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Rejectie en CAR T cellen

Jan-Stephan Sanders
Internist-nefroloog UMCG
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Geschiedenis van transplantatie

1902: first succesful exp. Kidney (dog) Tx (Ulmann, Vienna)
1906: first human kidney Tx (xenograft): Jaboulay

1933: first human kidney allograft (Vororonoy, Ukraine) 1933:
first heterotopic liver Tx (Welch)

1954: first successful human kidney transplantation (Murray,
Boston)

1959: first orthotopic liver Tx (Starzl; Chicago, Moore; Boston)
1964: first human lung Tx (Hardy)
1967: first heart Tx (Barnard, South Africa)

2022: first pig to human heart xenotransplantation (USA)
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HLA

* Human Leukocyte Antigen

* Afweercel leest HLA-barcode op cellen om zelf van niet-zelf te
onderscheiden en geinfecteerde van niet-geinfecteerde cellen

o~ Uninfected cell

Uninfected cell

TR | Infected cell




APC T cel

“antigeen
presenterend” lymfocyt

Adhesie activatie
Herkenning
Co-stimulatie

autocriene loop

Celdellng

“clonal proliferation”



Immuunsuppressie
APC T cel

“antigen
presentation”
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Immunosuppression after SOT
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Doelstellingen
onderhoudsimmuunsuppressie

Betrouwbare preventie van acute rejectie

Betrouwbare preventie van chronische (humorale) rejectie
Minimalisatie nefrotoxiciteit

Minimalisatie van immuunsuppressive bijwerkingen

— Kanker

— Infecties

Minimalisatie van metabole bijwerkingen

Flexibiliteit afhankelijk van patiént preferenties en individuele
bijwerkingen
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Maximale patiént en transplantaatoverleving



Longtransplantatie UMC Groningen

long-, hart-long, long-lever-, kinderlong en re-longtransplantaties

100
h | Apr.2014-2016(
gl:l_.-l.- — o
=
8[:]—'— —I‘"]_—."TH— ——————————————————————————————————————————
AN
70— - E“i % - 2009-apr2014 --——-—-—-—-——-————=———— — = — -
B0t ———"————— — i [ e R e i e C e C o e E e C e E e e e e e C e A
g _HH“ \ mmm
L S0 - ——-— - Mg - - - - - ===~~~ ———— —
: e e | 2001-2000
AT ———— === :_,___;_H ——————————————————————————
o e - :“-f —————————————————————

1n0oT-———---1 Mediaan 7.3 yrs —'Mediaan10.8yrs‘———————————————-_—————
0 | | | | | | | | | | T |
0 2 4 B B 10 12 14 16 18 20 22 24 26

Follow-up (years) 20.06.2016



Overleving na niertransplantatie

A Patient Survival, Living Donor

B Patient Survival, Deceased Donor
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Aantal

Patiénten in leven met niertransplantaat

%%%%%%%&% 2,

Jaar

12.0009

11.0004

10.0009

9.0004

g.0001

7.0004

6,000

5.0004

4,000

3.0004

2.0009

1.0004




Probability

07

06

05

04

03

02

01

00

Waarom verliezen we nieren?

6 weeks

No major
abnormalities

Borderline

;”1‘- -

T cell-mediated

rejection

Polyoma virus
nephropathy »

6 months 1year

-

5years

]

Other

Antibody-mediated rejection
Mixed rejection
T cell-mediated rejection
Borderline
Polyoma virus nephropathy
Glomernular diseases

No major abnormalities
Atrophy-fibrosis

Antibody-mediated rejection
—

Glomerulonephritis

Days post-transplantation

5000

10000

Sellares, AJT 2012



Therapietrouw

B Polyoma virus
nephropathy 7%
Medical/Surgical ~ - 64% ABMR, probable ABMR,

conditions 11% —__ - or Mixed rejection

Non=
adherent Adherent
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Glomerulonephritis

18% ~__
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I

Mixed rejection 5% |

[

Figure 3: Attributed causes of graft failure in the biopsy-forcause population. (&) Distribution of the attributed causes of failure
icolurnns) according to the histological diagnosis in the last biopsy available per patient (rows). (B) Distribution of attributed causes of
failure. Failures that could not be attributed due to missing clinical information are not represented (n = 4).
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Rejectie eerste jaar na niertransplantatie
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Vroege afstoting

Hyperacute afstoting: anti-HLA, anti-ABO antilichamen
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Hyperacute afstoting: anti-HLA, anti-ABO antilichamen

Vroege afstoting

=7 %0
N\

Acute afstoting: anti-HLA, anti-minor T-lymfocyten

donor HLA

—

weken, maanden

Rejectie pathologie
Acute (actieve) rejectie
tubulitis

interstitiele inflammatie
glomerulitis,
peritubulaire capillaritis
arteritis.



Rejectiebehandeling

Methylprednisolon

ATG

Alemtuzumab (anti-CD52)
Plasmaferese

lvig



ATG

* konijn anti-thymocyte globulin (rATG)
 De “standaard” T cell-depleterende antistof

* Nadelen ->
— Toegang
— Cytokine release syndroom
— Serum-ziekte
— Langere opname

— Infecties



Alemtuzumab

Monoclonaal anti-CD52
Eenmalige subcutane injectie

Gelijkwaardig aan ATG in historische case-series
minder infusie gerelateerde bijwerkingen en
kortere opname

Nadelen ->
— Auto-immuun fenomenen (Guillain-Barre)

— Infecties



Antistof gemedieerde rejectie

Frequent voorkomend

Belangrijke reden voor laat transplantaatfalen
Herkenning?

— C4d positief: maar waar zijn de antilichamen?
— Anti-HLA antistoffen

Humoraal versus cellulair?
Preventie?/Interventie?



Revised Banff 2017 classification of antibody-mediated rejection in renal allografts

Active ABMR; all 3 criteria must be met for diagnosis* 1

1. Histologic evidence of acute tissue injury, including one or more of the following:

Microvascular inflammation (g =02 and/or ptc =0), in the absence of recurrent or de nove glomerulonephritis, although in the press

Intimal or transmural arteritis (v =0}*
Acute TMA, in the absence of any other cause
Acute tubular injury, in the absence of any other apparent cause
2. Evidence of current/recent antibody interaction with vascular endothelium, including at least one of the following:
Linear C4d staining in ptc {C4d2 or C4d3 by IF on frozen sections, or C4d =0 by IHC on paraffin sections)
At least moderate microvascular inflammation ([g + ptc] =2)§
Increased expression of gene transcripts/classifiers in the biopsy tissue strongly associated with ABMR, if thoroughly validated®

3. Serologic evidence of DSAs (HLA or other antigens). C4d staining or expression of validated transcripts/classifiers as noted above in cri
HLA antibody testing is negative, is strongly advised whenever criteria 1 and 2 are met.




Revised Banff 2017 classification of antibody-mediated rejection in renal allografts

Active ABMR; all 3 criteria must be met for diagnosis* 1

1. Histologic evidence of acute tissue injury, including one or more of the following:
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Increased expression of gene transcripts/classifiers in the biopsy tissue strongly associated with ABMR, if thoroughly validated®




Therapie?

Proteasome inhibitors

Bortezomib
i-1L- v Carfilzomib
anti-IL §(IL 6R mAb ' CD38 mAb
(;rlOCIIEumabb Daratumumab C1-INH
azakizumab [} Isatuximab anti-C1s mAb (BIVV009

anti-BLyS mAb
Belimumab

Membrane filtration

Costimulation
blocker

Belatacept
CD40/CD40L mAb

anti-C5 mAb
NK cell Eculizumab

FcyR CP activation

* (V)
% C5 release

Plasma
cell

Veeeed]
MAC formation
MHC signalin
IdeS g i
Apheresis Endothelial cell

CD20 mAb Regulatory
. T cell
Rituximab

Obinutuzumab " .
Intravenous immunoglobulin

Bohmig et al. Transplant International 2019



Behandeling humorale rejectie

Methylprednisolon, lvlg, Plasma-exchange

IVIG/rituximab, bortezomib en eculizumab —
teleurstellend

complement blockade, C1 esterase inhibitor
anti-IL6 therapie, tocilizumab?

Standard of care en goede studies noodzakelijk!



CAR T cel

T Cell Chimeric Antigen CART Cell
Receptor (CAR)



CAR T cel therapie

I ©« Effectief
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: syndroom

e Duur

.‘.

T Cell Chimeric Antigen CART Cell
Receptor (CAR)



CAR T cel therapie

[f! | + Effectief
’ _ s ’ = e Cytokine release
by [ 3 syndroom
- * Duur
T Cell Chimeric Antigen CART Cell

Receptor (CAR)

DE WEDLOOP NAAR "CARS" IN DE
BEHANDELING VAN KANKER - AAN DE,
VOORAVOND VAN NIEUWE THERAPIEEN
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The Journal of Clinical Investigation RESEARCH ARTICLE

Alloantigen-specific regulatory T cells generated
with a chimeric antigen receptor

Katherine G. MacDonald," Romy E. Hoeppli,' Qing Huang,? Jana Gillies," Dan S. Luciani,’ Paul C. Orban,’
Raewyn Broady,? and Megan K. Levings'

'Department of Surgery and 2Department of Medicine, University of British Columbia, and Child and Family Research Institute, Vancouver, British Columbia, Canada.
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The Journal of Clinical Investigation RESEARCH ARTICLE

Alloantigen-specific regulatory T cells generated
with a chimeric antigen receptor

Katherine G. MacDonald," Romy E. Hoeppli,' Qing Huang,? Jana Gillies," Dan S. Luciani,’ Paul C. Orban,’
Raewyn Broady,? and Megan K. Levings'

'Department of Surgery and 2Department of Medicine, University of British Columbia, and Child and Family Research Institute, Vancouver, British Columbia, Canada.
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Steadfast studie

Kidney
transplant
HLA-A2(+)

Recipient
HLA-A2(-)

Fase 1-2 studie
SAFETY

Reguleren het
Immuunsysteem op
gerichte wijze

Bevorderen
immunologische tolerantie
naar het niertransplantaat

Helpen orgaan functie te
behouden en voorkomen
verlies

Schreeb KIR, 2022



Pre-transplant
Preparation of personalized cell therapy

Patient’s own
Treg cells

Leukapheresis

Steadfast studie



Pre-transplant
Preparation of personalized cell therapy

Patient’s own Genetic
Treg cells modification
(lentivirus)

Leukapheresis

Steadfast studie

Transplant

Kidney / —:)

transplant
HLA-A2(+) K

Recipient
HLA-A2(-)




Steadfast studie

Pre-transplant
Preparation of personalized cell therapy

Patient’s ow Genetic
Treg cells modification
(lentivirus)

Leukapheresis

Traisolait Post-transplant
P Cell therapy infusion
0O
AL 5
f|,’ il Do Infusion of CAR-Treg v o o |
L,-.-’| \",'Q \ designed to bind
: \ | [‘ HLA-A2(+) graft =)
i W W\
) , \
Kidney / ) ,
transplant | ,‘\ g
HLA-A2(#) | )

_Recipient
HLA-A2(-)

0

CAR-Treg f
therapy CD’\,: el :‘—.’2"

Multicenter, open label studie

met oplopende dosis




Studie eindpunten

* Primair

Veiligheid in eerste 28 dagen

* Secundair

Effect op niertransplantatie uitkomst
Reductie van immuunsuppressie
Lokalisatie van CAR Tregs in transplantaat
Effect op chronische rejectie



Conclusies

* Rejectie
Voorkomen is beter dan genezen

Late chronische afstoting is lastig behandelbaar

e CART cellen

Mogelijk veelbelovende nieuwe therapie



KTx per miljoen
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HLA antibodies

CDC.: Complement Dependent Cytotoxicity
1955 -cell panel of > 30 individuals
-iIncubate with patient serum + complement
-analyze specificities by pos./neg. reactions
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Panel Reaction Conclusion
Own cell:
Al, A3, B/, B8 - neg.
Random cells:
A2, A9, B7, BS + -+ -> anti-A2?
anti-A9?

Al, A2, B7, B8 + -+ -> anti-A2
Al, A9, B7, BS + -> anti-A9
Al, A3, B7, B15 + - -> anti-B15




HLA antibodies

Elisa: -coat cell-lysate of > 30 individuals
2002-2019 -incubate with patient serum
-iIncubate with anti-human IgG
-read in Elisa reader pos. / neqg.

LSA: -use single HLA-antigen coated beads
2009 -Incubate with patient serum
-iIncubate with anti-human IgG (flu)
-run on Luminex Machine and analyze
2013 -complement binding C1g/C3d



100 Color-codes =
100 Simultaneous Tests

sing this method, over 100 distinct

microsphere sets can be created.
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HLA antibodies, techniques

Sensitivity: CDC<ELISA<Luminex

CDC: functional (in vitro)
Clinical relevance proven
cross match

Solid phase: only IgG (other conjugate)
cut off?
Clinical relevance?
Complement binding?
DSA monitoring post-tx



Induction of HLA antibodies:
« pregnancy

 transplantation

* blood transfusion

 (rare: “natural” antibodies)

Screening of patients: 4x year
* Donor reactive antibodies are relative
contra-indication for transplantation
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Graft survival (%)

Differential effects of DSA in living versus
deceased donor transplant recipients
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Total cohort (N=4724)
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p<0.0001
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- DSA

Number at Risk
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Years after transplantation
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Kamburova, AJT 2018



A Kidney-Allograft Survival According to DSA Status
1.0
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& .| P<0.001bylogrank test
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B Kidney-Allograft Survival According to DSA and Clq Status
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935 Transplantations Figure 2. Kaplan-Meier analysis of death-censored graft survival after three months post-
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