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ABSTRAKT

Pro dlouhodobé pfijeti transplantované ledviny je zatim nezbytna dlouhodoba G&inna imunosuprese,
ktera vSak s sebou nese fadu nezadoucich ucinkd. Naopak, pfi jeji nedostateénosti hrozi rejekce a
selhani funkce Stépu. Proto se hledaji nové biomarkery, které by odrazely imunologicky stav pacienta,
a umoznily by tak individualizovat imunosupresivni I1&é¢bu. Prokazali jsme, Ze pacienti po transplantaci
ledviny po indukci krali¢im anti-thymocytarnim globulinem (rATG) &i basiliximabem méli snizeny vyskyt
akutni rejekce 3 mésice po transplantaci. Po rATG doSlo v periferni krvi pfijemcu k hluboké depleci T a
NK lymfocytl a poklesu exprese genll vyhradné exprimovanych témito bufikami zaroven s vyraznou
expanzi regulacnich T lymfocytl (Treg) v CD4* kompartmentu. Indukce rATG byla dale kratce po
transplantaci spojena se zvySenim dvou transkriptd asociovanych s rejekci (MAN1Al1 a TLR5). Po
indukci basiliximabem jsme v krvi pfechodné detekovali CD4*CD25"°%-FoxP3* populaci soucasné
S vymizenim CD4*CD25*FoxP3* Treg. Absolutni poCty CD4*FoxP3* Treg po basiliximabu byly
prechodné zvySené a tato lé¢ba byla také spojena s vys$Si expresi genli FOXP3 a TCAIM. Dale jsme
pozorovali vy$§i pomér CD4*FoxP3* Treg k CD8*CD45RA*CD62L- efektorovym T lymfocytiim
v potransplantaénim obdobi u pacienti s indukci basiliximabem, ktefi béhem sledovani neprodélali
rejekci. Také jsme prokazali, Ze transplantace ledviny je spojena se zménou poétll CD14*CD16* a
CD14+*CD163* monocytl, ktera je ¢asteéné ovlivnéna pouzitou imunosupresi. Ukazali jsme, Ze i u
pacientll po transplantaci ledviny lé¢enych standardni imunosupresi, ktefi béhem jednoroéniho
sledovani neprodélali rejekci, byla zvySena exprese genu asociovanych s toleranci spojenych s funkci
B lymfocytd. Domnivame se, Ze nové biomarkery tolerance pfedstavuji nadéji pro budouci
potransplantaéni sledovani, ale jejich uzite€nost musi byt validovana v prospektivnich klinickych

studiich.

Klicova slova: B lymfocyty, basiliximab, biomarker, monocyty, rATG, regulacni T lymfocyty, rejekce,

tolerance, transplantace ledviny



ABSTRACT

Long-term renal graft acceptance still requires long-term immunosuppressive therapy, which is
accompanied by many adverse effects. Contrarily insufficient immunosuppression could lead to graft
rejection and its failure. Therefore, research continues for biomarkers that reflect a patient’s
immunological status and thus allowing for individualized immunosuppressive therapy. In our study we
showed lower incidence of acute rejection in kidney transplant recipients treated with rabbit
anti-thymocyte globulin (rATG) or basiliximab induction within the first three months after transplantation.
The rATG induction caused profound decrease of recipient’s peripheral blood T and NK cells, as well
as transcripts that are exclusively expressed by these cell types together with expansion of regulatory
T cells (Tregs) among CD4* T cells. In rATG group the increase of two transcripts associated with
rejection (MAN1A1l and TLR5) was also observed in early post-transplant period. After the basiliximab
induction we transiently detected CD4*CD25'°%-FoxP3* cell population along with disappearance of
CD4*CD25*FoxP3* Tregs. Basiliximab induction resulted in a transient increase in CD4*FoxP3* Tregs,
accompanied by the highest peripheral expression levels of markers associated with operational
tolerance (FOXP3 and TCAIM). Higher post-transplant CD4*FoxP3* Tregs to CD8*CD45RA*CD62L-
effector T cells ratios were observed in those basiliximab treated patients who were rejection free during
a follow-up. Further, we demonstrated that kidney transplantation is associated with modulation of
CD14*CD16* and CD14*CD163* monocyte subpopulations partially affected by an immunosuppressive
regime used. We showed the up-regulation of several operational tolerance-associated B-cell-related
genes also in renal transplant recipients on standard immunosuppression who were rejection-free during
one-year follow-up. We assume that new biomarkers of tolerance represent a hope for future

post-transplant monitoring, however, their utility need to be validated in prospective clinical trials.

Keywords: B cell, basiliximab, biomarker, kidney transplantation, monocytes, rATG, regulatory

T cells, rejection, tolerance
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1. UVOD

Transplantace ledviny je metodou volby [éEby nemocnych s nezvratnym selhanim ledvin, protozZe je
spojena s delSim piezitim nemocnych v porovnani s ostatnimi metodami nahrady funkce ledvin. Pro
dlouhodobé pfijeti transplantované ledviny je zatim nezbytna dlouhodoba uginna imunosuprese. Pfi
nedostate¢né imunosupresi muze dojit k rejekci §tépu, ktera mize zplsobit poSkozeni $tépu vedouci k
jeho dysfunkci. Podle ¢asového hlediska se rejekce déli na akutni a chronické. Podle toho, jaky typ
imunitni odpovédi se pfi rejekci uplatni, na humoralni (zprostfedkované protilatkami, antibody-mediated
rejection, ABMR) a celularni (zprostfedkované T lymfocyty, T cell-mediated rejection, TCMR). Mnoho

rejekci ma sou€asné pritomné obé formy.

Zavedenim kalcineurinovych inhibitort (CNI) cyklosporinu A (1985) a tacrolimu (1994) do klinické
praxe do$lo k vyznamnému snizeni vyskytu akutnich rejekci po transplantaci a tim i ke zlepSeni
prezivani $tépu i pfijemcu v éasném obdobi po transplantaci, dlouhodobé prezivani §tépu se vSak
vyrazné nezlepSilo a chronicka rejekce zlstava hlavni pfi¢inou ztraty funkce §tépu v pozdnim obdobi
po transplantaci (Amico, 2010). Pouzivani novych uc¢innych imunosupresivnich rezim( je navic spojeno
s vyznamné vysSim rizikem vzniku kardiovaskularnich onemocnéni, infekci, diabetu, malignit a Iékové
nefrotoxicity. Tumory a kardiovaskularni choroby jsou nejCastéjSimi pfi¢inami umrti po transplantaci

(Dharnidharka et al., 2004).

V nedavné minulosti jsme byli svédky snah o podavani co nejmensich davek imunosupresiv. Cilem
bylo snizit rizika vzniku vy$e uvedenych komplikaci spojenych s imunosupresivni |éCbou. Tato strategie
ale neméla o€ekavany pozitivni dopad na dlouhodobé vysledky transplantaci ledvin pfedevSim pro
Casto pozorované zhor$eni funkce $tépl a pozdni rejekce. Problém spociva v neschopnosti rozpoznat

ty nemocné, u kterych je sniZzeni davek imunosupresiv bezpeéné.

Idealnim FeSenim by bylo mit k dispozici takové testy, které popiSi vlohy k imunitni reaktivitg,
spolehlivé vyhodnoti miru aloreaktivity a umozni tak identifikovat markery, které koreluji s imunitni

neodpovidavosti k alogennimu $tépu, tedy makery tolerance.

Proto se v poslednich letech vénuje velka pozornost fenoménu operacni tolerance. Ten je nahodné
zjiStovan u pacientl po transplantaci ledvin (nebo jater), ktefi prestali uzivat imunosupresi v disledku
noncompliance nebo z nutnosti vysazeni napfiklad pro malignitu nebo Iékovou toxicitu (Ashton-Chess
et al., 2007).
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1.1. Definice tolerance

Skute€na, prava tolerance Stépu byla definovana jiz v roce 1953 Billinghamem et al. jako absence
histologickych  znamek rejekce v nepfitomnosti jakéhokoli imunosupresivniho I[éCiva u
imunokompetentniho pfijemce schopného pfijmout druhy $tép od stejného darce, zatimco $tép od
jiného darce by byl odhojen (Billingham et al., 1953). Pionyrské prace HaSka (Hasek et al., 1955)

pfinesly stejné zavéry jako prace Medawara a spol. (Medawar, 1956).

V klinické mediciné se pouziva termin ,operacni tolerance” (“operational tolerance®) nebo ,klinicka
operacni tolerance” (“clinical operational tolerance®). Operacni tolerance je definovana jako absence
znamek poskozeni §tépu (funk&nich i histologickych) u pacientl po transplantaci bez imunosupresivni
terapie vice jak 1 rok. Stav operacni tolerance po transplantaci ledviny je popisovan relativné zfidka
(<0,1%) v porovnani s vyskytem po transplantaci jater (zhruba 10% - 15%) (Martinez-Llordella et al.,
2008; Martinez-Llordella et al., 2007; Roussey-Kesler et al., 2006). V poslednich letech je pfedmétem
klinickych studii nékolik protokoll s cilem navodit trvalé pfijeti §tépu s Zadnou nebo nizkodavkovou
imunosupresi za pouziti ozareni, transplantace hematopoetickych kmenovych bunék, imunosuprese,
pfipadné specialnich bunéénych populaci véetné expandovanych regulaénich T lymfocytd (Treg) (Elias
et al., 2015; Girmanova et al., 2015). Dosavadni vysledky ale zatim neumoziuji bezpeé&né SirSi pouZziti.
Proto se hledaji nové biomarkery, které by identifikovaly pfedtransplantacni imunitni riziko a po
transplantaci v€éas odhalily zaCatek imunitni odpovédi proti $tépu (markery rejekce) nebo naopak stav
neodpovidavosti vici $tépu (markery tolerance), coz by umoznilo nastavit imunosupresivni terapii dle
potfeby kazdého pacienta (individualizovana imunosuprese), €ili pfedejit tomu, aby funkce imunitniho

systému byly potlateny méné nebo vice, nez je tfeba (Obrazek 1.1).

Predtransplantacni vysetieni Potransplantacni vysetieni
e A e )
Vysoké riziko a V&asny terapeuticky zasah

Uginngjsi terapie v pfipadeé predikce rejekce

\ /><\ y
e D e ™

Nizké riziko Minimalizace/vysazeni
Redukovanastoleranci fee———| imunosuprese u potencialngé
indukujici terapie tolerantnich pacientt

g ) g )

Obrdzek 1.1 Individualizace imunosuprese, dle Sawitzki (Sawitzki et al., 2009). Nové biomarkery by mély
napomoci pfi stratifikaci pacient( dle imunitniho rizika pfed transplantaci, a tak i volbé imunosupresivni terapie, po
transplantaci pak pfedpovédét rejekci a umoznit véasny terapeuticky zasah nebo naopak identifikovat potencialné

tolerantni pacienty, u kterych mtzZe byt imunosuprese bezpe¢né minimalizovana.
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1.2. Definice biomarkeru

Biomarker je definovan jako znak, ktery je objektivné méfitelny a hodnotitelny jako indikator
normalnich biologickych procesl, patologickych procesu nebo farmakologické odpovédi na

terapeutickou intervenci. (Lesko a Atkinson, 2001)

Konvenénimi a rutinné uzivanymi testy po transplantaci ledvin jsou méfeni sérového kreatininu,
odhad glomerularni filtrace a proteinurie. Tyto biomarkery funkce $t€pu mohou upozornit na rejekéni
toxicitou, zhorSenym krevnim zasobenim Stépu nebo obstrukci vyvodnych cest modovych. Kromé
klinicky zfejmé rejekce, charakterizované poklesem funkce $tépu, miize probihat i rejekce bez klinickych
znamek — subklinicka (Rush et al., 1998). Samotné biomarkery funkce tak k identifikaci rejekce nejsou
pouzitelné. Zatim jedinym bézné uzivanym diagnostickym nastrojem k odhaleni rejekce je histologické
vySetfeni vzorku tkané Stépu ziskaného biopsii. K té se pfistupuje v pfipadé zhorSeni funkce
transplantatu a dale se na vétSiné pracovist provadi u vSech pacientl Sest tydn( nebo tfi mésice po
transplantaci. Zarazeni této tzv. protokolarni biopsie do vysetfovaciho protokolu je opodstatnéno pravé

existenci subklinické rejekce (Nankivell a Chapman, 2006).

Zménam funkce $tépu pfedchazi strukturalni zmény, které nasleduji po zménach imunitni reaktivity.
Vy$e zminéné biomarkery nepodavaji informaci o stavu imunitniho systému. Hledaji se proto nové,
imunitni markery, které by tuto informaci podaly a pomohly tak zamezit vzniku imunitni reakce nebo

jejimu plnému rozvaiji, ktery by pak vyustil v poSkozeni $tépu (Obrazek 1.2).

Subklinickarejekce Klinicka rejekce

Zmeny reaktivity
imunitniho
systemu

Zmény struktury | Zmeny funkce

Imunitni monitorovani: Histologické vysetieni Monitorovani
vzorku tkané stépu: funkce Stépu:
Biomarkery reaktivity Histologicke léze Biomarkery funkce
nebo aktivace - SCr, GFR, PU

imunitniho systému

Obrazek 1.2 Zmény pri rejekci a jejich monitorovani. Zménam funkce Stépu predchazi strukturalni zmény, které
nasleduji po zménach imunitni reaktivity. Biomarkery funkce jsou sérovy kreatinin (SCr), rychlost glomerularni
filtrace (GFR) a proteinurie (PU). Histologické vySetieni umozni odhalit strukturalni zmény. Hledaji se imunitni
markery, které by podaly informaci o stavu imunitniho systému a pomohly tak zamezit vzniku imunitni reakce nebo

Jejimu plnému rozvoji, ktery by pak vyustil v poSkozeni stépu.
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2. PREHLED PROBLEMATIKY

Stav imunitniho systému pFed transplantaci i po ni Ize hodnotit funkénimi testy, fenotypizaci
leukocytl a genovou a proteinovou expresni analyzou. Mezi funkéni testy patfi metody k detekci
anti-HLA protilatek (stanoveni panel reaktivnich protilatek (PRA), cross-match test (CM), Luminex) a
donor reaktivnich T lymfocytl (IFN-y ELISPOT). Fenotypizace leukocytu se provadi pomoci pratokové
cytometrie. Genova expresni analyza vyuziva microarray technologie a metody kvantitativni real-time
RT-PCR (qRT-PCR). K analyze proteinové exprese slouzi metoda ELISA (enzyme-linked

immunosorbent assay, enzymova imunoanalyza).

2.1. Sou€¢asné moznosti predikce rejekce pred transplantaci

Hlavnimi faktory, které ovliviiuji dlouhodobé vysledky transplantace ledviny, jsou pfedtransplantaéni
poskozeni Stépu (darcovské faktory, prodlouzena ischemie $tépu, smrt mozku darce) (Pratschke et al.,
2008; Reutzel-Selke et al., 2007; Weiss et al., 2007) a donor-reaktivni imunologicka pamét (bunécna i
protilatkova). Ta je vysledkem pFedchozi senzitizace imunitniho systému pfijemce expozici cizim
lidskym leukocytarnim antigendm (HLA; napf. pfi opakovanych transfuzich, t&hotenstvi, pfedchozi
transplantaci) nebo tzv. heterologni imunitou (infekénim agens navozena tvorba T lymfocyt( se zkfizené

reaktivni specificitou) (Augustine et al., 2008; Nickel et al., 2004).

Pomoci CM zalozeném na komplement dependentni cytotoxicité (CDC CM neboli klasicky CM),
rutinné provadéného pred kazdou transplantaci, jsou identifikovani pacienti s preexistujicimi
donor-specifickymi protilatkami, které by mohly po transplantaci zpUsobit hyperakutni rejekci vedouci
ke ztraté Stépu. Pfedpoklada se, ze divodem vzniku rejekce po vysazeni imunosuprese jsou pfi
nepfitomnosti preexistujicich donor-specifickych protilatek pamétové T lymfocyty reagujici na
darcovskeé antigeny (Ford et al., 2009). Pfestoze je klicova role donor-specifickych T lymfocytl pfi vzniku
rejekce jiz dlouho znama, jejich pfitomnost v krvi pfijemcl transplantované ledviny neni zatim pomoci
metody IFN-y ELISPOT bé&zZné vySetiovana (Sawitzki et al., 2009).

PFfi hodnoceni prFedtransplantaniho rizika je hlavnim cilem odhad bunéfné a protilatkové
alosenzitizace. K tomu jsou vyuzivany funkéni testy a genova a proteinova expresni analyza. Pro
detekci HLA protilatek se pouziva klasicka metoda zaloZzena na CDC (stanoveni PRA a klasicky CM) a
novéji metody vyuzivajici ELISA a pritokovou cytometrii (Luminex a flow CM). Prehled

pfedtransplanta&nich vySetfeni je uveden v tabulce 2.1.
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Tabulka 2.1 Sou¢asné moznosti predtransplantacniho vySetfeni rizika rejekce.

Metoda Biomarker Imunitni mechanismus
PRA, CM, Luminex anti-HLA protilatky protildtkova alosenzitizace
IFN-y ELISPOT donor-reaktivni T lymfocyty bunécénd alosenzitizace
ELISA sCD30 bunééna imunita

CD - cluster of differentiation, povrchové molekuly leukocytli; CM — cross-match test, kfizova zkouska;
ELISA —enzyme-linked immunosorbent assay, enzymovd imunoanalyza; ELISPOT - enzyme-linked
immunosorbent spot, bodovd enzymova imunoanalyza; HLA — human leukocyte antigen, lidsky leukocytarni
antigen; IFN-y — interferon-gama; PRA —panel reaktivni protilatky; ,s“ — soluble, rozpustny

Panel reaktivni protilatky (PRA). U vSech pacient(l zafazenych na ¢ekaci listinu je kazdé tfi mésice
hodnocena Cetnost PRA odrazejici reaktivitu séra (od ¢ekatele na transplantaci) vii¢i panelu bunék se
znamymi HLA antigeny. Imunologickeé riziko vyjadifené procentem PRA hraje roli pfi alokaci ledvin a pfi
volbé imunosupresivniho rezimu. Z pacient v normalnim poradi na ¢ekaci listiné jsou upfednostfiovani
ti s vysokou frekvenci protilatek proti HLA. Imunosupresivni protokoly s indukéni terapii jsou vyhrazeny

pro pacienty se stfedné vysokym a vysokym imunologickym rizikem, které je definovano mnozstvi PRA.

Cross-match test (CM). Pred transplantaci se provadi cross-match test neboli kiizova zkouska,
ktera ukaze reaktivitu pfijemce na buiky darce. Pozitivhi CM je ve vétSiné transplantacnich center
povazovan za absolutni kontraindikaci k provedeni transplantace, i kdyz jiz existuji protokoly, které
transplantaci umozni (ovSem za cenu silné imunosuprese a horsich vysledk(l). Kromé standardni
kiizové zkouSky se v praxi pouziva i kfizova zkouska s vyuzitim pratokové cytometrie (FCXM, flow
cross-match), kterd je minimalné 10x citlivéjSi a zachycuje i protilatky nevazajici komplement

(necytotoxickeé).

Luminex. V poslednich letech byly pfedstaveny metody detekce protilatek zaloZzené na vazbé na
pevnou fazi. Nejpouzivanéjsi se stal Luminex, ktery vyuZiva polystyrénové mikrokuli¢ky s fluorochomy
rizné intenzity a s HLA antigeny navazanymi na jejich povrch. Luminex ma vétsi senzitivitu nez CDC
metody. Na rozdil od nich detekuje i protilatky nevézajici komplement, pfesné definuje protilatky
namifené proti jednotlivym lokusim i jednotlivym alelam, umoziuje kalkulaci virtualniho PRA a predikci

pozitivhiho cross-match testu (virtualni cross-match; review (Tait et al., 2009)).

IFN-y ELISPOT. Detekci a kvantifikaci pamétovych/efektorovych aloreaktivnich T lymfocytd
umoznuje relativné nova, vysoce senzitivni metoda IFN-y ELISPOT (enzyme-linked immunosorbent
spot). Vyuziva sendvi€ovou ELISA k méfeni IFN-y tvofeného lymfocyty pfijemce po jejich stimulaci
bufikami darce. T lymfocyty, které se zatim nesetkaly s antigeny, jimZ jsou pfi testu vystaveny, budou

reagovat jen malou produkci IFN-y na rozdil od presenzitizovanych lymfocytu.

Vysoka frekvence donor-reaktivnich T lymfocyt pfed transplantaci koreluje s rizikem tézké akutni

rejekce v asném potransplantaénim obdobi (Bellisola et al., 2006; Heeger et al., 1999; Kim et al., 2007;
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Nickel et al., 2004) a je nezavisla na jinych znamych korelatech presenzitizace jako je vysoka
koncentrace PRA, pfedchozi transplantace, krevni transfuze a téhotenstvi (Nickel et al., 2004).
Nekoreluje s poétem neshod vHLA A, B a DR (Heeger et al., 1999). Donor-reaktivni bunééna
senzitizace nemusi znamenat humoralni senzitizaci a naopak. Z uvedeného vyplyva, Ze pacienti
s vysokou frekvenci T lymfocytl produkujicich IFN-y by mohli profitovat z terapie imunosupresivy, ktera
pusobi inhibici nebo depleci pamétovych T bunék. Augustine et al. (Augustine et al., 2008) ukazali
vyrazny pokles rejekci u pacientll s pozitivnim ELISPOT, ktefi dostali indukéni terapii (anti-thymocytarni
globulin nebo anti-CD25 protilatku). Souc¢asné doSlo po transplantaci k poklesu T lymfocytl
produkujicich IFN-y. Naopak u pacient( s negativnim ELISPOT s indukci a bez ni byl vyskyt rejekci
srovnatelny. Z toho vyplyva, Ze pfedtransplantaéni méfeni donor-reaktivni bunééné imunity by mohlo

slouZit k individualizaci indukéni terapie.

sCD30. Jako slibny marker rejekce $té€pu spojeny se zhorSenymi vysledky transplantace se jevila
vysoka sérové koncentrace molekuly sCD30 pred transplantaci (i po ni) (Heinemann et al., 2007; Pelzl
etal., 2002; Susal et al., 2002; Susal et al., 2003). Vznika odstépenim membranové vazané kostimulacni
molekuly CD30 (exprimované po aktivaci T lymfocyt) z bunééného povrchu. U zdravych jedincu se
nachazi v nizkych sérovych koncentracich; vySSi sérové koncentrace byly detekovany za patologickych
situaci jako je systémovy lupus erythematodes, revmatoidni artritida a dalSi (Schlaf et al., 2007). Vyuziti
sCD30 k predtransplantacni stratifikaci rizika ale ztéZuje nalez velkych interindividualnich rozdill
v sérovych koncentracich u potencialnich pFijemcu ledvinnych $tépl (Altermann et al., 2007). Pfijemci
ledviny, ktefi méli pfed transplantaci vySSi hodnoty sCD30 a zaroven niz$i hodnoty HGF (hepatocyte

growth factor, ristovy faktor hepatocytd), méli zvySeny vyskyt ABMR (Pavlova et al., 2011).
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2.2. Potransplantaéni vySetreni

Cilem potransplantaéniho vysSetfeni je identifikovat pacienty s vétSim rizikem rejekce nebo
s pocCinajici rejekci a v€as terapeuticky zasahnout nebo naopak rozpoznat pacienty, u kterych muze byt
imunosuprese minimalizovana nebo dokonce vysazena. Jak bylo vySe uvedeno, k diagnostice
subklinické i klinické rejekce se bézné pouziva jen histologické vySetfeni biopticky ziskaného vzorku
tkané stépu. Idealni by bylo nahradit tuto invazivni metodu s nizkou senzitivitou metodami neinvazivnimi
nebo méné invazivnimi a citlivéj8imi. Proto jsou hledany biomarkery stanovitelné v krvi av modi
(biomarkery v moci se tato prace samostatné nezabyva). Ke stanoveni biomarkerd imunitniho stavu po
transplantaci se taktéz vyuzivaji metody detekce donor-reaktivnich protilatek a T lymfocytl, analyza
genové a proteinové exprese a dale také fenotypizace leukocytl. Pfehled potransplantacénich vySetfeni

je uveden v tabulce 2.2. Jednotlivé biomarkery jsou podrobné popsany v nasledujicim testu.

Tabulka 2.2 Potransplantacni vySetfeni; biomarkery, metody jejich stanoveni a imunitni procesy, o nichz

biomarkery vypovidaji.

Metoda Biomarker Imunitni mechanismus
PRA, CM, Luminex  anti-HLA protilatky protilatkova alosenzitizace
IFN-y ELISPOT donor-reaktivni T lymfocyty bunécna alosenzitizace
S ELISA sCD30 bun&&nd imunita
(]
‘0 analyza genové granzym B, perforin bunécénd cytotoxicita
exprese CD154, ICOS kostimulace
CD247, TLR5 rozpoznani cizich antigent
pritokova CD4*CD25"&"FoxP3* Treg
Cytometrie podil pamétovych CD4* ¢i CD8*
T lymfocyti a CD4*CD25*FoxP3* .
Imunoregulace, pfevaha
podil Treg/Teff imunoregulace (suprese)
o Breg
[
g analyza genové FOXP3, FOXP3/ a-1,2-manosidaza
S exprese TCAIM regulace T-bunécné apoptdzy
TMEM176B funkce dendritickych bunék
geny tvofici ,otisk tolerance” klidovy stav imunitniho systému ¢i

prevaha regulacnich (supresivnich)

geny asociované s funkci ! e o
imunitnich mechanismut

B lymfocytl

Breg — regulacni B lymfocyty; CD — cluster of differentiation, povrchové molekuly leukocyt; CM — cross-match
test, krizovd zkouska; ELISA - enzyme-linked immunosorbent assay, enzymova imunoanalyza;
ELISPOT — enzyme-linked immunosorbent spot, bodovd enzymova imunoanalyza; FOXP3/FoxP3 — forkhead
box P3 (gen/ protein); HLA — human leukocyte antigen, lidsky leukocytarni antigen; ICOS — inducible
costimulator, inducibilni kostimulator; IFN-y — interferon-gama; PRA —panel reaktivni protilatky; ,s“ — soluble,
rozpustny; TCAIM —T cell activation inhibitor, mitochondrial (gen); TMEM176B — transmembrane protein 176B
(gen); Teff — efektorové T lymfocyty; Treg — regulacni T lymfocyty
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Biomarkery v krvi

Detekce HLA protilatek, IFN-y ELISPOT. | v potransplantaénim obdobi se pouziva detekce
protilatek proti darcovskym antigenim a to pfi podezfeni na humoralni rejekci v biopsii Stépu.
Potransplantaéni monitorovani IFN-y produkujicich donor-reaktivnich T lymfocytd b&hem prvnich tydn(
muze odhalit pacienty s nastupujicim imunitnim po$kozenim S$tépu a umoznit tak v€asnou Upravu

imunosuprese (Nickel et al., 2004).

Regulacni T lymfocyty (Treg), FOXP3. V procesu rejekce alogenniho $tépu se uplatiuji rizné
populace bilych krvinek. U pacientl s akutni a chronickou dysfunkci §tépu by mély byt detekovatelné
odli§né lymfocytarni subpopulace nez u pacientl se stabilni funkci §tépu. Pfedpoklada se, Ze nemocni
s operacni toleranci budou v periferni krvi vykazovat mnozstvi specifickych znak( charakteristickych pro
stav tolerance. Nejvice zkoumanou bunécnou populaci v transplantologii se od jejich objeveni v roce
1995 staly CD4+*CD25" regulaéni T bunky (Sakaguchi et al., 1995). Pozdéji byl identifikovan transkripéni
faktor FoxP3, kli€ovy pro rozvoj a funkci Treg (Bluestone, 2011), jehoz mutace nebo nizsi exprese jsou
u Clovéka asociovany s nékterymi autoimunitnimi chorobami. FoxP3 muize také byt pfechodné
exprimovan v aktivovanych T burikach, které ale nevykazuji regulaéni funkce (Ziegler, 2007). Dale byly
popsany dal$i subpopulace regulaénich T lymfocytll — CD4* Trl a Th3, CD8+*CD28-, NK T lymfocyty,
nicméné za nejdllezitéjsi jsou stale povazovany CD4*CD25*FoxP3*. Treg hraji dulezitou roli v navozeni

a udrZeni tolerance darcovskych antigen( in vivo (Wood a Sakaguchi, 2003).

U zdravych jedincl je imunitni homeostaza udrzovana rovnovahou mezi efektorovymi (Teff)
aregulaénimi T lymfocyty a naruseni poméru Treg/Teff mize byt spojeno s osudem $tépu (Zheng et
al., 2003). U pacientu s operacni toleranci po transplantaci ledviny byly v periferni krvi naméreny vysoké
koncentrace CD4+*CD25"s"FoxP3* Treg (Louis et al., 2006). Studie Braudeau et al. ukazuji redukované
mnozstvi perifernich CD4+CD25"9"FoxP3+*Treg u pacientll s chronickou rejekci v porovnani s pacienty
se stabilni renalni funkci s imunosupresi i bez ni (pacienti s operacni toleranci) (Braudeau et al., 2007).
VysSi exprese FOXP3 v periferni krvi byly pozorovany u pacientt s operacni toleranci bez nutnosti
imunosuprese nebo pacientll se stabilni funkci $tépu lIé€enych imunosupresi v porovnani s pacienty
s chronickou rejekci (lwase et al., 2011; Louis et al., 2006). Kreijveld et al. (Kreijveld et al., 2008) ukazali
vétSi pomér mezi pamétovymi CD8* nebo CD4* a CD4*CD25*FoxP3* Treg tésné pred vysazenim
tacrolimu u pacient(l, u kterych vznikla akutni rejekce po vysazeni tohoto CNI oproti pacientim bez
rejekce. Dale zaznamenali pokles v zastoupeni naivnich CD4* bunék u pacientd v nizSim riziku akutni
rejekce po vysazeni tacrolimu. Kombinace obou téchto marker( tvofi test s vysokou prediktivni
hodnotou. Vysoky pomér CD4*CD25* Treg k CD4* T lymfocytdm byl pozorovan v krvi pacientd, u
kterych se podafilo navodit experimentalné toleranci pomoci reZimu zahrnujici transplantaci
darcovskych hematopoetickych bunék (Scandling et al., 2012). V jiném experimentalné pouzitém
tolerogennim rezimu s vyuzitim hematopoetickych kmenovych bunék a ,toleranci-facilitujicich“ bunék

doslo ke zvySeni poméru Treg k Teff u pacientl s trvalym chimersimem (Leventhal et al., 2012).
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V poslednich letech byl také studovan vliv pouzivané imunosuprese na koncentrace Treg. Ukazalo
se, ze fada imunosupresiv, donedavna povazovanych za deple¢ni nebo inhibi¢ni pro vSechny druhy

T lymfocytd, Setfi populaci Treg nebo dokonce podporuje jeji expanzi.

Podle mezinarodnich doporuéeni by soucasti imunosupresivnich 1ééebnych protokolll pfijemcu
transplantované ledviny méla byt také indukéni 1é¢ba Ié¢ebnymi latkami zpUsobujicimi depleci lymfocytl
(v€etné krali¢iho anti-thymocytarniho globulinu (rATG)) nebo antagonisty receptoru pro IL-2, a to jako
prostfedek k redukci vyskytu akutni rejekce a/nebo prostfedek k redukci davek ostatnich soucasti
imunosupresivniho rezimu (KDIGO Transplant Work Group, 2009). Mechanismus, jakym tyto léky
moduluji aloimunitni odpovéd, neni jesté zcela znam. Lopez et al. (Lopez et al., 2006) ukazali, ze rATG
vedlo k expanzi CD4*CD25*FoxP3* Treg in vitro zplsobem zavislym na davce. Studie odhalila dva
mechanismy expanze: konverzi CD4*CD25 na CD4*CD25* bunky a proliferaci pfirozené se vyskytujici
populace CD4*CD25* T lymfocyta.

V soucasnosti dostupny antagonista IL-2 receptoru je basiliximab, monoklonalni protilatka se
specificitou k a Fetézci receptoru pro IL-2 (IL-2Ra, také znamy jako CD25), ktery je pfitomny na
aktivovanych lymfocytech. Signalizace pres IL-2/IL-2 receptor (IL-2R) hraje kli¢ovou roli pro vyvoj a
proliferaci antigenem aktivovanych T lymfocytl, které zahrnuji jak Teff tak Treg (Malek et al., 2002;
Sadlack et al., 1993). Blokada IL-2R by tedy mohla mit negativni vliv na rozvoj transplantacni tolerance

a osud Stepu.

Transkripty cytotoxickych lymfocyti a NK bunék. Cytotoxické lymfocyty a pfirozeni zabijeci (NK
buriky) hraji dllezitou roli pfi vzniku rejekce $tépu (Wood a Goto, 2012). Jejich efektorovymi molekulami
jsou granzym B a perforin 1. Perforin tvofi péry v cilové burice a tak umozni vstup granzymu B a dalSich
komponent do buriky, coz vede k nasledné apoptdze (Lo et al., 2010). ZvySeni transkriptl cytotoxickych
lymfocytd a NK bunék jako jsou granzym B a perforin bylo popsano v periferni krvi pFijemcu
transplantované ledviny v dobé klinické diagnézy akutni rejekce nebo dokonce o nékolik dni dfive
(Sabek et al., 2002; Simon et al., 2003).

Povrchové receptory leukocytui. V periferni krvi pacient(l s dlouhodobé prezivajicimi ledvinnymi
Stepy byla snizena transkripce genu CD247 (Alvarez et al., 2004; Baniyash, 2004). CD247 je (-fetézec
receptoru T lymfocytd (TCR), ktery je soucasti komplexu TCR-CD3 na T lymfocytech a aktivacnich
receptort na NK burikach (Baniyash, 2004). U pacientl s operacni toleranci byla také popsana snizena
exprese TLR5 (toll-like receptor 5) (Sagoo et al., 2010). TLRS5 je ¢len TRL receptorové rodiny, ktera

hraje zasadni roli v rozpoznani patogenu a aktivaci pfirozené imunity.

Kostimulacni geny. Alakulppi et al. (Alakulppi et al., 2007) ukazali, Ze vySSi exprese kostimulacnich

genu CD154 a ICOS (inducibilni kostimulator), je spojena s akutni rejekci.
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TCAIM (TOAG-1) a a-1,2-manosiddza. Skupina Volka (Sawitzki et al., 2007) identifikovala na dvou
transplantacnich modelech (transplantace ledviny u potkant a srdce u mysi) dva nové markery
k predikci rejekce a trvalého pfijeti Stépu — TCAIM a a-1,2-manosidaza.

TCAIM (T cell activation inhibitor, mitochondrial; nejdfive popsan jako TOAG-1,
tolerance-associated gene 1) je gen koédujici mitochondrialni protein, jehoz zvySena exprese vede
k zesileni apoptézy T lymfocytl (Keeren et al., 2009). Dalsi studie ukazaly, Zze TCAIM kontroluje aktivaci
T lymfocytl a podporuje indukci tolerance pravdépodobné regulaci mitochondridlni distribuce a
produkce mitochondrialnich reaktivnich forem kysliku mediované skrze aktivaci TCR (Schumann et al.,
2014).

a-1,2-manozidaza je dllezita pro N-glykosylaci membranové vazanych a secernovanych proteind.
Pfi jeji inhibici dochazi ke zvySeni produkce IL-2, dulezitého k preziti, proliferaci a diferenciaci
T lymfocytl. Exprese obou téchto genl byla vysoka pfi pfijeti $t€pu, klesala pfi rejekci a silné pozitivné
korelovala s funkci $tépu v experimentalnim modelu. K poklesu téchto marker( v krvi i ve $tépu doslo
tfi dny pfed akutni rejekci (Sawitzki et al., 2007). Asociace vySSi exprese a-1,2-manozidazy s prijetim
Stépu pozorovana v experimentalnim modelu se v8ak nepotvrdila v klinickych studiich, ve kterych byla
a-1,2-manozidaza hodnocena spi$e jako marker rejekce. U pacientll s operacni toleranci byl vy$si podil
genové exprese FOXP3 k a-1,2-manozidaze v porovnani s pacienty s chronickou rejekci (Sagoo et al.,
2010).

TMEM176B. TMEM176B je gen (pGvodné popsany jako TORID) kédujici transmembranovy protein,
ktery je exprimovany na klidovych makrofazich a nezralych dendritickych burikach (Condamine et al.,
2010; Louvet et al., 2005). V modelu indukované tolerance po transplantaci srdce navozené krevni
transfuzi byl zvySené exprimovan u dlouhodobé pfezivajicich $tépl bez znamek chronické rejekce
(Louvet et al., 2005). Pozdé&jsi studie ukazala, Ze protein TMEM176B je zodpovédny za fagozomaini
kationovy proud, ktery je potfebny pro kontrolu fagozomalniho pH v dendritickych burikach (Segovia et

al., 2014), které je kritické pro zkfiZzenou prezentaci exogennich antigenu.

,,Otisk tolerance®, transkripty gent spojenych s funkci B lymfocytid. Prace Brouard et al.
(Brouard et al., 2007) vedla k identifikaci biomarkert v krvi, specifickych pro stav operac¢ni tolerance.
Porovnanim vzorkd od pacientl s operacni toleranci, pacientld s chronickou rejekci a zdravych
dobrovolnikd za uziti metody cDNA microarray identifikovali ,otisk tolerance* (“tolerant footprint®)
zahrnujici 49 genu schopnych odliSit s vysokou specificitou fenotyp tolerance a chronické rejekce. Tento

genovy podpis odrazi klidovy stav imunitniho systému.

Velkou pozornost si v poslednich letech ziskaly geny spojené s funkci B lymfocytd. Studie konsorcia
The Indices of Tolerance identifikovala fadu markerd v periferni krvi, které umoznily u pFijemci
transplantované ledviny spolehlivé rozlidit pacienty s operacni toleranci bez potfeby imunosuprese a
pacienty s chronickou rejekci (Sagoo et al., 2010). Sest z deseti genul, které nejlépe odlisily pacienty
s operacni toleranci od ostatnich skupin, byly spojené s funkci B lymfocytu (Sagoo et al., 2010). Také
ve studiich jinych konsorcii byla zjiSténa vysSi exprese genu asociovanych s funkci B lymfocytd u
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pacientll s operacni toleranci v porovnani s pacienty se stabilni funkci Stépu (Newell et al., 2010) &i s

pacienty s intersticialni fibrézou a tubularni atrofii (Brouard et al., 2007).

B regulaéni lymfocyty (Breg). Do nedavna byly B lymfocyty primarné spojovany s rozvojem
rejekce, v niz se uplatiuji skrze prezentaci antigenu, produkci cytokinl a diferenciaci v plasmatické
buriky produkujici protilatky (Zarkhin et al., 2010). Postupné ale pfibyvaji dikazy o existenci subpopulaci
B lymfocytu, které maiji regulacni funkce. Ve vétsiné studii je pro funkci Breg zasadni IL-10 a schopnost
jej produkovat je zatim jedinym znakem definujici Breg. IL-10* B lymfocyty jsou bohatéji zastoupeny
v fadé subpopulaci, jako jsou ,memory-like“ B lymfocyty, transientni B lymfocyty ale i plazmatické bufky
(Crespo et al., 2015). V fadé studii byly zvySeny pocéty perifernich B lymfocytl se zvySenim naivnich a
transitornich subpopulaci u pacientt s operacni toleranci v porovnani s pacienty s chronickou rejekci €i

se stabilni funkci §tépu na imunosupresi (Chesneau et al., 2014; Newell et al., 2010; Sagoo et al., 2010).

Biomarkery v biopsii, protokolarni biopsie

Protokolarni biopsie hraje zatim nezastupitelnou roli v diagnostice subklinické (i klinické) rejekce.
Cestou k zavedeni méné invazivnich diagnostickych metod je studium korelace biomarkerud rejekce,
prijeti Stépu a dlouhodobé funkce S$tépu ve tkani transplantatu s funkci $tépu a nalezem stejnych
biomarkert v krvi a mo¢i (Viklicky et al., 2013). Pfedmétem vyzkumu jsou také odlisné molekularni
fenotypy predpovidajici riziko progrese rejekce a selhani stépu. Snaha o klinické vyuZiti téchto poznatk

ma velky vyznam, dokud se nestane protokolarni biopsie nahraditelnou.

Treg, FOXP3. Jak bylo uvedeno vyse, FoxP3 neni vylu€nym znakem regulaénich T bunék, ale je
také prechodné exprimovan vétSinou aktivovanych T bunék. V moci pacientl s biopsii potvrzenou
diagnézou akutni rejekce byly nalezeny vy3si koncentrace FOXP3 mRNA v porovnani s pacienty bez
rejekce. Vy3Si koncentrace FOXP3 mRNA vsak korelovaly s delSim pfezitim $tépu (Muthukumar et al.,
2005). Studie Bunnag et al. (Bunnag et al., 2008) potvrdila vy$si exprese FOXP3 ve $tépech pacientd
po transplantaci ledviny s probihajici akutni rejekci v porovnani s pacienty bez rejekce, avSak
nepotvrdila asociaci s budouci lepsi funkci $tépu. Dle této prace se FoxP3* buriky nebo jejich prekurzory

hromadi v mistech zanétu jako strategie ke kontrole mozného vzniku autoimunity (Bunnag et al., 2008).

Zaveér, ze pfitomnost FoxP3* Treg ve $tépu hraje dulezitou roli v jeho pfijeti, uCinili Bestard et al.
(Bestard et al., 2007) a Kawai et al. (Kawai et al., 2008). Prvni nalezli mezi transplantovanymi, ktefi byli
[éCeni rATG a sirolimem, skupinu pacientd vykazujici snizenou donor specifickou odpovidavost, ktera
byla vazana na cirkulujici Treg a pfitomnost FoxP3* bunék ve Stépu. Druzi popsali navozeni tolerance
transplantaci kostni dfené a ledviny od pfibuznych Zijicich darcd s neshodou v HLA a jeji udrzeni i po
ztraté chimerismu asociované s pfitomnosti Treg ve $tépu. Tento nalez naznacuje, ze FoxP3* buriky ve

$tépu mohou indukovat lokalni toleranci.
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Transkripty cytotoxickych lymfocytii a NK bunék. Byla prokazana silna korelace exprese
transkriptl cytotoxickych lymfocyt( jako je granzym B a perforin ve $tépu s nalezem akutni rejekce po
transplantaci ledvin (Lipman et al., 1992; Lipman et al., 1994). Podle slozeni transkriptt cytotoxickych

lymfocytll Ize dokonce odliSit na terapii rezistentni a senzitivni rejekci (Nickel et al., 2001).

TCAIM a a-1,2-manoziddza. Snizeni exprese téchto dvou gen(, objevenych skupinou Volka a
Sawitzké, ve $tépu i v periferni krvi tfi dny pfed rejekci na zvifecim modelu jiz bylo zminéno vyse.
K moznému klinickému vyuziti téchto dvou genud jako markerl pfijeti §tépu je nutné provést jejich

expresni analyzu u Clovéka.

Cytokiny a chemokiny. Vyzkumy v transplantacni laboratofi IKEM ukazaly, Ze nemocni se
zvySenou genovou expresi TGF-B1 a MCP-1 (monocyte chemoatractant protein 1) jsou ve vySSim riziku
budouciho selhani (Hribova et al., 2007) a zZe pacienti se specifickym molekularnim fenotypem rejekce
(snizena exprese CD20) jsou v riziku jeji rezistence k Ié€bé a rychlejsi ztraty funkce transplantované
ledviny (Viklicky et al., 2010).
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3. HYPOTEZY A CILE

Hypotézy

Predpokladali jsme, Ze indukéni imunosuprese rATG vede k vzestupu poc¢tu Treg a zménéné

expresi dalSich biomarkerd transplantac¢ni tolerance, které se uplatiiuji v dlouhodobém pfijeti $tépu.

Stejné tak by po podani rATG mélo dojit ke zméné exprese markeri rejekce asociovanych

s T lymfocyty. Indukéni Ié€ba basiliximabem (jakozto nedeplecni protilatkou zamifenou proti receptoru

pro IL-2) nemusi ovlivnit poéty Treg, ale muze ovlivnit expresi biomarkerd tolerance ¢i rejekce

asociovanych s T lymfocyty.

Dale jsme ocekavali, Zze pfitomnost a/nebo zménéné mnozstvi nové identifikovanych biomarkerd

transplantacni tolerance (Ci rejekce) v periferni krvi a v biopticky ziskaném vzorku tkané ledvinného

Stépu u pacientd po transplantaci ledviny jsou spojeny s pfijetim $tépu a absenci rejekce (¢i naopak s

pritomnosti rejekce).

Cile

Zhodnotit efekt rGzné indukéni 1éEby na regulaéni T lymfocyty v periferni krvi pacientld po
transplantaci ledviny a analyzovat asociaci poctll téchto bunék s kratkodobymi vysledky
transplantace. Prokazat, Ze u pacientd s vySSim rizikem rejekce dojde po podani indukéni

terapie rATG ke zméné poctu regulacnich T lymfocytu.

Zhodnotit efekt (a pfipadny tolerogenni potencial) rGzné indukéni 1éCby na expresi genu
asociovanych s toleranci €i rejekci a pocty lymfocytarnich subpopulaci exprimujicich tyto geny

v periferni krvi pacientl po transplantaci ledviny.

Monitorovat zmény v monocytarnich subpopulacich a jejich distribuci v periferni krvi pacientt
po transplantaci ledviny léCenych standardni imunosupresi také s ohledem na riizné pouzité

imunosupresivni rezimy.

Zjistit, zda zmény v mife exprese genl asociovanych s operaéni toleranci budou v periferni krvi
a ve Stépu prijemcl ledviny lééenych imunosupresi spojeny s absenci rejekce

v transplantované ledviné.
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4. METODY

Studie vychazi zfeSeni grantového projektu (IGA MZCR NS 10517-3/2009), jehoz cilem bylo

analyzovat rlizné markery rejekce a tolerance v prospektivni observaéni studii.

4.1. Pacienti a vzorky

Do studie bylo zafazeno celkem 75 pacientl, kterym byla transplantovana ledvina od zemrelého
darce v obdobi mezi zafim 2009 a listopadem 2010 v Transplantacentru Institutu klinické a
experimentalni mediciny. Zakladnimi zafazovacimi kritérii byl pisemny informovany souhlas, standardni
léCebny protokol a dostupnost pritokové cytometrie (dostupna pouze ve vSedni dny). Protokol studie

byl schvalen Etickou komisi Institutu klinické a experimentalni mediciny (€. 608-08-10).

Pacienti byli 1éCeni podle Ié€ebného protokolu centra, ktery zahrnoval trojkombinaci udrzovaci
imunosupresivni terapie s kalcineurinovym inihibitorem (CNI, tacrolimus nebo cyklosporin A),
mykofenolat mofetilem a kortikosteroidy, s indukéni imunosupresi ¢i bez ni. Volba indukéni 1é¢by se
fidila imunologickym rizikem pacienta. Pacienti s PRA = 50% nebo ti, ktefi jiz v minulosti podstoupili
transplantaci ledviny, byli 1é¢eni 1-1.5 mg/kg/den rATG (Thymoglobulin®, Genzyme Corporation,
Cambridge, MA, USA n = 28) i.v. ve 2-7 davkach b&hem prvniho tydne po transplantaci. Pacienti s PRA
20-49% nebo ti, ktefi obdrzeli ledvinu od darce s rozSifenymi kritérii, byli Ié€eni 2x 20 mg basiliximabu
(Simulect®, Novartis, Basel, Switzerland, n = 22) i.v. a to v den transplantace a 4 dny po transplantaci.
Pacientim s PRA < 20% nebyla podana zadna indukéni [é€ba (n = 25). Vzorky periferni krve pacientt
byly odebrany pfed transplantaci a 7., 14., 21., 28., 60., 90. den a 6 a 12 mésicl po transplantaci.
Skupiny pacientd se kromé zastoupeni retransplantaci, PRA a véku darce neliSily v klinickych

charakteristikach (podrobnéji viz tabulky v originalnim znéni ¢lanku v kapitole 5. Vysledky).

Ze 75 pacientl 4 pacienti podstoupili graftektomii (4., 20., 58. a 161. den po transplantaci) z duvodu
trombdzy v. renalis, akutniho krvaceni po biopsii, primarni afunkce $tépu ledviny a sekundarni afunkce
$tépu ledviny; dva pacienti zemfeli (56. a 80. den po transplantaci) na nahlou smrt a embolii plicnice a

dva pacienti vystoupili ze studie 14. respektive 60. den po transplantaci.

Sedesat pacientd splinilo nasledujici kritéria k zafazeni do studie vlivu indukce na expresi
molekularnich marker(l asociovanych s rejekci a toleranci: 1) dostate€né mnozstvi mRNA ziskané
béhem alespon 7 z9 obdobi sbéru vzorkd, 2) nezménéna udrzovaci imunosupresivni |écba a

3) nepfitomnost steroid-rezistentni rejekce.

Sedesat sedm pacientd splnilo zafazovaci kritérium pro studii vlivu rejekce na expresi
molekularnich biomarker( asociovanych s rejekci a toleranci, coz byl dostatek mRNA ziskany béhem

alespon 7 z 9 obdobi shéru vzorka.

Pro studii subpopulaci monocytu v periferni krvi byly jako zdravé kontroly pouzity vzorky od 20
dobrovolnikd ve véku 25-50 let bez klinickych pfiznakd nemoci, signifikantnich klinickych diagnéz a

transplantace v anamnéze.
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4.2. Renalni biopsie a lé¢ba rejekce

Renalni biopsie byly provadény z klinické indikace (pfi podezfeni na rejekci) a dale u kazdého
pfilemce 90. den po transplantaci dle protokolu (,protokolarni biopsie®). Histologické nalezy byly

hodnoceny podle Banffské klasifikace z roku 2005 (17).

Hrani¢ni zmény a T bunkami zprostfedkovana rejekce (TCMR) stupné | a lIA byly I1é€eny pulzné
podavanym methylprednisolonem v celkové davce 1,5-2 g. TCMR stupné 1IB a lll a steroid-rezistentni
TCMR byly I1é€eny i.v. podavanym rATG v nejvice 10 davkach (2 mg/kg 1. den a 1 mg/kg 2.-10. den).
Protilatkami zprostfedkovana rejekce byla |é¢ena vymé&nnou plazmy a intravendznimi imunoglobuliny

stfidavé obden béhem 10-denniho obdobi.

U péti pacientd, ktefi dostali rATG jako soucast 1éCby rejekce (pacienti ze skupiny bez indukce a
s basiliximabem), nebyly vzorky ze vSech €asovych obdobi po podani rATG zafazeny do statistiky

porovnani skupin.

4.3. Pratokova cytometrie mononuklearnich bunék periferni krve

Vzorky periferni krve byly odebirany do sterilnich zkumavek s EDTA. Mononuklearni bunky periferni
krve (PBMC) byly izolovany centrifugaci na hustotnim gradientu (Lymphoprep™, Axis-Shield, Oslo,
Norway) a zna¢eny monoklonalnimi protilatkami (mAb) konjugovanymi s fluorochromy. PFiblizné 1x108
bunék PBMC v objemu 100 pl v PBS-BSA (phosphate buffered saline — bovine serum albumin) bylo
inkubovano s vybranymi panely mAb po 20 min za pokojové teploty ve tmé&. Barveni k identifikaci
FoxP3* Treg bylo provedeno pomoci soupravy Human Regulatory T Cell Staining Kit dle doporu€eni
vyrobce (eBioscience, San Diego, CA, USA). Intracelularni znaCeni FoxP3 bylo provedeno po
povrchovém znaceni liniové specifickych znak(. Pouzité panely protilatek jsou souhrnné uvedeny v
tabulce 4.1.

Rezidualni erytrocyty byly lysovany roztokem Optilyse C (Beckman Coulter, Brea, CA, USA) po
dobu 10 min za pokojové teploty ve tmé&. Reakce byla zastavena roztokem CellWash (Beckton Dickinson

Bioscience, Benelux, Belgium).

Po obarveni byly vzorky zméfeny pomoci priitokového cytometru FC 500 (Beckman Coulter, Brea,
CA, USA) a analyzovany za pouziti software CxP a Kaluza (Beckman Coulter, Brea, CA, USA). Analyza
pomoci pritokové cytometrie byla provadéna s alespon 100 pfipady v gate. Definice analyzovanych
buné&nych populaci pomoci bunéénych znaku jsou uvedeny v tabulace 4.2 (v zavorkach jsou uvedené

zkratky uzivané v této praci).

Absolutni poéty bunéénych populaci byly vypocitany z absolutnich poctd lymfocytl Ci leukocytu

zméfenych pomoci hematologického analyzatoru Sysmex (Sysmex Corporation, Japan).

25



Tabulka 4.1 Panely protilatek pouzité pro analyzu pritokovou cytometrii.

Nazev panelu Protilatka znacena Klon Vyrobce
fluorochromem protilatky
Subpopulace anti-CD45-FITC B3821F4A Beckman Coulter, Brea, CA, USA
T lymfocytd anti-CD4-RD1 SFCI12T4D11
anti-CD8-ECD SFCI21Thy2D3
anti-CD3-PC5 UCHT1
anti-CD4-PE 13B8.2 Beckman Coulter, Brea, CA, USA
anti-CD8-PC7 SFCI21Thy2D3
anti-CD62L-PC5 DREG56
anti-CD45RA-FITC ALB11
Treg anti-CD4-PC7 SFCI12T4D11 Beckman Coulter, Brea, CA, USA
anti-CD25-PC5 B1.49.9
anti-CD127-PE R34.34
anti-CD4-FITC RPA-T4 eBioscience, San Diego, CA
anti-CD25-APC BC96
anti-Foxp3-PE PCH101
B lymfocyty anti-CD45-FITC B3821F4A Beckman Coulter, Brea, CA, USA
a NK buriky anti-CD56-RD1 N901/NKH1
anti-CD19-ECD J3-119
anti-CD3-PC5 UCHT1
anti-CD16-PE 3G8
Subpopulace anti-CD36-FITC FA6.152 Beckman Coulter, Brea, CA, USA
monocytd anti-CD14-PC7 RMO52
anti-CD16-ECD 3G8
anti-CD74-Alexa Fluor 647 LN2 BioLegend, San Diego, CA, USA
anti-CD163-PE GHI61
anti-CD163-PE RM3/1

APC - allophycocyanin, alofykocyanin; ECD — energy-coupled-dye; FITC — fluorescein isothiocyanate,
fluorescein isothiokyanat; PE -
fykoerytrin-kyanin 7; PC5 — phycoerythrin-cyanine 5, fykoerytrin-kyanin 5; RD1 — rhodamine, rodamin

phycoerythrin, fykoerytrin,

PC7 - phycoerythrin-cyanine 7,
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Tabulka 4.2 Definice analyzovanych bunéénych podtypd pomoci bunéénych znaku

Cely nazev (zkratka) Definice bunécnymi znaky
T lymfocyty CD45*CD3*
Pomocné T lymfocyty (CD4Y) CD45*CD3*CD4*
Cytotoxické T lymfocyty (CD8Y) CD45*CD3*CD8*
Efektorové CD8* T lymfocyt (Teff) CD8*CD45RACD62L
Regulacni T lymfocyty (Treg) CD4*CD25*FoxP3*
CD4*CD25*CD127
CD4*FoxP3*
B lymfocyty CD45*CD19*CD3"
Ptirozeni zabijeci, natural killer cells (NK) CD45*CD3°CD16*CD56*"
Intermedialni/neklasické monocyty CD14*CcD16*
Imunosupresivni monocyty CD14*CD163*

4.4. In vitro stimulace a méreni perifernich mononuklearnich bunék

Pro in vitro experiment byla pouzita periferni krev 3 zdravych dobrovolniku (ve véku 30-55let), bez
klinickych pfiznakd nemoci, signifikantnich klinickych diagndéz a transplantace v anamnéze. Periferni
krev (50ml) byla odebrana do zkumavek obsahujicich EDTA. PBMC byly ziskany centrifugaci na
standardnim hustotnim gradientu Ficoll-Paque (GE Healthcare Life Sciences, Piscataway, NJ, USA) a
nasledné resuspendovany v RPMI-1640 mediu (Sigma-Aldrich, St. Louis, MO, USA) s pfidavkem 10%
FCS (fetalni teleci sérum), L-glutaminu, penicilinu a streptomycinu (Sigma-Aldrich, St. Louis, MO, USA)

a centrifugovany po dobu 10 min pfi 180 x g.

Po té byly buiky kultivovany v termostatu pfi 37°C v 5% CO2 v RPMI-1640 mediu (Sigma-Aldrich,
St. Louis, MO, USA) a stimulovany rATG (v koncentraci 1, 10 a 100 ug/ml), basiliximabem (v koncentraci
1, 10, 100 a 1000 ng/ml) nebo methylprednisolonem (v koncentraci 10, 100 a 1000 ug/ml). Jako
negativni kontroly byly pouZity nestimulované buriky. Burfiky byly uvolnény z povrchu kultivaénich jamek
pomoci Trypsin-EDTA (Sigma-Aldrich, St. Louis, MO, USA).

Zastoupeni CD14*CD16* a CD14*CD163* monocytd bylo méfeno v duplikatech pomoci
pratokového cytometru FC 500 (Beckman Coulter, Brea, CA, USA) v ¢ase 0, 1, 3, 6, 24, 48 a 72 hodin
po stimulaci. Viabilita bunék byla posouzena pomoci analyzatoru Vi-Cell (Beckman Coulter, Brea, CA,
USA). U bunék stimulovanych rATG po dobu 72hod byla viabilita monocytd naruSena, proto nebyla data

z tohoto ¢asového obdobi po rATG analyzovana.
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4.5. Analyza genové exprese

Izolace RNA

Pro analyzu genové exprese z krve byla odebrana periferni krev pfimo do zkumavek PAXgene
(Qiagen, Hilden, Germany). Krev byla zmraZzena a skladovana pfi -20° C. RNA z plné krve byla
extrahovana pomoci soupravy PAXgene Blood RNA Kit (Qiagen, Hilden, Germany) s pouzitim pfistroje

QIA cube (Qiagen, Hilden, Germany).

Pro analyzu genové exprese ze vzorku tkané transplantované ledny bylo pouzito malé mnozstvi
tkané ziskané renalni biopsii, které bylo okamzité po odebrani skladovano v roztoku RNAlater
(Sigma-Aldrich Corporation, St Louis, MO, USA) pfi teploté -20° C nebo -80° C. Ze vzork( ledvinné
tkané byla pomoci soupravy RNeasy Fibrous Tissue Mini Kit (Qiagen, Hilden, Germany) izolovana

vysoce kvalitni celkova RNA, ktera byla nasledné eluovana v 30ul vody prosté na RNazu.

Cistota a koncentrace RNA byly stanoveny pomoci spektrofotometru NanoDrop 2000 (Thermo
Scientific, Wilmington, DE, USA). PouZzitd metoda izolace je rutinné uzivana v nasi laboratofi a byla

validovana a standardizovana na referencnich vzorcich.

Kvantitativni RT-PCR analyza

Pro syntézu komplementarni DNA (cDNA) ze 2ug celkové RNA byla pouzita reverzni transkriptaza
SuperScript™ || Reverse Transcriptase (Invitrogen, Carlsbad, CA, USA) dle doporuceni vyrobce. Pied
reverzni transkripci byla RNA oSetfena DNazou, tak aby nasledné syntetizovana cDNA nebyla

kontaminovana genomovou DNA.

Profily genové exprese 11 vybranych genl asociovanych s toleranci &i rejekci (GZMB, PRF1,
CD247, FOXP3, TCAIM (TOAG-1, C30rf23), MAN1A1, TLR5, MS4Al, CD79B, TCL1A, TMEM176B)

byly stanoveny pomoci kvantitativni real-time RT-PCR za pouziti metody 2-*2Ctpro relativni kvantifikaci

genové exprese (relative quantity RQ, qRT-PCR (2-2cy). Pro vnitni kontrolu byly pouzity geny HPRT

a PGK1 v analyze vzorkl periferni krve a GAPDH a PGK1 v analyze vzork( z renalni biopsie.

Jako kalibrator pro analyzu genové exprese z krve slouzila cDNA jednoho kontrolniho vzorku krve.
Pro analyzu genové exprese v renalni biopsii byla jako kalibrator pouZita cDNA ziskana reverzni
transkripci komeréné nabizené RNA z ledvinné tkané (First Choice Human Kidney Total RNA, Ambion,
Life Technologies). Kvantifikace mRNA byla provedena v triplikatech pomoci expresni eseje TagMan®
Gene Expression Assay (Applied Biosystems) a TagMan® Fast Advanced Master Mix (Applied
Biosystems) na pfistroji Prism 7900 HT Sequence Detection system (Applied Biosystems). Pro analyzu
dat byl pouzit RQ Manager 1.2. software (Applied Biosystems). Pfehled oficialnich zkratek a nazvl gent

a nazvu eseji ke stanoveni genové exprese je uveden v tabulce 4.3.

28



Tabulka 4.3 Prehled oficialnich zkratek a nazvu genll a nazvu eseji ke stanoveni genové exprese

Symbol genu (jiny symbol)

Nazev genu

Nazev eseje

GZMB

PRF1

CD247

FOXP3

TCAIM (C3o0rf23, TOAG-1)
MAN1A1

TLR5

MS4A1

CD79B
TCLIA
TMEM176B

granzyme B

perforin 1 (pore forming protein)

CD247 molecule

forkhead box P3

T cell activation inhibitor, mitochondrial
mannosidase, alpha, class 1A, member 1
toll-like receptor 5

membrane-spanning 4-domains, subfamily A,
member 1
CD79b molecule, immunoglobulin-associated beta

T-cell leukemia/lymphoma 1A
transmembrane protein 176B

Hs01554355_m1
Hs00169473_m1
Hs00167901_m1
Hs00203958_m1
Hs00603313_m1
Hs00195458_m1
Hs00152825_m1
Hs00544818_m1

Hs00236881_m1
Hs00951350_m1
Hs00962650_m1

HPRT
PGK1
GAPDH

hypoxanthine phosphoribosyltransferase 1
phosphoglycerate kinase 1
glyceraldehyde-3-phosphate dehydrogenase

Hs01003267_m1
Hs99999906_m1
Hs99999905_m1

4.6. Statisticka analyza

Statisticka analyza byla provedena pomoci softwarl GraphPad Prism 5 (GraphPad Software, La
Jolla, CA, USA), BMDP PC-90 (BMDP Statistical Software Inc., Los Angeles, CA, USA) a SPSS 20 (IBM
Corporation, Somers, NY). Klinické charakteristiky skupin pacientl byly porovnavany pomoci testu
Mann-Whitney ¢&i Kruskal-Wallis podle rozlozeni dat (testovani normality testem Shapiro-Wilk) u
kontinualnich proménnych a x? testem u kategorickych proménnych. Pro porovnani po¢tl bunék a RQ
MRNA u jednotlivych skupin pacientl byla pouzita logaritmicka transformace a parametrické testovani
pomoci ANOVA (analysis of variance, analyza rozptylu) pro opakovana méfeni s Bonferroniho korekci
¢i s porovnanim dvou €asovych bodud uvnitf skupiny nebo gama regrese a zobecnény smiseny linearni
model pro opakovana méfeni s ajdustaci. Pro korelaci klinickych a cytometrickych dat byl pouZit
Spearman(v korela¢ni koeficient. Data byla vyjadfena jako median [min; max], absolutni pocty (n),
median a interkvartilové rozpéti, odhadnuté marginalni priméry + SEM. Rozdily byly uvazovany jako
statisticky signifikantni pfi P<0,05. Pouzité statistické metody jsou podrobnéji popsany v originalnich

znénich jednotlivych publikaci.

29



5. VYSLEDKY

5.1. Vliv indukéni imunosuprese na regulaéni T lymfocyty

Uvod

Pfedpoklada se, ze regulaéni T lymfocyty (Treg) snizuji aloimunitni odpovéd. Cilem této oteviené
prospektivni studie bylo zhodnotit efekt rlizné indukéni 1éEby na Treg v periferni krvi pacientll po

transplantaci ledviny a analyzovat asociaci po¢tl téchto bunék s kratkodobymi vysledky transplantace.

Metody

Pocty CD4*CD25*FoxP3* Treg a CD8*CD45RA*CD62L- efektorovych T lymfocytl (Teff) v periferni
krvi byly stanovovany pomoci pratokoveé cytometrie u 71 prospektivné sledovanych pfijemcu ledvinného
Stépu 0., 7., 14., 21., 28., 60. a 90. den po transplantaci. Pacienti byli 1éCeni trojkombinaci
imunosupresivni terapie s CNI s indukci rATG (n=28), basiliximabem (anti-CD25 mAb, n=18) nebo bez

indukce (n=25). Data z prdtokové cytometrie byla korelovana s incidenci rejekce.

Vysledky

V porovnani s pacienty léenych bez indukce, doslo ve skupiné sindukci rATG k expanzi
CD4*CD25*FoxP3* v ramci populace CD4* T bunék ve vsech sledovanych Casech od 14. dne
(P<0.001). U pacientt lé€enych basiliximabem doslo v porovnani s pacienty bez indukce v obdobi 7. az
60. den po transplantaci k signifikantnimu poklesu v poétech CD4+*CD25*FoxP3* Treg (P<0.001) a
soucasné k prechodnému objeveni CD4+*CD25"°"-FoxP3*bunécéné populace. Biopticky potvrzena akutni
rejekce se vyskytla u 16,7% pacientl bez indukce, 10,7% pacientt léCenych rATG a u 11,1% pacientl
Ié€enych basiliximabem. U pacientl bez rejekce ve skupiné s basiliximabem byl v potransplantaénim

obdobi pozorovan vysSi pomér CD4*FoxP3* Treg / Teff.
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Obrazek 5.1 Vliv ruznych indukénich imunosupresivnich Iéku na Treg. (A) Reprezentativni bodovy graf
u pacienta, ktery byl lééen bez indukce, (B) u pacienta léceného rATG a (C) pacienta lééeného basiliximabem pred
transplantaci (vlevo) a 21. den po transplantaci (vpravo). Buriky byly sekvenéné gateovany na CD4* a

CD25*FOXP3* populace. U pacientl s indukéni lé¢bou basiliximabem byly buriky dodatecné gateovany na
CD25"°%-FoxP3* populaci (C vpravo).
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Obrézek 5.2 Vliv raznych indukénich imunosupresivnich lékii na Treg. (A) Casovy priibéh relativnich (vievo)
a absolutnich (vpravo) poctu CD4*CD25*FoxP3* Treg u pacientd, ktefi nebyli IéCeni indukéni IéEbou a u pacientt,
lésenych rATG & basiliximabem. (B) Casovy prubéh relativnich (vievo) a absolutnich (vpravo) poétt
CD4*CD25*FoxP3* a CD4*CD25"°“"FoxP3* bunék ve skupiné s basiliximabem. Data jsou zobrazena jako mediany

a interkvartilova rozpéti.

Zavér a shrnuti studie

V této prospektivni studii jsme ukazali, Zze indukéni lé¢ba rATG byla asociovana s expanzi
CD4*CD25*FoxP3* T regulagnich bunék a Ze lé¢ba basiliximabem vedla k pfechodnému objeveni
CD4*CD25"%-FoxP3* bunék pfi souéasném prechodném vymizeni CD4*CD25*FoxP3*. Pacienti IéCeni
indukéni imunosupresivni 1éEbou méli niZsi vyskyt rejekci v porovnani s pacienty bez indukce. Trvale
vy$8i pomér CD4*FoxP3*/Teff byl asociovany s nepfitomnosti rejekce po indukci basiliximabem. Tyto
nalezy naznacuji mozné dalSi mechanismy podilejici se na protirejekénim pusobeni rATG a

basiliximabu.
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Abstract

Background. Regulatory T cells have been suggested to
down-regulate the alloimmune response. The aim of this
prospective open study was to evaluate the effects of differ-
ent inductive agents on peripheral blood regulatory T cells
in kidney transplant patients and to analyse their associa-
tion with short-term graft outcome.

Methods. Regulatory and effector T cell numbers in periph-
eral blood were determined by flow cytometry in 71 pro-
spectively followed kidney transplant recipients at
postoperative day 0, 7, 14, 21, 28, 60 and 90. Patients were
treated with a calcineurin inhibitor-based triple immunosup-
pression with polyclonal rabbit anti-thymocyte globulin
(rATG, n = 28), basiliximab, the anti-CD25 monoclonal
antibody (n = 18) or without induction (controls, n = 25).
Flow cytometry data were correlated to rejection incidence.
Results. Compared to controls, CD4"CD25 "FoxP3™* reg-
ulatory T-cell expansion among CD4 ™" T cells was noticed
in the rATG group at all post-transplant time-points
by Day 14 (P < 0.001). A significant decrease in Treg
frequency (P < 0.001) and concurrently a transient
increase of CD4'CD25"Y "FoxP3™ population were
observed in basiliximab-treated patients 7-60 days post-
transplantation. Biopsy-proven acute rejection occurred
in 16.7% of controls, 10.7% of the rATG group and in
11.1% of the basiliximab group. Higher CD4 "FoxP3"/
CD8"CD45RA"CD62L "™ ratios were observed repeat-
edly in those patients after basiliximab induction who
were rejection free (P < 0.01).

Conclusions. In this study, the rATG induction therapy
was associated with an expansion of regulatory cells. Sus-
tained high CD4 "FoxP3*/Teff ratios were associated with
the absence of rejection after basiliximab induction.

Keywords: basiliximab; FoxP3; kidney transplantation; rATG;
regulatory T cells

Introduction

Kidney transplants are the most effective method of treat-
ing end-stage renal disease. Following transplantation, it
is recommended that induction therapies (lymphocyte-
depleting agents including rabbit anti-thymocyte globulin
(rATG) or interleukin 2 receptor antagonist) be part of the
initial immunosuppressive regimens implemented during
the treatment of kidney transplant recipients as a means of
reducing acute rejection and/or as a means of facilitating
the use of reduced dosages of other immunosuppressive
regimen components [1].

The mechanism whereby these inductive agents modulate
alloimmune responses is not fully understood. Sakaguchi
et al. [2] described CD4"CD25" regulatory T cells in
1995 and Lopez et al. [3] demonstrated that rATG treatment
expanded the CD4*CD25 " FoxP3™ regulatory T cell (Treg)
population in a dose-dependent manner in vitro. These
studies uncovered two mechanisms of expansion: conversion
of CD4*CD25 into CD4"CD25" cells and proliferation of
natural CD4"CD25™ T-cell populations.

The currently available interleukin 2 receptor antagonist
is basiliximab, a monoclonal antibody with specificity to
the IL-2 receptor o chain (IL-2Ra, also known as CD25)
present on the surface of activated T-lymphocytes. IL-2/IL-
2 receptor (IL-2R) signalling plays a key role in the devel-
opment and proliferation of antigen-activated T cells that
include both effector T cells (Teff) and Tregs [4, 5].

Regulatory T cells have the potential of playing important
roles in both the induction and maintenance of tolerance to
donor alloantigens in vivo [6]. Circulating Tregs and the
presence of FoxP3™ cells in the graft have also been asso-
ciated with donor-specific hyporesponsiveness in patients
after renal transplantation [7]. However, the Treg/Teff ratio
could be more important than the number of Tregs present
and it has been suggested that a disruption in the Treg/Teff
ratio may be linked to graft outcome [8].

The aim of this study was to evaluate the effects of
different inductive agents on peripheral regulatory T-cell

© The Author 2011. Published by Oxford University Press on behalf of ERA-EDTA. All rights reserved.
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blood levels in kidney transplant recipients and to relate
these levels to graft rejection.

Materials and methods

Patients and samples

Patients (n = 71) who received renal transplants from deceased donors at our
centre between September 2009 and September 2010 were enrolled in this
prospective observational study if they signed written informed consent, flow
cytometry was available (weekdays) and patients were not receiving experi-
mental immunosuppression. All patients received immunosuppression accord-
ing to the centre protocol. Besides the standard triple maintenance therapy that
consisted of a calcineurin inhibitor (either tacrolimus or cyclosporine A), my-
cophenolate mofetil and corticosteroids in the low-risk patients [panel reactive
antibodies (PRA) <20%, control group, n = 25], patients received induction
therapy in a case of higher immunological risk. Patients with PRAs >50% or
patients with previous renal transplantation received 1-1.5 mg/kg/day of TATG
(rabbit anti-thymocyte globulin, Thymoglobulin®, Genzyme Corporation,
Cambridge, MA; n = 28) in two to seven doses during the first week post
surgery. The median cumulative dose of rATG was 6.7 mg/kg (range 2.0-8.9
mg/kg). Patients with PRA 20-49% or those who received a kidney from an
extended criteria donor were treated with 20 mg of basiliximab (Simulect®,
Novartis, Basel, Switzerland; » = 18) on Days 0 and 4. Because the number of
patients per group was intended to be similar, the time frame for patient recruit-
ment into each group was different.

Except for a difference in the frequency of retransplantation, the mean
percentage of PRA and donor age, the clinical characteristics did not differ
significantly between the three groups (Table 1). Peripheral blood samples
were collected at the following time-points: before transplantation and on
Days 7, 14, 21, 28, 60 and 90 post-transplantation. Serum creatinine (SCr)
levels, incidence of delayed graft function (DGF), estimated glomerular
filtration rate (eGFR) (calculated using the MDRD, formula), proteinuria
and incidence of acute rejection 3 months post-transplantation were re-
corded for all patients.

Written informed consent was obtained from all participants in addition
to additional signed agreements obtained at the time each biopsy was
performed. The study protocol was approved by the Ethics Committee
of the Institute for Clinical and Experimental Medicine (No.: 608-08-10).

Table 1. Demographic characteristics at the time of transplantation®
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A renal graft biopsy was obtained upon clinical presumption of acute
rejection, such as an insufficient decline or sudden rise in serum creatinine
levels and acute rejection diagnosed histologically according to the Banff
’05 classification [9]. Borderline changes and T-cell-mediated rejection
(TCMR) Grades I and IIA were treated by administering 1.5-2 g methyl-
prednisolone, TCMR Grades IIB and III and steroid-resistant TCMR by
administering rATG (10 dose; 2 mg/kg on Day 1 and 1 mg/kg for 2-10
days) and antibody-mediated rejection (AMR) by plasma exchange and
intravenous immunoglobulin alternately during the 10-day period.

Three patients in the control group who received rATG for treatment of
severe (steroid-resistant) acute rejection were excluded from group com-
parison statistics of flow cytometry data.

Flow cytometry and isolation of peripheral blood mononuclear cells

Peripheral blood mononuclear cells (PBMCs) were isolated by density
gradient centrifugation over Lymphoprep™ (Axis-Shield, Oslo, Norway)
from peripheral blood anticoagulated with ethylenediaminetetraacetic
acid (EDTA).

PBMCs (100 pL, approximately 1 X 10°) were labelled with fluoro-
chrome-conjugated (PE—phycoerythrin, PC7—phycoerythrin-cyanine 7,
PC5—phycoerythrin-cyanine 5 or FITC—fluorescein) monoclonal anti-
bodies diluted in phosphate-buffered saline-bovine serum albumin buffer
for 20 min at room temperature in the dark. The specific antibody panels
used consisted of either anti-CD4-PE (clone: 13B8.2), anti-CD8-PC7
(clone: SFCI21Thy2D3), anti-CD62L-PCS (clone: DREGS56) and anti-
CD45RA-FITC (clone: ALB11) or anti-CD4-PC7 (clone: SFC112T4D11),
anti-CD25-PC5 (clone: B1.49.9) and anti-CD127-PE (clone: R34.34;
Beckman Coulter, Brea, CA).

Intracellular FoxP3 staining of Tregs was performed as described by
the manufacturer (Human Regulatory T Cell Staining Kit; eBioscience,
San Diego, CA). Extracellular staining of freshly prepared and isolated
PBMCs was carried out using anti-CD4-FITC (clone: RPA-T4) and anti-
CD25-APC (clone: BC96) antibodies prior to intracellular staining with
anti-Foxp3-PE (clone: PCH101). An appropriate isotype control mono-
clonal antibody (rat 1gG2a-PE, cocktail of FITC and APC mouse 1gG1)
was used to establish the settings used for FoxP3™ Treg analysis.

Following staining, samples were analysed using an FC 500 flow cy-
tometer (Beckman Coulter) and C X P and Kaluza software (Beckman
Coulter). Measured T-cell subsets were defined as follows: Tregs as
CD4"CD25"FoxP3" and CD4"CD25°CDI127" and CD8" Teff as

No induction rATG Basiliximab P-value

Number 25 28 18
Gender (male/female) 14/11 19/9 9/9 ns®
Recipient age (years)® 57.9 [27.7; 73.3] 52.9 [21.5; 78.6] 52.9 [25.6; 67.1] n.s.
Donor age (years)® 52.0 [16.0; 68.0] 46.5 [22.0; 74.0] 63.5 [46.0; 75.0] <0.001%¢
HLA MM° 3 [1; 6] 4 [2:5] 4 [1; 5] nsd
Ist/2nd and 3rd T X R (n) 25/0 12/16 18/0 <0.0001°
PRA (%)° 4 [0; 36] 64 [0; 96] 7 [0; 44] <0.0001%¢
CNI (TAC/CsA) (n) 21/4 28/0 18/0 n.s.
CIT (hours)* 15.2 [11.0; 20.7] 15.9 [7.7; 22.8] 17.6 [12.4; 21.0] nsd
Dialysis time (years)® 2.0 [0.2; 9.42] 22 [0.5; 6.37] 2.1 [0; 4.9] nsd
Cause of renal failure n.s.

Primary GN 10 10 5

Hereditary diseases 4 6 6

Diabetic or ischaemic nephropathy 8 2 5

TIN 2 3 1

ANCA vasculitis or lupus nephritis 0 4 0

Other causes 1 3 1

“ANCA, anti-neutrophil cytoplasmic antibodies; CIT, cold ischaemic time; CNI, calcineurin inhibitor; CsA, cyclosporine A; GN, glomerulonephritis;
HLA MM, HLA mismatch; PRA, historical panel reactive antibodies, measured every 3 months before transplantation, the highest number was
considered in each patient; TAC, tacrolimus; TIN, tubulointerstitial nephritis; T X, renal transplantation.

°Chi square test P-value.
“Median [min; max].
K ruskal-Wallis test P value.

“Dunn’s multiple comparison test: significant difference between the basiliximab group and the rATG or controls.

"Two patients had a third transplantation.

£Dunn’s multiple comparison test: significant difference between rATG and the no induction or basiliximab groups.
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CD8"CD45RA"CD62L". Flow cytometric analyses were performed
with at least 100 gated events.

Statistical analyses

Statistical analyses were performed using GraphPad Prism 5 software
(GraphPad Software, La Jolla, CA) and BMDP PC-90 statistical software
(BMDP Statistical Software Inc., Los Angeles, CA). Based on the distri-
bution of the data (Shapiro—Wilk’s test for normality), we performed para-
metric or non-parametric (Mann—-Whitney, Kruskal-Wallis) tests. For
analysis of categorical variables, chi-square test was used. We performed
logarithmic transformation and parametric testing by repeated measures
analysis of variance with Bonferroni’s post-test correction when compar-
ing flow cytometry data between the three groups at different time-points.
Clinical and flow cytometry data were correlated using the Spearman rank
correlation coefficient. Differences were regarded as statistically signifi-
cant with P < 0.05. Data are expressed as median values and [min; max] or
interquartile range based on their distribution.

Results

Patient and graft survival

From a total of 71 patients, three patients underwent graft
nephrectomy (Day 4, 20 and 58 after transplantation) for
renal vein thrombosis, acute haemorrhage after biopsy or
primary non-functional graft, respectively; 2 patients died
on Days 56 and 80 of sudden death and pulmonal artery
embolism, respectively. Two patients withdrew their in-
formed consent to participate in the study at Days 14 and 60.

Graft function

The three patient groups examined did not differ in their
incidence rates of DGF: controls: 8/25 (32%); the rATG
group: 7/28 (25%) and the basiliximab group: 9/18 (50%).
No significant differences in the levels of SCr, eGFR and
proteinuria were observed, respectively, between treatment
groups 90 days post-transplantation: controls, 127 [61; 314]
pmol/L, 0.76 [0.19; 1.46] mL/s/1.73 m? and 0.22 [0.07;
2.18] g/24 h; rATG, 120 [57; 239] pumol/L, 0.78 [0.29;
1.57] mL/s/1.73 m* and 0.18 [0.10; 2.15] /24 h and basilix-
imab, 153 [79; 278] pmol/L, 0.59 [0.28; 1.10] mL/s/1.73 m?
and 0.28 [0.07; 0.49] g/24 h.

Graft rejection

Acute rejection occurred during the first 3 months in 4/24
(16.7%) control group patients, 3/28 (10.7%) rATG patients
and in 2/18 (11.1%) basiliximab-treated patients (P > 0.05).
There were another five patients with borderline changes in
the control group and seven were treated with basiliximab.

In patients without induction therapy, two patients suf-
fered from early acute TCMR, one patient from acute AMR
and one patient had a combined type of rejection. In pa-
tients with rATG induction, three patients suffered from
AMR and in those with basiliximab, one patient suffered
from early acute TCMR and one from combined acute
TCMR and AMR.

CD4*CD25" FoxP3" and CD4"CD25" CDI127~
Treg cells
Tregs were defined as CD4"CD25"FoxP3* and

CD4"CD257CD127" cells. When median values were
plotted at each time-point examined, we observed a parallel

E. Krystufkova ef al.

course in the cell numbers present within each group (data
not shown). Pre-transplant levels of CD4*CD25*FoxP3™*
and CD4*CD25"CD127~ were 4.5 [1.5; 11.2]% and 5.7
[2.0; 11.6]% of the total CD4™" cell counts, respectively.
The differences observed between Treg populations was
due to the narrow gating of the CD4*CD25*FoxP3 ™" cell
population carried out with the aim of obtaining maximal
purity of this population. CD4 " CD25*FoxP3™ cell frequen-
cies are further described below.

CD4"CD25% FoxP3" Treg levels post rATG treatment

We observed a depletion in Tregs, as well as in other T-cell
subpopulations (data not shown), in patients treated with
rATG by Day 7, followed by a slow expansion in Tregs
over the 3-month post-transplantation examination period.
Treg numbers decreased at Day 7 compared to pre-trans-
plant values and reached 47% of their initial levels by Day
90 (Day 0: 32.3 [1.2; 94.4] X 10°/L; Day 7: 0.2 [0.01; 8.6
X 10%/L; Day 90: 15.3 [4.0; 35.9] X 10°/L; Figure 2A).

Treg frequencies in rATG-treated patients increased at
Day 7 compared to pre-transplant values and remained high
until Day 90 (Day 0: 3.9 [1.6; 9.1]%, Day 7: 7.0 [2.4;
22.31% and Day 90: 9.6 [2.9; 23.7]%). Treg frequencies
were higher at all post-transplant time-points examined
compared to controls and were significantly elevated from
Day 14 (Day 7: P > 0.05; Day 14-90: P < 0.001; Figures 1
and 2A). To evaluate the dose dependence of rATG on
Treg frequencies, we correlated the cumulative doses of
rATG used and the Treg frequencies observed at each
post-transplant time-point. No significant correlations were
found.

CD4*CD25" FoxP3" Treg and CD4" CD25""~FoxP3*
levels post basiliximab

In the basiliximab group, we observed a decrease in both
the absolute and relative numbers of CD4*CD25*FoxP3™*
cells at Day 7, which remained low until Day 60 and then
rose to pre-transplant levels by Day 90 (Day 0: 32.5 [10.5;
133.1; X 10°/L and 5.7 [1.7; 11.2]%, Day 7: 1.8 [0.4; 5.1]
X 107/L and 0.2 [0.1; 1.1]%, Day 90: 46.8 [7.7; 88.9] X
10°/L and 5.2 [2.4; 10.0]%; Figure 2A). We observed a
significantly lower proportion of CD4"CD25*FoxP3™"
cells between Days 7-60 (P < 0.001) and no differences
at Day 90 compared to the control group (Figure 2A).

On the contrary, a CD4*CD25"%~"FoxP3" population
appeared 7 days post-transplantation whose density reached
higher levels than pre-transplant values for CD4*CD25"
FoxP3™ cells in both relative and absolute numbers; remain-
ing detectable in all patients until Day 28, in half of the
patients by Day 60 and in no li)atients by Day 90. The dis-
appearance of the CD4*CD25"" FoxP3™ cell population
was in accordance with the reconstitution of the CD4 " CD25*
FoxP3™ T-cell population (Figures 1C and 2B).

The CD4 " FoxP3"/CD8*CD45RA™ CD62L™ ratio and
acute rejection

To define the ratio between regulatory and CD8™ effector T
cells in the whole patient cohort, the CD4 " FoxP3™/T
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Fig. 1. Effect of different inductive agents on Treg cells. (A) Representative dot plots of a patient who received no induction, (B) a patient treated with
rATG and (C) a patient treated with basiliximab from Day 0 (left) to 21 (right); CD4™ cells were stained for CD25 and FoxP3 and gated for
CD25%FoxP3" cells. Cells from basiliximab-treated patients were additionally gated for D25 “FoxP3™ - expressing cells.

effector (CD8 " CD45RA " CD62L ", Teff) ratio was calcu-
lated. The CD4*FoxP3™/Teff ratio values in the rATG
group were significantly higher beginning 14 days post-
transplantation (P < 0.001) compared to controls. There
were not any significant differences in the CD4 " FoxP3 "/
Teff ratio between the basiliximab group and controls (data
not shown).

We assessed a possible association of peripheral regula-
tory and effector T cells with biopsy-proven acute rejection.

There were no significant differences in CD4 " FoxP3™" fre-
quencies, Teff frequencies and CD4 " FoxP3™/Teff ratios
between patients without and with acute rejection in control
group (without induction therapy) and in those receiving
rATG induction at all time-points (P > 0.05; Figure 3).
Interestingly, patients without induction therapy who expe-
rienced steroid-resistant rejection had higher pre-transplant
effector T-cell proportion than the patient with steroid-
sensitive rejection (44.9% versus 9.1%).
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In patients receiving basiliximab induction therapy, the
CD4"FoxP3™ and Teff frequencies and CD4 " FoxP3 " /Teff
ratios were similar in patients with acute rejection and in

those with borderline changes (P > 0.05; Figure 3). Sus-
tained lower Teff frequencies and higher CD4 " FoxP3 /Teff
ratios were observed in patients without acute rejection as
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compared to patients who experienced either acute rejection
or borderline changes (Figure 3). There were significantly
lower pre-transplant CD4 " FoxP3* and Teff frequencies in
rejection-free patients compared to patients with either acute
rejection or borderline changes (P < 0.05, Figure 3).

Discussion

To the best of our knowledge, this is the first prospective
trial that has evaluated the effects of different induction
agents on regulatory T cell profiles in the kidneys of trans-
plant patients in vivo. In this study, we analysed the nature
of the T-cell subpopulations present and correlated them to
clinical data in patients post-renal transplantation that were
treated with two different inductive agents: rATG or basi-
liximab. We demonstrated that rATG increased the propor-
tion of CD4"CD25"FoxP3 " Tregs and that basiliximab
caused a decrease in CD4"CD25%FoxP3" Tregs (and a
transient appearance in CD4"CD25"“FoxP3™ cells).
Moreover, the balance between regulatory and effectors
cells was associated with early acute kidney allograft rejec-
tion in basiliximab-treated patients.

Data presented in this study demonstrated that rATG-
and basiliximab-treated patients had a decreased acute rejec-
tion incidence. This observation is in line with many other
studies where rATG induction was associated with reduced
acute rejection incidence and improved kidney graft survival
[10]. Sufficient evidence suggests that a net benefit effect of
anti-IL2-RA treatment compared to placebo (for outcomes
in some patients) and a high-quality net benefit in preventing
acute rejection [1]. Less is known about the mechanism of
action associated with both depletive and non-depletive in-
duction agents.

In this study, we observed in vivo depletion in the
CD4"CD25"FoxP3™ cell compartment following rATG
treatment as reported previously [11] but the proportion
of CD4"CD25 FoxP3" T cells from CD4" cells was
clearly increased. The rise in the relative numbers of Tregs
suggested that rATG induced the expansion of these cells
as previously described in vitro by Lopez et al. [3] and
Sewgobind et al. [12]. Our observations were consistent
with recently published data by Gurkan et al. [13] who
described both the peripheral expansion and new thymic
emigration of T cells with the Treg phenotype induced by 6
mg/kg rATG. In vitro studies [3, 12, 14] demonstrated a
dose-dependent increase in the proportion of CD4™CD25*
T cells using lower rATG concentrations (between 1 and 10
pg/mL or 50 pg/mL) and increased activation (and a decline
in the expansion) of CD4*CD25" T cells at higher concen-
trations (50—-100 pg/mL or 100 pg/mL) with 10 pg/mL being
the optimum concentration for expansion. Serum levels of
rATG ranged from 50 to 100 pg/L in clinical conditions
[15]. However, levels in lymphoid tissues may be lower, al-
lowing for Treg expansion. Both in vitro [3, 12, 14] and in vivo
[11] data demonstrated that rATG affected CD4TCD25" T
cells numbers but did not affect their function.

Furthermore, we observed a transient rise in
CD47CD25"~FoxP3* T cells in patients in the basilix-
imab group consistent with results described by both Wang
et al. [16] and Vondran et al. [17] who demonstrated a
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down-regulation in CD25 expression following basilixi-
mab induction therapy. Both authors showed that basilix-
imab did not interfere with the suppressive function of
Tregs. Chen ef al. [18] showed that CD4 Foxp3™ T cells
could be generated from peripheral CD4*CD25 naive
responder cells following co-stimulation of the T cell re-
ceptor; TGF-B1 combined with Transforming growth fac-
tor- B1 signalling in the absence of IL-2. De Goer de Herve
et al. [19] suggested that human Treg peripheral cells could
be maintained in vivo as a consequence of IL-2RBy/IL-2
interaction in basiliximab-mediated IL-2Ro blockage.

Nevertheless, basiliximab has also been shown to hinder
CD25 detection using certain fluorochrome-conjugated
antibodies that bind a common CD25 epitope [20]. There-
fore, reductions in Treg cell populations could be over
represented in the presence of a competing anti-CD25
monoclonal antibody used for detection using flow cytom-
etry. Abadja et al. [21] examined the most commonly used
anti-CD25 antibody clones used for detection in flow cyto-
metric applications and showed that 6/8 clones interfered
with basiliximab thereby resulting in improper staining of
the CD25™ population. In our study, clones that interfered
with basiliximab were used.

It has been broadly suggested that the imbalance in the
Treg/Teff ratio may be linked to graft outcome [8]. In our
experiment, we confirm this observation in patients after
basiliximab induction only. This may be explained by the
fact that all acute rejections that occurred in patients after
rATG induction were surprisingly antibody mediated. Our
previous research suggested differences in immune regula-
tion in AMR and TCMR [22]. Similarly, microarray studies
revealed quantitatively specific molecules and pathogene-
sis-based transcript sets in TCMR and AMR of kidney
transplants [23]. These results are in line with the observa-
tion of accelerated rejection despite high FoxP3™ T-cell
infiltration in a rodent model. This experiment suggests
effector T cells that have undergone homeostatic prolifer-
ation after induced lymphopoenia to have augmented func-
tional capabilities and to behave similarly to memory T
cells that are resistant to regulation by regulatory T cells
[24]. Similarly, the application of rATG was shown to
spare the central memory and effector memory T cells in
the early post-transplant period [13].

In our study, we observed a trend towards higher
pre-transplant effector T-cell proportion in induction-free
patients who experienced severe steroid-resistant rejection.
This observation may be supported by others where a high
proportion of pre-transplant effector T cells were associated
with unfavourable outcome [25] but unspecific effector
T-cell frequencies may be associated with chronic inflam-
mation that is frequent in dialysed patients. The evaluation
of memory T cells by the Enzyme-linked immunosorbent
spot (ELISPOT) technique seems to be more feasible to
detect alloreactivity at the time of transplantation.

Our measurements showed a Parallel course of
CD4"CD25"FoxP3" and CD4"CD25 " CD127" cells which
is in agreement with published data of Liu et al. [26],
who showed that CD127 expression inversely correlated
with FoxP3 expression and that the overwhelming major-
ity of CD4TCD257CDI127"°Y~ cells expressed FoxP3.
In contrast, Klein et al. [27] showed that a high frequency
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of CD127"°%~ cells did not express FoxP3 and, conversely,
that there was a high proportion of FOXP3-expressing
CD127" cells in healthy individuals, suggesting that these
markers did not represent the same population of Tregs.

A limitation of our study was the inability to define
different Treg subtypes as well as to distinguish regulatory
T cells from activated T cells transiently expressing FoxP3.
This could be possibly overcome by using a more detailed
phenotyping approach or by assessing the demethylation
status of the FOXP3 gene. However, those experiments
were beyond the scope of this study. Similarly, the feasi-
bility of the CD4*CD25*FoxP3™ cell monitoring as bio-
marker of the efficacy of induction therapy has remained
speculative. Firstly, precise and validated tests of alloim-
mune reactivity and tolerance must be available before the
larger biomarker-driven clinical trials can explore its clin-
ical usefulness.

In conclusion, we demonstrated in vivo that rATG
increased the proportion of CD4"CD25"FoxP3™ Tregs
and that basiliximab caused a transient appearance of
CD4"CD25"Y~FoxP3" cells along with a decrease in
CD4"CD25 FoxP3" Tregs. Patients treated with induc-
tion therapy had a lower incidence of relection compared
to controls. Sustained high CD4 " FoxP3 */Teff ratios were
associated with the absence of acute rejection in patients
after basiliximab induction.
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5.2. Vliv induk€éni imunosuprese na expresi genul asociovanych s toleranci
a rejekci

Uvod

Indukéni terapie muzZe zlepSit vysledky renalni transplantace, ale jen malo je znamo o
mechanismech zodpovédnych za jeji efekt. Cilem této studie bylo zhodnotit efekt rdzné indukéni 1€Eby
na expresi genu asociovanych toleranci ¢i rejekci a pocty lymfocytarnich subpopulaci v periferni krvi

pacientl po transplantaci ledviny.

Metody

V periferni krvi 60 pfijemcu transplantované ledviny byla prospektivhé monitorovana relativni
mnozstvi (RQ) mMRNA genu asociovanych s toleranci nebo rejekci (CD247, GZMB, PRF1, FOXP3,
MANZ1A1, TCAIM, a TLR5) a lymfocytarni subpopulace (CD3*, CD4* a CD8* T lymfocyty, CD4*FoxP3*
Treg a NK bunky) pred transplantaci a 7., 14., 21., 28., 60., 90. den a 6. a 12. mésic po transplantaci.
ProtozZe basiliximab muze vést k down-regulaci znaku CD25 (Vondran et al., 2010; Wang et al., 2009)
nebo interferovat s nékterymi klony anti-CD25 mAb uzivanych pro pritokovou cytometrii (Abadja et al.,
2010), byly v této studii Treg definovany jako CD4*FoxP3*. Pacienti byli 1&é€eni trojkombinaéni
imunosupresi zalozené na CNI a indukci rATG (n=24) &i basiliximabem (n=17) nebo bez indukce (n=19).
Pro statistickou analyzu byl pouzit zobecnény smiSeny linearni model pro opakovana méreni s adjustaci

na rejekci, vék darce a pfijemce a opozdény rozvoj funkce.

Vysledky

Indukéni 1éEba rATG vedla k depleci v8ech sledovanych T buné&énych subpopulaci a NK bunék
béhem 7 dni po podani. Nasledovala pomala repopulace b&éhem 12-mésicniho sledovani. Stejné tak
byl po rATG pozorovan pokles hladin exprese genti CD247, FOXP3, GZMB a PRF1 béhem 7 dni po
transplantaci s naslednym vzestupem smérem k pfedtransplantaénim hodnotam. Ve skupiné s indukci
basiliximabem byly pozorovany vysSi exprese gend CD247, GZMB, FOXP3 a TCAIM a vysSi pocty
CD4*FoxP3* Treg nez ve skupiné bez indukce. Ve skupiné s indukéni Ié€bou rATG byly pozorovany
vysSi exprese gend MAN1Al a TLR5, zatimco exprese genu TCAIM byly v této skupiné nizsi v

porovnani se skupinou pacientl bez indukce.
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Obrazek 5.3 Vliv rizné indukéni imunosupresivni terapie na absolutni pocty T a NK lymfocyta v periferni
krvi prijemcu transplantované ledviny béhem jednoroéniho sledovani. Absolutni poéty T lymfocyt (CD3*, A),
CD8" T lymfocytu (B), NK bunék (C) a CD4*FOXP3* Treg (D) byly analyzovany pratokovou cytometrii v periferni

krvi pacientu lIéc¢enych rATG (Ctverce na carkované ¢are), basiliximabem (trojuhelniky na te¢kované ¢are) nebo bez

indukce (krouzky na plné ¢are). Data jsou vyjadiena jako odhadnuté marginalni priméry + SEM.
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Obrazek 5.4 Vliv razné indukcéni imunosupresivni terapie na expresi transkriptt asociovanych s rejekci
v periferni krvi pfijemcu transplantované ledviny béhem jednoroc¢niho sledovani. Relativni mnoZstvi (RQ)
MRNA genu CD247 (A), GZMB (B), PRF1 (C), MAN1A1l (D) a TLR5 (E) byla analyzovana pomoci gRT-PCR v

periferni krvi pacientt IéCenych rATG (Etverce na Earkované ¢are), basiliximabem (trojihelniky na tec¢kované &are)

nebo bez indukce (krouzky na plné ¢are). Data jsou vyjadiena jako odhadnuté marginalni priméry + SEM.
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Obrdzek 5.5 Vliv razné indukéni imunosupresivni terapie na expresi transkripti asociovanych s
toleranci v periferni krvi prijemct transplantované ledviny béhem jednoro¢niho sledovani. Relativni
mnozstvi (RQ) mRNA genu FOXP3 (A) a TCAIM (B) byla analyzovana pomoci qRT-PCR v periferni krvi pacientt
Ié¢enych rATG (Ctverce na Carkované care), basiliximabem (trojuhelniky na teCkované care) nebo bez indukce

(krouzky na piné ¢are). Data jsou vyjadfena jako odhadnuté marginalni praméry + SEM.

Zavér a shrnuti studie

V této oteviené prospektivni studii byla indukéni IéEba rATG kratce po transplantaci spojena
s poklesem transkript asociovanych s T a NK burikami a s up-regulaci dvou transkript( asociovanych
s rejekci (MAN1A1 a TLRS5). VysSi exprese rejekénich gen(, které jsou exprimovany i jinym burikami
nez jsou lymfocyty podléhajici depleci rATG, mohou ve skupiné srATG I|éCbou odrazet jiz
predtransplatatné zvySené riziko rejekce u téchto pacientd. Indukéni lé¢ba basiliximabem byla
asociovana se zvySenim absolutnich poétu CD4*FoxP3* regulaénich T bunék a vyssi hladinou exprese
genu dvou genUl asociovanych s toleranci, FOXP3 a TCAIM, coz mlze naznacovat protektivni potencial

Ié€by basiliximabem.

Prace byla publikovana v €asopise BMC Nephrology:

Krepsova E, Tycova |, Sekerkova A, Wohlfahrt P, Hruba P, Striz |, Sawitzki B and Viklicky
O. Effect of induction therapy on the expression of molecular markers associated
with rejection and tolerance. BMC Nephrol. 2015 Aug 19;16:146. IF 1.690

43



Krepsova et al. BMC Nephrology (2015) 16:146
DOI 10.1186/512882-015-0141-2

BMC
Nephrology

RESEARCH ARTICLE Open Access

Effect of induction therapy on the

@ CrossMark

expression of molecular markers associated
with rejection and tolerance

Eva Krepsova', Irena Tycova', Alena Sekerkova?, Peter Wohlfahrt®, Petra Hruba', llja Striz%, Birgit Sawitzki*

and Ondrej Viklicky'>¢"

Abstract

mechanisms underlying its effects.

delayed graft function, was used for statistical analysis.

induction group.

Background: Induction therapy can improve kidney transplantation (KTx) outcomes, but little is known about the

Methods: The mRNA levels of T cell-related genes associated with tolerance or rejection (CD247, GZMB, PRFI,
FOXP3, MANT1AT1, TCAIM, and TLR5) and lymphocyte subpopulations were monitored prospectively in the peripheral
blood of 60 kidney transplant recipients before and 7, 14, 21, 28, 60, 90 days, 6 months, and 12 months after KTx.
Patients were treated with calcineurin inhibitor-based triple immunosuppression and induction with rabbit anti-
thymocyte globulin (rATG, n = 24), basiliximab (n = 17), or without induction (no-induction, n=19). A generalized
linear mixed model with gamma distribution for repeated measures, adjusted for rejection, recipient/donor age and

Results: rATG treatment caused an intense reduction in all T cell type population and natural killer (NK) cells within
7 days, then a slow increase and repopulation was observed. This was also noticed in the expression levels of
CD247, FOXP3, GZMB, and PRF1. The basiliximab group exhibited higher CD247, GZMB, FOXP3 and TCAIM mRNA
levels and regulatory T cell (Treg) counts than the no-induction group. The levels of MANTAT and TLR5 mRNA
expressions were increased, whereas TCAIM decreased in the rATG group as compared with those in the no-

Conclusion: The rATG induction therapy was associated with decreased T and NK cell-related transcript levels and
with upregulation of two rejection-associated transcripts (MANTAT and TLR5) shortly after KTx. Basiliximab treatment
was associated with increased absolute number of Treg cells, and increased level of FOXP3 and TCAIM expression.

Keywords: Basiliximab, FOXP3, Kidney transplantation, rATG, Rejection, Tolerance

Summary

In a prospective open study, rATG induction therapy was
associated with profound decreases of T and NK cell-
related transcripts and with the upregulation of two
rejection-associated transcripts (MANIAIA and TLRS) in
the early post-KTx period. Basiliximab induction was
associated with increased absolute number of Treg cells,
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and increased expression of tolerance associated markers
FOXP3 and TCAIM.

Background

Long-term allograft survival requires lifelong immuno-
suppression, the use of which could be accompanied by
several side effects [1]. For many patients triple drug
regimens are not necessary due to weak alloreactive
responses. Therefore, a development of reliable tests that
may help identify patients suitable for drug minimization
or at risk for rejection is needed. Several markers of
rejection or operational tolerance (defined as good and

© 2015 Krepsova et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a

link to the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain
Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this

article, unless otherwise stated.
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stable graft function in immunosuppression free pa-
tients) have been identified [2-8].

Granzyme B (GZMB) and perforin (PRFI) are effector
molecules produced by cytotoxic T and natural killer (NK)
cells. Perforin forms a pore in the target cell membrane
and thus facilitates the entry of granzyme B and other
compounds into the cell which subsequently leads to
apoptosis [9]. The urine and peripheral blood transcript
levels of PRFI and GZMB were shown to be increased in
kidney transplant recipients with acute rejection [2, 3].
The {-chain of T cell receptor (CD247) is a part of T-cell
receptor-CD3 complex on T cells and activating receptors
on NK cells [10]. Transcription of CD247 was shown to
be downregulated in peripheral blood lymphocytes from
patients with long-term surviving kidneys [4, 10]. Toll-like
receptor 5 (TLR5) is a member of TLR family which plays
a fundamental role in the pathogen recognition and asso-
ciated activation of innate immunity. The expression of
TLRS was downregulated in operationally tolerant kidney
graft recipients [5]. FoxP3 (forkhead box P3) is a key
transcription factor in CD4"CD25"FoxP3™ regulatory T
cells (Tregs), necessary for their differentiation and main-
tenance in the periphery [11]. Peripheral blood mRNA
levels of FOXP3 were higher in patients with operational
tolerance or stable kidney graft function compared to
patients with chronic rejection [7, 8]. A reduced gene-
expression ratio of FOXP3 to «-1,2-mannosidase
(MANIAI) was observed for chronically rejecting patients
[5, 6]. Alpha-1,2-mannosidases (MAN1A1) are transmem-
brane proteins that specifically cleave a-1,2-linked man-
nose residues from oligosaccharides and are involved in
the synthesis and maturation of N-glycoproteins [12].
TCAIM (T cell activation inhibitor, mitochondrial; previ-
ously named TOAG-1) was highly expressed during the
induction and maintenance of tolerance, but was down-
regulated during acute rejection [6].

The induction therapy (with either lymphocyte-
depleting agents including rabbit anti-thymocyte globulin
(rATG) or IL-2 receptor antagonist such as basiliximab) is
recommended as part of the initial immunosuppressive
regimen in kidney transplant recipients to reduce acute
rejection and/or to allow the reduction of other compo-
nents of the regimen [13].

We and others previously demonstrated that induction
therapy with rATG was associated with the expansion of
relative numbers of CD4*CD25"FoxP3" Treg during T cell
depletion [14, 15] and that basiliximab induction caused
the transient appearance and disappearance of CD4
*CD25"""FoxP3" and CD4"CD25"FoxP3" Treg, respect-
ively [14, 16]. Furthermore we showed that high ratios of
CD4"FoxP3" Tregs to effector T cells in peripheral blood
of kidney graft recipients treated with basiliximab induc-
tion in early post-transplant period were associated with
the absence of rejection [14].
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However, little is known about the effect of rATG and
basiliximab on the expression of genes associated with
rejection or operational tolerance in clinical kidney trans-
plantation. Therefore, in order to address this issue, we
measured relative quantities of seven selected molecular
markers associated with rejection or tolerance (CD247,
GZMB, PRF1, MANI1AI, TLRS, FOXP3 and TCAIM) and
numbers of lymphocyte subpopulations (CD3*, CD4",
CD8", NK, CD4'FOXP3") in the peripheral blood of
kidney transplant recipients treated with rATG, basilixi-
mab or no-induction.

Methods

Patients and samples

Between September 2009 and November 2010, 75 con-
secutive recipients of kidney transplants from deceased
donors were enrolled in a single-centre prospective study.
Written informed consent was obtained from all partici-
pants. The study protocol was approved by the Ethics
Committee of the Institute for Clinical and Experimental
Medicine (No. 608-08-10). Sixty patients met all of the
following inclusion criteria for the study: 1) sufficient
mRNA obtained during at least 7/9 sampling time-points,
2) unchanged maintenance immunosuppression, and 3)
no steroid-resistant rejection.

Patients were treated in accordance with the centre’s
immunosuppression treatment protocol which consisted of
triple maintenance therapy with a calcineurin inhibitor
(CNJ; tacrolimus or cyclosporine A), mycophenolate mofe-
til, and corticosteroids. Patients were recruited for a specific
induction therapy on the basis of personal immunologic
risk factors. Patients with a panel-reactive antibody (PRA)
score > 50 % or with previous renal transplantation received
1-1.5 mg/kg/day rATG (Thymoglobulin®, Genzyme Cor-
poration, Cambridge, MA, # = 24) in 2-7 doses during the
first week after KTx. Patients with PRA scores of 20-49 %
or the ones who received a kidney from an extended
criteria donor were treated with 20 mg of basiliximab
(Simulect®, Novartis, Basel, Switzerland, n = 17) on the day
of KTx and 4 days after. Patients with PRA score < 20 % re-
ceived no induction therapy (7 = 19).

Peripheral blood samples were collected before and 7,
14, 21, 28, 60, 90 days, 6 months, and 12 months after
KTx. Except for differences in the retransplantation
frequency, mean PRA score, and donor age, the clinical
characteristics did not differ significantly among the
three groups (Table 1).

Histology and treatment of rejection

Kidney graft biopsies were performed on the basis of clin-
ical indications (case biopsies) or 90 days after KTx, as
defined by the protocol. Acute rejection was diagnosed
according to the Banff’'05 classification [17]. Borderline
changes and grade I or IIA T cell-mediated rejection were
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Table 1 Demographic characteristics at the time of transplantation

Variable No-induction
Number 19
Gender (M/F) 9/10
Recipient age (years)* 57 [27; 70]
Donor age (years)* 52 [16; 68]
HLA MM* 3[2 6]
192" and 3" KTx (n) 19/0
PRA (%)* 4[0; 22]
CNI (TAC/CsA) (n) 21/4
CIT (hours)* 162 [11.0; 20.7]
Dialysis time (years)* 20[02; 5.7
Cause of renal failure

Primary GN 9

Hereditary diseases 2

Diabetic or ischemic nephropathy 6

TIN 2

ANCA vasculitis or lupus nephritis 0

Other causes 0
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rATG Basiliximab P value
24 17
16/8 9/8 ns’
54 [21; 78] 53 [25; 65] ns*
46 [18; 74) 61 [21;75] <005™
3[1;5) 3125 ns
113° 16/1 <00001"
68 [0; 96] 6 [2; 63] <00001*
28/0 18/0 ns'
154 (7.7, 20.1] 17.2(7.7; 21.0) ns*
19 [05; 64 20 [06; 49] ns*
ns'
9 4
5 4
2 7
1 1
4 0
3 1

ANCA Anti-neutrophil cytoplasmic antibodies, CIT cold ischemic time, CN/ calcineurin inhibitor, CsA cyclosporine A, GN glomerulonephritis, HLA MM HLA mismatch,
PRA historical panel-reactive antibodies, measured every 3 months before transplantation (the highest number in each patient was considered), TAC tacrolimus,

TIN tubulointerstitial nephritis, TxR renal transplantation
*Median [min; max]; "Chi square test P value; *Kruskal-Wallis test P value

Dunn's Multiple Comparison Test: ®Significant difference between the basiliximab group and the rATG group and a significant difference between rATG and the

no-induction or basiliximab group
92 patients had a 3" transplantation

treated with 1.5-2 g of methylprednisolone. Antibody-
mediated rejection was treated by plasma exchange and
intravenous immunoglobulin alternately over the 10-day
period.

Flow cytometry and isolation of peripheral blood
mononuclear cells

Venous blood samples were collected into sterile EDTA-
containing tubes. Lymphocytes from peripheral blood
(100 pL; ~1x10° cells) were labelled with a 4-color
monoclonal antibody (mAb) panel: CYTO-STAT tetra-
Chrome CD45-FITC (clone: B3821F4A)/CD56-RD1
(clone: N901/NKH1)/CD19-ECD (clone: J3-119)/CD3-
PC5 (clone: UCHTI1) + CD16-PE (clone: 3G8) and
CD45-FITC (clone: B3821F4A)/CD4-RD1 (clone: SFCI
12T4D11)/CD8-ECD (clone: SFCI21Thy2D3)/CD3 (clone:
UCHTT1) (all Beckman Coulter, Brea, CA).

Extracellular staining of freshly prepared and isolated
peripheral blood mononuclear cells was performed with
anti-CD4-FITC (clone: RPA-T4) and anti-CD25-APC
(clone: BC96) antibodies prior to intracellular staining
with anti-FoxP3-PE (clone: PCH101). Tregs were stained
for intracellular FoxP3 with the Human Regulatory T Cell
Staining Kit (eBioscience, San Diego, CA, USA). An
appropriate isotype control mAb (rat IgG2a-PE, cocktail

of FITC and APC mouse IgG1) was used to establish the
settings for FoxP3™ Treg analysis.

Stained samples were analysed in the FC 500 flow
cytometer with CxP and Kaluza software (Beckman
Coulter). Flow cytometric analyses were performed with
at least 100 gated events. Lymphocyte subpopulations
were defined as follows: T lymphocytes, CD45"CD3%;
cytotoxic T lymphocytes, CD45"CD3"CD8"; and NK
cells, CD45*CD3"CD16"CD56"". Because basiliximab
may downregulate CD25 [16, 18] or interfere with some
anti-CD25 mAbs used for flow cytometry [19], Tregs
were defined as CD3"CD4FoxP3™.

Gene expression analysis and RNA isolation

Peripheral blood was drawn directly into PAXgene tubes
(Qiagen, Hilden, Germany), frozen, and stored at -20 °C
until analysis. Whole-blood RNA was extracted with the
PAXgene Blood RNA Kit with DNAse I treatment (Qia-
gen). The purity and concentration of the RNA were
assessed in an ultraviolet—visible spectrophotometer
(NanoDrop 2000, Thermo Scientific). The RNA isolation
method routinely used in our laboratory was validated and
standardized on reference samples, to eliminate errors
and ensure the same standards across all measurements.
The quality of RNA samples obtained by the standard
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isolation protocol was assessed with the Agilent 2100
Bioanalyzer (Agilent Technologies). An RNA integrity
number of 8-10 indicated high-quality RNA suitable for
further analysis.

Quantitative RT-PCR analysis

SuperScript™ II Reverse Transcriptase (Invitrogen, Carlsbad,
CA, USA) was used to synthesize cDNA from 2 pg of total
RNA isolated from blood samples. Seven genes were se-
lected on the basis of them being previously described as
being associated with rejection or tolerance: GZMB, PRFI,
CD247, FOXP3, TCAIM (C3orf23), MANIA1, and TLRS.
Gene expression profiles of these seven genes were deter-
mined by quantitative real-time RT-PCR (qRT-PCR, 2-24*
method), using HPRTI and PGK1 as reference genes. The
¢DNA from one control blood sample was used for calibra-
tion. The mRNA levels were quantified in triplicate for each
sample with a predesigned TagMan® Gene Expression
Assay (Hs01554355_m1 for GZMB [granzyme B],
Hs00169473_m1 for PRFI [perforin 1], Hs00167901_ml
for CD247, Hs00203958 _m1 for FOXP3, Hs00603313_m1l
for C3o0rf23 [TOAG or TCAIM], Hs00195458_ml for
MANIAI [a-1,2-mannosidase], and Hs00152825_m1 for
TLRS) and the TagMan® Fast Advanced Master Mix (Ap-
plied Biosystems). Quantitative RT-PCR amplification was
performed on an ABI Prism® 7900 H.T. Sequence Detection
system (Applied Biosystems). Relative quantification ana-
lysis was performed in 96-well plates, using the RQ Man-
ager 1.2. software for automated data analysis (Applied
Biosystems).

Statistical analyses

Characteristics of the rATG, basiliximab, and no-
induction groups were compared by the Kruskal-Wallis
test for continuous variables or the y” test for categorical
variables. Data were expressed as the median [min; max]
or as absolute numbers (n). A generalized linear mixed
model for repeated measures, adjusted for rejection,
donor/recipient age, and incidence of delayed graft func-
tion, was used for testing differences in the peripheral
blood gene expression and the absolute and relative num-
bers of lymphocyte subpopulations between groups. Due
to the non-normal distribution of data with long right
tails, the dependent variable was subjected to gamma
regression, with the data expressed as estimated marginal
means + SEM. Calculations were done with SPSS 20 (IBM
Corporation, Somers, NY) and GraphPad Prism 5 (Graph-
Pad Software, La Jolla, CA). A two-sided P-value <0.05
was considered statistically significant.

Results

Patient survival, graft function, and rejection

One of the 60 patients died during the follow-up period
(day 223 after KTx) due to acute myocardial infarction.
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There were no differences among the groups in terms of
delayed graft function (no-induction: 4/19, 21 %; rATG: 6/
24, 25 %; basiliximab: 7/17, 41 %) or the 12-month serum
creatinine, eGFR, and proteinuria results (Table 2). T cell-
mediated rejection occurred within 12 months after KTx
in 2/19 (10.5 %) of patients without induction and in 3/17
(17.6 %) of patients treated with basiliximab. Antibody-
mediated rejection developed in 4/24 (16.7 %) of patients
treated with rATG during follow-up. Borderline changes
occurred in 7/19 (36.8 %) of patients from no-induction
group, 4/24 (16.7 %) of patients from the rATG group,
and 7/17 (41.2 %) of patients from the basiliximab group.

T and NK cells

In the rATG group, depletion of T cells (CD3"), the
subpopulations (CD4" T cells, CD8" T cells, and CD4
“FoxP3" Tregs), and NK cells were observed at 7 days
post-KTx, followed by a slow repopulation (Fig. la—d;
data for CD4" not shown). The CD8" T and NK cell
counts reached or exceeded their pre-KTx values at 12
month. The total cell counts for CD3" T cells, CD4™ T
cells, and CD4"FoxP3" Tregs, however, only reached 66,
34, and 68 % of the preKTx values respectively, at 12
month. The total CD3" and CD8" T cells reached sub-
stantially higher counts at 12 month as compared to the
pre-KTx values in the no-induction and basiliximab
groups (CD3": 147 % and 155 %, CD8": 170 % and 257 %,
respectively).

The absolute numbers of T cells, the subpopulations
(CD4*, CD8", and CD4"FoxP3" Tregs), and NK cells were
lower in the rATG group compared to the no-induction
and basiliximab groups during follow-up (all P <0.001;
Fig. la—d; data for CD4" not shown). CD8" T cells were
decreased and the Treg cells were increased in the basi-
liximab group as compared to the no-induction group
(P<0.05 and P<0.01; Fig. 1b, d). In the basiliximab
group, the number of Tregs increased soon after KTx,
peaking on day 14 and then decreasing towards the
pre-KTx level (Fig. 1d).

In contrast to the absolute numbers, the frequency of
CD4*FoxP3* Tregs among the CD4" T cells was in-
creased compared to the pre-KTx levels at day 7 in the
rATG and basiliximab group. In rATG group the Treg

Table 2 Graft function at 12 months post transplantation

Variable No-induction rATG Basiliximab P value

SCr (umol/Ly* 120 121 137 ns*
[73; 260] [51; 261] [82; 246]

eGFR (mL/s/1.73 m9)* 0.80 0.89 065 ns*
[0.28; 1.18] [0.38; 1.81] [0.34; 1.45]

Proteinuria (g/24)* 0.18 0.18 0.25 ns*
[0.07; 2.58] [0.07; 11.58] [0.08; 1.11]

eGFR estimated glomerular filtration rate, SCr serum creatinine
*Median [min; max]; *Kruskal-Wallis test P value
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Fig. 1 Effect of different inductive agents on the absolute numbers of T and NK cells in the peripheral blood of kidney transplant recipients
during a 1-year follow-up period. Absolute numbers of T cells (a), CD8" T cells (b), NK cells (), and CD4"FOXP3" Tregs (d) measured by flow
cytometry in the peripheral blood from patients treated with rATG (squares on dashed line), basiliximab (triangles on dotted line), or without
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frequency peaked at day 21 (to 303 % of the pre-KTx
value) and remained high (194 % of the pre-KTx value)
at the end of the follow-up period; in basiliximab group
CD4"'FoxP3" Treg frequencies decreased towards the
pre-KTx levels after day 7 and remained lower com-
pared to rATG group (P < 0.001; data for Treg frequen-
cies not shown). In the no-induction group, the Treg
frequencies were stable and lower than those of the
rATG and basiliximab group throughout the follow-up
period (P<0.001 and P<0.05, respectively; data for
Treg frequencies not shown).

Rejection-associated transcripts

In all groups, transcripts for CD247, GZMB, and PRF1
decreased on day 7, thereafter increasing slowly towards
their pre-KTx levels. The transcript levels decreased to
zero and were lowest among the groups (all < 0.001;
Fig. 2a—c) in rATG group. Higher CD247 and GZMB
expression levels (both P <0.01) were found in the basi-
liximab group compared to the no-induction group
(Fig. 2a, b).

MANIAI expression was highest (P<0.001) in the
rATG group as compared to basiliximab and no-induction
groups (Fig. 2d). In all groups, the MANIAI expression
was increased on day 7 compared to the pre-KTx level.
MANIATI expression continued to increase in the rATG
group, whereas it stabilized in the other two groups on
day 14. In the rATG group, the MANIAI expression

peaked at day 21 and, thereafter, decreased towards its
pre-KTx value. Substantial differences in MANIAI ex-
pression were observed between the rATG group and
other groups from days 21 to 90 (Fig. 2d). The TLRS
mRNA expression was higher in the rATG group than in
the no-induction group (P < 0.05; Fig. 2e).

Tolerance-associated transcripts

Similar to the findings for CD247, GZMB, and PRF1I, the
mRNA expression of FOXP3 was decreased in all groups
on day 7 compared to the pre-KTx level with the most
profound decrease and subsequent increase towards the
pre-KTx level in the rATG group. FOXP3 expression
was lowest in the rATG group; it was higher in the
basiliximab group than in the no-induction group (all
P <0.001; Fig. 3a).

The trend of the mRNA expression ratio of FOXP3 to
MANI1A1 was similar to that of the FOXP3 expression;
the ratio decreased on day 7 in all groups, with the most
profound decrease and subsequent increase towards pre-
KTx levels being seen in the rATG group. The lowest
ratio was found in the rATG group (all P<0.001; data
not shown). The TCAIM mRNA expression constantly
increased in all groups, with basiliximab- and rATG-
treated patients displaying the fastest and slowest
increases, respectively, among the groups (P<0.01;
Fig. 3b).
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Discussion

To the best of our knowledge, this is the first prospect-
ive trial that aimed to evaluate the effects of different
induction agents on molecular markers associated with
rejection or operational tolerance in kidney transplant
recipients. We analysed the relative quantity of seven
selected T cell-related transcripts, associated with oper-
ational tolerance or rejection, and lymphocyte subpopu-
lations in KTx patients treated with different induction
regimens. In our study the rATG induction therapy was
associated with profound decrease of T and NK cells, as
well as T cell transcripts that are exclusively expressed
by these cell types. In rATG group the transient upregu-
lation of MANIAI and TLRS transcripts, previously
shown to be associated with chronic rejection [5], was
observed. Basiliximab induction resulted in a transient
increase in CD4"FoxP3" Tregs, accompanied by the
highest peripheral expression levels of markers associ-
ated with operational tolerance (FOXP3 and TCAIM).

Many studies have documented the dose-dependent
depletional effect of rATG on T and NK cells [20-24].
However, little is known about transcript-level changes
due to rATG treatment. Simon et al. described the effect
of ATG induction therapy on expression of 10 immuno-
logically relevant genes in the early post-transplant
period and found decrease of GZMB and PRFI expres-
sion [25]. We observed a profound drop in the relative
mRNA quantities of CD247, GZMB, PRFI1, and FOXP3
early after transplantation in rATG group. These tran-
scripts are expressed exclusively by T and NK cells and
are present at different levels in rejecting or operation-
ally tolerant patients [2, 3, 7, 8]. The profound drop was
followed by a slow increase towards pre-KTx levels in
rATG patients, corresponding to the depletion and pro-
gressive repopulation of the aforementioned cell types.

Interestingly, in the early period after KTx, there was a
decrease in gene expression of CD247, GZMB, PRF1I,
and FOXP3, followed by a return to pre-KTx levels, in
patients who were treated with basiliximab or without
induction. This finding can likely be explained by the
decreased NK cell counts and the effect of maintenance
therapy on gene expression. The calcineurin-dependent
mechanism of action involves the binding of CNIs to
their respective immunophilins. CNIs inhibit the tran-
scription of proinflammatory and T cell-recruiting cyto-
kines, such as interleukin (IL)-2 [26]. IL-2 regulates the
gene expression of perforin and granzyme [27]. It dir-
ectly promotes the transcription of FoxP3 [28, 29].
Moreover, IL-2 has been shown to augment TCR-{
(CD247) expression in chronic inflammation [30].

While the expressions of CD247, GZMB, PRF1, and
FOXP3 were downregulated, MANIA1, TLR5 and TCAIM
transcripts were upregulated early after KTx in all groups.
These transcripts might be expressed preferentially by
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other cell types than T cells which are more susceptible to
induction and maintenance immunosuppression. TCAIM,
MANIAI and TLRS5 are expressed not only by T cells,
but also by macrophages/monocytes and dendritic cells
[6, 31-35]. The Indices of Tolerance Research Network
ranked TLRS as one of the top-10 gene markers for dis-
tinguishing between drug-free operationally tolerant
and chronically rejecting kidney recipients. Specifically,
TLRS was highly expressed in patients with chronic rejec-
tion, whereas it was downregulated in tolerant patients [5].
Similarly, increased expression of the other member of
toll-like receptors TLR4 was observed in kidney transplant
recipients with chronic rejection compared to operationally
tolerant patients [36]. After haematopoietic stem cell trans-
plantation, patients experiencing graft-versus-host disease
had increased peripheral TLRS expression; adoptive
Treg therapy reduced this expression by preventing the
disease [34]. Although the differences in TLR5 expres-
sion in our study were statistically significant, the clin-
ical significance remains questionable.

TCAIM has been shown to be highly expressed during
the induction and maintenance of operational tolerance
to donor alloantigens in vivo, resulting in the acceptance
of kidney and heart allografts in rats and mice [6].
TCAIM expression was downregulated in the peripheral
blood and the graft before rejection. This downregula-
tion has been shown to occur in graft-infiltrating cells
and after T-cell activation in vitro [6, 37]. The TCAIM
protein is localized exclusively within mitochondria.
TCAIM-expressing murine T cells have been shown to
be more susceptible to apoptosis [38]. An increased
TCAIM mRNA level was described after administration
of regulatory macrophages to patients before living-
donor KTx [39]. In a rat KTx model, intragraft expres-
sion of TCAIM was dramatically reduced in untreated
rejecting recipients and in recipients who received an
adoptive transfer of memory T cells [40]. Recently, it was
shown that TCAIM inhibited spontaneous development
of memory and effector T cells [41]. Higher FOXP3 and
TCAIM expressions along with Treg numbers in basi-
liximab group may suggest a protective potential of
basiliximab. Here we showed that basiliximab induction
was associated with a transient increase in absolute
numbers of CD4"FoxP3" Tregs which was in line with
findings of Bluestone et al. [42]. However the debate
has not been finished yet and there are also other ob-
servations [43, 44]. The rATG induction resulted in
long-lasting and profound depletion of absolute num-
bers of CD4"FoxP3" Tregs that corresponded to de-
creased level of FOXP3 gene expression.

Conclusions

Induction immunosuppression with rATG was associated
with long-lasting suppression of T and NK cell-associated
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genes, and with the upregulation of markers associated
with rejection, MANIAI and TLRS, within the first month
after KTx. In contrast, basiliximab induction resulted in a
fast increase in CD4'FoxP3" Tregs and expression of
some markers associated with operational tolerance.
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5.3. Subpopulace monocytua po transplantaci ledviny

Uvod

Monocyty predstavuji heterogenni populaci bunék dale rozdélenou podle stupné exprese
membranovych antigenl/znakl. Prozanétliva (intermedialni/neklasicka) subpopulace monocytl je
definovana expresi znaku CD16. Zatimco znak CD163 se zda byt charakteristicky preferencné
exprimovan imunosupresivnimi monocyty. Cilem nasi studie bylo monitorovat zmény v perifernich
subpopulacich monocytid v ¢asné fazi po transplantaci ledviny s ohledem na rdzné pouzité

imunosupresivni rezimy.

Metody

V periferni krvi 71 prospektivné sledovanych pfijemcu ledvinného §tépu a 20 zdravych dobrovolnik(
byly monitorovany subpopulace monocytli pomoci pritokové cytometrie. Pacientdm byly odebirany
vzorky krve pfed transplantacia 7., 14., 21., 28., 60. a 90. den a 6 a 12 mésicu po transplantaci. Pacienti
byli [é€eni trojkombinaci imunosupresivni terapie s CNI a indukci rATG (n=28), basiliximabem (n=18)
nebo bez indukce (n=25). Pro in vitro experiment byly pouzity izolované PBMC, které byly stimulovany
rdznymi koncentracemi rATG, basiliximabu nebo methyprednisolonu. Zastoupeni CD14*CD16* a
CD14*CD163* monocytd bylo hodnoceno pritokovou cytometrii pfed stimulaci a v ¢asovych odstupech
po stimulaci (0, 3, 6, 24, 48 a 72 hod).

Vysledky

Fenotypy monocytl zastoupené v periferni krvi byly analyzovany pritokovou cytometrii
v definovanych Casech. Relativni pocty perifernich CD14*CD16* monocytl se snizily okamzité po
transplantaci a induk&ni léCba basiliximabem Caste¢né oslabila tento trend. Pfechodna down-regulace
CD14*CD16* subpopulace se pfiblizila k bazalnim hodnotam dva mésice po transplantaci. Relativni
pocty CD14+*CD163* monocytl byly pfechodné zvySeny kratce po transplantaci a zistaly vy$si béhem
prvniho mésice po transplantaci u vétSiny pacientd. U pacient( Ié€enych rATG indukci byla expanze
CD14*CD163* opozdéna, ale trvala déle. In vitro experimenty ukézaly pfimy efekt rATG a
methylprednisolonu na expresi molekul CD16 a CD163, zatimco basiliximab fenotyp kultivovanych

monocytl neovlivnil.
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Obradzek 5.6 Relativni poéty CD14'CD16" monocytu v periferni krvi pacienti po transplantaci ledvin.
Monocyty souc¢asné exprimujici na svém povrchu molekuly CD14 a CD16 byly analyzovany pomoci pritokové
cytometrie u pacientt po transplantaci ledviny lé¢enych bez indukce (A), s indukci rATG (B) nebo basiliximabem

(C). Jako kontroly poslouzily vzorky krve zdravych dobrovolnik(. *Statisticky signifikantni rozdily.
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Obrazek 5.7 Snizeni CD14*CD16" subpopulace monocyti po transplantaci ledviny. Reprezentativni bodovy

graf u pacienta lé¢eného bez pouziti indukce.
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Obrazek 5.8 Relativni pocty CD14*CD163* monocytu v periferni krvi pacienti po transplantaci ledvin.
Monocyty sou¢asné exprimujici na svém povrchu molekuly CD14 a CD163 byly analyzovany pomoci pritokové
cytometrie u pacientu po transplantaci ledviny lééenych bez indukce (A), s indukci rATG (B) nebo basiliximabem

(C). Jako kontroly poslouZily vzorky krve zdravych dobrovolnik(. *Statisticky signifikantni rozdily.

, [Mono CD14] CD14-PC7 / CD163-PE i [Mono CD14] CD14-PC7 / CD163-PE
102+ 102+
CD14+CD163+ : 9.48% CD14+CD163+ : 75.38%
& ¥
3 104 3 104
a a
O O
100+ 100
1<|)° 10' 161 10° 15" 1(|)‘ 161 10°
CD14-PC7 CD14-PC7
before kidney transplantation 14 days after kidney transplantation

Obrazek 5.9 Zvyseni CD14*CD163* subpopulace monocytii po transplantaci ledviny. Reprezentativni bodovy

graf u pacienta léceného bez pouZiti indukce.
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Zavér a shrnuti studie

Z naSich vysledk(l usuzujeme, Ze transplantace ledviny je spojena se zménou monocytarnich
subpopulaci CD14*CD16* a CD14*CD163* a je CasteCné ovlivnéna pouzitym imunosupresivnim
rezimem. Pocet perifernich CD14*CD16* a CD14*CD163* monocytd by se mohl stat jednim
z potencialné perspektivnich ukazatelll ke zhodnoceni imunitni odpovédi u pacientl po transplantaci
ledviny. Indukce imunosupresivnich CD14*CD163* monocytll a potlaéeni prozanétlivych
intermedialnich/neklasickych CD14*CD16* monocytl by mohla hrat protektivni tlohu v ¢asné fazi po

transplantaci ledviny.

Prace byla publikovana v éasopise BMC Immunology:

Sekerkova A, Krepsova E, Brabcova E, Slatinska J, Viklicky O, Lanska V, Striz I.
CD14+CD16+ and CD14+CD163+ monocyte subpopulations in kidney allograft
transplantation. BMC Immunol. 2014 Feb 6;15:4. IF 2.481
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Abstract

kidney allograft transplantation.

regime used.

Background: Monocytes represent a heterogeneous population of cells subdivided according to the expression
level of membrane antigens. A pro-inflammatory (intermediate/nonclassical) subpopulation of monocytes is defined
by expression of CD16. CD163 seems to be characteristically preferentially expressed by immunosuppressive
monocytes. The aim of our study was to evaluate the distribution of monocyte subpopulations in 71 patients with

Results: The phenotype was evaluated by flow cytometry in defined time points. The proportions of peripheral
CD14+CD16+ monocytes were downregulated immediately after the kidney transplantation and basiliximab
treatment partially attenuated this trend. The transient downregulation of the CD14+CD16+ subpopulation was
adjusted to basal values in two months. The proportions of CD14+CD163+ monocytes were transiently
upregulated early after the kidney transplantation and remained higher during the first month in most patients. In
ATG treated patients, the expansion of CD14+CD163+ monocytes was delayed but their upregulation lasted
longer. In vitro data showed the direct effect of ATG and methylprednisolone on expression of CD16 and CD163
molecules while basiliximab did not affect the phenotype of cultured monocytes.

Conclusions: We assume from our data that kidney allograft transplantation is associated with modulation of
monocyte subpopulations (CD14+CD16+ and CD14+CD163+) partially affected by an immunosuppressive

Keywords: CD14+CD16+, CD14+CD163+, Kidney, Monocytes, Subpopulations, Transplantation

Background

In kidney transplantation, monocytic infiltration of the
graft plays a key role in renal dysfunction [1] and their
cytokines are actively involved in the process of acute re-
jection [2]. Peripheral blood monocytes represent highly
efficient effector cells of innate immunity subdivided
into different subpopulations by the expression level of
membrane antigens CD14 (a receptor for bacterial LPS)
and CD16 (Fc gamma RIII). These classical monocytes
are characterized by a very high expression of CD14 and
the absence of CD16 on their surface. Nevertheless, a
subpopulation of monocytes does exist with lower CD14
expression and detectable CD16 molecule on a mem-
brane [3]. These CD14+CD16+ intermediate/nonclassi-
cal monocytes represent up to 15% of peripheral blood

* Correspondence: alena.sekerkova@ikem.cz

'Department of Clinical and Transplant Immunology, Institute for Clinical and
Experimental Medicine, Videnska 1958/9, Prague 4 140 21, Czech Republic
Full list of author information is available at the end of the article

( ) BiolMed Central

monocytes but their numbers may be increased in pa-
tients with bacterial sepsis, TB or HIV infections [4].
These monocytes are smaller [5] and can be distin-
guished from CD14+CD16- monocytes by high HLA-DR
and CD43 expression [6]. The subpopulations of mono-
cytes also differ in the expression of chemokine receptors
[7] and some of the functional activities. CD14+CD16+
monocytes are high producers of proinflammatory cyto-
kine TNF alpha with limited capability to release anti-
inflammatory IL-10 [8]. High expression of HLA-DR anti-
gens might be one of the factors responsible for better
antigen-presenting capacity of CD14+CD16+ monocytes
[9]. In consideration of these properties, CD14+CD16+
cells should be considered as characteristic intermediate/
nonclassical proinflammatory monocytes. The proportion
of this monocytic subpopulation in the peripheral blood
may be increased also in non-infectious inflammatory dis-
orders such as Crohn’s disease [10], rheumatoid arthritis
[11], bronchial asthma or sarcoidosis [12]. Furthermore,

© 2014 Sekerkova et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited.
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CD14+CD16+ monocytes are extensively studied with re-
spect to the pathophysiology of atherosclerosis [13,14] in-
cluding kidney transplant patients [15]. In contrast to
these intermediate/nonclassical CD14+CD16+ monocytes,
CD163 expression seems to be a marker of monocyte sub-
set downregulating immune responses. This scavenger
molecule for hemoglobin-haptoglobin complexes [16]
functions also as a receptor for cytokine TWEAK [17] and
some bacteria [18] and its expression is upregulated in re-
sponse to glucocorticoids [19]. CD163 positive monocytes
and macrophages (designed as M2 subset) are known to
produce cytokine IL-10 suppressing effector immune
mechanisms [20]. Among other myeloid antigens, the
CD36 known to be upregulated during monocyte extrava-
sation [21], and CD74, a receptor for macrophage migra-
tion inhibitory factor [22], represent additional markers of
potential interest. In this respect, the aim of our prospect-
ive observational study was to monitore changes of per-
ipheral monocyte subpopulations in early phases of kidney
allograft transplantation with regard to different modes of
induction immunosuppressive therapy.

Methods

Patients

In total, 20 healthy control and 71 patients who under-
went renal transplantation from a deceased donor were
enrolled in the study. Healthy controls were volunteers
(age between 25-50 years) with no clinical symptoms,
with no significant clinical diagnosis. None of the en-
rolled volunteers had transplantation in the past.

All patients were treated by a triple maintenance ther-
apy consisting of calcineurin inhibitor (CNI, either ta-
crolimus or cyclosporine A), mycophenolate mofetil
(MMF) and corticosteroids, with or without induction
therapy. MMF and steroid therapy was started at day 0,
CNI was given at day O or 1 of transplantation. Patients
with panel reactive antibodies (PRA) >50% received 1—
1.5 g/kg/day of rATG (Thymoglobulin®, Genzyme Cor-
poration, Cambridge, MA, USA; n =28) in 2 to 7 doses
during the first postoperative week with respect to de-
pletive effect. Patients with PRA 20-50% or those who
received a kidney from extended criteria donor were
treated by 20 mg of basiliximab (Simulect®, Novartis, Basel,
Switzerland n=18) on days 0 and 4. Low risk patients
(PRA <20%) received no induction therapy (control group,
n=25).

Except for a difference in the frequency of retransplan-
tation, mean percentage of panel reactive antibodies
(PRA), and donor age, the clinical characteristics did not
differ significantly between the three groups (Table 1).
Peripheral blood samples were collected at following
time-points: before transplantation and 7, 14, 21, 28, 60,
90 days and 6, 12 months post-transplantation. Serum
creatinine (SCr), incidence of delayed graft function
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(DGF), estimated glomerular filtration rate (eGFR, calcu-
lated using MDRD; formula), proteinuria and incidence
of rejection during 3 months after transplantation and at
3-month protocol biopsy were recorded in patients. All
patients gave their informed consent and signed their
agreement with each biopsy performed. The study proto-
col was approved by the Ethics Committee of the Institute
for Clinical and Experimental Medicine (No.:608-08-10).

All patients underwent renal graft biopsy upon clinical
presumption of acute rejection such as insufficient de-
cline or sudden rise of serum creatinine. Furthermore,
patients underwent the protocol biopsy at three months
after transplantation. Biopsy-proven acute rejection was
diagnosed histologically according to the Banff 05 clas-
sification [23]. Borderline changes and T cell-mediated
rejection (TCMR) grade I and IIA were treated by 1.5-
2 g of methylprednisolone, TCMR grades IIB, III and
steroid-resistant TCMR by rATG (10 dose; 2 mg/kg 1st
day and 1 mg/kg 2nd-10th day of treatment) and
antibody-mediated rejection (AMR) by plasma exchange
and intravenous immunuglobulin alternately during
10 days.

Three patients with no induction who obtained rATG
as a treatment of severe acute rejection (first dose: day
12, 8 and 8) were excluded from group comparison sta-
tistics of flow cytometry data.

Flow cytometry

Peripheral blood mononuclear cells (100 ul, approx.
1*10° were labeled with fluorochrome-conjugated (PE —
phycoerythrin, PC7 — phycoerythrin-cyanine 7, PC5 —
phycoerythrin-cyanine 5, FITC — fluorescein) monoclonal
antibodies resuspended in PBS-BSA buffer for 20" at room
temperature (RT) in the dark. The following antibodies
were used: CD36-FITC, CD14-PC7, CD16-ECD (Beckman
Coulter, Brea, CA, USA), CD74-Alexa Fluor 647, CD163
(clone GHI61)-PE, CD163 (clone RM3/1)-PE (BioLegend).
Fresh blood (100 ul) with monoclonal antibodies were
incubated 20" in the room temperature in the dark. Sam-
ples were lysed with 0.5 ml lysing solution OptilyseC
(Beckman Coulter, Brea, CA, USA) 10" the room tem-
perature in the dark. Lysing reaction was stoped with 1 ml
CellWash (optimized PBS) (Beckton Dickinson Bio-
science, Benelux, Belgium). Samples were measured on a
FC 500 flow cytometer (Beckman Coulter, Brea, CA,
USA) and analyzed using CxP software and Kaluza soft-
ware (Beckman Coulter, Brea, CA, USA). Gating strategy:
monocytes were gated by side scatter and CD14 expres-
sion. Subsequently CD 16, CD36, CD74 and CD163 were
measured on the cell surfaces. A flow cytometry analysis
was performed with at least 100 events in the gate. The
absolute number of monocyte subpopulations are calcu-
lated from the absolute number of leukocytes and are
shown as number of cells * 10%/1. Absolute number of
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Table 1 Demographic characteristics at the time of transplantation

No induction rATG Basiliximab P-value
Number 25 28 18
Gender (male/female) 14/11 19/9 9/9 nsP
Recipient age (years) 579 [27.7:73.3] 529 [21.5; 78.6] 529 [25.6; 67.1] nsd
Donor age (years) 520 [16.0; 68.0] 46.5 [22.0; 74.0] 635 [46.0; 75.0] <00019¢
HLA MM 3 [1; 6l 125 ;5 ns?
1st/2nd and 3rd T x R (n) 25/0 12/16 18/0 <0.0001°
3PRA (%) 4 [0; 36] 64 [0; 96] 7 [0; 44] <0.00019¢
“CNI (TAC/CsA)(n) 21/4 28/0 18/0 ns®
°CIT (hours) 15.2 [11.0; 20.7] 159 [7.7; 22.8] 176 [124;21.0] nsd
Dialysis time (years) 20 [0.2; 942] 2.2 [0.5; 6.37] 2.1 [0; 49] fisd
Cause of renal failure ns.
Primary GN 10 10 5
Hereditary diseases 4 6 6
Diabetic or ischaemic nephropathy 8 2 5
°TIN 2 3 1
“ANCA vasculitis or lupus nephritis 0 4 0
Other causes 1 3 1

2ANCA, anti-neutrophil cytoplasmic antibodies; CIT, cold ischaemic time; CNI, calcineurin inhibitor; CsA, cyclosporine A; GN, glomerulonephritis; HLA MM, HLA
mismatch; PRA, historical panel reactive antibodies, measured every 3 months before transplantation, the highest number was considered in each patient; TAC,

tacrolimus; TIN, tubulointerstitial nephritis; T 3, renal transplantation.
bChi square test P-value.
9Kruskal-Wallis test P value.

*Dunn’s multiple comparison test: significant difference between the basiliximab group and the rATG or controls.
9Dunn’s multiple comparison test: significantp difference between rATG and the no induction or basiliximab groups.

leukocytes was measured by hematology analyzer Sysmex
(Sysmex Corporation, Japan).

“In vitro” cultures of peripheral blood mononuclear
cells ( PBMCs)
Three healthy volunteers (between 30-55 years) with no
clinical symptoms, with no significant clinical diagnosis
and without transplantation in the past were selected for
in vitro experiments. Fresh blood (50 ml) was collected
from each individual into a tube containing EDTA.

PBMC:s were purified using standard Ficoll-Paque gradi-
ent centrifugation. Briefly, 3 ml of Ficoll-Paque gradient
was pipetted into a 15-ml centrifuge tube. The EDTA
blood was diluted 1:1 in phosphate-buffered saline (PBS)
and carefully layered over the Ficoll-Paque gradient (3 ml/
tube). The tubes were centrifuged for 30 min at 580 x g.
The cell interface layer was harvested carefully and the
cells were washed once in PBS (for 10 min at 180 x g) and
then once in RPMI-1640 medium (Sigma-Aldrich, St.
Louis, MO, USA) supplemented with 10% heat inactivated
fetal calf serum (FCS), L-glutamin, penicillin and strepto-
mycin (Sigma-Aldrich), (for 10 min at 180 x g). Cells were
harvested from the surface by using Trypsin-EDTA
(Sigma-Aldrich, St. Louis, MO, USA).

Isolated cells were cultured in duplicates in 24-well tis-
sue culture plates (Costar, Corning, NY, USA) under a 5%

CO, atmosphere at 37° in RPMI-1640 supplemented
with ATG (1, 10 and 100 ug/ml), basiliximab (1, 10,
100 and 1000 ng/ml) or methylprednisolon (10, 100,
1000 ug/ml). Non-stimulated cells were used as a nega-
tive control. The proportions of CD14+CD16+ and
CD14+CD163+ monocytes were evaluated in dupli-
cates by flow cytometry at times 0;1;3;6;24;48 and
72 hours after stimulation. Cell viability was evaluated
using a Vi-Cell analyzer (Beckman Coulter, Brea, CA,
USA). In ATG-stimulated cells, 72 h culture affected
the viability of monocytes and data were not analyzed
at this time point.

Statistics

Statistical analyses were performed by GraphPad Prism 5
software (GraphPad Software, La Jolla, CA, USA) and
BMDP PC-90 statistical software (BMDP Statistical Soft-
ware Inc., Los Angeles, CA, USA). Based on the distribu-
tion of the data (Shapiro-Wilks test for normality), we
performed parametric or nonparametric (Mann—Whitney,
Kruskal-Wallis) testing. For analysis of categorical va-
riables, the chi-square test was used. Data are showed as
median [min; max] according to the distribution. Ana-
lysis of data from flow cytometry was performed by
ANOVA with repeated measures, comparison within
groups between two time points by contrasts. Dynamics
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of the parametres was fitted by quadratic regression and
the estimated coefficients were compared by z-statistcs.

Results

Patient and graft survival

From a total of 71 patients, three patients underwent
graft nephrectomy (Day 4, 20 and 58 after transplant-
ation) for renal vein thrombosis, acute hemorrhage after
biopsy or primary non-functional graft, respectively; 2
patients died on Days 56 and 80 of sudden death and
pulmonal artery embolism, respectively. Two patients
withdrew their informed consent to participate in the
study at Days 14 and 60.

Graft function

The three patient groups examined did not differ in the
incidence rates of DGF: controls: 8/25 (32%); the rATG
group: 7/28 (25%) and the basiliximab group: 9/18 (50%).
No significant differences in the levels of SCr, eGFR and
proteinuria were observed, respectively, between treat-
ment groups 90 days post-transplantation: controls, 127
[61; 314] pmol/L, 0.76 [0.19; 1.46] mL/s/1.73 m2 and 0.22
[0.07; 2.18] g/24 h; rATG, 120 [57; 239] umol/L, 0.78
[0.29; 1.57] mL/s/1.73 m2 and 0.18 [0.10; 2.15] g/24 h and
basiliximab, 153 [79; 278] pmol/L, 0.59 [0.28; 1.10] mL/s/
1.73 m2 and 0.28 [0.07; 0.49] g/24 h.

Graft rejection

Acute rejection occurred during the first 3 months in
4/24 (16.7%) control group patients, 3/28 (10.7%) rATG
patients and in 2/18 (11.1%) basiliximab-treated pa-
tients (P > 0.05). There were another five patients with
borderline changes in the control group and seven were
treated with basiliximab. In patients without induction
therapy, two patients suffered from early acute TCMR,
one patient from acute AMR and one patient had a
combined type of rejection. In patients with rATG in-
duction, three patients suffered from AMR and in those
with basiliximab, one patient suffered from early acute
TCMR and one from combined acute TCMR and AMR.

Peripheral blood CD14+CD16+ monocytes after kidney
allograft transplantation

The percentage of peripheral CD14+CD16+ monocytes
was found to be downregulated during 7 days after the
kidney transplantation in the group of patients without
the induction therapy (p < 0.0005) and those treated with
thymoglobulin (p < 0.0002). In patients treated with anti-
CD25 antibody basiliximab, the decrease in percentage
of CD14+CD16+ reached the minimum after two weeks
and the moderate changes did not reach statistical signifi-
cance (p=ns) (Figures 1 and 2). In most patients, the
transient downregulation of CD14+CD16+ subpopulation
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was almost adjusted in three months but did not reach
the values obtained before the transplantation.

Peripheral blood CD14+CD163+ monocytes after kidney
allograft transplantation

The percentage of peripheral CD14+CD163+ monocytes
was found to be upregulated during 7 days after the
kidney transplantation in the group of patients without
the induction therapy (p <0.0001) and those treated
with basiliximab (p < 0.0001). In patients treated with
thymoglobulin, the upregulation in percentage of
CD14+CD163+ reach the maximum after two weeks
(p<0.001) (Figures 3 and 4). In most patients, the upregu-
lation of CD14+CD163+ subpopulation was almost ad-
justed in three or six months but did not reach the values
obtained before the transplantation. In the pooled group of
kidney transplant recipients (n=71), marked upregulation
of CD14+CD163 subpopulation is in contrast with minimal
changes in whole monocyte population (Figure 5).

Peripheral blood CD14+CD16+ and CD14+CD163+
monocytes in patients with acute rejection of

kidney allograft

Our preliminary data obtained from two patients under-
going acute rejection showed the trend to upregulation
of CD14+CD16+ monocytes in these subjects as demon-
strated in a case report of two study subjects (Figure 6).

“In vitro” effect of immunosuppressives on phenotype of
human monocytes
In order to assess the direct effect of immunosuppres-
sives, the proportions of monocyte subpopulations
CD14+CD16+ and CD14+CD163+ were evaluated in
cultured PBMC exposed to rATG, basiliximab, and
methylprednisolone. Exposition of PBMC to rATG
(Figure 7a) reduced the percentage of CD14+CD16+
monocytes in 1 hour and the decline continued until
48 hours. In contrast, percentage of CD14+CD16+
monocytes in control samples gradually grew up to
75% from initial 10% of cells (p <0.05). The data sug-
gest that rATG is effective already at very low con-
centrations. In contrast, basiliximab does not affect
the proportions of CD14+CD16+ monocytes at all
(Figure 7b). Methylprednisolone (Figure 7c) upregu-
lated the percentage of CD14+CD16+ monocytes after
48 hours (p < 0.05) compared to the control.
Monocytes incubated with rATG (Figure 8a) upregu-
lated the expression of CD163+ after 6 hours and the
proportion of CD14+CD163+ monocytes increased from
6% at the time point 0 h to 50% at the time point 48 h
(p<0.01) . In control cultures of PBMCs, the percentage
of CD14+CD163+ monocytes reach the maximum of
20% after 48 hours (p < 0.05). Basiliximab at the all con-
centrations and time points did not modulate the
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Figure 1 Percentage of peripheral blood CD14+CD16+ monocytes after kidney allograft transplantation. The co-expression of CD14 and
CD16 antigens on peripheral blood monocytes was evaluated by flow cytometry in three different groups of patients undergoing kidney allograft
transplantation (a-without induction, b-thymoglobulin, c-basiliximab). In patients without the induction therapy (n = 25 ) and those treated with
thymoglobulin (n = 28 ), the percentage of CD14+CD16+ monocytes decreased during the first two weeks after the transplantation as compared
to only moderate changes observed in subjects treated with basiliximab (n = 18). Analysis of data from flow cytometry was performed by ANOVA
with repeated measures and a comparison within groups between two time points by contrasts. *Statistically significant differences.

development of CD14+CD163+ monocytes (Figure 8b).
Methylprednisolon (10 and 100 pg) has been shown to
be the strongest inducer of CD14+CD163+ monocytes
and upregulated their proportions from 6% to 90% in
the first 6 hours (p <0.05) (Figure 8c). Concentrations
higher than 1000 ug/ml were found to be toxic, the re-
sults of cell viability tests are shown in the Table 2.

Peripheral blood monocyte expression of CD36 and CD74
after kidney allograft transplantation

Constitutive CD36 expression was found in more than
98% of monocytes without any dynamic changes du-
ring the post-transplantation period. Similarly, a high
density CD74 expression was present in all peripheral
blood monocytes without any changes. Proportions of
peripheral blood monocytes in the frame of whole

blood count were not affected during the 12 months
period after the kidney allograft transplantation (not
shown).

Discussion

Our data suggest that kidney allograft transplantation is as-
sociated with evident shifts in proportions of specific mono-
cyte subpopulations CD14+CD16+ and CD14+CD163+ and
these changes are partially affected by the immunosuppres-
sive regime used. During the first week after the trans-
plantation, the proportion of intermediate/nonclassical
CD14+CD16+ monocytes is downregulated which might
be due to their trafficking to the graft or by their selective
deletion. Obviously, no bioptical data to prove the presence
of CD14+CD16 monocytes in the graft immediately
after the surgery were obtainable from ethical reasons.

[Mono CD14] CD14-PC7 / CD16-ECD

before kidney transplantation

week after the kidney transplantation.

.

[Mono CD14] CD14-PC7 / CD16-ECD

10° 10°

1024 1024 )
= CD14+CD16+ : 17.90% - CD14+CD16+ : 3.81%]
v : b
O 10" O 104
a a
o o

10° 10°

160 11’)' 11'11 10° 11')0 u'.)‘. 11')2 10°
CD14-PC7 CD14-PC7

14 days after kidney transplantation

Figure 2 Downregulation of CD14+CD16+ monocyte subpopulation after the kidney transplantation. The flow cytometry plot expresses
the data of one representative patient without the induction therapy. The number of CD14+CD16+ were strongly downregulated during the first
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Figure 3 Percentage of peripheral blood CD14+CD163+ monocytes after kidney allograft transplantation. The presence of CD14+
CD163+ monocytes in peripheral blood was evaluated by flow cytometry during the first year after the kidney allograft transplantation. In
patients without the induction therapy a (n = 25 ) and those treated with basiliximab ¢ (n = 18 ), the percentage of CD14+CD163+ monocytes
dramatically increased during the first week after the transplantation in contrast to subjects treated with thymoglobuline b (n = 24). Analysis of
data from flow cytometry was performed by ANOVA with repeated measures and a comparison within groups between two time points by
contrasts. *Statistically significant differences.

Nonetheless, selective deletion of CD14+CD16+ mono-
cytes seems to us more relevant since recent data showing
that these monocytes are senescent [24] also indirectly
suggest that they might be more sensitive to the aggressive
environment of a “cytokine storm” associated with the is-
chemia/reperfusion injury. The initial values of CD14
+CD16+ monocytes before the kidney transplantation
were higher as compared to values in healthy subjects
reflecting the end stage kidney disease [14].

The effect of different treatment regimes was also
observed. A statistically significant decrease of the
CD14+CD16+ monocytes in the first week after trans-
plantation was observed in patients without induction
therapy and those treated with rATG. Patients treated
with basiliximab achieved only moderate decrease after

two weeks of treatment. In this respect, we also dem-
onstrated the direct effect of rATG on the decrease of
CD14+CD16+ monocytes in cultured PBMCs while
basiliximab did not affect this monocytic subpopu-
lation “in vitro”. The reason for the different cellular
response may be due to different mechanism of action
of rATG and basiliximab. Polyclonal rATG leads to
an immediate targeted depletion of T lymphocytes
together with evident effects on other immune cells
while basiliximab binds to the a-chain of IL-2R (CD25)
on the T lymphocyte surface, so that T lymphocytes
are not able to bind to IL-2. This treatment affects
mainly IL-2 and T lymphocyte mediated immune re-
sponses and probably does not directly affect mono-
cytes [25].
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[CD14+CD163+ : 9.48%)

10!-

CD163-PE

1004

1EJ° 10' 10°
CD14-PC7

before kidney transplantation

Figure 4 Expansion of CD14+CD163+ monocytes following kidney transplantation. The flow cytometry plot expresses the data of one
patient with basiliximab induction therapy. The percentage of CD14+CD163+ monocytes was highly upregulated during the first week after

the transplantation.
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Figure 5 Proportional changes of CD14+CD163+ subpopulation as compared to the whole population of peripheral blood monocytes.
The absolute numbers of peripheral blood monocytes and their CD14+CD163 subpopulation were monitored during the first year following
kidney allograft transplantation (n=71). The early massive upregulation of CD14+CD163+ subpopulation is in a contrast with only moderate
changes observed in whole population of peripheral blood monocytes (absolute numbers of monocyte subpopulations are calculated from the
total number of leukocytes and are expressed as number of cells *10%/).

Early upregulation of CD163 expression might be a re-
sult of prednisolone treatment as a part of standard im-
munosuppressive regimes since in vitro, the induction of
this molecule on monocytes by glucocorticoids has been
already documented [19] and our data confirmed early
induction of CD163 expression on monocytes in response

to methylprednisolone. In addition to increasing the num-
ber of monocytes expressing CD163, methylprednisolone
also upregulated the density CD163 on the cells surface.
Surprisingly, the delayed effect of CD163 induction in
thymoglobulin-treated patients was associated with its
prolonged expression and might be regulated by other
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Figure 6 Case reports of two patients with complicated outcome of kidney allograft transplantation associated with changes of CD14+CD16+
subpopulation. Patient No.1 is a 56-year old male with delayed graft function and diagnosed acute cellular rejection 1B in early phase following
kidney allograft transplantation, treated successfully with thymoglobulin. Patient N. 2 is a 51-year old male with C4d negative humoral rejection
(FACSXM positive, presence of MICA antibodies) diagnosed one month after the transplantation. After changing of immunosuppression
and subsequent IVIG therapy, the kidney functions became stable. In both cases, the clinical status of patients correlated with proportions
of CD14+CD16+ monocytes. TCMR =T cell-mediated rejection, ATN = acute tubular necrosis (absolute numbers of monocyte subpopulations are
calculated from the total number of leukocytes and are expressed as number of cells *10%/1).
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Figure 7 In vitro effect of immunosuppressives on the percentage of CD14+CD16+ monocytes peripheral blood monocytes collected
from a healthy donor were cultured in the presence of rATG, basiliximab and methylprednisolone. Changes of CD16 expression on the
surface CD14-positive monocytes were measured at following time points: 0, 1, 3, 6, 24, 48 and 72 h. Incubation with rATG (a) downregulated the
proportion of CD14+CD16+ monocytes already after one hour. Basiliximab (b) had no effect. Methylprednisolone (c) upregulated the percentage
of CD14+CD16+ subpopulation. Dynamics of the parameters was fitted by quadratic regression and the estimated coefficients were compared
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induced cells since it lasted for 3 months after the last
treatment with this polyclonal antibody. The initial pro-
portions of CD14+CD163+ monocytes did not differ
from values of healthy subjects.

Simultaneously “in vivo”, we found a decreased num-
ber of total peripheral blood monocytes one week after
transplantation in the patients group receiving rATG.
The ability of rATG to induce apoptosis of monocytes
has been demonstrated. It is assumed that monocyte de-
pletion by rATG might contribute to the prevention of
GVHD [26]. rATG effect on the monocytes function, in-
cluding the expression of surfaces markers and produc-
tion of cytokine spectrum, can be expected.

Furthermore, we have analyzed a potential relationship
between the proportion of monocyte subpopulations and
PRA values and have not found any correlations (data not
shown). In few patients undergoing acute rejection of kid-
ney allograft, the intermediate/nonclassical CD14+CD16+
monocytes are upregulated and their capacity to release cy-
tokines like TNF alpha and IL-1 beta might be indirectly
involved in downregulation of the CD14+CD163+ pheno-
type. In human monocytes, CD163 expression is known to
be downregulated in vitro by IFN gamma [27], a cytokine
associated with Thl mediated rejection mechanisms. Our
data did not support this pattern of regulation in kidney
transplant patients.
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Figure 8 In vitro effect of immunosuppressives on the percentage of CD14+CD163+ monocytes peripheral blood monocytes collected
from a healthy donor were cultured in the presence of rATG, basiliximab and methylprednisolone. Membrane expression of CD163 on
cultured monocytes was measured at following time points: 0, 1, 3, 6, 24, 48 and 72 h. Both the rATG (a) and methylprednisolone (b) upregulated the
proportion of CD14+CD163+ monocytes while basiliximab (c) had no effect. Dynamics of the parameters was fitted by quadratic regression and the
estimated coefficients were compared by z-statistcs.
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Table 2 Viability of the cells (“in vitro” experiments)

Page 9 of 10

rATG

Hour Control 1 pg/ml 10 pg/ml 100 pg/ml
0 94,1 +1,0 96,1+1.3 963+ 1.8 951422
24 974+18 959+18 942+32 932+£19
48 932+£26 946+2,1 956+19 927+13
72 973+14 96,1+25 948+2,1 952+1,2
Basiliximab

Hour Control 1 ng/ml 10 ng/ml 100 ng/ml 1000 ng/ml
0 96,1+ 1,1 958+19 953+16 936+08 935+18
24 973+2,1 92,1+2,1 962+ 1,1 946+ 1.2 93.8+25
48 972+18 96,4 +2.2 98,1+05 938+21 951+18
72 96,3 +24 939+19 956+2,1 943+3,1 962 +1.3
Methylprednisolone

Hour Control 10 pg/ml 100 pg/ml 1000 pg/ml
0 951+1.3 951+1.2 969+ 2,1 842+38
24 969+£25 958+ 18 96,9+ 18 334+89
48 96,7 +1,3 96,2+2.2 951+2,1 381+103
72 956+2,1 970+19 953+23 31,1+10.2

Viability of the cells was measured on the bases of penetration of trypan blue into the cells.

With respect to standardization procedures, our experi-
ments confirmed the differences in domain specific bin-
ding of anti-CD163 antibodies which are responsible for
published discrepancies in CD163 monocyte positivities
[28]. We tested two different clones (RM3/1 and GHI61)
for the detection of CD163 but only GHI61 clone bound
to the surface of blood monocytes in contrast to the epi-
tope recognized by clone RM3/1 expressed exclusively on
the surface of macrophages and completely absent in
monocytes (data not shown).

Conclusions

Both the initial phase of kidney transplantation immediately
after the graft reperfusion and acute rejection process
are associated with multiple immunological reactions
and changes in the proportions of monocyte subpopula-
tions might be one of the key factors. Estimating the
number of peripheral intermediate CD14+CD16+ and
“anti-inflammatory” CD14+CD163+ monocytes might
be one of new potentially perspective laboratory pa-
rameters to evaluate immune responses in kidney
transplant recipients. The induction of immunosup-
pressive CD14+CD163+ monocytes and downregula-
tion of proinflammatory intermediate/nonclassical
CD14+CD16+ monocytes might play a protective role
in the early phase after kidney transplantation. On the
other hand, we have not performed any functional tests
to confirm immunosuppressive or proinflammatory
properties of these cells in this study.
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5.4. Biomarkery tolerance spojené s funkci B lymfocytu

Uvod

Nedavno byly identifikovany tzv. molekularni podpisy (“molecular signatures”) u pacientt s operacéni
toleranci s dlouhodobé fungujicim ledvinnym $tépem bez nutnosti imunosupresivni 1éCby. Zatim je ale
jen malo znamo o expresi téchto genu asociovanych s toleranci u pacientl se stabilni funkci §tépu, ktefi
setrvavaji na imunosupresivni 1é€bé. Tato prace byla uplné prvni, ktera validovala pozorovani od
pacientll s operacni toleranci (bez imunosupresivni [&éCby) v prospektivni kohorté nemocnych Ié€enych

standardni imunosupresi.

Metody

V této prospektivni studii byly v periferni krvi méfeny expresni profily osmi vybranych gent rozdilné
exprimovanych v krvi pacientll s operaéni toleranci (MS4Al1l, CD79B, TCL1A, TMEM176B, FOXP3,
TCAIM (dfive TOAG-1), MAN1Al, a TLR5) a poc¢ty CD45*CD19*CD3 B lymfocytd u 67 pfFijemcl
transplantované ledviny pfed transplantaci a 7., 14., 21., 28., 60. a 90. den a 6 a 12 mésicu po
transplantaci. Exprese téchto genu byla dale hodnocena v renalni tkani ziskané biopsii $tépl. Expresni
profily a pocty B lymfocytl byly porovnany mezi skupinami pacientt rozdélenych dle bioptickych nalezu
béhem jednoro¢niho sledovani: s akutni rejekci (AR, klinickou €i subklinickou, n=14), s hrani¢nimi
zménami (borderline changes, BL, n=20) a bez rejekce (rejection-free, RF, n=33). Pro statistickou
analyzu longitudinalnich dat byl pouzit zobecnény smiSeny linearni model pro opakovana méfeni
s gama regresi a s adjustaci na pouzitou indukéni terapii; pro analyzu dat z biopsii byl pouzit
Kruskal-Wallistv test.

Vysledky

V prabéhu sledovani byly pozorovany signifikantné vySsi pocty perifernich B lymfocytl u pacientu
bez rejekce a pacientl s hrani€nimi zménami v porovnani s pacienty s rejekci. Exprese gent MS4A1
(CD20), TCL1A, CD79B, TCAIM a FOXP3 byly signifikantné vyssi u pacientt bez rejekce a s hrani¢nimi
zmeénami v porovnani se skupinou s rejekci. Nejvyssi rozdily byly pozorovany béhem prvnich 3 mésicu.
Naopak TMEM176B (TORID) byl up-regulovan ve skupiné s rejekci. Ve stépech byly nejvySsi exprese
TCAIM pozorovany u pacientl bez rejekce.
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Zavér a shrnuti studie

Nase pozorovani naznacuji, ze ,B bunéény podpis“ znamy od pacientl po transplantaci ledviny
s operacni toleranci bez nutnosti imunosupresivni 1&¢by, je také spojen s kontrolovanou aloimunitni
odpoveédi u pacientl po transplantaci ledviny na standardni imunosupresi. Pokud je nam znamo, je tato
prospektivni observac¢ni studie prvni, ktera validovala asociaci a domnélou protektivni roli gen
spojenych s toleranci a funkci B lymfocytd u pacientd po transplantaci ledviny, ktefi jsou jesté 1éCeni
standardni imunosupresivni terapii. Zda tato pozorovani budou tvofit zaklad pro jednodussi a

prospektivnich intervenénich studiich zalozenych na biomakerech.

Prace byla publikovana v €asopise Transplantation:

Viklicky O, Krystufkova E, Brabcova I., Sekerkova A, Wohlfahrt P, Hribova P, Urbanova M,
Sawitzki B, Slatinska J, Striz I, Volk HD, Reinke P. B-cell-related biomarkers of tolerance
are up-regulated in rejection-free kidney transplant recipients. Transplantation. 2013
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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, L27 By Krystuﬂcova,l Irena Brabcova,! Alena Sekerkova,” Peter Wohlfahrt,4

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 (MS4A1,
CD79B, TCL1A, TMEM176B, FOXP3, TOAG-1, MAN1A1, 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
MS4A1 (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, TMEM176B (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)

S uccessful, long-term kidney transplants have been shown
to be associated with reduced alloimmune response.
However, immunosuppression therapies can be associated
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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 including 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 Borderline changes Rejection P

Number 33 20 14
Clinical/subclinical histological findings s 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] <0.05%
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 (05 96] 12 [2; 86] 28 [0; 82] ns©
CIT (hr)* 16.4 [7.7; 20.7] 17.0 [12.4; 21.0] 15.5 [10.8; 20.8] ns®
Induction (n/%) 23/69.7 13/65.0 10/71.4 ns”

rATG (n/%) 16/48.5 5/25.0 5/35.7 ns’

basiliximab (n/%) 7212 8/40.0 5/35.7 ns”
TAC/CsA (n) 32/1 19/1 12/2 ns”
DGF 5 8 8 <0.05"

“ Median [min; max].
b Chi-square test P value.
¢ Kruskall-Wallis test P value.

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

free and the borderline change group, and /significant differences between the rejection-free and the rejection group.

Basiliximab, anti-IL-2 receptor alpha monoclonal antibody; CIT, cold ischemic time; CsA, cyclosporin 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"CD3 ). 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
(MS4A1, 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 (MS4A1, P<0.0001 and P<0.05, Fig. 2A; TCLIA, both
P<0.0001, Fig. 2B; CD79B, both P<0.05, Fig. 2C). No sig-
nificant differences were observed between patients with
borderline changes and rejection-free patients.

In contrast, TMEM176B (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 TMEM176B
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 CD79B mRNA measured by gRT-PCR analysis of
peripheral blood from patients with a diagnosis of acute
rejection (dotted line), borderline changes (BL, dashed line),
or rejection-free patients (solid line) over a 1-year follow-up
period. The expression levels of three B-cell-related genes
MS4A1 (A), 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 TMEM176B, FOXP3,

and TOAG-1 mRNA measured by gqRT-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 1-year follow-up period.
Expression of the TMEM176B 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 S1,
SDC, http://links.lww.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 TMEM176B (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. Most
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-1 and

TMEM176B mRNA were measured in kidney 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-a-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-a-1,2-mannosidase expression ratio (not shown)
in peripheral blood. Similarly, the expression pattern of
TOAG-1 gene was constantly increasing during the follow-
up in patients without rejection. Moreover, intragraft ex-
pression of TOAG-1 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, 17, 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 TCLI1. 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
more 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 inflammation, 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 time 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 based on their immunological risk. Patients with panel reactive anti-
bodies (PRA) greater than or equal to 50% or patients with previous renal
transplantation received 1 to 1.5 mg/kg/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 90 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 IIA
were treated by administering 1.5 to 2 g methylprednisolone, TCMR grades
IIB and III and steroid-resistant TCMR were treated using rATG (10 doses;
2 mg/kg on day 1 and 1 mg/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 wL; approximately 1x10° cells)
were labeled with a four-color monoclonal antibody panel CYTO-STAT
tetraChrome CD45-FITC/CD56-RD1/CD19-ECD/CD3-PC5 (Beckman 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 OptiLyseC (Beckman Coulter). B cells were
defined as CD45'CD19'CD3 ™.

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 until analyzed. Whole-blood RNA was extracted using the
PAXgene Blood RNA Kit including DNAse I 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 RNeasy 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
RNA suitable for further analysis. Expression patterns of operational tolerance-
associated genes were then evaluated in patients for whom sufficient amounts
of mRNA were isolated.

Quantitative RT-PCR Analysis

Total RNA (2 pg) isolated from blood or tissue samples was used for
complementary DNA synthesis using SuperScript II Reverse Transcriptase
(Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s instruc-
tions. RNA 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 (MS4A1, CD79B, TCL1A, TMEM176B, FOXP3, TOAG-1 [C3orf23],
MANIAL, and TLR5) were determined using quantitative real-time RT-
PCR (27AAC‘) using GAPDH and PGKI1 as internal controls for renal bi-
opsy tissues and HPRT and PGK1 as reference genes for whole blood
samples. cDNA from one control blood sample served as the calibrator, and
for biopsy samples, commercial kidney RNA was used. mRNA quantification
was performed in triplicate using a predesigned TagMan Gene Expression
Assay (Hs00544818_m1 [MS4A1], Hs00236881_m1 [CD79B], Hs00951350_m1
[TCLI1A], Hs00962650_m1 [TMEM176B], Hs00203958_m1 [FOXP3],
Hs00603313_m1 [C3orf23], Hs00195458_m1 [MANIA1], and Hs0015
2825_m1 [TLR5]; Applied Biosystems) and fast protocol (TagMan Fast Ad-
vanced Master Mix; Applied Biosystems). RT-qPCR 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 RQ manager 1.2. software for automated data analysis was
used (Applied Biosystems).

Statistical Analyses

Data are expressed as estimated marginal meanstSEM, 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 various factors that differed between the groups in univariate
analyses were done to test for differences in gene expression profiles between
groups. Calculations 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.

ACKNOWLEDGMENTS
The authors thank Romana Polackova, Martina Ondrakova,
Katarina Barcikova, Eva Faberova, and Adela Sajdlova for their
technical assistance and coordination of the sample collection as
well as to the patients and nurses for their cooperation and help.

REFERENCES

1. Jardine AG, Gaston RS, Fellstrom BC, et al. Prevention of cardio-
vascular disease in adult recipients of kidney transplants. Lancet 2011;
378: 1419.

2. Li XC, Turka LA. An update on regulatory T cells in transplant tol-
erance and rejection. Nat Rev Nephrol 2010; 6: 577.

3. Mauri C, Blair PA. Regulatory B cells in autoimmunity: develop-
ments and controversies. Nat Rev Rheumatol 2010; 6: 636.

4. Hutchinson JA, Riquelme P, Geissler EK. Human regulatory macro-
phages as a cell-based medicinal product. Curr Opin Organ Trans-
plant 20125 17: 48.

5. Dugast AS, Vanhove B. Immune regulation by non-lymphoid cells in
transplantation. Clin Exp Immunol 2009; 156: 25.

6. Zarkhin V, Kambham N, Li L, et al. Characterization of intra-graft
B cells during renal allograft rejection. Kidney Int 2008; 74: 664.

7. Scheepstra C, Bemelman FJ, van der Loos C, et al. B cells in cluster
or in a scattered pattern do not correlate with clinical outcome of
renal allograft rejection. Transplantation 2008; 86: 772.

8. Viklicky O, Hribova P, Volk HD, et al. Molecular phenotypes of
acute rejection predict kidney graft prognosis. ] Am Soc Nephrol
2010; 21: 173.

Transplantation * Volume 95, Number 1, January 15, 2013

9. Louis S, Braudeau C, Giral M, et al. Contrasting CD25hiCD4+T cells/
FOXP3 patterns in chronic rejection and operational drug-free tol-
erance. Transplantation 2006; 81: 398.

10.  Sagoo P, Perucha E, Sawitzki B, et al. Development of a cross-platform
biomarker signature to detect renal transplant tolerance in humans.
J Clin Invest 2010; 120: 1848.

11.  Newell KA, Asare A, Kirk AD, et al. Identification of a B cell signa-
ture associated with renal transplant tolerance in humans. J Clin
Invest 2010; 120: 1836.

12.  Sakaguchi S, Ono M, Setoguchi R, et al. Foxp3+ CD25+ CD4+ natural
regulatory T cells in dominant self-tolerance and autoimmune
disease. Immunol Rev 2006; 212: 8.

13.  Bestard O, Cruzado JM, Rama I, et al. Presence of FoxP3+ regulatory
T Cells predicts outcome of subclinical rejection of renal allografts.
J Am Soc Nephrol 2008; 19: 2020.

14.  Krystufkova E, Sekerkova A, Striz I, et al. Regulatory T cells in kid-
ney transplant recipients: the effect of induction immunosuppression
therapy. Nephrol Dial Transplant 2012; 27: 2576.

15.  Muthukumar T, Dadhania D, Ding R, et al. Messenger RNA for
FOXP3 in the urine of renal-allograft recipients. N Engl ] Med 2005;
353: 2342.

16.  Sawitzki B, Bushell A, Steger U, et al. Identification of gene markers
for the prediction of allograft rejection or permanent acceptance.
Am ] Transplant 2007; 7: 1091.

17.  Kirk AD, Turgeon NA, Iwakoshi NN. B cells and transplantation
tolerance. Nat Rev Nephrol 2010; 6: 584.

18. Heidt S, San Segundo D, Shankar S, et al. Peripheral blood sampling
for the detection of allograft rejection: biomarker identification and
validation. Transplantation 2011; 92: 1.

19.  Brouard S, Mansfield E, Braud C, et al. Identification of a peripheral
blood transcriptional biomarker panel associated with operational
renal allograft tolerance. Proc Natl Acad Sci U S A 2007; 104: 15448.

20. Noguchi M, Ropars V, Roumestand C, et al. Proto-oncogene TCL1:
more than just a coactivator for Akt. FASEB ] 2007; 21: 2273.

21.  Tabrizi §J, Niiro H, Masui M, et al. T cell lenkemia/lymphoma 1 and
galectin-1 regulate survival/cell death pathways in human naive and
IgM+ memory B cells through altering balances in Bcl-2 family pro-
teins. J Immunol 2009; 182: 1490.

22.  Kuraishy Al French SW, Sherman M, et al. TORC2 regulates germinal
center repression of the TCL1 oncoprotein to promote B cell devel-
opment and inhibit transformation. Proc Natl Acad Sci U S A 2007;
104: 10175.

23. Louvet C, Chiffoleau E, Heslan M, et al. Identification of a new
member of the CD20/FcepsilonRIbeta family overexpressed in toler-
ated allografts. Am J Transplant 2005; 5: 2143.

24. de Freitas DG, Sellares J, Mengel M, et al. The nature of biopsies
with “borderline rejection” and prospects for eliminating this cate-
gory. Am ] Transplant 2012; 12: 191.

25.  Solez K, Colvin RB, Racusen LC, et al. Banff ‘05 Meeting Report:
differential diagnosis of chronic allograft injury and elimination of
chronic allograft nephropathy (‘CAN’). Am ] Transplant 2007; 7: 518.

Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

76



6. DISKUZE

Pokud je nam znamo, jako prvni jsme hodnotili a prokazali vliv rdznych indukénich
imunosupresivnich [ékll na pocty regulaénich T lymfocytd a expresi molekularnich marker(
asociovanych s rejekci i toleranci u pfijemcu transplantované ledviny in vivo. Také jsme jako prvni
validovali asociaci a predpokladanou protektivni roli genl asociovanych s toleranci a s funkci
B lymfocytd u pacientd po transplantaci ledviny, ktefi byli [é¢eni standardni imunosupresivni terapii.
Dale jsme ukazali, ze v ¢asné fazi po transplantaci ledviny dochazi ke zménam v perifernich
subpopulacich monocytl také s podilem pouzitych imunosupresivnich rezim(. Vysledky nasi studie
prokazaly, Ze pacienti [éCeni rATG a basiliximabem méli snizenou incidenci akutni rejekce v prvnich 3

mésicich po transplantaci.

V nasich studiich jsme zjistili, Ze po indukci rATG doslo v periferni krvi pacientd po transplantaci
ledviny k hluboké depleci T lymfocytli a NK bunék a k poklesu exprese genu vyhradné exprimovanych
témito burikami. Zaroven v3ak doslo k vyrazné expanzi Treg v CD4* kompartmentu. Indukce rATG byla
navic kratce po transplantaci spojena s pfechodnou up-regulaci dvou transkriptll asociovanych s rejekci
(MAN1A1 a TLR5).

Na davce zavisly deple¢ni ucinek rATG na T a NK lymfocyty byl zdokumentovan v fadé studii
(Hadaya et al., 2010; Kho et al., 2012; Sageshima et al., 2011; Sewgobind et al., 2009; Vacher-Coponat
et al., 2006), ale velmi malo je znamo o zménach hladin transkriptl vlivem rATG lé¢by (Simon et al.,
2003). V nasi studii jsme po indukci rATG popsali ¢asné po transplantaci hluboky pokles gen(
asociovanych s toleranci €i s rejekci (lwase et al., 2011; Li et al., 2001; Louis et al., 2006; Simon et al.,
2003), které jsou vyhradné exprimované T a NK burkami (CD247, GZMB, PRF1 a FOXP3). Hluboky
pokles expresi téchto gend nasledovany postupnym vzestupem smérem k pfedtransplantaénim

hodnotam odpovidal depleci a repopulaci zminénych buné&énych populaci.

Je zajimavé, Ze v Casném potransplantacnim obdobi doslo k poklesu expresi gentl CD247, GZMB,
PRF1 a FOXP3, ktery byl nasledovan navratem k predtransplantacnim hodnotam, také u pacientd
Ié€enych basiliximabem nebo bez indukce. Tento nalez by mohl byt vysvétlen poklesem poc¢td NK bunék
a vlivem udrzovaci imunosupresivni terapie na genovou expresi. CNI inhibuji transkripci prozanétlivych
cytokin(, jako je IL-2 (Kapturczak et al., 2004), ktery mimo jiné reguluje genovou expresi perforinu a
granzymu (Janas et al., 2005) a pfimo podporuje transkripci FoxP3 (Burchill et al., 2007; Murawski et
al., 2006). Kromé toho bylo prokazano, ze IL-2 zvySuje expresi TCR-{ (CD247) u chronického zanétu
(Cheriyan et al., 2011).

Zatimco u vSech pacientll v €asném potransplantaénim obdobi byly exprese CD247, GZMB, PRF1
a FOXP3 snizené, exprese genll MAN1A1, TLR5 a TCAIM byly zvySené. Tyto geny jsou exprimovany
ne jenom T lymfocyty (které jsou vice citlivé k pouzité imunosupresi), ale také monocyt/makrofagy a
dendritickymi bunkami (lwasaki a Medzhitov, 2004; Jenner et al., 2006; Sawitzki et al., 2014; Sawitzki
et al., 2007; Uematsu et al., 2008; Vogel et al., 2015).
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Po indukci rATG jsme dale pozorovali pfechodnou up-regulaci geni MAN1Al a TLR5. Studie
konsorcia The Indices of Tolerance identifkovala fadu marker(i, které umoznily u pfijemcu
transplantované ledviny spolehlivé rozlidit pacienty s operacni toleranci bez potfeby imunosuprese a
pacienty s chronickou rejekci (Sagoo et al., 2010). U pacientl s operacni toleranci byla exprese TLR5
(jako jednoho z 10 odlisné exprimovanych genu) niz8i a podil FOXP3 k a-1,2-manozidaze vysSi
Vv porovnani s pacienty s pacienty s chronickou rejekci (Sagoo et al., 2010). Pacienti, ktefi prodélali
chorobu §tépu proti hostiteli, meéli zvySenou expresi TLR5 v periferni krvi a 1é¢ba pfenosem Treg
redukovala tuto expresi a pfedesla chorobé (Sawitzki et al., 2014). Pfestoze byly rozdily v expresi TLR5
v nadi studii statisticky signifikantni, klinickd vyznamnost tohoto nalezu je sporna. Nicméné, vysSi
exprese rejekénich genu ve skupiné s indukci rATG by mohl odrazet jiz pfedtransplantacné zvysSené

riziko rejekce u téchto pacientl (pacienti s PRA = 50%).

V nasi studii doslo po indukéni IéEbé rATG k vzestupu relativnich poc¢td CD4*CD25*FoxP3* Treg in
Vivo, coz naznacuje expanzi indukovanou rATG, popsanou dfive in vitro Lopezovou et al. (Lopez et al.,
2006) a Fengem et al. (Feng et al., 2008) a je konzistentni s praci Gurkana et al. (Gurkan et al., 2010),
kteryu T lymfocytl s Treg fenotypem popsal jak periferni expanzi, tak novou migraci z thymu navozenou
podavanim rATG. Studie jak in vitro (Feng et al., 2008; Lopez et al., 2006; Sewgobind et al., 2010) tak
in vivo (Sewgobind et al., 2009) prokazaly, ze rATG ovlivnil poéty CD4+*CD25* Treg nikoliv v§ak jejich
funkci.

U pacientd s indukéni lécbou basiliximabem jsme prechodné detekovali populaci bunék
CD4*CD25"°w-FoxP3*, nepfitomnou pred transplantaci. Soucasné byly CD4+CD25*FoxP3* Treg
prakticky nedetekovatelné €i vyrazné snizené oproti predtransplantacnim hodnotam. Po indukéni lé€bé
basiliximabem byla popsana snizena hustota exprese CD25 molekuly mechanismem internalizace nebo
odstépeni (Vondran et al., 2010; Wang et al., 2009). In vitro studie vS8ak ukazaly, Ze basiliximab mize
branit detekci CD25 znaku pomoci anti-CD25 mAb vyuzivanych v pritokové cytometrii, které se vazou
na stejny epitop molekuly CD25 (Vincenti et al., 1997). Sest z osmi b&Zné& pouzivanych klont anti-CD25
mAD in vitro interferovalo s basiliximabem (Abadja et al., 2010). NaSe doplfujici in vivo studie ukazala,
Ze zadny ze tfech pouzitych klonu se nevazal na cirkulujici Treg v pfitomnosti basilximabu (Sekerkova
et al., 2012). Pozorovani CD4+*CD25"%-FoxP3* populace soucasné s vymizenim CD4+*CD25*FoxP3*
detekci bunék pratokovou cytometrii. Vzhledem k témto nalezim jsme dale Treg definovali jako
CD4*FoxP3*. Absolutni pocty CD4*FoxP3*Treg byly po indukci Basiliximabem pfechodné zvySené coz
je v souladu s nélezy Bluestone et al. (Bluestone et al., 2008). Jiné prace v3ak tento nalez nepotvrdily
(Bouvy et al., 2014; de Goer de Herve et al., 2010).

Lécba basiliximabem byla dale spojena se zvySenou expresi genu FOXP3 a TCAIM. TCAIM byl
vysoce exprimovan béhem experimentalniho navozeni a trvani tolerance k darcovskym aloantigeniim
in vivo, coz vedlo k pfijeti $tépul ledviny u potkan(i a srdce u mysi; jeho exprese poklesla v periferni krvi
a ve Stépu pfed tim, nez doslo k rejekci Stépu (Sawitzki et al., 2007). Tato down-regulace nastala

v bufikach infiltrujicich 8té€p a po T bunélné aktivaci in vitro (Sawitzki et al., 2007). Vzestup exprese
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MRNA TCAIM byl popsan také po podani regulaénich makrofagl pacientiim pfed transplantaci ledviny
od zijiciho darce (Hutchinson et al., 2011). V potkanim modelu transplantace ledviny byla exprese
TCAIM dramaticky redukovana u nelééenych pfijemcl a u pfFijemcl po pfenosu donor-specifickych
pamétovych bunék (Siepert et al., 2012). Nedavno bylo prokazano, Ze protein TCAIM inhiboval
spontanni vyvoj pamétovych a efektorovych T lymfocytl, které jsou nezbytné pro rozvoj rejekce
alogenniho $tépu (Schumann et al., 2014). FOXP3 je hlavni transkrip&ni faktor Treg (Bluestone, 2011).
Hladiny jeho transkriptd byly vy$Si u pacientl s operacéni toleranci nebo stabilni funkci $tépu na
imunosupresi v porovnani s pacienty s chronickou rejekci (lwase et al., 2011; Louis et al., 2006). VysSi
exprese FOXP3 a TCAIM v na$i studii spolu s vy§8imi pocty Treg po indukci basiliximabem mohou

naznacovat protektivni potencial této 1€Cby.

Pfredpoklada se, Ze nerovnovaha v poméru Treg/Teff mize mit vliv na osud $tépu (Zheng et al.,
2003). V nasi studii jsme tuto hypotézu potvrdili pouze u pacientl po indukci basiliximabem, coz mlze
byt vysvétleno faktem, ze vSechny akutni rejekce v rATG skupiné byly zprostfedkované protilatkami.
Nase predchozi vyzkumy naznaduji rozdil v imunitni regulaci ABMR a TCMR (Viklicky et al., 2010).
Podobné studie metodou microarray odhalily kvantitativné specifické exprese molekul a skupiny
transkriptll specifickych pro patogenezi T lymfocyty a protilatkami zprostfedkované rejekce
transplantované ledviny (Halloran et al., 2010). V nasi studii jsme pozorovali trend k vySSim
predtransplantaénim relativnim poctim Teff u pacientd bez indukce, ktefi prodélali téZzkou steroid-
rezistentni rejekci. Navzdory malému poctu pacientd muize toto pozorovani podporovat nalezy jiné
prace, ktera ukazala, ze vy$si predtransiplantacéni hodnoty Teff byly asociovany s nepfiznivymi vysledky
(Egawa et al., 2009).

Vysledky nasi studie monocytarnich subpopulaci u pacientl po transplantaci ledviny svéd¢i pro to,
Ze u téchto pacientl dochazi po transplantaci k posunu v zastoupeni CD14*CD16* a CD14*CD163*
monocytl a ze jsou tyto zmény &astecné ovlivnény pouzitym imunosupresivnim rezimem. Béhem
prvniho tydne po transplantaci bylo zastoupeni intermedialnich/neklasickych CD14*CD16* sniZeno, coz
by mohlo byt zpusobeno jejich pfesunem do $tépu nebo jejich selektivni deleci. Ta se zda byt vice
pravdépodobna, protozZe je tato subpopulace starnouci (Merino et al.), coz nepfimo naznacuje, ze miize
byt vice citlivd k agresivnhimu prostfedi ,cytokinové boufe“ spojené s ischemicko-reperfuznim
poSkozenim transplantované ledviny. PoCatecni pocty CD14*CD16* monocytd pfed transplantaci byly

vy88i neZ u zdravych kontrol, coz odrazi kone¢né stadium onemocnéni ledvin (Rogacev et al.).

Dale jsme pozorovali vliv riznych 1é€ebnych imunosupresivnich rezimd na pocty monocytarnich
subpopulaci. U pacientl bez indukce a pacient(i s indukci rATG doSlo k signifikantnimu poklesu poctu
CD14*CD16* monocytll béhem prvniho tydne po transplantaci, zatimco u pacientd Ié€enych
basiliximabem doslo jen k mirnému poklesu dva tydny po transplantaci. V in vitro experimentu jsme
prokazali pfimy vliv rATG na pokles CD14*CD16* monocytu, basiliximab tuto subpopulaci in vitro
neovlivnil. Vysvétleni této odliSné bunééné odpovédi mize spocivat v riznych mechanismech plsobeni
rATG a basiliximabu. Polyklonalni rATG vede k okamzité, na T lymfocyty cilené, depleci se zfejmym

vlivem i na dalSi imunitni buriky, zatimco basiliximab se vaze na a-fetézec IL-2R (CD25) na povrchu
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aktivovanych T lymfocytl, které pak nejsou schopny navéazat IL-2. Lécba basiliximabem ovliviuje
predevsim IL-2 a T lymfocyty zprostfedkovanou imunitni odpovéd a pravdépodobné& nema pfimy vliv na
monocyty (Vincenti, 2005).

Casné zvyseni exprese CD163 znaku muiZze byt vysledkem lé&by kortikosteroidy, které jsou sougasti
standardnich imunosupresivnich rezimu. Indukce exprese CD163 vlivem glukokortikoid( jiz byla dfive
popsana (Maniecki et al., 2006) a naSe in vitro data potvrdila €asnou expresi CD163 na monocytech v
odpovédi na methylprednisolon. Kromé zvySeni po¢tu monocytt exprimujicich CD163 vedla stimulace
methylprednisolonem také ke zvySeni hustoty exprese CD163 na buné&tném povrchu. Opozdéné
navozeni exprese CD163 u pacientd lé¢enych rATG bylo pfekvapivé spojeno s prodlouzenim exprese
tohoto znaku a m{ize byt dusledkem regulace jinymi indukovanymi burikami, protoze trvalo 3 mésice po
poslednim podani rATG. Pocate¢ni pocty CD14*CD163* monocytl se neliSily od hodnot u zdravych
kontrol. Souc¢asné se vzestupem poc¢td CD14*CD163* subpopulace jsme pozorovali snizeni celkovych
krevnich monocytu jeden tyden po transplantaci u pacientt 1é¢enych rATG. Bylo prokazano, ze rATG
indukuje apoptézu monocytl (Grullich et al., 2009). Da se predpokladat vliv rATG na funkci monocyt(

véetné exprese povrchovych markerd a produkce cytokin(.

Pocet perifernich CD14*CD16* a CD14*CD163* monocytll by se mohl stat jednim z potencialné
perspektivnich ukazatel( ke zhodnoceni imunitni odpovédi u pacientd po transplantaci ledviny. Indukce
imunosupresivnich CD14*CD163* monocytl a potlaceni prozanétlivych intermedialnich/neklasickych

CD14*CD16* monocytu by mohla hrat protektivni tlohu v ¢asné fazi po transplantaci ledviny.

V nasi studii jsme dale s ohledem na osud $tépu béhem jednoroéniho sledovani pacientd po
transplantaci ledviny lé¢enych standardni imunosupresi hodnotili pocty perifernich B lymfocytl a
exprese gen(, které byly rozdilné exprimovany v krvi pacientl s operacni toleranci. Z nasich dat vypliva
dikaz o zvySené imunoregulaci u pacientl bez rejekce v porovnani s pacienty s akutni rejekci. PFijemci
$tépu, ktefi neprodélali akutni rejekci béhem prvniho roku po transplantaci, méli trvale zvySené exprese
FOXP3 a stejné tak pomér FOXP3/MAN1AL v periferni krvi. Podobné byla u téchto pacientt v prabéhu
sledovani konstantné zvySena exprese TCAIM. Zaroven byla exprese tohoto genu snizena béhem
akutni rejekce v €asném potransplantacnim obdobi sniZzena, coZ naznaluje, Ze by uloha tohoto makeru

méla byt dale klinicky validovana.

Nedavno bylo ukazano, ze slozeni B lymfocytarniho kompartmentu je urcujici pro osud $tépu; naivni
a transitorni B lymfocyty byly asociovany s dlouhodobou funkci Stepu a operac¢ni toleranci, zatimco
pamétové B lymfocyty s omezenym piezitim Sté€pu a rejekci (Heidt et al., 2011; Kirk et al., 2010; Sagoo
et al., 2010). My jsme pozorovali vy$Si pocty B lymfocytd u pacientl bez rejekce a s hrani€nimi zménami
v porovnani s pacienty s akutni rejekci. Dale jsme potvrdili klinickou dalezitost markerd operaéni
tolerance spojenych s funkci B lymfocytt v pribéhu jednoho roku po transplantaci u pacientl lé¢enych
standardni imunosupresi. Ve studii konsorcia Indices of Tolerance (Sagoo et al., 2010) byly pomoci
microarray identifikovany geny CD79B, MS4A1 (CD20) a TCLA1 mezi celkem 10 geny, které nejlépe
odlisuji pacienty s operacni toleranci od ostatnich skupin pacientl. Transkripty gent TCL1A, CD79B,

MS4A1 byly zvySené exprimovany v krvi pacientll s operacni toleranci bez imunosupresivni IéCby
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v porovnani s pacienty se stabilni funkci ledvinného $tépu (Newell et al., 2010; Sagoo et al., 2010) Ci s
pacienty s intersticialni fibrézou a tubularni atrofii (Brouard et al., 2007). VSechny tfi vySe zminéné Siroce
citované studie (Brouard et al., 2007; Newell et al., 2010; Sagoo et al., 2010) hodnotily pacienty
s operacni toleranci s dlouhodobé fungujicimi §tépy, ale analyza tolerantnich marker( u pacientl
v Casném potransplantacnim obdobi, kdy jsou pacienti jesté IéCeni vysokodavkovou imunosupresi a
béhem akutni rejekce zatim chybéla. Nase prospektivni studie tak nabizi novy pohled na problematiku

tolerance.

V nasi studii jsme pozorovali vy$si exprese gend CD79B, MS4A1 a TCL1A v periferni krvi pacientt
s dobrym osudem $tépu béhem obdobi sledovani. Gen CD79B, kdduje transmembranovy protein, ktery
je soucasti komplexu antigenniho receptoru B lymfocytl. Nejvyraznéjsi rozdily v genové expresi byly u
genu MS4A1 a TCL1A. MS4A1 (CD20) je transmembranovy protein exprimovany na zralych i nezralych
B lymfocytech. Fyziologicka exprese onkoproteinu TCL1A (T-cell leukemia/lymphoma 1A) je limitovana
na Casna vyvojova stadia bunék (v€etné imunitnich) a jeho exprese byla signifikantné zvySena u
naivnich B lymfocytu a lymfocytl s prodlouzenym prezitim (Noguchi et al., 2007; Tabrizi et al., 2009).
Exprese tohoto proteinu byla nejvy$si u nezralych B lymfocytl a nizka nebo zcela chybéjici u zralych
B lymfocyth (Kuraishy et al., 2007). V na$i studii byly v periferni krvi nékolik mésicli po transplantaci

up-regulovany geny asociované s naivnimi nezralymi B lymfocyty.

Rok po publikovani nasi prace ukazujici asociaci markert tolerance spojenych s funkci B lymfocytu
s dobrym osudem §tépu potvrdil naSe zavéry Heidt et al., ktefi vySetfili exprese stejnych marker( u
nemocnych s probihajici rejekci (Heidt et al., 2014). Je tak mozno soudit, Ze exprese TCL1 a vysSi
zastoupeni transientnich B bunék v periferii pfedstavuji prognosticky pfiznivy fenotyp. Tito nemocni by

pak nemuseli byt vystaveni standardni imunosupresi, ktera je pro né vlastné nadmérna.

Dalsi znami analyzovanych gend — TMEM176B, preferenéné exprimovany na klidovych
makrofazich a dendritickych burikach, byl v modelu indukované tolerance po transplantaci srdce
navozené krevni transfuzi zvySené exprimovan v dlouhodobé pfezivajicich Stépech bez znamek
chronické rejekce (Louvet et al., 2005). Nase pozorovani ukazuji zvySenou expresi tohoto genu v krvi
pacientl s akutni rejekci, coz naznacuje jeho asociaci s prezentaci aloantigenu a se zanétem.

Tolerogenni potencial této molekuly musi byt jeSté pfezkouman.

V nasi studii byli pacienti s nalezem hrani¢nich zmén v biopsii zkoumani jako nezavisla kohorta.
Navzdory tomu, ze systém Banffské klasifikace nepoklada hraniéni zmény za rejekci, mnoho center l&Ci
pacienty s hrani¢nimi zménami intraven6znimi kortikosteroidy. Nedavno se ukazalo, ze pacienti s
nalezem hrani¢nich zmén predstavuji nehomogenni diagnostickou skupinu s odliSnou molekularni
patologii v porovnani s TCMR (de Freitas et al., 2012). Je zajimavé, Ze v nasi studii byly exprese genl
asociovanych s toleranci v periferni krvi a ve $tépu podobna u pacientl bez rejekce a pacientl
hrani¢nimi zménami.

Domnivdme se, Ze nové biomarkery tolerance pfredstavuji nadéji pro budouci potransplantaéni

sledovani, ale jejich uzite€nost musi byt validovana v prospektivnich klinickych studiich.
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7. ZAVERY

Indukéni 1é€ba rATG byla asociovana s expanzi CD4*CD25*FoxP3* T regulacnich bunék. Lécba
basiliximabem vedla k pfechodnému objeveni se CD4*CD25'°%-FoxP3* bunék pfi sou¢asném
pfechodném vymizeni CD4*CD25*FoxP3*. Pacienti Ié€eni induk&ni imunosupresivni Ié€bou
méli niz§i vyskyt rejekci v porovnani s pacienty bez indukce. Trvale vy$Si pomér CD4*FoxP3*
Treg k CD8*CD45RA*CD62L- Teff byl asociovany s nepfitomnosti rejekce po indukci
basiliximabem. Tyto nalezy naznaCuji mozné dal$i mechanismy podilejici se na protirejkénim

pusobeni rATG a basiliximabu.

Indukéni 1éEba rATG byla kratce po transplantaci spojena s poklesem T a NK bunék a
transkriptll asociovanych s T a NK burikami a s up-regulaci dvou transkriptl asociovanych
s rejekci (MAN1A1 a TLR5). VysSi exprese téchto dvou rejekénich genl ve skupiné s rATG
Ié¢bou mohou odrazet jiz pfedtransplataéné zvySené riziko rejekce u téchto pacientd. Indukéni
|é¢ba basiliximabem byla asociovana se zvySenim absolutnich poéta Treg a zvySenou hladinou
exprese genu FOXP3 a TCAIM, coz muze naznalovat protektivni potencial |écby

basiliximabem.

Transplantace ledviny je spojena se zménou monocytarnich subpopulaci CD14+*CD16* a
CD14*CD163" a je Castetné ovlivnéna pouzitym imunosupresivnim rezimem. PocCet perifernich
CD14*CD16* a CD14*CD163* monocytl by se mohl stat jednim z potencialné perspektivnich
ukazateld ke zhodnoceni imunitni odpovédi u pacientl po transplantaci ledviny. Indukce
imunosupresivnich CD14*CD163* monocytl a potlaceni prozanétlivych CD14+*CD16* monocytu

by mohla hrat protektivni ulohu v &asné fazi po transplantaci ledviny.

V prabéhu sledovani byly u pacientl bez rejekce a pacientl s hrani¢nimi zmé&nami pozorovany
signifikantné vy$Si poCty perifernich B lymfocytl a exprese genu spojenych s funkci B lymfocytd
(MS4A1 (CD20), TCL1A, CD79B) a dale TCAIM a FOXP3 v porovnani s pacienty s rejekci. Ve
Stépech byly nejvyssi exprese TCAIM pozorovany u pacientl bez rejekce. NaSe pozorovani
naznacuji, ze ,B bunéény podpis“ znamy od pacientll po transplantaci ledviny s operacni
toleranci bez nutnosti imunosupresivni |é€by, je také spojen s kontrolovanou aloimunitni

odpovédi u pacient(l po transplantaci ledviny na bézné imunosupresivni 1é¢bé.
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8. CONCLUSIONS

The rATG induction therapy was associated with the expansion of CD4*CD25*FoxP3* regulatory
T cells. Basiliximab caused a transient appearance of CD4*CD25°%-FoxP3* cells and
concurrently a transient disappearance of CD4*CD25*FoxP3*. Patients treated with induction
therapy had lower incidence of rejection compared to patients with no induction. Sustained high
CD4*FoxP3* Treg / CD8*CD45RA*CD62L- Teff ratios were associated with absence of rejection
after basiliximab induction. These findings suggest possible additional mechanisms participating

on anti-rejection action of rATG and basiliximab.

The rATG induction therapy was associated with an intense reduction in all T cell type population
and NK cells and profound decreases of T and NK cell-related transcripts and with the
up-regulation of two rejection-associated transcripts (MAN1A1A and TLR5) in the early
post-transplant period. Higher expression of these two rejection genes could reflect higher
pre-transplant risk in these patients. Basiliximab induction was associated with increased
absolute number of Tregs, and increased expression of tolerance associated markers FOXP3

and TCAIM which could indicate a protective potential of basiliximab.

Kidney transplantation is associated with modulation of CD14*CD16* and CD14*CD163*
monocyte subpopulations partially affected by an immunosuppressive regimen used.
The number of peripheral CD14*CD16* and CD14*CD163* monocytes might be one of new
potentially perspective laboratory parameters to evaluate immune responses in kidney
transplant recipients. The induction of immunosuppressive CD14*CD163* monocytes and
down-regulation of proinflammatory CD14*CD16* monocytes might play a protective role in the

early phase after kidney transplantation.

A significantly higher number of peripheral B cells and expressions of B-cell-related genes
(MS4A1, TCL1A, CD79B), TCAIM and FOXP3 were observed during follow-up in rejection-free
patients and in patients with borderline changes as compared to rejection group. Highest
intragraft expression of TCAIM was observed in rejection-free patients. These observations
suggest that “B-cell signatures”, known from drug-free tolerant patients without any
immunosuppression, are also associated with controlled alloimmune response in kidney

transplant recipients on standard immunosuppression therapy.
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