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Initial response (hours) Later response (days)
Recognizes microbial nonself, molecular patterns Antigen-specific response; recognizes individual molecular
unique and often essential to microbes (PAMPs)* details (6-30 amino acid residues) derived from microbes or self
Receptors are encoded in germline Receptors are generated by somatic recombination
Nonclonal Clonal expansion
No memory Memory

Limited.disserstty Large di i
ells: phagocytic cells (e.g., macrophages, Cells: T, B lymphocyte,

neutrophils), natural killer cells, antigen

presenting cells (e.g., dendritic cells), and epitheli

sical barrier)

Components: TER; NER; RER; scavenger receptor, Components: TCR, BCR, antibodies
N-formyl methionyl receptor, C-type lectin-like

rece soluble
recognition molecules (e.g., pentraxirsy
omplement, natural antibodies).

PAMPs, pathogen-associated molecular patterns; TLR, Toll-like receptor; NLR, NOD-like receptor; RLR, RIG-like receptor; TCR, T-cell
receptor; BCR, B-cell receptor.
*Innate immunity also recognizes damaged-self and allogeneic non-self. See text.

Clin J Am Soc Nephrol 10: 1459-1469, August, 2015
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Dendritic-cell maturation

CD40 D154 Naive

l Teell

Incoming immature
dendritic cells

Activation and proliferation

T-cell products
of effector T cells

Cytoki n‘em
( Inter| IL ukin -
3, !

Interleukin-2

.

: () ‘ /n l| ki
_\ nterleu
Activated
T cell

ns 4,5, and 13

\ &

Interleukins 17, 21, and 22

re

Interleukin-10
TGF-B8

Brian J. et al. N Engl J Med 2010;363:1451-62.

B cell/ APC

TNF-like Costimulating Family
——————————— MHC I
I I

E@@)@; )
: il

[ signal 3 j -E : S—ig_n;l_z : j_ [ sn;:n J

T cell

Ig-like Costimulatory Family

[ signal 2 J

Schroder PM, Fitch ZW, Schmitz R, Choi AY, Kwun J, Knechtle SJ.
The past, present, and future of costimulation blockade in organ transplantation.
Curr Opin Organ Transplant. 2019 Aug;24(4):391-401.
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3 = { T cell activation
t 8§ § 8 3 & Antigen —
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O l l CD40-CD40 ) T cell activation
o & 2 5 T ; i '
ol (el =1 g § a & Costimulation =T T cell memory
o - ?
1210 — =
0] OO [
0 IL-21ﬁ /
OO ——GCB cel 0O . In-situ immune
= /e Tert_larv response
) lymphoid organ
formation

Cytokine-mediated
stimulation

Memory:
Beell |

Late rﬁe;'rlow | Reduced T cell
_'Y_} IL-1 —_— ivati
p 0’/_; activation

Germinal center-dependent / © S & increased Tregs
Cytokine-mediated -
inhibition - \ ;
Extrafollicular
(germinal center-ir 1t) . Decreased
Secondary immune —_— |nf|amr.naiory
cytokines

response

ClinJ Am Soc Nephrol 10: 1459-1469, August, 2015
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Qi R, Qin W. Role of Complement System in Kidney Transplantation: Stepping From Animal Models to Clinical Application. Front
Immunol. 2022 Feb 25;13:811696. doi: 10.3389/fimmu.2022.811696.
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Mismatched
ligand

~ .
< .
S ~
Receptor CD3 CD3 KIR ~~ LILR ~CDa7
= A ~
Saa X
—
Recognizing s
cell type

| HLA antigen Non-HLA antigen

Teells B cells NK cells Monocytes
AR AVVAN
Soluble ‘ HLA-DSA ‘ | Non-HLA | [ yiokines [Feomplarent
mediators r
I
n X ,J,L\JL
i, - 3
Effects of i [ { ! [
graft injury - |
A ¥y ¥
T-cell activation NK cell i

Ul

Graft inflammation
Tubulointerstitial inflammation

Interstitial inflammation Tubulitis

Callemeyn J, Lamarthée B, Koenig A, Koshy P, Thaunat O, Naesens M. Allorecognition and the spectrum of kidney transplant
rejection. Kidney Int. 2022 Apr;101(4):692-710. doi: 10.1016/j.kint.2021.11.029
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Donor-specific

. 4 3
[, ’F Tethering — Rolling A s, Diagedests antibody )[4‘ Complement Platelets

- »

4 2
2.8 LFA [ & VLA Cell adhesion
Ca v giv- i A% S ety
B , M. Complement
< .

Coagulation

Antibody binding \\\ activation Mononuclear cell

{ Basement
Macrophage —infiltratio 4 u membrane

7Y P')]Pfs,m 03,'.,,. e ,r‘}r\jna’

Endothelial antigens Endothelial-cell

Basement
necrosis

membrane

Tubular cell
Renal tubule

Brian J. et al. N Engl J Med 2010;363:1451-62.
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0omdom3gmaonlb domoomocon CLINIGAL DisEASE
a‘)b‘)bnomab@abo 3@050335) A 1. No disease activity 5

3&) a b 6 ﬁ) 2. Transient disease , spontaneous resolution [
‘)d@nso 0 Qo ‘) 3 a‘)Q' 4, Active disease , good prognosis if correctly treated |
bad prognosis if left untreated |

Clinical 5. Active disease , bad prognosis despite freatment |
I

' ™\ disease

1. 30m0b03Mo godmbazsmmsb 3mMmgmoignal
domagnn 8sh3767507mm0
~
./

Supciinical
2. domomo bybLoGoyMmmods s b3ggoxrNyMmody, 1- diseage
ob &mmxzzsbin doh37650moon AUC
 —
No disease

activity

3. domomo b335&0Ma NPV o agdoomo PPV
3mabmbomydol doh3zgbgdmgdo

;lRiskfsusceptibility biomarker|| Diagnostic biomarker |

\ J | | ”ngnosﬂc biurnarkerl |
4 ) ; | St Sammooidinanrdcl | Predictive biomarker‘ ‘ _||
4. 530635609M0, 05830, bgmmdobsfzemdn | | respanse blomarker !I Matliihg Hisraeis] |
m3dmmMsGmmngdobonzol | | \.l\ i
] Non-invasive biomarker
\. Y, |
|

mlllll\llllﬂ

N Invasive biomarker

JOURNAL OF THE AMERICAN SOCIETY OF NEPHROLOGY

Maarten Naesens, and Dany Anglicheau JASN 2018;29:24-34
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( Pre-Transplant ) ( Post-Transplant )
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I Protein based Micro-arrays 1
: (Proteinomics, Mass Spectrometry,:

| Luminex, ELISPOT) !

ol

Cross-Match® for DSA

e ®

° JNi"o
°

e®

Allo-APC

Recipient T cells

[IFNy ELISPOT®

cfdd-DNA®

1l

i i
~

"
stud

(NGS® for TCR Repertoire )

Yatim K., et al. Semin Nephrol. 2022 Lubetzky M, et al. CJASN October 2021
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\)/e— \)f’ M93m0376EN70%B7: 353096@ 0L
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[ j sbog)bsm s 3mbm3gMmsgnymo nd1nbymo
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(Sensitization in Transplantation:Assessment of
Risk (STAR) working group report in 2017 and
2019)

HLA VI “

[ I

Donor endothelium

Callemeyn J, Lamarthée B, Koenig A, Koshy P, Thaunat O, Naesens M. Allorecognition and the spectrum of kidney transplant
rejection. Kidney Int. 2022 Apr;101(4):692-710. doi: 10.1016/j.kint.2021.11.029
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Senev A, Lerut E, Van Sandt V, Coemans M, Callemeyn J, Sprangers B, Kuypers D, Emonds MP, Naesens M. Specificity, strength, and evolution of pretransplant donor-specific HLA antibodies determine outcome after kidney transplantation. Am J Transplant.

2019 Nov;19(11):3100-3113
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Kamburova EG, Wisse BW et al. Differential effects of donor-
specific HLA antibodies in living versus deceased donor transplant
J Transplant. 2018 Sep;18(9):2274-2284
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De novo DSA smbgdomos o 3hmEmimemmo doma3lingdo:

domamad dmEomydal Mob3n?

©05330M37000L 3gMomeon:
2007-2014

de novo DSA:MFI >1000
06306 E MO 7%

omdmhgbalislb 25 %
ABMR ©552.9% 1

Panob ho3%)

dnDSA — 1 gnbo 08319
onomxzboo Hh33b7000

Schinstock, C.A. et al.; American Journal of Transplantation, Volume 17, Issue 6, 1574 - 1584

80%
70%
60%
50% M graft failure
40% W graft failure or 50% decline in GFR
30% W Acute, active AMR
20% Chronic AMR
10% A
*
0% - T T T
no dnDSA dnDSA (all)  dnDSAClasslonly dnDSAClass |l dnDSAClass|+Il
only
dnDSA dnDSA dnDSA dnDSA
no dnDSA (all) P-valuet (class | P-valuet (class Il P-valuet P-valuet
(class 1 +11)
only) only)
. 2.9% 13.0% 0% 5.3% 54.6%
Graft failure (21/717) (7/54) P<0.01 (0/5) P=1.0 (2/38) P=0.35 (6/11) P<0.01
Graft failure or
9.6% 27.8% 20.0% 21.1% 54.6%
50% decline i P<0.01 P=0.40 P=0.05 P<0.01
ecineln 1 (e9/717) (15/54) < (1/5) (8/38) (6/11) <
eGFR
Acute, active 8.1% 54.9% P<0.01 60.0% P<0.01 52.8% P<0.01 70.0% P<0.01
AMR (57/702) (28/51) (3/5) (19/36) (7/10)
6.8% 37.2% 60.0% 30.6% 50.0%
Chronic AMR P<0.01 P<0.01 P<0.01 P<0.01
ronie w4s/703) | (19/50) < (3/5) b (11/36) < (5/10) A




Epitope assessment reveals kidney transplant recipients at a risk of
acute rejection following reduction of immunosuppression

Epitope load identifies kidney transplant recipients at risk of

allosensitization following minimization of immunosuppression

g o - =
2 — - - 33% of patients switched
% 50 De novo DSA o e from cyclosporine to
g © Negauve = = : et e
'E o Positive e s - L
o
L - A given number of antigenic
; . g 8 e * - = - e e e ]
N= 89 patients switched at 3 months d - - @ L - o - S S
= . 2 ------------ g - 7-—‘3’—‘--8—“‘ STt T T Y “in identifying patients who TN
o > o il 1 DSA ith th hold
posttransplantation from CsA to everolimus g 2° - = B
. ; =% 8 < B bationte. opitomie mismatohes
None had DSA either at transplantation or s , e |
. _g o < - - L. > ani (3 € Lie
= 1 2 3 4 =3 (=3 7 8 o 10
at ConverSIon = Number of (class I+I1I) Antigenic Mismatches

Conclusion
Epitope load is more reliable tool than the mere count of antigenic

After ad Mmean fO”OW-Up Of 83.8 i 27.9 monthS, a k.dn y rnfisdmatchesljtsoAajsesls HLA i:lcfor:;lpaflbilityr and idﬁntlfyfpatients at risk
29 patients (32.6%: 25 before and 4 after 12 m ouibiaea fmmunesuppression

q . Epitope Ioad |det|flesk|dney transplant reC|p|ents at risk of
pOSt-TX) developed dnDSAs, mainly against allosensitization following minimization of immunosuppression

class Il antigens.
2 o -~
. - - 33% of patients switched
= 50 De novo DSA - - from cyclosporine to
= o Negative = 8 - everolimus rapidly
B - - developed de novo DSA
‘= - Positive - = 5
= = ? - - A given number of antigenic
= 40 8 & L o mismatches may correspond
= s - to a wide range of epitopic
u:j‘ - - o - Mismatches (= epitope load)
s oo i e e s D) s i e i D s e s = —w
= <] -] = In identifying patients who
w 20 - o S < will develop DSA with thresholds
1 o defined with ROC curve, antigenic
=3 =] e o mismatches would have missed
— = 8 patients, epitopic mismatches
S only one o
= o
= 0
g 1 2 3 a 5
= Number of (class I+I11) Antigenic Mismatches

Conclusion

S - Epitope load is more reliable tool than the mere count of antigenic
S mismatches to assess HLA incompatibility and identify patients at risk
A ' of de novo DSA development, following minimization of

INTERNATIONAL immunosuppression

Renaud Snanoudj, et al, KI, 2019



HLA-DR/DQ eplet mismatch and tacrolimus trough levels predict
development of de novo Donor-Specific Antibodies

Lo 33eMm930 3M3aMa30s 596
00 3dxmaoabymanamo

« METHODS
\
(" * 596 renal transplant
1. HLA-DR/DQ 33m3@al 8noby3nm recipients
839003630 mMMmds 3mMYE0MIdEs * 50,011 serial tacrolimus
\_ ) *  HLA-DR/DQ eplet mismatch
determined using
[2. GozmmmndyLol dnbodsmymo A HlAMatchmaker softwfre
33101536dMMdALL < 5 63/dm sfals trough levels below a series
dnDSA gsb300Mgdal smasamals of thresholds <6 ng/ml and
Mmobgo the mean tacrolimus levels
\_ J prior to dnDSA development

were analyzed in the
context of HLA-DR/DQ eplet
mismatch

Chris Wiebe et al. JASN 2017;28:3353-3362

© 2017 by American Society of Nephrology

Class Il Eplet Mismatch Modulates Tacrolimus Trough Levels

Required to Prevent Donor-Specific Antibody Development

OUTCOME Risk of de novo DSA development was effected by
HLA-DR/DQ eplet Mismatch and tacrolimus trough levels
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-
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Tacrolimus Theoshoids

CONCLUSIONS HLA-DR/DQ eplet mismatch and tacrolimus trough levels
are independent predictors of dnDSA development. Recipients with high HLA
alloimmune risk should not target tacrolimus levels <5 ng/mi unless essential
and monitoring for dnDSA may be advisable in this setting,

JOURNAL OF THE AMERICAN SOCIETY OF NEPHROLOGY
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Complement-Activating Anti-HLA Antibodies in Kidney Transplantation:
Allograft Gene Expression Profiling and Response to Treatment

RESULTS

METHODS

Prospective, observational study of
kidney allograft rejection phenotypes
including histology, immunostaining and
gene expression (microarray) in patients
with post-transplant anti-HLA donor-
specific antibodies (DSAs) according to
C1q status (N=951)

Therapeutic cohort (NCT01567085 and
NCTO01399593) of kidney recipients with
DSAs at transplantation receiving
rejection prophylaxis with eculizumab or
standard of care (plasma exchange and
intravenous immunoglobulin) at 10
international centers (N=116)

doi: 10.1681/ASN.2017.05.0589
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CONCLUSION circulating complement-activating anti-HLA DSAs are associated with a specific
histo-molecular kidney allograft rejection phenotype that could be abrogated by complement inhibition

JASN
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Non-HLA Agonistic Anti-Angiotensin Il Type 1 Receptor Antibodies Induce a

Distinctive Phenotype of Antibody-mediated Rejection in Kidney Transplant

Recipients

Prospective AT1R Ab-associated C4d-

cohort
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1845 kidney
transplant patients
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Years after antbody screening

3 4 S [ 7

Number at risk

AT1R-Ab negatveMLA-DSA negative 1007 953
AT1H-Ab postveHLA-DSA negative 371 349
AT1R-Ab negatveMHLA-DSA positive 334 am
AT1R-Ab positiveHLA-DSA positive 133 120

CONCLUSION:

Circulating AT1R Abs associate with a specific
kidney allograft rejection phenotype and graft
loss, independent of the HLA system.
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" C i . o
Clinical workflow steps .'II’ Research validation steps Web Application oka
Sample prep: stability upon storage with or without Pl
: Calculate risk score
Samzl:t(;?:::tlan Storage: stability uponstorage at 4°C/RT for 24/48/72H _
Freeze-thaw cyde: stability across5 freeze-thaw cydes Acute rejection risk score
Assay preparation 9 . ‘g —» :’ —p» iR I
Thaw Spin Dilute Load B ) .
Time to results: 90 min. from sample thaw to chemokine levels
Chemokines '
quantific;tion Predision: intra-assay CV <5% & inter-assay CV<15% ’
@ Range of measurement: linearity & LOQ spedificto urine . - -,
@ Robustness: Ella to ELISA correlation, P<0.0001 (N=1048 samples)
Risk assessment @ Diagnostic accuracy for acute rejection®: AUC=0.84 (P<0.0001) J
@ Web Application: for clinicians to assess patient’s individualized risk .. - — —
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B Evolving Therapeutic Approaches for prevention and treatment of antibody mediated rejection
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Autologous
Treg isolation
= iTregs vs. nTregs?
* TSDR demethlyation CD4*CD25MCD127

status
* Naive vs. mature: CD45
expression?

Overview of adoptive Treg therapy in transplantation and key immunologic questions.

Expansion

X

Induction

Kidney transplant

* Timing after induction?
= Single or multiple doses?

Post-transplant management

Treg infusion

* Treg dose?

* Labeling of Tregs?

= Pharmacologic inhibition of non-Tregs (mTOR, PI3K? inhibition)

= |L2 stimulation requirement

* Polyclonal vs. antigen-specific expansion?

* Allo-specific B cells: as APCs? CD40L-activated?

= Chimeric antigen receptors (CARs)?

Lineage fidelity
(CD25MCD127"°Foxp3*,
TSDR demethylation)
Preservation of
suppressive function
Biopsy interpretation?
Foxp3 staining?
“Treg-friendly”
immunosuppression:
mTOR inhibitors...other
agents?

Supplemental IL-2
therapy?
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