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Darlegung potentieller Interessenskonflikte

Der Inhalt des folgenden Vortrages ist Ergebnis des Bemühens um größtmögliche Objektivität 
und Unabhängigkeit. 

Als Referent weise ich darauf hin, dass es persönliche Verbindungen zu Unternehmen gibt, 
deren Produkte im Kontext des folgenden Vortrages von Interesse sind. Dabei handelt es sich 
um die folgenden Unternehmen und Verbindungen:

Unternehmen Verbindungen
(Honorar für Vortrags-, Autoren-, Gutachter- oder Beratungstätigkeiten; Honorar für 

Vorbereitung von Fortbildungen; Erstattung von reise- oder Übernachtungskosten; 

Erstattung von Teilnahmegebühren an Fortbildungen; Patente; Geld aus 

Lizenzen/Tantiemen; Honorar für Durchführung von Auftragsstudien; Erhalt von 

Forschungsgeldern; andere)

Mitgründer der XTransplant GmbH Sprecher des DFG SFB/TR 127

Mitgründer der MWM Biomodels GmbH



Lack of human organs for transplantation

Eurotransplant Annual Report 2019



The changing view on xenotransplantation

Concordant

Discordant



Pigs with inactivated PERV integrants

Commentary: Denner, Science 2017

▪ A primary porcine fetal fibroblast cell line (FFF3) with about 25

copies of functional PERVs was used

▪ Use of p53 inhibitor during genetic modification was necessary to

grow up 100% PERV-inactivated FFF3 cell clones

▪ Five out of eight PERV-inactivated FFF3 cell clones carried

chromosomal abnormalities

▪ No difference in SCNT efficiency between PERV-inactivated

(0.9%) and WT cells (0.8%)

▪ The physiological functions of endogenous retroviruses, which

exists in all mammalian species, remain largely unknown

Niu et al., Science 357, 1303-1307 (2017)

New York Times, 8-10-2017



The changing view on xenotransplantation



Strategies to overcome pig-to-human xenotransplant rejection

Kemter et al., Curr Opin Genet Dev 64, 60-65 (2020) 



Toolbox for the genetic modification of pigs

Kurome et al., Meth Mol Biol 1222, 37-59 (2015)



Structure the TRR 127 Xenotransplantation
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Biology of xenogeneic cell, tissue and organ transplantation

from bench to bedside



The need for alternative sources of pancreatic islets



Rat pancreas in mouse and vice versa

Kobayashi et al., Cell 142, 787-799 (2010)

Yamaguchi et al., Nature 542, 191-196 (2017)

Hiromitsu Nakauchi



Human organs from animal hosts?

www.icell.co.jp Wu et al., Cell 168, 473-486 (2017)

Calculated with TIMETREE (http://www.timetree.org/). Above trajectory:

median divergence times; below trajectory: estimated divergence time

(confidence interval).

Divergence times (M years) between human and 

various animal species

http://www.timetree.org/


Porcine islet xenotransplantation is a realistic option



Islet encapsulation strategies

Wang et al., Sci Transl Med 13, eabb4601 (2021)



Beta cells are in intimate contact with capillaries

Glieberman et al., Diabetes 70, 347-363 (2021) C. Cohrs, S. Speier



Immunomodulatory approaches for porcine islet xenotransplantation

Hong et al., Curr Diabetes Rep 21, 3 (2021)



Protection of porcine xeno-islets by expression of LEA29Y

LEA29Y

Klymiuk et al., Diabetes  61, 1527-1532 (2012)

wt

LEA-tg

CD3/Insulin

28 weeks after islet Xtx

Wolf-van Bürck et al., Sci Rep 7, 3572 (2017)



Testing of LEA29Y porcine islets in diabetic nonhuman primates

Lelia Wolf-van Bürck and Jochen Seissler

Methodology:

XTx of LEA29Y-GTKO ICCs in diabetic rhesus macaques with

low-dose systemic immunosuppression

Output:

Determination of the minimal systemic immunosuppression required for 

INSLEA29Y-GTKO islet survival in NHP



• 290’000 heart valve replacements worldwide (2003)

• 850’000 heart valve replacements worldwide (2050)

• 60% develop complications within 10 years post-op

Eurotransplant 2019:

668 HTx, 1090 on waiting list

Intermacs Database 

Annual Report 2019

The need for alternative sources of heart valves and hearts



Mechanisms of porcine xenograft rejection & strategies to overcome them

Sprangers et al., Kidney Int 74, 14–21 (2008)
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Xenogeneic coagulation disorder

Cowan & d’Apice, Immunology and Cell Biology 87, 203–208 (2009)

Porcine thrombomodulin binds human thrombin, but is a poor cofactor for the activation of human

protein C

porcine TBM

X

Nat Rev Cardiol 11, 

140-156 (2014)



Human thrombomodulin expression in transgenic pigs

Wuensch et al., Transplantation 97, 138-147 (2014)
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https://www.nature.com/articles/

s41598-020-66430-x

Heterotopic abdominal cardiac xenotransplantation in baboons

GGTA1 knockout

hCD46 transgenic

hTHBD transgenic

Biopsy day 640

Mohiuddin et al., Nat Commun 7, 11138 (2016)



Expression of human thrombomodulin was key to success

Singh et al., Xenotransplantation. 2018 Oct 5:e12465. doi: 10.1111/xen.12465.

Cardiac xenografts show reduced survival in the absence of transgenic human 

thrombomodulin expression in donor pigs

▪ Results from a preclinical pig-to-baboon heterotopic cardiac xenotransplantation model suggest that a three-pronged

approach is successful in extending xenograft survival:

(a) α-1,3-galactosyl transferase gene knockout pigs (GTKO) to prevent Gal-specific antibody-mediated rejection;

(b) transgenic expression of hCD46 and hTM to avoid complement activation and coagulation dysregulation; and

(c) effective induction and maintenance of immunomodulation (co-stimulation blockade of CD40-CD40L pathways

with anti-CD40 (2C10R4) monoclonal antibody (mAb).

▪ Xenografts from pigs without hTM expression (GTKO.CD46) underwent rejection at an early time point

(median 70 days) despite utilization of our previously reported successful immunosuppression regimen …

% survival

days



Längin et al., Nature 564, 430-433 (2018); Reichart et al., J Heart Lung Transplant 39, 751-757 (2020); Reichart et al., Transplantation 105, 1930-1943 (2021)

Consistent success in life-supporting cardiac xenotransplantation

A B

C



Size matters in pig-to-baboon cardiac xenotransplantation trials 

Control #9 #11

Längin et al., Nature 564, 430-433 (2018)

Temsirolimus

treatment



Size reduction of donor pigs by KO of the GHR gene

Hinrichs et al., Mol Metab 11:113-128 (2018)

Background:

GGTA1-KO

hCD46-tg

hTHBD-tg

Hinrichs et al., Xenotransplantation 28, e12664 (2021)



Strategy towards clinical xenotransplantation
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Long‐term survival of pig‐to‐rhesus macaque kidney xenografts

after CD4+ T cell depletion

GGTA1-ko/hCD55-tg

depletionCD4 CD8

MMF, solumedrol, CD154

Kim et al., Am J Transplant 19, 2174-2185 (2019)



Pig Kidney Successfully Transplanted From Hog to Human

https://smartcdn.prod.postmedia.digital/nationalpost/wp-content/uploads/2021/10/op-1.png?quality=90&strip=all&w=1128&type=webp

https://img.sbs.co.kr/newimg/news/20211022/201602759_1280.jpg

https://smartcdn.prod.postmedia.digital/nationalpost/wp-content/uploads/2021/10/op-1.png?quality=90&strip=all&w=1128&type=webp
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