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Late kidney allograft loss

0-1year —a—1-3year Reasons for late allograft loss:

—#—3-5 year —#—5-10 year

Chronic rejection *
Drug toxicity *

Acute rejection *

(due to non-adherence)
BKV nephropathy *
Recurrent disease
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* could be prevented by induction
of donor-specific tolerance

1989 1994 1999 2004 2009

Lamb, Am J Transplant 2011; Pascual, NEJM 2002



Tolerance strategies in solid organ transplantation

/ Tolerance strategies \

Non-HSCT based HSCT based

l Most promising clinical strategy

Regulatory cell

therapy
T regs, M regs, Tol DCs

Mixed chimerism Full donor chimerism

y - e

Non deletional mechanisms Clonal deletion

(HSCT = hematopoietic stem cell transplantation)



Mixed chimerism & tolerance — seminal research

Freemartin ol Ray Owen

Reprinted from Science 102:400-401 (1945)

IMMUNOGENETIC CONSEQUENCES OF VASCULAR
ANASTOMOSES BETWEEN BOVINE TWINS?

Ray D. Owen

No. asze  October 3, 1953 NATURE

‘ACTIVELY ACQUIRED TOLERANCE' OF FOREIGN CELLS
By Dr. R. E. BILLINGHAM®, L. BRENT and Pror. P. B. MEDAWAR, F.RS.

Department of Zoology, University College, University of London

1 From the Departments of Geneties (No. 346) and
Veterinary Science, University of Wuzw,omu%f in coopera-

HE experiments to be deseribed in this article pigmentation of the cells into which they ultimately
provide a solution—at present only & ‘laboratory’ develop. Unfortunately, experiments with embryonic
solution—of the problem of how to make tissue melanoblasts, having been done with quite different

tion with the Bureau of Animal Industry, U. 8. Depart-

ment of Agriculture.

“Several interesting problems in the fields of ge-
neties, immunology and development are suggested by

these observations. Most of them are still largely

homografts immunologically acceptable to hosts
which would normally react against them. The
principle underlying the experiments may be ex-
pressed in the following terms: that mammals and
birds never develop, or develop to only a limited
degree, the power to react immunologically against
foreign homologous tissue cells to which they have
been exposed sufficiently early in feetal life. If, for
oxample, a feetal mouse of one inbred strain (say,
OBA) is inoculated in wfero with a suspension of
living cells from an adult mouse of another strain

purposes in mind, do not make it possible to decide
whether survival into adult life is due to an antigenic
adaptation of embryonic cells which have been
obliged to complete their development in genetically
foreign soil, or whether it is due to a suppression or
‘paralysis’? of the host’s immunoclogical response.
An exactly comparable phenomenon has been
described by Owen®, who found that the majority of
dizygotic cattle twins are born with, and long retain,
red blood cells of dizygotic origin : each calf contains
a proportion of red cells belonging genetically to

speculative jnd will not be considered here. An ap- Peter M@dawér

B Owen, Science 19495; Billingham/Brent/Medawar, Nature 1953



Three centers in the US

Around 100 patients worldwide, in whom intentional tolerance to a renal allograft has
been induced by mixed chimerism.

Boston Harvard/MGH New centers (since 2019)

Zurich (Fehr et al, Pub 2022)

South Corea (Kwon, Lee et al; Pub 2021)
Tel Aviv (Mor et al; no publication)

. Chicago
@ Leventhal, lldstad Kawai, Sykes, Sachs §

Stanford Universiyu
Scandling, Strober




Characteristics of the three US protocols

_ Sachs / Boston Strober / Stanford lidstad / Chicago

HLA match HLA-matched & HLA-matched HLA-matched &
HLA-mismatched (HLA-mismatched not successful yet) HLA-mismatched

Conditioning Pretransplant Posttransplant Pretransplant

Irradiation Thymic irradiation Total lymphoid irradiation Total body irga
Chemotherapy Cyclosphospamide

T cell depletion
B cell depletion

Cellular transplant smzed peripheral stem cells (T-  Mobilized peripheral stem cells
cell depletion and defined add-back) + «facilitating cells» (CD8+/TCR-)

Chimerism ixed, mostly transient  Mixed, some transient Full donor in majority
GvHD; CTS; TRM * No; Yes; No No; No; No Yes; No; Yes
Recurrent disease  Usual risk Usual risk Lower risk?

*CTS = chimerism transition syndrome; TRM = Transplant-related mortality = Kawai, NEJM 2013; Scandling, AJT 2012; Leventhal, Science Translat Med 2012
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Swisstolerance.CH - Protocol f

+ Standford HLA-matched protocol
— Posttransplant conditioning
— HSCT 11 days after kidney transplantation

Day Day Day Day Day Day Week Week Month Month Month Month  Year
-1 -10to-7 -6to-1 0 1to14 151030 4 6 2 3 4 6 1

Stem cell mobilization (donor)
Kidney transplantation

CD34+ and CD3+ cell infusion

rATG

TLI (10 x 120 cGy)
Prednisone

MMF

Cyclosporine

Kidney Biopsy
Chimerism Analysis

Fehr, Front Immunol 2022




Our first patient — transplantet on Nov 8th 2016 EWi*IGrame_CH]

57y old female social worker

 Kidney disease: sclerosing GN
« Kidney biopsy 06/2012: Mainly sclerosing glomerulonephritis, no further specification possible

 Comorbidities
M. Meniéere

» Donor: her healthy HLA-identical brother
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irradiation 8.11. - 18.11.2016

Dose: 10x 1.2 Gy = 12 Gy

AR AR

Shielded organs: larynx, thyroid, heart, lungs,
breast (in females), transplanted kidney (on post
transplant simulation).




] Swiss
Patient 1 — Early course uneventful l *tole,ame_CH I

* Hospital discharge on day 7 » HSCT on day 11




Patient 1-3 — Renal function Ewi*mmw]

¥R *®

Stop1S: d329
&
'

'

* No rejection episodes

Creatinine (pmol/l)
(jowwyB) 5/

* Recurrence of primary GN in
patient 1 — proteinuria
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Patient 1-3 — Hematology & chimerism f

StopIS: d329

No severe
neutropenia

Stop1S: d329

Chimerism (%)

Chimerism

— Stable mixed
In patient 1

— Transient in
patient 2 & 3

Chimerism (%)

sessssssssssssssdesensssssssennes

Pat 3 StopIS: d.444 Pat 3

Blood
- T cells (CD3)
- B cells (CD19)
: Neutrophils (CD66)
\ NK cells (CD56)

- Neutrophils (G/I)
- WBC (G/1)
Lymphocytes (G/l)

Chimerism (%)
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Overview results of 6 patients EWi*mm.oH]

 Screening: 13 HLA-identical pairs

— 7 screening failures: ABO incompatibility, medical contraindication for donation
— 6 pairs included (4 from ZH, 2 from BE)

Pat | Sex |Renal TX Stop IS | Off IS | Chimerism Rejection | GvHD | Recurrent
disease disease

Sclerosing GN  11/2016  10/2017 Mixed — stable

Undefined GN 02/2018 03/2020 Mixed — transient

ADPKD 11/2019  02/2021 Mixed — transient

IgA 07/2021 07/2022 Mixed — transient

ADTKD 06/2021 09/2022 Mixed — transient

Vascular 07/2022 06/2023 Mixed — stable




. r SWISS
Is it donor-specific tolerance? [ *)Ierance_CH]

» Acceptance of an allograft without + Full immunocompetence towards

immunosuppression infectious agents or vaccines
» Evidence: » Evidence

— No rejection — No severe infections

— No graft-versus-host disease (mild CMV & BK viremia)

— Molecular microscope — SARS CoV?2 vaccination




Patient 2 — Molecular microscope at 18 months T

« mRNA microarray of around 60 genes for molecular diagnosis

R1 Non-rejecting All ABMR (Sum of R4, R5, and R6) 0.09
Re(l;f?; fezelgygg” ® [ R2TCMR R4 Early-Stage ABMR (EABMR) 0.08
adding up to 1.0) R3 Mixed Rejection R5 Fully-Developed ABMR (FABMR) 0.00

R6 Late-Stage ABMR (LABMR) 0.00

Current Biopsy vs Reference Set: PC2 vs PC1 Current Biopsy vs Reference Set: PC2 vs PC3

Fehr, Front Immunol 2022



Patient 1-3 - Inlmunocompetence for vaccination f

» Successful SARS CoV2 vaccination in all three patients

Patient No Patient 1 Patient 2 Patient 3
Vaccination Vaccine Cominarty ® Cominarty ® Cominarty ®

15t vaccination 20.1.2021 20.4.2021 14.1.2021

20d yaccination 5.3.2021 18.5.2021 11.2.2021
SARS CoV2- Elecsys ® (Roche), anti- Not reactive, Not reactive, Not reactive,
specific NP I1gG (<1.0) 0.074 0.076 0.075
antibody Elecsys ® (Roche), anti- Positive, Positive, Positive,
response Spike IgG (<0.8) 1488 U/ml 1951 U/ml 919 U/ml

Abacor ® (IMV), Protective, Protective, Protective,
neutralization score 28.2 83.9 40.3
(protective score = 17)

SARS CoV2- Concanavalin A 46.7% 55.2% 63%
specific T-cell St. aureus superantigen 66.9% 67.7% T1%
response (net CMV antigen (17%) * (10%) * 76%
stimulation, SARS CoV2 SPsubunitl 0 27.1% 5%
% CD3+) SARS CoV?2 SP subunit I  1.1% 14.5% 6%

Fehr, Front Immunol 2022
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HLA-mismatched transplants — new approaches required!

* Approach evaluated by the Zurich group: E=E [ Iminsecpatfiay |

CoosL (growth factor withdrawal,

apoptOSiS mOdUIa tion cytotoxic drugsor irradiation)

CD95

F1asma membrane

| Uy

all

Apoptosis plays a critical role in the adaptive

immune system: Camaﬂj
- during thymic positive & negative selection

- during peripheral deletion
- during the contraction phase of the immune

response
[ [ [J—

Ro-caspase 3, Apoptosome
pro-caspase 6, Caspae 3
pro-caspase 7 caspase 6,

cagpase 7

ok i

Bouillet, Nat Rev Immunol 2009




p
(1) Apoptotic stimuli

* Nutrient deprivation

» Growth factor deprivation

* lonizing radiation

* Reactive oxygen species

* Chemotherapy

(cytotoxic or targeted)

* Excessive mitogenic

s stimulation

v

(Upstream signalling
* p53
* ER stress
* MYC

(:® Kinase inhibition

Bcl-2 inhibitors: mechanism of action

Pro-apoptotic

BH3-only
‘activators’
(BIM, tBID,
PUMA)

Sequestration

BH3-only
\_,. ‘sensitizers’ QQ'@

Pro-survival
(BCL-2, BCL-W, BCL-X ,
BFL1, MCL1)

Apoptosome
Pro-apoptotic  Apoptogenic . formation

pore-forming

(BAX, BAK)
Caspase 7

OMI SM AC \?
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(BAD,Noxa, <
Hrk)

ABT737;, ABT263 = Navitoclax

BH3 mimetics A '@I

ABT199 = Venetoclax

(ABT737, O
ABT199) I

— 0006 Cytochrome c
Caspase 3

Preparation of apoptotic cell

for phagocytosis

(DNA fragmentation, cell fragmentation,
\externalization of phosphatidylserine)

Singh, Nat Rev / Mol Cell Biology 2019



Murine model of mixed chimerism: tolerance induction without myelosuppression

2 weeks Skin graft survival

A
Vs N
ABT-737 NEBEERRRRERER % oo
CsA NI EEREERRRR

n=26

AL —
; ' 50 100

Day after skin tpl

% graft survival

BM ABT | CsA Skin
CBA
Balb/c

- -

PBL chimerism

% H-2k+ cells

' 5 10 15 5 10 15 20

Week after BMT Week after BMT Week after BMT Week after BMT

Cippa, Blood 2013



Non-human primate model of mixed chimerism: protocol

Previous Protocol

BMT
Kidney Tx
3IGyTBI TI Mo
Irmnnwnc-
ﬂ ﬂ l CYC'GSPDI’inE Suppression
6 -5 0

2 10 15 20 25 Days
post-Tx

ATG XXX
CB XX X X

Bcl-2i Protocol

BMT
Kidney Tx

1 5GyTBI Tl No —&— Group A (n=8) TBI 3Gy, no Bcl-2i
ﬂ l Cyclosporine Sopprassion -=0-=- Group B (n=5) TBI 1.5Gy, no Bcl-2i
-5 0 5 10 15 20 25 Days —— Group C (n=6) TBI 1.SGV, +Bcl-2i

ATG XXX post-Tx --0-- Group C (N=2) TBI O Gy, + Bcl-2i
CB XX X X

Sasaki / Fehr / Kawai, Science Translational Medicine 2023



Non-human primate model of mixed chimerism: chimerism

Myeloid Chimerism Lymphoid Chimerism ~ Group A -

-0- Group B
~= Group C =

-0+ Group D_|

Yechlmerlsm

1‘-""‘.\,

N

80 100
Days Post-Tx

Neutrophils
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counts X 1000/

| T T I T | |
J 0 5 & 12 15 19 22 26 7 0 5 8 12 15 19 22 28 8 12 15 19 22 26
Day post Tx Day post Tx Day post Tx

Sasaki / Fehr / Kawai, Science Translational Medicine 2023



Non-human primate model of mixed chimerism: renal allograft survival

Henal Allograft Survival
== Group A (No Bel-di, TBI 30y 7).

=*= Group B (No Bel-2i, TBI 1.5Gy)
—s Group C (+Bcl-2i, TBI 1.5Gy) ]
« = Group D (+Bcl-2i, TBI 0Gy) :I“
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SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

200 400 il go0 1000
Days post Tx

TRANSPLANTATION

Selective Bcl-2 inhibition promotes hematopoietic
chimerism and allograft tolerance without
myelosuppression in nonhuman primates

Hajime Sasaki't, Takayuki Hirose't, Tetsu Oura’, Ryo Otsuka’, lvy Rosales?, David Ma',
Grace Lassiter', Ahmad Karadagi', Toshihide Tomosugi’, Abbas Dehnadi’,

Masatoshi Matsunami’, Susan Raju Paul®, Patrick M. Reeves?, Isabel Hanekamp',

Samuel Schwartz', Robert B. Colvin?, Hang Lee®, Thomas R. Spitzer?, A. Benedict Cosimi’,
Pietro E. Cippa®, Thomas Fehr®’, Tatsuo Kawai'*

Sasaki / Fehr / Kawai, Science Translational Medicine 2023



Multiple immunomodulatory effects of Bcl-2 inhibition

Unselective immunomodulation Donor-specific immunomodulation

Apoptotic bodies Treg enrichment

/ Deletion of donor-

reactive cells

Lymphopenia Bcl-2 inhibition

Other

/ \ mechanisms?

Bone marrow
engraftment (?)

Tmem depletion

courtesy to
Pietro Cippa MD PhD

Unselective immunosuppression Mixed chimerism induction
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