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Sunu Plani

v'Neredeyiz?
v En 8nemli bilimsel engeller neler?

v'Hangi etik sorunlarla karsi karsiyayiz?



Neredeyiz?
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Neredeyiz?

v Organ havuzu!

v"Neden domuzlar?
v’ Enfeksiydz ajan profilinin daha uygun olmasi
v’ Iinsan disi primatlar yerine domuzlarin tercih edilmesinin etik yénden daha az sorunlu olmasi
v Ureme oraninin yiksekligi
v' Yavru hacimlerinin buyuklGgia
v Yetistirilmelerinin daha ucuz olmasi

v'Domuz endoteline karsi gelisen dogal antikorlar insanlarda sik!

Ladowski JM, Bazzi N, Kirk AD. Annu Rev Med 2025 Oct 8. Hammer SE et al. Annu Rev Anim Biosci 2020;8:171-98.



Neredeyiz?

GGTA1 galaktoziltransferaz -> Galaktoz-a-1,3-galaktoz (aGal)
Sitidin monofosfat-N-asetilnéraminik asit hidrolaz (CMAH) -> N-glikolilnéraminik asit

Beta-1,4-N-asetil-galaktozaminiltransferaz 2 (B4GalNT2) -> Sda

GGTA1 knockout (GTKO)

Triple knockout (TKO)

Ladowski JM, Bazzi N, Kirk AD. Annu Rev Med 2025 Oct 8.



Neredeyiz?

Deletion of carbohydrate xeno-antigens
GGTA1-KO, CMAH-KO, B4GALNT2-KO, BAGALNT2L-KO

Expression of human complement pathway regulatory genes
hCD46-tg, hCD55-tg, hCD59-tg, hC1-INH-tg
Expression of human coagulation-regulatory genes
hTBM-tg, hEPCR-tg, hTFPI-tg, hCD39-tg, hCD73-tg
Prevention of cell-mediated rejection
LEA29Y-tg, hCTLA4-Ig-tg, pCTLA4-1g-tg, SLA class I-KO, CIITA-DN-tg, hTRAIL-tg, PD-L1-tg
HLA-E/b2M-tg, hCD47-tg
Expression of anti-inflammatory proteins
A20-tg, hHO-1-tg, shTNFRI-Fc-tg
Reduction of growth
GHR-KO

Reduction/elimination of the risk of PERV transmission
Knockdown of PERV expression, genome-wide KO of the PERV pol gene

FIGURE 2 | Summary of genetic modifications in source pigs for xenotransplantation and the goals for which they are introduced. KO, knockout/inactivation; tg,
transgenic.

Ali A et al. Transplant Int 2024;37:13681.
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TABLE 5 Pharmacologic immunosuppression regimen

Immunosuppressive medication PODO POD 1 POD 2 POD 3
Anti-Thymocyte Globulin (Rabbit) 175 mg 175 mg 175 mg —
Rituximab 1800 mg — — —
Tacrolimus — 1 mg AM 1 mg AM 2 mg AM
1 mg PM 1 mg PM 2 mg PM -
Mycophenolate mofetil — 1000 mg AM 1000 mg AM 1000 mg AM
2000 mg PM 1000 mg PM 1000 mg PM —
Methylprednisolone® 500 mg 250 mg 125 mg 90 mg

Abbreviations: POD AM, morning of post-operative day; POD PM, afternoon of post-operative day.

? Additional methylprednisolone given for brain death management.

A Planned Immunosuppressive Regimen

Tegoprubart } * * } 4 l { l { l { l
Ravulizumab 4 lr ‘I’
Start of
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Rituximab,

1000 mg
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Days Relative to Start of Treatment

Porrett PM et al. Am J Transplant 2022;22:1037-53. Kawai T et al. N Engl J Med 2025;392:1933-40.
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0
Study to Evaluate the Safety and Efficacy of the 10 GE Xenokidney in Patients With ESRD (EXPAND)

ClinicalTrials.gov ID @ NCT06878560
sponsor @ United Therapeutics
Information provided by @ United Therapeutics (Responsible Party)

Last Update Posted @ 2025-09-02

This is a Phase 1/2/3, multicenter, open-label, safety and efficacy study of the 10 GE Xenokidney in
patients with ESRD. The study will be comprised of the following:

» A Screening Period up to 52 weeks.

» Part A consists of the 10 GE Xenokidney transplantation followed by a 24-week Post-transplant
Follow-up Period, including the evaluation of all study endpoints and safety assessments.

« Part B is a Long-term Follow-up Period that extends for the lifetime of participants who received
the 10 GE Xenokidney, including but not limited to documentation of participant survival, 10 GE

Xenokidney survival, and screening for zoonotic infections.

There will be 2 groups of participants enrolled in the study. Group 1 will be participants deemed ineligible
for conventional allogeneic kidney transplantation due to medical reason(s). Group 2 will be participants
on an OPTN kidney transplant waitlist but are more likely to die or go untransplanted within 5 years than
receive a kidney transplant.

https://clinicaltrials.gov/study/NCT06878560



En onemli bilimsel engeller neler?

Current relative
understanding

i Areas for exploration in xenotransplantation

What is the optimal immunosuppression?

What is the optimal xenograft donor organ genetic
configuration?

What is the best initial patient population?

What is the best rejection management?

Can a xenograft support human physiology in the short term?
Is there an immediate infectious risk to the recipient?

Is the xenograft at risk of immediate rejection?

Can the transplant procedure be performed safely?

What are the mechanisms of early xenograft failure?

MOT

Can a xenograft support human physiology in the long term?

Is there a long-term risk of infection to the recipient or population
that differs from allotransplantation?

What are the mechanisms of late orchronic rejection?

Do xenografts induce immunologic changes that impact
eligibility for future allotransplantation?

Do xenografts promote chronic, low-grade inflammation
with systemic effects?

What elements of chronic postoperative management
differ from allotransplantation?

What is the best method for scaling xenotransplantation
(i.e., breeding versus cloning)?

How does a xenograft with no wait time compare to an allograft
with a wait time?

Can a xenograft be personalized to a recipient (i.e., ABO blood
group, major histocompatibility compex)?

How does the financial cost compare to alternative therapies?

How does xenograft availability impact candidate selection
or contraindications for transplantation?

Ladowski JM, Bazzi N, Kirk AD. Annu Rev Med 2025 Oct 8.



En onemli bilimsel engeller neler?

Hasta sec¢imi

v’ Hastalarin yaklasik %30’unda TKO domuzlara karsi tespit edilebilir antikor yok. 1

v’ Hiperakut rejeksiyon asildi, ancak sonrasi?

v Bobrekte 56. saatte antikor aracili rejeksiyon (ABMR) bulgulari! 2

v’ Kalpte ABMR bulgulari! 3

v IVIG! 3

v Glincel test yontemleri erken graft kaybina neden olacak antikorlari tespit edemiyor olabilir mi?

v Donor spesifik antikorlarin tespiti icin daha duyarli yontemlere ihtiyac var mi?

Tector Al. Transplantation 2025;109:231-4. 2 Loupy A et al. Lancet 2023;402:1158-69.
1 Martens GR et al. Transplantation 2017;101:e86-e92. 3 Mohiuddin MM et al. Lancet 2023;402:397-410.



En onemli bilimsel engeller neler?

Capraz reaksiyon ve allosensitizasyon

v'Domuz ve insan MHC arasindaki yapisal benzerlikler
v Korunmus domuz-insan amino asit dizileri

v'Uzun dénemde rejeksiyon?

v’ Tersi mumkin mu?

v Ksenografta maruziyet sonucu olusan anti-domuz antikorlari, ksenograft kaybi yasandiktan sonra
hastanin allograft transplantasyonu olasiligini nasil etkiler?

Optimal immiinosupresyon

v’ Preklinik modellerde en iyi sonuc, T ve B hucre deplesyonu, kompleman blokaji, CD40/CD40L
inhibisyonu, mikofenolik asit ve glukokortikoid kombinasyonuyla alindi.

v Kalsinorin inhibitori ve mTORi ilavesi?

Tector Al. Transplantation 2025;109:231-4. Ladowski JM, Bazzi N, Kirk AD. Annu Rev Med 2025 Oct 8.



En onemli bilimsel engeller neler?

Donor se¢imi ve genetigi
v’ Mevcut 10 GE domuzlar yeterli mi?

v’ Kalpte buyime! Rejeksiyonla mi iliskili?
Parsons modeli yeterli mi?

Xenotransplantation Research -the
Nonhuman Primate Model Is Preferable
to the Human Decedent Model

D. K. C. Cooper™, L. Mou®, J. D. Cleveland®, J. H. Simmons® and D. C. Cleveland®

Tector Al. Transplantation 2025;109:231-4. Cooper DKC et al. Transpl Int 2025;38:14452.



En onemli bilimsel engeller neler?

Hayvan tesisleri
v pCMV ile enfeksiyon!
v’ ‘Barrier facilities’

v’ Patojenlere yonelik testlerin gbzden gecirilmesi ihtiyaci

Tector Al. Transplantation 2025;109:231-4. Mohiuddin MM et al. Lancet 2023;402:397-410.



Hangi etik sorunlarla karsi karsiyayiz?

Hayvan kullanimi ve sagligi

v'Hayvanlarin feda edilmesi

v’ Genetik miidahale

v’ Patojen icermeyen tesislerde izolasyon -> sosyalligin engellenmesi
v’ Anestezi ve cerrahi -> agri ve stres

v 3R: ‘replacement, reduction, refinement’
v Reduction -> bir domuzdan birden cok organ eldesi
v’ Refinement -> yetistirilme kosullarinin iyilestirilmesi
v Replacement?

Russell WMS, Burch RL. The Principles of Humane Experimental Technique, 1959. Hurst DJ, Bobier C, Padilla LA. Clin Anat 2025 Sep 18.



Hangi etik sorunlarla karsi karsiyayiz?

Zoonoz riski
v’ Etkenin yakin temastaki kisilere bulasi? Toplum sagligi!
v CRISPR-Cas9 ile cesitli viruslerin inaktivasyonu

v'Yasam boyu izlem?

2.5.7. The importance of complying with long-term or
life-long surveillance necessitating routine physical
evaluations and the archiving of tissue and/or body
fluid specimens for public health purposes even if the
experiment fails and the xenotransplantation product
is rejected or removed (US Department of Health and
Human Services 2025)

Hurst DJ, Bobier C, Padilla LA. Clin Anat 2025 Sep 18.



Hangi etik sorunlarla karsi karsiyayiz?

Calismadan ¢ekilme hakki

v'Hasta, uzun dénemdeki takip stirecinde calismadan ayrilmak ister ve yasam boyu izlemden
vazgecerse ne olacak?

v'Nirnberg Kodu ve Helsinki Bildirgesi: ‘gonulliler istedigi zaman herhangi bir nedenle
arastirmadan ayrilabilir’.

v'Odysseus anlasmasi: ‘ksenograft alicilari bu haklarindan génulli olarak feragat eder’.

v Odysseus anlasmasinin uygulanmasi?

Hurst DJ, Bobier C, Padilla LA. Clin Anat 2025 Sep 18.



Hangi etik sorunlarla karsi karsiyayiz?

Hasta sec¢imi
v’ Konjenital kalp hastaliklarina bagl organ ihtiyaci
v’ Pediatrik hastalar?

v’ Allotransplantasyona kopri olarak ksenotransplantasyon?
Erisilebilirlik ve esitlik

v'Hangi ulkeler?

v Iktisadi boyut: sosyal giivenlik sistemleri bu siireci karsilayacak mi?

Hurst DJ, Bobier C, Padilla LA. Clin Anat 2025 Sep 18.



Hangi etik sorunlarla karsi karsiyayiz?

Topl umun ga rﬁ§ﬁ ve bilgi Iend i ri I mesi Appendix 6: Which of the following best describe your support in principle for animal to human organ

transplants (after information provided)? (n=3,173).

v/ Blyuk Britanya 70.0

v'n=3193 60.0
v %65.2  ksenotransplantasyon olasili§indan 00
haberdar | y
v’ Olumlu bakis orani cinsiyet, irk, inan¢ ve : 297
beslenme bicimiyle ciddi iliskilere sahip |
_ —

Supportive MNeither support nor oppose Unsupportive

Percent
S (5] .
(=] (=] (=]
[=] (=] [=]

-
(=]
(=]

[=]
(=]

Public support

N Before M After

Analysis was limited to respondents who answered both before and after questions. Chi-squared
statistic=2700, p<0.001.

Al-Haboubi M et al. Lancet 2025;406:1083-5.



Hangi etik sorunlarla karsi karsiyayiz?

Appendix 8: Why do you think animal to human transplantation should NOT be allowed? (n=1,070),
multiple responses allowed.

0.1

Prefer not to say

| 0.2

Don't know

Other 1N 3.0

There are better ways to save the lives of people waiting |G 21.8

for organs

Animals should not be kept in sterile conditions indoors NG 24.3

solely to provide organs for human transplantation

Reasons

Animals should not be genetically modified solely to NG 30.8

provide organs for human transplantation

It is against moral principles to use animals for human NG 15.9

transplants

Itis against my religious beliefs to use pigs forhuman [ 3.9
transplant

Percent

Note: This analysis is limited to those who were unsupportive of XT. Reported percentages
are the percentages of responses that sum up to 100%.

Al-Haboubi M et al. Lancet 2025;406:1083-5.



Hangi etik

sorunlarla karsi karsiyayiz?

Appendix 10: Which of the following concerns would you have if you were offered a
transplant from a pig? (n=3,193), multiple responses allowed.

Prefer not to say
Don't know
Mone of these concerns

Other

How other people might view me (e.g. as ‘less
human’)
Knowing when and how to inform my sexual
partner(s)
The concern about having to explain to family and
friends that | have a pig heart or kidney
The consequences to my DNA of mixing animal and
human tissue

Concerns

If it fails, | might miss my chance to receive a human
organ or go down the waiting list
Anxiety that it might not work as well as a human
organ, regardless of what | was told by experts

My infection risk to the wider public
My infection risk to my close contacts

My risk of getting an animal infection

0.0
0.0

I 16.0
I s

I 6.8

I 45

I 5.7
I 15.2
I 10.2
I 11.7
I .7

I 76
I, 1.9

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0

Percent

Reported percentages are the percentages of responses that sum up to 100%).

Al-Haboubi M et al. Lancet 2025;406:1083-5.



A Nationwide Assessment of Turkish Society’s Knowledge
and Attitudes Toward Xenotransplantation

Sami Akbulut?® | Zeynep Kucukakcali? | Ali Ozer® | Cemil Colak?

Q10 - Do you think it appropriate to Tx organs and A -Yes 3886 (36.5)
n= 10650 tissues from animals to humans? B -No 3562 (33.5)
y C-Noidea 3202 (30.1)
O rga n bag|§| %O 6 Q11 - Do you believe it is ethical to Tx of organs or A -Yes 4617 (43.4)
tissues from any animals to humans? B -No 4558 (42.8)
C-Noidea 1475 (13.9)
Q13 - Do you think there is a fatwa of the Presidency A —Yes 1229 (11.5)
of Religious Affairs regarding organ or tissue B - No 4304 (40.4)

transplantation from animals to humans in case of _
necessity? C —-Noidea 5117 (48.1)
Q14 - Do you think that organs and tissues can be Tx A —Yes 4042 (38.0)
from halal animals to humans? B - No 3557 (33.4)
C — No idea 3051 (28.7)
Q15 - Do you think that organs and tissues can be Tx A - Yes 2621 (24.6)
from non-halal animals to humans? B-No 4779 (44.9)
C — Noidea 3250 (30.5)

Akbulut S et al. Xenotransplantation 2025;32:e70048.
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2 Gegmis Sorulanm

Biyoteknoloji ve genetik alanindaki gelismeler, bilim insanlarina hayvanlarnin genetik yapilarini degistirebilme imkanlarini
saglamigtir. Hayvanlarda biyomedikal aragtirmalar ile hastaliklar ve tedavileri icin hayvan modellerinin gelistirimesi, medikal
6nemi olan hormon ve enzimlerin hayvanlarda Uretilmesi, tlrler arasi transplantasyon uygulamalar i¢in organ ve dokularin
gelistiriimesi ve kisa yoldan istenen verim 6zelliklerini tagiyan hayvan populasyonlarinin gelistiriimesi mimkin hale gelmisgtir.
Ayrica tlrler arasi nakil, 6zellikle ¢iftlik hayvanlarinin organ ve dokularinin insanlara nakli (xenotransplantasyon), organ talebini
kargilamaya bir ¢6zim olarak gbézikmektedir. Bu genel bilgilendirmeden sonra domuzdan elde edilen organ ve dokularla ilgili
sorunuza gelince; islam alimleri aglik ve susuzluk gibi, hastaligi da harami miibah kilan bir zaruret saymislar, hayati éneme
sahip bir tedavinin helal olan nesneler ve yontemlerle yapilabilme imkani bulunmadigi hallerde (zaruret geregi), tedavide haram
olan nesnelerden de yararlanilmasini caiz gérmuslerdir. Bu itibarla, tedavi olmasi zorunlu olan bir hastanin tedavisinde, helal
yollarla bir alternatif bulunmamasi ya da bulunan ¢ézimlerin verimli ve saglikli olmamasi halinde, dinen necis sayilan
hayvanlarin dokularinin ve bu hayvanlarda gelistirilen doku ve organlarin insana nakledilmesi caiz olur. Ancak alternatif bir
tedavi yontemi oldugu sirece dinen haram olan yol ve yéntemlerden faydalanmak caiz degildir.

TIGED BOLGE TOPLANTISI, GANAKKALE, 2023

Dr. Gizem Kumru, Ankara Universitesi Tip Fakiiltesi.



Ozet

v Ksenotransplantasyonda son 5 yilda gordugumiz gelismeler, farklh gruplarin uzun yillar boyunca
harcadigi emegin kollektif Grinuaddr.

v’ Hiperakut rejeksiyon engeli asilmistur.

v’ Alici secimi, dondr secimi ve genetigi, capraz reaksiyon ve sensitizasyon ile optimal immunolojik
testlerin ve immunosupresif tedavinin olusturulmasi en 6nemli bilimsel engeller arasinda yer
almaktadir.

v’ Ksenotransplantasyon alaninda cesitli etik sorunlar da s6z konusudur.

v"Hayvan kullanimi ve saghgi, zoonoz riski ve bu riskin toplum saghgina potansiyel etkisi, alici secimi,
gonullilerin ¢calismadan cekilme hakki ile erisilebilirlik ve esitlik etik sorunlar arasinda 6n plana
cikmaktadir.

v Toplumun goérusi ve dogru sekilde bilgilendirilmesi biyiik Gnem tasimaktadir.



Ozet

Peter Medawar, 1960:

We should solve the problem (of organ transplantation) by using heterografts (xenografts) one day if
we try hard enough, and maybe in less than 15 years.

Norman Shumway:

Xenotransplantation is the future of transplantation, and always will be.

Roy Calne, 1995:

Xenotransplantation is just around the corner, but it may be a very long corner.

[ IHTIYATLI IYIMSERLIK ]

Cooper DK. Proc (Bay!l Univ Med Cent) 2012;25:49-57.
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