Establishment of the Mouse Orthotopic Liver Transplantation Model

Donor Operation: (1) Donor mice were anesthetized with an appropriate dose of isoflurane and placed in the supine position. A midline laparotomy was performed to access the abdominal cavity and expose the liver. (2) Both the thoracic aorta and the inferior vena cava (IVC) were clamped simultaneously. (3) Branches of the aorta were ligated, and the abdominal aorta was occluded distal to the iliac arteries and transected. The hepatic artery was dissected and severed at the level of the celiac trunk. Subsequently, 1.5 mL of cold (4°C) University of Wisconsin (UW) solution containing 100 units of low molecular weight heparin was slowly infused via the portal vein using a low perfusion pressure. (4) The entire liver graft was then harvested and immediately placed in a Petri dish containing 4°C UW solution.
Graft Preparation: The cuff technique was employed for portal vein and infrahepatic IVC anastomoses. Using micro forceps, the portal vein/infrahepatic IVC was everted over the respective cuff and secured to the outer wall of the cuff with a silk ligature. Two stay sutures were placed on opposite sides of the suprahepatic IVC cuff for later anastomosis. A biliary stent was inserted into the bile duct and fixed with a ligature.
Recipient Operation: (1) After induction of anesthesia, the recipient mouse underwent a midline laparotomy. The liver was mobilized by dividing all ligamentous attachments. A small branch of the esophageal artery supplying the left hepatic lobe was ligated and divided. The hepatic artery was ligated and transected above its bifurcation. The right adrenal vein and surrounding vessels were ligated with nylon suture and divided during liver explantation. Micro vascular clamps were sequentially applied to occlude the portal vein and infrahepatic IVC, followed by placement of a micro vascular clamp near the diaphragm to clamp the suprahepatic IVC. The remaining perihepatic vessels and adherent tissues were transected with micro scissors, completing the total hepatectomy. (2) The donor liver was positioned anatomically in the recipient’s abdomen. The suprahepatic IVC anastomosis was performed first using a continuous suture technique: the posterior wall was sutured from the left side with the pre placed stay sutures, followed by knotting; the anterior wall was then sutured continuously from the right side. (3) The donor portal vein cuff was connected to the recipient portal vein and secured externally with a silk ligature. The infrahepatic IVC was anastomosed in the same cuff based manner. After completion of all three vascular anastomoses, blood flow was restored by sequentially releasing the clamps on the portal vein and IVC. (4) The donor biliary stent was inserted into the recipient bile duct and fixed with a ligature. An additional external silk suture was placed between the donor and recipient bile ducts to prevent dislocation. (5) The abdomen was closed in layers, and the mouse was transferred to a warming chamber for recovery until fully conscious.

Techniques and protocols for the enzymatic and mechanical dissociation of tissues from diverse organs

Preparation of PBMCs from Patients
Approximately 5 mL of peripheral blood was collected from patients into anticoagulant tubes, and PBMCs were isolated by density gradient centrifugation. Using lymphocyte separation fluid with a density intermediate between that of red blood cells, polymorphonuclear cells, lymphocytes and mononuclear cells remained at the interface after centrifugation due to their lower or equal density. The isolated cells were filtered through a 70 µm strainer, centrifuged at 400g for 5 minutes, and treated with red blood cell lysis buffer. After two washes in 1× PBS, pellets were resuspended in PBS containing 2% fetal bovine serum (FBS) for downstream applications.
Preparation of PBMCs from Mice
We collect blood from mice using the eye enucleation method. The mouse was secured with one hand, whiskers trimmed on both sides, and gentle pressure was applied to the skin around the eyes to cause the eyeball to protrude. The eyeball was clamped with curved forceps and quickly removed, while the heart area was pressed with the other hand to speed up blood pumping. Blood was collected in an EP tube prefilled with EDTA. The freshly collected anticoagulant blood was added to a 15 mL centrifuge tube prefilled with lymphocyte separation fluid (Solarbio, China) and centrifuged at 2200 rpm for 20 minutes. The white cell layer was carefully aspirated into another 15 ml centrifuge tube and washed twice by centrifuging at 1000 rpm for 5 minutes. If necessary, red blood cell lysis was performed to obtain a lymphocyte suspension, which was then counted.
Preparation of Lymphocyte Suspension from Spleen
Put the euthanized mouse on the operating table. Under sterile conditions, sterile ophthalmic scissors were used to make a midline incision through the abdomen, separating the skin and muscles layer by layer. The abdominal cavity was opened to expose the spleen, and the fascia and fat tissue around the organ were cut to remove the spleen intact. A 40 µm strainer was positioned over a 50 mL centrifuge tube, and the spleen was gently dissociated using the plunger of a 5 mL syringe to generate a single-cell suspension. The suspension was transferred into a 15 mL tube containing mouse spleen lymphocyte separation fluid (Solarbio) and centrifuged at 2200 rpm for 20 minutes. After centrifugation, the white lymphocyte layer was carefully aspirated into another 15 mL centrifuge tube and washed twice by centrifuging at 1000 rpm for 5 minutes. If necessary, red blood cell lysis is performed to obtain a lymphocyte suspension, which is then counted.
Preparation of Single Cell Suspension from Bone Marrow
Put the euthanized mouse on the operating table. Under sterile conditions, surgical curved scissors were used to make a small incision on the ankle side, cutting the skin along the lower leg and thigh to the groin, stripping away the skin and muscles while avoiding blood vessels. The lower limb was cut off at the greater trochanter and placed in sterile 1×PBS buffer for repeated washing. Blunt dissection was performed to remove the muscles from the lower limb, exposing the femur and tibia completely. The femur and tibia are separated at the knee joint, taking care not to damage the bones. The joint surfaces were trimmed off, the bone marrow cavity was opened, and 1×PBS is flushed through the bone marrow cavity repeatedly using a 1 mL syringe. The bone marrow cell suspension was collected and filtered through a 40 µm strainer. The cell suspension was transferred to a 50 mL tube and centrifuged at 1000 rpm for 5 minutes. Pellets were resuspended in 1 mL red blood cell lysis buffer for 2 minutes at room temperature, quenched with 9 mL 1× PBS, and centrifuged again. This wash–centrifugation cycle was repeated twice. After the final resuspension, cells were counted to obtain bone marrow preparations.
Preparation of Lymphocyte Suspension from Lymph Nodes
Put the euthanized mouse on the operating table. Under sterile conditions, sterile ophthalmic scissors are used to make incisions in the abdomen, groin, jaw, and armpit, separating the skin and muscles layer by layer. Micro-forceps and curved scissors are used to isolate and collect 2 inguinal lymph nodes, 5-8 mesenteric lymph nodes, 1-2 para-aortic lymph nodes, 1-2 axillary lymph nodes, and 2-4 submandibular lymph nodes. A 40 µm strainer is placed over a 50 mL centrifuge tube, the lymph nodes are placed on the strainer, and gently ground with the plunger of a 5 mL syringe to obtain a cell suspension. The cell suspension is transferred to a 50 mL centrifuge tube and centrifuged at 1000 rpm for 5 minutes. The supernatant is discarded, and the pellet is resuspended in 1 mL red blood cell lysis buffer, left at room temperature for 2 minutes, and the lysis is terminated with 9 mL 1×PBS. Centrifugation and supernatant removal are repeated twice more. After the final resuspension, the cells are counted, obtaining the lymphocyte suspension.

