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Pouzité zkratky

ah, hyalinni ztlusténi arteriol (arterial hyalinosis)
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ATN, akutni tubulni nekrdza
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BMI, body mass index

CAN, chronicka nefropatie stépu (chronic allograft nephropathy)
CDKN1A, inhibitor cyklindependentni kindsy A, (cyclin-dependent kinase inhibitor A)
CD79B, cluster of differentiation 79B

ci, intersticialni fibréza

CIT, doba studené ischémie (cold ischemia time)

CICr, clearance kreatininu

CMP, cévni mozkova prihoda

CMV, cytomegalovirus

CNI, kalcineurinovy inhibitor

Cr, kreatinin

ct, tubularni atrofie

cv, fibrézni ztlusténi intimy

DCD, darce s nebijicim srdcem (donor after cardiac death)

DD, zemfely darce (deceased donor)

DGF, opozdény rozvoj funkce stépu (delayed graft function)
DRS, rizikové skore darce (donor risk score)

DM, diabetes mellitus

ECD, darce s rozsifenymi kritérii (expanded criteria donor)

eGFR, odhadnutd glomeruldrni filtrace (estimated glomerular filtration rate)
ET, endotelin

FoxP3, forkhead box P3

GSH, glutation

GS, glomeruloskleréza



HAVCR1, bunécny receptor 1 pro virus hepatitidy A (hepatitis A virus cellular receptor
1)

HD, hemodialyza

HLA, lidsky leukocytarni antigen

HT, hypertenze

ICAM1, intercelularni adhezni molekula 1

IF, intersticialni fibrdza

IGF, okamzity rozvoj funkce Stépu (immediate graft function)

IGJ, imunoglobulin J polypeptid

IGLA, lehky retézec imunoglobulin kappa a lambda (immunoglobulin kappa and
lambda light chain)

IL, interleukin

I/RI, ischemicko/reperfuzni poskozeni (ischemia/reperfusion injury)

ITGB2, beta retézec integrinu (integrin beta chain)

KDRI, index rizika darcovské ledviny (kidney donor risk index)

KIM, molekula renalniho poskozeni (kidney injury molecule)

LCN2, lipocalin-2

MAN1A1, mannosidas alpha, class 1A, member 1

mRNA, messenger RNA

MS4A1, membrane-spanning 4-domains, subfamily A, member 1

NGAL, lipocalin asociovany s gelatindsou neutrofil( (neutrophil gelatinase-associated
lipocalin)

NLRP, nucleotide-binding oligomerization domain, leucine rich repeat and pyrin
domain containing

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

NO, oxid dusnaty

OR, pomér Sanci (odds ratio)

PD, peritonealni dialyza
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PRA, panel reaktivnich protilatek (panel reactive antibodies)
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ROC AUC, plocha pod ROC kfivkou (receiver operating characteristic area under curve)
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SCD, darce se standardnimi kritérii (standard criteria donor)
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Abstrakt

ZlepsSeni kratkodobych vysledkU transplantace nevedlo ke zlepseni dlouhodobé funkce

vvvvvv

vvvvvv

Cilem je lépe porozumét ischemicko/reperfuznimu poskozeni a jeho nasledkim,
predpovédét opozdény rozvoj funkce a rejekce, zlepsit alokaci organt k transplantaci a
identifikovat pacienty vhodné k minimalizaci ¢i Uplnému vysazeni imunosupresivni
|éCby. Analyzou biopsii darcll ledvin jsme zjistili, Ze nizka kvalita tubularnich bunék a
nizkd exprese genu pro Netrin-1, tzv. faktor pfeziti, ma vztah k opozdénému rozvoiji
funkce stépu. Potvrdili jsme, Ze reperfuzni faze ischemicko/reperfuzniho poskozeni
vede k minimalnim morfologickym, ale vyznamnym molekuldarnim abnormalitdm. Tato
disociace mezi histologii a molekularni patologii svéd¢i pro nutnost integrovaného
pfistupu pfi hodnoceni kvality darcovského organu a jeho sprdvné alokaci
k transplantaci. Identifikovali jsme nové kompozitni histologické skore, tzv. CIV skoére,
které spolu s klinickou charakteristikou darce |épe predikuje riziko opozdéného rozvoje
funkce po transplantaci ledviny nez konvencéni metody. Poukdzali jsme na vyznamnou
heterogenitu darcl s rozsifenymi kritérii a identifikovali podskupinu v nizkém riziku
opozdéného rozvoje funkce. Doporudili jsme rutinné provadét darcovské biopsie ve
vSech ledvinach bez ohledu na pfislusnost k ECD klasifikaci. Pfi zkoumani intrarenalniho
transkriptomu pacientll 1é¢enych rliznou indukéni terapii (Thymoglobulin vs. ATG-F)
jsme potvrdili snizenou expresi signdlni drahy pro NF-«kB po indukci s
Thymoglobulinem, kterd by mohla svédcit pro Gcinnéjsi alloimunitni regulaci a
vysvétlovat Uspéch této biologické 1éCby v klinické praxi. V periferni krvi a rendlni tkani
pacientl bez rejekce jsme prokazali zvySenou expresi genl asociovanych s funkci B

lymfocytd.

Klicova slova

ischemicko/reperfuzni poskozeni, kvalita organu, opozdény rozvoj funkce stépu,

transkriptom, transplantace ledviny, predikce
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Abstract

Improving the short-term results of kidney transplantation did not result in improving
the long-term function and survival of kidney allograft. Organ shortage and increasing
number of marginal donors remains the key problem in transplant today. The quality
of donor organ is critical for graft function development and survival. The aim is to
improve understanding to ischemia/reperfusion injury and its consequences, predict
delayed graft function and rejection, improve organ allocation strategy and identify
patients suitable for safe drug minimization or complete withdrawal of
immunosuppressive therapy.

Analysis of donor kidneys identified poor tubular cell quality and low survival
factor, Netrin-1 expression levels, to be associated with delayed graft function. We
confirmed that reperfusion phase of ischemia/reperfusion injury leads to minimal
morphological but significant molecular abnormalities. Dissociation observed in
histology and molecular pathology finding calls for an integrated approach in donor
quality organ evaluation and allocation for transplantation. Significant heterogeneity
within donors with expanded criteria was shown and subgroup of organs at low risk of
delayed graft function was identified. We suggested donor biopsies to be performed
as a routine praxis in all kidneys irrespective of ECD classification. Decreased
expression of NF-kappaB signalling pathway after Thymoglobulin induction was
observed when compared to ATG-F, which could be indicative of more effective
alloimmune regulation and explain success of this biological treatment in clinical
practice. The up-regulation of several operational tolerance-related genes in the
peripheral blood and kidney graft tissues of rejection-free patients in kidney transplant

patients was observed.
Key words

delayed graft function, ischemia/reperfusion injury, kidney transplantation, organ

quality, prediction, transcriptom
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1. Uvod

| pres snizeni vyskytu akutnich rejekci nedosSlo u transplantaci ledvin v poslednich
dvaceti letech ke zlepSeni vysledkl (Jevnikar et al., 2008, Meier-Kriesche et al., 2004).
Klicovym problémem zlstdva nedostatek organl ktransplantaci a rostouci pocet
pacientd na cekaci listiné (Womer et al.,, 2009). Kvalita darcovského organu urcuje
kratkodobé i dlouhodobé vysledky transplantace ledvin.

Mnoho autor(i se pokouselo stanovit kvalitu darcovské ledviny a predpovédét
vysledky transplantace na zakladé klinickych parametri darce a prijemce,
histologického vySetfeni a wvySetfeni transkriptomu v case odbéru ledviny
k transplantaci.

Ukdzalo se, ze predikéni skére zaloZzené na klinické charakteristice darce funguje
na velkych poctech pacientl, ale ztraci silu pfi posuzovani konkrétniho pacienta
(Grossberg et al., 2006). Histologické nalezy darcovskych biopsii mohou pomoci
pfi posouzeni strukturdini integrity darcovské ledviny, poskytnout informace o
preexistujicim poskozeni darcovské ledviny a slouZit jako vychozi bod pfi sledovani
zmén v case (Randhawa et al., 2001). Ke sniZzeni poctu odmitnutych organd
k transplantaci jsou ale potfebné dalsi prospektivni studie, které by vylepSily alokaci
organli a umoznily presnéjsi predikci vysledku.

Vysetfenim molekularniho profilu lze zjistit zmény, které nejsou viditelné pfi
histologickém vysetfeni ¢i detekovatelné klinickym vySetfenim (Famulski et al., 2007).
Molekularni profil poskytuje kvantitativni méreni zanétu a aktivace imunity a odrazi
zmény v drdhach asociovanych s poskozenim a reparaci (Boros et al., 2006).

Cestou k dosazeni co nejlepsich vysledki je individualizace pfistupu na zakladé
posouzeni kvality darcovského organu, pfijemce, peri- a potransplantacnich udalosti.
Spravna aplikace v klinické praxi vyZzaduje identifikaci genovych prediktor( a jejich
integraci s klinickymi a histopatologickymi daty (Mueller et al., 2011).

Pfi rozhodovani o prijmuti ¢ odmitnuti orgdnu ktransplantaci a pro
individualizaci potransplantacni péce je dulezZité spravné zhodnotit kvalitu organu
v Case odbéru. Toto v soucasnosti predstavuje zavazny klinicky problém. Vzhledem

k rostoucimu poctu tzv. margindlnich darca, vétsSimu riziku opozdéného rozvoje funkce
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Stépu (DGF) a stim souvisejici omezenou dlouhodobou funkci Stépu lékafi casto

chybuji a z opatrnosti odmitaji potencialné vyuZitelné orgdny (Mueller et al., 2011).
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2. Prehled problematiky

2.1 Opoidény rozvoj funkce stépu (DGF)

Opozdény nastup funkce stépu ledviny je forma akutniho rendlniho selhdni, kterd vede
k potransplantacni oligurii, zvySené imunogenicité Stépu, riziku akutni rejekce a
zkraceni preziti Stépu.

Z experimentalnich studii je zndmo, Ze ischemie a znovuobnoveni krevniho
pratoku (reperfuze) vischemicky poSkozenych ledvindch po hypotermické prezervaci
aktivuje sled udalosti, které udrzuji posSkozeni ledvin a hraji stéZzejni roli v opozdéném
rozvoji funkce.

ZlepSeni managementu ddrce a prijemce, stejné jako diagnostickych a
|[é¢ebnych postupl nevedlo ke snizeni vyskytu DGF ani ke zmirnéni kratkodobych a
dlouhodobych nasledkd. Casteénym vysvétlenim tohoto jevu je rozdifeni kritérii pro
akceptovani darcli, zvySeny pocet marginalnich a starSich darct i akceptovani
marginalnich pfijemcu, ktefi jsou ve vy$sim riziku opozidéného rozvoje funkce Stépu

(Perico et al., 2004).

2.2 Incidence a definice opozdéného rozvoje funkce stépu

Incidence DGF Siroce kolisd mezi 2-50% v zavislosti na transplantaénim centru a
populaci darcl (kadaverdzni vs. Zijici darci, marginalni darci, darci s nebijicim srdcem)
(Koning et al., 1997, Ojo et al., 1997). DalSim divodem Siroké variability incidence DGF
je jeji nejednotna definice. Casné po transplantaci ledviny se renalni funkce pohybuje
od anurie pres neoligoanurické akutni poskozeni ledvin (AKl), pfes pomaly az po
okamZity rozvoj funkce. Nicméné, terminy DGF a ATN se ¢fasto chybné pouzivaji
k definici stejné poruchy, i kdyZ prvni z termin( je oznaceni pro klinickou diagnézu,
zatimco druhy vyraz je histopatologicky nebo-li patogeneticky (Perico et al., 2004).
Velké multicentrické studie vétSinou definuji DGF jako potfebu dialyzy v prvnim tydnu
po transplantaci ledviny (Koning et al., 1997). | kdyz je tato definice jednoducha,
vyloudi pacienty s dlouhodobym neoligoanurickym akutnim poskozeni ledvin, ktefi
nemaji jinou indikaci k dialyze, a také falesné identifikuje pacienty s pomalym
nastupem funkce Stépu, ktefi mohou vyzadovat dialyzu z jiné indikace nez azotemie,

jako je napf. hyperkalemie.
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V nékterych mensich studiich byla DGF definovana napf. jako diuréza nizsi nez
1200ml/den nebo pokles sérového kreatininu (S-Cr) o méné nez 10% v pribéhu 48
hodin (Shoskes et al., 2001). Jiné studie definovaly nastup funkce Stépu jako pokles S-
Cr pod 221 umol/L (Cosio et al., 1997) nebo minimalini clearance kratininu 10 ml/min
(CICr vypocteny na zakladé rovnice Cockrofta a Gaulta) 10. den po transplantaci ledviny
(Giral-Classe et al., 1998). PrestoZe neexistuji jasné dlkazy, které by upfednostnily
nékterou ze zminénych definic, je v klinické praxi nejpouzivanéjsi definici DGF potieba

HD v 1. tydnu po transplantaci ledviny.

2.3 Rizikové faktory DGF

2.3.1 Rizikové faktory na strané darce a pfi odbéru organu

S klesajici nabidkou organa k transplantaci doslo k narlistu zajmu o marginalni darce, a
to o darce s nebijicim srdcem (DCD, donors after cardiac death) a tzv. ECD darce
(expanded criteria donors). ECD je darce starsi 60 let nebo starsi 50 let s minimalné 2
ze 3 komorbidit: anamnéza hypertenze, S-Cr>132 umol/L, cerebrovaskuldrni pfi¢ina
smrti (Rosengard et al., 2002). Pfes podobné jednorocni prezivani maji Stépy ledvin od
DCD darca dvakrat vyssi riziko ATN neZ stépy od ddrc( s bijicim srdcem (Hernandez et
al., 1999). Svou roli hraje i nutnost inotropni podpory. U $tép(i od darc bez nutnosti
inotropni podpory dochazi ¢astéji k okamzitému rozvoji funkce Stépu (83%) a k lepSimu
jednoro¢nimu preziti (91%) nez u $tépl od ddarcl na inotropni podpore (58% a 73%)
(Marshall et al., 1996). V rozvoji DGF hraje roli i zplsob prezervace organ(, zejména pfi
akceptaci margindlnich organti od ECD a DCD darcu a to ve prospéch pulzatilni perfuze
pred jednoduchym uskladnénim na ledu (Shoskes et al., 1996). Dlouha doba studené
ischémie (CIT) je dalSim zrizikovych faktor(i, zejména u mezinarodnich programu
sdileni organl (napf. americky UNOS, evropsky Eurotransplant), kdy doba studené
ischémie Casto presahne i 24 hodin. Data z amerického registru ukdzala az 23% ndrdst
rizika DGF na kazdych 6 hodin CIT (Ojo et al., 1997). Vék darce je dalSim vyznamnym
rizikovym faktorem. Riziko DGF se zdvojnasobuje u Stépl od darcl starSich 55 let

(Halloran et al., 2001).
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2.3.2 Rizikové faktory na strané prijemce a pfi transplantaci ledviny

Prerendlni, rendlni a renalni faktory u pfijemce mohou pfrispét krozvoji DGF.
Nejcastéjsi prerenalni pficinou je hypovolémie pfijemce (Dawidson et al., 1992).
Nékteré studie se zabyvaly vlivem druhu dialyzacni |écby na rozvoj funkce Stépu a
oznacily peritonealni dialyzu za méné rizikovou v porovnani s hemodialyzou (Snyder et
al., 2002). Souhrn rizikovych faktor( pro opoZzdény rozvoj funkce Stépu ledviny je

uveden v tabulce €. 1.

2.4 Patofyziologie ischemicko/reperfuzniho poskozeni (1/RI)

Ischemicko/reperfuzni poSkozeni aktivuje ve $tépu ledviny sled udalosti, které udrzuji
rendlni poSkozeni a hraje stéZejni roli vopoZidéném rozvoji funkce. Objasnéni
patofyziologie I/RI by mohlo pfispét ke sniZeni vyskytu opoZzdéného rozvoje funkce

Stépu ledviny.

2.4.1 Ischemické poskozeni

PFi ischemii trpi tkan nedostatkem kysliku a Zivin a dochazi k hromadéni odpadnich
produktll metabolismu. K hlavnim biochemickym zménam, ke kterym dochdazi na
bunécné urovni (obr. 1), patfi inhibice oxida¢niho metabolismu, vycerpani ATP, zvySeni
anaerobni glykolyzy a inhibice pumpy pro Na/K ATPazu. ATP se rychle $tépi na
hypoxanthin, ktery v nepfitomnosti kysliku nem(ze byt dale metabolizovan, jelikoz
tento proces probiha pouze za aerobnich podminek (Edelstein et al., 1997). Rychla
anaerobni glykolyza vede k hromadéni kyseliny mlééné, ktera snizuje intraceluldrni pH
a k lysozomalni nestabilité s aktivaci lytickych enzym(. Inhibovana je rovnéz vazba
prechodnych kovi jako napt. Zeleza na jejich proteinové nosice (transferin, feritin). To
vede ke zvyseni intracelularni koncentrace volného Zeleza, silného katalyzatoru reakci,
které vytvareji kyslikové radikdly (Haugen et al., 1999). Generovani téchto radikald
indukuje produkci jinych radikall jako je oxid dusnaty (NO), ktery reaguje se
superoxidovymi radikdly za vzniku peroxynitritu. Tento silny oxidant modifikuje
proteiny tvorbou 3-nitrotyrozinu a to vede k poskozeni membrany (Edelstein et al.,
1997). Navic mad NO potencial narusit aktivni cytoskelet, coz vede k odlupovani

proximadlnich tubuldrnich bunék a k tubularni obstrukci. Presto, Ze zvySena tvorba NO
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inducibilni NO syntdzou mulZe zmirnit poskozeni ledvin podpofenim vazodilatace,

vétSina studii naznacuje, Ze NO hraje vtéto situaci negativni roli pres aktivaci

poskozeni indukovaného kyslikovymi radikaly (Perico et al., 2004).

V reakci na renalni ischémii dochazi k aktivaci cytoprotektivnich mechanism

v€etné rychlého snizeni bunécné metabolické aktivity. V ledvindach od kadaveréznich

darcu je snizend exprese genl kdédujicich faktory dlleZitd pro adaptivni odpovéd stépu

jako je napriklad hemoxygenaza 1, vaskularni endotelidlni rGstovy faktor a Bcl2 (Lemos

et al., 2003). Tato sniZzena exprese se jevi jako defektni adaptace na ischemicko/

reperfuzni poSkozeni a mlizZe mit negativni vliv na kratkodou funkci stépu.
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Obrazek 1. Mechanismy biochemickych a molekularnich

zmeén

pri

ischemicko/reperfuznim poskozeni v ledviné. PferuSovana Cara zndzoriiuje absenci

promény hypoxantinu na kyselinu mocovou za anaerobnich podminek. Piebrano

z Perico et al, Lancet, 2004 (Perico et al., 2004).
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2.4.2 Reperfuzni poskozeni

Opétovnym pratokem krve se vischemicky poskozenych ledvinach po hypotermické
prezervaci aktivuje sled udalosti, které udrzuji renalni poskozeni a hraji stézejni roli
v opozdéném rozvoji funkce Stépu (obr. 2). Mechanizmy, souhrnné oznacovany jako
generalizovand zanétliva odpovéd, zplsobi pfimé poskozeni tkané iniciaci kaskady
Skodlivych bunécénych odpovédi. Reperfuzi dojde ke znovuzahtati, reoxygenaci, ndvratu
do aerobniho metabolismu (véetné oxidativni fosforylace) a tvorbé ATP. V ischemické
tkani po reperfuzi ale naddle dochdzi k tvorbé reaktivnich forem kysliku ve vysoké
koncentraci. Superoxidovy aniont (O2’) a peroxid vodiku (H202) spolu reaguji za vzniku
vysoce reaktivniho a cytotoxického hydroxylového radikalu, ktery iniciuje peroxidaci
lipid bunécné membrany (Haugen et al., 1999).

Za normalnich podminek se v ledviné pfirozené vyskytuji antioxidacni enzymy
proti ucinklim volnych kyslikovych radikalt (Edelstein et al., 1997, Haugen et al., 1999).
Nicméné v case reperfuze ischemické tkané je obrannd schopnost téchto lapacu
pfemozena rychlou tvrobou reaktivnich kyslikovych radikal(, coz md za nasledek smrt
bunky apoptdézou (Castaneda et al., 2003). Odpovéd hostitele muze dokonce
potencovat poskozeni volnymi kyslikovymi radikaly.

Zanétlivé cytokiny a chemokiny uvolnéné pfi expresi adhezivnich molekul na
povrchu bunék pritahuji neutrofily a monocyty, coz vede k uvolnéni dalSich reaktivnich
kyslikovych radikalt a zhorSeni renalniho poskozeni (Haugen et al., 1999). Chemokiny,
exprimované kratce po ischemii a reperfuzi, jsou silnymi chemoatraktanty neutrofil(.
To vysvétluje zjisténi, Ze neutrofily jsou primarnim mediatorem poskozeni (DeVries et
al., 2003). Okamzita indukce ELR-CXC chemokinové podrodiny je patrna jiz 1 hodinu po
transplantaci a vede kinfiltraci neutrofild (Chandrasekar et al., 2001). Druhy krok
v expresi chemokind, jehoZ soucasti je interferon-gamma indukovatelny protein 10,
monokin indukovany interferonem-gamma a chemoatraktantovy protein monocytt 1,
zacina 3 hodiny po transplantaci a slouZzi k dalsi infiltraci neutrofil(i a iniciaci infiltrace
monocyty, NK bunkami a T lymfocyty (DeVries et al., 2003). Vzhledem k tomu, Ze
zvySend exprese chemokin( zavisi prinejmensim ¢astecné na prvnim kroku, mohlo by
terapeutické zacileni proti chemokinim okamZité po transplantaci, vést k ovlivnéni

véech fazi transplantaéniho posSkozeni. Dalsi chemoatraktanty, zejména Cb5a
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z komplementové kaskady, takeé pfispivaji  k infiltraci neutrofily pri
ischemicko/reperfuznimu poskozeni tkané, pricemz zdrojem komplementovych

komponent( je ledvina sama o sobé (Arumugam et al., 2002).

2.4.3 Leukocyty a adhezivni receptory

Umisténi leukocytl v mistech poskozeni nebo zanétu je z velké ¢asti zprostredkovano
adhezivnimi receptory (obr. 2). Po pocate¢nim pohybu leukocytl na aktivovaném
endotelu interaguiji jejich receptory s adhezivnimi receptory na endotelidlnich burikach.
To vede k jejich imobilizaci na endotelu a diapedéze sténou cévy. Tyto procesy jsou
zprostiedkovany molekulami podobnymi imunoglobulinim: intercelularni adhezivni
molekulou 1 (ICAM1) a vaskularni buné¢nou adhezivni molekulou 1 (VCAM1) a jejich
ligandy na leukocytech (integrin-1 a integrin-2) (Perico et al., 2004).

Béhem reperfuze adherentni leukocyty obliteruji lumen kapildr, vytvareji
proteolytické enzymy a uvolnuji dalSi cytokiny. Dochazi ke kongesci ve vasa recta,
poskozeni perfuze peritubuldrnimi kapildrami a ke zvySeni endotelidlni permeability
(Bonventre et al., 1996). Zvysend adheze vede dale ke vzniku volnych kyslikovych
radikalU a infiltraci tkdné aktivovanymi leukocyty. Kone¢nym vysledkem sloZité souhry
mezi reaktivnimi kyslikovymi radikaly, chemokiny a cytokiny, faktory komplementu,
adheznimi receptory a leukocyty je zanétlivy proces, ktery poskodi epitelové burky

ledvin, zejména proximalniho tubulu.
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Obrazek 2. Schématické znazornéni migrace leukocytl, aktivace endotelidlnich
bunék a tvorby zanétlivych a vazoaktivnich mediatorii, které spoustéji poSkozeni
tkané po reperfuzi §tépu. Pozn.: ROS, reaktivni kyslikové radikaly; GSH, glutation;
TxA2, tromboxan Ay; ET, endotelin; PGl», prostacyklin. PferuSovana ¢ara znazorfuje

inhibici. Ptebrano z Perico et al, Lancet, 2004. (Perico et al., 2004)

2.4.4 Endotelidlni dysfunkce a vazospasmus

Ischemickd ledvina po reperfuzi vykazuje rGzné stupné bunécného a funkéniho
poskozeni. To vede ke zvySené renovaskuldrni rezistenci, zvySené rezistenci aferentnich
arteriol a k vyznamnému sniZeni rychlosti glomerularni filtrace, ktera je prevainé
dlsledkem sniZeni glomerularniho transkapilarniho hydraulického tlakového gradientu
(obr. 2). Pomoci termodifuznich sond vloZzenych do ledvinné klry 30 pacientl po
transplantaci ledvin byla zaznamendana nizsi renalni mikroperfuze u pacientl s
opozdénym nastupem funkce Stépu v porovnani se stépy s okamzitym rozvojem funkce
(Angelescu et al., 2003). Na vzniku vaskularni rezistence se podili tézké poskozeni

proximalnich tubull, které vede ke zpétnému transtubuldarnimu prosaku filtratu a
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zhorseni proximalni reabsorpce sodiku. K této vazomotorické nefropatii pfispiva zpétny
tlak z tubuld obturovanych bunécnou debris. PoSkozeny cévni endotel narusuje
rovnovahu metabolismu eikosanoidli, coz zplsobuje vazokonstrikci z nadbytku
tromboxanu a nedostatku prostacyklinu. V peritubuldrni kapilarni siti ledvin
vystavenych ischémii dojde ke zvySeni exprese mRNA a proteinu pro endotelin, ktery
zprostredkovava vasomotorické ischemicko/reperfuzni poskozeni. Ukazalo se, Ze
pacienti s opoZzdénym nastupem funkce $tépu maji vysokou koncentraci endotelinu-1
v séru (Schilling et al., 1996). Uloha endotelinu ve zprostifedkovani cévnich spasmd,
které mohou udriovat potransplantaéni poskozeni ledvin je podporovéna
experimentalnim zjisténim, Ze selektivni a neselektivni antagoniste endotelinového
receptoru zmirni ischemicko/reperfuzni poskozeni a c¢asnou rendlni dysfunkci
v experimentalnim modelu. V tomto prostiedi vazokonstrikce pomaha NO udrzovat
relaxaci cév a okysli¢eni dfené a je dalezitym faktorem pro prekonani poischemické

vazokonstrikce (Huang et al., 2002).

2.5 Kvalita darcovského organu

Dlouhodoby vysledek transplantace ledviny zavisi od stupné kumulativniho poskozeni.
Ten je vysledkem imunitnich a neimunitnich mechanism0 jakymi jsou smrt mozku
darce, vék darce, ischemicko/reperfuzni poskozeni, ztrata nefrond, infekce nebo
alloimunitni odpovéd. To vSe vede kzanétu a k nasledné intersticidlni fibréze a
tubularni atrofii (Famulski et al., 2007, Halloran et al., 1997, Jevnikar et al., 2008).
K predikci dlouhodobé funkce je duilezité stanovit kvalitu darcovského organu, tj. pocet
prezivajicich nefrond, schopnost organu celit poskozeni a regenerovat (Bunnag et al.,
2009, Famulski et al., 2007, Nijboer et al., 2004). Vztah kvality orgdn( k vysledku

transplantace je doloZen fadou dikaz(:

Vess

v porovnani se stépy od kadaverdznich darct (68%, 45%) (Cecka2005).
- kvalita kadaverdzniho organu urcuje 35-45% variability casné funkce Stépu (Suri
et al., 1999).

- opozdény rozvoj funkce Stépu jako nasledek peritransplantacniho poskozeni je
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ve srovnani s okamzitym rozvojem funkce spojen s horsi dlouhodobou funkci
Stépu (Cosio et al., 1997, Suri et al., 1999)

- transplantace ledvin od Zijicich darci bez HLA shody dosahuiji lepSich vysledk
neZ transplantace ledvin od kadaverdznich darc(i s HLA shodou (Terasaki et al.,
1995).

- vék darce je nejsilngjSim prediktorem dlouhodobych vysledkd transplantaci

(Koppelstaetter et al., 2008)

PFi rozhodovani o akceptovani organu k transplantaci je dulezité spravné zhodnotit
kvalitu organu v ¢ase odbéru. Pocet tzv. margindlnich darcli narista a lékafi Casto z
opatrnosti odmitaji potencionalné vyuzitelné organy (Sung et al., 2008, Womer et al.,
2009). V roce 2005 byla v USA odmitnuta kazdd 7. ledvina prevazné z divodu horsi
kvality urcené z histologického vySetifeni i presto, Ze je zndmo, Ze histologie jen
omezené koreluje s vysledkem transplantace a morfologicky obraz disociuje s funkci

ledviny (www.ustransplant.org) (Mengel et al., 2008, Nickeleit2009). Presnéjsi

hodnoceni kvality organu v kombinaci s klinickou charakteristikou darce a pfijemce by
mohlo pomoct zvysSit mnoZstvi vyuzitych organt, umoznit lepsi alokaci a individualizaci

péce o darce a prijemce (Halloran et al., 2001, Ojo et al., 1997).

2.6 Predikce DGF

2.6.1 Histopatologické skorovaci systémy

K pfesnému posouzeni kvality organu a predikci vysledku transplantace nepostacuji
informace o darci a pfijemci. Predikci by mohly zlepsit histopatologické ndlezy
v pfedimplantaéni nebo poreperfuzni biopsii. Biopsie definuje strukturdlni integritu
ledviny (Randhawa et al., 2001), poskytuje zakladni anatomické informace, znalost
preexistujiciho onemocnéni darce, umoznuje sledovani zmén v ¢ase. Tzv. biopsie v ¢ase
0 (tedy pred transplantaci) je nezbytna pro praci s marginalnimi darci a v mnohych
centrech patii mezi standardy péce. Tabulka ¢. 2 shrnuje dostupnd data ze studii
zabyvajicich se predikci opoZdéného rozvoje funkce Stépu zaloZené na

histopatologickém skore.
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Na spojitost glomerulosklerézy (GS) s vysledkem transplantace jako prvni
poukdzal Gaber, kdyzZ zjistil vy3$si vyskyt DGF, vyssi sérovy kreatinin v 1. roce a vyssi
ztratu Stépu u ledvin s vyskytem vice nez 20% glomerulosklerdzy v darcovské biopsii.
Toto pozorovani vedlo k Sirokému uplatfiovani empirického pravidla, Ze ledviny s touto
mirou glomerulosklerézy by nemély byt k transplantaci pouzity (Gaber et al., 1995,
Randhawa et al., 2001). Mnoho jinych studii tyto nalezy podpofilo (Anglicheau et al.,
2008, Chapman et al., 2005, Nankivell et al., 2001), zatimco jiné je vyvratily (Bosmans
et al.,, 2000, Edwards et al., 2004, Munivenkatappa et al., 2008). S kratkodobymi i
dlouhodobymi vysledky transplantaci byly spojovany i cévni zmény, zejména
fibrointimalni ztlusténi a arterioskleréza, stejné jako zmény tubulointersticia, zejména
tubularni atrofie a intersticialni fibréza (Bosmans et al., 2000, Cosio et al., 2005,
Chapman2005, Nankivell et al., 2001, Nankivell et al., 2004). Nankivell ozfejmil, ze
Stépy s podobnymi histologickymi ndlezy se mohou lisit v jejich osudu po transplantaci
(Nankivell et al., 2001, Nankivell et al., 2004). Scilem zvysit pouZiti a prediktivni
hodnotu biopsii v ¢ase 0 rostl zdjem o vytvoreni tzv. kompozitniho prognostického
skore (Nickeleit2009). Anglicheau ukdazal, Ze kompozitni klinicko-patologické skore
zalozené na kreatininu darce, anamnéze hypertenze a procentu glomerulosklerézy
v biopsiich v ¢ase 0, je dobrym prediktorem osudu Stépu a vyrazné zvysSuje hodnotu
biopsie pfi rozhodovadni o akceptovani orgdnu k transplantaci v porovnani se
skérovacimi systémy, které pouzivaji jen klinickou charakteristiku (Anglicheau et al.,
2008, Nyberg et al., 2001).

Ackoliv se kompozitni skorovaci systémy, které kombinuji klinicko-patologické
nalezy, jevily jako slibné, nebyly zatim implementovany do kazdodenni klinické praxe.
Je potfebnd dalsi validace na nezavislych kohortach pacient(i, zavést jednotny
systematicky pristup k implantaénim biopsiim, sjednotit ¢as provadéni biopsie (pred
implantaci Stépu nebo po reperfuzi), techniku biopsie (klinovitd excise vs. punkéni
biopsie), techniku skladovani (zmrazenim nebo formalinem) a domluvit se na
standardizovaném vyhodnocovani v rdmci Banffské klasifikace (El-Husseini et al., 2007,
Nickeleit2009). Struktury, které jsou klicové pfi progresi rendlniho poskozeni, jako
napfr. denzita peritubularni vaskulatury, integrita vasa recta, nebo stupen zanétu

nejsou zatim rutinné v histologickych nalezech popisovany (Eardley et al., 2008).
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2.6.2 Klinické skdrovaci systémy

Cetné observaéni studie hodnotily vyuZitelnost klinickych parametrl pro posuzovani
kvality organu urCenych k transplantaci ledvin, jako i pro predikci kratkodobych a
dlouhodobych vysledk( ¢i DGF (tabulka €. 3). Pfesnou predikci DGF bychom mohli [épe
vybrat sprdvného ptijemce, |épe definovat péci o darce i pfijemce, zmirnit nasledky
posSkozeni orgdnu a tak zlepSit dlouhodobé vysledky transplantaci. Problémem
klinickych studii zabyvajicich se DGF je jiz vySe uvedend nejednotna definice DGF a
absence spolehlivych biologickych ukazatell, coZ pfispiva k nedostatku terapeutickych
moznosti a k pozdni terapeutické intervenci.

Irish vyvinul nomogram, pomoci kterého byl na zakladé 16 nezavislych
rizikovych faktorl ddrce a pfijemce schopen vypocitat pravdépodobnost DGF pro
jednotlivého pacienta (Irish et al., 2003, Irish et al., 2010). Prospektivni validace
nomogramu neprokazala vyhody vyuZiti tohoto ndastroje pfi rozhodovani o alokaci
organu Ci individualizaci imunosuprese k minimalizace DGF (Grossberg et al., 2006).
Nyberg a Schold vyvinuli skére, kterym identifikovali vztah mezi klinickymi parametry
darce (vék a sérovy kreatinin) kvalitou organu a kratkodobymi i dluhodobymi vysledky
transplantace. Nybergovo DD (Deceased Donor) skére zahrnuje informace o darci (vék,
anamnéza hypertenze, clearance kreatininu odhadnutou pomoci rovnice Cockcroft-
Gault, pti¢inu smrti a shodu v HLA) (Nyberg et al., 2003). Scholdovo DRS skoére
kombinuje vék ddrce, CMV status, etnicitu, délku studené ischémie, shodu v HLA,
pri¢inu umrti darce, anamnézu hypertenze a diabetes mellitus (Schold et al., 2005).
Raovo KDRI skére (Kidney Donor Risk Index) zahrnuje 15 faktor(i darce a pfijemce,
které by v Case transplantace mohli pomoci pfi rozhodovani o akceptovani organu (Rao
et al., 2009). Plata-Munoz potvrdil, Ze Nybergovo DD skdre je u margindlnich ledvin
schopné predikovat vyskyt DGF a vysi sérového kreatininu do 1. roku po transplantaci
ledviny (Plata-Munoz et al., 2010). Snanoudj ukazal, Ze na zdkladé samotné odhadnuté
glomerularni filtrace darce (eGFR) je mozné rozhodnout o alokaci ledvin od tzv. ECD
darctd k dualni nebo jedné transplantaci ledviny (Snanoudj et al., 2009).

Navzdory viem observacnim studiim neni Zzadny ze skérovacich systém rutinné
pouzivany v klinické praxi. Ackoliv se tyto predikéni skérovaci systémy uplatiuji na

velkych souborech, nenasly misto vklinické praxi. Zahrnuti komplementarnich
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informaci o histologii a genové expresi darcovské ledviny by mohlo pomoci

individualizovat a zlepsit vysledky predikce DGF.

2.6.3 Molekularni profil darcovské ledviny

Protetomika, transkriptomika a metabolomika patfi mezi tzv. ,,omics” technologie,
které by mohly pomoci lépe porozumét patofyziologickym mechanism(m, najit cilové
drahy a geny pro rozvoj novych léCiv a zlepSit vysledky transplantaéni mediciny.
molekuldrnimi parametry. VySetfeni zmén transkriptomu v darcovském organu je
atraktivni zpUlsob jak spolu s klinickym a histopatologickym vysetfenim urcit jeho
kvalitu. Molekularni profilovani presahuje hranice histopatologie. Je znamo, Ze akutni
posSkozeni ledvin, ke kterému dochazi vpribéhu kazdé transplantace, je
charakterizované disociaci mezi patologii a fyziologii (Rosen et al., 2008). Kromé toho
je méreni genové exprese objektivni, kvantitativni a vhodné k precizni analyze.

Prvni transkriptomové studie vyuzivaly bud® PCR k méreni malého poctu
vybranych gen( (Avihingsanon et al., 2005), nebo méfily celogenomové profily genové
exprese (Hauser et al., 2004, Kurian et al., 2005).

Microarray analyzy ukazaly, Ze na rozdil od morfologického vysSetieni je
zanétlivy transkriptom schopen odlisit ledviny od Zijicich a kadaverdznich darcl
(Hauser et al., 2004). Hauser a Naesens poukdazali na vztah mezi komplementem a
nartstem inflamace ve Stépech od kadaverdznich darct (Hauser et al., 2004, Naesens
et al.,, 2009). Kromé aktivace komplementové kaskady byl u kadaverdznich ledvin
popsan signifikantni narlst transkriptl asociovanych s odpovédi akutni faze a
signifikantni pokles v transkriptech gen( asociovanych s metabolismem. Kurian
poukdzal na vysokou sensitivitu pFidetekci jemnych klinickych a histologickych
zanétlivych zmén, kdyz byl schopen u pacientl rok po darcovské nefrektomii ve zbylé
ledviné s normalnim histologickym ndlezem detekovat zanétlivou odpovéd pfri
vySetieni trasnkriptomu (Kurian et al.,, 2005). Dalsi analyzy identifikovaly
v predimplantacni biopsii soubor gend spojenych s DGF (Mas et al., 2008) a prokazaly
lepsi prediktivni hodnotu v porovnani s klinickymi a histologickymi skdérovacimi

systémy (Mueller et al., 2008).
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MozZnost zachytit jemné zanétlivé zmény, ischemicko/reperfuzni poskozeni a
imunitni aktivaci transkriptl je také podpofena studiemi zaloZzenymi na vySetfeni
biopsie v ¢ase 0 metodou PCR. Hoffman analyzoval dynamiku ischemicko/reperfuzniho
poskozeni (Hoffmann et al., 2002). Stav okamZité po reperfuzi byl charakterizovan
zvySenou hladinou transkriptd celuldrni adheze, chemotaxe, apoptdzy a aktivace
monocytl, traskriptl T lymfocytld a kostimulace. Avihingsanon pouzil PCR méreni 15
predem vybranych genl v reperfuznich biopsiich a zjistil, Ze adheze indukovana
zanétem, aktivace imunity a apoptdza byly spojeny s DGF, akutni rejekci a horsi funkci
Stépu v 6. mésici po transplantaci (Avihingsanon et al., 2005). Celkové tyto ndlezy
poukazuji na to, Zze zmény v expresi genu jsou citlivéjsi nez morfologické poskozeni.

Pfesto je obtizné identifikovat genové drahy a transkripty, které by predikovaly
dlouhodobou funkci Stépu. Perco popsal 80 genl exprimovanych u ledvin
s histologickym poskozenim (Perco et al., 2009). Tyto geny byly zapojeny do imunity a
obrany, bunécéné struktury a adheze, bunécného cyklu a komunikace. Zajimavé je, ze
zatimco klinické a histologické ukazatele byly schopny vysvétlit pouze 14% variability
sérového kreatininu v 1. roce, kombinace pouhych tfi gen (NLRP2, I1GJ, IGLA) vysvétlila
28% variability. K podobnym zavérlim dospély i jiné studie zaloZzené na PCR. Bodonyi-
Kovacs ukdzal, Ze klinické ukazatele v kombinaci s intrarendlni expresi lépe predikuji
vysledek transplantace (Bodonyi-Kovacs et al., 2010). Cravedi potvrdil, Ze ledviny od
starSich darch s vyssi expresi ITGB2 mély horsi jednorocni funkci, proteinurii a vyssi
vyskyt transplantaéni glomerulopatie (Cravedi et al.,, 2010). VSechny tyto nalezy
podporuji predstavy o vlivu ischemicko/reperfuzniho poskozeni na funkci Stépu v 1.
roce.

V soucasné dobé se zkoumd mnoho potenciondlnich biologickych ukazatelU.
Velky potencidl se pripisuje ukazatelim akutniho poskozeni ledvin: KIM-1 (HAVCR1),
NGAL (LCN2), IL18, nebo ukazatellm starnuti: PGP, CDKN1A (p21), CDKN2A. Lze
predpokladat, Ze spiS nezZ jednotlivé biologické ukazatele, budou v identifikaci subjektt
ohrozenych ischemicko/reperfuznim poskozenim, opozdénym rozvojem funkce $tépu
¢i nizsi dlouhodobou funkci prinosnéjsi skupiny ukazatelu.

Vysetifenim molekularniho profilu jsme schopni detekovat zmény, které nejsou

zachytitelné morfologickym ¢i klinickym vySetfenim. Vysetfeni zdroven poskytuje
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kvantitativni méreni zanétu a detekuje aktivaci biologickych tfid a cest jako napf.
zvySenou hladinu transkriptl imunitni odpovédi, obrany, oxidacniho stresu a paralelni
snizeni transkripce gend asociovanych s metabolismem, transportem a vazanim iontd,
¢im? zachézi za hranice histopatologického a klinického vy3etfeni. Casto ma normalni
histologicky obraz vysoce abnormalni molekuldrni profil (Mas et al., 2010, Mueller et
al., 2007).

Pfi vySetfeni transkriptomu neni cilem deskriptivné popsat molekuldrni profil,
ale rozlustit odpovéd genetického profilu. Napfiklad zanétliva odpovéd asociovand
s ischemicko/reperfuznim poskozenim nebo opoZzdénym rozvojem funkce Stépu sama
o sobé nepredikuje vysledek, ale naznacuje, Ze zanétlivd odpovéd mizZe odrazet
poskozeni tkané a zarovén byt nevyhnutelnd pro reparaci tkané. Mnoho studii na
nezavislych kohortach ukazalo, Ze pfi ischemicko/reperfuznim poskozeni a opozdéném
rozvoji funkce Stépu dochazi k aktivaci stejnych genovych drah, které jsou spojeny s

omezenou dlouhodobou funkci a rejekci, pficemz rozdil je jen kvantitativni.

2.6.4 Uskali “omics“ technologii

Rozdil mezi microarray a PCR pristupem spociva v obecné nizsi sensitivité microarray
technologie. K analyze dat genovych expresi je potfebna jista ddvka statistické
prisnosti. Casto se identifikuji rozdilné exprimované geny, které jsou pak validovany
klastrovou analyzou na stejné kohorté pacientl a dosahuji faleSné nadhodnocenych
vysledkll. Toto jen podtrhuje potifebu nezdvislé validace. Dale je potrebné zvolit
dostatecné vysokou hranici v rozdilech genové exprese, kterou budeme povaZovat za
vyznamnou. Opak vede k falesné pozitivnim vysledkiim. Je potrebné pouzivat korekci
na opakované méreni. Na druhé strané toto pfiliS prisné nastaveni m(ze vést ke ztraté
biologicky vyznamnych rozdilG a k vyrazeni vhodnych ukazatel (Allanach et al., 2008).
Pfistupy zaloZzené na PCR, které testuji hypotézu s malym poctem genu, maji sice
statistickou vyhodu v tom, Ze se nemusi korigovat na tak vysoké mnozstvi opakovanych
méreni, ale nesou s sebou tihu tzv. bias pfi selekci genl (Archer et al., 2009, Bustin et
al., 2002). Identifikaci silnych genovych prediktorl ztézuje nejednotnd definice a
standardy péce u rdznych potransplantacnich udalosti. 100% presnost jakéhokoliv

prediktora je vidy podezield (Schold et al., 2010).
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Pomoci microarray ¢i PCR je Casto analyzovdn biopticky material z tkdrnové
smési a mOzZe obsahovat rlzné zavadéjici struktury jako napf. infiltrujici buriky. 80%
kortikdlni tkdné ledvin ptredstavuje tubulointersticidlni kompartment. Tim padem jsou
v tranksripénim profilu celého genomu nedostatecné zastoupeny cévni a glomerularni
struktury. Podobné se v transkriptomu pravdépodobné neprojevi vék ledviny jako i jeji
funkce a rezervni kapacita, tj. pocet nefron(l, nesoulad mezi velikosti darce a ptijemce,
stupen glomerulosklerézy, onemocnéni darce (diabetes nebo hypertenze). K optimalni

interpretaci dat je vhodné doplnit klinické a histopatologické vysetreni.

2.6.5 Integrace genomicko-klinicko-histopatologického ptistupu

Udalosti po transplantaci jsou obtizné predvidatelné. Je proto otazné, zdali bude vibec
nékdy mozné predikovat dlouhodobé vysledky transplantaci. K ptesnéjsi predikci je
potiebny integrovany pfistup a validace na velkém poctu pacientd. Zatim neexistuje
molekuldrni profil nebo individudlni biologicky ukazatel pro predikci osudu Stépu po
transplantaci. Histomorfologické (napf. stupen glomerulosklerézy, periglomeruldrni
fibrdza, arteriosklerdza, arterioldrni hyalindza), jako i klinické informace o darci (vék,
onemocnéni, glomeruldrni filtrace), se navic nemusi pfi vySetfeni transkriptomu
projevit (Mengel et al., 2008, Nickeleit et al., 2009).

Proto je k vyvoji individualizovaného skoére pro kratkodobou a dlouhodobou
predikci vysledkd transplantace potfebny systémovy biologicky pfistup. Integrace
molekuldrnich, klinickych a anatomickych dat by mohly byt tim spravnym pfistupem
(Bromberg et al., 2010).

Témér vSechny skdrovaci systémy zahrnuji vék a kreatinin darce. Nicméng,
samotny vék darce v kombinaci s histolopatologickym ndlezem nestaci pfi urcovani
vysledku transplantace a rozhodovani o akceptaci organu (Foss et al., 2009). Ke
komplexnéjsSimu chdpani situace a presnéjSimu odhadu kvality a osudu orgdnu mize
pfispét vysSetfeni molekuldarniho profilu. Je potiebné Iépe porozumét
peritransplantaénimu ischemicko/reperfuznimu poskozeni, reparaénim schopnostem,
perzistenci zanétlivé odpovédi, uremické paméti a dlouhodobym nasledkim akutniho
poskozeni ledvin. Toto by mohlo pomoci vyvinout cilenou terapii i sekundarni prevenci

akutniho poskozeni ledvin nejen v transplantacni, ale i obecné nefrologii (Peeters et
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al., 2008). Morbidita a mortalita akutniho poskozeni ledvin v poslednich desetiletich
pretrvava i pres pokroky mediciny. Vyzkum v transplantologii, v lidském ,modelu”

ischemicko/reperfuzniho poskozeni by mohl mit proto mnohem 3irsi vyznam.
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3. Hypotéza

Ke zlepSeni dlouhodobych vysledk( transplantaci ledvin je potfebné identifikovat
pacienty vriziku opoZzdéného rozvoje funkce Stépu a rejekce, ktefi by profitovali
z individualizace imunosupresivniho rezimu a peritransplantacni péce. Je znamo, Ze
ischemicko/reperfuzni poskozeni hraje vyznamnou roli v opozdéném rozvoji funkce a
ovliviiuje dlouhodobé preziti. Domnivame se, Ze vysetfeni transkripéniho profilu
dokaze citlivé detekovat zmény, které nejsou rozpoznatelné pfi histologickém
vySetfeni a pomuUZe poznat mechanismy poskozeni a moZinosti jeho prevence.
Pfedpokladame, Ze integrovanym genomicko-klinicko-histopatologickym ptistupem
dokdzeme l|épe zhodnotit kvalitu orgadnu, predpovédét rozvoj funkce a osud Stépu

v dobé transplantace.
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4. Cil prace

1.

Pomoci molekularné biologickych metod - analyzy expresniho profilu vybranych
geni ve 3 naslednych biopsiich  vpribéhu jednotlivych  fazi
ischemicko/reperfuzniho poskozeni (ddrcovska, predimplantacni,
poimplantacni biopsie) prokazat, Ze ischemicko/reperfuzni poskozeni Stépu

ledviny se projevi zménou vybraného expresniho profilu.

Analyzou expresniho profilu vzorku ledviny ziskané v dobé odbéru organu
k transplantaci identifikovat genové prediktory opoZzdéného rozvoje funkce

Stépu.

Integrovanym pfistupem, pouzitim histologického vysetieni ledviny od darcl s
rozSifrenymi kritérii a klinické charakteristiky darce a pfijemce predikovat riziko

opozdéného rozvoje funkce stépu.
Analyzovat transkriptom transplantované ledviny po indukéni 1é¢bé rozdilnymi

antithymocytarnimi globuliny a zhodnotit vliv opozdéného rozvoje funkce stépu

na molekularni profil.

Vysetifenim exprese genll asociovanych s operacni toleranci v periferni krvi

predikovat rozvoj akutni rejekce po transplantaci ledviny.
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5. Metodika

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

Populace
K analyzam jsme pouzili rendlni tkan a periferni krev pacientl, ktefi podstoupili

transplantaci ledviny v transplantacnim centru IKEM v jednotlivych ¢asovych obdobich.

Biopsie stépu ledviny

Protokolarni biopsie byla provedena ve 3. mésici po transplantaci ledviny, indikaéni
biopsie stépu pfi vzestupu Cr o vic nez 10%, progresi proteinurie ¢i pretrvavajici afunkci
Stépu. Darcovskou biopsii jsme provedli pfi odbéru ledviny k transplantaci. Pfi samotné
transplantaci byla provedena predimplantaéni (pfed reperfuzi, na konci ischémie) a
poimplantacni biopsie (20 min po uvolnéni cévnich svorek, v obdobi reperfuze).
Histologické vySetfeni bylo provedeno v souladu s Banffskou klasifikaci 2005. Mala ¢ast
(2mm)  z kortikalni  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 tkdné jsme izolaci RNA provedli s pouzitim RNA blue agent.
Izolovanou RNA jsme zfedili v30 pL vody o¢isténé od RNazy. Cistotu a koncentraci
jsme oveérili spektrofotometrem (NanoDrop 2000, Thermo Scientific). K dalSi analyze
jsme poutzili jen vysoce kvalitni RNA s Cislem RNA integrity 8-10. 2 ug RNA jsme pouzili
k prepisu do komplementarni DNA s pouZitim Superscript reversni transkriptazy
(Nitrogen, CA). RNA byla oSetfena DNazou. Jen komplementdrni 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 pouzitim TagMan low-density array (TLDA)
Vysetfeni genového expresniho profilu bylo provedeno pouzZitim kvantitativni eseje
real-time RT-PCR zaloZené na technologii Tagman low-density array (TLDA). TLDA je

mikrofludini karta prizplsobend potifebam konkrétniho projektu, ktera obsahuje sondy
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pro kandidatni geny vybrané z katalogu firmy Applied Biosystems. Data jsme

kvantifikovali pomoci SDS 2.4 softvéru (Applied Biosystems, Foster City, CA).

Analyza dat pro genovou expresi

Hodnoty relativni genové exprese jsme ziskali z TLDA analyzy pouZitim 222t metody
pro relativni kvantifikaci (RQ, z angl. relative quantity), kterd je implementovdna v
Applied Biosystems RQ Manager Software v1.2.1 (Applied Biosystems). K vypoctu
relativni kvantity jsme porovnali genovou expresi zkoumaného vzorku s kontrolnim
vzorkem. Data jsou prezentovana jako nasobek genové exprese zkoumaného vzorku
vztazené kendogennimu referenénimu genu a pomérenda k relativni kvantité

kontrolniho vzorku vztazené k endogennimu referenénimu 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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6. Vlastni vysledky vyzkumné prace

6.1 Molekularni profil ischemicko/reperfuzniho poskozeni a identifikace prediktori

opozdéného rozvoje funkce stépu

Uvod

Ischemicko/reperfuzni poskozeni vede Casto k opozdénému rozvoji funkce a negativné
ovliviluje preziti transplantované ledviny. Tato prospektivni studie méla za cil popsat
intrarenalni transkriptom v pribéhu ischemicko/reperfuzniho poskozeni a identifikovat

geny asociované s opozdénym rozvojem funkce Stépu.

Metodika

Intrarendlni transkripéni profil ischemicko/reperfuzniho poskozeni jsme vySettrovali ve
tfech sekvencnich biopsiich stépu ledviny, a to pti odbéru ledviny (darcovska biopsie) a
v pribéhu transplantace (predimplantacni a poimplantacni biopsie, obr. 3). Pomoci
metody kvantitativni real-time RT-PCR (222%) jsme méfili expresi 92 kandidatnich gend

ve Stépech ledviny s okamzitym (n=26) a opozdénym (n=9) rozvojem funkce Stépu.

TO T1 T2

approx. 15h 30min

Obr. 3. Casové provedeni sekvenénich biopsii v pribéhu odbéru organu

k transplantaci a samotné transplantace.
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Vysledky

Zatimco studena ischémie nevedla k vyznamnym zménam v expresnim profilu
kandidatnich gend, dosSlo v prabéhu reperfuze ke zvySené expresi 16 genu
asociovanych s aktivaci pfirozené a adaptivni imunitni odpovédi a apoptdzy. Pomoci
metody multivariantni logistické regrese jsme prokazali, Ze vyssSi skére pro tubuldrni
atrofii (ct) ve spojeni s nizkou expresi genu pro Netrin-1 mUZe pomoci pfedpovédét
opozdény rozvoj funkce stépu (ROC AUC=0.89 pro testovaci sadu, ROC AUC=0.81 pro

valida¢ni sadu, obr. 4).
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Obr. 4 ROC k¥ivka modelu logistické regrese pro predikci opozdéného rozvoje funkce
Stépu pouzitim kombinace genové exprese pro Netrin-1 a tubularni atrofii (ct)
v darcovské biopsii ledviny.

PferuSovana cara reprezentuje trénovaci sadu (ROC AUC 0.89). PIna c¢ara zobrazuje
validaci pouZitim metddy , leave-one-out”, 35x (primérna ROC AUC 0.81). Tec¢kovana
Cara zobrazuje ROC kfivku pro samostatné prediktory- drobné tecky pro Netrinl (ROC

AUC 0.785) a velké tecky pro skore pro tubularni atrofii (ROC AUC 0.637).
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Diskuse
Tato studie popsala histologické a molekularni zmény ve tfech po sobé jdoucich
biopsiich provedenych pti odbéru organu a v pribéhu samotné transplantace. | pres
absenci histologickych abnormalit jsme pozorovali zménénou expresi genl ve vztahu k
poskozeni Stépu. Ve srovnani s “molekularnim tichem” ischémie vedla reperfuze k
enormnim zménam transkriptomu, ke zvySené aktivaci pfirozené a adaptivni imunitni
odpovédi a apoptdézy a k vyznamné heterogenité transkripéniho profilu v
poimplantacnich biopsiich. MoZznym vysvétlenim molekuldrniho ticha béhem ischémie
je potlaceni metabolismu jako zakladniho fyziologického mechanismu. Nase data
naznacili, Ze molekuldrni profilovani presahuje hranice histopatologie. Pouzitim
“molekularniho mikrosokopu” jsme schopni odhalit i diskrétni zmény, ke kterym
dochézi v priibéhu ischemicko/reperfuzniho poskozeni.

Primarnim cilem této studie bylo identifikovat potencionalni rizikové faktory
DGF. Ledviny, u kterych doslo k opozdénému rozvoji funkce, vykazovaly vyssi skore pro
tubuldrni atrofii a nizkou expresi genou pro Netrin-1. Toto poukazuje na dleZitou roli
kvality tubulG v ¢asném potransplantacnim pribéhu. Preexistujici tubularni atrofie
v ddrcovské ledviné je obrazem ztraty tubuldrnich bunék ndasledkem chronického
poskozeni. I/RI spousti apoptdzu, ktera preferencné poskozuje tubularni bunky a vede
k akutni tubuldrni nekrdéze. Apoptdza neni jen pri¢inou bunééné smrti po I/RI ale
prispiva i k zotaveni zI/Rl a tim zabezpeluje rovnovahu pfi excesivni proliferaci
tubularnich bunék pfi regeneraci a nastoleni tubuldrni integrity. Vykonnd cesta
apoptézy je potladovana tzv. faktory preziti. Jejich nedostatek spousti apoptdzu,
zatimco jejich dostupnost usnadriuje zotaveni z I/Rl. Mezi tzv. faktory preZiti patfi i
Netrin-1, ktery napomaha regeneraci tim, Ze stimuluje proliferaci prezivajicich
renalnich tubuldrnich bunék a inhibuje apoptdzu. Za normalnich okolnosti je Netrin-1
ve zdravych tubuldrnich bunkach exprimovany jen v minimalnim mnoiZstvi. Jeho
exprese vtubularnich bunkach narQstda pfi akutnim poskozeni ledvin,
ischemicko/reperfuzni poskozeni nevyjimaje. V nasi praci jsme popsali snizenou expresi

genu pro Netrin-1 ve Stépech s opozdénym rozvojem funkce Stépu.
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Domnivame se, Ze vySetieni exprese pro Netrin-1 by mohlo pomoci lépe
porozumét vulnerabilité darcovské ledviny vaci I/RI, zvlasté u ledvin od darcQ

s rozSirenymi kritérii s jiz preexistujicim poskozenim.

Zaveér

Pomoci molekuldrni a histologické analyzy darcovskych ledvin jsme zjistili, Ze nizka
kvalita tubuldrnich bunék definovana jako vys$si mira tubuldrni atrofie v kombinaci s
redukovanym potencidlem protiapoptotickych faktor( preziti je spojend s opozdénym
rozvojem funkce transplantované ledviny. Netrin-1 patfi mezi tzv. faktory preziti, které
protektivné plsobi pfi zotavovani z I/RI.

Na rozdil od ischémie, byla reperfuze i pres minimdlni vyskyt
histopatologickych abnormalit spojena se zvySenou aktivaci ptirozené a adaptivni
imunity a apoptdzy. Lze tedy soudit, Ze kombinace konvencnich histopatologickych
metod s technikami molekuldrni patologie by mohla predstavovat ucinny ndstroj

k identifikaci darcovskych ledvin v riziku opozdéného rozvoje funkce.

Clanek byl publikovan v ¢asopise Transplantation.
Tubular atrophy and low netrin-1 gene expression are associated with delayed kidney

allograft function. Transplantation. 2014 Jan 27;97(2):176-83.

Kompletni znéni ¢lanku je pfiloZeno v anglickém jazyce.
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Tubular Atrophy and Low Netrin-1 Gene Expression

Are Associated With Delayed Kidney
Allograft Function

Mariana Wﬂhb“ahrtﬂva,"’z Irena Brabcova,” Filip Zeiezny;j Peter Balaz,* Libor Janousek,* Fva Honsova,’

Alena Lodererova,” Peter Wohlfahrt,' and Ondrej Viklicky™*°

Background. Delayed graft function (DGF) caused by ischemia/reperfusion injury (I/RI) negatively influences the
outcome of kidney transplantation. This prospective single-center study characterized the intrarenal transcriptome
during I/RI as a means of identifying genes associated with DGF development.

Methods. Characterization of the intrarenal transcription profile associated with I/RT was carried out on three sequential
graft biopsies from respective allografts before and during transplantation. The intragraft expression of 92 candidate
genes was measured using quantitative real-time reverse transcriptase polymerase chain reaction (27**%) in delayed
(n=9) and primary function allografts (n=26).

Results. Cold storage was not associated with significant changes to the expression profile of the target gene tran-
scripts; however, up-regulation of 16 genes associated with enhanced activation of innate and adaptive immune re-
sponses and apoptosis was observed after reperfusion. Multivariate logistic regression analysis revealed that higher
tubular atrophy scores (ct) together with a lower expression of Netrin-1 might predict DGF development (training
area under the receiver operating curve=0.89, cross-validated area under the receiver operating curve=0.81).
Conclusions. Poor baseline tubular cell quality (defined by a higher rate of tubular atrophy) combined with the
reduced potential of apoptotic survival factors represented by decreased Netrin-1 gene expression were associated

with delayed kidney graft function.

Keywords: Renal transplantation, Gene expression, Netrin-1, TagMan Low Density Array, Donor biopsy,

Ischemia/reperfusion injury, Autophagy.
(Transplantation 2014;97: 176-183)

Utilization of kidney grafts obtained from elderly donors
with hypertension, stroke as a cause of death and diabetes
have increased due to lack of available organs. As a result, the
risk of delayed graft function (DGF) has remained unchanged
despite attempts to reduce the cold ischemia time, develop-
ment of new perfusion solutions, and increasing usage of
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machine perfusion. Delayed graft function is associated with
poor kidney graft outcome and occurs in up to 33% of cases
(1, 2). Main factors contributing to DGF include transplan-
tation procedure-related injury combined with intrinsic do-
nor factors, which in turn is associated with ischemia/
reperfusion injury (I/RI). Therefore, a better definition of
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donor kidney quality and understanding of the processes as-
sociated with I/RI and DGF are needed.

Conventional donor kidney histological evaluations
alone have been shown to be imperfect in assessing donor
graft quality and in predicting graft outcomes (3). While
histological characteristics associated with kidney injury are
typically less well defined, different gene regulation was
suggested to be implicated in molecular responses that
precede the development of histological abnormalities (4).
Moreover, gene expression analysis of kidney graft biopsies
may help identify novel potential biomarkers associated
with DGFE.

Microarray analyses in animal models have identified
molecular changes associated with I/RI (5, 6). However,
similar analyses in humans have only resulted in the iden-
tification of novel candidate genes associated with I/RI and
DGF (4, 7, 8). In these studies, I/RI was described as an
aggregate injury caused by both ischemia and reperfusion,
respectively, based on the analysis of biopsy materials
obtained from zero hour (9-11), preimplantation (4), or
postimplantation biopsies (8).

Therefore, the primary aim of this prospective single-
center study was to assess the role of both morphological
changes and expressions of 92 genes known to be implicated
in I/RI during particular phases of I/RI and in the prediction
of DGF after kidney transplantation.

RESULTS

Demographic Data

Three sequential kidney graft biopsies were performed
from 38 consecutive deceased kidney transplants. Twenty-
six recipients (68.4%) developed primary graft function
(PGF) and 12 (31.6%) developed DGE To analyze I/RI in
patients undergoing uncomplicated kidney transplantation
and to identify risk factors associated with DGF in the
context of baseline donor organ quality, three patients
with expected DGF due to complications during the surgery
were excluded (cardiopulmorary resuscitation for severe
bradycardia during surgery [n=1] and poor graft perfu-
sion due to technical complications [n=2]). No patient
showed histological signs of rejection in biopsies examined
during the first week after transplantation. Donor and
recipient demographics are described in SDC, Table S1, at
http://links. lww.com/TP/A884. Kidney recipients were fol-
lowed prospectively for 1 year. Renal function expressed
as estimated glomerular filtration rate-Modification of Diet
in Renal Disease Formula (eGFR-MDRD) was significantly
different between recipients with and without DGF at 1 week,
1 month, and 1 year after transplantation (P<0.001, P<0.05,
and P<0.001, respectively).

Molecular Evaluation of Kidney Biopsies

Molecular Changes Associated With Renal Ischemia

None of the evaluated genes were significantly differ-
entially regulated afier ischemia except for two genes that
were down-regulated with borderline significance: matrix
metallopeptidase 9 (MMP9) (I14-16) and complement
component 3 (C3); 1/n-fold of RQ median in T, biopsy
versus T, biopsy=5.82 and 2.42, respectively; P=0.07 for
both genes after adjusting for multiple comparisons.
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Molecular Changes Associated With Renal Reperfusion

In contrast to the relatively few changes observed in
the expression profiles for the analyzed genes after ischemic
injury, reperfusion injury was associated with a significant
up-regulation of 16 genes associated with inflammation and
apoptosis (Tables 1 and 2). Although innate immune responses
such as the NOD-like receptor and Toll-like receptor signal-
ing pathways were activated after reperfusion, a predominant
up-regulation in adaptive immune responses was observed.
B cell and T cell (P=7.91e—15 and 6.40e—05, respectively),
cytokine-cytokine receptor interaction pathways (P=5.96e—04),
genes involved in allograft rejection (P=2.30e—03), and genes
involved in natural killer cell-mediated cytotoxicity ( P=3.55¢—03)
were activated after reperfusion.

Histological Abnormalities Associated With DGF

Particular Banff scores were comparable in baseline
donor biopsies (Ty) across the studied groups based on graft
function development except for the rate of tubular atrophy
(et) that was slightly higher in the DGF group compared to the
PGF group (P=0.07). The incidence of vascular nephrosderosis,
degree of interstitial fibrosis and glomerular sclerosis, and
Remuzzi score were not different between the DGF and PGF
groups (Table 3). Histological evaluation of preimplantation
(T1) and postimplantation (73) biopsies supported the
above results after comparison between the studied groups
{data not shown).

Molecular Changes Associated With DGF
To detect subtle changes associated with donor brain
death and I/RI, we compared kidney allograft biopsy gene

TABLE 1. Genes up-regulated after reperfusion

Gene P n-fold
CDe9 2.06e06 5.63
CDKNIA 4.82e-04 2.14
CXCL1 1.17e-02 222
CYRa1 1.60e-05 4.34
EGRI 2.06e-06 12.70
FOS 1.33e-10 5392
FOSL1 6.69e-04 283
HSPALA 2.06-06 6.34
IFNG 1.60e-05 9.39
IL6 4.04e-04 5.64
IL8 2.95¢-03 29
IL10 4.75e-04 5.60
IL12A 3.1e-02 2.13
PTGS2 4.75e-04 4.34
SELE 4.94e402 253
TNF 9.71e-04 2.55

“Mann-Whitney Utest with adjustment for multiple comparisons using
the Benjamini-Hochberg correction.

Only differentially expressed genes fulfilling statistical and biological
significance criteria are shown.

Data in the right column represent n-fold difference comparing gene
expression in T2 biopsy versus T1 biopsy. Significant biological difference
was defined by at least a more than two-fold difference in gene expression.

39



178 | www.transplantjournal.com

Transplantation = Volume 97, Number 2, January 27, 2014

TABLE 2.

Functional classification of sixteen transcripts shown to be up-regulated after reperfusion

Biological pathway Genes annotated P

B-cell receptor signaling pathway FOS 7.91e—15
MAPK signaling pathway HSPALA, FOS, TNF 2.56e—12
Toll-like receptor signaling pathway FOS, IL12, TNE IL6, IL8 4.93e—06
T-cell receptor signaling pathway IL10, IFNG, FOS, TNF 6.40e—05
Antigen processing and presentation HSPAILA 1.20e—04
Proteasome IFNG 1.34e—04
Cytokine—cytokine receptor interaction IFNG, IL12A, CXCLI1, IL6, IL8, IL10, TNF 5.96e—04
Cytosolic DNA sensing pathway IL6 6.88¢—04
JAK-STAT signaling pathway IL10, IFNG, IL12A, ILa 6.88e—04
Endocytosis HSPAILA 7.68e—04
NOD-like receptor signaling pathway CXCLI, TNE IL6, IL8 1.08e—03
Intestinal immune network for IgA production IL10, IL6 1.65e—03
Allograft rejection TNF, IL10, IFN, IL12A 2.30e—03
Natural killer cell-mediated cytotoxicity IENG, TNF 3.55¢—03

? According to Global test with adjustment for multiple comparisons using the Benjamini-Hochberg comection.

expression profiles of selected candidate genes at Ty, Ty, and
T, from patients with DGF and PGE The renal gene ex-
pression profile at T, was similar for DGF and PGF grafts.
However, a higher Netrin-1 (NTN1I) (16) expression level in
donor kidneys that subsequently develop PGF was observed
(InRQ=0.52 [—0.54 to 1.14] in PGF vs. InRQ=—0.47 [—7.23
to 0.28] in DGF, P=0.02; n-fold RQ PGF vs. DGF=3.77)
(Fig. 1A). In T; biopsies of PGEF, alpha-1-microglobulin
(AMBPI), an adrenomedullin-binding protein with the
potential to attenuate organ injury and organ inflamma-
tory response (17-20), showed significantly higher expres-
sion levels compared with expression levels observed in
patients with DGF (InRQ=0.05 [—0.67 to 0.37] in PGF vs.
InRQ=—0.76 [—1.19 to —0.09] in DGE, P=0.02; n-fold RQ
PGF vs. DGF=2.25). In T, biopsies, the higher NTNI

expression levels also separated organs with PGF from those
with DGF (InRQ=—022 [—1.44 to 0.32] in PGF wvs.
InRQ=—1.77 [—9.2 to 0.38] in DGF, P=0.04; n-fold RQ
PGF vs. DGF=4.72) (Fig. 1C). When performing analysis on
the complete data set (including samples from all three bi-
opsies), a significant down-regulation of NTNI, AMBPI, and
caspase 9 (CASP9) was observed in DGF samples (P=0.05,
one-sided test after Benjamini-Hochberg adjustment for
multiple testing).

Immunohistochemical Evaluation for Netrin-1
Associated With DGF

The role of NTN1 in DGF was further confirmed at
the protein level in T, and T, biopsy specimens. Moreover,
immunochistochemical (IHC) evaluation showed higher

TABLE 3. Histological evaluation of baseline donor kidney biopsies according to Banff 07 classification

All (n=35) DGF (n=9) PGF (n=26)
Glomerulitis (g} 0 (0-0) 0 (0-0) 0 (0-0)
Glomerulopathy (cg) 0 (0-0) 0{0-0) 0 {0-0)
Mesangial matrix increase (mm) 0 (0-0) 0(0-0) 0 (0-0)
Tubulitis (t) 0 (0-0) 0 (0-0) 0 (0-0)
Interstitial inflammation (i) 0 (0-0) 0{0-0) 0 {0-0)
Intimal arteritis (v) 0 (0—0) 0(0-0) 0 (0-0)
Tubular atrophy (ct) 1(1-1) 1 (1-1.25) 1(1-1)"
Interstitial fibrosis (ci) 1{1-1) 1 (0.5-1.25) 1(0.75-1)
Fibro-intimal thickening (cv) 1{0-1) 1(0.5-1.5) 1(0-1)
Arteriolar hyalinosis (ah) 2(1-2) 2 (1.25-2) 1(1=2)
Interstitial fibrosis (% of sample) 10 (5-20) 20 (10-25) 10 (5-20)
Glomerular sclerosis (% of sample) 10 (2.7-15) 12.65 (4.3-20.7) 7.1 (1.75-14.6)
Vascular nephrosclerosis (n) 24 (68.6%) 7 (77.8%) 17 (65.4%)
Remuzzi score (x/12)° 4 (3-5) 4.5 (4-5.79) 4(25-5)

? P=0.07 for the comparisons between DGF and PGF group.

* Remuzzi score system was used to quantify the percentage of glomerular sclerosis, tubular atrophy, interstitial fibrosis, and arteriolar stenosis.
Continuous data are expressed as median (interquartile range) values and categorical data presented as counts (%).
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Box and whisker plots of differential NTN! gene expression between kidney grafts with primary (PGF) and

delayed (DGF) graft function at T, (A), T; (B), and T, (C) biopsies. Box plots and numbers given depict the median and the
interquartile ranges of the InRQ measured in the quantitative reverse transcriptase polymerase chain reaction analysis. A
value of zero equates expression levels similar to the reference RNA

intensity and higher numbers of positive tubular epithelial
cells (mainly in the proximal tubules) in staining with anti
Netrin-1 antibody in cases with PGF compared to DGF grafts
(Figure S1, SDC, at http://links.Iww.com/TP/A884).

The Role of Tubular Damage in DGF

Since kidney proximal tubules are most vulnerable to
I/RI (21) and tubular damage was associated with DGF in
our study, the hypothesis that the tubular atrophy score (ct)
combined with the Netrin-1 expression was predictive of
DGF was tested. Intragraft gene expression of Netrin-1,
known from univariate analyses to be significantly lower in
DGF along with ct score (that was borderline significant,
P=0.07) in T, biopsies were selected as predictor variables
for training a logistic regression model parameterized on the
donor biopsy data. This model achieved an area under
the receiver operating curve (AUC, or ¢-statistic of 0.89) in-
dicating a significant separation between DGF and PGF
(Fig. 2, dashed line). To estimate how well the model gener-
alizes, we repeatedly fit and tested the model using a leave-
one-out (35-fold) cross-validation procedure. The average
AUC (Fig. 2, solid line) resulting from this validation protocol
was 0.81, confirming good discrimination power of this pair
of predictors with respect to DGE

In addition, we performed Spearman correlation anal-
ysis and demonstrated weak but negative correlation between
the level of Netrin-1 and the duration of DGF (p=—0.284,
P=0.004), which sup port the strength of Netrin-1 as a relevant
biomarker of DGE

Principal Component Analysis

Principal component analysis (PCA) is a mathematical
procedure that reduces high dimensionality to two dimensions.
Briefly, samples with similar gene expression profiles appear
close to each other in the PCA diagram, while dissimilar sam-
ples are mutually more distant. Principal component analysis
was calculated on the entire data set (n=105 cases), Signif-
icant overlap between DGF and PGF samples as well as
between the respective biopsy groups (three sequential biop-
sies, ie, Ty Ty, and T.) was observed (Figure S2, SDC, at
http://links.lww.com/TP/A884), suggesting that it was not pos-
sble to discriminate between the respective groups through
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PCA. Visual inspection of the PCA diagram also suggests
that sample heterogeneity within biopsy groups grows over
time, that is, T; biopsies were more distantly spaced than T,
biopsies, which in turn are more spread than T, biopsies.
We verified this trend on the orginal (pre-PCA) data by
computing all pairwise Euclidean distances (dissimilarities)
between samples (real-valued vectors of expression) within
each of the three biopsy groups. On the basis of a nonpara-
metric Wilcoxon test, the mean of these distances (i.e., the
heterogeneity) was significantly (P<0.001) smaller in Tj; group

sensitivity

T T T T
0.4 0.6

1 - specificity

FIGURE 2. Receiver operating curve (ROC) of the logistic
regression model. Discrimination for DGF after kidney trans-
plantation using a combination of NTV] gene expression and
tubular atrophy scores (ct) of donor biopsies. Dashed line
represents training data set (area under the ROC=0.89). Solid
line represents the leave-one-out (35-fold) cross-validation
procedure (average area under the ROC=0.81). Dotted line
represents ROC curves for single predictors: small dots for
NTNI (area under the ROC=0.785) and large dots for tubular
atrophy score (ct) (area under the ROC=0.63T).
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thanin T; group, and significantly ( P<0.001) smaller in the T;
group than in the T, group. This result reflects growing
sample heterogeneity from T, through T, and then to T,
biopsies. While donor kidneys are quite homogenous at the
time of organ procurement, I/RI leads to increased trans-
criptome diversity between allografts suggesting different
organ vulnerability to ischemia and reperfusion.

DISCUSSION

This study established that donor kidney tubular cell
atrophy and Netrin-1 gene and protein expression levels
were associated with DGF of renal allografts. Moreover, this
study was the first to describe in detail molecular changes
occurring in three consecutive biopsies taken during organ
procurement and transplantation as a means of identifying
molecular events associated with either ischemia or reper-
fusion injury. Despite the absence of changes in histological
abnormalities during I/RI, we found altered expression
levels of genes associated with kidney graft injury. While
cold storage did not lead to significant changes in the level of
expression of the evaluated gene transcripts, reperfusion was
associated with enhanced activation of innate and adaptive
immune responses and apoptotic programs. These data
demonstrated that reperfusion was associated with more
enormous changes to the transcriptome in comparison with
ischemia as visually shown by PCA where gene expression
heterogeneity increased over time, with the highest hetero-
geneity observed in postimplantation biopsies. The possible
explanation for the molecular silence during the ischemia is
suppression of metabolism as the basic physiological mecha-
nism during the hibemation. It is well known that acute kid-
ney injury is characterized by a dissociation of pathology
and physiology (22, 23). Our data provided quantitative
measurements of inflammation and immune activation after
reperfusion and support data suggesting that molecular pro-
filing goes beyond histopathology by characterizing a discrete
set of transcripts activated by I/RI (24). Molecular events
found in postimplantation (T,) biopsies reflect acute tissue
injury and repair otherwise not detectable microscopically.
Proinflammatory responses are likely to be the consequence of
reperfusion as observed in T, biopsies and may augment tis-
sue injury in excess of that produced by ischemia alone ( 25).

During the reperfusion, there were several transcripts
up-regulated. The most significant ones were FOS, TNE and
HSPAIA. The FOS proteins have been implicated as regu-
lators of cell proliferation, differentiation, and transforma-
tion and also involved in apoptosis. Tumor necrosis factor
(TNF) is a cytokine mainly involved in the regulation of a
wide spectrum of biological processes including cell prolif-
eration, differentiation, apoptosis, lipid metabolism, and
coagulation. Heat shock 70 kDa protein 1 (HSP) is a protein
that in humans is encoded by the HSPAIA gene. The protein
stabilizes existing proteins against aggregation and mediates
the folding of newly translated proteins in the cytosol and in
organelles. All three genes have been shown to play some
role in autophagy, which is an essential, conserved lysosomal
degradation pathway that controls the quality of the cyto-
plasm by eliminating protein aggregates and damaged or-
ganelles. Moreover, autophagy likely plays an important role
in normal proximal tubule function and recovery from
acute ischemic kidney injury (26, 27).
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The primary aim of this study was to identify potential
risk factors associated with DGE However, no associations
between donor, recipient, organ procurement, Surgery con-
ditions, and DGF development were found. However, tu-
bular atrophy scores were higher among donor kidneys that
developed DGE Besides severe tubular atrophy, the lower
messenger RNA expression of Netrin-1 was observed in both
Ty and T, biopsies in patients who suffered from DGEF. This
indicated the importance of tubular quality in the context of
posttransplant outcomes. It was shown that preexisting re-
nal tubular atrophy in donor kidney reflected tubular cell
loss after chronic renal insult (28). I/RI triggers apoptosis
that predominantly affects tubular epithelial cells resulting
in acute tubular necrosis. Apoptosis is not only an impor-
tant cause of a cell death immediately after I/RI but also
contributes to recovery from I/RI by providing a balance
between excessive renal cell proliferation associated with the
process of replacing irreversibly injured tubular epithelial
cells and restoring tubular integrity (29). In the event of
apoptotic cell death exceeding mitotic replacement, renal
cell loss results in tubular atrophy (30). The effector apo-
ptotic pathway is constantly suppressed by survival factors.
Their deficiency triggers apoptosis while their availability
facilitates recovery from ischemic injury (31). Netrin-1 fa-
cilitates recovery from ischemic injury by stimulating the
proliferation of surviving renal tubular cells and inhibition
of apoptosis (32). Normally, Netrin-1 is not expressed (or is
present at low levels) in healthy tubular epithelial cells ( 16)
but is expressed in tubular cells during recovery from is-
chemia. In addition, Netrin-1 expression levels are signifi-
cantly elevated in urine of patients with various forms of
acute kidney injury including ischemic injury (16, 33, 34).
The beneficial effects of Netrin-1 on the suppression of tis-
sue injury were first described in mice (34, 35). One of the
most interesting findings described in our report was higher
expression of Netrin-1 in PGF compared to DGF grafts in Ty
biopsies as well as in T> biopsies. Renal tubular cell apo-
ptosis induced by acute I/RL, especially in combination with
preexisting chronic tubular atrophy, was associated with a
higher incidence of DGF (36, 37). The worse short-term
outcomes after deceased versus live donor transplant kid-
neys are due to impaired tubular counterbalance of oxida-
tive stress at the time of implantation (38). Despite the
inconsistent conclusions regarding the effects of the donor
kidney biopsy’s predictive value (39), a large study examin-
ing expanded criteria donors showed that kidney allocation
based on histological evaluation of donor biopsies (40),
eventually combining with donor and recipient risk factors,
helped improve graft survival (41). Here we suggest that
Netrin-1 gene expression might help to better understand
vulnerability to I/RI, especially in expanded criteria donor
kidneys with preexisting chronic changes that are uniquely
susceptible to I/RI because of older donor age, comor-
bidities, and terminal effects of brain death on kidneys
with limited functional reserve. Moreover, recently it was
shown that Netrin-1 stimulates HSP, a gene associated
with autophagy and thus contributes to the protection of
hypoxia-induced apoptosis via the inhibition of mitochon-
drial dysfunction (42). Therefore, it is likely that higher
autophagy-related gene transcripts may be associated with
the reduction of DGE
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Biopsy strategy. To investigate changes to the intrarenal transcription profile during I/RI, three sequential

biopsies were performed during organ procurement and transplantation: donor biopsy (T;), preimplantation biopsy (T,),
and postimplantation “30-min" (T;) biopsy. Comparisons of T; biopsy with T; biopsy and comparisons of T; with T; were
carried out to look for changes reflecting the ischemia and reperfusion period, respectively.

There are some limitations that need to be acknowl-
edged and addressed regarding the present study. In our study,
we adhered to statistical rigor when identifying differentially
expressed genes. The genes considered to be differentially
expressed had to fulfill not only statistical significance but also
biological significance when minimal cutoff for differential
expression was two-fold. We were unable to discriminate be-
tween DGF and PGF grafts after target gene analysis as shown
by PCA. This observation suggested limitations in the target
genes selected, suggesting that other yet-to-be-defined mole-
cules likely contributed to the pathogenesis of DGE The
sample size might appear as relatively small. However, the
value of this study includes the molecular analysis of 92 target
genes in 105 samples of repeated three consecutive biopsies
taken during organ procurement and transplantation in 35
human donor kidneys. Furthermore, we were not able to
discriminate a role of recipient blood leukocytes during re-
perfusion on analyzed genes expression.

In conclusion, analysis of donor kidneys identified
poor tubular cell quality and low Netrin-1 expression levels
to be associated with DGE Netrin-1 is a survival factor
that plays a protective role in recovery from I/RL In the
future, targeted therapeutic intervention might help to de-
crease the incidence of DGF in organs susceptible to I/RI.
Despite minimal histopathological abnormalities occurring
during reperfusion injury, reperfusion was associated with
enhanced activation of innate and adaptive immune re-
sponses and apoptotic programs, contrary to relative mo-
lecular silence of ischemia. Taking together, the combination
of both conventional histology and molecular pathology
techniques during transplantation surgery may represent a
more accurate tool to discriminate grafts at risk for DGE

MATERIALS AND METHODS

Study Design and Patients

Allograft biopsy specimens from 38 deceased donor kidneys that were
consecutively allocated to transplant recipients at our center between October
2009 and June 2010 were used in this study. Transplant recipients partia-
pating in concurrent immunosuppressive drug studies and patients with a
bleeding history were not induded. The study was performed in accordance
with guidelines established by the Dedaration of Helsinki, and the study
protocol was approved by the Ethics Committee of the Institute for Clinical
and Experimental Medicine. Informed consent was obtained from all pa-
tients (IRB approval number F2002/08).

Definition of DGF

Delayed graft function was defined as the need for dialysis during the first
week after transplantation (except dialysis for hyperkalemia or volume
overload in the first 24 hr) (2, 43).
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Study Biopsies

To investigate changes in the intrarenal transcription profile during /R,
three sequential biopsies were performed during organ procurement and
transplantation, that is, at the time the kidney was procured (baseline donor,
T,), preimplantation biopsy ( T} ),and postimplantation “30-min” ( T,) biopsy:

ey

. The “T,," biopsy is the standard intraoperative, subcapsular donor wedge
biopsy obtained at the time of kidney procurement right after perfusion
with 4°C histidine-tryptophan ketoglutarate preservation solution.

b

. The “T," biopsy was taken during the transplantation surgery at the
back table at the end of cold ischemia time just before reperfusion using
a sterile 14-gauge biopsy needle, reflecting molecular and structural
changes during cold ischemia.

. The “T>" biopsy was performed 30 min after release of the vascular damps
allowing for the detection of reperfusion changes in the allograft. The core
of the biopsy specimen cortical zone was placed immediately in RNAlater
stabilization reagent ((Qiagen, Hilden, Germany) and stored at 4°C over-
night and then codled to —80°C until RNA was extracted.

Histological Evaluation of Kidney Biopsies

Histological evaluation of donor biopsies at baseline was carried out
according to the 2005 Banff working dassification criteria (Table 3) (12). The
median Remuzzi score (13) used to quantify donor kidney quality was 4 of
12, We did not observe any changes in histological abnormalities or histo-
pathological signs of inflammation in preimplantation or postimplantation
biopsies (data not shown).

Molecular Evaluation of Kidney Biopsies

To investigate changes in the intrarenal transcription profile during is-
chemia phase of I/RI, we compared the expression profile of the preim-
plantation biopsy ( T7) with the donor biopsy ( Ty). In a similar fashion, by
comparing the postimplantation ( T:) and preimplantation biopsies ( T1),
the reperfusion period was characterized (Fig. 3).

Gene Probe Set Selection

The expression profile of 92 candidate genes was used to evaluate injury and
repair signals assodated with organ procurement and reperfusion. Studied
genes induded genes associated with apoptosis, innate and adaptive immu-
nity, and oxidative stress signaling. We identified target genes potentially as-
sociated with graft function development on the basis of available published
work descaribing complementary DNA microaray and reverse transcrip-
tase quantitative polymerase chain reaction analyses (Table $2, SDC, at
http://links. Iww.com/TP/A884). Housekeeping genes were selected based
on expression stability (Figure $3, SDC, at http://linksww.com/TP/A884).
Additional supporting information on real-time reverse transcriptase poly-
merase chain reaction analysis, expression data analysis, immunohisto-
chemistry, and immunosuppressive treatment of redpients may be found
in the online version of this artide (Materials and Methods, SDC, at
hitp//links. bvw.com/TP/A884).

Statistical Analysis
For demographic and the gene expression data, nonpammetric testing
was performed, and data were expressed as median and interquartile range
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values. Continuous clinical variables were compared using the Mann-
Whitney U test, and categorical variables were compared using the Fisher
exact test. Significance was established by two-sided P values <0.05 unless
otherwise specified. The Benjamini-Hochberg adjustment was used when
appropriate. Only genes that fulfilled the selection criteria (combination of
both statistical and biological significance criteria; P<0.05, at least two-fold
gene expression difference between studied groups, respectively) were
considered as significantly differentially expressed. Additional supporting
information on multivariable logistic regression, leave-one-out cross-
validation procedure, receiver operating curve analysis, functional inter-
pretation of genes, and prindpal component analysis (PCA) may be found
in the online version of this artide (Supplemental Digital Content, Mate-
rials and Methods).
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6.2 Identifikace ledvin od darcl s rozSifenymi kritérii v riziku opoZdéného rozvoje

funkce stépu

Uvod
Nedostatek orgdn( vede ke zvySenému vyuziti ledvin od darcl s rozsifenymi kritérii,
tzv. ECD darcU, coZ prispiva k vy$sSimu riziku opozdéné funkce Stépu. Cilem této prace

bylo identifikovat ledviny v riziku DGF.

Metodika

K predikci rizika DGF po transplantaci ledviny jsme pouZili histologické hodnoceni
darcovské rendlni biopsie a klinickou charakteristiku darce a ptijemce. Souhrnné
Banffské skdre spocivalo v souctu skore pro intersticidlni fibrézu (Cl), tubuldrni atrofii
(CT), hyalinni ztlusténi arteriol (AH), fibrézni ztlusténi intimy (CV) a procentualni

zastoupeni sklerotizovanych glomerul( (GS).

Vysledky

K opozdénému rozvoji funkce Stépu po transplantaci ledviny doslo ve sledovaném
obdobi u 126 pacientl z 344. U téchto pacientl jsme nalezli vyssi histologické skére
pro intersticidlni fibrozu (Cl), tubuldrni atrofii (CT), fibrézni ztlusténi intimy (CV) a
souhrnné Banffské skére, pficemz jako nezdvislé prediktory DGF se jevily jen Cl a CV.
Souctem ClI + CV jsme vytvofili nové CIV skére, které |épe predikuje DGF (OR 2.68; 95%
confidence interval, 1.55-4.66; P<0.001), neZ sourhnné Banffské (OR, 1.48; 95%
confidence interval 0.85-2.55; P=NS). Kombinace CIV skore s klinickymi parametry
darce (vék + pricina umrti) zlepSila predikci DGF (podrobnosti viz obr. 5). U ledvin s CIV
skore > 1 od darce starSiho 51 let a s anoxickym poSkozenim mozku bylo riziko DGF
riziku DGF, které bylo porovnatelné s rizikem DGF u ledvin od darcli se standardnimi

kritérii (SCD, z angl. standard criteria donor) (29.3% vs. 28.4%).
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Civ 0.659 (0,606 - 0.710) Total Banff score AUC vs, CIV + donor age & death AUC | 0.002
CIV + donor age & death | 0.694 (0,642 - 0.743) CIV AUC ws. CIV + donor age & death AUC 0.027

Obr. 5 ROC analyza predikce opozdéného rozvoje funkce Stépu pomoci souhrnného
Banffského skore, CIV skére a kombinace CIV skére s vékem darce a pri¢inou umrti.
Pozorovali jsme hranic¢ni rozdil v sile predikce DGF mezi souhrnnym Banffskym skére
(ROC AUC 0.626) a CIV skére (ROC AUC 0.659, p=0.051). Pfidanim charakteristiky darce
(vék + pficina umrti) jsme zvysili prediktivni silu modelu (ROC AUC 0.694, CIV AUC vs.
AUC CIV+ vék darce+ pfric¢ina umrti p= 0.027)

Diskuse

Pouziti ledvin od ddarch s rozsitenymi kritérii (ECD) je spojeno s vysSSim rizikem
opozdéného rozvoje funkce $tépu. Rada provedenych studii se zaméfila na predikci
DGF. Bylo vytvoreno mnoho skérovacich systému k lepsi identifikaci ledvin v riziku.
Nicméné, vétSina skorovacich systémi hodnotila pouze klinickou charakteristiku darce
a pfijemce a nezahrnovala histologické hodnoceni darcovského organu. Pravé
histologicky nalez by mohl byt uZiteény pfi zhodnoceni kvality ledvinného Stépu a k
predikci vysledku transplantace. Presto, v mnoha centrech jsou darcovské biopsie
provadéné pouze za ucelem posouzeni orgdnu od marginalnich, tzv. ECD darcd. Kromé
toho se ECD klasifikace bez histologického vysetfeni ¢asto pouziva jako rozhodovaci

nastroj pro pfijeti ¢i odmitnuti ledvinného Stépu.
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Cilem této studie bylo zhodnotit vztah mezi histopatologickym skére, klinickou

charakteristikou darce a pfijemce a rizikem opozdéného rozvoje funkce a identifikovat
faktory, které by mohly pomoci lépe pfedpovédét opozdény rozvoj funkce stépu.
Po zhodnoceni velkého mnoiZstvi darcovskych biopsii jsme vytvofili vlastni kompozitni,
tzv. CIV skére, které nezdvisle predikovalo DGF. Toto inovativni CIV skdore mélo lepsi
prediktivni hodnotu neZ tradi¢ni souhrnné Banffské skére. Pfijemci ledvin s CIV skére >
1, od darce starsiho 51 let a po anoxickém poskozeni mozku byli ve vysokém riziku
opozdéného rozvoje funkce stépu.

Nékolik studii prokazalo vztah mezi histopatologickym nalezem a vysledkem
transplantace. Nicméné, vétSina studii zkoumala asociaci se skére pro jednotlivé
kompartmenty ledviny. Pouze jedna studie hodnotila kompozitni skére, tzv. souhrnné
Banffské skore, které spocivalo v souctu skére pro intersticidlni fibrézu (Cl), tubuldrni
atrofii (CT), hyalinni ztlusténi arteriol (AH), fibrézni ztlusténi intimy (CV) a procentualni
zastoupeni sklerotizovanych glomerull (GS) (Snoeijs et al., 2008). Tato konkrétni studie
vSak nezkoumala nezavislost jednotlivych komponentl skére s vysledkem
transplantace. Nase studie je prvni, ktera poukdzala na to, Ze jen Cl a CV, a ne vSechny
komponenty souhrného Baffského skére jsou nezavislymi rizikovymi prediktory DGF.
Nejen, Ze jsme prokazali, Ze kompozitni CIV skdre je pfi predikci DGF lepsi nez
souhrnné Banffské skore, ale také umoznuje identifikovat podskupinu ledvin od ECD
darcu, které jsou v porovnatelném riziku DGF jako ledviny od SCD darc(. Prediktivni sila
kompozitniho CIV skdre byla srovnatelna u ECD i SCD darcu.

Pfes vSechny snahy najit idealni zplUsob hodnoceni kvality orgdnu zlstava
biopsie darce spolu sklinickou charakteristikou darce a pfijemce nejlepsim
prognostickym nastrojem. Anglicheau et al. (Anglicheau et al., 2008) poukazal na to, Ze
kompozitni klinicko-patologické skére zalozené na kreatininu darce, anamnéze
hypertenze, % glomerulosklerdzy v predimplantacnich biopsiich Iépe predikovalo osud
transplantované ledviny nez skérovaci systémy zaloZzené jen na klinické charakteristice.
Nase vysledky podporuiji roli tradi¢nich rizikovych faktort DGF (napt. vék darce, hladina
sérového kreatininu, anoxické poskozeni mozku darce), ale zdroven poukazuji na
vyznam intersticialni fibrozy (Cl) a fibrointimalniho ztlusténi (CV) v histologickém

hodnoceni darcovské ledviny. Kromé toho nasSe studie zd(raznuje vyznam
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histologického vysetfeni u vSech darcovskych ledvin véetné SCD darcu, protoZze bylo
prokdzano, Ze SCD ledviny s CIV skdre > 1 jsou ve srovnatelném riziku DGF jako ledviny
od ECD darct (40% vs 48%, p = NS). Navic, skupina ECD ledvin pfedstavuje pomérné
heterogenni kohortu s rlznou mirou rizika DGF dle CIV skére. Vysledky nasi studie
podporuji provadéni biopsii ddrcovskych ledvin u vSech bez ohledu na pfislusnost dle

ECD klasifikace.

Zaveér

Inovativni kompozitni histologické CIV skére spolu s klinickou charakteristikou darce
Iépe predikuje riziko DGF nez tradi¢ni souhrnné Banffské skére. Pomoci CIV skére bylo
mozné identifikovat ledviny od ECD darc(, které jsou v nizkém riziku DGF. To by mohlo
ulehcit alokaci orgdnu ¢i vybér imunosupresivniho rezimu. PouZiti v klinické praxi je

potiebné ovéfit na nezavislych kohortach.

Clanek byl publikovan v éasopise Transplantation.

Identification of Expanded Criteria Donor Kidney Grafts at Lower Risk of Delayed Graft
Function. Transplantation, 2013, 15;96(7):633-8.

Kompletni znéni ¢lanku je pfiloZeno v anglickém jazyce.
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CLINICAL AND TRANSLATIONAL RESEARCH

Identification of Expanded-Criteria Donor Kidney
Grafts at Lower Risk of Delayed Graft Function

Peter Balaz,"® Slavomir Rokosn}gj Mariana Woh Iﬁxhrmva,z Peter Woht‘ﬁxhrt,j"w Anastazie Bartonova,®

Eva Pokorna,” Eva Honsova,® and Ondrej Vikt'if:ky2

Background. Organ shortage leads to the increased use of expanded-criteria donor (ECD) kidneys, which contri-
bute to a higher risk of delayed graft function (DGF) after transplantation. The aim of this study was to determine
factors that may better predict the risk of DGE

Methods. Histologic assessments of donor renal biopsy were used with other clinical variables to predict the risk
of DGF after kidney transplantation. The total Banff score equaled the sum of interstitial fibrosis (CI), tubular at-
rophy, arteriolar hyaline thickening, fibrous intimal thickening (CV), and fraction of sclerotized glomeruli.

Results. In total, 126 of 344 patients developed DGF after kidney transplantation. The histologic score for CI, tu-
bular atrophy, and CV and the total Banff score were increased in patients with DGE Only CI and CV were inde-
pendent predictors of DGF (P<0.01). A CIV score (CI+CV; odds ratio, 2.68; 95% confidence interval, 1.55-4.66;
P<0.001) was superior to the combination of the total Banff score (odds ratio, 1.48; 95% confidence interval,
0.85-2.55; P=NS§). A CIV score=1, donorage more than 51 years, and anoxia donor brain injury were associated with
the highest risk of DGE. A CIV<I identified a subgroup of ECDs at a lower risk of DGF comparable with standard-
criteria donors (29.3% vs. 28.4%).

Conclusions. Composite CIV score better identifies ECD kidneys with a lower risk of developing DGF. Morphologic

evaluation of ECD kidneys and donor characteristics may improve kidney allocation.

Keywords: Donor, Biopsy, DGF, Kidney transplantation, ECD.

(Transplantation 2013;96: 633-638)

Expa.nded-criteria donor (ECD) kidneys have been re-
cently used in approximately 50% of kidney transplants
to enlarge the donor pool and to allow patients with end-
stage renal disease to benefit from transplantation (I).
However, the use of ECD kidneys for transplantation is
under debate, because they have a greater risk of developing
delayed graft function (DGF) or poor graft function and
negatively impacting patient survival (2). A robust assess-
ment of organ quality and a full characterization of their
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impact on outcome might reduce the number of discarded
organs, improve allocation, and improve long-term kidney
graft outcomes.

Along with clinical characteristics, donor kidney bi-
opsies remain as the gold standard in many centers (3).
Numerous observational studies focused on patients re-
ceiving kidney transplantation have evaluated the utility
of both dlinical scoring systems (4-6) and histopathology-
based scoring (7-9) for assessing organ quality and predicting
short-term and long-term outcomes before transplantation.
Although the 0-hr kidney biopsy is a routine procedure at
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some sites, due to methodological variation, they have not
been widely accepted as a routine procedure. Also, in some
centers, a 0-hr donor biopsy is included in the standard
workup, but in the case of ECD kidneys only.

ECD classification (10) represents a rigid tool for how
to identify ECDs based on their age, patient history, and cause
of death. Clearly, this selection forms a heterogeneous ECD
cohort with an unequal risk of DGE In contrary, many re-
cipients of standard-criteria donor (5CD) kidneys develop
DGF despite an uneventful surgery and acceptable length
of cold ischemia. Moreover, the interpretation of morpho-
logic findings is often used intuitively and standard guide-
lines have not been introduced into clinical practice (11).

Thus, the aim of this study was to determine the as-
sociation between a histopathologic score and clinical vari-
ables with the risk for DGF and to identify factors that may
better predict the risk of DGF in ECD-positive donors.

RESULTS

Donor and Recipient Characteristics

During the study period, 817 patients received single
deceased-donor kidney transplantation. In 344 (42.1%) kid-
neys that were procured in our center, a preimplantation

Transplantation ¢ Volume 96, Number T, October 15, 2013

donor wedge biopsy was performed. The median (range)
donor age was 53 (17-76) years, history of hypertension was
present in 130 (37.8%) of patients and 30 (8.7%) of donors
had diabetes mellitus. The main cause of donor death was
stroke (190 [55%] cases). The mean donor serum creatinine
was 95.2446.4 pmol/L and estimated glomerular filtration
rate (eGFR) according to the Modification of Diet in Renal
Disease [MDRD] formula was 1.7+0.7 mL/s/1.73 m®. In our
study, 143 (41.6%) donors were assigned as ECD.

The median (range) recipient age was 55 (20-79) years.
The median (range) of dialysis vintage was 696 (428-1072)
days and the meantSD cold ischemic time was 18.0£3.7 hr.
Immediate graft function (IGF) was observed in 218 (63.4%)
of patients and DGF in 126 (36.6%) of patients. A complete
demographic characteristic of donors and recipients is
given in Table 1.

Association of Preimplantation Biopsy with DGF

In the univariate analysis, individuals with IGF and
DGF received donor kidneys that differed in interstitial fi-
brosis (CI), tubular atrophy (CT), and fibrous intimal thick-
ening (CV). Consequently, they also had different total
Banff histopathologic scores, which summarize CI, CT,
arteriolar hyaline thickening (AH), CV, and fraction of

TABLE 1. Donoer and recipient demographic data

Total (n=344) IGF (n=218) DGF (n=126) P*
Donor

Age (range), years 53 (17-76) 52 (17-76) 57 (22-76) =0.001
Males, n (%) 223 (64.8) 144 (66) 123 (62.7) NS
‘Neight, kg 80.75-16.17 79.14:14.99 83.54:17.76 =0.05
History of hypertension, % 130 (37.8) 73 (33.3) 57 (45.2) <005
History of diabetes mellitus, % 30 (8.7) 19 (8.7) 11 (8.75) NS
Cause of donor death, n (%)

Stroke 190 (55.2) 124 (56.9) 66 (52.4) NS

Anoxia 33 (9.6) 11 (5.00 22 (17.5) =0.001

Trauma 108 (31.4) 75 (34.4) 33 (26.1) NS

Other 13(38) 8(3.7) 5 (4.0) NS
Maximal serum creatinine, mmol/L 95.22:46.43 88.6:35.9 106.6:58.8 =0.01
eGFR-MDRED, mL/s/1.73 m’ 1.68:0.71 1.8:0.7 1.5£0.7 =0.01
ECD, n (%) 143 (41.6) 74 (33.9) 69 (54.8) =0.001

Recipient

Age (range), years 55(20-79) 54 (23-79) 56 (20-79) NS
Males, n (%) 233 (67.7) 66.1 706 NS
Dialysis vintage, days 696 (428-1072) 631 (3881010} 806 (515-1338) =0.01
Cold ischemia time, hr 18.02+£3.73 17.7+395 18.55+328 =0.05
Induction therapy, n (%)

Rabbit ATG 70(20) 43 (19.7) 27 (21.4) NS

Basiliximab 19(55) 9 (4.1) 10 (7.9) NS

Alemtuzumab 7(2) 4(1.8) 3(24) NS
% Panel-reactive antibodies (range) 4 (0-24) 4 (0-22 6 (2-24) NS
Retransplantation, n (%) 56 (16.3) 32 (14.7) 24 (19.0) NS
Total HLA mismatches 3(2-4) 3(34) 3(24) NS

“P for comparison of IGF and DGF group.

Diata are expressed as median (interquartile range), except for donor and redpient age, which is expressed as median (min—max), mean'SD, or frequency

(%0) for categorical variables.

ATG, antithymocyte globulin.
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TABLE 2. Histopathologic evaluation of preimplantation biopsies

Total (n=344) IGF (n=218) DGF (n=126) P
ClI score 0(0-1) 0(0-1) 0(0-1) <0.001
CT score 1 (0-1) 1{0=1) 1 (1-1) =005
CV score 0(0-1) 0(0-1) 1 (01} =0.001
AH score 1 (0-1) 1{0=1) 1 (01} NS
Glomerulosclerosis (%) 6 (0-16) 5 (0-15) 9(2-19) NS
Total Banif score 3 (1.184.15) 245 (1-3.99) 3.31 (2.06—-4.71) <0.001
CIV score 1 (0-2) 0(0-1) 1(1-2) <0.001

P for comparison of early-onset and DGF group using Mann-Whitney test.
Data are expressed as median (interguartile range). Total Banff score defined as the sum of CI, CT, AH, CV, and GS. CIV score=compaosite CIV score

(CI+CV score).

sclerotized glomemli (GS). In a generalized linear model
with logit link, CI and CV remained independent predictors
of DGF (P<0.01 and P<0.01, respectively), whereas CT was
not significant ( P=0.63). Therefore, for the purpose of this
study, the sum of two independent DGF predictors, CI
and CV, were combined into a composite variable—CIV
score. Histologic evaluation of preimplantation donor bi-
opsy is shown in Table 2 for the whole group and subgroups
according to graft function development.

Next, the predictive value of the CIV score and the
total Banff score (12) was compared using area under the
receiver operating characteristic (ROC) curve (AUC) anal-
ysis as described by DeLong et al. (13) and by generalized
linear models. There was a borderline difference between
the CIV score ROC AUC and the total Banff score ROC
AUC (P=0.051; Fig. 1), which suggests that the CIV score
alone is at least as good of a predictor of DGF as total Banff
score. However, by adding the donor characteristics to the
model (aget+and cause of death), we were able to better pre-
dict DGF than using histologic scores alone (CIV AUC vs.

CIV+donor age and death, ROC AUC, 0.694; P=0.027; Fig. 1).

Association of Preimplantation Biopsy and
Clinical Parameters with DGF

Due to collinearity between the CIV and total Banff
scores, separate generalized linear models were performed.
Due to the low sample size in separate subgroups of CIV
and Banff scores, and to asses relative risk associated with
histologic changes, both the CIV and total Banft scores were
dichotomized using ROC curve analysis. New categories were
CIV<1 or CIV=1 and total Bantf score=3 or Banftf score=4.
All clinical parameters that were associated with DGF in
univariate analysis were included into the multivariate
model with the CIV and total Banff scores.

In the generalized linear model, the CIV score was
shown to be an independent predictor of DGF together with
donor age, creatinine level, and anoxia injury as the cause
of donor brain death (Table 3). In a separate model, total
Banff score did not predict DGE whereas donor age, creat-
inine level, and anoxia brain injury remained as significant
predictors of DGF (Table 4).

Using classification tree analysis, we are able to show that
CIV score<1 helped to identity a subgroup of ECD-positive

ib
eenen Tt Banll sioe
==V score
08 o w— 0+ donor age B death
JI".r
g 05 '(,'
- #,
s
o 04
0.2+
op-t T T T T
an 02 o4 0g 08 i0
1 - Specificity
| auc (95% i) | p
Total Banff score 0.626 {0.573 - 0.678) Tetal Banff score AUC vs.CIV AUC Quos1
an 00658 {0.606 - 0.710) Total Banff score ALC vs. CIV + donor age & death AUC | QuDD2
IV + donor age & death | 0,684 (0,642 - 0.743) CIV AUC vs. CIV + donor age & death AUC 0.0z

FIGURE 1.

Total Banff score, CIV score, CIV score+donor age, and cause of death ROC curves in DGF prediction. A

borderline difference (P=0.051) was observed between the CIV and total Banff scores for predicting DGFE. By adding the
donor characteristics to the model (age+and cause of death), we were able to better predict DGF than using histologic
scores alone (CIV AUC vs. CIV+donor age and death, ROC AUC, 0.694; P=0.02T).
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TABLE 3. Generalized linear model of DGF predictors
including CIV score

Odds ratio (95%

confidence interval) P

CIV score 268 (1.55—4.66) <0.001
Donor age 1.03 (1.004-1.056) <0.05
CIT 1.0 (0.99-1.01) N5
Donor creatinine 1.009 (1.003-1.015) <0.001
Donor death

Stroke 1.0

Anoxia 5.2 (2.16-12.7) <0.001

Craniotrauma 1.12 (0.63-1.98) NS

Other 1.56 (0.43-5.58) N5
HLA DR mismatch 0.72 (0.49-1.05) 0.09
Danor hypertension 1.16 (0.68—1.98) NS

donors at a lower risk of DGF (see Figure S1, SDC,
http:/flinks.lww.com/TP/A844). The DGF risk in ECD-
positive donors with CIV<1 was comparable with SCDs
(29.3% vs. 28.4%; P=NS). This suggests a superiority of the
CIV score over the ECD definition itself. The predictive
power of the CIV score=1 for DGF prediction did not dif-
fer between ECD-positive donors and SCDs (ROC AUC,
0.6340.03 vs. 0.660.03; P=NS).

To further validate predictive power of our maodel
(CIV score and donor characteristics), internal validation
was performed. We used the split-sample validation of the
model. Cases were randomly assigned to training and test
samples in 60%:40% ratio. In total, 67.6% of patients in
the training sample and 68.9% in the test sample were
correctly classified.

DISCUSSION

The use of ECD kidneys was shown to be associated
with a higher risk for DGF (14, 15). A number of studies
have focused on the prediction of DGF and several scoring
systems were developed to better identify riskier kidney
grafts (4, 6, 16). However, most of the scoring systems
evaluated only the donor’s and recipient’s clinical charac-
teristics, without a histologic assessment of the donor kid-
ney (4, 16-19). Morphologic findings might be helpful for
further assessment of kidney graft quality and for the pre-
diction of outcome (20-22). However, in many centers,
donor biopsies are only performed to assess the organ
quality in marginal donors (ECD). Moreover, ECD classi-
fication without morphologic assessment is frequently used
as a decision-making tool for kidney graft acceptance and
allocation strategy. Thus, the aim of this study was to eval-
uate the association of the histopathologic score and clin-
ical variables with the risk for DGF and to identify factors
that may better predict the risk of DGF, especially in ECD-
positive donors.

In this study that evaluated a large series of kidney
graft biopsies, the composite CIV score independently pre-
dicted DGE Furthermore, composite CIV score, along with
clinical variables, had a better predictive value in comparison
with the total Banff score and clinical variables. Patients
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that received kidney grafts with a CIV score=1 from a donor
older than 51 years after anoxia brain death were at a higher
risk for DGF development.

A few studies have reported the association of histo-
pathologic findings with the graft outcome, such as CV
and CI (21, 23). However, the majority of studies have
tested the association of separate histologic changes. There
has only been one study that evaluated a composite score
(named the “total Banff score”™), which consisted of mea-
surements of CI, CT, AH, CV, and the GS (12). However,
this particular study did not test the independence of the
association of individual score components with graft out-
come. Our study is the first showing that not all the compo-
nents of the total Banff score are independently associated
with the risk of DGE Indeed, we have confirmed that only
the CI and CV are independent risk predictors of DGE

Not only has the composite CIV score been shown to
be superior in DGF prediction over total Banff score, but
also it allows the identification of a subgroup of ECD-
positive kidneys that are at similar risk for DGF as SCDs.
Furthermore, the predictive power of the CIV score in
DGF prediction did not differ between ECD and SCD.

Despite several attempts (24-26), donor kidney biop-
sies, together with the clinical donor and recipient character-
istics, provide the best tool for assessment of tissue quality
and for prognosis (27). Anglicheau et al. (26) showed that
a composite clinicopathologic score based on donor creat-
inine, history of hypertension, and percentage of glomer-
ulosclerosis in preimplantation biopsies was a better predictor
of graft outcome than scoring systems using clinical vari-
ables alone. Our results support the role of traditional risk
factors of DGF (e.g., donor age, serum creatinine level, and
anoxia brain death) but point out the significance of CI
and fibrointimal thickening in histologic evaluation. More-
over, the importance of a histologic evaluation of all donor
kidneys, (including SCDs) is underlined in this study, be-
cause SCD kidneys with a CIV score=1 were shown to be at
a similar risk of DGF as ECD kidneys (40% vs. 48%; P=NS).
Similarly, the ECD group represents a rather heterogeneous
cohort with a range of DGF risk, according to the CIV score.
Based on the study results, we encourage performing kidney
biopsy regardless of ECD classification.

TABLE 4. Generalized linear model of DGF predictors
including Banff score

Odds ratio (95%

confidence interval) P

Total Banft score 1.48 (0.85-2.55) NS
Donor age 1.04 (1.02-1.07) =0.001
CIT 1.0 (0.99-1.01) NS
Donor creatinine 1.008 (1.002-1.014) =0.001
Donor death

Stroke 1.0

Anoxia 4.5 (1.9-10.9) =0.001

Craniotrauma 0.94 (0.52-1.67) NS

Other 1.24 (0.36—4.34) NS
HLA DR mismatch 0.73 (0.49-1.07) NS
Donor hypertension 0.95 (0.55-1.64) NS
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There are some limitations that need to be addressed.
Except for retrospective characterization of the study, the
mild degree of glomerulosclerosis represents some limita-
tion because donor kidneys with a glomerulosclerosis rate
higher than 20% were not accepted for transplantation, as
recommended (7, §). Although a number of studies support
such findings ( 26, 28), others have failed to show a negative
association of glomerulosclerosis with DGF (29-31). To elim-
inate selection bias, it would be of interest to analyze the
predictive power of the CIV score in kidneys with glomer-
ulosclerosis above 20%.

In conclusion, this study introduces a composite
histologic score, which, along with clinical variables, may
better predict the risk of DGF than total Banff score.
Moreover, the composite CIV score might help to identify
ECD-positive subjects at lower risk for DGF whose or-
gans do not have to be necessarily allocated to older re-
cipients; supposedly, their acceptance would not require
use of specific immunosuppressive protocol. Based on re-
sults of this study, we suggest preimplantation biopsies to
be performed as a routine praxis.

NMATERIALS AND METHODS

Study Design

In this retrospective single-center cohort study, the outcome of deceased-
donor kidney transplantation was assessed in patients who had under-
gone kidney transplantation between January 2005 and December 2009
and in whom preimplantation wedge kidney donor biopsies were per-
formed (n=344). Kidneys procured outside our center were not included.
Living-donor kidney transplantation, dual-kidney transplantation, and
patients who lost their graft or died before the first week after transplan-
tation were not considered for further analysis.

Clinical Variables

The following clinical donor variables were evaluated for each donor
before organ procurement: age, gender, weight, history of hypertension,
diabetes mellitus, cause of donor death, and last serum creatinine and
eGFR-MDRD levels (¢GFR wsing the MDRD formula). Donors older than
60 years or between 50 and 59 years with at least two of three risk factors
{death from stroke, preexisting hypertension, or serum creatinine levels
higher than 1.5 mg/dL) were assigned as ECDs (10). Kidney graft reci-
pient variables involved age, gender, dialysis vintage, cold ischemia time,
antithymocyte globulin, basiliximab or alemtuzumab induction, panel-
reactive antibodies and human leukocyte antigen (HLA) mismatches, The
presence of DGF was defined as a need of hemodialysis in the first week (32).

Biopsy and Histologic Assessment

Preimplantation donor wedge renal biopsy was obtained at the time
of organ procurement and, after perfusion with Custodiol solution, was
processed for routine light microscopy. Tissue was embedded in paraffin,
cut in 4-pm-thick sections, and stained with hematoxylin-eosin, periodic
acid-5chiff, Masson's trichrome, and silver methenamine. Biopsies that
contained at least 10 glomeruli and at least one artery were considered
to be representative. Biopsies were evaluated according to Banff criteria
2007 (24). Glomerulosclerosis was given as the percentage of global scle-
rotic glomeruli. The total Banff score was defined as the sum of CI, CT,
AH, CV, and GS, as described elsewhere {( 12),

Statistics

Data with nonnormal distribution are expressed as the median (inter-
quartile range ), the median (min-max) in the case of donor and recipient
age, or the mean-SD if fulfilling normality criteria or the frequency (per-
cent) of categorical variables. Differences between patients with and
without DGF were compared using the Mann-Whitney U test for non-
normally distributed continuous variables, the Student’s f test for normally
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distributed continuous variables, or chi-square test for categorical variables.
Fisher's exact test was employed when the expected number in a cell for a
categorical variable was less than 10,

Histopathologic lesions significantly differing between DGF categories in
univariate analysis were afterwards tested in the multivariate model. Due to
a nonnormal distribution of varables, we used a generalized linear model
with logit link. Classification tree analysis was done using parameters that
significantly differed in univariate analysis between graft function onset
groups. All analyses were done using SPSS version 19 software (Chicago, IL).
A two-sided P<0.05 was considered to be statistically significant.
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6.3 Intrarenalni exprese gentli po indukéni Iécbé antithymocytarnim globulinem a vliv

opozdéného rozvoje funkce stépu

Uvod

Indukéni terapie je spojena s vybornymi jednoroénimi vysledky transplantaci ledvin.
Cilem této studie bylo vyhodnotit rozdily v trankripénim profilu vybranych gen(
v biopsii Stépu ledviny po Uspésné indukéni terapii kralicim antithymocytdrnim
globulinem (polyklonalni deplecni protilatkou) a zhodnotit vliv opoZzdéného rozvoje

funkce Stépu na rozdily v expresnim profilu.

Metodika

Pomoci techniky real-time RT-PCR jsme v biopsii Stépu 3 mésice po transplantaci
kvantitativné urcili expresi 376 kandidatnich genu pro toleranci, zanét, T-a B-bunécnou
imunitni odpovéd a apoptézu. Zkoumali jsme vzorky z protokoldrni biopsie ledvin s
nerejekénim histologickym ndlezem po indukci Thymoglobulinem nebo ATG-Fresenius

(ATG-F) a v kontrolni skupiné bez indukéni 1é¢by.

Vysledky

Profil exprese gen(i ve $tépu ledviny po indukci Thymoglobulinem byl odlisny od profilu
po indukci ATG-F, rozdily byly v expresi 18 genl z376 mérenych. Po indukci
Thymoglobulinem jsme pozorovali snizenou expresi genli zapojenych do drahy pro NF-
kB (TLR4, MyD88, CD209), kostimulaci (CD8, CTLA4), apoptézu (NLRP1), chemotaxi
(CCR10) a funkci dendritickych bunék (CLECAC). P¥i hierarchické klastrové analyze se
transkripéni profil po indukci Thymoglobulinem zfetelné odliSoval od ATG-F a byl

podobny kontrolni skupiné (obr. 6).

Diskuse
Predchozi klinické studie poukdazaly na rozdily v Ucinnosti a bezpecnosti [éCby krali¢imi
antithymocytdrnimi thymoglobuliny (rATG). V této studii jsme zjistili, Ze indukce

Thymoglobulinem byla spojena s potlacenim signalni drahy pro NF-kB, funkci

56



dendritickych bunék, chemoatrakci, apoptdzu a kostimulaci, tj. mechanisma, které se
Ucastni jak pfirozené, tak adaptivni imunitni odpovédi.

Predpoklada se, zZe transplantované ledviny s normalnim histologickym nalezem
a stabilni renadlni funkci vykazuji heterogenni molekuldrni fenotyp, coz vysvétluje
naslednou  klinickou variabilitu v potransplantatnim  prbéhu. Molekularni

heterogenita $tépl je pravdépodobné disledkem rozdilné imunosuprese.
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Obr. 6. Nekontrolovana hierarchicka klastrova analyza pouzitim 18 rozdilné
exprimovanych geni. Expresni profil po indukci ATG-F se jasné odliSuje od vzorkd bez
indukce ¢&i po indukci Thymoglobulinem. Cervend barva oznaduje zvy$enou expresi,
zelena barva sniZzenou expresi genl (hodnoceno jako relativni kvantita vztazena ke
kalibratoru a tzv. endogennimu housekeeping genu)- podrobnosti viz metody a

prilozend pdf verze originalniho ¢lanku).

V nasi studii jsme prokazali, Ze indukéni terapie Thymoglobulinem navozuje u
imunologicky vysoce rizikovych pacientl transkripéni profil podobny nizkorizikovym

pacientim bez indukéni 1é¢by, a Ze tento profil je odliSny od pacientl Ié¢enych ATG-F.
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Podobnost genového expresniho profilu u pacientdl po indukéni lécbé
Thymoglobulinem a u pacientd bez indukce naznacuje podobnou uroven aktivace
imunitni odpovédi ve Stépu i pres zjevné rozdily vimunologickém riziku. Toto
pozorovani posiliuje tvrzeni predchozich studii, které ukazaly, Ze Thymoglobulin je
bezpecnd a ucinnd indukéni IéCba u senzitizovanych pacientd k HLA antigenlim
k prevenci rejekce po transplantaci ledviny (Eckardt et al., 2009).

V minulosti byl prokdzan odliSny immunomodulaéni potencidl ATG-F a
Thymoglobulinu a spekulovalo se o silnéjsSim antirejekénim ucéinku u Thymoglobulinu
(Muller et al, 1999). Segregace ATG-F od skupiny s Thymoglobulinem
v nekontrolovaném hierarchickém klastrovani naznacuje, Ze na regulaci alogenni
odpovédi po indukci rozdilnymi rATG se podileji rizné mechanismy. Ukazali jsme, Ze u
ATG-F dochazi i pres aktivaci signalni cesty pro NF-kB a genl podilejici se na funkci
dendritickych bunék ke zvysSeni aktivity pfirozené imunity, kterd je dle recentnich
zjisténi soucasti akutni rejekce (Obhrai et al., 2006).

Dendritické buriky, nejsilnéjsi antigen prezentujici buriky, jsou povaZovany za
potenciondlni cile pro potlaceni alloreaktivity a navozeni tolerance. Bylo prokazano, ze
rATG interferuji s diferenciaci, zrdnim a imunitni funkci dendritickych bunék a to pravé
pres aktivaci NF-kB (De Creus et al., 2005). NF-kB reguluje expresi genll zapojenych do
ischemicko/reperfuzniho poskozeni, rejekce 3$tépu a transplantaéni tolerance.
K aktivaci NF-kB dochazi také u akutniho posSkozeni ledvin v mife zavislé na stupni
inflamace (Rangan et al., 1999). Inhibitory a antagonisté aktivace NF-kB mély pfiznivy
efekt v experimentalnim modelu poskozeni ledvin (Sanz et al., 2010). VySe uvedené
naznacuje, Zze aktivace NF-kB hraje kritickou roli pfi zanétlivém poskozeni ledviny.

V nasi studii jsme prokazali nizsi expresi gen( pro aktivaci signdlni drahy NF-kB v
transplantované ledviné po indukéni 1é€bé Thymoglobulinem. Dale jsme pozorovali
upregulaci AK3L1, potenciondlniho toleranéniho ukazatele, jehoz genové fragmenty
byly identifikovany v séru myssiho modelu tolerance (Sawitzki et al., 2007). Na rozdil
od jinych pracovnich skupin (Feng et al., 2008, Lopez et al., 2006) jsme nenasli rozdily
v genové expresi tolerantniho FoxP3. Tyto vysledky jsou v souladu s pozorovanim,
které nepotvrdilo zvysenou upregulaci FoxP3 mRNA transkriptl 2 roky po transplantaci

(Louis et al., 2007). Vysvétlenim je, Ze k optimalni tvorbé T regs dochazi pfi podstatné
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nizsi koncentraci rATG nez je sérova koncentrace dosazend standardnim davkovanim
rATG po transplantaci ledviny (AbouZahr et al., 2007).

Ackoliv je v soucasnoti pouziti indukéni 1éCby znacné rozsifené, malo se vi, co
udrZuje tzv. imunitni ticho kratce po transplantaci. Proto jsme se rozhodli analyzovat
tfimésicni  protokolarni biopsie a prozkoumat probihajici molekularni procesy
v transplantované ledviné se stabilni renalni funkci, bez anamnézy rejekce a po indukci
rATG. Limitaci této studie byl nizky pocet pacientl a popisny charakter studie. Na
strané druhé, jednalo se o prvni studii, kterd zkoumala tuto specifickou situaci a
poskytla nové informace jak dva rlzné krali¢i antithymocytarni globuliny kontroluji
imunitni odpovéd' in vivo.

Vzhledem k vys$si incidenci opozdéného rozvoje funkce stépu po indukci ATG-F
nas zajimalo, jestli pozorovany rozdil vtranskripénim profilu neni didsledkem DGF.
Dopliujici experiment neprokdzal rozdilnou expresi kandidatnich genl mezi Stépy
s opozdénym a okamzitym rozvojem funkce $tépu, coz podporuje teorii, Ze pozorované

rozdily jsou disledkem rozdilné indukéni IS 1é€by.

Zaveér

| pfes normalni morfologicky nalez v tfimési¢ni protokoldrni biopsii a stabilni renalni
funkci je intrarendlni trankriptom u pacientl |éCenych rGznou indukéni terapii
(Thymoglobulin vs. ATG-F) odlisny. U vysoce rizikovych pacientd po indukci
Thymoglobulinem byl transkriptom podobny nizkorizikové skupiné bez indukce.
Domnivame se, Ze potlaéeni signalni drahy pro NF-kB po indukci Thymoglobulinem
muzZe svédcit pro ucinnéjsi alloimunitni regulaci a vysvétlovat Uspéch této biologické

|é¢by v klinické praxi.

Clanek byl publikovan v ¢asopise Transplantation.

Differential regulation of the nuclear factor-kB pathway by rabbit antithymocyte

globulins in kidney transplantation. Transplantation. 2012 Mar 27;93(6):589-96.

Kompletni znéni ¢lanku je pfiloZeno v anglickém jazyce.
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Basic AND EXPERIMENTAL RESEARCH

Differential Regulation of the Nuclear Factor-«B
Pathway by Rabbit Antithymocyte Globulins in Kidney
Transplantation

Mariana Urbanova,'” Irena Brabcova,” Eva Girmanova,” Filip Zelezny,” and Ondrej Viklicky™*

Background. Induction therapy is associated with excellent short-term kidney graft outcome. The aim of this study was
toevalaate differences in the intragraft transcriptome after saccessfol induction therapy using two rabbit antithy mocyte
globulins.

Methods. The expression of 376 target genes involved in tolerance, mftammation, T- and B-cell immune response, and
apoptosis was evahiabed nsing the quantitative real- time reverse-transcriptase pobymerase chain reaction {2 ~45) method in
kidney graft biopsies with normal histological findings and stable renal fanction, 3 months posttransptantation after inchac-
tion therapy with ThymoghotmBin, ATG-Fresenins 5 (ATG-Fl, and a control group withoat indoction therapy.

Results. The transcriptional pattern induced by in differed from ATG-Fin 18 differentially expressed genes.
Drvovwm-regulation of genes invobred in the maclear factor-w B pathweay { TLR4, MYDES, and CO209), costimulation ( CDEMand
CTLAL), apoptosis (NLEP ), dhemoattraction (CCRIND), and dendritic cell function (CLECYC) was observed in the biopsies
from patients treated with Thymoglobuline A hierarchical dustering analysis dearly separated the Thymoghobulin group
from the ATG-F groap, while the control groap had a similar profile as the Thymoglobulin group.

Conclusions. Despite normal morphology in graft biopsy taken 3 months posttransplantation, the intrarenal tran-
scriptome differed in patients treated with induction therapy using different rATGs. In the Thymoglobulin high-nsk
group, the transcriptome profile was identical to the low-risk group. Therefore, the down-regnlation of the nuclear

factor-w B pathway after Thymoglobalin induction in vivo & likely to explain the clinical success of this biologic.
Eeywords: Kidney transplantation, Induction, tATG, Tolerance, PCH, Transcriptome.

(Tramsplanseson 2012:93; 589-506)

Im:lucr.inn immunosuppression with polyclonal rabbit anti-
thymocyte globuline (rATGs) has been used in kidney
transplantation to prevent rejection in patients at higher risk
{1). The long-term kidney graft function remains stable after
rATG induction in the majority of patients; however, the im-
munologic mechanisms responsible for these effects are mot
fully understood. Several immunomodulatory mechanisms
of tATG have been proposed, incloding T-cell depletion (by
apoptosis, complement-dependent lvsis, or Fc receptor-
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mediated antibody-dependent cellular lysis), modulation of
cell surface antigens, and leukocyte-endothelium interac-
tions [ 2—4). The effects of rATG have been studied primar-
ily in T and B cells, although more recent data suggest that
dendritic and natural killer cells are relevant targets for the
immunosuppressive action of rATGs (5-7). Recently,
rATG was shown to induce the expansion and enrichment
of CD4+CD25+FoxP3i+ regulatory T cells (Tregs) in
vitro, which down-repulate the alloimmune response and have
been implicated in tolerance induction in an experimental set-
ting (5 9). Similarly, Minamimura et al. (10} suggested that
rATG may preferentially deplete conventional T cells bt spare
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Tregs. Thymoglobulin and ATG-Fresenius S (ATG-F) represent
rATGs that are approved for clinical use but differ in the manu-
facturing process: human thymocytes were used as the immuno-
gen for creating Thymoglobulin, while Jurkat human cells were
used to immunize rabbits in the development of ATG-F. More-
over, both rATGs have different immunomodulatory potential
that is independent of their capacity to deplete T cells (11-13).

The efficacy of both Thymoglobulin and ATG-F has also
been studied in clinical trials. As an induction agent, Thymo-
globulin was shown to be superior in the prevention of rejection
(14) and improvement of patient survival and graft acceptance
(15). Other studies have reported that the efficacy of both bio-
logics was similar {16, 17), although some differences in the ob-
served side effects have been reported (14-18).

To date, little is known about the effects of TATG
induction on the transcriptome of renal allografts. We hy-
pothesized that Thymoglobulin and ATG induce unique
transcriptome profiles, including genes involved in the main-
tenance of transplantation tolerance, when used as inductive
agents in immunologically high-risk patients who had not
experienced rejection and had normal kidney graft function 3
months postinduction. To investigate this possibility, we
quantified the intragraft messenger RNA (mRNA] expression
of 376 genes involved in tolerance, inflaimmation. T- and B-
cell immune response, and apoptosis in 3 months protocol
biopsy in patients who received induction immunosuppres-
sion with Thymoglobulin or ATG-E.

RESULTS

Patients’ Demographic Data

Twenty-four patients were enrolled in the study. The
demographics and distribution of clinical variables are sum-
marized in Table 1. Nine low-risk patients did not receive
induction therapy (control group), 10 high-risk patients re-
ceived induction immunosuppression with Thymoglobulin,
and an additional 5 patients received induction with ATG-F.
Dielayed graft function {DGF), which was defined as the re-
quirement for dialysis within the first week after transplanta-
tion, developed in 3 of 5 grafts in the ATG-F group, 1 of 10
grafts in the Thymoglobulin group, and 1 of 9 grafts in the
control group (P=20.05). Despite these differences in graft
function development, the renal function did not differ
among the studied groups at the time of biopsy.

Clinical Follow-Up

The patients were followed for 2 years after transplan-
tation, and no decrease in function, graft loss, or patient death
was observed in either group (Table 1). One patient from the
control group experienced a subsequent episode of clinical
acute T-cell-mediated rejection at day 186 after transplanta-
tion because of noncompliance but was successfully treated
with methylprednisolone.

T-Cell Deplation

T-cell depletion was effectively sustained in both stad-
ied groups, although absolute T-cell (CD3+ ) counts on day &
were significantly lower in the Thymoglobulin group than the
ATG-F group (962 vs. 1642642 cells/ul, respectively:
P=20.01). However, the clinical relevance of this difference
was negligible.

Transplantafion * Volume 93, Number &, March 27, 2012

Transcriptional Analysis Distinguishes ATG-F
Grafts From Thymoglobulin Grafts

Twenty-four renal biopsy samples were analyzed and
the relative expression levels of 376 candidate genes were
measured and normalized using the housekeeping gene glye-
Efa!dd:}rde 3 phasphure dfh_}lﬂ!mgenaje {GAPDH). Despite
stable renal function and identical histology with normal
findings from protocol biopsies of patients in all three groups,
the transcriptional pattern of the biopsies was markedly different
in the ATG-F group compared with the Thymoglobulin and
control groups. A comparison of mRNA expression profiles of
the ATG-F group with the Thymoglobulin group identified 18
penies that were differentially expressed (Table 2; Fig. 1).

The most significant finding was the differential ex-
pression of nuclear factor-xB (NF-xB)-associated genes,
which suggested higher activity of this pathway in the ATG-F
group. Specifically, the gene expressions of Toll-like recepior 4
(TLR4), transmembrane receptor qfd-endrfﬂr cells (CD209),
which is an initiator of innate immunity through modulation
of TLR, and myeloid differentiation primary response gene 88
(MYD38), which is an adapter protein used by TLRs to acti-
vate MF-xB, were all increased in the ATG-F group. The
ATG-F group showed a significant decrease in NF-wB repress-
ing factor {(NKRF) expression, which is a mediator of tran-
scriptional repression of certain WF-xB-responsive genes,
prostaglandin E receptor 3 ( PTGER3), which s a suppressor of
proinflammatory factor production through inhibition of
NF-xB activity (19, mitogen- -ackivated prrotein kinase B
(MAPKS), which is required for TNF-x induced apoptosis,
and TNF-receptor superfamily 21 (TNFRSF21), which is an
activator of NF-xB. The observed upregulation of the NF-xB
pathway was validated by an enrichment analysis (P=0.05).

ATG-F induction also resulted in the upregulation of
J:ynfrimrmn—rrredfured mnrfﬂ:_,v mcfprur{RHﬁ.Mhﬂ and throm-
boxan a synthase 1 (TEXASI) and genes involved in dendritic
cell function (CLEC4C), costimulation (CDE80 and CTLA4),
apoptosis (NLRPI), and chemoattraction (CCRIJ) com-
pared with Thymoglobulin. In contrast, Thymoglobulin in-
duced the upregulau’nn -Dfn'dfrr_p'l'me kinase 3-like 1 (AK3LI),
which is a novel immune tolerance marker (20), CXCLI4,
which is a chemotactic factor for immature dendritic cells,
TMEM I76B, which is a factor that suppresses the maturation
of dendritic cells, and MTHFR. In regards to the described
tolerogenic potential of rATG in vitro, we only detected
FoxP3 transcripts in a few biopsies, and FoxP3 mBRNA expres-
sion did not differ between the studied groups (data not
shown).

Hierarchical Clustering

Transcriptome analysis confirmed that the transcripts in
the Thymoglobulin group were distinct from the ATG-F group.
Supervised hierarchical clustering analysis revealed that the
main split in the dendrogram clearly distinguished the ATG-F
group from the Thymoglobulin group. Moreover, gene expression
profiles in the control group were similar to the Thymoglobulin
group (see Figure, SDC 1, httpolinks. ww.comy/ TP/ A595). Un-
supervised hierarchical chustering analysis using 18 differentially
expressed genes from a univariate analysis demonstrated a dif-
ferent gene expression pattern for ATG-F samples based on clear
separation from the other samples (Fig. 2).
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TEBLE 1. Patient's demographics and clinical characteristics
Control Thymeglobulin ATG-Fresenios
(n=9) (n=1) {n=5] P
Recipient
Age (yr) 448+13.15 57+5.94 536*17.15 NS
Sex (% male) 55 B ] NS
BMI (kg/m™) 2490+395 25.60%4. 16 25.68+35 NS
PRA (%] a67x10.2 TLIOE16.% &7 20+ 14.87 <0.001
Domor age (yr) 41.56*12.27 EL3x15.84 4643+ 12,88 M5
Total HLA mismatch 4.00+0.87 380123 280084 NS
Cold ischemia time (hr) 176429 1877 x2.68 18.28+3.31 NS
ECIY donor 19 {11.1%] &/10 {6090} 1/5 {25%) =005
Delaved graft function® 179 {11%) 1710 { 10%) 345 (60%) <1001
Serum creatinine {pmol/L)
m 3 111.8x28.9 127.4>41.26 1176+ 1569 NS
vl 111633423 130,06+ 46.54 103.40+21.1 M5
yr2 14938 = 129.65 140,03 £ 68,58 1022421979 NS
A Cr(yr l—mo 3] — 1292366 2661176 —1420x12.11 NS
A Cr(yr 2—mio 3] 37613049 12.63+31.54 —1536*11.51 NS
GFR estimated with MDRD {mlfsec)®
mo 3 L0a+0.23 094029 098026 NS
wrl LI0*0.35 096019 L11+0.21 NS
yr2 091 +0.41 0.86+0.32 1.03+0.21 NS
A MDBD (yr 1—mo 3) 007 +£0.23 —L04x0.34 013038 NS
A MDBRD (yr 2—mo 3) —D15x0.41 —.03x0.2 005025 NS
Proteinuria {g/d}
mo 3 01201 0.21%0.12 019014 NS
vl 004 +0.25 0.18x0.15 020020 NS
w2 Lle+0.13 0.27+0.29%9 0UDE+D.05 NS
A proteinuria (yr 1—mo 3) —DE=x0.11 003018 02 +0.18 NS
A proteinuria (yr 2—mo 3} Qo5 x0.01% 0.06+0.33 —0.1 =018 NS
Patients with acute refection (mo 3-12) 1 0 0 MS
Protocol biopsy Do +9.06 95+5.03 GE+8T3 M5
{d after Tx)

Diata are expressed 25 mean= S0 (50 or n(%).

* Dielayed graft function was defined as a need for dialysis within the first week after transplanitation.

b MDRD formula: (1700 [SCr] ~" = [Age] """ [0.762 If patlent 15 femalie][1. 18 if patient 1s black]<[BUN] ~* ™= [AIb]").

BMI, body mass index: PRA, panel reactive antibody: HLA, human lenkocyte antigen; ECD, extended criteria donor GFR, glomeralar filtration rates
MDERD, modification of diet in renal disease: Tx, transplantation: M5, not significant.

The Observed Difference Between Two rATG
Agents Is Not a Consequence of DGE

To determine whether the different gene expression
profiles were related to DGF, an additive experiment was per-
formed. In total, 33 renal allografts were included in the ad-
ditive study, including 19 grafts with primary graft function
and 14 grafts with DGF. The patient demographics and clin-
ical characteristics are shown in Supplemental Table | (see
Table, SDC 2, https//links.lww.com/TP/A596). The additive
experiment did not show a statistically significant difference
in the expression of the investigated genes between grafts
with and without DGF (Table 3). These data provided ad-
ditional evidence that the differences observed in our study
were not the consequence of DGF but were due to the
different rATGs used.
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DISCUSSION

Differences in the efficacy and safety profile between
rATGs have been observed in previous clinical trials. In this
study, we showed that Thymoglobulin induction was assodi-
ated with down-regulation of NF-xB signaling, dendritic cell
function. chemoattraction, apoptosis, and costimulation in
rejection-free grafts from patients with normal histology and
stable function compared with ATG-F. We found that the
transcriptome of patients treated with these two regimens
differed in a cluster of genes associated with the NF-«B path-
way and dendritic cell activity, which are involved in innate
and adaptive immunity, respectively.

Itis possible that kidney transplant recipients with nor-
mal histological findings in protocol biopsy may differ in
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TEBLE 2.

Target genes differentially expressedin
biopmes from patents treated with Thymoglebulin vs.

ATC-Fresenius
Target
gene Thymeglobulin ATG-F P

AK3LI 2.54 {1.65—6.38) 0.757 (0.01-1.72) <005
CCRIO 0{0-0) E.711 (0-54.04) =0.05
Co20s 0 {00} 17.86 (15.52-101.00  -=0.01
CIE0 0{0-0) 65658 (51.73-71.71)  =0.05%
CLECHC 0{0-0) 12.91 (3.21-136.27) =005
CTLA4 0 {00} 108,376 (23.04-14%.89) =00001
CXCLI4 0.85 {0L67-3.67) 0.237 (0.23-0.57) =0.05
HMMR 0LD0SS (0—0.09) 0.529 (0.51-1.41) =0.05
MAPKS 1.22 {0.79-1.69) 0.082 (0.04-0.38) <005
MTHFR 1.06 (0.68—1.18) 0.443 (0.43-0.55]) =005
MYDES 1.09 {0.56-1.3%] 2257 (1.89-£.7) =005
NERF 1.29 {0.95-2.01) 0 {00} =0.001
NLRPI 0 {00} 1071 (B.93-41.94] =20.01
PTGER2 1.1{1.03-55] 0.438 (0.44-0.74) <005
THXASI 0.14 {0.06-0.47) 0.797 (0.72-2.93) =005
TLR4 0 {00} 160875 (151.33-1485.1) =20.05
TMEMI76R 0.65 {0.57-0.86) 0.33 (0.32-0.34) =10.01
TNFRSFZI 1.63 {0.92—4 84) 0.496 (0.38-0.72) =005

Diata are expressed as gene expression levels RO [median (Interguartile

range) | normalized to glyceraldshyde 3 phosphate defydrogenase.
* According to the Mann-Whitney LT test with adstment for multiple
Comparisons.

their molecular phenotype, which could ultimately deter-
mine the clinical variability observed posttransplantation.
The ongoing allogeneic immune response, which was only
manifested by distinct molecular changes and the absence of
morphological and functional alterations, may explain the
different posttransplant outcomes in patients with identical
histological findings. Therefore, it is hypothesized that the
molecular heterogeneity of such biopsies is a consequence of
the different immunosuppressants used.

In our study, induction therapy with Thymoglobulin in
high-risk patients was shown to induce an identical transcrip-
tome profile as low-risk subjects who had not received induction
therapy but differed from patients treated with ATG-F. The ho-
mogeneity of the gene expression profile from patients in the
Thymoglobulin and control groups suggests a similar level of
immune response to the graft despite the apparent difference
in immunologic risk. These observations strengthen previous
studies showing that Thymoglobulin induction is a safe and
efficient therapy for sensitized patients to prevent rejection
after kidney transplantation. Importantly, this therapy op-
tion is recommended by Kidney Disease: Improving Global
Outcomes guidelines (1, 21, 22).

Thymoglobulin and ATG-F were previously shown to
have different immunomodulatory potential, and Thymo-
globulin was hypothesized to have stronger antirejection
effects (11-13). The segregation of ATG-F from the Thymo-
globulin pattern in unsupervised hierarchical clustering sug-
gests that different mechanisms are involved in the regulation
of an allogeneic response. Here, we show that the differences
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in gene expression patterns predominantly involved the up-
regulation of the innate immune system through activation of
the NF-xB signaling pathway and genes involved in dendritic
cell function, which were observed in the ATG-F group. Re-
cently, increasing evidence has supported a role for the innate
immune system in acute allograft rejection (23). Dendritic
cells, the most potent antigen-presenting cells of the innate
immune system, are regarded as potential tarpets for sup-
pressing alloreactivity and induction of allograft tolerance. In
addition, it has been reported that rATGs interfere with DC
differentiation, maturation, and immune function through
NF-xB activation (24).

NE-xB regulates the expression of genes involved in isch-
emic-reperfusion injury, graft rejection, and transplant toler-
ance. MF-xB is also activated in acute kdney injury, and its
activation correlates with the severity of inflammation (25).
Moreover, inhibitors and antagonists of NF-«B activation have
been shown to have a beneficial effect in an experimental model
of kidney injury (26, 27). Together, these findings suggest that
NF-«B activation plays a critical role in renal inflammation.

In this study, we showed that the expression level of penes
involved in activation of the NF-xBsignaling pathway was lower
in renal allografis after induction treatment with Thymoglobu-
lin compared with rATG. We also observed the upregulation of
AK3L1 in Thymoglobulin allografts, which seems to be a poten-
tial mowel toletance marker, as fragments of this gene were iden-
tified in the serum of a rat model of acceptance (20). In contrast
to Loper et al. and Feng et al, who found an expandon of
CD4+CD25+FoxP3+ Tregs in vitro (8. 9), we did not find
differences in FoxP3 gene expression after rATG induction,
which is a defining functional marker of this cell type. These
results are in agreement with the observation by others showing
that FoxP3 mRNA transcripts were notupregulated 2 years post-
transplantation (28). Moreover, the optimal concentration of
rATG for the in vitro generation of Tregs seems to be markedly
lower than the serum concentration achieved after treatment
with standard rATG doses (29).

Although inductive agents are excessively used in
kidney transplantation, little is known about how these drugs
maintain silencing of the immune system during the initial
posttransplant period. Therefore, we chose to analyze biop-
sies 3 months posttransplantation to explore ongoing molec-
ular processes in stable kidney alloprafts after different
induction treatments were administerad, in patients who had
not showed previous rejections. To the best of our knowledge,
this study s the first attempt aimed at analyring this specific
clinical setting. Although the study was limited by the sample
size and descriptive nature, these findings provide new infor-
mation on how the different rATGs control the immune re-
sponse in vivo. In conclusion, we have demonstrated that
Thymoglobulin and ATG-F induction induce a different in-
trarenal transcript profile in patients 2 months postirans-
plantation despite normal morphology and stable kidney
graft function. Moreover, induction therapy with Thymo-
globulin in high-risk patients was shown to induce an identi-
cal transcriptome profile in low-risk subjects who had not
received induction therapy. The differential gene expression,
which resulted in lower activity of NF-xB-dependent path-
ways, seems to favor better alloimmune regulation in Thymo-
globulin induction.
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MATERIALS AND METHODS

Study Design

To analyze the tolerance patential of TATGs, we first identified all pattents
recelving induction Immunosappression with Thymoglebulin or ATG-F
treatment whio had normal histelogy in protocol bsspsy, stable kidney graft
fumction without protelnara or Infection, and no rejection history. Protocol
renal blopsies were performed at the third month posttransplantation during
2005 to 2008, Rigorous sample selection was based on normal morphologic
Andings according to the Banff 2005 classification and absence of acate ta-
buelar mecrosts, interstittal fibrosts and tubuwlar atrophy, and inflammatory
Infiltrate. A1l pattents treated with tATGs had panel reactivity antibody maore
tham 504 and were consldered to be at high risk for rejection. The control
groap conslsted of patlents considered to be at low risk for rejection (pane
reactivity antihody-<2006: first kidney transplantation) amd recetved cal-
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cineurin inhibitor-based immunosappressants with mycophenolate maofietil
(MMF) and sterodds. All patients were monitored for 24 months. The Ethlcs
Committee ofthe Institute for Clindcal and Experimental Medicine approved
the study protoool and all patients signed informed consent to participate in
the study {[nstitational Review Board approval numbrer GOE-08-10).

Therapy

Recipients at high risk of rejection recelved Induction therapy with Thy-
maglobulin (Thymoglobulin, Genzyme Corporation, Cambridge, MA) or
ATG-F (Fresenius AG, Bad Homburg, Germany) according to our center
practice 3t certain time pertods (ATG-F: 1V2005—-032007: Thymaoglobulin
0372007 to present). The rtATG theraples were inittated introoperatively and
fodlowed daily untll the sixth postoperative day according to the manufac-
mrer’s recommendation. In case of side effects, the TATG doses were re-
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TABLE 3. Expresmon profiles of target genes from patenis with delayed graft function vs. poimary function

Target gene PGF (n=19) DMGF (n=14) Uncorrected P valuc®
AK3LI 0.504 (0.375-0.599) 0.527 (0.3693-0.6318) NS

CCRIO 1.333 (0.000-3.068) 1.5045 {0.000-13.3125) NS

CD20e 0.11% (0.074-0.232) 0.1815 {0.082-03708) M5

CIDE0 0.14 (0.000-1.27%) (0L.668 (0.0225-1.911) NS
CLECHC 10.985 {(0.000-26.815) 12.16 (0.9113—42_3823) NS

CTLA4 0.152 (0,000 10,40 03455 (.21 88-1.9870) NS

CXCLT4 28.665 (17.654-35.398) 28874 (20.7965—47 6458} N5

HMMR 0.642 (0.245-1.157) 06475 (0.2105-1.0Z21) NS

MAPKS 0.086 (0.064-0.113) 0071 (0.0615-0.089) NS

MTHFR 3.33 (2.635-3.925) 3,195 {2.4285-3 8585) M5

MYDSS 0.365 (0.255-0.606) 0.523 (0.318-0.6163) NS

NEKRF 0.264 (0.173-0.375) 0279 (0.2003-0.3473) NS

MLRPI 0.648 (0.330-0.972) 0.76 {0.444-0.85593) NS
PTGERZ 1.737 (D.906-3.372) 1.539 (1. 1895-2.9113) N5

THXAS] 0.296 (0.206-0.599) 0.4175 {0.2753-0.69) NS

TLR4 0.087 (0.033-0.160) 00825 (0.023-0.202) NS
TMEMI76B 2.429(2.176-2.873) 2.56({2.1873-2.975) M5
THWFRSF21 7.634 (6.37-8.458) 7.1235 (5.8553-3.6318) NS

Dtz are expressad 25 gene expression levels RO [median (Interquartile range)] normalized to glyceraldshyde 3 phosphate defypdrogemase.
Delayed graft fanction 1= defined as 2 need for dialysts within the first week after transplantation.

* According to the Mann-Whitney LT test.
NS, not signdficant.

duced. The final cumuolative doses of Thymoghebulin and ATG were
6.03 =089 and 11.82+1.2% mg'kg. respectively. The efficacy of rtATGs for
depleting peripheral T cells was evaluated by determining the absolute
CI3+ counts in peripheral Wood on day &. 1t 1s aocepted that CD3+ T-cell
counts below 50 cells’pl represent profound and adequate depletion (3],
All patients recelved malntenance immunosuppressant therapy with Ta-
crolimus [Prograf; Astellas Pharma, Inc, Deerfield, IL), MMF [Cellcept:
Roche Laboratories. Mutley, NI, and predmisone.

Protocol Biopsy
Protocol kidney graft biopsy was performed tn accordance with our center
practice 3 months postiransplantation. Histological examination was inter-
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preted according to the 2005 Banff working dassificatton criterta. & small
partion (2 mm) of the cortical zone of the biopsy specimen was immediately
placed in the ENA later $tabilization Reagent (Cagen) and stored at —200r
—80°C for RNA extraction.

RNA Extraction and Complementary DNA
Synthesis

Renal tissue was homogenized and total FLNA was 1solated using RNA blue
reagent [Top-Bio sro., Crech Republic) according to the manufacbarer’s
Instructions. BNA was elated in 30 pl. of BNase-free water. The parity and
concentration of the BN A were assessed on an ultraviolet-visible spectroph-
tometer {NanoDrop 2000, Thermo Sdentific). The ENA tsolation method
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routinely used in our laboratory was validated and standardized on reference
samples, thereby eliminating errors and ensuring the same standard across all
measurements. The quality of RNA samples obtained by standard isolation
protocol was assessed using the Agilent 2100 Bioanalyzer (Agilent Technol-
ogies). An RNA integrity number of 8 to 10 indicated high-quality RNA that
was suitable for further analysis. Samples were stored at —80°C. A total
amount of 2 pg RNA was used for complementary DNA synthesis using
Superscript Reverse Transcriptase (Nitrogen, CA) according to the manufac-
turer’s instructions. RNA was treated with DNase, and only complementary
DNA samples without genomic DNA contamination were used for TagMan
low-density array (TLDA) analysis.

Real-Time RT-PCR Analysis Using TLDAs

Gene expression profiling was performed uwsing a custom-made TLDA to
analyze 376 candidate genes known to have implications in the immune
response (chemokine defense, apoptosis, inflimmation, tolerance, and
TGFB signaling [see Table, SDC 3, httpy/links.lww.com/TP/AS97]). A
quantitative real-time Reverse-transcriptase polymerase chain reaction assay
based on TLDA technology was performed as previously described (31) and
data were quantified using the SDS 2.4 software package (Applied Biosys-
tems, Foster City, CA).

Expression Data Analysis

Relative gene expression values were generated from TLDA analysis using
the comparative 2~ **“ method for relative quantification (RQ)) (32}, which
is implemented in the Applied Biosystems R} Manager Software v1.2.1 (Ap-
plied Biosystems). To calculate the RO of target genes in transplanted kidney
after induction with Thymoglobulin compared with ATG, one sample from
the control group was designated as the calibrator. Using the 242, the data
are presented as the fold change in gene expression normalized to an endog-
enous reference gene and relative to the no induction control.

Additive Experiment

To exclude the effect of DGF on the study results, we additionally evalu-
ated the expression patterns of genes that significantly differed between the
Thymoglobulin and ATG-F groups in biopsies obtained from patients 3
months posttransplantation who had experienced DGF or primary graft
function. Grafts experiencing DGF due to surgical complications or rejection
episodes were not induded. All patients received an immunosuppressive
regimen consisting of Tacrolimus, MMF, and steroids without induction
treatment.

Statistical Analysis

Statistical analyses were performed using SPSS v.17.0 (SPSS, Inc., Chi-
cago, IL) and GraphPad InStat v. 3.05 for Windows (GraphPad Software, San
Diego, CA). A Student’s ¢ test and the analysis of variance were applied to the
variables following a normal distribution. Based on the distribution of the
gene expression data, we performed nonparametric testing and data were
expressed as median and interquartile ranges. The significance of differential
gene expression among the control, Thymoglobulin, and ATG-F groups was
determined using Kruskal-Wallis test. Post hoc intergroup comparisons
were made using the Mann-Whitney test with adjustment for multiple com-
parisons. Significance was defined as a two-sided P value less than 0.05.
Unsupervised hierarchical clustering that grouped together genes with sim-
ilar expression patterns was performed with StatMiner 3.0.0 Software (Inte-
gromix, Madrid, Spain} and MultiExperiment Viewer 4.6.0 (TM4, Boston,
MA). The putative enrichment of the NF-«xB pathway was performed using
the Global test method as previously described (33, 34).
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6.4 Predikce akutni rejekce po transplantaci ledviny vySetifenim exprese tolerantnich

genu v periferni krvi

Uvod

Nedavno byl identifikovan molekuldrni profil pacientd s operacni toleranci

po transplantaci ledviny s dlouhodobé funkénim Stépem bez imunosuprese. Exprese
genu asociovanych s toleranci v periferni krvi pacientl uzivajicich imunosupresi nebyla

zatim podrobné objasnéna.

Metodika

V této prospektivni studii jsme méfili expresi 8 vybranych genl popsanych u
nemocnych s operacni toleranci (MS4A1,CD79B, TCL1A, TMEM176B, FOXP3, TOAG-1,
MAN1A1, a TLR5). Vysetfili jsme vzorky periferni krve u 67 pacientd v dobé
transplantace ledviny a dédle 7., 14., 21., 28. den a 2., 3., 6., 9., 12. mésic po vykonu.
Soucasné byla vySetfena intrarendlni genovd exprese v biopsiich Stépu. PouZzitim
pratokové cytometrie jsme stanovili pocet B lymfocytl (CD45*CD19*CD3"). Porovnali
jsme expresni profily pacientl s akutni rejekcii, hranicnimi zménami a bez rejekce.
K analyze longitudinalnich dat jsme poutZili generalizovany linedrni smiSeny model

s gamma distribuci pro opakované méreni, adjustovany na indukéni [é€bu.

Vysledky

U pacientl bez rejekce, pfipadné s hrani¢nimi zménami jsme pozorovali signifikantné
vyssi pocet perifernich B-lymfocytd v porovnani s pacienty s akutni rejekci (obr. 7). Ve
skupiné pacientd s nerejekénim ndlezem jsme zjistili signifikantné vyssi expresi gena
pro MS4A1 (CD20), TCL1A, CD79B, TOAG-1, and FOXP3 v porovnani s pacienty s rejekci.
Nejvyssi rozdily jsme pozorovali v prlbéhu prvnich tfech mésicl. Naopak, gen pro
TMEM176B (TORID) byl upregulovan u pacientl s rejekci. Podobny trend jsme

zaznamenali i pfi porovnani pacientd s hrani¢nimi zménami.
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Obr. 7. Absolutni pocet perifernich B lymfocyti v periferni krvi pacientl s akutni
rejekci, hranicnimi zménami a u pacienti bez rejekce v 1. roce po transplantaci

ledviny. Vyssi pocet B lymfocytli jsme pozorovali u pacientl bez akutni rejekce.

Diskuse
Uspésné dlouhodobé preziti §tépt je spojeno se slabou aloimunitni odpovédi. U téchto
pacientd neni nutnd potentni imunosupresivni léc¢ba, kterd mlze mit ¢etné vedlejsi
ucinky. Spolehlivy test by pomohl identifikovat pacienty vhodné k minimalizaci léCby.
Nékteré imunitni bunky maji schopnost regulovat a udriet alloimunitni ticho.
V minulosti se pozornost soustredila na T lymfocyty. Mélo se védélo o roli B lymfocytu
pfi navozeni a udrZeni transplantaéni tolerance. Myslelo se, Ze B lymfocyty jsou v prvni
fadé asociované se vznikem akutni protildtkami zprostfedkované rejekce a spojené
s horsi progndézou (Zarkhin et al., 2008). V rozporu s tim, byl nedavno popsan vztah
mezi zvySenou expresi genl pro B-lymfocyty a lepSim vysledkem lécby akutni rejekce
(Scheepstra et al., 2008) (Viklicky et al., 2010).

U tolerantnich pacientt se stabilni renalni funkci bez imunosupresivni 1é€by byl
popsan zajimavy transkripéni profil. Nejvyznamnéjsi byl vztah mezi toleranci a

zvySenou expresi B lymfocytarnich transkriptl jako i zvySenym poctem B lymfocytl
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v periferni krvi v porovnani s pacienty s chronickou rejekci (Louis et al., 2006, Newell et
al., 2010). Malo se vi o B-lymfocytdrni expresi u pacientl se stabilni renalni funkci na
imunosupresivni Ié¢bé. Proto jsme provedli 12ti mésicni prospektivni observaéni studii
s monitoraci znamych ukazatel(l opeacni tolerance. Cilem této prace bylo na zakladé
vySetieni exprese kandidatnich genl identifikovat pacienty se slabou aloimunitni
odpovédi, ktefi by mohli profitovat z minimalizace imunosuprese.

U pacient bez rejekce jsme pozorovali zvySeni transkriptd asociovanych
s toleranci jak v periferni krvi, tak i v rendlni tkani v prvnim roce po transplantaci
ledviny Nejvyraznéjsi rozdil byl vexpresi genl asociovanych s funkci B lymfocytu
v prvnich 3 mésicich po transplantaci.

V regulaci imunitni odpovédi hraji zasadni roli regulaéni T lymfocyty (Treg). Bylo
prokadzano, ze FoxP3, hlavni transkripéni faktor asociovany s Treg je downregulovany
v krvi, moci a rendlni tkani pacientd s akutni rejekci a upregulovany u pacientl bez
rejekce (Bestard et al., 2008). Exprese genl asociovanych s toleranci (TOAG-1 a alpha-
1,2-mannosidaza) byla snizend v periferni krvi a renalni tkani pacientl pred rejekci. To
by mohlo mit vyznam v klinické praxi pfi monitoraci pacient(l po transplantaci (Sawitzki
et al., 2007). V nasi studii jsme zaznamenali vys$si expresi FoxP3 a TOAG-1 v periferni
krvi pacientl bez rejekce, zatimco intrarenalni exprese TOAG-1 byla u $tép( s akutni
rejekci snizena.

Pti rozhodovani o osudu Stépu je dllezité sloZzeni populace B lymfocytl. Naivni
a prechodné B lymfocyty jsou spojeny s dlouhodobym prezitim Stépu a toleranci,
zatimco pamétové B lymfocyty s omezenym prezitim Stépu a rejekci (Kirk et al., 2010).
Nase studie potvrdila klinicky vyznam nedavno popsanych ukazatel(i tolerance
asociovanych s B lymfocyty. Exprese téchto gen( byla potlaéend v periferni krvi
pacientl s ¢asnou akutni rejekci.

Mnoho studii analyzovalo tolerantni pacienty s dlouhodobou funkci Stépu. Nase
studie poskytla odliSny pohled, kdyZ se zabyvala ukazately operacni tolerance ve
v€asném potransplanta¢nim prlbéhu u pacientl s vysokymi davkami imunosuprese
v pribéhu akutni rejekce. Ukazatele asociované s naivnimi a zralymi B lymfocyty byly

upregulované v periferni krvi pacientd bez rejekce ve vcéasnych mésicich po
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transplantaci. To by mohlo znacit expanzi B lymfocytl pfi nizké alloimunitni odpovédi
Na konci sledovaného obdobi se tyto rozdily smazaly.

Vtéto studii jsme analyzovali pacienty shraniénimi zménami jakou
samostatnou skupinu. Pfesto, Ze Banffskd klasifikace nepovazuje hrani¢ni zmény za
rejekci, mnoho center podava pulzy steroidd klécbé. Ukazalo se, Ze pacienti s
hrani¢nimi zménami reprezentuji nehomogenni kohortu s odliSnym molekuldarnim
profilem v porovnani s akutni T burikami zprostfedkovanou rejekci (de Freitas et al.,
2012). Zajimavosti je, Ze v nasi studii byla exprese tolerantnich transkriptd v periferni
krvi a renalni tkani ve skupiné s hrani¢nimi zménami podobna skupiné s nerejekénim
nalezem. Tato prospektivni observacni studie je prvni studie, kterd ovéfila vztah a
protektivni roli tolerantnich transkriptll asociovanych s B lymfocyty u pacientl po

transplantaci ledviny na imunosupresivni [éCbé.
Zavér

Pozorovali jsme zvySenou expresi genl pro B lymfocyty u pacientl bez rejekce

podobné jako u pacientl s operacni toleranci bez imunosupresivni 1éCby.

Clanek byl publikovan v ¢asopise Transplantation.
B-cell-related biomarkers of tolerance are up-regulated in rejection-free kidney

transplant recipients. Transplantation. 2013 Jan 15;95(1):148-54.

Kompletni znéni ¢lanku je pfiloZeno v anglickém jazyce.
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CLINICAL AND TRANSLATIONAL RESEARCH

B-Cell-Related Biomarkers of Tolerance are
Up-Regulated in Rejection-Free Kidney
Transplant Recipients

Ondrej Viklicky,"*” Eva Krystufkova,' Irena Brabcova," Alena Sekerkova,” Peter Wohlfahrt,*

Petra Hribova," Mariana Wohlfahrtova," Birgit Sawitzki,” Janka Slatinska,” Ilja Striz,”

Hans-Dieter Volk,” and Petra Reinke®

Background. Molecular signatures have recently been identified in operationally tolerant long-term kidney trans-
plant patients; however, their expression in patients on immunosuppression remains unclear.

Methods. In this prospective study, the gene expression profiles of eight selected tolerance-associated genes (MS4AT,
CD79B, TCLIA, TMEMI76B, FOXP3, TOAG-1, MANIAL and TLR5) in the peripheral blood of 67 kidney trans-
plant recipients at days 0, 7, 14, 21, 28, 60, 90, and at 6 and 12 months, and in graft biopsies were measured. Similarly,
using flow cytometry, CD45"CD19*CD3™ B-cell counts were evaluated in the follow-up. Expression patterns were
compared among patients with biopsy-proven acute rejection, borderline changes, and in rejection-free patients.
A generalized linear mixed model with gamma distribution for repeated measures adjusted for induction therapy
was used for statistical analysis of longitudinal data and Kruskal-Wallis test for case biopsy data.

Results. Compared to patients with rejection, a significantly higher number of peripheral B cells were observed
during follow-up in rejection-free patients and in patients with borderline changes. Gene expression patterns of
MS4AT (CD20), TCL1A, CD79B, TOAG-1, and FOXP3 genes were significantly higher in rejection-free patients as
compared to rejection group with the highest differences during the first 3 months. In contrast, TMEM 1768 (TORID)
was up-regulated in the rejection group. Similar trends were also observed between patients with borderline changes
and acute rejection. Higher intragraft expression of TOAG-1 was observed in rejection-free patients.

Conclusions. These observations suggest an association of B-cell signatures, seen also in drug-free tolerant patients,

with controlled alloimmune response.

Keywords: Kidney transplantation, Tolerance, B cell, TCL-1, CD20, Rejection.

(Transplantation 2013;95: 148-154)

Successful, long-term kidney transplants have been shown
to be associated with reduced alloimmune response.
However, immunosuppression therapies can be associated

This study was supported by a grant from the Internal Grant Agency from the
Ministry of Health of the Czech Republic, no. IGA MZCR NS 10517-3/2009,
and by the Grant Agency of the Czech Republic, grant no. P301/11/1568.

O.V. is a recipient of a grant from the Internal Grant Agency from the
Ministry of Health of the Czech Republic (No. IGA MZCR NS 10517-
3/2009) and a grant from the Grant Agency of the Czech Republic
(No. P301/11/1568). O.V, B.S, H.-D.V., and P.R. are supported in
part also by RISET (EU FP6 program) and Bio-DrIM (EU FP7
program).

The authors declare no conflicts of interest.

" Transplant Laboratory, Institute for Clinical and Experimental Medicine,
Prague, Czech Republic.

* Department of Nephrology, Transplant Center, Institute for Clinical and
Experimental Medicine, Prague, Czech Republic.

* Department of Clinical and Transplant Immunology, Institute for Clinical
and Experimental Medicine, Prague, Czech Republic.

* Department of Preventive Cardiology, Cardiclogy Center, Institute for
Clinical and Experimental Medicine, Prague, Czech Republic.

* Institute of Medical Immunclogy and Berlin- Brandenburg Center for Regen-
erative Therapies (BCRT), Charité University Medicine, Berlin, Germany.

148 | www.transplantjournal.com

12

with several side effects (I), and for many patients, triple
drug regimens are not necessary because of weak alloreac-
tive responses. Therefore, the development of reliable tests
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that may help identify patients suitable for drug minimiza-
tion is needed.

It has been shown that some immune cells exhibit
regulatory functions (2-5) necessary for alloresponse qui-
escence. While more attention has been focused on regula-
tory T-cell function, little is known regarding B cells in the
context of induction and maintenance of transplantation
tolerance. It was thought that B cells were primarily associ-
ated with development of antibody-mediated immune re-
sponse, and B-cell clusters in kidney graft tissue were shown
to be associated with poor prognosis (6). More recently, and
contrary to this observation, several groups incduding ours
have found B-cell signatures to be associated with better
early rejection outcomes (7, 8). Interestingly, operationally
tolerant patients who had stable graft function despite the
absence of immunosuppressive therapy for more than 1 year
presented with distinct molecular signature. Most promi-
nent and reproducible in different studies and crossover
validations was the relation between operational tolerance
and enhanced expression of B-cell-related transcripts as well
as enhanced flow cytometric B-cell counts in the peripheral
blood compared to patients with chronic rejection (9-11).
However, little is known about the expression of B-cell sig-
natures in stable transplant patients who are still on im-
munosuppression, and particularly about the kinetics of this
particular expression pattern posttransplantation. There-
fore, we performed a 12-month prospective observational
study to monitor known markers associated with kidney
transplant operational tolerance. Here, we demonstrated
that B-cell-related and operational tolerance-associated tran-
scripts were up-regulated in peripheral blood in rejection-
free kidney transplant recipients as early as within the first
year posttransplantation.
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RESULTS

Using flow cytometry and quantitative real-time RT-
PCR, peripheral lymphocyte subsets and mRNA expression
profiles of eight operational tolerance-associated genes were
prospectively monitored in peripheral blood in 67 patients
during the first 12 months posttransplantation.

After 1 year follow-up, the patients were categorized
into (1) rejection-free group (n=33 [49.2%]), patients with-
out any positive protocol or case biopsy; (2) acute rejection
group (n=14 [20.9%]), patients who experienced clinical
or subclinical acute rejection confirmed in case biopsies or
3-month protocol biopsies, respectively; and (3) borderline
changes group (n=20 [29.9%]), patients in whom border-
line changes were confirmed in case biopsies and 3-month
protocol biopsies. Acute rejection (diagnosed histologically
according Banff "05 classification) group consisted from
T-cell-mediated rejection (TCMR) IA in three patients, TCMR
IB in one patient, TCMR IIA in two patients, TCMR IIB
in two patients, antibody-mediated rejection (ABMR) in four
patients, and combined TCMR IIA plus ABMR in another
two patients. Rejection episodes occurred at median 7.5 (min
5; max 219) days after transplantation. There was one
steroid-resistant rejection treated thereafter with rabbit anti-
thymocyte globulin (rATG) successfully. All other rejections
responded to given therapy. Characteristics of all studied
groups are shown in Table 1.

Tolerance Markers in Peripheral Blood

The constantly higher relative and absolute flow cy-
tometric CD19" B-cell counts were observed in peripheral
blood samples examined from patients without rejection
and in patients with borderline changes compared to pa-
tients with acute rejection (both P<0.0001; Fig. 1). During

TABLE 1. Study group characteristics

Rejection free Bordedine changes Rejection P

Number 33 20 14
Clinical/subclinical histological findings — 11/9 10/4 ns
Gender (M/F) 16/17 6/14 4/10 ns?
Recipient age (years)® 55 [35; 68] 47 [21;70] 58 [32; 78] 0.0554
Donor age (yr)® 46 [16; 75] 57 [36; 74] 57 [22; 71] 0.05°°
Dialysis vintage (yr)® 2.0 [0.2; 6.4] 1.7 [0.6; 5.8] 2.9 [0.6; 9.4] ns*
Retransplantation (n) 9 4 3 ns”
HLA MM* 3]1; 5] 3[2;6] 4 [1;5] 0.05%
PRA (%) 32 [0; 96] 12 [2; 86] 28 [0; 82] ns*
CIT (hr)® 16.4 [7.7; 20.7) 17.0 [12.4; 21.0] 155 [10.8; 20.8] ns*
Induction (n/%) 23/69.7 13/65.0 10/71.4 nsb

rATG (n/%) 16/48.5 5/25.0 5/35.7 n.'.ii’

basiliximab (n/%) 7/21.2 8/40.0 5/35.7 ns®
TAC/TsA (n) 32/1 19/1 12/2 ns
DGF 5 8 8 <0.05°

4 Median [min; max].
Chi-square test I value.
 Kruskall-Wallis test P value.

Dunn’s Multiple Comparison Test: “Significant difference between borderline changes and the rejection group, Significant differences berween the rejection-

free and the bordedine change group, and Significant differences between the rejection-free and the rejection group.

Basiliximab, anti-[L-2 receptor alpha monodonal antibody; CIT, cold ischemic time; CsA, cycdosporin A; DGF, delayed graft function; HLA MM, HLA

mismatch; PRA, historical panel reactive antibodies; rATG, rabbit antithymocyte globulin; TAC, tacrolimus.
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FIGURE 1. Absolute numbers of peripheral B cells

(CD45'CD19°CD37). B-cell numbers were measured by
flow cytometry in peripheral blood of patients with a di-
agnosis of acute rejection (dotted line), borderline chan-
ges (BL, dashed line), or rejection-free patients (solid line)
over a l-year follow-up period. Higher absolute numbers
of peripheral blood B cells were observed in rejection-free
patients compared to patients who rejected their grafts.
Data are presented as estimated marginal means+SEM.

follow-up, all three B-cell-related genes expression levels
(MS4Al1, TCLIA, and CD79B) were higher in the peripheral
blood of rejection-free patients and in patients with bor-
derline changes compared to patients with acute rejection;
the differences were more obvious during the first 6 months
while at the end of the follow-up the differences were neg-
ligible (MS4AI, P<0.0001 and P<0.05, Fig. 2A; TCLIA, both
P<0.0001, Fig. 2B; CD798, both P<0.05, Fig. 2C). No sig-
nificant differences were observed between patients with
borderline changes and rejection-free patients.

In contrast, TMEMI1768 (an immature dendritic cell
marker, known as TORID) expression was up-regulated in
acute rejection patients compared rejection-free patients
(P<0.05; Fig. 3A). No significant differences in TMEMI1768
expression were observed between patients with border-
line changes or rejection-free patients. Compared to patients
with acute rejection, FOXP3, a master transcription factor
of regulatory T cell, was up-regulated in rejection-free pa-
tients (P<0.0001) and in patients presenting with border-
line changes (P<0.05; Fig. 3B). No significant differences in
FOXP3 expression were observed between patients presenting
with either borderline changes or rejection-free patients.
The FoxP3-to-MANIAI ratio was significantly higher in
rejection-free patients compared to acute rejection like the
FoxP3 marker alone (not shown).

TOAG-1 expression in rejection-free patients was
higher compared to patients presenting with either border-
line changes (P<0.0001) or acute rejection (P<0.05; Fig. 3C).
No significant differences in TOAG-1 expression were ob-
served between patients presenting with borderline changes
and acute rejection group individuals. Finally, there were no
significant differences in TLR5 gene expression patterns
between groups (data not shown). No significant differences
were observed in expression levels of all analyzed genes and
in peripheral B-cell counts pretransplantation in any group.
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FIGURE 2. Relative quantities (RQ) of MS4Al, TCLIA,
and CD73B mRNA measured by gRT-PCR analysis of
peripheral blood from patients with a diagnosis of acute
rejection (dotted line), bordedine changes (BL, dashed line),
or rejection-free patients (solid line) over a l-year follow-up
period The expression levels of three B-cell-related genes
MS4A]1 (R), TCLIA (B), and CD79B (C) were higher in rejection-
free patients during the first months posttransplantation.
Data are presented as estimated by marginal means+SEM.
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FIGURE 3. Relative quantities (RQ) of TMEM 1768, FOXP3,
and TOAG-] mRNA measured by gRT-PCR in the peripheral
blood of patients with a diagnosis of acute rejection (dotted
line), borderline changes (BL, dashed line), or rejection-
free patients (solid line) during a l-year follow-up period.
Expression of the TMEMI 76 gene (A) was up-regulated in
patients with acute rejection and FOXP3 (B) and TOAG-1 (C)
were down-regulated in rejection-free patients. Data are
expressed as estimated marginal means!SEM.
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When discriminating according to the rejection type,
the altered expression of B-cell-related genes in periph-
eral blood were comparable in all rejection groups but
were most prominently noticed, along with lowest peripheral
B-cell counts, in two patients with repeated T-cell-
mediated rejection and combined TCMR (see Figure SI,
SDC, http://links Iww.com/TP/A749).

In the multivariate analysis, number of human leu-
kocyte antigen (HLA) mismatches, age of donor and recip-
ient, induction therapy used, and tacrolimus concentration
in blood were associated with expression of studied genes.
However, even after adjustment for these factors, the dif-
ference between groups with and without rejection episode
remains significant.

Tolerance Markers in Kidney Graft Tissues

Little is known about intragraft expression patterns of
operational tolerance-associated genes originally described
in peripheral blood of operationally tolerant patients. There-
fore, we analyzed the expression patterns of the eight opera-
tional tolerance-associated genes in specimens from kidney
graft case biopsies.

mRNA was isolated in sufficient amounts from kid-
ney graft tissue biopsies in 16 cases in whom rejection was
suspected. Biopsies were performed early postsurgery (me-
dian 14 days). In seven patients, the case biopsy precluded
acute rejection, four patients exhibited borderline changes,
and acute rejection was diagnosed in five patients (TCMR in
four cases and ABMR in a single case).

Both TOAG-1 and TMEMI76B (TORID) genes were
up-regulated in biopsies harvested from patients not pre-
senting with acute rejection compared to patients with acute
rejection; the differences in TOAG-1 intragraft expression
reached statistical significance (P<0.05, Fig 4). There were
no significant differences in the expression profiles of other
analyzed genes in the biopsies of patients with or without
rejection (data not shown).

DISCUSSION

The aim of this study was to monitor expression pat-
terns of several genes associated with tolerance achieved
clinically or experimentally during early-phase posttransplan-
tation in patients with intense immunosuppression in order
to see whether tolerance-associated markers might discrim-
inate low or high responders quite early and might possibly
guide minimizing immunosuppression. Over a 12-month
period, this prospective study identified the up-regulation of
several operational tolerance-related genes in the peripheral
blood and kidney graft tissues of rejection-free patients. Maost
differently regulated genes in the peripheral blood were asso-
ciated with B-lymphocyte function and the most significant
differentially expressed transcripts were identified within the
first 90 days.

Analyzing the data, there are clear evidences for im-
munoregulation in rejection-free patients compared to acute
rejection group. Regulatory T cells (Treg) have been suggested
to play a critical role in immune response regulation (12}.
FOXP3, the master transcriptional factor associated with Treg
cells, was shown to be down-regulated in blood, urine, and
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FIGURE 4. Relative quantities (RQ) of TOAG-I and

TMEMI76B mRNA were measured in lddney graft biopsy
specimens in patients with histological signs of acute re-
jection (AR), borderline changes (BL), and from rejection-
free patients (RF). Significant up-regulation of TOAG-I
gene in biopsies without acute rejection was observed.
Data are expressed as the median and interquartile range.

kidney graft tissues of patients presenting with acute rejection
and up-regulated in patients with successful grafts (13-15).
A role for both tolerance-associated gene 1 (TOAG-1) and
the alpha-1,2-mannosidase gene were evaluated in experi-
mental models. Expression of both genes was down-regulated
in peripheral blood and graft tissues prior to rejection, sug-
gesting that these markers may be useful for monitoring in
clinical transplantation (16). A significant difference in the
FOXP3-to-n-1,2-mannosidase expression profile ratio was
observed between patients with operational tolerance and
chronic rejection (10). In the present study, patients who
did not experience acute rejection during the first year had
consistently higher FOXP3 expression levels and similarly
FOXP3-to-n-1,2-mannosidase expression ratio (not shown)
in peripheral blood. Similarly, the expression pattern of
TOAG-I gene was constantly increasing during the follow-
up in patients without rejection. Moreover, intragraft ex-
pression of TOAG-I gene was lower during early acute
rejection in our study, suggesting this marker to be further
validated in the clinical transplantation.

Recently, the composition of the B-cell compartment
was shown to be important in determining graft outcome.
Naive and transitory B cells have been suggested to be as-
sociated with long-term graft function and operational tol-
erance; in contrast, memory B cells have been associated
with limited graft survival and rejection (10, I7, 18). This
study validated the clinical relevance of recently described
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B-cell-related markers of operational tolerance as early as
within the first year posttransplantation. These genes were
down-regulated in peripheral blood during the initial post-
transplantation period in patients with acute rejection. Of
note, the most reduced flow cytometric peripheral B-cell
counts and the expression of B-cell-related transcripts in
peripheral blood were observed in two patients with repeated
T-cell-mediated rejection and combined ABMR. In the In-
dices of Tolerance study (10), microarray analysis identified
CD79B (a B-lymphocyte antigen receptor complex compo-
nent that includes surface immunoglobulin) as a top oper-
ational tolerance discriminating gene. In our study, there
was significantly higher expression of this gene in peripheral
blood observed in patients with successful transplants dur-
ing follow-up.

The most prominent differences in gene expression levels
observed in this report were observed in two genes, MS4A1
and TCLI MS4A1 (CD20) is a transmembrane protein ex-
pressed on premature and mature B cells, and CD20 tran-
scripts have been shown to be differentially expressed in
tolerant kidney transplant recipients compared to other pa-
tient groups (10, 11, 19). Similar differences were observed in
our study also in T-cell leukemia/lymphoma 1 gene (TCLI).
The physiological expression of this oncoprotein is limited
to the early developmental stages of cells (including immune
cells), and its expression was significantly elevated in naive B
cells and B cells with prolonged survival (20, 21). Specifi-
cally, expression of TCLIA appears to be important because
the expression of this protein was highest in immature cells,
but low or absent in mature B cells (22). In this study, genes
associated with naive and immature B cells were up-regulated
in peripheral blood during several posttransplantation months.
Recently, CD20 and TCLI were found to be differentially
regulated in tolerant patients not taking immunosuppres-
sive drugs compared to patients with stable grafts (10, 11).
Similarly Brouard et al. (19) compared gene expression pro-
files between operationally tolerant patients and patients with
interstitial fibrosis and tubular atrophy and found up-
regulation of CD20 and TCLI in tolerant patients.

All three widely cited studies (10, 11, 19) analyzed
operational long-term kidney transplant patients, but clearly
there was a deficiency in analyzing tolerance markers during
early-phase posttransplantation if the patients were still on
high-dose immunosuppression and during acute rejection.
Thus, our prospective study provided a different perspective.
First, markers associated with naive and immature B cells were
consistently up-regulated in peripheral blood during the initial
months posttransplantation of rejection-free patients. How-
ever, by the end of the follow-up period, these differences
nearly disappeared. This might indicate that B-cell expan-
sion is associated with a “quiet” immune system (or even
might be responsible for this). At the end of the follow-up,
there was a clear trend towards reduced expression of B-cell-
related tolerance markers in rejection-free patients rather
than their increase in the rejection cohort. Thus, the effect of
maore intensive antirejection immunosuppression in patients
with rejection was likely without any effect on our observation.

One of the genes analyzed, TMEM176B, originally de-
scribed as TORID, was described as overexpressed in tolerated
heart allografts in a model of tolerance induced by donor-
specific blood transfusion with long-term survival without
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signs of chronic rejection (23). Because this molecule was
preferentially expressed on resting macrophages and den-
dritic cells, we can only speculate as to its role in active
tolerogenic pathways (23). Our observation demonstrating
increased expression of this gene in blood of patients with
acute rejection suggested that it was associated with allo-
antigen presentation and inflimmation, suggesting that the
tolerogenic potential of this molecule remains to be defined.

In the present study, patients with biopsy-proven bor-
derline changes were analyzed as an independent cohort.
Despite the fact that the Banff classification system did not
consider borderline changes as rejection, many centers ad-
minister i.v. steroids to treat patients presenting with these
changes. Recently, it has become clearer that patients pre-
senting with borderline changes represent a nonhomogenous
diagnostic group presenting with different molecular pathol-
ogy compared to that observed for TCMR (24). Interestingly,
in this study tolerance-associated transcript expression pat-
terns in peripheral blood and in graft tissues were similar
between rejection-free patients and patients with biopsy-
proven borderline changes.

In this study, we used general linear mixed model for
statistical analysis because it allowed us to increase the sta-
tistical power to detect differences in groups with small
sample size. Low power due to low sample size did not allow
us to test temporal differences among groups, and this fact
may represent a limitation of the present study.

This prospective observational study, to our knowl-
edge, is the first to validate the association and putative
protective role of tolerance-associated, B-cell-related tran-
scripts in kidney transplant patients still on standard immu-
nosuppression. Whether this observation forms the ground
for a more simplified and safer drug minimization (or elim-
ination) strategy can only be answered following prospective
biomarker-based interventional studies.

MATERIALS AND METHODS

Patients and Samples

Consecutive deceased donor kidney transplant recipients (n=75) were
enrolled in this single-center study between September 2009 and November
2010. Informed written informed consent was obtained from all partici-
pants, and the study protocol was approved by the Ethics Committee of the
Institute for Clinical and Experimental Medicine (No. 608-08-10).

Sufficient mRNA was obtained from 67 patients during seven out of
nine sampling ime points. Patients were treated according to the center’s
immunosuppression treatment protocol consisting of triple maintenance
therapy that comprised a calcineurin inhibitor (tacrolimus or cyclosporin A),
mycophenolate mofetil, and corticosteroids with or without induction
therapy basad on their immunological risk. Patients with panel reactive anti-
bodies (PRA) greater than or equal to 50% or patients with previous renal
transplintation recetved 1 to 1.5 mg/fkg/day of rATG (Thymoglobulin; Gen-
zyme Corporation, Cambridge, MA, USA, n=26) in two to seven doses
during week 1 postsurgery. Patients with PRA 20% to 49% or those who
received a kidney from an extended criteria donor were treated with 20 mg
of basiliximab (Simulect; Novartis, Basel, Switzerland, n=20) on days 0 and
4. Low-risk patients (PRA <20%) received no induction therapy (n=21).
Peripheral blood samples were collected at the following time points: before
transplantation and on days 7, 14, 21, 28, 60, 90, and 6 and 12 months
posttransplantation.

Histology and Treatment of Rejection
Kidney graft biopsies were performed based on clinical indications (case
biopsies) or as defined by the protocol 20 days after transplantation. In
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total, 76 case biopsies and 64 protocol biopsies were performed. Acute re-
jection was diagnosed according to the Banff '05 classification (25). Bor-
derline changes and T-cell-mediated rejection (TCMR) grades I and 1TA
were treated by administering 1.5 to 2 g methylprednisolone, TCMR grades
B and I1I and steroid-resistant TCMR were treated using rATG (10 doses;
2 mg/kg on day 1 and 1 mp'kg for 2-10 days), and antibody-mediated re-
jection (AMR) was treated by plasma exchange and intravenous immuno-
globulin alternately over a 10-day period.

Flow Cytometry and Isolation of Peripheral
Blood Mononuclear Cells

Venous blood samples were collected into sterile tubes containing EDTA
Lymphocytes from peripheral blood (100 pL; approximately 1x 10° cells)
were labeled with a four-color monoclonal antibody panel CYTO-STAT
tetraChrome CO45-FITC/CD56-RD1L/CDI$-ECDY (D 3-PCS (Bediman Coulter,
Brea, CA, USA) diluted in PBS-BSA (phosphate buffered saline-bovine se-
rum albumin) buffer for 20 min at room temperature in the dark. Red
blood cells were lysed using OptlyseC (Beckman Coulter). B cells were
defined as CD457CDN9CD3 .

Following staining, samples were analyzed using an FC 500 flow cytometer
(Beckman Coulter) with CxP and Kaluza software (Beckman Coulter). Flow
cytometric analyses were performed with at least 100 gated events.

Gene Expression Analysis and RNA Isolation

Peripheral blood was drawn directly into PAXgene tubes (Qiagen, Hilden,
Germany) according to the manufacturer’s protocol, frozen, and stored
at —20°C untl analyzed. Whole-blood BENA was extracted using the
PAXgene Blood RNA Kit including DMNAse [ treatment (Qiagen) using a
QIA cube machine,

A small portion of renal graft tissues were stored in RNAlater ( Sigma-
Aldrich Corporation, St Louis, MO, USA) immediately after the biopsy was
harvested and stored at —20°C or —80°C for further gene expression
analysis. High-quality, total RNA was prepared from renal graft tissue
samples using RMeasy Fibrous Tissue Mini Kit (Qiagen), and RNA was
eluted in 30 pL of RNase-free water. The purity and concentration of the
RNA were assessed using an ultraviolet-visible spectrophotometer (Nano-
Drop 2000; Thermo Scientific). The RNA isolation method routinely used
in our laboratory was validated and standardized on reference samples
thereby eliminating errors and ensuring the same standards across all
measurements. The quality of RNA samples obtained by the standard iso-
lation protocol was assessed using the Agilent 2100 Bioanalyzer (Agilent
Technologies). An RNA integrity number of 8 to 10 indicated high-quality
RMNA suitable for further analysis. Expression patterns of operational toerance-
associated genes were then evaluated in patients for whom sufficient amounts
of mBNA were solated.

Quantitative RT-PCR Analysis

Total RNA (2 pg) isolated from blood or tissue samples was used for
complementary DNA synthesis using SuperScript I1 Reverse Transcriptase
(Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s instrue-
tions. BNA was treated with DNase and only complementary DNA sam-
ples without genomic DNA contamination were used for TagMan assay
analyses. Gene expression profiles of the eight selected tolerance-associated
genes (MS4Al, CD798, TCLIA, TMEMI76B, FOXP3, TOAG-1 [Clorf23],
MANIAL and TLR5) were determined using quantitative real-time RT-
PCR (2724 using GAPDH and PGKI1 as internal controls for renal bi-
opsy tissues and HPRT and PGK1 as reference genes for whaole blood
samples. cDNA from one control blood sample served as the calibrator, and
for biopsy samples, commerdal kidney RNA was used. mRNA guantification
was performed in triplicate using a predesigned TagMan Gene Expression
Assay (HsD0544818_ml [MS4A1], HsD0236881_m1 [CD798], Hs00951350_ml
[TCLIA], Hsd0962650_m1 |TMEMI76B], Hs00203958_ml [FOXP3|,
Hs00603313_m1 [Clorf23], Hs00195458_m1 [MANIAI|, and Hs0015
2825_ml [TLR5]; Applied Biosystems) and fast protocol (TagMan Fast Ad-
vanced Master Mix; Applied Biosystems). RT-gPCR amplification was
performed on an ABI Prism 7900 HT Sequence Detection system (Applied
Biosystems). Ninety-six-well plates were analyzed as relative quantification
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(RQ) and the RO manager 12. software for automated data analysis was
used (Applied Biosystems).

Statistical Analyses

Data are expressed as estimated marginal means=SEM, median (min;
max), and interquartile range or absolute numbers (n) as appropriate.
Characteristics of groups with acute rejection, borderline changes, or
without rejection were compared using the Kruskal-Wallis test for contin-
uous variables and by the chi-square test for categorical variables. A gen-
eralized linear mixed model for repeated measures adjusted for induction
therapy was used for testing differences in peripheral blood gene expression
and B-cell absolute numbers between groups. Due to non-normal distri-
bution of data with long right tails, we used gamma regression of the de-
pendent variable, The Kruskal-Wallis test was used for testing differences in
gene expression in case biopsy specimens. Separate multivariate analyses
adjusted for vanous factors that differed between the groups in univariate
analyses were done to test for differences in gene expression profiles between
groups. Caleulations were done using SPSS 20 (IBM Corporation, Somers,
NY, USA) and GraphPad Prism 5 ( GraphPad Software, La Jolla, CA, USA).
A two-sided P value =0.05 was considered statistically significant.
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7. DISKUSE

Vysledky predkladané disertacni prace jsou in extenso diskutovany v pfilozenych a

recenzovanych ¢lancich; zde uvadim jejich souhrn.

V prvnim tématickém okruhu této prace jsme se vénovali analyze expresniho
profilu vybranych gend ve 3 naslednych biopsiich v pribéhu jednotlivych fazi
ischemicko/reperfuzniho poskozeni. Prvni biopsie byla provedena v Case odbéru
ledviny k transplantaci (darcovska biopsie), dalsi v pribéhu samotné transplantace a to
na konci ischémie (predimplantacni biopsie) a 30 minut po reperfuzi organu
(poimplantacni biopsie). | pres absenci histologickych abnormalit jsme pozorovali
zménénou expresi genl ve vztahu k poskozeni Stépu. Ve srovnani s “molekularnim
tichem” studené ischémie, vedla reperfuze k enormnim zménam transkriptomu, ke
zvySené expresii 16 genl asociovanych s aktivaci prirozené a adaptivni imunitni
odpovédi a apoptdézy a k vyznamné heterogenité transkripéniho profilu v
poimplantacnich biopsiich. Moznym vysvétlenim molekuldrniho ticha béhem ischémie
je potla¢eni metabolismu jako zdakladniho fyziologického mechanismu. Nase data
naznacila, Ze molekuldrni profilovani presahuje hranice histopatologie. PouZitim
“molekuldrniho mikroskopu” jsme byli schopni odhalit i diskrétni zmény, ke kterym
dochazi v pribéhu ischemicko/reperfuzniho poskozeni.

Podafilo se nam identifikovat potencionalni rizikové faktory opoZzdéného
rozvoje funkce Stépu. Ledviny, u kterych doslo k opoidénému rozvoji funkce,
vykazovaly vyssi skére pro tubularni atrofii a nizkou expresi genu pro Netrin-1. Toto
poukazuje na duleZitou roli kvality tubulll v ¢asném potransplantacném prabéhu.
Netrin-1 patii mezi tzv. faktory preziti, které napomahaji regeneraci tim, ze stimuluji
proliferaci prezivajicich rendlnich tubuldrnich bunék, inhibuji apoptézu a zmirfuji
nasledky ischemicko/reperfuzniho poskozeni. V nasi praci jsme popsali snizenou
expresi genu pro Netrin-1 ve stépech s opozdénym rozvojem funkce Stépu.

Domnivame se, Ze vySetfeni exprese pro Netrin-1 by mohlo pomoci lépe porozumét
vulnerabilité darcovské ledviny vadi I/RI., zvlasté u ledvin od darcl s rozsitenymi kritérii

sjiz preexistujicim poskozenim. Kombinace konvencnich histopatologickych metod
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s technikami molekularni patologie by mohla pfedstavovat ucinny nastroj k identifikaci
darcovskych ledvin v riziku opoZzdéného rozvoje funkce.

V dalsi ¢asti jsme se vénovali predikci rizika opozdéného rozvoje funkce Stépu.
Integrovanym pfristupem, pouZzitim histopatologického skére darcovské biopsie a
klinické charakteristiky darce a pfijemce jsme se pokusili identifikovat faktory, které by
mohly pomoci Iépe predpovédét opozdény rozvoj funkce Stépu, zvlast u ECD darcl. Po
zhodnoceni velkého mnozstvi darcovskych biopsii (n=344) jsme wvytvorili vlastni
kompozitni skoére, tzv. CIV skére, které nezavisle predikovalo DGF ve 126 ptipadech.
Toto inovativni kompozitni CIV skére meélo dohromady s klinickou charakteristikou
darce lepsi prediktivni hodnotu nez tradi¢ni souhrné Banffské skdre s klinickou
charakteristikou darce. Prijemci ledvin s CIV skére > 1 od darce starSiho 51 let a po
anoxickém poskozeni mozku byli ve vysokém riziku opozdéného rozvoje funkce stépu.
Nase vysledky podporuiji roli tradi¢nich rizikovych faktorti DGF (napt. vék darce, hladina
sérového kreatininu, anoxické poskozeni mozku darce), ale zaroven poukazuji na
vyznam intersticidlni fibrézy (Cl) a fibrointimdlniho ztlusténi (CV) v histologickém
hodnoceni darcovské ledviny. Kromé toho naSe studie zdUraziuje vyznam
histologického vysetfeni u vSech darcovskych ledvin véetné SCD darcl, protoZe bylo
prokazano, Zze SCD ledviny s CIV skére > 1 jsou ve srovnatelném riziku DGF jako ledviny
od ECD darcli. Podobné i skupina ECD ledvin predstavuje pomérné heterogenni
kohortu s riznou mirou rizika DGF dle CIV skore.

Dale jsme vnasi praci srovnavali transkripéni profil imunologicky vysoce
rizikovych pacientl po indukci dvéma druhy antithymocytarnich globulint a hodnotili
vliv opozdéného rozvoje funkce Stépu na molekuldrni profil. Ukazali jsme, Ze i pres
normalni morfologicky nalez v tfimésiéni protokolarni biopsii a stabilni renalni funkci je
intrarenalni trankriptom u pacient( l1é¢enych rdznou indukéni terapii (Thymoglobulin
vs. ATG-F) odliSny. Transkriptom vysoce rizikovych pacientd po indukci
Thymoglobulinem byl podobny nizkorizikové skupiné bez indukce.

Indukce Thymoglobulinem byla spojena s potlacenim exprese genl signalni
drahy pro NF-kB, asociovanych s funkci dendritickych bunék, chemoatrakci, apoptdzou
a kostimulaci, tj. s potlacenim aktivity mechanisma, které se ucastni jak pfirozené, tak

adaptivni imunitni odpovédi. V nasi studii jsme prokazali, Ze indukéni terapie
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Thymoglobulinem navozuje u imunologicky vysoce rizikovych pacientd transkripcni
profil podobny nizkorizikovym pacientlim bez indukéni [é€by a Ze tento profil je odliSny
od pacientd lé¢enych ATG-F. Homogenita genového expresniho profilu u pacientl po
indukéni 1é€bé Thymoglobulinem a u pacientd bez indukce naznacuje podobnou
uroven aktivace imunitni odpovédi ve Stépu i pfes zjevné rozdily vimunologickém
riziku. Vzhledem k vyssi incidenci opoZzdéného rozvoje funkce Stépu po indukci ATG-F
nas zajimalo, jestli pozorovany rozdil vtranskripénim profilu neni disledkem DGF.
Doplnujicii experiment neprokdzal rozdilnou expresi kandidatnich gend mezi Stépy
s opozdénym a okamZitym rozvojem funkce $tépu, coz podpofilo teorii, Ze pozorované
rozdily jsou dlsledkem rozdilné indukéni IS 1éCby. Domnivame se, Ze potlaceni aktivity
signalni drahy pro NF-kB po indukci Thymoglobulinem by mohla svédcit pro Gcinné;jsi
alloimunitni regulaci a vysvétlovat Uspéch této biologické 1écby v klinické praxi.

V posledni c¢asti nasSi prace jsme se zabyvali vySetfenim exprese genl
asociovanych s operacni toleranci v periferni krvi a ve Stépu u pacientQ
s imunosupresivni |écbou. Cilem této prace bylo na zdkladé vySetfeni exprese
kandidatnich gent identifikovat pacienty se slabou aloimunitni odpovédi, ktefi by
mohli profitovat z minimalizace imunosuprese.

Zjistili jsme, Ze pacienti bez rejekce, pfip. s hrani¢nimi zménami maiji vyssi pocet
perifernich B-lymfocytl a signifikantné vySsi expresi gen( asociovanych s toleranci
(MS4A1, TCL1A, CD79B, TOAG-1, FOXP3). Naopak, v periferni krvi pacientl s akutni
rejekci doslo ke sniZzeni exprese transkriptl tolerance asociovanych s B lymfocyty.

V minulosti se myslelo, Ze T lymfocyty, resp. regulacni T lymfocyty (Tregs), jsou dllezité
pfi navozeni a udrZeni transplantacni tolerance (Sakaguchi et al., 2006). B lymfocyty
byly pfevainé spojovany se vznikem akutni protilatkami zprostfedkované rejekce a
horsi progndzou pro stép (Zarkhin et al., 2008). V rozporu s tim byl neddvno popsan
vztah mezi zvySenou expresi genl pro B-lymfocyty a lepsim vysledkem |écby akutni
rejekce (Scheepstra et al.,, 2008, Viklicky et al., 2010). NasSe prace potvrdila roli B
lymfocytd pfi udrZeni slabé alloimunitni odpovédi, kdyZ u pacientli bez rejekce byla
pozorovana vyrazné zvysSend aktivita ukazatel( tolerance asociovanych s B lymfocyty.
Mnoho studii analyzovalo pacienty s operacni toleranci s dlouhodobou funkci Stépu

bez imunosupresivni [é€by. NasSe studie poskytla odlisSny pohled, kdyZz ovéfila vztah a
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protektivni roli tolerantnich transkriptl asociovanych s B lymfocyty u pacientd po

transplantaci ledviny na imunosupresivni |éCbé.

Nase a jiné prace poukazuji na dllezitost vyvoje novych prediktoru k identifikaci
pacientl vriziku opozdéného rozvoje funkce a rejekce, ktefi by profitovali
z individualizace imunosupresivniho reZzimu a zlepsSeni dlouhodobych vysledki

transplantace.
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8. Zaveéry

Analyzou darcl ledvin jsme zjistili, Ze nizka kvalita tubuldrnich bunék a nizka exprese
genu pro Netrin-1 souvisi s opozdénym rozvojem funkce $tépu. Netrin-1 je tzv. faktor
preziti, ktery hraje protektivni roli pfi zotaveni z ischemicko/reperfuzniho poskozeni.
V budoucnu by cilend terapeuticka intervence mohla pomoci sniZit vyskyt DGF v
organech citlivych k ischemicko/reperfuznimu poskozeni. Zatimco v priabéhu
reperfuzniho poskozeni dosSlo ke vzniku jen minimdlnich histopatologickych
abnormalit, na molekuldrni Urovni jsme pozorovali vyraznou aktivaci pfirozené a
adaptivni imunitni odpovédi a apoptdzy. Ischémie byla charakterizovdna relativnim
molekuldrnim tichem. Kombinace konvencéniho histologického pfistupu a molekuldrni
patologie by mohla predstavovat Uuc¢inny ndstroj kidentifikaci ledvin v riziku
opozdéného rozvoje funkce stépu.

Nové kompozitni histologické skére by mohlo spolu s klinickou charakteristikou darce
lépe predpovédét riziko opozdéného rozvoje funkce po transplantaci ledviny nez
konvenéni souhrnné Banffské skére. Kromé toho by kompozitni CIV skére mohlo
pomoci identifikovat méné rizikovou podskupinu ECD-pozitivnich darc(, jejichZz organy
by nemusely byt nezbytné urceny starSim prijemcim a nevyzadovaly by individualizaci
imunosupresivni [éCby. Vysledky nase studie podporuji provadéni darcovskych biopsii
ve vsech ledvinach bez ohledu na pfislusnost k ECD klasifikaci.

| pfes normalni morfologicky nalez v tfimési¢ni protokoldrni biopsii a stabilni renalni
funkci je intrarendlni trankriptom u pacientl IéCenych rlznou indukéni terapii
(Thymoglobulin vs. ATG-F) odlisny. U vysoce rizikovych pacientd po indukci
Thymoglobulinem byl transkriptom podobny nizkorizikové skupiné bez indukce.
Domnivame se, Ze potlaceni aktivity signalni drahy pro NF-kB po indukci
Thymoglobulinem by mohlo svédcit pro uc¢innéjsi alloimunitni regulaci a vysvétlovat
uspéch této biologické lécby v klinické praxi.

V periferni krvi a rendlni tkani pacientl bez rejekce uZivajicich standardni imunosupresi
jsme prokazali zvySenou expresi genl asociovanych s operacéni toleranci. VétsSina
téchto zvysené exprimovanych genl byla spojena s funkci B-lymfocyt(. Nejvétsi rozdil

byl zaznamendan zejména béhem prvnich 90 dni po transplantaci. Zda toto pozorovani
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povede kjednoduché a bezpecné minimalizaci, pfipadné eliminaci imunosuprese,

ukazou prospektivni intervencni studie zaloZzené na monitoraci biologickych ukazatel(.
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9. Conclusions

. Analysis of donor kidneys identified poor tubular cell quality and low Netrin-1
expression levels to be associated with DGF. Netrin-1 is a survival factor that plays a
protective role in recovery from ischemia/reperfusion injury. In the future, targeted
therapeutic intervention might help to decrease the incidence of DGF in organs
susceptible to ischemia/reperfusion injury. Despite minimal histopathological
abnormalities occurring during reperfusion injury, reperfusion was associated with
enhanced activation of innate and adaptive immune responses and apoptotic
programs, contrary to relative molecular silence of ischemia. Taking together, the
combination of both conventional histology and molecular pathology techniques
during transplantation surgery may represent a more accurate tool to discriminate

grafts at risk for DGF.

. We introduced a novel composite histologic score, which, along with clinical variables,
may better predict the risk of DGF than conventional total Banff score. Moreover, the
composite CIV score might help to identify ECD-positive subjects at lower risk for DGF
whose organs do not have to be necessarily allocated to older recipients. Supposedly,
their acceptance would not require use of specific immunosuppressive protocol. Based
on the study results, we suggest donor biopsies to be performed as a routine praxis in

all kidneys irrespective of ECD classification.

. Thymoglobulin and ATG-F induction induce a different intrarenal transcript profile in
patients 3 months posttransplantation despite normal morphology and stable kidney
graft function. Moreover, induction therapy with Thymoglobulin in high-risk patients
was shown to induce an identical transcriptome profile as in low-risk subjects who had
not received induction therapy. The differential gene expression, which resulted in
lower activity of NF-kB-dependent pathways, seems to favor better alloimmune

regulation in Thymoglobulin induction.
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4. The up-regulation of several operational tolerance-related genes in the peripheral
blood and kidney graft tissues of rejection-free patients in kidney transplant patients
still on standard immunosuppression were identified. Most differently regulated genes
in the peripheral blood were associated with B-lymphocyte function, mainly within the
first 90 days after kidney transplantation. Whether this observation forms the ground
for a more simplified and safer drug minimization or possibly drug elimination strategy

can only be answered following prospective biomarker-based interventional studies.
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Prilohy

Tabulka 1. Rizikové faktory DGF

Darce
e ZvySeny S-Cr
e VysSivek

e Vy3Si hmotnost
e Anamnéza hypertenze, DM
e Anoxicka nebo cerebrovaskularni
pri¢ina smrti
e Dadrce s nebijicim srdcem
e Inotropni podpora darce
Prijemce
e MuiZské pohlavi
e Afroamericka rasa
Diabetes mellitus
Dlouhd doba na dialyze
Vyssi BMI
»,Krfehkost” ptijemce
Vyssi max. PRA
Retransplantace
Anamnéza transfuzi
Predtransplantacni sérova hladina
fosforu
Hypovolémie prijemce
HD s UF 24 hodin pred Tx
Zpusob dialyzy (HD vs. PD)
Odbér organu
e Dlouhd doba studené ischémie
o Tepladischémie
e Prezervace organu (jednoducha vs.
pulzatilni)
Transplantace
e CNI nefrotoxicita
e Akutnirejekce
e Chirurgické komplikace Tx (krvaceni,
tromboza, mocovv leak, stendza
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Pozn.: BMI; body mass index; DGF, opozdény rozvoj funkce Stépu; HD,
hemodialyza; PD, peritonedlni dialyza; PRA, panel reaktivni protilatky; S-Cr,
sérovy kreatinin; UF, ultrafiltrace.

Pfebrano a adaptovano z Irish et al., Am J Transplant, 2010 (Irish et al., 2010).
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Tabulka 2. Studie na predikci DGF a funkci $tépu zalozené na histopatologickém skére

v biopsii tzv. nulté hodiny

Reference Sledovani Zjisténi
(més.)
(Gaber et al., 1995) 2 GS souvisi s I DGF, Cr, ztratou Stépu
(Wijnen et al., 1995) | 36 GS nesouvisi s prezitim Stépu
(Lee et al., 1998) 1 Bioptické nalezy souvisi s rejekci
(Kuypers et al., 1999) | 3 Implantacni biopsie Uzce souvisi s 3mésicni biopsii
(Karpinski et al.,
1999) 18 Cévni poskozeni je spojeno s I DGF, rejekci a Cr
(Eapen et al., 2000) Bioptické nalezy souvisi s M rejekci
(Bosmans et al.,
2000) 18 cv je spojen s vysledkem Tx, narozdil od IF a GS
(Lu et al., 2000) 24 GS neni spojena s DGF a horSim prezitim
(Randhawa et al.,
2000) 12 GF a IF Uzce souvisi s funkci Stépu
Vék ddrce na rozdil od GS uzce souvisi
(Pokorna et al., 2000) | 24 s kratkodobou a dlouhodobou funkci stépu
(Nankivell et al.,
2001) 12 IF a cévni poskozeni je spojeno s CAN
(Nankivell et al.,
2003) 84 ATN je spojeno s I CAN a cv
(Escofet et al., 2003) | 44 GS je spojena s |, funkci
(Howie et al., 2004) 168 Z4vazind GS je spojend s { |, preZitim Stépu
(Nankivell et al.,
2004) 84 GS a periglomerularni fibréza je spojena s {, eGFR
eGFR na rozdil od GS souvisi s funkci a prezitim
(Edwards et al., 2004) | 24 Stépu v 1roce
(Cosio et al., 2005) 33 Pretransplantacni poSkozeni je spojeno s IF
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(Cicciarelli et al.,

2005)

GS je spojena s { funkci stépu a > DGF

(Verran et al., 2005)

GS nesouvisi s 1 rocnim prezitim Stépu

(Cosio et al., 2005) 33 IF je spojena s prezitim Stépu
(Ugarte et al., 2005) 30 Bioptické nalezy souvisi s |, eGFR
(Chapman2005) 12 N Tl zmény a GS souvisi s | eGFR

Bioptické nalezy u starsich pacient(i souvisi
(Remuzzi et al., 2006) | 23 s dlouhodobou funkci Stépu
(Bajwa et al., 2007) 12 GS nesouvisi s funkci Stépu

Bioptické nalezy a GS jsou spojeny s odmitnutim
(Sung et al., 2008) 12 organ(, ale ne s vysledky Tx
(Anglicheau et al., Darcovské kompozitni skére (Cr, HT, GS) je
2008) 12 spojeno s nizkou eGFR
(Munivenkatappa et Kompozitni skére MAPI je spojeno s 5 ro¢nim
al., 2008) 38 prezitim stépu

GS a cévni poskozeni darce je spojeno s prezitim
(Kayler et al., 2008) 12 Stépl

Pozn.: CAN (chronic allograft nephropathy), chronicka nefropatie Stépu - termin jiz

nyni v Banffské klasifikaci nepouzivan; Cr, kreatinin; cv, fibrézni ztlusténi intimy; DGF

(delayed graft function), opozdény rozvoj funkce Stépu; eGFR, odhadnuta glomerularni

filtrace; GS, glomerulosklerdza; IF, intersticialni fibrdza; Tl, tubulointersticialni; HT,

hypertenze.
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Tabulka 3. Studie na predikci DGF a funkci Stépu zaloZzené na klinickych parametrech

darce a prijemce

Reference Sledovani (més.) | Zjisténi
(Ojo et al., 1997) 60 DGF je spojeno s |, prezitim Stépu
(Shoskes et al., 1998) 36 DGF je spojeno s |, prezitim Stépu
(Lechevallier et al., DGF je spojeno s 1 vahou, vékem, CIT a ATS
40
1998)
Faktory ddarce urcuji 35-40% casné hodnoty Cr
(Suri et al., 1999) 6
prijemce
(Karpinski et al., Darcovsky CICr a cévni patologie korelu;ji s
12
1999) vysledkem Tx
Pti¢ina umrti ddrce, HT, CICr, vék, DM, CIT jsou
(Nyberg et al., 2001) 1
spojené s kratkodobym prezivanim Stépu
(Swanson et al., Darce afroamerické rasy a pomér véku darce a
22
2002) pfijemce jsou spojeny se ztratou stépu
Vék darce, CMP, I Cr, HT souvisi se ztratou
(Port et al., 2002) 36
Stépu
Rizikové skoére zaloZzené na 16 faktorech darce a
(Irish et al., 2003)
pfijemce predikuje DGF
(Pessione et al., Faktory darce (CMP, HT a MCr) jsou spojené s
25

2003)

prezitim Stépu
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PFi¢ina amrti darce, HT, CICr, vék, jsou spojené

(Nyberg et al., 2003) 72
s vysledkem Tx
CICr darce ale ne GS jsou spojené s 1 ro¢nim
(Edwards et al., 2004) 12
prezivanim a funkci Stépu
Vék darce, I Cr, CIT jsou hlavné rizikové
(Schold et al., 2005) 60
faktory
(Johnston et al., Pomér poklesu Cr do 7. POD je spojené s funkci
60
2006) Stépu
(El-Husseini et al., Rizikové skére (Irish et al., 2003) neni spojeno s
2007) DGF u individualniho pacienta
(Schnuelle et al., Diuréza, Crv 7. POD predpovida 5-leté preziti
60
2007) Stépu
(AKl et al., 2008) Neurdlni sit zaloZenda na 11ti faktorech
60
predpovida 5-leté preziti Stépu
“NCr darce je rizikovy faktor pro odmitnuti
(Kayler et al., 2009)
organu k Tx ale ne pro dlouhodoby vysledek Tx
Rizikové skére (Schold et al., 2005) je spojeno s
(Moore et al., 2009) 44
Casnou funkci ale ne s Crv 6. a 12. mésici
Vaha a PRA ptijemce, vék darce, CIT a neshoda
(Jeldres et al., 2009)
v HLA-DR predpovida DGF
(Plata-Munoz et al., Rizikové skére (Plata-Munoz et al., 2010) je
12

2010)

spojeno s DGF, Cr ve 3. a 12. mésici
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(Snanoudj et al.,

2009)

351

eGFR ddarce umoziuje vySetreni ECD ledvin

(Tapiawala et al.,

2010)

36

DGF je spojeno s 1 rizikem umrti

Pozn.: ATS, aterosklerdza; CIT, studena ischémie, CICr, clearance kreatininu; CMP,

cévni mozkova prihoda; Cr, kreatinin; DGF, opozdény rozvoj funkce Stépu; DM,

diabetes mellitus; ECD, darce s rozsirenymi kritérii; HT, hypertenze; GS,

glomeruloskleréza; POD, pooperacni den; Tx, transplantace
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