[image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 59616
Scriptwriter Name: Bridget Colvin
Project Page Link: http://www.jove.com/files_upload.php?src=18182928

Title: A Mouse Model of Vascularized Heterotopic Spleen Transplantation for Studying Spleen Cell Biology and Transplant Immunity

Authors and Affiliations: Jiao-Jing Wang1*, Longhui Qiu1*, Ramiro Fernandez2, Xin Yi Yeap1, Charlie Xiaoying Lin3, and Zheng Jenny Zhang1,2

1Comprehensive Transplant Center, Northwestern University
2Department of Surgery, Feinberg School of Medicine, Northwestern University
3Weinberg Art and Science College, Northwestern University

Corresponding Author:
Zheng Jenny Zhang
zjzhang@northwestern.edu 

Email addresses for Co-authors: 
jiao-jing.wang@northwestern.edu
longhui.qiu@northwestern.edu
ramiro.fernandez@northwestern.edu
Xin.yeap@northwestern.edu
CharlieLin2020@u.northwestern.edu
zjzhang@northwestern.edu




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? 
n/a Authors: You do not need to include steps that you will be capturing yourselves
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.10.	Using 4-5 bites of continuous sutures on the inside of the IVC, perform an anastomosis to connect the donor portal vein to the posterior wall of the recipient IVC [1] and close the suture on the outside of the IVC [2].
5. Will the filming need to take place in multiple locations? N


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. Zheng Jenny Zhang: The mouse model of spleen transplantation offers a great opportunity for uncovering the role of spleen cells in the regulation of local and systemic immune responses in inflammatory disease [1].

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

1.2. Longhui Qiu: The main advantage of this protocol is that, by using congenic mice, syngeneic spleen transplantation makes it possible to track the fate, longevity, and function of spleen cells [1].

1.2.1. 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)

1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Northwestern University. 


Section - Protocol
2. Donor Spleen Harvest
2.1. Before beginning the procedure, place a sterile disposable drape over the surgical platform [1] and confirm a lack of response to toe pinch in the anesthetized donor mouse [2-TXT].
2.1.1. WIDE: Talent placing drape onto platform
2.1.2. ECU: Toe being pinched TEXT: Anesthesia: ketamine 50 mg/kg + xylazine 10 mg/kg i.p.; Analgesia: buprenorphine 0.05 mg/kg s.c.

2.2. Shave the hair from the entire abdominal area [1] and place the mouse onto a sterile surgical platform under an operating microscope at a 6-10X magnification [2].

2.2.1. CU: Hair being shaved
2.2.2. MED: Talent placing mouse under microscope

2.3. Sterilize the exposed skin with an alcohol prep pad [1] and secure the limbs with surgical tape [2].

2.3.1. CU: Skin being wiped
2.3.2. CU: Limb being taped

2.4. Enter the abdomen via a 3-4-centimeter midline vertical skin incision from the pubis to the xiphoid process [1], cauterize the skin vessels, and extend the incision to the lateral abdomen on both sides to achieve better exposure. [2].

2.4.1. LAB MEDIA: *To be provided by Authors: Incision being made
2.4.2. LAB MEDIA: *To be provided by Authors: Abdomen being exposed

2.5. Using a sterile cotton swab, move the intestines to the right flank of the abdomen to expose the spleen [1] and use a sterile, low-temperature cautery to cauterize the short gastric vein attached to the spleen [2].

2.5.1. LAB MEDIA: *To be provided by Authors: Intestines being moved to right
2.5.2. LAB MEDIA: *To be provided by Authors: Vein being cauterized

2.6. Place a piece of sterile gauze soaked with 37-degree Celsius saline over the spleen to keep it moist [1] and separate and mobilize the portal vein from the pancreatic tissue [2].

2.6.1. LAB MEDIA: *To be provided by Authors: Gauze being placed
2.6.2. [bookmark: _GoBack]LAB MEDIA: *To be provided by Authors separate and mobilize the portal vein from the pancreatic tissue

2.7. Ligate the branches of the portal vein as demonstrated, place a suture around the portal vein distal from the splenic vein [1] and flip the spleen to the right side to expose the aorta and the splenic artery on the celiac trunk [2].

2.7.1. LAB MEDIA: *To be provided by Authors: Suture being placed around portal vein
2.7.2. LAB MEDIA: *To be provided by Authors: Spleen being flipped to right side/aorta and celiac trunk being exposed

2.8. Dissect and mobilize the aortic-celiac-splenic arteries [1] and place a suture around the aorta proximal to the celiac artery [2].

2.8.1. LAB MEDIA: *To be provided by Authors: Aorta being dissected and mobilized above the celiac artery
2.8.2. LAB MEDIA: *To be provided by Authors: Suture being placed

2.9. Inject 100 international units of heparin into the inferior vena cava, or IVC (I-V-C), to heparinize the whole body [1]. 

2.9.1. LAB MEDIA: *To be provided by Authors: Heparin being injected

2.10. After 3 minutes, ligate the hepatic and gastric arteries and the aorta proximal to celiac artery [1] … transect the portal vein [2] … and perfuse the whole body with 10 millilitersof 4-degree Celsius heparinized saline from the abdominal aorta distal to celiac trunk [3].

2.10.1. LAB MEDIA: *To be provided by Authors: Aorta being ligated
2.10.2. LAB MEDIA: *To be provided by Authors: Shot of transected portal vein
2.10.3. LAB MEDIA: *To be provided by Authors: Saline being perfused

2.11. Collect the spleen graft en bloc with the associated aortic-celiac-splenic segment and the portal vein [1] along with a segment of splenic vein and a small portion of pancreatic tissue [2].

2.11.1. LAB MEDIA: *To be provided by Authors: Spleen graft being removed
2.11.2. LAB MEDIA: *To be provided by Authors: Shot of harvested spleen, aortic-celiac-splenic segment and portal vein, and segment of splenic vein and small portion of pancreatic tissue in a Petri dish or similar

2.12. Then preserve the graft in 5 milliliters of 4-degree Celsius saline [1-TXT]. 

2.12.1. MED: Talent placing graft into saline TEXT: Euthanasia: Cervical Dislocation

3. Recipient Splenectomy and Spleen Graft Implantation

3.1. Enter the recipient abdomen via a midline incision after the surgical area is prepared as it is for the donor [1] and remove recipient native spleen by ligating the splenic vein and artery [2].

3.1.1. WIDE: Talent at microscope using swab to expose spleen Videographer: More Talent than mouse in shot LAB MEDIA: Recipient abdomen being exposed. Author note: Please move this step to 3.2.3 (will replace it with LAB MEDIA: Recipient abdomen being exposed.
3.1.2. LAB MEDIA: *To be provided by Authors: Vein and artery being ligated

3.2. Cover the intestine tissues with with 37-degree Celsius-soaked gauze [1] and carefully move the intestine to left side [2].

3.2.1. LAB MEDIA: *To be provided by Authors: Tissue being covered 3.2.1 and 3.2.2 swapped places.
3.2.2. LAB MEDIA: *To be provided by Authors: Intestine being moved to left side
3.2.3. WIDE: Talent at microscope using swab to expose spleen Videographer: More Talent than mouse in shot This was originally 3.1.1.


3.3. Dissect and ligate the lumbar branches of the infrarenal aorta and the IVC [1] and cross-clamp the infrarenal aorta and the IVC with two 4-millimeter microvascular clamps [2].

3.3.1. LAB MEDIA: *To be provided by Authors: Branch(es) being ligated
3.3.2. LAB MEDIA: *To be provided by Authors: At least one clamp being placed

3.4. Place an 11-0 nylon suture through the infrarenal aorta [1] and retract the vessel to allow the creation of an elliptical aortotomy with microscissors [2].

3.4.1. LAB MEDIA: *To be provided by Authors: Suture being placed
3.4.2. LAB MEDIA: *To be provided by Authors: Vessel being retracted/aorotomy being created

3.5. Use a 30-gauge needle to pierce the IVC to create an elliptical venotomy [1] and extend the opening to the length of the donor portal vein [2].

3.5.1. LAB MEDIA: *To be provided by Authors: IVC being pierced
3.5.2. LAB MEDIA: *To be provided by Authors: Opening being extended

3.6. Flush the aorta and IVC with 500 microliters of heparinized saline to clear the intraluminal blood or blood clots from the vessels [1] and place the donor spleen graft into the right flank of the recipient abdomen [2].

3.6.1. LAB MEDIA: *To be provided by Authors: Vessel(s) being flushed
3.6.2. LAB MEDIA: *To be provided by Authors: Graft being placed into abdomen

3.7. Carefully identify the donor aortic cuff and portal vein [1]. After confirming that the vessels are not twisted, cover the spleen graft with 4-degree Celsius-saline-soaked gauze [2].

3.7.1. LAB MEDIA: *To be provided by Authors: Shot of cuff and portal vein Video Editor: please emphasize cuff and vein when mentioned as possible/necessary  
3.7.2. LAB MEDIA: *To be provided by Authors: Spleen being covered

3.8. Using two, 11-0 nylon stay sutures, connect the donor aortic cuff to the proximal and distal apex of the recipient aortotomy [1] and make an anastomosis with 2-3 bites of continuous 11-0 nylon sutures between the donor aortic cuff and the anterior wall of the recipient aortotomy [2].

3.8.1. LAB MEDIA: *To be provided by Authors: Cuff being connected to aortotomy
3.8.2. LAB MEDIA: *To be provided by Authors: Anastomosis being made in anterior wall

3.9. Turn the spleen graft to the left side of the recipient [1] and make the anastomosis between the donor aortic cuff and the posterior wall of the recipient aortotomy [2].

3.9.1. LAB MEDIA: *To be provided by Authors: Spleen graft being turned
3.9.2. LAB MEDIA: *To be provided by Authors: Anastomosis being made in posterior wall

3.10. Perform the venous anastomosis between the donor portal vein and the recipient IVC with 4-5 bites of continuous sutures on each side. Suture the posterior wall within the vessel lumen first, and then close the anterior wall using the same suture [1]. Complete the anastomosis with a knot placed on the lower corner outside of the IVC [2].

3.10.1. LAB MEDIA: *To be provided by Authors: Anastomosis being performed
3.10.2. LAB MEDIA: *To be provided by Authors: Suture being closed

3.11. Now release the vessel clamps [1] and use a sterile cotton swab to tamponade the bleeding until the spleen color is recovered [2].

3.11.1. LAB MEDIA: *To be provided by Authors: Clamp(s) being removed
3.11.2. LAB MEDIA: *To be provided by Authors: Vessel being pressed

3.12. Close the abdomen with a 5-0 synthetic absorbable vicryl suture in a continuous pattern [1] and close the skin layer with a 5-0 nylon suture in an interrupted pattern [2].

3.12.1. CU: Suture being placed/abdomen being closed
3.12.2. CU: Suture being placed/skin being closed

3.13. Then inject 250 microliters of warm saline subcutaneously into four separate locations [1] and warm the mouse in a 30-degree Celsius, temperature-controlled incubator for the first few hours post-operation with monitoring until the animal has regained sufficient consciousness for transfer to the home cage [2-TXT].

3.13.1. CU: Saline being injected
3.13.2. MED: Talent placing mouse into warmer TEXT: Analgesia: 0.05 mg/kg buprenorphine s.c. at 24 and 48 h



Section – Results
4. Results: Representative Syngeneic Spleen Transplantation Chimera Generation 

4.1. Hematoxylin and eosin of spleen isografts days 1 and 7 after transplantation [1] reveals that the architecture of the spleen isografts remains intact during the first postoperative week [2]. 

4.1.1. LAB MEDIA: Figure 3
4.1.2. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize POD1 and POD7 images

4.2. Flow cytometric analysis to investigate donor spleen cell migration after transplantation [1] demonstrates that approximately 50% of the spleen cells are donor-derived at 1 day after transplantation and approximately 46% are recipient derived [2].

4.2.1. LAB MEDIA: Figure 4A POD1 Spleen plot: JoVE Video Editor please emphasize top left gate and 50.7 text 
4.2.2. LAB MEDIA: Figure 4A POD1 Spleen plot: JoVE Video Editor please emphasize bottom right gate and 46.3 text 

4.3. Seven days after transplantation, the donor-derived leukocytes account for approximately 32% of the total spleen cells [1] while the recipient-derived cells increase up to approximately 56% [2].

4.3.1. LAB MEDIA: Figure 4A POD7 Spleen plot: JoVE Video Editor please emphasize top left gate and 32.3 text 
4.3.2. LAB MEDIA: Figure 4A POD7 Spleen plot: JoVE Video Editor please emphasize bottom right gate and 53.0 text 

4.4. Donor splenic leukocytes also migrate into the lymph nodes [1], blood, and bone marrow as early as day 1 [2] and are maintained to at least day 7 [3], generating a unique chimera valuable for splenocyte trafficking research [4].

4.4.1. LAB MEDIA: Figure 4A LN, Blood, BM POD1 and POD7 plots: JoVE Video Editor please emphasize top left gates in LN graphs
4.4.2. LAB MEDIA: Figure 4A LN, Blood, BM POD1 and POD7 plots: JoVE Video Editor please emphasize top left gates in Blood graphs
4.4.3. LAB MEDIA: Figure 4A LN, Blood, BM POD1 and POD7 plots: JoVE Video Editor please emphasize top left gates in BM graphs
4.4.4. LAB MEDIA: Figure 4B


Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Longhui Qiu: Using genetically-modified knock-in or knock-out mice as spleen donors will allow investigation of the roles of spleen cell-derived mediators or key signaling pathways in disease processes [1].
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
5.2. Longhui Qiu: This model could be a powerful tool for exploring the mechanisms of splenic cell populations in response to pathogens, injury, inflammation, or transplant rejection [1].
5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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