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Alternatives to Allotransplantation ?

• Mechanical Assist Devices / Artificial Organs

Dialysis

Left ventricular assist-device (LVAD)
Biventricular assist-device (BVAD)

Total artificial heart (TAH)?

Artificial liver?

Artificial lung?

• Tissue engineering ?

• Stem cells ?

• Xenotransplantation



Advantages of Xenotransplantation

• Unlimited source of organs

• Elective surgery

• Earlier timing of transplantation

• Increased indications for transplantation



“The future of organ transplantation 

depends on the feasibility to perform 

heterotransplantation”

Alexis Carrel 1907

First attempts to perform organ (xeno)transplants



• 1984  »Baby Fae«

• Diagnosis: Hypoplastic 
left ventricle

• Survival of 20 days with 
baboon heart

• Histology: acute humoral 
rejection

Clinical Experience in Xenotransplantation



Xenograft rejection:  Pathogenesis

•Antibody

•Complement

•Monocytes, macrophages, NK

•T cells 

•Coagulation



New developments ?

• Manipulation of recipient

• Manipulation of donor



Manipulation of Donor

Transgenic animals, 
expressing human 
complement regulatory 
proteins:

•CD55 human decay accelerating 
factor (hDAF)                                                  

•CD46 membrane cofactor protein 
(MCP)           

•CD59 membrane inhibitor of
reactive lysis



GT-KO Miniature Swine, born 2002

Piglet at two days 
of age





GTKO/CD46/CD55/CIITA-knockdown pigs

GTKO/CD55/CD59/CD39 pigs

GTKO/CD46/TMICAM 

GTKO/CD46 expressing TFPI/CD39/CTLA4-Ig only in the islets 

GTKO/CD46/TM

GTKO/CD47

… 

New genetically modified pigs



Donor pig:  Alpha Gal Knockout, transgenic for human CD46 and hTBM

Recipient: Baboons

Immunosuppression: Thymoglobulin, Rituximab, Mycophenolate Mofetil , anti-CD 40 mAb

Results: Median Survival Time = 298 days, longest survival 945 days



Porcine endogenous Retrovirus 

(PERV)

PERV are present in the porcine genome

In vitro: infection of human cells possible (Patience 

et al. Nat Medicine, 1997)

In vivo: No infection detected in patients 

recipient of a porcine xenograft

(Paradis et al. Science, 1999)







Buhler L. et al. Transplantation 2010, 2021 

www.humanxenotransplant.org



RESULTS:

N = 16

Since October 2006





Performed in 2021 at 2 centers:

•Follow-up of maximum 3 days

•Testing for technical logistics

•Public perception 



Clinical pig-to-human heart xenotransplant

Baltimore January 7th 2022 









New clinical trials for xenotransplantation:

1) Pre-clinical model with 6 months survival

2) Donor pig genetically modified with

xenoantigens deletion and addition of transgenes

3) Patient selection based on age, allo-sensitization

4) Immunosuppression includes CD40 pathway mAb

5) Infectious disease surveillance requires screening 

of donor animals, long-term follow-up recipient

her/his close contacts



Cell Xenotransplantation

Porcine organ donor  
(pancreas or liver)

Cell isolation Encapsulation
(size of  
capsules 400 
microns)

Transplantation
to human 



Immunoprotection of encapsulated cells

Calcium Alginate 
Poly-Ethylene Glycol (PEG)

Microsphere (600um diameter)

Pr Sandrine Gerber



Encapsulated Porcine Hepatocytes

At day 1 in culture (10x)
Mai G. et al. Xenotransplantation 2005
Mei J. et al. Cell Transplant 2009
Sgroi A. et al. Cell Transplant 2011



Establishment of Acute Liver Failure Model in 
Baboons

75% Hepatectomy +/- Warm ischemia

Machaidze Z. et al, Xenotransplantation 2017



Encapsulated porcine hepatocytes rescue 
acute liver failure in baboons 



Phase 1-2 safety-efficacy, single center trials

oEncapsulated porcine hepatocytes
for acute liver failure without offer of standard liver
transplantation

oEncapsulated porcine islets
for type 1 diabetes patients sensitized, overweight

Road Map to clinical application

http://www.google.ch/url?sa=i&source=images&cd=&cad=rja&uact=8&docid=lqKODvhbRHuljM&tbnid=4lix-PvZkz46RM:&ved=0CAgQjRw&url=http://www.maranta-renckly.ch/kontaktlinsen.html&ei=ZWsrU5-zBOK47QakroHYDA&psig=AFQjCNEnC90zkISzJ5YXSgmqiaYJcX8Ssw&ust=1395440869161028
http://www.bag.admin.ch/index.html?lang=fr


Conclusions 

• Protocols for organ and cell xenotransplantation 
are in preparation for clinical application

• Selected patients will be considered

o Kidney failure

o Heart failure

o acute liver failure

o type I diabetes

• Safety will be monitored in collaboration with 
Swissmedic, IXA, WHO
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