1. Liver being perfused

3.5.2. Outlet tube being moved

3.5.3. Talent using tube to empty procedure tray

3.6. After cycling through all of the available veins for 15-20 minutes, switch to Perfusion two solution under the same conditions [1-MED], using a return pump to recycle the Perfusion two solution back to the reservoir at a slower flow rate for re-administration into the tissue [2-CU].
3.6.1. Talent switching to Per II solution

3.6.2. Liver being perfused/pump recycling solution back to reservoir 

3.7. Check the surface temperature of the bubble trap [1-MED] and/or the liver about every 5 minutes to confirm that the hepatocytes are not getting cold [2-CU-TXT].
3.7.1. Talent checking bubble trap

3.7.2. Liver temperature being checked (TEXT: If liver <35 °C, increase water bath heat to restore tissue temperature to 38 °C)

3.8. When the liver blanches after about 30 minutes of perfusion [1-CU-TXT], transfer the tissue to a sterile container for transport to a cell culture hood [2-MED] and place the container onto a sterile drape to maintain sterility during the hepatocyte processing [3-CU].
3.8.1. Shot of blanched liver (TEXT: Reduce perfusion if liver capsule breaks/Increase perfusion if liver not fully digested)

3.8.2. Talent placing tissue into dish

3.8.3. Dish being placed into hood onto drape

3.9. Joseph B. Lillegard: “If the hepatocytes are not properly dissociated, the yield and viability will be low. Since the cells will be re-introduced to the host, the sterility also must not be compromised during this process.” [1-MED-interview style]  
3.9.1. Joseph B. Lillegard, speaking the above interview style (looking just off-camera)
3.10. Submerge the liver with hepatocyte wash medium [1-MED-over the shoulder] and drag scissors across the top of the tissue to disrupt the liver capsule [2-CU].

3.10.1.  Talent submerging tissue

3.10.2.  Scissors being dragged across tissue/capsule being disrupted

3.11. Wearing sterile gloves, gently massage the liver to release the hepatocytes into the medium [1-CU] and filter the tissue supernatant through sterile gauze into 200-mL centrifuge bottles [2-MED].
3.11.1.  Liver being massaged

3.11.2.  Talent filtering solution through gauze into bottles

3.12. Collect the filtered hepatocytes by centrifugation [1-MED-over the shoulder-TXT], pooling the cells in 150 mL of fresh hepatocyte wash medium into a single 200-mL bottle for two additional washes [2-CU] and counting the cells after the third centrifugation [3-MED].
3.12.1.  Talent adding tube(s) to centrifuge (TEXT: 5 min, 50 x g, 4 °C, x3)

3.12.2.  Shot of pellets if visible, then medium being added to one tube, with medium container label visible in frame

3.12.3. Talent at microscope, counting cells, with pooled, resuspended cells visible in frame

3.13. Then dilute the cells to 1 x 109 hepatocytes/mL saline concentration [1-MED].

3.13.1.  Talent adding saline to cells, with saline container visible in frame

3.14. For autotransplantation of the isolated hepatocytes, use a 2-5-megahertz transducer to identify the portal vein via ultrasound [1-MED] and direct a 5-inch, 18-gauge needle toward the main portal vein proximal to its bifurcation [2-CU].
3.14.1.  Talent using transducer to identify portal vein, with monitor visible in frame

3.14.2.  Needle being inserted
3.15. Load the cells into a 60 mL syringe according to the total cell volume [1-MED-TXT] and attach the syringe to the needle, taking care not to introduce bubbles [2-CU].

3.15.1.  Talent loading syringe (TEXT: See text for hepatocyte transduction details)
3.15.2.  Syringe being attached to needle

3.16. Next, slowly depress the syringe plunger to manually infuse up to 1 x 109 hepatocytes through the portal vein [1-CU], using an infusion catheter to monitor the portal pressure during the transplantation [2-ECU].
3.16.1.  Plunger being depressed

3.16.2.  Pressure being monitored 

3.17. When all of the cells have been delivered, remove the catheter [1-CU] and monitor the portal vein for the presence of thrombotic events and forward flow by ultrasound [2-MED-TXT].
3.17.1.  Catheter being removed

3.17.2.  Talent monitoring portal vein (TEXT: See text for post-operative care/monitoring details)
4. Results: Representative Lentiviral Vector-Mediated Hepatocyte Liver Function Rescue
4.1. In a representative cohort of 5 pigs that underwent hepatic resection [1-LM], most had yields of >1 x 109 hepatocytes with approximately 80% viability [2-LM], providing a sufficient number of cells for any type of desired manipulation, including gene therapy [3-LM].
4.1.1. Jove Table 2.xlsx: Video Editor: please emphasize pig 1-5 data cells in Live Cells data column

4.1.2. Jove Table 2.xlsx: Video Editor: please emphasize pig 1-5 data cells in Viability data column

4.1.3. Jove Table 2.xlsx: no animation

4.2. Subsequent culture of the non-transplanted portion of these prepared hepatocytes [1-LM] demonstrated a good viability and adhesion, with a typical hepatocyte morphology 46 hours after their transduction and initial plating [2-LM].
4.2.1. Slide2.TIF: no animation

4.2.2. Slide2.TIF: Video Editor: please outline/emphasize at least one cell in at least one image

4.3. An initial engraftment will vary by the number of cells reintroduced during the transplantation [1-LM].

4.3.1. Figure 3.ai: Video Editor: please emphasize Pre-Transplant image

4.4. These representative biopsies [1-LM] demonstrate a timeline of positive transduced gene cell expansion [2-LM] that is typically complete at 12 months after transplantation [3-LM].

4.4.1. Figure 3.ai: Video Editor: please add/emphasize 2 months image

4.4.2. Figure 3.ai: Video Editor: please add/emphasize 6 months image

4.4.3. Figure 3.ai: Video Editor: please add/emphasize 12 months image

4.5. Once a transplanted fumarylacetoacetate hydrolase knockout animal has achieved about 20% repopulation of the corrected hepatocytes within the liver [1-LM], the tyrosine levels [2-LM] will normalize compared to wild-type animals [3-LM].

4.5.1. Figure 4A.AI: no animation

4.5.2. Figure 4A.AI: Video Editor: please emphasize Treated Fah data bar

4.5.3. Figure 4A.AI: Video Editor: please emphasize wild-type data bar

4.6. While uncorrected animals exhibit a significant elevation in both alkaline phosphatase and aspartate transaminase [1-LM] compared to wild type animals [2-LM], ex vivo gene therapy returns these enzyme serum levels to normal [3-LM].
4.6.1. Figure 4B and 4C.AI: Video Editor: please emphasize Fah ALP and AST data bars

4.6.2. Figure 4B and 4C.AI: Video Editor: please emphasize wild-type ALP and AST data bars

4.6.3. Figure 4B and 4C.AI: Video Editor: please emphasize Treated Fah ALP and AST data bars

4.7. Further, the general liver metabolic health is disrupted in untreated knockout pigs, as indicated by elevations in the circulating ammonia [1-LM] that are corrected after repopulation with the treated hepatocytes [2-LM].

4.7.1. Figure 4D.AI: Video Editor: please emphasize Fah data bar

4.7.2. Figure 4D.AI: Video Editor: please emphasize Treated Fah data bar

5. Conclusion (said by authors on camera):
5.1. Joseph B. Lillegard: While attempting this technique, it’s important to remember that excessive manipulation of the harvested liver segments will result in lower hepatocyte viability counts.
5.2. Joseph B. Lillegard: Following this procedure, other methods, like cell labelling, can be performed to answer additional questions about the biodistribution and efficiency of the engraftment. 
5.3. Joseph B. Lillegard: After its development, this technique paved the way for researchers in the field of cell therapy to explore ex vivo gene therapy in metabolic liver disease.

5.4. Author Name
: Don't forget that working with viral vectors can be extremely hazardous and that precautions, such as using the appropriate biosafety practices and the proper personal protective equipment, should always be employed while performing this procedure.     
Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. Figure2.tif - dual color imaging of tumor angiogenesis at 100X

Formats: For static images, we prefer .tiff, .eps, Illustrator, PowerPoint or Photoshop 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. 
Figure 3.ai

Figure 4A.AI

Figure 4B and 4C.AI

Figure 4D.AI

Jove Table 2.xlsx
Slide2.TIF

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.

You will receive more detailed preparation instructions in the email accompanying the finalized script.

�Authors: Please indicate the name of the Author who will give this statement.
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