Univerzita Karlova v Praze

1. lIékarska fakulta

Studijni program: doktorsky

Studijni obor: Fyziologie a patofyziologie ¢lovéka

MUDr. Janka Slatinska

Protilatkami zprostredkované rejekce po transplantaci ledviny

Antibody-mediated rejection after kidney transplantation

Disertacni prace

Skolitel: Prof. MUDr. Ondfej Viklicky, CSc.
Praha, 2021



Prohlaseni:

Prohlasuji, Ze jsem zdvére€nou prdci zpracovala samostatné a Ze jsem radné uvedla a
citovala vSechny pouZité prameny a literaturu. Soucasné prohlasuji, Ze prace nebyla
vyuZzita k ziskani jiného nebo stejného titulu.

Souhlasim strvalym uloZenim elektronické verze mé prace v databazi systému
meziuniverzitniho projektu Theses.cz za Uucfelem soustavné kontroly podobnosti
kvalifika¢nich praci.

V Praze, 17. 5. 2021

Janka Slatinska

Podpis



Obor: Fyziologie a patofyziologie ¢lovéka

Pfedseda oborové rady: Prof. MUDr. Otomar Kittnar, CSc., MBA

Skolici pracovisté: Klinika nefrologie, Institut klinické a experimentalni mediciny, Praha

Autor: MUDr. Janka Slatinska

Skolitel: Prof. MUDr. OndFej Viklicky, CSc.



Identifikacni zaznam:

SLATINSKA, Janka. Protildtkami zprostfedkovand rejekce po transplantaci ledviny
[Antibody- mediated rejection after kidney transplantation]. Praha, 2021. Pocet stran 148.
Disertacni prace. Univerzita Karlova v Praze, 1. |ékarska fakulta, Klinika nefrologie IKEM

2021. Prof. MUDr. Ondfrej Viklicky, CSc.



Podékovani

Nejprve bych rada podékovala za cenné rady, pomoc a podporu, vytvoreni pracovnich
podminek pro studium a umoznéni progresivniho vzdélavani svému skoliteli, profesoru
Ondfeji Viklickému.

Dale bych chtéla podékovat svym spolupracovnikiim, ktefi se podileli na
jednotlivych projektech. A to zejména Mgr. Petfe Hrubé, Ph.D. z Transplantacni
laboratore, kterd mi byla velmi ndpomocna pfi zvladnuti metodické stranky projekt( a pfi
analyze a interpretaci molekuldrnich dat. Rada bych podékovala MUDr. Jané Maluskové

za pomoc pfi interpretaci rendlnich biopsii.

Podékovani patfi vSem koleglim z Kliniky nefrologie TC IKEM za spolupraci,
zejména pak MUDr. Vladimirovi Hanzalovi a MUDr. Soné Frarnkové, Ph.D. za trpélivost a

podporu pfi védecké praci.

V neposledni fadé bych rdda podékovala viem pacientim, bez nichZ by tato prace

nevznikla.

Nejvétsi podékovani patfi celé mé rodiné za nezmérnou trpélivost, podporu a

povzbuzovani.






POUZITE ZKIatKy ..ouveeeiieiiee ettt ee e e st e e s st e e e s s bee e e esabeeeessnbaeesenabeeesennrens 9

FY o1y 1 T TSP P P PUTTOPRTRPPR 12
Lo UVO oot 13
2. Prehled problematiKy ... et e et e e e e e e e e enraeaaan 15
Patofyziologie vzniku protildtkami zprostfedkované rejekce......ccoccvvvciieeeccieeiccciee e, 15
FENOTYPY AMR ..ttt e ee ettt ettt et et et et e et et eee e et e e e s e s e nenenenenereneneneneren 16
AKOMOTACE ...ttt ettt et e s bt e sttt e st e e s bt e e sab e e sabeeesabeeeabeeeanteesabeeesareesanes 17
VZNiK HLA PrOtiIATEK. ....eeiieiiiee et et ae e e e e e e e raaa e e e sataeeeennnaeeean 18
Protilatky UplatAUJiCi S& V IEJEKCI ..vveeiieuiieeeeciiee ettt e e e 19
Histopatologicky obraz protilatkami zprostiedkované rejekce .......ccoocvvveeecieeiecciiee e, 20
(0] o] = VA | U A T =YLl T TP PRPR 20
Klasifikace akutni AMR (Sis B. €t al., 2010) ...eeeiieeicieeeiiieeciee e et e e sre e eee e e eree e sare e 20

(0] o] =Y Aol a1 g 1ol TR T[] ol RPN 21
Molekularni fenotypy humoralni reJEKCE ........ccecuiieeiiiieeeecee e 22
Prevence AMMR ... .. e e e 23
Lécba protildtkami zprostfedkované rejekee......uu i 24
PlAZMATEIEZY weeeieieee et e e st e e e et ae e e e e b teeeeebteeeeeraeeeenan 25

100U oo T 1o o1 o Yol T U USRI 25
INtraven zni IMUNOEIODUIINY ..eiii ittt e e e e e e e e e bte e e e e raeeaeeans 26
Monoklonalni protilatka anti-CD20 (FHTUXIMab)....cccuerecieeeree e e e e e 26

(G [0]00] o] 1 o1 o 1Y PSPPSR 27
BOITEZOMIID ettt sttt et e b ettt et be e b e naeas 27
ECUNIZUMAD 1ttt ettt et e b e s bt e st st et eebeenbeenneas 29

Y o] L= o] o Tn 11T RSP 30
C1iNhibitor KOMPIEMENTU weiiiieiiieeccee e ree e s e e e e abe e e e e sraee e earees 30
ChroniCKA AMR......oiiiiiieee ettt st sttt et e bt et s et st e san e e b e reesreesaeesaneenneens 31
ZAVEL ettt ettt b e h et ettt b e e bt e e a et et et e bt e bt e eh et ea et e bt et e e ebeeeheeeateebeebeenbeenbeas 33
ST Y] oo (<& ISP 34
R O LY Y- [o1 PRSP PU SR 35
ST 1=1 Koo |12 [PPSR PPOPPOPRRPRRPION 36
o] oYU F= Yol PRSP 36
BiOPSIE STEPU IEAVINY ...vviiiiitiee ettt e et e e e et e e e e e abe e e e e ab e e e e e areeeeeateeeeennrens 36
RNA extrakce a komplementarni syntéza DNA...........cuuiiiiiiiie e et e 36
Real-Time RT-PCR analyza s pouZzitim TagMan low-density array (TLDA) .......cccccccveeevveerreenne. 36



ANAlYza dat GENOVYCN EXPIESH ceccceviiee ettt ettt e et e e et e e e e et e e e e raeeeeeabeeeeenreeas 37

6. PUDIIkace SPjaté s PH.D. PraCi..uei e ceiiee e eriee ettt e e srtee e s stee e s see e s e sbe e e s s sbee e s sabeee s sabeeas 39
6.1. Plazmaferézy a intravendzni imunoglobuliny u akutni protilatkami zprostfedkované
rejekce po transplantaci ledviny: zkuSenosti jednoho centra........ccccceeeeecciiieeie e, 39

(6 A0 PRSP 39
=Kol 11 T PSP PO URTUPPPRIOPPPUPTRNt 39
LECDA AMR .ttt sttt ettt h e sh e st sttt b e s re e et et e e reenreennee e 40
L AN 2] LTo | Y2 40
D] U= SO P ORI PP UPPRTOPPPUPTRIN 41
4 V< PRI 42
6.2 U&innost a bezpe&nost |é¢by bortezomibem v 1é¢bé refrekterni akutni protilatkami-
zprostredkované rejekce — Pilotni StUdIE .......cccecvieiieiiiiieccee e e 49
(6 10 RSP PURP 49
V= o 115 TSRS 49
LV A LTo | <Y 50
D IS ettt ettt sttt ettt b e bt s h e st et e e bt e b e e e he e e at e et e e beenheesaeeeas 52
A 1V OO OO PUTUPRR PRSPPI 53
6.3 Solubilni CD30 a hepatocytarni rlistovy faktor jako prediktivni marker protilatkami
zprostredkované rejekce transplantované ledviny ..........cocceeiieieee e 58
UV OG- ettt ettt b e s bt s at e ettt e bt e bt e sa e e et e et e e bt e b e e sheeeat e et e e beenbeenaneeas 58
IVEEOTIKA ettt ettt ettt b e h e s a e sttt b e s he e eab e et e e beenbeenaee e 59
R YA LTo Y2 59
DS KU ettt e e sttt e s e s ae e e e e re e reenrne e 60
A 1V OO OO T OO PPRRURRPPTON 61

UNVOD. ettt ettt st sttt e b e b st st e b e b e e s ae e et e e re e reenane e 67

YT oo 1 OO P R R PR PR PRTPPRRPO 67

R YA LTo Y2 PRI 68

DS S ettt ettt ettt e b e bt e e a e e bt e bt e be e b e e sheeeabeeateenbeenbeenaeenas 69

A 1< OO O P TS UTRPRRUPRRUSRPPTON 71
6.5 Transkriptom u akomodace a subklinické protilatkami zprostfedkované rejekce po

EranSPlantaci [EAVINY c....viiiicee e e e e e e tre e e e e e e s e abe e e e e naaeas 80

U 1Yo o PSPPSR PPPTOUPRUPTN 80

<ol 11 PSPPSR PPROUPRURTN 80

L YA LTo Y2 82

DS KU ettt ettt s st et b e b e s e sae e e ar e e reenreenrne e 84

7 DISKUZE ettt ettt et e b e e e s be e b e e s r et e n et e e r e e s re e e s b e e sreeenneeesreeennnes 96



[T gToT o F= ) €e == 0 1= TIPS 96

D1 ={ o 7.2 1 PSR TSPR 97

D A e bttt ettt b bt b e e e b et e he e e a et et e e bt e eb e e she e eae e sare et e e be e beeanees 98
Interakce s vaskularnim endotelem.. .. o e 98
POSKOZENT TKANE ettt et ettt e s e e s e s s ene e e sbe e e sareesanes 98

N LoR = L =To] aT a1 PRSP 99
[=Tol o - I PO PRSP OPPTUPRRPPRRPPRRTOO 101
PrEVENCE ettt e ra e 103

B AV ettt et b bbb et ea ettt e Rt e bt e bt e sae e eat e et e b e e be e beenrees 105
1S B =T = AU PP PPN 107
RO =Y Ao T ol oV o112 [l PR 122
Publikace in extenso, které jsou podkladem disertace.........cccceecieeiicciieeeeciiee e, 122
Publikace in extenso bez vztahu k tématu disertace.........cooceereeiiininiiiieeeeeeeeeee 123
Kapitoly v MoNOGrafiiCh ........cooo i 126
ADSEIAKE ...ttt ettt et s bt e bte e s b et e s abeesbeeebae e s beeenareeas 127



Pouzité zkratky

ABOi, ABO inkompatibilni transplantace

ACR, akutni celuldrni rejekce

AMR, protilatkami zprostfedkovana rejekce (antibody-mediated rejection)
ATG-F, ATG-Fresenius

ATN, akutni tubulni nekréza

BAFF, B-cell activating factor

CAN, chronickd nefropatie Stépu (chronic allograft nephropathy)
CDC, komplement dependentni cross-match

cf-DNA, volné fragmenty cirkulujici DNA

CIT, doba studené ischémie (cold ischemia time)

CICr, clearance kreatininu

CL |, protilatky proti I. tfidé HLA

CL ll, protilatky proti Il. tfidé HLA

CMV, cytomegalovirus

CNI, kalcineurinovy inhibitor

Cr, kreatinin

DGF, opozdény rozvoj funkce Stépu (delayed graft function)
DSA, darcovsky specifické protidtky

ECD, darce s rozsifenymi kritérii (expanded criteria donor)
EDTA, kyselina ethylendiaminotetraoctova

ENDAT, endothelem-asociovany transkriptom

FXCM, flow-cytometry cross-match



eGFR, odhadnutd glomerularni filtrace (estimated glomerular filtration rate)
GO, gene ontology

HD, hemodialyza

HGF, hypatocyte growth factor

HLA, lidsky leukocytarni antigen

IA, imunoadsorpce

IFN, interferon

IVIG, intravendzni imunoglobulin

KDIGO, Kidney Disease: Improving Global Outcomes

MAC, membranovy atakujici komplex

MFI, mean fluorescence intensity

MHC, hlavni histokompatibilni komplex

MICA, protilatky proti non-HLA antigen(im

MMF, mykofenolat mofetil

MRNA, messenger RNA

NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells
PF, plazmaferéza

PTC, peritubularni kapilary

PRA, panel reaktivnich protilatek (panel-reactive antibodies)
RTq PCR, real-time kvantitativni polymerdzova retézova reakce
TG, transplantaéni glomerulopatie

TLDA, Tagman low-density array

TMA, trombotickd mikroangiopatie
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Abstrakt

Protilatkami zprostfedkovana rejekce (AMR) je v soucasnosti povaZovana za hlavni
pric¢inu dysfunkce a selhani funkce Stépu ledviny po transplantaci. Protilatky zpUsobuiji
cévni poskozeni, které je bud akutni nebo chronické, a mliZze se manifestovat jako nahla
nebo progresivni dysfunkce $tépu. Rizikovymi faktory pro vznik rejekce zprostfedkované
protildtkami jsou doba stravena na dialyze, opakovana transplantace, ptedchozi
sensitizace HLA antigeny, pfitomnost panel-reaktivnich protilatek. Diagnostika AMR je
mozna na zakladé prikazu depozice C4d slozky komplementu v peritubularnich
kapilarach (PTC) a pritomnosti darcovsky specifickych protilatek (DSA). Existuje také
poskozeni zplsobené protilatkami proti non-HLA antigendim, kdy nejsou DSA
detekovatelné. Pfinosem k upresnéni diagnostiky a stratifikace rizika je vyuziti
,molekularniho mikroskopu.” Vysoka exprese ENDAT (endothelial activation and injury
transcript) lépe predikuje riziko ztraty Stépu nez stanoveni C4d. Skérovaci systém AMR
na zakladé genové exprese koreluje s diagndzou AMR a predikuje ztratu Stépu

v budoucnosti.

Cilem prace bylo ovéfit ucinnost |écebnych postup(ll a rozpoznat nemocné v riziku AMR.
V nasi préaci jsme prokazali efekt 1é¢by akutni AMR pomoci kombinace plazmaferéz a IVIG.
U rezistentnich forem akutni AMR s pouZitim inovativné protokolu zahriiujicim aplikaci
bortezomibu, rituximabu a plazmaferéz jsme dosahli zlepseni stfednédobych vysledk
prezivani transplantovanych ledvin.

Dale jsme prokazali, Ze nemocni s nizkymi hodnotami HGF a vysSimi hodnotami sCD30
pfed transplantaci maji vysoké riziko rozvoje AMR. Solubilniho BAFF (B cell activating
factor) pfi soucasné probihajici protilatkové a bunécné rejekci, kde by mohl byt BAFF

pomocnym markerem probihajici AMR.
Klicova slova

Protilatkami zprostfedkovana rejekce (AMR), predikce, transkriptom, transplantovana

ledvina, markery, lécba
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Abstract

Antibody-mediated rejection (AMR) is the main cause of the kidney graft dysfunction and
its failure after transplantation. Antibodies lead to vascular damage that is either acute or
chronic and manifests as sudden or progressive graft dysfunction. Risk factors for
development of AMR are time spent on haemodialysis, retransplantation, previous
sensitisation against HLA antigens, and persistence of panel-reactive antibodies. Diagnosis
is based on detection of deposits of C4d component of complement in peritubular
capilaries and presence of donor-specific antibodies (DSA). We can also observe injury
caused by antibodies against non-HLA antigens without detection of anti-HLA DSA. Use of
,molecular microscope” can be beneficial in diagnosis and stratification of the risk of graft
failure. High expression of ENDAT (endothelial activation and injury transcript) improves
prediction of kidney graft failure more than C4d staining. Based on gene expression, the
AMR scoring system correlates with the diagnosis of AMR and predicts graft loss in the
future.

The main goal of our work was to recognize patients at risk of AMR. In our study, we
confirmed the efficacy and safety of acute AMR therapy with plasmaphereses and
administration of intravenous immunoglobulins for improving outcomes of kidney
transplantation. In case of acute resistant AMR, we used a protocol with administration
of bortezomib and rituximab, whereby we improved mid-term outcomes of kidney graft
survival.

In our study, we have shown that patients with low levels of HGF and higher levels of
sCD30 before transplantation have high risk of developing AMR. We further evaluated the
significance of soluble BAFF in concurrent antibody and cell-mediated rejection, where

BAFF could be a beneficial marker of ongoing AMR.

Key words: antibody-mediated rejection (AMR), prediction, transcript, kidney

transplantation, markers, treatment
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1. Uvod

Transplantace ledviny je metoda volby |éCby nezvratného selhani ledvin. Dlouhodobé
vysledky jsou ovlivnény rejekci, rekurenci zakladniho onemocnéni a Umrtim nemocnych.
V soucasnosti v Ceské republice trpi onemocnéni ledvin pFiblizné 6 300 nemocnych
(www.nefrol.cz), ktefi jsou |éceni dialyzou (dle Nefrologické rocenky z roku 2019).

V Transplantacnim centru IKEM je ro¢né provadéno vice nez 250 transplantaci ledvin a
pfiblizné 2 900 nemocnych, o které nefrologové IKEM pecuji, Zije s transplantovanou
ledvinou.

Rejekce transplantovaného orgdnu milZe byt zplsobena imunitni odpovédi
zprostfedkovanou burikami a/nebo protilatkami. Akutni protilatkami zprostfedkovana
rejekce nastupuje kratce po transplantaci, nej¢astéji kolem sedmého pooperacniho dne,
a ma razné podoby. O zavaznosti negativniho efektu aloprotilatek pojednavaly prace
Patela a Terasakiho jiz vroce 1969 (Patel R. et al., 1969). Dulezitym diagnostickym
kritériem bylo zavedeni detekce C4d, ktera vznikd v prlibéhu aktivace komplementu
klasickou cestou, ve tkani stépu ledviny. BEhem aktivace C4 dojde ke Stépeni této slozky
a postupné se vytvofi terminalni produkt (C4d), ktery se rychle vaZze na cilové struktury
kovalentnim typem vazby. Protoze kovalentni vazba je relativné dlouhodoba, predstavuje
C4d vhodny marker pro detekci, a navic predstavuje otisk (dlkaz) probéhlé nebo
probihajici aktivace klasické komplementové kaskady primo ve tkani Stépu. H. Feucht v r.
1991 jako prvni popsal prikaz stépného produktu komplementu C4d v peritubularnich
kapildarach po navazani protilatek prijemce na endotel peritubuldrnich kapilar Stépu. A
vroce 1993 byla postulovana asociace mezi C4d a ztratou funkce transplantovaného
Stépu (Feucht HE. et al., 1991, 1993). V roce 1999 Collins a kol. prokazali korelaci mezi C4d
depozici v peritubuldrnich kapilarach a pritomnosti cirkulujicich DSA protilatek u pfijemct
transplantovanych orgdn( (Collins AB. et al., 1999). Depozita C4d mohou byt prokazovana
imunofluorescencni technikou (na nativni zmrazené tkani s pouzitim monoklonalni
protilatky) nebo imunoperoxiddzovou technikou ztkani zpracovanych v parafinu
(polyklondlni protilatka). Imunofluorescencni technika je citlivéjsSi a spolehlivéjsi.
V soucasnosti detekce C4d predstavuje standard histopatologického vysSetfeni u

transplantovanych ledvin (Colvin RB. et al., 2007).
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Druhym klicovym momentem v detekci protilatek bylo zavedeni jejich pfimé detekce. Do
té doby jsme provadéli cytotoxicky test, ktery vazal komplement (klasicky crossmatch) a
rozliSeni HLA protilatek I. a Il. tfidy umoZniovaly metody pritokova cytometrie. Detekce
darcovsky specifickych protilatek (donor-specific antibody, DSA), tedy anti-HLA protilatek
pfijemce proti konkrétnim antigenim darce, byla zpfesnéna pouZitim technologie
Luminex, ktera detekuje protilatky na zakladé synteticky vyrobenych antigenl a umoznuje
jejich kvantifikaci.

V Banffské klasifikaci (Solez K. et al., 2007) je termin ,,akutni protilatkami zprostfedkované
rejekce” poprvé uveden v roce 2003 a v roce 2005 byla predstavena nosologicka jednotka
»chronicka aktivni protilatkami zprostfedkovana rejekce” na zdkladé znalosti humoralnich
mechanizmu poskozeni transplantovanych organ(. Soucasné platnd Banffska klasifikace
pfijatd vroce 2009 (update 2013) zahrnuje akutni i chronickou protilatkami

zprostiedkovanou rejekci (Sis B. et al., 2010).
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2. Pfehled problematiky

Patofyziologie vzniku protilatkami zprostfedkované rejekce

Bunécné a molekularni procesy, které se uplatiuji v protilatkami zprostifedkované rejekci
(antibody-mediated rejection, AMR), jsou pfedmétem soucasného vyzkumu. Vétsina anti-
HLA protilatek po vazbé na endotel zpUsobi aktivaci komplementové kaskady. Pti klasické
cesté stimulace komplementu dochazi ke vzniku stépného produktu komplementu C4d.

7 _ s

Na komplementu nezavislé cesté dochazi kaktivaci NK bunék, makrofaghd a
polymorfonukledr(. Akumulaci téchto zanétlivych bunék se vazi protilatky na Fc receptor
a dochazi ke vzniku zdnétu kapilar a poskozeni tkané. Poskozeni endotelu pti akutni AMR
se manifestuje agregaci trombocytl, trombotickou mikroangiopatii s akumulaci
neutrofil(, které vyusti aZz v nekrézu bunék. Pfi chronické AMR dochazi k repetitivnim
trombotickym uddlostem, které jsou provazané zanétlivymi zménami. Opakované

poskozeni a reparace endotelu se manifestuje jako pozdni transplantacni glomerulopatie

(Farkash EA., Colvin RB., 2012, Obrazek 1).

Obrazek 1: Mechanizmus vzniku AMR ( podle Farkash E.A., 2012 a Colvin R.B.,
2005)

Interaction of antibodies Complement components Capillaritis
with cell-surface antigens

Cha or C3a

receptor
aOm r@f]
'-\\‘_- /, Granzyme B
’ : .b

-

{ TT— ?
/| 1 Chemotactic cytokines -
/ \ T VWF and chemokines \
{ 1 P-selection (IL-1 @, IL-8, CCL2 and CCL5)
| $ ;g%:],? factor T Adhesion molecules
1 DAF (VCAM-1, ICAM-1, E-selectin)
‘L T BCL-XL T Chemotactic cytokines
1 BCL-2 - - and chemokines
+ coso Leukocyte migration (IL-1 B, IL-6, IL-8 and CCL5)
1 FGFR Thrombaosis
Resistance to Proliferation Leukocyte migration
Proliferation complement Resistance to complement and adhesion
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Fenotypy AMR

Banffskd klasifikace z roku 2011 popisuje akutni a chronickou AMR na zdkladé popisu
jednotlivych fenotypl AMR.

Fenotyp 1 se vyskytuje u senzitizovanych nemocnych, tj. protilatky jsou pfitomné pred a
v dobé transplantace, a AMR vznika c¢asné po transplantaci. Pfitomnost DSA pred
transplantaci je asociovana s dvojnasobné vyssim rizikem vznikem akutni rejekce a 75%
rizikem ztraty stépu (Mohan S. et al., 2012). Z in vitro studii vime, Ze anti-HLA protilatky .
tridy zplsobuji endotelidlni dysfunkci prostfednictvim aktivace komplementu, zaroven
poskozuji endotelidlni buniky cestou nezavislou na komplementu. Ne vSechny DSA fixuji
komplement a vyustuji v akutni AMR, rovnéz ne kazda epizoda akutniho poskozeni stépu
je spojena s kapilaritidou, C4d pozitivitou a tvorbou DSA.

Vime, Ze u sensitizovanych pacientd s preexistujicimi anti-HLA protilatkami proti
antigenim ddrce, je osmileté prezivani stépl horsi nez u senzitizovanych nemocnych bez
HLA-DSA nebo pacient s nizkym rizikem (Wiebe C. et al., 2012).

Fenotyp 2 je spojen s tvorbou protilatek de novo po transplantaci, vétSinou v pozdéjsim
obdobi, ¢asto se jedna o protilatky proti HLA antigenim II. tfidy. Casto se tomu tak déje u
nemocnych, ktefi neuzivali spravné imunosupresi nebo jim imunosupresivni |é¢ba byla
minimalizovdna. Samotnd pfitomnost protilatek pfedstavuje rizikovy faktor poskozeni
Stépu. Rozhodnuti o specifické 1é¢bé byva v této situaci svizelné. Pfi subklinické rejekci
jsou jiz prokazany strukturalni zmény, které mohou byt |é¢bou ovlivnitelné, i kdyz renalni
funkce je normalni. Posledni stadium je vétSinou ireverzibilni, protoze kromé detekce
protilatek v krvi prokazujeme v biopsii rejekéni a strukturalni zmény, které zhorsuji renalni
funkci a jsou nastartovany procesy, které jsou soucdasti chronické AMR a mohou vést i ke

ztraté stépu (Obrazek 2).
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Obrazek 2: Fenotyp 2 AMR (podle Wiebe et al., 2012)
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Akomodace je ziskana rezistence organu na imunitné zprostifedkované poskozeni. Jedna
se o stav, kdy v biopsii stépu mlzeme prokdazat C4d pozitivitu bez znamek akutni rejekce.
Akomodace byla plivodné identifikovana u ABO inkompatibilnich transplantaci ledvin.
Transplantované $tépy prezivaji s normalni funkci s vysokymi titry hemaglutinin(, které
jsou namirené proti antigenim ve Stépech. Stegall se spolupracovniky (Stegall MD. a kol.,
2007) zjistili variabilitu obnoveni isohemaglutind po ABO inkompatibilnich transplantacich
(ABOQi) pri desenzitizaci. Podobna data jsou i z japonskych zkuSenosti s ABOi transplantaci,
kde byl pozorovdn narust IgM a IgG2 podtrid titru protilatek proti krevnim skupinam bez
ohledu na rejekci Stépu. Montgomery v roce 2020 publikoval vysledky sérii protokolarnich
biopsii a detekci protilatek u kohorty nemocnych po transplantaci ledvin s DSA. U 20-30
% prijemcu byla detekovana C4d pozitivita se souasnou pozitivitou DSA. Pfitomnost C4d
pozitivity v histologickych nalezech a detekce DSA nepredikovala subklinickou rejekci,
rendlni funkce zlstala stejnd (Montgomery R.A. et al.,, 2000). Uvedend data dokazuji
akomodaci u prijemcl po transplantaci ledvin s pozitivnim cross-matchem (Lynch R.J. et

al.,2010, Platt J.L. et al., 2010).
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Pavodné byly popsany 3 moznosti vzniku akomodace. Jako prvni zména antigenu, ¢imz se
oslabi vazba protilatky, jako druha zména protilatek, které prestavaji byt cytotoxické, a
naposledy zmény ve $tépu, které brani humoralnimu poskozeni. Dnes je zndmo, Ze zmény
v profilu antigenu nehraji signifikantni roli. Akomodace neni stabilni stav, miZe se vyvijet
a prejit do chronické dysfunkce stépu (King K.E. et al., 2009). Velkd pozornost se vénuje

vsve

poskozeni Stépu v horizontu mésicl az let (Dehoux J.P. et al., 2009).

Vznik HLA protilatek

K senzitizaci pred transplantaci mize dojit téhotenstvim, opakovanou transplantaci Ci
krevni transfuzi. Podani krevni transfuze indukuje humoralni imunitu pomoci formace HLA
aloprotilatek, presny mechanizmus neni zcela jasny. Bylo zjisténo (Eikmans M. et al.,
2010), Ze 2 tydny po podani krevni transfuze u nizkorizikovych i senzitizovanych
nemocnych pfijemcl se zvySuje pocet interferon y (IFN-y) produkujicich bunék, stimulaci
CD4+ a NK bunék. Dochazi tak k tvorbé de novo HLA protilatek a vzniku AMR za nékolik
tydnd. Na povrchu endotelu darce jsou MHC molekuly, které jsou cilem produkce
protilatek. Endotel je poskozovan protilatkou, von Wilebrandovym faktorem a P-
selektinem, které se podileji na zanétlivé odpovédi. Adherence leukocytl v oblasti
glomerulll nebo dilatovanych peritubularnich kapilar (PTC) je zprostfedkovana pomoci
cytokinl (IL-1a, IL-8, chemokin ligand 2) a zaroven dochdzi k aktivaci komplementu.
V humoralni rejekci je C4d uziteénym markerem komplementové aktivace, jak jiz bylo
zminéno. Chemoatraktanty C3a a C5a jsou casti komplementové kaskady, které aktivuji
C5b, které se akumuluje v membrané atakujiciho komplexu (MAC), ktery je tvofen C5b-
endotelialnich bunék od bazalni membrany. Jde o typicky obraz AMR v biopsiich. Pokud
se Casné nezahdji 1é¢ba, tak stav progreduje aZ k tvorbé trombotické mikroangiopatie
(TMA), hemoragickym nekrézam arteridlni stény, a nasledné az ke ztraté stépu. Kromé
anti-HLA protilatek a protilatek navazanych na endotelu se mohou na patogenezi Ucastnit
i pfitomné non-HLA protilatky. Prikladem jsou MICA protilatky. MICA antigeny jsou

strukturou podobné MHC I. tfidy, jsou Uzce spjaté s HLA-B a C lokusem (Duquesnoy R.J. et
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al., 2008). MICA antigeny mohou byt detekovany na fibroblastech, endotelidlnich a
dendritickych bunikdch a na cetnych tumorech, kde jejich detekce je velice obtizna
standardnimi technikami k detekci protilatek. Narayan a kol. vysSetfili 52 pacient(, ktefi
podstoupili transplantaci a méli negativni cytotoxicky cross-match (Narayan S. et al.,
2011). Retrospektivni analyzou protilatek metodou Luminex bylo 1 rok po transplantaci
zjisténo, Ze nemocni s pozitivnimi anti-HLA protilatkami a non-HLA protilatkami maji horsi
rendlni funkci nez prijemci bez pfitomnosti protilatek. Taktéz bylo zjiSténo, Ze u pfijemcu,
u kterych byla detekovdna soucasna pozitivita anti-HLA a non-HLA protilatek, doslo

k rychlejsi progresi dysfunkce stépu ledviny nez u pacient( s izolovanou pozitivitou DSA.

Protilatky uplatnujici se v rejekci

Anti-HLA protilatky byly identifikovdany v 1-60 % u pfijemct organl v zavislosti na
testované populaci, dobé po transplantaci a senzitivité a specifité metod detekce. DSA
vzniklé de novo po transplantaci se povazuji za klicovy faktor v patogenezi poskozeni
Stépu. De novo protilatky se objevuji ¢asné po transplantaci ledviny (v prvnich 3 mésicich)
a jsou spojeny s rizikem vzniku akutni a chronické AMR (Terasaki P.l. et al., 2007). Rozvoj
aloprotilatek predchazi morfologické a funkéni zmény Stépu.

DSA jsou produkovédny plazmatickymi bunikami, které mohou byt pfitomny v
predtransplantacnim obdobi, anebo naopak v obdobi potransplataénim. DSA se mohou
tvofit i de novo v potransplantaénim obdobi, a to B-lymfocyty (pamétovymi a naivnimi).
T-lymfocyty jsou nezbytné k iniciaci primdarni B-burfikami zprostfedkované odpovédi
vedouci k tvorbé plazmatickych bunék (Singh N. et al., 2009).

Akutni AMR muzZe vzniknout i pfi absenci detekci protilatek, pokud jsou protilatky
navazany primo vtransplantovaném orgdnu. Incidence wvyskytu akutni AMR po
transplantaci ledviny je 5-7 % u nesenzitizovanych a 40-90 % u senzitizovanych
nemocnych. Akutni AMR se castéji vyskytuje soucasné s celularni rejekci (ve 25 %).
Chronicka rejekce se manifestuje pomalou progresi renalni dysfunkce, kterou mizeme
pozorovat nékolik mésicli az let po transplantaci ledviny. Klinicky se manifestuje nové
vzniklou proteinurii, dekompenzaci arteridlni hypertenze a pomalym sniZzovédnim

glomerularni filtrace.
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Histopatologicky obraz protildtkami zprostfedkované rejekce

Obraz akutni rejekce

Diagnostickym kritériem je difuzni prikaz C4d v PTC. Jako pozitivni je nalez hodnocen,
pokud vice nez 50 % PTC wvykazuje intenzivni nepferuSovanou pozitivitu
vimunofluorescenci, pro imunohistochemii nemusi byt pozitivita intenzivni a
neprerusovana. Vétsina pacientll ma soucasné i anti-HLA protilatky. Tuto kategorii ¢asto
doprovazi pritomnost zanétlivych elementl v lumen PTC a skére se znakem ptc 0-3 bylo

v¢lenéno do klasifikace (Sis B. et al., 2010).

Klasifikace akutni AMR (Sis B. et al., 2010)
I. typ: ATN like (minimalni zanét) (Obrazek 3)

Obrazek 3: AMR I. typu, ATN, C4d +,

zdroj: L. Voska, Pracovisté klinické a transplantacni patologie, IKEM Praha
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II. typ: perikapilarni zanét nebo trombéza

zdroj: L. Voska, Pracovisté klinické a transplantacni patologie, IKEM Praha

[1l. typ: fibrinoidni vaskulitis (Obrazek 4)

zdroj: L. Voska, Pracovisté klinické a transplantacni patologie, IKEM Praha

Obrazek 4: AMR Ill. typ, ATN, C4d+.

zdroj: L. Voska, Pracovisté klinické a transplantacni patologie, IKEM Praha

Obraz chronické rejekce
Diagnostickym znakem je opét difuzni prikaz C4d. Dale dvojkontury bazalnich membran
(znak cg) a nékoli dalSich znakll, o kterych se vede diskuse, jsou-li pro tuto kategorii

pfiznacné nebo spiSe predstavuji obecnou reakci tkdné na poskozeni endotelu jakékoli
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etiologie (reduplikace bazalnich membran PTC, fibréozni intimalni ztlusténi arterii
doprovazané fibrézou v intersticiu a tubularni atrofii).

Klicovym nalezem v histologickém obrazu humoralni rejekce je kapilarita (Gibson B. et al.,
2008), ktera je spojena s glomerulitidou a prfitomnosti protilatek proti HLA darce. Je
pravdépodobné, Ze kapilarita je spojend s rozdvojenim bazalni membrany PTC, coZ je
obraz pozdni humoralni rejekce (Aita K., 2007). Typickym histopatologickym obrazem je
chronicka transplantacni glomerulopatie (TG), ktera se rozpoznd pomoci dvojitych kontur
bazalni membrany glomerull a klinicky se projevi proteinurii (Cosio FG., 2008). Chronicka
humoralni rejekce se vyskytuje v 5-15 % protokoldrnich biopsii a typicky je jeji subklinicky
pocatek. TG byla pfitomna u 40 % pacientl, ktefi prodélali akutni AMR. Chronicka
transplantacni glomerulopatie je asociovdna s horSim prezivdnim Stépu, zvlasté pfi
vyskytu intersticialni fibrézy/ tubularni atrofie (IF/ TA) (Gloor J.M. et al., 2007, Moreso F.
et al., 2012).

Chronickd rejekce Stépu je tedy vysledkem neadekvatni imunosupresivni 1é¢by. Role
chronické humoralni odpovédi v patogenezi pozdni ztraty funkce Stépu byla potvrzena v
americké multicentrické studii ( DeKAF — Long-term Deterioration of Kidney Allograft
Function) (Gloor J., Matas AJ., 2010) ?4. U 173 pacientl po transplantaci ledviny (pramérné
7 let po transplantaci) byla provedena biopsie stépu pro pozdni dysfunkci Stépu —v 57 %
pfipad histologicky ndlez koreloval s diagnézou AMR, pfitomnosti depozit C4d
v renalnich biopsiich a prlikazu DSA ze séra pacientd. Nejhorsi dvouleté prezivani méli
nemocni se soucasnou pozitivitou C4d a pritomnosti DSA. Nejlepsi prezivani stépu méli
pacienti s negativnimi znaky humoralni reakce. Nefrotoxicita kalcineurinovych inhibitor(

se signifikantné nepodilela na zhor$eni dlouhodobého prezivani stépl (Gaston RS., 2009).

Molekularni fenotypy humoralni rejekce

Humoralni rejekce vykazuje odlisny profil transkriptomu od T-burikami zprostfedkované
rejekce. Soucasné ma ale i nékteré spolecné rysy. Jednim z nich je silnd exprese IFN-y
uvolnéného pravdépodobné z NK-bunék (Mueller T.F. et al., 2007, Reeve J. et al., 2009).
Homs a kol. (Homs S. et al., 2009) také prokazali zvySenou expresi IFN-y v biopsiich s TG,
kde jsou Casto nalézany prepisy gen(l se vztahem k endotelu, a to i v pfipadech, kdy je C4d
negativni (Sis B., 2009). Viklicky O. a spol. vroce 2010 prokazali, Ze nemocni s ¢asnou
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humoralni rejekci, ktefi maji zvySenou expresi genu pro CD20 (znak B-lymfocytl), rlstovy
faktor TGFB nebo chemokin RANTES, maji horsi preziti Stépl a Ze u téchto nemocnych
Castéji selhava lécba. Potvrdily se také rozdily v expresnich profilech mezi akutnimi AMR
a T-bunkami.

V roce 2007 byla publikovana prace o moznych fenotypech cAMR. Znaceni fenotypl je
sloZzeno ze zkratek: A — frequency od circulating anti-HLA alloantibody, B — PTC basement
membrane multilayering, C — PTC C4d deposition, D — double contours of glomerular
basement membranes. Nejcastéjsimi fenotypy TG jsou ABCD, AB a BD. Pozitivita C4d
vyznamné koreluje s detekci anti-HLA protilatek. TG s pozitivitou C4d a priukazem
aloprotilatek ma nejhorsi prognézu prezivani transplantovanych stépa (Sis B. et al., 2007).
Ve fenotypech AB a BD je diagndza chronické AMR bez priikazu C4d pozitivity. Jde o
aktivaci akumulaci prozdnétlivych elementa, které se vazi na Fc receptor leukocytl bez

aktivace klasické ¢i lektinové cesty komplementové kaskady.

Prevence AMR

Zakladem prevence AMR je definovat nemocné v riziku, tj. rozpoznat senzitizované
nemocné. Rizikovymi faktory pro vznik rejekce zprostifedkované protildtkami jsou doba
stravena na dialyze, opakované transplantace, predchozi senzitizace (gravidita, transfuze,
HLA antigeny), pfitomnost panel-reaktivnich protilatek (PRA). U téchto rizikovych skupin
je doporucovano provést pred transplantaci presnou charakteristiku aloprotilatek
s nutnosti presné typizace HLA antigen( darce véetné typizace HLA A, B, DR, C, DQ a DP.
U nemocnych, ktefi podstupuji opakovanou transplantaci, je s vyhodou najit darce s co
nejvétsi shodou v HLA antigenech a dale definovat zakazané antigeny. Pokud ma pfijemce
Zijictho darce, tak vybrat ddrce nejméné rizikového, pfipadné zajistit Ucast v parové
vyméné. Dals$i moznosti je transplantace na tzv. akceptovatelny mismatch, tj. participace
v programu Eurotransplantu.

V literature jsou publikovany prace s desenzitizaci prijemcd na cekaci listiné jako dalsi
alternativa prevence AMR. Jedna se o pacienty s pfitomnosti HLA protilatek. Jordan a kol.
(Jordan S.C. et al., 2004) pouzil desenzitizacni protokol s podavanim vysokych davek
intravendznich imunoglobulint (IVIG), ¢imZ doslo k signifikantnimu sniZzeni PRA a zkraceni

doby cekani na dialyze. Vjiné praci (Vo A.A. et al., 2013) desenzitizovali nemocné
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s frekvenci PRA vice nez 80 % s pomoci vysokych davek IVIG a jednou davkou rituximabu;
71 % nemocnych, ktefi byli desenzitizovani, se dockali transplantace, a 3leté prezivani bylo
96,6 %, tedy o 17 % lepsi neZz prezivani nemocnych chronicky dialyzovanych. Dalsi
moznosti prevence AMR je desenzitizace pred elektivni transplantaci ledviny od Zijiciho
darce pomoci plazmaferézy, IVIG, event. rituximabu.

Po Uspésné transplantaci je nutné pravidelné sledovani pacienta s ¢asné provedenou
biopsii pfi zhorSeni rendini funkce a detekci HLA protilatek. Pravidelnd monitorace DSA
umoznuje pfi normalni rendlni funkci kvantitativné detekovat jednak jiz pfitomné DSA,
nebo diagnostikovat de novo DSA, které jsou soucasti chronické aktivni humoralni rejekce.

Noncompliance a neuZivani ¢i minimalizace imunosupresivni |écby mohou také

participovat na vzniku AMR.

LécCba protilatkami zprostfedkované rejekce

Lécba akutni AMR zahrnuje eliminaci cirkulujicich protilatek a depleci B-lymfocytli nebo

plazmatickych bunék. Management |é¢by AMR v soucasné dobé zaznamenal velky rozvoj.

MozZnosti lé¢by AMR jsou uvedeny v Tabulce 1:

Tabulka 1: MoZnosti Ié¢by AMR

Mechanismy Lécebné postupy
Eliminace cirkulujicich protilatek Plazmaferézy
Imunoadsorpce
Suprese zbyvajicich protilatek Intravendzni imunoglobuliny
Mykofenolat mofetil, mykofenolat sodny
Blokada produkce protilatek, deplece Glukokortikoidy
B-lymfocyt( Anti-CD20 (rituximab)

Antithymocytarni globulin
Splenektomie
IdeS

Suprese T-bunécné odpovédi Antithymocytarni globulin
Mykofenolat mofetil, mykofenolat sodny
Kalcineurinové inhibitory

Deplece plazmatickych bunék a navozeni Inhibitor proteasomu (bortezomib)
apoptozy Anti-IL-6R (tocilizumab)
Inhibice komplementu Anti-C5 (eculizumab)

Rekombinantni C1 inhibitor
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Kombinované terapeutické rezimy ovliviujici soucasné plazmatické bunky i komplement

se jevi slibné pro Uspésné zvladnuti AMR (Obrdazek 5).

Obrazek 5: Terapeutické modality AMR (Djamali A. et al., 2014)
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Plazmaferéza (PF) patfi mezi nejrychlejsi a nejucinné;jsi zplisob eliminace DSA. Nejcasté;ji
se vyménuje 1-1,5nasobek objemu plazmy. Samotné plazmaferézy neinhibuji tvorbu
protilatek, proto se vyuZiva kombinovand lé¢ba pomoci plazmaferéz a IVIG (Slatinska J. et
al., 2009). Frekvence procedur je rGzna, lisSi se dle jednotlivych autorl. Nejcastéji se
vyuziva protokol, kde se IVIG v davce 0,1 g/kg télesné hmotnosti aplikuji po kazdé
provedené plazmaferéze tak, aby celkova davka nebyla vétsinez 1 g/kg télesné hmotnosti.
Obvykle se doporucuje 5-7 procedur (Montgomery RA. Et al., 2000). Pro inhibi¢ni efekt
na produkci DSA se dale doporucuje udrzovaci imunosupresivni lé¢ba v kombinaci

takrolimus a mykofenolat mofetil/ kyselina mykofenolova.

Imunoadsorpce

Imunoadsorpce (lA) je elimina¢ni metodou, kterda ma oproti PF vyhodu v moznosti vymény
3 a vice plazmatického objemu béhem jedné procedury. Dalsi vyhodou je, Ze se jednd o
Setrnéjsi techniku, pri které nedochazi ke ztraté dulezZitych plazmatickych bilkovin,

zejména koagulacnich faktorl. U nemocnych lé¢enych IA byl prokdzan nizsi vyskyt
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krvacivych komplikaci neZ u pacientd lécenych PF (Bartel G. et al., 2011). Vyuziti IA je pfi
|écbé rezistentnich AMR, pfi ABO inkompatibilnich transplantacich, ¢i profylakticky pfi
desenzitizaci u vysoce rizikovych nemocnych. Nevyhodou je ekonomicka ndroc¢nost
(Steurer W. et al., 2004).

Intravendzni imunoglobuliny

IVIG rychle, uc¢inné a dlouhodobé snizuji hladinu anti-HLA protilatek. Mechanizmus ucinku
je komplexni a neni dosud pfesné znam. Zahrnuje blokadu Fc receptoru interferenci s
aktivaci komplementu a cytokinové aktivity a U¢inek antiidiotypovych protilatek. Pro Ié¢bu
rejekce je vyznamna i schopnost IVIG vychytavat komplement. (Viklicky O. et al., 2008). Je
znamo, ze IVIG inhibuji proliferaci a aktivaci epitelidlnich bunék, T i B-lymfocytG a urychluji
apoptdzu B-lymfocytd.

Zpocatku v 1é¢bé akutni AMR bylo preferovano vysoké davkovani IVIG, aZ 1-2 g/kg télésné
hmotnosti (Jordan S.C., 1998) (vyuziti efektu redukce anti-HLA protilatek). Od tohoto
pfistupu je v soucasnosti upusténo pro vyskyt trombotickych komplikaci (Gelfand EW.,
2012). Aplikace IVIG v kombinovaném imunosupresivnim rezimu spolu PF a rituximabem

vyrazné zlepsuji prezivani stépu oproti samotné Iécbé PF (Kaposztas Z. et al., 2009).

Monoklonalni protilatka anti-CD20 (rituximab)

Rituximab je chimérickda mysi/lidskda monoklonalni protilatka. Jde o glykosylovany
imunoglobulin s lidskou IgG1 konstantni ¢3asti, zatimco variabilni ¢asti lehkych a tézkych
fetézcl jsou mysiho plvodu. Protilatka je produkovana suspenzi uméle kultivovanych
savéich bunék (ovarialni buriky ¢inskych kreck() a je purifikovdna afinitni chromatografii a
iontoménic¢em.

Rituximab je depleéni monoklonalni protilatka proti znaku CD20 na B-lymfocytech, ktera
je v soucasnosti pouzivana mimo své obvyklé indikace v prevenci a |é¢bé AMR. Rituximab
inhibuje proliferaci B-lymfocytlli mechanizmy zahrnujicimi cytotoxicitu vdzanou na
komplement. Po intravendznim podani dochazi rychle k depleci B-lymfocytl v periferni
krvi i v tkdnich. Ke zpétné Upravé poctu B-lymfocytl dochdzi az za 6 mésicli po ukonceni
terapie.

Kaposztas Z. a kol., 2009 v retrospektivni studii analyzoval terapii rituximabem spolu s PF

a IVIG oproti samotné |écbé PF, u 54 pacientl po transplantaci ledviny, s dg akutni AMR.
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Dvouleté prezivani stépa bylo ve rituximabové skupiné signifikantné vyssi (90 % vs. 60 %).
Lefaucher a kol. (Lefaucher C. et al., 2013) publikovali praci, kde byla srovnana lé¢ba AMR
pomoci PF, IVIG a rituximabem s historickou skupinou Ié¢enou monoterapii IVIG. Zavérem
bylo signifikantné lepsi 3leté prezivani transplantovanych 3$tépl l|écenych pomoci
kombinované terapie s rituximabem (92 % vs 50 %). U nemocnych s anamnézou virové
hepatitidy B je nutna znalost aktuaini replikace viru, nebot pfi pozitivité je zvySené riziko

reaktivace HBV pfi léCbé rituximabem (Mitka M. et al., 2013).

Glukokortikoidy

Glukokortikoidy se pouzivaji v 1. linii v 1é¢bé jakékoliv rejekce. Jsou vysoce efektivni pfi
|écbé T-burnikami zprostfedkované rejekce a rejekce smiSené s podilem humordlni
komponenty, kde se ucastni na supresi B-bunécné odpovédi interakci s Th lymfocyty.
V soucasnosti jsou doporucovany i pro |écbu protilatkami zprostfedkované rejekce, a to i

pfi absenci bunécéné slozky rejekce (Lucas J.G. et al., 2011).

Bortezomib

Bortezomib je pfimy inhibitor proteazomi. Proteasom 26S je velkd multimérni
enzymaticka struktura pfitomna v cytosolu vsech eukaryotickych bunék. Funkci
proteasomu je udrzovani bunécné homeostazy cestou selektivni degradace nespravné
uloZenych bilkovin, regulaci bunééného cyklu, transkripci a inhibici molekul. Bortezomib
narusuje tuto rovnovahu prostfednictvi reverzibilni vazby na B5 podjednotku na misté
chymotrysin-like proteolytické aktivity. Tim dochdzi ke zméné jadra 20S na molekulu
proteasomu 26S (Walsh CR. et al., 2012)**. Inhibice proteasomu ovlivfiuje dysregulaci
mnohych bunécnych procest, zpracovani antigen( a regulace mitézy. Bortezomib je mala
molekula, ve které je inkorporovan atom boru, ktery je peptidovymi vazbami spojen

s proteasomem 26S (Obrazky 6 a 7).
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Obrazek 6: Struktura proteasomu (Walsh R.C. et al., 2012)
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Obrazek 7: Mechanizmus Ucinkd inhibitoru proteasomu (Walsh R.C. et al., 2012)

Inhibice NF-kB aktivity {ovlivnéni pamétovych bunék)
265 Inhibice proliferace, indukce apoptozy
proteasom Indukce apoptdzy pres endoplazmatické retikulum

Inhibice tvorby molekul MHC 1. tiidy

Lécba inhibitory proteasomu ma 4 fyziologické efekty:

1. Inhibice NF-kB aktivity (ovlivnéni pamétovych bunék)
2. Inhibice proliferace a indukce apoptdzy zablokovanim bunécného cyklu
3. Indukce apoptdzy pres endoplazmatické retikulum

4. Inhibice tvorby molekul MHC I. T¥idy

Bortezomib plsobi pfimo na zralé plazmatické buriky. Z dosud provedenych studii je
zfejmé, Ze bortezomib rychle a trvale sniZuje darcovsky specifické protilatky a je ucinnéjsi
nez IVIG, krali¢i antithymocytarni globulin a rituximab. Proto se pouziva jako alternativa v

|é¢bé humoralni rejekce.
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Bortezomib byl po prvé vyroben v roce 1995 a je registrovan kléébé mnohocetného
myelomu (schvalen FDA v roce 2003). Je tvoren z80 % z proteinl a metabolizuje se
v jatrech s polo¢asem 9-15 hodin. Davkovani je 1,3 mg/m?/ davku, 1 cyklus tvoti 4 davky,
které se aplikuji 1., 4., 7. a 11. den. Pauza mezi jednotlivymi cykly by méla byt nejméné 10
dnu. Jeho prvni pouZiti v transplantacni oblasti bylo uverejnéno v roce 2009. Trivedi HL. a
kol., 2008 (Trivedi H.L. et al., 2008) pouzili bortezomib u indickych pacientd, ktefi neméli
prostiedky na pofizeni imunosuprese. Transplantované ledviny byly funkéni i bez
imunosupresiv, nicméné absence biopsii a abnormalni rendlni funkce vylucuje generalizaci
tohoto pilotniho pozorovani. Druha zkusenost s bortezomibem byla publikovana v roce
2008 (Everly MJ. et al., 2008). Bortezomib byl s Uspéchem pouZit pro Iécbu refrakternich
rejekci. Pozitivni zkuSenosti vyustily ve zménu schématu s tim, Ze Everly a kol. se rozhodli
pouzit modifikovany protokol bortezomib — plazmaferézy — rituximab jako [é¢bu prvni line
i pro pfipady akutni AMR s cilem zamezit chronickym zménam (Everly MJ. et al., 2008).
Flechner s kolektivem pouzili bortezomib (spolu s PF a IVIG) v |écbé AMR 20 pfijemcd,
dosahli 10mési¢ného prezivani stépl 85 % a redukci DSA v 50 % (Flechner S.M. et al.,
2010). Walsh prokazal vyssi efektivitu aplikace bortezomibu (vyznamné;jsi redukci DSA) do
6 mésicl po transplantaci ledviny nez v pozdéjsim obdobi (Walsh RC. et al., 2011). Waiser
porovnaval Iéébu AMR samotnym bortezomibem s historickou skupinou lé¢enou 1 davkou
rituximabu a 30 g IVIG. Vysledkem studie bylo signifikantné vyssi prezivani Stépl
v bortezomibové skupiné (4/10 vs. 8/9) (Waiser J. et al.,, 2012). Uvedené predbéziné
vysledky nds povzbuzuji k uplatnéni kombinovanych rezimu s bortezomibem, avsak stéle
chybéji kontrolované randomizované studie.

Lécba bortezomibem je ekonomicky naroéna a je spojena s celou fadou nezddoucich
ucinkd, z nichZ nejcastéjsi se zdaji byt neurotoxicita a po transplantaci ledviny pak
hyperhydratace, trombocytopenie a neutropenie. V IKEM jsme zahdjili |écbu rezistentni

AMR bortezomibem v r. 2012.

Eculizumab

Eculizumab je rekombinantni humanizovand monoklonalni protilatka proti sloZzce C5
komplementu. Kromé své indikace k podani pfi paroxysmalni no¢ni hemoglobinurii a
atypickém hemolyticko-uremickém syndromu se zda, Ze eculizumab by mohl byt

s uspéchem vyuZit v nékolika transplantaénich indikacich, mezi které patfi refrakterni
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AMR. Stegall a kol. popsali ucinnost |éCby eculizumabem u 26 vysoce imunizovanych
pacientl s akutni AMR, ktefi podstoupili transplantaci ledviny od Zijiciho darce na pozitivni
cross-match. Incidence AMR byla signifikantné nizsi u skupiny pacientl |écenych
eculizumabem (7,7 %) oproti historické skupiné lé¢ené PF. Néktefi pacienti podstoupili i
splenektomii (41,2 %). V protokolarnich biopsiich 1 rok po transplantaci ledviny byl nizsi
vyskyt TG u skupiny pacientl |é¢enych eculizumabem (6,7 %) oproti kontrolni skupiné
(35,7 %). Inhibici terminalni ¢asti komplementu eculizumabem je mozné snizit incidenci
¢asné AMR u senzitizovanych pfijemcl transplantovanych ledvin (Stegall M.D. et al.,
2011).

Glotz D. a kol. vroce 2019 (Glotz D. et al., 2019) publikovali otevienou jednoramennou
studii faze 2 senzitizovanych nemocnych po transplantaci od kadaverdznich darct, kde
v indukci byli 1é¢eni nemocni thymoglobulinem a eculizumabem spolu se standartni
udriovaci imunosupresivni 1é&bou v prevenci akutni AMR. Uginnost a efektivita byla
prokdzana do 9. tydne po transplantaci ledviny u nemocnych s preformovanymi
darcovsky-specifickymi protilatkami v porovnani se skupinou lé¢enou standardni Ié¢bou
(8,8 % vs 40 %, p < 0,001). Trileté prezivani stépl a pacientd v téhle studii bylo 83,4, resp.
91,5 %.

Splenektomie

Slezina je nejvétsi lymfatickou tkani v lidském téle, kterd ma dileZitou roli v tvorbé
aloprotilatek. Splenektomie je jednou z moznosti, jak eliminovat prekurzory i findlni DSA
produkované plazmatickymi burikami. P¥i refrakternich AMR se splenektomie provadi jako
zachranna lécba. Vzhledem k ndroénosti chirurgického vykonu a potencidlnim infekénim
komplikacim nepatfi splenektomie mezi rutinni postupy v lé¢bé AMR (Locke J.E. et al.,
2007).

C1 inhibitor komplementu

Pfislibem v |[é¢bé AMR je rekombinantni lidsky C1 inhibitor komplementu (klinické studie

faze I/11) (Tillou X. et al., 2010).
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Chronickd AMR

Chronickd protilatkami zprostfedkovand rejekce (cAMR) transplantované ledviny
predstavuje hlavni pficinu ztraty Stépu v dlouhodobém sledovani. Zatimco akutni AMR
vznika c¢asné po transplantaci u senzitizovanych nemocnych s pfitomnymi darcovsky
vznikajicimi pozdéji po transplantaci v dlsledku nedostatecné expozice
imunosupresiviim, nebo jako dlsledek predchozi akutni AMR. Jeji diagnostika je zalozena
na detekci darcovsky-specifickych anti-HLA protilatek a definovanych morfologickych
zmén, predevsim zdnétu v mikrocirkulaci a ndlezu depozit C4d. Chronickd AMR je navic
spojena s unikatnim genovou expresi, kterad ji odliSuje od ostatnich typ( poskozeni.
Ackoliv vime hodné o diagnostice a patologii cAMR, jeji 1é¢ba neni dosud dostupna.
Soucasné moznosti |écby se opiraji omald retrospektivni pozorovani s vyuZitim
intravendzniho imunoglobulinu (IVIG), rituximabu, eculizumabu a blokady interleukinu 6
(IL-6). Robustni data ale chybéji (Viklicky O. et al., 2018).

Bortezomib je inhibitor proteazomu a je indikovan k |é¢bé mnohocetného myelomu.
Bortezomib cili na plazmatické buriky sekretujici protildtky a v nékterych centrech byva
vyuzivan v lé¢bé akutni humoralni rejekce. Dosud nebyla provedena randomizovand
studie, kterd by prokazala bezpecénost a ucinnost bortezomibu v 1é¢bé humoradlni rejekce.
V této placebem kontrolované prospektivni randomizované studii s nazvem BORTEJECT
(Bortezomib in Late Antibody-Mediated Kidney Transplant Rejection Trial, Eskandary F. et
al., 2018) byl zkouman ucinek bortezomibu na pribéh pozdni, chronické AMR
u nemocnych s DSA. Cilem bylo prokazat rozdily v poklesu odhadované glomerularni
filtrace (eGFR). Sekundarnimi cili byl vyvoj DSA, fenotyp rejekce a eGFR za dva roky
po |écbé bortezomibem. V prvni fazi studie bylo prifezové vySetieno 1 165 nemocnych
po transplantaci ledviny au 741 nemocnych byla zkoumdna pfitomnost anti-HLA
protildtek. V 53 % pfipad( byla prokdzana pritomnost anti-HLA protildtek. Sto jedendct
(15 %) testovanych nemocnych pak mélo potvrzenu pritomnost darcovsky specifickych
protildtek a 86 nemocnych podstoupilo protokolarni biopsii. Pro vstup do druhé faze
studie bylo nutné prokazat DSA I. nebo II. tfidy a rovnéz histologické znamky chronické
AMR (glomerulitida, kapilaritida, transplantacni glomerulopatie, C4d pozitivita a zmény
typické pro ABMR v elektronové mikroskopii). Pouze 45 nemocnych splnilo vstupni
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kritéria pro druhou fazi studie a byli randomizovani v poméru 1:1 k |écbé dvéma cykly
bortezomibu, kaidy cyklus sestdval z podani 1,3 mg/m? 1., 4., 8.a1ll.den. Jako
antivirovou profylaxi nemocni uZivali valacyklovir 500 mg denné po dobu tfi tydn(
od zacCatku lécebného cyklu. Nemocni v kontrolni skupiné dostali placebo v infuzi
a placebo v tabletach. Vsem nemocnym byla upravena udrZovaci imunosuprese tak, aby
se zvySilo davkovani inhibitorl kalcineurinu, a vSichni nemocni byli [é¢eni mykofenolat
mofetilem (MMF) a steroidy. Nemocni byli sledovani po dobu dvou let.

Sedmnact nemocnych podstoupilo v minulosti peritransplantacni imunoadsorpce kvuli
pritomnym DSA pred transplantaci, u 34 nemocnych byly prokdzany anti-HLA protilatky
1. tfidy, vétsinou to byly anti-DQ protilatky. Ctrnact nemocnych mélo histologické zndmky
akutni/aktivni AMR a 28 nemocnych chronickou/aktivni AMR. Pokles eGFR v obou
skupinach byl podobny, anebylo tak dosaZeno statistického rozdilu (—4,7 vs.-5,2
ml/min/1,73 m?). Rozdily nebyly pozorovany ani v dalSich ukazatelich funkce 3tépu.
Béhem 24 mésicl selhala funkce Stépu u tfi nemocnych ve skupiné s bortezomibem
a u jednoho s placebem. V druhém roce studie zemreli dva nemocni v intervenované
skupiné, jeden kvili sepsi jiz na dialyze a druhy z neznamé pficiny. Statistické rozdily
pozorovan rozdil v procentudlni zméné darcovsky specifickych protilatek. U osmi
nemocnych byl pozorovan pokles hodnot DSA pod primérnou fluorescencni intenzitu
(MFI) 1000, u péti nemocnych v |éCené skupiné a u tfi nemocnych v kontrolni skupiné.
U dvou nemocnych v |é¢ené skupiné dokonce doslo k vytvoreni de novo DSA. Tficet osm
nemocnych podstoupilo protokolarni biopsie ve 24. mésici. Rovnéz nebyly pozorovany
rozdily mezi skupinami v jednotlivych histologickych ndlezech.

Nezadouci ucinky byly castéjsi ve skupiné lé¢ené bortezomibem, ale rozdily nebyly
statisticky vyznamné. Kvuli nezadoucim ucinkim nedostali tfi nemocni planovanou davku
bortezomibu. Nej¢astéjsSim nezadoucim Gcinkem byly nauzea a prljem. U ¢tyf nemocnych
ve skupiné s bortezomibem se vyvinula periferni neuropatie a stejnou komplikaci méli dva
nemocni v kontrolni skupiné. Malignity se béhem dvou let objevily po dvou pfipadech
v obou skupinach. Stupenl anémie, trombocytopenie aleukopenie byly signifikantné
vyraznéjsi v [éCené skupiné (Eskandary F. et al., 2018). Studie prokazala, Ze |é¢ba pozdni
AMR bortezomibem neni Ucinnd ve smyslu zpomaleni progrese dysfunkce Stépu,

a naopak, ze |écba s bortezomibem je spojena s nezaddoucimi Gcinky.
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Zaver

AMR predstavuje komplikaci po transplantaci ledviny, ktera muize zpUsobit ztratu stépu.
Akutni forma je relativné vzacnd a nelécena vede k rychlému zhrouceni funkce Stépu.
Dllezitd je prevence AMR, kterd spocivd v rozpozndni rizikovych nemocnych. Pro vysoce
senzitizované pacienty je nejvyhodnéjsim rfeSenim najit co nejvhodnéjsiho darce, tj. darce
s co nejvétsSim poctem shod v HLA a bez pfitomnosti DSA. U opakovanych transplantaci se

imunologické riziko zvysSuje, proto je s vyhodou presna definice tzv. zakdzanych antigent

evvs

e

je transplantace od Zijiciho darce, kterd nam v pripadé prikazu anti-HLA antigen( ¢i DSA
umozni zahajit desenzitizacni 1é¢bu, aby pacient mohl podstoupit transplantaci na
negativni cytotoxicky cross-match, ktery je stdle podminkou provedeni Uspésné
transplantace. Alternativou feSeni imunologické bariéry pred transplantaci je Ucast
v parové vyméné, nebo v mezinarodnich programech (Eurotransplant).

BlizSi poznani histologickych a molekularnich fenotypt této rejekce v budoucnu umozni
lépe definovat Ucinnou terapii. Centra, ktera chtéji Uspésné lécit tento typ rejekce, museji

mit k dispozci celou paletu novych diagnostickych testl (pfedevsim klasifikace protilatek),

protoZe z béZného histologického vysetieni nelze diagndzu stanovit.
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3. Hypotéza

Protilatkami zprostfedkovana rejekce je nejvyznamnéjsim faktorem limitujicim

nebo de novo anti-HLA protilatky, zamérené proti antigenlim darce. V procesu rejekce
jsou zapojeny efektorové a regulaéni imunitni mechanizmy. Vyuzitim deplecni terapie lze
dosahnout zvyseni podilu regula¢nich B i T lymfocyt(. V diagnostice druhu a zavaZnosti
rejekce se novéji uplatniuje vySetifeni genové exprese umoznujici presnéjsi stanoveni

progndzy stépu.
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4. Cile prace

Cile prace jsou zaméreny na zkoumani patofyziologie diagnostickych a terapeutickych

aspektli AMR.

1. Ovérit efektivitu Ié¢ebnych postupt protilatkami zprostifedkované rejekce.

2. Ovéfit roli transkriptomu v transplantované ledviné.

3. Ovérit roli B-bunécnych fenotypl v periferni krvi ve vztahu k rejekci.

4. Ovéfit roli marker(: solubilni CD30 molekuly a HGF (Hepatocyte Growth Faktor)

v predikci protilatkami zprostfedkované rejekce.
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5. Metodika

PouZité metody a soubory pacientt jsou podrobné popsany v pfilozenych publikacich.

Populace
K analyzam jsme poutzili rendlni tkan a periferni krev pacientd, ktefi podstoupili

transplantaci ledviny v Transplantaénim centru IKEM Praha.

Biopsie Stépu ledviny

Protokolarni biopsie byla provedena ve 3. mésici po transplantaci ledviny, indikacni
biopsie pfi vzestupu kreatininu o vic neZ 10 %, progresi proteinurie i pretrvavajici
afunkci Stépu ledviny. Histologické vysetieni bylo provedeno v souladu s Banffskou
klasifikaci 2005 a jejimi aktualizacemi, posledni z roku 2018 (Schéma 1). Mala cast (2
mm) z kortikaIni oblasti bioptického vzorku byla okamzité uskladnéna ve stabiliza¢nim

roztoku (RNA later) a skladovana pfi teploté —80 °C do extrakce RNA.

RNA extrakce a komplementarni syntéza DNA

Po homogenizaci rendlni tkané jsme izolaci RNA provedli s pouZitim RNA blue agent.
Izolovanou RNA jsme zfedili v 30 plL vody o¢isténé od RNazy. Cistotu a koncentraci jsme
ovérili spektrofotometricky (NanoDrop 2000, Thermo Scientific). K dalsi analyze jsme
pouzili jen vysoce kvalitni RNA s ¢islem RNA integrity 8-10. Dva ug RNA jsme pouzili
k prepisu do komplementarni DNA s pouzitim Superscript reversni transkriptazy
(Nitrogen, CA, USA). RNA byla oSetfena DNdazou. Jen komplementarni vzorky DNA bez
kontaminace genomickou DNA byly pouzity k analyze metodou real-time RT-PCR pomoci

TagMan low-density array (TLDA).

Real-Time RT-PCR analyza s pouzZitim TagMan low-density array (TLDA)

Vysetieni genového expresniho profilu bylo provedeno pouzitim kvantitativni eseje real-
time RT-PCR zalozené na technologii TLDA. TLDA je mikrofludini karta ptizpGsobend
potfebam konkrétniho projektu, ktera obsahuje sondy pro kandidatni geny vybrané z
katalogu firmy Applied Biosystems. Data jsme kvantifikovali pomoci SDS 2.4 softwaru

(Applied Biosystems, Foster City, CA, USA).
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Analyza dat genovych expresi

Hodnoty relativni genové exprese jsme ziskali z TLDA analyzy pouzitim 222 metody pro
relativni kvantifikaci (RQ, z angl. relative quantity), kterd je implementovanda v Applied
Biosystems RQ Manager Software v1.2.1 (Applied Biosystems, Foster City, CA, USA).
K vypoctu relativni kvantity jsme porovnali genovou expresi zkoumaného vzorku
s kontrolnim vzorkem. Data jsou prezentovana jako ndsobek genové exprese zkoumaného
vzorku vztazené k endogennimu referencnimu genu a vztaiend k relativni kvantité
kontrolniho vzorku porovnané s expresi endogenniho referen¢niho genu.

Ke statistické analyze dat jsme pouZili statisticky program SPSS verze 16 (Chicago, IL,

USA). Pouzité statistické metody jsou podrobné popsany v jednotlivych publikacich.
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Tabulka 1: Banffska klasifikace 2017 (upraveno dle Roufosse C. et al., Transplantation,
2018)

Kategorie 1: normalni ndlez nebo nespecifické zmény
Kategorie 2: Protilatkami zprostredkované zmény
Diagndza

- CA4d + bez evidence rejekce

- Aktivni AMR

- Chronicka aktivni AMR

- Chronickd AMR
Kategorie 3: suspektni (borderline) akutni TCMR
Kategorie 4: TCMR

- Akutni TCMR IA

- AkutniTCMR IB

- Akutni TCMR IIA

- Akutni TCMR IIB

- Akutni TCMR I

- Chronicka aktivni TCMR IA

- Chronicka aktivni TCMR IB

- Chronicka aktivni TCMR I
Kategorie 5: IFTA

- Mild (mirnd) |

- Moderate (stfedni) Il

- Severe (tézka) lll
Kategorie 6: Jiné zmény, které se nepovazuji za dusledek akutni nebo chronické
rejekce

- BKvirova nefropatie

- Potransplantacni lymfoproliferativni nemoc

- Toxicita kalcineurinovych inhibitor(

- Akutni tubularni poSkozeni

- Rekurence nemoci

- De novo glomerulopatie (jind nez TG)

- Pyelonefritida

- Léky indukovana intersticialni nefritida
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6. Publikace spjaté s Ph.D. praci

6.1. Plazmaferézy a intravendzni imunoglobuliny u akutni protilatkami
zprostfedkované rejekce po transplantaci ledviny: zkuSenosti jednoho centra

Uvod

Casna AMR predstavuje 5-10 % viech akutnich rejekci (Feucht HE, 2003). Riziko ztraty
funkce transplantované ledviny je vysoké, jednorocni prezivani Stépu je nizké (15-50 %) i
pfes intenzivni imunosupresivni lé¢bu (Halloran P.F. et al.1990; Sellares J., et al., 1992).
Diagnostika AMR je zaloZzena na histologické verifikaci barveni C4d slozky komplementu
v PTC a stanovenim ddarcovsky-specifickych protiladtek. Casna a pozdni AMR predstavuji
dveé rozdilné patologické jednotky, které vyzaduji rozlicné |é¢ebné postupy (Mauiyyedi S.
et al., 2002; Colvin R.B. et al., 2002). Cilem naSi prace bylo porovnat dva rozdilné ptistupy
|é€by akutni AMR od doby zavedeni barveni C4d.

Metodika

V Transplantcentru IKEM od 1. 1. 2002 do 31. 12. 2006 bylo provedeno celkem 936
transplantaci ledvin. Diagndza AMR byla potvrzena u 26 nemocnych (2,8 %). Dvacet pét
nemocnych podstoupilo transplantaci ledviny od kadaverdzniho darce, 1 nemocna
podstoupila transplantaci ledviny od manzela. Cilem nasi studie byla analyza 24 pacient(
s dg akutni AMR, kteti byli 1é¢eni bud samotnou plazmaferézou (PF) nebo v kombinaci
s IVIG. Dva nemocni byli ze studie vylouceni z dlivodu aplikace rituximabu.

Tfinact nemocnych bylo |éceno pouze PF, 11 pacientl bylo Ié¢eno kombinaci PF a IVIG.
UdrZovaci imunosupresivni |é¢ba se skladala z kombinace kalcineurinovych inhibitord,
kterym byl takrolimus (0,2 mg/kg) nebo cyklosporin A (8 mg/kg) s mykofenolat mofetilem
a kortikoidy.

U pacient( s PRA vice neZ 50 % byla podana indukéni [é¢ba OKT3 (antiCD3 monoklonalni
protilatka muromonab,) anebo ATG (od roku 2005 muromonab nenf k dispozici v CR). Pfi
obou indukcich byla dc¢innost imunosuprese monitorovana pratokovou cytometrii, pokud
bylo pfitomno méné nez 50 CD3+ bunék v periferni krvi, byla indukce ukoncena. Soucasné
probihajici akutni T-burikami zprostfedkovand rejekce byla Iééena metylprednisolonem

nebo ATG.
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LéCba AMR

Cilem studie bylo zhodnoceni ucinnosti terapie ve dvou obdobich s pouZitim rlznych
postupl. V letech 2002-2003 byli nemocni IéCeni 5 cykly PF, vletech 2004-2006 byli
lé¢eni kombinaci 5 cykll PF s aplikaci 5 davek IVIG v davce 0,5 g/kg.

Vysledky

AMR jsme pozorovali u 26 nemocnych z 936 provedenych transplantaci ledvin v letech
2002-2006. V letech 2002—-2003 jsme Iécili akutni AMR pomoci PF 13 pacientli z 350
nemocnych, ktefi podstoupili transplantaciledviny. V letech 2004—-2006 bylo provedenych
586 transplantaci, u 11 nemocnych byla dignostikovana akutni AMR, kterou jsme Iécili
kombinaci PF a IVIG, 2 pacienti dostali k této kombinaci jesté rituximab. Nemocni ze
skupiny PF/IVIG méli lepsi vysledky prezivani stépu rok po transplantaci v porovnani

s historickou skupinou (p = 0,044 (Obrazek 8).

Obrazek 8: Prezivani stépl podle druhu podavané IéCby (PF vs. PF + IVIG)
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Deset nemocnych ze skupiny PF/IVIG mélo funkéni $tép 1 rok po transplantaci a pouze 4

$tépy v skupiné s PP byli funkéni do 1 roku po transplantaci. Sest transplantovanych ledvin
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ze skupiny PF bylo selhanych v prvnim roce a 3 nemocni zemfeli. Pacienti |é¢eni PF/IVIG

méli trend k lepsimu prezivani pacientll (p= 0,056, Obrazek 9).

Obrazek 9: Prezivani pacientl podle druhu podavané |écby (PF vs. PF + IVIG)
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Dva nemocni zemfteli na bronchopneumonii a 1 nemocny zemrel doma s funkénim Stépem
na kardiovaskularni komplikaci. V obou skupinach jsme pozorovali stejny vyskyt infekénich
komplikaci.

Co se tyce pozitivity C4d slozky komplementu, tak obé skupiny mély v rebiopsiich podobny
vyskyt. Avsak nutno pfipomenout, Ze rebiopsie ve skupiné PF/IVIG byly realizovany pozdéji
vzhledem k lepSimu klinickému efektu.

Diskuse

Cilem nasi retrospektivni monocentrické studie bylo porovnat dva terapeutické pfistupy
k 1écbé AMR v obdobi 2002-2006. Na zakladé neuspokojivych vysledkl v letech 2002-
2003 byl v roce 2004 zménén pfistup k terapii kombinaci PF a IVIG.

Kombinace |é¢by PF/IVIG byla jednoznacné Gcinnéjsi, coz se projevilo vyznamné lepsim
prezivanim S$tépl transplantovanych ledvin a snizenim incidence akutni rejekce
v rebiopsiich. Vysledky jsou ovlivnény malym poc¢tem nasich nemocnych, avsak z doposud

publikovanych dat se jedna o praci s nejvyssim poctem lécenych pacientd s diagndzou
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AMR. AMR se vyskytla u nemocnych ve vysokém imunologickém riziku. Patnact pacientd
ze 24 mélo PRA vice nez 50 % a 11 nemocnych podstoupilo opakovanou transplantaci.
Incidence AMR v nasi studii byla nizka (2,8 %). Lehrich a kol. udavaji 4,5 %, Rocha a kol,
5,6 %, Ibernon a kol. publikovali, Ze v letech 1999-2004 u 7 nemocnych s diagnézou AMR
provadéli denné PF a 3 nemocni byli [éceni kombinaci PF/IVIG, 1 nemocny ke kombinaci
PF/IVIG dostal jesté rituximab. Jednoleté prezZivani pacientl bylo 100 %, prezZivani stépl
70 % a hodnota sérového kreatininu po |écbé byla 201 umol/I. Uvedena data jsou podobna
datlm nasim (Lehrich R.W. et al., 2005; Rocha A. et al., 2013; Ibernon M. et al., 2005)
White a kol. popsali 1ébu AMR v kombinaci PF/IVIG, takrolimus, mykofenolat mofetil,
steroidy a indukce basiliximabem (White N.B. et al., 2004).

Na zdkladé vySe uvedenych dat se za moznost |écby pfijala kombinace PF a IVIG.
Dlouhodobé studie prokazaly rychlou a Ucinou Iécbu nizkych hodnot anti-HLA protilatek
pomoci IVIG (Jordan S.C. et al., 2004). Mechanizmus ucinku IVIG je komplexni: blokace Fc
receptoru, interferenci se aktivuje komplementova kaskada, také ovliviiuje anti-
idiotopové protilatky. Skutecnost, ze IVIG detekuji komplement (Feucht H.E. et al., 1993),
je duleZitd vlécbé rejekce. Ve vysokém davkovani IVIG (1-2 g/kg) potencu;ji
imunosupresivni |éCbu, nizké davky IVIG (0,1 g/kg) zlepsuji nespecifickou imunitu po
intenzivni imunosupresi. Dalsi indikace IVIG v transplantacni mediciné jsou desenzitizace
(Jordan S.C., 2004; Jordan SC. et al., 2006) nebo indukce u nemocnych ve vysokém
imunologickém riziku (Akalin E., Pascual M., 2006). Nékterd centra podavaji hyperimunni
gamaglobulin proti CMV misto IVIG a CMV profylaxl s ganciclovirem.

Zaveér

Lé¢ba kombinaci PF a IVIG predstavuje bezpec¢nou a ucéinnou terapii akutni AMR.
V soucasné dobé kombinace plazmaferéz a aplikace intravendznich imunoglobulin(
v lé¢bé akutni AMR predstavuje standard Iécby, coZ bylo potvrzeno i v KDIGO (Kidney
Disease: Improving Global Outcomes) guidelines zroku 2010 pracovni skupinou
odborniku v transplantacni mediciné (Kasiske BL. Et al., 2010).

Clanek byl publikovan v ¢asopise Therapetic Apheresis and Dialysis. IF: 1,623
Plasmapharesis and Intravenous Immunoglobulin in Early Antibody- Mediated Rejection
of the Renal Allograft: A Single- Center Experience. Ther Apher Dialy. 2009
Apr;13(2):108-112.

Kompletni znéni ¢ldnku je priloZeno v anglickém jazyce.
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Plasmapheresis and Intravenous Immunoglobulin in Early
Antibody-Mediated Rejection of the Renal Allograft:
A Single-Center Experience

Janka Slatinska,! Eva Honsova,” Marcela Burgelova,' Antonij Slavcev,’
and Ondrej Viklicky'

Departments of | Nephrology, *Pathology and *Immunology, Institute for Clinical and Experimental Medicine,
Prague, Czech Republic

Abstract: Antibody-mediated rejection (AMR) is a rare
complication which often results in the loss of the kidney
graft. The objective of this retrospective single center study
was to evaluate two different approaches to AMR. We
retrospectively evaluated data files from 936 patients who
had undergone renal transplantation in 2002-2006. In
2002-2003, patients with AMR were treated with five plas-
mapheresis sessions (PP group, N=13), and in 2004-2006
they received five plasmapheresis session along with intra-
venous immunoglobulin 0.5 g/kg (PP+IVIg group, N = 11).
Twelve months of follow-up data was analyzed. First year
graft survival was significantly higher in the PP+IVIg group

than in the PP group (90.9% vs.46.2%; P = 0.044); similarly,
patient survival was higher in the PP+IVIg group (100% vs.
76.9%; P=0.056). The incidence of infectious complica-
tions was similar in both groups. In re-biopsies, patients in
the PP group often suffered from cellular rejection. The
deposition of C4d complement was similar in re-biopsies in
both groups. In this large single center study we proved the
superiority of plasmapheresis with intravenous immuno-
globulin administration in the treatment of early AMR of
renal allografts. Key Words: Antibody-mediated rejec-
tion, Graft survival, Intravenous immunoglobulin, Patient
survival, Plasmapheresis.

Previously described primary non-function of the
renal allograft with biopsy-proven acute tubular
necrosis without rejection may have involved
cases with unrecognized antibody-mediated rejection
(AMR), which has recently been shown to be a sig-
nificant cause of renal graft loss. Deposition of C4d
complement in peritubular capillaries, first described
by Feucht et al. in 1993 (1), has been shown to have
95% sensitivity and specificity for the presence of
circulating antibodies against HLA antigens of the
recipient. Therefore, C4d staining has been consid-
ered to be a significant tool for the diagnosis of AMR.

Early AMR accounts for 5-10% of all acute rejec-
tions (2,3). The risk of renal graft loss is high and the
one-year graft survival is low (15-50% ) despite inten-
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sive immunosuppression (4,5). The diagnosis of AMR
is supported by histological verification staining,
including peritubular capillary deposition of the C4d
complement fragment (6) and confirmation of posi-
tive donor-specific antibodies. Early AMR (up to
14 days) and late humoral rejection represent two
different pathological entities, and require different
therapeutic approaches (7). As the outcome of treat-
ment of AMR has not been satisfactory in the past,
the aim of this study is to compare two approaches to
the treatment of AMR since the C4d staining tech-
nique became available.

PATIENTS AND METHODS

From 1 January 2002 to 31 December 2006 there
were 936 kidney transplant performed in our center,
with AMR diagnosed in 26 patients (2.8%). Twenty-
five patients received kidneys from deceased donors
and one patient received a kidney from a living donor
(her husband). For the purposes of this study we
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TABLE 1. Basic demographic data

PP group

PP+IVIaG group P

AMR (N) 13
Age (years)

1
S0 = 10.4 /28-62/ 44 + 10.9/26-59/ NS

1 NS

Donor gender: male 11 (84.6%) 5(45.45%) 0.082
HLA-A mismatch 1207 1307 NS
HLA-B mismatch 1508 1.4 +08 NS
HLA-DR mismatch 1.2:4:0.7 11+035 NS
Panel reactive antibodies (%) 48 =34/12 = 16 36 +41/22 + 30 NS
Induction OKT 3 7113 1/11 0.033
Induction ATG 0/13 511 0.011
Donor/recipient CMV (%) 15 36.4 NS
Living donor 113 0/11 NS
Deceased donor 12/13 11 NS
First Tx 8 5 NS
Second Tx 3 4 NS
Third Tx 2 2 NS
Dialysis therapy (years) 3Tx£27 28+41 NS
Onset of AMR (POD) 92439 83%22 NS
Cr at the time of biopsy (mg/dL) 558 £2.23 426 £ 238 NS
CrCl at the time of biopsy (mL/min)  15.6 * 12 228 + 14.4 NS
Cr after treatment (mg/dL) 3.08 113 191 +0.52 0.005
CrCl after treatment (mL/min) 31.8£132 456 £ 15 0.025
Complement C4d+ (%) 100 100 NS
CDCXM+ (%) 91.7 100 NS
FXCM+ (%) 84.6 100 NS
Tacrolimus 11 11 NS
Cyclosporine A 2 0 NS
Mycophenolate mofetil 12 11 NS
Rapamycin 1 0 NS

AMR, antibody-mediated rejection: ATG, antithymocyte globuliny CDCXM., cytotoxic
crossmatch; CMV, cytomegalovirus; Cr, creatinine; CrCl, creatinine clearance; FXCM,

flow cytometry crossmatch: HLA, human

leukocyte antigen; IVIg, intravenous

immunoglobulin; NS, non-significant; OKT3, anti-CD3 monoclonal antibody; POD, post-
operative day: PP, plasmapheresis: Tx, transplant.

analyzed the follow-up of 24 patients treated either
with plasmapheresis (PP) or PP plus intravenous
immunoglobulin (IVIg). Two patients who received
rituximab, an anti CD-20 monoclonal antibody, were
excluded from the analysis.

The patients’ demographic parameters in the two
periods with different treatment approaches are
shown in Table 1. Patients were treated with mainte-
nance immunosuppression based on a combination
of calcineurin inhibitor (CNI), either tacrolimus
(0.2 mg/kg) or cyclosporine A (8 mg/kg), with myco-
phenolate mofetil (2000 mg/day) and corticosteroids.
In the case of a higher panel reactive antibody (PRA)
frequency (>50%), patients received induction
therapy with antithymocyte globulin (ATG) or
OKT3 (an anti-CD3 monoclonal antibody). Since
2005 the muromonab OKT3 has not been available in
the Czech Republic and patients received ATG. In
both cases of induction therapy the efficacy was
evaluated by flow cytometry determined CD3-
positive cell counts in the peripheral blood that were
<50 CD3 +cells/uL at the end of prophylaxis. Con-
comitant acute T-cell mediated rejections were
treated with methylprednisolone or ATG.

© 2009 The Authors
Journal compilation © 2009 International Society for Apheresis
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Histology

Biopsy was indicated when either the graft func-
tion had not developed by postoperative days 5-7,
the serum creatinine stagnated, or graft function had
deteriorated. Patients signed their informed consent
for the procedure one day before the biopsy, which
was performed under ultrasound control, using a 14G
biopsy guide needle. The diagnosis was based on his-
tological verification according to the Banff classifi-
cation (8,9).

The diagnosis of early AMR was based on veri-
fication of the C4d complement fragment in graft
biopsies, along with detection of donor-specific
antibodies. C4d was stained by anti-C4d monoclonal
antibodies (Quidel, San Diego, CA, USA) on the
frozen section by an indirect two-layer immunofluo-
rescence method or by the immunoperoxidase tech-
nique on paraffin sections (Biomedika Gruppe
Austria, Vienna, Austria).

Verification of donor-specific antibodies

DSA were detected either by cytotoxic crossmatch
(CDCXM) or by flow cytometry crossmatch (FCXM).
These tests were carried out at the same time as the

Ther Apher Dial, Vol. 13, No. 2, 2009
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FIG. 1. Graft survival. Patients receiving the plasmapheresis (PP)
and intravenous immunoglobulin (IVIg) combination had better
one-year graft survival than those treated using only PP. P = 0.044.

time (days)

histology. The advantage of CDCXM is its quick avail-
ability, while FCXM is an accurate analytical method.
Non-HLA antibodies were not analyzed.

Treatment of AMR

The aim of this study was to evaluate the efficacy of
treatment of AMR in two periods using different
approaches. In 2002-2003 the patients were treated
with five cycles of PP, while in 2004-2006 they
received a combination of five PP cycles followed by
IVIg 0.5 g/kg.

Plasmapheresis was performed on a Prisma sys-
tem (Gambro Dasco, Medolla Italy) with a high-
permeability capillary filter. Separated plasma was
substituted by human 20% albumin Ringer-lactate
solution. Polyvalent human lyophilized immunoglo-
bulin produced from plasma (Endobulin; Baxter-
Immuno, Vienna, Austria) was used as the IVIg.
Patients with AMR and acute cellular rejection
received methylprednisolone along with PP or PP
AND IVlIg, and in cases of type IIb and III acute
vascular rejection (according to the Banff 97 classifi-
cation system) they received antithymocyte globulin.

Statistical analysis

Basic statistic parameters such as the absolute and
relative frequencies, mean, and tendency excursion
were calculated for the purpose of descriptive data
analysis. Survival curves were estimated using the
Kaplan-Meier method. Agreement between the
groups was tested using the log-rank test. The differ-
ence between groups was analyzed by the y’-test for
discrete values and by the Student’s r-test for con-
tinuous values. All statistical tests were two-sided and
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the data were evaluated according to the level of
significance o = 5%: therefore a value of P <0.05 was
considered statistically significant.

RESULTS

Antibody-mediated rejection was observed in 26
of the 936 patients who had undergone kidney trans-
plantation during the period 2002-2006. In 2002-2003
AMR was treated using PP in 13 out of 350 renal
transplant recipients, while in 2004-2006 it was
treated using a combination of PP and IVIgin 11 out
of 586 recipients, and in two patients PP, IVIg and
rituximab were used. Patients receiving the PP/IVIg
combination had better one-year graft survival than
those treated using the earlier regimen. Ten (90.9%)
grafts treated for AMR with PP and IVIg were func-
tioning, while only four (30.8%) grafts were function-
ing in the group treated with PP at the end of the first
year post-transplant (P =0.044, Fig. 1). Six grafts in
the PP-treated group failed and three patients died.
In the PP+IVIg group there was a higher tendency
toward patient survival than in the PP group (Fig. 2).
All patients treated with PP and IVIg survived the
first year, while three patients in the PP group died
within the first year (P = 0.056; Fig. 2), two from ful-
minant bronchopneumonia and one patient with a
functioning graft died at home, most likely of cardio-
vascular complications. AMR treatment was associ-
ated with similar rates of infectious complications
(Table 2).

We analyzed the histological findings of the
re-biopsies after AMR treatment. Patients in the
PP group suffered from cellular rejection in
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FIG. 2. Patient survival. Patients treated with combination plas-
mapheresis (PP) and intravenous immunoglobulin (IVIg) had
better survival than patients treated only with PP. P =0.056.
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TABLE 2. Infectious complications after treatment of
antibody-mediated rejection

PP PP+IVIg
N % N % P
CMV infection 1 7.7 1 9.1 NS
Pneumonia 3 23:1 1 91 NS
PN/UTI 3 23.1 3 273 NS
Herpes zoster 2 15.4 0 0 NS
Others 0 0 1 9.1 NS

CMV, cytomegalovirus: IVIg, intravenous immunoglobulin; NS,
not significant; PN, pyelonephritis; PP, plasmapheresis; UTI,
urinary tract infection.

the re-biopsies more often than those in the
PP+1VIg group (Table 3), and C4d deposition was
similar in the re-biopsies in both groups. Because of
the better clinical effect of PP and IVIG treatment,
the re-biopsies were performed later in this group.

DISCUSSION

The aim of this large single-center retrospective
study was to compare two approaches in AMR treat-
ment used during the period 2002-2006. Due to the
poor outcome in the treatment of AMR in 2002-
2003, the therapeutic strategy was changed in 2004 to
combine PP with the administration of IVIg.

The combination of PP and IVIg treatments was
clearly more efficacious. This was reflected in better
graft survival and a lower incidence of acute rejection
in re-biopsies. It is obvious that the results may have
been influenced by the small numbers of individuals
in both groups; however, based on our knowledge,
this study is the largest published to date. AMR
occurs mostly in patients at high immunologic risk. In
15 out of the 24 patients, the PRA frequency was
higher than 50% and 11 patients received second or
third transplants.

111

The incidence of AMR in our study was low (2.8 %,
26 patients). Lehrich et al. (9) reported an incidence
of 4.5% (23 patients) while Rocha et al. (10) reported
an incidence of 5.6% (16 patients). Ibernon et al. (11)
came to a similar conclusion. In 1999-2004 seven
patients with AMR were treated with daily PP and
three patients with the combination of PP and IVIg.
In one case, PP and IVIg therapy was supplemented
with rituximab. The one-year patient survival was
100%, graft survival was 70% and serum creatinine
after the treatment was 201 umol/L. These data
are similar to ours. White et al. (12) describes AMR
treatment with patients who received PP, TVIg,
tacrolimus, mycophenolate mofetil, steroids, and
basiliximab induction therapy.

Based on these results, plasmapheresis and intra-
venous immunoglobulin (IVIg) has been adopted as
a therapy of choice for AMR. The question remains
as to how the improved outcomes after IVIg admin-
istration can be explained. Studies have shown that
IVIg treatment lowers the level of anti-HLA anti-
bodies quickly, effectively and in the long term (13).
The mechanism of this effect is complex and involves
blocking of Fc receptors and interference with
complement activation, cytokine activity, and the
effect of anti-idiotype antibodies. The fact that IVIg
may detect complement (1) is also important for the
treatment of rejection. Besides the immunosuppres-
sive effect of higher dosages (1-2 g/kg), some authors
use small dosages of IVIg (0.1 g/kg) to improve non-
specific body immunity during intensive immunosup-
pression. Other indications for IVIg treatment in
renal transplantation have been shown to be desen-
sitization (14.,15) and induction therapy after renal
transplantation in highly sensitized patients (16).
Some centers administer hyper-immune gamma-
globulin against CMV instead of IVIg and CMV pro-
phylaxis with ganciclovir (3).

TABLE 3. Histological findings within the first diagnostic biopsies and second biopsies after completing the treatment

PP PP+IVIg P PP PP+IVIg r
Histological findings 1st biopsy 1st biopsy 1st biopsy 2nd biopsy 2nd biopsy 2nd biopsy
Biopsy (POD) 92+39 8322 NS 172 +£177 63.2 £ 54.0 0.011
N 13 11 NS 12 10 NS
C4d positive (%) 100 100 NS 833 36.4 NS
AMR/ATN-like 9/69.2% 4/36.4% NS 4/33.3% 1110% NS
AMR/AR 1A 0/0% 1/9.1% NS 3/25% 0/0% NS
AMR/AR ITA 2/15.4% 3/27.3% NS 2/16.7% 2/20% NS
AMR/AR 1IB 11.7% 2/18.2% NS 0/0% 0/0 NS
AMR/AR 11T 1/7.7% 1/9.1% NS 0/0% 1/110% NS
AR positive (%) 30.8 63.7 NS 4.7 30 NS
AR I + IIT (%) 30.8 54.6 NS 16.7 30 NS

AMR, antibody-mediated rejection; AR, acute cellular rejection; ATN, acute tubular necrosis; IVIg, intravenous immunoglobulin; NS,

non-significant; POD, postoperative day: PP, plasmapheresis.

© 2009 The Authors
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CONCLUSION

The combination of plasmapheresis and intrave-
nous immunoglobulin administration is considered to
be a safe and effective treatment of early AMR.
Because of the rare incidence of AMR, single-center
case reports are more likely to be made available
than prospective controlled trials.
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6.2 U&innost a bezpe¢nost [é¢by bortezomibem v [é¢bé refrekterni akutni
protilatkami-zprostfedkované rejekce — pilotni studie

Uvod

Cilem nasi studie bylo analyzovat ucéinnost a bezpecnost poddani bortezomibu a rituximabu
v lécbé refrakterni (rezistentni) AMR. Rezistentni AMR je definovdna perzistujici
zhorsenou funkci renalniho Stépu i pres |écbu PF s aplikaci IVIG a intravendzniho podani
kortikosteroidd.

Imunosupresivni protokol 1é¢by rezistentni AMR zahriiuje podani bortezomibu (1 cyklus
predstavuje 4x podani bortezomibu v davce 1,3 mg/kg) prfed kaidou PF, 1 davky
rituximabu (375 mg/m?) a intravendzni podani malé davky kortikosteroid(, jak bylo dfive
publikovano (Walsh C.R. et al., 2012). V obdobi od 1/2012 do 6/2015 bylo v nasem TC
provedeno 772 transplantaci ledviny a akutni refrakterni AMR jsme diagnostikovali u 23
pacientl (3 %).

Metodika

U darct i nemocnych byla HLA typizace provedena metodou PCR na lokusech A, B, DR a
DQ. Dvacet nemocnych podstoupilo opakovanou transplantaci (druhou transplantaci 10
nemocnych, tfeti 6 pacientl, a ¢tvrtou transplantaci 4 nemocni). UdrZovaci imunosupresi
méli vSichni nemocni v kombinaci takrolimus, mykofenolat mofetil nebo mykofenolat
sodny a kortikosteroidy. VSichni nemocni méli negativni komplement-dependentni
crossmatch (CDC) pred transplantaci. V dobé diagndzy rezistentni akutni AMR mélo 52 %
pozitivni CDC test. Prlitokovou cytometrii jsme potvrdili pozitivitu na T-bunkach u 56,5 %
a na B-bunkach u 91,3 % nemocnych. DSA detekce byla provedena metodikou single bead
assay protilatkam proti HLA-A, B, DR a DQ antigenU. VSechna séra byla oSetfena metodou
EDTA kvuli eliminaci pro-zone efektu. Byly stanovené hodnoty pozitivity: HLA I. tfidy 1 000
MFI a Il. tfidy 2 000 MFI.

Podle renalni funkce byli nemocni rozdéleni do 2 skupin: prvni skupinu tvofili nemocni, u
kterych jsme po 6 mésict |écbé bortezomibem v dobé zaznamenali vzestup sérového
kreatininu o vic nez 25 % oproti hodnoté v dobé diagndzy akutni rezistentni AMR, druhou
skupiny tvofili nemocni se stabilni renalni funkci. Skupinu 1 tvofilo 7 pacientd, u kterych
bylo v porovnani se skupinou 2 (16 nemocnych) vyznamné horsi 3leté prezivani stépu (p

=0,019), Obr. 1.
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Vysledky

Obr. 1: Prezivani §tépQ: progresofi vs non-progresofi
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Vrizikové kohorté progresorl byla vétSina pacientd muZského pohlavi, statistickou
analyzou jsme nepotvrdili rozdily v HLA neshoddach, HLA mismatchich, dobé dialyzy ¢i dobé
nastupu rozvoje funkce transplantované ledviny.

Diagndza byla zalozena dle Banffské klasifikace z roku 2011 (Mengel M. et al., 2012). Casna
akutni AMR byla diagnostikovdna nejdéle 3 mésice po transplantaci ledviny. Pacienti
s diagndzou refrakterni AMR byli nejprve [é¢eni konvencni |é¢bou AMR: 5 cykld PF + 5
davek IVIG (0,5 g/kg). V prfipadé selhani konvencni lécby byl pouZit protokol
s bortezomibem a rituxiambem. Z nezadoucich ucinkl |écby nejc¢astéji dominovaly
hematologické komplikace: trombocytopenie (78,3 %), leukopenie (56,5 %), dale to byly
Castéjsi mocové infekce (34,8 %) a septické stavy (30,4 %). Zadvaznou komplikaci byla
polyneuropatie dolnich koncetin, ktera byla prokazana u 6 pacientd, pouze u 2 nemocnych
doslo k vyléceni nemoci. Lé¢ebny protokol s bortezomibem byl pacienty dobfe tolerovan,

bez priakazu zavaznych oportunnich infekci ¢i malignich onemocnéni.
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Po lé¢bé bortezomibem jsme pozorovali signifikantni pokles DSA ve HLA tfidé B (p = 0,004)
a HLA ttidé DR (p = 0,0005), |é¢ba neovlivnila HLA ttidy A (p = 0,106) a HLA ve ttfidé DQ (p
=0,18) (Wilcoxon-matched pairs-signed rank test).

VSechna séra byla predpfipravena s EDTA k vylouceni pro-zone efektu (rozliSeni poklesu
DSA v I. tfidé, DR a DQ). Analogické vysledky s depleci (de novo) DSA byly publikovany
Touzot a kol., ktefi pozoroval snizeni DSA-DR, ale nedoslo k poklesu DS-DQ protilatek
(Touzot M. et al., 2015).

Prezivani Stépl ledvin s diagndzou akutni rezistentni AMR (skupina | vs. skupina 1l) je
zobrazeno ve obr. 10. Nemocni s dobrou klinickou odpovédi (skupina Il) méli signifikantné
lepsi prezivani Stépu (p = 0,019). Pacienti s pretrvavajici zhorSenou funkci (elevace
sérového kreatininu) (skupina I) méli zdvaznou nefrotickou proteinurii.

Ktivka prezivani stépl po lécbé akutni rezistentni AMR vs. prezivani nemocnych, ktefi
podstoupili retransplantaci je srovnatelna (p = 0,159). Statisticky byl potvrzen rozdil ve
3letém prezivani transplantovanych $tépl po prvni transplantaci a prezivani stépl po
|[éCbé rezistentni AMR (p = 0,006), taktéz jsme potvrdili vyznamny rozdil ve 3letém

prezivani Stépu po 1. transplantaci a retransplantacich (p = 0,0132) (Obr. 2).

Obr. 2: Trileté prezivani stépa: 1. transplantace, retransplantace a pacienti |éceni pro

rezistentni AMR

mTa—l————— -
E Bu_ lsssHessss -I---'
=
F —— 1 transplantation
a 60+ -1= Retransplantation
E 40- 1. Resistant AMR
5 p=0.0005
o 90-
0 T T 1
0 12 24 36
Subjects at risk Months
1st transplantation 655 537 361 164
Retransplantation 115 78 43 21
Resistant AMR 23 21 19 15
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Diskuse

Bortezomib je inhibitor proteasomi, ktery je registrovdan k |é¢bé mnohodetného
myelomu. Inhibuje produkci protilatek plazmatickymi burikami, apoptézu bunécného
cyklu a snizuje pocet plazmatickych bunék v kostni dreni. Jeho prvni pouiziti v
transplantacni mediciné bylo uverejnéno v roce 2009 (Trivedi H.L. et al., 2009). Trivedi s
Terasakim pouzili bortezomib u indickych pacient(, ktefi neméli prostfedky na pofizeni
imunosuprese. Transplantované ledviny byly funkéni i bez imunosupresiv, nicméné
absence biopsii a abnormalni renalni funkce vyluCuje generalizaci tohoto pilotniho
pozorovani. Druhou zkuSenost s bortezomibem publikovali autofi této komentované
prace v roce 2008. Nejdrive bortezomib s Uspéchem pouzili pro |1éCbu refrakternich rejekci
(Everly M.J. et al., 2008). Jejich pozitivni vysledky pak vyustily ve zménu schématu s tim,
Ze se rozhodli pouzit modifikovany protokol bortezomib-plazmaferézy-rituximab jako
|éCbu prvnilinie i pro pfipady akutni, protilatkami zprostfedkované rejekce s cilem zamezit
chronickym zménam.

Sbero-Soussan a kol. v roce 2010 pouzili pouze 1 davku bortezomibu v Ié¢bé AMR (bez
dalSich terapeutickych intervenci), avSak 5 mési¢ni sledovani nezaznamenalo signifikantni
pokles MFI DSA. Inhibice proteasomu samostatné nezabezpecuje dostate¢nou modulaci
anti-HLA protilatek, pokud necilime na snizeni tvorby prekurzori B bunék nebo cytokinu

(Sbero-Soussan R. et al., 2010).

Gonzales a kol. poddvali 32 davek bortezomibu u 10 sensitizovanych nemocnych pred
zvazovanou transplantaci od Zijicich darcd. Osmdesat procent pacientl po desensitizaci,
ktera trvala témér 3 roky, podstoupilo transplantaci, neni vSak jasné zda-li moZznost
provedeni transplantace (pokles DSA, BFXM <300 kandlového posunu) souviselo s [é¢bou
bortezomibem. Tficet dva ddvek bortezomibu v monoterapii bylo asociovano s poklesem
anti-HLA protilatek, avSak vzhledem k zavazné toxicité a intoleranci uvedena Iécba se
nedoporucuje k rutinni desensitizaci. Na zdkladé publikovanych praci se bortezomib jevi
jako potencialné vhodny k desensitizacni |é¢bé v kombinaci sjinymi terapeutickym
prostfedky (PF + IVIG + rituximab), avSak pro zdvainé vedlejsi ucinky (polyneuropatie,
trombocytopenie, neutropenie) v soucasné dobé neexistuji data z klinickych studii, které

by podporovali jeho vyuZiti (Gonzales M.A. et al., 2017).
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Zaver

Terapeuticky protokol zaloZzeny na podavani bortezomibu pfi |écbé rezistentni AMR byl
bezpeény a dobre tolerovdn. Nepozorovali jsme Zivot ohrozujici komplikace jako
oportunni infekce nebo maligni onemocnéni.

s prezivanim Stépu po opakovanych transplantacich.

Podavani bortezomibu v kombinaci s rituximabem a plazmaferézami bylo Ucinné ke
snizeni hodnot DSA-B a DSA-DR, ale nebylo dostate¢né ucinné ke snizeni darcovsky-
specifickych protilatek DSA-A a DSA- DQ.

Vzhledem k mozné toxicité bortezomibu je pouziti v |é¢bé znacné limitovano.

Clanek byl publikovan v ¢asopise HLA. IF: 1,0
Efficacy and safety of BORTEZOMIB treatment for refraktory acute antibody-mediated
rejection — a pilot study. HLA 2018 Dec;92 Suppl (2):47-50.

Kompletni znéni ¢ldnku je priloZeno v anglickém jazyce.
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A novel therapeutic approach to refractory acute antibody-mediated rejection
(AMR) in kidney transplant recipients was applied in 23 patients based on adminis-
tration of Bortezomib, intravenous corticosteroids, plasmapheresis and Rituximab.
Application of Bortezomib regimen led to diminishing of donor-specific antibodies
(DSA) to HLA-B (P = 0.004) and HLA-DR (P = 0.0005), but not to HLA-A
(P =0.106) and HLA-DQ antigens (P = 0.18). Patients with good clinical
response to treatment had significantly better allograft survival than recipients with
continuing deterioration of graft function (P = 0.019). Graft survival after therapy
of refractory AMR was significantly worse than survival after first transplantation
and was comparable with outcomes after retransplantation. In conclusion, therapy
with Bortezomib was well tolerated and effective in decreasing the levels of HLA-
B and -DR antibodies, however, was not successful in depleting HLA-A and
-DQ DSA.
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Antibody-mediated rejection (AMR) remains one of the
major barriers to successful long-term kidney graft survival."
Diagnosis of AMR is defined by specific histopathologic
characteristics  (glomerulitis, arterial-transmural lesions,
etc.), C4d complement deposits in peritubular capillaries and
presence of circulating donor-specific antibodies (DSA).>?
Due to the fact that C4d deposits may be absent in approxi-
mately half of confirmed cases of AMR, DSA are now con-
sidered a reliable biomarker of AMR.*® In addition, the
ability of DSA to bind the C1q complement component may
provide clinically relevant information about graft progno-
sis.” The Banff meeting report from 2011 suggested that
AMR can be differentiated into two separate phenotypes’:
early AMR develops shortly after transplantation (1-2
weeks) in presensitized patients, whereas late AMR occurs
after longer period and is associated with production of de

© 2018 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

novo DSA. Late AMR is a frequent complication in non-
compliant patients or in recipients with suboptimal immuno-
suppression. These cases are often related to poor graft
outcome and uncertain antirejection responses.”

The aim of our study was to analyze the efficacy and
safety of administration of Bortezomib and Rituximab in
treatment of refractory (resistant) AMR. Resistant AMR was
defined by persisting clinical deterioration of graft function
in spite of application of plasmapheresis, intravenous immu-
noglobulins (IVIG) and corticosteroids. The immunosup-
pressive protocol for resistant AMR consisted of Bortezomib
(one cycle of four doses of Bortezomib [1.3 mg/mzl), small
doses of intravenous corticosteroids, plasmapheresis before
each Bortezomib dose and one dose of Rituximab (375 mg/
m?) as described by Walsh.” Out of 772 kidney transplants
performed between January 2012 and June 2015,

HLA. 2018;92 (Suppl. §2):47-50.
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23 recipients (3%) were diagnosed with resistant acute
AMR. The demographic characteristics of our cohort are
shown in Table 1. Kidney transplant patients were HLA
typed by the polymerase chain reaction-sequence-specific
oligonucleotide probes (PCR-SSOP) technique (intermediate
resolution) for A, B and DR loci. Organ donors were HLA
typed by PCR-sequence-specific primers (SSP) (low resolu-
tion) for A, B, DR and DQ loci. Twenty (87%) patients
underwent retransplantation (10—second, 6—third and 4—
fourth transplantation). Maintenance immunosuppression

mmune Response Genetics

included tacrolimus, mycophenolate mofetil/or mycopheno-
late sodium and corticosteroids. All patients had negative
complement-dependent cytotoxic (CDC) crossmatch before
transplantation. At the time of diagnosis of resistant acute
AMR, the CDC crossmatch was positive in 52% of patients.
Flow-cytometry crossmatch (FCXM) was positive on T-cells
in 56.5% of patients and in 91.3% on B-cells. DSA were
identified using the single antigen bead assay (One Lambda,
Canoga Park, California). The presence and specificity of
antibodies to HLA-A, -B, -DR and -DQ antigens were deter-
mined (Table 1). For elimination of the pro-zone effect, all

TABLE 1  Patients with resistant acute AMR—demographic data
Resistant acute AMR n=23
Donor age 47.7 £ 10.2 (27-60)

Recipient age 474 + 8.7 (34-64)

Recipient gender male (%) 74
HLA-A mm 14 4+ 06
HLA-B mm 1.5+ 06
HLA-DR mm 1.2 £ 0.6
PRA (%) highest (median) 52 (0-100)
PRA (%) last (median) 36 (0-98)
Donor-specific class I antibodies 14/60.9
before transplantation (> 1000 MFI) (n/%)
Donor-specific class IT antibodies 17/74
before transplantation (>2000 MFI) (n/%)
Induction Basiliximab 1/23
Induction thymoglobulin 22/23

CMV mismatch (%) 8.7

3/23 (13%)
20123 (87%)
223 (8.7%)
21723 (91.3%)

First transplantation
Re-transplantation
Living donors

Deceased donors

CIT (hours) median 16.9 (0.6-27.9)
Dialysis therapy (years) median 6(0-17)

DGF (%) 26.1

AMR onset (day) median 14 (7-60)
CDC crossmatch 12/23 (52.2%)
FXCMT + 13/23 (56.5%)
FXCM B + 21/23 (91.3%)

Abbreviations: AMR, antibody-mediated rejection; CDC, complement-dependent
cytotoxicity; CIT, cold ischemia time; CMV, cytomegalovirus; DGF, delayed graft
function; FCXM, flow cytometry crossmatch performed on T / or B lymphocytes;
MFI, mean fluorescence intensity; mm, mismatch; PRA, panel-reactive antibodies
as defined by the complement-dependent cytotoxicity test.
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patient sera were pretreated with EDTA (ethylenediaminete-
traacetic acid). The cut-offs for positivity of the single anti-
gen assay were for class I—1000 mean fluorescence
intensity (MFI) and for class I—2000 MFI, which were pre-
viously validated in the laboratory.

Kidney recipients were divided into two groups accord-
ing to renal function. Patients with increasing serum creati-
nine levels more than 25% in comparison with baseline
concentrations during the first 6 months after therapy with
Bortezomib, were included in group I (n = 7), while the
remaining comprised group II (n = 16). Interestingly, 85.7%
of patients in group I were males. No significant differences
in demographic characteristics such as HLA mismatches,
panel-reactive antibodies (PRA), duration of dialysis,
delayed graft function, etc. between the two cohorts were
found (Table 2). Statistical analysis was performed using
IBM SPSS Statistics (1200) version 19.0 (SPSS Inc., Chi-
cago, Illinois). The Mann-Whitney U test, Fisher's exact test
and log-rank tests were applied.

The diagnosis of AMR was based on histological verifi-
cation according to the Banff 2011 report.® Early-onset
(acute) AMR was diagnosed at <3 months after kidney
transplantation. Patients with refractory AMR first received
conventional plasmapheresis treatment (PP) and IVIG. Pro-
tocol based on Bortezomib and Rituximab was administrated

TABLE 2 Comparison of demographic data of patient group I vs patient
group II

Group I Group IT
n=7 n=16 P
Donor age 50 + 10.4 (32-60) 46.8 + 103 (27-60) n.s.
Recipient age 423 £ 6.6 (34-54) 49.6 £ 8.8(32-64) 0.0225
Male gender (%) 85.7 68.7 n.s.
HLA-A mm 14+ 08 14 +£05 n.s.
HLA-B mm 14+ 08 16 £05 ns.
HLA-DR mm 1.4+ 05 1.1 £06 ns.
PRA highest (%) median 36 65 ns.
PRA last (%) median 24 37 ns.
Induction Basiliximab 07 (0%) 1/16 (6.2%) ns.
Induction thymoglobulin  7/7 (100%) 15/16 (92.8%) n.s.
CMV mismatch (%) 28.6 0 ns.
First transplantation 07 (0%) 2/16 (12.5%) ns.
Re-transplantation 717 (100%) 14/16 (87.5%) ns.
CIT (hours) median 17.6 (16.1-27.9) 16.4 (0.6-21) ns.
Dialysis therapy 7.6 (1.4-13) 3(0-12) ns.
(years) median
DGF (%) 286 25 ns.
AMR onset 13 (8-60) 14 (7-36) ns.
median (days)
CDC crossmatch 5/7 (71.4%) 7/16 (43.8%) ns.
FXCMT 5/7 (711.4%) 8/16 (50%) ns.
FXCM B 6/7 (85.7%) 15/16 (93.8%) ns.

Abbreviation: AMR, antibody-mediated rejection; CDC, complement-dependent
cytotoxicity, CIT, cold ischemia time; CMV, cy virus; DGF, delayed graft
function; FCXM, flow cytometry crossmatch performed on T/or B lymphocytes;
mm, mismatch; n.s., non significant; PRA, panel-reactive antibodies as defined by
the complement-dependent cytotoxicity test.
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TABLE 3  Adverse effects of Bortezomib treatment

AMR n = 23 (%)
Thrombocytopenia 18/23 (78.3)
Leucopenia 13/23 (56.5)
UTI 8/23 (34.8)
Sepsis 723 (30.4)
Polyneuropathy 6/23 (26.1)
Fluid retention 5/23 (21.7)
CMV replication 4/23 (17.4)
BKYV replication 3/23 (13)
Diarrhea 3/23 (13)
Hepathopathy 3/23 (13)
Pneumonia 3/23 (13)

Abbreviation: AMR, antibody-mediated rejection; BKV, BK virus; CMV, cyto-
megalovirus; UTL, urinary tract infection.

after failure of conventional treatment. The adverse effects
of Bortezomib treatment are shown in Table 3. Dose modifi-
cations/discontinuation for adverse events was infrequent.
Thrombocytopenia was the most common hematologic tox-
icity. New onset peripheral neuropathy was mild and
completely resolved in all but two patients. Bortezomib-
based protocols were generally well tolerated, while oppor-
tunistic infections and malignancies were not observed.
After Bortezomib treatment, we observed a significant
decrease of DSA to HLA-B (P = 0.004) and HLA-DR
(P = 0.0005), but not to HLA-A (P = 0.106) and HLA-DQ
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FIGURE 2 Allograft survival of patients with acute refractory antibody-

mediated rejection (AMR): group I vs group II

antigens (P = 0.18) (Wilcoxon-matched pairs-signed rank
test) (Figure 1A-D). Due to the fact that all sera were pre-
treated with EDTA, it can be ruled out that the differential
decrease of class I, DR and DQ-DSA might have been
caused by the pro-zone effect. Interestingly, analogous
results of depletion of (de novo) produced DSA after antire-
jection treatment were also reported by Touzot et al, who
observed elimination of DSA-DR, but not DSA-DQ anti-
bodies.'” The allograft survival of patients with acute resis-
tant AMR (group I vs group II) is shown in Figure 2.
Patients with good clinical response (group IT) had signifi-
cantly better allograft survival (P = 0.019). Recipients with
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TABLE 3  Adverse effects of Bortezomib treatment

AMR n = 23 (%)
Thrombocytopenia 18/23 (78.3)
Leucopenia 13/23 (56.5)
UTI 8/23 (34.8)
Sepsis 723 (30.4)
Polyneuropathy 6/23 (26.1)
Fluid retention 5/23 (21.7)
CMV replication 4/23 (17.4)
BKYV replication 3/23 (13)
Diarrhea 3/23 (13)
Hepathopathy 3/23 (13)
Pneumonia 3/23 (13)

Abbreviation: AMR, antibody-mediated rejection; BKV, BK virus; CMV, cyto-
megalovirus; UTL, urinary tract infection.

after failure of conventional treatment. The adverse effects
of Bortezomib treatment are shown in Table 3. Dose modifi-
cations/discontinuation for adverse events was infrequent.
Thrombocytopenia was the most common hematologic tox-
icity. New onset peripheral neuropathy was mild and
completely resolved in all but two patients. Bortezomib-
based protocols were generally well tolerated, while oppor-
tunistic infections and malignancies were not observed.
After Bortezomib treatment, we observed a significant
decrease of DSA to HLA-B (P = 0.004) and HLA-DR
(P = 0.0005), but not to HLA-A (P = 0.106) and HLA-DQ
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antigens (P = 0.18) (Wilcoxon-matched pairs-signed rank
test) (Figure 1A-D). Due to the fact that all sera were pre-
treated with EDTA, it can be ruled out that the differential
decrease of class I, DR and DQ-DSA might have been
caused by the pro-zone effect. Interestingly, analogous
results of depletion of (de novo) produced DSA after antire-
jection treatment were also reported by Touzot et al, who
observed elimination of DSA-DR, but not DSA-DQ anti-
bodies.'” The allograft survival of patients with acute resis-
tant AMR (group I vs group II) is shown in Figure 2.
Patients with good clinical response (group IT) had signifi-
cantly better allograft survival (P = 0.019). Recipients with
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6.3 Solubilni CD30 a hepatocytarni rastovy faktor jako prediktivni marker

protilatkami zprostfedkované rejekce transplantované ledviny

Uvod

Akutni protildtkami zprostfedkovana rejekce (AMR) i pfes UspésSnou lécbu casto vede
k rozvoji chronické nefropatii Stépu. Monitorace pre- a posttransplantaénich sérovych
koncentraci solubilni CD30 (sCD30) molekuly, slouZi k predikci rizika vzniku rejekce stépu
a nasledné k jeho selhdni.

CD30 molekula je aktivaéni marker exprimovany na CD8+ a CD4+ lymfocytech, ktery
stimuluje B bunky a inhibuje Th1 imunitni odpovéd. Jeho solubilni forma je proteolyticky
uvolnéna z povrchu lymfocytu aktivaci zinkové metalloproteindzy. Vazbou CD30 molekuly
pomoci ligandu na B-lymfocyty dochdzi k proliferaci a sekreci imunoglobulinu. Nékteré
studie hovofi o predtransplantacnich hodnotdch sCD30, které mohou predikovat tvorbu
DSA po transplantaci, avSak pfima korelace mezi sCD30 koncentraci a tvorbou protilatek
(véetné AMR) neni znama.

Novym pfislibem se jevi hepatocytarni ristovy faktor (Hepatocyte growth factor — (HGF)).
HGF je multifunkéni cytokin, jehoZz koncentrace vzrlsta pfi rejekci u organovych
transplantaci. Dvé nezavislé studie poukazuji na vyznam predikce pomoci HGF u vzniku
rejekce u prijemci po transplantaci srdce a ledviny. U 63 pfijemcl po transplantaci srdce
nebyla nalezena korelace mezi hladinou HGF a incidenci akutni celuldrni a akutni
protildtkami zprostfedkované rejekce, ale byl zaznamendn vztah mezi hodnotami HGF a
tvorbou anti-HLA protilatek. Vysvétlenim téhle korelace mize byt potencidlné Skodlivy
efekt HLA-specifickych protilatek na endotelidlni bunky stépu a nasledné na aktivaci HGF.
Jedinou praci, ktera se zabyva predikci rozvoje akutni rejekce pomoci sledovani sCD30 a
koncentrace HGF je prace Mahmouda u pfijemctl transplantovanych ledvin (Mahmoud K.
et al., 2007).

Cilem nasi retrospektivni prace bylo klinické zhodnoceni namérenych hodnot sCD30 a HGF
k predikci tvorby DSA a zaroven posoudit riziko rozvoje AMR u pfijemcl po transplantaci
ledviny. Hodnoceni sCD30, HGF koncentraci a anti-HLA protilatek bylo pfed transplantaci

a v pravidelnych intervalech po transplantaci.
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Metodika

V nasi studii bylo analyzovano 205 pacientl, ktefi podstoupili transplantaci ledviny
v obdobi od ledna 2006 do prosince 2007. Krevni sérum bylo odebrano kratce pred
transplantaci, 2 tydny a 6 mésicu po transplantaci ledviny. Medidn sledovani pacientd po
transplantaci byl 730 + 20 dni. Z 205 nemocnych bylo 171 (83 %) po prvni transplantaci,
30 (15 %) po druhé a 4 (2 %) po tfeti transplantaci ledviny. U vSech nemocnych jsme
vySettili sCD30 pred transplantaci pomoci ELISA testu. Hrani¢ni hodnota pro pozitivitu byla
100 U/ml na zakladé dostupnych udajl z literatury. HGF koncentrace byla mérena pomoci
Fluorokin xMAP cytokininového multiplexového testu.

Vysledky

V nasem souboru byla vyssi incidence preformovanych protilatek HLA v [. tfidé u
nemocnych, ktefi ztratili ledvinu z imunologickych pfFicin v porovnani s funkénimi Stépy
ledvin (45 % vs. 28 %, p = 0,082). Ve dvouletém obdobi 5 % nemocnych selhalo z divodu
zavazné rejekce a u 6,8 % nemocnych doslo k umrti nebo ztraté transplantovanych ledvin
z jinych pficin nez akutni rejekce. Vyssi incidence vzniku akutni AMR byla pozorovana u
nemocnych po opakovanych transplantacich. Hodnota solubilniho CD30 pfed a po
transplantaci ledviny nekoreluje s prezivanim sStépu do konce sledovaného obdobi.
Pozorovali jsme tendeci k vyssi incidenci AMR u nemocnych pred retransplantaci s elevaci
sCD30 (=100 U/ ml) (p = 0,051). Nebyla prokazana korelace mezi sCD30 a vyskytem AMR
u prvnich transplantaci, avSak v pfipadé pozitivnich hodnot sCD30 a pfi pritomnosti
antiHLA protilatek je pfitomna vyssi incidenci AMR (p < 0,001).

Samotna HGF koncentrace neni asociovana s incidenci AMR v jakékoliv dobé pred a po
transplantaci, také nebyla nalezena korelace mezi HGF a preZivanim stépU. Naproti tomu
u nemocnych, u kterych kratce po transplantaci dochazi k poklesu sCD30, hodnota HGF
vzrista, 480 + 249 pg/ml pred a 1108 + 714 pg/ml 2 tydny po transplantaci. Nizsi
predtransplantaéni hodnoty HGF koreluji s prfitomnosti HLA protilatek ve Il. tfidé pred a 6
mésicl po transplantaci, ale ne s hodnotami HLA protilatek I. tfidy (p < 0,001 vs. p = 0,05).
Nemocni s nizkymi hodnotami HGF a vysSimi hodnotami sCD30 pred transplantaci maji

vysoké riziko rozvoje AMR.
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Simultanni pfitomnost anti-HLA protilatek I. a Il. tfidy (CLI +/ CLII +), které byly detekovany
ELISA metodou pred transplantaci, je signifikantni faktor rozvoje AMR. Validace byla
provedena na celé kohorté (OR 12,87; Cl 4,24—-39,26) a nemocnych po prvni transplantaci
(p <0,0001). Nemocni po retransplantacich méli nejkratsi dobu do rozvoje AMR u skupiny
CLI +/ CLIl +, i kdyZ nebyla dosaZena statisticka vyznamnost (62,5 %; n = 16).

Diskuse

Molekula sCD30 byla dobfe prostudovana jako prediktor akutni celuldrni rejekce, ktery
zaroven ukazuje horsi prezivani stépa (Pelzl S. et al., 2002; Rodriguez L.M. et al., 2007;
Pelzl S. et al., 2003; Langan L.L. et al., 2007; Heinemann F.M. et al., 2007). Existuji
publikace, které pojedndvaji o korelaci mezi sCD30 a AMR transplantovanych ledvin. Nami
prezentovand data ukazuji, Ze elevace sCD30 samotné se nejevi jako prediktor DSA a
rozvoje AMR, jak je to u nemocnych ve vysokém imunologickém riziku (Slavcev A. et al.,
2007). Na3e pozorovani je ve shodé s praci Weimera a kol. (Weimerem R. et al., 2006)”°,
ktefi nepotrvdili pfimou korelaci mezi sCD30 a produkci HLA specifickych protilatek.
Naopak vysoké hodnoty sCD30 pred transplantaci s HLA preformovanymi protilatkami
jsou asociovany se zkracenim doby do vzniku AMR. Simultdni pfitomnost obou
diagnostickych testl, sCD30 a detekce HLA specifickych protilatek pred transplantaci, se
jevi byti vyznamnym markerem, ktery je schopny identifikovat nemocné s vyssim rizikem
AMR. Je nutné ovéfeni dat na vyssim pocétu nemocnych, nebot v nasi praci mélo
elevovanou hodnotou sCD30 pouze 34 nemocnych, ktefi podstoupili opakovanou
trasnplantaci.

Jak jiz bylo prezentovano ve studijich zahriujici nemocnych po transplantaci srdce
(Pavlova Y.A. et al., 2010), HGF hodnota pfed a po transplantaci nekoreluje s incidence
akutni rejekce, avSak koreluje s pritomnosti HLA-specifickych protilatek. Naopak
Mahmoud a kol. zjistili, Ze elevace HGF predikuje rozvoje rejekce (Mahmoud K. et al.,
2007). Nase studie ukazuje, zZe predtransplantacni nizsi hodnota HGF s kombinaci
zvySeného sCD30 jsou prediktorem zvySeného rizika vzniku rejekce. Vysoka hodnota HGF
pred transplantaci je protektivni stran rejekce. Prokazali jsme rovnéz, ze vysoka hodnota
sCD30 v kombinaci se zvySenou hodnotou HGF pred transplantaci vedou ke zvySenému
poctu rejekcnich epizod ve srovnani s korhortou nemocnych s nizkou koncentraci HGF.
Protektivni efekt HGF po transplantaci ledviny byl potvrzen na mysSich modelech, na lidech
zatim tenhle efekt prokazan nebyl.
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Asociace mezi HLA-specifickymi protilatkami a elevaci PRA pied transplantaci je vyznamna
pro rozvoj AMR. Susal C. a kol., 2007 publikoval vyznamné zhorSenou rendlni funkci stépu
u nemocnych se soucasnou pritomnosti protilatek I. a Il. tfidy, kde byl potvrzen vyssi
vyskyt AMR u nemocnych, ktefi méli pozitivni CLI+/CLII+. V nasi studii jsme potvrdili, Ze
koprodukce HLA protilatek I. a Il. tfidy je vyznamnym rizikovym faktorem pfi selhani
funkce Stépu. Nase studie byla limitovdna pouze stanovenim HLA protilatek I. a Il. tfidy
bez charakterizace single anti-HLA specifity v dobé rejekce pomoci testdi CDC a FXCM.
Zaver

Nase studie ukazuje, Ze hodnota sCD30 spolu se soucasnou pfitomnosti anti-HLA
protilatek pred transplantaci signifikantné predikuje rozvoj AMR. Kombinovand analyza
predtransplantacné pritomnych anti-HLA protilatek s komcentraci sCD30 by umozZriovala
lepsi evaluaci rizika rozvoje akutni AMR u nemocnych po transplantaci ledviny. Taktéz v
budoucnosti ve studiich by mohla byt zodpovédéna otazka vyznamu HGF, jednak jako
markeru akutni rejekce nebo jeho vysoké koncentrace pred transplantaci jako

protektivniho faktoru vzniku rejekce.

Clanek byl publikovén v €asopise Transplant Immunology. IF: 1,697
Soluble CD30 and Hepatocyte growth factior as predictive markers of antibody-mediated
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Our retrospective study was aimed to assess the relevance of pre- and post-transplant measurements of
serum concentrations of the soluble CD30 molecule (soluble CD30, sCD30) and the cytokine Hepatocyte
growth factor (HGF) for prediction of the risk for development of antibody-mediated rejection (AMR) in
kidney transplant patients. Evaluation of sCD30, HGF levels and the presence of HLA-specific antibodies in a
cohort of 205 patients was performed before, 2 weeks and 6 months after transplantation. Patients were

ii{rl‘;g;d;:mediared rejection followed up for kidney graft function and survival for two years. We found a tendency of higher incidence of
Soluble CD30 AMR in retransplanted patients with elevated pre-transplant sCD30 (=100 U/ml) (p=0.051), however no

such correlation was observed in first-transplant patients. Kidney recipients with simultaneously high sCD30
and HLA-specific antibodies (sCD30+-/Ab+) before transplantation had significantly lower AMR-free survival
compared to the other patient groups (p<0.001). HGF concentrations were not associated with the incidence
of AMR at any time point of measurement, nevertheless, the combined analysis HGF and sCD30 showed
increased incidence of AMR in recipients with elevated pretransplant sCD30 and low HGF levels. Conclusion:
the predictive value of pretransplant sCD30 for the development of antibody-mediated rejection after
transplantation is significantly potentiated by the co-presence of HLA specific antibodies. The role of HGF as a
rejection-protective factor in patients with high pretransplant HGF levels would need further investigation.

Hepatocyte growth factor

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Even if treated successfully, acute antibody-mediated rejection
(AMR) often leads to the development of chronic allograft nephrop-
athy and subsequent graft loss [1-3]. In the last decade, significant
evidence has been published regarding the relevance of pre- and post-
transplant measurements of serum concentrations of the soluble
CD30 molecule (soluble CD30, sCD30) for prediction of increased risk
of kidney graft rejection and failure [4-7]. The CD30 molecule is an
activation marker expressed on CD8+ and CD4+ lymphocytes which
stimulate B cells and inhibit Th1-type immune responses. Its soluble
form is proteolytically released from the lymphocyte surface by the
action of a zinc-metalloprotease [8,9]. In view of the effect of the
binding of CD30 to its ligand on B lymphocytes which results in

Abbreviations: AMR, Antibody-mediated rejection; ATN, Acute tubular necrosis;
DGF, Delayed graft function; HGF, Hepatocyte growth factor; sCD30, Soluble CD30.
* Corresponding author: Tel.: +420 26136 2347; fax: +420 26136 2393.
E-mail address: antonij.slavcev@ikem.cz (A. Slavcev).

0966-3274/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/4.trim.2011.02.003
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proliferation and immunoglobulin secretion, several studies have
implied that pre-transplant levels of sCD30 may predict the post-
transplant production of donor-specific antibodies [10-12]. However,
contradictory reports could not find sufficient evidence about a direct
correlation between sCD30 concentrations and antibody production,
including the incidence of AMR [13,14].

A relatively newly proposed marker of increased risk of organ
transplant rejection is the multifunctional cytokine Hepatocyte
growth factor (HGF). Two independently published studies suggested
that measurements of HGF may be used for prediction of acute
rejection in heart and kidney transplant patients [15,16]. However, in
a cohort of 63 heart transplant recipients we could not find a
correlation between HGF levels and the incidence of acute cellular or
antibody-mediated rejection, though a relationship was observed
between HGF and anti-HLA antibody production [17]. An explanation
of this correlation might be the potentially harmful effect of HLA-
specific antibodies on graft endothelial cells and the subsequent
activation of HGF [18,19]. To our best knowledge, the only published
report that has investigated the combined predictive effect of sCD30
and HGF concentrations for the development of acute rejection in
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Table 1

Patients' demographic parameters in relation with cellular and humoral rejection, ATN episodes, delayed graft function and graft loss due to rejection. Significant p-values (<0.05) are in bold.

Total N=205 CR*N=59 AMR" N=16 ATN  N=144 DGF! N=44 Graft loss due to
rejection N=11

Male 142 42 9 103 29 7
Female 63 17 7 31 15 4

5 NS' NS’ 0.001 NS NS
First transplanted PRA>10% 31 9 5 21 7 2
PRA<10% 140 39 1 94 29 6

p NS <0.0001 NS NS NS
Retransplanted PRA>10% 18 9 8 10 5 1
PRA<10% 16 2 2 9 3 2

P 0.01 0.04 NS NS NS
After first transplantation <3 A+B+DRMM 51 14 4 34 9 3
>3 A+B+DR MM 120 34 2 81 27 5

NS NS NS NS NS
Retransplanted <3A+B+DRMM 12 6 6 7 4 2
23 A+B+DR MM 22 5 5 12 4 1

] NS NS NS NS NS

Patients’ mean age 55+10 52+11 56+9 54+10 57+9 57+10
0.02 NS NS NS NS
Time on dialysis (month) 25420 22+16 27413 24415 34417 25+15
NS NS NS 0.04 NS

Cellular rejection,
Antibody-mediated rejection.
Acute tubular necrosis.

- r o0 oo oufe

P value for Yates-corrected chi-square test or t-test.
NS stands for non-significant p value (>0.05).

kidney transplant recipients is up till now the above mentioned study
of Mahmoud et al. [16].

Given the limited and often conflicting data in the literature, the
goal of our retrospective study was to assess the clinical value of
sCD30 and HGF measurements for the prediction of production of
donor-specific antibodies and the risk for development of AMR in
kidney transplant patients. Evaluation of sCD30, HGF concentrations
and HLA-specific antibodies was performed before and in regular
intervals after transplantation.

2. Subjects, materials and methods

The study was performed with the approval of the Ethical Committee
and informed consent was obtained from all patients. Serial serum
samples from 205 patients who received kidney transplants from
deceased donors in our center between January 2006 and December
2007 were tested. Sera were obtained immediately before, 2 weeks and
6 months after transplantation and stored at — 20 °C until testing. The
median post-transplant follow-up time of patients was 730 + 20 days.

2.1. Patients, immunosuppressive protocols, graft rejection and survival

Among the 205 patients included into the study, 171 (83%) under-
went first kidney transplantation, 30 (15%) were transplanted for second
and 4 (2%) for the third time.

The mean recipient age was 55+ 10 and the median time on the
waiting list (hemodialysis, peritoneal dialysis or both) until trans-
plantation was 25+ 20 months (range 2-108 months) (Table 1).

The immunosuppressive therapy included steroids in 201 recipi-
ents, mycophenolate mofetil in 184, cyclosporine in 44, tacrolimus in
148, and everolimus in 14 cases. Twenty-two patients received
thymoglobuline as an induction therapy due to elevated risk of
rejection (retransplantation and/or PRA>50%). Three patients re-
ceived alemtuzumab and seven belatacept. We analyzed the incidence
of delayed graft function (DGF), antibody-mediated rejection and
graft failure due to irreversible rejection. Antibody-mediated rejection
was diagnosed in indication biopsies according to the Banff grading of
histological changes in the graft tissue including the presence of C4d
deposits in peritubular capillaries [20-22]. CDC cross-match and flow
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Delayed graft function (dialysis being required during the first week after transplantation).

cytometry cross-match (FCXM) were performed to confirm the
presence of donor-specific IgG antibodies in patients' sera. Both
tests were performed at the time points of presumed AMR episodes.

A
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Fig. 1. Pretransplant sCD30 and two year AMR-free survival in retransplanted (A) and
first transplanted patients (B).
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Fig. 2. Pretransplant sCD30, HLA antibodies and two year AMR-free survival (total
cohort).

The pre-transplant CDC cross-match test was negative in all 205
patients. In 13 out of the 16 patients who developed AMR, a
retrospective FCXM test was performed with pre-transplant sera
and revealed pre-formed DSA in 7 patients.

2.2. HIA alloantibody, sCD30 and HGF detection

Detection of panel reactive antibodies (PRA) before transplanta-
tion was performed by the complement-dependent cytotoxicity
(CDC) test as a routine screening of all patients on the waiting list.
HLA antibodies before and after transplantation were also defined
using the AbScreen I and II ELISA kits (Biotest, Dreieich, Germany)
which detect [gG-anti-HLA class I and IgG-anti-HLA class Il antibodies
but do not define the single antigen antibody specificity. Tests were
carried out according to the manufacturer's instructions.

All sera were tested for sCD30 concentrations using a commer-
cially available ELISA kit (Bender MedSystems, Vienna, Austria). For
correlation with clinical data, we used a concentration of 100 U/ml as
a pre-transplant sCD30 cut-off level based on previous reports [4,5].
HGF concentrations in patient sera were measured using Fluorokine
XMAP cytokine multiplex kits from R&D Systems (Minneapolis, USA)
according to the instruction manual.

2.3. Statistical analysis

Kaplan-Meier survival curves were used to estimate AMR-free
survival in relation to various factors. ROC (Receiver Operating
Characteristic) curves were used for determination of relevant HGF
concentrations and post-transplant sCD30 in relation with AMR. Cut-
off points determined in this analysis were further used in Kaplan-
Meier and Yates-corrected chi-square tests as well as in logistic

regression analysis. Yates-corrected chi-square was used to estimate
the relationship between possible markers and events of interest
(DGF, rejection, and graft survival) in small groups of patients. The
Mann-Whitney test was applied to compare serum HGF concentra-
tions in patients with and without antibody production in patients
with AMR and DGF. Logistic regression was performed for evaluation
of predictor variables (HLA antibodies, HGF, and sCD30) in relation
with the occurrence of AMR after transplantation. P-values<0.05
were considered statistically significant.

3. Results

Logistic regression analysis revealed that the risk of AMR was not significantly
influenced by the application of different immunosuppressive regimens after
transplantation (results not shown).

3.1. Graft and patient survival

A trend of higher incidence of preformed HLA class I-specific antibodies was
detected in patients who lost their grafts due to immunological reasons in comparison
with patients with functioning grafts (45% vs. 28% and p=0.082). During the two-year
follow up, 11 (5%) patients lost their grafts due to irreversible rejection and 14 (6.8%)
died/or lost their graft due to reasons other than rejection. A higher incidence of AMR
was associated with re-transplantation (Table 1). Soluble CD30 levels before and after
transplantation did not correlate with graft survival by the end of the follow up period
(results not shown).

3.2. Soluble CD30, Hepatocyte growth factor and antibody-mediated rejection

We found a tendency of higher incidence of AMR in re-transplanted patients with
elevated pre-transplant sCD30 (=100 U/ml) (p=0.051) (Fig. 1 A). No correlation was
found between sCD30 and the occurrence of AMR in patients before first transplan-
tation, (Fig. 1 B) however, when sCD30 and the presence of HLA-specific antibodies
were evaluated simultaneously, sCD30+ and antibody positive (CD30+/Ab+) patients
had significantly lower AMR-free survival compared with the other patient groups
(p<0.001, total cohort, Fig. 2). This finding was valid only for measurements of sCD30
and HLA antibodies before transplantation,

HGF concentrations were not associated with the incidence of AMR at any time
point of measurement — before or after transplantation (Table 2); in addition, no
correlation was found between HGF levels and allograft survival (results not shown). In
comparison with sCD30 levels which went down shortly after transplant, HGF
concentrations after transplantation increased (480+ 249 pg/ml before, 1108 +
714 pg/ml 2 weeks after transplantation, p<0.0001). Lower pretransplant HGF
concentrations correlated with the presence of HLA Class Il antibodies before and
6 months after transplantation but not with anti-HLA class [ antibodies (Table 2,
p=<0.001 and p=0.05 respectively). The combined analysis of HGF and sCD30 showed
decreased AMR free survival in recipients with elevated pretransplant sCD30 and low
HGF (total cohort, Fig. 3).

3.3. HLA-specific antibodies and AMR

When alloantibodies were analyzed separately from other risk factors, the
simultaneous presence of anti-HLA class | and class Il antibodies (CLI4/CLII+4) as
detected by ELISA before transplantation was a significant risk factor for the
development of AMR. This was valid for the total cohort (OR = 12.87; Cl 4.24-39.26)
and first transplant recipients (p<0.0001 Fig. 4 A and B respectively). In retransplanted
patients, the lowest AMR-free survival was also in the CLI+/CLII+- group, although this
effect did not reach statistical significance (62.5%; n=16) (Fig. 4 C).

Table 2
HGF levels in relation to the incidence of antibody-mediated rejection (AMR) and the presence of HLA-specific antibodies (Ab).
AMR HLA class I Ab HLA class Il Ab
Positive Negative Positive Negative Positive Negative
Before transplantation 434+ 2177 486+ 251 474272 4854236 2994124 4734219
P Ns® NS 0,001
2 weeks after transplantation 1021 +433 1116 +578 1162+ 541 1103 £573 1011+422 1134 £ 589
P NS NS NS
6 months after transplantation 8224269 868 + 396 463 +217 4724247 706 +276 908 +417
P NS NS 0.05

¢ Concentrations are shown in pg/ml.

" NS ~ stands for non-significant p-value.
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Fig. 3. Pretransplant sCD30, HGF and two year AMR-free survival (first and retransplanted
patients).

4. Discussion

Even though sCD30 has been relatively well studied as a predictor
of cellular rejection and inferior graft survival [4,7,23-25], there are
still just a few publications which are dealing with the correlation
between sCD30 and antibody mediated rejection of the kidney
allograft. In line with our previous report including a cohort of high-
risk patients [14], our data presented here suggest that elevated
sCD30 alone may not be predictive for the development of donor-
specific antibodies and AMR. This observation is also in agreement
with the data of Weimer et al. [13] who could not find a direct
correlation between sCD30 and the production of HLA-specific
antibodies. On the other hand, high pretransplant sCD30 levels in
patients with preformed HLA antibodies were associated with
significantly decreased AMR-free survival. This implies that the
simultaneous performance of both diagnostic tests — measurement
of sCD30 and detection of HLA-specific antibodies before transplan-
tation may be useful for the identification of patients with increased
risk for development of AMR. Since the number of retransplanted
patients in our study was relatively small (n=34), the probability for
higher incidence of AMR after the retransplantation in individuals
with elevated sCD30 would still need further verification in a larger
patient cohort.

As was shown in our recent report including heart transplant
patients [17], HGF levels before and after transplantation did not show
any correlation with the incidence of rejection, however correlated
with the presence of HLA-specific antibodies. In contradiction with
the results of Mahmoud et al. [16] who found elevated HGF to be
rejection-predictive, our study suggests that rather lower pretrans-
plant levels of HGF in combination with elevated sCD30 are predictive
of increased risk for rejection. High pretransplant levels of HGF
seemed to be rejection protective, since patients with high sCD30 in
combination with elevated HGF before transplantation tended to
experience fewer rejection episodes than those with low HGF
concentrations. An HGF protective effect against kidney allograft
rejection was demonstrated in murine models [26,27], though,
additional studies would be needed to confirm this effect in humans.

Concerning the role of HLA-specific antibodies, a significant
association was found between increased PRA before transplantation
and the incidence of antibody mediated rejection. As was observed by
Susal et al. [28] who reported impaired graft survival in patients with
simultaneous presence of HLA class [ and II antibodies, AMR was also
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Fig. 4. HLA class I and class Il-specific antibodies and two year AMR-free survival in the
total cohort (A), first (B) and retransplanted patients (C).

more frequent in the double positive recipients (CLI4+/CLII+) in our
study, suggesting that the co-production of HLA class I and class Il
antibodies maybe a significant risk factor for graft failure. Our analysis
was limited only to the detection of HLA-class I/or class Il antibodies
without characterization of the single anti-HLA specificity, though the
CDC and FCXM tests were always applied to confirm the presence of
anti-donor antibodies at the time of presumed rejection episodes.
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In conclusion, our study suggests that the value of pretransplant
sCD30 measurement for the prediction of antibody-mediated rejec-
tion is significantly potentiated by the co-presence of HLA-specific
antibodies. Thus the combined analysis of pretransplant HLA
antibodies and sCD30 concentrations would enable a better evalua-
tion of the risk for development of acute antibody-mediated rejection
in kidney allograft recipients. We also suggest that the role of HGF
should be further investigated in two directions — as a possible
rejection marker at the time of rejection episodes and as a rejection-
protective factor in patients with high pretransplant HGF production.
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6.4 Solubilni BAFF cytokin a protilatkami zprostfedkovana rejekce po tranpslantaci
ledviny

Uvod

Protildtkami-zprostfedkovana rejekce predstavuje zdvaznou imunologickou komplikaci,
kterda je asociovdna stvorbou darcovsky-specifickych protilatek, kterd muize vyustit
vselhani Stépu transplantované ledviny, ¢imz se zhorSuji dlouhodobé vysledky
transplantovanych ledvin.

Je zndmy podil cytokin( pti tvorbé a vyzravani B lymfocyt(. B-bunikami aktivujici faktor
(BAFF) je cytokin, ktefi patti do rodiny TNF a podporuje prezivani, vyzravani a aktivaci B
lymfocyt(. BAFF existuje ve 2 formdach: jako transmembrdnovy protein a jako solubilni
trimer. Exprese BAFF je zesilena pomoci IFN-a, IFN-y a IL-10. Excesivni tvorba BAFF mUze
spoustét autoimunni onemocnéni, jako napf. systémovy lupus erythematosus,
revmatoidni artritidu a jiné. BAFF pfispiva k produkci DSA a koreluje s poruchou funkce
Stépu transplantované ledviny. Pacienti svysokym imunologickym rizikem, ktefi
podstupuji DSA-inkompatibilni transplantaci ledviny, maji zvySené koncentrace BAFF a
jsou ve zvySeném riziku vzniku AMR, avsak tahle korelace nebyla pozorovana mezi DSA-
kompatibilnimi pfijemci. Naproti tomu Snanoudj a kol. ve své praci ukazuji pozitivni
korelaci mezi anti-HLA protilatkami a BAFF koncentraci v séru, ale bez asociace s rozvojem
AMR (Snanoudj R. et al., 2014).

Cilem nasi studie bylo porovnat BAFF hodnoty mezi pacienty ve vysokém imunologickém
riziku s diagnostikovanou AMR a kontrolni skupinou bez rejekce, a zjistit, zda stanoveni
koncentraci BAFF koncentraci mize byt diagnostickym markerem k predikci AMR.
Metodika

Do studie bylo zafazeno 36 nemocnych, 19 pacientl s AMR v obdobi 2009-2013. AMR
byla diagnostikovdana do 2. mésice po transplantaci ledviny, pacienti byli sledovani do 1
roku po transplantaci. Pacienti z kontrolni skupiny byli transplantovani v letech 2004—
2005, po transplantaci méli okamzity rozvoj funkce stépu a neméli Zadnou rejekci v obdobi
10 let po transplantaci. Sest nemocnych podstoupilo transplantaci ledviny od Zijiciho
darce, 30 pacientl mélo kadaverdzniho darce. Materidl byl ziskdn 0-21 dn( pred

transplantaci. U nemocnych bez prikazu rejekce jsme stanovali BAFF 3 mésice po
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transplantaci, zatimco nemocni s AMR méli stanoveni BAFF v rozpéti od 0—2 mésice po
transplantaci. V nasi studii byl analyzovan pouze solubilni BAFF.

Hodnoty BAFF byly méfeny pomoci Xmap (Luminex), minimalni koncentrace byla
stanovena na hodnotach 0,56 pg/ml. Hranice pro stanoveni anti-HLA protilatek byly 1000
MFI pro I. tfidu a 2000 MFI pro Il. tfidu.

Vysledky

Nemocni s AMR méli signifikantné vyssi hodnoty sérového kreatininu po transplantaci
v 1., 3., 6.a12. mésici. Pfijemci ledvin od Zijicich darcd méli po celou dobu signifikantné
nizsi hodnotu sérového kreatininu nez pfijemci ledvin od kadaverdznich darca.

Rizikové faktory pro vznik AMR

Pocet HLA neshod a frekvence PRA byl v obou skupindch stejny. Hodnoty BAFF v séru byly
vySSi u nemocnych bez vyskytu AMR pred transplantaci nez u nemocnych, kteti vyvinuli
AMR, avsak bez statistické signifikance. Po transplantaci byly potvrzeny statisticky vyssi

hodnoty BAFF u ptijemcl bez rejekce (Obrazek 1).

Obrazek 1: Koncentrace BAFF pred a po transplantaci (p < 0,05)

T T [ bezrejekce
Bl AMR

-9
1

w
1

BAFF [ng/ml]
e

-—
1

pied tranplantaci po transplantaci

Rizikové faktory pro vznik kombinované AMR a ACR rejekce

Hodnoty sérového kreatininu byly statisticky vyssi u nemocnych s kombinovanou AMR a
ACR v porovnani s pacienty bez rejekce. Hodnoty BAFF pfed transplantaci byly nizsi u
prijemcl s rejekci, avSak bez statistické signifikance. Naproti tomu hodnoty BAFF po

transplantaci byly statisticky niz$i u nemocnych s kombinovanou AMR a ACR (Obrazek 2).
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Pfi analyze nemocnych s AMR a hodnotou BAFF pred a po transplantaci nebyla nalezena
korelace vzhledem k tvorbé DSA (Obrazek 3).
Obrazek 2: BAFF pred a po transplantaci u nemocnych bez rejekce, s AMR a ACR+ AMR (p

<0,01).
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Obrazek 3: Koncentrace BAFF pred a po transplantaci s korelaci DSA
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Cytokin BAFF je klicovym reguldtorem B-bunék predstavujici signal pro maturaci naivnich
a pamétovych B-lymfocytl. BAFF podporuje prezivani plazmablastl a plazmatickych
bunék. Zvysena koncentrace BAFF v periferni krvi byla pozorovdna u nemocnych
s abnormalni funkci Stépu a zvySenymi hodnotami PRA (Zhou Z. et al.,, 2009). Avsak
nemocni s vysokymi koncentracemi BAFF méli vyssi pravdépodobnost tvorby DSA
(Thibault-Espitia A. et al.,, 2012). Vysokd koncentrace BAFF byla taktéZz namérena u
nemocnych pred a po imunoterapii s pouzitim anti-CD52 a anti-CD20 protilatek (Banham
G. et al.,, 2013; Bloom D. et al.,, 2009). V nasi studii jsme porovnavali koncentraci
solubilniho BAFF u nemocnych s a bez AMR pfed a po transplantaci s cilem ovéfit
hypotézu, Ze BAFF muze byt pfinosnym markerem v diagnostic AMR. V nasi kohorté bylo
19 nemocnych ve vysokém imunologickém rizku, ktefi vyvinuli AMR; v 9 pfipadech méli
soucasné i ACR. Kontrolni skupinu tvofilo 17 nemocnych bez akutni rejekce. Demograficka
analyza nepotrvdila statisticky vyznamné rozdily v parametrech jako pohlavi, vék nebo
druh udrZovaci imunosupresivni |é¢by pred diagnézou AMR. Jedendct z 12 nemocnych
vyvinulo AMR, prestoze méli indukéni imunosupresi. Z toho vyplyva, ze tito nemocni byli
ve vysokém imunologickém riziku bez ohledu na podani extenzivni imunosupresivni |éCby.
Efekt basiliximabu na BAFF je stale nejasny. Nemocni s AMR méli signifikantné vyssi
hodnoty sérového kreatininu v riznou dobu po transplantaci v porovnani s pacienty bez
rejekce. Uvedené data jsou v souladu s publikovanymi skute¢nostmi, Zze AMR trvale
poskozuje transplantovany organ (Colvin R.B. et al., 2005; Smith R.N. et al., 2005).
Evaluace nékterych rizikovych faktor(i rejekce neprokdzala signifikatni vliv poc¢tu HLA
neshod, vysoké PRA na incidence AMR a ACR. Je obecné zndmo, Ze vysoka frekvence PRA
je rizikovy faktor k rozvoji AMR, avsak v nasi kohorté tento parameter nebyl potvrzen
vzhledem k nizkému poctu nemocnych.

Nami namérené hodnoty BAFF pred transplantaci u nemocnych, kteti vyvinuli rejekci a
kteti byli bez zndmek rejekce, byly bez statisticky potvrzenych rozdil(. Zaznamenali jsme
trend k poklesu BAFF u skupiny nemocnych bez rejekce, kde hodnoty BAFF dosahovaly
nejvyssi primérné hodnoty v porovnani s pacienty, ktefi vyvinuli simultdnné AMR a ACR
(a hodnoty BAFF (jejich stfedni hodnoty byly porovnatelné). Pfekvapivé pacienti, ktefi po
transplantaci vyvinuli AMR, v dobé rejekce méli signifikantné snizenou hodnotu BAFF (n =
19). Pti separatni analyze (nemocni s AMR, n = 10 a pacienti se sou¢asnou AMR a ACR, n

=9), pacienti s Cistou AMR méli trend k niz§im koncentracim BAFF v porovnani s kontrolni
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skupinou (p= 0.065). Naproti tomu nemocni s kombinovanou AMR a ACR rejekci méli v
porovnani s pacienty bez rejekce signifikantné nizsi koncemtraci BAFF. Naproti tomu
Banham a kol. ukdzali, Ze nemocni s akutni AMR méli vyssi hodnoty BAFF, pokud
podstoupili HLA inkompatibilni transplantaci (Banham G. et al., 2013). Ve stejné studii
nebyla potvrzena korelace mezi HLA kompatibilnimi transplantacemi ledvin. V dalSich
pracich nebyl nalezen signifikantni vztah mezi solubilnim BAFF a incidence akutni AMR
(Snanoudj R. et al., 2014; Thibault-Espitia A. et al., 2012; Xu H. et al., 2009). Dle naseho
usudku by nizké koncentrace BAFF u nemocnych s AMR mohly byt zplsobeny vazbou B-
bunék na plazmatické burnky. Signifikantné nizké hodnoty BAFF u nemocnych se
souc¢asnou AMR a ACR mohou byt vysvétleny jako vazba cytokini na B-lymfocyty stejné
jako na na T lymfocyty, které jsou na membranovém receptoru pro BAFF (BAFF-R, TACI).
Ve skupiné pacientll s AMR jsme potvrzovali hypotézu, Ze produkce DSA koreluje s
hodnotou BAFF pred a po transplantaci. Sedm pacientll z 19 s AMR mélo DSA pred a po
transplantaci (zbylych 12 pacientt bylo DS negativnich). Nepotvrdili jsme statisticky rozdil
koncentraci BAFF mezi skupinami, ktefré byly pred a po transplantaci DSA negativni. Tato
zjiSténi vyvraceji pfedchdzejici tvrzeni (Xu H. et al., 2008), Ze pacienti s pozitivnimi HLA
protilatkami v I. tfridé méli vyssi koncentraci BAFF. Thibault-Espitia A. taktéZ pozorovali, Ze
nemocni po transplantaci ledviny s vys$si koncentraci BAFF méli signifikantné vyssi
produkci DSA, avsak tato trvzeni nasledné nebyla potvrzena (Thibault- Espitia A. a kol.,
2012; Snanoudj R. et al., 2014).

Zavér

Srovnanim koncentrace cytokinu BAFF pfed a po transplantaci ledviny jsme nezjistili
statisticky vyznamny rozdil mezi pacienti, ktefi vyvinuli akutni rejekci oproti nemocnym,
ktefi akutni rejekci neméli. Hodnoty BAFF v dobé AMR byli signifikantné nizsi u
nemocnych, ktefi méli soucasné kombinovanou AMR a ACR, neZ u pacientl bez rejekce.
Nemocni, ktefi méli pouze akutni AMR, méli trend k nizsim koncentracim BAFF.
Nepozorovali jsme korelaci mezi hodnotami BAFF a produkci DSA pfi AMR. Nase méreni
podporuji myslenku, Ze solubilni BAFF mizZe byt pomocnym markerem probihajici AMR,
zejména pfi soucasné pritomné protilatkami zprostfedkované rejekci v kombinaci s

akutni celuldrni rejekci po transplantaci ledviny.

71



Clanek byl publikovan v ¢asopise Archivum Immunologiae et Therapiae
Experimentalis.

IF: 2,040

Soluble BAFF Cytokine Levels And Antibody-Mediated Rejection of the Kidney Allograft.
Arch. Immunol. Ther. Exp. 2016 Dec;64(1):47-53.

Kompletni znéni ¢ldnku je priloZeno v anglickém jazyce.

72


http://www.ncbi.nlm.nih.gov/pubmed/24092381

Arch. Immunol. Ther. Exp. (2016) 64 (Suppl 1):547-S53
DOI 10.1007/500005-016-0428-4

@ CrossMark

ORIGINAL ARTICLE

Soluble BAFF Cytokine Levels and Antibody-Mediated Rejection

of the Kidney Allograft

Antonij Slavcev' - Jitka Brozova' - Janka Slatinska® - Zuzana Sekerkova' +
Eva Honsova® - Jelena Skibova® - Ilja Striz® - Ondrej Viklicky®

Received: 9 June 2016/ Accepted: 2 November 2016/ Published online: 12 January 2017
© L. Hirszfeld Institute of Immunology and Experimental Therapy, Wroclaw, Poland 2016

Abstract The B-cell activating factor (BAFF) cytokine
has important functions for the survival and maturation of
B lymphocytes, which implies that this cytokine might play
a role in the development of antibody-mediated rejection
(AMR) after kidney transplantation. In our study, we
compared the concentrations of the soluble BAFF cytokine
in kidney graft recipients with AMR and patients without
rejection with the goal of testing the hypothesis whether
BAFF level measurement might be useful as a diagnostic
marker of AMR. The study included a cohort of 19 high-
risk patients with diagnosed AMR and 17 control patients
free of rejection. BAFF was measured in all patients before
transplantation, during the rejection episodes, and three
months after transplantation in patients free of rejection
using the Luminex technique. Before transplantation, the
serum concentrations of BAFF in patients with AMR and
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kidney recipients without rejection did not significantly
differ. After transplantation, however, BAFF levels were
significantly lower in patients with AMR and also in
patients with concurrent humoral and cellular rejection
compared with patients without rejection (p < 0.05 and
p < 0.01, respectively). No correlation was found between
BAFF and the production of donor-specific antibodies
(DSA) before and after transplantation. Patients experi-
encing AMR and simultaneous cellular and AMR had
significantly lower concentrations of BAFF in comparison
with patients free of rejection.

Keywords BAFF - Kidney transplantation -
Antibody-mediated rejection - HLA

Introduction

Antibody-mediated rejection (AMR) is a severe immuno-
logical complication which is associated with the
production of donor-specific antibodies (DSA) and, besides
kidney graft failure, may impair long-term survival of
transplanted organs (Colvin 2007). Recently, the role of
cytokines regulating the development of B lymphocytes
has been in the focus of intensive analysis. The B-cell
activating factor (BAFF) is a cytokine belonging to the
TNF superfamily and supports survival, maturation, and
activation of B lymphocytes (Mackay and Ambrose 2003;
Mukhopadhyay et al. 1999; Schneider et al. 1999). BAFF
exists in two forms, as a transmembrane protein and as a
soluble trimer, and its expression is enhanced by IFN-o,
IFN-y, and IL-10 (Nardelli et al. 2001; Scapini et al. 2003).
In addition to the fact that BAFF is important for B-cell
development, excessive production of BAFF may give rise
to autoimmune diseases, such as systemic lupus
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erythematosus, B-cell hyperplasia, Sjogren’s syndrome,
rheumatoid arthritis, etc (Mariette et al. 2003; Ota et al.
2010; Zhang et al. 2001). As far as transplant reactions are
concerned, it has been reported that BAFF might facilitate
the production of DSA (Thibault-Espitia et al. 2012) and
could correlate with impaired function of the kidney allo-
graft (Mariette et al. 2003; Xu et al. 2009). High-risk
patients who underwent DSA-incompatible kidney trans-
plantation exhibited elevated concentrations of BAFF and
were at increased risk of AMR; however, this correlation
was not observed in antibody-compatible recipients (Ban-
ham et al. 2013). The report of Snanoudj et al. (2014)
showed a positive correlation between anti-HLA antibodies
and BAFF concentrations in serum, but no association with
the development of AMR was found.

Given the contradictory data in the literature, the aim of
this study was to compare BAFF levels between high-risk
patients with diagnosed AMR and a control group of
patients without rejection, i.e., to test the hypothesis whe-
ther BAFF concentrations might be useful as a diagnostic
marker of AMR. In AMR patients, BAFF levels were
defined before transplantation and during rejection. In the
control patient group, BAFF was determined before
transplantation and 3 months after transplantation.

Patients, Materials, and Methods

The research was approved by the Ethical Committee of
our Institute, and, before inclusion into the study, written
informed consent was obtained from all patients. Thirty-six
patients who underwent kidney transplantation in our
centre were included. Nineteen patients with AMR were
transplanted during the period 2009-2013. Antibody-me-
diated rejection was diagnosed within 2 months after
transplantation; patients were followed up for graft func-
tion over a period of 1 year after transplantation. Seventeen
control patients were transplanted during the years
2004-2005 and had immediate development of graft
function with no rejection episodes for up to 10 years after
transplantation. Of the 36 recipients, 6 were transplanted
with kidneys from living donors and 30 from deceased
donors. Patient sera were collected 0-21 days before
transplantation. In patients without rejection, measure-
ments of BAFF were performed 3 months after
transplantation, during regular check of kidney graft
function, whereas in patients with AMR, BAFF levels were
defined during the rejection episode (0-2 months after
transplantation). No patient had primary autoimmune dis-
ease which would influence BAFF levels. In our study,
only the soluble BAFF cytokine was analysed.

The levels of the BAFF cytokine were measured using
the Xmap (Luminex) method (R&D Systems, Minneapolis,
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USA) according to the manufacturer’s instructions. The
minimum detectable concentration of BAFF was 0.56 pg/
ml. Panel reactive antibodies (PRA) were defined by the
complement-dependent cytotoxicity (CDC) test on lym-
phocytes collected from 50 healthy individuals. Detection
of HLA antibodies by solid-phase technique was performed
by the LABScreen Mixed method; positive sera in the
LABScreen test were further tested for specificity by Sin-
gle Antigen (SA) beads (OneLambda Inc.) according to the
manufacturer’s instructions. A cutoff for positivity of 1000
MEFI and 2000 MFI was applied for Class I and Class I SA
beads, respectively. Acute cellular rejection (ACR) and
AMR were diagnosed in graft biopsies according to the
updated Banff classification (Solez et al. 2008). AMR was
defined by morphological evidence of acute tissue injury,
immunofluorescent detection of diffuse C4d deposits in
peritubular capillaries (>10%), and the presence of DSA in
patient sera.

Statistical Analysis

Statistical evaluation of results was performed using
GraphPad InStat 5 and MedCalc software. Age, serum
creatinine, BAFF cytokine levels, and the number of HLA
mismatches were analysed using the Mann—Whitney test.
Gender, PRA, compatibility between the recipient and
donor in the ABO system, the number of transplantations,
induction, and maintenance immunosuppression were
analysed using the »* test with Yates correction. Results are
shown as mean = standard deviation or percentage. Dif-
ferences between the data were statistically significant
when the p value was <0.05.

Results

As indicated above, the patient cohorts included 19 risk
patients with diagnosed AMR (11 males and 8 females)
and 17 control patients without rejection (10 males and 7
females). The mean age of the AMR group was
55 + 6 years, while the age of the control group was
51 &£ 17 years. Out of the 36 patients, six were trans-
planted with kidneys from living donors (five of those
patients developed acute AMR), while the remaining 30
recipients received kidneys from deceased donors. All
patients were transplanted for the first time. Eleven patients
who were treated with induction therapy (anti-thymocyte
globulin or basiliximab) were diagnosed with AMR.
Applied maintenance immunosuppression was a combina-
tion of tacrolimus, sirolimus, and prednisone. Demographic
and other clinical data are shown in Table 1. No significant
differences in gender, age, or type of donor (living/de-
ceased) were found between the cohorts. Patients who
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Table 1 Demographic and clinical data of kidney recipients and incidence of acute antibody-mediated rejection
No rejection AMR* p value
n=17 Range/(%) n=19 Range/(%)
Recipient age (n = 36) 55+6 (44-66) 51 £16 (34-82) NS¢
Gender
Male (n = 21) 10 48% 11 52% NS
Female (n = 15) 7 47% 8 53%
Type of donor
Living (n = 6) 1 17% 5 83% NS
Deceased (n = 30) 16 53% 14 47%
Serum creatinine (pmol/l)
I-month (n = 36) 117 + 32 (81-208) 260 + 156 (109-426) <0.0001
3-month (n = 34) 124 + 30 (82-204) 185 + 65 (99-312) <0.01
6-month (n = 33) 113 £20 (79-159) 184 + 106 (78-518) <0.05
12-month (n = 35) 104 £+ 14 (73-134) 207 £ 135 (93-614) <0.001
Induction immunosuppression
No (n = 24) 16 67% 8 33% <0.01
Yes (n = 12) 1 8% 11 92%
Maintenance immunosuppression
FK506°, MMF*, Prednisone (z = 30) 14 82% 16 84% NS
FK506, Rapamycin, Prednisone (n = 2) 0 0% 2 11%
Cyclosporine, MMF, Prednisone (n = 2) 2 12% 0 0%
Other (n = 2) 1 6% 1 5%

* Antibody-mediated rejection
® Tacrolimus
© Mycophenolate mofetil

4 Not significant

developed AMR had significantly higher concentrations of
serum creatinine after the first (p < 0.0001), third
(p < 0.01), sixth month (p < 0.05), and 1 year (p < 0.001)
after transplantation (Mann—Whitney test). Furthermore,
serum creatinine levels in rejecting patients were compared
with the type of donor. Patients who received kidneys from
living donors (n = 5) had significantly lower creatinine
concentrations than patients with grafts from deceased
donors (n = 14; p < 0.05). Among patients with AMR
(n = 19), nine patients developed simultaneously ACR (5
males, 4 females, age 53 &+ 14 years). There were no sig-
nificant differences in gender, age, or application of
induction immunosuppression between these patients and
patients without rejection.

Selected Risk Factors in Relation to the Incidence
of AMR

The number of HLA mismatches in patients free of rejec-
tion (n=17, 43 +£1.6) and patients with AMR
(3.9 % 1.6) were approximately the same. In addition, no
major variations were found in the level of PRA before
transplantation in both patient cohorts (11 patients without
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rejection had PRA < 10% and six had PRA > 10%; in
AMR patients, seven had PRA < 10% and eight had
PRA > 10%; Table 2).

Concerning BAFF levels, before transplantation, the
serum concentrations in patients without rejection
(3.5 £ 0.9 ng/ml) were higher than in patients with AMR
(2.9 £ 0.7 ng/ml), however, this trend did not reach sta-
tistical significance. Conversely, after transplantation,
BAFF levels in patients free of rejection were significantly
higher than in patients with AMR (3.2 £ 1.0 and
2.3 £ 0.7 ng/ml, respectively, p < 0.05; Fig. 1). The mean
decrease (A) of soluble BAFF was 0.54 + 1.18 ng/ml and
0.32 £ 2.12 ng/ml in patients with AMR and without
rejection, respectively (p = 0.739).

Selected Risk Factors in Relation to the Incidence
of Combined AMR and ACR

There were no major variations in gender, type of donor,
immunosuppression, the number of HLA mismatches, or PRA
levels between patients with AMR, simultaneous AMR and
ACR, and patients free of rejection (Tables 3, 4). Serum
creatinine concentrations were, however, significantly higher
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Table 2 Selected risk factors in relation to the incidence of acute antibody-mediated rejection (AMR)

No rejection AMR p value
n=17 Range/(%) n=19 Range/(%)
PRA?
<10% (n = 23) 11 48% 12 52% NS¢
>10% (n = 13) 6 46% 7 54%
PRA
<50% (n = 32) 15 47% 17 53% NS
>50% (n = 4) 2 50% 2 50%
Number of HLA mismatches
(n = 29) 43+ 1.6 (0-6) 39+ 1.6 (0-6) NS
Serum creatinine (pumol/)°
(n = 36) 122 4'22 (82-204) 436 + 168 (153-980) <0.0001
BAFF (ng/ml)
Before transplantation (n = 36) 35+09 (1.8-5.6) 2.9+ 0.7 (1.9-6.7) NS
After transplantation (n = 36) 32+ 1.0 (1.6-6.6) 23+07 (1.4-4.2) <0.05

? Panel-reactive antibodies

* Time points for serum creatinine measurements were the same as those for performing BAFF measurements

¢ Not significant

3 No rejection
El AMR *

o 1 T

BAFF [ng/ml]

Before transplantation After transplantation

Fig. 1 Concentrations of BAFF before and after transplantation in
patients without rejection and patients with AMR (Mann—Whitney
test, *p < 0.05)

in patients with combined AMR and ACR in comparison with
patients without rejection (<0.0001) (Table 4). Before trans-
plantation, BAFF concentrations did not significantly differ
between the patient cohorts, although a trend of lower BAFF
levels in patients with rejection was observed. In patients with
simultaneous ACR and AMR (n = 9), however, BAFF levels
after transplantation were significantly lower than in patients
without rejection (p < 0.01) (Table 4;Fig. 2). In patients with
AMR only, a trend of lower BAFF was observed compared
with patients free of rejection (p = 0.0653) (Fig. 2). When
comparing the concentrations of BAFF in patients with AMR
with the presence of DSA before and after transplantation,
seven patients with AMR had DSA before transplantation,
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while the remaining 12 recipients did not. No correlation was
found between BAFF levels and the production of DSA
(Fig. 3).

Discussion

As indicated above, the BAFF cytokine is a key regulator of
B-cell development, provides signals for maturation to
naive and memory B lymphocytes, and supports the sur-
vival of plasmablasts and plasma cells. Concerning its role
in organ transplantation, elevated expression of BAFF in
peripheral blood cells was observed in patients with
abnormal graft function and elevated PRA (Xu et al. 2009).
Moreover, patients with high BAFF levels had a higher
probability of producing DSA (Thibault-Espitia et al. 2012).
High concentrations of BAFF have been also measured in
patients before and after immunotherapy using anti-CD52
and anti-CD20 antibodies (Banham et al. 2013; Bloom et al.
2009; Zarkhin et al. 2008). In our study, we compared the
concentrations of the soluble BAFF cytokine in patients
with and without AMR before and after transplantation with
the goal of testing the hypothesis whether the BAFF cyto-
kine can be used as a diagnostic marker of AMR. Our
cohorts included a high-risk group of 19 patients who
developed AMR; nine of whom also had concurrent ACR.
The control group comprised 17 patients without rejection.
Analysis of demographic data of the two cohorts did not
show a statistically significant influence of gender, age, or
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Table 3 Demographic and clinical data of kidney recipients and incidence of concurrent antibody-mediated rejection and acute cellular rejection

AMR*" + ACR"

No rejection p value
n=17 Range/(%) n=9 Range/(%)
Recipient age
n =26 55+6 (44-66) 53+ 14 (34-72) NS®
Gender
Male (n = 15) 10 69% 31% NS
Female (n = 11) 7 56% 4 44%
Type of donor
Living (n = 5) 1 20% 4 80% 0.034
Deceased (n = 21) 16 79% 5 21%
Serum creatinine (ptmol/l)
I-month (n = 26) 117 + 32 (81-208) 249 + 114 (121-426) <0.01
3-month (n = 24) 124 + 30 (82-204) 209 + 72 (118-313) <0.01
6-month (n = 23) 113 + 20 (79-159) 186 + 76 (101-300) 0.057
12-month (n = 25) 104 + 14 (73-133) 225 + 104 (107-381) <0.001
Induction immunosuppression
No (n = 22) 16 80% 6 20% 0.10
Yes (n = 4) 1 40% 3 60%
Maintenance immunosuppression
FK506°, MMF", Prednisone (n = 21) 14 82% 7 78% NS
FK506, Rapamycin, Prednisone (n = 2) 0 0% 2 22%
Cyclosporine, MMF, Prednisone (n = 2) 2 12% 0 0%
Other (n = 1) 1 6% 0 0%

* Antibody-mediated rejection
" Acute cellular rejection
¢ Tacrolimus

4 Mycophenolate mofetil

¢ Not significant

the type of maintenance immunosuppression on the devel-
opment of AMR. Interestingly, 11 out of the 12 patients,
who underwent induction immunosuppressive regimen
before transplantation, developed AMR. This finding sug-
gests that these patients were already high risk before
transplantation and, in spite of the application of intensive
immunosuppressive treatment, they developed acute rejec-
tion. Intriguingly, data in the literature concerning the
changes in B-cell phenotypes and B-cell subsets after
induction immunosuppression with basiliximab are con-
tradictory (Cherukuri et al. 2012; Longshan et al. 2014).
The potential effects of basiliximab on BAFF levels/or
activity, however, to our best knowledge, have still not been
investigated. As far as graft function was concerned,
patients with AMR had significantly higher concentrations
of serum creatinine at various time points after transplan-
tation in comparison with patients free of rejection. This
observation is in line with previously published data,
showing that AMR may permanently damage the trans-
planted organ (Colvin and Smith 2005).
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The evaluation of several risk factors of rejection did not
show significant effect of the number of HLA mismatches
and elevated PRA on the incidence of AMR and ACR. It is
well known that high PRA are a risk factor for the devel-
opment of AMR; however, because of the relatively small
number of patients included into our study and probably
due to the low sensitivity of the CDC test used for the
evaluation of PRA, this relationship could not be
demonstrated.

The measured values of the BAFF cytokine before
transplantation did not show significant differences between
the patient groups with and without rejection. However, a
decreasing trend was observed among groups, where patients
without rejection showed the highest average values of
BAFF compared to the mean values in patients with AMR
and simultaneous AMR and ACR. Surprisingly, when
determining BAFF levels in the sera of patients obtained
after transplantation (at the time of rejection), significantly
lower values were found in recipients with AMR (n = 19).
When analysed separately (patients with AMR only
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Table 4 Selected factors in relation to the incidence of acute antibody-mediated rejection and combined antibody-mediated rejection (AMR)

and acute cellular rejection (ACR)

No rejection AMR AMR + ACR p value
n=17 Range/(%) n=10 Range/(%) n=29 Range/(%)
PRA*
<10% (n = 23) 11 48% 4 17% 8 35% NS*
>10% (n = 13) 6 46% 46% 1 8%
PRA
<50% (n = 32) 15 47% 8 25% 9 28% NS
>50% (n = 4) 2 50% 2 50% 0 0%
HLA mismatches
n=29 43+16 (0-6) 3916 (0-6) 43+ 15 (0-6) NS
Serum creatinine (|,Lmol/l)'"
n =36 122 + 22 (82-204) 448 + 178° (153-980) 442 + 183 (129-736) <0.0001¢
BAFF (ng/ml)
Before transplantation (n = 36) 3.5+09 (1.8-5.6) 30+0.8 (1.9-6.7) 2.7+ 0.7 (1.7-4.1) 0.07
After transplantation (n = 36) 33 1.1 (1.6-6.6) 27 +0.8 (1.4-4.2) 19+ 05 (1.0-2.8) <0.01¢

* Panel-reactive antibodies

" Time points for serum creatinine measurements were the same as those for performing BAFF measurements

¢ Non-significant
¢ Compared with the non-rejection cohort

[ No rejection
Hl AMR
EZ ACR + AMR

BAFF [ng/ml]

Before transplantation After transplantation

Fig. 2 BAFF levels before and after transplantation in patients free
of rejection, with AMR and simultaneous AMR and ACR (Mann—
‘Whitney test **p < 0.01)

(n = 10) and patients with simultaneous AMR and ACR
(n =9)), it became evident that the group of patients with
AMR had a trend of lower concentrations of BAFF in
comparison with the control group (p = 0.065). In contrast,
patients with simultaneous AMR and ACR had significantly
lower concentrations of BAFF vs patients without rejection.
When confronted with literature data, as indicated above,
Banham et al. (2013) reported increased levels of BAFF in
patients with acute AMR who had undergone DSA-incom-
patible transplantation. In the same study, however, this
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correlation was not found in HLA antibody-compatible
kidney recipients. In other reports, no significant relationship
was found between the concentrations of soluble BAFF and
the incidence of acute AMR (Snanoudj et al. 2014; Thibault-
Espitiaetal. 2012; Xu et al. 2009). Interestingly, analysis by
flow cytometry found significantly higher levels of mem-
brane-bound BAFF in patients with abnormal renal function
(Xuetal.2009). In our judgement, the lower concentration of
BAFF in patients with AMR could be caused by the binding
of soluble BAFF by B or plasma cells. The significantly
lower levels of BAFF in patients with concurrent AMR and
ACR may also be explained by binding of the cytokine on B
lymphocytes as well as T lymphocytes, which express
membrane receptors for BAFF (BAFF-R, TACI).

In patients with AMR, we also checked the hypothesis
whether the production of DSA might correlate with the
levels of BAFF before and after transplantation. Of the 19
patients with AMR, seven had DSA before and after
transplantation (the remaining 12 patients were DSA neg-
ative). We found no statistically significant differences in
BAFF levels between the groups with and without DSA.
This finding contradicts the data published by Zarkhin et al.
(2008), who reported that patients with DSA against HLA
class 1 antigens had higher levels of BAFF. Thibault-
Espitia et al. (2012) also observed that renal transplant
patients with higher concentrations of BAFF had a signif-
icantly greater risk of producing DSA; however, this
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finding was not confirmed by another recent study (Sna-
noud;j et al. 2014).

In conclusion, when comparing the concentrations of the
BAFF cytokine before transplantation, no significant dif-
ferences were found between kidney recipients who
developed acute AMR and patients free of rejection. The
levels of BAFF during AMR were significantly lower in
patients with concurrent acute humoral and cellular rejec-
tion versus patients free of rejection. Patients who had only
acute AMR had a trend of lower concentrations of BAFF.
No correlation was found between BAFF levels in patients
with AMR and the production of DSA. Our results suggest
that soluble BAFF measurements might be helpful as a
marker of ongoing AMR and especially of simultaneous
antibody-mediated and cellular rejection after kidney
transplantation.
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6.5 Transkriptom u akomodace a subklinické protilatkami zprostredkované rejekce
po transplantaci ledviny

Uvod

Stfedni doba prezivani transplantovanych ledvin od darcl s inkompatibilni krevni
skupinou je porovnatelna s dobou prezivani od kompatibilnich darcd. Transplantace
ledviny od ABO inkompatibilnich darc( predstavuje moznost navyseni poctu transplantaci
pfi nedostatku orgdnl. Desensitizacni protokoly u ABOi transplantaci vedou ke snizeni
titru hemaglutinin(, nicméné pritomnost nizkého titru hemaglutininu ukazuje na interakci
mezi protildtkou a endotelem. Ta se pak projevi pti histologickém vysetieni biopsie Stépu
jako depozice C4d slozky komplementu v PTC. V IKEM az 76 % kontrolnich biopsii ve 3.
mésici po transplantaci vykazovalo pozitivni C4d nalez pfi soucasné stabilni funkci
ledvinného Stépu (Osickova K. et al., 2018; Hruba P. et al., 2019). Tento stav je oznacovan
jako akomodace. Vlastni mechanismus akomodace nebyl dosud dostatecné objasnén.
Vysledky vychazejici z in vitro studii na kulturach endotelidlnich bunék (Ilwasaki O. et al.,
2012; Noma K. et al., 2012) ukazuji na moznou ulohu regulacnich proteini komplementu
a protiapoptotickych proteind.

Podobna situace je u pacientd, ktefi podstupuji HLA inkompatibilni transplantaci, tj.
transplantace provedend od darcl ledvin, proti kterym prijemce vytvari DSA. Také u
téchto pacientli C4d depozice v PTC potvrzuje interakci mezi DSA a endotelem a je
povazovana za diagnosticky marker AMR. Pfitomnost DSA soucasné s C4d pozitivitou vede
ve vétsiné pripadd k morfologickému poskozeni a zhorseni funkce Stépu. Nicméné u HLAI
pacientl s nizkymi hladinami DSA a C4d pozitivnim nalezem v protokoldrnich biopsiich
muZe byt funkce Stépu stabilni. Souc¢asnd Banffska klasifikace tento stav oznacuje jako
aktivni subklinickou protildtkami zprostfedkovanou rejekci (SAMR). Na rozdil od ABOi
inkompatibilnich transplantaci ledvin, vysledky HLAi inkompatibilnich transplantaci
s preformovanymi DSA maji horsi prezivani nez HLA kompatibilni transplantace. Hypotéza
nasi prace byla, Ze mechanizmy, které vznikaji nasledné po vazbé protilatky na cévni

endotel u ABOi a HLAI transplantaci, jsou rozlisné.

Metodika

80



Soubor pacientu

Provedli jsme retrospektivni, observacni studii, které se Gcastnila dvé transplantacni
centra, IKEM a Hannover. Cilem studie bylo zjistit, jaky je rozdil mezi biopsiemi, kde je C4d
depozice vyvolana pfitomnosti hemaglutinin(, a biopsiemi, kde je depozice C4d vyvolana
pritomnosti DSA. Pomoci microarray Cipové analyzy jsme porovnali transkripéni profil
tfimésicnich protokolarnich biopsii u tfi skupin pacientt: 1. C4d-pozitivni biopsie pacient(
po ABOi transplantaci se stabilni funkci Stépu (n = 11) 2. C4d-pozitivni biopsie pacientl po
HLAi transplantaci s DSA s diagndzou subklické AMR (n=7) a 3. C4d-negativni biopsie
pacientl po HLA kompatibilni transplantaci s normalnim nalezem a stabilni funkci $tépu
(n=8).

ABOi pacienti podstoupili pfed transplantaci desensitizacni Ié€bu rituximabem 1 mésic
pred transplantaci a 14 dni pted transplantaci u nich byla zahajena imunosupresivni |é¢ba
(takrolimus, mykofenolat mofetil a kortikoidy). Deplece protilatek proti darcovské krevni
skupiné byla provedena pomoci plazmaferézy s pouzitim kolony Glycosorb 1 tyden pred
transplantaci, s dosazenim hemaglutininového titru 1 : 8 a méné. Den pred transplantaci
vsichni nemocni dostali IVIG (0,5 g/kg). V dobé transplantace byla pouZita indukce
basiliximabem a metylprednisolonem a trojkombinace imunosupresivniho rezimu, stejné
jako u HLAi skupiny.

V ABOi kohorté byl median hemaglutininového titru pred transplantaci 1 : 16 (max. 1 :
128), v dobé transplantace uz poklesl na 1 : 2 a kontrolni titr po transplantaci byl taktéz
1:2.

Nemocni v HLAi skupiné podstoupili transplantaci od kadaverdznich darcl, byli to
nemocni s vysokym imunologickym rizikem s C4d pozitivnim nalezem v biopsiich. Jejich
indukce byla volena sthymoglobulinem, s/nebo provedenim PF nebo s aplikaci
rituximabu ¢i bortezomibu. V dobé provedeni transplantace v HLAi skupiné méli 3
nemocni pozitivni protilatky proti darci v I. tfidé, 2 nemocni pozitivni protilatky proti Il.
tridé a 2 pacienti méli soucasné pozitivni protilatky proti . a ll. tfidé.

Nemocni s biopticky potvrzenou subklinickou AMR (sAMR) ve skupiné HLAi transplantaci
splnili vSechna 3 histologicka kritéria dle Banff 2013, tj. serologicka evidence DSA, pozitivni
C4d barveni v PTC nebo soucasné mikrovaskularni zanét (g > 0 a/nebo ptc > 0) nebo

intimalni arteritida (v > 0).
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Pacienti v kontrolni skupiné byli transplantovani od kadaverdznich darcd, neméli
detekovany DSA a méli nizké PRA. Kromé pozitivity C4d méli vSechny 3 skupiny pfiblizné
stejné Banff skore.

K validaci rozdild mezi skupinami, zjisténych pomoci microarray analyzy, jsme pouzili
soubor 27 nemocnych, ktefi byli transplantovani v obdobi mezi roky 2005 a 2016 v IKEM
a Hannover Medical School. Pro tuto validaci byla zvolena jina technika, a to RT-qPCR.
Klinické charakteristiky byli stejné jako u pacientl analyzovanych pomoci microarray.
Microarray analyza

Z biopsi (n = 26) byla izolovdna RNA a 200 ng RNA bylo pouZito jako templat pro amplifikaci
a znaceni biotinem pomoci lllumina® TotalPrep™ RNA Amplification Kitu. Znacend
komplementarni RNA (cRNA) byla hybridizovana na lllumina HumanHT-12 v4.0 Expression
BeadChips (lllumina, Inc., San Diego, CA). Fluorescencéné oznacend cRNA navdazand na
proby Cipu byla digitalizovdana po oskenovani Cipu pomoci iScan System instrument
(Humina).

Analyza expresnich dat z Cipu

Hruba data, ziskand po oskenovani Cipl, byla analyzovdana pomoci R software (lumi
package), normalizovana a vyhodnocena diferencialni exprese. Jako rozdilné exprimované
byly vyhodnoceny transkripty s FC (fold change) > 2 and a p hodnotou < 0,05. Funkéni
anotacni analyza byla provedena pomoci database David (http://david.abcc.ncifcrf.gov).
Expresni data pro komplementovou drahu byla vyhodnocena pomoci QIAGEN's Ingenuity

Pathway Analysis (IPA, QIAGEN, Redwood City, www.giagen.com/ingenuity).

Validacni analyza

Exprese 28 gen(, vybranych na zakladé microarray analyzy jako rozdilné exprimované
mezi ABOi a HLAI skupinou, byla validovana pomoci RT-gPCR (real-time kvantitativni
polymerazova retézova reakce) na jiné kohorté 27 pacientd, 18 v ABOi skupiné a 9 v HLAI
skupiné.

Vysledky

SAMR u HLAi a akomodace u ABOi transplantaci sdili podobnou drdhu/cestu imunoaktivace jako
C4 negativni kontroly

Pomoci microarray jsme porovnali transkriptomicky profil C4d pozitivnich biopsii pacient(
po HLAI inkompatibilni ¢i ABOi inkompatibilni transplantaci s C4d negativnimi biopsiemi

pacientl po HLA kompatibilni transplantaci s normdlnim ndlezem a stabilni funkci.
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Zajimalo nas, zda vazba DSA nebo hemaglutinind povede k aktivaci imunitni odpovédi.
Genova anotacni analyza se zvySenou expresi u skupiny ABOi ¢i HLAI v porovnani s C4d
negativni kontrolou vSak aktivaci imunitni odpovédi u C4d pozitivnich nalez(i neodhalila.
U ABOi skupiny byla zvySend exprese transkriptll asociovanych s GO terminem
mitochondrion (p = 0,016) a u HLAI skupiny s GO terminy oxidation and reduction (p = 6,9
x 10°), carboxylic and organic acid catabolic processes (p = 3.7 x 104) a nékolik GO terminu
souvisejicich se skupinou solute carrier family genes (ion transport, cation transport (napfr.
SLC36A2, SLC30A2, SLC5A2, SLC7A8), anion transport (napf. SLC22A8, SLC12A3, SLC2A2).
Transkripty zvySené u kontrolni skupiny byly zastoupeny méné, v 31 % (v porovnani s ABOi
skupinou) a 40 % (v porovnani s HLAi skupinou) ze vSech deregulovanych gen(. Tyto
traskripty se zvySenou expresi u C4d negativnich nalez(i v porovnani s ABOi skupinou byly
asociovany s GO terminy defense response (p = 2,7 x 10°®), response to wounding (p = 5,3
x 107), inflammatory response (p = 1,00 x 10*) a complement activation (p = 6 x 1073).
Zatimco transkripty zvySené u C4d negativnich control v porovnani se subklinickou AMR
byly asociovdny s GO terminy proteinaceous extracellular matrix (p = 7,9 x 1014,

extracellular matrix (p = 1,2 x 10°) a collagen (p = 1,2 x 10°).

Exprese proteint regulujicich komplement CD46 a CD59 je asociovana s C4d pozitivitou

Vzhledem ktomu, Ze predeslé prace naznacily moznou ulohu regulacnich protein
komplementu v mechanismu akomodace, analyzovali jsme podrobné expresni data z CipU
pro komplementovou drahu pomoci softwaru IPA. ZvySena exprese CD59 transkriptu,
ktery inhibuje tvorbu membrane attack komplexu, spolu se snizenou expresi C5
transkriptu pouze u ABOi skupiny naznacuje moznou regulaéni Ulohu této molekuly v
akomodaci. U obou inkompatibilnich skupin pacientd (ABOi i HLAI) byla zvySena exprese
CD46 (MCP). CD46 je kofaktor, ktery ktery se Ucastni degradace slozek komplementu C3b
a C4b. Pfi porovnani pouze ABOi a HLAIi skupiny s C4d negativni kontrolou byla zvySena
aktivace komplementové drahy pozorovana pouze u HLAi kohorty (Obr. 20).

Zvysend exprese metalotionein( a transkriptt z rodiny solute carrier family u HLAi v porovndni

s ABOi stepy

Ve snaze prispét k objasnéni mechanismu akomodace jsme pomoci microarray porovnali
transkrip¢ni profil mezi C4d pozitivnimi biopsiemi ABOi a HLAi pacient(l. Genova anotacni

analyza genl, jejichZ exprese byla snizend u ABOi skupiny odhalila asociace s GO terminy
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cadmium ion binding a nékolik GO termin( s vysokou expresi transkritp( z rodiny solute
carrier family (basolateral plasma membrane, plasma membrane a anion transmembrane
transporter activity). Sest transkript( spadajich do GO terminu cadmium ion binding patfi

mezi metalotioneiny prvni tfidy (MT1F, MT1G, MT1H, MT1E, MTIM and MT1X).

Validaci byla potvrzena snizena requlace metallothionin a transkriptt gent z rodiny solubilnich
transportért u ABOi kohorty

Validaci pomoc RT-gPCR jsme potvrdili nizsi expresi transkriptl z rodiny solute carrier
family (SLC4A1: anion exchanger, p = 0,018; SLC4A9: sodium bicarbonate cotransporter,
p = 0,003; SLC17A3: organic anion transporter, p = 0,045; SLC12A3: sodium/chloride
transporter, p = 0,035; SLC30A2: zinc transporter, p = 0,037) a niziSi expresi
metalotioneninl MTIF (p = 0,045), MT1G (p = 0,031) a MT1X (p = 0,021) u ABOi pacient(

v porovnani s HLAi pacienty (Obr. 1).

Obrazek 1: Exprese transkriptomi u ABOi a HLAI transplantaci
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Diskuse
Kratkodobé i dlouhodobé vysledky transplantaci ledvin od darcl s inkompatibilni krevni

skupinou jsou diky desenzitizatnim protokolim vyborné a srovnatelné s HLA
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kompatibilnimi transplantacemi (Becker LE. et al., 2015; Shishido S.N. et al., 2012; Okumi
M. et al., 2016), prestoZze u téchto pacientli pretrvavd i po transplanatci nizky titr
hemaglutinind. Pokud se tyto hemaglutininy navazi na endotel stépu, dojde k depozici C4d
slozky komplementu. Podobny histologicky obraz je charakteristicky pro protildtkami
zprostfedkovanou rejekci, kterd vede vétSinou ke zhorSeni funkce Stépu. Nicméné u
subklinické protilatkami zprostfedkované rejekce, nemusi byt pti nizsi hladiné DSA C4d
depozice spojena se zhorSenou funkci. Hypotézou této studie bylo, Ze hemaglutininy u
ABO inkompatibilnich transplantaci a DSA u HLA inkompatibilnich transplantaci po
navazani na endotel Stépu, aktivuji rdzné downstreamové mechanismy.

Hlavni rozdily jsme pozorovali ve snizené aktivité epitelidlnich transportérl a
metalotioneind u ABOi v porovnani s HLAI. Vys$si exprese metalotioneinG tfidy 1 u HLAI
pacientU je v souladu s jejich anti-oxida¢nimi ucinky (Leirer D.J. et al., 2019; Kojima N. et
al., 2009, Tanaka T. et al., 2009), které mohou potlacovat protizanétlivou odpovéd
indukovanou vazbou DSA na endotel. Vyssi exprese metalotionein( byla zjiSténa také u
Stépl ledvin se steroid-rezistentni rejekci (Rekers N.V. et al., 2013).

Na mechanismu akomodace se ziejmé podileji i regulacni proteiny komplementové drahy,
jak ukdazala analyza naSich microarry dat. U ABOi biopsii byla zvySena exprese jak
MCP/CD46, tak CD59, zatimco u HLAI biopsii byla zvySena pouze exprese CD46. CD46/MCP
je membrdnovy protein, ktery se podili na Stépeni slozek C3b a C4b, a tim reguluje
proximalni ¢ast komlementové drahy. CD46 je kofaktorem faktoru | a nedokdaze tedy
zablokovat komplementovou drahu sam, proto i nadale dochazi k C4d depozici. CD59
protein inhibuje distalni ¢ast komplementové drahy tim, Ze brani vytvoreni membrane
attack komplexu. Domnivame se tedy, Ze potlaéeni aktivace distalni ¢asti komplementové
drahy je pro akomodaci u ABOi transplantaci kliCové. NaSe zjisténi je v souladu s in vitro
experimenty na endotelidlnich burikdch, v nichz hemaglutininy indukovaly expresi CD59
(lwasaki O. et al., 2012; Noma K., 2012).

Fenomén akomodace vysvétlujeme rozdilnymi downstreamovymi mechanismy po vazbé
hemaglutininu a anti-HLA protilatek na endotel rendlni mikrocirkulace. Jednim z moznych
vysvétleni je zvySeni exprese regulacniho proteinu distalni ¢asti komplementové drahy

CD59. Dalsi rozdily jsme pozorovali v aktivité epitelidlnich transportérd a metalotioneinu.

Clanek byl publikovan v Easopise Transplantation. IF: 4.26
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Molecular Patterns Discriminate Accommodation
and Subclinical Antibody-mediated Rejection in

Kidney Transplantation

Petra Hruba, PhD," Zdenek Krejcik, PhD,? Viktor Stranecky, PhD,® Jana Maluskova, MD,* Janka Slatinska, MD,®
Faikah Gueler, MD, PhD,? Wilfried Gwinner, MD, PhD,® Jan Hinrich Brasen, MD, PhD,”

Mariana Wohlfahrtova, MD, PhD,® Alena Parikova, MD, PhD,® Klara Osickova, MD,? Jiri Fronek, MD, PhD,®
Ondrej Seda, MD, PhD,® Lucie Prefertusova, MSc,* Eva Honsova, MD, PhD,* and Ondrej Viklicky, MD, PhD'®

Background. Accommodation in ABO-incompatible (ABOI) transplantation and subclinical antibody-mediated rejection in
HLA-incompatible (HLAI) transplantation share several morphological similarities. Because the clinical long-term outcomes
differ, we hypothesized different molecular processes involved in ABOI transplantation and subclinical antibody-mediated
rejection. Methods. Using lllumina Human HT-12 v4 Expression BeadChips, the whole transcriptome was evaluated
based on 3-month protocol C4d+ biopsies in otherwise stable ABOi and HLAI kidney grafts, as well as in C4d-negative
HLA-compatible grafts exhibiting normal histological findings. Top differently regulated genes were further validated using
real-time quantitative polymerase chain reaction in another patient cohort and complement regulatory proteins by immuno-
histochemistry. Results. In the case of genes involved in immune response-related biclogical processes, ABOi and HLAI
cohorts had similar transcriptomic profiles to C4d-negative controls. The majority of deregulated genes in the ABOi and
HLAI groups consisted of metallothioneins and epithelial transporter genes. Increased expression of epithelial transporters
(SLC4A1, SLC4A9, SLC17A3, SLC12A3, and SLC30A2) and class 1 metallothioneins (MT1F, MT1G, and MT1X) in HLAI
transplantation was validated by real-time quantitative polymerase chain reaction. In comparison to controls, both incompat-
ible cohorts were characterized by the upregulation of intrarenal complement regulatory genes. CD46 and CD59 transcripts
were increased in the ABOI cohort, whereas CD46 solely in HLAI group, and CD59 protein expression was similar in both
incompatible groups. Conclusions. Several epithelial transporters and metallothioneins discriminate subclinical antibody-
mediated rejection in HLAI transplantation from accommodation in ABOi transplantation, which suggest different involved
downstream mechanisms and increased risk of injury in HLAI settings. Metallothioneins with their antioxidative properties
may help to attenuate the inflammation response induced by donor-specific anti-HLA antibody binding.

(Transplantation 2019;1083: 909-917)
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INTRODUCTION

The medium-term kidney graft survival in ABO-
incompatible (ABOI) kidney transplantation is similar to

ABO-compatible one that advocates current advent of
desensitization protocols to increase the access to trans-
plantation in incompatible pairs.'” However, in most
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patients, the persistence of low hemagglutinin titers after
desensitization protocols leads to C4d-positive staining in
the peritubular capillaries, indicating an antibody-endothe-
lial interaction. Interestingly, the interaction that involves
the binding of hemagglutinin to the endothelium is not
associated with subsequent tissue injury. The phenomenon
known as accommodation remains poorly understood,*’
but the role of complement regulatory proteins and inac-
tivation of the extracellular signal-regulated kinase sign-
aling pathway have been widely discussed.®® Similarly,
in HLA-incompatible (HLAi) transplantation of donor
kidneys to recipients with preexisting donor-specific anti-
HLA antibodies (DSA), the C4d deposition in the peritu-
bular capillaries points to an interaction between DSA and
the endothelium, which serves as a diagnostic marker of
antibody-mediated rejection. In most cases, it is associated
with morphological injury and graft dysfunction; however,
in protocol biopsies where kidney graft function is stable,
the presence of low DSA levels may also be associated with
C4d positivity. The current Banff classification describes
this event as active subclinical antibody-mediated rejection
(SAMR).>1?

In contrast to ABOi kidney transplantation, outcomes
of HLAI transplantation with preexisting DSA are gener-
ally inferior to outcomes of HLA-compatible transplanta-
tion. Therefore, we hypothesized thart distinct downstream
mechanisms could be regulated differently when hemag-
glutinins or HLA antibodies bind to the vascular endothe-
lium in ABOi and HLAI transplantation.

MATERIALS AND METHODS

Study Design and Patients

We carried out an observational, retrospective, 2-center
cohort study to compare the expression profiles of C4d-
positive 3-month protocol renal allograft biopsies from
patients with stable kidney graft function in an ABOI
cohort with hemagglutinins and in an HLAI cohort with
DSA. HLAi biopsies had the si%ns of graft injury corre-
sponding to diagnosis of sSAMR."

For the training set, we selected 18 patients who had
undergone kidney transplantation at the Institute for
Clinical and Experimental Medicine between 2013 and
2015 with C4d-positive 3-month biopsies with available
sample for transcriptomic analysis (11 in ABOi and 7 in
HLAI cohorts, respectively). A control-compatible group
(n = 8) comprising C4d-negative 3-month protocol biop-
sies with no signs of rejection was also selected.

In the case of the training set, the ABOi group consisted
of patients who had received kidneys from living donors,
with no DSA, low median peak panel-reactive antibodies
(PRAs), and short cold ischemia time (Table 1).

Desensitization therapy for the ABOi group consisted
of a dose of rituximab (375 mg/m?) administered 30 days
before transplantation, followed by the initiation of a tri-
ple immunosuppression regimen (tacrolimus [0.2 mg/kg],
mycophenolate mofetil 2 g], and prednisolone [30 mg]) 2
weeks before transplantation.!’ The depletion of antibod-
ies against the donor blood group was carried out by plas-
mapheresis using Glycosorb (Glycorex Transplantation
AB, Lund, Sweden) 1 week before transplantation,
reaching an antibody titer decrease of 1:8. Patients were

www.transplantjournal.com

administered IVIG (0.5 g/kg) 1 day before transplantation,
while methylprednisolone (500 mg) and basiliximab were
administered on the first and fourth days, respectively.
Patients were then placed on a standard triple immuno-
suppression regimen similar to the HLAI group.

For ABOi patients, the median anti-A and anti-B anti-
body titers before rituximab depletion therapy was 1:16
(with max 1:128), dropping to 1:2 at the time of transplan-
tation and remaining at 1:2 early after transplantation.

Since patients in the HLAI group with C4d-positive
biopsies and positive DSA had received grafts from
deceased donors, they were considered higher risk
patients (previous transplantations, high PRAs) and were
therefore given stronger induction treatment, usually con-
sisting of thymoglobuline and/or plasmapheresis/plasma
exchange or bortezomib and rituximab. At the time of
transplantation, 3 of the 7 HLAI patients had positive
class I DSA, 2 patients had positive class Il DSA, and the
remaining 2 patients had both positive class [ and I DSA.
All biopsies in the HLAi group fulfilled all 3 Banff 2013
criteria for sSAMR: serological evidence of DSA, C4d3
staining in the peritubular capillaries, and either micro-
vascular inflammation (g > 0 and/or ptc > 0) or intimal
arteritis (v > 0).'%1?

Patients in the control group had received grafts from
deceased donors and had low PRA and no DSA (Table 1).
Besides C4d positivity in both the HLAi and ABOi groups
compared with controls, Banff scores for the analyzed
biopsies were similar across all 3 groups (Table 2).

For the validation set, we retrospectively examined
27 patients transplanted at the Institute for Clinical and
Experimental Medicine and at Hannover Medical School
between 2005 and 2016. The clinical characteristics of the
validation cohort were similar to the training set (Tables
S1and S2,SDC, http://links.lww.com/TP/B673). The ethics
committees of the Institute for Clinical and Experimental
Medicine and Hannover Medical School approved the
study protocol (approval numbers G-14-08-38, A13-02-
01, and 2765), with all patients giving their informed con-
sent to participate in the study.

Microarray Analysis

RNA Preparation, Hybridization, and Scanning

Total RNA was isolated from renal biopsies using the
RNeasy Micro Kit (Qiagen, Hilden, Germany) accord-
ing to the manufacturer’s instructions. Samples with an
RNA integrity number <6, measured using the Agilent
RNA 6000 Nano Kit on the Agilent 2100 Bioanalyzer
(Agilent Technologies), were excluded from the analysis.
A total of 200 ng of purified RNA served as a template
for the amplification and biotinylation of complemen-
tary RNA (cRNA) using the Illumina TotalPrep RNA
Amplification Kit (Thermo Fisher Scientific, Waltham,
MA) according to the manufacturer’s instructions. Yields
of labeled cRNA were determined using the Agilent
RNA 6000 Nano Kit on the Agilent 2100 Bioanalyzer.
Labeled cRNA (750ng) was hybridized at 58°C for 17
hours using Illumina HumanHT-12 v4.0 Expression
BeadChips (Illumina, Inc., San Diego, CA) before being
washed and Cy3-stained according to the manufacturer’s
instructions.

Copyright @ 2019 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited
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Patient characteristics of the training set
Characteristic ABOi (n=11) HLAi(n=7) Controls (n = 8) P
Type of donor (deceased/living), n 011 7/0 8/0 <0.0001#°
Retransplantation, n (first/second/third) 11/0/0 17412 8/0/0 <0.00014¢
Recipient age, y 48 (33-66) 46 (21-78) 57 (43-71) 0.338
Recipient sex, male, n 7 6 6 0.582
Donor age, y 54 (22-66) 54 (22-66) 54 (22-66) 0.637
Donor sex, male, n 5 3 6 0.174
Peak PRA 0(0-92) 52 (6-96) 1(0-32) 0.001%¢
HLA mismatch 3 (2-4) 4 (2-5) 3(0-6) 0.929
Dialysis vintage, mo 6 (0-62) 42 (12-127) 22 (10-95) 0.030%
Cold ischemia, h 0.6 (0-2.2) 17.4 (14.2-21.6) 18.1 (0-20.2) <0.001%°
Antibodies before transplantation

Hemagglutinins, titers 1:16 (1:2-1:128)

DSAclass |, n 0 5 0

DSA class |, MFI 1700 (0-15300)

DSAclass I, n 0 4 0

DSA class Il, MFI 2100 (0-12200)
Antibodies after transplantation

Hemagglutinins, titers 1:2(1:1-1.8)

DSAclass |, n 0 4 0

DSA class I, MFI 4200 (0-11800)

DSAclass Il n 0 4 0

DSA class I, MFI 3357 (0-14887)
Induction treatment <0.0001

Basiliximab, n 11 0 0
Thymoglobuline, n 0 7 0

Serum creatinine at 3 mo (umol/L) 117 (72-140) 138 (131-268) 115 (83-177) 0.046"

Data are presented as n (%) or median (minimum-maximum). Differences were calculated using the Kruskal-Wallis test; significant results from post hoc Dunn's multiple comparison testing are shown.

“HLAi vs ABOI.
“ABOI vs controls.
°HLAI vs contrals.

ABOQI, ABO incompatible; DSA, donor-specific anti-HLA antibody; HLAI, HLA incompatible; PRA, panel-reactive antibody.

TABLE 2.

Histological scores of analyzed biopsies in the training set
of patients

Banff score

(0/1/2/3) ABOI HLAI Controls P

g 10/011/0 4/2/01 8/0/0/0 0.109
cg 11/0/0/0 51/1/0 8/0/0/0 0.208
mm 11/0/0/0 6/1/0/0 8/0/0/0 0.448

i 9/11/0 6/1/0/0 8/0/0/0 0.630

t 7/3/01 7/0/0/0 71/0/0 0.372

i 7/4/0/0 4/3/0/0 8/0/0/0 0.114
ci 5/6/0/0 4/3/0/0 711/0/0 0171

ct 4/7/0/0 1/6/0/0 3/5/0/0 0.542

v 11/0/0/0 5/2/0/0 8/0/0/0 0.053
cv /721 1/3/21 71/0/0 0.018%¢
ah 3/5/211 1/2/2/0 6/2/0/0 0.243
ptc-s 8/0/1/0 4/2/0/0 8/0/0/0 0.105
pte-q 8/1/0/0 4/11/0 8/0/0/0 0.346
ptc-e 8/1/0/0 5/1/0/0 8/0/0/0 0.520
Cad 0721217 0/0/0/7 8/0/0/0 <0.001%¢
Pearson chi-squared test.

“HLAI vs ABOI.

"ABOi vs controls.
°HLAI vs contrals.
ABOI, ABO incompatible; HLAI, HLA incompatible.

After hybridization, the chip was scanned using the
iScan System instrument (Illumina) and raw data extracted
using BeadStudio Data Analysis Software (Illumina).

RT-gPCR Analysis

For the wvalidation patient set, a custom-made
TagMAN  low-density array (Applied Biosystems)
was used for real-time quantitative polymerase chain
reaction (RT-qPCR) to analyze 28 genes revealed by
microarray as differentially expressed between the
ABOi and HLAi groups (SLC6A18-Hs00699608 m1,
SLC7A13-Hs01095704_m1, SLC5A1-Hs01573793_m1,
SLC12A1-Hs00165731_m1, SLC22A3-Hs00222691_m1,
SLC30A8-Hs00545183_m1, SLC39A8-Hs00223357_m1,
SLC7A5-Hs01001189_m1, SLC30A5-Hs00224708_m1,
MT3-Hs01921768_s1, SLC22A8-Hs00188599_m1,
SLC30A2-Hs00936934_m1, SLC36A2-Hs04186495_m1,
SLC12A3-Hs01027568_m1, SLC7A8-Hs00794796_m1,
SLC2A2-Hs01096908_m1, SLC22A6-Hs00537914_m1,
SLC17A1-Hs00989468_gl1, SLC4A9-Hs00324675_m1,
SLC17A3-Hs00198361_m1, SLC4A1-Hs00978607 g1,
SLC5A12-Hs01054640_m1,  MT1H-Hs00823168 g1,
MT1M-Hs00828387_g1, MT1X-Hs00745167_sH,
MT1G-Hs04401199_s1, MT1F-Hs00744661_sH,
MT1A-Hs00831826_s1) and 3 endogenous controls
(GAPDH-Hs99999905_m1, PGK1-Hs99999906_m1,
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HPRT1-Hs01003267_m1) for the wvalidation set of
patients (n = 27). RT-qPCR using TagMAN low-density
array technology was carried out as described elsewhere.'
RT-qPCR data were quantified using the SDS 2.4 software
package (Applied Biosystems), while relative gene expres-
sion values were determined using a comparative 2™*Ct
method on Relative Quantification Manager Software
v 1.2.1 (Applied Biosystems) with normalization to the
endogenous control (HPRT1). The endogenous control
was chosen from 3 candidate genes using NormFinder
(www.mdL.dk) to determine the most stably expressed
gene (HPRT1 with a stability value of 0.003). As a calibra-
tor, one of the samples with a good expression profile on
all of the target genes was used. All investigated mRNAs
were measured in triplicate for each sample.

Validation Data Statistics

Data normality was tested using the Kolmogorov-
Smirnov test. As most variables exhibited non-normal
distribution, we compared 2 groups using the 2-tailed
Mann-Whitney U test and 3 groups using the Kruskal-
Wallis test, followed by a post hoc Dunn’s multiple com-
parison test. Categorical data were compared using the
chi-square or Fisher exact test. Two-sided P values were
considered statistically significant in cases, where the P
value was <0.05.

The R software lumi package was used to process
raw data obtained from microarray analysis, while
the quantile method was used for normalization. Only
probes with detectable signal intensity in at least 5 sam-
ples were included in the analysis. After normalization,
probes with log of an average expression intensity <3.5
were removed from further analysis. When comparing the
ABOi and HLAI groups, only 1 gene (SCN2A) remained
significant after multiple corrections. Therefore, differen-
tially expressed genes were chosen as those with a fold
change (FC) >2 and unadjusted P value < 0.05. Affected
genes were functionally annotated, and deregulated path-
ways were identified using the David database (http:/
david.abce.nciferf.gov). To compare lists of deregulated
genes, we availed of an interactive online tool for Venn
diagrams  (http://bioinfogp.cnb.csic.es/tools/venny/index.
html). We analyzed the expression data for complement

10 .

337 1p HLAI 251 up ABOI

342 up contmis A
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pathways using QIAGEN’s Ingenuity Pathway Analysis
(QIAGEN, Redwood City, CA; www.qiagen.com/ingenu-
ity) for genes with FC 21.5 and P <0.05. Complete raw
and normalized data were delposited in the NCBI Gene
Expression Omnibus database' and can be accessed using
the Gene Expression Omnibus Series accession number
GSE109346 (https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE109346).

Immunohistochemistry

Immunohistochemical detection of CD59 (clone MEM
43; Exbio, Prague, Czech Republic) and CD46 (clone
3F1; Novus Biological, Centennial, CO) was performed
on 4-pm-thick sections of paraffin-embedded tissues (in
5 biopsies from C4d-negative controls, 5 biopsies from
C4d-positive HLAi grafts, and 5 biopsies from ABOi
grafts) using the ultraView Universal DAB Detection
Kit in Ventana BenchMark ULTRA system (Ventana,
Tucson, AZ).

RESULTS

sAMR and Accommodation in ABOi Transplantation
Share Similar Inmune Activation Pathways as C4d-
negative Controls

To determine whether DSA or hemagglutinin binding
would result in an increase in immune response-related
pathway activation, both HLAi and ABOi cohorts were
compared using microarray, with controls defined as C4d-
negative patients exhibiting normal histological findings
and stable graft function.

In the discriminant gene analysis, 1110 probes were
deregulated in the ABOi group and 1837 probes in the
HLAI group and then compared with controls (Figure 1A
and B). For overexpressed genes in the ABOI1 group (n =
768), gene ontology (GO) enrichment analysis showed
only the GO term mitochondrion as statistically signifi-
cant (P = 0.016). Genes involved in GO term mitochon-
drion with highest FC were CYP17A1 (cytochrome P450);
ABAT (4-aminobutyrate aminotransferase); ACOT2 (acyl-
CoA thioesterase 2); and ALDHSA1, ALDHI1B1, and
ALDHG6AT (aldehyde dehydrogenases). The most signifi-
cant GO terms associated with genes elevated in the HLAI

Cc

0,

768 up ABOI 6 720w conrots . ! 117 up HLAI

p=005

4 2 2 H 4 2

[
log (FC)

o
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2 4 4 2

]
log (FC)

FIGURE 1. Volcano plot of imma-modeled microarray data. The data for all genes are plotted as the log2 fold change vs —log10 of the
P value. Thresholds are shown as dashed lines. Comparisons: A, ABOI vs controls; (B) HLAI vs controls; and (C) ABOi vs HLAI. ABQI,

ABO incompatible; FC, fold change; HLAI, HLA incompatible.
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group compared with controls (n = 1117) were those
related to the following biological processes: oxidation
reduction (P = 6.90E-05) (genes with the highest FC were
PAH [phenylalanine hydroxylase], CYP27B1 [cytochrome
P450], or GPX [glutathione peroxidase]); carboxylic and
organic acid catabolic processes (P = 3.70E-04) (PAH,
HPD [4-hydroxyphenylpyruvate dioxygenase], PRODH2
[proline dehydrogenase]); and several GO terms associ-
ated with solute carrier family genes (ion transport, cation
transport [eg, SLC36A2, SLC30A2, SLC5A2, SLC7AS],
anion transport [eg, SLC22A8, SLCI12A3, SLC2A2])
(Table S3, SDC, http://links.lww.com/TP/B673).

In contrast, overexpressed genes in the control group
accounted for 30.8% (versus the ABOI group) and 39.2%
(versus the HLAI group) of the total deregulated genes.

HLAI vs controls

ABOi vs controls

455 574
(21.8%)

1057
(50.7%)

(27.5%)

FIGURE 2. Venn diagram visualizing the overlapping number
of deregulated genes between the ABOI group and the HLAI
group versus controls (fold change > 2; P < 0.05). ABOi, ABO
incompatible; HLAI, HLA incompatible.

A ABOi vs HLAI
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These transcripts were represented by GO terms related to
defense response (P = 2.70E-06), response to wounding (P
= 5.30E-05), inflammatory response (P = 1.00E-04), and
complement activation (P = 6.10E-03) when compared
to the ABOI group (Table S3, SDC, http://links.lww.com/
TP/B673), and proteinaceous extracellular matrix (ECM)
(P = 7.90E-14), ECM (P = 1.20E-13), and collagen
(P = 1.20E-05) when compared with the HLAi group.
Additionally, there was higher expression of genes involved
in KEGG pathways: ECM-receptor interaction (P = 1.20E-
06) and focal adhesion (P = 4.60E-04) in controls com-
pared with the HLAI group.

There was a 27.5% (n = 574) overlap in deregulated
genes between the ABOI group versus controls and HLAI
group versus controls (GO terms: oxidation reduction,
fatty acid metabolic process, organic acid catabolic pro-
cess, and carboxylic acid catabolic process) (Figure 2).
Therefore, in the ABOi and HLAI groups, the activation of
metabolism was present compared with controls.

Expression of Complement Regulatory Proteins
CD46 and CD59 Is Associated With C4d Positivity
Low intragraft expression of complement receptor 2
(CR2) on B lymphocytes in the ABOi group compared
with both the HLAi group and controls (Figure 3A and B,
in green) suggests downregulation of the B-cell response
to antigens, probably due to profound B-cell depletion
by rituximab (Figure S1, SDC, http:/links.lww.com/TP/
B673). Increased expression of CD59 (Figure 3A, in red),
which inhibits the formation of the complement membrane
attack complex (MAC), along with decreased expression
of C5 which were found in the ABOi group but not in
the HLAi group, which points to the possible involvement
of this complement-regulating molecule in ABOi accom-
modation only. In both incompatible cohorts, antibodies

C HLAivs controls

@ o EeE@ @

[ ——— ]

FIGURE 3. Intragraft differences in transcripts involved in the complement pathway for particular group comparisons. All transcripts
with an FC >1.5 and a P <0.05 from microarray data comparisons—(A) ABOI vs HLAI; (B) ABOi vs controls; (C) HLAI vs controls—were
overlayed on the complement pathway using Ingenuity Pathway Analysis software. Downregulated transcripts in ABOI (A, B) and HLAI
(C) are displayed in green, whereas upregulated transcripts in ABOI (A, B) and HLAI (C) are shown in red. ABOi, ABO incompatible; FC,

fold change; HLAI, HLA incompatible.
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= up ABOI
B down ABOI
p=0.0126 intrinsic to plasma membrane
p=0.0142 synapse part
p=0.0072 proteinaceous extracellular matrix
p=0.0448 extracellular matrix part
— 0=0,0168 membrane fraction
w— =0,0160 insoluble fraction
— 5-0,0099 basolateral plasma membrane
— 00,0122 apical part of cell
— 0-0,0172 apical plasma membrane
S— 20,0089 anion transmembrane transporter activity
— -0,0131 antiporter activity
p=0.0199 anionzanion antiporter activity
p=0.0001 cadmium ion binding
45 40 35 30 s 20 15 .10 5 o 5 10

Fold enrichment

FIGURE 4. Bar plots display the fold enrichment and enrichment score values of significant enrichment terms for differentially expressed
transcripts in the ABOi and HLAI groups. Differentially expressed genes involved in particular GO terms: cadmium ion binding (MT7M,
MTI1A, MT1H, MT1G, MT1X, MTTF), anion: anion antiporter activity (SLC22A8, SLC22A6, SLC4A1, SLC4A9, SLC4A4), antiporter
activity (SLC38A3, SLC22A8, SLC3A2, SLC22A6, SLC4A1, SLC4A9, SLC4A4, SLC47A2), anion transmembrane transporter activity
(GABRB3,SLC17A3,SLC12A3,SLC17A1, CLIC5, SLC22A8, SLC22A6, SLC4A1, SLC4A9, ABCC2, SLC4A4), apical plasmamembrane
(RHCG, ANK2, SLC22A12, PDPN, SLC12A3, CA4, ENPEP, ABCC2, ATP6V1B1), apical part of cell (RHCG, ANK2, SLC22A12, PDPN,
SLC12A3, ITGAS, CA4, ENPEP, SLC4A9, ABCC2, ATP6V1B1), basolateral plasma membrane (NOX4, PTPRC, LIMS1, RHCG, ANK2,
ILTRL1, SLC2A2, SLC22A8, SLC22A6, SLC4A1, SLC4A9, ATP6V1B1), insoluble and membrane fraction (GCNT3, CYSLTR1, VAPB,
MME, OAS1, ATP6V1B1, UGT1A7, UGT1A9, SLC2A2, SLC22A6, KLK6, OLR1, SLC12A3, SCN2A, SLC22A8, V\PS41, NPR3, LILRBZ2,
UGTI1A10, PPP1R9A, PLCE1, SLC17A3, CLIC5, SLC17A1, NPHS1, CA4, CYP4F3, ABCC2), extracellular matrix part (LAMA2, TF,
COLYAZ2, COL14A1, CILP, COL28A1, COL4A6), proteinaceous extracellular matrix (TF, WNT5B, MAMDCZ2, CILP, COL28A1, COL4A6,
LAMAZ2, ADAMTSE, COL9A2, COL14A1, KAZALD1, FBLN7, DPT, SPON1), synapse part (TF, WNT5B, MAMDC2, CILP, COL28A1,
COL4AB, LAMAZ2, ADAMTS6, COLIA2, COL14A1, KAZALD1, FBLN7, DPT, SPONT), and intrinsic to plasma membrane (CASR,
SLC6A1, SLC5A1, CSPG4, CACNB2, ABCA4, ATP12A, SYNGR1, EPHB1, SCTR, KCNMB2, KCNS3, ASGR1, EDNRA, ADRA2A,
SLC22A3, SLC30A5, CCBP2, GPIHBP1, SELP, GLRB, PTGER3, FLT3, PCDHB4, SLC6A18, GRM1, ACCN2, NTRK2, RYRT). ABOi,

ABO incompatible; GO, gene ontology; HLAI, HLA incompatible.

binding to endothelial cells increased the expression of
CD46 (MCP), which acts as a cofactor in the degradation
of complement components C3b and C4b (Figure 3B and
C, in red), compared with control-compatible stable grafts.
When comparing the HLAi and ABOi groups with con-
trols, downstream upregulation of the complement path-
way was only observed in the HLAi group (Figure 3C, in
red).

The validation of CD46 expression at protein level by
immunohistochemistry showed weak CD46 staining only
in the interstitium with negative staining in glomeruli and
peritubular capillaries. There was no difference in the
staining intensity among controls and ABOi and HLAI
groups. CD59 protein was localized mainly in peritubular
capillaries and with less intensity in glomeruli and arter-
ies. Although CD39 positive staining of glomeruli was
observed in both ABOi and HLAi groups, glomeruli in
C4d-negative controls were not stained (Figure §2, SDC,
heep:/Alinks. lww.com/TP/B673).

Deregulation of Metallothioneins and Solute Carrier
Family Genes in ABOi Compared With HLAIi Grafts
To investigate the phenomenon of accommodation,
gene expression profiles between ABOi and HLAI cohorts
were compared using microarray analysis in a training set
of patients. Volcano plot analysis demonstrated differences
in mRNA expression values between both groups, with the
P-value cutoff = 0.05 and the FC cutoff = 2.0 (Figure 1C).
We identified 251 upregulated and 337 downregulated
genes in the ABOI group compared with the HLAI group
(Tables $4 and S5, SDC, http:/links.lww.com/TP/B673).
Using the David GO tool (https:/david.nciferf.gov/)
to categorize upregulated genes in the ABOi group,
the most significant GO terms relating to cellular

components included ECM (P = 0.0018), proteinaceous
ECM (P = 0.0072), and intrinsic to the plasma membrane
(P =0.0126) (Figure 4A).

Gene annotation enrichment analysis of downregulated
genes in the ABOi group revealed the most significant
GO terms related to cadmium ion binding (P < 0.001):
anion transmembrane transporter activity (P = 0.009) and
antiporter activity (P = 0.013); or to cellular components:
plasma membrane part (P = 0.002), basolateral plasma
membrane (P < 0.01), or apical part of cell (P = 0.012)
(Figure 4B).

Genes belonging to the solute carrier family were shared
among 22 GO terms (eg, basolateral plasma membrane,
plasma membrane, and anion transmembrane transporter
activity).

The cadmium ion-binding GO term reached the high-
est fold enrichment, totaling 6 class 1 metallothionein iso-
forms (MT1F,MT1G,MT1H,MT1E,MT1M,and MT1X)
downregulated in the ABOi cohort. In contrast, class 3
metallothionein was upregulated in the ABOi group.

Validation Confirms Downregulation of Intrarenal
Metallothioneins and Solute Carrier Family Genes in
the ABOi Cohort

For validation, we selected significantly deregulated
genes among the HLAi and ABOi groups (P < 0.05,FC > 2)
belonging either to solute carrier family genes or metal-
lothioneins. These genes were highly represented among
the top deregulated GO terms.

Increased expression of 5 solute carrier family genes
in the HLAi group were evaluated in comparison with
the ABOI group: SLC4A1 (anion exchanger, P = 0.018),
SLC4A9 (sodium bicarbonate cotransporter, P = 0.003),
SLC17A3 (organic anion transporter, P = 0.045),SLC12A3
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FIGURE 5. Validation of microarray analysis by RT-gPCR in the validation cohort (n = 27). Statistically significant differences in the
expression of metallothioneins (A) and solute carrier family genes (B) between ABOI and HLAI patients were calculated using the
nonparametric Mann-Whitney test, where RQ is relative quantity. ABOI, ABO incompatible; HLAI, HLA incompatible; RT-gPCR, real-time

quantitative polymerase chain reaction.

(sodium/chloride transporter, P = 0.035), and SLC30A2
(zinc transporter, P = 0.037) (Figure 5). These results con-
firmed the previous observations from the training set.

Validation further confirmed higher expression of 3 class
1 metallothioneins in the HLAi cohort compared with the
ABOi cohort: MTIF (P = 0.045), MT1G (P = 0.031), and
MT1X (P = 0.021). Class 3 metallothionein upregulation
in the ABOI group observed in the training set was not
confirmed in the validation set.

DISCUSSION

It is widely accepted that antibodies against the donor
endothelium affect kidney graft survival. However, in ABOI
kidney transplantation with low hemagglutinin titers after
specific desensitization, long-term outcomes are similar to
compatible transplantation.'” Similar histological find-
ings have been reported in some HLAI transplants with
sAMR, even though long-term outcomes remain inferior.
Therefore, we hypothesized that hemagglutinins and anti-
HLA antibodies, when bound to the endothelium, might
activate different downstream mechanisms. Thus, we eval-
uated renal transcriptomic differences in C4d+ grafts in
patients with stable kidney graft function and circulating
antibodies, either isohemagglutinins in the case of ABOI
transplantation or DSA in the case of HLAI transplanta-
tion. Our main observation was that anti-HLA binding
increased intragraft expression of class 1 metallothioneins
and distinct epithelial transporters compared to hemagglu-
tinin binding.

Various downstream mechanisms have been suggested
to explain the mechanism of accommodation.® Among
other mechanisms, low titers of anti-HLA antibodies were
hypothesized. Low titers of ant-HLA antibodies were
shown to be associated with the activation of PI3K/AKT
signaling in the mammalian target of rapamycin (mTOR)
complex 2 pathway, leading to cell survival through antia-
poptotic gene expression. In contrast, high antibody titers
activated signaling in the mTOR complex 1, resulting in
cell proliferation and graft rejection.”'® A small micro-
array study® compared the expression profiles of 4 ABOi
grafts with 5 compatible grafts with stable function and

found 440 deregulated transcripts, with several genes
involved in cellular metabolism, transcription, translation,
and signal transduction. Similarly, in our study, we found
an association between accommodation and the alteration
of genes involved in cellular metabolism (eg, phenylalanine
hydroxylase, cytochrome P450, glutathione peroxidase,
acyl-CoA thioesterase, proline dehydrogenase). This higher
metabolism activation may cover energy requirements for
the production of effector molecules as a consequence of
complement activation. Recently, higher expression of
mitochondria-associated genes in the peripheral blood of
patients with acute rejection has been reported.” In our
study, under both ABOi and HLAI settings, we observed an
increase in intragraft mitochondria-associated transcripts
compared with controls, which suggests higher metabolic
activity associated with subclinical inflammation. In the
ABOI group, rituximab induction therapy was associated
with the downregulation of genes involved in inflamma-
tory and defense responses, which is logical consequence
of depletive effect of rituximab on B cells.'®

Interestingly, both proximal and distal complement reg-
ulatory transcripts, MCP/CD46 and CD39, respectively,
were upregulated in ABOI settings, while in HLAi cohort
the proximal complement regulatory molecule CD46 was
solely upregulated. Membrane protein (CD46/MCP) par-
ticipates in proteolytic cleavage of both C3b and C4b and
thus regulates proximal complement activation cascade.
CD46 is a cofactor for complement Factor I, and thus it
is unable to interrupt the complement cascade on its own.
Therefore, in both HLAi and ABOi, the C4d deposition
occurred despite increased expression of CD46 with-
out simultaneously increased expression of complement
Factor 1. Contrary, CD59 protein inhibits the distal part of
complement cascade: the formartion of complement MAC.
Both CD46 and CD59 have been shown to induce regula-
tory T-cell subsets,'”*" leading to downregulation of the
immune response. Because the outcome of the HLAI trans-
plantation is different from ABO1 one, we hypothesize that
activation of distal complement inhibitory molecules such
as CD59 is critical for the outcome of kidney transplanta-
ton in the presence of low level of donor reactive antibod-
ies. Interestingly, our observation is supported by in vitro
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data as hemagglutinins induced expression of complement
regulatory molecules, such as CDS59, on endothelial cells
in the in vitro experiment.”! By immunohistochemistry, we
localized CD359 protein in peritubular capillaries, glomer-
uli, and arteries of both ABOi and HLAI patients but not
in C4d-negative stable grafts. Higher expression of CD59
probably reflects protective mechanism against comple-
ment-mediated injury, as was shown in chronic AMR and
recurrent IgA nephropathy.” Therefore, as the first we
report the involvement of CDS9 transcript in the accom-
modation phenomenon observed in ABOi transplantation.
Nevertheless, it is important to note that the magnitude
of changes in the complement regulators observed in our
study was not abnormally high (an FC range from 1.5 to
2). As only genes with an FC value >2 were selected for
validation, we chose not to validate the expression of com-
plement regulatory transcripts using RT-qPCR.

Interestingly, in the HLAi cohort with sSAMR, based
on our microarray analysis we found a higher expres-
sion of genes coding for epithelial transporters (SLC4A1,
SLC4A9,81.C17A1,SLC17A3,SLC12A3, and SLC30A2)
and class 1 metallothioneins (MT1F, MT1G, and MT1X),
which was further validated in another patient set and
using different method.

Solute carrier family transcripts are a family of epithe-
lial transporters. They are highly expressed in the normal
kidney, where they play important functional roles. The
loss of Sle transcripts is associated with histological lesions
such as tubulitis and tubular distortion in mouse kidney
allografts.”> In our study, although histological findings for
both incompatible groups were similar, differential expres-
sion of distinct Sle transcripts may have reflected worse
graft function in HLAI patients.

Higher intragraft expression of class 1 metallothioneins
in the HLAI cohort compared with the ABOi group is in
line with the proposed antioxidative properties of these
molecules,”*’ whose ability to attenuate activation of the
NF-xB pathway®® may help to decrease the inflammation
response induced by DSA binding. Higher expression of
class 1 metallothioneins has been observed in kidney allo-
grafts with steroid-resistant rejection.”” When analyzing
class 1 metallothionein expression in various cell types, the
highest expression has been reported for activated mac-
rophages and proximal tubular epithelial cells.***527

The expression of some of discussed molecules is known
to be differentially expressed along the length of tubuli.
For example, SLC4A1, SLC4A9, and SLC12A3 are pri-
marily expressed in distal tubuli,”® whereas others as
SLC17A3 in proximal tubuli.”” In our HLAI cohort, higher
podocin expression may theoretically suggest different
cortex/medulla proportion than in ABOI1 group. To limit
this potential confounder, we at first validated the expres-
sion of selected transcripts on another patient cohort.
Moreover, class 1 metallothioneins are localized mainly
in proximal tubuli with very weak glomeruli staining,*
and therefore potential unequal glomeruli distribution in
samples cannot affect its expression. Similarly, epithelial
transporters are expressed primarily in distal or proximal
tubuli; thus their differential expression reflects rather an
active injury-repair response of renal tubular epithelium
than sampling bias.

Our study confirms that compared with compatible
grafts, even 3 months after ABOi transplantation (and 4 mo

www.transplantjournal.com

after rituximab treatment) all B lymphocytes subsets are pro-
foundly depleted (with the exception of plasmablasts), while
the relative numbers of naive CD4 and CD8 T lymphocytes
remain heightened. This points to the involvement of naive T
cells in the accommodation process.

In conclusion, our results indicate that CD46 and
CD59 complement regulatory transcripts/proteins are
increased in both incompatible transplant cohorts, which
underline different complement regulation compared
with controls. In sSAMR, the expression of several distinct
solute carriers and protective metallothionein transcripts
likely reflects subtle graft damage. Finally, based on our
finding that distinct molecular patterns are associated
with accommodation in ABOI transplantation and sAMR
in HLAI transplantation, it would appear that different
downstream mechanisms are involved in both processes.
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7. Diskuze

Transplantace ledvin od HLA inkompatibilnich pfijemcl stimuluje aloimunni odpovéd,
kterad je klinicky vyjadrena jako rejekce Stépu. Se zavedenim cyklosporinu do klinické praxe
v 80. letech doslo kvyraznému snizeni incidence akutni rejekce. DalSim dulezitym
momentem ve vyvoji bylo zavedeni T-bunééné deplece jako indukéni [éCby v 90. letech.
Vyrazné snizeni incidence akutni rejekce vyznamne zlepsilo kratkodobé i dlouhodobé
vysledky prezivani transplantovanych ledvin.

Akutni rejekci délime podle mechanizmu Uuc¢inku na T-bufkami a B-bunkami
zprostiedkovanou (protilatkovou) rejekci.

Mezi rizikové faktory rejekce patfi sensitizace HLA systému (PRA), opakované
transplantace, afro-americké etnikum. Pfedtransplanta¢ni DSA a HLA AB/DR neshody jsou
uvadény jako hlavni riziko protildtkami zprostfedkované a T-bunkami zprostfedkované
rejekce (Wehmeier C. et al. 2017).

V soucasné dobé je udavano, Zze v USA 75 % pfijemcld v dobé transplantace dostava
indukéni 1é€bu antithymocytdrnim globulinem a 90 % pfijemca rendlnich transplantaci ma
udrzovaci imunosupresivni |é¢bu zalozenou na trojkombinaci takrolimu, mykofenolat
vyskytem akutni rejekce (Hart A. et al., 2019). Protokoly, ve kterych byla snaha o redukci
kalcineurinovych inhibitord, event. jejich nahrazeni m-TOR inhibitory, se ukdzaly jako

rizikové stran vysokého vyskytu akutni rejekce a mnozstvi nezadoucich ucinka.

Imunopatogeneze

Humoralni odpovéd Stépu je vysledkem rozpozndvani ,non-self” darcovskych HLA
antigend a rozvoj ddrcovsky-specifickych anti-HLA protildtek (DSA). Hlavni
histokompatibilni komplex pozistava ze tfi lokusU I. tridy (HLA -A, -B, -C) a deviti lokusU
antigenu Il. tfidy (alfa a beta retézce HLA -DR, -DP, -DQ), které jsou tvoreny vice nez 10 000
sekvencemi nukleotid(, které koduji vice nez 700 unikatnich protein (Thomas K.A. et al.,
2015). Vysledkem tohoto extrémniho polymorfizmu je, Ze vicero aminokyselin je pfitomno

na tercidlni strukture HLA a vyznamnost je zavisla na konstituci a usporadani na epitopu
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HLA molekuly. Predtransplantacni matching epitopl je mozno vyuZit v redukci de novo
DSA strategii (Wiebe C. et al., 2013; Geneugelijk K. et al., 2015).

Patognomické pro vznik rejekce mohou byt i non-HLA protilatky, jako napfiklad anti-
endothelialni protilatky, protilatky proti angiotenzinu Il receptoru 1, které jsou nezavislym
rizikovym faktorem ztraty Stépu, které jsou asociovany s histologickymi zndmkami AMR
bez prlikazu DSA (Giral M. et al., 2013; Taniguchi M. et al., 2013; Banasik M. et al., 2014;
Lee J. et al., 2015). Obdobné vysledky prezivani stépl pacientll jsou pti detekci MICA
protilatek (major histocompatibility complex class I-related chain A) (Terasaki P.l. et al.,
2007). Mnoho antiendothelidlnich protilatek mize zahrnovat agrin, vimentin, perlecan
endoglin, Fms-like tyrozin kinadza-3 ligand, EGF like repeats, discoidin I-like doménu 3,
intercelularni adhezivni molekulu 4 a dalsi komponenty (Jacskon A.M. et al., 2015).
Protilatky navdzané na povrchu endotelu jsou mediované antiinflamatornimi i
proinflamatornimi mechanizmy pfes klasickou komplementovou drdhu (Heeger P.S. et al.,
2015). Stépnym produktem komplementu vznikaji chemoatraktanty, které spole¢né
s lymfocyty a terminalnou slozkou komplementu vytvati MAC, ktery ochranuje
endothelidlni bunku pred jej osmotickou lyzou (Drachenberg C.B. et al., 2013,
Papadimitriou J.C. et al., 2013). Endotheliadlni burniky jsou stimulovany von Willebrandovym
faktorem a rychlou vazbou trombocytl (Kuo H.H. et al., 2015) pfi zanétu a poskozeni
endothelu. Protilatky jsou taktéZ navazany pomoci Fc &asti receptoru na monocyty,
makrofagy, neutrofily a NK bunky (Thomas K.A. et al., 2015). DuléZitou roli hraje na
protilatkach zavisla bunééna toxicita, zejména NK bunky, které byly popsany microarray
analyzou v biopsiich rendlnich Stépu pfi AMR. Predstavuji komplement nezdvislé C4d
negativni mechanizmy poskozeni graftu. Spojenim sFc receptoru s NK burikami zpUsobi
uvolnéni cytotoxickych granul a stimuluje produkci cytokin(, jako jsou TNF-a, IFN-y (Resch
T. a kol., 2015). Rozdil v glykosylaci a sialylaci Fc ¢asti mUze alterovat afinitu Fc receptoru,

kterd se podili na patogenezi tvorby protilatek (Malard- Castagnet S. et al., 2016).

Diagndza

Diagnostika akutni AMR je zavisla na pochopeni patofyziologickych mechanizmu, které
vznikaji pfi poSkozeni Stépu a pouziti novych diagnostickych technik. Revidované
klasifikacni schéma (Banff 2013) zahrnuje diagnosticka kritéria vzniku akutni AMR. 1.
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pritomnost DSA, 2. evidence jejich interakce s vaskularnim endothelem a 3. poskozeni
tkané (Haas M. et al., 2014).

DSA

které se testovaly pomoci bunécnych technik. Pozdéjsi vyuziti solid-phase assay a single-
antigen bead assay nam umoznilo rozpoznat potognomické protilatky s cilem zamezit
vzniku rejekce s abruptnim prlbéhem, kterda vedou ke ztraté Stépu. Vysoky stupen
senzitivity u single-antigen bead assay pro klinickou interpretaci vyvstdvd mnoho otdzek a
postupU zejména u nemocnych s vysokym imunologickym rizikem. Stfedni intenzita
fluorescence (Mean Fluorescence Intensity, MFI) predstavuje neljepsi ,semi-
kvantitativni“ popis sily protilatky. Beads (kulicky) mohou také obsahovat denaturované
HLA antigeny, které urcuji patogenicitu a mohou nadhodnocovat senzitizaci (Visentin J. et
al., 2014). Mnoho nemocnych ma inhibitory, které faleSné snizuji hodnotu MFI, v¢etné
HLA protilatek, které jsou navdzané na komplement a mohou blokovat misto detekce
protilatky, tento jev se nazyva ,pro-zone efekt”. Jeho zamezeni dochazi, kdyz jsou séra
»predlécena” s EDTA nebo dopliujicim vySetfenim s komparaci C1q testu.

Interakce s vaskuldrnim endotelem

Vaskuldrni endotel predstavuje biologickou komunikaci mezi darcovskou tkani a
protilatkami prijemce. Protilatky vedou k aktivaci klasické komplementové cesty. C4d je
Stépnym produktem aktivace slozky komplementu C4, kterd je kovalentné navazana na
endotel bunék Stépu, poskozeni stépu zavislé na komplementu vyusti do poruchy funkce
bazalni membrany (Feucht HE. et al., 1993). Kromé C4d pozitivnich akutnich AMR, existuje
fenotyp C4d negativnich akutnich AMR. Sis B. a kol. zjistili, Ze s endothelem-asociovany
transkriptom (ENDAT), pfi pozitivnich DSA a histologickych zménach potvrzujicich AMR
jsou C4d negativni formy AMR (Sis B. et al., 2010).

Poskozeni tkané

Histologicky se poskozeni tkané projevi jako mikrovaskularni inflamace vyjadiena jako
peritubularni kapilaritida (ptc> 0) a glomerulitida (g> 0), trombotickd mikroangiopatie,
fibrinoidni nekrdza arteriol (v3-1éze), akutni tubularni atrofie bez jasné pficiny (Haas M. et
al.,, 2012). Intimalni arteritis nebo v-léze ma specifické postaveni v klasifikaci AMR,

v minulosti se ndlez hodnotil jako Cista T-burikami zprostfedkovana rejekce (TCMR), nyni
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je v aktualizované Banffské klasifikaci z roku 2013 nédlez hodnocen akutni poskozeni tkané
pti AMR, intimalni arteritis (v > 0). Vysvétleni je dano lézi, ktera je demonstrovana CD68
positivnimi makrofagy, ktera je asociovana s 3x vys$Sim rizikem ztraty stépu v porovnani
AMR bez intimalni léze. Lefaucheur a kol. popisuji, Ze smiSena rejekce TCMR a AMR tvofi
vétSinu humoralnich rejekci (Lefaucheur C. et al., 2013). Zajimavé je, Ze mnoho
nemocnych s v-lézi méli molekuldrnich profil bez pfitomnosti rejekce. Je dlleZité spravné
interpretovat TCMR v kontextu doby od transplantace a pfitomnosti DSA.

Nové techniky

Biopsie Stépu predstavuje zlaty standard pfi hodnoceni rejekce Stépu, méreni DSA, C4d
barveni a histologické vySetfeni ma své limitace. Pfinosem k upfesnéni diagnostiky a
stratifikace rizika je vyuZiti ,molekuldrniho mikroskopu®. Sis B. a kol., 2009 zjistili, Ze
vysoka exprese ENDAT umoznuje lepsi predikci ztraty Stépu nez stanoveni C4d (71 % vs.
31 %), jako problém se jevi nizka specifita (71 % vs. 94 %) (Sis B. et al., 2009). Sellares a
kol. vyvinuli AMR skérovaci systém na zdkladé genové exprese vyhodnocenych 403
indikacnich biopsii, kde byly AMR C4d negativni i AMR C4d pozitivni formy. Vysoké skore
koreluje s diagnézou AMR a predikuje ztratu Stépu v budoucnosti Sellares J. et al., 2012).
Loupy ptidal ke skérovacimu systému AMR pomoci molekuldrniho mikroskopu i
endotelidlni selektivni DSA transkriptom ke konvencim metoddm stanoveni ¢asné AMR a
zjistili, Ze nezavisle predikuje ztratu stépu. Vyuziti molekuldarniho mikroskopu ndm umozni
lépe Fidit, resp. ,usit na miru“ imunosupresivni lé¢bu (Loupy A. et al., 2014). Ve fazi
vyzkumu je obdobné vyuziti krve nebo moci ke stanoveni genového transkriptomu (HA
M., 2014; Kim V.N., 2014; Ong S.G. et al., 2015).

Dalsi neinvazivni diagnostika je stanoveni volné frakce darcovské DNA v periferni krvi
(donor- derived cell- free DNA (cf-DNA)). Studie DART z roku 2017 stanovala cf- DNA u 242
biopsii (204 indikacnich) s negativni prediktivni hodnotou AMR 96 % pfi cut- off 1 % v krvi
pfijemce, avsak pozitivni prediktivni hodnota byla pouze 44 % (Bloom R.D. et al., 2017).
Dalsi autofi stanovili cut- off 0,74 % cf- DNA u 63 indikacnich biopsii a zjistili pozitivni
prediktivni hodnotu AMR 69 % s negativni prediktivni hodnotou 100 %. Problém této tudie
je, ze nerozlisila samotnou AMR a kombinovanou AMR s podilem T-bunécéné rejekce (Clark

W.F. et al., 2019, Huang S.S., et al., 2019).
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Progndza a stratifikace rizika

Nemocni po transplantaci ledviny s anamnézou akutni AMR maji signifikantné horsi
progndzu prezivani funkce Stépu v porovnani s nemocnymi, ktefi maji v anamnéze akutni
TCMR nebo neméli Zddnou rejekci. VySe uvedena francouzska studie analyzovala indikacéni
biopsie ze 2 center a zjistila, Ze riziko ztraty Stépu za 10 let méli nemocni s akutni AMR 3x
a 9x vyssi neZz nemocni s nebo bez vaskuldrni komponenty, resp. v porovnani se samotnou
TCMR (Lefaucheur C. et al., 2013). Orandi a kol. identifikoval 6 % nemocnych s akutni AMR
do 1 roku od transplantace ledviny. Jejich Sleté preziti Stépu s diagndzou akutni AMR ve
srovnani se zdravymi kontrolami bylo 69 %, resp. 92,5 % (Orandi BJ. Et al., 2016). Dérje C.
a kol. poukazuje na ¢as vzniku AMR. Ztratu stépu po 4 letech u nemocnych s AMR, ktera
byla do 3 mésicl (medidn 10 dni) od transplantace byla 25 % v porovnani s nemocnymi, u
kterych byla diagnostikovdna pozdni AMR (vice nez 3 mésice od transplantace, median 22
mésic(l), kterd Cinila 40 %. Transplantace mezi HLA inkompatibilnimi pary zvysuje riziko
vzniku akutni AMR az na 50 %, zavisi na mire inkompatibility ¢i pouziti desensitiza¢ni Ié¢by
(Dorje C. et al.,, 2013). Malheiro a kol. publikovali, Ze DSA vice nez 3 000 MFI jsou
asociovany s rozvojem akutni AMR a suma vSech DSA vice nez 11 000 MFI ma specifitu
92,3 % pro predikci vzniku akutni AMR (Malheiro J. et al., 2015).

Preformované DSA vedou k aktivaci komplementu, ktery poskozuji transplantovany
organ. DSA, které jsou navdzany pomoci C1q slozky komplementu, aktivuji klasickou cestu
komplementové kaskady. Loupy a kol. testovali 1016 nemocnych, ktefi méli pozitivni Clq
test a zjistili, Ze tyto protilatky zvysuji riziko vyskytu akutni AMR, zavazné postihuji Stép a
Ctyrnasobné zvysuji riziko ztraty Stépu (Loupy A. et al., 2013). Je dlleZité stanovit podtridy
IgG, specialné IgG1 a 1gG3, které vazi komplement a predstavuji dalsi rizikovy faktor pro
vznik akutni AMR. Lefaucheur a kol. vysetfili 125 nemocnych, ktefi vyvinuli DSA jeden rok
po transplantaci a zjistili, Ze pacienti s imunodominantnimi DSA ve tfidé 1gG3 vyvinuli
rychleji rejekci v dusledku zvySeni poskozeni mikrocirkulace s pozitivtou C4d, které
predstavuji vétSinu AMR (Lefaucheur C. et al., 2015). | pfes uvedenad data neni jasné, zda
fixace komplementu skutecné muze zastoupit méreni koncentrace protilatek (Guidicelli
G. et al,, 2015).

Pred zavedenim C4d negativni formy AMR do klasifikace mnoho dat z literatury ukazovalo
na horsi prezivani stépl pfi C4d pozitivité (Herzenberg LA. et al., 2000; Lederer JA., et al.,

2001). Kapilaritida CA4d predstavuje riziko akutni a zdvaini formy AMR. Kikic a kol.
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analyzovali 1976 renalnich biopsii a zjistili, Ze nemocni s C4d pozitivitou s nebo bez
histologickych znamek AMR méli horsi pFezivani $tépl (Kikic Z. et al., 2015). V protikladu
s publikovanymi daty je, Ze mikrovaskularni inflamace s pozitivitou C4d ma znacny

prognosticky vyznam.

Lécba

Principem lécby je inhibice rliznych mechanizm( cest vedouci k AMR, které indukuji
poskozeni Stépu a zahriuji inaktivaci B bunék (rituximab, splenektomie), protilatky
produkujici plazmatické bunky (bortezomib), odstrafiovani protildtek a imunomodulace
(vymény plazmy, IVIG), inhibice protilatek, které indukuji terminalni komplementovou
aktivaci (eculizumab). | pfes mnohé |écebné zdsahy existuje pouze malo dat, které
podporuji kombinacni lé€bu s jasnym benefitem pro pacienta. Od roku 1950 do roku 2011
bylo provedeno pouze 12 kontrolovanych studii s nizkym poc¢tem pacientll (od 5 do 23
nemocnych s rliznymi zarazovacimi kritérii). VSichni autofi pfijali zavéry, Ze existuji
|éC¢ebné protokoly s nizkou evidenci efektivity.

| pfes limitovana data vSak bylo dosazeno konsenzu, Ze provedeni plazmaferéz a aplikace
IVIG je lé¢ebnym standardem, tak jako jsme to potvrdili i v nasi studii (Archdean P. et al.,
2011). Otdzkou je strategie ddvkovani a pocet provedenych procedur. | pfes nizkou
evidenci ucinnosti PP + IVIG Food and Drug Administration (FDA) pracovni skupina pro
AMR v roce 2017 (Velidedeoglu E. et al., 2018) a KDIGO (Kidney Disease: Improving Global
Outcomes v roce 2010 (Kasiske B.L. et al., 2010) pfijali jako standard of care v 1é¢bé akutni
aktivni AMR. Zlep3Seni kratkodobych vysledkd potvrzuji dalsi studie (Rocha P.N. et al.,
2003; Lefaucheur C. et al., 2009; Montgomery R.A., et al., 2000; Bohmig G. et al., 2007).
Dlouhodoby ucinek je variabilni (Schinstock C.A. et al., 2020). Pridatna Iécba specifickou
inhibici B lymfocyt( byla opakovanné diskutovana, taktéz mame limitovana data s malou
kontrolni skupinou. Studie RITUX-ERA, multicentrickd dvojité zaslepend placebom
kontrolovana, porovnava rituximab s placebem v kombinaci PF+ IVIG u 38 nemocnych 1
rok po transplantaci ledviny s diagndzou akutni AMR (Sautenet B. et al., 2016). Renalni
funkce byla zlepsena u obou skupiny ve 12. dni lé¢by, nebyl zaznamenan signifikantni
rozdil v hodnotdach sérového kreatininu, proteinurii a hodnotach imunodominantnich DSA
ve 12. mésici. AvSak nemocni, ktefi byli [é€eni rituximabem méli vice imunodominantnich

DSA s MFI méné nez 1 500 po Iécbé. Obé skupiny zaznamenaly pokles mikrovaskularni
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inflamace (g+ptc) 1 mésic po l1écbé, ale tento trend pokracoval v rituximabové skupiné i 6
mésicll po lécbé, kde placebova skupina méla rebound mikrovaskuldrni inflamace,
podobné jako pred zapocetim IéCby. Je tedy moZné konstatovat, Ze rituximab ma vyznam
pfi zmirnéni prechodu z akutni do chronické formy AMR a zlepSuje dlouhodobé preziti ve
Stépu.

Bortezomib je znamy pfi vyuZiti v desensitizanich protokolech a v l1é¢bé akutni formy
AMR. Cilem IécCby je inhibovat tvorbu plazmatickych bunék, taktéZ nemame dostatek dat
k potvrzeni efektivity a ucinosti IéCby (Trivedi H.L. et al., 2009; Walsh R.C. et al., 2010;
Walsh R.C. et al. 2011; Flechner S.M. Et al., 2010; Nguyen S. et al., 2014). Walsh a kol.
popisuji podavani 4 cykl(i bortezomib( v 11 dnech, pred kazdou davkou byla provedena
plazmaferéza s odstupem 72 hodin. Tenhle protokol byl pro nds inspiraci v lécbé
rezistentni akutni AMR. Walsh a kol. 1é€ili 19 nemocnych s timhle protokolem spole¢né
s aplikaci 1 davky rituximabu. Vysledkem bylo zlepSeni renalni funkce a snizeni DSA u
pacientl do 6 mésicl i nad 6 mésicl po transplantaci ledviny tj vysledky byli povzbuzujici
v lécbé akutni a pozdni AMR. Flechner a kol. popisuji zlepSeni prezivani Stépl u
nemocnych, ktefi byli IéCeni bortezomibem u méné zdvazinych postizeni stépu (kreatinin
pod 265 umol/I, s nizkou proteinurii pod 1 g/24 hod.).

Alternativni pfistup vyuzZijici inhibice blokady terminalniho komplementu pomoci
eculizumabu je finan¢né velmi naroény, data navic nejsou podporena studiemi. Byla
popsana kazuisticka sdéleni podporujici zachranou lé¢bu 102efrakterni rejekce. Orandi a
kol. popisovali komparativni studii splenektomie vs. Eculizumab vs. Eculizumab a
splenektomie u 24 nemocnych se zdvainou akutni AMR jako zachranou lécbu u
nemocnych, ktefi byli transplantovani pres pozitivni cross-match (Orandi B.J. et al., 2014).
Nemocni byli sledovéni 18 mésic(. Ctrnact nemocnych podstoupilo splenektomii, u 4
nemocnych doslo ke selhani Stépu. Ve skupiné s monoterapii eculizumabem se 4 nemocni
museli vratit do dialyzaéniho programu z celkového poctu 5, vSech 5 nemocnych, ktefi byli
|[é¢eni kombinaci eculizumab a splenektomie, méli funkéni Stépy. Avsak protokol
eculizumab + splenektomie byl provazen vyssim vyskytem infekénich a chirurgickych
komplikaci.

Zavérem lze fict, Ze kombinovand I|écba plazmaferézou, IVIG, rituximabem ev.
bortezomibem miZe byt ucinna, avsak nelze fict, Ze je standardem lécby pro nedostatek

klinicky kontrolovanych studii s dostate¢nym poctem pacienta.
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V roce 2016 Orandi BJ. a kol. publikoval praci, kde vyuZzil k 1é¢bé akutni AMR kromé PF a
aplikace IVIG navic poddani C1 esterazového inhibitoru ve 2 davkach a zjistil, Ze 20. den po
transplantaci ledviny méli nemocni trend ke zlepSené renalni funkce v porovnani
s placebem a 6 mésicl od zahdjeni lécby C1 inhibitorem nemocni neméli v biopsii
prokdzanou TG (Orandi B.J. et al., 2016). Francouzska skupina autor( (Viglietti D. et al.,
2016), ke konvencni 1é¢bé PF/IVIG pridala i aplikaci rituximabu, pokud tato lé¢ba nebyla
uspésna, tak kromé C1 esterdzového inhibitoru nemocné Iécili i s vysokymi davkami IVIG
(2 g/kg télesné hmotnosti) 1x mésicné, celkem 6x. VSichni nemocni méli pokles DSA a
snizeni pozitivity infiltrace C4d, u skupiny lé¢ené C1 inhibitorem bylo zaznamenano
dosazeni signifikantné lepsi glomerularni filtrace 6 mésicu po transplantaci ledviny.
Jordan a kol. publikovali moZnost desenzitizace nemocnych ve vysokém imunologickém
riziku pomoci IgG degradujiciho enzymu odvozeného od bakterie Streptococcus pyogenes
(IdeS). IdeS je endopeptidaza, ktera stépi lidsky IgG na F (ab”) a Fc fragmenty inhibujici na
komplementu zavislou cytotoxicitu a na protilatce zavislou bunécénou cytotoxicitu (Jordan
S.C. et al, 2017). Jedenact nemocnych ve Svédsku a 14 pacientl v USA dostalo IdeS
vintravendzni infuzi pfed HLA inkompatibilni transplantaci ledviny. Po 6 hodinach byl
zaznamendn dramaticky pokles IgG a anti HLA protilatek, avSak po 7 dnech byl pozorovan
opétovny narust DSA. Deset nemocnych vyvinulo AMR (v dobé od 2 tydn( do 5 mésicl po
transplantaci ledviny s dobrou odpovédi na Ié¢bu AMR) a 1 nemocnému selhal Stép z
dlvodu non-HLA IgM a IgA zprostfedkovani rejekce. Celkem bylo zaznamenavno 38
zavaznych nezadoucich udalosti u 15 nemocnych.

| naddle zlstava klinickym poblémem chronicka protilatkami zprostredkovana rejekce.
Studie Borteject nepotvrdila uc¢innost bortezomibu (Eskandry F. et al., 2018) a klinicka
studie s tocilizumabem poukazuje na efektivitu za cenu zavaznych infekénich komplikaci
(Vo, A.A., 2015). Prislibem se jevi v prevenci rozvoje cAMR clazakizumab (Eskandry F. et

al., 2019), ktery je ve stadiu klinického testovani.

Prevence
Hlavnim cilem prevence je minimalizovat senzitizaci nemocnych, tj. vyhnout se podavani
krevnich transfuzi, alokovat organ s co nejvice shodami v HLA systému, vyuZivat program

parovych vymeén s cilem najit nejvhodnéjsiho imunologického darce. Nezbytné je rovnéz
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dodrZeni pokynt transplantacniho centra v uzivani imunosupresivni lécby s cilem

minimalizovat nonadhereci, kterd je ¢asto pfic¢inou ztraty stépu v disledky pozdni AMR.
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8. Zaver

1. Lécba kombinaci plazmaferéz a intravendznich imunoglobulini predstavuje
bezpecnou a ucinnou terapii akutni AMR, cozZ se projevilo vyznamné lepSim prezivanim
Stépl transplantovanych ledvin a snizenim incidence akutni rejekce v rebiopsiich.
Terapeuticky protokol zaloZzeny na podavani bortezomibu pfi |1éCbé rezistentni AMR byl
bezpeény a dobrfe tolerovdn. Nepozorovali jsme Zivot ohrozujici komplikace jako
oportunni infekce nebo maligni onemocnéni.

s prezivanim $tépl po opakovanych transplantacich.

Vzhledem k mozné toxicité bortezomibu je nutné provést dalsi studie ke stanoveni profilu

toxicity.

2. Pomoci microarray jsme porovnali transkriptomicky profil C4d pozitivnich biopsii
pacientl po HLA inkompatibilni ¢i ABO inkompatibilni transplantaci s C4d negativnimi
biopsiemi pacientd po HLA kompatibilni transplantaci s normalnim ndlezem a stabilni
funkci.

U ABOQi skupiny byla zvySena exprese transkript asociovanych s GO terminem
mitochondrion a u HLAI skupiny s GO terminy oxidation and reduction, carboxylic and
organic acid catabolic processes a nékolik GO terminl souvisejicich se skupinou solute
carrier family genes.

Transkripty zvySené u kontrolni skupiny byly zastoupeny méné, v 31 % (v porovnani s ABOi
skupinou) a 40 % (v porovnani s HLAi skupinou) ze vSech deregulovanych gen(. Tyto
traskripty se zvySenou expresi u C4d negativnich nalez(i v porovnani s ABOi skupinou byly
asociovany s GO terminy defense response, response to wounding, inflammatory
response a complement activation. Zatimco transkripty zvySené u C4d negativnich control
v porovnani se subklinickou AMR byly asociovany s GO terminy proteinaceous

extracellular matrix, extracellular matrix and collagen.

3. Srovnanim koncentrace cytokinu BAFF pred a po transplantaci ledviny jsme nezjistili

statisticky vyznamny rozdil mezi pacienti, ktefi vyvinuli akutni rejekci oproti nemocnym,
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ktefi byli bez znamek akutni rejekce. Hodnoty BAFF v dobé AMR byli signifikantné nizsi u
nemocnych, ktefi méli soucasné kombinovanou AMR a ACR neZ u pacientll bez rejekce.
Nemocni, ktefi méli pouze akutni AMR, méli trend k nizS§im koncentracim BAFF.
Nepozorovali jsme Zadnou korelaci hodnot BAFF pfi AMR s produkci DSA. Nase méreni
podporuji myslenku, Ze solubilni BAFF muizZe byt pomocnym markerem probihajici AMR,
zejména pfi soucasné pritomné protilatkami zprostfedkované rejekci v kombinaci s akutni

celularni rejekci po transplantaci ledviny.

4. Vyssi incidence vzniku akutni AMR je asociovand u nemocnych po opakovanych
transplantacich. Hodnota solubilniho CD30 pfed a po transplantaci ledviny nekoreluje
s prezivanim Stépu. Pozorovali jsme tendeci k vyssi incidenci AMR u nemocnych pred
retransplantaci s elevaci sCD30 (> 100 U/ml). Nebyla prokazana korelace mezi sCD30 a
vyskytem AMR u prvnich transplantaci, avsak v pripadé pozitivnich hodnot sCD30 a pfi
pfitomnosti anti-HLA protilatek dochazi k vyssi incidenci vzniku AMR.

Samotna koncentrace HGF neni asociovdna s incidenci AMR v jakékoliv dobé pred a po
transplantaci, také nebyla nalezena korelace mezi HGF a prezivanim stép(.

Nemocni s nizkymi hodnotami HGF a vy$simi hodnotami sCD30 pred transplantaci maji

vysoké riziko rozvoje AMR.
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