Xenotransplantasyon

Dr. Kenan Keven,
Ankara Universitesi Tip Fakiiltesi
Nefroloji B.D.




In a First, Surgeons Attached a Pig Kidney
to a Human, and It Worked 21 Ekim 2021

A kidney grown in a genetically altered pig functions normally,
scientists reported. The procedure may open the door to a
renewable source of desperately needed organs.
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Dr. Robert Montgomery is director of the N.Y.U. Langone Transplant Institute in
Manhattan. Genetically engineered pigs “could potentially be a sustainable, renewable NYT
source of organs,” he said. Amir Hamja for The New York Times



A surgical team at the hospital in New York examined a pig kidney attached to the
bodv of a brain-dead recipient for any signs of rejection. Joe Carrotta/N.Y.U. Langone
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Bekleme listesine (2011-2014) alinan hastalarin sonraki 2 yilda nakil olma oranlari
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BEKLEME LISTESI ABD
Bobrek 98.000
Karaciger 12.000
Kalp 3500

Akciger 1038

Yilda 35.000 hasta ortalama bobrek bekleme listesinden ¢ikiyor
Yilda eklenen hasta sayisi (bobrek) ortalama 38.000

20.000 transplant

4000 ex

4000 diger nedenler ?

3400 nakil icin cok hasta

3000 baska ulke-merkez nakil

NAKIL SAYILARI
Bobrek 20.736 (4900 canli, 15.700 Kadavra)
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Organ Nakli Bek
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Xenotransplantasyon
Avantajlari

Sinirsiz donor organ kaynagi saglamasi

Acil veya elekt if intiyacin kar silanmasi

Beyin 6lumundn donor organlara olumsuz etkileri ortadar
“Borderline” nakil adaylar1igin de organ saglanabilmesi

* Kontrolstiz DM, ASKH, SVH, Periferik arter hastaligi gibi

Nakil oncesi donorin ayrintili mikrobiyoloji taranmas
xenogeneik dokunun bazi insan pat ojenlerine direngli olme

Canli donor ihtiyacinin ve canli donor riskini ortadan kaldi

Kadavra donor bagisi icin kult Grel bariyerlerin ortadan ka




Year Surgeon (Location) Donor Organ and Source Survival

/1906 Jaboulay (Lyon, France) Pig kidney 3 days
1906 Jaboulay (Lyon, France) Goat kidney 3 days

\1910 Unger (Berlin, Germany) Macaque monkey kidney 32 hours
1913 Schonstadt (?) Monkey kidney 60 hours
1923 Neuhof (New York, NY) Lamb kidney 9 days
1963 Hitchcock !Minneagolis, MN) Baboon kidney 4 c@ys '

< 1963 Reemtsma (New Orleans, LA) Rhesus monkey kidney 63 days )

N.1964 Reemtsma (New Orleans, LA) Chimpanzee kidneys (13 patients) 11 days to 9 months
1964 Starzl (Denver, CO) Baboon kidneys (6 patients) 19 days to 3 months
1964 Hume (Richmond, VA) Chimpanzee kidney 1 day
1964 Trager (Lyon, France) Chimpanzee kidneys (3 patients) <49 days
1964 Hardy (Jackson, MS) Chimpanzee heart 90 minutes
1966 Cortesini (Rome, ltaly) Chimpanzee kidney 31 days
1968 Ross (London, UK) Pig heart 4 minutes
1968 Cooley (Austin, TX) Sheep heart 10 minutes
1969 Marion (Lyon, France) Chimpanzee heart “quickly”

1969 Starzl (Denver, CO) Chimpanzee liver 9 days

1970 Bertoye (Lyon, France) Baboon liver (2 patients) 39 hours to 4 months

1970 Leger (Paris, France) Baboon liver 72 hours

1971 Pouyet & Bérard (Lyon, France) Baboon liver (2 patients) < 2 days

1974 Starzl (Denver, CO) Chimpanzee liver 14 days |

1977 Barnard (Cape Town, South Africa) Baboon heart 5.5 hours :
1977 Barnard (Cape Town, South Africa) Chimpanzee heart 4 days

1984 Bailey (Loma Linda, CA) Baboon heart 20 days )

(1992 Religa & Czaplicki (Sosnowiec, Poland) Pig heart 23 hours Fig. 12. Baby Fae (October 14, o
1992 Makowka (Los Angeles, CA) Pig liver 34 hours Takr Oll i\
1992 Starzl (Pittsburgh, PA) Baboon liver 70 days
1993 Starzl (Pittsburgh, PA) Baboon liver Coma 26 days

QQQG Baruah (Sonapur, India) Pig heart 7 days

Deschamps J-Y, et al. Xenotransplantation. 2005.

Siems C, M
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Xenotransplantasyon Sorunlar
Mevzuat Sinirlar Calismalar

Zaten oleceklerdi ..... Bu kavram dislaniyor
US Public Health Policy on Xenotransplantation FDA’e ¢alismalari durdurma onerisi
(Etik sorunlar ¢ozlilene kadar ve iyi planlanmis arastirmalar yapilana kadar)
UK ve ispanya: insan (Xeno) nakil dncesinde 6 aylik yasam siresi ve giivenlik kaniti
US Department of Health and Human Services  Secretary Advisory Comittee on

Xenotransplantation

Avrupa Birligi Komisyonu Xenotransplantasyonu yeterli kanitlar elde edinceye kadar
erteliyor



Genetik daha yakin
Rejeksiyonlar daha az gurultala

Boyut yeterli

Cogalma hizli 3 ayda 10-12 domuz yavrusu
Gelisim hizli

Tur tehdidi yok

Yetistirmek nispeten kolay




Insandan Once Ideal Basarili Xenotransp

Donor: Domuz A

10 min later when hyperacute rejection had occurred



Wild Type domuzdan

Baboon a nakil

Hiperakut Rejeksiyon




Xenotransplantasyon Bariyer

1. Hiperakut rejeksiyon Dakikalar - Saatler
2. Akut humoral rejeksiyon Saatler-Gunler

3. T hucreli rejeksiyon Gunler Haftalar

4. Kronik rejeksiyon Haftalar -Aylar

Koaguilasyon Disregulasyonu

-~

Trombotik mikroanjiopati
Sistemik consumptive koaglilopati (sistemik reaksiyon) nadir

iskemi ve hasar ile sonuclanir

Compleman Regllator proteinler

Lu T, Front in Imm, 2020
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Koagulasyon Disregulasyonu

A Exposed subendothelium
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Xenoantijenlerin uzaklastiriimasi

Koagulasyonu aktive eden mekanizmalarin
kaldir iimasi
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Genetik Muhendis

Chronology of progress in xenotransplantation from pigs into non-human primates
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Date

1980s
1990s
2000s
2010s

2020s

Innovation

Natural antibody absorption
Human CRP transgenic donor pigs

GGTA1-knockout donor pigs

New transgenic (CRPs, hCD47, coagulation inhibitors, anti-inflammatory proteins) and
knockout (B4GalNT2, CMAH, porcine endogenous retrovirus) donor pigs using CRISPR

First human xenotransplants, potential clinical trials, development of tolerance induction

approaches

Organ
xenograft
survival
Minutes to hours "=8y.

Days to weeks

Months e

Months to years &“\f
. G-..':
NA g

CRP, complement regulatory protein; NA, not available.
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Genetik Mihendisli

Known carbohydrate xenoantigens expressed on pig cells

Gene-
Carbohydrate .
. Responsible Enzyme Knockout
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Knockouts Transgenes

Prevention of natural antibody-mediated rejection Complement inhibition
. al,3-galactosyl transferase . Human DAF
. CMAH . Human CD46

. B4GaINT2
. Human CD59
Prevention of infection

Coagulation inhibition
. Human CD39

. Porcine endogenous retroviruses

Limitation of organ size

. Human thrombomodulin
. GHR
. Human endothelial protein C receptor
Knock-ins
. . Anti-inflammatory genes
Prevention of graft thrombosis
. HO-1
U Human vWF
. A20

Immunosuppressive molecules
. Anti-CD2
. CTLA4Ig

A Xenotransplantation

WRIRIRIRL
. Human CD47

. PD-L1
. FasL
NK cell inhibition
U Class I MHC

Prevention of infection

. Porcine endogenous retrovirus short interfering RNA
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TABLE 1 | Genetically modified pigs currently available for xenotransplantation research.

Abbreviation Gene name Function

GTKO 1,3-galactosyltransferase KO (GGTA1 KO} Deletion of aGal epitope

CMAH KO CMP-N-acetylneuraminic acid hydroxylase KO Deletion of NeusGe epitope

B4GalNT2 KO B-1,4N-acetylgalactosaminyltransferase KO Deletion of SDa epitope

hCD46 (MCP) Human membrane cofactor protein transgene Inactivation complement factors G3b and C4b

hCD55 (DAF) Human decay accelerating factor fransgene Acceleration of complement decay

hCD59 (MAC-IF) Human membrane attack complex C5b-9 Inhibition of the complement memrane attack
inhibitory protein transgene complex C5b-9

hTBM Human thrombomodulin Anticoagulation (activates protein G}

hTFPI Human tissue factor pathway inhibitor Antagonize the function of tissue factor

hCD339 (hRENTPD1) Human ectonucleoside triphosphate Anticoagulation and anti-inflammatory
diphosphohydrolase-1 fransgene

hAZ0 Human tumor necrosis factor alpha-induced Inhibition of NF-kappa B activation and
protein-3 transgene TNF-mediated apoptosis

hCD47 Human integrin associated protein transgene Regulation of macrophage activation and

phagocytosis

CTLA4-Ig Cytotoxic T-lymphocyte-associated protein Cellular immune response: Inhibition of T-cell
4-immunoglobulin transgene costimulation via CDB6/CD80

ClITA-DM MHC class Il transactivator dominant negative Suppression of T-cell activation

hHO Human heme oxygenase 1 transgene Antiapoptosis; cytoprotection; anti-inflammatory

ASGR1 KO Asialoglycoprotein receptor 1 Decreases human platelet phagocytosis by pig

PERV inactivation

Porcine endogenous retroviral virus inactivation

sinusnidal endothelial cells

Xenozoonosis




Xenotransplantation 2015: 22: 302-309 © 2015 John Wiley & Sons A|S.
ons

doi: 10.1111/xen.12174 Published by John Wi

XENOTRANSPLANTATION

Brief Communication

Pig kidney graft survival in a baboon for

136 days: longest life-supporting organ graft

survival to date

Abstract: The longest survival of a non-human primate with a life-sup-
porting kidney graft to date has been 90 days, although graft survival

> 30 days has been unusual. A baboon received a kidney graft from an
a-1,3-galactosyltransferase gene-knockout pig transgenic for two
human complement-regulatory proteins and three human coagulation-
regulatory proteins (although only one was expressed in the kidney).
Immunosuppressive therapy was with ATG+anti-CD20mAb (induc-
tion) and anti-CD40mAb+rapamycin+corticosteroids (maintenance).
Anti-TNF-o and anti-IL-6R were administered. The baboon survived
136 days with a generally stable serum creatinine (0.6 to 1.6 mg/dl) until
termination. No features of a consumptive coagulopathy (e.g., throm-
bocytopenia, decreased fibrinogen) or of a protein-losing nephropathy
were observed. There was no evidence of an elicited anti-pig antibody
response. Death was from septic shock (Myroides spp). Histology of a
biopsy on day 103 was normal, but by day 136, the kidney showed fea-
tures of glomerular enlargement, thrombi, and mesangial expansion.
The combination of (i) a graft from a specific genetically engineered pig,
(ii) an effective immunosuppressive regimen, and (iii) anti-inflammatory
agents prevented immune injury and a protein-losing nephropathy, and
delayed coagulation dysfunction. This outcome encourages us that clini-
cal renal xenotransplantation may become a reality.

o

Tx Biopsy

T & T T X T T | T T 1
-5 10 25 40 55 70 85 100 115 130 145
Time after Tx (Days)

Table 1. Immunosuppressive,

therapy

anti-inflammatory, and adjunctive

Agent

Dose (Duration)

Immunosuppressive
Induction

Thxmoglubulin (ATG)
(Genzyme, Cambridge, MA)

Anti-CD20mAD (Rituximab)
(Genentech, South San
Francisco, CA)

Cobra venom factor

(Complement Technology, Tyler,

Texas)
Maintenance
Anti-CD40mAb (2C10R4)
TNTH NHP Resource Center,
Boston, MA)
Rapamycin
(LC Laboratories, Woburn, MA)
Methylprednisolone (MP)
(Astellas, Deerfield, IL)
Anti-inflammatory

Tocilizumab (IL-6R blockade

(Genentech, South San Francisco,

CA)
Etanercept (TNF-ar antagonist)
(Amgen, Thousand Oaks, CA)
Adjunctive
Aspirin (Bayer, Deland, FL)
Low-molecular weight heparin
(LMWH)
(Eisai, Woodcliff Lake, NJ)

10 mg/kg (day-3)

10 mg/kg (day-2)

100 IU (days-1 and 0)

50 mg/kg (days-1, 0, 4, 7, 14, and weekly)

0.01 mg/kgx2/day (target 8-12 ng/ml)
(from day-3)
5 mg/kg/day tapering to 0.25 mg/kg/day

10 mg/kg (days-1, 7, 14 and every
2 weeks)

0.5 mg/kg (days 0, 3, 7, 28, 40)

40 mg p.o. (alternate days)
700 1U/day s.c
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Figure 1 Survival of xenogeneic organs/tissue transplanted in nonhu-
man primates.
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Figure 2. Reported maximum survivals of nonhuman primates with life-supporting pig
kidney grafts, 1989-2017. Details can be found in Lambrigts et al.,' and Cooper etal.”?In |
some years, no results were reported.




FDA approves genetically engineered pigs

The first approval for both food and medical use
By Kait Sanchez | @crisp_red | Dec 14, 2020, 7:03pm EST
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Revivicors goal is to produce genetically engineered (GE) pigs to provide human

compatible cells (i.e., islets) for treatment of diabetes and organs and tissues for use
in transplant surgery (xenografts).
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Xenotransplantasyon Klinik Calisma

FDA: 2 yildan duslik yasam beklentisi olan hastalar alinmali
6 hasta 1 yil takip ile baslayabilir

IIk hasta 3 ay sorun yok

— Diger hastalar alinir

Alici adaylari

Kronik diyaliz tedavisi uygulanmaya baslanmis olmali
Vaskuler giris yolu sorunu olanlardan

Yuksek PRA hasta ?

Tek degil 2 bobrek nakil edilebilir ?



Genetigi degistirilmis Domuz
4 knock-out gen
6 eklenmis genetik

David Bennett world first human receives a Pig
Heart Transplant

2 Sumit Arora @ Published On January 13th, 2022

"It was either die or do this transplant. | want to
live. I know it's a shot in the dark, but it's my last
choice," said Mr. Bennett, the patient, a
day before the surgery was conducted.

FDA ilk defa acil kullanim onay verdi



The NEW ENGLAND JOURNAL of MEDICINE

BRIEF REPORT

Genetically Modified Porcine-to-Human
Cardiac Xenotransplantation

Bartley P. Griffith, M.D., Corbin E. Goerlich, M.D., Ph.D.,
Avneesh K. Singh, Ph.D., Martine Rothblatt, Ph.D., Christine L. Lau, M.D.,
Aakash Shah, M.D., Marc Lorber, M.D., Alison Grazioli, M.D.,

Kapil K. Saharia, M.D., Susie N. Hong, M.D., Susan M. Joseph, M.D.,
David Ayares, Ph.D., and Muhammad M. Mohiuddin, M.D.

SUMMARY

A 57-year-old man with nonischemic cardiomyopathy who was dependent on ve-
noarterial extracorporeal membrane oxygenation (ECMO) and was not a candidate
for standard therapeutics, including a traditional allograft, received a heart from
a genetically modified pig source animal that had 10 individual gene edits. Im-
munosuppression was based on CD40 blockade. The patient was weaned from
ECMO, and the xenograft functioned normally without apparent rejection. Sudden
diastolic thickening and failure of the xenograft occurred on day 49 after trans-
plantation, and life support was withdrawn on day 60. On autopsy, the xenograft
was found to be edematous, having nearly doubled in weight. Histologic examina-
tion revealed scattered myocyte necrosis, interstitial edema, and red-cell extravasa-
tion, without evidence of microvascular thrombosis — findings that were not
consistent with typical rejection. Studies are under way to identify the mechanisms
responsible for these changes. (Funded by the University of Maryland Medical
Center and School of Medicine.)
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UNIVERSITY OF MARYLAND SCHOOL OF MEDICINE /

Surgeon Bartley P Griffith pictured with David Bennett earlier this month

The first person in the world to get a heart transplant from a genetically-
modified pig has died.
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Pig-to-humanheart xenotransplantationin
tworecently deceased humanrecipients
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Genetically modified xenografts are one of the most promising solutions

to the discrepancy between the numbers of available human organs for
transplantation and potential recipients. To date, a porcine heart hasbeen
implanted into only one human recipient. Here, using 10-gene-edited pigs,
we transplanted porcine hearts into two brain-dead human recipients and
monitored xenograft function, hemodynamics and systemic responses

over the course of 66 hours. Although both xenografts demonstrated
excellent cardiac functionimmediately after transplantation and continued
to function for the duration of the study, cardiac function declined
postoperatively in one case, attributed to a size mismatch between the
donor pig and the recipient. For both hearts, we confirmed transgene
expression and found no evidence of cellular or antibody-mediated
rejection, as assessed using histology, flow cytometry and a cytotoxic
crossmatch assay. Moreover, we found no evidence of zoonotic transmission
from the donor pigs to the human recipients. While substantial additional
work will be needed toadvance this technology to human trials, these results
indicate that pig-to-human heart xenotransplantation can be performed
successfully without hyperacute rejection or zoonosis.




2. Genetigi Degistirilmis Domuzdan

Insana kalp nakli
Second recipient of genetically modified
pig heart dies, six weeks after surgery

‘ By Deborah Balthazar w Oct. 31, 2023 Reprints




Klinige gecmeden dnceki insan ¢calismasi
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Xenograft alici adayi

e 18 yas uUzeri beyin 6limu gerceklesmis ancak
organ vericisi olmalari reddedilmis ve genetigi
degistirilmis bobrek nakli icin onam alinmis
hemodinamik stabil alici adaylari calismaya
alinmis



Domuz Kaynagi

* Porcine renal xenografts were procured from genetically
engineered (GE) pigs provided by Revivicor, Inc.

* The GE pigs harbor ten genetic modifications (10-GE pigs),

— including targeted insertion of two human complement
inhibitor genes (hDAF, hCD46),

— two human anti- coagulant genes (hTBM, hEPCR), and two
immunomodulatory genes (hCD47, hHO1),

— as well as deletion (knockout) of 3 pig carbohydrate antigens
and the pig growth hormone receptor gene.

— Importantly, 10-GE pigs do not express red blood cell antigens
and are therefore universal donors with respect to blood type.

FCXM test nakil 6ncesi yapiliyor



Immunsupresyon

Indiiksiyon

* Metil prednizolon (MP)
* ATG (6 mg/kg)

* Anti-CD20

ldame

e MP

* MMF

* Tacrolimus
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Phase |: Pre-Transplant (19 hrs)

>> Phase |I: Transplant (4 hrs) >>

Phase Ill: Post-Transplant (74 hrs)
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*  Family authorization * Induction immunosuppression * Induction and maintenance
* Prospective crossmatch * Transplantation of right and left kidney immunosuppression
* Xenograft procurement xenografts * Assessment of xenograft function
*  Pre-transplant xenograft histology *  Visual assessment for hyperacute rejection *  Visual inspection of xenografts, induding
*  Removal of bilateral decedent native + Visual assessment of xenograft perfusion vascular and ureteral anastomoses
kidneys * Post-implantation xenograft biopsies * Assessment of xenograft perfusion
*  Assessment of sensitization (anti-HLA
antibodies)
* Assessment for transmission of porcine
endogenous retroviruses
*  Serial xenograft biopsies
* Bilateral xenograft nephrectomies

FIGURE 1 Study timeline and event summary. Created with BioRender.com



Right Porcine Renal Xenograft Reperfusion
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(B) Right Porcine Renal Xenograft Urine Output

0 h 23 min 0 h 40 min 4 h 15 min
(Day 0: 16:01) (Day 0: 16:18) (Day 0: 19:53)
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POD 3
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Left

19 h 32 min
(Day 1: 10:06)

16 h 41 min
(Day 1: 09:56)

72 h 54 min
(Day 3: 16:32)

71 h 56 min
(Day 3: 16:19)
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FIGURE 6 Porcinerenal
xenotransplant function in the human
decedent. (A) Cumulative posttransplant
urine output from transplantation to
study end from right and left xenografts.
(B) BUN and creatinine in the decedent's
serum. Results prior to POD O reflect
function of decedent's native kidneys
prior to native nephrectomies
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FIGURE 7 Serial histologic examination of the porcre kidney senografts, All bicpses represant core biopsies, (A, B. G, and M) Were
obtained ex vivo. (C, D, E and F] Were obtained in vivo. Sections are stained with PASH and are 10X except for {C and D} (40X and {F) (siver
stain). Cad negative throughout. [A and 8] Milkd to moderate acute tubulsr injury from cold =chemas, Normal appearance of the capilfary
metwork, the mesargium, and the podocytes. {C and D] Glomendus with maitiple fitwrin thrombi (bhoe drclel There is diffuse glomerular
capidlary congestion with swollen endothelad cells and near compidete obliteration of the peripheral cagillary kumina. There is presence

of fibrin thrombi and fragmented red blood cells corsistent with thrombotic microangiopathy (TMAL There is evidence of progressive
tubular injry with extensive acute tubaufar necrosis [ATN) No mesargiolyss is apprecated, |E and Fl Glomendar congestion and acute
tubular necrosis. Endotheliad cells remain segmentaly swollen with partialy obiterated luming and rare fibrin thrombl with improvement of
glomerdlar Injury. (G and H} Acute tubulae injury persists. Glomendl with segmental endothelial swelling. No fiorin theombi



Histologic findings on post-operative day 1

were consistent with thrombotic microangiopathy, TMA
with diffuse glomerular capillary congestion, KONJESYON
swollen endothelial cells,

and near complete obliteration of the peripheral capillary lumina along
with the presence of fibrin thrombi. (FIBRIN TROMBUS)

On post-operative day 3

there was evidence of progressive tubular injury with extensive acute
tubular necrosis, (ATN)

but additional features of TMA including mesangiolysis were not
observed.

C4d was negative at both time points as well as IgM, IgG, IgA, Clq, and C3.

Wedge biopsies from study termination demonstrated no evidence of
cortical necrosis or interstitial hemorrhage

and glomerular capillary congestion was no longer diffuse (data not
shown).

Post-termination analysis of renal tissue confirmed expression of the
human transgenes within the porcine kidney parenchyma (Figure S11).



The HEW ENGLAND JOURMAL ¢f MEDICINE

|| ORIGINAL ARTICLE ”

Results of Two Cases of Pig-to-Human
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ABSTRACT

BACECEOUND
Xenografis from genetically modified pigs have become one of the most promising
solutions to the dearth of haman organs svailable for rransplantation. The chal-
lenge in this model has been hyperacute rejection. To avoid this, pigs have been
bred with a knockout of the alpha-1,3-galactosyltransferase gene and with subcap-
sular autologous thymic tissue,

METHODS
Wi transplanted kidneys from these genetically modified pigs into two brain-dead
human recipients whose circulatory and respieatory activity was maintained on
ventilators for the duration of the study. We performed serial biopsies and moni-
wored the urine outpur and kinetic estimated glomerular filtrarion rate (eGFR) w
assess renal fanction and xenograft rejection.

RESULTS
The xenografi in both recipients began to make urine within moments after re-
perfusion. Over the 54-hour study, the kinetic oGFR increased from 23 ml per
minute per 1.73 m? of body-surface area before transplantation to 62 ml per min-
ute per 1.73 m* after rransplantation in Recipient 1 and from 55 w 109 ml per
minute per 1.73 m’ in Recipient 2. In both recipients, the creatinine level, which
had been at a steady state, decreased afver implaneation of the xenografi, from 1.97
o (B2 mg per deciliter in Recipient 1 and from 1.10 to 0.57 mg per deciliver in
Recipient 2. The transplanted kidneys remained pink and well-perfused, contino-
ing to make urine throughout the study. Biopsies that were performed at 6, 24, 48,
and 54 hours revealed no signs of hyperacute or antibody-mediated rejection.
Hourly urine ourput with the xenograft was more than double the ourpar with the
native kidneys.

CONCLUSIONS
Genetically modified kidney xenografis from pigs remained viable and funerion-
ing in brain-dead human recipients for 54 hours, without signs of hyperacute re-
jection. (Funded by Lung Biotechnology)
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A Recpint 1, sfter Perfusion B Rocipiont 1, 2t 54 Mr

C Reciplent 2. after Perfasion D Reclplent 2, 3t 54 Hr

E Urine Desinnge System
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Results | A male in his 50s Who was declared brain dead and had

RESEARCHLETTER acute kidney injury superimposed on a history of CKD (stage 2)
and hypertension underwent bilateral native nephrectomy and
Normal Graft Function After Pig-to-Human cessation of dialysis followed by crossmatch-compatible xeno-
Kidn ey Xenotran sp lant transplant with 10-gene-edited pig kidneys (UKidney). The de-
cedent received a complement inhibitor (anti-C5; eculizumab)
JAMA Surgery  Published online August 16, 2023 24 hours before xenotransplant followed by standard induc-
Jayme E. Locke, MD, MPH tion therapy, including a solumedrol taper, antithymocyte globu-
Vineeta Kumar, MD lin (6 mg/kg total), and rituximab. Maintenance immunosup-
Douglas Anderson, MD pression included tacrolimus, mycophenolate mofetil, and § \
Paige M. Porrett, MD, PhD 1 prednisone. Goal tacrolimus levels (8-10 ng/dL) were reached by \\*
Figure 1. Kidney Function Over Time After 10-Gene-Edited Pig-to-Human Xenotransplant postoperative day (POD) 2 and maintained through study E

completion. Xenografts were transplanted en bloc with pig vas- :
culature anastomosed to the decedent’s right-side commoniliac
artery and distal inferior vena cava and the pig ureters anasto- t

mosed to the decedent’s bladder. Within 4 minutes of reperfu- S
sion, the xenografts made urine, producing more than 37 L in -
the first 24 hours. Urine concentrated over time, with concur- |
rent decreases in urine volume to amedian of 14.1L (IQR, 13.8-20
L) on PODs1to 3 and a median of 5.1 L. (IQR, 5-6 L) on PODs 4 to
7. Before xenotransplant, serum creatinine was 3.9 mg/dL after ;.' :
cessation of dialysis and bilateral native nephrectomy. After xe- ['
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Xenograft-associated declining serum

> , 0 creatinine and increasing creatinine notransplant, serum creatinine decreased to 1.9 mg/dL within *
PN ~ - N o o A c!earance in the ablsence of nat‘we . N
&5 & & & & & & kidneys and dialysis were consistent the first 24 hours, normalized to 1.1 mg/dL at 48 hours, re-
O ith life-sustaining kidney functi - —— Em— -
q@i@" . fter ;,,egsfhau':ﬂf, k}dﬂz wneten mained within normal limits through study duration, and was !
Time *E“:"ansarté'anz POD indicates 0.9 mg/dL on POD 7 at study completion. Creatinine clearance
postoperative day.

alsounproved (POD 0 OmL/rmn POD 7 200 rnL/mm) (Figure1).

& 4




RESEARCH LETTER

Normal Graft Function After Pig-to-Human
Kidney Xenotransplant

JAMA Surgery Published online August 16, 2023

Jayme E. Locke, MD, MPH
Vineeta Kumar, MD
Douglas Anderson, MD
Paige M. Porrett, MD, PhD

Figure 2. Kidney Histopathology After 10-Gene-Edited (10GE) Pig-to-Human Xenotransplant

m Preclinical human (decedent) 10GE pig kidney prereperfusion iz‘ 10GE pig kidney 1 h
native kidney postreperfusion

g

m, TS
" Xenografts were serially biopsied and showed normal histol-
ogy by light microscopy without evidence of thrombotic micro-
| angiopathy (Figure 2).

Original magnification x40. POD indicates postoperative day.
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Two-Month Study of Pig Kidney
Xenotransplantation Gives New Hope to
the Future of the Organ Supply




Xenotransplantasyon

Basarilanlar

Yapilan bobr ek biyopsilerinde hiperakut, antikor -ar a

Hemodinamik inst abilit e ve biyokimyasal inflamasyor

ldrar cikis ve GFR'de artis sagland..

Domuz kaynakli retrovir is (PERV) aktivasyonu izlenr




Table 4. Potential conditions for which initial clinical trials of pig kidney xenotransplantation may be justified

Elderly patients without significant concomitant disease

Patients of blood group B or O often wait for =5 yr for a suitable donor. The mortality of waitlist patients is 40% at 5 yr, and so many of these
patients, particularly in the age range 55-65 yr, will not survive until a deceased human kidney becomes available.
Recurrent kidney disease

Recurrent FSGS
Recurrence can be very rapid in some patients. If recurrence occurs rapidly in the pig kidney, this may not be a valid test of xenotransplantation.
Other potentially recurrent diseases
Recurrence is slower in several other disease states, e.g., |g A nephropathy, membranoproliferative GN type 2, and so these patients might
possibly be candidates for a trial of pig kidney transplantation.
High sensitization to HLA
There is evidence for some cross-reactivity between anti-HLA antibodies and swine leukocyte antigens, suggesting that patients sensitized to
HLA should be excluded from the first clinical trials.
Loss of vascular access for dialysis
These patients have often been on dialysis for some time (years rather than months) and may have diseased blood vessels making kidney
transplantation technically difficult. They are frequently less than ideal candidates even for allotransplantation.

Cooper DKC, 2020, JASN
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In a First, Genetically Edited Pig RS 62Y, Male
DM
Kidney Is Transplanted Into Human HT ASKH
Procedure marks milestone in quest to provide more organs to African American
patients in need Vascular Access problem
By MASS GENERAL BRIGHAM COMMUNICATIONS | March 21, 2024 | Research, Care Delivery 2. Nakil (I|k nakil 5 yil)
rminread 69 gen edit
| Tegoprubart Eledon Pharm
- Anti CD40L

Ravulizumab Alexion

The modified kidney was provided by eGenesis,

a xenotransplantation therapy company co-founded by HMS geneticist George
Church and former HMS postdoctoral fellow Luhan Yang.

Over the past five years, Mass General and eGenesis have conducted extensive
research, with findings published in Nature in Oct. 2023.



https://news.harvard.edu/gazette/story/2018/05/pig-organs-for-human-patients-a-challenge-fit-for-crispr/
https://www.nature.com/articles/s41586-023-06594-4

3 knockout
7 genetik ekleme
59 gen editing

MEDTECH

Patient discharged with eGenesis’
genetically engineered pig kidney
after successful xenotransplant

procedure

By Conor Hale - Apr 4, 2024 12:27pm

( eGenesis ) ( xenotransplantation ) ( CRISPR ) { Massachusetts

P‘* . — | =l :
7 | eenesiS)

ENGINEERING LIFE |

1



4.4.2024

World's first pig kidney transplant recipient
discharged from hospital




Sorunlar

Etik sartlar

Hangi genetigi degistirilmis domuz modeli daha uygun ?
— Domuz saglayici firmalarin reglilasyonu
Xenoturizm-Donor Domuz ticareti-getirtilmesi ?

Daha genisletilmis nakil alici endikasyonlari

Hasta allogenetik nakil bekleme listesinde kalacak mi?

2 boébrek nakil vs 1 bobrek ?

PERV takibi

Dini gérus ?

Islam ve Yahudilikte Domuz makbul bir hayvan degil



Bobrek Nakli

Xenotransplantasyon sonuclari : beklenti
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.E 7..5 Deceased donor
3 .-e allotransplantation
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Living donor allograft (USRDS 2017 [ref 4))
Living HLA-incompatible donor allograft (Orandi et al. [ref 5])
——— Deceased donor allograft while on dialysis (USRDS 2017 [ref 4])
Deceased donor allograft while on dialysis (Orandi et al. [ref 5])
Waiting for a deceased donor allograft while on dialysis (Orandi et al. [ref 5])
All patients on dialysis (USRDS 2017 [ref 4]) USRDS,2020
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Biyoteknoloji ve genetik alanindaki gelismeler, bilim insanlarina hayvanlarin genetik yapilarini degistirebilme imkanlarini
saglamistir. Hayvanlarda biyomedikal aragtirmalar ile hastaliklar ve tedavileri igin hayvan modellerinin geligtiriimesi, medikal
6nemi olan hormon ve enzimlerin hayvanlarda Uretilmesi, tlrler arasi transplantasyon uygulamalari i¢in organ ve dokularin
gelistiriimesi ve kisa yoldan istenen verim &zelliklerini tagiyan hayvan populasyonlarinin gelistiriimesi mimkin hale gelmigtir.
Ayrica tlrler arasi nakil, 6zellikle ciftlik hayvanlarinin organ ve dokularinin insanlara nakli (xenotransplantasyon), organ talebini
karsilamaya bir ¢6zim olarak gézikmektedir. Bu genel bilgilendirmeden sonra domuzdan elde edilen organ ve dokularla ilgili
sorunuza gelince; islam alimleri aclik ve susuzluk gibi, hastali§i da harami milbah kilan bir zaruret saymislar, hayati 6neme
sahip bir tedavinin helal olan nesneler ve yéntemlerle yapilabilme imkani bulunmadidi hallerde (zaruret geregdi), tedavide haram
olan nesnelerden de yararlaniimasini caiz gérmuslerdir. Bu itibarla, tedavi olmasi zorunlu olan bir hastanin tedavisinde, helal
yollarla bir alternatif bulunmamasi ya da bulunan g¢ézimlerin verimli ve saglkli 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 yontemlerden faydalanmak caiz degildir.

TiGED BOLGE TOPLANTISI, GANAKKALE, 2023



SONUC

e Xenotransplantasyon 6numtuze gelecek
— Hasta (kime ?)
— Genetik degisim yapan domuz organ saglayici
* Revivicor, eGenesis
— Cerrahi (Guvenli operasyon ve postop. Bakim)
— Nefroloji — Tedavi ve Yonetimi
— Immunolog (Hangi testler, XM ?, PRA ??)
— Infeksiyon takibi (Anti viral tedaviler ?)



The future of xenotransplantation is
brighter than at any previous time
because what must be done to succeed

has become remarkably clear.
Thomas Starzl -2007

“Xenotransplantationisju B
but it may be aven A £

Sir Roy Calne, 1995




