Kidney Xenotransplantation

Kornrawee Sawasdichai, Suwasin Udomkarnjananun

Division of Nephrology, Department of Medicine, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

Abstract

Kidney transplantation is the best treatment for patients with end-stage kidney disease. However, there are
still many patients today who have not received a kidney transplant and are still on the waiting lists. The gap
between the demand for kidney transplants and the limited availability of human organs has led to prolonged waiting
times, higher mortality rates, and a significant burden on healthcare systems worldwide. Kidney xenotransplantation,
the transplantation of kidneys from non-human species, most commonly pigs, into humans, has emerged as a
potential solution to the global shortage of donor organs for patients with end-stage kidney disease. Despite
promising advances in genetic engineering, immunosuppressive therapies, and xenotransplantation protocols,
the clinical application of kidney xenotransplants remains challenging. These include immune rejection,
potential zoonotic infections, and long-term organ viability. This review explores the current state of kidney
xenotransplantation, focusing on recent breakthroughs in gene editing technologies such as CRISPR-Cas9,
which enable the creation of genetically modified pigs with organs more compatible with human recipients.
We also discuss the immunological hurdles and strategies to modulate the human immune response. We also

explore the efforts to eliminate the transmission of porcine viruses.
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PLT, platelets; RBC, red blood cells; MAC, macrophages; ROS, reactive oxygen species; NOS, nitric oxide synthase;

TCR, T cell receptor; MHC, major histocompatibility complex; gal, galactose.
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TF: Tissue Factor; TFPI, Tissue Factor Pathway Inhibitor; aPC, Activated Protein C; TBM, Thrombomodulin; vWF, von

Willebrand Factor; PLT, Platelets; GP1b, slycoprotein Ib.
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Cas9, CRISPR-associated protein 9 (the “scissors” enzyme that cuts DNA); sgRNA, single guide RNA (the molecule

that directs Cas9 to the specific DNA sequence): GM, genetically modified; KO, knockout; GGTA1, Glycoprotein

alpha-galactosyltransferase 1; CMAH, cytidine monophosphate-N-acetylneuraminic acid hydroxylase; BAGALNT2,

beta-1,4-N-acetyl-galactosaminyltransferase 2; Gal, galactose; Sda, Sd(a) antigen (produced by the B4GALNT2 gene);

Neu5Gc, N-glycolylneuraminic acid.
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Hyperacute rejection

o-Gal Ag GGTA1-KO

Complement regulatory proteins hCD46-tg, hCD55-tg, hCD59-tg

Delayed xenograft rejection

Non a-Gal Ag : Neu5Gc, Sda CMAH-KO, B4GALNT2/L-KO

Macrophage activation hCDA47-tg

NK cytotoxicity hHLA-E-tg, hHLA-G1-tg

T cell activation hPD-L1-tg

hCIITA-DN (reduces SLA-Il expression)"™

Coagulation dysregulation

Coagulation-related proteins hTBM-tg, hTFPI-tg, hEPCR-tg

Systemic inflammation

hHO-1-tg" (anti-inflammatory proteins)
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galactosyltransferase 1; hCD, Human Cluster of Differentiation; CMAH, cytidine monophosphate-N-acetylneuraminic
acid hydroxylase; BAGALNT2/L, beta-1,4-N-acetyl-galactosaminyltransferase 2; HLA; human leukocyte antigen;
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SLA-ll, Swine Leukocyte Antigen Class Il; hTBM, Human Thrombomodulin; hTFPI, Human Tissue Factor Pathway

Inhibitor; hEPCR, Human Endothelial Protein C Receptor; hHO-1, Human Heme Oxygenase-1
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