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transplantaci ledviny
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Dostupnost transplantaci je v CR na
vysoké urovni

Total number of patients transplanted
Annual rate p.m.p. 2015

Spain 100,7
Croatia 93,1
Austria 88,8
Belgium 87,3
France 85,8
Norway 82,7

Portugal 77,2
Netherland 74,7
Sweden 73,6
Czech Republic  |IE—— ., 2
U.K. 65,6
Finland 67,8

Swiss 65,8
Turkey 57,8
Ireland 56,6

Italy 55,6
Slovenia 52,9
Latvia 51

Hungary 48,4
Germany 45,5
Slovakia 45,4
Poland 39,1
Estonia 37,7
Romania 17,7
Greece 11,5
Bulgaria 10
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Viklicky O. et al. Transplantation 2018 annual rate p.m.p. M




Transplantace organt v TC IKEM (1995-8/2019)
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Nemocni zijici s funkénimi
transplantovanymi organy v IKEM
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Zlepseni vysledku transplantaci ledvin

Transplant Year
Deceased Donor, First Kidney Transplants

2010-13 n=528

2002-05 n=499
2006-09 n=528

1994-97 n=586

Graft survival (%)

1990-93 n=301
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Post-transplant time (years)

CT'S' coliaborative Transplant Study PRAGUE K191-K-14101-0415




Vyskyt patologii stepu po transplantaci
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Vysetreni imunitni odpovedi

Pred transplantaci
Po transplantaci

Invazivni — protokolarni biopsie

Neinvazivni — z krve/moce
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Borderline changes

Banff’s classification

histological changes insufficient for a diagnosis eIncidence : in case biopsies 23% of

ZLaCUte re}j‘_"“,“’”'l o f renal allografts
sence ot intimal arteritis and the presence o Meehan et al. (1999) J Am Soc Nephrol 10: 1806

tubulitis (t1,t2 or t3) with minor intersticial Matoza et al. (2008) Transplantation Proceedings 40: 2303-
infiltration ((i0, i1) or intersticial infiltration(i2, 2306
i3) with mild tubulitis (t1) Viklicky et al. (2013) Transplantation 95: 148-154

*The outcome of borderline changes
unclear

*The majority of patients with
borderline changes were found to be
non-rejection by molecular
phenotype(67%) and only 33% were
rejection-like.

de Freitas et al. (2012) American Journal of Transplantation. 12:
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Tubulitis

E. Honsova,; IKEM



Acute T-cell-mediated rejection, type |
tubulitis in non-atrophic tubules

o

ECENED . Jall|
Banff criteria:
. IA. i:>25% of parenchyma affected, i2 or i3 and t2

. IB. i> 25% of parenchyma affected, i2 or i3 and t3
Chapel Hill Standards

1.i25%

2. Mild to moderate interstitial edema

3. Tubulitis (t1 in 23 tubules in most inflamed area),

- scattered eosinophils and ATl are common

- MHC class Il in tubular cells

- If criteria 1-3 are not fulfilled, but tubules strongly
expressed MHC class Il, then an episode of ACR is suggested

E. Honsova,; IKEM



Acute T-cell-mediated rejection, type Il and llI
arteritis or endotheliitis




Makroskopickée a mikroskopické
projevy hyperakutni rejekce

+
R.A. Montgomery et al. / Seminars in Immunology 23 (2011) Zn III(WE



Diagnostika akutni AMR
2002

® Diagnoza vyzaduje
pritomnost 3 kritérii

Dysfunkce stépu

Histologické znamky AMR
C4d depozita v peritubularnich
kapilarach (PTC)

Neutrofily v PTC a
glomerularnich kapilarach
Tubulitis s neutrofily

Fibrinoidni nekrosy v arteriich
a glomerulech

Detekovatelné darcovsky
specifické protilatky (DSA)

IR XS AR O LA SR
AT »"-""s"‘sv";"" 04 o7

i ..

&

F° 8 oty
& "o a¥ 6oy

Figure 1. (A) Acute cellular rejection (ACR): no staining for C4d is seen in peritubular capillaries. (B) Acute humoral rejection (AHR):
widespread and bright staining for C4d is present in the peritubular capillaries that are interspersed in between the silhouettes of tubules. (C)
ACR: mononuclear cells are present in the interstitium (*) and in peritubular capillanies (arrows). (D) AHR: abundant neutrophils are present
in dilated peritubular capillaries (amrows). (E) ACR: scattered mononuclear cells are present in glomerular capillaries (arrows). (F) AHR:
neutrophils are present in glomerular capillaries (arrows). Staming: C4d-FITC in A and B; Hematoxylin and eosin (H&E) in C, D, and F; and
periodic acid-Schiff (PAS) in E. Magnifications: %400 in A through D; X450 in E and F.

RacusenL, etal. Am JTransplant 2003;3 IKE
MauiyyediS. et al. JAm Soc Nephrol 20 M




Transplantacni glomerulopatie
nespecificky obraz poskozeni?

Q“.

Haas. Kidney Int 2011; 80, 801 — 803.
15
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Klasifikace histologickych nalezu
transplantované ledviny

= Category |: Normal/nonspecific changes

= Category 2:Antibody-mediated changes

= Acute/active ABMR
» Chronic active ABMR

= (C4d staining without evidence of rejection

= Category 3: Borderline changes

= Category ¢ TCMR
= Acute TCMR Grade: |IA ,IB,IIA, IIB, I

= Chronic active TCMR
= Category 5: Interstitial fibrosis and tubular atrophy

= Category 6: Other changes not considered to be caused by acute or chronic rejection
The Bardl 2015 Kidney Meeltng Report, American Joumnal of Transplariation 2017, 17: 28-41
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Invazivni monitorace imunitni odpovedi: protokolarni biopsie
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Possible sampling error in needle
biopsies

Effect of Sample Site
on the Diagnosis of Rejection

Biopsy 2

Alexander C. Wiseman, James E. Cooper, https://abdominalkey.com/prophylaxis-and-treatment-of-kidney-transplant-rejection/



Molecular assesment allows diagnostics based on specific
transcripts
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Kidney biopsy samples ordered by the mean expression of effector T cells

Nature Reviews | Nephrology
Halloran P, et al. Nature Reviews Nephrology, 2016, 534-548



Explaining the Molecular Microscope® report for core kidney
transplant biopsies (MMDx-Kidney)

Patient information ) Clinical |nfornl1at|or? _— Additional detail Eompatisonitoinormal
Date of transplant, date of biopsy, etc. Time post-transplant; biopsy indication, —_— Rejection, injury-related binary classifiers and Scores of this biopsy interpreted vs. relatively
DSA (if provided) AKI transcript set normal biopsies
Molecular MiicY Molecui® ve® Diagnostic Report for Kidney (MMDx-
General information:
_ Range of Upper limit of
Date of Birth Classifier/ 6N Biopsy score | possible values® normal®
A A A Date Received (Y-M-D) Redacted TCMR-1 0.01 00-10 0.10
CI n Ical Inter retatlon Date Reported (Y-M-D) ( ) TCMR related TCMR-2 0.01 0.0-10 0.10 Normal
Date of Transplant (Y-M-D) Mean of 2 TCMR classifiers 0.01 00-10 0.10 Normal
Date of Biopsy (Y-M-D) Rejection related | Rejection® 0.74 00-10 0.30 Severe
— = Injury-scarring AKI score® 0.16 06-16 0.39 Mild
Pure P related Atrophy-Fibrosis Score’ 0.33 00-10 0.82 Mild
Abnormal biopsy. Severe early-stage ABMR with g and ptc-related molecular features. No TCMR. Mild inflammation, AKI and atrophy-fibrosis. ABMR.T® 0.82 00-10 020 Severe
Note that MMDx cannot exclude primary renal diseases. ABMR-2 077 00-10 0.20 Severe
ABMR related - .
ABMR-3 0.84 00-10 0.20 Severe
Summary of molecular changes Classifier/gene sets™2 Biopsy Range of values Upper limit of normal”_| Interpretation | Mean of 3 ABMR classifiers 0.81 00-10 0.20 Severe
i - - . ion Score” -0.32 -38-58 0.03 Mild Glomerulitis (g) > 0 probability® 0.75 00-10 0.25 Severe
(InJ Wi, rEJeCtIOn) s"é';:,'zs Acute Kidney Injury (AKI) Score® 0.16 -06-16 0.39 Mild Transplant glomerulopathy (cg) > 0 probability® 0.33 00-10 0.22 Mild
Atrophy-Fibrosis Score® 0.33 00-10 0.82 Mild ) Peritubular capil (ptc) > 0 probability” 0.75 00-10 0.24 Severe
Rerection | Reiection Score® 0.74 00-10 0.30 Severe C'“s'“::‘s based I"pSA positive probability 0.64 00-10 0.42 Moderate
se'::,;(;" T Cell-Mediated Rejection (TCMR) Score™® 0.01 00-1.0 0.10 Normal " e i (i)>1p ility 0.02 00-10 0.06 Normal
Antibody-Mediated Rejection (ABMR) Score,” - 0.81 00-10 0.20 Severe Tubulitis (t) > 1 probability® 0.03 00-10 0.1 Normal
Tubular atrophy (ct) > 1 probability 0.21 00-10 0.84 Normal
R1 Non-rejecting 0.00 | All ABMR (Sum of R4, R5, and R6) 1.00 Adherence index"" 0.45 00-10 0.9 Normal
Rejection phenotype*® R2TCMR 0.00 R4 Early-Stage ABMR (EABMR) 0.59 For fiers: TCMR-1 = TCMR vs everything else; TCMR-2= TCMR s everything else, with BK/Borderline/Mixed withheld; ABMR-1 = ABMR
. . . (six scores, R1-R6, R3 Mixed Rejech 0.00 o4 vs everything else with TG/ABMR suspicious withheld; ABMR-2 = ABA'R and Mixed vs everything else, with TG/ABMR suspicious withheld;
Proportions rejection- L adding up to 1.0) ixed Rejection - RS Fully-Developed ABMR (FABMR) o ABMR-3 = ABMR vs everything else, with Mixed TG/ABMR suspicious
related AA molecular changes RG Late-Stage ABMR (LABMR) -
(Normal, TCMR, ABMR) Current Biopsy vs Reference Set: PC2 vs PC1 . Current Biopsy vs Reference Set: PC2 vs PC3 Rank order of the most common his:lo_lt;g'igo diaonoses in the 50 neai Wean molecular scores in the 50 nearest molecular
ABMR: 54% Rejection: 0.83
No Major Abnormalities (NOMO. g ABMR: 0.83
Transplant Glomerulopathy (TG): 8% Atrophy-Fibrosis Score (cigt1): 0.28
«~ Mixed Rejection: 6% AKI Score (IRRATs): 0.20
() | ABMR Suspicious: 6% TCMR: 0.02

References for the scores [Mlassifiers, and archetypes.

Halloran PF et al. Nat Jll Reviews Nephrology 2016;12(9):534-
Halloran PF et al. Kid ot 2014;(85):258-64.

Mueller TF et al. Am plant 2007;7(12):2712-22.
Famulski K et al. JASH,
Venner J et al. Journs
Reeve J etal. Am J Tr
Reeve J etal. Am J Tr

Visualization g

Relationship of biopsy to others in : <
reference set

Sellares J et al. Am J

o
PC2 vs. PC1 - : Reeve J et al. JCI Insi
-2 -1 o 1 10. Madill-Thomsen K et ant 2017 Feb 22;17(8):2117

0.1172/jci.insight.85323.
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Percent cortex™®
2% 3.years: 76% 96%

Visualization 1-year
PC2 vs. PC3

cal Notes Adherence index: Low scores in
Histologic and molecular diagnoses in the biopsies 6m-5y post-transplant correlate with
molecular nearest neighbors of this biopsy possible non-adherence or under-

immunosuppression

Survival of other kidneys like this one % of biopsy that is cortex



Historical case — MMDx from biobank

41 years, female

1st deceased donor kidney transplantation
ECD, age 65

DSA negative, peak PRA 4%, HLA mismatch 3
no induction




7t POD: DGF, kidney graft biopsy:
T-cell mediated rejection, IIA with mild interstitial component (C4d negative)
Therapy: 2g of methylprednisolone, S-Cr 200umol/I (2.26mg/dl)
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f XN N A_v \ .‘L‘ 2
Eva Honsova, IKEM RS




3M protocol biopsy

S-Cr: 156umol/I (1.76mg/dl)

Interstitial inflammation with tubulitis,
formation of fibrosis

T-cell mediated rejection IA (C4d negative,

polyoma negative)

gli2ti2t2 cv2 ah2

Thymoglobuline 325mg (cummulative dose of
3.7 mg/kg)

FU: 5.5 years after Tx
Stable S-Cr 178.5 umol/I

MMDx from the biobank




MMDx in Edmonton




Banff histology
gli2ti2t2 cv2 ah2

MMDx from historical

sample:
No rejection

Classifier/gene sets":2 Biopsy Range of values” Upper limit of normal® | Interpretation
Ini Global Disturbance Score?® 9.07 -3.8-58 0.03 Extensive
s:j(;lrrgs Acute Kidney Injury (AKI) Score* 0.88 06-16 0.69 Moderate
Atrophy-Fibrosis Score® 0.16 00-1.0 0.39 Minimal
Reiecti Rejection Score® 0.06 0.0-10 0.30 Normal
g‘:ocr;:" T Cell-Mediated Rejection (TCMR) Score’:€ 0.09 0.0-1.0 0.10 Normal
Antibody-Mediated Rejection (ABMR) Score® © 0.07 00-1.0 0.20 Normal
R1 Non-rejecting 0.14 All ABMR (Sum of R4, R5, and R6) 0.59
Rejection phenotype®® | Ry TcMR 0.27 | R4 Early-Stage ABMR (EABMR) 0.19
(six scores, R1-R6, - —
adding up to 1.0) R3 Ml;éfi Rejection 0.00 R5 Fully-Developed ABMR (FABMR) 0.00
R6 Late-Stage ABMR (LABMR) 0.40
e} O 0 —
Current Biopsy vs Reference Set: PC2 vs PC1 n: Current Biopsy vs Reference Set: PC2 vs PC3
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Moznosti predikce osudu stepu




Potencialni eseje pro
pred/potransplantacni monitorovani

Intragraft Peripheral blood Urine
Serum Leukocytes
Assays Analysis
Histology ELISA Elispot Flow Cytometry ELISA
Transcriptomics Antibodies Cytokine release Transcriptomics Transcriptomics
Proteomics Proteomics Trans-vivo DTH Proteomics Proteomics
Epigentics Epigenitcs
TCR profile IKE
BCR profile M

Sawitzki B. 2012



Lidsky HLA systém je kédovan
na 6 chromozomu

Chromosome 6
HLA Gene Complex
6p21.1 6p21.3
Class II Region Class III Region Class I Region
| l
DP DQ DR C4 C2 TNF B C A

K




Dédicnost HLA haplotypu

A B G P

Al || A2 A9 || A3

B8 B7 {) B5 B12

CW1 || cw2 cws || cw4

DW6 || DW5 DW1 || DW2

DR2 || DR3 DR7 || DR4

' | O | O

A C A D B C B D A D
A1 A9 Al || A3 A2 || A9 A2 (A3 | | A1 |[ A3
B8 || B5 B8 || B12| | B7 || BS 87 || B12| | B8 || BI2

CW1||Cws| |Cwi | [CW4| |cwz||cws| |cwz|{Cw4| |cwi||cwa
DW6 || DW1| |DW6 | |DW2| |Dws||Dwi| |Dws|[Dw2| |Dws||Dw2
DR2 || DR7 | | DR2 |[DR4| |DR3 || DR7| |DR3||DR4| | DR2 || DR4




Vice je lépe...

HLA-A+B+DR Mismatches
Deceased Donor, First Kidney Transplants 1990-2013

100 -
80 -
) 0OMM n= 9,049
9 1 MM n=10,838
T ] 2 MM n=25,558
g 3MM n=34,738
= 4 MM n=26,736
- 20-Year Half-Life 6 MM n= 3,745
pot Estimate (Years) 5MM n=12,757
o OMM  44% 18.0
O 20{ MMM 41 % 16.9
2MM  40% 16.4
3MM  37% 15.3
4MM  37% 15.4
5MM  33% 13.4
6MM  33% 14.2
10 T T T T T T T T T T T T T T T
0 2 4 6 8 1012 14 16 18 20
Post-transplant time (years)
CT'S' colaborative Transplant Study K-21103-0215
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Complement dependent cytotoxicity test
(cross-match)

* Since 1970s prospective lymphocyte cross-match is a routine in kidney
transplantation for prevention of DSA damage




Panel reactive antibodies (PRA)

Complement

|
\_/

Recipient
serum

Positive crossmatch

4
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ABGCDETF

Negative crossmatch

eSerum screening for preformed
antibodies using a panel of typing cells

eTechniques identical to cross match
eExpressed as a percentage of cells with
which the patient’s serum reacts (0% to
100%)

eSensitization (or increased panel reactive

antibody) occurs as a consequence of
prior pregnancy, blood transfusion, or

transplant
K
M




Konstrukce panelu HLA antigenu

Specif Number Sped Number Specif Number Spedf Number
icity in panel ficity in panel icity in panel ity in panel
Lymphocyte 1 Lymphocyte 2 Lymphocyte 3 Lymphocyte 4 A1 4 AS0 » BS1 > B7S 2
A3 O “*z“ : , A2 5 B7 2 BS2 1 B7S 1
O O BS50 B35 " A3 5 BS 2 B33 1 BS1 2
z OOO ;:: : A1l 5 B13 2 B34 1 Bw4d 135
DR16 e ;s [ A23 3 B1S 2 BSS 2 Bwé 26
A2d 4 B27 2 BS6 1 Cwl €
A25 2 B35 2 BS7 2 Cw2 &
A26 2 B37 2 B3S 2 Cw4d 4
A29 2 B3S 1 B39 1 Cw5 1
O A30 3 B39 1 B&O 2 Cwé 7
o A3 2 B4l 2 B&1 2 Cw7 9
A32 3 B42 1 B&2 2 Cws 5
patientserum '\ A33 3 B4t 2 B&3 1 Cw?d 2
Ad 2 B4S 1 Bod 1 Cwl0 4
A6 2 B4S 1 B&S 1 Cwil2 1
A66 3 B47 2 B&7 1 Cwilsd 2
A6S 2 B4S 2 B71 1 Cwils 3
A69 1 B49 1 B72 2 Cwilé 2
ATH 2 BS0 1 B73 1 Cwil? 3
PRA Iscrecning Lot 017-One Lambda Cwis 3

LAl



Techniques for detection of HLA
antibodies

solid surface

antibodies against

Unclear significant
result

Technology Testing Advantages | Limitations | Sensitivity | Specificity
Donor Subjective
Complement-  |jymph
ymphocytes are . .
dependent incubated with Highly predictive |Cannot detect
. . for hyperacute noncomplement + +++
cytotoxic candidate serum L indi |
and complement rejection binding or low-
crossmatch level antibodies
added
Donor T and B Semiquantitative. - o
. Increased Higher sensitivity
Flow cytometric |lymphocytes are s
tch exoosed to sensitivity to low- |[may lead to false- ++ ++
crossmatc P . level antibody positive results
candidate serum
Lack of
. ... |standardization
Solid-phase Purified HLA CaQ detect specific Significant
molecules antigens a )
assays: bead . . . interlaboratory +4++ +
immobilized onto [candidate has L
based variability.

Keith, Vranic. Clin J Am Soc Nephrol. 2016 Apr 7; 11(4): 684—693




Princip metody FCXM
(flow cytometric crossmatch)

Anti hurman IgG-FITC 3 Anti human IgG-FITC
Anti human CD3-Per(P
Aati HLA-DRN Anti HLA-A24
HLA-DRTY HLA-A24
Anti buman (D19-PE
019

B Cell T Cell




Crossmatch testing in organ transplantation: CDC crossmatch

and flow-cytometry crossmatch

A

Recipient || Donor
Serum \ Lymphocytes Complement
AN

May contain
donor-specific
HLA antibodies

N

B C
oo LA
B | @gn

Donor-specific

No donor-specific

. . HLA antibodies
inl-:le-g:i‘;?\lt):::'i;' in recipient serum:
No antibody binds Antibody binds

Complement activated

Negative
Crossmatch
(no cell lysis)

Positive
Crossmatch
(>20% of cells lysed)

Nephrology
Volume 16, Issue 2, pages 125-133, 27 JAN 2011 DOI: 10.1111/j.1440-1797.2010.01414.x
http://onlinelibrary.wiley.com/doi/10.1111/j.1440-1797.2010.01414.x/full#f1

A Recipient

Donor Fluorescein-

Serum Lymphocytes labelled

May contain
donor-specific
HLA antibodies

N

L g
+%8+—‘\)I{/‘

antibodies
against
human IgG

B

o
vo

No donor-specific
HLA antibodies
in recipient serum:
No antibody binds

Cc

Donor-specific
HLA antibodies

in recipient serum:
Antibody binds

o
Ua

Negative Crossmatch:
No binding of
fluorescein-labelled
antibody

Positive Crossmatch:
Binding of

fluorescein-labelled
antibody



http://onlinelibrary.wiley.com/doi/10.1111/nep.2011.16.issue-2/issuetoc
http://onlinelibrary.wiley.com/doi/10.1111/j.1440-1797.2010.01414.x/full

Detectlon
annbody

Princip metody Luminex
HLA antibody

HLA _‘,
doclart
B

ﬁinex ®
-1 Pooled Antigen
;\Bead




Laser
aateckon
-
e o 7
Pakerd )/
serum >
Luminex PE conpugared —— "_
Lents ansbody - -
| o 2 |
" Sk o ]
HLA antibody

!

A
oy .

Data
PrOCESSINg

Reachion

Polispeahc HLA Anbbodes Class | Imerpietalion

- P o -V - B B R- R H B 3B

A (=3 ¥ t3 =

~ =+ B 2 8 x2=288 S % e ER

" O £ o xe 2 2 g8 d803m80 0800588 =

“ ST R B ¥R INMTOLURS T S8s D

Single antigens Class B interpretation

sazt RO IR AR,

“_a

anty

o 'RRRERR

Tean

P2

ey

"m

2o UUUUDUOUOODD SO0 me
L. 2 2B A I ] LA A R A A A AR A R AL LA R R

DR L -:‘:..;;..: e I &' 3.




Luminex single antigen beads

HighRisk: ~Moderate Low Risk:  Very Weak:
>8500 Risk:2000-8499 1000-1999  500-999
Find Ag I Sort Ag l Excl. Ag IIEl Cw [] giNA REG - OLI
= |||||||II|J Lﬂﬂ”ﬂ”ﬂ”w ﬂﬂl]& ﬂﬂm ! @1] B000oeecn e




Sensitivita testu k detekci HLA protilatek

NIH-
Crossmatch

AHG-CDC

Cell-based
Flow
Cytometry

Microbeads
Luminex®
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Mnoho CDC negativnich nemocnych
ma DSA pred transplantaci

Lefaucheur C. et al. ] Am Soc Nephrol. 2010 ;21:1398-406.



Pritomnost DSA pred transplantaci
koreluje s vysledky

A e ANl HLA - DSA- B ==+ DSA -
weees AN HLA+ DSA- ~—— DSA class |
~w ANl HLA+ DSA+ - = DSA class Il
100 <3
£ ™ 3
§ W g
= =]
g 704 Irs
£ o § 0.0002
- p=0.
© 50 p<0.001 50+
w L) Ll L\ L} L) L} L L) 40 |  § | | | | A 4 | |
0 12 24 3 48 60 T2 B4 96 0 12 24 36 43 60 72 84 96
Time post transplant {months)
Number at risk Time (months)

Amtl HLA.-DSA- 284 259 246 19 133 91 64 43 29
Anti HLA*DSA- 35 34 33 25 16 10 W 7T 6
Arti HLA=DSA+ B3 73 67 & 37 30 23 1B 1

n IKE
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Lefaucheur C. et al. ] Am Soc Nephrol. 2010 ;21:1398-406.



Baseline Donor-Specific Antibody Levels and

Outcomes in Positive Crossmatch Kidney
Transplantation

J. M. Gloor®#, J. L. Winters®, L. D. Cornell®,
L. A. Fix¢, S. R. DeGoey®, R. M. Knauer®,

F G. Cosio®, M. J. Gandhi®?, W. Kremers¢
and M. D. Stegall®

H I‘{‘—' No DSA identified
i
084 | T e
! T MFI <5,000 and >0
]11 S MFI >5,000 and <10,000
® 064 !
N )
x R Lo - MFI >10,000
< 0.4
0.2+
O— r T - T - T - T - T - -
0 90 180 270 360 450 540
Post Transplant Day

IKE
American Journal of Transplantation 2010; 10: 582-589 M




Kidney transplantation in the presence of donor specific antibody (DSA)

IKEM 2010
ATG Patient ID : 5961090762
9000 ,‘
I\
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HLA and MICA antibodies and kidney graft
survival

DECEASED DONOR

13t workshop
100
TS No HLA Antibody (806)|| L~-No HLAMICA (737)
L ns -
90 l." "t l|-I-II"""-L
!l_: _‘111
r . " MICA (69) 1
> |..P <0.0001 Mo Antibodies o
£ 80 L :
= -,
. P=0.02
2 HLA (158)% Overall (964)
g Antibody - h
= 70 1
[T v,
O — —
o 4yr death, 1. 4yr death
o censored censored
60 survival survival
No HLA 90.4 No HLA/MICA 91.4
antibody ) antibody )
P =0.005
HLA 15 MICA \ 81.0
50 | antibody ' antibody )
] I I | T | | I I
0 1 2 3 4 0 1 2 3 4

Years after Testing n II§+/F
Terasaki Pl et al. Am J Transplant 2007;7:408-415.




Kidney allograft survival according to

47

DSA and Clq status

A Kidney-Allograft Survival According to DSA Status

1.0+ DSA—
_ 0.8
[
§ DSA+
@
e 0.6-
V)
s
& 0.44
3
[
S
a 0.2- P<0.001 by log-rank test
00 1 I I 1 1 1 I
0 1 2 3 4 5 6 7
Years after Transplantation
No. at Risk
DSA- 700 6938 667 612 504 338 164 38
DSA+ 316 312 295 229 176 100 56 19

Loupy et al. N Engl J Med 2013;369:1215-1226

Probability of Graft Survival

No. at Risk
DSA-

DSA+, Clg-
DSA+, Clg+

1.0+

0.8

0.6

0.4

0.2

0.0

B Kidney-Allograft Survival According to DSA and Clq Status

DSA-

DSA+, Clg-

DSA+, Clg+

P<0.001 by log-rank test

700
239
77

698
237
75

| I I |

2 3 - 5

o -
-~

Years after Transplantation

667 612 504 338 164 38
227 181 139 80 44 14
68 43 37 20 12 5
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Clqg+ pretransplant does not mean
risk if postransplant status is negative

48

C Risk of Kidney-Allograft Loss According to C1q Status
No.of No. of

Patients Events

Clg- atday 0; C1g- 917
after transplan-
tation

Clg+ atday0; Clg- 22
after transplan-
tation

Clg+ at day 0; Clg+ 23
after transplan-
tation

Clg- atday0; Clg+ 54
after transplan-
tation

Loupy et al. N Engl J Med 2013;369:1215-1226

Hazard Ratio (95% Cl) PValue

52 ||

|

:
;|- 0.10
7 = <0.001
26 | = <0.001

T T T T T T T T T 1

0 2 4 6 8 10 12 14 16 18 20
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Koncept virtualniho crossmatch

Single HLA-antigen flow bead analysis

Beads coated with
HLA-A2 molecules

}.0\ anti-HLA-A2
v N antibody
z:_( bead r®fos.
M b
!
anti-human
lgG-antibody

Beads coated with
HLA-DR4 molecules

8
::j\/bead\;“

|
,//

Virtual crossmatch

HLA antibody specificities HLA-typing HLA-DSA?
of the recipient of the donor BB [ :
A2 A1,2 B7,44 DR4,7 DQ2,8 YES: A2

Compare with

ES

SWISS MED WKLY 2008;138(33-34):472-476

n IKE
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Virtualni crossmatch a alokace ledviny

Donor HLA-typing
A1,24 B35,49 DR4,7 DQ2, 8
1%t priority 2nd priority
Patient 1 FPatient 2 Patient 3

anti-HLA antibodies: anti-HLA antibodies: anti-HLA antibodies:
A2, 3, 11 A2, 3, 11,23, 24, 25 A23, 24
B7, 51, 52 B7, 27, 44, 51, 52, 62
DR12, 13, 14, 15, 16 DR4, 11, 12, 13, 14, 15, 16
DQ5, 6, 7 DQS5, 6,7
virtual crossmatch: virtual crossmatch: virtual crossmatch:
negative positive positive

SWISS5 MED WELY 2008;138(33-34):472-476
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Vyuziti detekce anti HLA protilatek pred a po
transplantaci ledviny

Solid Phase Assay J

Pre-transplantation
antibody detection

Screening

|

Identification

/ \

Single antigen
assignment

PRAassay
{az ELISA, CDC
ar Luminex PRA]

Unacceptable antigen
assignmentfororgan allocation

Immunology Letters 162 (2014) 181-187

Post-transplantation
antibody detection

Donor Specific
Antibody detection

l

Supportfor Antibody
Mediate Rejection
diagnosis

n IKE
M




HLAI transplantation at IKEM: induction strategy

according to DSA levels

DSA < 5 000 MFI:
PE/PP/rATG/IVIG
DSA < 10 000 MFI, 2nd, 3rd TX, history of AMR:

Induction with RTX, PE/PP/rATG/IVIG

1153 consecutive isolated
kidney transplantations
Jan 2013-Apr 2018

Exclusion criteria:
no anti-HLA DSA

Y

anti-HLA DSA MFI < 1000

y anti-DQ or anti-DP DSA presence
HLA incompatible
kidney
transplantations
n=113
Excluded:
»| Basiliximab
induction
,' n=2
HLAI KTx
n=111

v

Ill

Li

ATG/ATG+IVIg
Induction
(Dual Induction)
n=19

PE/PP+ATG+IVIg
Induction
(Triple Induction)
n=77

PE/PP+ATG+IVIg+RTX
Induction
(Quadruple Induction)
n=15

]
Osickova K. and Viklicky O., 2019, submitted



Patients at increased immunological risk experienced

more ABMR at M b

jopsies

3-month protocol biopsy findings
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Pretransplant FCXM better than DSA in rejection
prediction

ABMR Free Interval

== Dual Induction
204 -+ Triple Induction
+*+  Quadruple Induction

Rejection Free Survival (%)

Log-rank p = 0.0016
1

0 100 200 300 400
Time Since Transplantation (Days)

No. at Risk

Dual Induction 19 17 17 15 14
Triple Induction 77 58 56 51 48
Quadruple Induction 15 7 6 5 4

ABMR Free Interval

(o]
o
1

-
o
o
1

o J—

]

60+

404 ""T"Tv---
—— FCXM neg
209 -+. FCXM pos
Log-rank p < 0.0001

Rejection Free Survival (%)

0 ] I I 1
0 100 200 300 400
Time Since Transplantation (Days)
No. at Risk
FCXM neg 75 67 67 67 66
FCXM pos 36 15 13 13 12

Osickova K. and Viklicky O., 2019, submitted



Mismatched HLA antigens without foreign
epitopes for recipient do not induce antibodies
similarly to fully matched grafts

 HLAMatchmaker is a useful tool

~inthe analysis of serum antibody
reactivity of sensitized patients
; and the identification of
potential donors with acceptable
epitope mismatches
—" rcesoon  Mismatch program to identify

donors for highly sensitized

patients in Eurotransplant
and a similar program (Eurostam)
is now being investigated for
implementation in the European
Union

R. Duquesnoy et al. 2014 M

F. Claas et al. 2014

Functional Epitope on Antigen | Functional Paratope on Antibody Epitope-Paratope Interface

HEL D1.3 Ep HyHEL-D1.3 CDR
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Donor-Recipient Matching Based on Predicted
Indirectly Recognizable HLA Epitopes Independently
Predicts the Incidence of De Novo Donor-Specific HLA
Antibodies Following Renal Transplantation

A
501 Log rank p=0.001
S
a = ptatchmaker <5
a0
a == Matchmaker 5-18
) == hatchmaker 18-36
2 3 = pgarchmaker 36+ f’/
W
| -
—"
~
E ~
&
T T I 1 | I
0 2 4 L] 3 0
Years post-fransplant
Number at rish
Years post-transplant L] 2 4 ] 8
Matchmaker <5 323 B0 236 193 145
Matchmaker5-18 476 357 126 263 201
Matchmaker 12-36 118G 817 483 310 3EE
Matchmaker 36+ g53 644 495 371 165
€ L k p<0.001
_ 50 og rank pel.
£
& ap— =PIRCHE-| <8
Du == PIRCHE-I| 9-35
E 304 == PIRCHE-Il 35-90 .
== PIRCHE-Il 90+ e
3 -
£ 20 P_‘,-"j
z
g 10 /-':’:_‘_,,
z ,----‘"’-,—-
0
T T I T T T
1] 2 4 [ B 10
Years post-transplant
Humber at rish
Years post-transplant 0 2 4 & a
FIRCHE =9 285 25 M3 168 126
PIRCHE 935 448 3@ 311 248 1@
FIRCHE 35-90 1222 984 P53 578 451

FIRCHE 90+ E3q 630 493 46 240

il
101
150
343
162

1
&7
131
0
143

B
— 1004 Log rank p=0.004
£
|
2 90
=
g 1
] L
€ 80 {\‘\“\—.
= —
B 707 = Matchmaker <5
& == Matchmaker 5-18
§ 60- == Matchmaker 18-36
= = Matchmaker 36+
§ o
T T T T T T
o 2 4 & 8 10
Years post-transplant
Murmber at risk
Years post-trarsplant i 2 a [ ] 10
Makchmaker <5 3213 2B 22 179 136 %0
Makchimaker 5-1% 476 391 320 255 190 138
Makchmakar 18-35 1136 936 T3 524 389 250
Matchmaker 36+ B52 672 523 388 278 16B
L]
o Log rank p=0.021
= 100
£
a
2 90+
£
@
£ B0
[
=
‘§ 70- ==PIRCHE-Il =4
g == PIRCHE-Il 9-35
S | == PIRCHE-I 35-30
o &0 .
= == FIRCHE-II| 20+
£ s0-
T T I T I |
i} 2 4 & a8 10
Years post-transplant
humber at risk
Wears post-transpiant i 2 4 5 8 10
PIRCHE <8 285 234 180 155 116 77
PIRCHE 9-35 446 370 301 238 179 123
PIRCHE 25-50 1122 100l TET 550 450 235
PIRCHE S0+ az4 B32 430 ELE] k1] 147




Prutokova cytometrie a periferni
transkripty k monitoraci po transplantaci

RQ of CD247 mRNA

CD247

:| *k*

RQ of FOXP3 mRNA
_° -
(IH o
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©
d
o

Krystlfkova a Viklicky. Nephrol Dial Transplant. 2012 Jun;27(6):2576-82.
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B-Cell-Related Biomarkers of Tolerance are
Up-Regulated in Rejection-Free Kidney
Transplant Recipients

N=69, TAC/MMF/St * Induction

B
- cD45'CcD19*CD3 .- TCL1A

0~ Rejechon-free

<« BL
_ 4004 4+ Acule rejection
-
< s
o &
< 3004
a <
L =
2 2
8™ %
w
3 €
o 1004

Viklicky O., et al. Transplantation 2013: 95:148-154.



17-gene set—the Kidney Solid
Organ Response Test (kSORT)

OPEN G ACCESS Freely available online ‘@-PLOS | meorcine

The kSORT Assay to Detect Renal Transplant Patients at
High Risk for Acute Rejection: Results of the Multicenter
AART Study

Silke Roedder'®, Tara Sigdel'®, Nathan Salomonis®®, Sue Hsieh', Hong Dai***, Oriol Bestard®,
Diana Metes®, Andrea Zeevi®, Albin Gritsch®, Jennifer Cheeseman’, Camila Macedo®, Ram Peddy?,
y il

Mara Medeiros®, Flavio Vincenti', Nancy Asher’, Oscar Salvatierra’
Elaine Reed®, Minnie M. Sarwal'*

%, Ron Shapiro®, Allan Kirk”™®,

3B *¥¥%p=2.74e31 3C

10  semesmeca-----a
'

~
[
i

" AR (n=23)

" No-AR (n=101)

B Adults (n=59)

® Pediatrics (n=65)
--- @ Threshold for AR

AUC=0.9479
[95%Cl 0.8783 to 1.0]

Sensitivity%

Mean Predicted
Probability AR [%]

0 25 50 75 100

100%-Specificity%

PLoS Med 11(11): e1001759. doi:10.1371/journal.pmed.1001759




/-gene peripheral signature predicts TCMR
In kidney transplantation (KALIBRE study

Patients recruited in KALIBRE cohort (n=455
recruited between Dec 2009 and Nov 2014: GSTT (n=247), K&C (n=126), KCH (n=82)

T
Withdrew from study (n=47)
2

Patients considered for KALIBRE study (n=408)
Rejectors (n=83): TCMR n=59; ABMR n=9; Mixed n=15; Stable (n=62); BKVN (n=10); Non-rejectors (n=253)
GSTT (n=217), K&C (n=117), KCH (n=74)
T

Excluded Rejectors (n=17):
graft failure and dialysis likely (n=3): TCMR (n=3); no near-biopsy samples (n=7): TCMR (n=6), Mixed (n=1)
no pre-biopsy sample (n=5): ABMR (n=4), TCMR Rituximab (n=1); unknown induction status (n=1): TCMR;
high risk patient (n=1): TCMR
¥

Patients included in KALIBRE study (n=248)
Rejectors (n=66): TCMR (n=47), ABMR (n=5), Mixed (n=14); Stable (n=44); BKVN (n=10); Non-rejectors (n=128)
GSTT (n=142), K&C (n=70), KCH (n=36)

Contents lists available at ScienceDirect
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- or median =

S — E— T
Excluded TCMR (n=20)
Rituximab induction (n=6)
developed BKVN (n=1)
pre-biopsy sample > 10 days (n=5)
no pre-biopsy sample (n=8)

i 2

Pre non-rejection biopsy (n=89) Excluded Rejectors (n=15)

Cat 1 normal (n=8, s=8) ABMR: (n=5)

Cat 3 borderline changes (n=33, s=33) TCMR: Rituximab induction (n=6) induction; prior

Cat 5 interstitial fibrosis and Mixed: Rituximab induction (n=1) rejection; some genes
tubular atrophy (n=10, s=10) Mixed: Alemtuzumab induct (n=1) missing in all samples

Cat 6 other (n=38, s=38) Mixed: no near-biopsy sample(n=2)

Excluded Mixed Rejectors (n=5)
Rituximab induction (n=1)
Alemtuzumab induction (n=1)
no pre-biopsy sample (n=3)

Excluded BKVN (n=3)
Alemtuzumab

Development of a multivariable gene-expression signature targeting
T-cell-mediated rejection in peripheral blood of kidney transplant

Rejectors vs Stable

Rejectors vs Stable Rerectors e (1, 529) B o oo 27} LI recipients validated in cross-sectional and longitudinal samples
e ors: ed (n=9, s= -reji — " " ecificit
Rejectors: TCMR (n=27, 5=27) Sujble' T ":’T ?’e':‘"_ss(s" »7300)3 » Excluded Stable (n=27) o sig":(:,e, . abel . a e d
StableHlDevelopmient : s (mecion)| [ asiliximal (r_!— v (me: |?‘n)) Stable: Development (n=27,5=335) (| gyyn: pevelopment Sofia Christakoudi , Manohursingh Runglall “!, Paula Mobillo ?, Tjir-Li Tsui *“<, Claire Duff*<,
(n=27, s=335 (median)) - ‘“‘1(:_ 59'9:45 ! . t. (n=7, 5=51) Clara Domingo-Vila 2, Yogesh Kamra *¢, Florence Delaney ¢, Rosa Montero ef Anastasia Spiridou %,
; o ~h L vs

Theodoros Kassimatis ? Sui Phin-Kon &, Beatriz Tucker & Christopher Farmer ", Terry B. Strom *,
Graham M. Lord %, Irene Rebollo-Mesa ***, Daniel Stahl ®, Steven Sacks?,

T (TCMR signature B
Excluded BKVN (n=3) Rejectors (n=10) pre/post rejection) Non-rejectors (n=70)

"l ABMR (n=3, s=3)

‘Alemtuzumab induction; Rituximab: TCMR (n=6, 5=6) (n=51): (specificity of TCMR & Maria P. Hernandez-Fuentes *4%™34 paramit Chowdhury & 34
suspected prior rejection; ABMR (n=1, s=1) BKVN (n=7+2) TCMR (n=27+14, s=279) BKVN signatures)
some genes missing in all samples Mixed (n=1, s=1) ‘_*{ for TCMR (n=9, 5=9), for BKVN (n=2, s=2) Mixed (n=9+1, s=81) Basiliximab
t Stable + Non-rejectors (n=52): (n=35, s=303)
[ BKVN (n=7,57) | Mixed (n=1, s=1) Pre-transplantation (n=38) Stable: Validati ituxi
ABMR (n=1,5=1) | || Rejectors: TCMR (n=16, s=16); (n=17, 5=85) (n=18, 5=0)
BKVN Alemtuzumab Mixed (n=2, s=2) Non-rejectors: Basilixi
for both signatures (n=1, s=1) Stable: D (n=20, s=20) (n=35, s=303) (n=9, s=45)
Gene-expression signatures.
Event Genes Data AUC Sens Spec
TCMR All genes Training data 0.96 (0.92-1.00) 0-85 0-89
Cross-validation 0.80 (0.75-0.83) 0.67 (0.59-0.70) 0.81 (0.71-0.88)
TCMR IFNG, IP-10, ITGA4, MARCHS, RORc, Training data 0.95 (0.91-1.00) 0.85 0.93

BKVN

BKVN

SEMA7A, WDR40A
All genes

IL-15, IL1R2, MARCHS, PD(D1,
TGFB, WDR40A

Cross-validation
Training data
Cross-validation
Training data
Cross-validation

0.84 (0.77-0.88)
0.93 (0.85-1.00)
0.68 (0.64-0.73)
0.95 (0.90-1.00)
0.73 (0.66-0.80)

0.67 (0.59-0.74)
0.71

0 (0-0.25)

0.71

0.43 (0-29-0.57)

0.85 (0.75-0.89)
0.93
0.91 (0.85-0.94)
091
0.89 (0.83-091)

S. Christakoudi et al / EBioMedicine xxx (2019 ) xxx



Donor derived cell-free DNA (dd-cf DNA)

Acute Cellular

/ @ \ Rejection

1. Collect cell-free
DNA from
plasma

Healthy

2. Perform shotgun

T sequencing; identify %

3 reads with Donor and

) Recipient SNP calls ¢

T to calculate T
% Donor DNA

3. Monitor Donor DNA

level over time
to detect onset of .
: rejection

nnﬁz
Thomas M. Snyder et al. PNAS 2011;108:15:6229-6234




Cell-Free DNA as a marker of active

rejection?

DART prospective study
n=102
107 biopsies

Cell-Free DNA and Active Rejection in Kidney Allografts

Roy D. Bloom,* Jonathan . Bromberg, Emilio . Poggio," Suphamai Bunnapradist,
Anthony J. Langone.! Puneet Sood,” Arthur J. Matas,** Shikha Mehta,

Roslyn B. Mannon, " Asif Sharfuddin, S Bernard Fischbach,! Mohanram Narayanan, ™
Stanley C. Jordan,5*** David Cohen,!" Matthew R. Weir,** David Hiler, %55

Preethi Prasad, ! Robert N. Woodward, 1™ Marica Grskovic, ™™ John J. Sninsky, "

James P. Yee,l and Daniel C. Brennan **** for the Circulating Donor-Derived Cell-Free DNA in
Blood for Diagnosing Active Rejection in Kidney Transplant Recipients (DART) Study Investigators

High Creatinine (p = 0.43)]
Proteinuria (p = 0.08)-|

| Clinical Reason for Biopsy | DSA (p=0.57)
DGF (p = 1.00)
BKV (p = 0.46)-|

Borderline (p = 0.42)
Type 1A (p = 0.37)
Type IB (p = 0.01)

Type IIA (p =1.00)]

| T-cell Mediated Rejection |

All ABMR (p <0.001)

Linear c4d staining in ptc (p <0.001) -|
Moderate Microvascular Inflam (p < 0.001)-|
ENDATSs (p = 1.00)

DSA (p <0.001)

Acute/active ABMR (p = 0.005)-|

Any Microvascular Inflam (p < 0.001)-
Intimal or Transmural Arteritis (p = 0.17) |
Acute TMA (p=0.26) |
Acute Tubular Necrosis (p = 0.22)

Chronic, active ABMR (p < 0.001) -|
Transplant Glomerulopathy (p = 0.03) -|
Severe ptc BM Multilayering (p = 0.05) -|

New Onset Arterial Intimal Fibrosis (p = 1.00)-|

TF/TA Grade I (p = 0.08) ]

Chronic Injury IF/TA Grade II (p = 0.35) |

IF/TA Grade III (p = 1.00) |

BK Virus (p=0.11)-

Other Diagnosis | Glomerulonephritis (p = 0.65)-

CNI Toxicity (p = 1.00)

H\HH\HH\HH\HHHH\HH\HH\HHHHHH\H\HHHHH\HH\HH\\\ib\\\\\\HHHH\HH\HHHH\

°©

J Am Soc Nephrol 28: 2221-2232, 2017

Samples, sorted by dd-cfDNA levels (percentage), increasing from left to right



dd-cfDNA discriminates active rejection better than renal
function

A - B »
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Discrimination of active rejection by dd-cfDNA versus eGFR

A. dd-cfDNA B. eGFR
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dd-cfDNA levels are higher in ABMR

dd-cfDNA discriminates ABMR but not TCMR
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ELISPOT: metoda k overeni pritomnosti
pamétovych lymfocytl
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Darcovska aloreaktivita koreluje se
subklinickou rejekci

Table 3| The presence of 6-month d-s T-cell alloreactivity is
associated with acute cellular subclinical rejection (TCSCR) in
6-month protocol biopsies

6-Month d-s IFN-y Elispot

TCSCR NEG POS P<0.001
No 32 (91.4%) 3 (27.3%)
Yes 3 (8.6%) 8 (72.7%)

Total 35 (100%) 11 (100%) 46

Kidney International (2013) 84, 1226-1236;



IFNy ELISPOT vysetreni bez SOP

Previous ELISPOT data suffers from not standardized methodology: impossible to compare
results from different centers
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ORIGINAL ARTICLE

Urinary-Cell mRNA Profile and Acute
Cellular Rejection in Kidney Allografts
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Vysetreni transkriptu z moce predikuje
rejekci

Prospective study of 430 patients monitored, 4000 urinary samples, validation cohort
D Both Groups, 40 Days before Biopsy

M Acute cellular rejection [ No rejection

Diagnostic Signature

Molecular signature of CD3e mRNA, IP-10 mRNA

and 18S rRNA levels in urinary cells

| |
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Imunologické metody pouzitelné
po transplantaci

_LUMINEX (anti HLA, DSA)

FACS (subpopulace T a B bunék, FCXM)

RT-PCR (MRNASs exprese — transkripty, dd-cfDNA)
Microarray (MMDx — molekularni patologie)
ELISA (IP-10, KIM.. nemaji prediktivni roli)
IFN-gamma ELISPOT (zfejme slepa cesta)

n IKE
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Moznosti predikce imunologické

odpovéedi po transplantaci

Vyskyt akutni rejekce se v posledni dobé pohybuje do 12%,
v poloviné pripadu jde o humoralni rejekci

Hlavnim dlivodem ztraty stépu v dlouhodobém sledovani je
chronicka humoralni rejekce

Predtransplantacni predikce humoralni odpovedi je stale
zalozena na ,starych” testech PRA, CDC, FACS CM ale
rovnéz na virtualnim crossmatch (anti HLA skrining v dobé
zarazeni do Cekaci listiny). Definice neakceptovatelnych
antigenul respektive neakceptovatelné sily protilatek
zustava nejasné definovana, zda se, Ze budoucnost ma
definice akceptovatelnych epitopu!

Z novych testl ma nejvétsi Sanci na klinické uplatnéni test
prokazujici pritomnost dd cf DNA — zatim jen k monitoraci

humoralni odpovéed
n M
M




