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Abstract
Xenotransplantation using pigs as the transplant source holds great promise to resolve the severe shortage of human organ donors. Although stem-cell-derived organ and tissue regeneration have a potential to solve this as well for the future, it still remains as very early experimental phase. Likewise, artificial organs and mechanical devices have been simply used for bridge therapy to transplant. Therefore, xenotransplantation might provide the most imminent solution to the scarcity of human organ donors. In the last two decades, major progress has been made in understanding the mechanisms of xenografts rejection, zoonotic infections including porcine endogenous retrovirus (PERV) and production of genetically engineered pigs including α1,3-galactosyltransferase-deficient pigs. With these elaborations, it is now on the threshold of first clinical application. Particularly promising first target is porcine pancreatic islet xenotransplantation. Graft survival has been prolonged to almost one year in the non-human primate study and is waiting for the development of relatively non-toxic or clinically applicable immunosuppressive or tolerance-inducing regimens. This review highlights the currently known obstacles to translate xenotransplantation into clinical therapies and the possible strategies to overcome these hurdles, as well as current status and future perspective for clinical xenotransplantaion.
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  Shortage of organ donor in Korea (Data from Korean Network for Organ Sharing, KONOS).
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  Replacement of donor organ shortage

Source: Modified from Yang YG, Sykes M. Xenotransplantation: current status and a perspective on the future. Nat Rev Immunol 2007;7:519-31. and Cascalho, M Platt JL. New technologies for organ replacement and augmentation. Mayo Clin Proc 2005;80:370-8.
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  Solutions to organ shortage

Source: Yang YG, Sykes M. Xenotransplantation: current status and a perspective on the future. Nat Rev Immunol 2007;7:519-31. p.527
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  Different approaches to overcome xenograft rejection

Abbreviations: AHXR, acute humoral xenograft rejection; aGalT, a1,3-galactosyltransferase; HAR, hyperacute rejection; HLA-E, human leukocyte antigen-E; NK, natural killer; ULBP-1, UL16 binding protein-1.
Source: Sprangers B, Waer M, Billiau AD. Xenotransplantation: where are we in 2008? Kidney Int 2008;74:14-21. p.16
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  Results of selected pig-to-non-human primate solid organ transplantation studies

Abbreviations: Ortho, orthotopic; Hete, heterotropic; GT-KO, α1,3Galknockout; vWF, von-Willebrent Factor; cyno, cynomolgus.
Source: Modified from Ekser B, Rigotti P, Gridelli B, Cooper DK. Xenotransplantation of solid organs in the pig-to-primate model. 2009;21:87-92. P.88.
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  Isolation variables and islet characterization

Abbreviations: ACM, SPF adult CMS miniature; APM, adult PWG miniature; AM, adult market; YCM, SPF young CMS miniature; SPF, specific pathogen-free; CMS, Chicago Medical School.
*P<0.05, †P<0.01, ‡P<0.001 vs. SPF adult CMS miniature pigs.
The total islet yield of the ACM pigs (540,325±136,127 IEQ) was much higher than that of the APM pigs (117,897±68,699 IEQ), AM pigs (173,026±85,140 IEQ), or YCM pigs (120,551±67,232 IEQ; Table 2). The islet yield per gram of pancreas of the ACM pigs (9,589±2,823 IEQ/g) was also significantly higher than that of the APM pigs (1,752±874 IEQ/g), AM pigs (1,931±947 IEQ/g), or YCM pigs (3,460±1,985 IEQ/g; Table 2). The isolation index of the ACM pigs was significantly higher than those of the AM or YCM pigs. However, the purity of the islets, as estimated by dithizone staining, was not significantly different among the experimental groups and was always more than 90%.
Source: Kim JH, Kim HI, Lee KW, Yu JE, Kim SH, Park HS, et al. Influence of strain and age differences on the yields of porcine islet isolation: extremely high islet yields from SPF CMS miniature pigs. Xenotransplantation 2007;14:60-6. p.63
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  Predictors of high islet isolation yield

Binary logistic regression analysis; *P<0.05, †P<0.01.
Three donor parameters including pig body weight, age and sex, and three procurement parameters including anesthesia duration, decapsulation, and distension status were analyzed using total IEQ and IEQ/g as outcome variables Working forward analysis provided a simplified model for predicting higher islet yield. Identified variables allowed for an accuracy of 71.2% for higher IEQ/g and 83.1% for higher total IEQ.
Source: Kim HI, Lee SY, Jin SM, Kim KS, Yu JE, Yeom SC, et al. Parameters for successful pig islet isolation as determined using 68 specific-pathogen-free miniature pigs. Xenotransplantation 2009;16:11-18. P.15.
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