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With the significant developments in Xenotransplantation –namely (i) the generation of 

meaningful pre-clinical data from nonhuman primate (NHP) transplantation models, (ii) the 

first clinical heart xenotransplantation with a genetically edited porcine heart, and (III) a few 

deceased human experimental models - the need for producing the appropriate genetically 

modified porcine donor for final pre-clinical development and first in human studies is clear 

and urgent.  

 

Xenotransplantation is aimed at addressing the critical shortage of organ supply for 

transplantation. Data from United Network for Organ Sharing (UNOS), USA for the years 

1990-2019 shows a constant increase in the gap between patients waiting for 

transplantation and the number of transplants being done. In 2019 about 120000 patients 

were on the transplantation waitlist and only about 40000 were done (combined kidney, 

heart, liver and others).  

 

The genetically modified porcine donor can potentially become as source for high quality 

organs compatible with humans. Achieving this goal requires overcoming major molecular 

incompatibilities between porcine donorsand humans recipients and addressing the real risk 

of xenozoonosis.  

 

The ability to modify the porcine genome open the door for the possibility of overcoming the 

above barriers and produce an organ which is more compatible with human with reduced 

risk of xenozoonosis. Over the years, a select subset of genes has been tested in porcine 

donors  and found to confer protection, extending organ perfusion time in vitro, or 

promoting graft survival when transplanted.    

 

These genetic alternations include the elimination of 3 xenoantigens, the expression of 

human transgenes, and porcine endogenous retrovirus (PERV) inactivation. CRISPR/Cas9 

technology burst on to the scene in 2012 and has transformed genome editing. This 



 

technology could be employed to create insertion-deletion (indel) mutations and insert 

exogenous genes. Now it is possible to multiplex and massively edit the porcine genome to 

improve the molecular compatibilities.    

 

eGenesis has been employing the CRISPR/Cas9 technology to edit the porcine genome, 

incorporating Indel mutations and inserting the payload (transgenic construct). If arranged 

carefully, it is possible to create multiple genetic edits in vitro and then clone the edited cells 

into a porcine donor.    

 

All Yucatan cells are found to carry PERV C, in addition to PERV A and B, while the Yorkshire 

cells carry only PERV A and B. Total PERV copy numbers vary between 40 to 60 per diploid 

genome. CRISPR/Cas9 was employed to target the pol gene from the PERV genome. 

Genotyping is conducted by using both PCR amplification, encompassing the targeted region, 

and Amplicon sequencing. We have now some PERV knock out (KO) animals that are at 

least 3 years old and are healthy and fertile.    

 

Pigs and humans parted ways genetically, more than 80 million years ago. Our genetic 

makeups differ in many ways, including the 3 genes critical for synthesis of the 3 glycan 

antigens, alpha gal, Neu5Gc, and Sda. While all 3 genes are functional in pigs, GGTA1 and 

CMAH become pseudogenes in humans. As such, the matching porcine organs should be 

devoid of the 3 genes. It is important to note that in old world monkeys (OWMs), only 

GGTA1 is a pseudogene. As such, the matching porcine organs should carry only GGTA1 

knockout. The OWMs are not appropriate matching surrogates for testing a human 

compatible porcine organ carrying 3KOs.    

 

Another critical component of our gene editing process is the insertion of a genetic “payload” 

of usually 7 human genes effecting coagulation, complement, innate immunity, and adaptive 

immunity. Verification of the successful insertion and the stability of the inserted genes is 

performed by immunochemistry (IHC) and RNA sequencing of tissue samples, that 

demonstrates that all 7 human transgenic proteins are detected among kidney cells and the 

edits are durable during serial cloning. Currently next Generation Sequencing (NGS) 

technologies are used to interrogate the cells and porcine donors, and the on-target  and 

off- target effects are analyzed.   NHP survival transplantation model is used to test a kidney 

transplanted from genetically modified porcine donor. With this inherently challenging model, 

graft and recipient survival is variable. However, graft survival time of more than 12 months 

and in some cases close to 2 years, has been achieved. These are encouraging results that 

provide a possible path to first -in -human clinical studies.       

 

 

 

 

 

 


